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ABSTRACT 

 
Salinity and drought are two of the most 

important factors limiting global agricultural 
productivity. The aim of the study was to examine 
effects of salinity and drought on P. tanacetifolia 
genotypes. The seeds of three P. tanacetifolia 
genotypes were used as materials [Saglamtimur 
(A1), Stala (A2), Enton (A3)]. The seeds were 
germinated at room temperature with 12-h 
photoperiod and 12-h dark period to screen and 
evaluate the effects of sodium chloride (NaCl) and 
polyethylene glycol (PEG 6000) based drought on 
the seed germination process of the P. tanacetifolia. 
Three NaCl (0, 50, 100 mM)  and PEG 6000 (0, 
5%, 10%) doses were applied to the seeds. 
Germination energy (GE) and germination 
percentage (GP) were recorded on 3th and 8th day. 
Root length (cm), shoot length (cm), fresh weight 
(g), and dry weight (g) were measured on the 8th day 
by randomly selecting 15 seeds per replication. Also, 
promptness index (PI), germination stress tolerance 
index (GSTI) and simple vigour index (SVI) were 
calculated. All data obtained in the study were 
subjected to analysis of variance in accordance with 
the completely randomized design as triplicate. 
Salinity was affected more negatively than drought 
in all genotypes. Enton (A3) was inferred as more 
resistant genotype among all genotypes. 
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INTRODUCTION 

 
Salinity and drought are the very important en-

vironmental stress factors that suppress plant growth 
and yield in agricultural production [1]. Drought and 
salinity are rapidly increasing due to many malprac-
tices globally and currently affect more than 10 % of 
arable land World over, resulting in more than ̴ 50 % 
reduction in average yields of major crops [2]; [3]; 
[4]. It is estimated that the climate change due to 
greenhouse gasses could also lead to extreme 

changes in temperatures that may end up in inducing 
high drought in several areas around the World [5]. 
Besides drought, salinity is another major problem 
limiting the productivity of crops, which affects 
about 7% of the World arable lands [6]. 

Seed germination is the initial and the most crit-
ical stage in the plant life. Germination and seedling 
growth is decreased due to many factors including 
drought and salt stress that disrupt cell regulation and 
limit seedling growth [7]; [8]. Salinity, affect seed 
germination due to toxic effects of specific ions like 
Na, Cl, SO4 and inducing osmotic pressure which ob-
struct seed water uptake [9]. Salts around the roots 
have an instantaneous effect on cell growth and as-
sociated metabolisms [10]. In the seed germination 
stage, tolerance against drought is very crucial. 
Drought leads to weak seed germination and, some-
times damages to the crops. Generally, drought de-
creases nutrient uptake by the roots and transport 
from the roots to the shoots, due to restricted transpi-
ration and impaired active transport and membrane 
permeability [11]. Sodium chloride (NaCL) and pol-
yethylene glycol (PEG) are used in salt and drought 
stress study experiments by many researchers [12]; 
[13]; [14]. NaCl and PEG compounds have also been 
used to stimulate osmotic stress effects in Petri 
dishes, rolling papers (in vitro) for plants to maintain 
uniform water potential during the experimental pe-
riods [15]; [16].  

The Phacelia tanacetifolia Benth. is native to 
the United States and Mexico, and has North Amer-
ican origin. It is extensively used as cover crops [17]; 
[18] and has been listed among top 20 plants consid-
ered the most suitable for honey bee farming in Eu-
rope [19]; [20]. This study aims to screen three 3 
genotypes of P. tanacetifolia using drought and salt 
stress tolerance tests by testing their germination.    
 
 
MATERIALS AND METHODS 

 
Seed Material. The seeds of three P. tanaceti-

folia genotypes were used as materials. The seeds 
were obtained from the local market of Ankara, Tur-
key. The seeds were dry-stored in cloth bags at room 
temperature for further use. P. tanacetifolia geno-
types (Saglamtimur, Stala, Enton) were labeled as A1, 



© by PSP  Volume 30– No. 12/2021 pages 13306-13313                      Fresenius Environmental Bulletin 

13307 

 

A2, A3.  
 
Salt and Drought Stress Treatments. The 

seeds were germinated at room temperature with 12-
h photoperiod (cool white fluorescent lamps, 200 μ 
mol m-2 s-1, 400-700 nm) and 12-h dark period to 
screen and evaluate the effects of sodium chloride 
(NaCl) (Merck, Germany) and polyethylene glycol 
(PEG 6000) (Merck, Germany) based drought on the 
seed germination process of the P. tanacetifolia. 0 
(distilled water), %5 and 10% PEG 6000 and 0, 50, 
100 mM   NaCl are concentrations to screen the 
seeds. Salt treated and PEG 6000 treated seed groups 
were labeled as S0, S1, S2 and P0, P1, P2 in the same 
order. 
 

Germination Experiments. The seeds were 
first sterilized with 1% sodium hypochlorite solution 
for five minutes, then rinsed with distilled water be-
fore treating with respective NaCl and PEG 6000 
concentrations. The seeds in each treatment were 
sandwiched in equally distanced rows using moist 
germination papers (Anchor Corp, 5 × 10 cm). These 
sandwiched papers were rolled and put into the 
sealed polythene bags to avoid moisture loss. The 
Seeds were considered germinated with the emer-
gence of the radicle (≥ 2 mm). The germination ex-
periments were repeated three times with 25 seeds 
per treatment. 

Germination energy (GE) and germination per-
centage (GP) were recorded on 3th and 8th day. Root 
length (cm), shoot length (cm), fresh weight (g), and 
dry weight (g) were measured on the 8th day by ran-
domly selecting 15 seeds per replication. To calcu-
late the dry weight, the fresh shoots were dried for 
72 hours at 60 C° [21]. 

 
PI= nd1 (1.00) + nd3 (0.75) + nd5 (0.50) + nd7 

(0.25) 
GSTI (%) = [P.I of stressed seeds / P.I control 

seeds] x 100 
SVI= GP (%) × DW of Seedling 
 

Statistical Analysis. All data obtained in the 
study were subjected to analysis of variance in ac-
cordance with the completely randomized design as 
triplicate using JMP-12 [22], using a two factorial 
ANOVA (p≤0.05). The genotypes were considered 
as the main factor and the salt or drought treatments 
were considered as sub factor during analysis of var-
iance. Germination data were arcsine transformed 
before the analysis of variance. Simple correlation 
coefficients were calculated to evaluate the correla-
tion of the experimental parameters with the germi-
nation percentage. 

 
 

RESULTS 
 
Interactive Effects of Salinity Stress on Seed 

Germination of P. tanacetifolia genotypes. Two 
factorial ANOVA results showed that all parameters 
were affected by salt stress (p≤0.01, Table 1.) The 
highest germination percentage and germination en-
ergy of all genotypes were obtained under non-
stressed conditions (distilled water), and significant 
differences were observed under salt stress (S), gen-
otypes (A), and their interaction (S×A) [exp. from A 
for GP (p≤0.05), S×A for GP(ns)] (Table 1). Germi-
nation percentage and germination energy were de-
creased with the increasing salt stress. For all geno-
types, similar trends were found between germina-
tion percentage and germination energy. A1, A3 had 
maximum germination percentage and germination 
energy (%92.78and %36.11), in the same order (Ta-
ble 2.).  

Germinaton index (GRI) was affected by salt 
stress (p≤0.01), genotypes (p≤0.01), and their inter-
action (p≤0.05). GRI decreased among 0 mM to 100 
mM salt stress levels. GRI was greater under non-
stressed conditions (16.27). When the salt stress 
reached 100 mM, the GRI decreased (12.33). For all 
genotypes, GRI was noted between 13.25-14.56 (Ta-
ble 2). In addition, A3 had the highest and A2 had the 
lowest GRI (Figure 2.). 

 
TABLE 1  

The experimental results of the Two-factorial ANOVA for the effects of genotype (A), salinity (S), drought 
(P) on seed germination test of P. tanacetifolia 

Independent 
var�ables GE GP GRI RL SL FW DW GSTI PI SVI 

S 29.89** 14.89** 50.05** 31.32** 98.67** 90.43** 32.25** 188.52** 90.54** 75.51** 

A 7.32** 4.22* 6.75** 1.51 0.22 15.17** 29.15** 16.19** 6.12** 0.03 

S × A 7.64** 0.56 2.79* 1.73 2.08 0.39 4.54* 7.37** 2.00 0.93 

P 1.50 48.69** 14.35** 30.34** 98.75** 94.12** 32.25** 11.04** 29.56** 127.05** 

A 5.65* 3.00* 7.25** 1.38 0.16 15.87** 29.15** 1.20 6.55** 0.42 

P × A 0.23 1.15 0.61 1.71 2.01 0.42 4.54* 0.68 0.80 2.38 

(S: Salinity, P: PEG 6000, A: Fiddleneck genotypes, GE: Germination energy, GP: Germination percentage, GRI: Timson 
germination index, RL: Root length, SL: Shoot length, FW: Fresh weight, DW: Dry weight, GSTI: Germination stress tolerance 
index, PI: Promptness index, SVI: Simple vigour index, **factors are significant p ≤ 0.01, *factors are significant p ≤ 0.05). 
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TABLE 2 
Seed germination test parameters of P. tanacetifolia genotypes 

                                       Sal�n�ty 
Treatment GE(%) GP(%) GRI RL(cm) SL(cm) FW(g) DW(g) GSTI(%) PI SVI 

S0 40.00AA 96.11A 16.27A 4.51A 3.77A 0.341A 0.024A 100.00A 14.07A 358.51A 
S1 33.89AA 88.33A 13.70A 3.55A 2.32AB 0.269A 0.016A 84.60B 11.44AB 205.14AB 
S2 25.56AB 86.11A 12.33A 2.64B 1.60B 0.211AB 0.012B 75.82B 10.05B 137.20B 
A1 34.44A 92.78A 14.49A 3.32 2.49 0.297A 0.021A 90.83A 12.12A 235.10 
A2 28.89B 87.22A 13.25A 3.71 2.59 0.280A 0.021A 84.60A 11.24A 230.66 
A3 36.11A 90.56A 14.56A 3.67 2.55 0.244A 0.011B 75.81A 12.20A 235.09 

PEG 6000 
P0 27.22A 97.22A 14.97A 5.80A 4.86A 0.405A 0.033A 100.00A 13.67A 473.06A 
P1 24.44A 88.33AB 13.19A 4.83A 3.44AB 0.331AB 0.025A 89.57A 11.62A 304.13B 
P2 23.33A 81.11B 12.36A 3.95AB 2.72AB 0.274B 0.021B 84.06AB 10.64A 220.87B 
A1 20.56B 88.33A 12.64A 4.63 3.63 0.360A 0.030A 91.65 11.30A 328.03 
A2 26.67A 87.22A 13.36A 4.99 3.71 0342AB 0.030A 88.35 11.88A 328.86 
A3 27.78A 91.11A 14.52A 4.94 3.70 0.307B 0.020A 93.63 12.74A 341.2 

S: Salinity, P: PEG 6000, A: Fiddleneck genotypes Capital letters were used for comparison of stress levels and genotypes in 
subgroups (P<0.01) 

 
Root length and shoot length showed signifi-

cantly on different salt stress (p≤0.01), on genotypes 
and their interactions were not significant (Table 1.). 
Root length and shoot length decreased, with salt 
stress level up to 100 mM. Root length and shoot 
length were the longest under non-stressed condi-
tions (4.51cm, 3.77 cm). 100 mM salt stress level af-
fected negatively to root and shoot development. 
Also, the minimum root and shoot length were ob-
served under 100 mM (2.64cm and 1.60 cm). For all 
genotypes, root and shoot length were very close to 
each other (A2>A3>A1). Root and shoot lengths 
ranged 3.32-3.71 cm and 2.49-2.59 cm, respectively 
(Table 2, Figure 1.). A2 was the least affected geno-
type under different salt stress conditions. 

Fresh weight and dry weight were affected by 
salt stress (p≤0.01) and genotypes (p≤0.01). Unlike 
salt stress and genotype, their interaction was not 
significant except dry weight (p≤0.05) (Table 1). 
Fresh and dry weights ranged 0.211-0.341 g and 
0.012-0.024g, in the same direction (Table 2, Figure 
1.). When the salt stress level increased, fresh and 
dry weight decreased. The maximum fresh and dry 
weight was obtained under non-stressed conditions, 
while the minimum fresh and dry weights were de-
termined using 100 mM salt stress. The fresh weight 
and dry weight of the three genotypes lined 
A1>A2>A3 when the salt stress level gradually 
reached non-stress conditions (distilled water) to 100 
mM (Figure 1.). 

Germination stress tolerance index (GSTI), 
promptness index (PI), and simple vigour index (SVI) 
were affected by salt stress (p≤0.01). GSTI and PI 
were found to be significant by genotypes (p≤0.01) 
except SVI. Besides, GRI was affected by salt stress 
× genotypes interaction (p≤0.05), except PI and SVI 
(Table 1.). GSTI decreased when the salt stress was 
high levels (0 to 100 mM). GSTI was 
ranged %75.82-100.00 (Table 2.). The most tolerant 

genotype in accordance with salt stress levels is A1 
(90.83). A2, A3 was followed A1 (Figure 1.). Similar 
trends were determined in PI. PI were decreased by 
increasing salt stress level (0 to 100 mM). PI ranged 
10.05-14.07. PI of genotypes was very close to each 
other and noted among 11.24-12.20. A3 had highest 
PI in all genotypes (12.20). SVI sharply decreased 
by salt stress level reached between 0 to 100 mM. 
The most highest SVI was obtained under non-
stressed conditions (distilled water) (358.51). Simi-
lar to PI, SVI of genotypes results showed that SVI 
was very close to each other and ranged 230.66-
235.10 (Table 2, Figure 1.). 

 
Interactive Effects of Drought Stress and on 

Seed Germination of P. tanacetifolia genotype. 
Two factorial ANOVA results showed that all param-
eters analyzed were affected by drought (P) except 
for germination energy (p≤0.01, Table 1.) The high-
est germination percentage and germination energy 
of all genotypes was obtained under non-stressed 
conditions (distilled water), and significant differ-
ences were individually observed in drought (P), 
genotypes (A) (p≤0.05, Table 1.). Germination per-
centage and germination energy decreased with in-
creasing drought level using PEG 6000 (%81.11-
97.22 and %23.33-27.22). A3 had maximum germi-
nation percentage and germination energy in all gen-
otypes (%91.11 and %27.78) (Table 2, Figure 2.). 

Germination index (GRI) was affected by 
drought (p≤0.01), genotypes (p≤0.01) except their 
interaction (Table 1.). GRI decreased between 0% to 
10% PEG induced stress. GRI was greater under 
non-stressed conditions (14.97). When the drought 
stress increased (0 to 10% PEG), GRI decreased 
(14.97-12.36). For all genotypes, GRI was noted 
among 12.64-14.52 (Table 2.). In addition, A3 had the 
highest and A1 had the lowest GRI (Figure 2.). 
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FIGURE 1 

Effect of salt stress and genotypes on P. tanacetifolia  
 

 
FIGURE 2 

Effect of PEG 6000 and genotypes on P. tanacetifolia 
 
Root length and shoot length showed signifi-

cantly different affects by drought (p≤0.01), geno-
types and their interactions were not significant (Ta-
ble 1). Root length and shoot length decreased, when 
the drought level was up to 10%. Root length and 
shoot length were the longest under non-stressed 

conditions (5.80 cm and 4.86 cm). 10% PEG induced 
stress affected root and shoot length negatively. Also, 
the minimum root and shoot length were observed 
under 10% PEG induced stress (3.95 cm, 2.72 cm). 
Root and shoot length were very close to each other 
for all genotypes, similar to the salt stress stress  



© by PSP  Volume 30– No. 12/2021 pages 13306-13313                      Fresenius Environmental Bulletin 

13310 

 

TABLE 3  
Correlation coefficients of measured traits 

 Salt stress 
GP GE GRI AvRL AvSL AvFW AvDW PI GSTI SVI 

GP  -0.02 -0.38 -0.13 -0.47  0.28 -0.52  0.38  0.23  0.93 
GE -0.02   0.07  0.36  0.06 -0.02 -0.22 -0.07  0.39  0.01 
GRI -0.38  0.07  -0.34 -0.99 -0.48  0.12  0.99 -0.10  0.21 

AvRL -0.13  0.36 -0.34  -0.32 -0.13  0.13  0.34 -0.34 0.001 
AvSL -0.47  0.06 -0.99 -0.33  -0.43  0.05  0.99 -0.07  0.32 
AvFW  0.28 -0.02 -0.48 -0.13 -0.43   0.67  0.48 -0.06 -0.38 
AvDW -0.52 -0.22  0.11  0.13  0.05  0.68  -0.11  0.49  0.56 

PI  0.38 -0.07  0.99  0.34  0.99  0.48 -0.11   0.11 -0.21 
GSTI  0.23  0.39 -0.10 -0.34 -0.07 -0.06  0.49  0.11  -0.27 
SVI  0.93  0.01  0.21 0.001  0.32 -0.38  0.56 -0.22 -0.27   

 Drought 
GP GE GRI AvRL AvSL AvFW AvDW PI GSTI SVI 

GP  -0.15 -0.50  0.52 -0.58  0.36 -0.46  0.50  0.27  0.88 
GE -0.15  -0.20  0.36 -0.18 -0.02  0.25  0.20  0.45 -0.16 
GRI -0.51 -0.20   0.45 -0.99  0.40 -0.43  0.99  0.13  0.43 

AvRL  0.52  0.36  0.45   0.47 -0.15  0.13 -0.45 -0.53 -0.29 
AvSL -0.58 -0.18 -0.99  0.47   0.41 -0.45  0.99  0.15  0.52 
AvFW  0.36 -0.02  0.40 -0.15  0.42   0.59 -0.39  0.16 -0.28 
AvDW -0.46  0.25 -0.43  0.13 -0.45  0.59   0.43 -0.14  0.48 

PI  0.50  0.20  0.99 -0.45  0.99 -0.40  0.43  -0.13 -0.42 
GSTI  0.27  0.45  0.13 -0.53  0.15  0.16 -0.14 -0.13  -0.10 
SVI  0.88 -0.16  0.43 -0.29  0.52 -0.28  0.48 -0.42 -0.10  

group in the shown order of A2>A3>A1. Root and 
shoot length ranged 4.63-4.99 cm and 3.63-3.71 cm, 
respectively (Table 2, Figure 2.). A2 was the least af-
fected genotype under different drought stress con-
ditions. 

Fresh weight and dry weight were affected by 
drought stress (p≤0.01) and genotype (p≤0.01).   
Their interaction showed significantly different re-
sults for the dry weight (p≤0.05) (Table 1). Fresh and 
dry weight ranged 0.247-0.405 g and 0.021-0.033g, 
in the same order (Table 2.). When the PEG induced 
stress increased, the fresh and dry weights decreased. 
The maximum fresh and dry weights were obtained 
under non-stressed conditions, while the minimum 
fresh and dry weight was determined in %10 PEG. 
The fresh weight and dry weight of the three geno-
types lined A1>A2>A3 and A1=A2>A3, when the 
PEG induced stress reached 0% to 10%, in the same 
order (Figure 2.).  

Germination stress tolerance index (GSTI), 
promptness index (PI), and simple vigour index (SVI) 
were affected by drought stress (p≤0.01). GSTI and 
SVI did not show any significant differences among 
genotypes except for PI (p≤0.01, Table 1.). Also, 
GRI, PI, and SVI were not affected by drought × 
genotypes interaction. GSTI decreased when the 
drought stress was at high levels (0 to 10%) (Table 2, 
Figure 2.). GSTI ranged 84.06-100.00%. The most 
stress-tolerant genotype in accordance with PEG in-
duced stress is A3 (93.63). Similar trends were deter-
mined in PI. PI that decreased by increasing the PEG 
induced stress (%0 to 10%). PI ranged 10.64-13.67. 

PI of genotypes were very close to each other and 
noted showed range of 11.30-12.74. A3 had the high-
est PI in all genotypes (12.74). SVI sharply de-
creased by PEG induced stress was up to 0% to 10% 
(220.87-473.06). The most highest SVI was obtained 
under non-stressed conditions (distilled water) 
(473.06). Similar to PI, SVI of genotypes results 
showed that SVI was very close to each other and 
ranged 328.03-341.20 (Table 2, Figure 2.). 
 
 
DISCUSSION 

 
The present study investigated that the seed 

germination responses of 3 P. tanacetifolia geno-
types. If it is mentioned about applied stress condi-
tions in this study, salt stress is more influential than 
drought stress to the seeds at the germination stage. 
Sufficient production of plants are highly related to 
the seed germination phase, particularly under 
drought-salt stress conditions [3]. The results 
showed that the P. tanacetifolia had high germina-
tion percentage and germination energy under non-
stressed conditions (distilled water). Considering 
both stress factors (salt stress and drought), when the 
stress level reached the maximum, germination per-
centage the germination energy decreased. Similar 
results were also found in of Borago officinalis L. 
[23], and P. secunda [24]. Also, [25]; [26] agreed that 
increasing salt stress and drought stress levels result 
in decreasing germination responses. It was ob-
served that a decrease in germination percentage and 
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germination energy was shown in drought conditions 
more than under salt stress conditions in genotypes. 
It was understood that these genotypes are more sen-
sitive to drought.  

Salt stress and drought stress have adverse ef-
fects on germination. Drought and salinity based 
stresses might have limited germination responses 
by decreasing the water uptake [27]. It was observed 
that increasing salt stress, root and shoot develop-
ment, fresh and dry weight decreased more than in 
drought stress conditions in this study, Roots, which 
acted as an interface between plant to the soil, are 
more exposed to many abiotic stresses; for example 
drought, salt stress, and waterlogging [28]. Also, 
roots affected much more by abiotic stresses in com-
parison to shoots/ aerial parts [29]. Nonetheless, the 
influence of these stresses on root development has 
been less studied compared to shoots, especially for 
the P. tanacetifolia. Besides this, there is a lack of 
knowledge about the responses of the seed germina-
tion stage on this plant. Root length, shoot length, 
fresh and dry weight of P. tanacetifolia declined with 
increasing stress levels. Also, these decreases in 
length and weight were more pronounced in salt 
treated seeds compared to those treated for drought 
stress. It was determined that inhibition in root 
length, shoot length, fresh and dry weight at equiva-
lent water potentials of NaCl and PEG was mainly 
due to salt toxicity rather than osmotic stress. It is 
known that P. tanacetifolia is more resistant to 
drought than salt stress. [30]; [31]; [32]; [33] demon-
strated that increasing stress levels affected nega-
tively on root length, shoot length, fresh and dry 
weight. It is well known that salt stress reduces the 
productivity of several crops [34]; [35]. 

Salt stress and drought are considered im-
portant stress factors affecting the germination in-
dice of the P. tanacetifolia. When the stress levels 
reached the maximum; GRI, GSTI, PI, and SVI re-
duced, similar to the findings of [27]; [36]. For all 
genotypes, results showed that germination indice 
were in the same Duncan group, except SVI. [37] 
Proposed that the speed and uniformity of seedling 
emergence were crucial components of seed perfor-
mance as they can directly influence stand establish-
ment in the field. Higher timson germination index 
(GRI), was noted that infered obtaining of more 
rapid germination. Under salt stress conditions, the P. 
tanacetifolia had more rapid germination compared 
to drought conditions and, it germinated rapidly. On 
the basis of GSTI; salt stress is more effective than 
drought. Also, P. tanacetifolia is more resistant to 
drought than salt stress. As mentioned earlier, it was 
inferred that it was genotype dependent. Higher salt 
stress and drought stress levels, the seeds retarded 
germination and root development were mainly due 
to the osmotic effect which is deleterious and pre-
vents the plants from maintaining their proper nutri-
tional requirements necessary for their healthy 
growth [34].  

Correlation coefficients of measured traits were 
displayed and it showed various results in accord-
ance with salt stress and drought levels in Table 3. 
Traits of PI, GE, GP, and GE, GP indicated a signif-
icant positive correlation with GSTI under salt stress 
and drought conditions, respectively (Table 3.). Also, 
correlation coefficients of GSTI for GP, GE was 
higher in drought levels than salt stress levels. High 
germination stress index value is criteria for evalua-
tion salt stress and drought resistance, and the traits 
that correlate with GSTI, that are suitable for selec-
tion under stress conditions, and the selections based 
on these traits is suitable for drought resistance [38].  
 
 
CONCLUSION 

 
It is concluded that salt stress and drought de-

clines growth responses like germination energy (GE) 
and percentage (GP), Timson germination index 
(GRI), fresh (FW) and dry weights (DW) and other 
germination indice were inversely related to increas-
ing levels of NaCl and PEG 6000. All germination 
responses were decreased with increasing stress lev-
els. All genotypes showed more pronounced effects 
of salt stress compared to drought. Enton (A3) was 
inferred as more resistant genotype among all geno-
types. 
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