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Effect of Application of Plant Growth-Promoting Rhizobacteria and
Salicylic acid on Agronomic Properties and Essential Oil Content of
Yarrow (Achillea millefolium L.) under Drought Stress Conditions
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Table 1. Meteorological data of the test area during two years.
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Table 2. Results of soil analysis at depth of 0-30 cm.
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Table 3- Combined analysis of variance related to the studied traits during two years on yarrow (Achillea millefolium L.)
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* and **: Significant at the 0.05 and 0.01 levels of probability, respectively. oy ) g0 Jleist mhaws 5o s tme i ey KK 5 *
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Table 4. Results of comparison of simple mean of traits during two years.
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In each column, the means with common letters are not significantly different in the level of 5 % probability with

Duncan test.

Table 5. Results of comparison of simple mean of traits.
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In each column, the means with common letters are not significantly different in the level of 5 % probability with
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Fig. 1. Comparison of the average interaction effects of experimental treatments on plant height. Columns with
common letters have no significant difference at the 5% probability level with Duncan test.
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Fig. 2. Comparison of the average interaction effects of experimental treatments on thousand seed weight. Columns
with common letters have no significant difference at the 5% probability level with Duncan test.
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Fig. 3. Comparison of the average interaction effects of experimental treatments on flower yield. Columns with
common letters have no significant difference at the 5% probability level with Duncan test.
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Fig. 4. Comparison of the average interaction effects of experimental treatments on biological yield. Columns with
common letters have no significant difference at the 5% probability level with Duncan test.
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Fig. 5. Comparison of the average interaction effects of experimental treatments on harvest index. Columns with
common letters have no significant difference at the 5% probability level with Duncan test.
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Fig. 6. Comparison of the average interaction effects of experimental treatments on essential oil content. Columns
with common letters have no significant difference at the 5% probability level with Duncan test.
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Fig. 7. Comparison of the average interaction effects of experimental treatments on essential oil yield. Columns
with common letters have no significant difference at the 5% probability level with Duncan test.
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To observe the effect of plant growth-promoting rhizobacteria (PGPR) and salicylic acid under
drought stress conditions on yarrow, an experiment was arranged as split-plot factorial based
on a randomized complete block design with three replications in a research farm in Basht,
Kohgiluyeh and Boyer-ahmad provice, during two years (2018 and 2019). Drought stress as the
main factor in two levels (drought and non-drought stress), and secondary factors include foliar
spraying with salicylic acid in two levels: control (no foliar spraying) and foliar spraying with
salicylic acid (400 mg/L), and PGPR at four levels: control (no inoculation with bacteria),
inoculation with Pseudomonas, inoculation with Azotobacterial and inoculation with both
bacteria were assigned to the main and sub-plots, respectively. The results of a two-year
combined variance analysis showed that effects of year, drought stress, bacteria, salicylic acid
and drought stress x salicylic acid x bacteria on plant height, thousand seed weight, flower
yield, biological yield, essential oil content, and essential oil yield were significant. The average
flower yield in the first year was 731.45 kg/ha, which had a significant difference compared to
the second year. The highest plant height (65.94 cm) was obtained from azotobacterial and
salicylic acid treatment under non-drought stress conditions. Meanwhile, in both conditions
(non-drought stress and drought stress), the maximum thousand seed weight (0.29 and 0.23 g),
flower yield (1389 and 492 kg/ha), biological yield (8634 and 4106 kg/ha), harvest index (16.09
and 11.99 %), essential oil content (1.41 and 0.80 %) and essential oil yield (1.77 and 19.54
kg/ha) were obtained for bacteria and salicylic acid treatment. Although drought stress caused
a significant decrease in all traits, especially flower yield, essential oil content and yield, the
use of growth-promoting bacteria or salicylic acid, especially in the treatment of simultaneous
application of two bacteria and salicylic acid, significantly reduced the damage of drought stress
on flower yield, essential oil content and yield compared to the control.

Keywords: Salicylic acid, Plant growth-promoting rhizobacteria, Essential oil content, Flower
yield, Harvest index.
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