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Figure 21. Final cannabinoid concentrations (CBD, CBDa, CBDV, A9-THC and THCV)
between plant locations (top, middle and bottom strata of the entire plant) of ‘Santium’ essential
oil-type hemp grown in the greenhouse. A General Linear Model with mixed effects was used by
R and RStudio to compare the means among various locations using Year as a random effect,
with a Tukey post-hoc analysis at |p|<0.05. (n=5).

With the exception of CBDa in the top portion of Fruity Petals, all cannabinoid
concentrations in Berry Blossom, Fruity Petals, Lifter Seedless and Santium cultivars were the
same in each stratum throughout both years of this greenhouse trial (Figures 18-21). These
results support the currently regulatory sampling guidelines as per the 2018 Farm Bill by
demonstrating that the top stratum of the plant is representative of the middle and bottom strata
of the plant. Future studies should sample throughout the flowering period to see if flower
maturity effects the concentration of cannabinoids within the different plant strata.

All computations in chapter three of this thesis were done using R (R Core Team, 2017)
and Rstudio (RStudio Team, 2020) as well as the following packages: Lme4 (Bates et al., 2015),
Agricolae (de Mendiburu, 2021), ImerTest (Kuznetsova, 2017), Emmeans (Lenth, 2020) and

tidyverse (Wickham et al., 2019).
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3.3.10. Considerations of Greenhouse Hemp Production and Cannabinoid Analysis

Until recently, there has been little documentation on individual cannabinoid levels and
how they develop throughout the flowering period. During the development of this thesis, total
CBD and THC levels were reported to reach their peak 28 and 30 days after anthesis,
respectively (Linder et al., 2021). The studies conducted in this chapter (Figures 13-19) had
similar results that support the findings in Linder et al., (2021). In this study, the cannabinoids A
9-THC and CBD and their molecular precursors THCa and CBDa display similar developmental
patterns throughout the flowering period (Figures 11 and 15). CBDa reached its peak before
exceeding 0.3% A 9-THC in 14 of the 16 cultivars in this study, which can incentivize producers
to sample their product throughout the flowering period to ensure desirable cannabinoids are at
sufficient concentrations while THC levels (the summation of A 9-THC and THCa) remain
compliant. Based on the results of this greenhouse study, stratified sampling need not be a
component of regulatory sampling protocols for THC compliancy and the maximizing of
desirable cannabinoids. One of the shortcomings of this project was the low number of
repetitions which inhibited statistical analysis. Future studies should evaluate stratified sampling
throughout different stages of the flowering period to be able to determine an optimum harvest
window for hemp.

3.3.11. Bud Quality Considerations

When essential oil-type hemp is sold in whole-flower form, as opposed to being used for
extraction and processing, an important factor to consider is the visual appearance of the bud.
Visually-appealing bud is important to consumers, and often times hemp flower is sold in clear
packaging (such as glass jars) for visibility. Refer to the appendix for bud pictures of each

cultivar grown in this greenhouse study.
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CHAPTER 5. CONCLUSIONS

Hemp (Cannabis sativa L.) is a novel crop in Louisiana, and at the time this study
commenced research on outdoor field production did not exist (LSU AgCenter Hemp
Committee, 2020). Until suitable genetics for Louisiana’s environment can be identified, an in-
row spacing of three feet is recommended for field-grown hemp. Berry Blossom hemp grown
outdoors had the highest growth index (height x width 1 x width 2) of all nine cultivars
conducted in this study, and is the only cultivar that required a four-foot in-row spacing.

The cultivars Berry Blossom, Queen Dream and Stormy Daniels produced sufficient
biomass for commercial production, and would be recommended for producers who aim to sell
leftover plant material to a processer for an additional source of income once the buds are
harvested. Berry Blossom, Oregon White, Putin’s Problem and Queen Dream were the highest-
yielding cultivars, although not significant, and should be further evaluated in field trials when
environmental conditions are more favorable. At this time, an optimum planting date for field-
grown hemp cannot be recommended. Louisiana faces many environmental challenges,
including high rates of disease, excess rainfall, high wind speeds and annual hurricanes and
tropical storms. Growers should be aware of these challenges and recognize the importance of
choosing an optimum site location and integrating best management practices into their
production plan.

Although the chlorophyll content in all 28 cultivars were similar, there were significant
differences in the final height and yields of hemp plants grown in the greenhouse. These findings
differ from commonly-found correlations between the chlorophyll content and yield of other
crops, such as corn. Daylength-neutral cultivars (Auto CBG, Dr. Chunk, Maverick, Pipeline and

Sour RNA Seedless) were among the shortest in height, which may be explained by the shorter
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period of vegetative growth these plants naturally receive compared to the remaining daylength-
sensitive cultivars. The tallest average hemp plants were ‘White CBG’, ‘Lifter Seedless’ and
‘Truckoo’. Umpqua was the highest-yielding amongst all 28 cultivars grown in the greenhouse.
Future research should quantify the cannabinoid concentrations in this cultivar as Umpgua was
not analyzed in this study due to random selection. The total yields of ‘Sour Lifter’, ‘Lifter
Seedless’ and “White CBG Seedless’ ranked second, third and fourth, respectively. The lowest-
yielding cultivars were Auto CBG, Sour Citron, Sour RNA Seedless, Fruity Petals, Lady Lee,
Maverick and Rincon. Despite producing lower average yields, daylength-neutral cultivars (Auto
CBG, Maverick, Sour Citron and Sour RNA Seedless) required less vegetative growth which can
be beneficial for producers looking for a crop with a shorter production time. Pipeline was the
highest-yielding daylength-neutral cultivar in this study, which can be a useful recommendation
to producers. There is an overall positive correlation between the final height and yield of hemp
plants.

The concentration of CBD, CBDa, CBDV, A9-THC and THCV throughout different
plant strata (top, middle and bottom strata of the entire plant) were significantly similar in both
field and greenhouse-grown hemp plants. CBDa was the only cannabinoid that was highest in the
top portion of the plant when analyzed in ‘Fruity Petals’ hemp grown in the greenhouse. CBDa
and THCV were higher, although not significantly, in the top portion of several field-grown
hemp cultivars than the middle and bottom portions. Processors may be interested in knowing
which portion of the plant their buds are harvested from, as the increase and or decrease in
particular cannabinoid levels may be critical for particular medications and holistic products.
Greenhouse-grown essential oil-type hemp cultivars have uniform flowering response times and

harvest intervals. This research provides a good base of information regarding the complex
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interactions between cultivar type, cannabinoid concentration, plant maturity and optimum
harvest windows. Future studies should be conducted to evaluate further cannabinoid analysis
with fewer cultivars and greater repetitions, and if the results found herein agree with those
findings.

During the development of this thesis, total CBD and THC levels were reported to reach
their peak 28 and 30 days after anthesis, respectively (Linder et al., 2021). The findings of the
weekly cannabinoid analysis of greenhouse-grown hemp plants in this thesis had similar results
that support the findings in Linder et al., (2021). Cannabinoids A 9-THC and CBD and their
molecular precursors THCa and CBDa display similar developmental patterns throughout the
flowering period. Both the CBDa and THC content increase with time, which can incentivize
producers to sample their product throughout the flowering period to ensure desirable
cannabinoids are at sufficient concentrations while THC levels remain compliant.

Future research should compare industrial hemp growth in the field, hoop house and
greenhouse to determine optimal production systems in Louisiana. Hemp is a new agricultural
commodity providing many opportunities for producers and industry personnel. The research and
discoveries provided in this thesis provide valuable information on the production practices,

cultivar selection and cannabinoid analysis of essential oil-type hemp.
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APPENDIX. Visual assessment of hemp bud.

Visual assessment of bud quality produced by 28 essential oil-type hemp cultivars grown in the

greenhouse.
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