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Greenhouses in Agricultural Education: Description, Use, and Energy Management

In 2002 there were approximately 56,070 greenhouse/nursery operations in the U.S., with total sales of $16.3 billion and a workforce of 150,543 (Hall, Hodges, & Haydu, 2006). The importance of the greenhouse industry is reflected in the fact that 72.2% of U.S. agriculture teachers have access to a greenhouse for instructional use (Shoulders & Myers, 2012). Agriculture programs can prepare students to enter the multi-billion dollar greenhouse industry, which is currently seeing a trend in the adoption of energy-saving practices (Dennis et al, 2010; Onofrey, 2009). The greenhouses in which students are learning must expose them to aspects related to responsible energy usage in order for those students to be included in the “sufficient supply of well-prepared agricultural scientists” that the agricultural education profession seeks to produce (Doerfert, 2011). Yet, despite the prevalence of greenhouses in agricultural education, no research was found describing greenhouses used in agricultural education programs. The purpose of this study was to describe greenhouses, greenhouse use, and greenhouse energy management practices used in U.S. agricultural education programs.
 
Methodology
This study followed a descriptive survey design. The population was agricultural education programs within the U.S. A stratified random sample was utilized. Four states were randomly selected from every NAAE region, yielding a total of 24 states. Each selected state’s agricultural education department was contacted to obtain email information for high school agriculture teachers. An email invitation was sent to all members of the received databases. The researcher-made instrument was reviewed by a panel of experts in greenhouse management and energy efficiency for face and content validity. Two cognitive interviews were performed and revisions were made accordingly. A pilot test utilizing a group of current agriculture teachers not participating in the study (n = 15) was conducted and yielded a test-retest reliability score of .91.

Out of the 24 states contacted, 19 states provided email addresses for their current teachers. One additional state sent out the survey request to their closed listserv. One state provided its teacher database, but did not include email addresses, and so was not included in the sample. Three states did not supply their teacher contact information in any form. All three states were from the same NAAE region, limiting the generalizability of the study. A total of 5393 teachers were invited to participate in the survey.

Three email invitations were sent to the sample. These emails were purposively timed by the researchers to access teachers who work through the summer as well as those who are away from their email through the summer. Of the 5393 teachers contacted, 4770 email addresses successfully received the survey invitation. The final response rate was 30.1% (n = 1436). The anonymous nature of the survey, along with the closed listserv invitation, did not enable the researchers to follow up with nonrespondents, limiting the generalizability of this study.

Results
The typical greenhouse was a freestanding (78.3%), single-span (79.6%) structure of the A-frame (45.1%), Quonset (27.9%), or Gothic (21.9%) design. Greenhouses ranged from one to 50 years old, with a median age of 11.0 years (interquartile range = 12.0). The typical greenhouse had a mean area of 1377.7 ft2 (SD = 1278.9). Greenhouses were covered with polycarbonate (44.5%), polyethylene (43.0%), and acrylic (12.5%) materials, with 62.4% being of either double-layer (polyethylene) or double-wall (polycarbonate or acrylic) construction.  

Greenhouses were most frequently used during the spring semester, with the level of use peaking in March (87.6% at full use) and April (89.8% at full use). There was a lower level of use during fall semester (49.0% at full use from September-December). As expected, the highest levels of partial or non-use occurred in summer (76.0% at partial or non-use from June-August).

Other than electronic thermostats, a majority of agricultural education greenhouses were not equipped with energy-saving features (Figure 1). Only 7.2% of respondents reported that utilities were paid from the agricultural education budget. Similarly, a majority of respondents reported they “never” performed four of the recommended maintenance practices (Figure 2). 	













Figure 1. Energy-saving features in greenhouses.


          Figure 2. Frequency of maintenance activities related to       
                          energy efficiency

Conclusions, Implications, and Recommendations
Almost half of all respondents reported having access to greenhouses of a similar structure. The prevalence of similar structures throughout the nation implies that energy efficiency improvements appropriate for this structure can be implemented throughout the nation’s agricultural education programs. Greenhouses were used most frequently during the spring semester, but were used in part during the fall. The popularity of fall crops in the commercial greenhouse industry implies that school greenhouses can be utilized with more regularity in the fall in order to better represent the environment of the industry (Gard’ner, 2013). It is recommended that teacher educators make efforts to offer training opportunities and resources that help teachers use their greenhouses more successfully throughout the fall.

The majority of greenhouses were not equipped with recommended energy-saving features. Further, most teachers never performed almost half of the recommended energy-saving practices. The gap between equipment and practices commonly found in commercial greenhouses and those found in educational greenhouses may imply that students are not engaging in experiences that will adequately prepare them to enter the greenhouse industry. Research should be conducted to determine how energy efficiency technologies and practices commonly utilized in the commercial greenhouse industry can be incorporated into school greenhouse programs.
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