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Overview	

•  Introduc1on	
– Master’s	research	
– Arkansas	extension	and	research	

•  Papaya	
– Background	and	biology	
–  Intercropping,	windbreak,	and	shading	
– Field	study	
– Conclusions	

•  Approach	to	this	posi1on	



Personal	Background	

•  Raised	in	Elm	Springs,	Arkansas	
•  Bachelors	in	Journalism,	Spanish	(UA)	
•  MS	hor1cultural	science	(UA)	
•  Worked	in	UACES	
•  PhD	in	progress	(UF;	Defended	in	March)	

– Papaya	
•  Primed	acclima1on	
• Wind	damage:	intercrop	mulching	system	



Masters	

Proposed	
•  Primocane-frui1ng	
blackberries	

•  Hightunnels	
Also:	
•  Broad	mites	
•  Bud	phenology	



Broad	mite	on	blackberry	
Polyphagotarsonemus	latus	
(Banks)	

•  Damage	
•  Management	
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Master’s	results	

•  Profound	and	detailed	
explana1ons	of	the	
obvious	

•  Phenological	stages	
predicted	freeze	
damage	across	
loca1ons	and	genotypes	

 
Fig. 3.1 Phenological stages of floricanes of primocane-fruiting blackberry from 
dormancy to petal fall. 
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ASer-master’s		
Blueberry	plan1ng	decline	

Photo	by	Luke	Freeman	
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Site Preparation 2
Site Clearing
Site preparation should begin one to two years before 

is to clear the site of all woody plants, stumps, large 
-

site. Perennial weeds such as Bermudagrass and 
Johnsongrass should also be eliminated from the site 

will prove to be a difficulty if they are not dealt with 
before berries have been planted. Perennial weeds 
have the potential to aggressively compete with 

moisture and sunlight and to severely limit berry 
health and yield. Sustainable weed elimination can be 
accomplished through multiple years of cover crop-
ping, solarization, or biofumigation. Conventional 
methods that have a greater environmental impact 
include herbicide use, chemical fumigation, or fre-

Nematode Testing
The soil should be tested for nematodes and control 

nematodes such as the dagger nematode (Xiphinema 
spp.) can harbor viruses and transmit them to bram-
ble crops. Nematodes can be sustainably controlled 
through cover cropping with biofumigant mustards, 

Sta-n-Step berry farm uses a perennial ground cover for row middles. Photo by Luke Freeman.

Site Preparation



Grower	collabora1on:		
Blueberry	industry	survey	

	
•  Needs	assessment	

–  Collabora1on	with	
virologist,	nematologist,	
general	pathologist,	
entomologist,	
hor1culturist	

–  Worked	with	county	
extension	agents	

–  General	plan1ng	decline	
•  On-farm	research	

–  Tes1ng	short-term	
approach	
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near other virus hosts or areas with a cropping history 
of virus hosts, such as tomatoes, tobacco, or other 

plants such as tomatoes, potatoes, eggplant, peppers, 
tobacco, strawberries, or other bramble crops were 
planted at the site in the previous five years, the site 
should be avoided because it may be inoculated with 
the fungal pathogen verticillium wilt (Verticillium 

red-root pigweed, and members of the nightshade 
family, can also increase chance of verticillium wilt. 
Crown gall infection is a possibility if the site was 

Wild brambles should be at least 350 feet away from 
the new planting to avoid the spread of diseases, 
especially viruses. If a site has been in sod for several 
years, white grubs and wireworms can be serious 
pests. 

Water Availability

at reasonable cost for the selected site to be successful 

water source will determine the installation cost, plus 
future pumping costs. In some areas it may be neces-
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Les Dozier at Sta-n-Step berry farm in Tontitown, Arkansas. 
Photo by Luke Freeman.

Dicky Farms make use of sloped ground in Tontitown, 
Arkansas. Photo by Luke Freeman.

Site Selection

Les	Dozier,	blueberry	and	blackberry	grower		
Photo	by	Luke	Freeman	



Blueberry	research	
•  Research	center	

–  Tes1ng	poten1al	
longer-term	
approaches	

•  Results:		
–  Strong	
rela1onship	with	
individual	growers	
and	with	growers’	
associa1on	

–  Poten1al	
approaches	to	
improve	
produc1on	
statewide	



Hightunnel	winter	strawberries	

•  Successful	early	winter	
and	early	spring	
produc1on	

•  Day-neutral	varie1es	
best	

•  Some	early	grower	
adop1on	



Papaya	



Carica	papaya	L.	origin	
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    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)	



Wind	damage	
•  Sensi1ve	periods	
•  Constructed	barriers	
costly	

•  Other	major	produc1on	
challenges:	
–  Papaya	ring	spot	virus	
(PRSV)		

–  Soil	fer1lity	

Photo	by	Ka1	Migliaccio	



PRSV	



Sunn	hemp	
•  Crotalaria	juncea	L.	
•  Legume	
•  Vigor	
•  Cost!		$4.50/lb	to	$1.50/lb	
•  Popular	with	growers	
•  Light	stress?	



CrossFpriming&

•  CrossFpriming:&
–  Effec-ng&priming&
with&a&different&
type&of&stress&

•  WaterFdeficit&
priming&to&reduce&
highFlight&stress:&
–  Photoprotec-on&
–  Carotenoids&
–  An-oxidants&&



Sunn	hemp	intercrop	
•  Objec1ves:	

– Test	the	effect	of	sunn	hemp	intercrop	
and	mulching	system	on	papaya	growth,	
yield,	physiological	variables,	and	
agricultural	water	use.	

– Test	the	effect	of	1ming	of	mowing-
mulching	on	the	same.	

– Test	whether	mowing	sunn	hemp	
induces	high	light	stress.	



Controlled	studies	

•  Drought	stress	
–  Papaya	resistant	to	drought	stress	

•  Primed-acclima1on	
– Moderate	water	deficit	can	s1mulate	photosynthesis	and	
water	uptake	in	the	short	term	

•  Light	stress	
–  Plants	acclimated	to	50%	shade	didn’t	show	signs	of	high-
light	stress		

•  Field	study	



Field	study	-	methods	

•  Treatments	
–  SH-mown	early	(10	
WAP)	

–  SH-mown	late	(15	WAP)	
–  No	sunn	hemp	

•  SH	used	as	mulch	

Sunn	Hemp	Intercrop	



Methods	
•  RCB	
•  Measurement	

–  Environment:	wind	speed,	
light	above	the	papaya	
canopy,	water	applica1on	

–  Growth:	stem	diameter,	
stem	length,	others	

–  Gas	exchange	
(photosynthesis)	

–  Light	acclima1on:	
•  Chlorophyll	fluorescence	
(light	stress)	

•  Specific	leaf	weight	(shade	
acclima1on)	

•  Analysis	
–  Linear	models	for	single	
dates	(anova)	

–  Linear	models	(repeated	
measures)	for	mul1ples	
dates	

–  nlme	package	in	R	

Sunn	Hemp	Intercrop	



Wind	



Wind	speeds	over	papaya	canopy	with	and	without	intercrop	

Bands	represent	95%	confidence	intervals.	 Sunn	Hemp	Intercrop	
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Shade	

Sunn	Hemp	Intercrop	



Shading	

Sunn	Hemp	Intercrop	



Hor1cultural	Results	
Planting 
Year 

Treatment* Weeding 
(hrs ha-1) 

SH FW 
(Mg ha-1) 

SH DW 
(Mg ha-1) 

Flowering  
(DAT) 

Mean SE Mean SE Mean SE Mean SE 
2014 No-SH 266.2 a 51.8 0 . 0 112 3.2 

SH-ME 103.5 b 17 11.2 3.2 3.7 b 1.1 104 1.7 
SH-ML 96.9 b 11.7 23.2 4.8 8.8 a 1.7 108 3.5 

2015 No-SH 72.8 a 8.7 0 . 0 143 a 3.3 
SH-ME 35.9 b 7.5 9.9 b 1.6 5.7 b 0.6 128 b 2 

  SH-ML 33.8 b 5.2 23.9 a 1.9 8.3 a 0.7 121 b 1.8 

No	differences	in	yield	or	irriga1on	water	use		



Sunn	Hemp	Intercrop	

ME	

ML	

C	



Papaya	growth	



Light	Stress	and	
acclima1on	

•  Between	the	intercrop,	
leaves	acclimated	to	
shade	(SLW)	

•  New	leaves	developed	
as	sun	leaves	

•  Shade	leaves	did	not	
show	signs	of	high	light	
stress	(Fv/Fm)		

	
Lines	represent	means	and	error	bars	
represent	standard	errors.		The	shaded	area	
represents	periods	with	sunn	hemp	present	in	
the	shaded	treatment.		



Virus	infec1on,	2015	

Virus	infec1on	rates	(%)	by	date	for	‘Red	Lady’	papaya	plants	with	and	without	sunn	hemp	intercrop	mown	27	July	or	
2	Aug	2015	in	Homestead,	FL.		Lines	represent	means	and	bars	represent	standard	errors.		



Study	Conclusions	

•  Sunn	hemp	intercrop	has	poten1al	to	protect	and	
improve	papaya	crop	growth.	

•  When	prolonged,	sunn	hemp	intercrop	shading	
of	papaya	reduced	growth.	

•  Sunn	hemp	mulch	improved	subsequent	growth.	
•  Papaya	acclimated	rapidly	to	shiSing	light	
environments,	avoiding	photo-oxida1on.	

•  Sunn	hemp	intercrop	and	mulch	system	reduced	
weed	pressure	and	likelihood	of	virus	infec1on.	



What’s	that	got	to	do	with	the	price	of	
apples?	

•  Consider	unintended	consequences	
•  Think	about	the	whole	system	
•  Unique	uses	of	cover	crops	may	lead	to	win-
win	scenarios	
– Benefits	of	diversity	or	conserva1on	without	
sacrificing	yield	



My	approach	

Grower 
Dialogue

Homework

ResponsesHolistic testing

Recommendations

What practices could 
address the challenges?

What are the challenges?

Does the practice mitigate the problem?
Does it create new problems?
How does it affect the whole system?
How does it affect grower’s bottom line?

What was done before?
How does the biology work?

Yes, No, Maybe

Do growers accept the 
recommendations?

Grower 
Dialogue

Homework

ResponsesHolistic testing

Recommendations

What practices could 
address the challenges?

What are the challenges?

Does the practice mitigate the problem?
Does it create new problems?
How does it affect the whole system?
How does it affect grower’s bottom line?

What was done before?
How does the biology work?

Yes, No, Maybe

Do growers accept the 
recommendations?



Grower	Dialogue	
•  What	are	the	needs?	

–  Discussion	
–  Surveys	of	fields	and	growers	

•  Communica1on	
–  Ongoing:	

•  Focus	on	current	growers:	“New	
media:	”Blogs,	social	media,	
video,	seminars	

•  Updates,	commentary,	
discussion	

•  Decision-making	tools	
–  Long-term:	

•  Focus	on	new	growers:	long-
standing	training	materials	

•  Move	toward	interac1ve	
training	material	

•  Hand-on	training	



Holis1c	approach	

Nothing	occurs		
in	a	vacuum	

27

Insect and Mite Management 7
Introduction 

-
sible to eliminate all pests, but you can manage pests 

planting and good production. It is important to 
manage pests before you have a problem; the old 
adage, an ounce of prevention is worth a pound of 
cure, applies. There are many strategies that manage 
pests, especially weeds and diseases, by building a 
planting environment that discourages them. First, 
build a planting that suppresses pests and improves 
bramble plant health, and then focus on practices 
targeted toward specific pests.

Pest Management

the grower: 1) recognizes stages of each pest; 2) rec-

pest phenology (when pest can be detected in the 
field; when pest is most vulnerable to a control tactic; 

pest management decisions based on monitoring; 6) 
-

ment tactic; 7) selects most appropriate management 

insecticides that conserve natural enemies; 9) rotates 
modes of action when applying insecticides/miticides 
to delay development of resistance in pests; 10) evalu-
ates effectiveness of tactic; and 11) attends yearly fruit 

 
pest management. 

Mites

Eric Riddick of the USDA-ARS releases C-Mac ladybugs (C. maculata) in a screened blackberry high tunnel to control aphids. 
Photo by Luke Freeman.

Insect and Mite Management

A

B

CC

Eric	W.	Riddick	of	USDA-ARS;	photo	by	Luke	Freeman	



What	would*	I	research	here?	
•  Short-term		

–  Spring	frost	protec1on:		
•  Bloom	delay	
•  Fruit	“rescue”	

–  Thinning	
•  Medium-term	

–  SSCD	
–  Orchard	ground	cover	
mgmt	

–  Cider	apple	varie1es	
•  Long-term	

–  Rootstock	management	
–  Stress	management	



Extension	 Research	

3	years	 •  Dialogue	
•  Ongoing	needs	assessment	
•  Online	communica1on	
•  Targeted	training	
•  Begin	to	develop	new	

grower	training	

•  Bloom	delay	
•  Thinning	models	

5	years	 •  Decision-making	tools:	
crop-variety	selec1on,	
thinning	

•  New	grower	training	
•  Re-evaluate	progress	and	

training	

•  SSCD	
•  Ground	cover	mgmt	
•  Variety	trials	

10	years	 •  Set	goals	depending	on	re-
evalua1on	

•  Rootstock	
management/
selec1on	

•  Stress	management	



Funding	

•  UA:	Lead	role	in	4	funded	proposals	
($108,000)	
– All	applied	and	grower-focused	

•  UF:	Edited	2	funded	proposals	(USDA	NIFA,	
SSARE	:	$510,000)	

•  Experience	in	applica1ons	to	SFRC,	USDA-
NIFA,	SSARE,	Specialty	Crop	Block	Grants	



Research		
•  Grower-focused	
•  Collabora1on	

–  Entomologists	
–  Pathologists	
–  Breeders,	gene1cists	
–  Soil	scien1sts	
–  Ag.	engineers	

•  Physiology	and	methodology	
•  Publica1ons	

–  2	from	MS	
–  2	last	year	
–  5	currently	in	process	

500

700

900

1100

0.0001234098 0.0067379470 0.3678794412
Seconds

F'

Priming

Late Priming

No Priming



Extension	Wri1ng	&	New	Media	

•  Fruit	&	Nut	blog	
•  Edi1ng	factsheets	
•  Driscoll’s	review	
•  Sustainable	Blackberries	
&	Raspberries	

•  Personal	website	
(demonstra1on)	

•  Coordina1on	of	video	
produc1on	for	organic	
training	



Thank	you	


