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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.)

[ Downloaded from journal-irshs.ir on 2026-01-30 ]
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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.

- Slio ool Sl (il dnglie i -0 Jsor

o Slee lgioma ol oSle  JSoSke Thousand ¢l
ol oLl cilsy Sy Flower seedyield Sloss sl s
Essential  Essenti Harvest) ~Biologi) (IZQI;L(:\) @ Plant  Treatment levels  Treatment
oil yield al oil (index  (cal yield height
(ka/ha) (%) (cm)
067" 0369 7187 2533829 182.029  0.0677 3173 S A
Drought stress L
So=
S S5 pae Irrigation
559¢  078°  10.87¢ 653212% 710.27% 0194 4506°  Non-drought
stress
sl
313° 057"  003° 4532077 446147 0131% 3839  SCeder o)
Non- spraying
S
5l Salicylic
552¢ 073  1225° 520306¢ 665.05¢ 0.156% 4477¢ e s
Spraying
2SU il
4329 0656° 10649 486801°¢ 55560° 01439 41580  SSuoies
No inoculation
Sl
7.68°P 0.912 12.31°b 5604.05¢ 732.88" 0.2052 50.45° ’5'”_
Azotobacterial
St il
L
595¢  0.785° 11.58° 5247.65¢ 649.499  0.169°  45.66° 090979
Pseudomonas
10.042 0.9832 13.12% 6161.03° 865.51% 0.2312 55418 Both bacteria

Duncan test.

8,05 Sl ge3T b s jo O Jlesl mhaws 10 (6,10 ime gl 5 iie By > glyls slo Sils gt o 0
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.

23 YV g YAINY (Aol o o 5 ags yiSTL 0 )57 o (St (a5 x (6581 008 iiSo pp gl (bl
50 g eais Hles L) JelS g,lol g (i o g onid Hlews L) i Ll s jo vals 4 Cas el p sl
Sl 0,5 5 lal lojlos b (2iSenyy 5o uligegogu b duglio jo iShaisl (O JS&) wiloads (Ui pac Ll
Gyl b aslin 15 6,55 95 5,15 Sl o cilsyy (el 5YL ao s el o5ss olyen 6y bl b Kbl
@l S50 s s plis Cho il 5y 2 ) 625U 50 al @lSles Sl bgagoge 5 iSLsTl (S5 o8
2 @lBlee SNl (i 5 pae g 5 lld 90 e 50 Selwdlo sl b oS 0 il 0,8 s ST ()
a by (Ao, 0 V8/-) i pae g (duo,0 VV/A) s bl jo cblo el o YL 4S5 jelay Wiogs Ll oy
(O JS5) cl 009y dnl Secdlis x (6,551 50 0 )5 iS5l )lews

VY


http://journal-irshs.ir/article-1-668-en.html

[ Downloaded from journal-irshs.ir on 2026-01-30 ]

Ol 5 50 )15

18

16 a o ab- |

14 b b bT o %
% A

12 cd cdr B ¢

10

Harvest index (%0)

(dwo o) Clld o sl

oK c

I I .

cH 1 Sk ’ 1

; glé Ig ; fls% 5&%

L7 SR 7

:3:3% 3:3:% : :3:3% 3:3:%

4 ;:;:% :;:;% : ;:;:% B

-:-:% :-:-% . -:-:% :-:-%

2 3:3:% :3:3% g 3:3:% :3:3%
. 5;5;% 1555% : 515% 5?%

AL o, pae ALl ligogdgu GrSL 9o 0,8

No bacteria Azotobacterial Pseudomonas Both bacterial
- Drougt stress+No salicylic acid S (i + ol Salawadlio 8 33,5 pue

% Drought stress + Salicylic acid Suis s + vum! Sodmad b 8 3,8
* Irrigation + No salicylic acid g ,bsT + dumw! Seliwadlo 8 39,1 puse

¥ |rrigation + salicylic acid g bsT + sums! Sl 5 39,5

15 e M W3l S ke g sl slaiygie mlsy asli r LialesT ola,las iiSem s eSiles dulie 0 S5

A Sl L}yo)'“l L ooy 0 Jis! mla
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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