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Abstract: Safflower is grown in Iran as a traditional oilseed plant. However, up to now optimum intra-row
spacing and response of new cultivars to dryland conditions have not been studied. Consequently, the present
study was conducted to investigate the precipitation water use efficiency (PWUE) and production of safflower
cultivars with different intra-row spacings under dryland conditions. Field experiments were conducted using three
cultivars viz. Ns.1016, Isfahan and CH.65 sown with intra-row spacings 5, 10 and 15 cm in randomized complete
block design with a factorial arrangement for two cropping years. Results showed that cultivars differed PWUE,
seed yield, 1000-seed weight (TSW) and number of seeds in capitulum (NSC), however intra-row spacing only
affected the number of capitulua in plant (NCP). The highest seed yield and PWUE were obtained from cultivar
Isfahan with intra-row spacing of 5 cm.
Keywords: Safflower; Intra-row spacing; Safflower cultivars; Precipitation Water Use Efficiency.

1. Introduction
Safflower (Carthamus tinctorius L.) is one of
the important crops, which is cultivated for oil.
Total seed production of safflower in the world
was approximately 733852 mt in 2014 (FAO,
2017). This crop was grown in Iran as a
traditional oilseed because of its adaptability to
dryland and irrigated conditions and its tolerance
to cold, salt and alkali conditions with low
demand for fertilizer (Mozaffari and Asadi, 2006;
Arslan, 2007 and Yeilaghi et al., 2015). Safflower
is grown as both irrigated, rainfed and dryland in
Iran. Safflower yield depends on soil moisture
storages and precipitation under dryland
conditions (Doorenbos and Kassam, 1979).
Mündel et al. (1994) reported that seeding rate
and row spacing of safflower depdens on
environmental conditions, production system and
cultivar. A limited finding is currently available
on the precipitation water use efficiency and
productivity of safflower cultivars responses to
different intra-row spacings under field
conditions. Some important research findings is
expressed as follows. Mündel et al. (1994)

reported that row spacing of 15 and 30 cm at
southern Alberta increased safflower yield with
narrow rows. Oad et al. (2002) investigated three
row spacing of 25, 35, and 45cm; and three plant
spacing of 15, 22 and 30 cm effects on safflower
production and concluded that the optimum row
and distance were 45 × 30 cm to acquire the
highest production from safflower cultivation.
Abdolrahmani (2004) obtained the highest yield
of 1219 kg ha-1 from plots with plant density of 33
m-2 for safflower cv. Arak 2811 under dryland
conditions. Nakhzari Moghadam (2000) found
that seed yields, number of seeds in capitulum
(NSC) and number of capitulua in plant (NCP)
were affected by plant density in safflower cv.
Zarghan. However, row spaces did not affect
these traits. Abdulhabip et al. (2004) indicated
that the safflower spacing of 10 cm produced the
highest 1000-seed weight under arid condition.
Recently, Emami et al. (2011) reported that
safflower spacing affected 1000-seed weight, seed
yield, biological yield and harvest index. They
reported 12.5 cm row-spacing produced the
highest 1000-seed weight (43g), seed yield (1911
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kg
ha-1)
and
harvest
index
(49%).
Sharifmoghaddasi and
Omidi (2009) the
optimum row spacing and plant density of
safflower were invstigated. They concluded that a
significant effect on the seed yields was observed
due to an decrease in row spacing from50 to 25
cm and inter row spacing from 15 to 5 cm.
In irrigated lands, water use efficiency (WUE)
is defined as the yield obtained per unit of water
consumed as evapotranspiration (ET) by the crop
under consideration (Wang et al., 2017; Zamani
and Nasseri, 2008; Doorenbos and Kassam,
1979). Similarly, in dryland precipitation water
use efficiency (PWUE) is the yield (kg ha-1)
acquired per mm of occurred precipitation over
field (Zamani and Nasseri, 2008; Li and Wu,
2016). For safflower, water use efficiency ranges
is from 0.2 to 0.5 kg m-3 (Doorenbos and Kassam,
1979).
In spite of importance and oldness of safflower
cultivation in Iran, little research has been
conducted on effect of intra-row spacing on
precipitation water use efficiency and yield of
safflower under dryland conditions and also
optimum intra-row spacing and response of new
cultivars to dryland conditions were not
recognized. Consequently, the main objective of
this study was to investigate responses of
precipitation water use efficiency and production
of safflower to intra-row spacing and cultivars
under dryland conditions.
2. Materials and Methods
The field experiments were conducted at the
Dryland Agricultural Research Institute (DARI)
in Maragheh, Iran (37° 15’ N, 46° 22’ E and 1720
m level). The maximum and minimum air

temperature averaged as 36.7 and 4.8 °C for long
duration. Three-safflower cultivars viz. Ns.1016,
Isfahan and CH.65 which currently is extensively
cultivating in Iran and three intra-row spacing of
5, 10 and 15 cm with three replications were laid
out in randomized complete block with factorial
design for two cropping years ended up in 2001.
Experimental plot size was 6×3 (=18) m2.
Planting depths and row spaces were 5-7 and 50
cm, respectively. All experimental plots were
sown in last week March each year. In the sowing
time, fertilizers as 50 kg N ha-1 through urea and
30 kg Pha-1 through triple superphosphate were
applied to the soil. All plots had six rows with 50
cm space (Fig. 1). Field soil classified as clay
loam and each year soil preparation was made
normally for dryland farms. All treatments
received precipitation water as 116 and 98 mm in
the first and second growing season (Table 1).
After maturity in June, seed yields, 1000-seeds
weight (TSW), number of seeds in capitulum
(NSC) and number of capitulua in plant (NCP)
were measured in all plots. Analysis of variance
techniques was applied to statistically analysis the
experimental data. Duncan’s multiple range tests
was used to compare treatment means (Duncan,
1955). Similar to index of water use efficiency for
crop production in irrigated lands, precipitation
water use efficiency is the acquired yield from
occurred precipitation over field in drylands.
Therefore, precipitation (or rainfall) water use
efficiency (PWUE) was estimated as (Guevara et
al., 1996; Zamani and Nasseri, 2008; Li and Wu,
2016):
PWUE= Seed yield (kg ha-1)/ Seasonal
precipitation (m3 ha-1)

Table 1. Some meteorological factors in two growing seasons of safflower
Growing season months
1st month
2nd month
3rd month
4th month

Precipitation (mm)
Year 1
Year 2
62.7
32.0
53.0
34.0
00.0
00.0
0.40
31.6

Air temperature (oC)
Year 1
Year 2
08.5
09.3
12.7
12.1
17.6
17.9
23.3
21.8

Relative humidity (%)
Year 1
Year 2
47.3
51.4
52.3
46.7
40.7
31.9
36.0
35.2

The 1st month was from 20 March to 20 April. The first and second years were 2000 and 2001, respectively.
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Pan evaporation (mm)
Year 1
Year 2
000.0
000.0
227.0
223.3
307.0
323.0
309.0
372.0
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Figure 1. An experimental plot
3. Results and Discussion
3.1. Results
Seed yields averaged as 380.1±85.6 kg ha-1 for
all cultivars and two cropping years. Seed yields
were separately affected by cultivars and by
cropping years but were not affected by intra-row
spacing at 5% significant level (Table 2). In
general, for all cultivars and two cropping years,
precipitation water use efficiency averaged
0.353±0.07 kg m-3. The cultivar effects and
cropping years on PWUE were statistically
significant (Table 2), but intra-row spacing effect
was insignificant (p<0.05).
The safflower cultivars and two cropping years
produced different 1000-seeds weight (p<0.01).
Overall, 1000-seeds weight ranged from 21.3±2.2
to 35.2±0.80g for conducted experiments (Table
2). Interactive effects of cultivar and cropping
year on number of seeds in capitulum were
significant (p<0.05). The effect of intra-row
spacing on number of capitula in plant was
statistically significant (p<0.01). However,
safflower cultivars and precipitation changes in
two years did not affect number of capitulua in
plant.
3.2. Discussion
Seed yields ranged from 246.3±126.3 (year 2
with precipitation of 98mm, CH.65 with plant
space of 15cm) to 483.3±28.9 kg ha-1 (year 1 with
precipitation of 116mm, Isfahan with plant space
of 5cm). In the present study, the highest seed
yields obtained from Isfahan cultivar with intrarow spacing of 5 cm (Table 2). Abdolrahmani
(2004) also reported that the highest seed yields
acquired from plant spaces of 10 cm for cv. Arak

2811. Isfahan produced the highest mean (=405.2
kg ha-1) and CH.65 produced the lowest mean
(=349 kg ha-1) seed yields (Table 3). On the other
hand our findings on similarity in seed yields
values were not in accordance with report of
Nakhzari Moghadam (2000). Precipitation is one
of the main factors that affect safflower yield
(Doorenbos and Kassam, 1979) similar to wheat
production (Zamani and Nasseri, 2008).
Therefore, precipitation as 116 and 98 mm in two
consecutive growing seasons was the main reason
for yield difference in two years.
Precipitation water use efficiency ranged from
0.25±0.13 to 0.42±0.2 kg m-3 (Table 2). The
average value is in accordance with those reported
by Doorenbos and Kassam (1979). The highest
PWUE acquired from Isfahan with intra-row
spacing of 5 cm. The highest mean for PWUE (=
0.38 kg m-3) produced by Isfahan and the lowest
ones (=0.32 kg m-3) was from CH.65 (Table 3).
Intra-row spacing of 5, 10 and 15 cm produced
PWUE as 0.35, 0.37 and 0.34 kg m-3,
respectively. Precipitation water use efficiency
averaged 0.38 and 0.33 kg m-3 in the first and
second cropping years. Although precipitation
values in the first and second years were 116 and
98 mm, respectively. However, low yield caused a
low PWUE in the second year.
The highest (=32.5g) and lowest (=24.2g)
mean for 1000-seeds weight were acquired from
NS.1016 and Isfahan, respectively (Table 3). On
the other hand, the first and second years
produced 26.1 and 30.0g for 1000-seeds weight.
Overall, 1000-seeds weight ranged from 21.3±2.2
to 35.2±0.80g for conducted experiments (Table
2). The different 1000-seeds weight was probably
due to genetic diversity of safflower cultivars of
NS.1016 and Isfahan.
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Table 2. Seed yields, Precipitation water use efficiency, 1000-seeds weight, Number of seeds in capitulum and Number of capitulua in plant of three
safflower cultivars for different intra-row spacing.
Intra-row spacing
2000/2001

Seed yields

5 cm
PWUE

TSW

Seed yields

10 cm
PWUE

TSW

Seed yields

15 cm
PWUE

Year 1 NS. 1016 423.3±40.4
0.36±0.03
29.4±2.0
443.3±40.4
0.38±0.03
31.2±0.2
423.3±46.2
0.36±0.04
Isfahan
483.3±28.9
0.42±0.02
23.9±2.0
480.0±43.6
0.41±0.04
21.3±2.2
460.0±60.8
0.40±0.05
CH.65
410.0±26.5
0.35±0.02
24.2±4.0
386.7±85.0
0.33±0.07
26.2±0.5
420.0±30.0
0.36±0.03
Year 2 NS. 1016 357.3±89.0
0.36±0.09
35.2±0.8
339.0±60.3
0.35±0.06
34.0±1.7
331.3±48.3
0.34±0.05
Isfahan
287.0±98.8
0.29±0.10
26.0±1.0
413.0±25.1
0.42±0.03
26.7±0.8
307.7±42.2
0.31±0.04
CH.65
318.3±79.0
0.32±0.08
29.5±1.8
311.3±19.6
0.32±0.02
30.3±0.6
246.3±126.3
0.25±0.13
PWUE= Precipitation water use efficiency, TSW=1000-seed weight, NSC = Number of seeds in capitulum and NCP =Number of capitulua in plant.
Table 2. Continued
Intra-row spacing 5 cm
10 cm
15 cm
NSC
NCP
NSC
NCP
NSC
NCP
Year 1 (2000)
21.7±9.5
3±1
25.3±6.0
4±1
23.7±2.1
4±0
NS. 1016
Isfahan
32.7±2.1
4±1
21.0±4.4
5±0
23.7±8.0
5±1
CH.65
26.0±5.3
4±1
24.7±2.1
5±0
23.7±1.5
5±1
Year 2 (2001)
17.7±2.1
5±1
25.7±10.8
8±3
15.3±9.1
9±1
NS. 1016
Isfahan
25.7±7.0
6±1
28.7±5.1
8±4
24.7±8.3
10±3
CH.65
14.7±5.0
6±2
17.0±3.6
8±3
17.7±4.2
11±2

Table 3. Mean seeds yields, PWUE, 1000-seeds weight, NSC and NCP for three safflower cultivars
NS. 1016
Isfahan
CH. 65

Seed yields
(kg ha-1)
386.3 ab
405.2 a
348.8 b

PWUE
(kg m-3)
0.36 ab
0.38 a
0.32 b

1000-seeds
weight (g)
32.5 a
24.2 c
27.4 b

NSC

5.6 a
6.3 a
6.3 a
PWUE= Precipitation water use efficiency, NSC= Number of seeds in capitulum and NCP=Number of capitulua in plant .
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21.6 b
26.1 a
20.6 b

NCP

TSW
30.3±2.9
22.5±0.8
25.5±2.2
34.7±0.8
25.0±1.0
28.3±0.3

Number of seeds in capitulum
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Year 2
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CH.65 with space of 15 cm (in the second year)
and NS. 1016 (in the first year) with space of 5cm
(Table 2).

a a

a

bc
c
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0
NS.1016

Isfahan

CH.65

Safflower cultivars

Figure 2. Interactive effects of safflower cultivars
and cropping year on number of seeds in
capitulum.
In general, Isfahan produced the highest
number of seeds in capitulum (NSC) in two years.
Also, CH.65 produced the lowest NSC (=16) in
the second year (Fig. 2). It can be said the
produced NSC in the first year (with precipitation
of 116mm) was higher than those produced in the
second year (with precipitation of 98mm). It
seems decrease in precipitation values decreased
number of seeds in capitulum for NS.1016 and
CH.65. However, NSC of Isfahan was
approximately constant with changes in
precipitation in two years. The highest and lowest
number of seeds in capitulum were as 32.7±2.1
and 14.7±5.0 that were acquired from Isfahan (in
the first year) and CH.65 (in the second year) with
plant space of 5cm (Table 2). It seems the
different number of seeds in capitulum was
probably acquired from genetic diversity of
safflower cultivars and effective precipitation in
two cropping years.
Our finding on the relation of number of
capitula in plant with intra-row spacing is in
accordance with that find by Nakhzari Moghadam
(2000) and Ghasemi et al. (2006).
In the present study, produced NCP by intrarow spacing treatments had similar mean and
equaled to six. It can be said that safflower
cultivars and precipitation changes in two years
did not affect number of capitulua in plant. The
highest and lowest numbers of capitula in plant
were as 11±2 and 3±1 that were acquired from

4. Conclusions
The present study was to investigate responses
of precipitation water use efficiency (PWUE) and
production of safflower to intra-row spacing and
cultivars under dryland conditions. Results
showed that precipitation water use efficiency,
seed yields, 1000-seeds weight and number of
seeds in capitulum were affected by cultivars. The
highest seed yield and PWUE was obtained from
Isfahan cultivar with intra-row spacing of 5 cm. It
can be said that under dryland conditions, increase
in precipitation increased number of seeds in
capitulum,
decreased
1000-seeds
weight,
consequently increased seed yields and
precipitation water use efficiency. It is
recommended to use safflower cv. Isfahan with
plant space of 5 cm to have the high seed yields
for Maragheh or similar climate conditions in
Iran.
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