
Journal of Agricultural Science and Technology B 4 (2014) 299-311 
Earlier title: Journal of Agricultural Science and Technology, ISSN 1939-1250 

 

Safflower Evaluation under Contrasted Environment 

Conditions and Selection of Promising Genotypes 

Lamyae Zraibi1, Miloud Kajeiou1, Hana Serghini Caid1 and Abdelghani Nabloussi2 

1. Laboratory of Plants and Microorganisms Biology, Biology Department, Faculty of Sciences, University of Mohamed Premier, 

Oujda 60000, Morocco 

2. Research Unit of Plant Breeding and Plant Genetic Resources Conservation, National Institute for Agricultural Research, CRRA 

of Meknes, Meknes 50000, Morocco 

  

Received: February 21, 2014 / Published: April 20, 2014. 

 

Abstract: Development of stable crops cultivars adapted to environmental constraints is very important for food security. Safflower, 
an oilseed crop which tolerates environmental abiotic stresses, is suitable for marginal lands relatively dry and deprived from 
fertilizer inputs or irrigation. A set of Moroccan and introduced cultivars as well as international accessions were conducted at Oujda 
(Eastern of Morocco) during 2009-2010 for late and conventional sowing under two water regimes, in a field experiment using a 
completely randomized design, with three replications. The objective was to evaluate the effect of genotype and contrasting 
environment on safflower behavior and to select genotypes with large adaptation to the contrasted environmental conditions. 
Morphological, physiological and agronomic traits, as well as the stress susceptibility index (SSI), were recorded in this study. 
Results showed significant effect of genotype, year (sowing time), water regime and their interaction on most of the studied 
parameters. Late sowing and drought affected negatively all the parameters except seed oil which lightly increased under drought 
stress. Number of heads per plant (NHP) had the strongest association with seed yield under both drought and non-drought conditions, 
and hence could be taken as selection criterion for safflower seed yield improvement. Five accessions showed the highest overall 
mean seed yield (> 1,000 kg/ha) and four accessions exhibited the highest overall mean seed oil content (> 310 g/kg). For late sowing, 
the accessions PI262421 and PI537604 produced the highest seed yield (> 800 kg/ha) and the highest seed oil content (> 290 g/kg). 
For conventional sowing, the accessions PI250076 and PI250523 were the most performant, with a seed yield > 1,300 kg/ha and a 
seed oil content > 330 g/kg. Based on their mean productivity across environments, their SSI and their MDA, PI271073 and 
PI250076 could be selected and used as promising germplasm in safflower breeding program in Morocco as well as other dry areas 
throughout the world. 
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1. Introduction 

About 60% of agricultural production worldwide 

occurs in areas under some type of abiotic stress, 

producing only 15% to 20% of global food [1]. 

Therefore, the development of crops and stable 

cultivars adapted to environmental constraints is of 

paramount importance for food security. Among 

environmental constraints, water stress is one of the 
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most harmful factors affecting crop production in dry 

areas [2]. Drought stress results in quantitative and 

qualitative changes in terms of various morphological, 

physiological, biochemical and agronomic parameters. 

These could be used as criteria for improving drought 

stress tolerance in different crops [3]. The use and 

breeding drought tolerant crops and cultivars in 

altered rainfall conditions may be required to stabilize 

agricultural production and insure food security. Also, 

improving crop tolerance to water limitation may be 

an important economical approach to reduce 
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agricultural use of fresh water resources that are 

increasingly scarce [4]. Response to water stress is 

much complex and various mechanisms are adopted 

by plants encountering drought stress at various 

growth stages [5]. Water stress effects on plant growth 

and seed yield are genotype-dependent [6] and also 

depend on the timing, duration and magnitude of the 

water deficit [7]. 

Drought was always present in Morocco’s history. 

Its importance as a structural element of the country’s 

climate increased during the last decades, with a net 

reduction in the precipitation and an increasing 

temperature trend. The characterization of the climatic 

data during the period 1961-2004 showed increases in 

drought frequency, its severity and its spatial 

distribution [8, 9]. Moreover, the North-Eastern region 

of Morocco, as well as other Mediterranean regions, is 

indeed characterized by low annual and irregular 

rainfall, with wide variations in seasonal and daily 

temperature. 

Safflower (Carthamus tinctorius L.) is a tap-rooted 

annual crop which can tolerate environmental stresses 

including salinity and water stress [10]. Generally, 

safflower is produced on marginal lands that are 

relatively dry and relatively deprived from the benefits 

of fertilizer inputs or irrigation [11]. Safflower is a 

multi-purpose plant cultivated for edible oil, birdseed, 

spices, dye of its flowers, medicinal properties and 

ornamental use [12-14]. In Morocco, safflower 

cultivation, for oil production, was initiated in 1965 

but has been abandoned since 1992, mainly for 

commercial reason. In fact, the production sale prices 

were not fixed and guaranteed as was the case for 

sunflower and rapeseed. Furthermore, during 

safflower cultivation period, seed yield and oil content 

remained very low due to the lack of adapted cultivars 

and poor management techniques used by farmers 

[15]. Recently, there has been a political will to restart 

and develop this crop, mainly for all areas of low 

rainfall, where the potential of other oilseed crops is 

more limited, through a global action plan including 

agricultural research. In this context, and in relation 

with breeding program, studies of impact of 

contrasting environment and climate change on 

safflower growth and productivity have been carrying 

out [15]. Indeed, climate change is particularly 

characterized by large fluctuation in the amount and 

frequency of rainfall events from year to year and 

between locations within years, even there is an 

increased drought trend. Thus, development of 

cultivars adapted to such environmental conditions is 

currently the most important objective of breeding 

programs in most countries of the world. Furthermore, 

among general concepts shared by breeding programs 

throughout the world, released varieties are based 

rather on their average performance in trials 

conducted in many environments than on their 

specific environment performance [1]. Thus, the 

handled germplasm should have broad adaptation to 

contrasting environments. Genotypes adapted to both 

stress and non-stress environments should be often 

selected. Mean productivity across environments and 

tolerance to environmental stress are indices that can 

be used to improve yield across a range of contrasting 

environments [16]. 

The present research was conducted to investigate 

the effect of different safflower genotypes and 

contrasting environments on some morphological, 

physiological, biochemical and agronomic traits, and 

to select genotypes with best performance, exhibiting 

broad adaptation under contrasting environments. 

2. Materials and Methods 

2.1 Plant Materials 

This study concerned a total of 17 genotypes: 14 

accessions and three cultivars from different 

geographic origins. One accession is from the 

Moroccan Gene Bank of INRA and 13 accessions 

were provided by the United States Department of 

Agriculture—Agricultural Research Service of 

Washington. The cultivar “Sharda” was introduced 

from India by the Moroccan Ministry of Agriculture. 
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Table 1 shows the name/code, the nature and the 

origin of studied genotypes. 

2.2 Stress Treatment 

Tested genotypes were subjected to two water 

regime treatments applied during the growing season. 

Water regime 1 = full irrigation, throughout the crop 

cycle, to fully satisfy plant water needs. Water regime 

2 = partial irrigation or dry water regime in which 

irrigation was brought from the beginning of plant 

growth and then stopped at pre-flower bud stage until 

maturity. The second water regime was applied to 

simulate the drought most observed in Morocco in 

general and in the eastern region in particular, for 

winter crops like safflower, i.e., mid-season and 

terminal drought. 

2.3 Field Experiment 

The genotypes were planted in a sandy loam soil, 

pH 7.66, in the experimental farm of the “Centre de 

Qualification Agricole de Bouchtat” at Oujda city in 

the Eastern of Morocco (34°41′08″ N, 1°55′34″ W), 

representing a semi-aride climatic zone.         

Each genotype was grown during two growing seasons, 
 

Table 1  Code/name, nature and origin of the studied 
genotypes. 

Code/name Nature Origin 

PI506426 Accession China 

PI262421 Accession Australia 

PI262418 Accession Australia 

PI271073 Accession Australia 

PI306685 Accession Israel 

PI292000 Accession Israel 

PI537705 Accession USA 

PI537604 Accession USA 

PI306838 Accession India 

PI250523 Accession Egypt 

PI306612 Accession Egypt 

PI250076 Accession Egypt 

PI306598 Accession Egypt 

GBM9869 Accession Morocco 

Cartafri Cultivar Morocco 

Cartamar Cultivar Morocco 

Sharda Cultivar India 

2008/2009 and 2009/2010, in a single 3 m-length row. 

Inter and intra row spacing was 0.80 m and 0.30 m, 

respectively. Given the limited amount of available 

seeds and in absence of any heterogeneity gradient at 

the experimental plot, the field experiment was 

conducted using a completely randomized design with 

three replications. A triple factorial model was used, 

and the tested factors were genotype, water regime 

and year (sowing time). All factors were taken as 

fixed. Late sowing (February 2009) and conventional 

sowing (December 2009) were done in 2008/2009 and 

2009/2010 seasons, respectively. 

2.4 Contrasting Environments 

Environment 1: late sowing with full irrigation 

(without drought stress); environment 2: late sowing 

with partial irrigation (drought stress); environment 3: 

conventional sowing without drought stress; 

environment 4: conventional sowing with drought 

stress. During the growing season 2008/2009 

(environment 1 and environment 2), rainfall was 250 

mm and the mean temperature was 18.2 °C. During 

the growing season 2009/2010 (environment 3 and 

environment 4), rainfall was 306 mm and the mean 

temperature was 18.3 °C. Furthermore, after stopping 

irrigation at the bud stage, and until maturity, plants 

growing in 2008/2009 were subjected to lower rainfall 

(11 mm) than those growing in 2009/2010 (37 mm). 

Therefore, plants growing in the former season were 

more stressed than those growing in the latter one. 

2.5 Parameters Measured 

Data were collected on morphological, physiological, 

agronomic and technological attributes. The plant height 

(PHT), measured from the ground to the top of the plant 

at the maturity, was expressed in cm. Branching 

indicates the number of principal branches per plant 

(NBP), determined at the maturity. The leaf water 

content (LWC), expressed in g/kg of fresh matter, was 

determined from leaves sample collected in full bloom 

stage and oven dried at 60 °C for 72 h, using the 
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following formula: 

LWC = (FW – DW)/FW)  100       (1) 

where, FW is the fresh weight of the sample and DW is 

the dry weight of the sample. Stressed plants have a 

chain of lipid peroxidation leading, at the end, to the 

production of malondialdehyde (MDA). MDA content, 

expressed in nmol/g of fresh matter, was measured 

following the procedure performed and described by 

Hodges et al. [17]. Chlorophyll content (CLC) and 

carotenoid content (CDC), expressed in mg/g of fresh 

matter, were determined in accordance with 

Lichtenthaler [18]. MDA, CLC and CDC were 

determined on leaves randomly collected at the end of 

flowering. The agronomic parameters measured after 

harvest were number of heads per plant (NHP), 1,000 

seed weight (TSW), expressed in g, and seed yield 

(SYH), expressed in kg/ha. The technological parameter 

was seed oil content (SOC), expressed in g/kg of dry 

matter, and it was determined by resonance magnetic 

nuclear (RMN). To evaluate the level of genotypes 

resistance to drought, the stress susceptibility index (SSI) 

was determined. According to Acevedo [19],  

SSI = 

1

1 ( )

Yd
Yp

Ymd
Ymp





( )

            (2) 

where, Yd is the seed yield of a tested genotype under 

drought conditions; Yp is the seed yield under irrigated 

conditions of the tested genotype; Ymd is the trial 

average seed yield under drought conditions; Ymp is the 

trial average seed yield under irrigated conditions. 

For computation of these parameters, and for each 

environment, a randomized sample of three plants by 

genotype was taken. 

2.6 Statistical Analysis 

Data were analyzed using GLM procedure of the 

statistics software SAS to test significant differences 

among genotypes, water regimes, years and their 

interactions. Duncan’s new multiple range test was 

applied to compare treatment means at the 5% 

probability level. Correlation procedure was also used 

to determine the correlation coefficients between the 

parameters. 

3. Results and Discussion 

3.1 Effect of the Genotype, the Environment and Their 

Interaction on the Parameters Studied 

Highly significant differences were observed 

between genotypes for all parameters, except number 

of principal branches per plant (Table 2), indicating 

high genetic diversity among the tested genotypes. 

Also, highly significant differences were found 

between applied water regimes for all parameters, 

except plant height and branching (Table 2). This 

result is plausible given that there was no water stress 

before bud stage and then the both vegetative 

characters grew under the same conditions for all 

contrasting environments. 

The overall average LWC was 826 g/kg, under full 

irrigation regime, and 718.8 g/kg, under drought 

conditions (partial irrigation). The MDA mean value 

was 3.9  10-5 nmol/g and 9.9  10-5 nmol/g, 

respectively under non-drought and drought 

conditions. As it is known, plants under stress have a 

chain of lipid peroxidation leading, at the end, to the 

production and accumulation of MDA. In a previous 

study, involving the three cultivars tested in the 

present study, in addition to another Spanish cultivar 

“Rancho”, we found an average MDA of 6  10-5 

nmol/g for full irrigation conditions and 10-4 nmol/g 

for severe drought conditions [20], which is in 

agreement with the finding of the present research. In 

absence of water stress, average CLC was 0.63 mg/g 

and average CDC was 1.50 mg/g, while under water 

stress, these values were 0.19 mg/g and 1.05 mg/g, 

respectively. Our results demonstrated that the 

increase of MDA concentration in plant leaves is often 

associated with a decrease of CDC. In fact, 

carotenoids play an important role, as antioxidant, in 

cellular membrane protection by decreasing lipid 

oxidation [21, 22]. Elevated levels of MDA are an  
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Table 2  Analysis of variance (mean square and significance level of differences) for agro-morphological, physiological and 
agronomic parameters of 17 safflower genotypes evaluated in contrasted environments at Oujda during 2009 and 2010. 

Source of variation 
Degree of 
freedom 

Parameters 

PHT NBP LWC 
MDA
(10-9)

CLC CDC NHP TSW SYH SOC 

Year (Y) 1 
417,883.77 
*** 

5,170.24
*** 

300.81 
* 

5.96 
** 

15.30
*** 

243.22
*** 

36,068.16
*** 

26.15 
ns 

10,612,103.46
*** 

1,339.2
*** 

Genotype (G) 16 
1,044.49 
*** 

240.60 
ns 

250.16 
*** 

6.40 
*** 

0.04 
*** 

1.17 
*** 

2,013.96
*** 

450.81 
*** 

474,191.34 
*** 

59.77 
*** 

Regime water (RW) 1 
0.58 
ns 

111.76 
ns 

5,922.63
*** 

180 
*** 

9.75 
*** 

9.92 
*** 

2,266.69
** 

741.23 
** 

22,464,547.25
*** 

205.59
*** 

G  RW 16 
317.51 
*** 

222.53 
ns 

228.57 
*** 

3.69 
*** 

0.17 
*** 

0.93 
*** 

973.96 
*** 

163.24 
ns 

601,882.47 
*** 

31.31 
*** 

Y  G 16 
704.12 
*** 

328.83 
ns 

1,223.33
*** 

6.75 
*** 

9.31 
*** 

4.24 
*** 

463.13 
ns 

760.65 
** 

806,565.18 
** 

185.25
*** 

Y  RH 1 
516.86 
*** 

195.08 
ns 

410.52 
*** 

2.52 
*** 

0.04 
*** 

1.15 
*** 

1,416.24
*** 

217.96 
* 

426,289.43 
*** 

30.08 
** 

Y  G  RH 16 
207.88 
*** 

198.81 
ns 

260.60 
*** 

3.08 
*** 

0.15 
*** 

0.82 
*** 

1,036.07
*** 

231.52 
** 

412,296.19 
*** 

18.46 
ns 

Error 136 48.61 211.39 54.92 0.61 0.01 0.15 316.55 106.52 109,692.40 12.95 

PHT: plant height (cm); NBP: number of branches per plant; LWC: leaf water content (g/kg); MDA: malondialdehyde content 
(nmol/g); CLC: chlorophyll content (mg/g); CDC: carotenoid content (mg/g); NHP: number of heads per plant; TSW: thousand seeds 
weight (g); SYH: seed yield per hectare (kg/ha); SOC: seed oil content (g/kg); *, ** and *** significant at 0.05, 0.01 and 0.001 levels, 
respectively; ns: not significant. 
 

indicator of membrane damages which are strongly 

linked to uncontrolled accumulation of reactive 

oxygen species (ROS) due to water stress [23]. The 

CLC decrease under drought stress had been also 

reported in previous studies on other crops like 

sunflower [24, 25]. Similarly, drought stress affected 

negatively NHP, TSW and SYH. The respective 

averages were 46.32 heads, 36.86 g and 594.43 kg/ha, 

being much lower than those observed in absence of 

water stress: 53.15 heads, 40.68 g and 1,195.11 kg/ha, 

respectively. These results demonstrated that mid and 

terminal drought stress is harmful for safflower 

productivity. Seed yield is drastically affected because 

of reduction of its components, NHP and TSW, in 

addition to number of seeds per head [20, 26, 27]. 

However, seed oil content seems to be stimulated by 

drought. The overall average was 305 g/kg, compared 

to 286 g/kg observed in full irrigation conditions. This 

result is in disagreement with that found by Nabipour 

et al. [28]. In their study, they observed that seed oil 

content in safflower was reduced by drought occurring 

during bloom and maturity stages. Nevertheless, other 

reports indicated that moderate stress could either 

cause an increase of seed oil content [29, 30] or have 

no effect on it [31]. These contrasted findings are 

likely due to variation in environmental conditions of 

the experimental sites, differences in safflower 

genotypes tested and severity of drought stress applied 

in the experiments. 

Likewise, the year factor affected significantly all 

parameters measured, except TSW. Because of its late 

planting date, the 2008/2009 growing season was less 

favorable than 2009/2010 growing season for all 

parameters. In this latter, higher values were obtained 

for PHT (164.95 cm), NBP (23.97), LWC (784.4 

g/kg), CDC (2.97 mg/g), NHP (63.15), SYH (1,123.61 

kg/ha) and SOC (321.30 g/kg), compared to those 

obtained in the former: PHT (74.43 cm), NBP (13.90), 

LWC (760.1 g/kg), CDC (0.18 mg/g), NHP (36.22), 

SYH (665.23 kg/h) and SOC (270.20 g/kg). 

Surprisingly, the CLC was higher in 2008/2009 (0.68 

mg/g) than in 2009/2010 (0.13 mg/g). Both growing 

seasons were comparable for TSW even the first one 

exhibited an average (39.13 g) lightly higher than that 

of the second one (38.41 g). This indicates clearly that 

late planting is harmful to safflower growth and 
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productivity, particularly in matter of seed yield and 

oil content. Similar findings had been reported in 

many other studies on planting date effect on various 

safflower parameters [32-35]. The planting date may 

affect the plant growth through changes in 

environmental conditions such as soil moisture, 

temperature and length of day during the growth 

season. Delay in planting date often makes plant 

growth in front of increased temperature and long day 

which shorten the duration of the vegetative period and 

therefore, decrease the growth, plant height and 

branching. Small safflower plants produce a reduced 

number of small heads containing a reduced number of 

seeds. Furthermore, late flowering associated to late 

planting could reduce the seed filling time period and 

the capacity for seed development and therefore could 

affect seed weight. Additionally, increased temperature 

and lack of water during late flowering period affect 

the pollination and fertility. Consequently, seed yield 

decreases drastically. Similarly, inconsistent grain 

filling and lipid biosynthesis under such conditions 

might reduce seed oil content. 

G  Y and G  Rw interactions had a highly 

significant effect on all investigated parameters, 

except NBP for the former and NBP and TSW for the 

latter (Table 2). This indicates that, with respect to 

those parameters, genotypes reacted differently to 

planting date and water availability during flowering 

and early maturity stages. Similarly, G  Rw  Y 

interaction had a highly significant effect on all 

investigated parameters, except NBP and SOC (Table 

2). This means that value and performance of tested 

genotypes changed according to the environment 

where they were growing. Our results are supported 

by those of other previous researches [34, 35]. 

In environment 1, significant differences existed 

among genotypes for all parameters, except LWC, 

TSW and SOC (data not shown). The average SYH 

was 901.82 kg/ha and the average SOC was 249.80 

g/kg. Six genotypes yielded more than 1,000 kg/ha: 

GBM9869, PI537604, PI506426, PI306598, PI262421 

and PI306612. Three of them had the highest SOC (> 

280 g/kg): PI537604, PI262421 and PI306612 (Fig. 1). 

In environment 2, genotypes were significantly 

different for all parameters (data not shown). The 

genotypes most interesting were PI262421 and 

PI306685 having a SYH > 700 kg/ha and a SOC > 

300 g/kg (Fig. 1). Under late planting conditions, 

regardless applied water regime, i.e., combining 

environment 1 and environment 2, the most 

performant genotypes were PI262421 and PI537604 

with a SYH > 800 kg/ha and a SOC > 290 g/kg. 

In environment 3, the genotype factor affected 

significantly all the parameters, except NBP (data not 

shown). Five genotypes were the most performant 

and produced at once a SYH > 1,500 kg/ha and a 

SOC > 330 g/kg (Fig. 2). These were PI262421, 

PI306612, PI250523, PI250076 and PI271073. In 

environment 4, there were significant differences 

among the tested genotypes for all the parameters 

(data not shown). Four genotypes (PI250076, 

PI271073, PI506426 and Sharda) yielded more than 

1,000 kg/ha and four genotypes (PI250523, 

PI306612, PI292000 and Cartafri) produced a SOC > 

360 g/kg (Fig. 2). Under conventional planting 

conditions, combining environment 3 and 

environment 4, PI250076 and PI250523 were the 

most productive, having a SYH > 1,300 kg/ha and a 

SOC > 330 g/kg. Results obtained in environments 2 

and 4 confirmed that drought effects on growth traits, 

seed yield and oil content were genotype-dependent 

[6, 20, 36-38]. 

Combining all the contrasting environments, the 

overall PHT was 119.70 cm and the extreme values 

were 100.42 cm for “Sharda” and 132.92 cm for 

PI262418 (Table 3). The LWC varied from 659 g/kg 

for “Cartafri” to 830 g/kg for PI262421, with an 

average of 774.70 g/kg. Among tested genotypes, eight 

accessions and one cultivar (Sharda), having the 

highest values, were comparable and maintained a 

LWC over 785 g/kg (Table 3). The average MDA 

was 6.8  10-5 nmol/g, with a variation from 4.6   
 



Safflower Evaluation under Contrasted Environment Conditions and Selection of Promising Genotypes 

  

305

 

 
(a) 

 
(b) 

Fig. 1  (a) Seed yield and (b) seed oil content of 17 safflower genotypes grown under full irrigation and drought conditions at 
Oujda during 2009 (late sowing). 
 

10-5 nmol/g for PI262421 to 13.0  10-5 nmol/g for 

“Cartafri”. Eleven genotypes showed MDA values 

below the average (Table 3); eight of them exhibited a 

MDA level < 5.5  10-5 nmol/g and therefore should 

be the most tolerant to drought conditions. LWC and 

MDA data indicated that the cultivar “Cartafri” would 

be the most sensitive to stress conditions whilst the 

accession PI262421 would be the most tolerant. CLC 

varied from 0.31 mg/g for PI306838 to 0.51 mg/g for 

PI271073 and the average was 0.41 mg/g. Six 

accessions and one cultivar (Cartamar) had values 

above the average (Table 3). The CDC average was 

1.28 mg/g, exhibiting a large variation from 0.56 mg/g 

for “Cartamar” to 1.83 mg/g for PI537705. Eight 

accessions and one cultivar showed values above the 

average (Table 3). Regarding agronomic traits, the 

lowest NHP, 30.00, was observed for PI306612 and 

the highest one, 74.92, was observed for “Sharda”. 

The overall average was 49.75 heads per plant. Three 

cultivars and just only three accessions performed a 

NHP above the average (Table 3). A large variability 

was revealed for TSW having a mean value of 38.77 g. 

The minimum TSW was 29.85 g for PI306685 and the 

maximum TSW was 54.27 g for PI250523. The 

cultivar “Sharda” and seven other accessions produced 

big seeds with a TSW higher than the average (Table  
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(a) 

 
(b) 

Fig. 2  (a) Seed yield and (b) seed oil content of 17 safflower genotypes grown under full irrigation and drought conditions at 
Oujda during 2010 (conventional sowing). 
 

3). SYH was 893.29 kg/ha. The least productive 

genotype was the cultivar “Cartafri”, yielding 513.60 

kg/ha, whilst the most productive genotype was the 

accession GBM9869, yielding 1214.00 kg/ha. Only 

six genotypes had a SYH over the average, the 

accessions PI262421, PI271073, PI250076, PI306598 

and GBM9869, and the cultivar “Cartamar”. Duncan 

multiple range test revealed these five accessions were 

comparable for seed yield, being the most productive, 

with a SYH > 1,090 kg/ha. All they had high to very 

high LWC, low to very low MDA, either low or high 

CLC, intermediate or high CDC and high to very high 

NHP (Table 3). Nevertheless, PI250076 had low NHP 

compensated by high TSW. The overall average seed 

oil content was 296.60 g/kg, with a large variation from 

254.50 g/kg for GBM9869 to 331.60 g/kg for 

PI250523. Duncan multiple range tests showed that 

the accessions PI262421, PI537604, PI250523 and 

PI306612 were the best genotypes regarding SOC, 

with values higher than 315 g/kg (Table 3). In general, 

these accessions exhibited high LWC, low MDA and 

high CDC. 

Other reports had also shown a large genotypic 

variation for most of morphological, physiological, 

agronomic and technological traits. In our previous study 

on four varieties of safflower, LWC varied from 77 g/kg  
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Table 3  Average parameters values of 17 safflower genotypes grown under contrasting environments at Oujda in 2009 and 
2010. 

Genotype PHT LWC 
MDA 

( 10-5) 
CLC CDC NHP TSW SYH SOC 

PI506426 121.42cdef 81.25a 6.39defg 0.32e 0.97ef 48.00def 41.66bcde 868cde 25.76ef 

PI262421 118.67ef 82.99a 4.60gh 0.46abc 1.59ab 66.42ab 37.76cdef 1158abc 31.78abc 

PI262418 132.92a 79.43ab 8.81c 0.38bcde 1.14cdef 40.50efg 41.43bcde 751ef 30.08bcd 

PI271073 127.33abc 79.40ab 5.86fgh 0.51a 1.50abc 49.67cdef 33.34def 1,196ab 30.29bcd 

PI306685 127.17abc 78.06bc 4.88gh 0.45abc 1.41bcd 48.50cdef 29.85f 697ef 30.47bcd 

PI292000 126.25bcd 72.93cd 6.26efg 0.46abc 1.07def 37.42efg 35.42cdef 682ef 29.89bcd 

PI537705 106.25g 81.06a 5.39gh 0.49ab 1.83a 48.42cdef 37.44cdef 751ef 29.93bcd 

PI537604 120.42def 78.28bc 5.78fgh 0.41abcde 1.59ab 38.92efg 40.88bcde 821def 31.75abc 

PI306838 121.42cdef 77.79bc 7.96cdef 0.31e 0.87fg 46.50defg 41.66bcde 840cdef 29.96bcd 

PI250523 125.50bcd 79.38ab 5.57gh 0.37bcde 1.32bcde 36.25fg 54.27a 893bcde 33.16a 

PI306612 125.08bcde 72.23cde 8.51bcd 0.38bcde 1.49abc 30.00g 33.12def 836cdef 32.92ab 

PI250076 129.58ab 78.75abc 4.71gh 0.46abc 1.09def 36.17fg 43.33bc 1,095abcd 29.32bcd 

PI306598 117.42f 68.99de 8.40bcde 0.33de 1.19cdef 54.33bcde 38.22cdef 1,129abcd 28.96cde 

GBM9869 123.50bcde 79.56abc 5.01gh 0.36cde 1.49abc 59.42abcd 42.12bcd 1,214a 25.45f 

Cartafri 105.17g 65.90e 12.88a 0.39bcde 1.43bcd 65.00abc 32.05ef 514f 27.39def 

Cartamar 106.25g 78.35bc 6.61defg 0.44abcd 0.56g 66.58ab 31.62ef 905bcde 28.59cdef 

Sharda 100.42g 78.55abc 10.35b 0.38bcde 1.22bcde 74.92a 44.94b 821def 25.67ef 

PHT: plant height (cm); LWC: leaf water content (g/kg); MDA: malondialdehyde content (nmol/g); CLC: chlorophyll content (mg/g); 

CDC: carotenoid content (mg/g); NHP: number of heads per plant; TSW: thousand seeds weight (g); SYH: seed yield per hectare 

(kg/ha); SOC: seed oil content (g/kg); means followed by the same letters are not significantly different. 
 

to 80 g/kg, CDC varied from 1 mg/g to 1.4 mg/g, CLC  

varied from 0.18 mg/g to 0.25 mg/g, MDA from 5  10-5 

nmol/g to 15  10-4 nmol/g, NHP from 12 to 16 and 

TSW from 30 g to 54 g [20]. For all these parameters, 

the ranges of variation obtained in the present study 

were larger than those of the previous studies, because 

of the higher number of genotypes involved (17 vs. 4) 

and the experiment conditions (field experiment vs. 

pot experiment). In other previous study regarding 

morphological, agronomic and technological 

evaluation of a safflower collection consisting of 181 

genotypes, including those tested in the present study, 

a large variability was found for all the characters. For 

SYH, the observed variation was 250 kg/ha to 5,000 

kg/ha, while for SOC, it was 230 g/kg to 470 g/kg [39]. 

These ranges of variation are much larger than those 

obtained in the present work because of the higher 

number of genotypes (181 vs. 17) and the experiment 

location conditions which were more favorable for the 

previous research. Other studies carried out in 

different locations in the world, the reported range for 

oil content was 270 g/kg to 400 g/kg [36-40], 214 g/kg 

to 317 g/kg [41] and 270 g/kg to 360 g/kg [33]. For 

seed yield content, various genotypic variations had 

been reported in different geographic environments: 

from 500 kg/ha to 700 kg/ha [42], 1,230 kg/ha to 

2,512 kg/ha [33] and from 1,900 kg/ha to 2,600 kg/ha 

[34]. 

3.2 Relationship between the Studied Parameters 

Table 4 shows the correlation coefficients between 

the parameters. The strongest relationship existed 

between CDC and PHT (0.82, P < 0.05), indicating 

that tall genotypes had elevated carotenoid content. 

Such genotypes exhibited reduced CLC, as a negative 

and significant correlation was between CLC and PHT 

(-0.55, P < 0.001) and between CLC and CDC (-0.46, 

P < 0.001). There was a strong, negative and 

significant correlation between MDA and LWC (-0.52, 

P < 0.001). This showed that low MDA, indicator of  
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Table 4  Correlation coefficients between agromorphological, physiological and agronomic parameters of 17 genotypes 
evaluated in four contrasted environments at Oujda during 2009 and 2010. 

 CDC MDA LWC PHT NBP NHP TSW SYH SOC 

CLC -0.46 -0.27 0.24 -0.55 -0.25 -0.20 -0.07 -0.06 -0.46 

CDC  -0.18 0.19 0.82 0.33 0.36 0.09 0.38 0.42 

MDA   -0.52 -0.17 -0.03 -0.06 -0.13 -0.39 -0.00 

LWC    0.19 0.07 0.05 0.13 0.29 -0.04 

PHT     0.37 0.36 0.05 0.37 0.50 

NBP      0.22 -0.00 0.26 0.26 

NHP       0.00 0.61 -0.02 

TSW        0.11 0.11 

SYH         0.16 
 

drought tolerance, was associated with high LWC 

under drought conditions. Drought tolerant genotypes 

were in general characterized by a high seed yield, as 

a negative and significant association was found 

between MDA and SYH (-0.39, P < 0.01). Genotypes 

with high seed yield were also characterized by high 

CDC (0.38, P < 0.01), tall plants (0.37, P < 0.01) and 

high LWC (0.29, P < 0.05). Johnson et al. [42] had 

also found a positive association between seed yield 

and plant height. However, NHP had the strongest 

association with SYH (0.61, P < 0.001), being one of 

its important agronomic components. Likewise, for 

the four contrasting environments, the highest 

correlation coefficients involving SYH, were those 

linking this latter to NHP. The found coefficients were 

0.50 (P < 0.001) for environments 1 and 4, 0.38 (P < 

0.01) for environment 2 and 0.59 (P < 0.001) for 

environment 3 (data not shown). This result is in perfect 

agreement with that of a previous work showing that 

NHP recorded the highest positive and significant 

association with SYH [43]. The findings with respect to 

the association between seed yield and other traits 

confirmed those regarding the description of the most 

productive genotypes above. NHP was the most 

important trait contributing directly to seed yield under 

both drought and non-drought conditions. Thus, NHP 

could be taken as a selection criterion for seed yield 

improvement. On the other hand, seed oil content was 

positively and significantly correlated with PHT (0.50, P 

< 0.001) and CDC (0.42, P < 0.01). Also, it was 

negatively and significantly correlated with CLC (-0.46, 

P < 0.001). Under environment 4 conditions, the 

positive and significant association between SOC and 

PHT was confirmed (0.43, P < 0.01). This indicates that 

with or without mid-season and terminal drought stress, 

taller genotypes tend to produce higher oil content. 

3.3 Resistance to Drought and Stability 

A large variation was observed among the 

genotypes for the SSI calculated for seed yield (Table 

5). Genotypes with low SSI were considered to be 

more resistant to mid-season and terminal drought  
 

Table 5  SSI of 17 safflower genotypes calculated for seed 
yield under drought and non-drought conditions during 
two years (2009 and 2010) at Oujda. 

Genotype 
Year 2009 
(late sowing) 

Year 2010 
(conventional sowing)

PI506426 1.32a 0.13b 

PI262421 0.80b 1.41a 

PI262418 0.96a 1.54a 

PI271073 0.25b 0.56b 

PI306685 0.09c 0.64b 

PI292000 -1.38c 0.84b 

PI537705 0.36b 1.60a 

PI537604 1.67a -0.13c 

PI306838 1.02a 1.18a 

PI250523 0.94ab 1.22a 

PI306612 1.57a 1.11a 

PI250076 0.19b 0.45b 

PI306598 1.30a 0.66b 

GBM9869 1.73a 0.68b 

Cartafri 1.17a 1.68a 

Cartamar 1.42a 1.62a 

Sharda -0.05c 1.37a 
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than genotypes with high SSI. Four genotypes groups 

were identified in 2009 according to their drought 

resistance level (a, b, ab and c), as presented in Table 

5. In 2010, three groups were identified (a, b and c). 

During 2009, under late sowing conditions, the 

accession PI292000 had the lowest SSI (-1.38) and 

thus was the most resistant to drought. The cultivar 

“Sharda” and the accession PI306685 were also 

respectively, and classified in the same group of 

drought resistant, having an index of -0.05 and 0.09, 

PI292000 (group c). The genotypes PI271073, 

PI250076, PI537705 and PI262421, with relatively 

low SSI values (< 0.80), could be considered as 

moderately resistant. Genotypes as GBM9869, 

PI537604, PI306612, PI306598, “Cartamar” and 

“Cartafri”, exhibiting high SSI (> 1), belonged to the 

group (a) of the susceptible genotypes. The accession 

PI250523, with SSI of 0.94 could be considered as 

intermediate (Table 5). During 2010, with 

conventional sowing conditions, results showed that 

the accession PI537604 (group c) was the most 

resistant to drought stress, having the lowest SSI 

(-0.13). The accessions PI506426, PI250076, 

PI271073, PI306685, PI306598, PI292000 and 

GBM9869 (group b) were also drought resistant, 

exhibiting low SSI with values < 0.9 (Table 5). The 

remaining genotypes were pooled in the group (a) of 

the susceptible material with SSI > 1.10. The highest 

SSI values were observed for “Cartafri” (1.68), 

“Cartamar” (1.62) and PI537705 (1.60). 

In general, results of both years were contrasted. 

One could observe stable genotypes which were either 

drought resistant or susceptible in both years and other 

instable genotypes which were resistant in one year 

and susceptible in the other. The most interesting for 

us are the accessions PI271073, PI306685, PI250076 

and PI292000 which were stable regarding their 

resistance to mid-season and terminal drought under 

both conventional and late sowing conditions. 

However, average seed yield of PI306685 and 

PI292000 across tested environments were low (697 

kg/ha and 682 kg/ha, respectively). PI271073 and 

PI250076 were stable across environments and 

yielded over 1,090 kg/ha. Mean productivity across 

environments and tolerance to environmental stress 

are indices that can be used to improve yield across a 

range of contrasting environments [16]. Furthermore, 

both genotypes had a low MDA. Thus, PI271073 and 

PI250076 could be selected and involved in safflower 

breeding program in Morocco as well as other dry 

areas throughout the world. 

4. Conclusions 

Drought stress and late sowing affected 

significantly most of the agronomic, morphological 

and physiological traits evaluated. However, seed oil 

content seemed to be stimulated by drought. Also, a 

large genotypic variability was revealed for all the 

parameters. G  Rw  Sowing time interaction had a 

highly significant effect on all investigated parameters, 

except branching and seed oil content. Under late 

sowing conditions, the most performant genotypes 

were PI262421 and PI537604, whilst under 

conventional sowing conditions, the genotypes 

PI250076 and PI250523 were the most productive. 

The accessions PI271073, PI306685, PI250076 and 

PI292000 were stable regarding their resistance to 

mid-season and terminal drought under both 

conventional and late sowing conditions. PI271073 

and PI250076 being stable across environments and 

yielding over 1,090 kg/ha were selected. These 

genotypes could be used in breeding programs both in 

Morocco and other safflower producer’s countries in 

the world. High NHP, low MDA, high mean 

productivity across environments and low SSI could 

be used as selection criteria in safflower breeding 

program to improve yield across a range of contrasting 

environments. 
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