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ABSTRACT

This research was conducted to determine the change of main growth parameters and growth pattern of camelina
depending on the sowing time and genotype. The research was carried out during 2017 and 2018 and the treatments (1,
11, 21 and 31 May & PI-650142 and PI-304269 genotypes) were arranged in split-plot design and 3 replications. It was
determined that NAR, LAI, RGR and DM were affected by the sowing times. In addition, NAR, LAI and RGR were
significantly affected by genotypes at all growth stages, whereas DM was affected only in the pre-flowering stage.
Depending on the sowing times and genotype, NAR was found 0.014-0.016, 1.65-1.96 and 4.10-15.51 mg mm-2 day-1 in
pre-flowering, flowering and post-flowering periods, respectively, while LAI was found 0.22-0.29, 0.23-0.33 and 0.10-
0.23 mm2 mm-2, respectively. In pre-flowering, flowering, post-flowering and harvest period RGR was found 2.3-2.6,
3.3-4.4, 2.2-3.3 and 0.6-0.7 mg g-1 day-1 g-1 day-1, respectively, while DM was 0.233-0.283, 0.410-0.553, 0.646- 0.944
and 0.939-1.003 g per plant, respectively. Also, depending on the sowing time, the seed yield was determined as 190.85-
810.07 kg ha-1 for the PI-650142 genotype and 190.94-360.65 kg ha-1 for the PI-304269 genotype. Consequently, it can
be suggested that PI-650142 genotype can be used for general sowing once date is adjusted to 1 May in conditions of
Samsun. This could be contributed to optimum temperature and day length during the flowering, seed formation and
filling stage.
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INTRODUCTION

Growth is defined as the numerical increase of
plant parts or the irreversible change of dry matter in the
size of the plant. In other words, growth can also be
referred to as the net increase in the dry matter of each
plants’ leaf area per unit time (Charles-Edwars et al.,
1986). Determination of some physiological parameters
such as net assimilation rate (NAR), leaf area index
(LAI), relative growth rate (RGR) and total dry matter
(DM) which are considered as determinants of the growth
and development of plants, plays a major role in
determining growth ultimately the crop productivity
(Koutroubas et al., 2012).

Leaves receive light from the sun and use it in
photosynthesis (Ackerly et al., 2002). It affects various
physiological processes directly or indirectly, such as
photosynthesis, respiration, transcription, which are vital
in leaf area, biosphere and atmosphere relationships (Guo
and Sun, 2001). During vegetative growth, the leaf area
index (LAI) increases as the number of leaves increases
but decreases again with leaf aging towards the time of
maturing (Ackerly et al., 2002). Therefore, leaf area
index is one of the important parameters used in plant

analysis due to the role of leaf characteristics in carbon
assimilation, water relations and energy balance (Charles-
Edwars et al., 1986). Measurement of leaf area is also
important in plant nutrition, plant competition, plant soil-
water relations, light reflection and heat transfer in
heating and cooling processes (Chen, 2009).

Relative Growth Rate (RGR) is a key variable of
critical importance in plant physiology and is an
important parameter for determining the response of
plants to different environments and different treatments
(Grime, 2001). Thus, it has been stated that RGR is an
effective factor in measuring the amount of dry matter
accumulation (Beadle, 1993).

The proportional expression of plant growth
occurs in a geometrically folded manner depending on
time, temperature and light (Hadley et al., 1983). Growth
analyses include useful and complex analyses that
determine the interaction between growth and plant
ecology. Plant growth analysis is necessary to explain the
differences in plant growth between the species that grow
under the same or different environmental conditions. It
is not only the effect of genetic structure, but also the
effects of environmental variance on plant growth, seed
yield, and quality parameters are crucial factors (Kurt,
2015). Any changes that may occur in the ecology of the
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plant during plant growth can directly or indirectly affect
the physiology of the plant (Hunt, 1990).

Environmental parameters, especially
temperature and photoperiod, play an effective role in the
realization of the physiological process in the plant
(Hatfield and Prueger, 2015). Appropriate temperature
and light contribute to the occurrence of physiological
events such as photosynthesis, respiration and
transpiration by ensuring the regular operation of
enzymes and hormones related to growth and
development in the plant which effect the crop yield at
the end. Consequently, the ecological and climatic factors
of production areas are important in the decision-making
process of determining plant, species and variety (Uzun
and Demir, 1996).

Camelina sativa (L.) Crantz belongs to the
family of Brassicaceae and only economically important
species in this genus (Davis, 1965; Gore and Kurt, 2015).
Camelina is the raw material for many products in
biodiesel production, oil industry and machine (Sawyer,
2008; Liu et al., 2013). In addition, it is accepted as a
source of cholesterol-lowering vegetable oil in human
nutrition due to the high content of Omega-3 (linolenic
acid) fatty acid (Karvonen et al., 2002). Camelina seeds
contain 35-40% oil; about 90% of this is unsaturated fatty
acids, and about 10% of this is saturated fatty acids
(Zubr, 1997). In addition to this, it is a plant that can
adapt to marginal soils, does not require much input
(fertilizers, irrigation, insecticide etc.), can be evaluated
in summer and winter grown, and has a short vegetation
period (Kurt and Seyis, 2008; Ahmed et al., 2019).

As with the other cultivated plants, the
agronomic characteristics of camelina are influenced by
the growing season, location and year, and environmental
conditions that vary between these factors. Also, these
features are significantly affected by cultural practices
such as sowing time, fertilization, irrigation and tillage
management (Kirkhus et al., 2013; Neupane et al., 2019).
A change of sowing time necessarily involves changes in
climatic parameters such as temperature, light and
moisture that affect the plant in different growth and
development periods, thereby affecting the growth
pattern of the plant (Koca and Turgut, 2012).

Phenological growth periods of camelina plant
were defined according to extended BBCH scale as
germination, cotyledon development, the formation of
side shoot, elongation of the main stem, development of
vegetative parts, flowering, development of capsule,
maturing, and senescence (Martinelli and Galasso, 2011).

Although many studies have been done on
different aspects of camelina, there is almost no research
in which growth parameters are measured, especially
during developmental periods. As the final goal; to
eliminate the negative effects of environmental factors on
the plant, it is to determine the development period of the

plant to which it is most sensitive and to make
recommendations to take the necessary measures.
Therefore, the present research carried out to know the
effect of sowing time on main growth parameters and
seed yield of camelina.

MATERIALS AND METHODS

Plant Material: PI-650142 (Denmark) and PI-304269
(Sweden) camelina genotypes provided from USDA
(United States Department of Agriculture) were used as
plant materials. As a result of the preliminary researches,
these genotypes were used in this research because of the
best adaptation to the research field in terms of yield and
yield elements.

Experimentation: Field experiments were conducted at
Samsun-Turkey (41°37.49'N, 35°36'30"E) in spring
vegetation period in 2017 and 2018. When the climate
data of the research period is examined, it is observed
that there are differences in the two vegetation periods at
various times. Monthly average temperature, day length
and humidity values are higher than the average of the
experiment in the 2nd year (2018), 1st year (2017) and
long years. Monthly average precipitation values are
lower than the average of long years in both years of the
experiment. In the first year of the experiment, there was
no rainfall in July (Figure 1). The soil structure of the
experiment area is clay loam, its organic substance
(2.83%) and nitrogen content are moderate, K2O
concentration is high (exchangeable K 7.59 kg ha-1), P2O5
concentration is medium (available P 0.66 kg ha-1), lime
content 1.73% and soil pH is 7.71.

The plots for the experiments were arranged in a
split-plot design with three replicates, in which varieties
were set up as the main plot, whereas sowing times as the
sub-plot. The dates for sowing were arranged at May 1,
11, 21 and 31 during the 2017 and 2018 summer seasons.
Also, four different sampling periods (pre-flowering,
flowering, post-flowering and harvesting) were used in
both years. The experimental area was empty in the
previous year, the field was plowed twice according to
the cultivation of camelina and suitable sowing intervals
were opened. Plot size was 3x1 m with a spacing of 20
cm row distance and 5 cm plant distance in each row.
Camelina genotypes were sown using the sprinkle sowing
method by hand. In both years of the experiment period;
40 kg ha-1 of ammonium nitrate fertilizer was applied
before flowering. Weed control was carried out twice,
before the pre-flowering and during the full-flowering
stage. Field capacity irrigation was carried out on 1 July
in the first year and on 12 June and 11 July in the second
year. The plants harvested by hand when 90% of the
capsules had matured in both years.
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Fig. 1. The average monthly temperature, day length, rainfall and relative humidity recorded during the camelina
growing season in 2017 and 2018 (Anonymous, 2019).

Parameter calculation and statistical analysis: Data
were calculated according to the formulae proposed by
Taiz et al., (2014). The formulae used in calculations are
given below.
NAR= (1/LA) (dW/dt); LAI= LA/ Ground Area; RGR=
(1/W) (dW/dt)

Among the abbreviations in the formulas, LA:
Leaf Area, dW: Dry weight change between sampling
periods and dt: it refers to the time between two
quantitative analyses. 10 plants' leaves samples taken
randomly from each plot in each sampling period were
made according to O’Neal et al., (2002) using "Imaje J
Image Analysis Program".

The data were statistically analysed according to
using SPSS 17.0 statistical software. Homogeneity test
was done for each parameter and the means of treatments
were compared by DUNCAN's Multiple Range Test at
5% and 1% probability level.

RESULTS AND DISCUSSION

Net assimilation rate (NAR): The effect of different
sowing times, genotypes, years, genotype × year (G×Y)

and year × sowing time (Y×S) was very significant (P<
0.01) on net assimilation rate in the pre-flowering stage.
While sowing time effects were significant (P< 0.05);
year, genotype, Y×S, G×Y and genotype × sowing time
(G×S) was very significant (P< 0.01) in the flowering
stage. The variation of all traits was significant (P< 0.01
and P< 0.05) in the post-flowering period (Table 1).
According to pre-flowering, flowering and post-flowering
period, NAR was 0.008, 2.045 and 11.193 mg mg-2 day-1

in the first year, respectively, while the second year is
0.021, 1.549 and 7.757 mg mg-2 day-1. The difference
between years was mainly due to the difference in
precipitation and day length (Fig. 1). Compared with the
first year, in the second year, the day length and drought
period were especially long after the flowering period.

The NAR increased in all sowing times and
during the growth period in both genotypes, and this
increase continued rapidly from the flowering period
(Fig. 2). In the pre-flowering, flowering and post-
flowering periods, NAR were 0.014, 1.653 and 8.482 mg
mg-2 day-1 in the PI-650142 genotype, while it was 0.015,
1.941 and 10.467 mg mg-2 day-1 in the PI-304269
genotype, respectively. This progress in vegetative
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growth causes the acceleration of physiological stages
such as photosynthesis and transpiration. Therefore, the
net assimilation rate increased rapidly from flowering
stages.

Depending on the genotypes and sowing times,
the net assimilation rate changed between 0.014-0.017
mg mg-2 day-1 in the pre-flowering period, 1.496-2.03 mg
mg-2 day-1 in the flowering period and 3.58-17.98 mg mg-

2 day-1 in the post-flowering period. In both genotypes,
the highest values (17.98 mg mg-2 day-1) were obtained

from the first sowing time in all growth stages. The PI-
304269 genotype has reached the highest value of NAR
in all growth stages. The NAR increase in both genotypes
decreased from the flowering to the post-flowering period
as the sowing time was delayed. The lowest NAR was
obtained for the last sowing time. As a matter of fact, it
has been reported that lower NAR is obtained in the case
of late sowing since the vegetative period is completed in
a shorter time and the generative period is switched
(Board, 2000).

Table 1. Variance analysis table and F values of the NAR and LAI for the growth periods.

Variation
Sources

df NAR LAI

General 47
Pre-
Flowering

Flowering Post-
Flowering

Pre-
Flowering

Flowering Post-
Flowering

Year (Y) 1 2853.02 ** 118.75 ** 1234.67 ** 11.42 ** 21.67 ** 31.78 **

Block 4 0.66 NS 0.54 NS 0.63 NS 0.72 NS 2.70 NS 0.80 NS
Error1 4
Genotype (G) 1 17.74 ** 90.73 ** 505.41 ** 40.43 ** 158.22 ** 142.51 **

G×Y 1 13.04 ** 74.81 ** 56.06 ** 115.72 ** 23.55 ** 204.71 **

Error2 12
Sowing Time
(S) 3 23.58 ** 8.38 * 2684.89 ** 42.10 ** 213.73 ** 269.94 **

Y×S 3 20.42 ** 29.32 ** 2519.77 ** 198.93 ** 802.85 ** 333.98 **

G×S 3 3.42 NS 21.83 ** 92.29 ** 198.72 ** 43.38 ** 84.85 **

G×S×Y 3 2.32 NS 7.14 NS 7.07 * 46.78 ** 272.13 ** 72.55 **

Error3 12
CV (%) 4.71 6.30 5.05 6.27 4.67 5.06
Note: P< 0.05(*), P< 0.01(**), Non-significant (NS)

The NAR effects the amount of dry matter
produced by leaves. In late sowing times, the increase in
temperature and shortening of the vegetation period led to
a decrease in the NAR and leaf area (Martinelli and
Galasso, 2011; Fujita et al., 2014). In the post-flowering
period, the photosynthetic rate decreases with the aging
of leaves and the accumulation of dry matter in the leaf,
thus the NAR decreases rapidly until harvest. In addition,
the plants' stomas close during the drought that occurs
with high temperatures. NAR decreases in plants exposed
to high temperatures at the end of the vegetative period
(Russo et al., 2010).

It has been reported that NAR varies between
4.00-5.24 mg mm-2 d-1 in 35 days after sowing under
water stress conditions (Waraich et al., 2017a). In a study
conducted to optimize the sowing time of two different
camelina genotypes under drought stress in terms of
growth potential, it was determined that the growth
parameters were affected by the sowing time difference.
While maximum values were obtained from early
sowing, minimum values were determined from late
sowing and it was determined that the NAR varies
between 3.5-5.40 mg mm-2 d-1 (Waraich et al., 2017b).

Leaf area index (LAI): The effect of different sowing
times, genotypes, years and all interactions were highly
significant (P< 0.01) on LAI at all growth stages (Table
1). Depending on the genotypes and sowing times, the
LAI changed between 0.205-0.362 mm2 mm-2 in the pre-
flowering period; 0.255-0.360 mm2 mm-2 in the flowering
period and 0.079-0.244 mm2 mm-2 in the post-flowering
period. When the data of the two years are evaluated
together; the highest LAI value was obtained at the 3rd

sowing time with 0.297 and 0.239 mm2 mm-2 values
before and after flowering, respectively, while the highest
value at the flowering time was obtained with 0.333 mm2

mm-2 at the 1st sowing time. The LAI increased in all
sowing times in both genotypes until the flowering period
and then started to decrease (Fig. 3). This situation was
due to the cessation of leaf formation and the yellowing
and shedding of existing leaves after the flowering
period.

Determining the LAI in plants is of great
importance in terms of evaluating growth and
physiological analysis. Day length is an important factor
in increasing LAI (Charles-Edwars et al., 1986). Early
spring sowing is effective in taking advantage of day
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length, and LAI is higher, especially in later stages of the
vegetative development period. As a matter of fact, in
this study, it was determined that day length and LAI

both increased until the flowering period and decreased
depending on the day length in the next period (Fig.1; 3).

Fig. 2. Effects of different sowing times on NAR of two camelina varieties at different growth stages.

Fig. 3. Effects of different sowing times on LAI of two camelina varieties at different growth stages.

The LAI affects various physiological processes
and energy balance directly or indirectly, such as
photosynthesis, respiration, transcription, which are vital
in the biosphere and atmosphere relationships (Guo and
Sun, 2001; Ackerly et al., 2002; Chen, 2009). The
optimum LAI in the flowering period is expressed as the
main determinants of yield (Tagliapietra et al., 2018).
LAI decreased due to shading of the lower leaves,
mobilization of nutrients from leaves to capsule and leaf
senescence until harvesting time reached (Brunel-Muguet
et al., 2013; Waraich et al., 2017b). As a matter of fact, in
this research, it was determined that RGR decreased due
to the decrease in LAI after flowering (Fig 3; 4).

It has been shown that the LAI was affected by
the sowing time in camelina (Neupane et al., 2019). Also,
several researchers have reported effects of sowing times
on growth parameters of camelina (Sintim et al., 2016;

Ahmed et al., 2019). Sowing delay results in shortening
of the vegetation period and reduced yield due to high
temperatures during the seed filling period. Since the LAI
is a parameter that affects growth and hence yields, early
sowing of spring is expected to have higher performance
in terms of these parameters. In this research, the
maximum increase rate between pre-flowering and
flowering period was obtained from the first sowing
times in both genotypes (30.8% for PI-650142; 46.9% for
PI-304269). Similarly, the maximum decrease between
flowering and post-flowering period was obtained from
the first sowing time in both genotypes (60.0% for PI-
650142; 78.0% for PI-304269).

Relative growth rate (RGR): The effect of different
sowing times was significant (P< 0.01 and P< 0.05) on
RGR in all growth periods except harvesting period. The
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effect of genotypes was only highly significant (P< 0.01)
in the pre-flowering period. Year × Sowing times
interaction was significant (P< 0.01) in all periods. The
importance of degrees of interactions change according to
the growth periods (Table 2). PI-650142 genotype
showed the highest result in the pre-flowering period with

2.6 mg g-1 day-1. Depending on the genotypes and sowing
times, the RGR changed between 2.2-2.6 mg g-1 day-1 in
the pre-flowering period, 3.3-4.4 mg g-1 day-1 in the
flowering period, 2.2-3.4 mg g-1 day-1 in the post-
flowering period and 0.6-0.8 mg g-1 day-1 in the harvest
period.

Table 2. Variance analysis table and F values of the RGR and total dry matter for the growth periods.

Variation
Sources df

RGR DM

General 47
Pre-
flowering

Flowering Post-
flowering

Harvest Pre-
flowering

Flowering Post-
flowering

Harvest

Year (Y) 1 60.70 ** 0.03 NS 27.28 ** 1.46 NS 5.27 * 6.24 * 878.98 ** 6082.18 **

Block 4 2.62 NS 1.00 NS 0.35 NS 1.59 NS 2.14 NS 0.50 NS 1.10 NS 3.78 NS
Error1 4
Genotype
(G) 1 8.92 ** 1.09 NS 1.40 NS 0.37 NS 12.01 ** 7.62 * 315.62 ** 583.31 **

G×Y 1 0.18 NS 20.11 ** 16.45 ** 0.50 NS 31.19 ** 134.90 ** 644.63 ** 1.99 NS
Error2 12
Sowing
Time (S) 3 22.43 ** 5.59 * 83.28 ** 0.88 NS 16.69 ** 50.37 ** 348.88 ** 701.20 **

Y×S 3 25.12 ** 24.02 ** 140.24 ** 26.89 ** 200.94 ** 234.63 ** 420.52 ** 1269.23 **

G×S 3 1.12 NS 5.87 * 5.07 * 0.80 NS 218.71 ** 140.17 ** 41.24 ** 156.98 **

G×S×Y 3 1.39 NS 7.74 * 0.33 NS 7.29 * 53.65 ** 118.81 ** 7.30 * 297.43 **

Error3 12
CV (%) 3.27 12.67 8.23 19.16 5.89 4.02 3.20 2.72
Note: P< 0.05(*). P< 0.01(**). Non-significant (NS)

The RGR was highest at last sowing time in all
growth stages. While the highest RGR value was
obtained at the 4th sowing time with 4.4, 3.3 and 0.7 mg
g-1 day-1 in the flowering, post-flowering and harvest
periods, respectively, while the pre-flowering period was
obtained with 2.6 mg g-1 day-1 at the 3rd sowing time. The
rapid growth period in both genotypes continued until the
flowering period and then began to decline to the harvest
(Fig. 4).

Maximum RGR increase in both genotypes (PI-
650142 and PI-304269) with a value of 91.3% and
100.0% respectively were obtained between pre-
flowering and flowering period on the last sowing time.
In contrast, the maximum RGR rate decline between
flowering and post-flowering period was obtained from
the time of first sowing in both genotypes with values
33.3% for PI-650142 and 47.6% for PI-304269. The
highest RGR decrease value between the post-flowering
and the harvest period was obtained from the last sowing
time in PI-650142 genotype with a value of 79.4% and
from second sowing time in PI-304269 genotype with a
value of 82.3%.

RGR is an important parameter to determine the
plants' reactions to different environments and different

applications. Indeed, it has been stated that the RGR is an
effective factor in measuring the amount of dry matter
and the primary determinant of RGR is NAR (Veneklaas
and Poorter, 1998). Srivastava and Singh (1980) reported
that RGR and NAR directly affect economic efficiency.
The RGR value of a plant reflects its vigour and is
considered a good index of its exposure to stresses of all
sorts (Lutts et al., 2004). In this research, the camelina
growing at varying sowing times revealed a decrease in
RGR with increasing temperature at critical growth
stages as the flowering period. In the last phase of the
growth period, RGR has decreased to zero due to the
increase in dead and woody tissues compared to living
and active tissues. Similar results were also obtained
from Brassica rapa, which is from the same family as
camelina (Yasari and Patwardhan, 2006). Poorter and
Remkes (1990) reported that not find a relationship
between NAR and RGR in their research on many plant
species in opposite environmental conditions. According
to the findings obtained in this research, it was
determined that there was a reverse relationship between
NAR and RGR, and this relationship emerged more
clearly especially from the flowering period.
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Fig. 4. Effects of different sowing times on RGR of two camelina varieties at different growth stages.

In researches conducted to determine the effects
of different day lengths on RGR and growth components;
although day length has been reported to have a
significant effect on RGR (Shipley, 2002). On the other
hand, other researchers have been reported to have no
effect (Poorter and van der Werf, 1998). Relationships
between RGR and its components may vary according to
genotype and environmental factors. In the first year of
this research, a significant decrease is observed in the day
length parameter after the flowering period. The reason
for the rapid decrease after the flowering period may be
due to differences in the day length (Fig. 1; 4).

Total Dry Matter (DM): The effect of different sowing
times, genotypes, years and all interactions except for
G×Y interaction at harvest and trio-interaction at the
flowering period was significant (P< 0.01 and P< 0.05)
on a DM (Table 2). Except after flowering, the highest
DM amount was obtained at the 1st sowing time with
0.283, 0.553 and 1.003 g in all other periods including
pre-flowering, flowering and harvest periods,
respectively, while it was obtained at the 2nd sowing time
with 0.944 g after flowering.

DM amount continued to increase in all
development periods and harvest time reached its
maximum. Considering all development periods; in the
PI-650142 genotype compared to other sowing times, the
DM amount at the first sowing time increased
significantly until the harvest time, while in the PI-
304269, the DM amount at the second sowing time until
the end of the flowering period increased significantly
compared to other sowing times (Fig. 5). The rapid
growth period in both genotypes continued to until the
flowering period, and high DM in the plants was owing
to the increase in the weight of dry leaves. This appears
as a result of the increase in the number of leaves and the

leaf area index. After the flowering period, DM
accumulation continued to a slow growth period and DM
weight increased slightly into the harvest period.

Depending on the genotypes and sowing time,
the DM changed between 0.188-0.366 g in the pre-
flowering period, 0.359-0.594 g in the flowering period,
0.631-1.005 g in the post-flowering period and 0.765-
1.242 g in the harvest period. The PI-650142 genotype
has a higher DM than the PI-304269 genotype in all
growth periods except the flowering period.

DM build-up mainly effects by the amount of
radiation captured by the product. As the respiration
increases in the later stages of growth, high temperature
affects DM (Hussain, 1994). As maturation progresses,
DM accumulation increases (Peiretti and Meineri, 2007).
A similar situation was found in this research. The
decrease in the rate of increase of the DM after the
flowering period may be the result of total ageing of the
leaves, the death of vegetative parts and severe droughts
during the maturity period. The DM, which has increased
after the flowering period, makes important contributions
to the harvest index and increases the seed yield (Baydar
and Kara, 2010). Because of this, the life cycle of
camelina grown during summer vegetation is short, it
tends to complete the vegetative development and move
to the generative period due to the high temperature and
day length in this research. Consequently, DM in summer
plants accumulates faster during the vegetative growth
phase. The differences between the years of the DM
production and the accumulation pattern in sowing times
may be the result of climatic changes between years. The
weather was relatively warm and moist during the second
year of this research, which would have shortened the
vegetative growth phase (Fig. 1).
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Fig. 5. Effects of different sowing times on DM of two camelina varieties at different growth stages.

Seed yield: The effect of different sowing times,
genotypes, years and all interactions at the harvest was
significant (P< 0.01 and P< 0.05) on seed yield (Table 3).
The average seed yield of PI-650142 genotype was 530.0
kg ha-1 while the seed yield of PI-304269 genotype was
300.5 kg ha-1. When the research result is evaluated on
the sowing time; the highest seed yield was obtained
from the 1st sowing time (580.9 kg ha-1), while the lowest
seed yield was obtained from the 4th sowing time (190.9
kg ha-1). When G×EZ interaction in seed yield is
evaluated, the highest seed yield was obtained from the
1st sowing time (810.1 kg ha-1) of the PI-650142
genotype. It was determined that the lowest seed yield
was obtained from the 4th sowing time (190.9 and 190.8
kg ha-1) of both genotypes (Fig. 6).

According to the result of the previous research,
seed yield was reported as 340.4-790.8 kg ha-1 in spring
sown camelina (Kınay et al., 2019). The reported result is
in line with the results obtained in our research. However,
seed yield was reported by another researcher as 1900.0
kg ha-1 (Kurasiak-Popowska et al., 2018). Genetic
structure of genotypes, environmental conditions and
cultural practices are the main criteria affecting seed
yield. Although cultural practices have a serious impact
on seed yield, the aim of this study is to determine the
effect of sowing time on the basic growth parameters of
camelina. Therefore, while evaluating this research, the
effects of cultural practices were not emphasized. It has
been reported by many researchers that dry matter is one
of the important parameters affecting seed yield and there
is a strong relationship between dry matter and seed yield
(Hussain, 1994; Hatfield and Prueger, 2015). The seed
yield resulting from the growth and development process
is the most important character in terms of agriculture.
Determining the changes in growth parameters also plays
a key role in detecting the appropriate genotypes for seed
yield and suitable sowing times.

Fig. 6. Effects of different sowing times on seed yield
of two camelina varieties at harvest.

Table 3. Variance analysis table and F values of the
seed yield.

Variation Sources df F Value
General 47
Year (Y) 1 14.08 **

Block 4 1.04
Error1 4
Genotype (G) 1 10994.43 **

G×Y 1 4.73 *

Error2 12
Sowing Time (S) 3 13260.04 **

Y×S 3 11.43 **

G×S 3 7592.63 **

G×S×Y 3 22.09 **

Error3 12
CV (%) 1.09

Conclusion: Growth parameters such as NAR, LAI,
RGR and DM and also seed yield are emphasized to
determine the plant growth pattern. Determination of the
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growth pattern is important in terms of revealing the
period in which the plant is more sensitive or tolerant
throughout its life cycle. These periods can be used as a
guide in the cultural processes to be performed during the
growth and development period of the plants. It can be
concluded that early sowing is more advantageous.
However, in case of delay in cultivation for any reason, it
is more appropriate to use genotypes that can tolerate the
negative effect of the delay more as plant material.
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