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Determination of cardinal temperatures of lemon balm (Melissa officinalis L.)
seeds in response to temperatures and water potentials
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ABSTRACT

Germination is series of biochemical reactions that depends mainly on temperature and moisture. Therefore, seed
germination rate of lemon balm (Mellissa officinalis L.) were evaluated in temperatures of 20, 23, 25,27, 30 and 32°C
and water potentials of 0, -0.2, -0.4, -0.6 and -0.8MPa. According to the results, germination temperature window
was not very wide in a way that germination temperature range was 23-32°C. Three non-linear regression models
(Dent-like, Segmented and Beta) were used to evaluate cardinal temperatures. According to the indices including
RMSE, the coefficient of determination (R?) and correlation coefficient (r), the best model was Dent-like which can
better estimate germination rate in response to temperature and water potential. The base, the lower and the upper and
the ceiling temperatures of lemon balm were 17.31, 30.26, 31.15 and 35°C in the optimum conditions of water
potential, respectively. Biological time for germination ranged from 41 to 137 h in different water potentials.
Biological time decreased about 96 h by increasing 1 MPa in water potential. Estimated parameters and the relations
can be used to predict time to germination or emergence in lemon balm under wide environmental conditions from
normal to drought stress.

Keywords: cardinal temperature, drought stress, germination, Mellissa officinalis L., non-linear regression models.
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Tablel. Amounts needed to make osmotic potential of PEG solution (gr/L)

Water Potential Temperature (°C)

5 10 15 20 23 25 27 30 32 35
-2 94.33 99.7 105.63 112.23 116 119 122 128 131 137
-4 147.05 153.87 161.3 169.49 174 178 182 188 192 179.1
-6 188.15 195.99 204.45 213.64 219 224 228 235 239 222.3
-8 223.11 231.7 240.9 251.02 257 262 267 274 279 258.3
-10 254 263.25 273.23 284.02 291 296 301 209 314 289.3
-12 281.98 291.03 302.42 313.88 321 326 322 340 346 319.5

(Michel & Kaufmann, 1973)
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Table 2. Analysis of variance of the germination rate (for 20% of population, R20) and maximum germination value

(Gmay) Of lemon balm seeds

Source of variation df F value

Gmax Rao
T 5 287.7" 4506~
R(T) 12 1.29™ 0.45™
WP 4 228.4™ 641.9™
T*WP 20 76" 28"

S gae BB 359 pac g do )0V el pdans )5 Jlo e S 5 4 NS e
** ns: Significant at 1% level and non-significant, respectively.
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Figure 1. Cumulative germination percentage at various osmotic potentials of (0, 0.2, -0.4, -0.6, -0.8 MPa) under

different temperature treatments of lemon balm seeds. Each figure is related to a thermal treatment and temperature

treatment, is shown in brackets.
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Table 3. Root Mean Square Error (RMSE) and coefficient of determination (R2) for models describing the

relationship between germination rate, temperature and water potential of lemon balm seeds. Regression coefficients
(aand b), correlation coefficient (r) of the observed and predicted values to germination time is also estimated.

WP (Mpa) RMSE R? a+SE b+SE r
Dent like

0 0.00113 0.98 0.000251+40.0004789 0.98061+0.03163 0.92
-0.2 0.00098 0.97 0.0002285+0.0003782 0.9683440.03599 0.97
-0.4 0.00191 0.83 0.0009245+0.0006275 0.83077+0.08602 0.95
-0.6 0.00146 0.82 0.000698+0.0004722 0.81361+0.08612" 0.94
-0.8 0.000924 0.86 0.0003341+0.0002811 0.86703%0.07790 0.95

Segmented

0 0.00113 0.98 0.0002517+0.000478 0.9806+0.0316 0.92
-0.2 0.00247 0.8 0.00169+0.000954 0.80530+0.09084 0.93
-0.4 0.00202 0.8 0.00108+0.0004946 0.8026+0.09131" 0.94
-0.6 0.00153 0.8 0.000773+0.0004946 0.80887+0.09020 0.94
-0.8 0.000924 0.86 0.000334+0.000281 0.86703+0.07790 0.95

Beta

0 0.0014 0.94 0.0006708+0.0008754 0.92408+0.05353 0.92
-0.2 0.00186 0.86 0.0013+0.000719 0.7422+0.06841" 0.93
-0.4 0.00173 0.84 0.00184+0.0005684 0.78026+0.07792" 0.94
-0.6 0.00123 0.86 0.0011940.0003969 0.8121+0.0723" 0.93
-0.8 0.00101 0.56 0.00121+40.0003081 0.4201+0.08538" 0.86
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Table 4. Estimating base temperature (Ty), the lower optimum temperature (To;), the upper optimum temperature

(To2), the ceiling temperature (Tc), number of hours of biological (Go) for germination of lemon balm (50%) using
Dent like model under different water potentials

WP (Mpa) Tb T01 Toz Tc Go
0 17.31 30.26 31.15 35 41.32
-0.2 20.10 25 32.87 35 75.76
-0.4 20.87 26.42 32.08 35 103.95
-0.6 20.94 27 31.50 35 132.8
-0.8 21.12 33.66 34.56 35 137.36
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Figure 3. Prediction of germination time values to the
observed values under different water potentials (MPa)

in lemon balm seeds using different models. Models
including Dent like (a), Segmented (b) and Beta (c).
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Figure 2. The relationship between germination rate
and water potentials (0, 0. 2, -0. 4, -0. 6, -0.8- MPa)
under different temperatures (20, 23, 25, 27, 30 and
32 ° C) in lemon balm seeds using non-linear models
including Dent like (a), Segmented (b) and Beta (c).
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Figure 4. The effect of water potential on the base temperature (a), lower optimum temperature (b), upper optimum
temperature (c), ceiling temperature (d) and the number of biological hours (e) estimated for germination in lemon
balm seeds using Dent like model.
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