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ABSTRACT

Safflower (Carthamus tinctorius L.), a multipurpose oilseed crop is the only cultivated species in the Carthamus

genus. Carthamus spp. have been explored for resistance to biotic and abiotic stresses but not for physiological

efficiency. Photosynthetic traits of ten wild and ten cultivated species and six interspecific inbred lines were studied

to understand the expression of the photosynthetic traits among them, and for trait introgression from wild species

in interspecific derivatives. Relations among some physiological traits in interspecific inbred lines differed from

those observed in wild and cultivated species. The high photosynthesis (Pn), low transpiration (E) and high intrinsic

water use efficiency (iWUE) could be introgressed from the wild species, C. lanatus and C. turkesthanicus into

safflower cultivars. Inheritance of photosynthetic traits from wild to cultivated species indicated that wild species

are exploitable for safflower improvement. This study suggests the utilization of wild species for their high Pn, low

E and iWUE characteristics for developing abiotic stress-tolerant safflower cultivars.  
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Safflower (Carthamus tinctorius L.) is the only cultivated
species in the genus Carthamus. Kazakhstan, Russian
Federation, the USA, Mexico, Turkey, India and China are
the other major safflower producing countries
(http://faostat3.fao.org as of 15 March 2019). Safflower is
used for many purposes such as edible oil, biofuel, bird feed,
pharmaceutical applications, dye-making, food colouring and
flavouring, etc (Neelima et al., 2021). Crop improvement in
safflower has been targeted for incorporating quantitative
agronomic traits and has met with incremental success. This
approach is reaching saturation in terms of exploitable
genetic variability. Assessing the basic physiological process
of photosynthetic parameters is a grey area with huge
opportunities for carbon fixation ultimately resulting in
crop's productivity improvement. Further increase in crop
yield will depend largely on increasing photosynthesis.
Elevated CO2 research has shown a remarkably close relation
between yield and photosynthesis (Long et al., 2006).
Literature suggests that the plant with lower canopy
temperature (CT) gives higher yield as reported in other
studies (Beebe et al., 2013; Pandey et al., 2021; Sravanthi et
al., 2021) and leaf temperature is considered as an important
trait for selection of high yielding lines (Ainsworth and
Rogers, 2007). Cooler canopy temperatures are the
consequence of transpiration (Ratnakumar et al., 2009) and
varies depending on soil water availability. The importance
of evaporative cooling is a major component of the leaf
energy balance, and leaf temperature can be used as an
indicator for the rates of water loss or stomatal opening.
-------------------------------------------------------------------------- 
*Corresponding author's  E-mail:  ratna.pasala@icar.gov.in

Also, a lowered CT and increased stomatal conductance
ensure higher CO2 inside the leaf and in turn higher carbon
fixation efficiency (Pandey et al., 2021; Sravanthi et al.,
2021). Similar to this, water use efficiency (WUE) is defined
as the amount of carbon assimilated as biomass or grain
produced per unit of water used by the crop and at the leaf
level it is directly related to the physiological processes
controlling the gradients of CO2 and H2O. The effect of
increasing CO2 on photosynthetic rate (Pn) and WUE is
normally positive as the difference between the ambient air
and the intercellular spaces is increased and under light, CO2

within the leaf is rapidly converted to carbohydrates. 
Wild species of crops are the sources of novel genes and

are widely used for improving crop species. Approximately
25 species have been reported in the Carthamus genus. The
wild species grow naturally from northwestern India
westwards to and around the Mediterranean Sea (Knowles,
1980). Natural and artificial hybridization of safflower with
wild species has been reported (Ashri and Knowles, 1960;
Schank and Knowles, 1964; Ashri and Rudich, 1965; Heaton
and Klisiewicz, 1981; Mayerhofer et al., 2011). Living
materials of only 13-15 Carthamus species are available in
various gene banks. Six wild Carthamus spp. viz., C.
oxyacantha, C. palaestinus, C. glaucus, C. creticus, C.
lanatus and C. turkesthanicus are maintained at ICAR-Indian
Institute of Oilseeds Research (ICAR-IIOR), Hyderabad,
India. The wild species, C. oxyacantha was collected through
explorations in India (Anjani et al., 1999) and the remaining
species were introduced from the USDA, USA through
ICAR-National Bureau of Plant Genetic Resources, New
Delhi, India. The wild species were self-pollinated for
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several years to bring genetic uniformity within each species.
Some of the Carthamus wild species were identified as the
source of resistance to biotic and abiotic stresses of safflower
(Bassiri and Sionit, 1975; Pallavi et al., 2007; Prasad and
Anjani, 2008; Sabzalian et al., 2010; Majidi et al., 2011) and
were used for improving safflower for disease resistance
(Anjani et al., 2007; Pallavi et al., 2007, Prasad and Anjani,
2008). One of the wild species, C. oxyacantha was the donor
of sterile cytoplasm for developing cytoplasmic-genic male
sterility system in safflower (Anjani, 2008). Wild species
have been also widely utilized in several crop species for
improving resistance to biotic and abiotic stresses as well as
quality and yield traits. They have also been identified as
potential sources of physiological traits for crop
improvement (Masumoto et al., 2004; Rajesh et al., 2016).
With no information on physiological characteristics of
safflower wild species, the present study was undertaken to
assess the photosynthetic traits in wild and cultivated species
and interspecific inbred lines; and their inheritance into
cultivated species were also assessed.

MATERIALS AND METHODS

Plant material and experimental set up: Ten accessions of
six wild species viz., C. oxyacantha (2n=24), C. palaestinus
(2n=24), C. glaucus (2n=20), C. creticus (2n=64), C. lanatus
(2n=44) and C. turkesthanicus (2n=64), three cultivated
varieties viz., A1, 'Nira', and 'Manjira' and seven genotypes
namely, 96-506-1-21,  SFS-9990, JSI-116, PI 537598, EC
543318, 1831-P8 and GMU-2484 belonging to cultivated
species, C. tinctorius (2n=24) and six inbred lines derived
from crosses between C. tinctorius (A1, 'Manjira' and 'Nira')
and four wild species viz., C. oxyacantha, C. palaestinus, C.
glaucus and C. turkesthanicus were planted at research farm
of ICAR-Indian Institute of Oilseeds Research (ICAR-IIOR),
at ICRISAT, Patancheru, Hyderabad, India (17.366°N and
78.478°E) during the post rainy winter season (October) in
the year 2010. The experimental materials were grouped into
cultivated species, wild species and interspecific inbred lines
for convenience of comparison of results between the groups.
Each experimental material was grown in two rows of 5 m
length in six replications following the complete randomized
block design (CRBD). The spacing between rows was 45 cm
and between plants was 20 cm. The soil of experimental plot
was Vertisols; fertilizers were applied as per the
recommendation and need based plant protection measures
were adopted. The crop was raised under receding soil
moisture as normal practice and no irrigation was provided.
The maximum temperature during crop period (October
2010- February 2011) has ranged from 28-35.6°C and the
minimum was between 11.2-22.6°C. The relative humidity
was between 91 and 97%, and the total rainfall received
during the crop period was 204 mm.

The hybrid nature of the six interspecific inbred lines
used in the present study was primarily confirmed through
examining the morphological traits in F1 generation. These
traits were intermediate to both wild and cultivated species
confirming introgression of genome from both parents in F1

background. The hybrid nature of F1 of each cross was
further confirmed through genotyping of wild and cultivated
species parents and F1 using SSR markers (Anjani et al.,
2011; Anjani et al., 2018). 

Gas exchange parameters: Physiological parameters such
as net photosynthesis (Pn, µ mol/m2/s), stomatal conductance
(gs, mol/m2 /s), leaf intercellular CO2 concentration (Ci, µ
mol CO2 /mol), transpiration (E, m mol/m2/s) were recorded
at full flowering stage using portable IRGA i.e.,
photosynthesis system (LICOR-6400-40 Fluorometer) and
intrinsic water use efficiency (iWUE, µ mol/m2/s/m
mol/m2/s1) was calculated as ratio of Pn to E and
carboxylation efficiency was calculated as ratio of Pn to Ci.
Gas exchange measurements were made between 11:00 and
13:00h of IST on cloud free sunny days using six replicates
for each test material at 45 days after planting. For measuring
Pn, gs, Ci and E, photosynthetic leaf chamber (2 inch) was
clipped onto fully expanded leaf, which had been exposed to
sunlight. The chamber was held in such an angle that the
enclosed leaf surface faced the sun, to avoid the shading
inside the curette. Photosynthetic active radiation (PARi) at
the upper surface of the leaf chamber was measured by
calibrated sensor mounted on the same surface of the leaf
chamber. It varied between 1150 and 1350 µ mol/m2/s during
the most Pn measurements. Atmospheric CO2 was 400ppm,
ambient temperature was 34 to 36°C and RH was 55 to 60%
recorded during gas exchange measurements. 

Statistical analysis: The aggregate mean values were
subjected to statistical analysis. The essential statistics like
variance and coefficient of variation were calculated using
the method described by Panse and Sukhatme (1964). The
analysis of variance was analysed using complete
randomized block design (CRBD) to understand the
significance levels. The Pearson correlation coefficients in
Carthamus wild species, cultivated species (C. tinctorius),
and interspecific inbred lines was also estimated. The
diagonal histogram and scatter plots of bivariate correlation
were developed using R statistical programming language
(R-3.5.2 win) in an integrated development environment
(RStudio-1.0.143). The simple graphical representation of
mean values was developed using MS Office Excel 2007
programme (www.microsoft.com) where Carthamus wild
species (W), cultivated species, C. tinctorius (C) was taken
on X-axis and photosynthetic traits such as Pn: net
photosynthesis; gs: stomatal conductance; Ci: leaf
intracellular CO2 concentration; E: transpiration; iWUE:
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intrinsic water use efficiency; Pn/Ci: carboxylation efficiency
were taken on Y-axis.

RESULTS AND DISCUSSION

Gas exchange traits: The Carthamus wild species,
cultivated species (C. tinctorius), and interspecific inbred
lines were evaluated for photosynthetic traits and analysis of
variance indicated significant variation for gs, Pn, and Pn/Ci
(Table 1). The mean data on various photosynthetic
parameters observed in wild and cultivated species and
interspecific inbred lines are illustrated in Table 2 and in
Figure 1. The Pn ranged from 55.68±0.75 to 65.48±1.55 µ
mol/m2/s1 among wild species with a mean of 62.17 µ
mol/m2/s1 and 39±0.63 to 51.17±0.13 µ mol/m2/s1 among
cultivated species genotypes with a mean of 46.08 µ
mol/m2/s1. Among interspecific inbred lines, Pn was between
47.50±0.49 and 60.44±0.62 µ mol/m2/s1 with a mean of
54.09 µ mol/m2/s1. The per se performance of Pn was higher
in wild species followed by interspecific lines, indicating that
the trait might have been inherited from wild in these
interspecific lines. Furthermore, stomatal conductance (gs)
was between 0.12±0.02 and 0.38±0.09 mol/m2/s1 among wild
species with a mean of 0.25 mol/m2/s1 and between
0.08±0.01 and 0.18±0.03 mol/m2/s1 among cultivated species
with a mean of 0.13 mol/m2/s1. In case of interspecific inbred
lines, gs ranged from 0.04±0.01 to 0.18±0.04 mol/m2/s1 with
a mean 0.12  mol/m2/s1. The Transpiration rate (E) ranged
from 5.68±0.56 to 12.81±1.42 µ mol/m2/s1  among wild
species and 4.89±0.58 to 12.03±1.03 µ mol/m2/s1 among
cultivated species genotypes while it was between 2.71±0.56
and 8.46±1.53 µ mol/m2/s1 among interspecific inbred lines.
The mean E in interspecific inbred lines group was 6.61 m
mol/m2/s1 while it was 9.43 m mol/m2/s1 and 7.07 m
mol/m2/s1 in wild and cultivated species groups, respectively.
Similar to Pn, a higher gs and E were observed among the
wild species; however in cultivated and interspecific lines it
was almost similar suggesting that gs and E were not
inherited characters from wild in the interspecific lines.
Another important photosynthesis related trait, leaf
intracellular CO2 was found higher in wild (321.56 µ
mol/m2/s1) and cultivated (339.71µ mol/m2/s1) groups as
compared to that in interspecific inbred lines (168.9 µ
mol/m2/s1 ), indicating that wild species maintained a higher
intracellular CO2 which was due to higher gs and E. Together
by maintaining a higher gs, E and intracellular CO2, wild
species ensured higher Pn rates compared to interspecific
lines and cultivated species. On the other hand, lower gs
among the cultivated species might be due to stomatal
limitation. The mean carboxylation efficiency of interspecific
inbred lines (0.38) was higher than that of wild (0.20) and
cultivated species (0.14). The iWUE ranged from 4.90±0.62
to 10.26±1.2 µ mol/m2/s1/m mol/m2/s1 among wild species

with a mean of 6.87 µ mol/m2/s1/ m mol/m2/s1; whereas from
4.19±0.40 and 9.62±1.07 µ mol/m2/s1 /m mol/m2/s1 among
cultivated species genotypes with a mean of 7.05 µ mol/m2/s1

/m mol/m2/s1. The mean iWUE of interspecific inbred lines
group was 8.46 µ mol/m2/s1 /m mol/m2/s1 with a range of
6.45±1.19 to 25.95±5.0 µ mol/m2/s1 /m mol/m2/s1. The
interspecific lines showed a higher iWUE which attributed to
lower E rates indicating their adaptation to warm and dry
conditions. 

Among wild species, the lowest gs (0.12±0.02 m
mol/m2/s1) and E (5.68±0.56 m mol/m2/s1) and the highest
iWUE (10.26±1.2 µ mol/m2/s1 /m mol/m2/s1) were observed
in C. lanatus accession, CART 57/83. The interspecific
inbred line, A1-57/83, derived from (A1 x CART 57/83)
cross showed high iWUE (11.04±0.79 µ mol/m2/s1 /m
mol/m2/s1). The highest gs (0.42±0.08 mol/m2/s1) and E
(12.81±1.42 m mol/m2/s1) and the lowest iWUE (4.9±0.62 µ
mol/m2/s1 /m mol/m2/s1) were observed in C. creticus
accession, CART 10/79.  

Among the interspecific inbred lines, the highest Pn
(62.13±0.39 µmolm-2s-1) and iWUE (25.95±5.0 µ mol/m2/s1

/m mol/m2/s1) and the lowest gs (0.04±0.01 mol/ m2/s) and E
(2.71±0.56 m mol/m2/s1) were observed in the interspecific
inbred line, A1-63/79  derived from (A1 x CART 63/79)
cross. The interspecific inbred line, Man-63/79 derived from
(Manjira x CART 63/79) cross also recorded higher Pn
(53±0.67 µ mol/m2/s1) and iWUE (10.38 ±1.6 µ mol/m2/s1 /m
mol/m2/s1) as compared to its cultivated species parent. The
wild species parent (C. turkesthanicus accession, CART
63/79) of A-63/79 and Man-63/79 had very high Pn and
iWUE compared to cultivated species parents, A1 and
'Manjira'. 

Correlations among traits: Correlations among
physiological traits were studied separately for wild species,
cultivated species and interspecific inbred lines (Fig.2). Pn
had negative association with Ci and iWUE and positive
relation with gs and E in wild and cultivated species while it
had significantly strong positive association with Ci and
iWUE and negative relation with gs and E in interspecific
inbred lines. The stomatal conductance (gs) showed
significantly strong positive relation with E and negative
relation with Ci and iWUE in all three categories of
experimental material i.e. wild and cultivated species and
interspecific inbred lines. Ci had negative association with E
and positive association with iWUE while E had significantly
strong negative association with iWUE in all three groups.

Previous studies suggested that the wild species could act
as potential donors of physiological traits in rice and other
crops (Zhao et al., 2008; Dutra et al., 2011). Investigating
physiological parameters in wild species and information on
inheritance of physiological traits from wild to cultivated
species would help in improving resource-use efficiency in
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modern cultivars. Clear differences in physiological traits
have been reported earlier among many crop species and
their wild relatives as well as among the progenies derived

from crosses between cultivated and wild species (Dornhoff
and Shibles, 1970; Criswell and Shibles, 1971; Zhao et al.,
2008; Zhao et al., 2010; Haritha et al., 2019).

Table 1 Analysis of variance of among wild, cultivated species and interspecific inbred lines for photosynthetic traits

Traits DF SS MSS F value Pr(>F)

Pn 5 338.4 338.4 7.225 0.0129*

gs 5 361.6 361.6 6.041 0.0216*

Ci 5 5.6 5.59 0.075 0.787

E 5 225.4 225.4 3.44 0.076

iWUE 5 66.6 66.55 0.923 0.346

Pn/Ci 5 627.8 627.8 12.88 0.00148**
*0.05 and **0.01 significance level. Pn: Net photosynthesis, gs: stomatal conductance, Ci: leaf intracellular CO2, E: transpiration, 
iWUE: intrinsic water use efficiency and Pn/Ci: carboxylation efficiency 

Table 2 Net photosynthesis (Pn), stomatal conductance (gs), leaf intracellular CO2 (Ci), transpiration (E), intrinsic water use efficiency (iWUE) and
carboxylation efficiency (Pn/Ci) in wild and cultivated species and interspecific inbred lines

Genotype Identity code/name
Pn

(µmolm-2s-1)
gs

(molm-2s-1)
Ci

(µmolCO2mol-1)
E

(mmolm-2s-1)
iWUE

(µmolm-2s-1/mmolm-2s-1 )
Pn/
Ci

Wild species

C. lanatus CART 7/77 62.13±0.70 0.25±0.02 321.58±0.84 9.57±0.36 6.49±0.23 0.19

CART 65/76 64.92±0.65 0.38±0.09 317.55±0.93 11.05±0.87 5.88±0.48 0.20

CART 57/83 55.68±0.75 0.12±0.02 331.67±1.02 5.68±0.56 10.26±1.2 0.17

C. creticus CART 10/79 62.72±1.66 0.42±0.08 319.30±2.26 12.81±1.42 4.90±0.62 0.20

C. glaucus CART 43/76 63.10±1.47 0.19±0.03 320.31±2.00 8.95±0.85 7.05±0.55 0.20

C. oxyacantha 2563-p9-p2 65.30±1.18 0.23±0.03 317.30±1.50 9.76±0.89 6.69±0.84 0.21

IP-16 62.30±0.35 0.14±0.01 320.66±0.96 7.10±0.24 8.81±0.31 0.19

C. turkesthanicus CART 63/79 63.50±1.10 0.18±0.04 320.30±1.77 7.80±1.25 8.14±2.36 0.20

CART 66/76 60.28±1.66 0.26±0.07 324.47±2.49 9.90±1.69 6.09±0.97 0.19

C. palaestinus PI 235663 0.19±0.04 318.12±2.40 7.83±1.50 8.36±3.59 0.21

Cultivated species

 C. tinctorius A1 40.27±1.92 0.18±0.03 350.34±1.93 7.06±1.33 5.70±0.87 0.11

‘Manjira’ 42.63±0.90 0.09±0.01 340.36±1.19 5.43±0.60 7.94±0.83 0.14

‘Nira’ 49.37±1.70 0.17±0.04 334.98±3.36 8.86±1.00 5.80±0.85 0.16

96-506-1-21 39.00±0.63 0.17±0.03 350.61±0.80 7.02±1.04 5.78±0.76 0.11

SFS-9990 42.77±0.62 0.10±0.01 347.05±0.80 5.22±0.34 8.26±0.56 0.12

JSI-116 48.77±0.66 0.08±0.01 338.63±0.86 5.39±0.43 9.16±0.67 0.14

PI 537598 45.80±0.46 0.08±0.01 342.83±0.76 4.89±0.58 9.62±1.07 0.13

EC 543318 51.17±0.13 0.16±0.01 334.23±0.14 8.82±0.13 5.80±0.10 0.15

1831-P8 50.50±0.74 0.18±0.02 323.08±1.22 12.03±1.03 4.19±0.40 0.16

GMU-2484 50.53±0.43 0.09±0.02 336.15±0.89 6.06±0.89 8.64±1.03 0.15

Interspecific inbred lines

A1 x CART 63/79 A1-63/79 62.13±0.39 0.04±0.01 308.10±4.94 2.71±0.56 25.95±5.0 0.20

A1 x CART 57/83 A1-57/83 60.44±0.62 0.10±0.01 251.46±6.30 5.60±0.44 11.04±0.7 0.24

Manjira x CART 63/79 Man-63/79 53.42±0.67 0.11±0.03 163.65±4.30 6.09±1.23 10.38±1.6 0.20

Nira x IP16 Nira-IP16 51.80±0.26 0.14±0.03 122.00±3.01 6.96±0.91 7.82±0.74 0.42

A1 x CART 43/76 A1-43/76 49.26±0.19 0.13±0.02 100.13±2.02 6.81±0.70 7.54±0.76 0.49

Manjira x  CART 43/76 Man-43/76 47.50±0.49 0.18±0.04 68.07±1.65 8.46±1.53 6.45±1.19 0.70

±: standard error of mean
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The present investigation showed within and between
species variation for photosynthetic traits. Safflower wild
species recorded higher Pn than the cultivated species.
Higher photosynthesis in wild species than the modern
cultivars was reported in other crop species also (Evans and
Dunstone, 1970; Pradhan and Panda, 2018; Masumoto et al.,
2004; Zhao et al., 2010). The high net photosynthesis ability
of wild species is encouraging to exploit wild species for

improving cultivated safflower for photosynthetic efficiency.
Enhancing photosynthesis has a vital role in enhancing yield
potential of crops (Long et al., 2015). Recent progress in
breeding for seed yields in cereal crops was mostly
associated with photosynthetic parameters (Fischer and
Edmeades, 2010). There were reports of introgression of
high photosynthesis efficiency of wild species into cultivated
rice (Zhao et al., 2003; Haritha et al., 2017).

Fig. 1. Mean values of physiological traits in Carthamus wild species (W), cultivated species, C. Tinctorius (C) and interspecific inbred lines 
(I). Pn: net photosynthesis; gs: stomatal conductance; Ci: leaf intracellular CO2 concentration; E: transpiration; 

iWUE: intrinsic water use efficiency; Pn/Ci: carboxylation efficiency

Many studies reported positive linear correlations among
Pn, gs and E (Evans and Loreto, 2000; Sergiu et al., 2014;
Pushp, 2015). Similar positive correlations were observed in
wild and cultivated species but in interspecific inbred lines
Pn was negatively related to gs and E whereas gs and E were
positively related. The negative relation between Pn and E
was because of positive relation between gs and E.  

The strong positive association of Pn with iWUE and Ci
in interspecific inbred lines differed from those observed in
wild and cultivated species where the relations were
negative. iWUE showed strong negative relationship with gs
and E, which indicated regulatory role of stomatal
conductance in maintaining the water use efficiency. The

association of Pn in interspecific inbred lines was strongly
negative with E and gs and positive with iWUE. The
negative relation of Pn with gs and E and its positive relation
with iWUE and Ci in interspecific inbred lines hint at the
possibility of developing high yielding drought tolerant
varieties through wide hybridization in safflower.

The highest iWUE (25.95±5.01 µ mol/m2/s1 /m
mol/m2/s1) observed in the interspecific inbred line, A1-63/79
derived from (A1 x CART 63/79) cross was due to high Pn
(62.13±0.39 µ mol/m2/s1 ), low gs (0.04±0.01) and low E
(2.71±0.56 m mol/m2/s1 ). Similar results were also reported
in tomato species and interspecific lines (Zeist et al., 2018).
The interspecific inbred lines viz., Man-63/79 and A1-57/83

30J. Oilseeds Res., 39(1) : 26-33, Mar., 2022



PHOTOSYNTHETIC CHARACTERISTICS IN WILD, CULTIVATED SPECIES OF SAFFLOWER

also had high iWUE and low E. The low E in these inbred
lines might be due to low stomatal conductance because the
relation of E with gs was strongly positive. High Pn
associated with low gs was observed in water stress tolerant
plants which had higher iWUE (Pazzagli et al., 2016). Borba
et al. (2017) reported high Pn and low gs and E, and better
water use efficiency in F2BC1 population of Solanum
pennellii x S. lycopersicum cross. Both A1-63/79 and
Man-63/79 were better than their respective parents with
respect to iWUE. They were better than their cultivated
species parents and close to their wild species parent (C.
turkesthanicus, accession CART 63/79) with respect to net
photosynthesis. The low E, high iWUE and high net
photosynthesis capability of C. lanatus accession, CART
57/83 have been introgressed into the interspecific inbred
line, A1-57/83 derived from (A1 x CART 57/83) cross. The
high Pn, low E and high iWUE make the inbred lines capable
of tolerating water stress. High Pn, low gs and low E were
found to be promising in selecting water stress tolerant
tomato genotypes (Borba et al., 2017, Zeist et al., 2018).
Selection for increased photosynthetic efficiency per se was
mostly successful in maize (Crosbie et al., 1977).

The results of our experiment indicate the opportunity
that exists for safflower improvement for gas exchange traits
and iWUE through exploiting the gene pools of wild
relatives. Inclusion of wild species in breeding may enhance
genetic variation and help in selecting progenies with better
recombinants for desirable physiological traits. The results
have demonstrated introgression of high Pn, low E and high
iWUE characteristics of the wild species, C. lanatus and C.
turkesthanicus into cultivated species, and occurrence of
better recombinants for these traits in interspecific inbred
lines derived from crosses between these species and
cultivated one. High Pn and low E will have apparent
positive effects on iWUE improvement. E and iWUE directly
influence yield, any increase in E would have a negative
effect in crop growth rate, and this negative impact can be
reduced by selecting for high Pn. So it is necessary to select
genotypes where interdependence between iWUE and E is
lower. Among the several adoptive strategies, improving the
efficiency of water use for biomass production along with
photosynthetic rate is perhaps the most relevant mechanism
for achieving optimum productivity under drought. This
study suggests utilization of C. lanatus and C. turkesthanicus
for developing drought tolerant safflower cultivars.
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Fig. 2. Pearson correlation coefficients in a) Carthamus wild species, b) cultivated
species (C. tinctorius), and c) interspecific inbred lines. Significance of correlations

among pairs of physiological traits are indicated above the diagonal. The size of
asterisk is proportional to significance level.  Histograms of each trait are shown on

the diagonal, and scatter plots of bivariate correlation among pairs of traits are shown
below the diagonal histograms
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