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Presenter
Presentation Notes
Hello, my name is Ted Stansly and my advisors (Dr.’s David Wright and Ian Small) and I are located at the NFREC in Quincy, FL. Today, I will be talking about a secondary metabolite produced by all brassicas called glucosinolates, its various roles in the plant and environment, effects upon sulfur availability, and possible management strategies in a sustainable cropping system



Gluco∙sinol∙ate (GLS)

• A and nitrogen-rich 2˚ metabolite for defense 
against herbivory and soil-borne pathogens

• Over 130 described molecules with same backbone, 
but vary in function, location, and concentration                      
(Fahey et al., 2001; Tripathi & Mishra, 2007)

2

Glucosinolate
(GLS)

Isothiocyanate
(ITC)

- Glucose
H2O - Sulfate

Myrosinase

Others
Too!

Presenter
Presentation Notes
What is GLS? Well, as the name suggests the “Gluco” refers to the glucose, the “sinol” is a latin composite word for mustard oil containing the sulfur and nitrogen backbone, and the “ate” for the sulfate which also contains a sulfur. All brassicas produce GLS to defend themselves from herbivore and soil-born pathogens by “activating” it through hydrolysis by the enzyme myrosinase during cell rupture. Many types have been described varying plant by plant through its genetic components and environmental interactions.



Classes of Glucosinolates

Class AA Precursor Stability Location 

Aliphatic Alanine, Leucine,
Isoleucine, High Seed>sprout>

shoot>root

Indole Tryptophan Low-Med Roots and shoots

Aromatic Phenylalanine and 
Tyrosine Low Roots (mostly)

Bhandari et al., 2015
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• Aliphatic-GSL can be anti-nutritional and reduce 
palatability to livestock  (Cartea and Velasco, 2008; Fahey et al., 2001; Mawson et al., 1993)

• Indole and aromatic glucosinolates play important roles in 
plant defense (Clay et al., 2009; Hopkins et al., 2009)

Presenter
Presentation Notes
GLS are classified into 3 groups based on their chemistry derived from certain amino acid precursors. The location and concentrations can vary with growth stage and location in the plant. Aliphatic-GSL are the most stable, but least desirable since they concentrate in the seed leading to increased oil refinement costs and reduced palatability and nutritional benefits when seed meal is used for livestock feed. However, indoles and aromatic GLS play an important role in the plants defense and signaling pathways and should not be bred out if we are to maintain a resilient crop.



Sulfur for Oilseed Brassica

• Brassica oilseed crops have a higher demand for 
sulfur partially due to the production of GLS                                     
(McGrath and Zhao, 1999)

• Since 1980’s atm sulfur concentration decreased 87%
(www.epa.gov)

• Sulfur soil tests (i.e. SO4 -S ) remains largely unreliable 
due to the complexities of sulfur mobility in soil profiles 
(Dinkins and Jones, 2013; Horneck, 2001)

• Total GLS are decreased with limitation to sulfur 
availability in brassica. In particular, it has down-
regulated aliphatic-GLS producing genes                
(K. L. Falk, J. G. Tokuhisa, J. Gershenzon, 2007)

4

Presenter
Presentation Notes
Oilseed brassicas have always had a higher demand for sulfur inputs partially due to GLS production. How much sulfur is needed isn’t always clear. Plant requirements, sulfur dioxide concentrations in the atm, and the complexities of sulfur mobility in different soil environments make it difficult to assess how much is needed. One study has found that limiting sulfur availability can reduce aliphatic-GLS (the unwanted kind) while maintaining the indole and aromatics-GSL. This has lead me to think that perhaps there may be ways to help reduce certain GLS through sulfur management schemes without affecting plant defensive mechanisms or oil production.



Providing Ecosystem Services

• Isothiocyanates (ITC) suppress many types of plant 
pathogens, including nematodes via biofumigation
(Matthiessen & Kirkegaard, 2006)

• Suppression remained for months after ITCs have 
dissipated from the soil profile                                   
(Papavizas 1966; Lewis and Papavizas, 1971; Warton et al, 2003; Weerakoon et al., 2011)

• ITCs are strongly sorbed by the organic matter, but 
breakdown influenced by chemical, physical and 
biological properties (Gimsing & Kirkegaard) 
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Presenter
Presentation Notes
I know what you are thinking… “breeding for reduced GLS production will reduce sulfur inputs, perhaps cost in oil refinery, or even palatability of 



GLS = 
Glucosinolates

IPM = Integrated 
Pest Management

BMP = Best 
Management 
Practice
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Presentation Notes
This Venn diagram captures how I plan to evaluate GLS production and management in carinata in accordance to sustainable farming practices. The first step is to evaluate GLS production and movement in the plant minimizing outside influences. The next step is to induce various forms of stress (abiotic and biotic) on the plant and observe changes in GLS concentrations and profile, both in the greenhouse and again in field conditions. Lastly, use that information to help manage GLS production and pest suppression following best management practices and integrated pest management protocols in fields as needed.
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Genotype: AAC-A110

Presenter
Presentation Notes
This graph was derived from trials during my masters program on carinata looking at total GLS concentrations (y-axis) in plant tissue as it progresses through various stages of development (x-axis). As you can see, all of the plant tissues (stem in blue, root in orange and leaf in black) produce glucosinolates, but most are concentrated in the leaves during its vegetative stage. However, once carinata enters it reproductive stage then GLS are transported out of the leaves and stem and directed to the seed. When the seeds are agronomically mature and leaves have senesced you can see a sudden spike in GLS in the stem indicating a stop to the flow of GLS transportation mechanisms.



Objectives

1. Determine the effects of sulfur nutrition on B. carinata 
and B. napus seed yield, oil content, and GLS
 Under greenhouse and field conditions
 Using a range of GLS producing genotypes

2. Correlate seed characteristics to leaf chemical 
composition (i.e. elemental sulfur)

3. Determine if aliphatic-GLS can be reduced to a 
minimum without affecting aromatic-GLS or oil 
production
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One-Year Greenhouse Study

Design: RCBD (split) with 6 replications
Treatments: 1. Sulfur Rate*: 0, 33, 66, & 100%

2. Genotype: B. carinata (x3) & B. napus

Fertilization: *Modified Hoagland Nutrient Solution 
(S = Epsom salt, MgSO4)

Label Species Variety GLS (µmol g-1)
Control B. napus Canterra 1918 10 - 15
Low B. carinata Avanza 10 – 25 + 65
Medium B. carinata A120 60 - 80
High B. carinata AGR 137 100 - 140
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Results
0-S in Bolting Stage – 75 DAP

100-S in Flowering Stage –
75DAP

Leaf Cupping

30 DAP 

Red leaf margins (napus)
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Presentation Notes
Here is a visual representation of the results from last years greenhouse sulfur experiment. Early on, there was little indication of sulfur-deficiency. However, at 75 DAP it became clear that plants deficient in sulfur produced a great deal of leaf chlorosis and curling (carainata) and red leaf marigins (canola). Sulfur deficiency also induced a delay in development as seen with 0-S treatments compared to treatment with full nutrients solution.



Sulfur in Leaves

3.88  B 4.12 B

6.66  A 7.30 A

y = 0.0393x + 3.5084
R² = 0.909

2

3

4

5

6

7

8

0 20 40 60 80 100 120

Su
lfu

r (
g 

kg
-1

)

Sulfur Rate (%)
11

Response to 
sulfur inputs

Linear 
relationship

Sulfur 
increase with 
availability 

(p <0.001)

Presenter
Presentation Notes
This graph shows the strong positive linear relationship between elemental sulfur in the leaves (y-axis) and sulfur rates (x-axis).



Seed Yield and Sulfur Rate
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Presenter
Presentation Notes
This graph is comparing seed yield (y-axis) to sulfur rates indicating that there is a threshold to how much sulfur is need to maximize yield. As expected, they relationship is quadratic maximizing yields at about 86% sulfur from the complete Hoagland nutrient solution.



Seed Yield and Genotype

24.77

39.35

32.01

24.07

0

5

10

15

20

25

30

35

40

45

napus Car_Low Car_Med Car_High

Se
ed

 Y
ie

ld
 (g

 p
la

nt
-1

)

Genotype

A

AB

BB

13

Rate response 
to Genotype
(p <0.001)

Carinata low 
yielded 37% 
more then 
napus and 
carinata high

Low = Avanza
Med = A120
High = AGR 137

Presenter
Presentation Notes
Comparing genotypes to seed yield, carinata high (which is AGR137) produced about the same amount of seed (24g) compared to canola. However, you will be happy to know that Avanza preformed the best with almost a 40% in yield of about 40 grams of seed per plant. 



Seed GLS and Sulfur Rates
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Total GLS  
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(p <0.001)

Quadratic 
relationship

Max total GLS 
≈78.2%

Presenter
Presentation Notes
This graph shows total GLS concentrations in the seeds in umol/g of tissue on the y axis and sulfur rate on the x-axis
We found that GLS concentrations did respond to sulfur rates between 0 to 66%
There was a quadratic relationship between GLS concentration in the seeds sand sulfur rates 
Its maximum theoretical response to sulfur rate was 78.2%



Comparing Seed Characteristics

Variable 1 Variable 2 Spearman ρ P-value
GLS Oil -0.8138 <0.0001 ↓
Erucic acid Oil -0.4784 0.0007 ↓
Protein Oil -0.5849 <0.0001 ↓
Protein GLS 0.7932 <0.0001 ↑
Protein Erucic acid 0.7288 <0.0001 ↑
Erucic acid GLS 0.7536 <0.0001 ↑
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These results are typically found with oilseed brassicas

Presenter
Presentation Notes
Taking a look at seed characteristics, we see that there was a negative correlation between GLS, Erucic acid, and Protein when compared to oil production, but a positive correlation between protein and GLS or erucic acid and erucic acid to GLS



One-year Field study 

Two Locations: 
1. NFREC, Quincy, FL 

(30.53963°, -84.58422°)
2. PSREU, Citra, FL 

(29.40784°, -82.17596°)
Soil type:  

1. Norfolk loamy fine sand
2. Gainesville loamy sand
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Source: USDA Web Soil survey(WSS)

Quincy

Citra

Presenter
Presentation Notes
We also did various sulfur trials in Quincy and Citra last year under field conditions.



Experimental Design

Design: RCBD with 4 replications
Treatments: 1. Quincy: i. Species (B. carinata and B. napus)

ii. Sulfur rate (0, 11, 22, 34, 45 kg ha-1)
2. Citra: i. Sulfur rate (0, 17, 34, 50 kg ha-1)

ii. Application time (Split 2 and 3-ways)

Fertilization: N source: ammonium nitrate (34-0-0); S source: sulfate 
of potash (0-0-50-17). K levels were corrected with 
muriate of potash (0-0-60)

Quincy: N and S applied at planting (20%), bolting (40%) 
and flowering (40%)

Citra: 2-way split: at planting (50%) and bolting (50%)

3-way split: at planting (20%), bolting (30%) and 
flowering (50%)
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Presenter
Presentation Notes
The experimental design was a RCBD with 4 replicatioins. In Quincy we looked at 2 factors that include species (between b.carinata and .napus) and sulfur rates with (with 4 sulfur rates and a control). For Citra, we looked at 3 sulfur rates and a control and the timing of sulfur application split 2 or 3 ways. 
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Presenter
Presentation Notes
This is Chuck the to the left and Maynard to the right (thanks guys for all your help) and plots in citra and Quincy



Seed Yield Response to S-rate
Quincy, FL
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Presentation Notes
These are the yield results in Quincy field experiments and unfortunately there was no discernable patterns found. 



Seed Yield vs Species
Quincy, FL
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Main effect: Species (p < 0.05)
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In fact, this lead to carinata yield averages being significantly lower then napus, something we are not used to seeing.



Seed Yield vs Sulfur Rate
Citra, FL
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Main effect: None (p < 0.05)
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In Citra, there were increased yields, but no differences among treatments.



GLS vs Sulfur rate
Citra, FL
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Presentation Notes
The only difference observed was the first sulfur treatment from 0 to 17 kg/ha increased GLS production by about 15%



Planting and Harvesting
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Quincy Citra
Planting Date 1/5/2017 12/8/2017

Harvest Date 6/9/2017 5/18/2017

Seeding Rate 6.73 kg/ha 
(6 lbs/A)

6.73 kg/ha 
(6 lbs/A)

Row Spacing 30.5 cm (12in) 35.56 cm (14 in)

Plot Size 2.4m x 6.1m 2.4m x 6.1m

Plot Area 14.6 m2 14.6 m2

Nutrient Analysis for Quincy, FL
kg ha-1 meg 100g-1 pH

P K Mg Ca S B Zn Mn Fe Cu CEC Soil pH Buffer
29 178 171 687 41 0.2 3.4 9 24 0.5 5.1 5.8 7.7

Presenter
Presentation Notes
In quincy, there were complication with germination in the research plots so it was replanted and soil tests of the replant did show that there may have been adequate sulfur in that soil which could have influenced the results of the experiment.



Weather Conditions
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Temperature (range): 
13.9 – 24.6 °C at Quincy
16.9 – 24.4 °C at Citra

Average Rain (range): 
1.02 – 24.6 cm at Quincy
0.08 – 32.2 cm at Citra

Solar Radiation (range):
98.0 – 238.6 cm in Quincy
109.4 – 250.1 cm in Citra
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In addition, weather conditions were fairly similar except for the high rainfall in Quincy causing moderate washout to research plots.



Summary and Conclusion

• Both seed yield and GLS concentrations respond to 
sulfur rates producing similar quadratic response 
curves

• B. carinata can produce more glucosinolates (67.7%), 
erucic acid (33.2%), and protein (10.7%) then B. napus

• Leaf sulfur concentrations could be used as an 
indicator for seed GLS concentrations and possibly 
yield at harvest
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Next Steps (now underway)

• Run similar sulfur trials, but under nutrient deficient 
field conditions and variable soil types (i.e. locations)

• Identify the classes of glucosinolates within plant tissue 
and their responses to sulfur availability

• Biotic stress response (e.g. RKN, Sclerotinia) to 
glucosinolate production

• Identify classes of glucosinolate that increase 
resistance to specific plant pathogens in various tissue 
organs  resistant genotypes
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Presenter
Presentation Notes
Brassica carinata is an oilseed crop with the capacity to produce high concentrations of long-chain fatty acids which increases the conversion efficiency into biojet fuel. This is a species which originated from the arid environments of the Ethiopian highlands and therefore can be grown on marginal lands with minimal input. Evidence suggests that this crop can not only increase revenue but also add ecosystem services and a good candidate for Florida’s winter season. The seed meal contrains high protein content and therefore would make for great feed for livestock. However, certain phytochemicals must be removed since it can reduce palatability and even be detrimental to the health of livestock.



Thank You!
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2013

Presenter
Presentation Notes
Figure 1. The stages chosen were, according to Berkenkamp (1973): 1.4 (four leaves), 2.3 (pedicels elongating), 3.1 (many flowers open) and 4.0 (seeds in lower pods full size).
Results 1. As a juvenile, carinata had a about 40umol/g of GLS in the roots compared to rapa (10), nigra (25), or juncea (25). However, this continuously declined to 10umol/g as the plant matured. 
When we look at the composition of the GLS in the roots we see that they were mostly (80%) aliphatic-gls with the rest being aromatic-gls and traces of indole-gls. This was similar in proportion for all other species except rapa. When this was further investigated, the rapa species was a variety called harmoni which is a ‘00’ types. This confirms some of the idea that much of the success in the ‘00’ variety not only stems from the reduction of glucosinolate in the seed (transportation genes), but also the type of glucosinolates (aliphatics). This allowed for the aromatics and indoles to remain functional in the plant and keeping it resistance and responsive to attck from pests and suppression of diseases. 



Are GLS Bad for Business?

If GLS is bred out then:
• Reduce S inputs
• Reduce refinery steps
• Increase palatability
= $$$ (…not really)

Ex. B. rapa ‘Harmoni’
• ‘00’ (GLS, Erucic acid)
• Reduction in seed GLS + 

specifically all aliphatics
• Rest had high indole 

and aromatic-GLS
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A polish spring rape was introduced in the 1960’s with 
low GLS, possibly due to transporter gene knockout 
(McGrath and Zhao, 1999)

Presenter
Presentation Notes
I know what you are thinking… “breeding for reduced GLS production will reduce sulfur inputs, perhaps cost in oil refinery, or even palatability of 



Seed GLS and Leaf Sulfur
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There was a positive correlation in both genotypes between GLS in seeds and leaf sulfur concentrations
Both genotypes had similar utilization of sulfur for GLS production in the seeds




Carhigh = 5.6241x + 2.5133
R² = 0.5547

Carlow= 3.2637x - 3.4615
R² = 0.66420
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correlation of 
in genotypes

Stronger in 
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Presentation Notes
There was a positive correlation between seed yield and leaf sulfur concentrations in carinata high and low genotypes
carinata low had a stronger correlation then carinata high
carinata high an increase in direction indicating increased sulfur utilization for the production of seed



High-throughput Nematode Assay
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Erioglaucine (egg mass)

Acid Fuchsin (nematodes)

Stain
30 DAP



HPLC Data (so far) - Canola
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