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Abstract

Camelina sativa has recently got the attention of the agronomical scientifical community due to its high
versatility as a crop and its interesting oil composition which makes camelina oil suitable four various
industries - from aviation fuel to cosmetics. For this study, two different varieties of Camelina sativa
were taken into account - Calena, an Austrian one, and Madalina, developed in Romania. Three different
rates of fertilizers were applied (N4sP45K, Ne6Ps7Kas+ 24503 + 7Ca0 + 2Mg + 0.1 B +0.15 Zn; N101P78Kas+
48S03 + 14Ca0 + 4Mg + 0.2 B +0.3 Zn) resulting in a two-factorial split plot experience. The main factor
that influences the seed yield is the climatic one, having an influence of 49.34%, greatly higher than the
influence of different combinations of fertilizers which is 29.59%. Although camelina is considered a
low input crop, it performs well when higher rates of fertilizers are applied influencing the oil yield in a
proportion of 38.59%, higher than the influence of the climate on the oil yield (29.07%). This research
was carried out in order to find a suitable fertilization scheme for camelina in the western part of
Romania characterized by a continental climate; thus, these results can show interest for the whole
Central and Eastern Europe.
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Introduction of its oil. Camelina oil has multiple uses, from
cosmetics to biofuel for aviation industry [3].
Also due to its chemical composition especially
fatty acid profile, it can be used in food and feed
application [1,4,5]. This emphasises the high
potential that this crop has for both industrial
and nutritional applications [6] with a fatty acid

Gaining interest in the agronomical scientific
community for the last 30 years [1], even though
it is known to humankind from prehistorical
times [2], Camelina sativa is an emerging crop
worldwide. The rising interest in this plant
amongst researchers is due to the multiple uses
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profile constituted from more than 50%
polyunsaturated fatty acids, especially linoleic
and a-linolenic acid [7-9]. Also, recent
discoveries are showing an antimicrobial effect
of camelina oil due to its specific chemical
composition [10]

As a crop, camelina isn’t a pretentious one. It can
perform well on marginal lands where high
valued crops may not be viable economically
[11]. Camelina’s advantages over other oil crops
are the low input agricultural requirements and
a good tolerance to drought, cold, as well as to
diseases or pests that commonly affect other
Brassica crops, such as rape seed. [12-14].

Camelina is cultivated both in spring or autumn
forms [15,16], and usually is reported with
average yields varying from 1.3 tha-1to 1.9 t ha-
1 [17], but newer varieties already perform
better and can provide seed yield above 2 ha-1.

Although considered a low input crop by the vast
majority of researchers, Jiang and Caldwell,
found out that camelina reacted positively even
to high doses of nitrogen up to 200 kg ha-1 [18].
This study is backed up by Mahli et al. [19], who
also proved that camelina responds favourably to
higher doses of nitrogen. The only question that
remains is “how much is too much?” in order to
avoid a negative impact on the environment.
Therefore, an optimal dose of nitrogen should be
found in order to obtain high yields with
minimum impact on the environment. Such
initiative was taken by Imbrea et.al [20] when
they proposed municipal sludge as a novel
fertilizer for camelina; Their results were
promising, showing that the use of municipal
sludge as a fertilizer reduces the effect of
nitrogen on camelina oil’s fatty acid profile.

Another important aspect of the research, as
pointed out by Kurasiak-Popowska et al. [21], is
not just the quantity but also the quality of
camelina yield.

Several studies pointed out that the main
economically  valuable characteristics of
camelina are affected by the climatic conditions
[7,22-26].

Tests showed that the nutrient requirements for
camelina vary from moderate to minimal,
requiring the application of approximately 30 kg
ha-1 phosphorus and 50 kg ha-1 of potassium
before sowing. An important factor for camelina
yield, both summer and winter form, is organic
fertilizers. Organic fertilizers must be applied to
the preceding crop, when it follows in crop
rotation after spring crops [27]. It s

recommended to apply 30-50 kg ha-1 N in
vegetation [28].

Nitrogen is a very important element in the
fertilization scheme of camelina. In the lack of
this element, the plant has unpleasant aspect
with small and yellow leaves, lesser pods and
smaller seeds and the plant reaches maturity
much faster [28].

Numerous studies have been done on camelina
fertilization. Most studies report a favourable
response to nitrogen and sulphur, but less to
phosphorus. Increased productivity through
nitrogen fertilization has been reported by
several authors, but the amount of nitrogen
required for maximum productivity varies [4]
[29-35].

From an agronomic point of view, camelina is
highly valuable due to the possibility of sowing
both in spring and autumn, and although
camelina falls into the category of plants with a
low need for additional contribution, research
shows that high yield increases have been
obtained in optimal growing conditions even
after fertilization with doses up to 200 kg / ha N
[31] [35]. If fertilized with those high amounts,
camelina ceases to be a low input plant.

This study was focused on the seed and oil yield
variation of two camelina varieties when three
different fertilization schemes were applied. The
final aim of this research is to find a proper
fertilization scheme for camelina crops in the
western part of Romania.

Materials and Methods
Research Material and Field experiment

The research material consisted of two different
camelina varieties of different origins: the first
one was Madalina, a Romanian camelina hybrid
developed by Bucharest University of
Agronomical Sciences and Veterinary Medicine,
and the second one was Calena, an Austrian
camelina variety, developed and commercialised
by SAATBAU Linz eGen. This trial was conducted
over the course of three agronomical years:
2018, 2019 and 2020.

The experimental field was set up at the Didactic
Farm of Banat University of Agricultural Sciences
and Veterinary Medicine “Regele Mihai I al
Romaniei” from Timisoara (BUASVMT), situated
on a plain landform, with the soil classified as a
dark chernozem. (Figure 1).
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Figure 1: Experimental field location (Timisoara, Romania 45°47.079'N, 21°12.688’E)

This research area was chosen due to its
proximity to the University and because the area
is considered a landmark for agricultural
research in the Western part of Romania.

Geographically speaking, Timis county is situated
in the western part of Romania, neighboring
Hungary and Serbia, being well known for the
most fertile soil in the southeastern Europe.

The area where the experimental field was set up
is framed in the zone of moderate continental
climate. This area’s climatic conditions are
specific for the south-eastern part of the
Pannonian Plain with sub-Mediterranean
influences [36]. The diversity and irregularity of
the atmospheric processes are striking aspects of
the general features of the Timisoara climate.

In spring, the dominant, temperate air masses
with oceanic origin are carrying significant
precipitation. Their influence is felt both in

summer and in winter when frequently moist air
masses of Atlantic origin arrive, causing
significant snowfalls.

In autumn, starting with September, the masses
of continental polar air make their presence felt
frequently, coming from the east.

The sub-Mediterranean influences are due to the
presence of the influence of cyclones and hot air
masses with Mediterranean and Adriatic origins,
which in winter are manifested by a complete
thaw and in summer by hot periods.

The average annual temperature of the last ten
years is 10.85, the maximum being recorded in
July (21.6°C) and the minimum in January (-
1.20Q).
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Figure 2. Temperature at Timisoara 2018-2020 compared to normal
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Figure 3. Rainfall at Timisoara 2018-2020 compared to normal

For the field experiment, a two-factorial split- al - Madalina
plotin three replicates design with a total area of
1 ha (0.5 ha/variety) was set up and the pursued
outcome was to observe the influence of different
fertilization schemes on both seed and oil yield of
the two camelina varieties taken into study. b1 - N4sPasKas
Being a 2 x 3 bifactorial experimental set up in
subdivided plots, the two factors were as follows:

a2 - Calena

Factor B - Fertilization scheme (secondary)

b2 - Ne6Ps7Kas + 24503 + 7Ca0 + 2Mg + 0.1 B
+0.15Zn
Factor A - Camelina variety (primary)
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b3 - N101P78Kas+ 48503 + 14Ca0 + 4Mg + 0.2 B
+0.3 Zn

Sowing was done each year in the last decade of
March (20.03-30.03), at a rate of 11 kghal,
depending on meteorological conditions and the
forerunner crop was wheat. Immediately after
sowing, a rolling was done in order to even out

the seedlings’ emergence. No herbicides or other
crop protection substances were applied due to
camelina’s resistance to pests and weeds.

Oil extraction (Laboratory analyses)

The seeds were harvested at full maturity and the
oil was extracted in the Crop Science’s
department laboratory within BUASVMT using a
Gerhadt Soxhlet apparatus.

Figure 4. Oil extraction using Gerhardt Soxhlet apparatus

Results and Discussions

In order to determine the significance of the
differences between the different graduations or
combinations of the factors, the experimental
data obtained were statistically interpreted by
“analysis of variance” and the “t test”.

The meaning of differences was expressed both
with symbols (*; 0) and letters (a,b; x,y,z). The
differences between the variants marked with
different letters were considered significant.

Seed yield of Camelina sativa

According to the variance analysis presented in
table 1, it can be observed that the camelina
variety, the fertilizing scheme and the

interactions of these two factors had a
considerable influence, statistically proven over
camelina seed yield at Timisoara over the course
of the studied period of time, 2018-2020. The
climatic conditions had the highest contribution
to the yield variability. (49.34%).

Different combinations of macro and micro
elements had a significant contribution to the
seed yield variability (29.59%), superior than the
effect of the variety, which was only 11.54%.
Also, the combined effect of the latter had a
significant effect on camelina sativa seed yield.
(1.02%). The results were influenced in a small
measure by factors outside of the experimental
field origin. (4.69%)
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Table 1. Variance analysis for the effect of variety and fertilization on
camelina yield at Timisoara during 2018-2020

Variations source SP GL S2 F test
Total 1738747 53

Variants 1883 2 941 1,41
Year 386777 2 193389 |290,13**
Year error 2666 4 667

Variety 196314 1 196314 | 67,84**
Year X Variety 61252 2 30626 | 10,58**
Variety error 17363 6 2894
|Fertilization 864868 2 432434 [174,01**
Year X Fertilization 71321 4 17830 7,17**
Variety X Fertilization 29858 2 14929 6,01**
Year X Variety X Fertilization 46798 4 11699 4,71**
|Fertilization error 59644 24 2485

Looking at the unilateral effect of agronomical
year (table 2) on the average yield of camelina,
one can notice that the highest seed yield was
recorded in the year 2019. Compared to the

previous year, the yield difference of 89 kg/ha
was statistically significant. In the year 2020, a
yield decrease was recorded compared with
2018 and 2019.

Table 2. Yearly average yields for camelina recorded at Timisoara during 2018-2020

Year Yield (kg/ha) Relative values (%) Difference/Significance
2019-2018 | 2149 2060 104,32 89***
2020-2018 | 1943 2060 94,32 -117000
2020-2019 | 1943 2149 90,41 -206000

Over the studied period, at the level of the whole
experience, Madalina variety recorded a superior
significant yield compared to the other variety

taken into study, Calena. Madalina recorded a
yield increase of 121 kg/ha, associated to a
6.08%.

Table 3. Average yields for camelina varieties recorded at Timisoara during 2018-2020

IYear Yield (kg/ha) |Relative values (%)

|Difference /Significance

[Madalina - Calena [2111 1990 ]106,08

|121***

Average values of camelina seed yield under the
effect of different combinations of macro and
micro elements (table 4) have presented an
amplitude of 116 kg/ha with the lower limit at
1889 in the case of N45P45K45 and the upper
limit at 2198 kg/ha for N101P78K45
supplimented with microelements variant.

Taking into account the multiple comparisons
between treatments in terms of seed production,
it is found that the wvariant N101P78K45,

supplemented with microelements, had a
significantly higher efficiency than the other two
combinations, materialized by increases
between 6.39% compared to the variant
N66P57K45 and 16.36 % compared to the
N45P45K45 variant without microelements.
Also, the application of the N66P57K45 variant
with microelements allowed registering an
increase of production by 9.37% compared to the
simple variant N45P45K45.
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Table 4. Average yields for fertilization treatments recorded at Timisoara during 2018-2020

[Fertilization |vield (kg/ha) Relative values (%) Difference/Significance
B2-B1 2066 1889 109,37 177***
B3-B1 2198 1889 116,36 309***
B3-B2 2198 2066 106,39 132%**

B1 - NasP4sKas;

B2 - Ne6Ps7Kas+ 24503 + 7Ca0 + 2Mg + 0.1 B
+0.15 Zn;

B3 - N101P7s8K4s+ 48S03 + 14Ca0 + 4Mg + 0.2 B
+0.3 Zn

Considering the combined effect of the
agricultural year and the variety on the

production of camelina seeds in the period 2018
- 2020 in Timisoara (Table 5, figure 5), it is
observed that in the case of 2020, the smallest
difference between the 2 varieties was
registered, an insignificant one, while in the rest
of the years, the difference between the varieties
is a higher one being also a significant one

Table 5. The effect of camelina variety on yield at Timisoara during 2018-2020

Variety
Year Calena Madalina Xk s So
2018 y1967+53 b x2153+62 b 2060+45 18,64
2019 y2084+47 a x2215+49 a 2149+73 14,39
2020 x1920+54 ¢ x1965+80 ¢ 1943+48 10,50
R 2111+55 1990+70 2051+24
Sos 14,47 17,24 16,92
2250
DL 5%-A DL 5%-S
2200
2150
2100
<
% 2050
E 2000
T 1950
. 1900
1850
1800
1750
2018 2019 2020
YEAR
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Figure 5. Yearly yield of camelina varieties recorded at Timisoara during 2018-2020

Considering the combined effect of the
agricultural year and the fertilization level on the
camelina production in Timisoara in the period
2018-2020 (table 6, fig 6), it is observed that the
production differences between the agricultural
year 2018 and 2020 related to the B1 fertilization

level are not significant. A significantly different
production increase was recorded in 2019. For
higher levels of fertilization, supplemented with
microelements, there are significant differences
in production between years, the highest being in
2019 for both fertilization variants.
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Table 6. The effect of fertilization on seed yield at Timisoara during 2018-2020

Year Fertilization _
B1 B2 B3 x £ s — Sop
2018 z1846+30 b y2109+58 b x2225+39b | 2060+45 18,64
2019 z1981+36 a y2165+13 a x2302+41a | 2149+73 14,39
2020 z1839+16 b y1924+32 c x2065+36 c | 1943+48 10,50
B 1889+43 2066+63 2198+61 2051+24
So 9,78 12,95 11,73 16,92
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Figure 6. Yearly yield of camelina recorded at Timisoara during 2018-2020

Considering the combined effect of fertilization
scheme and variety on camelina seed yield for
the 2018 - 2020 (Table 7, figure 7), it is observed
that the least difference between varieties was
registered when N4sP4sKas fertilizer was applied,

while on the background of applying treatments
supplemented  with  microelements, the
differentiation between the production potential
of the varieties was more obvious, being higher
for the Madalina variety.

Table 7. The combined effect of variety and fertilization on seed yield at Timisoara during 2018-

2020
Variety Fertilization _
B1 B2 B3 x ot s — Sos
Calena 7z1841+35b y2005+72 b x2125+54b | 2111+55 14,47
Madalina 721936+66 a y2127+87 a x2270+86a | 1990+70 17,24
Xt s o 1889+43 2066+63 2198+61 2051+24
S% 9,78 12,95 11,73 16,92
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Figure 7. Yearly yield of camelina varieties under the effect of different fertilization schemes
recorded at Timisoara during 2018-2020

The increased production in response to
nitrogen fertilization was mainly due to a higher
degree of branching and an increase in the
number of silicules / sqm. Also, this affirmation
is confirmed by other studies. [31] [35] [37].

Oil yield of Camelina sativa

As presented in Figure 8. Madalina variety
recorded the highest oil content (40.90%), with
the highest fertilization rate (N101P78K45 +
48S03 + 14Ca0 + 4Mg + 0.2 B +0.3 Zn), and the
lowest oil content (40.27%) for the Calena
variety, when the lowest fertilization rate was
applied (N45P45K45). Mineral fertilizers with

41.00
40.80
40.60
40.40
40.20
40.00
39.80

mm Calena

F2

NPK, combined with Cao, Mg, B and Zn,
determined the increase of the oil content by
0.28% for the Calena variety on when the
N66P57K45 + 24503 + 7Ca0 + 2Mg + 0.1 B +0.15
Zn fertilizer was applied, respectively 0.48%
when fertilized with N101P78K45 + 48S03 +
14Ca0 + 4Mg + 0.2 B +0.3 Zn.

In the case of the Madalina variety, the oil content
increased by 0.26% with N66P57K45 + 24S03 +
7Ca0 + 2Mg + 0.1 B +0.15 Zn fertilization,
respectively 0.42% with the highest fertilization
rate N101P78K45 + 48S02 + 14 B +0.3 Zn, when
compared to the control fertilization scheme
(N45P45K45).

F3

e \adalina

Figure 8. Evolution of oil content depending on variety and level of fertilization
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According to the results of variance analysis
presented in table 8, one can observe that both
variety and fertilizing treatments, respectively
the interaction of these two factors, had
considerable influences, statistically approved,
on the oil yield of camelina in this trial.

Different climatic conditions of the three
different years over which this trial was

overlayed had a significant contribution to the
yield variability (29.07%).

The combination of different macro and
microelements had the highest significant
contribution to yield variability (38.59%),
superior to the variety effect (15.35%). The
combined effect of these two factors had a
statistically significant influence on the oil yield
of 2.34%.

Table 8. Variance analysis for the effect of variety and fertilization on camelina oil yield at
Timisoara during 2018-2020

Variation’s source SP GL Sz F test
Total 313293 53

Variants 313 2 157 0,72
Year 33037 2 16518 75,94**
Year error 870 4 218

Variety 37382 1 37382 40,10%*
Year X Variety 15148 2 7574 8,12**
Variety error 5594 6 932

|Fertilization 164702 2 82351 100,79**
Year X Fertilization 12507 4 3127 3,83*
Variety X Fertilization 9985 2 4992 6,11**
Year X Variety X Fertilization 14147 4 3537 4,33**
|Fertilization error 19608 24 817

Considering the wunilateral effect of the
agricultural years on the oil yield, the highest
value was recorded in 2019.In 2019, the oil yield
was higher with 12.7 1/ha, the equivalent of

1.50%, compared to the value recorded in 2018.
In 2020, the minimum value of oil yield was
recorded.

Table 9. Yearly average yields for camelina oil yield recorded at Timisoara during 2018-2020

Year Yield (1/ha) Relative values (%) Difference/Significance
2019-2018 856,2 843,5 101,50 12,7
2020-2018] 798,5 843,5 94,67 -45,0000
2020-2019 798,5 856,2 93,27 -57,6000

The highest oil yield, as a mean over the three
years when this trial took place, was recorded by

the Madalina variety (859.1 1/ha). The difference
of 52.6 1/ha is statistically significant. (Table 10)

Table 10. Average oil yield for camelina varieties recorded at Timisoara during 2018-2020

Year Yield (kg/ha)

Relative values (%)

Difference/Significance

Madalina - Calena| 859,1 | 806,4

106,53

52,6%%*
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The average oil yield values, under the effect of
different macro and micro elements, varied
between 762.1 1/ha for the variant fertilized with
N45P45K45 and 896.9 1/ha for the one fertilized
with N101P78K45 supplemented with micro
elements.

The most efficient fertilization variant was B3.
The yield increase of this variant was 6.86%
higher than B2 and 17.69% higher than B1.
(Table 11)

Table 11. Average oil yields for fertilization treatments recorded at Timisoara during 2018-2020

[Fertilization |vield (kg/ha) Relative values (%) Difference/Significance
B2-B1 2066 1889 109,37 177***
B3-B1 2198 1889 116,36 309***
B3-B2 2198 2066 106,39 132%**

B1 - NasP4sKas;

B2 - Ne6Ps7Kas+ 24503 + 7Ca0 + 2Mg + 0.1 B
+0.15 Zn;

B3 - Ni01P78Kss+ 48503 + 14Ca0 + 4Mg + 0.2 B
+0.3Zn

Table 12 and Figure 9 are presenting the
combined effect of agricultural year and variety

on the oil yield over the course of the 2018-2020
period. The least differences between the
varieties were recorded in 2020, also being not
statically significant. In 2018 and 2019, the
differences were slightly higher and significant,
statically speaking.

Table 12. The effect of camelina variety on oil yield at Timisoara during 2018-2020

Vear Variety _

Calena [Madalina x ot s — S
2018 803,3+44,2 b x883,8+52,2 a 843,5+19,3 19,38
2019 829,6+21,2 a x882,8+21,8 a 856,2+32,0 |15,86

1200

1000
DL5%-A  DL5%-S

800

<)
(=]
S

YIELD (L/HA)

400

200

2018

2019 2020

Madalina

Figure 9. Yearly yield of camelina varieties recorded at Timisoara during 2018-2020

The combined effect of agricultural year and the
fertilization level on the oil yield of camelina has
no significant effect in 2018 and 2019 on neither
fertilization level, but in the year 2020, between

B2 and B3 fertilization levels can be noticed a
significant difference, with a higher value in the
latter. (Table 13, Fig. 10)
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Table 13. The effect of fertilization on oil yield at Timisoara during 2018-2020

Fertilization
B1 B2 B3 X E s Sw
2018 2753,5+26,0 a | y862,8+49,2 a | x914,3+35,2a | 843,5+19,3 | 19,38
2019 2779,8+29,6 a | y864,4+12,4 a | x924,3+32,2a | 856,2+32,0 | 15,86
2020 2752,949,6 a | y790,6+15,6 b | x852,0+17,4b | 798,5+21,2 | 11,26
B 762,1+13,8 839,3+23,5 896,9+22,2 | 832,7+19,1
So, 7,72 11,87 10,51 16,80

Year

1200

1000
DL5%-A DL5%-F

o
o
o

YIELD(L/HA)
N
o
o

400

200

B1 B2 B3
FERTILIZATION
2018 m 2019 w2020

Figure 10. Yearly yield oil of camelina varieties on different fertilization schemes recorded at
Timisoara during 2018-2020

Looking on the combined effect of fertilization With a higher dose of fertilisants, Madalina
scheme and camelina variety (Table 14, Fig.11), variety performed better and showing a higher
the least difference between varieties was increase of oil yield.

recorded with the NssPssKss fertilzation scheme.

Table 14: The combined effect of variety and fertilization on oil yield at
Timisoara during 2018-2020

Year Fertilization
B1 B2 B3 ¥ ot s Sos
806,4+22,
Calena | 541 3.164b | y81244452b |x8657+336b] 2 14,34
- 859,1+27,
Madalina | ;09,3364 | y8662+644a [x9281+572a] 7 16,78
T+ os- | 7621+138 839,3+235 | 896,9+22,2 832'?19'
5% 7,72 11,87 10,51 16,80
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Figure 11: Yearly oil yield of camelina varieties under the effect of different fertilization schemes
recorded at Timisoara during 2018-2020

Conclusions

The results from the experimental cycle 2018-
2020 obtained in the experimental field from
Timisoara show that both the variety and the
fertilization treatments, respectively the
interaction of these two factors, had considerable
influences on camelina production, statistically
ensured, but the climatic conditions had the
highest contribution to the variability of
production (49.34%).

The combinations of macro and microelements
also had a significant contribution to the
variability of production (29.59%), higher than
the effect of variety of 11.54%. Also, the
combined effect of the two factors showed a
considerably lower influence than their separate
effects on the level of camelina oil and seed yield.

Macro and microelements have a notable
influence on camelina oil and seed yield. In the
climatic conditions of Timisoara, the results
presented an amplitude of 116 kg / ha, with the
limits from 1889 in the case of the variant
NasPasKas to 2198 kg / ha for the variant
N101P78K4s supplemented with microelements.

Looking on the seed yield of camelina and taking
into account the multiple comparisons between
treatments, it is found that the variant
N101P78K45, supplemented with
microelements, had a significantly higher
efficiency than the other two combinations,
materialized by a yield increase of 6.39%
compared to the variant N66P57K45 and 16,36%
compared to the N45P45K45 variant without
microelements. Between N66P57K45 variant

supplemented  with  microelements and
N45P45K45, a seed yield difference of 9.37% was
registered. All in all, Madalina is showing higher
productivity results, both in seed and oil yield,
and should be considered as a choice over other
variety.
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