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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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temperature (°C)
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Table 2. Results of soil analysis at depth of 0-30 cm.
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i Absorbable  Nitrogen  Organic  Neutralizing pH Electrical Percentage
Absorbable  Phosphorus (%) carbon substances conductivity  of saturated
potassium (mg/kg) (%) (%) (dS/m)
(mg/kg)
214 7.4 0.109 1.053 41 7.6 0.62 40
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Table 3- Combined analysis of variance related to the studied traits during two years on yarrow (Achillea millefolium L.)

ool 8 Ses bl slgime clloy s Sielen o ,Sles J5 o Shee albs e s g gl Az Sleets @l
Essential oil Essential oil Harvest index Biological Yield Flower yield Thousand seed Plant height ;i SOV
yield content weight df
3.8637** 12.40181586** 0.7452 1546433418**  1956914779**  1.43874595** 100165.9179** 1 ) Jo
0.14652 0.00059457 0.329544 155403 4120.05 0.00006603 13.2919 4 (L) 1S5
2.5496%* 1.6963091** 50.376646** 483601003** 7319245.38** 0.2717339** 6173.4432** 1 A) Sis s
1.4347* 0.75595476** 27.456411%* 171927038** 3406008.4** 0.09769758** 2472.1543** 1 (YXA) i iix b
0.07453 0.00001089 0.188515 631153 300.97 0.00001514 50.9484 4 Error aya s
3.2108** 0.53266011** 22.879321%* 150723044** 2255220.91** 0.08075282** 2165.0311** 3 B)es SL
2.7465%* 0.39616021** 16.383657** 99261488** 1684144.43** 0.04459338** 857.9781%* 1 ©C) Sl ool
2.0855%* 0.30477461** 6.838774** 57519238** 925126.59** 0.02566656** 956.9877** 3 (YXB) (s Slx Jlu
0.8651* 0.17370037** 5.140438** 40679810** 657110.86** 0.02764273** 399.9543** 1 Y XC) Slmllox Lo
0.4632* 0.00938719* 27.093022%* 1466 15975.88* 0.00004591 99.96* 3 AxB
0.1928 0.00158205 8.88393** 135077 10725.4 0.00063641 71.5974* 1 AxC
0.2776 0.01464354** 3.305685** 3214502** 42967.92** 0.00107066* 46.8496 3 BxC
0.3081 0.00684619 2.164682** 1256485* 15799.89* 0.00153288** 64.2883* 3 (YXAXB) g Sl S s JLus
0.4764 0.00129788 2.859788* 444655 8950.86 0.00016658 14.2111 1 (Y XAXC) Solmillon St i Lo
0.2459 0.00820587* 2.587437%* 891018* 16768.51* 0.00148346** 22.5678 3 (YXBXC) ol x5 55bx Lo
0.6217%* 0.02774378** 1.127887* 7699382** 71280.3** 0.0022014** 156.4196%* 3 (AXBXC) Kbl g Sl S s
0.3049 0.00298672 2.065254** 1436290%* 49702.53** 0.00141611** 14.8886 3 (YXAXBXC) Sl x s 25x Sts iiin Jlo
0.1335 0.00267993 0.388625 316266 5650.89 0.00029697 17.6875 56 Error by b clas
5.21 9.726398 10.11 9.21 11.03 9.38 9.21 CV) &l i

* and **: Significant at the 0.05 and 0.01 levels of probability, respectively. oy ) g0 Jleist mhaws 5o s tme i ey KK, F
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Table 4. Results of comparison of simple mean of traits during two years.

ol o, Sles Slgioe cubls y el > Sles I o Slhee als e 59 g glay)l L
Essential omibul Harvest ) KN Flower Thousand Plant J
0:(' );iheld Essential @ndex Biologica) li'i%d seed yield  height (Year)
a i a cm
(karha) il (%) dyield (kg/ha) @ (cm)
I Jls
6.292 0.862 13.072 5593.808  731.45°% 0.179° 49.02° Jsld
First year
Lo
5.43" 0.81° 12.544 5346.57" 670.29° 0.195% 46.57° s>

Second year

S, STl Q}U'Tb.wﬁodwlcla.wﬁé)l:@”;gw S e Gy gl gla Sle G gz pa s

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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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.

il sl

Sl 5 5 oS5 2 sl sl Sl b B | Lnosls ol g 41525 3 ol ks 4 s b
Sl sl x (625 S 5 15 e St Sl ol x (625 iS5 iS55
Jo9az) Wog o gime Cbo cnl pr o3 B Jleial e )0 (6551 x (S S GRS g de 0 ) Lot mlaw o
1 s 45 353 ) s 42 bogs o do s AP Jolea il (lgionn oty o oo peSilin dumlie gulis bl (F
(F Jguz) casils (glo cxe B pgo JLu

Sls Jol5 lnl ot 5o (el gl (o ol sl 2 )kl oot 53U Al 5o @l (el
Gl gme B (a0 +[OA) (Sid s Lol jo oud el uilul (glgiome L aS 05y o y0 1/ Jolee a5 0y F
O Jooz) casls

Jslowo 0als b deglia )0 ausys Yo /08 b Jobeo 65 e Lialsdl Sabalis dmsl 0,5 U cyizmod il (glyione
s i ) 50y FYIPE lydl S5 5 5 Sl sl 0,015 it gl el o0l (L ot o5y
10 Sl el 3,15 68 el o 40l ol i (a5 Ll o |, (LS o 5 0nis s olaled) aals &,
Gl 00 (St 25 pae Lyl 5o g oaid et L) aals 4 Cand (50u0,0 VA/AY iol38l & e g5l Loyl
S5 1, 5 e L gl 3 ko ol G585 Sl ol b 2 e 539 LSl ol 6 S

.Mb‘j.n

\f



FF) PP slodmio | ojlais 1O als 5yl el 5558 5 pole alxo

a5 glay s C..JLL; pis byl b aslie o il Sy )|.>L5;m u,....>|)3| A e b Ay S e slog SLop S
wols Hlis g xSU L oouid s (ol b awglde o 1) Cis (pl gao,0 YENA (o138l o6 aSL L oads mils alS
Ol o 4 5 skl Slejland 5 (el Skl 9,257 (530) (631 95 (tiSan yy s g0 S (O Jgaz)
ol (7 USE) ol olis JelS (Lol g (Sis i Loyl g0 50 50 1) vald 4 Cas Cdo (ol (oo, YT/ # 5 YAV
il Jslone pas 5 8 Jsbus) ol sloslass b iiSam o (ol (Slyime Gal3H 5o aligagages sV TS
JS8) Cenl 0gy ol (550 @bl b (ylend DlaS 5 25T 50 uligegages b dunlie 1o yiSLgisl o )5 (ol Silclos
@lBlen Sl lgegdgm 5 SUgisl (S50l lajlos b anslio )3 (65T 93 3,5 Jlos jo Cudo (ul YL wo s (7
Sl b S5 50 Ll 05 dais 5L ol alBlen 151 Slaiad o wins oo lis Cdo il 9y 2 b 6L 50
Slgizma (0 YL 4 jahay Wogs Caio (pl 8l SIS Glls (Sas s pae g i bl )l g e 0 SOl
(? J&m) Cl 009 M‘

1.6
1.4 ab
’0\5\ L _l b
iz ° :
23 08 o e ; p
2E ' , /
IE o] . 0 R
M N
| 28 R ®
. :-:;é -:;:é :-:;é -:;:é
‘5:\13be:;;:: Azoﬁalea,;i;rial Ps:;:;::];:as ;ggbi:c;:ij:lu

" Drougt stress+No salicylic acid S (isd + dumwl Sedosnadlio 8 53,5 pus
% Drought stress + Salicylic acid S (i + dumw! Sadowadbio 8 33,8
~Irrigation + No salicylic acid g ,bsT + dumw! Seliwadlo 8 )l puc
B |rrigation + salicylic acid ,LsT + suw! Sabwadlo 85,5
gl )2 )l (grre DM 31 5 e By > (sl (sla gy il slgime  GralesT sl lond (iS00 (e Silis aglie -F S5
St 51 5031 L dus 0 O Jless|
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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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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