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Carica	
  papaya	
  L.	
  origin	
  

5

    Another piece of evidence that  C. papaya  L .  may have had a Mesoamerican origin 
is the fact that it is still possible at present to fi nd natural wild populations of this 
specie in isolated sites at the south of Mexico and in Central America. For instance, 
Manshardt and Zee ( 1994 ) found wild papayas in the Caribbean coastal lowlands of 
southern Mexico and northern Honduras. On the other hand, the Yucatan Scientifi c 
Research Center (CICY, México) has had an active program of collections from the 
fl ora of the Yucatan peninsula (México), including the States of Quintana Roo, 
Yucatán, and Campeche. From 1978 to 2003, the CICY Botanical Garden Herbarium 
had collected 58 geo-referenced specimens corresponding to  C. papaya  L. wild 
populations around the Yucatan Peninsula (Fig.  1.3a ).

   More recently, various  C. papaya  L .  wild populations have been detected by our 
group in nonpopulated, isolated sites in the south of the Yucatan State (Fig.  1.3b–i ). 
The plants from this living wild population found in the south of the Yucatán State 
differ greatly from the papaya plants from commercial plantations grown mostly in 
the northern part of the State. In Yucatán, as in most of the papaya growing areas in 
Mexico, the predominant commercial cultivar is Maradol (imported from Cuba), 
which has very distinctive morphological features when compared to those of the 
native wild population. Morphometric measurements have been taken of these 
plants from these wild populations, and they were compared with plants from com-
mercial plantations of papaya, cultivar Maradol, grown in the north of Yucatan. 
Fruit length, width, and fresh weight from fruits from 5 plants from each of the 20 

  Fig. 1.2    Map distribution of occurrences (1297;  yellow dots ) recorded from around the world for 
 C. papaya  L .,  according to the Global Biodiversity Information Facility (GBIF) (a). Th e high con-
centration of records in the south of Mexico and Central America (659) represents 51 % of all the 
 Carica papaya  L. records reported in the database (b). GBIF data portal: data.gbif.org       

 

1 Papaya ( Carica papaya  L.): Origin, Domestication, and Production

From:	
  G.	
  Fuentes	
  &	
  J.M.	
  Santamaria	
  (2014)	
   From:	
  Chavez-­‐Pesquera	
  et	
  al.	
  (2014)	
  



Papaya	
  produc-on	
  
•  3rd	
  global	
  tropical	
  

fruit	
  
•  Carotenoids	
  
•  Large	
  scale	
  and	
  

smallholder	
  



Acclima-on	
  
•  VPD	
  
•  Wind	
  
•  Photosynthe-c	
  
acclima-on	
  
–  Plas-city	
  
–  Dynamics?	
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From	
  Buisson	
  &	
  Lee	
  (1993)	
  



Wind	
  damage	
  
•  Sensi-ve	
  periods	
  
•  Constructed	
  barriers	
  
costly	
  

Photo	
  by	
  Ka-	
  Migliaccio	
  



Sunn	
  hemp	
  

•  Crotalaria	
  juncea	
  L.	
  
•  Legume	
  
•  Vigor	
  
•  Popular	
  with	
  growers	
  



Intercrop	
  wind	
  mi-ga-on	
  

•  Shade	
  adapta-on	
  
•  Mulch,	
  green	
  manure	
  
•  High-­‐light	
  stress	
  



Priming	
  
•  Any	
  treatment	
  that	
  

elicits	
  an	
  improved	
  
response	
  to	
  
subsequent	
  challenges	
  
(pests,	
  disease,	
  salinity,	
  
water	
  deficit)	
  .	
  

•  Seed	
  osmopriming	
  
•  RDI	
  priming	
  in	
  row	
  

crops	
  	
  
•  Mechanisms	
  
•  Cross-­‐priming?	
  

Tanou	
  et	
  al.	
  2012.	
  	
  Front.	
  Plant.	
  Sci.	
  	
  	
  



Cross-­‐priming	
  

•  Cross-­‐priming:	
  
–  Effec-ng	
  priming	
  
with	
  a	
  different	
  
type	
  of	
  stress	
  

•  Water-­‐deficit	
  
priming	
  to	
  improve	
  
high	
  light	
  stress	
  
responses:	
  
–  Photoprotec-on	
  
–  Carotenoids	
  
–  An-oxidants	
  	
  



Measuring	
  plant	
  stress	
  
Photos	
  
provided	
  by	
  
Bruce	
  Schaffer	
  



Research	
  Objec-ves	
  

•  Test	
  the	
  use	
  of	
  an	
  intercrop	
  as	
  a	
  wind	
  block	
  
and	
  green	
  manure	
  for	
  papaya	
  produc-on.	
  

•  Test	
  the	
  use	
  of	
  water-­‐deficit	
  priming	
  in	
  
mi-ga-ng	
  the	
  impacts	
  of	
  shade	
  to	
  high-­‐light	
  
transi-ons	
  (cross-­‐priming).	
  	
  



Studies	
  
•  Soil	
  dry-­‐down	
  
–  Compare	
  measurement	
  variables	
  	
  
–  Set	
  priming	
  treatment	
  

•  Shade-­‐Priming	
  
–  Test	
  cross-­‐priming	
  hypothesis	
  
	
  

•  Field	
  study	
  
–  Test	
  sunn	
  hemp	
  intercrop-­‐mulch	
  system	
  in	
  produc-on	
  
–  Test	
  priming	
  for	
  reducing	
  high-­‐light	
  stress	
  upon	
  
mowing	
  sunn	
  hemp	
  



Sunn	
  hemp	
  intercrop	
  
•  Objec-ves:	
  
– Test	
  the	
  effect	
  of	
  sunn	
  hemp	
  intercrop	
  
and	
  mulching	
  system	
  on	
  papaya	
  growth,	
  
yield,	
  physiological	
  variables,	
  and	
  
agricultural	
  water	
  use.	
  

– Test	
  the	
  effect	
  of	
  -ming	
  of	
  mowing-­‐
mulching,	
  on	
  the	
  same.	
  

– Test	
  the	
  use	
  of	
  priming	
  in	
  the	
  field.	
  



Methods	
  

•  Treatments	
  
–  SH-­‐mown	
  early	
  (August	
  
11)	
  

–  SH-­‐mown	
  late	
  
(September	
  25)	
  

–  No	
  sunn	
  hemp	
  

•  SH	
  used	
  as	
  mulch	
  
•  Priming	
  by	
  withholding	
  
irriga-on	
  

Sunn	
  Hemp	
  Intercrop	
  



Methods	
  

•  Experimental	
  design	
  
–  Split-­‐plot	
  RCB	
  

•  Variables	
  
–  Growth:	
  stem	
  diameter,	
  
stem	
  length,	
  others	
  

–  Gas	
  exchange	
  
–  OJIP	
  
– Water	
  applica-on	
  
–  Specific	
  leaf	
  weight	
  

•  Analysis	
  
–  Linear	
  models	
  for	
  single	
  
dates	
  (anova)	
  

–  Linear	
  models	
  (repeated	
  
measures)	
  for	
  mul-ples	
  
dates	
  

–  nlme	
  package	
  in	
  R	
  

Sunn	
  Hemp	
  Intercrop	
  



Wind	
  



Percent	
  reduc-on	
  of	
  wind	
  speed	
  rela-ve	
  to	
  outside	
  of	
  plan-ng	
  
of	
  papaya	
  with	
  and	
  without	
  sunn	
  hemp	
  intercrop	
  

Bars	
  represent	
  standard	
  error.	
   Sunn	
  Hemp	
  Intercrop	
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Shade	
  

Sunn	
  Hemp	
  Intercrop	
  



Shading	
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Percent	
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Sunn	
  Hemp	
  Intercrop	
  



Net	
  photosynthesis	
  (A)	
  of	
  ‘Red	
  Lady’	
  papaya	
  intercropped	
  with	
  sunn	
  hemp	
  
mown	
  in	
  August	
  (ME)	
  or	
  September	
  (ML)	
  

Bands	
  represent	
  standard	
  error.	
   Sunn	
  Hemp	
  Intercrop	
  



Fluorescence	
  Fv/Fm	
  

Bands	
  represent	
  95%	
  confidence	
  intervals.	
  

Yield	
  of	
  PSII	
  (Fv/Fm)	
  of	
  ‘Red	
  Lady’	
  papaya	
  intercropped	
  with	
  sunn	
  hemp,	
  ML	
  
treatment	
  sunn	
  hemp	
  mown	
  on	
  Aug.	
  11	
  

Sunn	
  Hemp	
  Intercrop	
  



Specific	
  leaf	
  weight	
  (mg	
  DW	
  cm-­‐2)	
  of	
  ‘Red	
  Lady’	
  papaya	
  prior	
  to	
  and	
  following	
  
mowing	
  of	
  shading	
  sunn	
  hemp	
  intercrop	
  

Sunn	
  Hemp	
  Intercrop	
  
Bars	
  represent	
  SE.	
  	
  Gray	
  ver-cal	
  line	
  marks	
  date	
  of	
  
sunn	
  hemp	
  mowing.	
  



Height	
  and	
  diameter	
  of	
  ‘Red	
  Lady’	
  papaya	
  prior	
  to	
  and	
  following	
  mowing	
  of	
  
shading	
  sunn	
  hemp	
  intercrop	
  

Bars	
  represent	
  SE.	
  	
  Gray	
  ver-cal	
  line	
  marks	
  date	
  of	
  
sunn	
  hemp	
  mowing.	
   Sunn	
  Hemp	
  Intercrop	
  



Sunn	
  Hemp	
  Intercrop	
  

ME	
  

ML	
  

C	
  



Weeding	
  -me	
  
Treatment	
   Weeding	
  -me	
  

(minutes	
  per	
  plot)	
  

No	
  Sunn	
  Hemp	
   74.5	
  a	
  

Sunn	
  Hemp	
  Mown	
  Early	
   29.6	
  b	
  

Sunn	
  Hemp	
  Mown	
  Late	
   28.5	
  b	
  

Means	
  followed	
  by	
  different	
  lekers	
  
are	
  significantly	
  different	
  at	
  P=0.05	
  
according	
  to	
  Bonferroni’s	
  LSD.	
  
Analyses	
  performed	
  on	
  log	
  
transformed	
  data,	
  non-­‐transformed	
  
data	
  did	
  not	
  conform	
  to	
  assump-ons	
  
of	
  normality.	
  



Conclusions	
  

•  Sunn	
  hemp	
  intercrop	
  has	
  poten-al	
  to	
  protect	
  
and	
  improve	
  papaya	
  crop	
  growth.	
  

•  If	
  prolonged,	
  sunn	
  hemp	
  intercrop	
  shading	
  of	
  
papaya	
  reduces	
  growth.	
  

•  Sunn	
  hemp	
  mulch	
  improves	
  subsequent	
  
growth.	
  

•  Papaya	
  acclimated	
  rapidly	
  to	
  shiming	
  light	
  
environments,	
  avoiding	
  photo-­‐oxida-on.	
  



Soil	
  Dry-­‐Down	
  Study	
  

•  Goal:	
  
– Set	
  level	
  of	
  water	
  deficit	
  for	
  priming	
  treatment	
  in	
  
subsequent	
  priming	
  study.	
  

•  Objec-ves:	
  
– Determine	
  most	
  sensi-ve	
  plant	
  measurement	
  to	
  
mild	
  water	
  deficits.	
  

– Determine	
  the	
  most	
  moderate	
  level	
  of	
  water	
  
deficit	
  at	
  which	
  differences	
  rela-ve	
  to	
  well-­‐
watered	
  plants	
  could	
  be	
  determined.	
  



Methods	
  
•  12	
  Days	
  
•  ‘Red	
  Lady’	
  papaya	
  in	
  2	
  

gallon	
  pots,	
  Pro-­‐Mix	
  
•  10	
  reps	
  
•  2	
  Treatments	
  

–  Fully	
  watered	
  
–  Dry-­‐down	
  

•  Progressive	
  drying	
  
–  Par-al	
  re-­‐watering	
  each	
  
day,	
  7%	
  (WHC	
  by	
  weight)	
  
less	
  each	
  day	
  than	
  the	
  
previous	
  day	
  

Dry-­‐down	
  study	
  



Methods	
  
•  Variables:	
  

–  Chlorophyll	
  fluorescence:	
  	
  
•  Day-me:	
  F’,	
  φPSII	
  
•  Steady-­‐state:	
  Fv/Fm,	
  NPQ,	
  J	
  	
  

–  Leaf	
  gas	
  exchange	
  from	
  9	
  
am	
  –	
  11	
  pm:	
  gs,	
  A,	
  WUE,	
  
iWUE	
  

–  Leaf	
  angle	
  
–  SPAD	
  

•  Analysis	
  
–  T-­‐test	
  for	
  each	
  day	
  
–  Non-­‐linear	
  models	
  for	
  select	
  
variable	
  responses	
  

Dry-­‐down	
  study	
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Percent	
  water	
  holding	
  capacity	
  over	
  11-­‐day	
  dry-­‐down	
  of	
  poAed	
  

papaya	
  

Dry	
  

Wet	
  

Dry-­‐down	
  study	
  



Bars	
  represent	
  standard	
  error.	
  	
  Asterisks	
  indicate	
  p-­‐value	
  of	
  difference	
  between	
  treatments:	
  *,**,**	
  represent	
  
P-­‐values	
  <	
  .1,	
  .05,	
  .01	
  respec-vely,	
  based	
  on	
  1-­‐way	
  analysis	
  of	
  variance	
  for	
  each	
  day.	
  	
   Dry-­‐down	
  study	
  

**	
   **	
   ***	
   ***	
   ***	
   ***	
   ***	
   ***	
  

***	
   **	
   ***	
   	
  	
  	
  	
  *	
   ***	
   ***	
   ***	
  	
  	
  *	
  

Substrate	
  water	
  tension	
  and	
  stomatal	
  conductance	
  (gs)	
  of	
  ‘Red	
  
Lady’	
  papaya	
  over	
  a	
  12-­‐day	
  substrate	
  dry-­‐down	
  period.	
  	
  



Stomatal	
  conductance	
  response	
  of	
  ‘Red	
  Lady’	
  papaya	
  to	
  substrate	
  water	
  tension	
  and	
  
leaf	
  vapor	
  pressure	
  deficit	
  (VPD)	
  	
  

Dry-­‐down	
  study	
  

Psuedo	
  R2=.602	
  
RMSE	
  =.15	
  

Line	
  represents	
  predic-on	
  of	
  nonlinear	
  model.	
  



Soil	
  Dry-­‐Down	
  

Conclusions:	
  
• Most	
  variables	
  are	
  not	
  sensi-ve	
  to	
  
mild	
  water	
  deficit	
  
•  Stomatal	
  conductance	
  most	
  sensi-ve	
  
•  -­‐30	
  kPa	
  selected	
  as	
  target	
  substrate	
  
moisture	
  for	
  water-­‐deficit	
  priming	
  



Shade-­‐Priming	
  

Objec-ves	
  
•  Test	
  priming	
  based	
  on	
  dry-­‐down	
  study	
  
•  Determine	
  whether	
  priming	
  alleviates	
  photo-­‐
oxida-on	
  when	
  shade	
  acclimated	
  plants	
  were	
  
exposed	
  to	
  full	
  sunlight	
  (cross-­‐priming)	
  

•  Determine	
  whether	
  -ming	
  of	
  priming	
  impacts	
  
responses	
  



Methods	
  
•  Row-­‐Column	
  design	
  
•  2x3	
  factorial,	
  6	
  reps	
  
•  Light	
  

–  No	
  shade	
  
–  50%	
  Shade	
  for	
  3	
  months,	
  then	
  

removed	
  (high-­‐light	
  stress)	
  
•  Water-­‐deficit	
  priming	
  

–  No	
  priming	
  
–  Early	
  priming:	
  ending	
  1	
  mo	
  before	
  

shade	
  removal	
  
–  Late	
  priming:	
  ending	
  2	
  d	
  before	
  

shade	
  removal	
  
•  Water-­‐deficit	
  priming:	
  3	
  weeks	
  of	
  

daily	
  watering	
  at	
  target	
  of	
  -­‐30	
  
kPa	
  

•  Study	
  repeated	
  2x	
  

Shade-­‐Priming	
  



Measurements	
  
	
  	
   Days	
  from	
  shade	
  removal	
  

Variable	
   -­‐1	
   	
  	
   1	
   5	
   10	
   20	
   30	
  

Chlorophyll	
  )luorescence:	
  Fv/Fm,	
  OJIP	
   ○	
  

Sh
ad
e	
  
re
m
ov
ed
	
  

○	
   ○	
   ○	
   ○	
   ○	
  

Leaf	
  gas	
  exchange:	
  Maximum	
   ○	
   ○	
   ○	
   ○	
   ○	
   ○	
  

Leaf	
  gas	
  exchange:	
  Light	
  curve	
   ○	
   	
  	
   	
  	
   ○	
   	
  	
   ○	
  

SPAD	
   ○	
   ○	
   ○	
   ○	
   ○	
   ○	
  

Shade-­‐Priming	
  



Fv/Fm	
  of	
  ‘Red	
  Lady’	
  papaya	
  acclimated	
  to	
  50%	
  shade	
  or	
  full	
  sun	
  and	
  water-­‐
deficit	
  priming	
  for	
  one	
  month	
  amer	
  shade	
  removal	
  	
  	
  

Shade-­‐Priming	
  



Rela-ve	
  net	
  photosynthesis	
  (%	
  of	
  control)	
  of	
  ‘Red	
  Lady’	
  papaya	
  subjected	
  to	
  different	
  
-mings	
  of	
  water-­‐deficit	
  priming	
  

Bands	
  represent	
  standard	
  error.	
  	
  	
   Shade-­‐Priming	
  



OJIP	
  analysis	
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Shade-­‐Priming	
  



Water-­‐deficit	
  priming	
  and	
  OJIP	
  

Increases	
  in:	
  
•  Electron	
  transport	
  
at	
  J	
  and	
  I,	
  leading	
  to	
  
increases	
  through	
  
QA,	
  QB,	
  and	
  PSI	
  

•  Driving	
  force	
  
•  Cross-­‐priming?	
   O	
  

J	
  

I	
  

P	
  

Bands	
  represent	
  95%	
  confidence	
  intervals.	
   Shade-­‐Priming	
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Driving	
  force	
  of	
  photosynthesis	
  per	
  absorbance	
  in	
  ‘Red	
  Lady’	
  papaya	
  amer	
  exposure	
  to	
  different	
  
-mings	
  of	
  priming	
  treatment	
  

Bands	
  represent	
  standard	
  error.	
   Shade-­‐Priming	
  



Phenomenological	
  fluxes	
  quantum	
  yields	
  and	
  efficiencies	
  of	
  the	
  transient	
  rise	
  of	
  chlorophyll	
  a	
  
fluorescence	
  induc-on	
  (OJIP	
  analysis)	
  of	
  primed	
  and	
  non-­‐primed	
  ‘Red	
  Lady’	
  papaya	
  plants	
  seven	
  
days	
  amer	
  a	
  water	
  deficit	
  primed	
  acclima-on	
  treatment.	
  

Shade-­‐Priming	
  Bars	
  represent	
  standard	
  error.	
  



Reac-on	
  centers	
  per	
  cross-­‐sec-on	
  of	
  ‘Red	
  Lady’	
  papaya	
  4	
  days	
  amer	
  end	
  of	
  priming	
  treatment	
  	
  

Shade-­‐Priming	
  



Conclusions	
  
•  Dry-­‐down	
  method	
  set	
  

effec-ve	
  level	
  to	
  test	
  priming	
  
•  Priming	
  increases:	
  	
  

–  net	
  photosynthesis	
  
–  leaf	
  chlorophyll	
  content	
  
–  photochemical	
  driving	
  force	
  of	
  

photosynthesis	
  
•  Cross-­‐priming?	
  
•  Acclima-on	
  to	
  50%	
  shade	
  is	
  

insufficient	
  to	
  induce	
  
photooxida-on	
  upon	
  shade	
  
removal	
  in	
  papaya.	
  

•  How	
  long	
  does	
  priming	
  effect	
  
last?	
  

Shade-­‐Priming	
  



Priming	
  memory	
  study	
  in	
  progress	
  

•  Test	
  water-­‐deficit	
  
priming	
  with	
  
subsequent	
  extreme	
  
water	
  deficit	
  

•  Imposed	
  stresses	
  at	
  
approx:	
  2,6,10	
  wks	
  amer	
  
priming	
  



Priming	
  memory	
  

•  Apparent	
  differences	
  	
  
–  Leaf	
  greenness	
  
–  Photosynthesis	
  	
  

•  No	
  significant	
  difference	
  
in	
  dry	
  weight	
  

•  Change	
  in	
  shoot:root	
  
alloca-on	
  

Bars	
  represent	
  95%	
  confidence	
  intervals.	
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Overall	
  Conclusions	
  
•  Sunn	
  hemp	
  intercrop	
  has	
  poten-al.	
  
•  Papaya	
  plas-city	
  is	
  rapid.	
  Mechanisms?	
  
•  Papaya	
  ecological	
  adapta-on	
  makes	
  it	
  uniquely	
  
suited	
  for	
  mul-ple-­‐species	
  systems.	
  
–  Shade	
  
–  Shade-­‐removal	
  
–  VPD	
  

•  Priming	
  is	
  possible:	
  	
  
–  Photosynthesis	
  
–  Par--oning	
  



Next	
  Steps	
  
•  Priming	
  memory	
  

–  Just	
  finished	
  
–  Tests	
  severe	
  water-­‐deficit	
  responses	
  

•  An--­‐oxidants	
  
•  Gas	
  exchange	
  
•  OJIP	
  

•  Cross-­‐Priming	
  
–  Shade	
  removal	
  to	
  determine	
  shade	
  level	
  for	
  photo-­‐inhibi-on	
  
–  Possible	
  mechanisms	
  

•  An--­‐oxidants	
  
•  Non-­‐photochemical	
  quenching	
  
•  Photochemical	
  efficiency	
  of	
  CO2	
  fixa-on	
  

–  Describe	
  physiology	
  of	
  acclima-on	
  from	
  low	
  to	
  high	
  light	
  
•  Repeat	
  sunn	
  hemp	
  field	
  study	
  



Thank	
  you	
  


