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Table 2. Effect of bacteria and temperature on germination percent, germination rate and vigor length

seedling of safflower

Lo Sl sy (STIBEBRONEILHIC SOV Grosble) (Jsb a
Temperature (°C) Germination percentage Germination rate (Seed/day) Vigor length (Cm)

5 43.62¢ 2.26e 3.69¢

10 50.66d 2.63d 4.42d

15 56.49¢ 2.96¢ 4.88c

20 76.81a 3.70a 7.17a

25 65.32b 3.28b 5.79b

30 64.19b 3.10c 5.90b

35 58.86¢ 3.00c 5.12¢
Bacteria Sl 2a)yo Gy 5o ) Si8lsz Cas s Grogils) (Jsb any
Germination percentage Germination rate (Seed/day) Vigor length (Cm)

Control 51.21d 2.62b 4.43d

Bacillus subtilit 56.72¢ 2.76b 4.93c

CHA 0 68.74a 3.49a 6.22a

Pf2 5891c 2.68b 5.23bc

pf25 61.77b 3.40a 5.58b

Al oo Sl (glasals aim aesl Gigy 4 70 Jleisl mlaw (o lo sie GBS pogie 4 (ygiw ;2 0 alie,é By >
Non-similar letters in each column denote significant difference at p<0.05 based on Duncan's multiple range

test
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Table 3. Means comparison for the interaction effect of temperature and bacteria on germination indices and
seedling growth of safflower

SbygSnl o351 N q
SYBLS 5T
STy azalS Jsb SbS Ojs s
Lo ] ) 2,5 oo axlg)
A5t P ke 221 ; (ol ¢ 59
Temperature . (4850 p (B9 ; i
C) Bacteria (423 1 Cyeiis g CAT (U mg Seedling Dry Vlgor
APX (U. mg’! Protein)g length (cm)  weight (g)  weight
Protein)

Control 0.14b 27.69d 7.43c 1.16b 3.25b
Bacillus subtilit 0.16ab 31.53cd 8.76ab 1.78a 3.69b
> CHA 0 0.18a 46.14ab 8.90ab 2.10a 4.66a
Pf2 0.16ab 38.96bc 9.23a 2.06a 3.18b
Pf25 0.15b 48.17a 8.08bc 1.67a 3.68b
Control 0.14c 23.84d 7.46¢ 1.26b 0.80bc
Bacillus subtilit 0.16bc 54.09a 8.96ab 1.86a 0.98ab
10 CHA 0 0.16bc 42.55b 9.33a 1.80a 1.08a
Pf2 0.19a 38.45¢ 9.54a 1.78a 0.88b
Pf25 0.17ab 38.45¢ 8.03bc 2.02a 0.67¢
Control 0.11bc 22.82c 7.92b 1.41c 0.89cd
Bacillus subtilit 0.18b 29.74c 8.77ab 2.07ab 1.08bc
15 strain CHAOQ 0.18b 56.66a 8.98ab 1.86b 1.33a
Pf2 0.22a 41.02b 9.43a 2.34a 1.22ab
Pf25 0.18b 60.76a 8.02b 1.84b 0.82d
Control 0.20c 31.27d 8.97a 1.66d 1.18¢c
Bacillus subtilit 0.27b 45.12¢ 9.51a 2.56ab 1.95b
20 CHA 0 0.32a 51.02bc 9.08a 1.83cd 1.57bc
Pf2 0.22¢ 58.19b 9.27a 2.34bc 1.69b
Pf25 0.28b 73.83a 9.93a 3.04a 2.46a
Control 0.15b 29.99d 8.37a 1.78b 1.01b
Bacillus subtilit 0.22a 44.68bc 8.58a 1.99b 1.26b
25 CHA 0 0.22a 81.52a 9.29a 2.38a 1.75a
Pf2 0.20a 45.63b 8.79a 1.93b 1.24b
Pf25 0.21a 36.40cd 9.05a 2.43a 1.67a
Control 0.17¢ 28.20c 8.66b 1.58¢ 1.07¢c
Bacillus subtilit 0.17¢ 29.73bc 8.78ab 2.22ab 1.31c
30 CHA 0 0.18bc 72.81a 9.83a 2.16ab 1.58ab
Pf2 0.20ab 39.22b 8.73ab 1.90bc 1.03¢c
Pf25 0.21a 68.45a 8.81ab 2.55a 1.70a
Control 0.16¢ 27.94b 7.75¢ 0.77¢ 0.34¢
Bacillus subtilit 0.18b 31.79b 8.13bc 2.05b 1.11b
35 CHA 0 0.20a 52.30a 9.09ab 2.64a 1.70a
Pf2 0.19ab 53.32a 8.74b 1.90b 1.14b
Pf25 0.18b 61.27a 9.85a 2.62a 1.55a

b e Sl glasels aiz aesl g, 4 70 Jleiml mlaw 5o lo e SN pgphe 41 led o 18 g 5w B )0 dlie d g,
Non-similar letters in each column denote significant difference at p<0.05 based on Duncan's multiple range test
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Table 4. Correlation between germination indices, enzymes and seedling growth of safflower

Sler ey azelS Jsb Sas o5y (sba s A

() salsz 2oy b, e8! VBl
Germination (,2) ) A ), @ ('5) (,6) ) jlosty €))
percentage Germination Seedling D.ry Vigor Vlgor APX CAT
rate length weight length weight

1 1

2 0.83** 1

3 0.36%* 0.35% 1

4 0.35%* 0.37* 0.37* 1

5 0.94** 0.81** 0.65%* 0.44* 1

6 0.77** 0.70%* 0.46* 0.85%* 0.81%** 1

7 0.67** 0.55%* 0.26* 0.34* 0.64** 0.59%* 1

8 0.55%* 0.61** 0.29* 0.28* 0.57** 0.51%** 0.64** 1

a0 ) 50 Jliol mhans 5o o pixe g 0 gime nf ol 5y e ok
* ** = non-significant, significant at p<0.05 and p<0.01, respectively

VO g ogeds a2 ;0 YO 5 Vo (glos o a5 Wiy, S 25 dxpdid
s (nyie ey ol 0o ol LA e mS Veosles o el Sl ol slaazil b
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Effect of plant growth promoting bacteria and temperature treatments
on germination indices and seedling growth of safflower

(Carthamus tinctorius)
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Extended abstract

Introduction: Safflower (Carthamus tinctorius L.) is an annual oilseed crop that is adapted to arid and
semi-arid regions and is considered an indigenous plant of Iran. Germination and seedling stage in the soil is
one of the most important stages in the life cycle of plants. High germination rate and percentage increase the
number of seedlings and the rapid successful establishment of seedlings in the soil also contributes to the
suitable vegetative growth of the seedlings in later stages of life. Therefore, evaluation of germination indices
and seedling establishment in the soil and finding more suitable conditions to improve these indices can have
a direct impact on more successful plant cultivation. One of the methods used in this regard is priming.

Materials and Methods: In order to study the effect of plant growth-promoting bacteria and temperature
treatments on germination indices and seedling growth of the safflower, this investigation was conducted
based on a completely randomized block design with three replications at the Agricultural Research
Laboratory of Yasouj University in 2016. Experimental factors were seven levels of temperature treatments
(5, 10, 15, 20, 25, 30, 35°C) and seed priming with three strains of Pseudomonas fluorescens such as Pf 2, Pf
25 and CHA 0 and one strain of Bacillus subtilis and control (without inoculation).

Results: The results showed that 20°C temperature caused the highest germination percentage,
germination rate and vigor length. Also, seeds inoculated with Pseudomonas fluorescens growth-promoting
bacteria strain CHAO had the highest germination percentage (68.74), germination rate (3.49 seeds per day)
and vigor length vigor (6.22). Seedling length, dry weight and vigor weight were the other parameters that
showed the best results at 20 and 25°C. Also, germination and seedling growth indices decreased by an
increase or decrease in the optimum temperature. The use of plant growth-promoting bacteria causes
increased activity of ascorbate and catalase enzymes, which leads to a decrease in injuries related to non-
optimum temperature and improved germination indices.

Conclusion: According to our results, to accelerate the germination rate and other parameters, it is better
to inoculate seeds with bacteria strains CHAO and 25 in the temperature range of 20-25°C.

Keywords: Enzymes, Inoculation, Priming, Pseudomonas, Seed Vigor

Highlights:
1- The germination behaviour of safflower primed with bacteria varies at different temperatures.
2- Seeds inoculated with Pseudomonas fluorescens growth-promoting bacteria of CHAO strain had better
germination conditions.
3- Using the 20-25°C temperature improves germination indices.
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