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Introduction

Water stress is one of the main factors in crop growth in arid and semi-arid regions of the world, which limits
the grain yield of the safflower (Carthamus tinctorius L.). To increase the soil fertility and yield of crops, it is
necessary to pay sufficient attention to the use of biomass of organic matter, especially crop residues, and its
conversion to biochar. This research aims to evaluate the biochar application produced from cotton and wheat
residues under late-season water stress in the south of Fars province (Darab) on photosynthetic pigments,
enzyme activity, yield components, and yield of safflower.

Materials and Methods

In order to investigate the biochar application and water stress on the amount of photosynthetic pigments,
enzyme activity, and yield of safflower, a field experiment was laid out as split plots in the form of randomized
complete block design with 3 replications in the 2019-2020 growing season. The experimental factors include
the irrigation regime as the main factor in two levels (optimal irrigation and cutting off irrigation after the
flowering stage), and the secondary factors were fertilizer treatment as subplot including control (without
fertilizer), consumption of 3 tons of biochar from wheat residues per hectare, consumption of 3 tons of biochar
from cotton residues per hectare, consumption of 150 kg of urea per hectare + 50 kg of triple superphosphate per
hectare, consumption of 112.5 kg of urea per hectare + 37.5 kg of triple superphosphate per hectare,
consumption of 112.5 kg of urea + 37.5 kg of triple superphosphate + 3 tons wheat biomass per hectare, and
112.5 kg of urea + 37.5 kg of triple superphosphate + 3 tons of cotton biomass per hectare. In this research,
chlorophyll a and b, total chlorophyll, catalase, and peroxidase activities, yield components, and yield of
safflower were calculated.
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Results and Discussion

The results of the experiment showed that the measured traits were significantly affected by the irrigation
regime and fertilizer treatment. Under cutting-off irrigation after the flowering stage, the fertilizer treatment of
112.5 urea + 37.5 phosphate + 3 tons of wheat biochar per hectare increased 55 and 40% chlorophyll a and total
chlorophyll compared to the control, respectively. Water stress increased the carotenoid content, catalase, and
peroxidase enzymes. The highest amount of catalase and peroxidase enzyme activity was obtained in the control
under cutting-off irrigation after the flowering stage, which increased by 48 and 38%, respectively, compared to
the control under optimal irrigation. The number of seeds per capitule and the number of fertile capitules per
plant in the treatment of 112.5 urea + 37.5 phosphate + 3 tons of cotton biochar under water stress conditions
increased by 8.8 and 19.51%, respectively. Also, under water stress, the application of 112.5 urea + 37.5
phosphates + 3 tons of cotton biochar improved and increased the relative content of leaf water, biological
capitules yield, and grain yield compared to the control by %53, %22, and %34, compared to control,
respectively.

Conclusion

Results showed that in both of the irrigation regimes, application of 3 tons of cotton or wheat biochar alone
can increase the biomass and grain yield compared to control. Overall, the application of 112.5 urea + 37.5
phosphate + 3 tons of cotton biochar under water stress conditions improved the relative water content of the
leaves, the number of seeds per capitule, the number of fertile capitule per plant, and finally, biomass and yield
of safflower. With respect to water shortage under late season in southern parts of Fars province, and in order to
decrease the detrimental effects of water stress, farmers can use the biochar of cotton combined with reduced
dosage of urea and triple superphosphate fertilizers.
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Table 1- Physical and chemical properties of the experimental soil

o o o Gl SR e b i
Depth (cm)  Sand (%) Clay (%0) Silt (%) EC (dS.m™) P (mg kg)
0-15 38.96 194 41.64 0.336 22
15-30 40.96 17.4 41.64 0.739 26
Gos iy oo o $9s P
Depth (cm) K (mg.kg?) Fe(mgkg?!) Cu(mg.kg?) Zn (mg.kg?) Mn (mg.kg?h)
0-15 165.04 067 3.05 1.01 7.48
15-30 156.69 1.23 0.46 0.53 0.64
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Table 5- The main effects of irrigation regime and fertilizer treatment on chlorophyll a and total of safflower

Main effects Chlorophyll a Total chlorophyll
content (mg.g*Fw) content (mg.g-* Fw)
- 99”40 d)L:J."
1.38 1.97
I‘”}""' t’”_”"” Normal irrigation
rrigation = T
regime e Erollds 1.19 1.73
Cutting of irrigation at flowering
LSD (0.05) 0.13 0.22
3 tons of wheat biochar per hectare
S 2 8k s JI) 5 0 130 1.80
3 tons of cotton biochar per hectare
S > Jo y Slad g p S olSBe + ,USn )3 o)) S5k V0 1.27 1.78
150 kg of urea + 50 kg of phosphate per hectare
)LSA)JJ»)Juwﬁwf)fgu\"V/a+)Ls\m))a)9‘f)§9L\f\\Y/a 111 1.68
&35 Jass 112.5 kg of urea + 37.5 kg of phosphate per hectare ' '
Fertilizer 4w+ LS 3 Ju )b ©liwd jygw p)SokS YV/0 + LS )3 051 p)SolS VIV/0
treatment S 3 puS g JE o 155 296
112.5 kg of urea per hectare + 37.5 kg of phosphate per
hectare + 3 tons of wheat biochar per hectare
At LS )3 o 5 Slad pgu £S5 olS YV/O + 1S 53 )9l )5k VIY/D
S ) dy (o JE5 5
kilograms of urea per hectare + 37.5 kilograms of 1.52 2.05
phosphate per hectare + 3 tons of cotton biochar per
hectare

LSD (0.05) 0.14 0.21
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Table 6- Comparison of average plant traits of safflower under irrigation regime and fertilizer treatment

S\l w235
Irrigation
regime

&35 o
Fertilizer treatment

Slgixe
Mgy,
Carotenoid
content
(mg.g*Fw)

Gb oy

g1 53 49,
No. of
capitule per
plant

B
Catalase
(U.mint.g
Fw)

S
Peroxidase
(U.mint.g?

Fw)

3> &> dlaws

No. of seed
in capitule

355 G Aalis
Control without fertilizer
S )3 P (g S5 (5 A
3 tons of wheat biochar per hectare
S )3 ay (G JIE5 55 4w
3 tons of cotton biochar per hectare
S 53 lind oS5l 00 + 05l p)Soks V0
150 kg of urea + 50 kg of phosphate per hectare
NSe > Slawd p)55lS YV/O + 0y9l p)55kS VIY/D
112.5 kg of urea + 37.5 kg of phosphate per
hectare
Ao+l )3 lawd p)SolS YV/0 + LS )5 0)5l p,55LS VIY/D
S8 3 paiS g JIE5 o5
112.5 kg of urea per hectare + 37.5 kg of
phosphate per hectare + 3 tons of wheat biochar
per hectare
+ S 55 Slawd p,5olS YV/D + S 45 09l p)SolS VY /0
S 3 Ay () JEj o
112.5 kilograms of urea per hectare + 37.5
kilograms of phosphate per hectare + 3 tons of
cotton biochar per hectare

slas ()l
Normal
irrigation

0.13

0.14
0.20

0.14

0.15

0.15

0.16

1.94 1.98 8.60

1.87 1.78 9.20

1.92 1.89 9.30

1.14 1.40 9.40

1.26 1.48 9.23

1.48 1.59 9.30

1.69 1.67 10.30

140

14.40
15.0

15.50

14.60

14.90

15.80

365 gy ol
Control without fertilizer
S 3 puE ) J5 (5 s
3 tons of wheat biochar per hectare
S 5 dy (s JE5 o5

3 tons of cotton biochar per hectare

S 53 lind oS5l 0« + 05l p)Soks V0
150 kg of urea + 50 kg of phosphate per hectare

NSe > Slawd p)S5lS YV/O + 0)9l p)55lS VIV/D
112.5 kg of urea + 37.5 kg of phosphate per
hectare
dwo +,lSe )3 Slawd 0,5 ol YV/0 + LS )5 0)5] p,S5lS" VIV/D
S )3 puS iy JE5
112.5 kg of urea per hectare + 37.5 kg of
phosphate per hectare + 3 tons of wheat biochar
per hectare
dwo + e )3 Olawd 0,5 ol YV/0 + LS )5 0)5] p,S5lS VIV/D
SR ) ddy  J5 o
112.5 kilograms of urea per hectare + 37.5
kilograms of phosphate per hectare + 3 tons of
cotton biochar per hectare

» sl s
N
Cutting of
irrigation at
flowering

0.17

0.24

0.28

0.24

0.17

0.24

0.29

2.88 2.75 8.20

2.65° 271 8.60

241 2.57 9.0

1.88 2.22 9.50

2.10 244 9.20

1.22 1.80 9.50

1.58 2.05 9.80

12.50

12.60

12.80

12.76

12.60

13.40

13.60

LSD (0.05)

0.10

0.20 0.17 0.93

1.20
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