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Abstract

The UNTWIST project is based on the premise that the unravelling of stress adaptation mechanisms in the
naturally resilient and native European oilseed crop camelina, which has not yet undergone intensive breeding,
will reveal successful stress adaptation strategies, which can be exploited for increasing yield stability in adverse
and changing environmental conditions of camelina and other crops. Within this scope, the main objective of
WPS5 is to identify optimized agronomic management strategies for different relevant European cropping
systems in four different countries (Spain, Italy, France & UK). Task 5.1 “Integration of camelina as a cover crop
for marginal land” was designed to address the cultivation of a long/medium cycle camelina variety as an oilseed
alternative in marginal land with high desertification risk and to include camelina in the existing rotation scheme
of barley + fallow. To identify the optimal agronomic protocol for these conditions, 32 microplots on a factorial
design have been implemented during three consecutive growing seasons testing 2 sowing dates (optimal vs.
delayed = autumn vs. winter), 2 seeding strategies (row seeding vs. broadcasting) and 2 fertilization rates (60

vs. 120 kg N/ha).

After 3 years of trials, the optimized agronomic protocol for the integration of camelina as a cover crop for
marginal land was identified:

e Early sowing: Autumn sowing in October — November
e Rows sowing
e Fertilization with 60 kg N/ha

The parameter which had the greatest impact on the performance of this crop was the sowing date followed
by the sowing strategy and fertilization rate. The lack of rains (especially during Years 2 and 3) probably
affected the availability of nitrogen and other nutrients (even though fertilizer was applied), corroborating
that climate is the limiting factor for agricultural production in marginal areas of Spain.

The productive results shown in this deliverable are far from the yields achievable in Spain. This is due to the
extreme climatic conditions during all 3 years of trials, including a snowstorm that blocked Madrid for more
than a week in 2021 and a very severe drought and record temperatures in 2022 and 2023, with 2 and 5
consecutive months without rainfall, respectively, and max. temperatures reaching 35°C in April and May
(affecting camelina flowering and grain filling). These conditions generally affect more small microplots trials
than farmers’ fields, so the productive results of the present document do not reflect the actual yield of
camelina crop in Spain, which among farmers ranges from 700 kg/ha in the poorest fields and conditions to

1.500 kg/ha on average conditions.
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1. Introduction

1.1 Background

Current agriculture is facing a difficult time. The limited portfolio of profitable and feasible crops and the
unstable climate make the farmer's task challenging. This situation is particularly serious in regions where the
soil is already affected by degradation processes. In this scenario, the camelina crop emerges as an achievable
alternative. Its resilience and plasticity make camelina an interesting choice for these regions where other

established crops are not or no longer viable.

Camelina Company Espafia (CCE) is the pioneer introducing camelina in the European agriculture. CCE has
developed new camelina varieties adapted to the increasing challenging climatic conditions to provide the
farmers with profitable crop alternatives for their rotations while covering the soil and reducing soil erosion. In
parallel, since its beginnings CCE has been adapting the camelina cultivation protocol together with farmers. In
Spanish agriculture, the most usual camelina rotation is with barley (Oct/Nov-Jun/July) or other winter cereals,

as an alternative to a fallow period.

The UNTWIST project aims to provide comprehensive, systems-based knowledge on key mechanisms
underlying crop stress tolerance strategies to adverse environments, to develop accurate models for the
prediction of crop performance and to identify markers indicative of crop performance under stressful
conditions. In the long-term this will improve crop resilience and yield stability in changing, challenging climates
and contribute towards increasing the overall sustainability of European agriculture.
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Figure 1: UNTWIST explores the stress response mechanisms of camelina

The main objective of WP5 is to identify and test camelina as an exemplary climate-adapted crop. Work in WP5
seeks to demonstrate how optimized agronomic management strategies for novel climate smart crops can be
integrated into the diverse climates of European cropping systems, addressing the genotype x environment x
management interaction factor in the field. Tailored agronomic management for local cropping strategies in

% i 2 THIS PROJECT HAS RECEIVED FUNDING FROM THE EUROPEAN UNION’S HORIZON 2020 RESEARCH
o AND INNOVATION PROGRAMME UNDER GRANT AGREEMENT NO 862524
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combination with the most suitable resilient camelina lines are identified for the implementation of trials in the

participating countries.

Concretely, the Deliverable 5.1, addresses the selection of an optimized protocol for the cultivation of a medium
cycle camelina variety to be included into the typical existing rotation scheme of barley + fallow period in semi-
arid dryland areas in Southern Mediterranean Europe. The experimental trials have been conducted in areas of
marginal land in Spain during 3 consecutive campaigns, testing the combinations of two different sowing dates,
two sowing strategies and two fertilization rates. The selection criteria to identify the optimized management
has considered seed yield (kg/ha), seed weight (Thousand Kernel Weight), oil and protein contents (%).

Details on the implementation, the results and conclusions are presented below.

THIS PROJECT HAS RECEIVED FUNDING FROM THE EUROPEAN UNION’S HORIZON 2020 RESEARCH
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2.1 Reference camelina variety & agronomic protocol

UNT5 a medium cycle camelina variety (8-9 months) was selected as an oilseed alternative in marginal land
with high desertification risk to include into the typical existing rotation scheme of barley + fallow period in

semi-arid dryland areas in Southern Mediterranean Europe.

The reference protocol in Spain was:

Autumn sowing
Seeding rate of 800 seeds m?

15-cm-row distance
Top-dressing fertilization with 60 kg N/ha
Combine harvesting at full maturity (i.e., seed moisture of about 8%).

2.2 Trial design

The following factors were tested in a factorial design in comparison with the reference protocol:

2 sowing dates (SD; optimal vs. delayed = autumn vs. winter)
2 seeding strategies (row seeding vs. broadcasting)
2 fertilization rates (60 vs. 120 kg N/ha)

In total 32 plots have been established each year with the following design:

1st SD

2nd SD

w

1st SD - Broadcast - 120 FU-4

st SD - Rows - 120 FU
=

1st SD - Broadcast - 60 FU-4 1st SD - Rows - 60 FU-4
1st SD - Broadcast - 60 FU-3 1st SD - Broadcast - 120 FU-3 1st SD - Rows - 60 FU-3
1st SD - Broadcast - 120 FU-2 1st SD - Broadcast - 60 FU-2 1st SD - Rows - 60 FU-2
1st SD - Rows - 60 FU-1 1st SD - Broadcast - 60 FU-1
7
I 2nd SD-Rows-120FU-4 | 2nd SD - Broadcast - 120 FU-4 2nd SD - Broadcast - 60 FU-4 2nd SD - Rows - 60 FU-4
3 2nd SD - Broadcast - 120 FU-3 2nd SD - Rows - 60 FU-3 2nd SD - Broadcast - 60 FU-3
2nd SD - Broadcast - 120 FU-2 2nd SD - Broadcast - 60 FU-2

N

1 2nd SD - Broadcast - 120 FU-1

2nd SD - Rows - 60 FU-2

2nd SD - Broadcast - 60 FU-1

Figure 2: Design of the trials
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2.3 Location of the trials

In years 1 and 2, the trials were located at IMIDRA, the Madrid Research Institute for Rural, Agrarian and Food
Development. In year 3, the trial was performed in a plot rented by CCE at Daimiel (Ciudad Real), where the

company started to conduct its own trials in this campaign.

~2 \

.\ ‘ /_" \
~@® | Year 3:; Daimiel farm. Ciudad Real |

R f

Figure 3: Location of the trials

2.4 Agricultural labours and climatic data

2.4.1 Year 1 (2020-2021)

The agricultural labours performed in this trial include:

11" November 2020: Last preparation of the land and background fertilization (200 kg/ha “15-15-15")

2" December 2020: 1 sowing
15t December 2020: Evaluation of germination and first counting
15" February 2021: Dressing fertilization (up to 60 kg N/ha N & 120 kg N/ha treatments) in 1 SD

18" February 2021: 2" sowing
23" February 2021: Dressing fertilization (up to 60 kg N/ha N & 120 kg N/ha treatments) in 2" SD

21° June 2021: Harvest of both sowing dates

The climatic chart is shown below:

THIS PROJECT HAS RECEIVED FUNDING FROM THE EUROPEAN UNION’S HORIZON 2020 RESEARCH
AND INNOVATION PROGRAMME UNDER GRANT AGREEMENT NO 862524
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Figure 4: Climatic conditions during camelina growing cycle in Year 1
2.4.2 Year 2 (2021-2022)
The agricultural labours performed in this trial include:
— 20% December 2021: Last preparation of the land and background fertilization (100 kg/ha “15-15-15")
— 23" December 2021: 1% sowing
— 26" January 2022: 2" sowing
— 19* January: Top dressing of 1 sowing date plots in cotyledons (up to 60 & 120 units of N)
— 16" March 2022: Top dressing of 2" sowing date plots in cotyledons (up to 60 & 120 units of N)
— 1% June 2022: Harvest of 1°* & 2" sowing dates
50 - - 50
g —
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Figure 5: Climatic conditions during camelina growing cycle in Year 2
11
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2.4.3 Year 3 (2022-2023)

The agricultural labours performed in this trial include:

— Mid-November 2022: Last preparation of the land and background fertilization (100 kg/ha “15-15-15")
— 29" November 2022: 1% Sowing

— 18" January 2023: 2" sowing

—  Mid-January 2023: Top dressing of 1% sowing date (up to 60 & 120 units of N)

— Mid-February 2023: Top dressing of 2" sowing date (up to 60 & 120 units of N)

— 20" June 2023: Harvest of 1% sowing date

— 24" July 2023: Harvest of 2" sowing date

50 - - 50
o) e
1 o
o 30 4 i L 35 =
g 20 1 F 30 _E,
B \ ' [ 5
ém- \ Nm\‘_ -20%
& 0 4 J \ L 15 =
- 10
-10 4 | .
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Figure 6: Climatic conditions during camelina growing cycle on Year 3

2.5 Trials monitoring

All the trials were monitored periodically on site, from sowing to harvest. Data gathering was performed with
tablet devices equipped with camera and Phenome Networks software.

Phenome Networks software is composed by a main system module that is used as a core structure managing
all research data. Complementary module PhenoTop is the mobile application used for remote data collection,
it can work offline to synchronize observations, photos, and selections taken in the field. Finally, the analysis
module is an interactive dashboard with various functional, statistical analyses and visualizations.

This software allows to upload the trial designs and microplots with their codification and the creation of
tailored forms to record the different parameters to be monitored, as well as to upload pictures of each micro-
plot with a mobile device. The plots can be ordered then in the direction that is most convenient for the person
monitoring the assays. Observations are recorded each time the field trial is monitored and stored in the
Phenome cloud. The collected data can be statistically analysed within the Phenome platform / analysis module
and downloaded in an Excel file if needed.
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Periodically monitored parameters included:

Plant establishment (plants/seed)

A plant emergence count (plants/m?) was performed on each trial at cotyledon stage and at the following visits
prior to bolting. This record of the first development stages of camelina provides an indication of how plants

germinate and become established.

Plant establishment is calculated as follows:

Plant Emergence (51—12)

Plant establisment =
seeds)

m2

Sowing rate (

Plant establishment provides information on how the different treatments affect the success of plants taking
root in the soil, and it can also be an indicator of competition among the plants.

Green canopy: (%) of soil area covered
At the same time as the emergence count, green canopy was measured by analysing three pictures randomly
taken at the same height in each microplot with the Canopeo App in a mobile device. The average value of three

pictures was recorded on Phenome App.
This value indicates the proportion of the soil surface covered by green canopy through image pixel analysis on

colour ratios of red to green (R/G), blue to green (B/G) and an excess green index (2G—R—B). Thus, the green
canopy measurement can be an indicator of the development of plants under different treatments, of their

architecture and of the homogeneity of the sowing.
A good soil coverage at the initial phases of camelina development helps to control weeds quite efficiently,

thanks to camelina’s ability to compete with weeds.

Days to flowering

The phenological development stage of the crop according to the BBCH-scale was recorded at each visit to the
plots, so that the days until flowering can be summed up. This parameter is generally influenced by the crop
variety, but also by the climatic conditions and plants nutrition.

Weeds infection (pl/m?)
Weeds count was performed on each trial as soon as they appeared in at least one of the microplots during

camelina cycle.
Differences on total weed count can give an idea on the influence of the different studied techniques on weed

infection capacity, either directly (e.g., facilitating their emergence through certain labours) or indirectly (e.g.,
leading to a weaker crop competence due to a poorer crop establishment).

g ”; THIS PROJECT HAS RECEIVED FUNDING FROM THE EUROPEAN UNION’S HORIZON 2020 RESEARCH
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Lodging (scale 1 to 5)
If lodging tendency of the plants is high, this can make harvest difficult. This phenomenon is not only linked to
plant genetics and architecture or sometimes to extreme climatic events (hail or very strong winds), but can

also be provoked, for example, by high seed productivity and weight or an excess of nitrogen.
An evaluation of this parameter during the field visits after flowering was performed using a scale from 0 to 5,

0 being the total absence of lodging and 5 when the plants of the microplot are completely bended over the

ground.

Final plant height (cm)
In general, plant growth is influenced by the plant genotype and by abiotic factors, mainly light, temperature,

water availability, humidity, and nutrition.
The final average plant height of the camelia microplots was recorded to evaluate the effect of the two different

fertilization rates, the sowing techniques and sowing dates on plant growth.

2.6 Laboratory analyses

After harvest, each replicate was cleaned, conditioned, and analysed to determine the performance of each

treatment according to the project objectives.

2.6.1 Threshing and purification

Fruit threshing and seed cleaning process were performed with a Thresher LT-15 Haldrup and a SLN cleaner
(Pfeuffer) to remove impurities and prevent their interaction in subsequent analysis.

Figure 7. Threshing and cleaning machinery

Thresher LT-15 Haldrup (left) and SLN seed cleaner PFEUFFER (right).
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2.6.2 Seed weight quantification

Yield (kg/ha)
Once the harvested sample of each treatment and replicate was cleaned, each sample was weighed and yield

was calculated taking into account the microplot surface to obtain the result in kg/ha

Thousand Kernel Weight (g) - TKW

Thousand kernel weight (g) was measured with a precision scale and a seed counter (Contador, Pfeuffer)

Figure 8. Seed counter (Pfeuffer)

2.6.3 Seed composition
Samples were analysed by a Near Infrared Spectroscopy (NIRS) device. Measurements of humidity, fat (total

oil) and crude protein content were obtained for each sample

Figure 9. Near Infrared Spectroscopy device (FOSS DS2500)
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Seed oil content (%)
Seed oil content on a dry basis was calculated from the data obtained from NIRS as follows:

) Total oil (%)
Seed oil content (%) = (100 — % Moisture) * 100

Seed protein content (%)
Seed protein content on a dry basis was calculated from the data obtained from NIRS as follows:

Total protein (%) 100
*
(100 — % Moisture)

Seed protein content (%) =

16
THIS PROJECT HAS RECEIVED FUNDING FROM THE EUROPEAN UNION’S HORIZON 2020 RESEARCH
AND INNOVATION PROGRAMME UNDER GRANT AGREEMENT NO 862524



Optimized agronomic protocol for camelina as a cover crop for marginal land
$e00C%%000c0000 "

UNTW3sT

3. Results & discussion

The statistical analysis of the data from the trials in Spain with camelina as a cover crop for marginal land is
presented below with some pictures and an analysis of climatic conditions of each year of trial.

It should be noted that the productive results shown in this deliverable are far from the yields achievable in
Spain. This is due to the extreme climatic conditions during all 3 years of trials, including a snowstorm that
blocked Madrid for more than a week in 2021 and a very severe drought and record temperatures in 2022 and
2023, with 2 and 5 months in a row without rainfall, respectively, and max. temperatures reaching 35 2C in April
and May (affecting camelina flowering and grain filling). These conditions generally affect more small microplots
trials than farmers’ fields, so the productive results of the present document do not reflect the actual yield of
camelina crop in Spain, which ranges among farmers from 700 kg/ha in the poorest fields and conditions to

1.500 kg/ha on average conditions.

3.1 Comparative overview of climatic conditions

Before analysing the data obtained from the three years of trials, the climatic charts of each year and the crop
phenology of each sowing date are shown to better understand the results and the conclusions drawn.

3.1.1 Year 1 (2020-2021)

First sowing date (2" December 2020) Second sowing date (18" February 2021)

Pictures taken on the 13%" April 2021

Figure 10: Pictures from Year 1 trial
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Figure 11: Year 1 climogram and phenology cycles. IMIDRA (Alcalad de Henares, Madrid)

In Year 1, both sowings took place when soil moisture was adequate and both received some rains a few days
after sowing. Snowstorm Filomena occurred in mid-January, covering the 1%t sown plots with snow for more

than a week, and just before mid-February, heavy rains caused some flooding delaying 2™ sowing.

The total rainfall during the plant cycle was 217 mm for the 1% sown plots and 125 mm for the 2" sown plots.
There was a drought period in March just before 1% sown plots started flowering, but maximum temperatures
during flowering did not reach 30°C. Flowering lasted longer in the earlier sown plants, as expected.

3.1.2 Year 2 (2021-2022)

First sowing date (23" December 2021)

Pictures taken on 5t May 2022

Second sowing date (26" January 2022)

Figure 12: Pictures from Year 2 trial
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Figure 13: Year 2 climogram and phenology cycles. IMIDRA (Alcala de Henares, Madrid)

Rainfall (mm)

In Year 2, there was a long drought period in January and February, which mainly affected the emergence of
the 2" sown plots. 1t sown plots, on the other hand, received 20 mm rain in the 4 days following sowing. The
trials then received important rains in March and April, just before flowering. In mid-May, maximum
temperatures reached 35°C during several days, accelerating crop maturation and affecting grain filling and

harvest. Flowering and maturing periods were reduced.

Total rainfall during crop cycle was only 157 mm for the 15t sown plots and 124 mm for the 2" sown plots.

3.1.3 Year 3 (2022-2023)

14 March 2023

15" May 2023

1st sowing date on the left (25" Nov 2022) & 2nd sowing date on the right (18 Jan 2023)

Figure 14: Pictures from Year 3 trial
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Figure 15: Year 3 climogram and phenology cycles. Daimiel (Ciudad Real).

In Year 3, the experiment was performed at the new CCE experimental fields in Daimiel (Ciudad Real). 15*sown
plots received important rains 5 to 15 days after sowing (73 mm) while 2" sown plots were sown in plain
drought.

From 18 January to 24" May (127 days consecutive days) only 7 mm of rain was collected, and the whole
country experienced the most severe drought in many decades, together with some monthly temperature
records since data have been recorded. Maximum temperatures exceeded 30°C in late April/early May,
reaching 38°C on 27" and 28" April.

Flowering period was shortened specially in the 2" sown plots and maturity was reached before the end of
May in the 1%t sown plots. From 25" of May until the end of June there was quite heavy rains in the whole
country, delaying 1°t harvest of sown plots until 20" June. 2" sown plots which had not been harvested by then,
produced new flowers and their harvest had to be delayed. Then CCE’s microplot harvester had to be repaired,
so that the 2" sown plots could not be harvested until 24" July.

Due to these extremely adverse conditions, crop development, pod production and grain filling, as well as final
yield achieved, were affected. Total rainfall during crop cycle was only 191 mm for the 1 sown plots and 110
mm for the 2" sown plots. 94 mm of this fell in June, when both sowings were almost ready for harvest.

3.2. Data analysis & discussion

In the Grant Agreement, it was agreed that the optimized agronomic protocol for tasks 5.1 to 5.4 shall be
selected based on the following parameters, from most relevant to less relevant: seed yield (kg/ha), seed
weight (TKW), oil and protein contents (%). Nevertheless, some other parameters were monitored, analysed
and shown below.

The main results of the three-way ANOVA are included in table 1. Interestingly, only sowing date played a role
on camelina productivity. The interaction between the factors considered was never significant. Each of the
monitored parameters included in table 1 are discussed in depth below in sections 3.2.1 to 3.2.6.
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Table 1 Main results of the ANOVA carried out on the data collected on the 3-year-trial in Spain comparing 2 sowing

strategies, 2 sowing dates and 2 fertilization rates.

Measurement Term F -ratio P-value
Plant establishment (plants/seed) | Sowing Strategy (A) 21,1 7e-06
Fertilization rate (B)* N/A N/A
Sowing Date (C) 10,98 0,001
AxB* N/A N/A
AxC 0,17 0,680
BxC* N/A N/A
Green canopy Sowing Strategy (A) 9,51 0,002
Fertilization rate (B) 0,24 0,6
Sowing Date (C) 2,27 0,1
AxB 0,78 0,377
AxC 1,06 0,304
BxC 0,15 0,7
Days to flowering Sowing Strategy (A) 0,13 0,7
Fertilization rate (B) 0,16 0,7
Sowing Date (C) 353,11 2e-16
AxB 0,01 0,9
AxC 0,12 0,7
BxC 0,14 0,7
Weeds infection (pl/m2) Sowing Strategy (A) 0,2 0,7
Fertilization rate (B) 0,34 0,6
Sowing Date (C) 18,17 3e-05
AxB 0,46 0,5
AxC 0,5 0,5
BxC 0,07 0,8
Lodging Sowing Strategy (A) 3,69 0,06
Fertilization rate (B) 0 1
Sowing Date (C) 22,27 6e-06
AxB 0,19 0,66
AxC 2,99 0,09
BxC 0 1
Final plant height (cm) Sowing Strategy (A) 2,97 0,09
Fertilization rate (B) 0,04 0,8
Sowing Date (C) 109,63 2e-16
AxB 0 0,94
AxC 2,25 0,14
BxC 0,16 0,7
21
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Measurement Term F -ratio P-value
Yield (kg/ha) Sowing Strategy (A) 1,13 0,3
Fertilization rate (B) 0,01 0,9
Sowing Date (C) 61,35 9e-12
AxB 0 1
AxC 0,02 0,9
BxC 0,08 0,8
Thousand Kernel Weight (g) Sowing Strategy (A) 0,15 0,7
Fertilization rate (B) 0,42 0,52
Sowing Date (C) 0,03 0,09
AxB 2,3 0,1
AxC 0 0,9
BxC 3,29 0,07
Seed oil content (%) Sowing Strategy (A) 0,18 0,7
Fertilization rate (B) 0,08 0,8
Sowing Date (C) 13,72 4e-04
AxB 1,04 0,3
AxC 0,32 0,6
BxC 1,07 0,3
Seed protein content (%) Sowing Strategy (A) 0,82 0,37
Fertilization rate (B) 0,38 0,54
Sowing Date (C) 4,35 0,04
AxB 0,02 0,9
AxC 0,99 0,32
BxC 0,55 0,46

Statistically significant differences (P<0.05, LSD Test) are highlighted in red.

*Plant establishment was measured before fertilizer application.
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3.2.1. Plant establishment (plants/seed)

Both sowing strategy and sowing date significantly influenced plant emergence and establishment. Row
sowings and earlier (1) sowing dates led to higher plant establishments than broadcast sowings and later (2")

sowing dates.

In the semi-arid climate of Spain and with such a small and light camelina seeds, row sowing generally leads to
better plant establishment because of the better seed-soil contact, and thus the better exploitation of soil

moisture by the early plants.

Rainfall patterns in Spain, where it normally rains in autumn (October and November) and spring but diminishes
in winter (January and February) coinciding with the lowest temperatures, led to better plant establishment in
the early sown plots. In fact, when analysing all the data together, the plots of the 1% sowing dates achieved a

mean value of 261 plants/m?vs 189 plants/m? of those of the 2" sowing dates.

Plant establishmenti was measured before the application of the nitrogen fertilizer. Thus, no significant

differences are related to this factor.
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No significant differences

Row sowing > Broadcast sowing

Figure 16: Plant establishment data statistical analysis results of the 3 years of trials
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3.2.2. Green canopy

Soil coverage during the first stages of the crop development was significantly higher in the plots sown in rows
compared to the broadcasted ones. No differences could be statistically linked to the fertilization treatment

and the sowing date.

el - ) PO Dsas ) Ll .y e
SOWING STRATEGY FERTILIZATION TREATMENT SOWING DATE
No significant differences No significant differences

Row sowing > Broadcast sowing

Figure 17: Canopy data statistical analysis results of the 3 years of trials

3.2.3 Days to flowering

As shown before in the climatic charts, the vegetative and the flowering phases of the crop were longer when
sown in autumn than in winter. Days to flowering were significantly higher in the 1% sown plots when the 3
years are analysed together, but neither the sowing strategy, nor the different fertilization rates applied

significantly affected this parameter.
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Figure 18: Days to flowering data statistical analysis results of the 3 years of trials

3.2.4 Weeds infection (pl/m?)

Weeds infection has been significantly higher in the early sown plots. The different fertilization dose and the
sowing strategy did not seem to affect weed infection when the 3 trials years were analysed together.

Camelina plants compete quite well with weed pressure when there is a good and homogeneous crop
establishment. Nevertheless, weed infection was higher in the 1°* sowing date plots due to better climatic
conditions for plant emergence. Moreover, the possibility of performing a deeper weeding prior to sowing

camelina are higher when sowing is delayed (2" sowing dates).
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No significant differences No significant differences 15 sowing date > 2™ sowing date

Figure 19: Weeds infection data statistical analysis results of the 3 years of trials
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3.2.5 Lodging

Plant lodging is a factor that can be linked to plant genetics but also to extreme climatic events or to productive
parameters such as plant height, seed production and seed weight. In these trials (same variety for all
treatments), lodging hardly occurred (only in Year 1), but it was statistically higher in the early sown plots, as

were plant height, TKW, seed oil content and seed yield, as shown below.
No differences in plant lodging were observed among the two different fertilization rates and sowing strategies.

Lodging (ordinaly Lodging (ordinal)

Ladging {ordinal)

SOWING STRATEGY FERTILIZATION TREATMENT SOWING DATE

No significant differences Mo significant differences 1% sowing date > 2" sowing date

Figure 20: Lodging data statistical analysis results of the 3 years of trials

3.2.6 Final plant height (cm)

Final plant height is also factor that is linked to plant genetics but also to growing conditions, such as nutrient
and water availability, heat stress or cycle length.

When analysing the 3 years of data together, there is statistical evidence that the sowing date affected plant
height. Plants from the 1% sown plots were significantly taller at harvest (68 cm on average) than those from
the 2" sown plots (49 cm on average) which also produced heavier grains and achieved better yields as it is
shown below.

This is consistent with the fact that autumn sowings lead to a longer crop cycle and a longer vegetative stage
during which the plant develops the roots (whose development is normally proportional to plant height).

No statistically significant differences were observed on plant height between the plots fertilized with 60 kg
N/ha and those with 120 kg N/ha. The most probable factor is that the lack of rain after dressing fertilization
(especially during years 2 and 3) could have prevented N from being available for the plants. Heat stress in
spring likely affected plant height as well. Finally, this finding could indicate that in the Spanish conditions in
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marginal lands, the potential height of camelina is reached with a nitrogen application rate between 60 kg N/ha
and 120 kg N/ha.

No differences of final plant height were observed among row sowing and broadcasting.

-:;:-? _:‘;_:..- ,-:._J. - —5_1-.’-—; - s ; -
SOWING STRATEGY FERTILIZATION TREATMENT SOWING DATE
No significant differences No significant differences 1% sowing date > 2™ sowing date

Figure 21: Final plant height data statistical analysis results of the 3 years of trials

3.2.7 Yield (kg/ha)

Considering the 3 years of trials together or separately, yield was always significantly higher in the plots of the
1° sowing dates (594 kg/ha vs 86 kg/ha on average of all trials). In year 2, the 2" sowing date could barely be
harvested due to the lack of plants and in the other years the yields were extremely low.

The better plant establishment together with the longer crop cycle and flowering period normally lead to a
higher number of fruits per plant as well as to a greater fruit filling and thus to better yields.

No statistically differences were observed on seed yield between the different fertilization rates. As indicated
before regarding plant height, the most probable explanation is the lack of rain after dressing fertilization
(especially during years 2 and 3) that could have prevented N from being available for the plants. Heat stress in
spring has also probably affected grain filling and thus seed yield. Finally, this finding could indicate that in
Spanish conditions in marginal lands, the potential camelina yield would be reached with a nitrogen application

rate between 60 kg N/ha and 120 kg N/ha.

No differences on seed yield among row sowing and broadcasting was observed even though plant
establishment was statistically higher in row sown plots, as stated before. This could be an indicator of
camelina’s plasticity and ability to compensate, as plants on broadcasted plots likely branched more and
produced more pods compensating for the lower number of plants per microplot and reaching similar yield.

Finally, the different climatic conditions in each year and sowing date have markedly affected yield results as

shown in Figures 23 and 24 below.
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Figure 22: Yield data statistical analysis results of the 3 years of trials
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Figure 23: Yield data statistical analysis results by year Figure 24: Yield data graphic by Years and sowing dates
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3.2.8 Thousand Kernel Weight (g)

Thousand kernel weight (TKW) is a factor linked to plant genetics but can also be influenced by growing
conditions of the plants, such as nutrient and water availability or heat stress during grain filling.

When the 3 years of data were analysed together, the seeds from the 1% sown plots weighed 0,89 g on average,
similarly to those from the 2"¥sown plots which averaged 0,9 g.

No statistically differences have been observed on TKW between row sowing and broadcasting, nor between
the plots fertilized with 60 kg N/ha and those with 120 kg N/ha. As commented for the previous parameters,
the lack of rains after dressing fertilization (especially during years 2 and 3) could have prevented N from being
available for the plants. Heat stress in spring has probably also affected grain filling. Finally, this finding could
indicate that in the Spanish conditions in marginal lands, the potential camelina TKW would be reached with a

nitrogen application rate between 60 kg N/ha and 120 kg N/ha.

Finally, the different climatic conditions of each year and each sowing date during grain filling markedly affected
TKW as shown in the graphs below. TKW in year 2 was significantly lower than in years 1 and 3.

o~ - - - - . T - - -
" -E- . ."-_? e lns v e II.
I e, e . . =3 .
— u o il
* L] - *am * & -
[ 5
LY

TSW(g) = Yearl Year2 ® Year3

TSW(g) = Yearl Year2 ® Year3 TSW(g) = Yearl Year2 ® Year3
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No significant differences

SOWING STRATEGY
No significant differences

No significant differences

Figure 25: TKW statistical analysis results on the 3 years of trials
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Figure 26: TKW data statistical analysis results by year Figure 27: TKW data graphic by Years and sowing dates

3.2.9 Seed oil content (%)

Seed oil content is normally affected by the growing conditions of the plants, such as nutrient and water
availability, cycle and grain filling phase length or heat stress.

When the 3 years of data were analysed together, the oil content on a dry seed basis from the 1% sown plots
was significantly higher compared to the 2" sown plots (38% vs 32% on the 2"¢ sown plots on average).

Water availability favours the biosynthesis of triacyl glycerides, increasing the seed oil content while high
temperatures during the filling grain process usually reduce the oil content of the seed. Early sown plants
suffered less from water and heat stress during flowering and grain filling, and both stages lasted longer.

Increasing nitrogen fertilization rate generally decreases seed oil content while it increases seed protein
content, but no statistical differences were found among the two fertilization rates tested. This finding supports
the hypothesis that the lack of rains after dressing fertilization (especially during years 2 and 3) could have
prevented N availability to the plants. Heat and drought stress in spring has probably also affected grain filling.

The sowing strategy did not affect the seed oil content in the 3 years of trials.

Finally, the different climatic conditions during grain filling in each year and sowing date had a marked impact
on seed oil content. Qil content was significantly higher in year 3 than in year 1, and in year 1 than in year 2. If
Figure 27 and 30 are compared, the results on seed oil content and TKW are in line, even though no significant

differences in TKW were found between year 1 and year 3.
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Figure 28: Total seed oil content statistical analysis results of the 3 years of trials
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3.2.10 Seed protein content (%)

Seed protein content is a factor that is normally affected by the growing conditions of the plants, such as
nutrient and water availability, cycle and grain filling phase length or heat stress.

When the 3 years of data were analysed together, the protein content on a dry seed basis from the 1%t sown
plots was significantly higher compared to the 2" sown plots (28,3% vs 27,4% on average).

Increasing nitrogen fertilization rate generally leads to an increase in seed protein content and to a decrease in
seed oil content, but no statistically differences were found among the two fertilization rates tested. Moreover,
Figures 31 and 35 do not show this trend. This finding supports the hypothesis that the lack of rains after
dressing fertilization (especially during years 2 and 3) could have prevented N from being available for the
plants. Heat and drought stress in spring probably also affected grain filling.

Finally, the different climatic conditions of each year also affected seed protein content, as shown in the graphs
below. Protein content was significantly higher in Years 2 and 3 than in Year 1. This finding does not show the
expected trend when comparing with seed oil content and TKW as a consequence of the drought conditions

after dressing fertilization.
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4. Conclusions

Selected optimized agronomic protocol for camelina as a
cover crop for marginal land

In the Grant Agreement, it was agreed that the optimized agronomic protocol shall be selected based on the
following parameters from most relevant to less relevant: seed yield (kg/ha), seed weight (TKW), oil and
protein contents (%). Hence, according to the results obtained in 3 consecutive years of field trials in Spain, the
optimized agronomic protocol for camelina as a cover crop for marginal land in semiarid climate, attached as
Annex 1 of the present deliverable, includes the following recommendations:

e Early Autumn sowing (October - November)
e Rows sowing (1 cm depth)
e Fertilization with 60 kg N/ha

Other relevant information to make the protocol user friendly for the farmers was retrieved from partner
(Camelina Company) experience and knowledge on the crop, since the scope of WP5 was only to investigate
the effect of some agronomic factors on camelina productivity. A note clarifying optimized protocol parameters
derived from UNTWIST project has been added, as other information has been acquired in previous projects
and researches, not being directly related to UNTWIST.

Autumn sowings consistently led to higher yields than winter sowings (594 kg/ha vs 86 kg/ha on average),
and TKW and seed oil content were also higher (0,89 g/1000 seeds vs 0,83 g/1000 seeds and 38% oil vs 32%
oil on average). In general, early sowings resulted in better plant establishment, longer camelina vegetative
and flowering stages, taller plants, better conditions for grain filling and finally, better productive parameters.

The sowing strategy did not influence productive parameters in this study, nevertheless plant establishment
and soil coverage (canopy) were higher in row sown plots. Moreover, weed infection was lower in row sown
plots in Years 1 and 2, as camelina compete quite well with weed pressure when there is a good and
homogeneous crop establishment. Finally, despite camelina’s ability to compensate, broadcast sowing in
semiarid climate is generally risky, while row sowing guarantees a better seed-soil contact and thus a better
exploitation of soil moisture by the early plants and a better rooting.

The two different fertilization rates applied, one containing twice as much nitrogen as the other (60 kg N/ha vs
120 kg N/ha), had no effect on the productive parameters in this study. The climatic conditions during the 3
years of trials that prevented N from being available for the plants (seed protein content showed no
differences), probably was the main factor that led to these results. It is important to note that such climatic
conditions are likely to become more frequent due to climate change and it underpins the need of climate-
smart/resilient crops and cropping systems. This forecast together with increasing fertilizer prices, calls for
caution in optimizing the protocol and suggests the need for more in-depth studies to adjust the dose as best
as possible. Moreover, fertilizer application at different rates does have an impact on camelina yield according
to many scientific publications based on trials conducted in different countries. According to CCE’s experience,
the optimal nitrogen rate for autumn sowings is around 80 kg N/ha in the Spanish average climatic conditions,
but not such a conclusion can be extracted from the present study.
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As stated in the Results section, it should be noted that the productive results shown in this deliverable are
far from the yields achievable in Spain. This is due to the extreme climatic conditions during all 3 years of trials,
including a snowstorm that blocked Madrid for more than a week in 2021 and a very severe drought and record
temperatures in 2022 and 2023, with 2 and 5 consecutive months, respectively, without rainfall and max.
temperatures reaching 35°C in April and May (affecting camelina flowering and grain filling). These conditions
generally affect more small microplots trials than farmers’ fields, so the productive results of the present
document do not reflect the actual yield of camelina crop in Spain, which among farmers ranges from 700

kg/ha in the poorest fields and conditions to 1.500 kg/ha on average conditions
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Annex 1: Camelina sativa protocol for introduction
as a cover crop for marginal land in Spain
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CAMELINA SATIVA PROTOCOL
FOR INTRODUCTION AS A COVER CROP
FOR MARGINAL LAND IN SPAIN

£ INTRODUCTION

Camelina is a suitable winter intermediate crop for marginal lands typically characterized by
low productivity, poor soil quality, limited rainfall, extreme temperatures, steep slopes, or
susceptibility to erosion, thus presenting challenges to income generation for farmers. The
present protocol, optimized within the UNTWIST project through three years of field experiments
in Castilla la Mancha (Spain), addresses the introduction of camelina as intermediate crop
following winter cereals and/or winter legumes.
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E FACTS % ADVANTAGES

= Common names: Camelina, Leindotter, Gold = Conventional machinery for winter cereals.
of Pleasure, False Flax. = Easy implementation & low-input crop.

= Scientific name: Camelina sativa (L.) Crantz » Drought & frost tolerant.

Family: Brassicaceae or Cruciferae.

= Drought-resistant oil crop with a yield
potential of 2.5 t/ha.

= Plant height: 60 to 120 cm.
= Pollinator friendly species.
= 1000-seed weight: 0.8 - 1.6 g.

= Catch crop.

= Pest & disease tolerant.

= Pivoting root - soil structure improver.

= Different cycle length varieties are available.
= Excellent crop in rotation with cereals.
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'f AGRONOMIC PROTOCOL KEY POINTS

=, ' 5

PLOTS SOWING NUTRIENTS HERBICIDES
Avoid easily Shallow sowing Guarantee minimum Check residual
waterlogged soils, with (=1 cm) in rows nitrogen availability herbicides
crust formation and pH (12.5 -15 cm distance) including soil N (mainly ALS & PDS).
less than 5.5 and on a plot without (60 kg N/ha).
greater than 8.5. weeds or straw.

UNTW ST

RN Horizon 2020
Y F European Union Funding
sl for Research & Innovation

Funded from the EU’s Horizon 2020 Research and Innovation Programme under GA No 862524.



CAMELINA SATIVA PROTOCOL
FOR INTRODUCTION AS A COVER CROP FOR MARGINAL LAND IN SPAIN

= Sowing date: Autumn (End of October - November).

= Sowing rate: 8 kg/ha.

= Row sowing: 12.5 -15 cm between rows.

= Sowing depth: Superficially =1 cm. Ensure a good seed-soil contact.
= Fertilization: Guarantee minimum nitrogen availability (60 kg N/ha).

With a proper crop establishment, camelina competes well with weeds
(allelopathic effect). Check the herbicides registered for narrowleaf
control in your country.

Around June, when the siliques have turned from lemon yellow to

brown. Combine setting:

= Select a program of a crop with small seeds.

= Raise the reel to the height of the first fruits (10-15 cm) and lower rpm.

= Set a proper relation between concave distance and cylinder
revolutions to ensure an appropriate threshing.

= Be cautious with the airflow in the sieves to minimize seed losses.

Maximum moisture for storage: 8 %.
‘ﬂ If an excess of moisture is detected in the harvested grain (symptom:
heating), pre-cleaning is recommended.

d

Sowing date, sowing rate and strategy as well as nitrogen fertilization rate was optimized in 3-year field trials within the
UNTWIST project. The other parts of the protocol are based on previous experience with the crop and other projects and
research work.

STAGES IN CAMELINA PRODUCTION

SOWING COTYLEDONS ROSETTE ELONGATION

BLOOM FRUIT FILLING MATURATION HARVEST

Photographs provided by Camelina Company.
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