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Current post doc in David Wright’s bioenergy lab at NFRECNew dedicated non-edible industrial oil for drop-in aviation biofuel feedstock grown in South GA, South AL and North Florida. This crop has a 5 year research history and 4 year of commercial production within the region.Present 1 year of data on nitrogen and sulphur effects on carinata seed and oil productivity. Our main objective is to refine N and S recommendation in the tristate region.



 Nitrogen (N) is generally the limiting nutrient in carinata production

 N fertilizer cost is the most expensive of the variable production costs 
(~40% of input costs)

 Oilseed brassicas have a high S requirement. Soil sulphur content has 
an effect on yield response (Walker and Booth, 2003)

 Nitrogen and S are both vital structural elements needed for synthesis 
of proteins and oils

 Sulphur availability has an effect on glucosinolate and oil content

 Nitrogen may not be fully utilized if S is deficient

 Optimum N and S rates  required to increase yield and profitability

Introduction
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Presentation Notes
Nitrogen is the limiting nutrient in carinata yield and accounts for 40% of all production costs. Oilseed brassicas also have a high S requirement. S is critical for oil synthesis, protein formation and also of secondary metabolites, glucosinolatesPrevious research has found that N uptake and use in brassicas depends on the availability of S. Nitrogen may not be fully utilized if S is deficientAs a result, optimized rate of N and S application is required to increase yield, oil and oil quality and profitabilityObjective



 To quantify the effects of N and S application rate on carinata growth, 
yield components, seed and oil yields

Objective
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Presentation Notes
To quantify the effects of planting date, N application rate and timing on carinata growth, seed and oil yield, yield components and oil composition  



 Greenhouse study, NFREC, Quincy, FL

 Planted Dec. 2 2015 

 Treatment imposed on Jan 9 2016
(38 DAP)

 Four treatments 

1. 100 N, 100 S (+N +S)
2. 100 N, 0 S (+N –S)
3. 0 N, 100 S (–N +S)
4. 0 N, 0 S (–N, –S)

 Modified Hoagland solution 

 Harvested April 12 2016 
(132 days after planting, 94 DAT)

Materials and Methods

39 DAP

Soil pH %OM N P K
Sand 6.1 0 0.01 42 0



Effect of N and S nutrition on B. carinata and napus growth
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92 DAP

+N +S

+N +S

+N –S

+N –S

– N +S

– N +S

– N – S

– N – S



Effect of N and S nutrition on B. carinata and napus physiology
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 Sulphur does not have an effect when N is limited
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Effect of N and S nutrition on B. carinata and napus seed yield
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Effect of N and S nutrition on B. carinata and napus pod numbers

Species = 0.0003; Treatment = <0.0001; Species*Treatment = 0.0637

15% ↓

75% ↓
76% ↓



Treatment

+N+S +N-S -N+S -N-S

P
ro

te
in

 c
on

te
nt

 (g
 k

g-1
)

0

100

200

300

400

500
Carinata
Napus

Treatment
+N+S +N-S -N+S -N-S

O
il 

co
nt

en
t (

g 
kg

-1
)

0

100

200

300

400

500

600

Effect of N and S nutrition on B. carinata and napus protein and oil

Species = 0.06; Treatment = <0.0001; Species*Treatment = 0.05

10% ↑

30% ↑ 28% ↑

17% ↓

47% ↓ 46% ↓



Treatment

+N+S +N-S -N+S -N-S

O
il 

yi
el

d 
(m

l p
la

nt
-1

)

0

2

4

6

8

10

12

14

Carinata
Napus

Effect of N and S nutrition on B. carinata and napus oil yield
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Summary 

 Sulphur limitation changed the physiology (photosynthesis, conductance 
and transpiration) of carinata only when N was optimum.

 Seed yield was responsive to S availability only under optimum N 
conditions.

 Oil concentration increased with nutrient stress.

 Oil yield did not change with S availability when N was optimum. When N 
was limiting, oil yield decreased by 72% regardless of S availability.
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Materials and Methods

 2-yr field study conducted at NFREC, Quincy FL during the 2015/2016 and 
2016/2017 winter/spring growing season

 Two factor factorial in RCBD with four replications of N-fertilization rates and 
four S-fertilization rates 

 Treatments: 
 N rates (0, 45, 90 and 135 kg N ha-1)
 S rates (0, 17, 34 and 51 kg S ha-1) 

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

 N applied at planting (25), bolting (50) and flowering (25) and S applied at 
planting (50) and bolting (50)

Presenter
Presentation Notes
Conducted at NFREC during 2015/2016 seasonExperimental design 2 factor factorial with 4 reps , 4 N rates and 4 S ratesN was applied at Planting, Bolting and Flowering in ammonium nitrateS applied at planting and bolting as sulphate of potash



Materials and Methods

2016 2017

Variety 110994EM

Planting date Dec. 1 2015 Nov. 14 2016

Seeding rate 5 kg ha-1

Row spacing 30.5 cm

Plot size 2m × 6 m

Harvested area 9.3 m2

Harvest date June 3 2016 (185 DAP) May 16 2017 (183 DAP)
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Weather, Quincy, FL

2016 2017

Presenter
Presentation Notes
In 2016, it was warm and wet.Temps in Quincy were above historical averages, considered a mild winder.  An 58% increase in rainfall over long-term avgIn 2017 was warm and dry relative to 2016.  Despite the overall warm temperatures in March, most of north Florida experienced a hard freeze after a mid-month strong cold front. Rainfall was 7% greater than the long term average.



P K Mg Ca S B Zn Mn Fe Cu pH CEC

kg ha-1 meq/100g

68 136 168 874 40 0.34 6 16 28 0.45 6.5 5

M M A A M L A L A L

Soil chemical properties

Soil extractable nutrients (Mehlich 1)
Dothan sandy loam 
(fine, loamy siliceous, thermic Plinthic Kandiudults)

P K Mg Ca S B Zn Mn Fe Cu pH CEC

kg ha-1 meq/100g

53 159 95 610 3 0.4 3.2 9 17 0.4 5.9 3.7

M A M M L L M L A L

2016

2017
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The study was conducted on a well drained mineral soil, a Dothan sandy loam with medium to adequate levels of macronutrients. Plant available S was moderate in 2016 and low in 2017. 



2016 and 2017: N modified carinata growth

N rate = <0.05, S rate = > 0.05, N rate × S rate = > 0.05

N rate
(kg ha-1)

Height Mainstem nodes Primary 
branches

Secondary 
branches Pods plant-1

cm no. plant-1
0 100.4 b 21.6 c 9.2 c 25.7 b 219.9 c

45 111.0 b 22.8 bc 9.7 bc 27.0 b 258.3 cb
90 115.0 ab 24.8 b 10.9 b 37.9 a 343.3 ab

135 133.1 a 28.3 a 13.5 a 43.1 a 393.7 a

2016

2017

N rate
(kg ha-1) Height Mainstem nodes Primary 

branches
Secondary 
branches Pods plant-1

cm no. plant-1
0 86.9 b 20.2 c 8.3 c 8.6 c 108.3 d

45 93.2 b 18.9 bc 9.4 c 17.9 c 197.6 c 
90 107.6 a 21.3 ab 12.1 a 35.2 b 398.7 b

135 115.8 a 23.0 a 13.6 a 52.9 a 490.7 a

 Linear increase in plant height, nodes, branches and pods per plant with N rate 

Presenter
Presentation Notes
As expected, N modified plant growth, however S or NxS interaction  did not have an effect on measured parameters in both yearsHeight and node increased linearly with N rate, similarly primary and secondary branching and pods per plant also increased with N application rate.Plants in 2017 were generally smaller and less branched than in 2016.



2016 Carinata seed yield response to N and S application

N rate = 0.0015, S rate = <0.0001, N×S = 0.9427

Presenter
Presentation Notes
No interaction of N and  S on yield, however, significant N  and S main effects existThe rate of change in response is different at different NYield ranged from 2900 to 3400The maximum yield occurred at 130 kg NSulphur 2700 to 3450, each unit 15 lb of seedThe current sulphur recommendation is 34 kg/haMaximum yield occurred at 37 kg SSince farmers are paid for yield, we can optimize seed yield through N and S management



2017 Carinata seed yield response to N and S application

N rate = <0.0001, S rate = 0.0319, N×S = 0.8798

Presenter
Presentation Notes
Same as 2016, No interaction of N and  S on yield, however, significant N  and S main effects exist in 2017Seed yield increased linearly with N, each unit of N applied increased yield by 13 kg.Similar to 2016, the response to S rate was curvilinear. Maximum yield occurred at 42 units S.



2016 protein, oil content and yield as function of N and S rate 

N rate = <0.05, S rate = < 0.05, N rate × S rate = > 0.05

N rate (kg ha-1) Protein content Oil content Oil yield
g kg-1 L ha-1

0 323 c 398 a 1271.6 b
45 335 b 388 b 1373.6 ab
90 335 b 388 b 1419.0 a
135 350 a 372 c 1393.3 ab

S rate (kg ha-1)
0 336 ab 380 c 1133.6 c
17 341 a 385 bc 1339.7 b
34 333 b 388 ab 1499.5 a
51 330 b 394 a 1464.9 a

 Protein content and oil yield increased linearly with N rate, oil content 
decreased linearly with N rate

 Increasing S rate decreased protein content and oil yield while oil content 
increased linearly
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Presentation Notes
Sulphur did not have an effect on erucic acid, glucosinolates or protein concentration. Oil content increased with S rate while oil yield was similar in trend to the seed yield response. No NxS interaction  effect on  glucs, erucic, protein, oil and oil yield, N  and S main effectsErucic acid is a C22 monounsaturated FA that sets carinata apart from other oilseed brassicas. Traditional aviation fuel is composed of C9 through C13 molecules The longer carbon chain length of carinata oil allows for more efficient conversion into aviation fuel with reduced amounts of low-value secondary products such as LPG and naphtha when compared to other feedstocks used, such as C18 canola oilWe found that erucic acid decreased with N.Another important compound is glucosinolates which is a secondary metabolite with primary role in plant defense. Ted Stansly discussed the importance of GLS yesterday and its relationship with oil content.We found that gls increased with N rate. As expected protein content increased as well. On the contrary, oil content decreased with N rate. Oil yield is a function of oil content and seed yield.  Oil yield as a function of N was similar to the seed yield response. 



2017 protein, oil content and yield as function of N and S rate 

N rate = <0.05, S rate = < 0.05, N rate × S rate = > 0.05

N rate (kg ha-1) Protein content Oil content Oil yield
g kg-1 L ha-1

0 205 c 508 a 358.9 d
45 207 c 509 a 576.1 c
90 217 b 495 b 936.2 b
135 238 a 476 c 1103.4 a

S rate (kg ha-1)
0 215 500 663.3 b
17 216 498 741.9 ab
34 221 492 819.4 a
51 215 497 835.5 a

 Protein content and oil yield increased linearly with N rate, oil content 
decreased linearly with N rate

 Oil yield increased linearly with S rate
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Presentation Notes
Similar to 2016, Sulphur did not have an effect on erucic acid, glucosinolates or protein concentration. Oil content increased with S rate while oil yield was similar in trend to the seed yield response. No NxS interaction  effect on  glucs, erucic, protein, oil and oil yield, N  and S main effectsErucic acid is a C22 monounsaturated FA that sets carinata apart from other oilseed brassicas. Traditional aviation fuel is composed of C9 through C13 molecules The longer carbon chain length of carinata oil allows for more efficient conversion into aviation fuel with reduced amounts of low-value secondary products such as LPG and naphtha when compared to other feedstocks used, such as C18 canola oilWe found that erucic acid decreased with N.Another important compound is glucosinolates which is a secondary metabolite with primary role in plant defense. Ted Stansly discussed the importance of GLS yesterday and its relationship with oil content.We found that gls increased with N rate. As expected protein content increased as well. On the contrary, oil content decreased with N rate. Oil yield is a function of oil content and seed yield.  Oil yield as a function of N was similar to the seed yield response. Sulphur did not have an effect on erucic acid, glucosinolates or protein concentration. Oil content increased with S rate while oil yield was similar in trend to the seed yield response. 



Increasing seed and oil yield through nutrient management

Seed yield (kg ha-1)
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y = 113.2 + 0.39x; r2 = 0.98
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Oil yield is strongly correlated with seed yield providing opportunities to enhance oil output through N and S fertilizer application



Summary and conclusions

 Nitrogen modified plant height, branching patterns, pod numbers and seed 
weight. S application did not have an effect on these parameters

 Carinata seed yield increased with N and S application rates in both years

 Oil content and oil yield was responsive to S fertilizer application while 
glucosinolates and erucic acid remain unchanged

 Oil yield is strongly correlated with seed yield providing opportunities to 
enhance oil output through N and S fertilizer application



UF Carinata Team

March 29 2018, Brassica carinata Field Day | Quincy, Fl
Topics include carinata agronomy, fertility, pathology, pest management, weed 
management, markets and economics, insurance and contracts, research plot 
tours, commercial production site visit and more.....
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