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Ta ke  home  messa ges : Cit rus  Under Protect ive  Screen
• CUPS successfully excludes ACP and HLB from trees for >10 years
• The grapefruit production in CUPS is  extremely early (3y) and high, 

attributable  in part to the  unique microclimate  of CUPS screen houses
• CUPS screen uses fiber-optic technology to boost light distribution in 

tree  canopies and improve photosynthetic efficiencies
• CUPS offers  multiple  benefits  for cold-hardy citrus production
• To answer additional questions about CUPS, use  the  CUPScha t chatbot

CUPS semina r
08/ 07/ 2025

CUPScha t

https://citrusdiagnosis.ifas.ufl.edu/CUPSchat/


CUPS is  a  high-potent ia l protected-a griculture  sys tem 
Fully enclosed screen houses with high-density HDPE 40-50 mesh screen; ~14 fee t high



Commercia l CUPS: J une  2025; a ge  7 yea rs ; >800 boxes / a cre / yr 

Simila r fruit  revenue  pe r yea r a s  Resea rch CUPS



CUPS grapefruit trees:
  Grow ~2x faster than outside
 Year 3 production ~300-400 boxes/acre
 Year 5+ production ~800 boxes/acre
 Excellent fruit size and quality
 >90% pack-out
 Annual net fruit revenue ~$20,000/acre
 Economic break-even in 7 to 10 years



W. Murcott in CUPS



Dancy in CUPS



Wha t  contributes  to 
the  high fruit  

product ion in CUPS?

How does  the  unique  
microclima te  in CUPS 
a ffect  t ree  growth a nd 

fruit  product ion?



The  CUPS microclima te  is  de te rmined
by the  screen house  enclosure  used to exclude  

As ia n cit rus  psyllids

The  sunlight  in CUPS is  s t rongly modified  by the  screen



CUPS screen is  woven with high-dens ity 
polye thylene  (HDPE); 50-mesh:

Hole s ize: 0 .78 x 0.26 mm 
Monofilament: 0 .28 mm diameter 
Wind speed is  75% lower in the  
CUPS than outside

ET in the  CUPS is  25% lower than 
outside

CUPS creates  a warmer micro-climate  
during the  day (a few degrees above 
ambient) while  maintaining 
outside-like  temperatures  at night, 
with only negligible  differences

Even though nighttime minimum 
temperatures  are  essentially the  same 
as outdoors , the  dew-point inside  
CUPS is  usually a few °F higher, which 
helps reduce evaporative  cooling 
during cold events



Outs ide CUPS

Full
sunlight
Diffuse
sunlight



CUPS:
78% visible  light transmission
22% reduction in total PAR

PAR

water water
oxygen

Globa l (tota l) radia t ion

Integrating the  solar radiation 
curve  for the  following spectral 
regions showed that the  CUPS 
screen is  acting as a neutral 
attenuator and diffuser, rather 
than a color band filte r

Band Wave length range
Blue+viole t 412–500 nm
Green+ye llow 500–600 nm
Red 600–700 nm
PAR range 412–700 nm
Far-red 700–800 nm
Near-infra red 800–950 nm

CUPS

Outs ide
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CUPS: 2.9x (190%) more  diffuse  light

PAR

Diffuse  (sky) ra dia t ion

CUPS

Outs ide



CUPS: 55% less direct PAR light

PAR

Direct  sola r ra dia t ion (by subtra ct ion)

CUPS

Outs ide



The  opt ica l phys ics  of light  in the  CUPS microclima te

Fea ture Sola r d isc outs ide Sola r d isc through 50-mesh
Angula r d iamete r 0.53° Effective ly tens of degrees
Source  type Collimated, directional Diffuse , hemispheric
Shadow sha rpness Hard, defined Soft to absent
Canopy pene t ra t ion Sunfleck-dominated Uniform diffuse ; e ffective

Net Lighting Effec t: Narrow Dis c  to Wide-Angle  Source

• The dominant physical mechanism converting 
the  0.53° solar disc into a wide-angle  
illumination fie ld is  refraction 

• Each translucent HDPE thread acts  like  a 
cylindrical rod  lens  in air 

• When illuminated by a narrow paralle l solar 
beam, it diverges the  light into a broad angular 
emission pattern be low the  screen

• The result is  that the  screen roof of the  CUPS 
essentially becomes a light-diffusing panel 
de livering soft, near-uniform illumination to the  
citrus canopy below, regardless of the  sun's  
position

rod  lens  

Sun

re fract ion



OUTSIDE CUPS

Light-saturated 
outer-canopy leaves

Sub-optimal lighting
of inner-canopy 
(shade) leaves

Improved lighting
of inner-canopy 
(shade) leaves

Reduced light saturation 
of outer-canopy leaves; 
less  sunburn

Lower 
photosynthe t ic

capacity

Higher 
photosynthe t ic

capacity



CUPS grapefruit  yie lds  a re  4-5x
higher than outs ide :

 Unaffected by HLB

 Optimal nutrition

 Lower ET stress

 Less sunburn (direct light)

 More efficient photosynthesis

 Higher TSS (Brix)

 Lower TA  better flavor

 Higher planting densities

 No fruit/ tree  losses from storms

 Efficient freeze  protection



Tips  for des igning CUPS s t ructures
• Existing citrus block: 2 ,607’ x 634’ ~38 acres
• 4.1 : 1  ratio of length : width
• Is  it be tter to build one  large  e longated CUPS or 

four smaller square  CUPS structures?
• As the  size  of the  CUPS increases, the  

construction cost per acre  decreases because  
the  perimeter increases at a s lower rate  than 
the  area

• As the  length : width ra tio increases, the  cost of 
constructions increases. A square  (1:1) is  the  
shape with lowest cost
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CUPS pe rime te r & a rea
• Perime te r (P) = 2l + 2w
• Area  (A)  = l x w

• Sha pe  ra t io (r) = 
𝒍𝒍
𝒘𝒘

A 𝒍𝒍

w
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 Perimeter increases nonlinearly with CUPS size  (acres)
 Perimeter increases as  length:width ratio increases

CUPS sha pe : length:width (r)
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CUPS pe rime te r
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e)• Existing citrus block: 2 ,607’ x 
634’ ~38 acres; 4 .1  : 1  ra tio

• Roof cost per acre  is  
constant: $0.75/sq. ft. x 
43,560 sq. ft. = $32,670

• Wall cost per acre : $1.1/sq. 
ft. x perimeter (6 ,482 ft) x 
wall he ight (14 ft) /  38 acres 
= $2,627

• Total cost per acre  = roof 
cost + wall cost = $35,297

• CUPS s ize  >10 a cres  bes t

CUPS cos t  ca lcula t ion

38 acres: $35,297



>10 acres
lower cos t  / a cre

CUPS
Size  (acres )

CUPS 
cos t / a cre  
for shape  
& s ize
• 1:10 shape:
10 acres = 28%  
lower cost than 
1 acre  
• 1:1 shape:
10 acres = 19%  
lower cost than 
1 acre  
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A s ingle  la rge  CUPS or 4  sma lle r CUPS?
• Existing citrus block: 2 ,607’ x 634’ ~38 acres
• Single  CUPS of 38 acres = $35,297/ a cre
• Four CUPS of 9 .5  acres each = $36,841/ a cre
• The four square  CUPS cost 4 .2%  more  

(+$58,672) than the  single  large  38-acre  CUPS
• Cost estimates don’t include additional doors, 

buffers  between structures, accessories
• There  are  cost – benefit factors  to consider. The 

more  expensive  four individual CUPS can be  
better managed for pests  and diseases, s torm 
damage can be  isolated, pest invasions 
quarantined, and cross-pollination prevented
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CUPScha t: a  modern a rt ificia l inte lligence  tool for extens ion

What is  CUPSchat?
• Pools 12 years  of knowledge about 

CUPS from >100 documents (2026)
• Can be  continuously updated with 

new information
• Collates and interpolates 

information, including data collected 
over time in different documents

• Use with discre tion – like  any 
chatbot

ht tps :/ / cit rusd ia gnos is .ifa s .ufl.edu/ CUPScha t /

https://citrusdiagnosis.ifas.ufl.edu/CUPSchat/
https://citrusdiagnosis.ifas.ufl.edu/CUPSchat/


CUPScha t a nswers
• PROMPT: What is  the  

breakeven for CUPS, in 
years . Be concise  but 
show sources of 
information

• Answer: The breakeven 
point for Citrus Under 
Protective  Screen (CUPS) 
is  a round 7-8 yea rs . This  
is  based on various 
studies and reports , 
including…

Including… A study by Arnold Schumann, a professor at the  
University of Florida Institute  of Food and Agricultural Sciences 
(UF/IFAS), found that the  breakeven point for CUPS is  around 7-8 
years , with an initial investment cost of around $43,000 per acre . 
CUPS Expensive but Beneficia l - CUPS Specia lty Crop Grower.pdf
.
Another report by the  University of Florida Institute  of Food and 
Agricultural Sciences (UF/IFAS) estimated that the  breakeven point 
for CUPS is  around 7 years , with an initial investment cost of 
around $1 per square  foot ($43,560 per acre). 
Return-on-Investment Potentia l of CUPS - Citrus Industry 
Ma ga zine.pdf
.
A report by the  Irrigation Association (IA) noted that the  breakeven 
point for CUPS is  around 7-10 years , depending on factors  such as  
tree  density, varie ty, and market prices. 
CUPS works to protect citrus trees - Irriga tion Toda y.pdf
.
Overall, the  breakeven point for CUPS is  generally estimated to be  
around 7-10 years , depending on various factors  such as  initial 
investment costs , tree  yie lds, and market prices.



Is  CUPS fea s ib le  for North Fl /  South Ga ?
• In the  South, CUPS was designed specifically to exclude ACP and HLB; 

this  proven design should achieve  the  same result in the  North
• Enhanced light distribution in CUPS is  the  most like ly microclimate  factor 

improving citrus growth and production and should also benefit CUPS in 
the  North; excess direct light is  diminished, and beneficial diffuse  light is  
increased

• Winter protection is  built-in: the  screen’s micro-climate  reduces freeze  
damage, a crucial advantage  for North FL growers with susceptible  
varie ties

• The screen raises daytime temps ≈ 6 °C and night-time temps stay at 
ambient, preserving chill-hours needed for bud break (good for 
cold-hardy varie ties)



Is  clima te  cha nge  increa s ing endemic 
ACP/ HLB in North Fl /  South Ga ?

Quincy



Concerns  a bout  CUPS for North Fl /  South Ga
• Initial capital is  high >$30,000 /acre  like ly, but changing {tariffs}
• Winter snow & ice  accumulation is  like ly on 50-mesh screen roof
• The warmer daytime microclimate  in CUPS may be  detrimental to 

traditional cold-adapted varie ties  like  Satsuma (granulation?)
• Secondary pests  (mites, leafminer, thrips) can infiltrate  CUPS screen
• Damage to CUPS from frequent powerful hurricanes
• If Satsuma and other N Florida varie ties  are  not HLB-affected, then the  

growth and yie ld advantage  of CUPS citrus over outside  citrus will be  
diminished - and may not be  the  most profitable  option

• Suggest a phased approach—pilot 1-2 acres, collect data, then expand to 
~10 acres—allows risk mitigation while  capitalizing on early revenue 
streams



Conclus ions
• CUPS grapefruit growth and production is  remarkably higher than outside
• Typical mature  yie lds exceed 800 boxes/acre  with just 160-180 lb 

N/acre  (4 .5  – 5 .0  boxes / lb N)
• Enhanced light distribution in CUPS is  the  most like ly microclimate  factor 

improving grapefruit growth and production (whole-canopy 
photosynthetic efficiency)

• Excess direct light is  diminished, and beneficial diffuse  light is  increased
• Plan to plant at higher densities  (~360 trees/acre) on dwarfing rootstocks 

like  US897 to exploit the  full potential of improved sunlight utilization
• CUPScha t is  a CUPS-specific AI tool that can help growers, extension 

agents  and researchers obtain instant answers and reports  from 12 years  
of CUPS knowledge



THANK YOU
Grower stakeholders & cooperators

UF/IFAS Extension Agents
Laboratory and Support Staff

Funding: CREF, USDA/FDACS SCBG
UF/IFAS Citrus Initiative

USDA/ECDRE

This material is based upon work that is supported by the 
National Institute of Food and Agriculture, U.S. Department 
of Agriculture, under award number 2018-70016-27387. 

CUPScha t
Contact: schumaw@ufl.edu

CUPS semina r
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https://citrusdiagnosis.ifas.ufl.edu/CUPSchat/
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