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ABSTRACT

In order to study the morphologies and biochemistry of ornamental cabbage under salt stress, a factorial experiment was
carried out based on completely randomized design in three replications. The treatments included salinity at three levels (4
and 8 dS.m™" and control (no salinity) and growth stimulating bacteria at three levels (no inoculation Pseudomonas putida
and Bacillus subtilis). Plant growth characteristics, including plant height, number of leaves, fresh and dry weight of leaves,
fresh and dry weight of plant and root, showed a significant decrease compared to the control treatment with increasing
salinity stress, and inoculation with growth-promoting bacteria, especially Pseudomonas putida, improved these attributes.
Antioxidant activity and total phenol increased with increasing salinity, so that the highest amount of phenol and antioxidant
was observed at treatment 8 dS/m (1.08 mg/g FW and 62.52 pmol/g FW, respectively). On the other hand, the use of
Bacillus bacteria could increase the amount of total phenol and antioxidants in contrast with salinity (1.08 mg/g FW and
62.78 pmol/g FW). The amount of proline in leaves also had an increasing trend at different levels of salinity stress, and its
highest level was observed at the highest level of salinity stress and the application of Bacillus subtilis bacteria. The
interaction between bacteria and salinity stress reduced the accumulation of sodium element and increased the amount of
potassium element. The results of this experiment showed that growth-promoting bacteria, especially Pseudomonas putida
bacteria, reduce the damage caused by salt stress in ornamental cabbage plants.
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Tablel. Results of variance analysis effect of salinity stress and bacteria on some morphophysiological traits of Brassica
oleraceae L.

Mean squares
- g 5 %z % £ 5 5
Source of variation df g2 = Z = = = = z 5
g B g g & g & g 3
g =] = [ = = S
= = 3§ % 3 § 3 E <
z 3 — & e [ ~
Salinity stress 2 8547+ 1689.34%%  27.01** 0.36%* 4.92% 0.54* 799.07**  31.43*  7451**
Bacteria 2 20.92%* 49.23%* 0.25%* 0.001™ 16.81%*  1.33%* 76.98™ 0.51" 44 36**
BacteriaxSalinity stress 4 12.43%* 34.14%* 0.72%* 0.002%*  17.78*%  1.70**  577.93**  1825%F  1425%*
Error 18 0.94 321 0.01 0.0003 1.61 0.13 33.10 0.68 37.30
C.V (%) - 3.34 342 2.89 3.71 14.93 13.59 9.06 8.16 8.53
Aoy ) g0 Jloiol s jo lo g D9l g o pe gl 99 i Ay ek ks
ns, ¥, **: Non-Significantly difference and significantly different at 5 and 1% of probability levels, respectively.
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Table 2. Mean comparison interaction effect of salinity stress and bacteria on morphophysiological traits of Brassica
oleraceae L.
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No Bacteria 31.807 67.66" 5.63° 0.72° 8.97° 3.11° 73.35° 11.59¢ 13.06%
0 Bacillus subtilis 33.60° 68.00° 5.67° 0.75% 10.03° 3.68" 82.45% 14.43* 14.23¢
Pseudomonas putida 30.90% 68.66" 6.35° 0.80° 10.35% 3.87° 85.80" 15.12% 21.10°
No Bacteria 25.33° 40.50° 2.94% 0.40° 6.68° 2.75° 62.53% 10.36° 15.10%
4 Bacillus subtilis 31.70% 46.00° 3.13¢ 0.47¢ 10.11° 3.36° 66.45¢ 12.89° 15.37°
Pseudomonas putida 30.75% 49.00° 3.45° 0.52° 10.29* 3.64" 70.55¢ 14.61* 15.65%
No Bacteria 25.05° 37.00" 2.457 0.35% 5.07° 2.21° 54.557 8.36" 16.73°
8 Bacillus subtilis 25.75° 43.00% 2.89% 0.42¢ 7.09¢ 2.87¢ 46.65% 9.98% 17.83°
Pseudomonas putida 26.65° 45.00° 3.20¢ 0.48 8.77° 2.89¢ 51.75" 12.11% 21.33%
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In each column means followed by at least a common letter, are not significantly different at 5% probability level.
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Table 3. Results of variance analysis effect of salinity stress and bacteria on morphological and physiological
traits of Brassica oleraceae L.

Mean of squares

Source of variation df s a 2 g =2 i = - X
° 2 g 8 g = S z M kS
=3 ° £ 2 2 £ “
= < S =}
o &} < ke
Salinity stress 2 2.14%*%  2.63*%*  (0.24**  85.95%*  133.81** 0.023** 0.09%*  0.69%*  0.09**
Bacteria 2 0.18%*  8.39%* 0.07* 87.52%* 26.15™ 0.00006**  0.78%*  7.41**  047**
BacteriaxSalinity stress 4 037**  5.09%*  0.05* 6.65" 28.50* 0.001** 0.70**  3.58**  (0.16%*
Error 18 0.02 0.54 0.02 4.74 10.19 0.000006 0.006 0.01
CV (%) - 7.40 11.20 14.85 5.86 4.08 2.52 11.43 331

52y oS (o599 5898500 Do 5 (6L g (5598 S U (S0l dnlie ¥ Jgu

o0 ) 50 Jlaiml e 1o ls goe gl ¢ o s Sglas Sgus S 5 4y
ns, *, **: Non-Significantly difference and significantly difference at 5 and 1% of probability levels, respectively.

Table 4. Mean comparison effect of salinity stress and bacteria on morphological and physiological traits of
Brassica oleraceae L.
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0 2.70° 7.15° 0.78° 56.41° 73.84° 0.03° 0.59° 3.35° 0.17°
2.44° 6.49" 1.06 58.63° 79.12° 0.11° 0.65° 2.88° 0.30°
8 1.76° 6.08° 1.08° 62.52° 81.34° 0.13° 0.79* 2.86° 0.37°
Bacteria
Bacillus subtilis 2.44° 7.07° 1.08° 62.78" 76.26™ 0.099* 0.44° 3.71° 0.11°
Pseudomonas putida 215" 7.20° 0.94" 57.55 78.41° 0.094° 0.59* 3.39 0.19°

3.5

2.5

1.5

Total chlorophyll (mg/gFW)

0.5

WM 5l g do e iy Jleia e jo (STt B S Sl L ola o Sihee gt o 40

In each column means followed by at least a common letter, are not significantly difference at 5% probability level.
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Figure 1. Mean comparison interaction effect of salinity stress and growth-promoting bacteria on total chlorophyll of
ornamental cabbage.
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Figure 2. Mean comparison interaction effect of salinity stress and growth-promoting bacteria on total phenol of
ornamental cabbage.
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Figure 3. Mean comparison interaction effect of salinity stress and growth-promoting bacteria on Ionic leakage of
ornamental cabbage.
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Figure 4. Mean comparison interaction effect of salinity stress and growth-promoting bacteria on proline of
ornamental cabbage.
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