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Water stress is the most important factor limiting crops production in the world. Water stress effect
could be modified in different ways such as choosing the most appropriate sowing date. To assess the
effect of sowing date on yield and yield components of turnip rape (Brassica campestris L.-cv.
Goldrush) under different irrigation regimes, a field experiment was conducted in Qazvin, Iran during
2010 to 2011 growing season. The experiment was laid out in a three-replicated-randomized complete
block, factorial design with four irrigation levels (I: I1= normal irrigation (control), I2= interruption of
irrigation from flowering stage, I3= interruption of irrigation from silique formation stage and I4=
interruption of irrigation from seed filling stage) and four sowing date levels (D: D1= 2 October 2010, D2=
12 October 2010, D3= 22 October 2010, D4= 1 November 2010). It was shown that seed yield and yield
components decreased by postponing the sowing date and water stress. Water stress at flowering
stage had the most negative effect on these traits. Study of interaction effects of D × I on assessed
traits revealed that the highest and lowest means were obtained in D1I1 and D4I2, respectively.
Postponing the sowing date in all irrigation regimes decrease assessed traits, and flowering stage was
the most sensitive stage to water stress in all sowing dates. The highest seed yield obtained in D 1I1 by
average is 3875 kg/ha.
Key words: Turnip rape (Brassica campestris L.), sowing date, irrigation regimes, yield, yield components.

INTRODUCTION
Oil seed crops are very important for human food and
have gained third position among crops next to cereals
and legumes (Downey, 1990). About 40 different plant
species, including some trees, have been used for the
commercial production of fatty oils (Weiss, 1983). The
average yield of oil crops in Iran is 245000 tons (Area
harvested 521000 ha), whereas the world average yield
of oil crops is 261,099,000 tons (Area harvested,
157,382,000 ha). Oilseed crops production needs to be
increased through both increasing the land area under
cultivation and increasing the yield per unit of land area
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due to increasing demand for edible oils (Tuncturk and
Ciftci, 2004). Since arable land throughout the world is
decreasing, increasing yield within the available lands is
possible through introducing oilseed crops which is
adaptable with weather conditions of a region in addition
to amending planting methods and improving cultivars
with high oil rate. Recently, the production of rapeseed as
a well adapted oilseed crop with the weather condition in
Iran is taken into consideration (Bonyadi Bala Deh,
2000). Agricultural cultivars of rapeseed (Brassicaceae)
belongs to two species of common rapeseed (Brassica
napus L.) and turnip rape (Brassica campestris L. or
Brassica rapa L.) (Azizi, 1998). Turnip rape has been
cultivated since about 2000 years ago in an extended
area from West Europe to China and Korea, and from
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Norway to African desert and India (Hedge, 1976) and its
seeds contains 40 to 45% oil and 20 to 25% protein
(Nuttall et al., 1987). The direct yield components of
turnip rape are number of plants per plot, number of
siliques per plant, number of seeds per silique and weight
of seeds. Yield components are important as they
correlate with the final seed yield. The relative importance
of each yield component is affected by many factors,
including genotype, environmental conditions (e.g.
drought and salinity) and cultural practices. At present,
low water availability is the main environmental factor
limiting plant growth and yield worldwide, and global
change will likely make water scarcity an even greater
limitation to plant productivity across an increasing
amount of land (Chaves et al., 2003; Hamdy et al., 2003).
Drought stress reduces the capacity of plants to take up
water from the soil (Munns, 2002). Even temporary
drought can cause substantial losses in crop yield
(Moselev, 1983). The limitation of plant growth imposed
by low water availability is mainly due to reductions in
plant carbon balance, which is dependent on the balance
between photosynthesis and respiration. The effect of
drought stress is a function of genotype, intensity and
duration of stress, weather conditions, growth and
developmental stages (Robertson and Holland, 2004).
The occurrence time is more important than the water
stress intensity (Korte et al 1983). Severe stress
decreases the duration of reproductive growth (Hall,
1992) and stress during flowering or ripening stages
results in large yield losses (Stoker and Carter, 1984).
Water stress occurring at any time during reproductive
growth can result in a drastic change in seed yield. The
worst time to experience water stress on many grain
crops is during stem elongation and flowering. Sowing at
a proper time allows sufficient growth and development of
a crop to obtain a satisfactory yield and modify the
undesirable effect of drought stress. Different sowing
dates provide variable environmental conditions within
the same location for growth and development of crop
and yield stability (Pandey et al., 1981). The greatest
drawback for late sowing date is that irrespective of the
sowing time, the flowering period falls in June, when
evapotranspiration reaches high values and a long water
stress period starts (Koutroubas et al., 2004, 2009; Yau,
2007). Flowering is the most sensitive plant stage to
water deficit (Movahhedy-Dehnavy et al., 2009).
Moreover, various safflower diseases tend to spread and
intensify towards and after flowering. Therefore, plants
are subjected to several biotic and abiotic stresses during
the seed filling period that diminish photosynthesis and
crop nitrogen uptake limits their production. The
importance of carbohydrate and nitrogen storage in
vegetative parts and their translocation to seeds to
obtaining high yields under stress conditions has been
widely recognized in many plant species. Keeping all this
in view, the present investigation was taken up to find out
suitable sowing date in turnip rape cultivation,
considering the probability of water stress occurrence in

different developmental stages of turnip rape.

MATERIALS AND METHODS
Experimental site and design
This experiment carried out at the experimental farm in Qazvin, Iran
(49°57′E, 36°18′N; 1314 m a.s.l) during 2010 to 2011 growing
season aimed to assess sowing dates and irrigation regimes effects
on yield and yield components (number of siliques per plant,
number of seeds per silique and 1000 seeds weight) of turnip rape
(B. campestris L.). Qazvin is a semi arid region and receives
average annual rainfall of 312 mm. Maximum and minimum
temperatures are 8.2 and 38.7°C in a 30 year period in this region.
The soil type where the experiment was conducted is a clay loam
soil with 29% clay, 45% silt, 26% sand, 165 mg/kg available K, 14.2
mg/kg available P, 0.08% total N, 0.83% organic carbon, 8.25%
total neutralizing value (TNV), 35% Sp, 7.8 (1:1 H2O) pH and 1.33
dS/m electrical conductivity (EC) in the depth of 0 to 30 cm and
27% clay, 46% silt, 27% sand, 148 mg/kg available K, 15.3 mg/kg
available P, 0.06% total N, 0.96% organic carbon, 8.46% TNV, 37%
Sp, 7.4 (1:1 H2O) pH and 1.15 dS/m EC in the depth of 30 to 60 cm.
The experiment was laid out in a three-replicated-factorial design
in the form of randomized complete block with irrigation in four
levels (I: I1= normal irrigation (control), I 2= interruption of irrigation
from flowering stage, I3= interruption of irrigation from silique
formation stage and I4= interruption of irrigation from seed filling
stage) and sowing date in four levels (D: D1= 2 October 2010, D2=
12 October 2010, D3= 22 October 2010, D4= 1 November 2010).
Each experimental plot consisted of 6 rows, 6 m long with 30 cm
spaced between rows and 4 cm distance between plants on the
rows. Goldrush (B. campestris L.-cv. Goldrush) was used as the
turnip rape cultivar.
Seeds were planted according to sowing date treatments. P and
K were applied at a rate of 150 kg P2O5 ha−1 and 100 kg K2O ha−1
pre-plant in the form of triple superphosphate and K 2SO4,
respectively, and were incorporated in the soil before sowing. N
was applied at a rate of 300 kg N ha−1 in the form of urea in three
stages: one-third in 2 to 4 leaves stage, one-third in stemming
stage and one-third in flowering stage. The final harvest was
performed at physiological maturity on 1 July 2011, 28 June 2011,
26 June 2011, 23 June 2011, 6 July 2011, 2 July 2011, 30 June
2011, 27 June 2011, 9 July 2011, 6 July 2011, 4 July 2011, 2 July
2011, 11 July 2011, 8 July 2011, 6 July 2011, 3 July 2011 for D1I1,
D1I2, D1I3, D1I4, D2I1, D2I2, D2I3, D2I4, D3I1, D3I2, D3I3, D3I4, D4I1, D4I2,
D4I3, D4I4, respectively. Also, the crop was kept free from weeds by
applying 2.5 L/ha Treflan pre-plant and 1 L/ha Galant super in 2 to
4 leaves stage.
Measurements of traits
At harvest stage, the four middle rows were used for sampling and
measured parameters. For sampling, ten plants from the middle of
each plot were harvested. The following traits were studied: seed
yield, number of siliques per plant, number of siliques on primary
branch, number of siliques on secondary branches, number of
seeds per silique, number of seeds per primary silique, number of
seeds per secondary siliques and 1000 seeds weight. Seed yield in
each plot was measured with 14% humidity.
Statistics
Analyses
were performed with a personal computer using the
MSTATC software. A factorial analysis of variance (ANOVA) was
performed for all parameters. In addition, the Duncan’s Multiple
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Table 1. Factorial analysis of variance for assessed traits.

Source of variation
Replication
Sowing date
Irrigation regimes
Irrigation regimes × Sowing date
Error
Total
CV (%)

DF
2
3
3
9
30
47
-

SY

NS/P

NS/PB

NS/SB

NS/S

NS/PS

NS/SS

TSW

**
**
**
10.25

**
**
**
-

**
**
**
3.97

**
**
**
3.68

**
**
*
3.84

**
**
NS
5.68

**
**
*
4.18

**
**
**
8.94

2.5

*, **Significant at 5 and 1% respectively, NS: not significant.

Table 2. Effects and mean comparisons (simple effect) of sowing date and irrigation regimes for assessed traits.

Treatment

SY (kg/ha)

NS/P

NS/PB

124
b
111.7
c
99
d
66.88

a

51.22
b
46.45
c
40.88
d
25.58

a

54.9
d
22.65
c
35.33
b
51.25

Sowing date
D1
D2
D3
D4

2627
b
2240
c
1972
d
1111

a

Irrigation regime
I1
I2
I3
I4

2806
d
938
c
1708
b
2498

a

130.1
d
59.88
c
88.88
b
122.6

a

a

Mean
NS/SB
NS/S

NS/PS

NS/SS

72.75
b
65.2
c
58.13
d
41.3

a

11.09
b
10.47
c
9.758
d
7.308

a

12.32
b
11.68
c
10.9
d
8.275

a

9.825
b
9.2
c
8.575
d
6.3

a

11.48
d
6.958
c
9.133
b
11.05

a

12.73
d
7.95
c
10.23
b
12.27

a

10.2
d
5.925
c
8
b
9.775

75.25
d
37.22
c
53.55
b
71.35

a

a

TSW (g)
a

3.2
b
2.95
c
2.65
d
1.825

a

3.4
d
1.65
c
2.425
b
3.15

Any two means sharing a common letter do not differ significantly from each other at 5% probability.

Range Test (DMRT) (P = 0.05) was used to conduct mean
comparison of treatments and find the significant differences among
means.

RESULTS AND DISCUSSION
Factorial analysis of variance and mean comparisons for
seed yield, number of siliques per plant, number of
siliques on primary branch, number of siliques on
secondary branches, number of seeds per silique,
number of seeds per primary silique, number of seeds
per secondary silique and 1000 seeds weight are
presented in Tables 1 and 2, respectively. The results of
factorial analysis of variance revealed that the simple
effects of treatments (D and I) were significant at P = 0.01
for all assessed traits. The interaction effect of treatments
(D × I) were significant for all assessed traits (at P = 0.01
for seed yield, number of siliques per plant, number of
siliques on primary branch, number of siliques on
secondary branches and 1000 seeds weight and at
P = 0.05 for number of seeds per silique and number of
seeds per secondary silique) except for the number of
seeds per primary silique (Table 1).

Traits in italic, SY, NS/P, NS/PB, NS/SB, NS/S, NS/PS,
NS/SS and TSW are assigned for seed yield in kg/ha,
number of siliques per plant, number of siliques on
primary branch, number of siliques on secondary
branches, number of seeds per silique, number of seeds
per primary silique, number of seeds per secondary
silique and 1000 seeds weight in g, respectively.
Seed yield and yield component were affected by
different sowing dates and decreased by postponing the
sowing date. The highest seed yield, number of siliques
per plant, number of siliques on primary branch, number
of siliques on secondary branches, number of seeds per
silique, number of seeds per primary silique, number of
seeds per secondary silique and 1000 seeds weight by
average of 2627 kg/ha, 124, 51.22, 72.75, 11.09, 12.32,
9.825 and 3.2 g, respectively were obtained in D1 (early
October) and the lowest seed yield, number of siliques
per plant, number of siliques on primary branch, number
of siliques on secondary branches, number of seeds per
silique, number of seeds per primary silique, number of
seeds per secondary silique and 1000 seeds weight by
average of 1111 kg/ha, 66.88, 25.58, 41.3, 7.308, 8.275,
6.3 and 1.825 g, respectively were obtained in D4 (early
November) (Table 2). Most previous studies have
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Figure 1. Interaction effect of D and I on the seed yield
(kg/ha).

revealed that late sowing in many crops results in lower
yields (Scott et al., 1973; Kondra et al., 1983; Hocking
and Stapper, 2001; Oz, 2002; Ozer, 2003; Robertson et
al., 2004; Uzun et al., 2009). Delay on sowing date
causes flowering period falls in June when evapotranspiration reaches high values and the crop
experiences water stress (Yau, 2007). Thus, it is
important for high yield that the plant should flower as
early as possible. By bringing forward the date of
flowering can ultimately increase seed yield (Dordas et
al., 2008; Yau, 2007; Koutroubas et al., 2004). The late
sowing usually causes a decline in grown leaf area and a
faster maturation (Mckay and Schneiter, 1990). Stapper
and Fischer (1990) reported that late sowing date
resulted in a shortening of the flowering period and
decreases in seed yield, yield components and harvest
index. In the yield components, number of pods per plant
was correlated significantly with seed yield (Ozer et al.,
1999). Also, a significant correlation was observed
between pod numbers per plant and seed yield in species
of B. napus and B. compestris by Thurling (1974).
Also, seed yield and yield components were affected by
different irrigation regimes and decreased by water
stress. Water stress at flowering stage and seed filling
stage had the most and less negative effects on seed
yield and yield components, respectively. The highest
seed yield, number of siliques per plant, number of
siliques on primary branch, number of siliques on
secondary branches, number of seeds per silique,
number of seeds per primary silique, number of seeds
per secondary silique and 1000 seeds weight by average
of 2806 kg/ha, 130.1, 54.9, 75.25, 11.48, 12.73, 10.2 and
3.4 g, respectively obtained in I1 (normal irrigation) and
the lowest seed yield, number of siliques per plant,
number of siliques on primary branch, number of siliques
on secondary branches, number of seeds per silique,

number of seeds per primary silique, number of seeds
per secondary silique and 1000 seeds weight by average
of 938 kg/ha, 59.88, 22.65, 37.22, 6.958, 7.95, 5.925 and
1.65 g, respectively obtained in I2 (interruption of irrigation
from flowering stage) (Table 2). Water stress at flowering
stage significantly decreases these traits which show that
the flowering stage is the most sensitive stage to water
stress. Plants respond to drought by closing their
stomata, which reduces leaf transpiration and prevents
the development of excessive water deficits in their
tissues. The drawback of the stomatal closure for plants
is that their carbon gain is lowered and their growth is
impaired. Seed yield potential of Brassica crops depend
on the events occurring prior to and during the flowering
stage, while the reproductive period is the most
susceptible stage (Mendham and Salisbury, 1995). The
most pronounced effects of water stress are observed
when water shortage occurs during the flowering or pod
filling stages (Richards and Thurling, 1978). Gammelvind
et al. (1996) reported that water deficient in late
vegetative and early reproductive growth stages reduces
photosynthetic rate in leaves and yield (Gammelvind et
al., 1996). Water stress decrease seed yield mainly by
decrease of number of silique per plant (Kafi Ghasemi
and Isfahani, 2006).
The study of the interaction effects of D × I on seed
yield and yield components revealed that the highest
seed yield, number of siliques per plant, number of
siliques on primary branch, number of siliques on
secondary branches, number of seeds per silique,
number of seeds per secondary silique and 1000 seeds
weight by average of 3875 kg/h, 160.1, 68.4, 91.7, 13.03,
11.7 and 4.1 g, respectively were obtained in D1I1,
although the difference among D 1I1 and D1I4 in production
of the highest rate of number of siliques on secondary
branches and 1000 seeds weight was negligible. The
lowest seed yield, number of siliques per plant, number of
siliques on primary branch, number of siliques on
secondary branches, number of seeds per silique,
number of seeds per secondary silique and 1000 seeds
weight by average of 796 kg/ha, 42.4, 15.1, 27.3, 5.167,
4.1 and 1.3 g, respectively were obtained in D4I2,
although the difference among D4I3, D3I2 and D4I2 in
production of the lowest rate of seed yield was negligible
(Figures 1 to 7). In all sowing dates, the lowest means
were obtained by water stress at flowering stage.
Postponing the sowing date in all irrigation regimes
decreases assessed traits, so planting as early as
possible could prominently decrease the water stress
effect.
Conclusions
Choosing the most appropriate sowing date is one of the
key points in crop management to optimizing productivity.
This study provides new information about the effect of
different sowing dates on yield and yield components of

Number of siliques on primary
branches

Figure 2. Interaction effect of D and I on the number of
siliques per plant.

Number of seeds per silique
Figure 5. Interaction effect of D and I on the number of
seeds per silique.

Figure 6. Interaction effect of D and I on the number of seeds
per secondary silique.

Number of siliques on secondary
branches

Figure 3. Interaction effect of D and I on the number of siliques
on primary branch.
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Number of seeds per secondary
silique

Number of siliques per plant
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Figure 4. Interaction effect of D and I on the number of siliques
on secondary branches.

Figure 7. Interaction effect of D and I on 1000 seeds weight.
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turnip rape (B. campestris L.-cv. Goldrush) under
different irrigation regimes. Since water stress condition
occur ubiquitously during the growing season of many
plants and could have a profound negative effect on crop
productivity, choosing the most appropriate sowing date
considering the probability of water stress occurrence
could modify the water stress effect, and since
postponing the sowing date in all irrigation regimes,
specially flowering stage decreased assessed traits in our
study, so planting as early as possible is recommended.
Our results showed the highest seed yield, number of
siliques per plant, number of siliques on primary branch,
number of siliques on secondary branches, number of
seeds per silique, number of seeds per secondary silique
and 1000 seeds weight by average of 3875 kg/ha, 160.1,
68.4, 91.7, 13.03, 11.7 and 4.1 g, respectively obtained in
D1I1.
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