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Distribution of 
ACP in California 

25% of CA’s 
citrus grown 

here.  
Worth ~$65 
million/yr 



Is	  HLB	  in	  California?	  

•  At	  present	  there	  is	  ONE	  known	  HLB	  
infestaHon	  in	  CA	  
– Hacienda	  Heights	  in	  LA	  County	  

•  It	  is	  highly	  likely	  that	  HLB	  is	  in	  other	  parts	  of	  
SoCal	  
– Plants	  smuggled	  into	  CA	  from	  Asia	  have	  been	  
intercepted	  at	  airports	  

•  Some	  plants	  have	  been	  contaminated	  with	  ACP	  and	  
infested	  with	  HLB	  

•  How	  many	  infected	  plants	  are	  in	  people’s	  gardens	  
waiHng	  to	  ACP	  to	  arrive?	  



Management	  OpHons	  
•  Biological	  Control	  

– Use	  of	  natural	  enemies,	  in	  parHcular	  parasitoids	  of	  
great	  interest	  for	  suppressing	  ACP	  populaHons	  

•  First	  work	  on	  ACP	  parasitoids	  conducted	  by	  Husain	  &	  Nath	  
(1927)	  in	  the	  Punjab	  of	  Pakistan	  

–  Study	  sites:	  Sargodha,	  Lyallpur,	  and	  Gujranwala	  
–  Trees	  dry	  up,	  fruit	  is	  insipid,	  leaves	  fall	  to	  ground	  

•  Nine	  species	  of	  parasitoid	  associated	  with	  ACP	  nymphs	  
–  No	  adult	  or	  egg	  parasitoids	  recorded	  
–  Hyperparasitoids	  exist	  
–  1	  species	  named	  from	  this	  project,	  Tamarixia	  radiata	  



Tamarixia	  radiata	  (Waterston)	  
(Hymenoptera:	  Eulophidae)	  

•  First	  described	  from	  specimens	  
collected	  from	  lemons	  in	  
Lyallpur,	  Punjab,	  2	  Jan	  1921	  
–  Solitary	  ecto-‐endoparasitoid	  
–  Arrhenotokous:	  1.8♀:	  1♂	  
–  At	  25oC	  egg-‐adult	  =	  24	  days	  
–  A_acks	  3rd,	  4th,	  &	  5th	  instar	  ACP	  
–  Females	  live	  12-‐24	  days	  
–  Females	  lay	  166-‐300	  eggs	  
–  Kills	  ACP	  via	  host	  feeding	  too	  



Adult	  Female	  and	  Male	  Tamarixia	  

Female Tamarixia have clubbed 
antennae 

Male Tamarixia have setose or 
plumose antennae 



Developing	  a	  BioControl	  Program	  in	  
CA	  with	  Tamarixia	  

•  Parasitoids	  from	  Punjab	  of	  Pakistan	  are	  of	  
most	  interest	  for	  establishment	  in	  CA	  
because	  of	  the	  very	  good	  climaHc	  match	  the	  
major	  citrus	  growing	  regions	  of	  CA	  



Possible	  area	  of	  origin	  for	  ACP	  in	  the	  Indian	  
sub	  conHnent?	  

Husain & Nath (1927) reported that 9 
species of parasitoid were associated 
with ACP in this region. Only 1 
species named and described, 
Tamarixia radiata 





Summarized	  in	  Citrograph	  
h_p://www.citrusresearch.org/citrograph-‐sept-‐oct-‐2010	  



Pakistan	  CollecHons	  
•  March	  10	  to	  April	  10	  2011	  spent	  at	  UAF	  Pakistan	  
looking	  for	  ACP	  and	  its	  natural	  enemies	  
–  ~5,000	  psyllids	  collected	  and	  reared	  
– Malaise	  trap	  set	  to	  monitor	  ACP	  and	  natural	  enemy	  
phenology	  

– MS	  student	  recruited	  and	  trained	  to	  work	  on	  ACP	  
•  ACP	  &	  natural	  enemy	  phenology	  
•  Flush	  phenology	  of	  kinnow	  and	  sweet	  orange	  
•  %	  parasiHsm	  measures	  and	  rearing	  of	  ACP	  parasitoids	  

•  June	  4-‐13	  2011	  -‐	  ~400	  parasitoids	  returned	  to	  UCR	  
•  Oct.	  23-‐28	  2011	  -‐	  >	  1,000	  parasitoids	  returned	  to	  CA	  
•  June	  16-‐23	  2012	  –	  >	  1,000	  parasitoids	  returned	  to	  CA	  













Releasing	  	  Pakistani	  Parasitoids	  

•  Safety	  tesHng	  for	  Tamarixia	  is	  completed	  
– Second	  parasitoid,	  Diaphorencyrtus,	  is	  in	  the	  
queue	  for	  safety	  tesHng	  

•  EAR	  was	  submi_ed	  to	  APHIS,	  6:00pm,	  15	  Nov	  
2011	  

•  USDA	  issued	  release	  permit	  Dec	  7	  2011	  
•  Tamarixia	  released	  at	  UC	  Riverside,	  Dec	  20	  
2011	  
– >17,000	  Tamarixia	  released	  by	  Sept.	  2012	  
– Establishment	  likely	  in	  20%	  of	  release	  sites	  

•  ParasiHsm	  found	  ~	  100	  yds	  from	  some	  release	  sites	  



The	  Cost	  of	  Spraying	  
•  ACP	  infestaHons	  are	  high	  in	  LA	  County	  
•  2000	  Census	  Data	  (on	  Wikipedia)	  indicates	  there	  are	  
3,270,909	  housing	  units	  in	  LA	  
–  806	  houses	  per	  square	  mile	  

•  Crude	  surveys	  suggest	  that	  63%	  of	  residences	  have	  1+	  
citrus	  in	  LA	  	  
–  2,044,318	  residences	  with	  citrus	  

•  CDFA	  treated	  67,863	  residences	  by	  Oct	  2011	  
–  3%	  of	  properHes	  with	  citrus	  treated	  in	  LA	  

•  Cost	  $10,722,657	  or	  $158/residence	  (CPDPC	  2011/12	  Budget)	  
–  Resistance	  development	  documented	  in	  Florida	  (Tiwari	  et	  al.	  2011	  Pest	  

Management	  Science	  67:	  1258-‐1268)	  
–  35x	  resistance	  to	  Imidacloprid;	  cross	  resistance	  to	  thiamethoxam	  before	  it	  was	  

used;	  Resistance	  building	  to	  chlorpyrifos,	  malathion,	  danitol	  



Establishing	  Bridgeheads	  in	  LA	  
•  Need	  to	  increase	  parasitoid	  releases	  in	  LA	  

– Bridgeheads	  from	  which	  the	  parasitoid	  can	  spread	  
– 60-‐80	  sites	  wanted	  from	  Riverside	  to	  LA	  
– Areas	  with	  high	  HLB	  risk	  need	  targeHng	  
– ~	  3,000	  ACP	  nymphs	  surveyed	  for	  parasitoids	  

•  No	  evidence	  of	  parasiHsm	  

•  	  Releases	  should	  be	  made	  simultaneously	  at	  
the	  leading	  edges	  of	  the	  invasion	  
– Some	  modeling	  work	  suggests	  that	  natural	  enemies	  
can	  slow	  invasion	  speed	  because	  propagule	  
pressure	  is	  reduced	  



CDFA “Blue Line” Designating New 
Treatment Borders as of Feb 2012 

CDFA sprays to contain 
or slow spread of ACP 

Natural enemy releases 
inside the CDFA’S blue line 



Tamarixia	  Release	  Summary	  
•  As	  of	  Sept	  19	  2012	  

– Parasitoids	  Released:	  17,428	  (75%	  female)	  
•  Release	  numbers:	  22-‐938	  per	  site	  
•  62%	  of	  sites	  received	  >	  100	  Tamarixia	  

– Number	  of	  Release	  Sites:	  67	  (24	  zip	  codes,	  24	  ciHes)	  
– LocaHons:	  Azusa,	  Bell	  Gardens,	  Cabazon,	  Calimesa,	  
Chino,	  Duarte,	  Fontana,	  Los	  Angeles	  (90003,	  90011,	  
90022,	  90026,	  90059),	  Mira	  Loma,	  Montclair,	  
Ontario,	  Pico	  Rivera,	  Pomona,	  Rancho	  Cucamonga,	  
Redlands,	  Rialto,	  Riverside,	  San	  Bernardino,	  South	  El	  
Monte,	  and	  Whiner	  



Fontana (1 site) 

Azusa (4 sites, 3 
are very close 

together 

Bell Gardens (1 
site) 

67 
Released 17,428 T. radiata 

San Bernardino (1 
site) 

Sept 17 2012 

El Monte (2 sites) 
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Sample	  Date

Adult	  ACP	  PopulaHon	  Trends	  in	  LA	  



ACP mummies from which 
Tamarixia has emerged in Bell 

Gardens 

Ants tending ACP nymphs 

Tamarixia female foraging on a patch of ACP 
in Azusa 

Tamarixia 
parasitizing 

ACP in the field 
in Los Angeles 



Other	  Biocontrol	  Agents	  

•  Diaphorencyrtus	  aligarhensis	  
–  Two	  cultures	  in	  QuaranHne	  

•  Uni-‐parental	  line	  
•  Bi-‐parental	  isolines	  started	  from	  last	  trip	  to	  Pakistan	  (June	  
2012)	  

•  Host	  specificity	  tesHng	  
–  Two	  non-‐target	  species	  completed	  with	  uniparental	  
line	  

•  Need	  to	  repeat	  with	  bi-‐parental	  strain	  
–  Delay	  releases	  by	  3	  months	  

–  TentaHve	  compleHon	  dates	  and	  submission	  of	  EAR	  
Fall	  2013	  



Industry	  &	  UCR	  CooperaHon	  

•  CRB	  is	  backing	  the	  biocontrol	  program	  for	  
urban	  areas	  behind	  the	  CDFA’s	  “blue	  line”	  
– Mass	  rearing	  commi_ee	  
– Release	  strategy	  commi_ee	  
– Establishment	  and	  impact	  evaluaHon	  commi_ee	  

•  Ramping	  up	  plant	  producHon	  major	  
bo_leneck	  to	  program	  

•  Funding	  needs	  are	  being	  met	  by	  the	  CRB	  



Summary	  
•  Spray	  programs	  likely	  
unsustainable	  for	  SoCal	  

•  ACP	  conHnuing	  to	  spread	  
despite	  monitoring	  and	  
pesHcide	  treatments	  

•  Greater	  use	  of	  natural	  enemies	  
needed	  in	  urban	  and	  public	  
areas	  where	  sprays	  are	  hard	  to	  
make	  

•  Pakistani	  Tamarixia	  likely	  
established	  and	  spreading	  in	  
SoCal	  

•  IMPACT………………….?????	  



More	  InformaHon	  on	  ACP	  and	  the	  
Biocontrol	  Program	  

WWW.CISR.UCR.EDU 


