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ABSTRACT 

Irrigation efficiency is an essential component of nursery production in the United States.  

To increase productivity of Louisiana growers, a series of studies were conducted to evaluate 

current nursery water practices. The objectives were to determine current irrigation practices; 

evaluate actual water usage; and compare nursery media for water utilization.  A mailed survey 

determined that the majority of growers used can yard production (63%), overhead irrigation 

(79%), had no irrigation manager (82%) and did not collect/reuse water(61%); 50% do not 

test/calibrate their irrigation system. Based on this information, five nurseries using overhead 

irrigation were selected to determine water application and the attributes of their potting media. 

These results indicated that overall, less water was being applied than perceived; localized 

irrigation was highly variable within a nursery and even within a single production yard. 

Irrigation within all nurseries averaged 0.29”/A of water and had a range of 0.37”/A. Within a 

single nursery a range from 0.17 to 0.53”/A was found between three different can yards. Within 

a single yard a range of 1.0”/A difference (0.5 to 1.5”) was found. Water holding capacity 

(WHC) for all evaluated nurseries were tested and determined that only 17% of nurseries fell 

within the target range of 45-65% WHC. Another 17% fell within 10% and the remaining 66% 

were greater than 10% from the target WHC. This information was used to evaluate water stress 

on two crops, Lantana x 'Monine'  Spreading Sunshine®  and Plectranthus scutellarioides 

'Alabama',  using three watering equivalents  for acre inches:  a low (0.5”) and standard (1.0”) 

and high (2.0”) watering treatment. This was conducted for 42 days and resulted in no significant 

differences in biomass for roots or shoots in coleus. However, lantana shoot biomass in the high 

water allocation was found to be statistically less  than normal and low application for root 
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biomass in the lower irrigation application where shown to be statistically lower than the 1.0 and 

2.0 applications. Market quality decreased for 0.5 and 2.0 applications.
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CHAPTER 1 

INTRODUCTION & LITERATURE REVIEW 

BACKGROUND – HISTORY AND TODAY 

 Horticulture (or ‘garden culture’ in Latin) dates back to early Egypt. However, it was not 

separated from agriculture until the middle ages in Europe.  Horticulture today is composed of 

four areas: Pomology, Olericulture, Floriculture and Landscape and Nursery Production (Reiley, 

Shry, & Car, 2006).  The focus of this research project will be on the production of nursery stock 

production. Nursery stock includes deciduous trees, broadleaf evergreens, coniferous evergreens, 

deciduous shrubs, fruit and nut plants, ornamental grasses, landscaping palms, bare-root 

herbaceous perennial plants, cacti and succulents, and other woody ornamentals and vines  

(USDA, 2014).  

In the United States, there has been an increase in container grown ornamentals since the 

1970s (Furuta, 1974). In Louisiana alone, an additional 259 horticultural farms were established 

between 2009 and 2014 (Figure 1) (USDA, 2014). While not all farms exclusively produce 

nursery crops, 739 plant nurseries were operational in Louisiana (Louisiana Agricultural 

Summary, 2014). In 2009, the U.S. nursery value was $3.85 billion and increased to $4.26 billion 

in 2014 (USDA). Out of 2014 national sales, Louisiana sales represented $107.7 million in 

nursery stock alone. This figure represents an 8% increase over 2013 (“Louisiana Ag Summary 

2014, 2015). Louisiana nursery production is concentrated in two Parishes Rapides and 

Tangipahoa. These parishes represent more than $10 million in production annually, with 

Plaquemines, St. Bernard, Washington, St. Tammany, Iberville and Lafayette parishes also 

producing nursery stock valuing between $5 and 10 million annually.  
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Container grown woody ornamentals are typically watered using overhead irrigation 

(Beeson and Knox, 1991). Overhead irrigation is the application of water by sprinkler nozzles 

which, depending on the output volume and spray distance required, come in a wide range of 

available spray zones (Thomson, 1989; Irrigation Association, 2015). Overhead irrigation can be 

defined as the application of irrigation water via spray or streaming device, with impacts or 

another version of spray head that flings or steams water outward in a preset formation. This 

style of irrigation varies from other irrigation by the way of its application. Several factors affect 

irrigation efficiency including uniformity of the spray, area of application, environmental factors 

(i.e. wind, temperature), plant maturity, container spacing, etc.  All of these factors can lead to 

inefficiency if not properly accommodated in the irrigation regime. 

During a typical overhead irrigation application, approximately 40,000 gallons of water is 

applied per acre daily, with studies showing anywhere from 40 to 90% losses due to evaporation 

and runoff (Fare, Gilliam, Keever, Olive, and Stephenson, 1991). Beeson and Knox (1991) 

suggested that only 12 to 50% of water actually reaches the media surface and to increase 

Irrigation Application Efficiency (IAE), the process of “Jamming” would be required. Jamming 

refers to placing container potted plants “pot- to-pot” to limit area between containers.  In 

general, when applying irrigation via overhead irrigation, it is most efficient for containers 

smaller than 7-gallons to be jammed pot-to-pot (Owen, LeBude and Chappell, 2016).  However, 

using this method to increase IAE may affect plant quality unless the proper ratio of plant size to 

pot size is maintained (Beeson and Knox, 1991). Another method to improve IAE is the use of 

cyclical irrigation or application of the required amount of water necessary for optimal plant 

growth in more than one application per day. Cyclic irrigation has been proven to reduce runoff 

and nutrient leaching while improving the quality of the plant (Beeson and Haydu, 1995; Fare, 



 

3 
 

Gilliam, Keever, Olive., 1994; Fare, Gilliam, Keever, Reed, 1996; Gray, Bush and Edling, 1998; 

Karam and Niemiera, 1994; Tyler, Warren and Bilderback, 1996). The standing issue 

surrounding overhead irrigation application is that any increase in production results in the 

greater need for fresh water and the consequential larger withdrawal from freshwater sources.  

Withdrawal volume can be reduced by using other types of irrigation application that are less 

susceptible to the IAE factors mentioned above. 

UNIFICATION OF TERMINOLOGY 

A problem faced by professional nurserymen when trying to learn or teach about water 

regulations, water reforms, and irrigation application water use efficiency is the terminology.  In 

many instances, the same term may have several meanings. This is, due to the traditional 

terminology that has been used for the better part of a century (Jenson, 2007). However, new 

advancements in both the scientific and engineering fields, have led to many terms changing 

from simple definitions to more specific ones that better describe the procedure or performance. 

A clear set of understood, and easily remembered, definitions is essential (Jenson, 2007). Water 

Use Efficiency (WUE) is generally used to define plant water use or biomass per volume of 

water used; however, when referring to irrigation, WUE can take on several definitions 

depending on the context discussed and, in many cases, is used incorrectly because of the fluid 

definition. However, even with WUE’s many definitions, it is still of the highest priority for 

growers in terms of scheduling, and application selection (Weatherspoon and Harrell, 1980). 

Water-Application Efficiency (WAE) is another term found throughout the literature and seems 

to be used synonymously with WUE. WAE was originally defined in 1944 as a ratio between the 

amount of water delivered to the crop in the field, and the amount of water stored in the root 

zone of the crop to ultimately be removed via plant uptake, evaporation, transportation or a 
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combination (Israelsen, Criddle, Fuhriman, and Hansen, 1944).   When it comes to irrigation, 

terms such as Irrigation Water Use Efficiency (IWUE) and Irrigation Efficacy (IE) may be better 

terms to use.  Irrigation Efficiency according to Israelsen et al. (1944) can be calculated 

according to the following equation:  Ei =   (Israelsen et al., 1950).    

Where: EI = irrigation efficiency 

 WC = water consumed  

WR= water delivered  

Over time, the equation for EI needed to be altered to account for water runoff seepage 

(Keller and Keller, 1995). Water runoff, leaching or water seepage, are all positive possible 

recharge sources for underground and other freshwater, water use (Lieth, 1996).  For this study 

IWUE can be defined as: 

IWUE =  

Where: (∑IW) = the total amount of irrigated water  

∑PIW = the amount of productively used water or the total water output over the 

total stored in the media or taken up by the plants.  

Furthermore, for nursery crop production, while the total amount of overhead irrigated 

water applied can be determined, the volume applied to individual containers is more difficult to 

measure.  Variables such as: plant deflection, deflection by the pot, and/or wind can affect water 

IE. 

WATER MANAGEMENT - WATER CONSERVATION AND REGULATION 

 There is great concern in the use of domestic fresh water for many areas in the U. S., and 

acts of conservation have resulted in regulation of municipal and ground water sources. The 

volume used from ground water resources has become a significant concern in the U. S. due to 
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recharge rates. With the steady rise in population and the continuing needs of both people and 

plants for fresh water, additional implementation of water use regulations will most likely occur. 

Currently several states have implemented state wide water usage regulations for both agriculture 

and horticulture (Parsons, 2000). No general state level regulations have been developed, to date 

in Louisiana nor have restrictions been implemented regarding water usage in horticulture. The 

only industry limited in ground water consumption in Louisiana, are those using water for 

cooling towers. As of now, most of these regulations involve water pollution discharge, forcing 

industry to be more water efficient (Becker, 2016; Maupin, Kenny, Huston, Lovelace, Barber, 

and Linsey, 2014; Kenny, Barber, Hutson, Linsey, Lovelace, and Maupin, 2009). State 

regulations will be required should the current trend continue with the underground freshwater 

supplies not recharging at the rate of withdrawal. Program development designed to show 

horticulturists ways to evaluate water usage and adapt to the coming regulations is an important 

step to resolving the issue of limited fresh ground water. Irrigation is the second highest use for 

fresh water withdraws in the United States at 31%; only topped by thermoelectric power at 49% 

(Kenny, et al. 2009). This is even more important when considering in 2010, irrigation 

withdrawals accounted for 115,000 million gallons per day (Mgal/d), or 129,000 thousand acre-

ft/yr. This represented 38% of the total freshwater withdrawals in 2010 (Maupin et. al, 2014). 

This large sum can be subdivided into smaller subsections of irrigation methods including: 

sprinkler, micro-irrigation, and surface (flood) systems and all irrigation not directly tied to 

horticulture production. Agriculture industries (and horticulture industry by the current standing 

of most laws and water codes) are combined when considering water conservation. The largest 

concern of nurserymen is that codes influenced by the United States Geological Survey (USGS) 

data are not adjusted for salvaged or recollected water after irrigation (via collection ponds or 
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otherwise).  Surveys have shown only the amount of water withdrawn and should a grower 

(agriculture and horticulture alike) not use the total amount projected, this water  may be deemed 

“abandoned and forfeited” and they may lose access to their water in the future  (Frisvold, 2015). 

This leads to termed water storage, where growers pump all water allotted, regardless of need, to 

be stored in tanks or towers for later use, so as not to have the total allotment be reduced in the 

future. 

 Several studies have been conducted to evaluate limitation of groundwater use on 

agricultural crops without limiting crop yield (Klocke, Schneekloth, and Watts, 1996; Lamm, 

Rogers and Manges, 1994; Musharrafieh, Peralta, Dudley, Hanks, 1995). There have been only a 

fewer irrigation application field studies on nursery container yard production.  Some of these 

studies include Grey et al. (1999) and Thaxton (2001) - both examined large container grown 

crops with overhead irrigation. On both the agricultural and horticultural side, many previous 

studies have compared older irrigation techniques to newer technologies or techniques. One of 

the newer techniques, cyclical irrigation, has been shown to be approximately 25% more 

efficient then continuous block watering methods (Lamack and Niemiera, 1993). Cyclical 

irrigation is simply partial watering of plants in several bursts throughout the day as opposed to 

block watering once a day. Cyclical irrigation reduces leaching and runoff of both water and 

nutrients when compared to block or continuous irrigation (Fare et al., 1994; Fare et al., 1996; 

Tyler et al,. 1996; Karam et al., 1994). Currently the United States Environmental Protection 

Agency (EPA), along with help from the United States Department of Agriculture (USDA) and 

the Irrigation Association (Irrigation Association, Falls Church, VA) are developing a new 

program called WaterSense. The idea behind this program is to promote high uniformity spray 

heads with greater efficiency.  Products that meet the standards outlined by the program are 
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eligible for a seal of approval as highly efficient and uniform (EPA, 2014). During this program 

development, the importance of pressure regulation and its effect on flow rate was also shown. 

Other new technologies studies have indicated the improvement of water application efficiency 

and leaching through use of soil sensors and tipping switches (tipping bucket), which can turn off 

flow once the preset volume of water has been achieved (Thiessen, 2012). Two large issues with 

the implementation of sensor or switch based technology, is cost and knowledge. These products 

require a technician for set up and the cost of the material and labor can be expensive.  Thus this 

technology is not viewed as economical by most growers. With the current push in agriculture 

for more efficient irrigation water use, several grants have been made available by the USDA 

and NRCS (National Recourse and Conservation Service) to aid farmers with the cost of 

installing more efficient irrigation systems. With the new joint WaterSence program becoming 

operational, there is an opportunity to petition grant funds be made available for horticultural 

production. 

NURSERY MEDIA  

 Today, very little media used in the United States nursery industry contains any true 

“soil”. The term “soil-less media” (sometimes referred to as simply “nursery media”) does not 

contain the typical soil elements of clay, sand and silt. Instead this media may contain a 

combination of the following: softwood (generally pine) or hardwood bark and wood shavings, 

peat moss, vermiculite, perlite, sand, as well as various other additives depending on potting 

requirements and the crop being grown. The use of wood barks can cause phytotoxicity in plants 

if not aged properly especially for hardwoods compared to softwoods. Basic characteristics of 

both bark types can fluctuate depending on the time of the year when harvested and length of 

time aged. Aged pine bark without additives generally has a pH range of 4.0 - 5.0. With 
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hardwood bark a pH range is 8.0 - 9.0. Therefore, depending on the desired pH of the target crop, 

additives such as lime or sulfur based products will be added. The traditional source for most of 

the wood material was wood mills. As a byproduct of the process the material is relatively 

inexpensive, this along with its light weight and other physical characteristics such as is high 

cation exchange capacity (CEC), and water holding capacity (WHC) account for its usage in 

most soil-less medium. Another product used for its pH buffering and WHC is peat moss. With a 

relatively low pH of ranging from 3.2 to 4.5 and a very high WHC capabilities make it a useful 

addition to a media’s make up. Perlite, vermiculite and sand may also be added depending on 

need. Vermiculite is an inert, lightweight product made of expanded lava rock that aids in 

increasing drainage and aeration.  It has a negative charge thus allowing it to hold bound 

positively charged nutrients in the media. Perlite is inert expanded lava rock with a higher WHC. 

Perlite is added to aid in water retention rather than drainage.  Sand is a useful additive. It is 

inert, has excellent drainage capabilities and the ability to aid in ballasting larger plant material. 

Sand has a much higher bulk density or weight which provides resistance for container plants 

that are commonly blown over on a can yard. Sands ability to withstand mixing and compaction 

allows larger containers to be used without compacting around the roots. 

 The challenge is to find the correct media to obtain optimal growing conditions. There 

are several reasons for the change from classic soils to soil-less media, such as overall weight 

and drainage. Soil-less media also allow for easier pathogen management, pH adjustments, and 

CEC management. Soil-less media has some disadvantages, including cost, nutrient and water 

leaching, and buffering capacities. Finding the correct media is paramount, when evaluating 

growth in a container. Container grown plants can suffer from restricted root space availability 

which can have a negative effect on root and shoot growth alike.  
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RELATIONSHIP BETWEEN WATER AND MEDIA 

Particle Size Distribution (PSD) is an important component in the relationship between 

irrigation (water) and media. A media should provide adequate amounts of water as well as a 

sufficient amount of porosity to allow for oxygen and other gases to exchange freely from the 

roots. According to Robbins and Evans (2011), an ideal pine bark media should contain around 

70-80% larger partials (1/40 to 3/8 inch in diameter) with the remaining being smalls (<1/40 inch 

in diameter). This is also why other ingredients are sometimes added to the growing media as 

supplement for barks that cannot hold enough (or hold too much) water or salts. Some of the 

greatest losses of container grown plants are overwatering (Whiccomb, 1984).  
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CHAPTER 2 

THE LOUISIANA NURSERY INDUSTRIES’ PRECEIVED IRRIGATION 

WATER USE EFFICIENCY 
INTRODUCTION 

Irrigation is a necessary input during nursery production of containerized plants. Plants are 

often grown in highly porous substrates with low water holding capacities. As a result, aligning 

plant water needs with irrigation application can be difficult. Failure to apply proper irrigation 

volumes can limit plant growth and extend the period of production or ultimately lead to plant 

death.  In the case of over application of irrigation, nutrients and pesticides can be leached from 

containers and subject to movement offsite into adjacent surface waters. 

Given current groundwater demands in many states throughout the United States due to 

population growth, agriculture and industry, new regulations are being established on water 

withdrawals. The water withdraws from the Ogallala aquifer, is a prime example of the need for 

new regulations. This aquifer provides fresh groundwater to the states of Colorado, Kansas, 

Nebraska, New Mexico, Oklahoma, and Texas. This aquifer before regulations were put in place 

was one of the fastest depleting aquifers in the United States (Reisner, 1986). These regulations 

have led to specific regulation within the nursery industry. For example, states such as 

California, Florida and Texas all have irrigation water allotments that growers are allowed to use 

with physical blocks or fines should they try to use more. While the drawbacks from these 

regulations may be easily seen by the growers and consumers with quality and quantity of plants 

being sold decreasing in some situations, these regulations force growers to be more efficient 

with their applications. This in turn reduces water runoff, fertilizer and pesticide leaching, as 

well as reduces the cost of the water itself (pump run time or municipal water cost). 

Irrigation practices in Louisiana container production nurseries have not been characterized.  

The perceived irrigation application efficiency (IAE) of the nurseries could be lower or higher 
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than actual irrigation volumes applied. By collecting the perceived irrigation numbers from the 

nurseries, specific comparisons can be made to the collected state average. Furthermore, by 

assessing the average IAE of overhead irrigation production in Louisiana, a determination of 

potential areas of irrigation systems that may need changing to become more efficient can be 

made. 

A survey of the industry would allow for an overview of how WAE is being collected, 

followed by education on how to calculate water application efficiency correctly and accurately. 

This will allow for the individual nursery to know if they are within the normal range and how 

much a perceived normal is incorrect from the state average found. This is all in preparation for 

the governmental water use regulations expected to come to Louisiana. Thus, when a federal 

evaluation of nursery water use begins in Louisiana, growers can make improvements, and show 

implementation of more water use efficient irrigation prior to federal regulations being 

established. 

MATERIALS AND METHODS 

 A survey consisting of 13 questions was devised to help assess irrigation equipment and 

use within the Louisiana nursery industry (Figure 2). Questions were specifically designed to 

assess a nurserymen’s knowledge of their individual irrigation application and to see if they 

knew how to calculate an irrigation system IAE - as well as gather basic irrigation and water use 

information. All questions were piloted through the Louisiana Nursery and Landscape 

Association (LNLA).  Surveys were sent via email to members of the LNLA. Each email 

contained a printable copy of the survey that could be returned via mail or email. Additionally, 

an online version of the survey was created and distributed to participants through the online 

survey software Surveymonkey (https://www.surveymonkey.com, San Mateo, CA). Questions 8, 
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9, and 12 were modeled after the Landscape Irrigation Auditor’s (Irrigation Association, Fairfax, 

VA) handbook. The survey was subdivided into two sections. The first section was based on 

nursery type, nursery location and general irrigation questions (Table 1). The second was based 

on overhead irrigation, run times, duration, and duration (Table 2). The five regions selected are 

based on the LSU AgCenter regions map which divides Louisiana into five geographic sections: 

northeast, northwest, central, southeast and southwest (Figure 3). Data presented represents the 

true number of answers for a question (*), an averaged answer (**) or if no answer was given (-). 

RESULTS AND DISCUSSION 

The nursery industry in Louisiana is composed of 739 plant nurseries with an overall 

economic impact of $107.7 million in nursery stock (Louisiana Agricultural Summary, 2014; 

USDA, 2014). In order to characterize irrigation practices, ninety-two surveys were provided to 

members of the Louisiana Nursery and Landscape Association within five regions of the state.  

The state was divided into Northeast, Southeast, Northwest, Southwest, and Central. The overall 

response rate to provided surveys was 41% with 38 surveys completed of 92 surveys provided.  

For complete listing of all response data see Appendix. 

Response to the survey was highest from the Central and Southeast regions with 17 and 

14 nurseries, respectively (Figure 4).  The higher rate of response in these areas reflects the 

overwhelming number of nursery operations within these two regions as compared to the rest of 

the state. The two largest groupings of nursery operations in Louisiana are the Forest Hill area in 

the Central region of the state and Amite area located in the south eastern portion of Louisiana.  

In addition, nurseries were categorized as having 63% can yard production followed by field 

production and ball and burlap (B&B) at 13% each, 8% greenhouse production; and 3% 

greenhouse propagation (Figure 5). The majority of nurseries (60%) consisted of less than 10 
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acres of production with 24% of nurseries having greater than 15 acres of production (Figure 6). 

Out of the total production areas 79% had 10 acres or less of overhead production (Figure 16).   

According to the USDA 2012 Census of Agriculture, Louisiana ranks average in size for 

Southeastern US commercial nursey production. Nursery stock sale in terms of ($1,000) for 

Louisiana totaled $63,146 produced by 148 nurseries. As a comparison, 54 nurseries in 

Mississippi yielded $16,813 ($1,000), 199 nurseries in Georgia yielded $117,382 in total sales, 

and 1,125 operations in Florida yielded $574,710 ($1,000) in total sales. The leading reason for 

the implementation of can yard production in nursery production is the economic cost. The 

overall upfront cost of this growing system is much less compared to other systems for mass 

production of larger plant material. Maintenance is another benefit to the can yard production 

style. The cost of an overhead irrigation nozzle, (i.e. impact or wobbler) as well as the PVC pipe 

needed to make the riser is cheap and quickly repaired or replaced. The major drawbacks to this 

type of production include: irrigation inefficiencies, irrigation susceptibility to wind, and 

requirements of yard monitoring due to the ease for wet or dry spots to develop because of these 

inefficiencies. In Louisiana the average under overhead irrigation is 9.24 acres (Figure 12). 

When asked about irrigation and water use, 82% of respondents indicated they did not 

have an irrigation manager (Figure 9), and only 39% had any type of irrigation water recollection 

system. Of those using recollection, 93% used a pond(s) to recollect unused water (Figure 7-8). 

Half of those surveyed stated they had never calibrated their irrigation system, and 34% stated 

their nursery’s irrigation systems were calibrated monthly, with the remaining 16% calibrating 

bimonthly to quarterly (Figure 10).  Furthermore, when it came to water application, 88% 

irrigated between 6:00am to 7:00am (for at least one application). The total time the systems ran 

per production yard ranged from fifteen minutes to over forty minutes per day. Another 66% 
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stated that, during summer months, irrigation zones would generally be allowed to run for greater 

than 20 minutes at a time (27.08 minutes average).  In the winter, the largest percentage 

indicated they only allowed zones to run for five to ten minutes (12.5 minutes average) (Figures 

13 - 15). When asked about daily water use or water output, 63% stated their approximate 

average water output per day is greater than 1601 gallons per day (gph) (Figure 18). Lastly, only 

34% said they calculate this daily with another 8% selecting not to answer this question. The 

remaining 58% indicated that they did not monitor their daily water output. 

The significant findings from the survey were that 63% of Louisiana nurseries have can 

yard production with potted plants in soil-less media.  Of these 79% use overhead irrigation 

(Figure 11).  Only 39% of the respondents had a water recollection system and 50% claimed to 

have never calibrated their irrigation systems.  Once per day block watering was the normal 

response given by nursery owners without a defined reason behind this practice. Fifty-eight 

percent of the nurseries did not monitor daily water use. Significant changes in water 

management for Louisiana nurseries are needed to accommodate future federal water use 

regulations. But beyond complying with future federal regulations, Louisiana’s commercial 

nursery industry would benefit from the use of better water management strategies. Integrating 

best management irrigation practices will help nurserymen prevent nutrient runoff; reduce 

productions costs by alleviating unnecessary watering costs; and prevent disaster plant loss 

should Louisiana ever encounter a drought period. Based on our survey results, educational 

programs targeting efficiencies and uniformity of irrigation on can yard production areas would 

greatly benefit Louisiana commercial nursery operations.   

Table 1 shows nursery’s primary type of production, and an average number of acreage 

owned in each region. This table also displays if the given nursery has an irrigation manager, if 



 

18 
 

they recollect unused water, what type of irrigation is used and how often the irrigation system(s) 

are calibrated. Furthermore, Table 2 focuses on a nursery’s overhead irrigation and output (gpm) 

per season in each region, the number of irrigation sections/zones in use, if irrigation output is 

calculated, and if daily water use is known.
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Table 1: Survey Questions 2-7 Nursery type & Operations by Region 

Answers by Region 

  Central Southeast Northeast Northwest Southwest 

Q2* 
GH Production 2 1 - 1 - 

Field Prod. 2 1 - - 2 

Can yard Prod. 10 11 - - 3 

B&B Prod, 3 1 - 1 - 

Other - - - - - 

Q3** Avg. Acreage 11.50 11.07 - 8.00 8.50 

Q4a* No collection   9 - 1 4 

Collection 7 6 - 1 1 

Q5* No Irrig. 

Manager 
14 12 - 2 3 

Irrig. Manager 2 3 -  - 2 

Q6* Daily - - - - - 

Weekly - - - - - 

Monthly 6 7 - - - 

Bi-Monthly 2 0 - - 1 

Annually - - - - - 

Never 8 6 - 2 3 

Other - 2 - - 1 

Q7* Drip Emitters - - - - - 

Spray Stakes - - - 1 - 

Wobblers 2 3 - - 2 

Impact 6 5 -  - 3 

Mist - 1 - - - 

Ebb & Flow - - - - - 

Flood - - - - - 

Overhead 4 4 - 1 - 

Other 4 2 - - - 

*Total number of 

answers  

 

  

**Average of answers 

- Not Answered 
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Table 2:  Survey Questions 8-13 Overhead Irrigation & Durations by Region (Full survey 

found in Figure 2) 

Answers by Region for Growers That Use Overhead 

  Central Southeast Northeast Northwest Southwest 

Q8** 
Avg. Acres 

Overhead 
11.06 10.1 - 8 7.8 

Q9** Avg. Frequency 

(per day) 
1.875 1.8 

 
2 1.6 

Avg. 

Duration/Irr. 

(min) 

34.69 34 - 32.5 31 

Q10** Avg. Duration 

Summer 
26.63 25.67 - 30 26 

Avg. Duration 

Winter 
15.06 13.44 - 9 12.5 

Q11** 
Avg. Number 

Sections 
9.44 9.26 - 8.5 6.4 

Q12*   No Calculation 10 7 - 1 4 

Calculation 5 7 - 1 - 

Q13*   
Output/day for 

overhead irr. 
15 14 - 2 5 

*Total number of answers 

  

**Average of answers 

- Not Answered 
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Figure 2. Nursery Irrigation Survey 
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Figure 31: Leaning riser in weedy 

production yard 

Figure 32: Nozzle tip damaged (elongated) by cleaning 

Figure 33: Nozzle maintenance, organic/inorganic build up 
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CHAPTER 4 

GROWING MEDIA EVALUATION AND CALIBRATION FOR USE IN 

OVERHEAD IRRIGATION FOR THE LOUISIANA NURSERY 

INDUSTRY  

INTRODUCTION 

Improving water application efficiency (WAE) is best achieved through improving the 

method of applying water and the water holding capacity of the media.  While many studies 

focus on the idea of improving the application (Thiessen, 2012), the focus of this project is to 

determine how media influence plant growth at three irrigation rates (0.5”, 1.0” and 2.0”). 

Overhead irrigation is currently the most common way to water container production yards and 

there are a multitude of manufacturers for impact sprinklers, it is impractical for a grower to 

compare all the products from every company for their specific conditions. Therefore, from a 

nurseryman’s standpoint, it is more practical to modify the method of containing the water in the 

media. This can be done by increasing the media’s water holding capacity or by increasing the 

efficiency of water reaching the container. There are three challenges to consider when trying 

achieving the watering efficiency potential, of any irrigation system. Those challenges include 

(1) understanding irrigation equipment specifications, (2) when and how long to water, and (3) 

system uniformity (Baum-Haley, 2011). The first challenge has been addressed by irrigation 

manufactures, now providing detailed operational specifications to optimize individual irrigation 

product output. Addressing the second challenge, Baum-Haley (2014) stated the best practice for 

irrigation is to water in the morning, when wind speeds and water demand are low. Wind can 

have a great effect on sprinkler irrigation performance, (Montgomery, 2013). A method to 

overcome wind inefficiencies is to increase water droplet size. By increasing the size of the 

droplet, less irrigation water is lost to wind drift and evaporation. Increasing droplet size aids in 

increasing the water application efficiency and uniformity which can be reduced by the effect of 
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evaporation and wind drift (Owen et al., 2016). The last challenge; uniformity, describes how 

even the water application is distributed by the overhead sprinklers to the given area. A diagram 

by Baum-Haley (2011) details the difference between efficiency and uniformity, by displaying 

four samples in a side by side comparison (Figure 49). Despite the natural association linking 

efficiency, uniformity and an effective irrigation system, these individually do not imply a 

nurseryman is using optimum irrigation management practices (Burt, Clemmens, Strelkoff, 

Solomon, Bliesner, Hardy, Howell and Eisenhauer, 1997).  

The choice of media used can greatly influence efficiency, uniformity, and overall 

effectiveness of an irrigation system. The media’s physical and chemical properties play a large 

role in water and nutrient use efficiency of plants (Stanley and Toor, 2010), thus media with low 

water and nutrient holding capacities, have little room for inefficiencies when applying irrigation 

or fertilizer. 

EXPERIMENT 1 - MEDIA TESTING 

MATERIALS AND METHODS 

Laboratory 

Water holding capacity (WHC) can be calculated in the laboratory following the procedure 

from North Carolina Agriculture Extension Service (Bilderback, 1982; Gessert, 1976 and 

Whitcomb, 1979) with slight modification of soaking the media for 24 hours. This modification 

allows for uniformity of media saturation, as some media used in this study contained 

components that can absorb sizable amounts of water slowly.  Available water (AW) is defined 

as the difference between field capacity (FC) and permanent wilting point (PWP). Ideally a 

medium should consist of 20% to 30% percent air space by volume of media (Whitecomb, 

1979). 
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     This test was performed on 6 media treatments (five media treatments one from each of the 

nurseries studied in this trial and 5/8 inch pine bark control). Each media treatment was 

replicated 4 times, and all testing was conducted using a 4.50 geranium thinwall green nursery 

pot (Dillen Products, Middlefield, Ohio). First, the container volume is measured by placing a 

waterproof flexible liner (1 quart zip-lock bag) into the containers and adding a known amount 

of water (300ml) until the container is filled to the soil line or ½ inch from the brim. Next, 

medium is added to the pot/liner until filled to same point as water was previously (300ml). 

Then, water was slowly added to the media in the pot/liner until fully saturated and noted for 

each replication. This can be determined by a thin film appearing on the surface. Once this is 

complete, the container is allowed to stand for no less than one hour. A 24 hour wait time was 

used in this experiment. After 24 hours, the pot/liner is suspended over a water-tight container 

and holes are punched into the liner. Lastly, the pot is allowed to drain for ten minutes or until no 

additional water drains from the pot. 

Following this procedure, several factors about the medium can be determined, percent 

porosity, percent air space, water holding capacity and available water (or the water not bound 

and able to be used by the plant). These determinations can be done by using the following the 

equations: 

Percent Porosity =  

Percent air space =  

Water holding capacity = Percent porosity – Percent air space 

Available water = Field capacity - Permanent wilting point 
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Field Evaluations 

In the field, additional containers containing media only were arranged in a randomized 

design. Each of the 6 media treatments were replicated using fifteen single containers (Figure 

35). Media treatments were obtained from the five participating nurseries that allowed us to test 

water efficiency at their nurseries. These included nurseries in the following parishes and regions 

of the state parishes (Washington, Tangipahoa, Rapides, Livingston, and Pointe Coupee). A 

control media comprising of ≥ 5/8 inch screened pine bark was used as the control in this 

experiment because it was found to be the base of a majority of current nurseries’ media. All 

treatments were irrigated for 30 minutes using Rainbird P5-5 ½” impact spray heads (Rain Bird 

Manufacturing Company, Azusa, California) and then allowed to stand for 30 additional minutes 

to permit all excess water to drain. This brought all media to field (water holding) capacity. After 

the 30 minute time had elapsed, 250mL of water was applied to each container, and leachate 

volume was collected from each container. These volumes were then used to calculate the given 

nursery’s medium water holding capacity under growing conditions. Leachate samples were 

collected following the Virginia Tech Extraction Method (Wright, 1986). The rational for 

performing this experiment on a production yard with overhead irrigation is to mimic a nursery 

setting where not all of the applied water is reaching the media. This allows for a more accurate 

recommendation to be made to the growers based on actual can yard conditions and types of 

media used.  

RESULTS AND DISCUSSION 

 The six evaluated media were tested in both the field and lab and averages of water 

holding capacities were made (Table 8). Stanley and Toor (2010) stated the optimum range for 

water holding capacity for a standard production nursery media should be between 45-65%. Only 
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17% of the media treatments tested in our study fell within this range, with another 17% being 

within 10% of the targeted range and the remaining 66% being greater than 10% off this range. 

Figure 34 displays the water holding capacities of the 6 tested media treatments shown side by 

side (lab and field) in relation to the desired range for water holding capacity. 

 The lab and field evaluation of the nurseries’ media shared similar results. Tangipahoa’s 

media was the only media to fall within the targeted range or 45-65%. However all percentage 

values collected were lower across all media. These results indicate that extension could play a 

major role in aiding the effectiveness of irrigation management strategies at individual nurseries. 

This could be achieved through further studies to determine ideal medium recipes and then 

sharing those recipes with nurserymen. Extension could also help nurserymen by creating 

factsheets to address specific components of media and how the individual components help 

create the “perfect medium”.  

 

Table 8. Water Holding Capacity – Field and Lab Evaluation 

Medium Water Holding Capacity 

Washington 
Parish 

Lab 30.20 % 

Field 30.08 % 

Livingston 
Parish 

Lab 31.40 % 

Field 31.14 % 

Rapides Parish 
Lab 37.68 % 

Field 37.09 % 

Tangipahoa 
Parish 

Lab 49.41 % 

Field 49.12 % 

Pointe Coupee 
Parish 

Lab 20.49 % 

Field 20.12 % 

5/8th Pine 
Bark 

Lab 21.81 % 

Field 21.58 % 
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Figure 34. Difference between Louisiana nursery media tested in regards to water holding 

capacity with both lab and field evaluations. With target range of 45 – 65% as set by 

Stanley and Toor, 2010. 

Column 1 Column 2 Column 3 Column 4 Column 5 Column 6

Row 1 WP 9 WP 4 LP 11 Con 1 PCP 11 Con 11

Row 2 RP 7 LP 10 TP 3 PCP 12 WP 15 PCP 4

Row 3 PCP 1 RP 15 Con 7 RP 14 Con 5 TP 15

Row 4 WP 12 RP 10 TP 9 LP 6 PCP 2 PCP 7

Row 5 TP 14 LP 9 RP 3 Con 2 TP 4 Con 3

Row 6 RP 1 RP 8 Con 10 LP 15 Con 12 LP 12

Row 7 WP 1 WP 2 PCP 10 WP 11 WP 7 RP 11

Row 8 RP 12 PCP 13 RP 4 TP 1 TP 6 Con 9

Row 9 RP 9 TP 11 TP 10 LP 2 Con 13 LP 13

Row 10 Con 8 Con 4 LP 14 PCP 6 TP 7 TP 12

Row 11 RP 6 TP 2 TP 5 RP 2 PCP 5 PCP 3

Row 12 WP 5 WP 6 LP 4 RP 13 LP 1 RP 5

Row 13 Con 15 TP 13 Con 6 WP 14 PCP 15 PCP 9

Row 14 WP 3 WP 13 LP 7 Con 14 TP 8 PCP 14

Row 15 LP 3 LP 5 LP 8 WP 8 PCP 8 WP 10  

Figure 35. Map of media placement in production yard for overhear irrigation evaluation 

of water holding capacity. 
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EXPERIMENT 2 - NURSERY APPLICATION: HIGH AND LOWER WATER STRESS 

TOLERANCE 

 

MATERIALS AND METHODS 

This experiment consisted of two, 42 day growth chamber evaluations of plant material 

grown in nursery and control media. The plants chosen for this experiment were, Lantana x 

‘Monine’ Spreading Sunshine
®
 and Plectranthus scutellarioides 'Alabama'. Lantana x ‘Monine’ 

Spreading Sunshine
®
 is a trailing variety, ranging 2-3 ft. high and 6-8 ft. wide. This plant is 

similar to the native Lantana montevidensis. It is low maintenance, only requiring monitored 

irrigation during the establishment phase. After which it has a wide range of water tolerance. 

This is unlike Plectranthus scutellarioides or Coleus which has a smaller window of tolerance in 

regards to water. Coleus requires frequent watering. But overwatering can also be detrimental 

(Odenwald, and Turner, 1987).  Ninety (105 ct. plug tray) plugs of lantana and coleus  were 

individually planted into 4 inch pots with the 5 nursery media recipes as well as the control of ≥ 

5/8 inch screened pine bark used in all tests throughout this project. Therefore, 15 lantana and 15 

coleus were planted into each media treatment. Containers were arranged in a complete 

randomized block design (Figure 48). All plants were maintained under C3 (Environmental 

Growth Chambers, Chagrin Falls, Ohio) growth chamber conditions  with a 14/10 day cycle at 

21.1 °C, for 42 days. During the experiment, plants were supplied with three different watering 

treatments: Low treatment: @ 0.5 acre inches, Standard treatment: @ 1 acre inch and High 

treatment: @ 2 acre inches of water. 

Five replications of each media plant combination were provided each watering 

treatment. Irrigation was applied according to the desired water volume. Plant growth was 

measured weekly (cm) using a growth index [(height + widest width + perpendicular width) / 3] 
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(Wells, 2013), at the same time, plant health observations were collected.  Plant health 

observations included the plants overall quality, canopy density and flower count. Overall plant 

quality was visually rated on a 10 point scale, with 1 = dead and 10 = ideal nursery crop for 

current growth stage. Canopy density was calculated by the observed percentage coverage from 

the volume found in the growth index. This was done on a 1-5 scale with 1 being no coverage, 3 

being average coverage and 5 being full coverage.  At the end of experimental period (42 days), 

shoots and roots were harvested and washed to remove media and weighted. Plant tissue was 

dried at 60°C for 72 hours, reweighed and biomass accumulation was recorded. 

RESULTS AND DISCUSSION 

 Lantana x ‘Monine’ Spreading Sunshine®, growth index ((height x width x depth) /3) 

averages by medium for all 6 tested media treatments and all three water treatments for each 

week of the five week were statistically compared (Table 9). The growth index change over time 

are shown in figures 36-41. Plants grew in all six media treatments. Surprisingly there were no 

statistical differences in the plant growth index within medium treatments for all irrigation 

application rates. Each nursery medium produced plants that were statistically similar to the 

control. This is opposite of what we saw on the field, where specific nursery medium performed 

better than others. For instance, Tangipahoa had greater water holding capacity than the other 

tested media. Plants were not used in the can yard studies. Incorporating plants in the can yard 

studies would be the next step in continuing this research; as can yard production would 

represents real world survival rates. A possible explanation that there were no statistical 

difference in the plant growth in a growth chamber setting was that high relative humidity can 

make up for water loss. Also there is no wind or damage to irrigation heads in a growth chamber.  

However, the growth chamber results are important because visually we noted that overall plant 
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quality (uniformness of flowers, flower color and insert any other factors) was significantly 

better in lantana irrigated at two acre inches. This study should be replicated in field conditions 

to determine if rain, irrigation head maintenance, wind, all affect plant growth. We need these 

factors to truly optimize media components.  

Plectranthus scutellarioides 'Alabama', growth index ((height x width x depth) /3) 

averages by medium for all 6 tested media and water treatments and by week for all five weeks 

of the study (Table 10). This information is demonstrated further in Figures 42 – 47 which 

display the growth index change over time. Plants grew in all six media treatments. Coleus like 

lantana, showed no differences in plant growth index within medium treatments for the three 

irrigation applications. Furthermore all treatments were similar to the control medium. This trial 

as with the lantana would best be tested in future studies in an open field can yard to apply a 

more real world environment for testing. As we believe the high relative humidity in the growth 

chamber may have kept the coleus plants from being water stressed.  Lastly, overall quality of 

the plants changed over time, with some plants receiving the high water treatment being dwarfed 

while treatments receiving the low water treatment became leggy. 

 The two crops selected were chosen based on their known water stress tolerances. 

Lantana is known for its higher water stress tolerance and coleus for its lower water stress 

tolerance. The results indicate that even under reduced and over irrigation treatments biomass 

accumulation stayed statistically similar to the plants receiving the standard water application. 

This was observed with both species of plants tested. While no significant differences were 

observed for coleus biomass accumulation, for the lantana, the shoot biomass in the higher water 

treatment (2 inch) was found to be statistically less than the normal and low application and the 

root biomass in the lower irrigation application where shown to be statistically less from the 
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normal and high applications. Overall quality and market acceptability did change, with some 

plants becoming leggier or dwarfed and in some cases dropping lower leaves and reducing 

overall quality and canopy density observations. These observations were based on water 

treatments, and unexpectedly there were no statistical differences based on media.  

 

Table 9. Growth Index by Week & Water Treatment – Lantana’ 

Media Water Trt Week GI Media Water Trt Week GI Media Water Trt Week GI

PP 0.5 1 76.47 NA 0.5 1 54.9 TP 0.5 1 52.5

PP 0.5 2 144.27 NA 0.5 2 147.3 TP 0.5 2 126.1

PP 0.5 3 456.27 NA 0.5 3 446.5 TP 0.5 3 363.7

PP 0.5 4 625.73 NA 0.5 4 655.3 TP 0.5 4 586

PP 0.5 5 1262.8 NA 0.5 5 1000.7 TP 0.5 5 862.1

PP 1.0 1 66.3 NA 1.0 1 127.3 TP 1.0 1 71.3

PP 1.0 2 153.6 NA 1.0 2 250.2 TP 1.0 2 152.4

PP 1.0 3 619.2 NA 1.0 3 750.1 TP 1.0 3 620.5

PP 1.0 4 795.5 NA 1.0 4 884.2 TP 1.0 4 664.8

PP 1.0 5 1299.2 NA 1.0 5 1247.7 TP 1.0 5 1180

PP 2.0 1 52.9 NA 2.0 1 61.7 TP 2.0 1 74.8

PP 2.0 2 98.1 NA 2.0 2 192.9 TP 2.0 2 198.7

PP 2.0 3 365.6 NA 2.0 3 611.7 TP 2.0 3 698.5

PP 2.0 4 477.4 NA 2.0 4 894.2 TP 2.0 4 1048.9

PP 2.0 5 1145.8 NA 2.0 5 1405.7 TP 2.0 5 1696.5

Media Water Trt Week GI Media Water Trt Week GI Media Water Trt Week GI

LP 0.5 1 57 RP 0.5 1 111.73 WP 0.5 1 87.8

LP 0.5 2 129.3 RP 0.5 2 157.07 WP 0.5 2 160.2

LP 0.5 3 378.5 RP 0.5 3 459.93 WP 0.5 3 383.8

LP 0.5 4 656.1 RP 0.5 4 722 WP 0.5 4 631.87

LP 0.5 5 984.7 RP 0.5 5 1150.27 WP 0.5 5 1174.33

LP 1.0 1 79.3 RP 1.0 1 77.73 WP 1.0 1 79.3

LP 1.0 2 188.3 RP 1.0 2 187.07 WP 1.0 2 216.7

LP 1.0 3 583.1 RP 1.0 3 514.13 WP 1.0 3 574.7

LP 1.0 4 803.6 RP 1.0 4 695.8 WP 1.0 4 722.3

LP 1.0 5 1372.4 RP 1.0 5 1280.93 WP 1.0 5 1415

LP 2.0 1 57.33 RP 2.0 1 73.4 WP 2.0 1 121.7

LP 2.0 2 126.6 RP 2.0 2 139.8 WP 2.0 2 225.9

LP 2.0 3 519.53 RP 2.0 3 377.5 WP 2.0 3 496.1

LP 2.0 4 547.6 RP 2.0 4 560 WP 2.0 4 820.4

LP 2.0 5 1069.67 RP 2.0 5 1184.3 WP 2.0 5 1468.4  
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Figure 36. Pointe Coupee Parish - Lantana Growth Index 

 

Figure 37. Control Medium - Lantana Growth Index 
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Figure 38. Tangipahoa Parish - Lantana Growth Index 

 

Figure 39. Livingston Parish - Lantana Growth Index 
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Figure 40. Rapides Parish - Lantana Growth Index 

 

Figure 41. Washington Parish - Lantana Growth Index 
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Table 10. Growth Index by Week & Water Treatment – Coleus 

Media Water Trt Week GI Media Water Trt Week GI Media Water Trt Week GI

PP 0.5 1 76.47 NA 0.5 1 54.9 TP 0.5 1 52.5

PP 0.5 2 114.27 NA 0.5 2 147.3 TP 0.5 2 126.1

PP 0.5 3 456.27 NA 0.5 3 446.5 TP 0.5 3 363.7

PP 0.5 4 625.73 NA 0.5 4 655.3 TP 0.5 4 586

PP 0.5 5 1262.8 NA 0.5 5 1000.7 TP 0.5 5 862.1

PP 1 1 66.3 NA 1 1 127.3 TP 1 1 71.3

PP 1 2 153.6 NA 1 2 250.2 TP 1 2 152.4

PP 1 3 619.2 NA 1 3 750.1 TP 1 3 620.5

PP 1 4 795.5 NA 1 4 884.2 TP 1 4 664.8

PP 1 5 1299.2 NA 1 5 1247.7 TP 1 5 1180

PP 2 1 52.9 NA 2 1 61.7 TP 2 1 74.8

PP 2 2 98.1 NA 2 2 192.9 TP 2 2 198.7

PP 2 3 365.6 NA 2 3 611.7 TP 2 3 698.5

PP 2 4 477.4 NA 2 4 894.2 TP 2 4 1048.9

PP 2 5 1145.8 NA 2 5 1405.7 TP 2 5 1696.5

Media Water Trt Week GI Media Water Trt Week GI Media Water Trt Week GI

LP 0.5 1 57 RP 0.5 1 111.73 WP 0.5 1 87.8

LP 0.5 2 129.3 RP 0.5 2 157.07 WP 0.5 2 160.2

LP 0.5 3 378.5 RP 0.5 3 459.93 WP 0.5 3 383.8

LP 0.5 4 656.1 RP 0.5 4 722 WP 0.5 4 631.87

LP 0.5 5 984.7 RP 0.5 5 1150.27 WP 0.5 5 1174.33

LP 1 1 79.3 RP 1 1 77.73 WP 1 1 79.3

LP 1 2 188.3 RP 1 2 187.07 WP 1 2 216.7

LP 1 3 583.1 RP 1 3 514.13 WP 1 3 574.7

LP 1 4 803.6 RP 1 4 695.8 WP 1 4 722.3

LP 1 5 1372.4 RP 1 5 1280.93 WP 1 5 1415

LP 2 1 57.33 RP 2 1 73.4 WP 2 1 121.7

LP 2 2 126.6 RP 2 2 139.8 WP 2 2 225.9

LP 2 3 519.53 RP 2 3 377.5 WP 2 3 496.1

LP 2 4 547.6 RP 2 4 560 WP 2 4 820.4

LP 2 5 1069.67 RP 2 5 1134.3 WP 2 5 1468.4  
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Figure 42. Pointe Coupee Parish - Coleus Growth Index 

 

Figure 43. Control Medium - Coleus Growth Index 
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I 
2 3 4 1 4 6 2 5 3 2 3 6 1 2 5 1 4 2 

IV 
1 5 6 2 3 5 1 4 6 5 4 1 4 6 3 3 5 6 

II 
2 5 6 4 5 6 6 5 4 3 2 1 3 6 2 1 6 3 

V 
1 4 3 3 2 1 1 2 3 6 5 4 1 4 5 4 2 5 

III 
3 4 1 5 3 4 1 2 6 

Growth Camber Layout Map 
6 5 2 6 2 1 3 4 5 

Figure 48: Growth chamber plant location key for coleus and lantana study 

 

 

 

 

 

Figure 49: Showing the difference between efficiency and uniformity within the active root 

zone. A) Uniform and efficient. B) Non-uniform but within the root zone. C) Non-uniform 

and inefficient. D) Uniform but inefficient. (Baum-Haley, 2011). 


