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Abstract

Background and Objectives:

Iran's arid and semi-arid regions span over 1.5 million kmz2, accounting for nearly 92% of the country's
total area. Drought is one of the most critical abiotic stresses affecting these areas. Due to challenges
faced in breeding improved drought-tolerant genotypes, the domestication and cultivation of drought-
resistant plants have emerged as the best solution to prevent the extinction of wild species and restore
pastures. Selecting drought-tolerant plants during the germination stage is crucial for successful plant
establishment. Seed germination is the first and most important developmental stage, that is
influenced by genetic and environmental factors. The hydrotime model describes the relationship
between water potential (y) and seed germination rate and percentage. This model quantifies the rate
of germination progression (hydrotime constant: 0n), the uniformity of germination (standard
deviation of the base water potential: oyb), and the stress tolerance of germination [base osmotic
potential for 50% germination: yns0)]. These indicators can be used to determine seed vigor and seed
dormancy and the effects of treatments on seed viability. This study aimed to use hydrotime model
to predict of germination response of three medicinal species of Nepeta haussknechtii, N.
pogonosperma, and N. glomerulosa subsp. staffina to water potential.

Methodology:

For each species, six water potential levels (0, -0.3, -0.6, -0.9, -1.2, and -1.5 MPa) were applied using
a completely randomized design with three replications in 1402 at the Seed Technological Research
Laboratory of the Natural Resources Gene Bank, Iran. Seed germination of species was recorded
daily at a temperature of 25°C. Since no germination was observed at a potential level of -1.5 MPa,
this treatment was excluded from the analysis. The hydrotime model was then fitted to the
germination data, and the hydrotime constant (6+), base osmotic potential for 50% germination n(so),
and standard deviation of the base water potential (o) Were quantified.
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Results:

The analysis of variance revealed significant effects of drought (at five levels of 0, -0.3, -0.6, -0.9,
and -1.2 MPa) on all seed germination characteristics of all three Nepeta species (P<0.05). The
hydrotime model results showed that the germination rate under drought stress was higher in N.
haussknechtii (0n=48.32) than in N. glomerulosa (64=52.13) and N. pogonosperma (61=56.57).
Furthermore, the germination uniformity of N. haussknechtii (c,,=0.18) was higher than that of N.
glomerulosa (oy,=0.39) and N. pogonosperma (cy=0.24). In terms of drought resistance, N.
pogonosperma (yni0=-1.006) exhibited greater resistance compared to N. haussknechtii (ynso)=-
0.69) and N. glomerulosa (ybs0)=-0.77).

Conclusion:

Osmotic stress significantly impacted the germination pattern, timing, and rate of Nepeta seeds. Since
seed quality concerning drought resistance determines the speed and uniformity of germination, the
output of the hydrotime model, including parameters 6, 6yb, and yno0), Was effective in predicting
germination percentages under drought stress conditions. Drought-tolerant genotypes were identified
using the hydrotime model, with N. pogonosperma being the most resistant species, followed by N.
haussknechtii and N. glomerulosa. The hydrotime model is a tool in breeding programs for identifying
high-efficiency genotypes' resistance to stress conditions.
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Table 2. Estimated Hydro-time parameters including hydro-time constant (0+), base osmotic potential for 50%
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Specis O Whso) Oyb R?
N.haussknechtii 48.32 -0.69 0.18 0.92
N.pogonosperm 56.57 -1.006 0.24 0.94

N. glomerulosa 52.57 -0.77 0.39 0.95
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Table 3. Analysis of variance for effects of the drought stress on germination traits of N. pogonosperma seeds

SOV Df MS
Germination ~ Germination  Germination Seed vigor Radicle  Shoot  Seedling RS
% rate time index length length length
Water potential 4 2944** 33.82** 56.27** 23.26** 9.60**  0.291**  11.58**  12.32**
Error 10 21.33 0.117 2.28 0.64 1.34 0.34 1.69 1.76
CV% 5.87 8.35 8.62 8.63 8.38 9.48 6.53 6.41

**: Significant at 1% probability level.

#RS=Root /shoot Length ratio. .aw sV Jlaasl mla 53 Jls sme st
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Fig. 4. Means of Gp: germination percentage, Gr: germination rate, SVI: seed vigor index, and SL: seedling length of N.
pogonosperma seeds at different levels of drought.
Means of column for each trait followed by different letters indicate significant differences between drought stress
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Fig. 5. Cumulative germination of N. pogonosperma seeds at different levels of drought (the signs and lines respectively show
the observed and predicted germination percentage by the hydrotime model)
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Fig. 6. Probit regression of cumulative germination versus base water potential ¥» N. pogonosperma
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Table 4. Analysis of variance for effects the drought stress on germination traits of N. glomerulosa seeds

SOV df MS
Germination ~ Germination ~ Germination  Seed vigor  Radicle Shoot  Seedling  Radicle/shoot
% rate time index length length length Length ratio
Water potential 4 2563.73** 3.04** 9.32 9.33** 11.86*%*  0.201**  12.64** 37.78**
Error 10 704 0.08 16.82 0.08 0.22 0.013 0.29 0.95
CV % 8.39 5.16 10.47 11.67 7.02 11.01 13.39 11.80
**: Significant at 1% probability level. .ao,s\ Jlazsl mhaw 55 Jls sne it
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Fig. 7. Means of Gp: germination percentage, Gr: germination rate, SVI: seed vigor index, and SL: seedling lengths of N.

glomerulosa seeds at different levels of drought stress.
Means of column for each trait followed by different letters indicate significant differences between drought stress
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Fig. 8. Cumulative germination of N. glomerulosa seeds at different levels of drought (the signs and lines respectively show
the observed and predicted germination percentage by the hydrotime model)

y=1.92x+1.276

1.0
0.5
0.0

R*=0.95

-0.5
-1.0
-1.5
-2.0
-2.5
-3.0

-2.5 -2

Probit (g)

-1.5 -1 -0.5 0

wb (MPa)

N. glomerulosa « 8 Wb 4k of Jewsly blis 55 aexs G585 Cansp oomw S -4 JSE
Fig. 9. Probit regression of cumulative germination versus base water potential ¥» N. glomerulosa



Hosseinipur et ) Linum usitatissimum , (et al., 2021
el sa] sy (al., 2017
2ol Jeil bl s 5 ki sl
oS sl sas pldl Gilisee (LS s Siailse
(W) SU o Jeily bow s ot 4y Ldy 54l Gl
S 1 Sl S5 5ba 25 o s 505 Jaos
sl Sk Ol s d3lse aAiS e 55
$o8ls 8l mbo,ds Jae s (Daws et al., 2008)
St il b 5o adles 55 olS e bk
olie Ll Lk g 58 an Ly sline & y05 samaglas
s x5l (Whs0) (34052 225 00 )y 4L Jesly
il ol 51 8 pslia s 48 el il 51 e
aalsi ao 3 00 31 S i sbay by el do s
slade &8 gl cnl ,l (Bradford & Still, 2004) s
Ao o cnplin ol it QU5 SO ol i e Woie0)
N w5 yoeo) sl Sas Bl o S5als
658 535 5 ke (JKLLIKs =\ /- - #) pogonosperma
N. 5 (UKL —-/v) N
ol ol bl s (JKLL K — + /#4) haussknechtii
N. pogonosperma 4,5 sl S sl ax,5 YO by s

glomerulosa

N. haussknechtii , N. glomerulosa s s 4 Cus
ol 03l plis a2l 8 sl S w6 miy Cunglis
Sl Jewils 55 Lamium amplexicaule sl ,5 S
56l 8 sl am 5o YY) gles 5o JLLIE = /A ) 1S
<23 s (Tamado et al., 2002) sus gialse 4
S ab Jesly (YY) LK 5 Ansari s
s Sl a5 Yo 510 sbles s |, (Malva sylvestris)
S 35l JELK SANAY 5 VY LA
wmUooas Jae Gelal, (Yo 9) o), S 5 Derakhshan
Melilotus ) sl ol 4 Jsales 4L el
s> » (Sinapis arvensis) >, J> & .(officinalis
9 —+/AN —+/Nd <5 4 |, (Hordeum vulgare)

seei blazal ol 5 o e 5 ol 4 ds s J))Tjg -Y/YV

Voslad Y alr ol S 5 e S ol 5 K3 Dlaios ale

oy
NP S ¥H PSS JUC - oA s
a\.;s/)\}'i’&.u‘ﬁ) &‘f))ﬁvﬁﬁe)ja u.’\ Q.,\S\).:\g)a
opsy ol s (Bewley et al., 2013) cuxls sl ps
Sbpel (Sas gl meon Rl booh plas
5 S iy 45 an Lk Sialem (S5 5
il 2alS Cmge Sas 20 15 Dl FAS
Cusb, 4 od e pes a8 Cel a3 wad el
5ol Gl e B OF Joily a2l 52
S8 n (Yan, 2015) sl adtee 50 LA 54l
Gl i bk o abin] as 5l 28 anl Jeusly
Sl Joile oS Cus 4 an 5 by as salss 5 0,
AH‘JB ‘J") ‘Jéﬁ@ APET v.’)é\.’b:- WBJL m\.:g f’j—' 9
e wds S Pl s Lk bey O Gis
O 4.?u.u' BERTEW .;\aS).:\g @)43\_9—‘{- é.JﬁL.a éud\;&
Sl Co s GRlBl LA Sl amans, o 0l
9 22, J(Nonogak et al., 2010) cal aalys ol
IS5 e s, YL el cs e
Fernandez & ) asb o iw Lol o 55 oS 3350 ) jicl
DS 3 Skl do s a8 e sy (Johnston, 1995
Slge A8 450 e S0 31 20 Nl e Ses
walS 4 oad 4 slpe 5aS Jlasl b ead o sl
2 G382 Sl ede Wl pa e cal S Azl
Saeedi) 5,1l 5l 0 amalS sz, 5 oL asls
sew Sl s g4l zalS (Goraghani et al., 2017
)8 Sale (Saeedi Goraghani et al., 2017) o,
Tamartash etal., ) g o 5 (Ghaderi etal., 2011)
ax o wleols ol SlWlas Ll sna ui;)\}f 5 (2010
il o] 5l Jols azalS ssl s Lk an
35 8 o v (S cely oS O Jeily 2alS sl
Colg o & 358 e opaS] 33T SIS sl sl el
sttt s o5 e o 23l Sk & el e
Mamedi et ) Festuca arundinacea e S Ll ;s

Soltani Khankahdani ) Sesamum indicum .(al., 2022



sl &35 a5y sl 2L

Bradford & Still, 2004; Windauer et ) x> S eslazel
Aal., 2007

S 4n

Fobe 5o Lty 055 an Sialen glaesls addlas )
(u\.u ) PAL})M J.A.A )\ oalacl \4 é“‘"" ks
SHES s oaler co e S o ol Jue oy &

N 8 5 Saes i ble s giale
N. 5 N. glomerulosa W« S 5 iz haussknechtii

i 4 Cwslis 5l &S I 55 s, pogonosperma
N. «5 5 4 cwws N. pogonosperma x5
4 4> 5 L oy e N glomerulosa , haussknechtii
53 dae o) el st mlissas Joe 1S S esls
Sl ol Sdol 4 ooy SKaS wil 5 o (Dol sbrasls
Ll s 4 cuslia ghls 5 YU LWL Glaydy plulis

2 Nl mboode Jas (2 5 odea S, i
Ll s 4ol Josw b L ol e s esle )
b Gl S s e e O (Sas 2
ol (3l iS &S Sadae 5 eslaad b i
ol Ol M8 Gmote b ocusby 4 s34l

38 it e cilisa Ll o 3 16l ) e

References

— Adeli, R., Soltani, E., Akbari, G.A. and Ramshini, H. 2018.
Assessment of seed germination on the response to water
potential in different canola genotypes using hydrotime
model. Journal of Crops Improvement, 19(4): 921-932 (In
Persian).

— Agrawal, R.L. 2004. Seed Technology. New Delhi, Oxford
IBH Press, 104p.

— Alimagham, S.M., and Ghaderifar. F. 2014. Hydrotime
model: Introduction and application of this model in seed
research. Environmental Stresses in Crop Sciences, 7: 41-
52 (In Persian).

VY

polie oLalS Lol 55 s a5 e s Joe oS

Aol azl o )8 Sas 4
o2 (Oyp) Comaz 53wl Jowily a5 s Ol o
o)l mbgsae Jae b o 5 5l &S el L;Ji"a
0 sl Gl (S ol samaplis o
Jlads ax » (Bradford & Still, 2004) el Cores
S S Sl sl 5Se S el o
o) andllas 3550 &5 a Oy o Ao lis ol G300
N. 6558 5o oaler 3l &S ol ples iassy
N. sbaS 51 zzy (+/VA)  haussknechtii
.4 (+/¥4) N. glomerulosa , (-/Y¥) pogonosperma
L (OH) mbosad oo mbods Jue 29 5 mesm
R B U (T 1 O VRPN A (O A PRV
Cilise - shae 3 Goalem o e Sl pasla Wby ue
SRR O VNI -Eupger:
Alimagham & ) el gialse Co w035 i sadd
Cardoso & Ghaderifar, 2014; Salehi et al., 2020
N. 5,5 5 wmboas <ol .(Bianconi, 2013;
N. xS 31 xS (FA/YY)  haussknechtii
(0#/0V) N. pogonosperma , (0Y/\Y) glomerulosa
sS4l s N. haussknechtii 4,5 -l )l oy
o 00 2 lE o ege mbosde ol 6 i
3ol Sssba il i Bl s Hd o

— Anderson, R., Bayer, P.E. and Edwards, D. 2020. Climate
change and the need for agricultural adaptation. Current
Opinion in Plant Biology, 56: 197-202.

— Ansari, A., Gherekhloo, J., Ghaderifar, F. and Kamkar, B.
2017. Quantification of germination response of Malva
sylvestris L. to water potential. Environmental Stresses in
Crop Sciences, 10: 67-77 (In Persian).

— Bewley, J.D., Bradford, K.J., Hilhorst, HW.M. and
Monogaki. H. 2013. Seeds: Physiology of Development,
Germination and Dormancy. Third Edition, Springer, New
York, NY, 392p.



VY

— Bradford, K.J. 2002. Application of hydrothermal time to
quantifying and modeling seed germination and dormancy.
Weed Science, 50: 248-260.

— Bradford K.J. and Somasco O.A. 1994. Water relations of
lettuce seed thermos-inhibition | Priming and endosperm
effects on base water potential. Seed Science Research,
4(1): 1-10.

— Bradford K.J. and Still D.W. 2004. Application of hydrotime
analysis in seed testing. Seed Technology, 26(1): 74-85.

— Cardoso, V.J.M. and A. Bianconi. 2013. Hydrotime model
can describe the response of common bean (Phaseolus
vulgaris L.) seeds to temperature and reduced water
potential. Acta Scientiarum, 35: 255-261.

— Daws, M.1., Crabtree, L.M., Dalling, J.W., Mullins, C.E. and
Burslem, D.R.P. 2008. Germination responses to water
potential in neotropical pioneers suggest large-seeded
species take more risks. Annals Botany, 102 (6): 945-951.

— Derakhshan, A., Moradi Talavat., M.R. and Siadat, A. 2016.
Hydrotime analysis of yellow sweet clover (Melilotus
officinalis (L.) Lam.), wild mustard (Sinapis arvensis L.)
and barley (Hordeum vulgare L.) seed germination. Journal
of Plant Protection, 30: 518-523 (In Persian).

— Dienaité, L., Pukalskiené, M., Matias, A.A., Pereira, C.V.,
Pukalskas, A. and Venskutonis, P.R. 2018. Valorization of
six Nepeta species by assessing the antioxidant potential,
phytochemical composition and bioactivity of their extracts
in cell cultures. Journal of Functional Foods, 45: 512-522.

— Ellis R.H. and Roberts, E.H. 1981. The quantification of
aging and survival in orthodox seeds. Seed Science and
Technology, 9: 373-409.

— Fernandez, G. and Johnston, M. 1995. Seed vigor testing in
lentils, beans, and chickpeas. Seed Science and
Technology, 23(1): 617-627.

— Ghaderi, S., Gholami, P., Karimzadeh, A. and Salarian, F.
2011. The effect of salinity and drought stresses on
germination traits of Viciavillosa, Ecological and
Agricultural Journal, 3: 121-130.

— Jamzad, Z., 2009. Notes on the genus Nepeta L. (Lamiaceae,
Nepetoideae). The Iranian Journal of Botany, 15(2): 141-
145.

— Hosseinipour, A. 2017. Germination quantification and
investigation ~ of  physiological and  biochemical
characteristics of deteriorated oilseeds of flax (Linum
usitatissimum L.) cultivar Norman at different temperatures
and water potentials. Master thesis, Faculty of Agriculture,
University Yasuj, 150p (In Persian).

— Huarte, R. 2006. Hydrotime analysis of the effect of
fluctuating temperatures on seed germination in several
non-cultivated species. Seed Science and Technology, 34:
533-547.

— Kudori, M.R., Sefekhani, F., Rahmani, G. Sherifi Yazdi, M.
and Darvishi Zeydabadi, D. 2016. Introduction of proper
medicinal plant to cultivate in dry lands areas. Iranian of

Voslad Y alr ol S 5 e S ol 5 K3 Dlaios ale

Irrigation and Water Engineering, 6(24): 153-166.
Available from: https://sid.ir/paper/247340/en (In Persian).

— Mamedi, A., Salehi Shanjani, P. and Divargar, F. 2022.
Response of Festuca arundinacea seed germination to
temperatures, water potentials, and priming treatments
using hydro- and thermal-time models. Physiology and
Molecular Biology of Plants, 28: 1545-1558.

— Michel, B.F. and Kaufmann, M.R. 1973. The osmotic
potential of polyethylene glycol 6000. Plant Physiology,
57: 914-916.

— Mozaffarian, V.A. 2006. Dictionary of Iranian Plant Names:
Latin-English-Persian. 4th Ed. Farhang Moaser, Tehran,
360p (In Persian).

— Nonogaki, H., Bassel, G.W. and Bewley, J.D. 2010.
Germination- Still a mystery. Plant Science, 179(6): 574-
581.

— Phour, M. and Sindhu, S.S. 2023. Soil Salinity and Climate
Change: Microbiome-Based Strategies for Mitigation of
Salt Stress to Sustainable Agriculture BT: 191-243. In:
Parray, J.A. (Eds.). Climate Change and Microbiome
Dynamics: Carbon Cycle Feedbacks. Springer International
Publishing, Cham, Switzerland, 550p, ISBN 978-3-031-
21079-2.

— Saeedi Goraghani, H.R., Ranjbar Fordoei, A., Soleimani
Sardo, M. and Mahdavi, M.J. 2017. Effect of salinity and
drought stresses on germination stage and growth of black
cumin (Bunium persicum Boiss). Iranian Journal of Field
Crops Research, 15(1): 1-7 (In Persian).

— Salehi, Sh., Diyanat, M. and Noormohammadi, Gh. 2020.
Determination of cardinal temperature and evaluation of
phonological stages of medicinal plant, broadleaf plantain
(Plantago major L.). Iranian Journal of Seed Science and
Technology, 9(2): 87-100 (In Persian).

— Schellenberg, M.P., Biligetu, B. and Wei, Y. 2013. Predicting
seed germination of slender wheatgrass [Elymus
trachycaulus (Link) Gould subsp. trachycaulus] using
thermal and hydro time models. Canadian Journal of Plant
Science, 93: 793-798.

— Soltani A. and Latifi N. 2012. Evaluation of early seedling
vigor in canola cultivars (Brassica napus L.). Journal of
Seed Science and Technology, 3: 37-48.

— Soltani Khankahdani, V., Balouchi, H., Moradi, A. and
Gholamhoseini, M. 2021. Effect of water potential on seed
germination indices of six Sesame cultivars (Sesamum
indicum) at different temperatures and its relation to fatty
acid composition. Plant Process and Function, 10: 31-52.

— Tamado, T., Schutz, W. and Milberg, P. 2002. Germination
ecology of the weed Parthenium hysterophorus in eastern
Ethiopia. Annals of Applied Biology, 140: 263-270.

— Tamartash, R., Shokrian, F. and Kargar, M. 2010. Effects of
salinity and drought stress on Trifolium alexanderium L.
seed germination properties. Rangeland, 4(2): 288-297 (In
Persian).


https://sid.ir/paper/247340/en

sl &35 a5y sl 2L

— Windauer, L., Altuna, A. and Benech-Arnold, R. 2007.
Hydrotime analysis of Lesquerella fendleri seed
germination responses to priming treatments. Industrial
Crops Products, 25: 70-74.

VY

— Yan, M. 2015. Seed priming stimulates germination and early
seedling growth of Chinese cabbage under drought stress.
South African Journal of Botany, 99: 88-92.



