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Abstract

This research was set up in 2013 in agroecological conditions of continental Croatia (3 different locations).
The extperiment was set as a split-plot design in four replicates, with three levels of the main treatments of soil
tillage (CT - plowing; MD - reduced multiple disk harrowing; SD - reduced single disk harrowing) and levels of
subtreatment fertilization (FO - control; F1 - standard KAN fertilization; F2 - fertilization with 5% urea solution;
F3 - Profert Mara; F4 - Profert NGT; F5 - Thiofer; F6 - EM Aktiv). The highest camelina grain and biomass yield
was achieved in the subtreatment F6 when using microbiological fertilizer EM Aktiv, regardless of the applied
agrotechnics. After the harvest experiment, anaerobic batch co-digestion of camelina and cow manure
was conducted under thermophilic conditions to determine camelina's potential for biogas production. The
biogas potential of camelina was expressed as biogas and methane yields which ranged from 382.00 and
246.04 cm3 g-1 VS, respectively. If compared to maize which is often used as a standard for comparison of
methane yields, maize methane yields are higher by 21 to 40%.
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Introduction

The integration of short rotation crops in mixed cropping with grain legumes or cereals
offers interesting chances to enhance the efficiency of the plant production by increasing bi-
omass yields and resource efficiency (control of diseases, reduction of agrochemical and fer-
tilizer inputs, reduced soil erosion, more effective use of water and nutrients) (Paulsen, 2008;
Herrmann et al., 2016). Different rooting architecture depths and different periods of biomass
development in mixed cropping systems can effectively increase the use of available resources
and perhaps increase area productivity while simultaneously raising land equivalent ratios. In
such cropping systems, a significant quantity of biomass is available and can serve as a source
of renewable energy particularly biogas (Paulsen, 2008). Up to now, many European agricul-
tural biogas farms use carbon-rich energy crops as feedstock in anaerobic co-digestion with
ammonia-rich animal manures, resulting in a more balanced process that additionally increa-
ses biogas production (Herrmann et al., 2016; Kovacic et al., 2018). Though the production of
bioenergy from crops is controversial since it requires agricultural land and it competes with
food and feeds supply. Therefore, the integration of energy crops like Camelina sativa in crop
rotations could represent one important measure toward sustainable biogas crop production
(Herrmann et al., 2016).

Camelina (Camelina sativa L. Crantz), with the popular names false flax or gold of pleasure,
is native to Central Asia and the Mediterranean Region and belongs to Brassicaceae (Cruciferae)
family (Jankowski et al., 2019). Recently, interest in camelina has increased rapidly because, be-
sides being short rotation crop (Joshi et al., 2017), it does not require high agricultural inputs,
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it is highly resistant to cold and drought stress, it grows well in semiarid regions, and in the
soil, with low fertility (Jankowski et al., 2019; Abramovi¢ and Abram, 2005) whereas it has the
potential to provide a broad range of nutritional, medicinal and industrial products, including
biofuels (Galasso, 2005). However, there are still unexplored aspects related to agricultural ma-
nagement optimization and its environmental impact so far (Matteo, 2020).

Camelina is an annual plant with both summer and winter biotypes that have different
morphology and seed characteristics (Wittenberg et al., 2019; Kurasiak-Popowska and Stuper-
Szablewska, 2019). The existence of both annual types allows camelina to be integrated as a ro-
tational crop in cropping systems usually dominated by small grain cereals, corn, and soybean
(Berti et al., 2016). Besides, farmers accommodated themselves to an EU Nitrate Directive which
requires the implementation of good agricultural practices to limit the transfer of agricultural
nitrate sources to water resources and implement fertilizer plans and intermediate cropping.
Intermediate crops positively affect soil fertility, eliminate erosion and limit nutrient loss by
fixing the remaining soil nutrients (especially mineral nitrogen) not used by the main crop.
Recently, these cultures which are considered energetic catch crops are occasionally used as
co-substrates in some agricultural biogas plants in combination with manure (Peu et al., 2013).

Due to the relatively short vegetation time, from 85 to 100 days (Gesch and Cermak, 2011)
it can be used more efficiently as a post-harvest crop during the warm part of the year, parti-
cularly after winter crops are harvested during June and July. As a post-harvest crop, camelina
may have multiple roles, e.g. cover crop, catch crop, weeding crop, honey crop, biodiversity
crop, etc. (Eberle, 2015).

Camelina does not require excessively deep basic tillage (Gesch and Cermak, 2011). It is
usually sown to a depth of 0.6 to 1 cm. Like other crops in the Brassicaceae family, camelina res-
ponds to nitrogen (N), sulfur (S), and phosphorus (P) fertilizer applications (Fleenor, 2011). Pre-
vious studies showed that camelina has a lower N requirement than other oilseed crops such
as sunflower and canola (Obeng and Obour, 2015). Targeted N nutrition should not exceed 60
kg ha', up to a maximum of 80 kg ha' as above this level of fertilization the yield of camelina
does not profitably increase (Davis et al., 2013). The research that was conducted by Agegene-
hu and Honermeier (1997) was increasing N levels from 60 to 130 kg ha™ which resulted in a
30% yield increase but decreased oil concentration in camelina. Plant use efficiency of N from
fertilizers is inhibited by deficiency of S which may cause increased losses of N.Therefore, ferti-
lizers that contain S seem to be effective in camelina nutrition and subsequently in obtaining
considerable yields of seed and oil (Joshi et al., 2017).

The standard camelina yield ranges from 1000 to 3000 kg ha™ (Krzyzaniak and Stolarski,
2019). Since the cultivation of camelina has lower production costs than other oilseeds (e.g.
sunflower, oilseed rape, etc.), this plant has potential from both agroecological and economic
points of view (Stamenkovic et al., 2021). Due to the short vegetation, better soil use is possible
which enables two harvests and continuous coverage of the soil with green plant mass. In this
way, weed growth is prevented after the summer harvest until autumn sowing, which has a
favorable economic and ecological impact.

In Croatian climate conditions, camelina can be cultivated both as a winter and spring crop.
However, its commercial development and utilization as a crop in Croatia still did not happen.
Only a couple of small producers on family farms are engaged in this production in smaller
areas.

Camelina is widely used as a feedstock for the production of biodiesel and jet fuel due to
its rich seed oil content which ranges from 30 to 49% (Berti et al., 2011; Pari et al., 2020) and is
predominantly explored for biodiesel production. However, the production of biodiesel results
in the generation of abundant quantities of by-products and residues (e.g. glycerol, biodiesel
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washing wastewaters, methanol, and solid residues like pressed seed cakes, spent earth, and
agricultural wastes) which pose an environmental issue due to their high organic load. There-
fore, those residues and by-products could be easily utilized for the production of chemical
compounds or the production of energy by anaerobic digestion (Kolesarova et al., 2011; Placi-
do and Capareda, 2016). Besides, camelina’s potential for biogas production should not be
ignored since it has high biomass and grain yield potential with minimal agronomic costs and
environmental impact.

Literature on biogas production from camelina and its by-products is scarce. There are two
reported researches in the available literature related to this topic. In their research, Paulsen et
al. (2009) conducted field and laboratory experiments of anaerobic thermophilic co-digestion
of camelina oilcake, wheat straw, and cattle manure, while Herrmann et al. (2016) examined a
wide range of energy crops including camelina, to identify the main parameters that influence
biomass quality for biogas production.

This study aimed to evaluate the agronomic performance of the camelina accession throu-
gh organic farming and afterward biogas production potential through anaerobic co-digesti-
on with cow manure. In addition, this study aimed to point out the unutilized agronomic and
bioenergy potential of camelina in Croatia.

To the best of our knowledge, this study is the first attempt to analyze both the agronomic
production efficiency and biogas potential of oil crop species camelina in Croatia. Moreover,
the results of this research will complement the knowledge of camelina as a bioenergy plant
used in biogas production.

Materials and methods

Agronomic accession

The research was conducted at three different locations in the eastern part of Croatia (Po-
ljanci - Brod-Posavina County, Siroko Polje - Osijek-Baranja County, Vranesevci - Virovitica-Po-
dravina County) which is located in the lowlands of the southern parts of the Pannonian re-
gion. The research was conducted during the summer of 2013 on soil types (Poljanci - humic
gleysol, Siroko Polje - eutric cambisol, Vranesevci - luvisol) determined according to IUSS Wor-
king Group WRB (2015).

The weather conditions during the session are given in Table 1, while precipitation data
is given in Table 2. The mean air temperature in Poljanci (Slavonski Brod) from June to Octo-
ber was 18,7 °C (0,9 °C higher compared to the long term mean (LTM), while the total rainfall
was 341,3 mm (27,5 mm less compared to the LTM). The mean air temperature in Siroko Polje
(Pakovo) was 19,4 °C (1 °C higher compared to the LTM), while the total rainfall was 373,2 mm
(28,1 mm more compared to the LTM). The mean air temperature in Vranesevci (Slatina) was
18,4 °C (0,5 °C higher compared to the LTM), while the total rainfall was 296,1 mm (78 mm more
compared to the LTM).

Organic cultivation of camelina was conducted in a post-harvest period (sowing after re-
moval of pre-culture winter barley, end of June 2013). The experiments were set up in a split-
plot design and replicated 4 times with 3 levels of tillage where the plot size for fertilization
was 10 m2 The three primary soil tillage treatments were as follows: conventional tillage (CT)
executed by plowing at a depth of up to 20 cm; reduced tillage treatments executed by mul-
tiple disk harrowing (MD); reduced tillage treatments executed by single disk harrowing (SD).
Only subtreatmens of fertilization were applied without base fertilization. The subtreatments
of fertilization were as follows: no side fertilizer, control (FO); standard KAN fertilization (F1);
fertilization with 5% urea solution (F2); application of 8 L ha of foliar fertilizer Profert Mara
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(F3); application of 2 kg ha™ of foliar fertilizer Profert NGT (F4); application of 2 L ha™ of micro-
biological fertilizer Thiofer (F5); application of 2 L ha™' of microbiological fertilizer EM Aktiv (F6).

Harvest was performed in the first week of October 2013 manually by spreading seeds (10
kg ha') on the surface of the cultivated soil and afterward an additional passage was made
with a harrow to feed the seeds into the soil. The camelina aboveground biomass was cut with
hedge trimmers at a height of 3 to 5 cm from a 1/4 m? frame at 4 randomly selected places.
Harvested camelina biomass was weighed and subsampled and afterward, oven dried at 65
°C for 48 h for moisture content determination while the camelina seeds were air-dried for
moisture determination.

Table 1. The main air temperature (°C) in 2013 Camelina sativa vegetation as compared to
the Long Term Mean (LTM = 1963-2018) for meteorological stations Slavonski Brod, Dakovo,
Vranesevci’ (Croatian Meteorological and Hydrological Service, 2018)

Poljanci Siroko Polje Vranesevci
(Slavonski Brod) (Pakovo) (Slatina)

Month Mean air T (°C) LT“QO(JE;’} Mean air T (°C) LT';‘O(:;“' Mean air T (°C) LT';'O(:;“'
June 20.0 19.7 20.2 20.1 19.2 19.6
July 221 214 233 22.0 226 21.6

August 23.0 20.7 234 21.6 220 21.0

September 15.6 16.2 16.1 16.8 15.2 16.3

October 129 11.0 13.9 11.6 13.2 1.2

Mean 18.7 17.8 19.4 184 18.4 17.9

"closest meteorological stations to the experimental site

Table 2. The total rainfall (mm) in 2013 Camelina sativa vegetation as compared to the
Long Term Mean (LTM = 1963-2018) for meteorological stations Slavonski Brod, Bakovo, Vrane-
Sevci” (Croatian Meteorological and Hydrological Service, 2018)

Poljanci (Slavonski Brod) Siroko Polje  (Pakovo) Vranesevci (Slatina)

Month Monthly LTM (1963- Monthly LTM (1963- Monthly LTM (1963-
rainfall (mm) 2018) rainfall (mm) 2018) rainfall (mm) 2018)
June 68.9 87.0 84.9 87.6 68.5 90.0
July 86.5 80.7 50.5 55.3 13.7 64.8
August 57.5 69.8 58.8 67.6 74.0 69.7
September 83.8 69.8 123.5 69.2 114.6 83.9
October 44.6 61.5 55.5 65.4 253 65.7
Total 341.3 368.8 373.2 345.1 296.1 374.1

"closest meteorological stations to the experimental site
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Statistical analysis

The results were statistically analyzed using SAS software for Windows (SAS Institute Inc., Cary,
NC, USA). When statistically significant differences were determined (p > 0.05) the means were
further separated using Fisher’s multiple-range test. All results were presented as mean values.

Biogas production

Camelina biomass was collected from the fields after trial from the locality Vranesevci
and brought to the laboratory. After collection, camelina biomass was chopped, oven dried
(Memmert UFE 600) at 60 °C for 24 h and afterward were ground with a laboratory knife mill
(Retsch SM 100, GmbH) into particles with a mean diameter of 3 mm. Cow manure was collec-
ted from a local cow farm from the reception pit of a biogas plantin 15 dm? plastic pails, brou-
ghtto the laboratory just before the experiment, and used as inoculum. Two groups of samples
were subjected to anaerobic digestion — group C (inoculum - cow manure, which served as a
control), and group E (experimental group, composed of camelina biomass and cow manure).

Anaerobic batch co-digestion was performed in a thermophilic regime (55 °C) in apparatus
which is comprised of 48 reactors placed in 2 thermostatic water baths which are connected
with calibrated glass bottles (with numbered markings from 0 to 720 cm?®) via rubber hoses.
Calibrated glass bottles are placed, with a gap facing the bottom, in a glass aquarium which
is filled with saturated NaCl solution in order to prevent biogas to dissolve (Figure 1). As bio-
gas production begins and increases, biogas passes from reactors through rubber hoses and
accumulates in glass bottles, which results in salt liquid displacement and a rise of the liquid
level in the aquarium. The volume of collected biogas can be read from the numbered marking
on the bottle. When a glass bottle is filled with biogas, it is closed with a plastic lid while still
submerged in the NaCl solution and replaced with a new one. The co-digestion was finished
after 36 days when a daily production of less than 1% of the whole production occurred. The
total volume of the reaction mixture was 500 cm?3. The substrate/inoculum ratio was 1/5 (based
on volatile solids (VS)). The total solids (TS) of all prepared mixtures were in the range of 11
to 13.3%. Each experiment was performed in triplicate. To maintain homogeneity, all reactors
were mixed manually five times a day. Cow manure was used as inoculum.

TS were determined after drying at 105 °C in the laboratory oven (Memmert UFE 600) to con-
stant weight. VS were determined by complete combustion in a muffle furnace for 4 h at 550 °C.

Biogas volume and composition were measured every day. The total volume of biogas pro-
duced in 1 day was obtained by summing the volumes of accumulated biogas in all bottles
which were filled with gas, and the composition of biogas (CH, N, and CO,) was analyzed
according to a modified method HRN ISO 6974-4:2000 using a GC (Varian 3900) equipped with
capillary column CP-PoraPLOT Q fused silica PLOT 25 mm x 0.53 mm, df = 20 um.

Figure 1. Experimental setup for anaerobic batch
co-digestion of camelina and cow manure.
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Results and discussion

Grain and biomass yields

Depending on the treatments, camelina grain yield (Table 3) ranged from 935 to 963 kgha™
and it was significantly influenced by soil tillage treatments and fertilization subtreatments. Na-
mely, within each soil tillage treatment, a statistically significant impact of fertilization subtre-
atment was determined. Thus, in the CT treatment, the statistically significantly higher grain
yield was determined on the F6 subtreatment and the lowest on the FO and F1 subtreatments.
In the treatments of MD and SD soil tillage, the influence of fertilization subtreatments was
even more noticeable and the statistically significantly higher yield was determined on tre-
atment F6, and the lowest on treatment FO. Depending on fertilization subtreatments, average
camelina grain yields ranged from 700 to 1158 kg ha™.

Table 3. Camelina grain yield (kg ha)*

CcT MD SD mean
FO 719¢ 694¢ 6869 700
F1 934¢ 910 908¢ 917
F2 1064 1040° 1038° 1047
F3 9980 975b¢ 973¢ 982
F4 982 960¢ 956 966
F5 868" 8454 841f 851
F6 11782 11532 11452 1158
mean 940 935 963
LSD 205.79 103.19 107.12

*The means in the columns followed by different letters are statistically significantly different (Fisher,
LSD test, p < 0.05)

Similar results of camelina grain yield (899 kg ha') were confirmed in the study of 5 diffe-
rent camelina cultivars where grain yields were not affected by cultivars (Neupane et al., 2020).
In the study of the influence of the term and method of sowing camelina, the yields ranged
from 503 to 921 kg ha” and were significantly influenced by both investigated parameters
(Neupane et al., 2019). The influence of tillage systems on camelina grain yield was determined
in the study of camelina production under conventional and conservation tillage practices.
Yields ranged from 731 kg ha™' under conservation tillage to 920 kg ha™ under conventional
tillage practices (Afshar et al., 2016). The yield of camelina plant mass (Table 4) was also influen-
ced by treatments and subtreatments and ranged from 5447 to 5478 kg ha™ (treatments), and
5231 to 6637 kg ha™' (subtreatments). Namely, within all soil tillage treatments and fertilization
subtreatments, the same trend was found with the statistically highest yield achieved on F6
subtreatment in all soil tillage treatments, and the lowest yield on FO subtreatment.

Table 4. The yield of camelina plant mass (kg ha™)*

T MD SD mean
FO 36869 36649 36579 3669
F1 52919 5264¢ 5256° 5270
F2 6566° 6544° 6541° 6550
F3 5329f 53044 5298¢ 5310
F4 5569¢ 5536¢ 5532¢ 5546
F5 5252¢ 5224f 5218f 5231
F6 6654° 66322 6625° 6637

mean 5478 5453 5447
LSD 88.13 89.10 1327.11

*The means in the columns followed by different letters are statistically significantly different (Fisher,
LSD test, p<0.05)
The obtained results were consistent with other studies on the effects of different agrotech-
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nical measures on the yield of camelina biomass ranging from 5494 to 7016 kg ha' depending
on the treatments applied (Walia et al., 2018).

The influence of the application of different types and doses of fertilizers on the camelina
biomass yield is evident in a large number of studies, with a special impact on the influence
of nitrogen fertilization. Thus, the yields of camelina biomass, under the influence of nitrogen
fertilization, can range from 2693 kg ha™” on control to 8265 kg ha at a dose of 300 kg N ha”
(Solis et al., 2013). In our study, the yield of camelina biomass was also strongly influenced by
subtreatment of fertilization, with the special significance of fertilization with microbiological
fertilizer EM Activ (F6) and 5% urea solution (F2), although all yields on fertilization treatments
were higher if compared to control (FO). The obtained results confirmed the high efficiency of
nitrogen fertilizers on biomass yield. Following the biomass yield, the influence of fertilization
on grain yield was also confirmed, with the mentioned subtreatments of fertilization F2 and F6
having the greatest influence.

The application of additional doses of nitrogen fertilizer can almost double the yields of
camelina, and some authors have recorded an increase in yield of 0.89 t ha' compared to the
control (0.99 t ha™' control without fertilization, 1.88 t ha™' + 60 kg N ha') (Hryhoriv et al., 2020).

Anaerobic co-digestion of camelina

Daily biogas production curves of the inoculum and experimental group are presented in
Figure 2. It is evident that concentrated biogas production began around the 7th day and la-
sted until around the 15th day of digestion, and declined gradually from around the 20th day
in both groups of samples. The difference between samples is evident in peaks during this
period which was constantly higher in the experimental group which contained camelina.

Biogas (cm?)

Figure 2. The biogas daily yields were obtained during anaerobic co-digestion of inoculum
C and experimental group E.

The biogas production potential is expressed as biogas and methane yields which are pre-
sented in Figure 3. There was no significant difference (p < 0.05) in the increase of biogas and
methane yields between the control and experimental groups. If compared to our results, after
a 40-day batch of thermophilic anaerobic co-digestion of cattle manure, wheat straw, and ca-
melina oilcake, Paulsen et al. (2009) reported lower biogas yields (240 and 260 cm? g' VS, for
cattle manure and wheat straw (8% TS) mixed with 0.5% of total material weight false flax oilca-
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ke, and cattle manure and wheat straw (8% TS) mixed with 5% of total material weight false flax
oilcake, respectively). The authors also performed a field experiment in two mesophilic 1000
L-volume digesters in which the effects of camelina oilcake on biogas production were tested
in two variants: digester | contained cattle manure and wheat straw (8% TS), whereas digester
[l contained cattle manure and wheat straw (8% TS) mixed with 5% of total material weight
camelina oilcake. Anaerobic co-digestion in digester | resulted in 240 cm? g VS biogas yield,
while in digester Il addition of camelina oilcake significantly affected the biogas production
process which resulted in 370 cm? g VS biogas yield. The authors also determined the biogas
yield for the pure camelina oilcake and it ranged between 580 and 800 cm? g'VS, while the
measured mean methane content of the biogas ranged around 60%. In our experiment mean
methane content of the biogas in both experimental groups ranged around 65%.
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:::;J_E:;: ac
: QE
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200
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100 -
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biogas yield methane yield
Figure 3. Biogas and methane yields after anaerobic co-digestion of inoculum C and expe-
rimental group E. The error bars show the standard deviation (n = 3).

Herrmann et al. (2016) examined 405 silages and 43 different crop species for chemical
composition and methane production, among which was camelina silage mixed with oat and
forage pea. Batch 30-day anaerobic mesophilic co-digestion was conducted using inoculum
which consisted of digestate of previously completed batch digestion tests with crop mate-
rials. Anaerobic co-digestion of camelina resulted in methane yield that ranged between 271
and 333 cm? g'VS with a mean methane yield that ranged 304 cm?® g'VS. If compared to our re-
sults, we obtained lower methane yields, up to 26%. However, they co-digested three different
crops with inoculum (a more diverse chemical composition of the digested material) which
could be a reason for higher yields.

Moreover, maize is often used as a standard for the comparison of methane yields therefore
we compared our results with maize. In the above-mentioned study, authors co-digested 59
different maize silages and their specific methane yields ranged between 312 and 408 cm?® g
VS. However, results in the literature reveal large variations in maize methane yield. Mayer et al.
(2014) assessed the large set of maize silage samples for methane yield and they ranged from
276 to 557 cm?® g VS, while Gao et al. (2012) gained considerably lower yields which ranged
from 196 to 335 cm® g VS.
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Conclusion

After the field experiment that was set as a split-plot design in four replicates, with three
levels of the main treatments of soil tillage and levels of subtreatment fertilization, the highest
camelina grain, and biomass yield was achieved in the subtreatment F6 (in which microbio-
logical fertilizer EM Aktiv was applied), regardless of the applied agrotechnics. Depending on
fertilization subtreatments, average camelina grain yields ranged from 700 to 1158 kg ha”,
whereas the yield of camelina plant mass ranged from 5447 to 5478 kg ha™ (treatments), and
5231106637 kg ha (subtreatments). The anaerobic co-digestion of camelina and cow manure
were expressed in terms of biogas and methane yields which ranged from 382.00 and 246.04
cm?® g VS, respectively. If compared to maize which is often used as a standard for comparison
of methane yields, maize methane yields are higher by 21 to 40%.

Literature

Paulsen, H.M. (2008) Enhancing GHG balances in organic farms by integration of new bio-energy crop concepts. Inter-
national conference Organic agriculture and climate change, Enita of Clermont, France, April 17-18th, 2008.

Herrmann, C,, Idler, C., Heiermann, M. (2016) Biogas crops grown in energy crop rotations: Linking chemical com-
position and methane production characteristics. Bioresource Technology 206, 23-35. http://dx.doi.org/10.1016/j.bior-
tech.2016.01.058

Kovacic, B, Kralik, D., Jovici¢, D., Rupcic, S., Popovic, B., TisSma, M. (2018) Thermal pretreatment of harvest residues
and their use in anaerobic co-digestion with dairy cow manure. Applied Biochemistry and Biotechnology 184 (2), 471~
483. https://doi.org/10.1007/s12010-017-2559-4

Jankowski, K.J., Sokolski, M., Kordan, B. (2019) Camelina: Yield and quality response to nitrogen and sulfur fertiliza-
tion in Poland. Industrial Crops and Products 141, 111776. https://doi.org/10.1016/j.indcrop.2019.111776

Joshi, S.K., Ahamada, S., Meher, L.C., Agarwal, A., Nasim, M. (2017) Growth and yield response of camelina sativa to
inorganic fertilizers and farmyard manure in hot semi-arid climate of India. Advances and Plants & Agriculture Research
7 (3), 305-3009. https://doi.org/10.15406/apar.2017.07.00258

Abramovi¢, H., Abram, V. (2005) Physico-Chemical Properties, Composition and Oxidative Stability of Camelina
sativa Oil. Food Technology and Biotechnology 43 (1), 63-70.

Galasso, I, Manca, A., Braglia, L., Ponzoni, E., Breviario, D. (2015) Genomic Fingerprinting of Camelina Species Using
cTBP as Molecular Marker. American Journal of Plant Sciences 6, 1184-1200. http://dx.doi.org/10.4236/ajps.2015.68122

Matteo, R., D'Avino, L., Ramirez-Cando, L.J., Pagnotta, E., Angelini, L.G., Spugnoli, P, Tavarini, S., Ugolini, L., Fosc-
hi, L., Lazzeri, L. (2020) Camelina (Camelina sativa L. Crantz) under low-input management systems in northern Italy:
Yields, chemical characterization and environmental sustainability. /talian Journal of Agronomy 15, 1519. https://doi.
org/10.4081/ija.2020.1519

Wittenberg, A., Anderson, J.V., Berti, M.T. (2019) Winter and summer annual biotypes of camelina have diffe-
rent morphology and seed characteristics. Industrial Crops and Products 135, 230-237. https://doi.org/10.1016/j.ind-
crop.2019.04.036

Kurasiak-Popowska, D., Stuper-Szablewska, K. (2019) The phytochemical quality of Camelina sativa seed and oil.
Acta Agriculturae Scandinavica, Section B Soil Plant Science, DOI: https://doi.org/10.1080/09064710.2019.1665706.

Berti, M., Gesch, R., Eynck, C., Anderson, J., Cermak, S. (2016) Camelina uses, genetics, genomics, production, and
management. Ind. Crops Prod. 94, 690-710. http://dx.doi.org/10.1016/j.indcrop.2016.09.034

Peu, P, Picard, S., Girault, R., Labreuche, J., Béline, F., Dabert, P. (2013) Catch crops for agricultural biogas production,
case study for Brassicaceae sp. World congress on anaerobic digestion, Jun 2013, Santiago de Compostela, Spain. pp.4.

Gesch, RW.,, Cermak, S.C. (2011) Sowing date and tillage effects on fall-seeded camelina in the Northern Corn Belt.
Agronomy Journal 103 (4), 980-987. https://doi.org/10.2134/agronj2010.0485

Eberle, C.A., Thom, M.D., Nemec, K.T,, Forcella, F, Lundgren, J.G., Gesch, RW., Riedell, W.E., Papiernik, S.K., Wagner,
A., Peterson, D.H., Eklund, J.J. (2015) Using pennycress, camelina, and canola cash cover crops to provision pollinators.
Industrial Crops Products 75, 20-25. http://dx.doi.org/10.1016/j.indcrop.2015.06.026

Fleenor, R.A. (2011) Plant Guide for Camelina (Camelina sativa). USDA-Natural Resources Conservation Service, Spo-
kane, WA 99201.

Obeng, E., Obour, A. (2015) Nitrogen and Sulfur Fertilization Effects on Camelina Sativa in West Central Kansas.
Kansas agricultural Experiment Station Research Reports 1 (3). https://doi.org/10.4148/2378-5977.1031

Davis, PB., Maxwell, B., Menalled, F.D. (2013) Impact of growing conditions on the competitive ability of Camelina
sativa (L.) Crantz (Camelina). Canadian Journal of Plant Sciences 93 (2), 243-247. https://doi.org/10.4141/cjps2012-213

Agegenehu, M., Honermeier, B. (1997) Effects of seeding rates and nitrogen fertilization on seed yield, seed quality
and yield components of false flax (Camelina sativa Crtz.). Bodenkultur 48, 15-20.

Krzyzaniak, M., Stolarski, M.J. (2019) Life cycle assessment of camelina and crambe production for biorefinery and
energy purposes. Journal of Cleaner Production 237, 117755. https://doi.org/10.1016/j.jclepro.2019.117755

Stamenkovi¢, O.S., Gautam, K., Singla-Pareek, S.L., Dhankher, O.P, Djalovi¢, I.G., Kosti¢, M.D., Mitrovi¢, PM., Pareek,
A., Veljkovi¢, V.B. (2021) Biodiesel production from camelina oil: Present status and future perspectives. Food and Energy
Security 2021;00:e340. https://doi.org/10.1002/fes3.340

Berti, M., Wilckens, R., Fischer, S., Solis, A., Johnson, B. (2011) Seeding date influence on camelina seed yield, yi-
eld components, and oil content in Chile. Industrial Crops Production 34, 1358-1365. https://doi.org/10.1016/j.ind-

79



glasnik zastite bilja 66

godina

crop.2010.12.00

Pari, L., Latterini, F., Stefanoni, W. (2020) Herbaceous Oil Crops, a Review on Mechanical Harvesting State of the Art.
Agriculture 10, 309. https://doi.org/10.3390/agriculture10080309

Kolesarova, N., Hutnan, M., Bodik, I., Spalkova, V. (2011) Utilization of Biodiesel By-Products for Biogas Production.
J. Biomed. Biotechnol. 2011 (11), 126798. https://doi.org/10.1155/2011/126798

Placido, J., Capareda, S. (2016) Conversion of residues and by-products from the biodiesel industry into value-ad-
ded products. Bioresource and Bioprocessing 3, 23. https://doi.org/10.1186/s40643-016-0100-1

Paulsen, H.M., Xiaoming, W., Yongming, S., Rahmann, G., B6hm, H. (2009) Effect of false flax oilcake in thermophilic
biogas production. Landbauforsch SH 326, 47-60.

1USS Working Group WRB (2015). World Reference Base for Soil Resources 2014, update 2015. International soil
classification system for naming soils and creating legends for soil maps. World Soil Resources Reports No. 106. FAO,
Rome.

ISO 6974-4:2001 (Natural gas - Determination of composition with defined uncertainty by gas chromatography —
Part 4: Determination of nitrogen, carbon dioxide and hydrocarbons C1 up to C5 and C6+ for a laboratory and on-line
process application using two columns (ISO 6974-4:2000)).

Neupane, D., Solomon, J.K.Q., Mclennon, E., Davison, J., Lawry, T. (2020) Camelina production parameters response
to different irrigation regimes. Industrial Crops and Products 148 112286. https://doi.org/10.1016/j.indcrop.2020.112286

Neupane, D., Solomon, J.K.Q., Mclennon, E., Davison, J., Lawry, T. (2019) Sowing date and sowing method influence
on camelina cultivars grain yield, oil concentration, and biodiesel production. Food and Energy Security 8, 3. https://doi.
org/10.1002/fes3.166

Afshar, R.K., Mohammed, Y.A., Chen, C.C. (2016) Enhanced efficiency nitrogen fertilizer effect on camelina pro-
duction under conventional and conservation tillage practices. Industrial Crops and Products 94, 783-789. https://doi.
org/10.1016/j.indcrop.2016.09.043

Walia, M.K., Wells, M.S., Cubins, J., Wyse, D., Gardner, R.D., Forcella, F, Gesch, R. (2018) Winter camelina seed yi-
eld and quality responses to harvest time. Industrial Crops and Products 124, 765-775. https://doi.org/10.1016/j.ind-
crop.2018.08.025

Solis, A., Vidal, I, Paulino, L., Johnson, B.L.,, Berti, M.T. (2013) Camelina seed yield response to nitrogen, sulfur and
phosphorus fertilizer in South Central Chile. Industrail Crops and Products 44, 132-138. https://doi.org/10.1016/j.ind-
crop.2012.11.005

Hryhoriv, Y.Y., Butenko, S.0., Masyk, .M., Onychko, V.I., Onychko, T.O., Pshychenko, O.., Komar, V.I., Berezniak, O.P.
(2020) Influence of mineral fertilization on productivity of Camelina sativa in the conditions of Prycarpattia. Ukranian
Journal of Ecology 10, 2. https://doi.org/10.15421/2020_59

Mayer, F, Gerin, PA.,, Noo, A, Foucart, G, Flammang, J., Lemaigre, S., Sinnaeve, G., Dardenne, P. Delfosse, P. (2014)
Assessment of factors influencing the biomethane yield of maize silages. Bioresource Technology 153, 260-268. http://
dx.doi.org/10.1016/j.biortech.2013.11.081

Gao, R, Yuan, X,, Zhu,W.,Wang, X., Chen, S., Cheng, X., Cui, Z. (2012) Methane yield through anaerobic digestion for
various maize varieties in China. Bioresource Technology 118, 611-614. http://dx.doi.org/10.1016/j.biortech.2012.05.051

Prispjelo/Received: 24.10.2022. Prihvaceno/Accepted: 23.11.2022.

Izvorni znanstveni rad

Agronomska performanca i iskoristivost Cameline sative
u svrhu proizvodnje bioplina

Sazetak

IstraZivanje je postavijeno 2013. godine u agroekoloskim uvjetima kontinentalne Hrvatske (3 razlicite
lokacije). Pokus je postavljen po split-plot shemi u Cetiri ponavljanja, s tri razine glavnih tretmana obrade tla
(CT - oranje; MD - reducirano visestruko tanjuranje; SD - reducirano drljanje jednom tanjuracom) i razinama
gnojidbe podtretmana (FO - kontrola; F1 - standardna gnojidba KAN-om; F2 - gnojidba 5% otopinom uree;
F3 - Profert Mara; F4 - Profert NGT; F5 - Thiofer; F6 - EM Aktiv). Najve(i prinos zrna i biomase kameline
ostvaren je u podtretmanu F6 uz koristenje mikrobioloskog gnojiva EM Aktiv, neovisno o primijenjenoj
agrotehnici. Nakon eksperimenta Zetve, provedena je anaerobna sarzna kodigestija kameline i kravlje
gnojovke u termofilnim uvjetima s ciliem odredivanja potencijala kameline za proizvodnju bioplina.
Bioplinski potencijal kameline izraZen je preko prinosa bioplina i metana koji su se kretali od 382.00
odnosno 246.04 cm3 g-1 OT. U usporedbi s kukuruzom koji se Cesto koristi kao standard za usporedbu
prinosa metana, prinosi metana proizvedenog iz zrna kukuruza vecisu za 21 do 40 %.

Kljucne rrijeci: anaerobna kodigestija, bioplin, Camelina sativa L. Crantz, gnojovka, organski uzgoj.
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