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Facility Components at Reymann Memorial Farm 



Diverse approach to waste management  

 Seek income from by-products 
 High Feed Efficiency  

 Nutrient dense feeds  
 Ration based 85% of growth potential 

 Solid waste settles in QZ.  
 QZ sludge removed, pumped from sump, into a geotube  
 Geotube captures and dewaters manure. 
 Aquaponic system removes additional nutrients. 
 Polishing pond. 



Raceways 

 Raceway 30 ft long, 3 ft wide, water 3 ft deep. 
 About 5 exchanges/hour. 
 Maintain oxygen at 60% saturation or greater. 
 Aerate and/or remove fish to keep oxygen levels 

adequate. 
 Normally remove some fish when standing crop 

reached 1080 lb (4 lb/ft3 or 6.2 lb/gpm). 
 Remove solid waste in Quiescent Zone (QZ) several 

times/week. 
 
 



Raceway System 



Water quality associated with trout production  
at Reymann Memorial Farm 

 
Water Quality Parameter 

RMF  Influent 
(Before Fish) 

 
Buzby et al. 2010. 

RMF  Effluent 
(After Fish) 

 
Buzby et al. 2010. 

 
 

Factor 

pH 6.8 6.8 

Water Temperature   54 F 54 F 

Total Ammonia Nitrogen (mg/L) .01 .33 33 

Nitrite    (mg/L) 0.0 0.03 

Nitrate   (mg/L) 0.22 0.24 1.1 

Phosphate (mg/L) 0.12 0.15 1.25 

Calcium (mg/L) 23.4 24.1 

Specific Conductance  (µS/cm) 162 162 



Water quality associated with trout production  
at Reymann Memorial Farm 

 
Water Quality Parameter 

RMF  Influent 
(Before Fish) 

 
Buzby et al. 2010. 

RMF  Effluent 
(After Fish) 

 
Buzby et al. 2010. 

 
 
 
Factor 

Recirculating 
system with 

Tilapia  
Rakocy et al. 1997 

pH 6.8 6.8 7.2 

Water Temperature C(F)  12.5 12.5 26.6 

Total Ammonia Nitrogen (mg/L) .01 .33 4.5 1.47 

Nitrite    (mg/L) 0.0 0.03 0.52 

Nitrate   (mg/L) 0.22 0.24 750 180 

Phosphate (mg/L) 0.12 0.15 33 5.0 

Calcium (mg/L) 23.4 24.1 1.7 43 

Specific Conductance  (µS/cm) 162 162 2.8 455 



Watercress  

This idea was encouraged by the observation that watercress grows in this water source 
naturally and has been harvested in the early spring by local residents for many years. 



Greenhouse 

Polishing Pond 

Raceways 



Greenhouse 



Other types of lettuce Summer Crisp 



Other types of lettuce Romaine (Flashy Black Trout)  



Oakleaf (Garrison) 



Other types of lettuce Lolla Rossa (Navidad) 



Other types of lettuce Romaine Lettuce (Green Forest) 



Other types of lettuce Oakleaf (Sulu) 



Greenhouse 

Plants adapted to cool root zone: 
• Watercress 
• Lettuce 
• Swiss Chard 
• Kale 
• Kohlrabi 
• Broccoli  
• Cabbage 
• Nasturtium 
• Calendula 
• Dianthus 
• Mums 

 
 



Aquaponic raft culture (greenhouse) 

 Utilize high volume effluent from end of trout system. 
 Spring flow, water temperature about 54 F (12 C). 
 Channel water depth set at 6 inches. 
 Speedling trays with vermiculite substrate float on the 

water surface. 
 Plant seeds directly in the trays. 
 No weeding or watering. 
 Spring water cools plants in the summer and warms in 

the winter. 
 
 
 



Red Sails Lettuce Kohlrabi 
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(Buzby et al 2010) 

Total Biomass for each cultivar at 12 weeks.   
Lettuce biomass reflects the sum of harvests at 6, 9 and 12 weeks. 



Aquaponic Nutrient Removal 
(Buzby et al 2010) 
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Useful concepts. 

 Plants acquire nutrient when they are increasing 
biomass.   Greater biomass increase results in 
greater nutrient removal from the system. 
 

 Nutrient removal will vary with type of plant and its 
growth phase. 
 

 Lettuce will utilize ammonia nitrogen directly. 
 



High tunnel 

 First season 
 Channels 41” wide by 40 ft long 
 Deliver flow of 20 gpm/channel 
 25 min/exchange @ 6” depth 

 
 Production trial  

 Leaf Lettuce for an full year 
 Harvest and replace with newly 

planted trays. 

 
 

 



Red Sails Leaf Lettuce 





High Tunnel 
Lettuce harvest of 60 to 80 lb/week 



Total Suspended Solids 

Mean Influent Concentration: 2.1 ±  0.9 mg/L 
Mean Effluent Concentration: 1.3 ± 0.35 mg/L 
Mean Removal : 38% 
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(Data courtesy of Karen Buzby) 



Second Season 
Screening plant varieties 2013 
56” width 8” depth 46 minutes/exchange 

Vermiculite, hi flow 

Vermiculite, low flow 

Vermiculite & FM 
 hi flow 

DO change 0.2 mg/L 
No change in water temp. 



Other salad Greens 



Spring Raab 
at 32 days 





Arugula 
 at 33 days 





Mustard (Red Splendor) 
at 26 days 





Mustard (Suehlihung no 2) 
at 26 days 





Kale (Toscano) 





Minutina 
at 27 days 





Herbs 



Cilantro (Santo) 
at 53 days  





Lovage 
at 62 days 



Loveage 



Persian Cress 
at 32 days  





Sorrel 
at 37 days  





Cutting Celery 
at 50 days 





Green Shiso 
at 48 days 





Asian Greens 



Mizuna 





Red Rain 
at 27 days 





Tokyo Bekana 
at 32 days 





Tokyo Bekana                         Mizuna                                                        Red Rain 

at 27 days 



Shungiku 
at 32 days 





Minutina                             Tatsoi                                       Shungiku 

Vermiculite & FM 
 hi flow 

Vermiculite, low flow 

Vermiculite, hi flow 

at 41 days 





Summerfest Komatsuna 
at 32 days 





Vitamin Green 
at 32 days 



Vitamin Green 



Red Radish (Rover) 
at 35 days 





 with  

Red Sails  
Leaf Lettuce 

Estimating Production Capacity 

Considering the available water flow: 



High Tunnel 
20 gallons/minute/channel 
5 week cycle 
 



Quantifying Nutrient Removal 
(from Buzby & Lin 2014) 

 Unfiltered raceway effluent flows 
in at the top of the channel, 
through the channel under rafts 
supporting plants, and flows out 
a standpipe at the end of the 
channel. 

 When quantifying nutrient 
removal, the raceway effluent 
was turned off and a pump was 
placed at the end of the channel. 
Water was pumped to top of the 
channel creating a recirculating 
system. 

 Samples were taken at ½ to 1 
hour intervals for up to 4 hours. 

Inlet 

Outlet (standpipe) 

Pump 



Removal of soluble phosphate 
(red sails lettuce) 

(Buzby et al. 2011) 



Removal of soluble nitrate 
(red sails lettuce) 

(Buzby et al. 2011) 



Removal of soluble ammonia nitrogen 
(red sails lettuce) 

Target 50% reduction 

(Buzby et al. 2011) 



Channel 160 feet long 
(0.13 days, 200 ft High tunnel) 

Input:
20 gallons/minute 2.67 cu ft/minute

0.33 gallons/second 0.04 cfs
15 seconds to fill a 5 gallon bucket

Channel Dimensions:
41 Inches wide 3.42 ft
11 inches deep 0.92 ft

160 ft long 3.13 sq ft
501.1 cubic ft

187 minutes/exchange
0.32 exchanges/hour

0.0142 ft/second average velocity in the channel



Estimate Nutrient Removal 

Apply Equations featured above for each of the nutrient categories: 

Nutrient slope exp

Target 
minutes/
exchange

Time 
(days)

Nutrient 
concentration 

out (mg/l)

Initial nutrient 
concentration 

(mg/L)
Change 
(mg/L)

Change      
(%)

Ammonium 0.0415 -0.579 187 0.13 0.1353 0.32 0.18 58%

Nitrate 0.0769 -0.431 187 0.13 0.1854 0.25 0.06 26%

Phosphate 0.0606 -0.327 187 0.13 0.1181 0.16 0.04 26%

Suspended Solids 38%



Estimate Production Capacity             

Using same basic format, but increase high tunnel length   
    
  1.94 lb/tray at harvest   
  5 week cycle   
  20% proportion of trays harvested each week.   
  160 ft channel 72.5 70 tray rows 14 rows/harvest   
  3.50 ft wide 3.1 3 trays wide 3 trays wide   
  20 gpm/channel 210 trays/channel 42 trays harvested/channel/week 
    
Estimated Capacity   

Channels 
trays/ 

channel 

Total 
number of 

trays 

Weekly 
harvest 
(trays) 

Weekly 
harvest (lb) 

Weekly 
harvest 
(sq.ft.) 

Total 
Surface 
Area         
(sq ft) 

Total gallons/   
minute 

sq ft/  
gallon/     
minute   

    
4 210 840 168 327 417 2087 80 26   

  10,640    lb  Potential annual harvest in one HT   
    

  For  350 gpm target 9130 

sq ft 
channel 
production 
area   

    
  4.3 High Tunnel Production Units   
  46550 Potential Annual Production Capacity at this rate.   

                        



Estimating annual revenue potential for 
Reymann Memorial Farm 

 Trout production – 20,000 lb    
 Flow-through, 350 gpm 
 4 levels, paired tanks. 
 Gravity flow, aeration only 

 Plant production – 40,000 lb    
 228 day season (3/1 to 10/15) 
 Flow-through raft system. 
 4 High tunnels 200 ft by 30 ft.  (0.55 acre) 

 Changes the jobs picture for a small operation 

@$2/lb = $40,000 

@$3/lb = $120,000 

 



Production and Crop Revenue  

 
Crop 

Growing 
period 

Days     (wks) 

 
lb/yd2/wk 

 
Price/lb 

 
$/yd2/wk 

Relative 
to Red 
Sails  

Red Sails loose leaf 
lettuce from seed 

 
35         (7.0) 

 
1.6 

Kohlrabi 84          (12) 3.0 
Swiss Chard 84          (12) 1.5 
Komatsuna 50         (7.1) 3.0 
Red Radish  
(whole plant) 

 
54         (7.7) 

 
2.5 

Transplanted Bibb 
lettuce plug. 
(common practice) 

 
28         (4.0) 

 
2.0 



Crops other than lettuce. 

 How much can you sell? 
 What price is associated with each crop? 

 
 Given production and price, potential revenue/unit 

area/unit time may be higher than for the primary 
crop. 
 

 Developed a software tool using seasonal production 
data to allocate production area to maximize 
revenue/area/time. 



Production and Crop Revenue  

 
Crop 

Growing 
period 

Days     (wks) 

 
lb/yd2/wk 

Niche 
Market 
Price/lb 

 
$/yd2/wk 

Relative 
to Red 
Sails  

Red Sails loose leaf 
lettuce from seed 

 
35         (7.0) 

 
1.6 

 
6.00 ? 

 
9.60 

 
100% 

Swiss Chard 84          (12) 1.5 4.00 ? 9.00 93% 
Komatsuna 50         (7.1) 3.0 6.00 ? 18.00 188% 

Transplanted Bibb 
lettuce plug. 
(common practice) 

 
28         (4.0) 

 
2.0 

 
6.00 ? 

 
12.00 

 
125% 



Conclusions 

 Cold flowing water system producing trout can 
support production of a variety of leafy greens and 
herbs. 

 Deep water raft culture may reduce TSS and 
remove soluble nitrogen even at low levels. 

 Experimental plant production was 1to 3 
lb/yd2/week for various crops. 

 Value of estimated production of both fish and 
plants for RMF increased by a factor 3 or more.  

 Must yet validate numbers in a full scale system. 
 



 Marc Laberge grows rainbow trout and lettuce in a 
recirculating system. He sells about $1000 worth of 
smoked trout a week and 6,800 heads of lettuce.  

 

 Trout is sold as smoked trout fillets to restaurants in the 
region. Both hot-smoked and cold-smoked varieties are 
produced each week.  

 

 Since its first sales in June 2005, his company has 
produced over 2.6 million heads of lettuce and has firmly 
staked its share of the Quebec Boston lettuce market 
despite having the world's largest traditional chemical 
hydroponic lettuce producer only half an hour away. 

M L Aquaponics, Quebec 
(http://www.cultures-aquaponiques.com/index.htm) 

http://www.cultures-aquaponiques.com/index.htm
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Questions, Comments ? 



Eat fish twice a week 

It’s the healthy 
thing to do 

 This material is based on work supported by  
 the Cooperative State Research Education and Extension Service, U.S. 

Department  of Agriculture under agreement 
  number 2008-34601-19205, 2009-34386-20055,  
 and 2010-34386-21745.  Any opinions, findings,  

 conclusions, or recommendations expressed in this presentation  
 are those of the authors and do not necessarily reflect the view  

 of the U.S. Department of Agriculture. 
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