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Extended abstract

Introduction

E. purpurea is a plant that blooms in North America during the summer. It is essential for the
pharmaceutical industry because it boosts the immune system and can be used for various external and
internal ailments. Abiotic stresses like drought are significant problems for plant productivity. Many
studies have been done on how these stresses affect agricultural plants because they cause economic
losses. Drought affects plant growth and development by reducing crop growth rate, biomass
accumulation, cell division and expansion, leaf size, stem elongation, root proliferation, and stomata
oscillations. Although the effect of drought stress on various characteristics of coneflower has been
studied in many research, few researchers have investigated the changes in the essential oil content of
this important medicinal plant under drought stress. Due to a water shortage in Iran and the growing
use of herbal medicines, studying how drought stress affects the composition of coneflower essential oil
is crucial.

Materials and methods

This research was carried out in 2021 in the greenhouse of the Department of Horticultural Sciences,
Faculty of Agriculture, Bu-Ali Sina University, Hamedan, Iran. The study was done as a factorial based
on a completely random design with two factors of drought stress (80, 60, and 40% FC) and growth
stage (10 leaves, pre-flowering, and flowering stage) in three replications. Took coneflower seeds were
planted in cultivation trays. After 60 days, the seeds germinated, and the seedlings were prepared and
transferred to pots. The weight method was used to determine soil moisture content. The pots were
weighed daily and watered to maintain the intended level of irrigation. After the drought stress period
ended, the plants with their roots were transferred to the lab, and some growth, biochemical, and
phytochemical characteristics were measured.

Results and discussion

The results of the analysis of variance showed that the interaction effect of irrigation levels and
phenological stages was significant for the characteristics of leaf area, stem length, flower diameter,
flower dry weight, chlorophyll a, chlorophyll b, carotenoid and total phenol and flavonoid of the flower
and root. The results showed that drought stress caused a significant decrease in the growth
characteristics, chlorophyll a, carotenoid, and increased chlorophyll b content of coneflower in different
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stages of growth. The concentration of coneflower's total phenol and flavonoid under severe drought
stress increased by 37.58 and 25.67, respectively. Also, the antioxidant capacity of the coneflower flower
increased under severe drought stress, but drought stress did not affect the antioxidant capacity of the
roots. In addition, the results showed that more than 70% of the essential oil components at the time of
applying the control in the 10-leaf and pre-flowering stage, and severe stress in all three stages of growth
consisted of four compounds: Germacrene D, n-Dodecane, n-Tridecane, and n-Undecane. Compared to
the control, most of the essential compounds of coneflower under severe drought stress decreased in the
10-leaf growth stages and pre-flowering but increased in the flowering stage. Severe drought stress
caused a decrease in Germacrene D in the 10-leaf and flowering stages (41.6 and 41.3%, respectively)
and increased it in the pre-flowering stage (77.2%). During drought conditions, plants reduce the
number and area of their leaves as an adaptation strategy and first defense mechanism. Plants exposed
to environmental stress can increase their stress tolerance by producing more phenol, flavonoid, and
antioxidants. These non-enzymatic antioxidants help reduce the adverse effects of stress on plants.
Based on the findings of various research, it can be said that Germacrene D, Spathulenol, B-
Caryophyllene, and a-Humulene are the main components of the essential oil of coneflower. In
agreement with our results, the research findings showed that severe drought stress (40% FC) caused a
significant decrease in the phytochemical compounds of coneflower. Secondary metabolites are
influenced not only by genetics but also by changing environmental patterns.

Conclusion

With increasing drought stress levels, growth characteristics, chlorophyll a, carotenoid, and root total
phenolic content of coneflower decreased significantly. Also, drought stress increased stem diameter,
chlorophyll b, total phenol content, total flavonoid, and antioxidant capacity of flowers. Under severe
drought stress, four compounds of Germacern D, N-dodecane, N-tridecane, and N-one-decane, which
are the dominant components of the root essential oil of this plant in the present study, decreased in the
10-leaf and flowering stages but increased in the pre-flowering stage. In general, it can be concluded
from the current research results that applying drought stress can help improve coneflower root
essential oil composition.
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Fig. 1. The experimental design used in the effect of
drought stress on some growth and phytochemical
characteristics of coneflower in different phenological
stages
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Table 1. Some physical and hydrological characteristics of the used soil.
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Table 2. Variance analysis of the effect of drought stress on the leaf number, leaf area, plant height, stem length, and
stem diameter of coneflower in different phenological stages.

i e G Spolas S e W gli,l  aBlu Job “’SL‘t"en';"‘"
S.0v Leaf number Leaf area Plant height Stem length diameter
Replication Seb 2 39.90™ 22536.82™ 33.82™ 41.35" 0.05"™
Irrigation (1) Sl zobw 2 1882.95™ 9381196.58™  2938.77™ 2280.69™ 1.52"
Phenological stage (P)  wiy Jolp 2 300.68™  2611852.10™ 52.07™ 94.49™ 0.45"
IxP Ay ddo o x gyl Zokw 4 20.90™ 1933019.62™ 31.69™ 55.03™ 0.97™
Error ks 16 22.17 78253.63 15.96 12.97 0.38
CV% Olpdd Cu b - 14.09 5.98 10.48 8.67 11.19
ko 3k

Do )3 S5 g Jiol sl (o o e g o de né CuT g s
ns, *, and ** insignificant and significant at significance levels of 5 and 1%, respectively.
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Table 3. Mean comparison of the effect of drought stress (80, 60, and 40% of FC) on the leaf number, leaf area, plant
height, stem length, and stem diameter of coneflower in different phenological stages (10 leaf, pre-flowering, and
flowering).

Spolas wg g, adlw a3l b
» 5 s gl 9 eW, Job s

Solowd S Leaf Leaf area Plant Stem Stem
Treatments number height length diameter
per plant cm?pl?t cm mm
Drought stress RS
percentage of FC (%FC) =) b )b auoys
80 48.72 58.12 57.222 52.63 5.77%
60 31.7° 38.32 35.91° 32.30 5.06"
40 19.9¢ 43.88 21.29° 21.25 5.762
Phenological stage (PS) Gy Jol o
10 leaves St 27.6° 52.55 37.64 34.31 5.68
Pre-flowering o5 L 33.6° 41.89 36.0 32.84 5.27
Flowering RV 39.12 45.87 40.76 39.04 5.63
Drought stress (%0FC) x PS ESBY Gioson 5
80 x 10 leaves 45.3 63.672 56.50 52.832 5.53
80 x Pre-flowering 47.7 53.46° 55.00 50.102 5.42
80 x Flowering 53.0 57.21P¢ 60.17 54.972 6.37
60 x 10 leaves 23.0 35.60¢ 38.93 35.33° 5.00
60 x Pre-flowering 34.5 34.70¢ 30.80 27.17¢ 4.83
60 x Flowering 37.7 44.67¢ 38.00 34.40° 5.33
40 x 10 leaves 14.3 58.39° 17.50 14.75° 6.52
40 x Pre-flowering 18.7 37.52¢ 22.27 21.25¢ 5.57
40 x Flowering 26.7 35.72¢ 24.10 27.75° 5.20

Goloss 09,5 5 s ;2 50 bl By, Wog 0l o dime il jls 5o Jgam wlal a8 al eols 1B Sleosls (gl add lo e g >

Alge 5o (g5l 5l eolatul b oo jo miy Jleisl mhaws jo jls cixe B 5525 pas saims sl
Significance letters were placed only for the significant data based on the variance table analysis. Similar letters in each column
and treatment group indicate the absence of a significant difference by using Duncan's test at P<0.05.
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Table 4. Variance analysis of the effect of drought stress on the flower number, flower diameter, flower dry weight,
and root dry weight of coneflower in different phenological stages.

JPT g ] 5 ks FSLS pie by S 59

S.0V ol S5 olaws Flower Flower dry Root dry

df  Flower number diameter weight weight
Replication Sols 0.59m 31.98™ 0.04"s 0.94"
Irrigation (1) Skl gk 6.48™ 422.56™ 35.28™ 125.40™
Phenological stage (P) w, Jo!yo 0.59™ 3.88m 1.80" 24.20™
IXP sy als yo x (g kel Zobams 2.12m 85.88" 1.74" 1.90™
Error ks 16 0.26 22.46 0.48 1.48
CV% Ol gadi Cu b - 21.48 5.31 16.37 10.72

*

oy Sy g iy Jleisl pokas o o gme g s et o5 4 ¥ 5% s
ns, * and ** insignificant and significant at significance levels of 5 and 1%, respectively.

Ve dolie yo it Jlesl ey yo aals ol aS (0 4 ¥
o b aS 09 (pAlS Al 5| S (20lS 51 S5 (S5 2
Omidi et al., 2018) b ool o LS slo iags
5 ol callae (Sayyari et al., 2022) '#l,a0 4
g olowy juals o Sis il £a8g ley 0 ol sla ISl
SUly s lpl o S Sp ool b glals
olS St 3,5 L ggoge (nl Lel wijls (6 5VL (g 5mgid
Olie SudlS o b ol plo ccnl blas jo ol cpl jo
3979 &Ml Jol jiwsid sl S p oo maw g 3,05

Dl oes Cews s ol ol B ol ansls

okl e pls pelidesy, sle S

@bl gt Sl a5 33,5 oo (53 Dl oo ((Sis
Gl duiia )55l slo 23Sy g5l Jled &b 5l ol B s
Jad els L Sas as (Flexas et al., 2010)
oo ok Llasl 5 08, poKatr 2al5 sl il
FobisS 4 pomie oledyd (Jobw aly jo Grals cpl 0o 8
Yang et al., ) sgi o S s il g HLS ok
J5 35 s ol oy Dlas des pol> iaghy ,0 (2021
S il L g Jsbo olS £l )| o5 prbans 5 olas ol
GRS Ced adyy 59 SES (Gjg eiaren 9 S5 5k
Jolaz) wad azlge 2alS Lol e Jol e po (Sis

! Nepeta crispa L.



\F-¥ }_:SL;‘\V -\l?'s‘sc‘))' r:9l: X lanzg,du&;;

YA

Al y SUS (339 9 JS Sl (39 (IS B (S dluxi (8 ly) Cadyb duojo B g Fe Ae) (Sl S T Sl dun Ui O 9o

(P g (BdS 5I 3 (5 03) wid ) iliso Jo 50 50 S5 v oS
Table 5. Mean comparison of the effect of drought stress (80, 60, and 40% of FC) on the flower number, flower diameter,
flower dry weight, and root dry weight of coneflower in different phenological stages (10 leaf, pre-flowering, and

flowering).
e en. S0
Solow oS J5 olass J5 ks J Sl o "
Treatment Fl b Flower diamet Flower dry !
reatments ower numper ower diameter weight Root dry
weight
per plant cm gplt
Drought stress S i
percentage of FC (%FC) TR JERWR
80 3.112 9.00 5.65 14.682
60 2.56" 9.56 5.12 12.08°
40 1.44° 8.20 1.99 7.32°
Phenological stage (PS) Sy Sl o
10 leaves Sah 2.22 8.99 421 9.31°¢
Pre-flowering s L3 2.22 8.93 3.83 11.47°
Flowering rRVLy 2.67 8.86 4.72 13.302
Drought stress (%FC) X PS ;g5 Y LicSon 5
80 x 10 leaves 3.00 8.69¢ 5.322%® 13.50
80 x Pre-flowering 3.00 9.213c 5.57® 14.55
80 x Flowering 3.33 9.171%¢ 6.072 16.00
60 x 10 leaves 2.67 9.77% 6.00? 9.43
60 x Pre-flowering 2.67 9.942 4.37° 12.79
60 x Flowering 2.33 8.98bc 5.00% 14.00
40 x 10 leaves 1.00 8.50% 1.31¢ 5.00
40 x Pre-flowering 1.00 7.63¢ 1.57¢ 7.07
40 x Flowering 2.33 8.47% 3.10¢ 9.90
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Significance letters were placed only for the significant data based on the variance table analysis. Similar letters in each

column and treatment group indicate the absence of a significant difference by using Duncan's test at P<0.05.
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Table 6. Variance analysis of the effect of drought stress on the photosynthetic pigments of coneflower in different

phenological stages.

a® IS Jnds b5
GOl @ Judgls D Judg s Total Segd )8
s.ov 85 @bo  gf  Chlorophyll a Chlorophyll b chlorophyll  Carotenoid

Replication Sels 0.02" 0.0002" 0.12" 0.0003"
Irrigation (1) Syl zabamw 0.18™ 0.04™ 0.03™ 0.005™
Phenological stage (P) iy Jolye 0.13™ 0.01™ 0.003" 0.002™
IxP "y Al yo x syl Zobws 4 0.06™ 0.01™ 0.01" 0.006™
Error ks 16 0.005 0.0005 0.006 0.0002
CV% Ol gk b - 8.94 6.78 13.83 12.79

Do )0 S5 g Jiml zshan (o o gime g o de né oS

sk 5* <ns

ns, * and ** insignificant and significant at significance levels of 5 and 1%, respectively.
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Table 7. Mean comparison of the effect of drought stress (80, 60, and 40 FC) on the photosynthetic pigments of
coneflower in different phenological stages (10 leaf, pre-flowering, and flowering).

. . 5 Jedg s )
Gobd Sy A Judgls b g b5 Total agidg,ls
Treatments Chlorophyll a  Chlorophyll b chlorophyll Carotenoid
mg.gt FW.
Drought stress S
percentage of FC (%FC) =) b )b aoys
80 0.928 0.248° 1.080 0.132
60 0.664 0.3802 0.972 0.133
40 0.698 0.330° 1.040 0.092
Phenological stage (PS) Sy Sl g0
10 leaves Se) 0.699 0.284° 1.010 0.115
Pre-flowering puls 8 0.692 0.3532 1.040 0.136
Flowering 5 0.889 0.320° 1.042 0.107
Drought stress (%FC) x PS JYSiit) gratevye
80 x 10 leaves 0.831b¢ 0.246°f 1.070 0.079¢
80 x Pre-flowering 0.845" 0.279¢% 1.114 0.1892
80 x Flowering 1.1072 0.219f 1.054 0.127
60 x 10 leaves 0.536°¢ 0.287¢ 0.957 0.135
60 x Pre-flowering 0.526¢° 0.4852 0.932 0.153°
60 x Flowering 0.931° 0.367° 1.028 0.112¢
40 x 10 leaves 0.729% 0.321° 1.002 0.130"
40 x Pre-flowering 0.704% 0.296% 1.073 0.066¢
40 x Flowering 0.661% 0.373° 1.045 0.081¢
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Significance letters were placed only for the significant data based on the variance table analysis. Similar letters in each
column and treatment group indicate the absence of a significant difference by using Duncan's test at P<0.05.
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Table 8. Variance analysis of the effect of drought stress on the total phenol, total flavonoid, and antioxidant capacity
of flower and root of coneflower in different phenological stages.

J5 wsgigdls bbb Sdgigd o
, B Sl aday J5 N
AR U Flower Flower o) S Root ) Sl
... «Ll Flower total total antioxidant Root total total  Root antioxidant
SOV rd lbe G phenol flavonoid capacity phenol _ flavonoid capacity
L Sk 2 1363.31™ 143.66™ 3.15™ 25.05" 14.67™ 0.96™
Replication
o ellzshe 5 gagiget 700077 88.27" 1369.84~  28.76™ 17.10
Irrigation (1)
S dele 5 gg704m 222570 32,50 220090%  50.69™ 0.95m
Phenological stage (P)
al> vox ¢ yLol
pselede g a1s.05” 16.58" 1508.16" 5752 5.96m
I xP KW
Error WLs> 16 980.38 79.91 9.46 130.46 8.76 6.27
ol apé 1131 6.60 3.72 15.08 11.78 2.96
CV%

* . ¥ ns

o o o .M)bx_iisa.;ilecj{a_u)o)b@mj)‘o@mxi#;q* P
ns, * and ** insignificant and significant at significance levels of 5 and 1%, respectively.
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Table 9. Mean comparison of the effect of drought stress (80, 60, and 40 FC) on the total phenol, total flavonoid and
antioxidant capacity of flower and root of coneflower in different phenological stages (10 leaf, pre-flowering, and

flowering).
5 S b PP il SIS aEEdl st
Golosd S FF J5 ay aiay S5 A
Treatments Flower total  glower - - %)
phenol total Flower Root total Root tot.al Root
flavonoid  antioxidant  Phenol  flavonoid ,,¢oxidant
capacity capacity
mg.100 gt DW % mg.100 g-! DW %
Drought stress SSad oS
1oy cad b oy
percentage of FC (%FC)
80 272.70 131.67 86.80° 89.80 26.08 85.96
60 182.81 109.65 82.74°¢ 66.75 23.06 84.98
40 375.182 165. 47 88.902 70.66 26.24 83.23
Sy Jo e
Phenological stage (PS)
10 leaves S»¥» 297.34 152.68 88.23 74.18 27.95 84.35
Pre-flowering P58 27540 131.84 65.70 60.93 2291 84.92
Flowering 5 257.94 121.86 84.51 92.09 24.52 84.90
)eSBY piSon
Drought stress (%FC) xPS
80 x 10 leaves 331.792 162.64° 88.38 82.49b¢ 29.24% 85.49
80 x Pre-flowering 273.83°  110.00% 86.42 67.81%¢  22.28¢ 86.71
80 x Flowering 212.48° 122.37¢ 85.60 119.102  26.71%¢ 85.67
60 x 10 leaves 182.61° 123.32¢ 86.45 44.31¢ 21.01° 83.22
60 x Pre-flowering 180.03° 103.56¢° 79.59 63.58¢%% 22.97° 85.45
60 x Flowering 185.79¢ 102.08¢ 82.18 92.34P 25.21b¢ 86.23
40 x 10 leaves 377.642 172.07® 89.87 95.75° 33.60° 84.34
40 x Pre-flowering 372.342 181.952 91.09 51.40¢% 23.47°¢ 82.55
40 x Flowering 375.562 141.12°¢ 85.75 64.83% 21.65°¢ 82.81
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umn and treatment group indicaté the absence of a significant difference by using Duncan's test at P<0.05.
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Table 10. The essential oil content of the root of coneflower and their amounts (%) in two irrigation levels (80 and 40%

FC) in different phenological stages.

80% 40%
ole Sy 85wk B8 51 s RV ST
Row Content Retention 2 °° Pre- 25 Sroed Pre- il
Index 10 leaf flowering  Flowering | 10 leaf flowering  Flowering
1  a-Pinene 940 - - 1.46 - - -
2 Myrcene 989 - - 1.92 - - -
3  n-Decane 1000 391 5.44 1.56 3.73 3.29 2.38
4 a-Phellandrene 1010 1.36 - 7.78 1.68 2,51 -
5  n-Undecane 1100 6.97 8.35 3.53 8.71 7.70 6.15
6  n-Dodecane 1200 16.72 20.18 10.64 23.51 20.67 19.19
7 n-Tridecane 1300 12.66 16.51 8.55 18.80 15.59 17.34
8 -Copaenea 1370 151 - 0.68 2.07 1.73 -
9  -Elemenep 1385 - - 1.04 - - -
10 n-Tetradecane 1400 - 1.93 0.87 - - 2.13
11 (E)-Caryophyllene 1415 1.94 1.18 2.36 1.10 1.46 1.32
12 -Humulenea 1460 0.97 - 0.83 1.34 1.37 1.39
13 -Muuroleney 1481 2.35 3.01 0.64 1.35 2.10 3.29
14 Germacrene D 1487 33.54 16.42 43.12 19.58 29.10 25.32
15 Bicyclogermacrene 1502 2.62 1.49 2.57 1.33 1.71 1.74
16  -Cadineney 1520 3.65 3.06 2.38 2.10 1.92 2.98
17  -Cadinened 1528 232 2.85 - 1.64 1.21 2.40
18  Germacrene D-4-ol 1571 2.13 2.53 1.56 1.73 1.37 2.03
19  Spathulenol 1577 - 2.39 - 0.96 - -
20  Caryophyllene oxide 1625 - 1.46 - 0.95 0.82 1.40
21 Tau-Cadinol + a- 1650 + 1642 _ - 1.55 - - -
Muurolol

22 -Cadinola 1659 3.84 3.68 2.57 2.75 3.02 3.18
23 Elemol acetate 1693 - 2.73 - 2.02 1.44 1.95
24 fg?';sma"‘(ls)' 7-dien- 1700 - 1.48 - 0.94 071 1.05
25 Eudesm-7(11)-en-4-ol 1704 2.59 1.42 2.39 1.67 1.95 2.05
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