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January brings  its  typical w et w eath er. 
 Alth ough  w e  h ave be en in a drough t th e s e  last tw o 
years , it look s  lik e  de spite  th e  prediction of la Nina 
or dry conditions , th is  is  s h aping up to be  a w et 
w inter in South ern California.  As  I w rite  th is  
new sletter, it is  predicted th at w e  w ill rece ive up to 
15 inch e s  of rain along th e  footh ills of parts  of th e  
central coast of California.  Th is  is  m ore  rain th an in 
both  of th e  last tw o rain years  com bined s et to arrive 
in th e  space  of five days .  Th e  ground is  already 
soak ed from  th e  last few  storm s  and so th e s e  rains  
w ill rapidly lead to flooding and saturated soil 
conditions .   Sim ilar rains  occurred back  in 19 9 7. 
 W h en soils becom e tem porarily saturated, th e  
effects  can be  devastating for w oody plants .  Anoxia 
or h ypoxia is  th e  condition of no or low  soil oxygen 
content.  O xygen deprivation for periods  of days  can 
k ill roots  and lead to th e  evolution of sym ptom s  in 
th e  leaves .  In Ventura County, w e  obs e rved th e  
effects  of th is  on citrus  planted to low  areas  in h eavy 
textured soils .  

Roots  re q uire  oxygen for re spiration and th e  
energy reactions  th at lead to w ater and nutrient 
uptak e .  Insufficient supplie s  or unavailable oxygen 
slow s  th e  functioning of roots .  If low  oxygen 
conditions  (h ypoxia) pers ist, root function and 
re spiration is  stopped, nutrient and w ater uptak e  
decline  or ceas e  and ph otosynth e s is  is  eventually 
slow ed or stopped.  Eventually, sym ptom s  begin to 
s h ow .  W ilt, yellow ing, ch loros is  or oth er nutritional 
sym ptom s  occur on older leaves .  O ften rem aining 
foliage w ill color up or reddening even th ough  cold 
w eath er is  not pre s ent.   Th e  effects  can w ors en to 
leaf drop, com plete defoliation and death .  

Soils th at are  flooded w ith  exce s s  w ater m ay 
drive plants  into acute oxygen deficit and depending 
on th e ir ow n susceptibility; th ey m ay develop som e  
or all of th e  above sym ptom s .  For a list of plants  
s ens itive and re s istant to h ypoxia s e e  Costello and 
oth ers , 2003.  If flooding conditions  continue  for 
w e e k s  or m onth s , ch ronic h ypoxia or 
anoxia/anaerobic soil conditions  m ay re sult.  Th is  
very low  oxygen content in th e  soil leads  to 
’reducing’ ch em ical conditions  w h e re  m etals, sulfur 
and nitrogen ch ange th e ir oxidation state s .  Th is  
re sults  in a ch ange in soil color (to blue -black ) and 
th e  sm ell of rotten eggs .  Roots  cannot survive in th is  
environm ent and all but th e  m ost adapted plants  w ill 
start to s h ow  sym ptom s .  Alth ough  oxygen is  able to 
dis solve in w ater, its  diffus ion th rough  w ater is  about 
10,000 tim e s  slow er th an th rough  air.  Th us , m ost 
plants  w ill languis h  in flooded soils .  

O xygen deprived soils are  com m on in m ost 
landscape s  from  both  natural and m an m ade  
proce s s e s  such  as  com paction, over irrigation or over 
application of w ater.  Th is  m ay in part explain th e  
com m on occurrence  of root rotting path ogens  in 
landscape s  becaus e  th ey are  stim ulated by th e s e  

Ye llow ing is  a com m on Sym ptom  of h ypoxia and poor root 
functioning
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conditions .  Roots  th at are  in m ild h ypoxic 
conditions  becom e “leak y” and provide  th e  ch em ical 
attractant to root rot path ogens  th at produce 
sw im m ing spore s  (zoospore s).  Th e  flooded 
conditions  are  also favorable for th e  life  h istorie s  of 
th e s e  organism s  w h ich  tend to propagate rapidly. 
 O nce plants  becom e infected w ith  root rot 
organism s , biotic dis eas e  can continue  th e  sym ptom s  
even after th e  flooding conditions  disappear.  .  

W h at can be  done  to alleviate th e  sym ptom s  
of h ypoxia from  plants?  W ell, draining th e  sw am p 
w ould h elp, alth ough  it is  difficult to put in drainage 
system s  in flooded soils .  Lik e  m any problem s , 
prevention is  th e  be st cure .  De s igning landscape s  
w ith  drainage is  th e  first step.  A realization th at 
aeration deficits  are  predispos ing to O om ycete  root 
rots  are  im portant becaus e  th e  detection and 
treatm ent of root rot path ogens  is  q uite  feas ible and 
recom m ended after flooding events .  Since  m ost 
Ph ytoph th ora spp. are  com m on in landscape s , it is  
im portant to diagnos e  th e ir occurrence .  O nce 
detected, fungicide s  can be  applied to lim it th e ir 
progre s s ion in landscape s .   

Th e  storm y w eath er w e  are  h aving now  
rem inds  m e  th at aeration deficits  m ay be  a problem  
for landscape plants  in th e  near future .  H ow ever, it 
is  im portant to rem em ber th at it doe s  not tak e  a 
storm  to caus e  th e s e  conditions .  Th e  sam e  s ituation 
can be  created w ith  irrigation w ater and a poorly 
adjusted valve controller.  Unfortunately, th is  is  all 
too com m on in South ern California de spite  th e  
increas ing cost of w ater.  So, its  tim e  to turn off th e  

irrigation system s  or alter th e  valve controllers  to 
reflect th e  fact th at it is  raining now .  W e don’t ne ed 
to add to th e  flooding by applying m ore  w ater
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(R e printe d from  South w e st Tre e s  and Turf 15:1,14)

H ave you ever tried to control a te enager?  I 
h ave te enage ch ildren righ t now  and I th ink  th ey 
h ave th e  control and I don’t.  I suppos e  I could cut 
off th e  food and th at w ould slow  th em  dow n. 
 Surpris ingly th ere  is  an analogy h e re  w ith  dis eas e s  
of plants .  If you understand th e  energy dynam ics  of 
path ogens  you can understand h ow  to control 
dis eas e s .  M ore  on th at point in anoth er article. 
  M uch  of m y w ork  is  to h elp arborists , landscape 
industry people and oth ers  recognize  dis eas e . 
 D iagnos e  th e  path ogen, discern betw e en biotic and 
abiotic dis eas e s .   H ow ever, once th e  diagnos is  is  
m ade , th en com e s  th e  q ue stion “W h at do I do to 
control it?”   Controlling dis eas e s  is  often 
frustratingly difficult or im pos s ible .  Still, th ere  are  
s everal approach e s  w h ich  I w ill cover in th is  article

From  a sales  aspect, diagnos is  is  a los s .  It is  
h ard to s ell pe st identification, even if it is  th e  first 
step in a h ealth  m anagem ent plan.  It is  m uch  eas ie r 
to s ell a control m eth od, e specially one w h e re  th e  
person be ing paid doe s  som eth ing dram atic lik e  
apply, spray, prune  or replant.  O f cours e  our clients  
expect th e  entire  pack age  rolled into one  com pany, 
alth ough  ne eds  m ay exce ed reality h e re .   Actions  
can be  billed but advice  or k now ledge is  often not 
paid for.  So, h iring th at consultant for h is  or h e r 
diagnostic prow e s s  is  not often feas ible .  I cannot 
stre s s  enough  h ow ever, th e  im portance of first 
correctly diagnos ing any dis eas e  before  trying to 
control it.  So m uch  pe sticide  is  sprayed on th e  bas is  
of as sum ption or even w rong diagnos e s .  Th is  m ay 
pollute th e  environm ent, but doe s  not control th e  
intended problem .  Also, action w ith out accurate 

Flooding conditions  le ad to h ypoxia and dis e as e  pre dis -
pos ition



diagnos is  prolongs  th e  dis eas e  and give s  th e  
path ogens  m ore  tim e  to h arm  th e  plant.  

As  m any readers  k now , I w ork  for Univers ity 
of California Cooperative Extens ion.  Tech nically, 
th at m eans  I am  from  th e  governm ent and I am  h e re  
to h elp!  O th ers  h ave m ade  th at claim  (perh aps  
jok ingly) but th e re  is  one  w ay th at Big Broth er h elps  
us  control dis eas e s .  Th is  is  th e  concept of Exclus ion. 
W e can control dis eas e  before  it even gets  to our 
plants .  W e prevent it from  com ing to us .  County 
Agricultural Com m is s ioners  conduct m onitoring, ex-
clus ion, and q uarantine  program s  to prevent pe sts  
from  e stablis h ing in a new  location.  For th e  W e stern 
state s , th is  is  a big job w ith  all of our international 
airports  and s eaports .  Ke eping th e  bad guys  from  
com ing to a new  landscape or jobs ite  also involves  
s electing h ealth y plants , k now ing suppliers  and 
m onitoring dis eas e  spreading practice s  such  as  
pruning.  Quarantine s  are  us eful to prevent spread of 
k now n pe sts .  W e can also do th is  locally by 
recognizing w h e re  th e  dis eas e s  are  and not m oving 
soil, or plant m aterials from  th e re  to oth er 
landscape s .   Th e  be st w ay to exclude dis eas e s  is  not 
to plant a susceptible h ost.

Do th e  plants  in your landscape h ave good 
“protection”?  Protection is  anoth er plant dis eas e  
control w ord.  W e can protect plants  from  dis eas e  by 
applying a proph ylactic covering of fungicide  th at 
inh ibits  th e  germ ination, grow th , or penetration of 
fungi th us  stopping dis eas e .  Th is  w ork s  for fungi 
and som e  bacterial dis eas e s  w h e re  spore s  or 
inoculum  are  air borne  and fall on plant surface s , but 
is  im practical for m any soil borne  dis eas e s  such  as  
root rot.  Fungicide s  often h ave to be  “tim ed” so 
applications  are  in place to protect th e  de s ired stage  
of grow th  on th e  plant.  Th ey also ne ed to occur 
w h en spore s  of th e  path ogen are  pre s ent, so 
k now ledge of th e  path ogen biology is  also re q uired. 
 Dis eas e s  com m only protected from  plants  are  th e  
pow dery m ildew s , leaf spots , anth racnos e , bligh ts , 
and som e  cank er dis eas e s . 

“I just w ant it gone!   Can’t w e  just k ill th e  
path ogen, pleas e”?  Eradication is  th e  elim ination of 
th e  dis eas e  agent. W e can do th is  in a num ber w ays , 
ch em ical, h eat, drying out, rem oving th e  infected 
plant and dispos ing of it, or pruning off th e  dis eas ed 

part(s).  Since  m ost dis eas e s  of landscape s  are  
fungal, w e  w ould love to just spray a fungicide  and 
k ill everyth ing path ogenic.  Unfortunately, th is  often 
doe s  not w ork  becaus e  m ost fungal dis eas e s  cannot 
be  e radicated by fungicide s  once  th ey h ave entered 
th e  plant.  Th is  is  becaus e  m ost fungicide s  are  not 
very system ic w ith in plants  and only h ave localized 
activity.   W ith  biotroph ic dis eas e s  such  as  pow dery 
m ildew s , th e  fungus  s ets  up a “relations h ip” w ith  
h ost cells.  Alth ough  w e  h ave eradicative fungicide s  
for pow dery m ildew , th e  h ost cells as sociated w ith  
th e  dis eas e  w ill also die  leading to ph ytotoxicity 
w h en th e  job is  all done .  So th e  dis eas e  m ay be  
k illed, but so is  th e  plant w h ere  th e  dis eas e  w as .  As  
plant h ealth  specialists , our ch arge  to “do no h arm ” 
is  violated and so w e  are  back  to “protection” 
strategie s  for m ildew s .

For som e  path ogens , “Re s istance is  futile!” 
 Th ey are  too virulent for th e  h ost to survive . 
 H ow ever, in m any dis eas e s , th e  h ost h as  som e  
m easure  of re s istance to th e  path ogen.  Rusts , 
m ildew s , leaf spots  and even root rots  are  dis eas e s  
th at m ay h ave re s istant h osts .  Us ing h ost re s istance 
to figh t dis eas e  is  great w h en you understand th e  
relations h ips  betw e en h ost re s istance and path ogen 
virulence .  Th is  w ork s  be st in cropping system s  
w h e re  th e  re s istance m ay be  included in a bre eding 
line .  Unfortunately, ornam ental plants  are  often not 
bred for re s istance .  Notable exceptions  are  ros e s , 
vegetables  and som e  bedding plants  w h e re  re s istance 
to various  dis eas e s  h as  be en bred into new  varietie s .  

“Could you pleas e  just pick  up your room !” 
 Again, if you h ave te enagers  you k now  th is  ph ras e . 
 Sanitation is  an im portant aspect of dis eas e  control 
as  w ell.  Pick ing up th e  landscape “room ” involves  
rem oving dis eas e  inoculum  th at m igh t initiate  or 
continue  a dis eas e  in th e  landscape at a later tim e .  A 
great exam ple of th is  is  Cam ellia petal bligh t.  Th e  
fungus  survive s  in old dead flow ers  th at drop to th e  
ground.  Sanitation involves  rak ing and carefully 
rem oving th e  dead flow ers  to break  th e  dis eas e  cycle. 
 Any dis eas e  th at k ills plant parts  w h ich  later 
accum ulate under th e  plant w ould probably be  
partially controlled by sanitation m easure s . 
 Sanitation also m eans  surface sterilizing s e ed to k ill 
organism s  before  th e  s e ed germ inate s  or 
cleaning/sanitizing pruning e q uipm ent betw e en cuts  



w h en a pruning-borne  dis eas e  is  pre s ent.

Biological w arfare  h as  its  proponents  but in 
th e  end, it s e em s  th at battles  are  often fough t h and to 
h and.  Dis eas e  control h as  biological control options . 
 Th ere  are  dis eas e s  th at are  controlled by organism s , 
usually bacteria or fungi.  M any soil borne  fungi are  
regulated by oth er organism  in soil.  Sam e for 
nem atode s  and som e  leaf infecting path ogens .  Th e  
m ost dram atic succe s s  w ith  BC h as  be en in th e  
control of ins ects .  O ften w e  get a new  ins ect th at h as  
no natural enem ie s  h e re  and so it caus e s  an epidem ic. 
 Entom ologists  im port a paras ite , m ak e  a s ingle 
(usually m ultiple) inoculative releas e  and th e  
epidem ic pe st com e s  into regulation.  Th is  w as  done  
w ith  m any psyllid pe sts  and also recently w ith  th e  
Eucalyptus  long h orned borers  and m any oth er 
ins ects  over th e  years .   Th ere  are  a few  cas e s  of 
inoculative control of plant dis eas e s , but s earch ing 
out th e  H oly Grail path ogen k iller h as  rarely led to 
succe s s  for any landscape dis eas e s .  H ow ever, an 
understanding of soil biology and h ow  th e  soil biota 
can reduce  soil borne  dis eas e s  is  h elpful if not 
om nipotent (but th is  is  fodder for anoth er article).

Cynth ia W e stcott, th e  great plant doctor of 
th e  last decade , w rote  in h e r autobiograph y “I w ould 
not w aste  tim e  w h e re  th e  expected control w ould not 
be  w orth  th e  cost of treatm ent”.   Som etim e s  no one  
approach  w ill really be  w orth  th e  effort.  H ow ever, 
th e  com bined effects  of doing everyth ing you can, 
sanitation, re s istance, e radication, protection and 
biological control can lead to satisfactory re sults  th at 
are  “w orth  th e  effort”.  Th e s e  integrated approach e s  
are  th e  bas is  of Integrated Pe st M anagem ent 
strategie s  th at h ave be en us ed very succe s sfully on 
ins ects , w e eds  and som e  dis eas e s .  Th e  integrated 
approach  h as  one  draw back ; it re q uire s  extens ive 
inform ation and k now ledge about th e  environm ent, 
th e  path ogen and th e  h ost.  Th e  learning curve for 
integrated controls is  ste ep, and agre em ent of th e  
client to undertak e  th e  nece s sary efforts  is  re q uired, 
but th e  rew ards  are  a h ealth ie r landscape .
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M arch  26-28, 2008
Th e  H ans en Agriculture  Center
Santa Paula, California

Th is  m e eting addre s s e s  th e  intere sts  and ne eds  of a 
divers e  group of path ologists , practitioners , 
instructors , and advisor personnel such  as  extens ion 
faculty and agri-bus ine s s  personnel, in all aspects  of 
soilborne  fungi and root dis eas e s .  W e h ave a very 
inform al form at to m axim ize  interactions  and 
exch ange s  am ong participants .  Topics  include 
re s earch  and developm ent discoverie s , new  or 
increas ing dis eas e  problem s , products  and 
e q uipm ent, ch em ical control, biological and cultural 
control, new  m eth ods  of detection and q uantification, 
applied aspects  of m olecular biology, epidem iology, 
and ecology.

W e w ill h ave a field trip on th e  first day, W edne sday 
M arch  26, to look  at th e  h orticultural and ornam ental 
industry in Ventura County, an area w ith  a large 
production of avocados , lem ons , vegetable and 
nurs e ry crops . Th e  trip w ill be  led by Jim  Dow ner, 
Univers ity of California Cooperative Extens ion Farm  
Advisor from  Ventura County.

Th e  m e eting registration form , h otel inform ation, 
and program  inform ation can be  found at 
h ttp://soilfungus .ars .usda.gov

Pleas e  contact th e  s e s s ion ch airs  listed on th e  w eb 
s ite  to sch edule your talk .

For m ore  inform ation about local arrangem ents , 
contact Jam e s  Dow ner ajdow ner@ ucdavis .edu

Program  Ch air: Tim oth y Paulitz  paulitz@ w su.edu
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