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Table 1. ANOVA results for maximum germination percentage (Gmax), germination rate (R50), Time to 10
(D10), 50 (DS0) and 90 (D90) percentage of maximum germination.

Pl DF

Gmax Rs Dy D5 Dy
S.0.V
Mbes 5 geo1#+ 101125  113.59%*% 10277+  45.25%*
Temperature (T)
EDbo ol 00 028 1.99%  064™ 13"
Replication (Tempertaure) (E1)
Olsogb <Ble 0 5096705 83.63%F  67.08%*%  83.96%*  6.86**
Salinity level (S)
ot EDdEF 5 gogex 4500 gOIRE  401%F 526
X
Els 0y 1523 00000000 4046 46157 51901
Error (E2)

ool 00 03,31 F pyolie 1o solie S50 (sl 5 Sl e (nSles poliie Uas (glys ams o ylis 1) 1) Jloisl mhans jo Jlo ime %
** Significant at 1% of probability level. For error, mean square values, while for other sources F

value presented.
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Fig. 1. Cumulative germination percentage in a range of salinity levels and temperatures (12, 15, 20, 25, 30 and 35 "C)
against time (hours)
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Table 2. Root Mean Square Error (RMSE), Coefficient of Variation (CV), determination Coefficient (Rz) and
regression coefficients (a&b) for different regression models in different salinity levels (RMSE is related to
germination time and is in terms of hours unit). SE is Standard Error..

Model Juo S RMSE (0)% R’ a=SE b+ SE
s 0 10.31 9.09 0.90 19.6+8.28 0.81+0.06
(Beta) 25 15.34 12.32 0.81 35.91+11.27 0.68+0.08
50 17.72 11.97 0.90 4.99 +12.63 0.96+0.08
75 30.59 18.54 0.77 15.94 +21.14 0.90+0.11
100 55.38 26.93 0.58 5.42 + 44.66 0.99+0.21
125 20.16 9.84 0.89 13.78 + 19.58 0.92+0.09
150 26.41 10.51 0.76 24.74 +35.49 0.89+0.14
aiile olais 0 8.27 7.19 0.95 4.07+6.65 0.96+0.05
(Dent-like) 25 16.12 12.7 0.86 15.67+11.85 0.86+0.08
50 19.36 13.3 0.87 12.17 + 13.80 0.89+0.08
75 28.97 18.35 0.71 39.07 +20.01 0.71*+0.11
100 30.67 16.47 0.72 35.65+24.73 0.74*+0.11
125 19.19 9.42 0.89 21.37 £18.63 0.88+0.08
150 22.10 8.81 0.79 44.95 +29.70 81+0.11
slasig 0 9.82 8.64 0.90 19.25" +7.89 0.817 +0.06
(Segmented) 25 15.64 12.53 0.80 3717 £ 11.49 0.68" +0.08
50 16.29 11.05 0.90 9.18 £ 11.61 0.92 +0.07
75 27.44 16.98 0.78 27.25+18.96 0.81+0.1
100 36.26 18.60 0.68 32.95+29.25 0.80 +0.13
125 18.83 9.22 0.89 21.66 + 18.28 0.88 + 0.08
150 27.20 10.66 0.80 -3.88 +36.54 1.02+0.14

RO ) I A PO TEL PRUER N 6] ST R PR KPP TS PSRN AT: ISl
* and ** show significances with zero ( for a) and unit (for b), respectively.
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Fig. 2. Relationship between germination rate and temperature in different salinity levels using Beta (B), Dent-
like (D) and Segmented (S) models. Symbols are salinity levels.
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Fig. 3. Observed against predicted time (hours) using Beta (B), Dent-like (D) and Segmented (S) models under
different salinity levels. Symbols are salinity levels.
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Table 3. Estimated values for constant coefficient of a (belonged to Beta model), base temperature (T},), optimum
temperature (Tg), lower limit (To;) and upper limit (To,) temperatures, ceiling temperature (Tc) and biological hours
(F,) for 50% of maximum germination in annual savory (Satureja hortensis L.) using different non-linear regression

models under different salinity levels.

Joe S a+ SE T,+ SE To* SE Tc+SE Fo+SE
model

Ly 0 0.82 +£0.12 8.0+£0.0 2477 £1.13 41.00+0.00 83.68 £3.32
(Beta) 25 0.82+0.14 8.0+£0.0 24.81 +1.31 41.00 £ 0.00 92.07£4.16
50 2.27+0.0 0.96+8.3 26.00 + 0.0 41.00 £+ 0.00 94.58 £4.32

75 2.36+0.49 0.00 £ 0.00 26.00 £ 0.0 38.13+£2.61 99.08 + 6.48

100 2.15+3.24 3.12+1.36 23.55+1.82 41.00 +0.00 123.0+10.79

125 2.81+1.34 0.00 + 0.00 22.56 £1.16 40.67 £ 16.14 144.4 £ 6.10
150 1.88 £0.36 0.00 + 0.00 22.90 +£0.63 37.00 £0.00 193.9+9.01
S1aS5 go 0 -- 3.76 £ 1.98 22.51+1.05 55.94 +6.1 75.21 £3.35
(Segmented) 25 - 3.64+2.48 22.54 +1.31 56.53 +£7.79 83.03 £4.55
50 - 432+1.67 26.14+1.15 45.56 +3.81 84.85+4.62

75 -- 437+1.87 26.03 £ 0.81 42.00+£0.0 88.73 £3.85

100 -- 2.05+5.02 25.00+1.65 42.00+0.0 114.6 £ 10.74

125 -- 3.87+1.87 22.24+0.95 42.10+3.96 130.0 £ 6.53

150 -- 0.00 £ 0.00 23.94+0.55 42.00+£0.0 173.3+4.75

T+ SE To SE Tox SE Tt SE Fo+ SE

asibe ;ylass 0 735+ 1.64 17.61+1.2 25.00+2.11 59.00 £0.00 84.75+£0.00
(Dent-Like) 25 8.00 = 0.00 17.09 +£0.74 25.00 +2.40 59.00 £ 0.00 93.30+ 0.29
- 50 6.64+4.15 19.53+£3.76 28.00 +0.00 49.37+7.02 102.3 +£8.00

75 5.85+2.33 20.0£0.00 28.00 +0.00 44.00 +0.00 108.1 + 8.38

100 5.00+7.29 19.56 £5.43 25.00+5.76 44.96 + 8.84 1259+ 10.96

125 432 +3.67 19.63 £2.63 24.4+1.39 44.00 = 0.00 148.4 + 8.38

150 0.00 £ 0.00 19.07 £ 0.00 25.00+ 1.61 44.00 £ 0.00 201.8 +£0.00
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Fig. 4. The effect of Salinity level (mM NaCl) on the base (0), optimum (0) and ceiling (A) temperature(°C) and
required biological time for 50% of maximum germination percentage using Beta model.



N e oipe sy ol jailsr sla (2iSTs Lo g (53l S 1 Sem 5 Ll

Ahmadi, M., Kamkar, B., Soltani, A., Zeinali,
E., 2010. Evaluation of non-Linear
regression models to predict stem
elongation rate of wheat (Tajan cultivar) in
response to temperature and Photoperiod.
Electonic Journal of Crop Production. 2
(4), 39-54. [in Persian With English
summary].

Akram-Ghaderi, F. 2008. The study of seed
quality development, germination,
longevity and deterioration in some
medicinal plants: medicinal pumpkin
(Cucurbita pepo. Convar.var. styriaca),
cumin blank (Nigella sativa L.) and borago
(Borago officinalis L.). Ph.D. dissertation,
Faculty of Plant Production, Gorgan
University of Agricultural Sciences and
Natural Resources. Iran, 180p. [in Persian
With English summary].

Brodford, K.J. 2002. Applications of
hydrothermal time to quantifying and
modeling seed germination and dormancy.
Weed Science. 50, 248-260.

Covell, S., Ellis, R., Roberts, E., Summerfield,
R. 1986. The influence of temperature on
seed germination rate in grain legumes.
Journal of Experimental Botany.. 37, 705-
715.

Farokhi, A., Galeshi, S., 2005. Evaluation of
effect of salinity and seed size on
germination, conversation of seed reserves
and seedling growth soybean (Glycin max.
L). TIranian Journal of Agricultural
Sciences. 36 (5), 1233-1241. [in Persian
With English summary].

Ghaderi-Far, F., Akbarpour, W., Khavari, F.,
Ehteshamnia, A., 2012. Determination of
salinity tolerance threshold in six
medicinal plants. Journal of. Plant
Production Research. 18, 4.15-24 [in
Persian With English summary].

Hardegree, S.P., 2006. Predicting germination
response to temperature. [. Cardinal
temperature models and subpopulation-
specific regression. Annals of Botany. 97,
1115-1125.

Hardegree, S.P., Winstral, A.H. 2006.
Predicting Germination Response to
Temperature. 1I. Threedimensional
Regression, Statistical Gridding and
Iterative-probit Optimization Using

&L

Measured and Interpolated-subpopulation
Data. Annals of Botany. 98, 403—410.

Heidari, Z., 2013. Quantification of the
Cardinal Temperatures and Thermal Time
Requirement of Milk thistie (Slybum
marianum) Seeds to Germinate using Non-
linear  Regression ~ Models.  MSec.
dissertation, Faculty of Agriculture,
Damghan. Azad University, Iran, 65p. [in
Persian With English summary].

Heidari, Z. 2013. Quantification of the
Cardinal Temperatures and Thermal Time
Requirement of Fennel (Foeniculum
vulgare Mill) Seeds to Germinate using
Non-linear Regression Models. MSc.
dissertation, Faculty of Agriculture,
Damghan. Azad University. Iran, 70p. [in
Persian With English summary].

Kader, M., Jutzi, S. 2004. Effects of thermal
and salt treatments during imbibition on
germination and seedling growth of
sorghum at 42/19<C. Journal of Agronomy
and Crop Science. 190, 35-38.

Kamkar, B. 2011. GS 2011. A pocket
software to calculate germination and
emergence indices. GUASNR.

Kamkar, B., Ahmadi, M., Soltani, A., and
Zeinali, E. 2008. Evaluating non-linear
regression models to describe response of
wheat emergence rate to temperature. Seed
Science and Biotechnology. 2, 53-57.

Kamkar, B., Jami Al-Ahmadi, M., Mahdavi-
Damghani, A., Villalobos, F.J., 2012.
Quantification of the cardinal temperatures
and thermal time requirement of opium
poppy (Papaver somniferum L.) seeds
germinate using non-linear regression
models. Industrial Crops and Products. 35,
192-198.

Khan, M., Gulzar, S. 2003. Germination
responses of Sporobolus ioclados: A saline
desert  grass. Journal of  Arid
Environments. 55, 453-464.

Mostafavi, K., and Heidarian, A. 2013.
Effects of different salinity levels on
germination indices in four sunflower
varietes. Iranian Journal of Agricultural
Sciences. 8:4. 123-131.

Munns, R., 2005. Genes and tolerance:
bringing them together. New Phytologist.
167, 645-663.



Y Jgl aed A ol elyj psle o e slois AY

Piper, EL., Boote, KIJ., Jones, JW., Grimm,
S.S. 1996. Comparison of two phenology
models for predicting flowering and

maturity date of soybean. Crop Science.
36, 1606- 1614.

Rauf, M., Munir, M., Hassan, M., Ahmad, M.
Afzal, M., 2007. Performance of wheat
genotypes under osmotic stress at
germination and early seedling growth
stage. African Journal of Biotechnology. 6,
971-975.

Rehman, S., Harris, P., Bourne, W. 1999.
Effect of artificial ageing on the
germination, ion leakage and salinity
tolerance of Acacia tortilis and Acoriacea

seeds. Seed Science and Technology.
27,141-149.

Serrano, R., Macia, F., Moreno, V. 1999.
Genetic engineering of salt and drought
tolerance with yeast regulatory genes.
Scientia Horticulturae 78, 261-269.

Soltani, A., Zeinali, E., Galeshi, S., Latifi, N.
2002.  Genetic variation for and
interrelationships among seed vigor traits
in wheat from the caspian sea coast of Iran.
Seed Science and Technology. 29, 653-
662.

Soltani, A., Robertson, M., Torabi, B,
Yousefi-Daz, M., Sarparast, R. 2006.
Modeling seedling emergence in chickpea

as influenced by temperature and sowing
depth. Agriculture and Forest
Meteorology. 138, 156-167.

Tan, D.K.Y., Wearing, A.H., Rickert, K.G.,
Birch, C.J. 1997 A systems approach to
developing a model that predicts crop
ontogeny and maturity in broccoli in south-
east queensland. in: Wollin, A.S., Rickert,
K.G. (Eds.), third australia and new
zealand systems conference proceedings
linking people, nature, business and
technology. The University of Queensland,
Gatton, pp. 179-187.

Thygerson, T., Harris, J.M., Smith, B.N.,
Hansen, L.D., Pendleton, R.L., Booth, D.T.
2002. Metabolic response to temperature
for six populations of winterfat (Eurotia
lanata). Thermochimica Acta. 394, 211-
217.

Windauer, L., Altuna, A., Benech-Arnold, R.
2007. Hydrotime analysis of Lesquerella
fendleri seed germination responses to

priming treatments. Industrial Crops and
Products. 25,70-74.

Yin, X., Kropff, M.J.,, McLaren, G., Visperas,
R.M. 1995. A nonlinear model for crop
development as a function of temperature.
Agriculture and Forest Meterolology.77:1-
16.






