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DETERMINATION OF TOLERANCE AND SENSITIVITY OF
SAFFLOWER GENOTYPES BASED ON GERMINATION INDICES
AND COMPARISON OF BIOCHEMICAL CONTENTS UNDER SALT
STRESS

Sercan ONDER¥, Nagihan YAVUZ!, Muhammet TONGUC!

Isparta University of Applied Sciences, Faculty of Agriculture, Department of Agricultural Biotechnology, 32200, Isparta, Tiirkiye

Abstract: Safflower germination and seedling growth stages are extremely sensitive to salinity. The study aimed to identify safflower
genotypes' germination, seedling growth responses, and biochemical changes in tolerant and susceptible genotypes in response to salt
stress. Total of 28 genotypes were subjected to salt (NaCl) treatments (0, 180, 240 mM), and germination percentage, mean
germination time, seedling and root lengths, and vigor index of the genotypes were determined. The genotype, treatments, and
interaction effects were significant for germination, seedling, and biochemical parameters. The genotypes' germination percentage,
seedling length, root length, and vigor index decreased under salt stress. While the reduction in germination percentage of salt-tolerant
genotypes was between 6-21%, it was between 46-65% in sensitive genotypes at 240 mM salt treatment. Five tolerant (Shufu, Sidwill,
Finch, Yuyao, Oleic Leed) and sensitive (Huaxian, Linas, 4022, Oker, Rehbein) genotypes were chosen based on reductions in
germination percentage and vigor index, and the proline, hydrogen peroxide, and malondialdehyde (MDA) contents of these genotypes
were investigated. The proline content of the genotypes increased by 26 to 56 fold at 180 mM salt concentration. The hydrogen
peroxide content of sensitive and tolerant genotypes increased at 180 mM salt treatment, but at 240 mM salt treatment, the hydrogen
peroxide content of the sensitive genotypes continued to increase by 6-50%, hydrogen peroxide content decreased in tolerant
genotypes by 10-30%. MDA contents increased in the sensitive and tolerant genotypes, but the level of increase was higher in sensitive
genotypes (307-631%) than the tolerant genotypes (103-323%) at 240 mM salt treatment. The heatmap generated by means of
sensitive and tolerant genotypes showed 28 coefficients and 5 of which were significant. These results show that changes in hydrogen
peroxide and MDA contents are different between tolerant and sensitive genotypes. They could be useful selection criteria along with
germination percentages for determining tolerant and susceptible safflower genotypes at the seedling stage.
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oxidative stress in the cells, and further impedes the
metabolic process (Munns and Tester, 2008; Hussain et
al, 2016).

Salinity has detrimental effects on germination, seedling

1. Introduction

Safflower (Carthamus tinctorius L.) is a member of the
Asteraceae family and the only cultivated species in the
Carthamus genus. Safflower is an alternative crop grown

for its flowers and seeds. Safflower seeds contain 20-40%
oil and are mainly utilized in the industry for edible oil
and dying purposes.

Soil salinity has become a problem for agricultural
production, particularly in arid and semi-arid regions,
affecting approximately 800 and 1.5 million hectares
worldwide and in Tirkiye, respectively (Tirkan and
Demiral, 2009). Soil salinity reduces the amount of water
utilized and causes water stress in the plants. Ion
accumulation due to soil salinity reduces nutrient uptake,
chlorophyll synthesis, and the rate of photosynthesis,
increases water loss and causes toxicity, and thus
reduces plant growth and yield. It also causes the
formation of reactive oxygen species, which causes

establishment, growth, and yield of crops. Different
approaches could be employed to alleviate the effects of
salinity, and biotic approaches, such as cultivating salt-
tolerant genotypes to grow saline soils, should be
preferred because they are sustainable, efficient, and
economical (Ashraf and McNeilly, 2004). Plants could be
classified based on their performance under saline and
non-saline conditions. Therefore, screening genotypes for
identification and selection for salt tolerance within the
available germplasm resources is necessary. Safflower is
classified as tolerant to saline conditions, showing
variation in salt tolerance within safflower germplasm
(Dajue, 1993; Siddiqi et al,, 2007; Kaya et al., 2019). Salt
stress affects all developmental stages of safflower
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(Irving et al., 1988; Kaya et al, 2003), but germination
and seedling development phases are more susceptible
to salinity stress (Hussain et al., 2016).

Plants produce or accumulate different solutes and ions
under salinity stress, such as proline, hydrogen peroxide,
and malondialdehyde (MDA) to maintain the osmotic
balance of cells or as a result of oxidative damage. Proline
accumulation effectively prevents membrane damage
and maintains osmotic balance (Hasegawa et al., 2000;
Hosseini et al, 2010). Safflower genotypes under salt
stress increase proline content to protect themselves
from the effects of salt stress (Hosseini et al, 2010;
Karimi et al, 2014). Hydrogen peroxide and MDA
accumulation are associated with the production of
reactive oxygen species leading to oxidative damage and
causing lipid peroxidation. Therefore, the accumulation
of these molecules is considered an indicator of cellular
damage and seed deterioration in plants (Priestley, 1986;
Bailly, 2004).

It is necessary to conduct salt tolerance tests under
extreme conditions for identification and differentiation
of safflower genotypes' tolerance to salinity (Siddiqi et
al, 2007). changes
occurring under stress conditions could be useful to
identify tolerance mechanisms associated with tolerant

Determination of biochemical

and sensitive varieties. Therefore, the study aimed to test
the response of many safflower genotypes under high
salt concentrations during germination and early
seedling growth to determine tolerant and sensitive
genotypes. Then to study the effects of salt stress on
proline, MDA and hydrogen peroxide contents in
sensitive and tolerant genotypes to deduce stress
responses of these genotypes.

2. Materials and Methods

2.1. Plant Material and Germination Tests
The study was carried out in the Agricultural
Biotechnology Department laboratories at Isparta
University of Applied Sciences (ISUBU) in 2021. Seeds
from 28 safflower genotypes were used as plant material
in the study. Enana, Rinconado and 4022 were breeding
lines and the rest was registered safflower genotypes. A
previous publication provides detailed information about
origins, registration status, oil contents and other
agronomic characteristics (Erbas et al., 2016).

Seeds sterilized with 2% sodium
hypochlorite solution for 10 min, rinsed under running
tap water for 5 min, and dried at room temperature.
Seeds (50x4) were placed into two layers of filter papers,
moistened with three different (0, 180, 240 mM) NaCl
solutions, and put into sealed plastic containers to
prevent evaporation. High salt concentrations were
chosen because salt-tolerant and sensitive genotypes
were distinguished better at stringent conditions (Siddiqi
et al, 2007; Tongug et al,, 2021). Germination tests were
conducted in a growth cabinet at 25+1 °C under dark
conditions for 14 days. Seeds with radicle growth of 2
mm were counted as germinated and allowed to grow

were surface

further for seedling measurements. Germination
percentage and mean germination time were calculated
as described (ISTA, 2009). After 14 days of germination,
seedling and root lengths (cm) were measured using five
seedlings from each replication. The vigor index of
genotypes under different salt stress conditions was
calculated by multiplying germination percentage and
seedling length (Abdul-Baki and Anderson, 1973).

2.2. Biochemical Measurements

Percent reduction in germination percentage along with
vigor index of the genotypes at 240 mM salt
concentration was used to discriminate salt tolerant and
sensitive genotypes. Seedlings were washed with
distilled water, dried with paper towels, and used to
measure biochemical parameters. Five seedlings (5x4)
from each replication were powdered in liquid nitrogen
and used to determine proline, MDA, and hydrogen
peroxide contents of selected genotypes.

Proline was determined following the protocol of Zhang
and Huang (2013). Ground seedlings (0.5 g) was
homogenized with 2 mL 3% sulphosalicylic acid to
determine the proline content of the samples. The slurry
was centrifuged at 5.000 x g for 5 min, the 500 pL
supernatant was taken to a new tube, added 500 upL
acetic acid and 500 pL ninhydrin solution prepared with
glacial acetic acid and orthophosphate. Tubes containing
samples were boiled for 45 min and cooled on ice. An
equal volume of toluene was added to each sample and
vortexed for 1 min, then centrifuged at 1.000 x g for 5
min. The absorbance of the samples was measured at 520
nm by spectrophotometer. The standart curve was
generated by known concentrations of proline prepared
in 3% sulphosalicylic acid.

The hydrogen peroxide and MDA content of the samples
was determined following Velikova et al. (2000), and
Zhang and Huang (2013); respectively, and the analyses
were performed as described by Onder et al. (2022).

2.3. Statistical Analysis

The experiment was a complete randomized block design
with four replications. Each replication contained 50
seeds for germination parameters, and contained five
biological replications for analysis.
Germination percentage, mean germination time, and
seedling and root lengths were measured. Germination

biochemical

data were transformed for normalization. The vigor
index of the genotypes was also calculated using
germination  percentage and seedling length.
Germination, seedling, and biochemical indices were
subjected to ANOVA with SPSS 22.0 software (SPSS Inc,
USA), and significant effects for genotypes, treatments,
and their interactions on all examined germination and
seedling indices were detected at P<0.001 level of
significance. Duncan's multiple range test was used to
discriminate the differences between the means. To
reveal the relationships between germination, seedling,
and biochemical indices, Pearson's linear correlation
analysis was carried out using OriginPro software's trial
version, and results were presented as a heatmap.
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3. Results

Safflower genotypes were tested for their responses at 0,
180, and 240 mM NaCl concentrations (Table 1).
Germination percentages varied between 52-93% in the
control group. While the genotypes with the lowest
germination were Enana, and Olas; the
genotypes with the highest germination were Linas, S-
517, and 55633 (Table 2). Germination decreased at 180
mM, and 240 mM NaCl treatments, and germination
percentages varied between 41-85% among the
genotypes at 180 mM NaCl concentration. The lowest

Huaxian,

germination percentage in this treatment was observed
in Olas and Enana,
percentage was obtained from Frio, 55633, and S-517. At

and the highest germination

240 mM NaCl treatment, germination percentage varied
between 24-69%, and Rehbein, Girard, Huaxian, and
4022 had less than 30% germination. Twelve genotypes
had higher than 50% germination, and the highest
germination percentages were obtained from Frio, Finch,

and S-517 at 240 mM salt treatment.

Mean germination times were shorter than two days for
all genotypes except Montola 2000, Enana, and Oleic
Leed in control. Germination time prolonged under 180
mM NaCl concentration, but germination times of
Montola 2000, Enana, and Oleic Leed, contrary to the
general trend, decreased. Hartman had over three days,
and 13 genotypes had over two days of mean
germination time at 180 mM NaCl concentration. At 240
mM NaCl treatment, ten genotypes had over two days,
and Rehbein had over three days of mean germination
time. With the increased NaCl concentration, the changes
observed in the germination times of the genotypes
differed, showing a response depending on genotype
(Table 2). For example, Shufu, Yuyao, and Sidwill
shortened, Linas, 55633, and Rehbein prolonged, and
Yenice and Huaxian had the same mean germination
times at 240 mM NaCl compared to 180 mM NacCl
concentration.

Table 1. Mean squares of ANOVA results for germination and seedling parameters of safflower genotypes

Variance sources DF GP MGT VI SL RL
Genotypes 27 403.95%** 0.56*** 325285 *** 19.31%** 9.27%**
Treatments 2 6764.02%** 11.67*** 33356311*** 4528.03*** 2310.36%**
Interaction 54 80.64*** 0.58*** 120691 *** 9.85%** 5.95%**
Error 252 13.76 0.14 10324 1.51 0.97

GP= germination percentage, MGT= mean germination time, VI= vigor index, SL= seedling length, RL= root length, ***= significant at

P<0.001 level of significance according to Duncan's multiple range test.

Table 2. Effects of salt treatments on germination percentage, mean germination time and vigor index of safflower

genotypes. Values within columns are the means + standard

deviations

Germination percentage (%) Mean germination time (day) Vigor index
Control 180 mM 240 mM Control 180 mM 240 mM Control 180 mM 240 mM

Shufu 59+6.3h 52+6.1F 51+2.4ae 1.4+0.1eh 1.9+0.2b-e 1.5+0.1f 1079+79hi 381+38H 37731
Saffire 82+6.4b-e 63+5.3ad 46+1.8ch 1.8+0.3ce 2.3+0.4b-d 1.8+0.44-f 1636+125¢¢ 630+672¢ 449614
Sidwill 56+4.0i 5145.5FH 50+1.5bf 1.7+0.3ce 2.0+0.3b-e 1.6+0.2¢f 1177+125¢h 484+1404 519+75ad
PCA 63+8.9¢7 47+3.6M 45+3.4ch 1.7+0.2¢ce 2.2+0.2b-e 2.0+0.1¢f 1377+127% 341+34K 315+20h
Frio 76+10.14-f 69+4.92 59+4.9a 1.2+0.1¢n 2.0+0.2b-e 2.2+0.1bf 1546+132df 700+712b 555+49a-c
Montola 2000 54+4.0i 44+3.01 38+7.01 2.8+0.72 2.1+0.3b-e 1.9+0.54f 901+1211 291+33! 23142151
Rinconada 82+8.1bf 58+3.0cf 52+3.8ad 1.1+£0.1¢h 1.9+0.2b-e 1.8+0.24f 1603+88d-f 401+43h1 344 %4281
Enana 52+2.6i 42+1.5 37+8.11 2.3+0.4b 1.8+0.2¢ce 1.7+0.54f 9814650 37743211 328+72h
Huaxian 52+1.5 46+2.30 25%3.6K 1.9+£0.1bd 2.2%0.5b-e 2.2%0.5b-e 795+77i 3744685 2074314
Linas 934+5.52 61+8.2b-e 46+1.8ch 1.1£0.18h 1.7+0.3ce 2.4+1.32d 1538+44d-f 674+1102c 487+54a-
Dinger 80+8.6bf 60+7.6b-¢ 43+3.5f 1.2+£0.1fh 2.0+0.3b-e 1.8+0.44f 1610+1214df 562+144cg 402+89¢eh
4022 78+10.9b-f 59+5.5¢f 27+1.9K 1.3+0.1fh 2.5+1.2b 2.7+0.8ab 1405+173ef 560+56¢8 20212k
Finch 72+3.7¢h 58+3.5¢f 57+3.63b 1.3+0.2fh 1.9+0.2b-e 2.0£0.2¢f 1389+111fe 391+51h! 391+28eh
Sahuaripa 88 79+6.3b-f 64+0.9a-d 53+4.1ad 1.2+0.1gh 2.0£0.3b-e 2.2+0.3bf 1620+135¢f 624+682¢ 488+59a-¢
Oker 87+6.7ad 65+3.2a¢ 42+1.581 1.1+0.18h 1.9£0.1b-e 1.6+0.2¢f 1706+220d 739+1302 462+75¢f
55633 88+1.5a¢ 67+3.2ab 54+2.6ac 1.1+0.1h 2.0£0.3b-e 2.7+0.5ac 1943360 611+52b-f 588382
Yenice 69+7.2f 55+6.948 43+1.1e1 1.3+0.2fh 1.9+0.3b-e 1.9+0.34-f 1478+135d-f 515+87d-h 390+26¢h
Leed 70+8.2¢i 50+0.9¢ 45+0.9d-h 1.1+0.18h 1.740.2de 2.0+0.1¢f 1533+109¢-f 561+49cg 480+52b-f
Ole 78+10.8b-f 61+1.8b-e 52+1.8ad 1.5£0.1¢-h 2.4%0.5bc 2.7+0.1ab 1497+332df 507+50ei 490+2a-e
Hartman 73+8.4¢e8 61+6.9b-¢ 54+0.92d 1.1+£0.1¢h 3.220.4a 1.6+0.2¢f 1548+1544-f 640+92ad 569+652b
Ziyang 78+5.5¢f 62+1.5ad 47+8.6¢h 1.2+0.1¢h 1.9+0.3b-e 2.1+0.4b-f 1842+137bc 407+43h1 332+84hj
S-517 89+4.9ab 67+5.8ab 59+3.62 1.1+0.1h 1.5+0.3¢ 1.9+0.44f 2167+212a 447568k 398+66¢h
Yuyao 62+7.681 54+3.2¢h 54+2.82d 1.2+0.1¢h 2.2%0.4b-e 2.0+0.2¢f 1017+150h 353+25H 354+38gi
Girard 56+1.8i 51+£1.8F 29+6.1K 1.6+0.348 2.0+0.2b-e 1.9+0.34f 1042+60hi 505+67¢i 210+1044
FO-2 58+1.8i 46+1.80j 31+4.4ik 1.4+0.1eh 2.1+0.2b-e 1.7+0.34f 1104+70ni 512+29¢h 346+79¢i
Olas 52+1.8i 41+0.9i 40+3.7hi 1.7+£0.4<f 2.1+0.3b-e 1.6+0.2¢f 1050+48hi 421440k 32058
Oleic Leed 54+3.2i 51+£1.8F 50+0.9b>8 2.0+0.5bc 1.9+0.1b-e 2.1+0.3bf 1092+63hi 549+41cs 378471
Rehbein 54+2.3i 44+1.5i 29+3.2K 1.94£0.4cd 1.8+0.1b-e 3.0+0.42 1057+113hi 41233201 276+77ik
Different letters within each column indicate significant differences between the genotypes within treatments.
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Table 3. Seedling length and root length of safflower genotypes under different salt treatments. Values within columns

are the means + standard deviations

Seedling length (cm)

Root length (cm)

Control 180 mM 240 mM Control 180 mM 240 mM
Shufu 18.6+3.1h 7.4+0.2b 7.4+0.38i 11.5+2.5fh 3.7+0.4h 4.2+0.6¢h
Saffire 20.0£0.8¢i 10.1+1.3af 9.9+1.2ad 11.7+0.5fh 4.7+0.67d-h 4.9+0.638
Sidwill 21.0£1.0ch 9.5+1.8¢8 10.4+1.62-< 13.3+1.0¢f 4.6+1.2d- 5.5+1.1ac
PCA 22.0+1.1b-e 7.30.2ii 7.0£0.2h 13.3+1.0¢f 3.7+0.2h7 3.7+0.1eh
Frio 20.5+1.3¢i 10.1+0.52-¢ 9.5+0.9a-¢ 13.4+1.7¢f 5.0£0.4¢f 5.0£0.62-f
Montola 2000 16.7+1.5k 6.6+0.4i 6.3+0.6i 9.4+1.2§ 3.3+0.3ik 3.3+0.3h
Rinconada 19.8+1.4d-i 6.9+0.5i 6.7%0.6 12.4+1.3d8 3.6+0.5h7 3.5+0.58h
Enana 18.7+0.7¢ 9.0+0.5¢-h 8.9+0.4b-h 11.7+0.8fh 4.2+0.3¢7 4.4+0.4ch
Huaxian 15.3+1.5k 8.2+1.48i 8.5+2.0ci 8.3+1.3i 3.8+0.78i 4.3+0.9¢h
Linas 16.7+1.15k 11.1+1.0ac 10.7+1.2ab 9.8+0.8h- 6.0+1.0ac 6.0+£0.8ab
Dinger 20.3£1.0ci 9.4+1.5¢8 9.4+1.4af 12.9+0.9¢8 4.7+0.8d-h 4.6+0.8¢h
4022 18.1+1.0i 9.6+0.7b¢ 7.5+0.2f 11.7£0.5¢-h 4.7+0.3d-h 3.3+0.2h
Finch 19.3+0.7¢ 6.8+0.7i 6.8+0.3ii 11.6+1.2fh 3.2+0.1k 4.6+0.5bh
Sahuaripa 88 20.5£0.5¢h 9.8+1.12¢ 9.3+1.0a8 13.4+0.6¢f 5.0£0.7¢c¢ 4.91£0.638
Oker 19.7+1.1e 11.3+1.82 11.0+1.82 12.5+0.54-8 5.5+1.1ad 5.5+1.2ac
55633 22.1+0.8bd 9.1+0.4e8 10.9+0.6ab 14.8+1.0ac 3.9+0.3f 5.3+0.4ac
Yenice 21.5+0.8bf 9.3+0.64-¢ 9.1+0.438 14.3+0.62-d 4.8+0.2d-¢ 4.9+0.1af
Leed 22.2+1.8bc 11.2+1.0ab 10.8+1.0ab 13.911.6b-e 6.2+0.83b 6.1+0.82
Ole 19.0+2.0f 8.4+0.9f 9.5+0.4a¢ 11.0+£1.78 3.5+0.2ik 6.0+0.5ab
Hartman 21.3+0.6¢¢ 10.5+1.0a- 10.6+1.1ab 14.3+0.82-d 5.1£0.8c¢ 5.3+0.52c
Ziyang 23.6+0.73b 6.6+0.7i 7.0£0.6h 15.6%0.8ab 3.4+0.5ik 3.8+0.6dh
S-517 24.5+1.423 6.7+0.6i 6.7+0.71 16.4+1.22 3.5+0.4ik 3.6£0.5fh
Yuyao 16.6+1.95k 6.7+0.6i 6.6+0.41 9.1+1.50 3.6+0.4k 3.6£0.2fh
Girard 18.8+1.687 10.0£1.0af 7.1£1.7h7 12.0+1.6¢¢ 5.2+0.7b-e 3.6+1.3fh
FO-2 19.2+1.0f 11.3+0.3ab 11.1+1.02 11.6+1.0fh 6.3£0.42 6.1+0.82
Olas 20.4+1.6¢i 10.4%1.0a-e 8.0+1.1d 13.4+1.9¢f 5.4+0.8ad 5.1+0.8ad
Oleic Leed 20.4£0.6¢i 10.9+1.0ad 7.6x1.4¢€i 13.3+0.8¢8 5.4+0.702-d 5.1+1.2a-e
Rehbein 19.7+1.64- 9.4+0.9¢8 9.7+2.73d 12.3+1.4ds 4.7+0.6d-h 5.4+2.0ac

Different letters within each column indicate significant differences between the genotypes within treatments.

Seedling and root lengths were measured to observe the
effects of salt concentrations on the growth and
development of germinated
conditions (Table 3). Seedling lengths in the control
group varied between 15.3-24.5 cm. Huaxian and S-517
had the control group' lowest and highest seedling
lengths, respectively. Seedling lengths decreased with the
increased salt concentrations, and as a result, seedling
lengths reduced to 6.6-11.3 cm at 180 mM NaCl and to
6.3-11.1 cm at 240 mM NaCl treatments. Seedling lengths
of six genotypes (Montola 2000, Rinconado, Finch,

seeds under saline

Ziyang, S-517, Yuyao) remained below 7 cm at 180 mM
NaCl concentration. However, the length of these
seedlings varied from 16.7-24.2 cm in the control group.
Oker and Linas had the highest seedling length at 180
mM salt concentration. Oker (11.0 cm) still had the
highest seedling length at 240 mM NaCl treatment.
Montola 2000, Rinconado, Finch, S-517, and Yuyao had
the shortest seedling lengths at the same treatment.

Root length measurements of the genotypes also showed
that salt concentrations decreased seedling root lengths.
While the root length of the seedlings varied from 8.3-
14.8 cm in the control group, the root lengths of the

seedlings varied from 3.2-6.3 cm and from 3.3-6.1 cm
grown at 180 and 240 mM salt concentrations,
respectively. Genotypes with the longest root lengths
were Ziyang and S-517, and genotypes with the shortest
root lengths were Huaxian and Yuyao in the control
group. At 240 mM NaCl treatment, 4022 and Montola
2000 had the shortest root lengths with 3.3 cm, while
Leed and FO-2 had the longest root lengths.

The vigor index values of the genotypes were between
795-2167. S-517 and Huaxian had the control group's
highest and lowest vigor index values, respectively.
Montola 2000 and Enana also had low vigor index values.
Significant decreases in vigor index values were
observed, and vigor indices of the genotypes were
reduced to 291-1653 at 180 mM NaCl treatment. The
vigor index values decreased further at 240 mM NaCl
treatment, and Girard, Montola 2000, Huaxian, 4022 and
Rehbein had the lowest, whereas Sidwill, Frio, 55633,
and Hartman had the highest vigor index values (Table
2).

After measuring germination and seedling indices, the
percent reduction in germination percentage and vigor
index values were compared at 0 and 240 mM salt
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concentrations. The results were used to select salt-
tolerant and sensitive genotypes at the germination stage
to investigate biochemical changes within these two
groups of plants. Initial germination percentages of Oleic
Leed, Shufu, Sidwill, Yuyao, and Finch were between 54-
72%, and germination percentages were reduced by 6,
13, 11, 13, and 21% at 240 mM NaCl treatment,
respectively. Germination percentages of sensitive
genotypes (Huaxian, Linas, 4022, Oker, and Rehbein)
were between 52-93% and dropped to 25-46% at 240
mM NaCl treatment, corresponding to 46-65% reduction
in germination percentage between 0 and 240 mM NaCl
treatments. Girard and Rehbein had the
germination percentages at 0 and 240 mM NacCl
treatments, but their vigor
significantly different at 240 mM NaCl treatment;
therefore, Rehbein was more vigorous and selected for
biochemical evaluations.

The proline, MDA, and hydrogen peroxide contents were
analyzed using sensitive and tolerant genotypes to

Same

index values were

determine the biochemical changes caused by salt stress
in safflower seedlings grown at three different salt
concentrations. analysis
genotypes, treatment, and genotypes x treatment
interactions for proline, hydrogen peroxide, and MDA

Variance revealed that

contents were significant at P<0.001 levels of significance
(Table 4).

1.00 pg glamong the sensitive genotypes. Shufu and
Yuyao among the tolerant and Linas and 4022 among the
sensitive genotypes significantly differed for proline
content at the control (Figure 1). Salt stress increased
proline contents of sensitive and tolerant safflower
genotypes, but the increase from 0 to 180 mM treatment
was far more dramatic than the increase from 180 mM to
240 mM NaCl treatment. Proline content increased by 26
to 56 fold to reach 25.04 pg g! and 28.24 pg gt in
Rehbein and Shufu at 180 mM NaCl treatment,
respectively. The highest increases in proline contents
were observed in Shufu, 4022, and Oleic Leed, and the
lowest increase was observed in Rehbein. At 240 mM
NaCl treatment, the highest increases in proline contents
were observed in 4022 and Rehbein by 1.6 and 1.2 times,
respectively. The proline content of Shufu, Sidwill, Yuyao,
Linas, and Rehbein was significantly higher at 240 mM
salt concentration.

The hydrogen peroxide content of the genotypes was
between 73.7-169.3 umol g! in the control treatment.
Huaxian and Oker had the highest hydrogen peroxide
contents, whereas 4022 had the lowest hydrogen
peroxide content in the control treatment (Figure 2).
Exposure to 180 mM salt concentration increased
hydrogen peroxide content among both tolerant and
sensitive genotypes. The lowest increase was observed in
Huaxian (7%) from 168.1 to 179.6 umol g1, and the
highest increase was observed in Finch (115%) from
92.9 to 200.1 pmol g1 at 180 mM NaCl treatment. Oker
had the highest hydrogen peroxide content (327.8 pmol
g1) among the genotypes at 180 mM NaCl treatment. At
240 mM NacCl treatment, sensitive and tolerant genotypes
exhibited different responses to salt stress. While
hydrogen peroxide content increased in sensitive
genotypes by 6-50%, it decreased in tolerant genotypes
by 10-30%. The lowest and the highest increase among
the sensitive genotypes was observed in Rehbein from
265.5 to 279.8 pmol g1 and in Linas from 167.8 to 251.4
pumol g-1. Shufu showed the lowest decrease in hydrogen
peroxide content from 281.4 to 254.7 umol g-1. Finch had
the highest reduction from 200.1 to 141.4 pmol gt for
hydrogen peroxide content among the tolerant genotypes
at 240 mM NaCl concentration.

The MDA content of the genotypes was between 0.89 to
2.10 nmol g1 in the control group. Shufu had significantly
higher MDA content than the rest of the genotypes within
this group (Figure 3). MDA contents of the genotypes
increased with increased salt concentrations, but the
increase was higher in sensitive genotypes. MDA content
increased by 27-94% in tolerant genotypes, whereas it
increased by 132-349% in sensitive genotypes exposed
to 180 mM salt concentration. The lowest and the highest
MDA contents of tolerant genotypes were between 1.23-
3.77 nmol g1 in Sidwill and Shufu, respectively. Sidwill
and Yuyao had higher MDA content than the other
tolerant genotypes at 180 mM NaCl treatment. On the
other hand, the MDA contents of the sensitive genotypes
were significantly higher than the MDA contents of the
tolerant genotypes, except for Shufu. The highest MDA
content was observed in Linas (4.05 nmol g1), and the
lowest MDA content was found in Huaxian (3.15 nmol g-
1). MDA contents of the genotypes continued to increase
at 240 mM NaCl treatment.

Table 4. Mean squares of analysis of variance for biochemical measurements among the tolerant and sensitive

safflower genotypes

Mean squares

Variables DF

Prolin Hydrogen peroxide MDA
Genotypes 9 14.02%** 23452.17*** 8.59%**
Treatments 2 7077.73%** 82877.53%** 134.99**
Interaction 18 11.99%** 4324.03*** 4.67%**
Error 60 0.16 108.35 0.44

MDA= malondialdehyde, ***= significant at P<0.001 levels of significance according to Duncan's multiple range test.
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Figure 1. Proline contents of safflower genotypes exposed to three different salt concentrations. Different letters above
the bars indicate significant differences between the genotypes within treatments. The vertical lines show standard
deviations.
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Figure 2. Hydrogen peroxide content of safflower genotypes exposed to three different salt concentrations. Different
letters above the bars indicate significant differences between the genotypes within treatments. The vertical lines show
standard deviations.

12 - OControl @180 mM ME240 mM

10

Malondialdehyde (nmol g™ FW)

Shufu Seedwill Finch Yuyao Oleic Huaxian Linas 4022 Oker Rehbein
Leed

Resistant Sensitive

Figure 3. MDA content of safflower genotypes exposed to three different salt concentrations. Different letters above the
bars indicate significant differences between the genotypes within treatments. The vertical lines show standard
deviations.

BS] Agri / Sercan ONDER et al. 169



Black Sea Journal of Agriculture

The increase in the tolerant genotypes was between 14-
166% and was between 61-215% in the susceptible
genotypes. Even though Sidwill's MDA content increased
by 166% to reach 3.25 nmol g-1, but it still had the lowest
MDA content among the genotypes, and Rehbein, the
highest MDA content, increased by 215% to reach 10.54
nmol g-1at 240 mM NaCl treatment (Figure 3).

Pearson's correlation analysis was carried out among the
genotypes to show the
relationships between germination, seedling,
biochemical parameters. The results are given in Figure

tolerant and sensitive

and

4. A total of 28 correlation coefficients were calculated,
two were negative, and three were positive and
significantly correlated with each other. Germination
percentage had a significant negative correlation with
mean germination time (-0.83) but had a significant
positive correlation with vigor index (0.91). Mean
germination time negatively correlated with the vigor
index (-0.72). Root length showed positive correlations
with seedling length (0.98). Proline content positively
correlated with hydrogen peroxide content (0.73).

* P<0.05; ** P<0.01; *** P<0.001
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Figure 4. Relationships and correlation between 8 germination, seedling and biochemical parameters generated by a

heat map. Color and scale display the intensity of mean values. (GP, germination percentage; MGT, mean germination
time; VI, vigor index; SL, seedling length; RL, root length; Pro, proline; H202, hydrogen peroxide; MDA,

malondialdehyde).

4. Discussion

Salinity, along with drought, is becoming a major
constraint for agricultural production in arid and semi-
arid regions of the world. Different biological treatments
could be employed to mitigate stress conditions exerted
by environmental factors, different seed
treatments and foliar applications (Jabeen and Ahmad,
2012; Ashrafi and Razmjoo, 2015; Turan et al, 2022).
Screening and identifying plant germplasm resources for
salinity tolerance and cultivation is also another means to
maintain reasonable yields under saline conditions
(Irving et al.,, 1988; Siddiqi et al., 2007).

It is recommended that high salt concentrations should
be used to differentiate genotypes for salt tolerance
(Siddiqi et al., 2007), and we also observed that higher
salt concentrations were better for differentiating
safflower genotypes (Tongug et al,, 2021); therefore, we
have screened safflower genotypes at 0, 180 and 240 mM
salt concentrations in the present study. Safflower
genotypes exhibited significant variations in germination
and seedling indices. Salt stress negatively affected all
germination and seedling parameters, especially at 240
mM salt concentration. The germination percentage of

such as

the genotypes varied between 52-93% at the control and
varied between 27-59% at 240 mM NaCl treatment. The
reduction in germination percentages was between 9-
65% at 240 mM NaCl treatment (Table 2). Adverse
effects of high salt concentrations on the germination of
plant species are well known and have been documented
for safflower (Kaya et al,, 2003; Siddiqi et al., 2007; Culha
and Cakirlar, 2011; Kaya et al, 2019; Tongug et al,, 2021;
Kurtulus and Boydak, 2022). Mean germination time,
measuring germination speed, was higher at higher salt
concentrations compared to the control, which shows the
germination speed was slower under salt stress
conditions. In the present study, Montola 2000, Enana,
and Oleic Leed had germination times over two days at
the control, but 14 genotypes had over two days of
germination times at 240 mM salt concentration.
Similarly, increased mean germination time with the
increased salt concentrations was reported for safflower
(Kaya et al, 2019; Tongug et al, 2021; Kurtulus and
Boydak, 2022). The results presented in the paper
confirm that high salt concentrations reduce germination
percentage increase the time necessary for
germination.

and
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Germinated seedlings were allowed to grow within filter
papers during the experiment to study the effects of salt
concentrations on seedling growth. Seedling and root
lengths were measured to calculate safflower genotypes'
growth performance under stress and non-stress
conditions. Plants in the control group had the highest
values for these parameters. As the salt concentrations
increased, measured values for seedling and root lengths
decreased for all genotypes (Table 3). While seedling
lengths decreased from 180 mM NaCl treatment to 240
mM NacCl treatment, root lengths of some genotypes, such
as Shufu, Sidwill, Ole, and Rehbein, increased at 240 mM
NaCl treatment compared to 180 mM NaCl treatment.
Changes in seedling and root lengths have also been
reported for safflower genotypes exposed to salt stress.
In all reported experiments, shoot and root lengths
reduced with increased salt concentrations (Kaya et al,,
2003; Culha and Cakirlar, 2011; Erdal and Cakirlar, 2014;
Toprak and Tunctiirk, 2018; Kaya et al,, 2019; Kurtulus
and Boydak, 2022). However, shoot growth was affected
more severely and found more sensitive to salt stress
than the root growth in safflower (Kaya et al, 2019).
Increased root length
concentrations was reported for
genotypes (Toprak and Tunctiirk, 2018; Kaya et al,
2019), which was also observed at 240 mM salt
concentration in this study.

The vigor index is calculated using germination
percentage and seedling length and shows the relative
vigor of the genotypes under stress conditions (Abdul-
Baki and Anderson, 1973), and genotypes with higher
vigor index are considered to be more vigorous.
Increased salt concentrations reduced the vigor index
values of the genotypes, and the decline was more severe

under increased salt

some safflower

at the highest salt concentration. The vigor index of some
safflower genotypes at low salt concentrations increased,
but it decreased under higher salt concentrations (Kaya
et al,, 2019). We have not observed such an increase in
vigor index because salt treatments were higher from the
beginning. Still, our results for vigor index were similar at
higher salt concentrations reported for safflower.

Different criteria, such as germination
percentage, ion accumulation, ion balance, principal
coordinate analysis, and gas exchange rates, are used to

selection

discriminate between tolerant and sensitive safflower
genotypes to salinity (Siddiqi et al, 2007; Siddiqi et al,,
2009; Kaya et al, 2019). We have used reduction in
germination percentage as the main selection criteria
along with vigor index values for selecting salt sensitive
and tolerant genotypes. Based on these results, five
tolerant (Shufu, Sidwill, Finch, Yuyao, and Oleic Leed) and
five susceptible (Huaxian, Linas, 4022, OKker, and
Rehbein) were selected for studying biochemical changes
in the sensitive and tolerant genotypes exposed to salt
stress.

Proline is accumulated as an osmoregulator to maintain
the osmotic balance of cells and prevent the deterioration
of proteins. Proline levels of plants increase in response

to salt and drought stresses (Hussain et al, 2016).
Proline contents of safflower genotypes were very low at
the control, but exposure to salt stress increased proline
content by 26-56 folds at 180 mM salt concentrations.
Only Rehbein and 4022 had lower proline content at 180
mM salt Further increasing salt
concentration caused little change in tolerant genotypes,
but it further increased proline contents of Rehbein and
4022 to comparable levels to the other genotypes (Figure
1). Proline accumulation in response to salt stress is a
common mechanism and has been reported for safflower
(Hosseini et al, 2010; Erdal and Cakirlar, 2014).
Dramatic increases in proline levels in response to salt
stress, regardless of salt tolerance levels, were reported
for safflower (Karimi et al., 2014). Even though the level
of increase was very rapid in response to salt stress,
proline accumulation did not differ between sensitive
and tolerant genotypes and continued to increase in both
groups suggesting that proline accumulation may be a
common mechanism under stress conditions and may

concentration.

not be a particular part of salinity tolerance in safflower.
Reactive oxygen species are produced under stress
conditions, and hydrogen peroxide and other reactive
oxygen molecules cause lipid peroxidation (Priestley,
1986). Lipid peroxidation is the main cause of membrane
damage, and the level of lipid peroxidation could be
measured by monitoring MDA levels (Sharma et al,
2012). Superoxide dismutase scavenges superoxide
radicals and converts them to hydrogen peroxide, which
is scavenged by catalase and peroxidases. Therefore,
antioxidant defense systems play important roles in
mitigating oxygen species'
conditions. Hydrogen peroxide content was lower among
the genotypes in the control treatment. Salt stress caused

effects under stress

sharp increases in hydrogen peroxide content at 180 mM
salt concentration across the genotypes (Figure 2).
However, unlike proline contents of sensitive and
tolerant genotypes, raising salt concentration to 240 mM
did not increase hydrogen peroxide content across the
safflower genotypes. Hydrogen peroxide accumulation
showed a distinct difference between the sensitive and
tolerant genotypes. In sensitive genotypes, hydrogen
peroxide accumulation continued. As a result, the
hydrogen peroxide content of sensitive genotypes
increased by 6-50% at 240 mM salt concentration,
whereas the hydrogen peroxide content of tolerant
genotypes decreased by 10-30% at the same treatment.
Studies showed that salt-tolerant safflower genotypes
increase or maintain antioxidant enzyme activity under
salt stress in safflower (Hosseini et al.,, 2010; Erdal and
Cakirlar, 2014; Onder et al, 2022). Catalase and
peroxidase activity between the
sensitive safflower genotypes showed that the activity of

salt-tolerant and

these enzymes remained high in the tolerant genotype,
but their activity ceased at a high salt concentration in
the sensitive genotype (Hosseini et al., 2010). Similarly,
the activity of different antioxidant enzymes followed the
increased salt concentrations (Erdal and Cakirlar, 2014;
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Onder et al, 2022). Though we did not determine the
antioxidant enzyme activities in the study, these results
show that genotypes differed in their abilities to detoxify
hydrogen peroxide at 240 mM salt concentration, and the
action of enzymes in the antioxidant defense mechanism
regulated the level of hydrogen peroxide in tolerant
genotypes. We have monitored MDA levels in tolerant
and sensitive genotypes to measure lipid peroxidation
damage. MDA contents of the genotypes in control were
lower. Salt treatment increased the MDA contents of both
sensitive and tolerant genotypes, and the increase in the
sensitive genotypes at 180 mM NaCl treatment was
higher than the increase in the tolerant genotypes at the
same treatment (Figure 3). MDA levels of the sensitive
genotypes continued to increase, and Rehbein, Huaxian,
and Linas had significantly higher MDA levels than the
tolerant genotypes at 240 mM NaCl treatment. MDA
levels were between 3.25-4.28 nmol g1 and 5.34-10.54
nmol g in tolerant and sensitive genotypes at 240 mM
NaCl treatment, respectively. MDA levels increase in
response to salt stress in safflower (Erdal and Cakirlar,
2014; Onder et al, 2022). Our results show a link
between hydrogen peroxide and MDA contents; as
hydrogen peroxide content was reduced in tolerant
genotypes, MDA levels in tolerant genotypes were also
lower than in the sensitive genotypes. Onder et al. (2022)
reported that hydrogen content was
significantly associated with MDA, catalase, and
antioxidant enzyme activities in two safflower genotypes
under salt stress.

Correlation analysis revealed some insights between
germination and biochemical parameters. Germination
percentage and mean germination times were negatively
correlated, as previously reported (Tonguc et al,, 2021;
Onder et al, 2022). However, our study found that
germination percentage did not significantly correlate
with MDA, proline, and hydrogen peroxide contents;
these parameters were significantly and negatively
associated with germination (Onder et al., 2022).

peroxide

5. Conclusion

According to the results, Germination decreased under
salt stress, but decline in the germination of seeds at 240
mM salt concentration was higher. Mean germination
times also differed from the control depending on salt
concentrations. The vigor index of the genotypes in the
control group was higher, and significant decreases in
vigor
concentrations. The highest seedling and root lengths

indices occurred with the increased salt
were obtained from the control group, and seedling and
root lengths decreased under salt stress. Proline content
increased at very high rates in sensitive and tolerant
genotypes and remained high under salt stress. MDA
levels also increased, but the increase in the tolerant
genotypes was lower than the increase in the sensitive
genotypes grown under higher salt concentrations.
Hydrogen peroxide levels also increased in response to
salt stress. However, the hydrogen peroxide levels in the

tolerant genotypes decreased, while the hydrogen
peroxide levels continued to increase in the sensitive
genotypes when the salt concentration increased to 240
mM. The amount of hydrogen peroxide could be a feature
that can be used to distinguish between tolerant and
sensitive genotypes for their germination ability under
high salt concentrations.
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