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PREFACE

Screening bean (Phaseolus vulgaris) genotypes for drought resistance dates to 1980s 
in the regional bean networks from sub-Saharan Africa (SSA).  However, no much 
progress has been made by scientists in identifying drought resistant bean genotypes. 

In  May 1999,  regional  scientists  from Eastern  and Central  Africa  Bean Research 
Network  (ECABREN)  initiated  a  working  group  on  drought  called  ‘Bean 
Improvement  for  Water  Deficit  in  Africa’  (BIWADA)  which  has  been  operating 
across bean networks working groups.  The BIWADA group had difficulty in starting 
its activities.  During several field visits to some member countries in the region, it 
was  observed  that  there  was  lack  of  standardized  protocol  for  screening  bean 
genotypes  to drought  resistance.   Certain  parameters  that  were  used for  assessing 
germplasm to drought resistance had no direct correlation with drought.

This book demonstrates an important tool to develop drought resistant genotypes and 
covers different aspects including methodologies in breeding for drought resistance, 
how to develop protocols for drought resistance; indicators of drought resistance; and 
methodologies for determining indicators of drought resistance.  I am convinced that 
this precious document will be used not only by bean scientists, but also by scientists 
working on various crops; they could adapt breeding and screening methodologies to 
their respective crops. 

I wish to thank Dr. Tilahun Amede who accepted the responsibility of coordinating 
the BIWADA meeting, and the African Highlands Initiative for making him available. 
He also spent his efforts and time to have this document published for use by regional 
scientists.  Let  me  also  thank  the  network  plant  physiologists,  breeders,  and 
agronomists,  for  their  full  commitment  to  work  harmoniously  for  availing  this 
working paper to scientific community in the African regions.

Mukishi M. Pyndji, Ph.D.
Coordinator, East and Central African Bean Research Network (ECABREN)
March 13, 2003
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1.  INRODUCTION

Common  bean  is  en joying  resurgence  in  in teres t  and  an  enhanced 
level  of  consumpt ion  as  a  major  source  of  pro te in  for  Afr ican 
households  owing  to  an  outrageous  increase  in  pr ice  of  an imal 
products .  I t  a lso  serves  as  a  break  crop  in  Maize-based  and  r ice-
based  sys tems  to  reduce  decl ine  in  so i l  fer t i l i ty.  However ,  f requent 
drought  and  d iseases  l imi t  product iv i ty  of  beans  in  the  region .  I t  i s 
par t ly  because  bean  product ion  in  recent  years  has  expanded  in to 
semi-ar id  reg ions ,  due  to  an  increase  in  popula t ion  pressure .  Whi le 
drought  i s  ye t  one  of  the  mos t  l imi t ing  fac tors  to  bean  product ion 
on  a  g lobal  sca le ,  the  s i tua t ion  wi l l  expectedly  deter iora te  in  Afr ica 
i f  the  cur rent  t rend  of  land  degradat ion  cannot  be  reversed .   In 
addi t ion ,  c l imat ic  var iab i l i ty  wi l l  increase  as  i t  has  been  pos tu la ted 
in  a  scenar io  of  g lobal  warming.

Drought  has  af fec ted  bean  product ion  in  Eas t ,  Centra l  and  Southern 
Afr ica  caus ing  losses  of  more  than  395,000  t  each  year .  Drought , 
which  inc ludes  mois ture  and  heat  s t ress ,  ac ts  in  conjunct ion  wi th 
b io t ic  s t resses ,  especia l ly  d iseases  and  pes ts ,  and  o ther  ab io t ic 
s t resses .  Soi l  fer t i l i ty  re la ted  s t resses ,  the  mos t  impor tan t  be ing  low 
soi l  P  and  N,  so i l  ac id i ty  and  the  associa ted  a luminium  and 
manganese  toxic i ty,  a re  known  to  aggravate  drought  ef fec ts .  These 
mul t ip le  cons t ra in ts  are  of ten  ac t ing  concurrent ly  wi th  a 
cons iderable  negat ive  ef fec t  on  the  quant i ty  and  qual i ty  of  crop 
product ion .  The  mos t  ef f ic ien t  approach  to  reduce  the  ef fec t  of 
mul t ip le  s t resses  i s  to  in t roduce  res is tance  genes  in to  beans  to 
enable  them  withs tand  the  major  s t ress  agents .  The  regional 
breeding  programs  in  Eas t ,  Centra l  and  Southern  Afr ica  have 
adopted  th is  s t ra tegy.  The  need  for  mul t ip le  s t ress  res is tance  in 
bean  improvement  i s  par t icu lar ly  re levant  in  th is  reg ion  because  the 
farmers  are  resource  poor .  They  can  hard ly  af ford  expens ive  inputs . 
For  low-pr iced  crops  such  as  beans ,  use  of  such  inputs  i s  of ten 
uneconomical .

Limited  water  avai lab i l i ty  to  the  bean  crop  can  be  caused  by 
phys ica l  and  c l imat ic  fac tors  of  the  environment ,  the  so i l -
prec ip i ta t ion  re la t ionship ,  the  so i l -p lant  re la t ionship ,  the 
a tmosphere- p lant  re la t ionship ,  excess ive  demand  by  the  p lant ,  o r 
any  combina t ion  of  these  (Ni lson  and  Orcut t ,  1996) .   The  major 
cause  of  water  def ic i t  in  bean  growing  regions  of  Afr ica  i s  low 
precip i ta t ion .  Despi te  the  a larming  demand  for  drought- res is tan t 
cu l t ivars ,  breeders  are  s low  in  achieving  th is  goal  due  to  the 
d i f f icu l ty  in  ident i fying  t ra i t s  tha t  ref lec t  t rue  drought  res is tance . 
There  i s ,  therefore ,  much  in teres t  in  t rying  to  improve  bean  yie lds 
under  so i l  water  def ic i t  condi t ions .  Al though  screening  for  potent ia l 
drought  res is tan t  mater ia ls  has  been  car r ied  out  in  many  nat ional 
programmes  and  even  a t  the  regional  level  ( for  example  the  Afr ican 
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Drought  Nurser ies  of  ECABREN),  these  mater ia ls  were  of ten  not 
meet ing  the  preferences  of  the  farmers  and  consumers .   The 
methodo logy  for  screening  was  based  only  on  yie ld  and  ear ly 
matur i ty.  

Drought  res is tance  i s  polygenic  and  is  commonly  accompanied  by 
negat ive  impac ts  on  gra in  yie ld  (Amede,  1998) .  Grain  yie ld 
format ion  in  beans  i s  a  more  in t r ica te  process  than  in  cerea ls  in  tha t 
the  development  of  genera t ive  organs  in  beans  i s  re la t ive ly  gradual 
and  could  be  pro longed  i f  the  external  condi t ions ,  l ike  water  and 
nutr ien ts ,  a re  readi ly  avai lab le .  Therefore ,  se lec t ion  for  drought 
res is tance  based  on  yie ld  a lone  may  not  br ing  about  the  required 
genet ic  sh i f t  in  speci f ic  phys io logica l  a t t r ibutes ,  as  the  component 
of  genet ic  var iance  i s  low  when  compared  to  environmenta l  or 
genet ic-environment- in terac t ion  var iance  under  s t ress  environments 
(Ros ie l le  & Hambl in ,  1981) .

The  BIWADA  team,  recognis ing  the  impor tance  of  drought  and  i t s 
anomaly,  decided  to  hold  a  meet ing  to  d iscuss  i s sues  tha t  may  lead 
to  rap id  advance  in  achieving  h igh-yie ld ing  var ie t ies  wi th  s tab i l i sed 
yie lds  in  so i l  water  def ic i t  environments .  

2.  OBJECTIVES

The objec t ives  of  the  BIWADA meet ing  were  to :

 Character ise  the  inc idence  of  drought  in  var ious  bean-growing 
environments  of  Eas t ,  Centra l  and  Southern  Afr ica .

 Ident i fy  p lant  t ra i t s  associa ted  or  cor re la ted  wi th  drought 
res is tance  in  beans

 Review  and  ident i fy  potent ia l  indica tors  of  drought  res is tance  to 
be  used  in  developing  drought  res is tan t  var ie t ies .

 Develop  pro tocols  for  drought  res is tance  screening
 Review s t ra tegies  for  breeding  for  drought  res is tance  in  beans

2Coping with Drought                                                                                                    



3.  BACK GROUND

3.1 .  Def in i t ion  of  Drought  in  Regional  Context

Drought  denotes  a  pro longed  per iod  wi thout  cons iderable 
prec ip i ta t ion  tha t  may  resul t  in  reduct ion  in  so i l  water  content  and , 
thus ,  cause  p lant  water  def ic i t .  I t  can  be  def ined  in  terms  of  e i ther 
the  external  water  s ta tus  a t  the  boundar ies  of  the  p lant  (so i l ,  a i r )  or 
the  in ternal  p lant  water  s ta tus  wi th in  the  t i s sue  (Tardieu ,  1996) . 
The  f i r s t  approach  def ines  water  s t ress  as  an  imbalance  between 
supply  and  demand,  l inked  to  the  a tmospher ic  sa tura t ion  def ic i t 
fo l lowing  the  water  potent ia l  gradient  and  leaf  area .  The  second 
def in i t ion  associa tes  water  s t ress  wi th  the  contro l  mechanisms  of 
the  p lant ,  where  p lant  water  s ta tus  i s  regula ted  wi th in  the  p lant 
accompanied  by  changes  in  water  f lux  wi th  or  wi thout  change  in 
p lant  water  potent ia l  under  low  soi l  water  potent ia l  condi t ions 
(Amede,  1998) .  However ,  a  decrease  in  leaf  water  potent ia l  or 
turgor  of  a  p lant  per  se  may  not  t ru ly  indica te  absolu te  water  s t ress , 
as  some  p lants  wi th  c losed  s tomata  and/or  inhib i ted  growth  could 
remain  wi thout  a l te red  p lant  water  s ta tus  (Turner ,  1986;  Tardieu , 
1996) .

3.2  Response  of  Beans  to  Drought

Grain  yie ld  in  beans  i s  the  product  of  number  of  p lants  (or  f ru i t fu l 
axes)  per  uni t  a rea ,  number  of  pods  per  p lant ,  number  of  seeds  per 
pod  and  thousand  seed  weight .  These  yie ld  fac tors  are  crucia l  for 
producing  economic  yie ld ,  and  vary  in  t ime  sca le .  The  number  of 
p lants  per  uni t  a rea  depends  on  the  number  of  p lants  tha t  emerge 
and/or  surv ive  t i l l  matur i ty.  For  th is  yie ld  fac tor ,  drought  a t  the 
beginning  of  the  growing  season  is  very  det r imenta l .  Number  of 
pods  per  p lant  or  seeds  per  pod  depends  on  the  number  of  branches 
produced  and  the  number  of  wel l -developed  pods /seeds .  In  th is 
case ,  in termi t ten t  and  termina l  drought  could  d ic ta te  pod  format ion , 
seed  se t t ing  and  seed  f i l l ing  by  a l ter ing  the  source- s ink  re la t ionship 
by  way  of  af fec t ing  ass imi la te  product ion ,  t rans locat ion  and 
par t i t ioning .  Number  of  pods  per  p lant  i s  the  mos t  var iab le  t ra i t  to 
af fec t  gra in  yie ld  in  beans ,  and  is  respons ib le  for  the  s igni f icant 
reduct ion  of  yie ld  dur ing  drought  a t  or  af ter  f lower ing .  Drought  a t 
f lower ing  is  known  to  cause  abor t ion  of  f lowers /pods ,  through 
ass imi la te  shor tage  resul t ing  in  yie ld  reduct ion .

Whenever  bean  p lants  exper ience  a  rap id  water  def ic i t ,  bean  leaves 
are  known  to  or ien t  themselves  para l le l  to  the  inc ident  l ight ,  and 
a lso  a larm the  b iochemica l  sys tems .  I f  the  t ime  of  s t ress  i s  ex tended 
to  hours  or  days ,  phys io logica l  ac t iv i t ies  would  d iver t  f rom 
funct ions  of  ce l l  expans ion  and  growth  to  mechanism  of  res t i tu t ion 
of  the  phys io log ica l  in tegr i ty  (F ig  1) .  Bean  p lants  may  react  to  the 
s t ress  through  shor t - term  s t ra tegies ,  l ike  changes  in  hydraul ic 
s ignals  or  s tomata l  ad jus tment .  At  th is  s tage  photosyn the t ic  ra te 
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could  be  comparab le  to  tha t  in  non-s t ressed  p lants  but  ass imi la t ion 
could  be  favoured  to  develop  long- term s t ress  to lerance  mechan isms 
a t  the  expense  of  growth  (Amede,  1998) .  Bean  p lants  exposed  to 
water  s t ress  for  days  to  weeks  may  develop  long  term  phys io log ica l 
s t ra teg ies  such  as  a l ter ing  the  leaf  area ,  modifying  root  to  shoot 
ra t io  and  the  l ike .  When  avai lab le  so i l  water  i s  reduced,  p lants 
usual ly  undergo  three  progress ive  s tages  of  dehydra t ion  (S incla i r 
and  Ludlow,  1986) .

F igure  1 .  A  Phase  model  of  s t ress  events  and  responses  (Af ter 
Larcher ,  1987)

Phase of                     Phase of                           Phase of
     Alarm                        Resistance                         Exhaustion

Reaction

Restitution Hardening

Adjustment

Max

Min
resistance Acute

damage Chronic
damage

Normal

Duration of stress

At  the  in i t ia l  s tage  of  mi ld  drought ,  ass imi la t ion  and  t ranspi ra t ion 
are  comparable  to  those  of  wel l -watered  p lants  as  long  as  so i l  water 
uptake  mee ts  evapo- t ranspi ra t iona l  requirements .  In  the  second 
s t ress  per iod ,  the  photosyn thet ic  capaci ty  of  the  p lant  i s  reduced 
below  the  maximum  potent ia l  level .  This  i s  cons idered  to  be  the 
mos t  dynamic  s tage  to  develop  adjus tment  mechanisms  and  to 
regula te  processes  for  the  maintenance  of  metabo l ic  ac t iv i t ies 
(Amede,  1998) .  In  the  th i rd  phase ,  p lants  merely  surv ive  and  delay 
death .  Recovery  af ter  ra in  or  i r r iga t ion  depends  on  the  dura t ion  of 
s t ress  and  type  of  species .  For  ins tance ,  Tepary  bean  ( Phaseolus 
acut i fo l ius )  was  more  drought- to lerant  than  common  bean 
(Phaseolus  vu lgar is )  when  grown  under  s t ress  condi t ions  (Parsons 
& Howe,  1984) .

When  crop  p lants  are  exposed  to  drought ,  they  may  a l ter  ce l l  so lu te 
concentra t ion  by  re-a l locat ing  resources  so  tha t  the  osmot ic 
potent ia l  of  the  ce l l  i s  reduced,  and  turgor  i s  main ta ined  (osmot ic 
adjus tment) .  I t  a l lows  turgor-dr iven  phys io logica l  processes ,  such 
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as  s tomata l  movement  and  ce l l  growth ,  to  cont inue  despi te  low plant 
water  potent ia l .  I t  could  a lso  increase  gra in  yie ld  under  s t ress 
condi t ions  through  modifying  the  so i l -p lant  water  gradient  thereby 
increas ing  the  amount  of  water  t ranspi red .  Osmot ic  adjus tment , 
through  accumula t ion  of  ef fec t ive  osmot ica  i s  thus  an  impor tan t 
mechan ism  of  drought  res is tance  in  legumes  (Amede,  1998) . 
However ,  accumulat ion  of  so lu tes  in  the  p lant  ce l l  per  se  does  not 
guarantee  osmot ic  ad jus tment .  In  addi t ion  to  osmot ic  adjus tment , 
so lu te  depos i t ion  in  p lant  ce l l s  under  drought  s t ress  could  have  four 
pr inc ipal  causes  (Amede,  1998) .  F i rs t ly,  p lants  may  lose  subs tant ia l 
amount  of  water  tha t  may  lead  to  a  reduct ion  in  the  expans ion  ra te 
of  the  t i s sue  ( reduced  ce l l  volume) ,  and  thereby  to  an  accumula t ion 
of  so lu tes  in  the  ce l l .  Secondly,  some  pr imary  metabol i tes  (pro te ins , 
carbohydrates  or  l ip ids )  may  be  degraded  a t  h igher  s t ress 
in tens i t ies ,  and  the  by- products  could  accumulate  as  secondary 
metabo l i t es  in  the  ce l l .  Third ly,  decrease  in  ce l l  e longat ion 
(growth)  may  cause  s lowing  down  of  ass imi la t ion  b iosyn thes is  but 
ef fec t ive  impor t  of  ass imi la tes  to  the  s ink  ce l ls  could  be  h igh 
enough  to  increase  the  concentra t ion  of  so lu tes  and  u l t imate ly  cause 
a  reduct ion  in  the  osmot ic  potent ia l  of  the  ce l l  (Kramer  and  Boyer , 
1995) .  Four th ly,  under  modera te  levels  of  s t ress ,  roots  may  s t i l l 
ac t ive ly  absorb  inorganic  ions  (potass ium,  ca lc ium,  sodium, 
magnes ium,  chlor ide ,  and  o thers )  f rom  the  so i l .  Nutr ien ts  may  not 
be  u t i l i sed  by  the  p lant  owing  to  drought- induced  growth  inhib i t ion 
but  ins tead ,  t rans located  ions  may  accumula te  in  the  ce l l  and  induce 
subs tant ia l  reduct ion  in  osmot ic  potent ia l  (Munns ,  1988) . 
Therefore ,  d is t inguish ing  between  so lu te  accumula t ion  due  to  a 
concentra t ion  ef fec t  and  t rue  osmot ica  i s  a  prerequis i te  before  us ing 
so lu te  accumulat ion  as  synonym  to  osmot ic  adjus tment  (Amede  and 
Schuber t ,  1997) .  

Parsons  and  Howe  (1984)  compared  common  bean  ( Phaseolus  
vu lgar is )  wi th  Tepary  bean  (Phaseolus  acut i fo l ius )  for  the i r  water 
re la t ions ,  and  concluded  tha t  Tepary  beans  were  more  drought 
to lerant  than  common  beans  due  to  the  h igher  osmot ic  ad jus tment 
potent ia l  they  possessed .  They,  thus ,  sugges ted  a  t ransfer  of 
osmot ic  gene  f rom  tepary  beans  to  common  beans  to  improve 
drought  res is tance .  

Mild  drought  favours  root  growth  a t  the  expense  of  shoot  growth  to 
enable  roots  to  ex tend  to  the  unexplored  deeper  par t  of  the  so i l  for 
avai lab le  water .  Adequate  root  dens i ty  throughout  the  so i l  prof i le 
may  increase  the  d i f fus ion  area ,  thereby  improving  water 
avai lab i l i ty  and  uptake .  Maintenance  of  water  s ta tus  under  water 
l imi ta t ion  can  be  par t ia l ly  a t t r ibuted  to  root ing  depth  and  root 
length  dens i ty  (Turner ,  1986;  Subbaro  et  a l . ,  1995) .  Thus ,  root 
depth  could  be  cons idered  as  an  a l ternat ive  t ra i t  to  screen  drought 
res is tan t  l ines .  Sponchado  e t  a l . ,  (1989)  compared  two  drought-
to lerant  bean  genotypes  (BAT  85  and  BAT  477)  wi th  two  drought-
sens i t ive  genotypes  (BAT  1224  and  A70)  under  drought- s t ress 
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condi t ions  a t  CIAT-Palmira  to  ident i fy  phys io log ica l  d i f ferences  of 
drought  res is tance .  Their  resu l ts  showed  d i f ferences  in  drought 
res is tance  among  genotypes  were  associa ted  wi th  root ing  depth ,  but 
not  wi th  root  length  dens i ty,  as  roots  of  drought  to lerant  genotypes 
reached  a  depth  of  1 .3  m,  whi le  roots  of  drought  sens i t ive  ones 
reached  a  depth  of  only  0 .8  m.   P lants  of ten  mainta in  h igher  root 
length  dens i ty  than  is  required  by  the  sur face  area  of  the  shoot , 
main ly  to  minimize  ef fec ts  of  o ther  s t ress  fac tors  such  as  pes ts ,  and 
nutr ien t  def ic iency  (Pass ioura ,  1983) .

Water  loss  a t  the  p lant  level  la rgely  depends  not  only  on  the  s ize  of 
the  t ranspi r ing  areas  (mainly  leaves)  but  a lso  number  and  s ize  of 
the  s tomata ,  and  the  conduct iv i ty  of  the  cut ic le .  In  crops ,  about 
90%  of  to ta l  water  loss  i s  associa ted  wi th  s tomata l  t ranspi ra t ion 
(Monneveux  and  Belhassen ,  1996)  fo l lowed  by  water  loss  through 
the  cut ic le .  The  hydrau l ic  conduct iv i ty  of  the  cut ic le  depends  upon 
th ickness  and  the  presence  or  absence ,  and  the  nature  of  cu t icu lar 
wax  embedded  in  or  depos i ted  on  i t .  P lant  t ranspi ra t ion  loss  could 
a lso  be  modif ied  by  the  presence  or  absence  of  leaf  t ra i t s  such  as 
leaf  ro l l ing  abi l i ty,  the  colour  of  the  t ranspi ra t ive  organ  or  leaf 
ref lec tance .  Moreover ,  ear ly  seedl ing  es tabl ishment ,  ear ly  v igor , 
rap id  canopy  development  in  order  to  minimize  evapora t ion ,  as  wel l 
as  leaf  area  main tenance  have  been  sugges ted  as  potent ia l  drought 
res is tance  mechan isms  of  gra in  legumes  (Subbaro  et  a l . ,  1995) .  

An  exper iment  conducted  to  evaluate  the  ef fec t  of  drought  on 
s tomata l  c losure  in  beans  and  chick  peas  showed  that  in  beans  C0 2 -
f ixa t ion  decreased  by  about  75%  af ter  3  days  of  mi ld  s t ress ,  whi le 
in  ch ick  peas  C02-f ixa t ion  was  not  af fec ted  by  drought  except  for 
25%  reduct ion  on  the  s ix th  day  of  s t ress  (Amede,  1998) .   In  o ther 
s tudies ,  O’Toole  e t  a l .  (1977)  showed  that  photosyn thes is  and 
t ranspi ra t ion  ra tes  in  common  bean  were  near  zero  a t  p lant  water 
potent ia ls  of  -0 .9  to  1 .0  MPa,  showing  tha t  s tomata l  c losure  i s  one 
of  the  f i r s t  s teps  of  defence  agains t  drought  in  beans  s ince  i t  i s  a 
more  rapid  and  f lex ib le  process  than  o ther  mechanisms  l ike  root 
growth  or  reduct ion  in  leaf  area .  Thus ,  i t  could  be  cons idered  as  an 
ef fec t ive  surv ival  s t ra tegy  for  in termi t ten t  s t ress  (Scenar io  I I I ,  F ig . 
1)  but  not  impor tan t  for  te rminal  s t ress  (Scenar io  I )  s ince 
product ion  of  economic  yie ld  i s  the  major  goal  a t  th is  s tage  of 
growth .

4.  DEVELOPING DROUGHT PROTOCOLS
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4.1  Characterizat ion  of  Drought-prone  environments  in  the  East 
and Central  Africa

Bean  growing  regions  of  Afr ica  receive  d i f ferent  amount  and 
d is t r ibut ion  of  ra infa l l  (Wortman  e t  a l ,  1998)  and  hence  the  region 
exper iences  d i f ferent  drought  scenar ios .  The  BIWADA  group 
ident i f ied  four  d i f ferent  drought  scenar ios  (F ig .  2) .  

a )  Scenar io  I  represents  te rmina l  drought .  In  th is  case  there  could 
be  enough  water  for  ear ly  es tabl ishment  and  growth ,  but  la ter 
phenologica l  s tages  are  exposed  to  so i l  water  def ic i t .  This  i s 
typica l ly  the  case  in  re lay  cropped  beans  of  the  Rif t  Val ley  and  in 
r ice  based  sys tems  of  Afr ica  (e .g .  Madagascar ) .  In  prac t ices  of  re lay 
p lant ing  beans  in  the  Maize  f ie ld  or  in  sys tems  where  beans  should 
fo l low  r ice ,  bean  crop  is  commonly  exposed  to  termina l  drought .  I t 
i s  a lso  a  common  phenomenon,  in  reg ions  tha t  fu l ly  depend  on 
i r r iga t ion  to  produce  the  major  cash  and  food  crops ,  to  grow  beans 
on  the  res idual  mois ture .  Hence  beans  are  exposed  to  terminal 
drought  s tar t ing  f rom  ear ly  pod  f i l l ing  s tages .  Sudan  and  Egypt 
could  be  typica l  examples  of  th is  scenar io .  

b)  Scenar io  I I  represents  in termi t ten t  drought :  This  i s  typica l  of 
reg ions  wi th  re la t ive ly  good  ra infa l l  amount  but  poor  d is t r ibut ion 
dur ing  the  growing  per iod  (F ig  2) .  There  could  be  enough  water  for 
the  crop  throughout  the  l i fe  cyc le  except  for  some  shor t  dry  spel ls 
tha t  may  happen  a t  any  t ime  of  the  year .  This  i s  very  common  in 
regions  wi th  extended  growing  per iod  (e .g .  Awassa  in  Eth iopia  and 
Nor thern  and Eas tern  Tanzania) .

c)  Scenar io  I I I  represents  re la t ive ly  predic tab le  drought .  In  th is 
case  the  to ta l  amount  of  prec ip i ta t ion  could  be  comparable  to  good 
years ,  but  mos t  of  the  ra in  fa l l s  wi th in  a  shor t  t ime  of  the  growing 
season.  Bean  p lants  could  be  exposed  to  s t ress  a t  ear ly  s tage  of 
growth  but  could  receive  enough water  a t  la ter  s tages  i f  the  p lant ing 
date  i s  adjus ted  accordingly.  This  i s  a  common  phenomenon  in  mos t 
par t  of  the  Great  Rif t  Val ley  of  Eas t  Afr ica .

d)  Scenar io  IV  represents  dry  semi-ar id  c l imates  whereby  the 
amount  of  ra infa l l  i s  re la t ive ly  low  to  cover  the  phys io logica l 
demand  of  the  crop  a t  any  s tage  of  growth  despi te  i t s  fa i r 
d is t r ibut ion  throughout  the  growing  per iod .  Typica l  of  th is  type  of 
agroecology could  be  found in  southern  and  South-wes tern  Afr ica .  
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Fig  2.  Different  scenarios  of  drought  in  bean  growing  regions 
of  Africa

The  fo l lowing  checkl is ts  were  used  to  character ise  the  drought 
prone  bean  growing  regions  of  Afr ica .

• Alt i tude
• Rainfa l l  (Amount ,  d is t r ibut ion  in  10  days  in terval ,  onset  of 

ra infa l l ,  o f fse t  of  ra infa l l  and  dura t ion)
• Temperature  (Min ,  Max,  Avg)
• Shor t  and  long dry spel ls  wi th in  the  growing season
• Soi l  character is t i cs  (Type,  tex ture ,  pH,  Soi l  Water  Holding 

Capaci ty)
• Frequency of  drought  (across  seasons  and years )
• Length  of  growing  per iod
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• Length  of  matur i ty  per iod  and matur i ty  c lasses  avai lab le
• Avai lable  bean  matur i ty  c lasses
• Time of  p lant ing  (so le  and  in tercropping)
• Types  of  compan ion  crops  accompanying  beans
• Tradi t ional  drought  coping  mechan isms
• Other  observat ions

Wortman  e ta l . ,  (1998)  ident i f ied  four teen  Afr ican  bean  product ion 
environments ,  of  which  s ix  could  be  ca tegor ised  as  drought-prone 
regions ,  as  presented  in  Table  1 .
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Table  1 .  Character is t i cs  of  the  major  drought-prone  bean  growing 
environments  in  Afr ica  (Modif ied  f rom Wortman  e ta l . ,  1998)

Bean prod .
Area

Area  
( ,000)

Major  so i l
Types

Day length Water  def ic i t
E          M        L

1 .   Semi-ar id  h ighlands  a t  low la t i tudes ,  >  1500 mas l ,  <  400 mm mois ture , 
unimoda l
Kenya
 Eas t  h ighlands
 Rif t  va l ley
 Kaj iado

130
61
30

Bc,  Ne
Bc,  Bk,  Tm
Ne

12.1
12.1
12.1

M       M       M
H        H        H
H        H        H

Tanzania
 N.  semiar id  43 Bc,  To 12.1 H       H        H
2.  Semiar id  h ighlands  a t  mid  la t i tudes ,  >1500 mas l ,  <400 mm mois ture , 
unimoda l
Eth iopia
  Rif t  va l ley 64 Xh 12.4 L        M      H
Lesotho
  Foot  h i l l s 7 We,  Bc 13.6 L         M     L
South  Afr ica
    High  veld 45 Lc 13.5 L         M     L
3 .  Semiar id  a t  mid  a l t i tudes  & low la t i tude ,  1000-1500 mas l ,  <  400 mm 
mois ture ,  b imodal
Kenya
   Eas t ,mid-a l t 60 Lf 12.1 M         H      H
Rwanda
    Eas tern 60 Fo 12.1 M         H      H
Tanzania
 N&E mid- a l t 14 Nd,  To 12.1 M         H      M
4.  Semiar id  mid- a l t i tude  & mid- la t i tude ,  1000-1500 mas l ,  <400 mm mois ture , 
unimoda l
Angola
     Mid-a l t 30 Lf ,  Fo 12.6 L           M    M
Ethiopia
       Haragrhe 20 Bd,  Be 12.6 L           M    M
Zimbabwe
 Mid-veld 3 Lf 13.2 L           H     H
5.  Semiar id  mid- a l t i tudes  on  ac id  so i ls ,  1000-1500 mas l ,  <400 mm mois ture , 
unimoda l
Madagascar
Fol lowing r ice 10 Je 11.0

L          M      H

Zambia
N,  cent ra l ,NW 14 Fr 12.8 L          M     H
Swazi land 2 Ne,  Lc ,  Fr 13 .0 L          M     H
6.  Par t ly  ar id ,  supplementa l  i r r iga t ion ,  res idual  mois ture ,   <1000 mas l , 
Unimodal
Sudan,  Nor thern 20 Jc 12.5 L           M   H
Egypt ,  Ni le  de l ta 20 Jc 12.6 L           M   H
Morroco,  N 7 Lc 12.9 L           M   M
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Key:  Bc  =  Chromic  cambisol ,  Ne=  Eutr ic  n i tosol ,  Bk=  Calc ic 
cambisol ,  Tm=  Moll ic  andosol ,  To=  Ochr ic  andosol ,  Xh=  Hapl ic 
xerosol ,  Lc=  Chromic  luviso l ,  Lf=  Ferr ic  luviso l ,  Fo=  Or th ic 
fer ra losol ,  Nd=  Dys t r ic  n i tosol ,  Bd=  Dys t r ic  cambisol ,   Je=  Eur ic 
f luviso l ,  Fr=  Rhodic  fer ra lso l ,  Jc=  Calcar ic  f luviso l

E= ear ly  s tage ,    M=  ear ly  f lower ing ,      L= la ter  s tages
L= low,   M= medium,  H=high    

Table  2 .  Agroecologica l  t ra i t s  of  se lec ted  Eas t  and  Centra l  Afr ican 
bean  growing areas

KYA DRC SUD TZA ETH
Length  of  
Growing 
season

90-100 <90 days 90  days ,  low 
temp

90-100 days 90-100

100-150 90-100 >120 days 120-140
Matur i ty 
per iod

90-120 <90 days <90 days 85-90 days 85-90

120  days , 
c l imbers

85-90 days

Plant ing  t ime Oct /Nov 
March/
Apr i l

Ear ly 
March

Oct /Nov Feb/Mar Ear ly  June

March December Feb,  Augus t
Sever i ty 2 2-3 2-3  res idual 

mois ture
3 2-3

4 1-2 2 2-3
Associa te 
crops

Maize , 
p igeonpea , 
cowpea

Maize , 
cassava

Res idual -
long 
i r r iga t ion ,
faba  bean , 
ch ickpea  

Sorghum/
mucuna, 
ear ly  maize 
var ie ty

Sorghum/ma
ize ,  cof fee , 
sweet  pota to

Copping 
measures

Ear ly 
p lant ing , 
contour 
cu l t iva t ion-
plant ing  in 
fur rows

Ear ly 
p lant ing , 
mulch  wi th 
crop 
res idue

Ear ly 
p lant ing , 
weed contro l

Deep 
cul t iva t ion , 
contour 
p loughing , 
t ie  r idges , 
in t .  o f  water 
harves t ing

Ear ly 
p lant ing , 
r idges  af ter 
maize

Other 
observat ions

Water 
harves t ing 
not 
adopted  

No 
supplementa l
i r r iga t ion

Ir r iga t ion 
prac t ices

Long 
i r r iga t ion 
in terval
(15-60 days )

Supplement
a l  i r r iga t ion 
in  r ice 
sys tem 

ni l

Key:  KYA=  Kenya,  DRC=  Democra t ic  Republ ic  of  Congo,  TZA= 
Tanzania ,  ETH= Ethiopia
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As presented  in  Tables  1  and  2 ,  common  bean  is  exposed  pr incipal ly 
to  te rminal  drought  par t ly  because  i t  i s  grown  as  a  secondary  crop 
fo l lowing  maize  or  r ice ,  and  par t ly  fer t i le  so i ls  of  h igher  water 
hold ing  capaci ty  are  commonly  a l located  to  cerea ls .  S ince  terminal 
drought  of ten  coincides  wi th  the  mos t  drought  sens i t ive  growth 
s tages  of  beans  ( f lower ing ,  pod  format ion  and  seed/pod  f i l l ing) 
s t ress  ef fec ts  on  photosyn thes is  and  ass imi la te  t rans locat ion  could 
s igni f icant ly  af fec t  yie ld .  The  mos t  impor tant  ef fec t  of  drought  on 
bean  yie ld  i s  not  only  through  af fec t ing  photosyn thes is  but  a lso 
through  h inder ing  ass imi la t ing  t ranspor t  f rom  the  source  to  the 
s ink .  Phys io log ica l /morpho logica l  mechanisms  tha t  may  make  the 
p lant  main ta in  t i s sue  p lant  water  potent ia l  and  turgor  tha t  sus ta ins 
ass imi la t ion ,  t rans locat ion  and  par t i t ioning ,  are  therefore  of 
paramount  impor tance .  In  reg ions  wi th  ext remely  low  amount  of 
ra infa l l  (<300  mm)  accompanied  by  h igh  tempera ture ,  heat  s t ress 
could  aggravate  water  s t ress  ef fec ts .  Heat  s t ress  i s  known  to  af fec t 
the  phys io log ica l  in tegr i ty  of  the  p lant  regard less  of  p lant  water 
potent ia l .

5.2  Experimental  methods  in drought research

Different  exper imenta l  methods  could  be  used  to  compare  bean 
genotypes  a t  d i f ferent  growth  s tages  and  a t  d i f ferent  level  of 
drought  in tens i ty.  The  mos t  commonly  used  methods  are  f ie ld 
exper imenta t ion ,  pot  exper iments ,  chamber  house  exper iments , 
nut r ien t  so lu t ions ,  ra in-out  shel ters ,  rh izot ron  exper iments  and 
pet r id ish  exper iments .  The  potent ia l  advantage  or  d isadvantage  of 
these  exper imenta l  methods  i s  presented  in  Table  3 .
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Table  3 .   Compar ison  of  d i f ferent  exper imenta l  methods  used  to 
conduct  drought  s t ress  research

Method  Advantage Disadvantage

I .  F i e ld 
expe r i men t s

-  Gives  a  rea l i s t i c  ground
-  Ef fec t ive  unde r  
  cha rac t e r i s ed  env i ron ment s
- Large  no .  o f  ma te r i a l s 

cou ld  be  te s t ed
- Rela t ive l y  cheap
- Bes t  t o  co mpare  based  on 

g ra in  yi e ld

- Hidden  ha l f  ( root s )  a re 
d i f f i cu l t  t o  quan t i f y

- Resu l t s  a r e  co mpl i ca t ed 
b y  o the r  f ac to r s  ( so i l 
he t e rogenei t y,  so i l 
moi s tu re  var i ab i l i t y,  and 
t empera tu re  va r i a t i ons 
a long  the  da y… )

I I .  Pot 
expe r i men t s

- Uni fo rm ma nagement  o f 
t rea tmen t s  poss ib l e  i n 
t e r ms  o f  so i l  fe r t i l i t y, 
wa te r

- Eas y to  de t e rmine  p l an t 
wa te r  s ta tus

- Rela t ive l y  cheap
- Bes t  t o  co mpare  b io mass  

- Labour  i n tens ive
- Li mi t ed  no .  o f  t rea tmen t s 

cou ld  be  te s t ed
- Pot  s i ze  r es t r i c t s  root 

g rowth
- Does  not  sus t a in  p l an t  
     demand  t i l l  ma tu r i t y

I I I .  Cha mber 
houses

- Te mpera tu re ,  r e l a t i ve 
hu mid i t y  &  radi a t i on  can 
be  con t ro l l ed

- Exac t  co mpar i son  poss ib l e
- Bes t  t o  measure  gas 

exchanges

- Li mi t ed  space  ( f ew 
t rea tmen t s  cou ld  be 
t e s t ed )

-    Ver y  expens ive

IV.  Nut r ien t 
so lu t ion

- Rela t ive l y  fa s t  r e su l t s 
cou ld  be  obt a ined

- Bes t  t o  eva lua t e
     nu t r ien t /wate r  s t re s s   
     in t e r ac t ion

- Less  p rec i se  (ma y  no t 
r e f l ec t  rea l i t y)

-  Compl i ca t ions  ma y  ar i se 
due  to  s t r es so r  e f fec t s 
(Po l ye th yle ne  g l yco l  o r 
Absc i s s i c  ac id)

- Labour  i n tens ive
V.  Rainou t 
she l t e r s

- Ref l ec t s  r ea l i t y
-  Man y ma te r i a l s  could  be 

t e s t ed
- Ef fec t ive  t o  compare  yi e ld 

unde r  pa r t i a l l y  con t ro l l ed 
cond i t i ons

- Induces  hea t  s t r es s
-  Higher  re l a t i ve  hu mid i t y
 ( s low induc t ion  o f  s t r e s s )
 -   Leak ing  e f fec t s

VI .  Rh izo t ron 
expe r i men t s

- Side  b y  s ide  co mpar i son 
o f  t r ea tmen t s  poss ib l e

- Ef fec t ive  t o  fo l l ow-up
     roo t  growth ,  dep th  and  
     d i s t r i bu t ion

- Onl y  few  t rea tmen t s  could 
be  te s t ed

- Bulk y,  l abour  in t ens ive

VI I .  Pe t r i  d i sh 
expe r i men t s

- Shor t  t e r m ( minu tes  t o 
hour s )

-  Economica l

- Shou ld  be  supple men ted 
b y  f i e ld  o r  po t 
expe r i men t s

-    Ma y not  re f l ec t  r ea l i t y

13CIAT Occasional Publication No.38                                                                      



                                                            

5.  INDICATORS OF DROUGHT RESISTANCE

In  the  l i te ra ture ,  t ra i t s  tha t  may  endure  drought  res is tance  of  crops 
are  advocated  based  on  theore t ica l  modules ,  labora tory 
exper imenta t ion ,  or  mathemat ica l  cor re la t ion  between  the  presence 
of  the  t ra i t  and  yie ld  under  drought ,  wi thout  suf f ic ien t  a t tempt  to 
demons t ra te  whether  and  how the  par t icu lar  t ra i t  contr ibutes  to  f ina l 
yie ld .  Pro l ine  accumulat ion  is  a  good  example  of  such  a  t ra i t , 
wi thout  any  proof  of  i t s  va lue  as  an  indica tor  of  drought  res is tance 
(Ludlow  &  Muchow,  1990) .  Some  of  the  mos t  probable  indica tors 
are  presented  in  Tables  4&5.

Table  4 .  Potent ia l  mechanisms  of  drought  res is tance  in  common 
beans  grown in  in termi t ten t  or  te rminal  s t ress  (Amede,  2001)

In termit ten t  s t ress Terminal  s t ress
• Synchrony  of  fas t  growth 

s tages   to  water  supply
• Ear ly  v igour
• Stomata l  regula t ion
• Developmenta l  p las t ic i ty
• Root  depth  and dens i ty
• Leaf  area  main tenance
• Other  surv ival  s t ra teg ies

• Synchrony  of  f lower ing/ear ly 
pod f i l l ing  to  water  supply

• Mobil iza t ion  of  ass imi la tes 
f rom source  to  s ink  

• Root ing  depth
• (Osmot ic  ad jus tment  of  roots 

and  shoots )

Table  5 .  Some  indica tors  and  methods  of  de tec t ing  Drought 
res is tance  in  Beans  (Ronno,  2001) .

 Indicators  of  Drought
 Res is tance Res is tance 

Mechanism Detect ion  Method
a)  Morphological
1.Cont inued  leaf 
expans ion  of  pr imary 
and  secondary 
t r i fo l ia te  a t  lowered 
so i l  water  potent ia l 
(SWP)

Drought  avoidance 
and  to lerance .

Determina t ion  of  leaf  area 
fo l lowing  mild  and modera te 
drought  s t ress ; 
de terminat ion  of  leaf  water 
potent ia l  (LWP) for  50% 
reduct ion .
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  b .  Phys io logical

Decreased  S tomata l
 t ranspi ra t ion  a t  c r i t ica l  SWP

Drought  avoidance Determina t ion  of  SWP and 
LWP for  50% reduct ion  of 
t ranspi ra t ion .

Capabi l i ty  to  osmoregula te
 Resul t ing  in  main tenance  of 
turgor

Drought  to lerance Determina t ion  of  SWP and 
LWP at  decreas ing  re la t ive 
water  content  (RWC).

3 .  Capabi l i ty  to  be 
“hardened”
 to  drought  s t ress

Drought  avoidance 
and  to lerance

Subject  p lants  to  a l ternate 
drying  and re-water ing 
fo l lowed  by  subsequent 
tes t ing  of  changes  in 
morpholog ica l , 
phys io logica l ,  b iochemica l 
and  phys ica l  responses .

4 .  Response  to  appl ied  ABA Drought  avoidance 
and  to lerance

Determina t ion  of  ef fec t  on 
membrane  leakage.

c .  Biochemical
1. Maintenance  of  h igh 

n i t ra te  reductase  ac t iv i ty 
(NRA) a t  lowered  SWP

Drought  avoidance 
and  to lerance

Determina t ion  of  NRA in 
mos t  recent ly  expanded  leaf 
a t  decreas ing   SWP and 
LWP at  which  NRA fa l ls  to 
50% of  uns t ressed  level

Lack  of  pro l ine  synthes is  and 
accumulat ion  a t  lowered  SW

Drought  avoidance 
and  to lerance Determina t ion  of  SWP and 

LWP at  which  pro l ine 
accumula t ion  begins

d.  Cytological  and 
ultrastructural
 1 .  Maintenance  of  nuclear 
and   nucleolar  dry masses 
and  areas  a t  lowered  SWP

Drought  avoidance 
and  to lerance

Determina t ion  of  nuclear 
area  and dry mass  in 
ep idermal  ce l l s  f rom 
drought  s t ressed  p lants .

 e )    Phys ical
Maintenance  of  Membrane 
in tegr i ty  ( lack  of  leakiness ) 
a t  lowered  t i s sue  WP

Drought  to lerance Determina t ion  of  re lease  of 
u l t rav io le t  absorbing  so lu tes 
(220 nm f rom leaf  d iscs 
subjec ted  to  50% f resh 
weight  level .

 f )  General
Possess ion  of  varying  low 
cr i t ica l  WP for  non recovery 
upon re-water ing

Drought  to lerance Determina t ion  of  RWC and 
or  LWP below which  p lants 
wi l l  not  recover

2 .  Maintenance  of 
co tyledonary  funct ion  a t 
lowered  SWP

Drought  avoidance 
and  to lerance

Determina t ion  of  SWP 
which  cotyledonary 
absciss ion  begins
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Fig  3 .  Causes ,  e f fec ts  and  res is tance  mechan isms  of  photooxidat ive 
s t ress  in  crop  p lants  (Af ter  Muel ler ,  1998) .

When  crops  are  exposed  to  h igh  l ight  in tens i ty  in  genera l  and  in 
combina t ion  wi th  drought  or  minera l  nut r ien t  def ic iency  in 
par t icu lar ,  the  e lec t ron  f low  in  the  photosyn thes is  complex  could 
d is rupted ,  which  may  lead  to  i r revers ib le  damage  of  the 
photosynthet ic  appara tus  as  indica ted  by  chloros is  and  necros is  of 
the  leaves  (photooxidat ion) .  Bean  var ie t ies  tha t  could  decrease  l ight 
absorpt ion  or  d iss ipat ing  energy  through  ref lec t ing  l ight  and  heat , 
changing  leaf  angle  or  possess  phys io logica l  mechan isms  to 
detoxify  harmfu l  oxidat ive  agents  could  per form  bet ter  under  l ight 
s t ress  condi t ions .   

Low Soil Water Incident Light Intensity

Synchronization of plant development 
and water availability
   Earliness of development
   Plasticity of growth
Maintenance of high tissue water potential
- Efficiency of water acquisition
  e.g. Increase of rooting depth and density,
  Increase of hydraulic conductivity
 Efficient conservation of tissue water 
e.g. Decrease of leaf surface by rolling, 
shirinkage
 Decrease of cuticular water loss (wax deposits)
 Efficient regulation of stomatal aperture
Ability for osmotic adjustment

Synchronization of plant development to season 
of the year with moderate light intensity
Mutual shading
  Plants within a canopy
  Leaves on individual plants
Control of light absorption
  Reduction of leaf reflectance (leaf hairs, wax)
  Adaptation of leaf orientation

Absorption of excitation energy (Chrolophyll 
content)
Thermal dissipation of excitation energy
(e.g. xanthophyll cycle)
Harmless utilisation of redox equivalents 
(NAD{P}H)
e.g. Photosynthesis, Photorespiration

Active oxygen formation (e.g. O
2
 -1, O

2
)

Free radical scavenging defence mechanisms
(enzymatic and non-enzymatic antioxidants)

Excitation energy
in a cellular levelWater stress

in a cellular level

Free radicals      in excess

Drought-Induced 
Photooxidative damage
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5.1 Processes  in  Ident if icat ion  of  Drought  Res is tance 
Indicat ive  Traits

The  fo l lowing  checkl is ts  were  used  to  moni tor  the  type  of  drought 
environment  tha t  we  are  working  wi th ,  and  to  ident i fy  p lant  t ra i t s 
tha t  could  be  used  by  researchers  in  ident i fying  drought  res is tan t 
mater ia ls .  The  u l t imate  goal  wi l l  be  to  develop  bean  var ie t ies 
equipped  wi th  drought  res is tance  t ra i t s  and  adaptable  to  Eas tern  and 
Centra l  Afr ican  condi t ions .  The  mos t  impor tant  ques t ions  to 
cons ider  dur ing  the  process  of  ident i f ica t ion  of  impor tant  t ra i t s  tha t 
a re  to  be  used  for  development  of  drought  res is tan t  bean  var ie t ies 
were  whether :

• There  i s  a  re la t ionship  between  the  t ra i t  in  ques t ion  and  drought 
res is tance

• The t ra i t  i s  expressed  mainly  when the  crop  is  exposed  to  s t ress
• The  t iming  of  the  t ra i t  express ion  coincides  wi th  the  mos t 

drought  sens i t ive  s tages  of  the  crop
• The t ra i t  i s  respons ive  to  changes  in  so i l  water  s ta tus
• The  t ra i t  i s  h ighly  cor re la ted  to  b iomass  product ion  and  gra in 

yie ld
• The t ra i t  i s  eas i ly  measurable  or  observable
• The  t ra i t  i s  h ighly  cor re la ted  to  o ther  drought  res is tance 

indica tors
• The  t ra i t  has  a  reg ional  va lue  to  be  cons idered  in  s tandard 

pro tocols   
 
About  18  potent ia l  indica tors  were  inc luded  in  the  process  as 
sugges ted  by  d i f ferent  au thors  (Turner ,  1986,  S ingh e ta l ,  1994, 
Amede,  1998) .  The  proposed  t ra i t s  to  be  in tegra ted  in to  bean 
breeding  programmes  for  drought-prone regions  are  assessed  in 
terms  of  potent ia l  contr ibut ions  to  product iv i ty,  surv ival  under 
drought ,  s tab i l i ty  across  years ,  and  prac t ica l  usage  of  the  t ra i t  under 
the  exis t ing  labora tory  and  capaci ty  condi t ions ,  as  presented  in 
Table  6 .  
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Table  6 .  Potent ia l  indica tors  as  ident i f ied  based  on  se ts  of  cr i te r ia  for  use  in  improving  drought  res is tance  in 
beans

Drough t  Res i s t ance
    I nd ica tor s

Corre l a t i on 
be tween  the 
t r a i t  and 
drough t 
re s i s t ance  

Responds  t o 
changes  in 
so i l  wa te r 
s t a tus

Highl y 
cor r e l a t ed  t o 
b io mas 
produc t ion  o r 
gra in  yi e ld

Eas i l y 
me asurab le 
or  observab le

Of  r eg iona l 
va lue  fo r 
s t anda rd 
pro tocol

To ta l
Sum

Rank

Plant  WP 3 3 2 1 3 12 9
Os mot i c  pot en t i a l 3 3 2 3 3.5 14.5 1
RWC 3 3 3 3 2.25 14.3 2
RGR 2 3 2.5 3 2 12.5 8
Bio mass 2 2 2 2.5 2 11.3 10
Vigour 2 3 3 3 3 14 4
Root  depth 2 2 2 1 1 8 13
Root  dens i t y 3 3 1 1 1 9 12
Pods /p l an t 2 .5 2 3.5 3 3 13.8 6
Seeds /pod 1 1 3 3 2 10 10
Seed  weigh t 1 1 1 3 1 7 14
Gra in  yi e ld 2 2 3.5 3 3.5 14 4
Ear l y  ma tu r i t y 3 .5 2 3 3 3 14.3 2
Dura t ion  o f  f lower ing 2 3 2 3 3 13 7
Per iod  o f  s eed  f i l l i ng 2 2 3 3 2 12 9
Degree  o f 
t rans loca t ion

2 2 3 3 2 12 9

Produc t ion  e f f i c i enc y 2 3 3 3 2 13 7
Sens i t i v i t y  index 3 2 2 3 3 13 7

Where:  0  =  I r re levant ,  1  =  Low,   2  = medium,   3  = High,  
           3 .5=Very h igh  



6.   Determination of  Drought  Resistance Indicators
6.1 .  Indicators  of  p lant  water  s tatus

 6 .1 .1 .  Osm otic  potent ia l

The  commonly  used  techniques  to  measure  osmot ic  potent ia l  of 
p lants  are  cyroscopic ,  psychometr ic  and  pressure  chamber  (Turner , 
1981) ,  f reezing  poin t  depress ion  (osmometer ) ,  inc ip ien t 
p lasmolys i s ,  and  so lu t ion  equi l ibr ium.  The  osmometer  methods 
depend  on  the  change  in  the  f reezing  poin t  whi le  psychometr ic 
method  depends  on  the  change  in  the  re la t ive  vapour  pressure .  To 
measure  osmot ic  potent ia l ,  the  turgor  pressure  mus t  be  reduced  to 
zero  usual ly  by  k i l l ing  the  t i s sue  by  f reezing  or  by  heat ing .  An 
ef fec t ive  and re la t ive ly  cheap  technique  for  de termining  the  osmot ic 
potent ia l  of  t i s sues  i s  the  so lu t ion  equi l ibr ium  method,  which 
employs  re la t ive  weight  ga in  of  samples  f rom  water  uptake  when 
p laced  in  so lu t ions  of  var iab le  osmot ic  potent ia l .  The  sa l t  so lu t ion 
is  used  to  ca lcula te  the  osmot ic  potent ia l  of  the  so lu t ion  (van’ t  Hoff 
re la t ions) .

The  pressure  chamber  technique  involves  the  reduct ion  of  turgor 
pressure  to  zero ,  not  by  k i l l ing  the  t i s sue  and  l ibera t ing  the  so lu tes , 
but  by  applying  pressure  to  the  leaves  and  obta in ing  the  osmot ic 
potent ia l  f rom the  pressure  -  volume  re la t ionship  of  the  in tac t  ce l l s . 
Once  the  turgor  pressure  reaches  zero ,  the  volume  of  water  in  the 
ce l l  i s  re la ted  to  appl ied  pressure  as  fo l lows:

l /P c  =   Vs  -  V/RTN

Where  P c  =  Pressure  in  the  chamber ,  Vs  =  volume  of  s impl is t i c 
water  in  the  turg id  leaf ,  V=  volume  of  the  s impl is t ic  water 
expressed ,  R  =  gas  cons tant ,  T  =  Kelv in  tempera ture  and  N  =  Moles 
of  so lu te  in  the  leaf ,  a  p lo t  of  1 /P c  agains t  V  should  be  l inear  when 
the  turgor  pressure  become  zero .   Extrapola t ion  of  the  s t ra ight  l ine , 
V  =  O  given  the  osmot ic  potent ia l  a t  fu l l  turgor ;  and  osmot ic 
potent ia l  a t  zero  turgor  in  the  poin t  a t  which  the  water  potent ia l  and 
osmot ic  potent ia l  a re  equal .

I f  the  to ta l  volume  of  water  in  the  leaf  (Vt)  i s  de termined  f rom 
in i t ia l  turg id  weight  (TW)  and dry  weight  (DW)

Vt = TW -  DW

Assumpt ions  of  the  method  are  tha t  the  ref lec t ion  coef f ic ien t  of  the 
membranes  i s  c lose  to  uni ty  and  tha t  so lu tes  do  not  move  f rom  the 
ce l l s  to  the  xylem under  the  imposed  pressure .



                                                            

6.1 .2  Plant  Water  Potent ia l  

Measurements  of  LWP  are  made  between  1000hr  and  1200  hr  2 
weeks  af ter  germinat ion  and  the  weekly  unt i l  f lower ing .  To  measure 
the  LWP,  one  e legant  and  cheap  method  is  a  pressure  chamber 
(Scholander  probe ,  Scolander  e t  a l . ,  1965) .  This  technique  is  based 
on  the  assumpt ion  tha t  tens ion  in  the  xylem  s t ream  is  equi l ibra ted 
wi th  the  water  potent ia l  of  the  leaf  t i s sue .   A  young  fu l ly  expanded 
t r i fo l ia te  leaf  i s  cu t  quickly  us ing  a  sharp  razor  b lade .  Wrap  wi th  a 
g lu ing  fo i l  and  p lace  in  the  chamber  of  the  pressure  bomb  wi th  cut 
end  of  the  pet io le  jus t  pro t ruding  f rom  the  chamber  through  a 
rubber  p lug  which  is  used  to  sea l  the  chamber .  Pressure  ins ide  the 
chamber  i s  gradual ly  increased  by  us ing  compressed  gas  f rom  a 
cyl inder  unt i l  the  sap  exudes  to  the  cut  end  of  the  xylem  vesse ls . 
Detec t ion  of  exudat ion  of  water  a t  the  end  poin t  i s  made  us ing  a 
hand  lens .  This  opera t ion  should  genera l ly  take  less  than  2  minutes . 
At  leas t  three  samples  are  measured  per  p lo t .   The  readings  are  in 
bar  and  could  be  conver ted  in to  Mega  Pascal  (MPa)  uni ts  (10:1) . 
The  amount  of  pressure  needed  to  press  the  sap  out  of  the  vesse l  i s 
propor t ional  to  the  water  potent ia l  of  p lant  t i s sue .

6 .1 .3  Turgor Potent ia l

I t  i s  the  phys ica l  pressure  exer ted  by  the  water  in  the  vacuole 
agains t  the  cytop lasm  and  the  ce l l  wal l  on  the  in ternal  content  of 
the  ce l l  by  the  wal ls  of  the  turg id  ce l l s .  The  turgor  potent ia l  can  be 
measured  d i rec t ly  by  pressure  probe  technique.  I t  can  a lso  be 
ca lcula ted  f rom  the  d i f ference  between  the  to ta l  osmot ic  potent ia l 
and  water  potent ia l ,  i f  measured  f rom  the  same  sample  a t  s imi lar 
condi t ions .  Repl ica te  samples  could  be  taken  f rom the  p lant  and  one 
repl ica te  can  be  p laced  immedia te ly  to  the  scholander  probe  for 
de terminat ion  of  water  potent ia l  whi le  the  o ther  rep l ica te  i s  f rozen 
in  l iquid  n i t rogen  for  de termina t ion  of  osmot ic  potent ia l .  P lant  sap 
is  pressed  f rom  the  f rozen  and  thawed  sample  for  de terminat ion  of 
osmot ica .

6 .1 .4 .   Relat ive  Water  Content  (RWC)

Convent ional ly,  RWC  is  de termined  as  s imple  ca lcula t ion  of  water 
content ,  a  weight  ra t io  be tween  dry  and  wet  b iomass .  However , 
there  was  an  unders tanding  among  sc ient is ts  tha t  s imple  ra t io  of  dry 
&  wet  b iomass  i s  not  sens i t ive  to  evaluate  ce l lu lar  water  re la t ions . 
Ins tead ,  water  content  should  be  ca lcula ted  as  RWC  by  compar ing 
the  cur rent  hydra t ion  of  a  t i s sue  to  i t s  max imum  potent ia l 
hydra t ion .  F ive  leaf  d iscs ,  7  mm  in  d iameter  are  punched  out  f rom 
the  recent ly  mos t  expanded  leaf  on  each  of  the  three  p lants  se lec ted 
in  each  p lo t .   Af ter  weighing  immedia te ly  us ing  an  e lec t ronic 
balance  to  determine  f resh  weight  (FW),  the  d iscs  are  p laced  in  a 
v ia l  conta in ing  de- ionised  water  for  16h  in  a  ref r igera tor  a t  5 0 C 
(Turner  1981,  Runkulant i l e  et  a l .  1993)  in  order  to  regain  turgor . 
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The  d iscs  are  then  removed  f rom  the  v ia ls ,  gent ly  wiped  us ing  a 
b lo t t ing  paper  and  then  re-weighed  to  obta in  turg id  weights  (TW). 
Each  sample  i s  again  immedia te ly  replaced  back  in  the  empty  v ia l 
and  oven dr ied  a t  70 0 C for  48  hr  ( to  a  cons tant  weight)  to  obta in  dry 
weight  (DW).  Es t imates  of  RWC  are  determined  between  1000  and 
1200  h  (midday) .  The  f i r s t  es t imate  i s  done  15  DAE  and  a t  bud 
format ion .

The es t imate  of  water  content  in  each  p lant  i s  ca lcula ted  as  fo l lows:
           RWC = [ (FW -  DW)/(TW -  DW)]  x  100

6.2 .  Indicators  of  Drought  escape

The  most  ef fec t ive  s t ra tegy  of  a  drought- res is tan t  crop  should  be  to 
match  the  mos t  sens i t ive  phenologica l  growth  s tage  to  the  peak  so i l 
water  avai lab i l i ty  (Richards ,  1996) ,  and  drought  escape  could  be 
one  of  the  mos t  re l iab le  s t ra teg ies  of  drought  res is tance  for  speci f ic 
environments .  However ,  drought  escape  in  beans  i s  s t rongly 
associa ted  wi th  low  yie ld .  A  yie ld  t r ia l  f rom  CIAT  on  for ty  two 
bean  genotypes  wi th  varying  matur i ty  per iod  f rom  52  to  83  days 
showed  that  d i f ferences  in  matur i ty  was  s t rongly  associa ted  wi th  a 
yie ld  d i f ference  of  2000  kg  ha - 1  (Whi te ,  1988) .  Low  yie ld  in  ear ly 
matur ing  genotypes  could  be  jus t i f ied  so le ly  by  reduced  per iods  of 
photo-ass imi la t ion  but  a lso  due  to  shor tened 
remobi l iza t ion/ t rans loca t ion  per iod .  

6 .2 .1 .  Days  to  50% Flowering (DTF)  

This  parameter  i s  measured  as  the  d i f ference  in  number  of  days 
f rom  date  of  p lant ing  to  date  when  50%  of  the  p lants  in  each  p lo t 
had  one  or  more  f i r s t  f lowers .  This  s tage  coincides  wi th  the 
in i t ia t ion  of  developmenta l  s tage  R6  (CIAT,  1987) .  The  p lant ing 
date  should  coincide  wi th  avai lab i l i ty  of  suf f ic ien t  so i l  mois ture  to 
a l low  germinat ion  of  seeds .  Drought  escaping  var ie t ies  could  be 
ident i f ied  through determina t ion  of  days  to  f lower ing .

6 .2 .2 .  Durat ion  of  Flow ering (DF)
 
This  parameter  i s  de termined  as  the  average  number  of  days 
between  the  f i r s t  open  f lower  and  the  las t  open  f lower  per  p lant  in  a 
p lo t .  The  popula t ion  being  assessed  should  be  fa i r ly  s tab le  and  not  
segregat ing .  F ive  randomly  se lec ted  p lants  in  each  p lo t  could  be 
used  for  moni tor ing  purposes .

6 .2 .3 .  Days  to  Maturity  (DTM)

This  i s  de termined  as  the  number  of  days  f rom  date  of  p lant ing  to 
date  when  50%  of  p lants  in  each  p lo t  a t ta ined  phys io logica l 
matur i ty  R8  (CIAT,  1987) .  At  th is  s tage ,  pods  are  dry  and  brown. 
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As  in  DTF,  the  p lant ing  date  should  coincide  wi th  avai lab i l i ty  of 
suf f ic ien t  so i l  mois ture  to  a l low germinat ion  of  seeds .

6 .3 .  Indicators  of  Growth & Product iv i ty  under Drought

6.3 .1 Determinat ion  of  Grain  Yie ld

Plo ts  are  harves ted  when  95%  of  the  pods  are  dry  and  brown  (R9) . 
Harves t  a reas  mus t  be  ident i f ied  and  determined  before  harves t . 
Border  rows  and  p lants  wi th in  the  harves t  p lo ts  mus t  be  c lear ly 
marked.  Harves t  a rea  i s  de termined  as :

Harves t  p lo t  (m 2 )  =  Tota l  length  of  harves ted  rows  (m)  x  space 
between  rows  (m) .

Af ter  harves t ing ,  the  seed  f rom  each  p lo t  i s  weighed  us ing  an 
e lec t ronic  balance  tha t  has  an  accuracy  of  a t  leas t  0 .1  g  and 
recorded.  Grain  yie ld  i s  then  determined  as :

Grain  yie ld  (g /m 2 )  =  (Seed  weight /Harves t  a rea)

6 .3 .2 .  Plant  v igour

Each  p lo t  i s  assessed  for  genera l  growth  v igour  a t  four  weeks  af ter 
germina t ion .  Scor ing  wi l l  be  made  on  a  sca le  of  1  to  5 ,  whereby
 1  = very  poor ,  2  = poor ,  3  =  average ,  4  =  good,  5  = very  good.

6 .3 .3 .   Pods  per  Plant

Determine  the  average  number  of  pods  per  p lant  by  randomly 
harves t ing  5  p lants  in  a  p lo t ,  count  the  number  of  pods  a t 
phys io logica l  matur i ty  (R9)  and  d iv ide  by 5 .

6 .3 .4 .  Product ion Eff ic iency  (PE)

This  parameter  i s  de termined  as :

PE =  (DSD/DVP)  x  Grain  yie ld
Where  
DF  =  Durat ion  of  seed  development  (days  between  50%  f lower ing 
and Phys io logica l  matur i ty  (R8) .
DVP = Durat ion  of  vegeta t ive  per iod  (days  between  germinat ion  and 
50% f lower ing  -R6) .

6 .3 .5 .  Sens i t iv i ty  Index  (SI)

The  SI  developed  by  F isher  and  Mauer  (1978)  g ives  a  robus t  and 
extendable  oppor tuni ty  to  compare  mul t ip le  t r ia ls .  This  SI  i s 
therefore  recommended  for  use  in  BIWADA tr ia ls .
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SI  =  [1  -  (D/C)]  /  [1  -  (Dm/Cm)]

Where   D =  Drought  yie ld ,
   C  = Contro l  yie ld ,
 Dm = Mean  yie ld  across  a l l  l ines  under  drought
 Cm = Mean yie ld  across  a l l  l ines  under  contro l

The  fo l lowing  parameters  were  cons idered  as  secondary  indica tors 
e i ther  because  they  may  need  labora tory  fac i l i t ies  and  t ra in ing  or 
are  not  sens i t ive  enough  to  show dif ferences  among  t rea tments

6 .3 .6   Relat ive  Grow th Rate  (RGR)

To  obta in  the  RGR  values ,  dry  weight  a t  seedl ing ,  pre- f lower ing , 
f lower ing  and pod development  are  obta ined  by cut t ing  the  shoots  a t 
the  ground  sur face .  F ive  p lants  are  randomly  se lec ted  in  each  p lo t . 
The  shoots  are  then  oven-dr ied  to  a  cons tant  weight  a t  70 o C.  The 
average  value  per  p lant  represents  the  mean  for  each  p lo t .

The RGR is  ca lcula ted  as :
RGR = {(1 /w)  x  (δw/δ t )}
Where ,  w =  average  p lo t  dry  weight  (g)
δw = change in  dry  weight  (g)
δ t  =  t ime  between each  harves t  da te .

6 .4  Indicators  of  Developmental  Plast ic i ty

In  compar ison  to  drought  escaping  types ,  genotypes  wi th  a  potent ia l 
developmenta l  p las t ic i ty  would  be  much  preferable .  Developmenta l 
p las t ic i ty  means  the  abi l i ty  of  a  genotype  to  adjus t  the  dura t ion  of 
d i f ferent  growth  phases  and  canopy  development  pa t tern  to  su i t 
mois ture  avai lab i l i ty  dur ing  the  growing  season  (Subbaro  et  a l . , 
1995) .  For  ins tance ,  peg  in i t ia t ion  and  e longat ion  of  groundnut 
p lants  ceases  when  so i l  mois ture  i s  deple ted  to  80%  of  the  p lant -
avai lab le  water ,  and  recommences  when  so i l  water  i s  adequate 
(Chapman  e t  a l . ,  1993) .  Pod  se t t ing  and  f i l l ing  a t  lower  nodes 
dur ing  the  ear ly  growth  of  some  chick  pea  genotypes  ensured  tha t  a t 
leas t  some  seed  se t t ing  occurred  in  case  of  receding  so i l  mois ture 
(Saxena et  a l . ,  1993) .
  
6 .4 .1  Root  length  and dens i ty

The  o ldes t  sys tem  of  s tudying  root  sys tem  was  to  excavate  them,  an 
expens ive  a t tempt  in  te rms  of  labour  and  t ime.  Current ly  the 
rh izot rons  (2-3  mts  long)  became  popular  for  having  large 
underground  observat ion  tunnels ,  and  windows  large  enough  to 
fo l low  the  development  of  tap  and  f ine  roots .  Rhizot ron  s tudy  is 
poss ib ly  one  of  the  mos t  re l iab le  method  to  determine  root  length 
dens i ty  in  p lants  in  s i tu .  Another  local ly  avai lab le  method  for 
de termining  tap  root  (TRD)  and  root  dry  weight  (RDW)  is  a  t rough 
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fo l lowing  procedures  used  by  Ronno  (1999) .   Troughs  cons t ructed 
us ing  baked  are  f i l led  wi th  f ie ld  so i l .   Each  t rough  should  measure 
a t  leas t  1 .5  m  high .  Al l  t roughs  are  fu l ly  i r r iga ted  to  f ie ld  capaci ty 
pr ior  to  p lant ing .  The  procedures  for  ca lcula t ing  the  amount  of 
water  required  per  t rough  are  adopted  f rom  Doorenbos  and  Prui t t 
(1977) .  

Q (m 3 )  =  10/Ea  (P  x  Sa)  x  D x  A

Where  Q =  amount  of  i r r iga t ion  required
Ea =  appl ica t ion  ef f ic iency  (assumed  a t  65%)
P  =  f rac t ion  of  to ta l  avai lab le  so i l  water  permit t ing 
evapotranspi ra t ion
Sa = to ta l  avai lab le  so i l  water
D =  root ing  depth  (m)
A = t rough s ize  in  hectares

Appropr ia te  so i l  fer t i l i ty  and  crop  pro tec t ion  methods  mus t  be  taken 
to  mainta in  a  heal thy  crop .  TRD  and  RDW  are  moni tored  on  two 
occas ions  namely  seedl ing  and f lower  in i t ia t ion  development  s tages . 
At  each  sampl ing  date ,  t roughs  are  wel l -watered  about  6  hours  pr ior 
to  sampl ing  to  a l low  easy  removal  of  the  br icks  wi thout  in ter fer ing 
wi th  the  roots .   At  sampl ing  t ime  the  br icks  border ing  one  s ide  of 
each  t rough  are  carefu l ly  removed  expos ing  the  roots .   Each  p lant  i s 
then  carefu l ly  dug  out  and  immersed  in  a  conta iner  of  water  to  soak 
and  remove  the  so i l  sur rounding  the  roots .   Roots  so  washed  are 
measured  for  length  by  us ing  a  ru ler  and  subsequent ly  severed  a t 
the  s tem  base  and  oven  dr ied  to  determine  root  weight .   F ive  p lants 
in  each  p lo t  a re  harves ted  to  obta in  these  measurements .

6 .4 .2 Biom ass adjustm ents  

Grain  yie ld  i s  a  conver ted  funct ion  of  b iomass  accumulat ion ,  which 
is  l inear ly  re la ted  to  cumulat ive  t ranspi ra t ion  (Tanner  and  S incla i r , 
1983) .  Higher  gra in  yie ld  in  legumes  is  pos i t ive ly  cor re la ted  wi th 
h igher  p lant  b iomass  but  negat ive ly  wi th  drought  res is tance  (S l im 
and  Saxena,  1993) .  Amede  e t  a l  (1999)  showed  that  in  faba  beans , 
drought  sens i t iv i ty  increases  wi th  increas ing  p lant  he ight  and  the 
cor re la t ion  was  very  h igh  ( r=+  0 .93) .  Thus ,  h igh  yie ld ing  genotypes 
were  drought  sens i t ive  and  v ice  versa .  S ince  genotypes  tha t  a re 
water  saving  are  commonly  low-yie ld ing ,  growing  those  genotypes 
in  favourable  years  would  lead  to  a  cons iderable  yie ld  loss  (S l im 
and  Saxena,  1993) .  However ,  for  agroecologies  wi th  terminal 
drought ,  as  in  scenar io  I  (F ig  1) ,  genotypes  wi th  smal ler  b iomass 
product ion  may  per form  bet ter  under  drought  as  the  water 
requirement  of  such  mater ia ls  wi l l  be  low.
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6.4 .3  Translocat ion  ef f ic iency

Screening  many  l ines  in  the  f ie ld  based  on  root ing  depth  or  root 
length  dens i ty  i s  labor ious  and  normal ly  impract ica l .  The  s imples t 
method  sugges ted  for  screening  drought- res is tan t  l ines  in  the  f ie ld 
i s  de layed  sowing  (S ingh  et  a l . ,  1994) .  S ince  legumes  grown  in 
semi-ar id  reg ions  commonly  encounter  te rminal  drought ,  sowing  a 
month  la ter  than  normal  in  the  spr ing  has  been  ef fec t ive  in 
d i f ferent ia t ing  between  drought- res is tan t  and  sens i t ive  l ines  (S ingh 
et  a l . ,  1994) .  As  t rans locat ion  is  less  af fec ted  by  drought  than 
photosynthes is  and  respi ra t ion  (Boyer ,  1976) ,  la te  sowing  may  help 
to  evaluate  the  abi l i ty  of  the  genotype  to  t rans locate  reserves  to  the 
s ink  dur ing  the  onset  of  te rmina l  drought .  The  ass imi la tes  could  ac t 
as  a  buffer  agains t  the  ef fec ts  of  water  def ic i t s  on  cur rent 
ass imi la t ion  (Ludlow  and  Muchow,  1990) .  The  ass imi la tes  could 
or ig inate  f rom  pre-anthes is  or  pos t -anthes is  per iods  depending  up 
on  the  t ime  of  s t ress  and  the  amount  of  reserve  avai lab le  in  the 
s tem.  Var ie ta l  d i f ferences  in  beans  for  th is  t ra i t  has  been  observed 
( I .M.  Rao  & S .  Beebe,  CIAT,  Personal  communicat ion) .

6 .4 .4  Stom atal  regulat ion

Stomata l  conductance  could  be  measured  by  porometers .  The 
commonly  used  d i f fus ion  porometers  are  smal l  cuvet tes  tha t  can  be 
a t tached  to  leaves  tha t  moni tor  humidi ty  in  the  cuvet te  over  t ime. 
The  nul l  porometers  measure  s teady- s ta te  ra te  of  t ranspi ra t ion  of 
the  enclosed  leaves .
  
7 .  Indicators  of  drought  beyond the  p lant:  The so i l  water

In  agr icul tura l  s tudies ,  annual  or  seasonal  prec ip i ta t ion  is  of ten 
used  as  an  index  of  p lant  water  avai lab i l i ty,  a l though  th is  index 
suf fers  f rom  not  tak ing  the  so i l  inf luences  in to  cons idera t ion . 
Severa l  phys ica l  character is t ics  of  so i ls  a f fec t  the  qual i ty  and 
quant i ty  of  water  avai lab le  to  p lants .  Soi l  tex ture  d ic ta tes  the 
amount  of  water  to  be  re ta ined  in  root  zone  and  the  funct ional 
response  between  so i l  water  potent ia l  and  so i l  water  content . 
Fol lowing  precip i ta t ion ,  water  wi l l  dra in  through  a  so i l  prof i le 
rap id ly  in  sandy  so i ls ,  leaving  l i t t l e  capi l la ry  water  behind 
compared  to  c lay  so i ls .  On  the  o ther  hand,  the  so i l  so lu t ion  wi l l 
have  h igher  water  avai lab i l i ty  in  sandy than  c lay  so i ls .

As  a  response ,  many  researchers  prefer  to  measure  so i l  water 
content  as  an  index  of  p lant  water  avai lab i l i ty.   Soi l  water  content 
can  be  measured  by  percent  of  dry  weight ,  tens iometers ,  neut ron 
probes ,  pschrometery,  or  t ime  domain  ref lec tometery.
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8.  BREEDING FOR DROUGHT TOLERANCE

Breeding  for  drought  to lerance  i s  an  impor tant  objec t ive  for  mos t 
market - dr iven  regional  bean  improvement  programmes .  However , 
mos t  of  the  ac t iv i t i es  have  been  l imi ted  to  screening  for  drought 
under  f ie ld  condi t ions .  Al though  breeding  s t ra teg ies  have  been 
developed  for  mos t  impor tan t  b io t ic  and  abio t ic  cons t ra in ts ,  e f for ts 
made  to  develop  s imi lar  approaches  for  drought  to lerance  have  been 
l imi ted .  This  sec t ion  d iscusses  the  prerequis i tes  and  s t ra teg ies  in 
breeding  for  drought  to lerance .

8.1  Prerequis i tes  in  breeding for  drought  to lerance

Cer ta in  requirements  should  be  met  i f  wor thwhi le  progress  i s  to  be 
made  in  breeding  for  drought  to lerance .  These  are :
1 . A  large- scale  s imple  and  re l iab le  screening  technique  to 

d is t inguish  between  res is tan t  and  suscept ib le  p lants /progenies 
should  be  avai lab le .  

2 . A su i tab le  ra t ing  sca le  should  be  avai lab le .
3 . Sources  of  res is tance  should  be  ident i f ied .
4 . Knowledge  of  genet ics  of  res is tance  can   he lp  the  breeder  decide 

the  breeding  methods  which  can  be  employed
5. Knowledge  of  the  mechanisms  of  res is tance  i s  usefu l  in  handl ing 

breeding  mater ia l .

8.2  Screening techniques

The  f i r s t  sec t ions  of  th is  repor t  have  d iscussed  the  mer i t s  and 
demer i ts  of  the  var ious  techniques ,  and  f ina l ly  recommended  a 
pro tocol  tha t  should  be  fo l lowed.  Lack  for  such  a  pro tocol  in  the 
pas t  made  i t  d i f f icu l t  to  compare  resul ts  f rom  var ious  s i tes .  A  few 
addi t ional  i ssues  re la ted  to  management  of  drought  nurser ies  need 
to  be  cons idered .  
S i tes  which  are  representa t ive  of  the  region  should  be  se lec ted . 
They  should  assure  adequate  drought  and  permit  proper  t r ia l 
management .  A  usefu l  way  to  evaluate  the  representa t iveness  of 
s i tes  i s  to  implement  c lus ter  analys is  as  sugges ted  by  White  and 
S ingh  (1991) .  S i tes  tha t  a re  very  s imi lar  would  appear  in  the  same 
c lus ter  (based  on  re la t ive  yie ld)  and ,  thus ,  should  be  avoided  s ince 
no  new informat ion  is  expected  f rom the  addi t ional  s i te .

Exper imenta l  des ign :  work  a t  CIAT-Colombia  and  e lsewhere  has 
shown  that  la t t ice  des igns  are  super ior  to  randomized  comple te 
b lock  des igns .  In  mos t  cases  a t  CIAT,  la t t i ces  wi th  three  repl ica tes 
have  been  found  ef fec t ive  to  detec t  the  des i red  levels  of  d i f ference . 
For  non- la t t ice  des igns ,  four  rep l ica tes  are  used .  For  unrepl ica ted 
nurser ies  wi th  large  numbers  of  en t r ies ,  augmented  des igns  (Lin  and 
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Poushinsky,  1983) ,  and  moving  averages  (Knot t ,  1972)  have  been 
found more  ef fec t ive .
Plot  s ize :  With  re la t ive ly  uni form  plant  popula t ions  and  so i ls , 
exper ience  a t  CIAT  has  shown  that  the  min imum  usefu l  p lo t  s ize  i s 
about  10  m 2 ,  wi th  a  harves table  area  of  4 .5  m 2 .  Where  uni formity  i s 
a  problem,  p lo t  s ize  should  be  increased .  Repl ica tes  (and  b locks 
wi th in  la t t ices )  should  be  d is t r ibuted  in  re la t ive ly  square  formats , 
tak ing  in to  cons idera t ion  known  gradients ,  to  minimize  wi th in-
b lock  var ia t ion .

Plant ing  dates :  These  should  be  chosen  in  such  a  way  tha t  a  20-day 
s t ress  per iod  occurs  30  days  af ter  p lant ing  and  coincides  wi th 
f lower ing  and  ear ly  pod  f i l l .  In  cases  where  occurrence  of  drought 
i s  doubtfu l ,  rep l ica tes  of  a  s ingle  t r ia l  a t  d i f ferent  p lant ing  dates 
should  be  cons idered .  A  13-day  d i f ference  was  used  a t  CIAT-
Colombia  to  genera te  var iab le  ra infa l l  pa t terns  and  yie ld .

Tria l  management :  In  breeding  for  drought  to lerance ,  agronomic 
management  should  provide  condi t ions  s imi lar  to  those  in  farmers ’ 
f ie lds  and ,  a t  the  same t ime,  assure  an  appropr ia te  and  re l iab le  level 
of  s t ress  for  screening .  Where  avai lab le ,  i r r iga t ion  provides  a 
va luable  tool  to  pro tec t  agains t  fa i lures  caused  by  insuf f ic ien t 
mois ture  and  to  producing  a  graded  level  of  s t resses  according  to 
the  se lec t ion  pressure  needed  a t  a  g iven  s tage  of  genet ic 
advancement  (Whi te  and  S ingh,  1991) .  I r r iga t ion  a lso  helps  to 
d is t inguish  between  t ru ly  drought-suscept ib le  genotypes  (wi th 
excel len t  yie lds  under  i r r iga t ion  and  low  yie lds  under  drought)  and 
those ,  which  are  jus t  poor  mater ia ls  ( low  yie lds  under  a l l 
condi t ions) .  Ident i f ica t ion  of  such  a  suscept ib le  check  is  an  easy 
way  to  evaluate  s t ress  levels  of  nurser ies  and  wi l l  s t rengthen 
conclus ions  f rom  drought  to lerance  s tudies .  Data  f rom  i r r iga ted  and 
contro l  p lo ts  provide  a  means  for  ca lcula t ing  s t ress  indices  such  as 
ar i thmet ic  mean,  geometr ic  mean,  response ,  percent  reduct ion ,  and 
F ischer  and  Maurer  s t ress  index.  At  CIAT,  preference  has  been  to 
use  the  geometr ic  mean  to  avoid  ser ious  b iases  associa ted  wi th  the 
o ther  four  indices .

8.3  Rat ing  scale
CIAT has  developed  s tandard  1-9  ra t ing  sca le  for  drought  to lerance , 
where  1-3  i s  to lerant ,  4-6  in termedia te  and  7-9  i s  suscept ib le .  No 
bet ter  screening  cr i te r ia  than  yie ld  under  drought  have  been  found. 
Yie ld  values  in  s t ress  and  contro l  p lo ts  are  used  to  ca lcula te  the 
geometr ic  means .  S tabi l i ty  analyses  may  be  used  where  data  f rom 
more  than  three  or  four  t r ia ls  wi th  the  same ent r ies  i s  avai lab le .

8.4  Sources  of  res is tance
Improvement  of  character  depends  on  avai lab i l i ty  of  usefu l  sources 
of  res is tance .  Modes t  ef for ts  have  been  made  to  ident i fy  sources  of 
drought  res is tance  a t  CIAT.  Severa l  l ines  have  been  used  in 
breeding  for  drought  to lerance  in  beans .  These  inc lude  A54,  A170, 
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A195,  BAT  336,  BAT  477,  BAT  1289,  Bayo  Cr io l lo  del  Llamo, 
Bayo  Rio  Grande,  Durango  5 ,  Durango  222,  Chiapas  7 ,  Apet i to , 
G1502,  Rio  Tibagi ,  Gordo,  Mulat inho  Vagem  Roxa,  Rim  de  Porco , 
Favinha ,  San  Cr is tobal  83 ,  ICA  Linea  17  and  V8025.  More 
germplasm  f rom  the  gene  bank  and  exper imenta l  l ines  i s  be ing 
screened  to  ident i fy  new  and  bet ter  sources  of  drought  to lerance . 
However ,  many  researchers  fee l  tha t  genet ic  var iab i l i ty  for  drought 
to lerance  in  bean  is  low.  They  have  sugges ted  us ing  genes  f rom 
re la ted  species .  The  pr ime  choice  i s  tepary  ( Phaseolus  acut i fo l ius ) 
whose  super ior i ty  has  been  demons t ra ted .  Al though  in terspeci f ic 
crosses  wi th  P.  vulgar is  and  P.  acut i fo l ius  have  been  obta ined ,  only 
res is tance  to  common  bacter ia l  b l ight  has  been  t ransfer red  to  the 
common  bean.  Recent  s tudies  showed  that  hybr ids  us ing  tepary  bean 
showed  good  drought  to lerance  in  Honduras .  Drought  to lerance  has 
a lso  been  repor ted  in  p in to  bean .  I t  wi l l  be  necessary  to  screen 
breeding  popula t ions ,  landraces ,  advanced  breeding  l ines  and  o ther 
access ions  in  the  region  to  ident i fy  re l iab le  sources  for  res is tance . 
I t  wi l l  be  prudent  to  explo i t  sources  ident i f ied  by  CIAT-Colombia 
and  use  them  in  cross ing  programmes  wi th  tepary  and  local 
mater ia ls .  Screening  in  adapted  cul t ivars  and  advanced  breeding 
popula t ions  should  be  g iven  pr ior i ty  because  they  a l ready  conta in 
res is tances  to  d iseases  and  pes t ,  qual i ty  t ra i t s  and  adapta t ion 
character is t ics .

8.5  Genet ics  of  drought  res is tance
Lit t le  i s  known  about  the  inher i tance  of  drought  to lerance  in 
common  bean.  This  i s  probably  a  ref lec t ion  of  the  lack  of  re l iab le 
sources ,  screening  cr i te r ia  and  par t ly  lack  of  in teres t  among 
researchers .  I t  i s ,  perhaps ,  a lso  an  indica t ion  of  the  complexi ty  of 
th is  t ra i t .  Drought  to lerance  i s  associa ted  wi th  many  morphologica l , 
phys io logica l  and  chemical  t ra i t s ,  which  are  probably  contro l led  by 
d i f ferent  groups  of  genes .  Res is tance  to  tempera ture-drought  s t ress 
was  determined  by  a  s ingle  dominan t  gene  in  P . I .297079  and  by  two 
complementary  genes  in  P . I .  151062   (Bouwkamp  and  Summers , 
1982) .   Al l  three  genes  were  inher i ted  independent ly.  Menosso  e t  a l 
(1978)  found  tha t  low  content  of  f ree  pro l ine  (which  accumula tes  in 
leaves  of  many  crops  under  drought  s t ress )  was  par t ia l ly  dominant , 
and  about  four  genes  were  involved  in  i t s  inher i tance .  However , 
Amede  e ta l  (1998)  concluded  tha t  mass ive  pro l ine  accumulat ion  was 
a  symptom  of  a  severe  in ternal  water  s t ress ,  and  th is  accumulat ion 
had  no  surv ival  va lue  dur ing  drought .  Therefore ,  pro l ine 
accumulat ion  is  cons idered  to  be  of  no  prac t ica l  va lue  in  breeding 
for  drought  to lerance .  Mode  of  inher i tance  of  ear ly  f lower ing  var ies 
f rom  monogenic ,  d igenic  to  polygenic .  Root  character is t ics  show 
quant i ta t ive  inher i tance .   I t  appears  tha t ,  for  breeding  purposes , 
drought  to lerance  should  be  t rea ted  as  a  mul t i - faceted  quant i ta t ive 
t ra i t .  The  objec t ive  in  a  breeding  programme  is  to  increase  the 
f requency of  a l le les  confer r ing  improved  per formance  under  drought 
s t ress .
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8.6  Breeding Methods

Although  bean  breeders  have  been  s tudying  drought  to lerance  s ince 
the  1930’s ,  hard ly  any  commercia l ly  impor tant  var ie ty  has  been 
developed  speci f ica l ly  for  drought  to lerance .  However ,  se lec t ion  in 
s t ress  environments  has  resu l ted  in  improved  per formance.  In 
Kenya,  GLP  1004  and  GLP-X  92  have  been  repor ted  to  be  drought 
to lerant  whi le  GLP  806  is  to lerant  to  both  heat  and  drought 
(Muigai ,  1983) .

In  breeding  bean  for  mois ture- s t ress  environments ,  i t  should  be 
apprecia ted  tha t  the  objec t ive  i s  not  so  much  to  max imize  yie ld  but 
to  assure  a  reasonable  yie ld ,  which  covers  product ion  cos ts  and 
provides  some  addi t iona l  re turn  to  farmers .  Harves table  yie ld  and 
i t s  re l iab i l i ty  f rom year  to  year ,  ra ther  than  mere  p lant  surv ival ,  a re 
cr i t ica l  to  farmers  (Whi te  and  S ingh,  1991;  Parsons ,  1979) .  In 
addi t ion ,  breeding  for  drought  to lerance  should  not  be  seen  in 
i so la t ion .  Growers  wi l l  re jec t  drought  res is tan t  cu l t ivars  i f  i t  i s 
par t icu lar ly  suscept ib le  to  o ther  major  s t resses  on  the i r  farms . 
Barnes  (1983)  def ined  drought  to lerant  cu l t ivars  to  those  possess ing 
economic  levels  of  d isease ,  insect ,  and  nematode  res is tance; 
to lerance  to  so i l ,  water  and  a i r  problems;  and  insens i t iv i ty  to 
normal  tempera ture  and  photoper iod  f luc tuat ions .

Breeding  methods ,  which  can  be  employed  for  rap id  incorpora t ion 
of  speci f ic  mechan isms  of  drought  to lerance ,  such  as  ear ly  matur i ty, 
deep  roots ,  smal l  fo l iage ,  th ick  leaves  and  t r ichomes ,  inc lude 
pedigree  and  inbred-backcross .  In  addi t ion ,  three-way  and  modif ied 
double  cross  may  be  used  to  rap id ly  increase  the  f requency  of 
des i rable  genes .  A  recurrent  se lec t ion  program  us ing  S2/S3 
(equivalent  to  F3/F4)  yie ld  tes ts  has  a lso  been  s tar ted  a t  CIAT  for 
improvement  of  drought  to lerance  in  common  beans .  Gamete 
se lec t ion  procedure  for  s imul taneous  improvement  of  both 
qual i ta t ive  and  quant i ta t ive  t ra i t s  has  been  used  ef fec t ive ly  a t 
CIAT.  This  procedure  may  be  employed  to  improve  drought 
to lerance  and  o ther  t ra i t s .

8.7  Strategies  in  Breeding  Bean for  Drought  Tolerance

Three  s t ra teg ies  can  be  fo l lowed  in  breeding  beans  for  drought 
to lerance:  improvement  of  parenta l  sources  of  drought  to lerance , 
breeding  for  drought  to lerance  per  se ,  and  breeding  drought 
to lerance  in to  commercia l  cu l t ivars .  In  absence  of  a  be t ter  c r i te r ion , 
se lec t ion  for  drought  to lerance  should  be  based  on  yie ld 
per formance.

Strategy  1:  Im provem ent  of  parental  sources  
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Parenta l  l ines  wi th  re l iab le  drought  to lerance  character is t i cs  are 
required  in  a  breeding  programme.  Avai lab le  germplasm  should  be 
screened  a t  pr imary  and  secondary  s i tes  as  ident i f ied  in  the  pro tocol 
sugges ted  in  th is  repor t .  The  germplasm  should  inc lude  landraces , 
drought  to lerant  l ines  ident i f i ed  by  CIAT-Colombia ,  commerc ia l 
cu l t ivars  avai lab le  in  the  region  and  advanced  l ines  held  by  var ious 
nat ional  and  regional  programmes .  In  assembl ing  th is  germplasm, 
care  should  be  taken  to  inc lude  mater ia ls  f rom  race  Durango  f rom 
the  h ighlands  of  Mexico  and  o ther  cent res  of  d ivers i ty,  which  have 
evolved  under  drought  s t ress  condi t ions .  A  cr i t ica l  evaluat ion  of 
parenta l  sources  for  the i r  response  to  tempera ture  ex t remes ,  major 
d iseases  and  pes ts  in  th is  reg ion  should  be  made.  Drought  to lerant 
parents  def ic ien t  in  major  cons t ra in ts  can  be  fur ther  improved  by 
incorpora t ing  genes  through  an  inbred-backcross  method  or  i t s 
modif ica t ions .  About  100  hybr id  p lants  should  be  used  as  male 
parents  f rom  the  f i r s t  (F 1 BC 1 )  and  subsequent  backcrosses .  Two 
backcrosses  wi th  recurrent  parents  fo l lowed  by  two  genera t ions  of 
inbreeding  are  of ten  adequate  before  beginning  s ingle  p lant 
se lec t ions  and  progeny tes t ing .  This  s t ra tegy  wi l l  produce  l ines  wi th 
mul t ip le  res is tance ,  which  can  be  tes ted  in  on-farm  t r ia ls ,  and  the 
bes t  l ines  eventual ly  re leased .  Al ternat ive ly,  i t  wi l l  p rovide  drought 
to lerant  parenta l  l ines  for  fur ther  breeding  ac t iv i t i es .

Strategy  2:  Breeding  for  Drought  to lerance  per  se

This  i s  a  med ium  to  long  term  breeding  programme  speci f ica l ly  for 
drought  to lerance .  I t  can  be  jus t i f ied  on  the  bas is  of  the  large  areas 
af fec ted  by  drought  in  Eas t ,  Centra l  and  Southern  Afr ica ,  caus ing 
severe  yie ld  losses .  Predic ted  c l imat ic  changes  fur ther  jus t i fy  a 
s t ra teg ic  reg ional  breeding  programme  for  drought  to lerance .  This 
approach  involves  making  crosses  among  d i f ferent  sources  of 
drought  to lerance  and  re laxed  se lec t ion  for  p lant  types ,  gra in  types 
and  o ther  fea tures .  The  crosses  should  assure  maximum 
recombinat ion  of  d i f ferent  t ra i t s ,  mechanisms ,  sources  and  genes 
associa ted  wi th  drought  to lerance .  Genes  for  la rge  root  volume  and 
deeper  root  growth ,  ear ly  matur i ty,  to lerance  to  heat ,  poor  so i l 
fer t i l i ty,  smal l  fo l iage ,  low  canopy  tempera ture ,  and  o ther  t ra i t s 
associa ted  wi th  drought  should  a lso  be  in tercrossed  wi th  drought-
to lerant  parents .  When  the  parents  are  genet ica l ly  very  d iverse ,  for 
example  for  seed  s ize ,  matur i ty,  growth  habi t  and  adapta t ion , 
s t ra teg ies  such  as  recurrent  se lec t ion ,  backcrosses ,  three-way 
crosses  or  modif ied  double  crosses  should  be  used  to  increase  the 
f requency of  des i rable  genes  (Whi te  and  S ingh,  1991) .  The  approach 
fo l lowed a t  CIAT is  shown in  Table  7 .
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Table  7 .  Early  generat ion  y ie ld  tes t  used  at  CIAT,  Colom bia  for 
breeding drought  to lerance  in  bean.

Month 
p lanted

Genera t ion Act iv i t i es Locat ion  and 
se lec t ion  pressure

December Parenta l In termate  among 
se lec ted  parents

Palmira
None

March Parenta l  and 
F 1

In termate  among 
se lec ted  parents  and 
crosses .
Save  F 2  seed  f rom 
se lec ted  s ingle 
crosses .

Palmira
None

June Parenta l  and 
F 1

In termate  among 
se lec ted  parents  and 
crosses .
Save  F 2  seed  f rom 
se lec ted  crosses

Palmira
None

December F 1 Grow out  and  save 
seed  f rom se lec ted 
crosses

Palmira
None

June F 2 Yield- tes t  a l l 
c rosses  in 
rep l ica ted  t r ia ls .
Save  F 3  s ingle  pod 
bulks  f rom se lec ted 
crosses

Palmira
None

December F 3 Yield  tes t  and  save 
F 4  s ingle  pod bulk 
f rom se lec ted 
crosses

Qui l ichao
Drought ,  common 
bacter ia l  b l ight , 
angular  leafspot , 
fer t i l i ty,  root  ro ts

June F 4 Yield- tes t  and  save 
F 5  bu lk  f rom 
se lec ted  crosses

Popayan
Drought , 
an thracnose ,  root 
ro ts

December F 5 Space-plant  and 
make  s ingle  p lant 
se lec t ion

Palmira
Drought ,  root  ro ts

June F 6 Progeny tes t  and 
seed  increase

Qui l ichao
Same as  F 3

December F 7 Yield- tes t  se lec ted 
l ines  for  na t ional 
programmes  and 
o ther  nurser ies  and 
speci f ic 
phys io logica l 
s tudies

Palmira ,  Qui l ichao 
and Popayan
Same as  in  F 3 ,  F 4 

and F 5
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Source:  Whi te  and  S ingh (1991)

Strategy  3:  Incorporat ion  of  drought  to lerance  in  comm ercia l 
cult ivars
This  s t ra tegy  d i f fers  f rom  breeding  for  drought  to lerance  per  se 
because ,  in  addi t ion  to  drought ,  o ther  yie ld - l imi t ing  fac tors  such  as 
d iseases  and  pes t  res is tance  mus t  be  s imul taneous ly  bred  in to 
commercia l  cu l t ivars .  The  main  s teps  tha t  can  be  fo l lowed  are :
1 . Ident i fy  the  regional ly  impor tant  base  cul t ivars  to  be  improved.
2 . Ident i fy  the  major  product ion  cons t ra in ts  e .g .  drought ,  angular 

leafspot ,  an thracnose ,  common  bacter ia l  b l ight  and  rus t .
3 . Determine  the  type  of  new  cul t ivar  to  be  developed  and 

character is t ics  i t  should  have .
4 . Ident i fy  three  to  s ix  sources  of  res is tance  to  each  cons t ra in t .
5 . In termate  the  base  cul t ivars  to  produce  s ingle  crosses .
6 . From  s ingle  crosses ,  in termate  to  crea te  backcrosses ,  three-way 

and double  crosses .
7 . In termate  donor  parents  to  combine  two or  more  t ra i t s .
8 . In termate  the  three-way  and  double  crosses  wi th  crosses  f rom 

donors  to  crea te  F 1  wi th  combined  t ra i t s .  Base  parents  crosses 
are  used  as  females .  F 1  may  be  backcrossed  to  main ta in 
subs tant ia l  contr ibut ions  f rom  regional  base  cul t ivars  or 
advanced  to  F 2 .

9 . F 2 :  yie ld  t r ia l  under  opt imum  management  a t  one  locat ion  to 
ident i fy  h igh-yie ld ing  crosses .  Harves t  bes t  popula t ions  as  s ingle 
pod bulks .

10 . F 3 :  yie ld - tes t  under  modera te  drought  pressure ,  low soi l  fer t i l i ty, 
common  bacter ia l  b l ight  and  angular  leafspot .  Selec t  and  harves t 
s ingle  pod bulks .

11 . F 4 :  Se lec ted  popula t ions  are  grown  in  a  rep l ica ted  t r ia l  under 
pressure  of  an thracnose  and drought .  Harves t  s ingle  pod bulks .

12 . F 5 :  The  bulks  are  screened  under  drought  pressure .  Make  s ingle 
p lant  se lec t ions .  Note  tha t  by  the  t ime  s ingle  p lant  se lec t ion 
commences ,  ear ly  segregat ing  genera t ions  wi l l  have  been 
exposed  to  c l imat ic ,  so i l  and  b io t ic  s t resses  occurr ing  a t  three 
contras t ing  s i tes .  This  a l lows  only  surv ival  and  ident i f ica t ion  of 
genotypes ,  which  combine  des i rable  t ra i t s  in  success ive 
genera t ions .  When  the  number  of  t ra i t s  des i red  in  cu l t ivars  i s 
la rge ,  ex t reme  pressure  for  any  s ingle  t ra i t ,  especia l ly 
quant i ta t ive ly  inher i ted  ones  in  ear ly  genera t ions ,  i s  avoided .

13 . F 6 -F 7 :  bu lk  famil ies  or  l ines  f rom  F 7  onward  are  yie ld  tes ted 
under  drought  and  nons t ress  environments  and  evaluated  in 
separa te  complementary  nurser ies  for  an thracnose ,  common 
bl ight ,  angular  leafspot  and  o ther  cons t ra in ts .

Because  re la t ive ly  l i t t le  has  been  done  on  breeding  bean  for  drought 
to lerance ,  BIWADA  and  regional  programmes  wi l l  have  to  in i t i a te 
an  ef fec t ive  programme  perhaps  fo l lowing  the  exper iences  and 
sugges t ions  out l ined  above.  BIWADA  may  focus  in i t ia l ly  on 
s t ra tegy  1  and fo l low the  pro tocol  out l ined  in  th is  repor t .  S t ra tegy  2 
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and  3  may  be  car r ied  out  as  par t  of  the  regional  s t ra teg ic  ac t iv i ty. 
There  i s  need  to  s tudy  the  inher i tance  and  mechanisms  of 
inher i tance  and  incorpora te  farmer  par t ic ipa tory  approaches  in  a l l 
s t ra teg ies .
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Table  8 .  S i te  ac t iv i t i es  and  s tandard  exper imenta l  pro tocols  for  tes t ing  mater ia ls  for  drought  res is tance

S t e p /
A c t i v i t y

C o u n t r i e s In d i c a t o r s  t o 
b e  m e a s u r e d

S o i l  
C h a r a c t e r s t i c s

W e a t h e r 
p a r a m e t e r s

D u r a t i o n  o f 
ex p e r i m e n t

N u m b e r  o f 
R e p l i c a t i o n s

P l o t  S i z e

P r i m a r y
S c r e e n i n g

K E N Y A
E T H IO P IA
U G A N D A
T A N Z A N IA
S U D A N

A l l  9 S o i l  t yp e
p H
S W HC
N ,  P   a n d  K

M ax  &  M i n 
T e m p e r a t u r e ,
1 0  Y e a r  a v e r a ge 
s e a s o n a l  r a i n f a l l

2  s e a s o n s 2 4 5 c m  X  1 5 c m

2  r o w s ,  3 m

S e c o n d a r y
S c r e e n i n g

M A D A G A S C A R
D R C
M A LA W I
ZA M B IA
S O U T H 
A FR IC A

5  b e s t 
In d i c a t o r s

( 3 0 %  b e s t 
m a t e r i a l s )

S o i l  t yp e
p H
S W HC
N ,  P   a n d  K

M ax  &  M i n 
T e m p e r a t u r e ,
1 0  Y e a r  a v e r a ge 
s e a s o n a l  r a i n f a l l

2  s e a s o n s 3 Lo c a l  s p a c i n g
4  r o w s ,  
 4 m  l o n g

O n - f a r m
( b r e e d i n g 
s t u d i e s )

A LL 
C O U N T R IE

( 1 0  Fa r m e r /
c o u n t r y)

Y i e l d
M a t u r i t y
D i s e a s e /
p e s t
( 5 - 1 0  b e s t )

S o i l  t yp e
p H
S W HC
N ,  P   a n d  K

M ax  &  M i n 
T e m p e r a t u r e ,
1 0  Y e a r  a v e r a ge 
s e a s o n a l  r a i n f a l l

3  s e a s o n s 1 0  ( E a c h 
f a r m e r  i s  a 
r e p l i c a t i o n )

Lo c a l  s p a c i n g
R o w s  5 m  l o n g
P l o t  s i z e  a t 
l e a s t  2 5  M 2
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APPENDIX  1 .  Analys is  of  the  s t rengths  and  weaknesses  of 
par t ic ipa t ing  countr ies  wi th  regard  to  drought  research  ac t iv i t ies .  

KENYA
STRENGTHS WEAKNESSES
Drought  prone  environments Unrel iab le  weather 

condi t ions
Technica l  exper ience  and sk i l l s  in 
research

Lack  of  screening  equipment

Linkage  wi th  IARCs eg  CIAT, 
ICRISAT

Limited  f inancia l  and  human 
resources
Poor  co-ordinat ion  and 
communicat ion

DRC
Drought  prone  environment  (dry 
spots )
Exper ience  in  drought  research  in 
associa t ion-CIAT

Types  of  drought  badly 
def ined
Lack  of  equipment
Poor  communica t ion
Limited  f inancia l  resources
Unrel iab le  weather 
condi t ions

TANZANIA
Drought  prone  environment Low human  capaci ty  in 

Drought  ac t iv i t ies
Exper ience  people  in  drought  area Lack  of  equipments
Good networking  wi th  CIAT, 
ICRISAT

Badly  def ined  drought  prone 
areas
Bad  communicat ion
Limited  resources
Unrel iab le  weather  condi t ion

SUDAN.
Two di f ferent  sys tems  ( i r r iga t ion  & 
res idue  mois ture)

Human  capaci ty

Same  as  Tanzania Limited  machinery 
development

Linkage  wi th  ICARDA /  CIT Lack  of  equipment
Fluctuat ion  of  f loods  f rom 
season to  season
Limited  germplasm (ear ly 
matur inga0
Limited  resources

ETHIOPIA
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Wide  exper ience  in  drought 
behaviour

Lack  of  germplasm with 
environmenta l  p las t ic i ty

Limited  germplasm for  beans Limited  germplasm
Human  capaci ty  (Senior  and 
Graduate)

Limited  research  fac i l i t ies

Environment  -  drought  prone  areas Poor  cons idera t ions  by 
sc ient is t  and  pol icy  makers

REGIONAL ASPECT
Basic  informat ion  avai lab le  on 
character iza t ion  of  drought  prone 
environment

Lack  of  uni form protocols

A cr i t ica l  mass  of  capaci t i es  in 
drought  research  

Limited  research  on  drought 
in  re la t ion  to  o ther  areas

In ter regiona l  Networking  is  good Limited  germplasm at  reg ion 
level

Informat ion  avai lab le  to  l imi ted 
level  /  ex tent

Lack  of  equipment

Limited  human  capaci ty  in 
drought  research
Ear ly  warning  sys tem for 
bean  product ion  is  lacking  - 
Drought  coef f ic ien t   i s 
lacking
Absence  of  re l iab le 
indica tors
Lack  of  screening 
methodologies
Reluctance  to  inves t  in 
drought  research
Lack  of  commitment  f rom 
pol icy  & donors
Lack  of  inf ras t ructure  to 
combat  drought
Absence  of  def ined 
technology f rom farms  of 
d i f ferent  ca tegor ies
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