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ABSTRACT

Safflower crop has a good potential in semiarid areas of Morocco. The knowledge of cross pollination rate in our local environment is of a
great interest for designing optimal breeding strategies. No investigation has been carried out before neither in Morocco nor in other
north-African countries. Thus, a study was carried out in 2009 at Allal Tazi (Kenitra province) to estimate the rate of cross pollination in
safflower using high oleic acid as a biochemical marker. Plants of the high oleic acid cultivar ‘CR-6’ were surrounded by plants of the
cultivar ‘Rancho’ with standard oleic acid content. The observed average outcrossing rate was 26.6%, ranging from 8.3 to 53.0% at the
plant level, and from 0 to 79.2% at single-head level. According to our results, bagging safflower heads before flowering is of paramount
importance to ensure self-fertilization in genetic studies and pedigree breeding.
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INTRODUCTION

The importance of oil crops such as safflower (Carthamus
tinctorius L.) has increased in recent years with an in-
creasing demand for vegetable oil (Pahlavani et al. 2007)
and, especially, with the interest in production of biofuels
(Dordas and Sioulas 2008). Safflower is, in general, pro-
duced on marginal lands relatively dry and relatively
deprived from the benefits of fertilizer inputs or irrigation.
Attempts to improve seed yield and quality by developing
new genotypes and agronomic practices have gained impor-
tance throughout the world. Breeding strategies for dev-
eloping efficient and adapted cultivars depend on pollina-
tion system of the crop, target environment for which the
cultivar is developed and available resources. Safflower has
been considered a predominantly autogamous plant, with a
low outcrossing rate of less than 10% (Knowles 1989; Patil
et al. 1991). However, there is a significant influence of
environmental conditions on this rate. It was reported that
cross pollination rate could exceed 50% in various agro-
climatic environments (Dajue and Miindel 1996; Singh and
Nimbkar 2007; Rudolphi ef al. 2008). The main factors
affecting this rate are temperature, humidity and pollinating
insects abundance. Bees are the major pollinators, and spe-
cies of Apis genera are the predominant visitors and for-
agers on safflower (Kumar and Singh 2008; Shao et al.
2012).

Safflower is not currently cultivated in Morocco and the
crop was abandoned since 1992 due to industrial and com-
mercial constraints. However, it has a good seed yield
potential in Morocco semiarid areas, exceeding 2.5 t/ha
(Nabloussi and Boujghagh 2006). Thus, the Ministry of
Agriculture has called for restarting this crop through a
global action plan including agricultural research. It is sug-
gested as winter crop for all areas of this country, including
those of low rainfall, where the potential of other oilseed
crops is more limited (Zraibi et al. 2012). Current and
future research would lead to the development of safflower
as a major oilseed crop in Morocco (Nabloussi and
Boujghagh 2006). Assuming that safflower is essentially a

self-pollinated crop, a breeding program was aimed at
releasing elite inbred lines as new cultivars for Moroccan
conditions, without bagging heads of selected plants among
segregating and heterogeneous germplasm. Nevertheless, in
such open-pollination conditions, we observed high hetero-
geneity level in the progenies of spineless germplasm, indi-
cating that natural cross-pollination with spiny material has
occurred to some extent. It was reported that the spiny trait
is dominant over the spineless trait (Narkhede and Deokar
1990; Pahlavani ef al. 2004). No research has been carried
out before to estimate the outcrossing rate of safflower
under Moroccan environmental conditions, nor in other
north-African countries having close environmental con-
ditions. The knowledge of this rate is of a great interest for
designing proper safflower breeding strategies. Moreover,
the rate of outcrossing is also crucial for the production, at a
commercial scale, of oil with specific characteristics such as
high oleic content. Thus, the objective of the present study
was to estimate the cross-pollination rate in safflower under
a Moroccan environment, with a high potential for this crop
cultivation.

MATERIALS AND METHODS

In this study, the oleic acid character was used as a biochemical
marker to estimate outcrossing rate between two cultivars, ‘Ran-
cho’ with standard oleic acid content (20-35%) and ‘CR-6’, a cul-
tivar derived from Oleic-Leed, with high oleic acid content (75-
82%). Both cultivars were developed at the Institute for Sustaina-
ble Agriculture (IAS-CSIC), Cordoba, Spain. The design used is
similar to that adopted by Velasco et al. (2012), consisting of
surrounding each plant of 36 plants of the cultivar ‘CR-6" by 24
plants of the cultivar ‘Rancho’ (Fig. 1). Seeds of both cultivars
were sown on 4 February 2009 in the INRA experimental farm of
Allal Tazi, located at 30 km from Kenitra city (34°31°16”N,
6°19°19”W) at an elevation of 10.5 m and with a rainfall average
of 550 mm. Inter and intra row spacing were 1.5 m and 1 m,
respectively. At maturity, 12 random heads of each high oleic plant
were harvested to analyse the oleic acid content of individual
seeds. For each capitulum, six to 12 seeds were analysed. High
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Fig. 1 Experimental design used for the study of outcrossing rate in safflower. R represents plants of ‘Rancho’ and O; represents plant i of ‘CR-6’.

Table 1 Average outcrossing rate (%), variation and mean square estimated on high oleic safflower plants grown under Moroccan conditions in 2009.

Plant Average rate Range Plant Average rate Range

1 14.8 0-33.3 20 26.4 0-50.0

2 25.0 0-50.0 21 222 0-50.0

3 333 0-56.5 22 352 16.7-50.0
4 11.1 0-33.3 23 50.0 33.3-75.0
5 11.1 0-16.7 24 40.9 16.7-66.7
6 11.7 0-33.3 25 48.3 16.7-66.7
7 45.8 0-66.7 26 11.1 0-33.3

8 36.4 16.7-50.0 27 30.3 16.7-60.0
9 15.2 0-50.0 28 19.4 0-50.0
10 20.8 0-50.0 29 26.7 0-50.0

11 12.5 0-33.3 30 10.2 0-20.0
12 53.0 33.3-79.2 31 52.1 20-75.0
13 24.2 0-33.3 32 10.1 0-16.7
14 21.2 0-50.0 33 8.3 0-16.7
15 37.9 20.0-50.0 34 39.0 16.7-50.0
16 34.7 16.7-50.0 36 30.8 0-50.0

19 9.7 0-20.0 Overall mean 26.6 0-79.2

12744.1%**

Mean square

* Significant differences at 1%o probability level

oleic acid content in ‘CR-6" seeds is controlled by one partially
recessive gene and by the genotype of the embryo and con-
sequently, the percentage of oleic in the seed oil is influenced by
the pollination of foreign pollen (Hamdan et al. 2009). Thus, the
outcrossing rate was estimated as the percentage of low oleic acid
seeds (< 50%) collected in high oleic acid plants. An analysis of
variance was performed to compare the high oleic acid plants for
outcrossing rate. Duncan’s multiple range test was applied to
measure significant differences between means.

RESULTS AND DISCUSSION

Before flowering, because of a wilt disease attack, three
plants of ‘CR-6’ (17, 18 and 35) and 41 plants of ‘Rancho’
were lost, corresponding respectively to 8 and 11% of the
initially grown plants. The average outcrossing rate ob-
served in the 33 remaining ‘CR-6 plants was 26.6%, ran-
ging from 8.3%, for the plant 33 to 53.0%, for the plant 12
(Table 1). Differences between plants were highly sig-
nificant (p<0.001). In previous outcrossing studies in India,
based on using flower colour as a marker, the estimated
cross-pollination percentage ranged from 6.0 to 21.9%,
depending on the planted cultivars (Raghunatam and Dutt
1986), and from 2.4 to 6.3%, depending on spacing between
plots (Patil ef al. 1991). However, in recent studies in Ger-
many, based on the spineless character as a morphological
marker, the outcrossing percentage varied from 6.5 to
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18.1% between plots, and from 29.9 to 63.1% within plots
(Rudolphi et al. 2008). In Spain, using the same safflower
cultivars and experimental design as in our study, the esti-
mated mean cross-pollination rate was 10.3% in three
experiments (Velasco et al. 2012). This value is lower than
that found in the present research. This suggests that the
environmental conditions under which the present experi-
ment was conducted were probably more suitable and
favourable to bees’ abundance and activity. Three plants (12,
31, 23) out of 33 exhibited cross-fertilization above 50%
whilst 10 plants (1, 5, 6, 11, 4, 26, 30, 32, 33, 19) exhibited
cross-pollination below 15% (Table 1). This indicates large
spatial heterogeneity in foraging activity of pollinators. By
observing the variation of outcrossing rate between high
oleic plants (Table 1) and their distribution in the field (Fig.
1), it seems apparent that bees (and probably others insects)
visitation occurred in a random and unbalanced way. This is
in agreement with the results of McPherson et al. (2009),
who also found that outcrossing rate in safflower was spati-
ally heterogeneous. At the single-head level, the cross-
pollination rate varied from 0 to 79%. This latter was found
in a single capitulum of plant 12, which also exhibited the
higher average cross-pollination rate at the single-plant
level. It is noteworthy that no significant differences for
outcrossing rate were observed between heads of the same
plant (p>0.05), indicating that the heads of each plant have
similar chance to be foraged by bees.
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In conclusion, the estimated outcrossing rate for
safflower under the environmental conditions of our study
was close to 27%, which is much higher than previous esti-
mations in most of the previous studies conducted thus far.
These results have important implications for genetic stu-
dies and breeding programs. Thus, bagging safflower
capitula before flowering is absolutely necessary to ensure
self-fertilization in genetic studies and pedigree breeding

for developing elite lines as promising cultivars in Morocco.
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