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Abstract
Salehi Shanjani, P., Rasoulzadeh, L., Javadi, H., 2022. Evaluation of Achillea, Matricaria, and Anthemis 
plants following selection for drought tolerance at seedling stages. Folia Oeologica, 49 (1): 80–91.

The genetic potentials of eight species of Achillea (A. millefolium, A. fillipendulla, A. biebersteinii, A. nobilis, 
A. eriophora), Matricaria (M. ricotita), and Anthemis (An. haussknechtii and An. tinctoria) under drought 
conditions during the seedling stage were measured. Non-ionic water-soluble polymer polyethylene glycol 
(PEG, molecular weight 6000) was used to simulate water stress at five osmotic potential levels (0, –0.3, 
–0.6, –0.9, and –1.2 MPa). An acceptable threshold value for germination was osmotic potential –0.6 MPa, 
and the modest osmotic potential was –1.2 MPa for studied taxa. Seedlings of germinated at two control and 
osmotic potential –0.6 MPa (as an acceptable threshold value for germination) treatments were sowed in a 
field under rainfed conditions. Genetic differentiation of control plants (CP) versus early selected plants (ESP, 
germinated at osmotic potential –0.6 MPa) was studied using morphological, physiological, and molecular 
(ISSR) markers. No significant differences were observed between morphological traits of CP and ESP in all 
species, however, days to full flowering shortened in ESP. The physiological results demonstrate that under 
rainfed conditions, the ESP, in a quick response, collect osmolytes and amplify the activity of antioxidative 
enzymes to survive drought. The genetic relationship in the group of genotypes, that ISSR marker set it out, is 
affiliated to taxon even though AMOVA showed a partial differentiation between CP and ESP groups (21%). 
It was concluded that the selection of tolerating individuals at the seedling stage represents a likely positive 
strategy to have higher drought tolerance feature in plants under rainfed conditions. 
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Introduction

Arid and semi-arid zones constitute more than 82% of 
Iran’s territory and its various regions struggle with 
water shortage and drought (Emadodin et al., 2019). 
Plant growth and crop productivity are affected by water 
constraints as one of the main environmental problems. To 

face the problem, the selection of drought-tolerant species 
and varieties seems the favorable economic approach to 
help exploitation and rehabilitation of mentioned regions 
(Lobell et al., 2014). 

Achillea and Anthemis are the important genera of 
the Asteraceae family and individual species grow wild 
in different parts of Iran (Ghani et al., 2009). Due to 
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over-collection, essentially in the flowering period, land 
conversion, and also land degradation, the Achillea, and 
Anthemis species are now considered at risk for local 
extinction, which in turn affects financial income and 
subsequently livelihood of the local human population. 
Many healers recognized that recently the species become 
very scarce and to ensure the sustainable utilization to meet 
the growing demand of these wild species, it has become 
necessary to develop rapid methods of their commercial 
cultivation (Salehi Shanjani et al., 2014) as well as the 
selection of drought-tolerant species and varieties (Fahad 
et al., 2017).

There are various methods to screen plant genotypes 
at the seedling stage to determine their drought tolerance 
(Suzuki et al., 2014). Bilal et al. (2015) suggested root 
to shoot ratio as well as relative water content as their 
selection criteria in wheat regarding drought tolerance. 
Almeselmani et al. (2011) preferred relative water content 
(RWC) as a good criterion for the selection of drought-
tolerant wheat varieties at the seedling stage. RWC in 
terms of its relationship with the volume of a cell can 
correctly show the balance between water absorbed by 
the plant and disbursed through transpiration (Arjenaki 
et al., 2012). Datta et al. (2011) applied both normal and 
water-deficient conditions to wheat genotypes and noticed 
that genotypes with “optimum RWC and root and shoot 
length” performed better under environments which means 
they were considered drought-tolerant genotypes. With the 
presence of an additive gene effect across environments, 
survived seedlings at drought conditions may express 
moderate-to-high viability (Ahmed et al., 2019). 

The experiment herein was directed to evaluate the 
early selection effect of eight species of Achillea (A. 
millefolium, A. fillipendulla, A. biebersteinii, A. nobilis, 
A. eriophora), Matricaria (M. ricotita), and Anthemis (An. 
haussknechtii and An. tinctoria) regarding their genetic 
potential to drought tolerance at rainfed conditions, to 
define the differences between control and early selected 
(by osmotic potential –0.6 MPa treatment) plants using 
morphological, physiological and molecular (ISSR) 
markers. This will contribute a clear perspective on 
drought tolerance in dryland farming areas in semiarid and 
rainfed regions.

Materials and methods

Seed materials of eight species of Achillea (A. millefolium, 
A. fillipendulla, A. biebersteinii, A. nobilis, A. eriophora), 
Matricaria (M. ricotita), and Anthemis (An. haussknechtii 
and An. tinctoria) were provided by the Natural Resources 
Gene Bank of Iran. 

Germination assays were performed by evenly 
distributing the seeds in a 10 cm diameter sterile Petri 
dish and to mimic drought stress, two layers of filter 
paper saturated with 8 ml of treatment were used (Li et 
al., 2013). Polyethylene glycol-6000 (PEG 6000) at five 
concentrations (0, 5, 10, 15, and 20%) used to generate five 
osmotic potential levels (0, –0.3, –0.6, –0.9, and –1.2 MPa, 

respectively); 0 osmotic potential served as the control. 
Five replicates of 50 seeds of each osmotic potential were 
used to assess the germination percentage. 

Germinated seedlings at two control and osmotic 
potential –0.6 MPa (as a threshold value for the favorable 
germination) treatments were sowed and the following 
traits were analyzed: plant height (cm), stem diameter 
(mm), leaf length (cm), leaf width (cm), leaf length to 
width ratio, number of flowering stems, capitulate no., 
inflorescence diameter (cm), inflorescence length (cm), 
inflorescence width (cm), inflorescence length to width 
ratio, fresh weight (g), dry weight (g) and days to flowering 
(50%). 

In this study relative water content (RWC %, Yamasaki 
et al., 1999), dry matter percentage (DM %, Yamasaki et 
al., 1999), soluble proteins (µg g–1 DW, Bradford, 1976), 
proline content (mg g–1 DW, Bates et al., 1973), soluble 
sugar (mg g–1 DW, Yemm and Willis, 1954), peroxidases 
activity (Abs.min–1 g–1 DW, Fu and Huang, 2001), 
polyphenol oxidases activity (Abs.min–1 g–1 DW, Fu and 
Huang, 2001), chlorophyll a (mg g–1 DW, Lichtenthaler, 
1987), chlorophyll b (mg g–1 DW, Lichtenthaler, 1987), 
carotenoids (mg g–1 DW, Lichtenthaler, 1987) were 
analyzed in eight Achillea, Matricaria and Anthemis 
species. Plant materials were collected from the youngest 
fully expanded leaves in five replicates of both control 
plants (CP) and early selected plants (ESP, germinated at 
osmotic potential –0.6 MPa) during midday in the research 
field.

In total, 160 samples from both CP and ESP in 
eight Achillea, Matricaria, and Anthemis species were 
analyzed. Polymerase chain reaction (PCR) was conducted 
according to Zietkiewicz et al. (1994). 15 ISSR primers 
were initially screened but only six primers were used in 
the analysis (Table 1). The clear and reproducible banding 
patterns generated were used to evaluate genetic variation. 
The reaction conditions were optimised and mixtures were 
composed of 20 ng of DNA, 10× buffer (20 mM Tris-
HCl pH 8.4; 50 mM KCl), 1 U TaqDNA polymerase, 2 
mM MgCl2, 0.2 mM dNTP, and 0.8 μM primer. The PCR 
amplification protocol includes one cycle for 5 min at 94 
°C and then is followed by 42 cycles for 30 sec at 94 °C, 
1 min at 51–53 °C (Table 1), 1 min at 72 °C and 5 min 
for final extension at 72 °C. Amplification productions (10 
µL) are mixed with 5 µL bromophenol blue separated on 
1.5% agarose gel and marked with 5 µL of SYBR Green 
and then photographed.

Data analysis

To determine differences among species and treatments for 
each variable, all data were subjected to the two-way analysis 
of variance (ANOVA) with species and drought treatments 
as factors. Using Duncan’s test at P < 0.01 level showed 
significant differences between means. The normality of 
data was tested by the Kolmogorov-Smirnov test. Where 
necessary, data were transformed to match the assumptions 
of ANOVA. Statistical tests were performed with Minitab 16.
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Table 1. List of primers and their nucleotide sequences, annealing temperature, number of observed bands, and the percentage 
of polymorphism produced by ISSR markers 

Nb, number of bands; P %, percentage of polymorphic bands.
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Table 1. List of primers and their nucleotide sequences, annealing temperature, number of observed bands, 
and the percentage of polymorphism produced by ISSR markers  

 

 Primer code Sequence 5'–3' Annealing 
temperature (°C) Nb P % 

ISSR 7 CACACACACACAGT 53 10 40 

ISSR 3 CTCTCTCTCTCTCTCTTG 53 10 22.50 

ISSR 19 AGAGAGAGAGAGAGGT 52 6 43 

P 26 CCACTCTCTCTCTCTCTCT 51 19 37.50 

P 5 ACACACACACACACACG 52 6 33.33 

P 12 GAGAGAGAGAGAGAGAT 52 8   4 

 
Nb, number of bands; P %, percentage of polymorphic bands. 

 
 

  
Considering binary data, amplification reactions 

from all individuals were scored and then GENALEX 
6.5 software was used to calculate genetic variation 
statistics (Peakall & Smouse 2006). The number of 
observed and private bands (number of bands unique 
to a single population), mean number of alleles (Na), 
expected heterozygosity (He), and percentage of 
polymorphic loci (P %) were evaluated according to Nei 
(1978). According to Nei’s method (1978), the genetic 
distances were calculated and the distance matrix was 
subjected to principal coordinate analysis (PCoA) 
(Monfared et al. 2018). The SIMJACARD code of 
the software package NTSYS-pc: 2.11 was used to 
estimate pairwise genetic similarity (Rohlf, 2004). A 
similarity matrix based on the unweighted pair group 
method and arithmetic means (UPGMA) was generated 
using Jaccard’s similarities and SHAN of NTSYS-pc 
to construct the dendrogram of all the 160 genotypes. 
Cophenetic matrices were calculated for characterising 
the correlations between the dendrograms and similarity 
matrices.

Results

Analysis of variance of germination parameters data 
showed highly significant differences among species, 

treatments, and the interaction between species and 
treatment (Table 2). Mean estimate of almost all seedling 
traits of A. millefolium, A. fillipendulla, A. biebersteinii, 
A. nobilis, A. eriophora, M. ricotita, An. haussknechtii, 
An. tinctoria decreased under osmotic potential simulated 
by PEG (Table 3). The seed germination was more often 
and strenuously under control and osmotic potential –0.3 
MPa than PEG –0.6 and –0.9 MPa. At osmotic potential 
–0.6 MPa, a notable decline in the germination percentage 
was recorded that indicated osmotic potential –0.6 MPa is 
considered a threshold value for the favorable germination 
of Achillea, Matricaria, and Anthemis seeds. Conversely, 
no seeds germinated at the osmotic potential –1.2 MPa, 
which indicated that osmotic potential –1.2 MPa is the 
lowest osmotic potential for Achillea, Matricaria, and 
Anthemis germination. Root to shoot length ratio for tested 
species varied significantly, under different levels of water 
deficit (Fig. 1). 

Seedlings of germinated at two control and osmotic 
potential –0.6 MPa (as a threshold value for the favorable 
germination) treatments were sowed in a field under 
rainfed conditions. Analysis of variance of the growth 
characteristics data showed highly significant differences 
among species (Table 4). However, the  drought 
treatment  in genotypes has a  significant  effect on plant 
height, stem number, leaf length, and leaf length to width 
ratio, capitule number, inflorescence length and width. The 

 
 

 

      Table 2. Analysis variance of germination parameters 

SOV d.f. 
Germination 
% 

Germination 
rate 

Seed vigor 
index 

Seedling dry 
weight 
(g) 

Shoot 
length 
(mm) 

Root 
length 
(mm) 

Root to 
shoot 
ratio 

Species   7   7,055.23** 399.186** 268.81** 0.00000078* 58.54** 370.24**   1.65** 
Treat   3 10,440.00** 880.48** 744.297** 0.000013** 64.03** 105.49**   2.278** 
Species × 
treat 21      134.98**   32.90**   35.52** 0.0000122** 11.12**   49.38**  0.5625** 

Error 64        36.66     3.38*     7.284 0.00000033   4.56   20.65   0.3164 
CV%         11.00   18.18   20.64 27.84 22.89   28.31 32.19 

 
      *, ** significant at 0.05 and 0.01 levels, respectively; SOV, source of variation; d.f., degrees of freedom. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 2. Analysis variance of germination parameters

*, ** significant at 0.05 and 0.01 levels, respectively; SOV, source of variation; d.f., degrees of freedom.



83

Table 3. The effect of different osmotic potential levels (0, –0.3, –0.6, and –0.9 MPa) on the germination  parameters of the 
studied species

 
 

 

 
   Table 3. The effect of different osmotic potential levels (0, –0.3, –0.6, and –0.9 MPa) on the germination parameters of the studied 
   species 
 

Species  Treat  Germination 
% 

Germination 
rate 

Seed vigor 
index 

Seedling dry 
weight 
(g) 

Shoot 
length 
(mm) 

Root length 
(mm) 

A. millefolium 

  0 92a 22.69a 25.72a 0.029a 11.7a 17.8a 
–0.3 82b 18.16b 22.2b 0.025b   9.3b 16.8ab 
–0.6 41c 11.11c 15.78c 0.019c   8.7bc 16.3ab 
–0.9 20.5d   5.5d   9.37d 0.015d   6.7c 15.9ab 

        

A. fillipendulla 

  0 98a 19.7a 25.57a 0.096a   9.1a 22.1a 
–0.3 83b 14.83b 20.94b 0.032b   8.9ab 17.73b 
–0.6 43c   8.45c 12.91c 0.02c   8.73ab 14bc 
–0.9 22d   3.87d 11.54c 0.013c   7.57b 12.3c 

        

A. biebersteinii 

  0 94a 22.47a 24.23a 0.077a   7.69a 19.44a 
–0.3 89b 17.76b 19.85b 0.027b   7.53a 14b 
–0.6 46c   9.09c 13.58c 0.011c   6.27b 13.33b 
–0.9 23d   4.62d   7.3d 0.008c   5.93b   9.22c 

        

A. nobilis 

  0 89a 23.02a 20.78a 0.031a   8.15a 19.02a 
–0.3 83b 18.11b 20.63a 0.021b   7.93a 18.56ab 
–0.6 46c   9.77c 17.81b 0.015c   7.93a 15.44b 
–0.9 22d   5.43d 11.43c 0.009d   6.53b 15.33b 

        

A.eriophora 

  0 81a 16.81a 20.44a 0.119a 10.07a 15.47ab 
–0.3 72b   7.6b 16.37b 0.029b   8.73b 17.6a 
–0.6 33c   4.47c   8.41c 0.021b   6.67c 13.07b 
–0.9 20d   1.43d   2.6d 0.011c   6.75c   6.23c 

        

An. haussknechtii 

  0 36a   3.79a  11.76a 0.028a 15.68a 23.56a 
–0.3 22b   1.57b    8.16b 0.021b 13.07ab 18.66b 
–0.6   9c   0.57c    2.79c 0.020b 10.26b 16.96b 
–0.9   3.5d   0.19d    0.66d 0.011c   8.44c 10.11c 

        

An. tinctoria 

  0 32a   2.98a  15.15a 0.024a 17.6a 29.73a 
–0.3 26b   1.49b    5.37b 0.012b 12.39b 21.63b 
–0.6   8c   0.77c    2.71c 0.02c 11.33b 22.5b 
–0.9   6c   0.39c    1.31c 0.02c   7.33c 16.83c 

        

M. ricotita 

  0 86a 18.285a  21.34a 0.033a 12.13a 22.465a 
–0.3 78.4b  17.815b  22.27a 0.025b 10.9b 17.6b 
–0.6 32c 10.67c  16.45b 0.021c   9.6b 16.7b 
–0.9 22d   5.67d  10.97c 0.012d   7.43c 16.035b 

interaction between species and treatments was significant 
in leaf length to width ratio, inflorescence length, and 
inflorescence length to width ratio (Table 4). Comparison 
of the average evaluated traits using Duncan’s test showed 
the amount of most traits was not significantly different 
between CP and ESP of each Achillea, Matricaria and 

Anthemis species (Table 5). The exceptional trait was days 
to full flowering (50%) that was shortened in ESP in all 
species. 

Analysis of variance of different physiological 
traits of genotypes in the field under rainfed conditions 
showed highly significant differences among species 
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Fig. 1. The effect of different osmotic potential levels (0, –0.3, –0.6, and –0.9 MPa) on the root to shoot length ratio of studied 
species.
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Fig. 1. The effect of different osmotic potential levels (0, –0.3, –0.6, and –0.9 MPa) on the root to shoot length ratio of studied species. 

 

 

Fig. 2. Scatter diagram based on ISSR marker for the control (with suffix C) and early selected (germinated at osmotic potential –0.6 
MPa, with suffix S) genotypes of studied species. 
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except for RWC % and soluble proteins (Table 6). DM 
%, soluble protein, soluble sugar, proline content, and 
amount of chlorophyll a, chlorophyll b, and carotenoids 
were significantly different in treatments. The interaction 
between species and treatments were significant in proline 
content, and amount of chlorophyll a, chlorophyll b, and 
carotenoids (Table 6). Mean comparison of different 
physiological traits between CP versus ESP in a field 
under rainfed conditions indicated a significantly higher 
amount of total soluble proteins, soluble sugars, proline 
content (except A. fillipendulla), and DM % (except 
A. millefolium) in ESP almost in all species (Table 7). 
However, differences in enzyme activity in CP versus 
ESP were not the same in the studied species. Peroxidase 
activity was significantly lower in ESP of Achillea species 
(A. millefolium, A. fillipendulla, A. biebersteinii, and A. 
nobilis), however in A. eriophora, An. haussknechtii and 
An. tinctoria was higher. No significant differentiation was 
found in polyphenol oxidases activity in CP and ESP of 
studied species. The amount of RWC was not different 
in CP and ESP of the species except An. tinctoria that 
was higher in CP plants. The amount of chlorophyll a, 
chlorophyll b, and carotenoids was significantly higher 
in ESP of Anthemis species, however, the amount of the 
pigments did not follow a similar trend in Achillea and 
Matricaria species (Table 7).

Of the 15 ISSR primers analyzed in this study, six 
showed polymorphism (Table 8). The range number of 
polymorphic fragments was from 6 to 19, with an average 
of 10.2 per primer. Genetic variation statistics from 
across all analyzed species are presented in Table 8. In 
the pooled samples of An. haussknechtii (47%) high band 

polymorphism was discovered. Comparing the eight taxa, 
An. haussknechtii (18.4%) showed higher genetic diversity 
statistics (He). Of five Achillea species, A. millefolium 
showed higher He (12.6%). Results showed no trend in 
the genetic diversity of CP versus ESP (Table 8). In other 
words, the selection of germinated seeds under treatment 
PEG –0.6 MPa did not reduce the diversity parameters of 
the analyzed ISSR markers.

To interpret relationships among the genotypes of 
different species, results of principal component analyses 
(PCoA) using the ISSR data are presented in Fig. 2. A 
total of 84% variation was assigned to the first three 
components of PCoA. The first principal coordinate 
accounted for 61 % of the total variation and the Achillea 
species was separated from the Anthemis and Matricaria 
species (Fig. 2). Anthemis and Matricaria species were 
partially distinguished from each other across the second 
PCoA, which explained 13% of the total variation. The 
CP and ESP of studied species were partially separated. 
Results of the AMOVA indicated that 28% of the genetic 
variation occurred between species, 21% between CP and 
ESP groups, and most of the variation occurred within CP 
and ESP groups. 

Discussion

The lack of adequate moisture leading to water stress is 
a common occurrence in rainfed areas, brought about by 
infrequent rains and poor irrigation that may prevent plants 
from performing their maximum potential performance and 
can threaten their survival (Wang et al., 2005). The plant 



85

Ta
bl

e 
4.

 A
na

ly
si

s v
ar

ia
nc

e 
of

 g
ro

w
th

 c
ha

ra
ct

er
is

tic
s

  
 Ta

bl
e 

4.
 A

na
ly

si
s v

ar
ia

nc
e 

of
 g

ro
w

th
 c

ha
ra

ct
er

is
tic

s 
 

SO
V

 
d.

f. 

Plant height 
(cm) 

Stem diameter 
(mm) 

Leaf length 
(cm) 

Leaf width 
(cm) 

Leaf length 
to width ratio 

No. flowering stem 

Capitule no. 

Inflorescence length 
(cm) 

Inflorescence width 
(cm) 

Inflorescence length 
to width ratio 

Fresh weight 
(g) 

Dry weight 
(g) 

Sp
ec

ie
s 

 7
 

2,
88

9.
31

**
 

  4
.9

59
**

 
59

1.
61

7*
* 

 2
0.

59
**

 
14

.8
5*

* 
14

7.
5*

* 
1,

60
4.

5*
 

   
1.

81
**

 
  1

.8
92

6*
 

  0
.1

69
3*

 
10

,0
73

.1
**

 
  6

04
.2

**
 

Tr
ea

t 
 1

 
   

80
3.

08
**

 
  5

.8
50

**
 

10
3.

23
4*

* 
0.

23
 

 5
.6

26
* 

13
.4

0 
3,

21
2.

1*
 

   
7.

12
**

 
14

.8
66

**
 

  0
.0

28
7 

1,
96

0.
11

 
21

9.
62

 
Sp

ec
ie

s ×
 tr

ea
t 

 7
 

  9
2.

25
 

  0
.1

81
 

  1
9.

67
 

0.
42

 
 3

.8
48

* 
  2

.4
3 

   
56

9.
08

 
   

3.
23

6*
* 

   
0.

60
 

  0
.2

44
**

 
15

.0
61

90
 

  6
5.

03
 

Er
ro

r 
92

 
   

 7
3.

12
9 

  0
.3

97
3 

  1
4.

63
 

  0
.9

47
 

1.
41

2 
   

 7
.2

02
 

   
57

6.
66

 
   

0.
38

9 
   

0.
62

5 
  0

.0
51

1 
1,

22
8.

03
 

10
2.

49
 

C
V

 %
 

 
27

.5
9 

26
.4

8 
  2

8.
95

 
  3

0.
84

 
28

.9
3 

43
.7

5 
   

  2
9.

48
 

 2
1.

9 
 1

9.
56

 
30

.9
6 

   
  3

5.
12

 
  4

6.
69

 
 

*,
 *

* 
si

gn
ifi

ca
nt

 a
t 0

.0
5 

an
d 

0.
01

 le
ve

ls
, r

es
pe

ct
iv

el
y;

 S
O

V
, s

ou
rc

e 
of

 v
ar

ia
tio

n;
 d

.f.
: d

eg
re

es
 o

f f
re

ed
om

. 
  

 

*,
 *

* 
si

gn
ifi

ca
nt

 a
t 0

.0
5 

an
d 

0.
01

 le
ve

ls
, r

es
pe

ct
iv

el
y;

 S
O

V,
 so

ur
ce

 o
f v

ar
ia

tio
n;

 d
.f.

, d
eg

re
es

 o
f f

re
ed

om
.

genotypes with the best performance under water stress 
environments could increase the production of rainfed 
areas (Ahmed et al., 2017). The selection at the seedling 
stage is one of the common methods for the creation of 
drought-tolerant genotypes. Survived seedlings at drought 
conditions may expose moderate-to-high viability with an 
additive gene effect across environments (Ahmed et al., 
2019). For the selection of drought-tolerant genotypes at 
the seedling stage, it is essential to primarily understand 
the response of seedlings in water-deficient conditions.

The expression of mean performance almost for 
all seedling traits of A. millefolium, A. fillipendulla, A. 
biebersteinii, A. nobilis, A. eriophora, M. ricotita, An. 
haussknechtii, An. tinctoria decreased under osmotic 
potential simulated by PEG. A reducing pattern in 
germination parameters was reported in Achillea (A. 
eriophora, A. millefolium, A. filipendula, A. nobilis, A. 
wilhelmsii and A. biebersteinii), Matricaria, and Anthemis 
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4.43a 

0.59a 
 58.80a 

15.88a 
112.00 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

A. fillipendulla 
C

P 
46.33a 

3.17a 
23.33a 

5.29a 
4.41a 

2.00a 
115.00a 

 
3.20a 

5.17a 
0.62a 

 40.50a 
14.19a 

147.00 
ESP 

46.18a 
3.41a 

23.18a 
5.53a 

4.19a 
2.24a 

114.85a 
 

3.44a 
5.02a 

0.69a 
 40.35a 

14.43a 
130.00 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

A. biebersteinii 
C

P 
27.78a 

2.89a 
15.92a 

2.72a 
5.85a 

1.67a 
 92.33a 

 
4.14a 

5.08a 
0.82a 

 19.33a 
 6.06a 

151.00 
ESP 

28.00a 
2.75a 

16.14a 
2.58a 

6.25a 
1.53a 

 92.55a 
 

4.00a 
5.30a 

0.76a 
19.55a 

 5.92a 
130.00 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

A. nobilis 
C

P 
42.00a 

3.33a 
18.97a 

3.97a 
4.78a 

2.44a 
 81.89a 

 
2.54a 

4.01a 
0.63a 

 28.61a 
 9.33a 

131.00 
ESP 

41.79a 
3.66a 

18.76a 
4.30a 

4.36a 
2.77a 

 81.68a 
 

2.87a 
3.80a 

0.76a 
 28.40a 

 9.66a 
110.00 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

A. eriophora 
C

P 
30.00a 

2.67a 
15.00a 

3.83a 
3.91a 

3.33a 
 72.00a 

 
3.03a 

4.27a 
0.71a 

 16.67a 
 6.23a 

133.00 
ESP 

30.21a 
2.50a 

15.22a 
3.66a 

4.15a 
3.16a 

 72.21a 
 

2.86a 
4.48a 

0.64a 
 16.88a 

 6.06a 
110.00 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

M
. ricotita 

C
P 

46.17a 
3.00a 

 5.62a 
2.76a 

2.04a 
13.00a 

 
4.83a 

 
 

 
124.25a 

28.33a 
107.00 

ESP 
46.35a 

2.88a 
 5.80a 

2.64a 
2.20a 

12.88a 
 

4.88a 
 

 
 

124.43a 
28.21a 

 90.00 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

An. haussknechtii 
C

P 
 9.89a 

1.56a 
 4.48a 

1.38a 
3.24a 

3.33a 
 

2.57a 
 

 
 

 15.83a 
 3.00a 

 91.00 
ESP 

 9.70a 
1.79a 

 4.29a 
1.61a 

2.66a 
3.56a 

 
2.58a 

 
 

 
 15.64a 

 3.23a 
 80.00 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

An. tinctoria 
C

P 
22.67a 

2.00a 
 5.75a 

2.08a 
2.76a 

1.67a 
 

4.17a 
 

 
 

 27.33a 
 6.00a 

135.00 

ESP 
22.88a 

1.84a 
 5.96a 

1.92a 
3.10a 

1.51a 
 

4.28a 
 

 
 

 27.54a 
 5.84a 

117.00 
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      Table 6. Analysis variance of different physiological characteristics 
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Species 7 253.69**   2.37** 39.37   85.15**      60.47   2,308.38** 143,070.20**     0.035**      0.057**   0.0072** 
Treat 1      0.211   0.599 34.97 317.03** 1,129.1** 12,258.08** 615,163.33**     0.267**      0.270**   0.1208** 
Species 
× treat 7    76.46   0.612 13.85   19.89      55.47      986.00   38,789.53*     0.022*      0.0147*   0.0066** 

Error 128    31.21   0.571 23.45   16.17      56.41      822.66   30,695.77     0.00443      0.0073   0.00188 
CV %     31.99 13.26   6.52   20.24      37.3        33.94          36.66     8.25    23.5 11.45 

       
      *, ** significant at 0.05 and 0.01 levels, respectively; SOV, source of variation; d.f., degrees of freedom. 
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Table 7. Mean comparison of different physiological characteristics of the control (CP) and early selected (ESP) plants of studied species 
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A. millefolium 
CP 19.53a 6.07a 75.19a 20.65a 14.98b 32.54b  80.44b 0.78a 0.32a 0.36a 
ESP 14.97b 5.81a 77.54a  21.7a 23.9a 47.12a 296.28a 0.83a 0.37a 0.40a 

            

A. fillipendulla 
CP 12.78a 4.62a 75.27a 20.57b 13.50b 40.43b 100.06a 0.85a 0.48a 0.39a 
ESP   9.99b 5.29a 76.25a 23.06a 25.82a 50.3a 101.6a 0.87a 0.49a 0.41a 

            

A. biebersteinii 
CP 15.02a      5.8567a 73.21a 19.902b 22.38b 29.25b 21.2b 0.78b 0.31b 0.35a 
ESP   11.722b      5.6117a 74.41a 22.885a 25.17a 72.45a 162.49a 0.87a 0.42a 0.42a 

            

A. nobilis 
CP 17.38a 5.96a 73.35a 19.13b 20.34b 31.8b 164.24b 0.78b 0.30b 0.35a 
ESP 13.40b 5.99a 74.73a 22.14a 23.88a 41.28a 434.9a 0.84a 0.41a 0.39a 

            

A. eriophora 
CP   11.505b 5.54a 72.94a 19.877b 21.09b 22.09b 123.83b 0.81a 0.35a 0.35a 
ESP 14.97a 4.68a 76.9a  22.78a 25.84a 33.16a 325.55a 0.86a 0.39a 0.42a 

            

M. ricotita 
CP 16.32a   6.085a 71.54a 15.74b 18.77b 46.52b   47.07b 0.79a 0.32b 0.36a 
ESP 17.82a 5.78a 73.92a 19.57a 23.62a 90.1a 228.31a 0.84a 0.44a 0.39a 

            

An. 
haussknechtii 

CP 5.7b 5.90a 73.13a 12.46b 21.52b 37.99b  29.2b 0.65b 0.21b 0.29b 
ESP 11.26a 5.66a 74.22a 19.90a 24.58a 55.81a   86.16a 0.85a 0.40a 0.41a 

            

An. tinctoria 
CP 4.06b 5.37a 73.45a 17.94b 14.46b 23.39b 22.19b 0.57b 0.20b 0.26b 
ESP 7.49a 5.43a 68.81b 20.43a 23.72a 36.77a 107.43a 0.81a 0.336a 0.38a 

 

 

  

Table 6. Analysis variance of different physiological characteristics

*, ** significant at 0.05 and 0.01 levels, respectively; SOV, source of variation; d.f., degrees of freedom.

Table 7. Mean comparison of different physiological characteristics of the control (CP) and early selected (ESP) plants of 
studied species
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Na, mean number of alleles; Np, number of private 
alleles; He, expected heterozygosity; P %, percentage of 
polymorphic loci.

21 
 

Table 8. Genetic variation statistics revealed through ISSR 
marker comparing the control plants (CP) and early selected 
plants (ESP), and pooled of studied species 
 
Species CP/ESP Na Np He P % 

A. millefolium 

CP 17 0 0.077 19.61 
ESP 22 0 0.118 33.33 

 pooled 26 0 0.126 43.14 

      

A. fillipendulla 

CP 9 0 0.057 13.73 
ESP 17 1 0.065 15.69 

 pooled 17 1 0.111 29.41 

      

A. biebersteinii 

CP 19 1 0.078 23.53 
ESP 18 1 0.085 23.53 

 pooled 26 2 0.107 41.18 

      

A. nobilis 

CP 19 0 0.101 27.45 
ESP 19 1 0.108 27.45 

 pooled 25 1 0.121 41.18 

      

A. eriophora 

CP 11 0 0.027 11.13 
ESP 16 2 0.027 12.94 

 pooled 20 2 0.106 25.49 

      

M. ricotita 

CP 28 0 0.032 7.84 
ESP 28 0 0.081 19.61 

 pooled 32 1 0.139 33.33 

      
An. 
haussknechtii 

CP 33 0 0.116 31.37 
ESP 28 0 0.120 31.37 

 pooled 33 0 0.184 47.06 

      
An. tinctoria CP 

ESP 
pooled 

18 
29 
29 

0 
0 
0 

0.028 
0.029 
0.089 

13.53 
13.53 
21.57  

 
Na, mean number of alleles; Np, number of private alleles; 
He, expected heterozygosity; P %, percentage of polymorphic loci. 

 

  

Table 8. Genetic variation statistics revealed through ISSR 
marker comparing the control plants (CP) and early selected 
plants (ESP), and pooled of studied species

correlates with early maturity. Early flowering plants are 
advantageous compared to plants with a later flowering 
time and longer vegetative periods (Bodner et al., 2015). 

To cope with the challenges caused by abiotic 
stresses, plants have developed several strategies. One 
of these defense mechanisms against osmotic stress 
is to collect organic osmolytes (such as proline and 
soluble sugars) in the cytoplasm to maintain the plant 
water potential during drought stress conditions. Results 
of the physiological traits in CP versus ESP in a field 
under rainfed conditions indicated a significantly higher 
amount of soluble sugars and proline content in ESP in 

almost all species (except A. fillipendulla). As observed 
in A. vermicularis, A. eriophora, A. tenuifolia (Salehi 
Shanjani et al., 2015; Mohammadpour et al., 2015), An. 
tinctoria, Tripleurospermum servanes, M. recutita and 
Tanacetum parthenium (Salehi Shanjani et al., 2020), 
Kochia sieversiana (Yang et al., 2007), and in Zea mays 
(Badr et al., 2020), the proline and soluble sugar content 
increased with increasing stress. Effects of drought stress 
on proline accumulation among several crops implied that 
the rate of its accumulation and utilization was remarkably 
higher in the drought-tolerant cultivar. Proline is a highly 
water-soluble amino acid that is accumulated in leaves of 
many plant species grown in arid environments. Proline 
functions as a protection for membranes and proteins 
against the adverse effects of drought, high concentration 
of inorganic ions, and temperature extremes. Besides, it 
is applicable as a protein-compatible hydrotrope and a 
hydroxyl radical scavenger (Hayat et al., 2012). The higher 
amount of proline and soluble sugar in the ESP suggested 
that the plants were more efficient than CP in dealing with 
drought conditions. 

Results of the present study indicated that the amount 
of chlorophyll a, chlorophyll b, and carotenoids were 
significantly higher in ESP of A. biebersteinii, A. nobilis, 
An. haussknechtii and An. tinctoria species. The effects 
of drought on chlorophyll and carotenoid contents were 
inspected in several medicinal plants; in A. vermicularis 
and A. tenuifolia amount of carotenoid content increased 
but the amount of chlorophyll content decreased 
(Mohammadpour et al., 2015; Salehi Shanjani et al., 
2014). Chlorophyll maintenance plays the main role in 
photosynthesis in water-deficient conditions. Carotenoids 
are essential in scavenging singlet oxygen; hence, their 
comparative amount in a plant determines its relative 
tolerance. With increasing the drought level, these pigments 
were reduced, and the varieties which showed maximum 
chlorophyll amounts in water-deficient conditions were 
considered drought-tolerant (Kapoor et al., 2020).

A possible approach for variety development is to 
assess the genetic diversity of germplasm, which can 
provide a platform for the selection of superior genotypes 
as parents in programs of crop improvement breeding 
(Nachimuthu et al., 2015). The focus of the study was 
to compare the genetic variation of CP and ESP groups 
since domestication or artificial selection only supports 
a few alleles that result in a higher frequency of selected 
alleles. Therefore, in comparison with the diversity in 
wild, domestication reduces genetic diversity (Bhandari 
et al., 2017). Still, average levels of genetic variation 
within the CP or ESP groups of the studied species are not 
significantly different. Results of the current study signified 
added genetic variation within CP and ESP groups (51%) 
than between the groups (21%) or between studied species 
(28%). The genetic correlation among the genotypes is 
related to taxon even though AMOVA showed a partial 
differentiation between CP and ESP (21%). The present 
findings are compatible with previous studies on Anthemis, 
Achillea, and Matricaria species which showed more 
genetic variation within populations than between species 
(Gharibi et al., 2011; Farajpour et al., 2012; Ebrahimi 
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Fig. 2. Scatter diagram based on ISSR marker for the control (with suffix C) and early selected (germinated at osmotic 
potential –0.6 MPa, with suffix S) genotypes of studied species.
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Fig. 1. The effect of different osmotic potential levels (0, –0.3, –0.6, and –0.9 MPa) on the root to shoot length ratio of studied species. 
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et al., 2012) and on other species that are characterized 
by high genetic variation within populations (Godt and 
Hamrick, 2001). 

It was concluded that survived seedlings at drought 
conditions may expose moderate-to-high viability with an 
additive gene effect across environments. The selection 
of tolerating individuals at the seedling stage represents 
a possible promising strategy to obtain higher drought 
tolerance plants under rainfed conditions. This information 
could be utilized for designing an effective breeding 
strategy for developing a variety of higher producing yields 
under drought stress and usefully applicable in a program 
of yarrow and chamomile rehabilitation and reintroducing 
of Anthemis, Achillea, and Matricaria species.
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