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Abstract

Introduction: Safflower (Carthamus tinctorius L.) 1$ya multipurpos€iplant with medicinal and oil
applications, primarily cultivated fonedible oil and industrial dyes.“Water resource limitations in Iran
and drought stress negatively affect the,growth and performance of this plant. Sulfur, as the fourth
most consumed nutrient for plants, ‘plays ayvital rolexin photosynthesis and cell membrane structure.
Excessive use of chemical sulfur fertilizers ean lead togsoil salinity. Therefore, bio-fertilizers have
been proposed as a suitable alternative. Thiobacillus spp. bacteria help improve plant growth by
providing sulfate and enhancing soil properties:

Materials and methods: This study was conducted to evaluate the effect of chemical and biological
sources of sulfur, including bentonite sulfur and Thiobacillus bacteria, on the content of elements (N,
P, K, S, Fe andwZn) of aerialdorgans, some physiological characteristics, and the seed yield of
safflower, under water_stress’ conditions in the summer of 2023 in the research farm of Yasouj
University ‘Eaculty of Agriculture located in Dashtrom. The experiment was performed as a split
factorial basedvon a randomized complete block design with three replications. Irrigation regimes at
three levels (eemplete irrigation and interruption of irrigation from the beginning of flowering and
the beginning of seed filling) were the main factor, and the combination of bentonite sulfur fertilizer
at three levels (0, 150, and 300 kg/ha) and Thiobacillus bacteria at two levels (use and non-use) were
the secondary factors studied.

Results and discussion: Statistical analysis showed that bentonite sulfur fertilizer and the use of
Thiobacillus bacteria, significantly improved the content of aerial organ elements, physiological
traits, and grain yield of safflower under drought stress. Under severe dehydration conditions (cut off
irrigation from flowering stage), the highest content of elements of aerial organs, including nitrogen
(2.33%), sulfur (0.149%), iron (44 mg/kg), and zinc (25.66 mg/kg), was obtained from the
simultaneous application of 300 kg of bentonite sulfur + Thiobacillus bacteria. The triple interaction
of irrigation regime X bentonite sulfur x Thiobacillus was also significant for traits such as total
chlorophyll content, carotenoid content, total soluble sugars, and activity of antioxidant enzymes
catalase and peroxidase. The highest of this these traits in each irrigation regims were observed in
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application of 300 kg/ha of bentonite sulfur + Thiobacillus. The content of malondialdehyde
increased by cutoff irrigation from the stages of flowering and seed filling, but it decreased with the
use of bentonite sulfur and Thiobacillus bacteria.The grain yield was also affected by the application
of 300 kg/ha of bentonite sulfur + Thiobacillus under full irrigation and medium stress levels, with an
increase of 25.28% and 45.54%, respectively.

Conclusion: The findings of this research indicate that the application of water stress, particularly
from the flowering stage, was associated with a decrease in physiological traits and seed yield of
safflower. The application of 150 kg/ha sulfur-bentonite along with Thiobacillus bacteria, in addition
to reducing the use of chemical fertilizers and its negative consequences, led tegincreased nutrient
uptake, improved efficiency of biofertilizer, and enhanced seed yield under water stress conditions.
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Table 1- Physical and chemical characteristics of the soil where the experiment was carried out
Sml(gZ))(ture Organic carbon (%)  Zn (ppm) Fe (ppm) K ((ppm) P (ppm) N(%) pH
Silty loam 1.70 0.92 5.12 408 17.1 0.17 7.61
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Table 2-Analysis of variance of the effects of irrigation, sulfur and thiobacillus treatments on some elements
concentration in safflower aerial organs.

S.0vV df N Shoot P Shoot K Shoot S Shoot Fe Shoot Zn Shoot
Replication(R) 2 0.1 0.001™ 2.52™ 0.0005™ 5.79™ 1.05™

Irrigation (1) 2 12.23” 0.05™ 228.05™ 03" 3701.05™ 839.02"
Error a 4 0.07 0.001 0.43 0.002 9.09 5.57



Sulphur (S) 2 357 0.02" 373.06" 0.01™ 385.11°" 348.65"
Thiobacillus (T) 1 8.97" 0.04™ 15.75" 0.04™ 1179.89™ 448.35™
TxS 2 0.97" 0.002" 1.21" 0.003™ 3.67™ 3.52"
SxI| 4 0.11" 0.008™ 4.46" 0.001" 18.93" 18.99™
TxI 2 0.20 0.004 16.25 0.006 25.79 0.44"
TxSxI 4 0.11 0.0001" 1.72™ 0.003 15.70 56.1
Error b 30 0.024 0.0009 2.26 0.001 6.77 3.64
c.v. (%) 6.52 7.15 6.10 7.33 4.72 7.31

ns, * and **: Non significant and significant at the 5% and 1% probability levels, respectively.

Table 3- Means comparison of triple interaction of irrigation, sulfur and thiobacillus on nitrogen, sulfur, iron and
zinc elements in safflower aerial organs.

Irrigation regime sulfur fert_illizer Thiobacillus N Shoot S Shoot (%) Fe Shoet,(m  Zn Shoot (m
(kg.ha™) Spp. (%) gr/kg) gr/kg)
0 To 2.38° 0.232° 56.85° 25.26°
T 2.78‘; 0.242; 71.163 33.832
L To 2.94° 0.239 60.83 30.83
Full irrigation 150 T, 357" 0.257% 71.83% 36.66°
300 To 3.13° 0.254" 68.66° 40.33°
T, 4,23 0.263° 76.5° 44.66°
0 To 1.12° 0.109" 25.16° 11.50°
Cut off irrigation T, 1.45¢ 0.123¢ 31.16" 20.16°
from the 150 To 1.22° 0.115° 33.33¢ 17.83¢
flowering stage T 199" 0:4.31° 40.16° 22.50°
300 To $.42° 0.127° 36.83° 20.83°
T, 2.33° 0.149° 44.00° 25.66°
: Y 5 AN
C‘#é’r': A %223“ 150 T, 186" 0.209" 56.50° 20.50°
filling stage T 813’ 0221° 66.83" 26.16°
300 To 1.92° 0.215° 61.66° 23.50°
™ 3.61 0.234 72.50 30.16

In each column, means witihcommon letter don't have ‘a significant difference at the 5% level.
To = Non-application of bacteria, T, = application of bacteria
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Table 4- Means comparison the interaction effect of Thiobacillus and sulfur on phosphorus and*MDBDA ‘content in

safflower

Thiobacillus spp. sulfur fertilizer (kg.ha™) P Shoot (%) MDA (uM.g™* FW)
0 0.373" 2.28°
To (Non-application; 150 0.4082 1.86"
300 0.420° 1.41°
0 0.406° 1.39%
T, Application, 150 0.467" 1.34°
300 0.502° 1.11°

In each column, means with common letter don't have a significant differénce at the 5% level.

Table 5- Means comparison of the interaction effect of irrigation and sulftr.on‘phesphorus and MDA content in

safflower
Irrigation regime sulfur fertilizer (kg.ha™) P Shoot (%) MDA (UM.g™T FW)
0 0.447° 1.317°
Full irrigation 150 0.484° 0.937°
300 0.495% 0.934°
Cut off irrigation fromithe 0 0.332° 2.404°
u 1rri | b b
flowering stage 150 0.381 2.23
300 0.404° 1.559°
L 0 0.391° 1.801°
e °ﬁ'"f'ﬁﬁtn'°“sfar°;“ e 150 0.448° 1.638°
gstag 300 0.485° 1.302°

In each columniumeans With‘common letter don't have a significant difference at the 5% level.
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Table 6- Means comparison of the interaction effect irrigation and Thiobacillus on potasiom, phosphorus and
MDA content in safflower

Irrigation regime Thiobacillus spp. K Shoot (%) P Shoot (%) MDA(UM.g" FW)
Full irrigation To (Non-application, 2.06" 043" 1.24°
T, Application, 2.25° 0.522° 0.87°
Cut off irrigation from To (Non-application, 2.91° 0.357° 2.44°
the flowering stage T1 Application, 2.8° 0.387° 1.68"
Cut off irrigation from T, (Non-application, 2.26° 0.416° 1.87°
the seed filling stage T1 Application, 2.5° 0.467° 1.28°

In each column, , means with common letter don't have a significant difference at the 5% level.
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Table 7- Analysis of variance (mean square) of the effects of irrigation, sulfur and thiobacillus treatments on f
physiological traits and Grain Yield of safflower

S.0.V df chI;)rrootS#yll Carotenoid Sz&zzlre Catalase  Peroxidase = MDA $Ir2|'2
Replication 2 0.002™ 0.00016™ 7.22™ 0.17™ 0.307 0.26" 18984™
Irrigation (1) 2 0.25 0.010™ 3941.16™ 618.15° 5.04" 4517 9508651

Error a 4 0.001 0.00002 7.34 0.80 0.06 0.027 35981
Sulphur (S) 2 0317 0.0030™ 140.06™  146.117 4.009™ 150"  613584"
Th'o?ﬁ;""us 1 004" 0.0046"™ 641.43"  29.78"  8.68" 4427 1320704™

TxS 2 0.001™ 0.0002" 3.16™ 12.95" 0.001™ 0407  53084™

Sx| 4 0.0008™ 0.0002 3.55™ 10.64 0.04" 0.18 127840
TxI 2 0.001™ 0.0004™ 34.17" 6.27" 0.77" 0.16 180393™

TxSxl 4 0003 0.0002 27.50 7.74 0.8 0.01™ 66386

Error b 30 0.001 0.00007 10.64 2.71 0.08 0.041 28292




c.v. (%) 5.81 6.37 8.98 146  13.73 13.3 6.45
ns, * and **: Non significant and significant at the 5% and 1% probability levels, respectively.

Table 8- Means comparison of of triple interaction of irrigation, sulfur and thiobacillus on physiological traits and grain
yield in safflower

. Soluble  Catalase . Grain

Irrigation sulfur  Thiobacillus Total Carotengld sugar (m PerqmdasE Yield

regime (kg/ha) spp. chlorc_lehyII (mg.g (mg.g* mol.g” (Unl_t.mg (kg.ha
(mg.g~ FW) FW) FW) ! min) protein.min) )

0 To 0.539" 0.139¢ 14.08¢ 3.21° 0.9° 2960°

T 0.662° 0.150° 22.77° 5.24° 1.61° 3083°

Full irrigation 150 To 0.7812 0.144° 19.06° 4.312 1.23': 3363"
T 0.796 0.194% 27.86° 6.85 2.05 3635

300 To 0.826" 0.170° 18.15° 5.49° 201" 3413°

T 0.922° 0.198° 29.89° 8.62° 2.35% 3708

Cut off 0 To 0.372f 0.111° 49.49° 12.26°  \1.80 1836°
irrigation from T 0.403° 0.119° 48.150Wh  15.65° "\ 2.95" 1941°
the flowering 150 To 0.499° 0.116° 47.79° 15.56° 1.982 1765:
stage T 0587° 0132° 54.74° 17.00° 321" 1941°
300 To 0.630 0.125 50.93¢ 23715 253 1878

T 0.664: 0.136: 58.03¢ 19.62 3.97: 2098:

o 0 L tmm o gaFTwom e
irrigation from 1 To 0.727° 0.122° 32.69° 9.56° 1.94° 2276
the seed filling T 0.741° 0.135° 3898  10.91°  233° 2826°
stage 300 To 0.783" 0.129" 36.10° 1412 2.55° 2421°
T, 0.822° 0.142% 39.49* 14.12°  2.92° 3136°

In each column, averages with common character do not have a significant difference at the 5% level.
To = Application of bacteria, T, = Non-applicationief bacteria
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