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ABSTRACT- Proper timing in planning for sowing dates and optimization of plant density

ARTICLE INFO are crucial for maximizing camelina (Camelina sativa (L.) Crantz) yields with great potential

for enhancing food security and animal feed. This study aimed to evaluate how planting time
Keywords: ) and density affect camelina seed yield in southern Iran. A two-year field study was performed
CVOPPFOdUC“O“ at Shiraz University, School of Agriculture, Iran, to examine five different sowing dates (10
Low input crop November, 10 December, 10 January, 10 February, and 10 March) and eight sowing densities
Oilseed plant (3,4,5,6,7,8,9, and 10 kg ha). The results demonstrated significant impacts of sowing date

and density on seed yield. This study showed that 10 January and 10 February were optimal
sowing dates (687.9 + 30 and 731.3 + 40 kg hal, respectively), and the highest seed yield was
obtained at a sowing density of 6 kg ha (686.4 = 30 kg ha™). Plant height was influenced by
the sowing date, while seed yield and yield components were affected by both the sowing date
and density. This research highlights the importance of selecting optimal sowing dates and
densities to maximize camelina yield in Fars Province, Iran. Further studies are necessary to
investigate how these factors affect different camelina varieties in various regions of Iran,
ultimately leading to the development of tailored cultivation practices for optimal yield and
sustainability in camelina production.

Archer, 2013; Berti et al., 2015). Despite its potential,
INTRODUCTION camelina has not been extensively studied in Iran due to

. ] ) ) limited access to genetic material, whereas rapeseed has
Oilseed crops can contribute to food security and animal  tragitionally received more attention. Camelina can be

feed in Iran. One such crop, Camelina sativa (L.) Crantz,  grown both in spring and winter annually, making it a
from the Brassicaceae family, has a rich history of yajyable addition to crop rotation systems (Anderson et al.,
cultivation dating back 6,000 years (Anderson et al., 2019).  2019). |ts adaptability to challenging environments makes it
Camelina’s unique characteristics, including a short period 3 strong competitor to other oilseed crops. Cultivating
of growth, minimum input needs, and tolerance to bioticand  camelina in dry areas can assist with crop rotation, improve
abiotic stresses, set it apart as a crop with significant i nutritional qualities, and promote sustainable
agronomic promise in comparison to other oilseed crops agricultural practices (Borzoo et al., 2021).
(Berti et al., 2016; Kim et al., 2018; Borzoo et al., 2021). Contrary to winter rapeseed, camelina has a much
Camelina oil contains high polyunsaturated fatty acids,  shorter life cycle (almost 20 days shorter), which allows it
primarily linoleic (C18:2) and linolenic (C18:3) acids. This  tg pe double-cropped with short-season summer crops such
high unsaturation amount is offset by the relevant level of 55 soyhean, sunflower (Helianthus annuus L.), and millet
tocopherol (~800 mg kg ™) (Berti et al., 2016) inaway that  (setaria italica L.). This versatility makes camelina an
camelina oil can be usually stabilized against oxidation, attractive alternative option for producers. With a growing
which makes it applicable to be used in numerous markets jinterest in cultivating new camelina cultivars, there is a
related to food, feed, and bio-based products (Righini etal.,  pressing need to establish and improve optimal management
2016). _ _ ___ strategies for camelina production. Camelina has been the
Camelina is a versatile crop with applications in  gypject of extensive researchs in the US, Europe, and
biodiesel and cosmetic industries. Recently, there has been  canada. Since it has shown adaptability to various climates
growing interest in cultivating camelina as a food product  and soil types, previous studies on camelina sowing dates
for having bioactive compounds that promote human  have led to mixed results. For instance, Urbaniak et al.
(Borzoo et al., 2021). In North America and Europe,  (2008) found no significant impact of sowing date on seed
camelina appears as a viable alternative to soybean and other  yiield and oil content in eastern Canada. In contrast, Gesch
summer annuals with shorter growing period (Gesch and  (2014) discovered that seed yields varied from 2300 kg ha™!

* Corresponding author, Associate Professor, Department of Plant Production and Genetics, School of Agriculture, Shiraz
University, Shiraz, I. R. Iran.

E-mail address: rnaderi@shirazu.ac.ir

https://doi.org/10.22099/iar.2024.50494.1611

Received 16 June 2024; Received in revised form 25 August 2024; Accepted 27 August 2024

Available online 02 December 2024


https://doi.org/
https://orcid.org/0009-0001-0645-7373
https://orcid.org/0000-0003-2252-8124
https://orcid.org/0000-0002-5856-4592
https://orcid.org/0000-0002-9601-0769

M. Ziaei, et al.

to 743 kg ha'?, with the highest yields occurring from sowing
dates between mid-April and mid-May in the US.

Establishing an adequate plant stand is vital for crop
production. Lower resource-use efficiency and more weed
problems can be a result of mismanaged stands, thus causing
lower yields. In some environments, it has been reported that
camelina plant stand establishment can vary substantially
(Gesch, 2014). It has been noticed that this variability is
often linked to the fluctuations in temperature and rain
around the sowing period. Some studies on sowing density
for camelina production showed that yield could vary
among a wide range of plant populations, mainly due to the
camelina growth plasticity (Urbaniak et al., 2008; McVay
and Khan, 2011). Thus, it is essential to select a sowing
density that optimizes both productivity and seed costs.
Weed management plays a significant role in establishing
camelina stands. Moderately high densities of camelina
have been reported to be effective in suppressing weed
growth (Gesch and Cermak, 2011), which is particularly
crucial because of the limited herbicides that camelina can
tolerate.

In recent years, water scarcity has become a significant
constraint on crop production in Iran. Common oilseed
crops like rapeseed, soybean, and sunflower usually demand
substantial water inputs. This high water requirement poses
a significant challenge, particularly in dry climates inherent
to lIran, where drought stress is usually persistent.
Consequently, cultivating low-input oilseed crops such as
camelina has garnered considerable interest from farmers
and researchers (Ahmadvandi et al., 2021). Camelina,
known for its drought tolerance and low water requirements,
presents a viable alternative to traditional oilseeds in dry
environments. Its ability to thrive with minimal water
supplies makes it particularly well suited to the harsh
climatic conditions of many regions in Iran. Additionally,
camelina can adapt to poor soil conditions. Its short growing
season further increases its appeal as a suitable crop choice.
A shift towards camelina cultivation can also reduce the
pressure on water resources, contributing to more
sustainable agricultural practices. Researchers are
particularly interested in camelina because of its potential to
provide a reliable oilseed crop under adverse conditions, and
farmers are drawn to its economic viability and lower input
costs. Furthermore, camelina is resistant to pests and
diseases, which minimizes the need for chemical
interventions, aligning with eco-friendly farming practices
and reducing environmental impacts (Hazrati et al. 2024).

Since camelina has not been extensively cultivated in
Iran, there is little information on its agronomic evaluation
or management details, such as sowing date and density,
especially in southern Iran where dry conditions prevail.
Therefore, the present research was performed to evaluate
the impact of camelina sowing dates and densities on its
seed yield production and oil content.

MATERIALS AND METHODS
Field site description

A two-year field study was conducted at the Research Field
of Shiraz University, School of Agriculture, Iran (2019 and
2020). The coordinates of the study site were 29.73693°N,
52.58225°E, with an elevation of 1,810 meters above sea
level. The soil at the site was classified as silty loam (fine,
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mixed mesic, Typic Calcixerpets). Some of the soil
characteristics are given in Table 1. Meteorological data are
shown in Table 2.

Table 1. Some characteristics of the studied soil

pH EC Total Available Available  Organic
nitrogen  phosphorus  potassium  matter
content content content
8 070 005% 50mgkg? 100 mg 0.6%
ds kg™
mfl

Table 2. Monthly precipitation (mm), mean monthly temperature
(°C) for growing season of 2020-2021 and 2021-2022.

2020-2021 growing season

Year Month Mean Mean air
precipitation temperature
(mm) (®)
2020 October 38.5 21.1
2020 November 53.5 13.9
2020 December 7 12.2
2021 January 9 16.6
2021 February 47 18.1
2021 March 4 24.9
2021  April 15 28.6
2021 May 0 33.8
2021  June 0 36.2
2021  July 1 35.7
2021-2022 growing season
Year Month Mean Mean air
Precipitation temperature
(mm) (9)
2021  October 5 20.9
2021  November 15 18
2021 December 120 11.3
2022  January 17 141
2022  February 5 19.5
2022 March 35 245
2022 April 5 27.6
2022 May 0 35.8
2022  June 0 37
2022 July 45 345

Table 3. Seed yield (kg ha?) affected by seed rate.

Seed rate (kg hat) Seed yield
10 606.5b

9 631.3ab
629.5ab
652.0ab
686.4a
640.2ab
537.1c
517.3c

w »~ 01O N ©

Plant material and cultivation

The experiments were set up in a split plot design based on
a randomized complete block with three replicates. The
study included five different sowing dates (10 November,
10 December, 10 January, 10 February, and 10 March) and
eight sowing densities, i.e., ranging from 3 to 10 kg ha (3,
4,5,6,7, 8,9, and 10 kg ha). Both sowing dates and
densities were considered as main plots. The camelina seeds
used in this study were obtained from the Seed and Plant
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Improvement Cooperative (Fars province, Iran). In both
years of the study, a camelina cultivar ‘Soheil” was used.
Prior to the study, the germination rate of the seeds was
tested under controlled conditions and found to be greater
than 90%. The seeds of “Soheil” camelina had an average
1000-seed weight of 1.1 g.

The preparation of seedbeds was meticulously carried
out utilizing a mold-board plow, disk harrow, and leveler in
the study field that had been left fallow during the previous
growing season. Camelina seeds were sown according to the
specific sowing dates and rates treatments. Each plot
measured 10 m in length and 3 m in width. The field was
irrigated using a sprinkler system immediately after sowing,
followed by two additional irrigations every five days, and
as needed thereafter. Weeds were removed manually and
regularly, thus eliminating the need for chemical herbicides.
Urea, containing 46% nitrogen, was used according to the
Agricultural Organization of Fars Province (50 kg N ha?)
with half of the fertilizer being used at sowing and the
remaining half top-dressed at the stem elongation stage.

Camelina harvesting

One square meter section from the central two rows of each
plot was harvested to assess camelina seed yield and its
components.

Statistical analysis

Statistical significance among mean values was assessed
through an analysis of variance (ANOVA). Upon detecting
significant differences, individual treatment means were
compared using Duncan’s multiple range test (P < 0.05).
Since no significant interactions (P > 0.05) were observed
between years and treatments across all measured
parameters, data from both years were combined. The
statistical analysis was conducted using SAS version 9.1
(2009). To assess the impact of sowing densities on the
various response variables measured, quadratic models
were utilized for seed yield (Kg ha) and number of seeds
per silicle, while linear models were used for the number of
plants m2, number of silicle plant?, number of sub-branches
plant?, and the 1000-seed weight.

RESULTS AND DISCUSION

Sowing date and density significantly affected the number
of silicles per main stem (F = 22.73, P < 0.0001 and F =
7.78, P < 0.0001), number of sub-branches per plant (F =
47.00, P < 0.0001 and F = 13.83, P < 0.0001), humber of
plants per m?(F =2.34, P <0.05 and F = 18.76, P <0.0001),
1000-seed weight (F = 3.87, P < 0.0001 and F = 13.06, P <
0.0001), and seed yield (F = 23.70, P < 0.0001 and F = 5.58,
P < 0.0001). Plant height was affected by the sowing date
only (F = 57.75, P < 0.0001). The interaction between
sowing date and sowing density did not significantly affect
other parameters (P > 0.05).

Effect of sowing date on camelina yield and Yyield
components

The sowing date of 10 January resulted in the highest
number of silicles per main stem, showing no significant
difference compared to the sowing date of 10 February (Fig.
1D). Additionally, the number of silicles per plant was
significantly higher in the plants of 10 January and 10
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February sowings, compared to the other dates (Fig. 1D).
Although the number of seeds per silicle was the highest in
plants of the 10 January sowing, this did not significantly
differ from the numbers recorded in plants sown on 10
November, 10 December, and 10 February.

The highest plant density per square meter was
recorded in plots planted on 10 February, showing no
significant difference compared to those planted on 10
January 10th (Fig. 1B). The 1000-thousand seed weight was
slightly greater when planted on 10 November, although this
difference was not statistically significant when compared
to seeds planted on other dates (Fig. 1F). The maximum
seed yield was obtained from planting on 10th February,
closely followed by the yield from the 10th January
planting. Plant height was greater in plots sown in both
February and January (Fig. 1G).

Effect of sowing density on camelina yield and yield
components

Maximum seed yield was obtained at a seeding density of 6
kg seed ha'?, but it was not significantly different from 5, 7,
8, and 9 kg seed ha’. Seed yield at seed sowing densities of
3 and 4 was the lowest. Seed yields at sowing densities of 8
to 10 kg seed ha* were lower than 5 to 7 kg seed ha* (Table
3). Variations in some yield parameters with more sowing
densities was best described through a linear model (see Fig.
2B, Fig. 2C, Fig. 2D, Fig. 2F, and Table 4). In contrast, for
other parameters, a quadratic model was a more suitable fit
(see Fig. 2A, Fig. 2E, and Table 4).

Our findings suggested that both 10 February and 10
January are ideal sowing dates for maximizing seed yield.
The decrease in seed yield observed for sowing dates on 10
November and 10 December, compared to those on 10
January and 10 February, may be due to the freezing
conditions that occurred during the 2-leaf stage of camellia.
Furthermore, the reduced yield in plants of the 10 March
sowing date could be attributed to the synchronization of
seed filling with higher temperatures (Fig. 3). According to
Liu et al. (2023), middle sowing dates resulted in higher
yields, which can be explained by the lower average
maximum temperature (28.3 °C), occurring five days before
the pod filling stage, compared to early sowing (33.2 °C)
and late sowing (30.9 °C). This suggests that sowing time
plays a crucial role in determining seed yield in camellia
cultivation.

Variations in weather during the growing season has
been identified as the main factor affecting crop growth and
yield formation across different sowing dates (Li et al.,
2012). In studies on wheat, researchers discovered that
variations in weather conditions associated with different
sowing dates primarily affected wheat growth before
flowering (Ding et al., 2016; Li et al., 2012; Zhou et al.,
2020). Surprisingly, no significant relationships between
wheat growth and rainfall during any of the growth stages
were found (Zhou et al., 2020). It is crucial to align crop
phenology with the duration of suitable conditions by
carefully selecting optimal sowing dates to maximize yield
(Caliskan et al., 2008; Zanon et al., 2016). Gordeyeva et al.
(2024) noted that in the steppe zone, a prolonged growing
season resulted in higher total temperatures and associated
with increased soil moisture, leading to extended leaf
activity, enhanced photosynthesis, and increased
carbohydrate production. Additionally, Alam et al. (2014)
reported that an extended growing period without moisture
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stress allows for a greater uptake of photosynthetic-active
radiation, ultimately leading to heightened tiller production.

Iran Agricultural Research 42 (2023) 84-92.

Table 4. ANOVA table showing the results of linear and quadratic regression models for measuring the effect of sowing rates on camelina
(Camelina sativa ‘Soheil’) Seed yield (kg ha'), number of plants m2, number of silicle plant™*, number of sub-branches plant?,
number of seeds silicle’?, and 1000 seed weight

Response variable Figure Variable Estimate SE t-value Pr (>[t))
Seed yield Fig. 2A Intercept 210.110 87.428 2403 0044  *
Seed rate -8.726 2214 -3.941 0.0110
Seed rate”2 125.683 29.124 4.315 0.0076  **
Number of plants m-2 Fig. 2B Intercept 38.6979 5.3259 7.266  0.000346 ***
Seed rate 16.2582 0.7728  21.039 7.51e-07 ***
Number of silicle plant-1 Fig. 2C Intercept 25.86560 0.27817 92.98  1.04e-10 ***
Seed rate -0.73798 0.04036  -18.28  1.72e-06 ***
Number of sub-branches plant-1 Fig. 2D Intercept 7.44536 0.08637 86.20  1.64e-10 ***
Seed rate -0.27929 0.01253  -22.29  5.34e-07 ***
Number of seeds silicle-1 Fig. 2E Intercept 9.07435 0.42203 21502 4.04e-06 ***
Seed rate -0.01268 0.01069  -1.186 0.289
Seed rate "2 0.10756 0.14059  0.765 0.479
1000 seed weight Fig. 2F Intercept 0.708095  0.014980 47.270 6.01e-09 ***
Seed rate -0.020476  0.002174 -9.421  8.13e-05 ***

Significance codes: 0 “***’ 0.001 “** 0.01 “** 0.05 <> 0.1 ¢’ 1.

In the current study, the number of silicles per main
stem and the number of seeds per square meter were
identified as two crucial components that contributed to
the increased seed yield associated with sowing dates of
10 February and 10 January. Interestingly, Wittenberg et
al. (2020) found that the number of silicles in camelina
remained consistent across all four sowing dates. Our
study also demonstrated a significant impact of sowing
date on the 1000-seed weight, which contrasts with
earlier findings by Wittenberg et al. (2020). Similarly,
Liu et al. (2023) discovered a notable influence of sowing
date on the 100-seed weight of soybean, with early
sowings that resulted in the lowest 100-seed weight.
They suggested that this outcome proves that high
temperatures at the pod-filling stage can adversely affect
the 100-seed weight because of increased respiration
rates and reduced seed size (Gulluoglu et al., 2018).

Plant height was higher at 10 February (59.63 £ 1.06
cm) and 10 January (57.8 + 1.28 cm). One possible
explanation for the higher seed yields observed at the 10
February and 10 January sowing dates could be attributed
to the taller camelina plants during these sowing times.
Taller plants have the advantage of being more
competitive in receiving light, which helps them
outcompete weeds. Weeds are problematic in camelina
fields, as they can negatively affect seed yield and quality
by competing with camelina for essential resources, such
as light, water, and nitrogen. In our study, camelina seed
yields ranged from 488 to 731 kg ha. Camelina is
generally more resistant to shattering compared to
rapeseed, but the incidence of shattering can be
significantly increased by avian predation. This
highlights the importance of managing potential threats
to ensure optimal seed yield and quality in camelina
cultivation.

Our research findings indicated that increasing the
seed sowing density up to 6 kg resulted in a significant
increase in seed yield. We also discovered a quadratic
curvilinear relationship between seed sowing density and
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camelina seed yield. Previous studies by Baird et al.
(2009), O’Donovan et al. (2012), and Willenborg and
Johnson (2013) showed that higher seed sowing densities
increased seed yield in lentils (Lens culinaris Medik),
barley (Hordeum vulgare L.), and cow cockle (Vaccaria
hispanica (Mill.) Rauschert), respectively. These studies
identified a curvilinear relationship between yield and
seed sowing density. However, Gesch et al. (2018)
reported that the seed weight per plant of camelina was
affected by the seed sowing density, with a decrease in
seed weight per plant observed at higher seed sowing
density. This phenomenon can be explained by camelina
in compensating for yield at lower planting densities, a
trait that becomes more pronounced with reduced plant
populations. In contrast, studies by Urbaniak et al. (2008)
and Gesch et al. (2017) demonstrated minimal impact of
seeding rate on camelina yield. Urbaniak et al. (2008)
linked this phenomenon to the increased branching as
plant densities decreased, while Gesch et al. (2017)
showed that dry matter accumulation and seed yield per
plant in spring camelina increased with lower plant
density, resulting in an overall unaffected seed yield
regardless of seed sowing density.

Our study examined the relationship between seed
sowing density and camelina seed yield, revealing a
curvilinear pattern that contrasts with previous findings
by Isidro-Sanchez et al. (2017) regarding wheat yield
response to plant density in a linear pattern. Interestingly,
our research also uncovered a strong negative
relationship between seed sowing density and the 1000-
seed weight (Fig. 2F). This aligns with previous results
by O’Donovan et al. (2012) regarding a significant
decrease in barley seed weight with increasing seed
sowing density. However, studies on oat (Avena sativa
L.) (May et al., 2009) and lentil (Baird et al., 2009)
showed no relationship between seed weight and seed
sowing density. Isidro-Sanchez et al. (2017) noted a
decline in the 1000-seed weight of durum wheat as the
seed sowing density increased. They attributed this
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reduction to increased seed production per unit area, thus
creating a larger sink and ultimately limiting the
availability of resources.

A notable decrease in seed yield was observed when
the seed sowing density increased from 8 to 10 kg seed
ha, potentially due to intraspecific competition among
camelina plants in higher densities. Research has shown
that a higher plant density can increase water usage by
plants (Hiltbrunner et al., 2007). In addition, Fang et al.
(2010) noted a decrease in soil water content as the seed
sowing density increased. A lack of water during the
reproductive phase can significantly reduce soybean
yields by affecting seed count (Brevedan and Egli, 2003).
Insufficient irrigation during seed filling can result in
smaller seed size (De-Souza et al., 1997). Furthermore,
short periods of stress during flowering and pod
formation stages may lead to decreased yields (Vieira et
al., 1992). On the other hand, increased water availability
reportedly enhanced seed set and seed mass in Mertensia
ciliata (Gallagher and Campbell, 2021) that highlights
the importance of proper water management in
optimizing crop yields. However, O’Donovan et al.
(2012) found that soil moisture did not cause a restriction,
implying that the decrease in yield was not exclusively
due to competition for soil water under conditions of high
plant densities. In research on maize (Zea mays L.), it was
found that decreased biomass accumulation under
increased plant densities was attributed to competition
for available light (Page et al., 2010). A comparable
mechanism might elucidate the reduction in barley yield
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observed at higher seed sowing densities, as observed in
previous studies by O’Donovan et al. (2012) and
McKenzie et al. (2011). In addition, Iboyi et al. (2024)
found that increasing seed sowing densities in Brassica
carinata led to a decrease in photosynthesis, stomatal
conductance, and water use efficiency, particularly
during bolting. They suggested that optimizing yield at a
seed sowing density of 6 kg seed ha, as opposed to 10
and 15 kg seed ha%, could be attributed to the phenotypic
plasticity commonly observed in many Brassica species.
This plasticity involves adjustments in vegetative
growth, such as increasing lateral branching, pod
formation, and leaf area, to compensate for decreased
plant density.

A clear relationship was discovered between seed
sowing densities and the number of established camelina
plants per square meter. This relationship confirms
previous findings on various crops, such as camelina
(Urbaniak et al., 2008; Pashtetskiy et al. 2021), barley
(McKenzie et al., 2005; O’Donovan et al., 2012), oat
(May et al., 2009), and lentils (Baird et al., 2009), where
a positive association between seed sowing density and
plant density was observed. Seed sowing densities of 8-
10 kg seed ha* resulted in higher seed yields and plants
per square meter compared to other seed sowing
densities. However, the 1000-seed weight in these
treatments was lower in comparison.
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Fig. 1. Effect of seeding dates on camelina (‘Soheil’) yield and yield components (a: Seed yield, b: number of plants m, c:
number of silicle plant, d: number of sub branches plant?, e: number of seeds silicle?, f: 1000 seed weight, and g:
height). Data were aggregated across both years.
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Fig. 2. Effect of seed sowing density on camelina (‘Soheil’) yield and yield parameter (A: seed yield, B: number of plants m?, C:
number of silicle plant?, D: number of sub branches plant?, E: number of seeds silicle, and F: 1000-seed weight). Data
were aggregated across both years. Blue lines indicated the best fit using linear or quadratic models, while grey shadings

represent 95% confidence intervals around the fit.

CONCLUSION

The current study focused on determining the optimum
sowing date and seed sowing densities for camelina
cultivation in Fars Province, Iran. Our findings revealed
that maximum seed yield was achieved when sowing was
set on 10 January and 10 February. A seed sowing
density of 6 kg ha? resulted in higher camelina seed
yields. In general, our research suggests that sowing on
10 January and 10 February, along with a seed sowing
density of 6 kg ha, are the most effective practices for
maximizing camelina yields in Fars Province, Iran.
Further studies are necessary to explore the impact of
sowing date and seed sowing density on different
varieties of camelina in various regions of Iran.
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