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Abstract:  20 

Hydroponics is a widely utilized technique to precisely control the plant growing environment 21 

and maximize productivity. In some cases, hydroponics systems can be expensive and require 22 

specialized expertise to build and maintain. Here, we present a suite of 3D-printed devices that 23 

can be constructed into a single or double tower hydroponics system. This system is easily 24 

scalable to fit the needs of a user and can be implemented in a variety of research and 25 

educational contexts. Components in this suite can be made from inexpensive plastic filament 26 

using household-grade 3D printers. The vertical design of these systems allows for users to 27 

maximize space-use-efficiency in growth chambers, greenhouses, or even classrooms. We 28 

describe the construction of our system and provide example data from a validation study 29 

growing spinach (Spinacia oleracea L.) under different salinity conditions. This suite of 3D 30 

printed components can be utilized by researchers and educators alike to capitalize on the 31 

benefits of hydroponics in a flexible, budget-friendly way.  32 

 33 

Introduction: 34 

3D printing is an emerging form of additive manufacturing that allows for the creation of custom 35 

parts tailored to meet the needs of an end user. Although metal-based 3D printers are utilized in 36 

high-end industrial manufacturing, most 3D printers available to consumers use inexpensive 37 

plastic filament (e.g. polylactic acid; PLA) that is widely available online or in retail stores [1]. 38 

Manufacturing advances have allowed the 3D printer industry to generate a range of product 39 

lines available at a low cost to consumers; many entry level devices cost around $300. As such, 40 

this technology is quickly being adopted in research settings [1–4] as well as incorporated into 41 
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classroom curriculum to promote STEM education [5–8]. One application of 3D printing is 42 

manufacturing modular hydroponic systems that can be adjusted to the needs of the end user 43 

without the need for complete refabrication.  44 

Hydroponics is a widely used approach to maximize plant growth, development, and 45 

uniformity. Plants grown hydroponically benefit from optimized mineral nutrition, absence of 46 

water stress common in field-grown crops, and are often grown in systems that generally control 47 

other environmental factors (e.g. vertical farms) [9,10]. While hydroponics has long been 48 

adopted by industry to maximize plant yield, it continues to have innumerable applications for 49 

research. Mineral nutrition studies can be easily conducted using hydroponics due the 50 

customizable nature of nutrient solutions and minimized nutrient adsorption/desorption that 51 

commonly occurs with solid substrates and soil [11]. By making mineral nutrition consistent 52 

among plants, the effects of plant genotype as well as environmental variables can be studied in 53 

relative isolation compared to soil or field-grown plants [12–14]. Hydroponics also 54 

accommodates intrinsic labeling using precious radiolabeled or nonradioactive isotopes that 55 

would be lost to a solid substrate [11]. These experiments provide deeper insights into nutrient 56 

turnover and partitioning as well as their bioavailability in nutritional studies. While there are 57 

countless uses for hydroponics in industry and research, this technique is increasingly being 58 

utilized as a means of STEM education in school curriculum. 59 

Hydroponics can be utilized in educational settings for a wide range of student ages to 60 

provide hands-on learning experiences in plant biology [15–18]. Limited studies indicate that 61 

gardening and hydroponics can improve children’s attitudes towards fruit and vegetable 62 

consumption [19–22] as well as their perceptions of science, technology, engineering, and math 63 

(STEM) disciplines [16,17,23,24]. Similarly, 3D printing is also quickly becoming integrated 64 

and is also made available for use under a CC0 license. 
was not certified by peer review) is the author/funder. This article is a US Government work. It is not subject to copyright under 17 USC 105 

The copyright holder for this preprint (whichthis version posted July 27, 2025. ; https://doi.org/10.1101/2025.07.24.666580doi: bioRxiv preprint 

https://doi.org/10.1101/2025.07.24.666580


4 

 

into school curriculum for elementary school to university aged individuals [5–8]. There is 65 

enormous potential to leverage 3D printing to create modular, user-friendly hydroponics systems 66 

for both research and educational purposes.  67 

We sought to develop a suite of 3D printed objects that can be assembled into a cost-68 

effective and modular hydroponics system. Components from this suite of models can also be 69 

used independently of the systems we designed (e.g. plant cups). While the components are 70 

meant to work in concert with one another, these objects can serve as scaffolds for in any number 71 

of downstream applications. Here, we describe the components of the system, its construction, 72 

and expected outcomes using spinach (Spinacia oleracea L.) as a proof of concept. 73 
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Materials and Methods:  74 

System Description 75 

 The modular hydroponics system consists of three main parts: 1) the nutrient solution 76 

bin; 2) one or more 3D printed tower(s); 3) the 3D printed lid. The system is designed to support 77 

either a Single or Double Tower configuration; maximizing flexibility for various end users (e.g., 78 

researchers, educators) while remaining cost-effective using 3D printing. Components are easily 79 

interchangeable (Tables 1-2), allowing users to adapt or integrate parts into other hydroponic 80 

setups as needed. Files for 3D components can be found in the NIH3D database for the Single 81 

(https://3d.nih.gov/entries/3DPX-021941) and Double (https://3d.nih.gov/entries/3DPX-021942) 82 

tower systems [25,26].  83 

Nutrient Solution Bin and Pump 84 

The hydroponics system was designed to work with ULine S-20588GR 20L Round Trip Totes 85 

(ULine; Pleasant Prairie, Wisconsin, United States). These bins, measuring 21.8" × 15.2" × 9.3", 86 

are made of high-density polyethylene, a durable, chemically inert material, and are rated to 87 

support up to 70 lbs. To inhibit algal growth, a dark-colored bin (e.g., gray) was used to 88 

minimize light penetration into the nutrient solution. 89 

Each bin also houses an ActiveAqua Submersible Pump 250 (Hydrofarm; Petaluma, 90 

California, USA) located in the center, which circulates nutrient solution from the reservoir to 91 

the top of the planting towers. Similar pumps, or even external pumps, may be utilized by the 92 

user at their discretion. Structural modifications to the system would need to be made to 93 

accommodate an external pump.   94 

3D Printed Towers 95 
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 To improve growing capacity beyond what a horizontal growth-system allows, our 96 

system capitalizes on vertically stacked planting towers. Each tower is built using modular 4-cup 97 

units, available in 3- and 5-cup variants, which are stacked with spacer modules in either 98 

standard or extended lengths (Figure 1; Figure 2, Detail B). These variable planting modules 99 

have a finite number of spaces for plant cups (Figure 2, Detail C) that allow for 2” neoprene 100 

cloning collars to support plants throughout their lifecycle. Single-tower plant modules, cups, 101 

spacers, and stream breaker, are remixed from Thingiverse user ‘boundarycondition’ [27].  102 

All modules are designed with a central channel (Figure 2, Section A-A) for routing ½” 103 

internal-diameter flexible vinyl tubing, which runs up to a final distributor at the top of the tower. 104 

This tubing is secured by the distributor’s nipple connector, and a stream breaker is installed over 105 

the distributor opening to diffuse flow (Figure 2, Detail A). The distributor is then capped and 106 

recommended to be held in place with a small (~500g) weight on the lid or sealed with silicone. 107 

Once transported to the top of the tower, the nutrient solution exits through a radial array of 108 

drainage holes, evenly cascading down through the tower, irrigating the roots, and returning to 109 

the reservoir. This circulation also promotes oxygenation of the root zone to encourage healthy 110 

plant growth. 111 

3D Printed Lid 112 

To interface the towers with the ULine totes, a custom multi-part lid was designed, 113 

consisting of modular lid panels, spacer components, and an access cap (Figure 2). These parts 114 

are secured using M5 screws and nuts (Figure 2, Detail G/H). This bolting configuration, in 115 

conjunction with the radially symmetrical tower adaptor (Figure 2, Detail E), ensures mechanical 116 

stability under the compressive force of a loaded tower (Figure 2). To minimize potential leaks 117 
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and reduce the risk of microbial contamination, all seams are sealed with silicone and optionally 118 

wrapped in foil or painted to block passive light transmission. 119 

 Double Tower Design 120 

To accommodate environments with limited vertical clearance, a Double Tower version 121 

of the system was developed (Figure 3; Tables 3–4). This design allows two towers to be used 122 

within the same footprint as a single tower, maximizing use of both horizontal and vertical space. 123 

The lid was modified to support two towers, and specialized 3- and 4-cup modules were 124 

designed to ensure adequate light exposure for all plants. To maintain equal distribution between 125 

towers, the system uses a T-junction fitting at the pump outlet to split flow into two channels. 126 

Each vinyl tubing line is extended by an additional ~25 cm to accommodate the separate vertical 127 

stacks, allowing a single pump to serve both towers. 128 

  129 
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Pre-Print and Pre-Assembly Recommendations 130 

Print Specification 131 

 When printing parts for assembly, we recommend at least 20% infill to ensure that the lid 132 

and its components are structurally sound enough to support the tower modules and plants. Parts 133 

were fabricated using the Prusa MK3S+, that features a bedspace and headspace (minimum 250 134 

× 210 × 210 mm). Using a printer with these dimensions, or larger, ensures that parts can be 135 

printed in single pieces and are not forced to bifurcate due to size constraints. While our 3D 136 

components were printed using PLA, other filament materials such as polyethylene terephthalate 137 

glycol (PETG) may offer provide superior stability and waterproofing for some applications.   138 

Planting Module Compatibility 139 

Planting modules are cross-compatible within their intended orientation: Single Tower or 140 

Double Tower components can be installed in any order or rotated in any direction. However, 141 

while modules designed for the Double Tower are compatible with the Single Tower setup, it is 142 

not recommended to use Single Tower modules in the Double Tower configuration. Single tower 143 

modules do not allow for sufficient space near each plant when installed in a double tower 144 

configuration.  145 

Basic Sizing Overview 146 

 When considering location and space limitation for your assembled device, refer to 147 

Figure 4, which shows all major dimensions for a standard Single Tower setup (three 148 

planting/spacer modules stacked). These sizing dimensions remain the same for the Double 149 

Tower variant, as both versions share the same height, width, and length. An interactive 3D 150 

rendering of the Single Tower system (https://sketchfab.com/3d-models/one-tower-enviroment-151 

696d529bdf3249bb8fe916f2aff49538) and Double Tower system (https://sketchfab.com/3d-152 
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models/two-tower-hydroponics-assembly-variant-models-d80f772011a44d1e928962e8bdacf65a) 153 

are available for close examination of parts in the context of a completed system.  154 

Core Device Assembly 155 

For details on device assembly please refer to the protocol document on Protocol.IO and 156 

included in the Supporting Information. Variations for plant cups, planting modules, and spacers 157 

that have alternative designs and dimensions are listed in Table 5.  158 

Operational Considerations 159 

Solution Considerations 160 

This hydroponics system is designed to function with 15L of solution in the reservoir. 161 

Lower volumes of solution may result in incomplete submersion of the hydroponics pump and 162 

would necessitate more frequent changes as plants matured. For our experiment we used 163 

Hoagland’s No. 1 nutrient solution [28]. However, any hydroponics solution is foreseeably 164 

compatible with this system. We recommend conducting preliminary experiments with the crops 165 

of interest to determine the optimal frequency by which the nutrient solution is replaced.  166 

Pump Considerations 167 

As referenced earlier in the paper, we used an ActiveAqua Submersible Pump 250 for our 168 

experiment. However, any submersible hydroponics pump will work provided it has sufficient 169 

power to carry nutrient solution to the top of the tower, and can be connected to the ½” inner-170 

diameter tubing.  Furthermore, we adjusted the flow rate of the pumps to approximately 200 171 

gallons per hour. This flow rate is likely sufficient for most leafy greens, but may need to be 172 

optimized for other crops by the end user.  173 

Planting Considerations 174 
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 When planting, plants should be placed into 2” neoprene collars or a media, such as 175 

expanded clay pellets, to ensure they do not shift out of position. Our recommendation is to use a 176 

slant board system and transplant seedlings into neoprene collars and install into plant cups after 177 

cotyledon emergence as well described by Langenfeld and Bugbee [29]. A 3D printed slant 178 

board mount can be found here (https://3d.nih.gov/entries/3DPX-021396) [30].We found that 179 

direct seeding into neoprene collars without pre-germinating on slant boards resulted in 180 

inconsistent emergence and growth.   181 
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Case Study 182 

 We conducted a pilot study using this hydroponics system to grow four varieties of 183 

spinach in different salinity conditions. Our methods and results are described below. 184 

Methods 185 

System construction 186 

 Files for the single tower were downloaded from the NIH3D database 187 

(https://3d.nih.gov/entries/3DPX-021941), converted into gcode using PrusaSlicer, and printed 188 

on a Prusa MK3S+ 3D printer with PLA filament at 20% infill [25]. 3D printed objects were 189 

assembled into three individual single tower systems with three levels of 4-plant modules as 190 

described in our detailed protocol (dx.doi.org/10.17504/protocols.io.e6nvw4pw9lmk/v2; 191 

Supporting Information). 192 

Plant material, salinity treatments, and harvest conditions 193 

 Four cultivars of spinach (Sun Angel F1, Red Snapper F1, Auroch F1, and Flamingo 194 

Improved F1) were used in this study. Seeds were osmoprimed between two pieces of Whatman 195 

filter paper for three days in petri dishes containing 47.5:1 water:hydrogen peroxide solution. 196 

Petri dishes were placed in a Conviron PGW36 growth chamber (Conviron; Winnipeg, Canada) 197 

maintained at 20 °C and 55 ± 10 % relative humidity, with 200 µmol/m2/s of photosynthetically 198 

active radiation for 12 hours over 10 days. After three days, seedlings were transferred onto felt 199 

wicks and installed into 2” neoprene collars and installed in plant cups. A detailed protocol for 200 

spinach germination can be found here: dx.doi.org/10.17504/protocols.io.5qpvodxebg4o/v2. 201 

Plants were randomly assigned into one of three blocks, which correspond with their height 202 

within the hydroponics towers they were installed into. Block 1 plants were on the lowest tower 203 

module, block 2 plants were on the middle tower module, and block 3 plants were on the top 204 
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tower module. Plants were grown in quarter strength Hoagland’s No. 1 solution (0.6 dS/m) days 205 

0-7 and switched to half-strength (1.2 dS/m) days 8-14. Full strength Hoagland’s No. 1 (2.4 206 

dS/m) was provided to all plants days 14-21 until the start of treatments. For the remainder of the 207 

experiment (days 22-35), plants were provided either full strength Hoagland’s No. 1 nutrient 208 

solution (control), control + 20/10 mM NaCl/CaCl2 to an electrical conductivity (EC) of 4.6 209 

dS/m (low salinity), or control + 20/10 mM NaCl/CaCl2 to an EC of 6.4 dS/m (mild salinity). 210 

The pH of all nutrient solutions was maintained between 5.5 and 6.0 using 0.2 M H2SO4 and 0.1 211 

M KOH to lower or raise pH, respectively. After 35 days when plants had 6-8 mature leaves, 212 

tissue was harvested, weighed, and immediately frozen at -80 °C before processing. Dry weight 213 

was determined by lyophilizing pre-weighed frozen tissue over five days and subtracting the 214 

calculated moisture content from the original sample mass.  215 

 216 

Statistical analysis and data visualization 217 

 Data were analyzed as a randomized complete block design with three treatments, four 218 

varieties, and three blocks. Analysis of variance was conducted in R statistical software followed 219 

by Tukey’s honestly significant difference test using the ‘car’ package  [31,32]. Data were 220 

visualized using ggplot2 [33].  221 

 222 

Expected Results: 223 

Fresh weight yield 224 

There were no significant differences in mean fresh weight across any of the treatments 225 

when analyzing all varieties together (Figure 6; Table 6). Of the three treatments, mild salinity 226 

had the highest mean fresh weight at 26.23 grams, while the control treatment had the lowest at 227 

24.09 grams. There was no significant treatment effect on fresh weight (p = 0.77), nor treatment-228 
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variety interaction (p = 0.95). However, the effect of variety on fresh weight was highly 229 

significant (p < 0.001), indicating that variety played a stronger role than salinity treatment on 230 

fresh weight. Auroch F1 had the highest mean fresh weight at 37.90 grams, while Red Snapper 231 

F1 had the lowest mean fresh weight at 7.95 grams. Flamingo F1 Improved and Sunangel F1 had 232 

mean fresh weight yields of 29.44 and 24.92 grams, respectively. Fresh weight yields are 233 

summarized in Table 1. Within each variety, there were no significant differences noted between 234 

treatment groups with the exception of Flamingo Improved F1, which had a significant 235 

difference between the Low and Mild salinity conditions (Table 6; Figure 6). However, there was 236 

statistical significance for differences in fresh weight yield between varieties. Red Snapper F1 237 

was significantly different from Auroch F1 in the Control treatment, while in the Low salinity 238 

treatment it was significantly different from both Auroch F1 and Flamingo Improved F1. In the 239 

mild treatment, Sunangel F1 and Flamingo Improved F1 were significantly different. 240 

 241 

Dry Weight Data 242 

 There were no significant differences in dry weight percentage per plant between any of 243 

the varieties or treatments (Table 7; Figure 7). Dry weight percentages varied based on variety, 244 

with Red Snapper F1 having a slightly higher dry weight percentage per plant when compared to 245 

Auroch F1, Flamingo Improved F1, and Sunangel F1. Dry weight values for each variety and 246 

treatment are summarized in Table 7.  247 

 248 

Qualitative observations 249 

Plants in the lower levels of the towers appeared to be noticeably smaller than their 250 

counterparts in the middle and upper levels of the towers. We hypothesized that this was due to 251 

shading effects from the plants above and distance from the light canopy, as the light source for 252 
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this study was an overhead point source of lighting. We observed that the average photosynthetic 253 

flux density (PPFD) at the lowest, middle, and highest tower module was 355, 371, and 457 254 

µmol/m2/s. Given a 12-hour photoperiod, this equates to a daily light integral (DLI) of 15.34, 255 

16.04, and 19.74. The DLI of plants in block 3 (the top of our towers) was substantially higher 256 

due to being physically closer to the light fixture and not having shading from plants above. 257 

Although there were no significant differences in plant fresh weight or dry weight percentage by 258 

block, block 3 plants had the highest fresh weights in 6 of the 12 unique combinations (Figure 6) 259 

and  dry weight percentage and had the highest dry weights in 9 of the 12 unique salinity-variety 260 

combinations (Figure 7). This finding suggests that shading and distance from the light canopy 261 

could be a concern for researchers operating in growth chambers and we suggest alternative 262 

lighting strategies such as laterally placed fixtures or using natural sunlight for more uniform 263 

growth   264 

Additionally, at the end of the experiment the nutrient solution flow rate was noted to be 265 

lower for the control tower when compared to the low and mild salinity towers. During 266 

disassembly at harvest, significant root growth was observed in the filter and intakes of the 267 

submersible pumps in all bins. For longer duration experiments (e.g. > five weeks) we strongly 268 

recommend developing either a preventative or maintenance strategy to mitigate root ingress into 269 

nutrient solution pumps.  270 

 271 

Supporting information S1: Step-by-step protocol, also available on protocols.io: 272 

dx.doi.org/10.17504/protocols.io.e6nvw4pw9lmk/v2. S2: Raw data used for figures presented in 273 

this study.  274 

 275 
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Figure Captions 384 

 385 

Figure 1. Multi-perspective rendering of the Single Tower system highlighting lid and tower 386 

components. An interactive 3D rendering of the Single Tower system (https://sketchfab.com/3d-387 

models/one-tower-enviroment-696d529bdf3249bb8fe916f2aff49538) is available for close 388 

examination of parts in the context of a completed system. 389 

Figure 2. Detailed rendering of the Single Tower system showing required components 390 

necessary for assembly with the exception of one lid piece for a clearer view of the tower-lid 391 

interface. An interactive 3D rendering of the Single Tower system (https://sketchfab.com/3d-392 

models/one-tower-enviroment-696d529bdf3249bb8fe916f2aff49538) is available for close 393 

examination of parts in the context of a completed system. 394 

Figure 3. Multi-perspective rendering of the assembled Double Tower system and unique Double 395 

Tower components. An interactive 3D rendering of the Double Tower system 396 

(https://sketchfab.com/3d-models/two-tower-hydroponics-assembly-variant-models-397 

d80f772011a44d1e928962e8bdacf65a) is available for close examination of parts in the context 398 

of a completed system.  399 

Figure 4. Photograph of an assembled Single Tower system with accompanying rendering 400 

showing dimensions of each component.  401 

Figure 5. Preview display of the interactive render environments for the Single and Double 402 

Tower Assembly variations. An interactive 3D rendering of the Single Tower system 403 

(https://sketchfab.com/3d-models/one-tower-enviroment-696d529bdf3249bb8fe916f2aff49538). 404 
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An interactive 3D rendering of the Double Tower system (https://sketchfab.com/3d-models/two-405 

tower-hydroponics-assembly-variant-models-d80f772011a44d1e928962e8bdacf65a)   406 

Figure 6. Fresh weight yield per plant by treatment and variety. Group letters from Tukey’s post-407 

hoc test for significant differences (�=0.05) are displayed above each group. 408 

Figure 7. Dry mass percentage per plant by treatment and variety. Group letters from Tukey’s 409 

post-hoc test for significant differences (�=0.05) are displayed above each group. 410 

 411 

 412 
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Tables 413 

Table 1. Tower modules for the single tower (ST) system. 414 

Part 
Number File Name Part Name Count for one system 

1 4-Cup_Planting_Module.stl 
4-cup ST Planting 

Module Variable 

2 Tower_Lid.stl Tower Lid 1 

3 Tower_Distributor.stl Tower Distributor 1 

4 Stream_Breaker.stl Stream Breaker 1 

5 Tower_Short_Spacer.stl Tower Short Spacer Variable 

6 Standard_Pot.stl Standard Pot 
4 x 4-cup ST Planting 

Module 

7 Reservoir_Tower_Adaptor.stl Tower Adaptor 1 
 415 

Table 2. Lid modules for the single tower (ST) system.  416 

Part 
Number File Name Part Name 

Count for one 
system 

8 Reservoir_Spacer_Long_Edge.stl 
Reservoir Spacer Long 

Edge 2 

9 Reservoir_Lid_Left.stl Reservoir Lid Left 2 

10 Reservoir_Lid_Right_Access_Hole.stl 
Reservoir Lid Right 

Access Hole 1 

11 Reservoir_Lid_Right.stl Reservoir Lid Right 1 

12 Reservoir_Spacer_Short_Edge.stl 
Reservoir Spacer Short 

Edge 2 

13 Access_Hole_Cap Access Hole Cap 1 

14 Not applicable 
M5 Screw and nut - 

25mm 6 
 417 

 418 

 419 
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Table 3. Tower modules for the double tower (DT) system.  420 

Part 
Number File Name Part Name Count for one system 

24 
DT_4-

Cup_Planting_Module.stl 
4-cup DT Planting 

Module Variable 

2 Tower_Lid.stl Tower Lid 2 

3 Tower_Distributor.stl Tower Distributor 2 

4 Stream_Breaker.stl Stream Breaker 2 

5 Tower_Short_Spacer.stl Tower Short Spacer Variable 

6 Standard_Pot.stl Standard Pot 
4 x 4-cup DT Planting 

Module 

7 Reservoir_Tower_Adaptor.stl Tower Adaptor 2 
 421 

Table 4. Lid modules for the double tower (DT) system 422 

Part 
Number File Name Part Name 

Count for one 
system 

13 Access_Hole_Cap Access Hole Cap 1 

18 Reservoir_Lid_DT_Right.stl Reservoir Lid DT Right 1 

19 Reservoir_Lid_DT_Left.stl Reservoir Lid DT Left 2 

20 DT_Spacer_Long_Edge.stl DT Spacer Long Edge 4 

21 DT_Spacer_Short_Edge.stl DT Spacer Short Edge 2 

22 Reservoir_Lid_DT_Middle.stl Reservoir Lid DT Middle 2 

23 DT_Spacer_Middle_Edge.stl DT Spacer Middle 1 

25 Reservoir_Lid_DT_Right_Access_Hol.stl 
Reservoir Lid DT Right 

Access Hole 1 

14 Not applicable 
M5 Screw and nut - 25 

mm 7 
 423 

 424 

 425 

Table 5. Part variations for all systems.  426 
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Part Number File Name Part Name Count for one system 

15 Short_Pot.stl Short Pot NA 

16 ST_3-Cup_Planting_Module.stl 3-cup ST Planting Module NA 

17 ST_5-Cup_Planting_Module.stl 5-cup ST Planting Module NA 

26 True_Standard_Pot.stl True Standard Pot NA 

27 DT_3-Cup_Planting_Module.stl 3-cup DT Planting Module NA 

28 Tower_Tall_Spacer.stl Tower Tall Spacer NA 
 427 

Table 6. Mean fresh weight per plant (g) by treatment and variety 428 

Variety Treatment 

  Average Control Low Mild 

Auroch F1 37.91 ± 8.31a 39.63 ± 7.57a 36.99 ± 9.15a 37.10 ± 7.84a 

Flamingo Improved 
F1 

29.44 ± 6.73b 27.24 ± 4.81ab 28.56 ± 4.57ab 32.5245 ± 8.76a 

Sunangel F1 24.92 ± 6.74ab 21.68 ± 2.48ab 25.56 ± 6.16ab 27.52 ± 8.64ab 

Red Snapper F1 7.95 ± 1.74c 7.81 ± 2.09b 8.25 ± 1.74b 7.80 ± 1.25b 

Average 25.05 ± 12.64 24.08 ± 12.38a 24.83 ± 12.07a 26.23 ± 13.35a 

All estimates reported means ± standard deviation as grams per plant. Similar letters indicate 
non-significance as determined by Tukey’s HSD (�=0.05). Average values were run as a 
separate model examining either variety or treatment.  

 429 

 430 

 431 

 432 

Table 7. Mean dry weight percentage per plant by treatment and variety 433 
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Variety Treatment 

  Average Control Low Mild 

Auroch F1 11.12 ± 0.79ab 11.15  ± 1.34a 11.92 ± 0.14a 11.24 ± 0.66a 

Flamingo  Improved F1 11.62 ± 2.55ab 11.15 ± 1.48a 11.45 ± 1.91a 13.29 ± 4.40a 

Sunangel F1 10.80 ± 0.66b 10.71 ± 0.89a 10.90 ± 1.00a 10.79 ± 0.40a 

Red Snapper F1 13.34 ± 0.84a 13.42 ± 0.82a 13.19 ± 1.44a 13.42 ± 0.63a 

Average 11.72 ± 1.72 11.61 ± 1.43a 11.71 ± 1.36a 11.85 ± 2.19a 

All estimates reported means ± standard deviation. Similar letters indicate non-significance 
as determined by Tukey’s HSD (�=0.05). Average values were run as a separate model 
examining either variety or treatment.  

 434 
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