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Plant Biotechnology Education in [STATE]: Status and Need for Plant Biotech Education

Introduction

Biotechnology plays an ever increasing role in the field of agriculture (Khush, 2012; Pinstrup and Schiøler, 2001). As such, it is frequently surrounded by a cloud of controversy, myths and misinformation that confuse the general public (Nader, 2005). Just as with anyone else, students and teachers are not immune to this phenomenon. This problem is exacerbated by the lack of secondary and tertiary student participation in scientific subjects (Hilton et al, 2011). Arguably, there needs to be a greater public discourse of scientific technologies to allow consumers to make informed decisions regarding the use of biotechnology. Sturgis et al. (2005) identified scientific literacy as an important factor in society’s development of attitudes towards biotechnology. Indeed, it can be surmised the need for biotechnology education and understanding is extremely important for not only students, but teachers. 

As the world population is estimated to increase to 9 billion by 2050 (Godfray et al., 2010), society calls on agriculture to meet the demand of this hungry population. As a result, the need for technological innovation is more important than ever for agricultural production systems. It is important to consider the role agricultural education plays in the encouragement of public acceptance of new technologies in food production (Sylva et al., 2010). These public perceptions regarding the utilization of technology, especially genetic modification, in food production systems have a significant impact on food production systems (Godfray et al., 2010).

Trexler et al. (2013) identified that the agricultural food production system has grown 
increasingly complex, which in turn presents challenges in the field of agricultural education. Biotechnology arguably is one of the key factors in this rapidly changing and complex food system by utilizing key interdisciplinary concepts from biochemistry, agronomy, organic chemistry, microbiology and genetics. Boone et al (2006) discovered that even though agricultural science teachers generally had a favorable opinion towards biotechnology, they lacked resources and knowledge of biotechnology to incorporate this into their curriculum. As a result, students may go through years of secondary agricultural science schooling without adequate education regarding the application of biotechnology to agriculture. A lack of agricultural education, especially the application of biotechnology to agriculture, directly impacts consumer perceptions and decisions regarding food (Association for Public Land-Grant Universities, 2010).
Conceptual Framework
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Methodology:
This descriptive study had two components: First, to examine the current competency standards for plant biotechnology; and secondly, to examine the enrollment in biotechnology courses across the state compared with traditional agricultural science courses.
The [STATE] Essential Knowledge and Skills analysis were retrieved from the [State] Education Agency. The competencies are divided into subjects areas. In this study, we reviewed each individual course under the Agricultural, Food and Natural Resources (AFNR) subject area. Each course was reviewed for biotechnology competencies, and the potential for implementation of plant biotechnology information.
In order to represent enrollment trends in these biotechnology courses, we accessed enrollment data from 1998-2013 from the [STATE] Education Agency’s Public Education Information Management System. This data is reported in the aggregate. The data include: schools that taught the respective courses for each school year, total enrollments in the courses, and total number passing the courses, respectively.
We took this data and performed a Chi Square analysis of the enrollment data to test the null hypothesis that no difference existed between expected enrollment trends and actual enrollment trends. Additionally, we visualized our data utilizing Microsoft Excel. In order to demonstrate the change over time of enrollment, we decided to use a line plot graph with multiple variables. These variables included: trends for each AFNR course and overall AFNR enrollment.

Results:
The data suggest that there is a tremendous gap between enrollment of students in agricultural biotechnology courses, in comparison to other AFNR courses in [STATE]. This demonstrates that essential knowledge, skills and concepts for plant biotechnology are not reaching enough students in [STATE]. While the enrollment of students in agricultural science courses increased, the overall trend of students enrolling in biotechnology courses is decreasing.
Our research has also found that there was a lack of content specific plant biotechnology curriculum units or modules for students in the following [STATE] approved courses:
•§130.2. Principles of Agriculture, Food, and Natural Resources. Despite section C.4.F: “Compare and contrast issues impacting agriculture, food, and natural resources such as biotechnology, . . .”, no curriculum to educate students on basic concepts of plant biotechnology, the concepts needed to address any myths or misconceptions, as would be expected in an introductory AgriScience course, existed.
•§130.20. Horticulture Science. No curriculum to educate students on the use of biotechnology in horticulture.
•§130.21. Advanced Plant and Soil Science. There is no curriculum to educate students on the use of biotechnology in advanced plant science.

Conclusions and Recommendations
It is evident that there is a distinct lack of plant biotechnology implementation in Texas AgriScience courses. After 2008, the Agricultural Biotechnology course was removed. Unfortunately, this removed the only course in the AFNR curriculum that addressed the topic of plant biotechnology for agricultural use in depth. It is important for students to understand biotechnology, especially students in agriculture. If students remain in the dark about this technology, it can potentially hamper future scientific progress from a lack of interest in the field, or resistance to the utilization of new technologies.
Future plans for this research include determining student and teacher perceptions of biotechnology, and assessing basic biotechnology concepts. This will determine if there is a need for teacher in-service. Additionally, this needs analysis will serve to address the effect a lack of biotechnology curriculum has on students. If such a need is found, research for developing an effective plant biotechnology curriculum module will be conducted.
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