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Table 1- Beta (five and four parameter), dent-like and segmented models were fitted to Cyperus difformis seed germination rate vs. constant
temperatures, where T is the temperature, T), the base temperature, T, the optimum temperature, T,; the lower optimum temperature (for
dent- like function), T,, the upper optimum temperature (for dent-like function), T, the ceiling temperature and c is the shape parameter

for the beta function.

Function

Formula Reference

Beta, five parameter

Beta, four parameter

Yin et al., 1995
f

Yan & Hunt, 1999
f

(T—=T,)/(T,y —Tp) if T,<T<T,  Piperetal, 1996
(Tc - T)/(Tc - Taz)
lf Tol S TS TaZ
if T<T, or T,<T

if Too <T<T,

F(T) = (T =T)/(T,~T,) if T,<T<T, Mwaleeral, 1994

f(m) =
f(m) =
Dent-like f(nH=1
f(r=0
Segmented f=1- ( =T,
f(r)y=0

ifT,<T<T,

if T<T, or T,<T
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Figure 1- Predicted (lines) vs. observed (symbols) germination rates in Cyperus difformis at constant temperatures for different germination
percentiles (D10, D50 and D90) using segmented, dent-like and beta (four and five parameter) models.
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Table 2- Estimated parameters for the dent-like, segmented and beta (4 and 5 parameter) models for different germination percentiles of Cyperus difformis seed.

Dent-like Segmented Beta, four parameter Beta, five parameter
P;Z{n D05 D10 D50 D9 D95 g D05 D10 D50 D90 D95 S D05 D10 D50 D9 D95 CV DO5 D10 D50 D90 D95 CV
148 140 141 153 152 4. 145 144 145 153 152 3. 27. 132 127 140 102 19.
Ty 0 1 9 9 5 19 N 6 4 9 5 03 516 587 4.00 8.11 744 34 9 5 7 8.52 5 o4
T ) ) ) ) ) 381 380 382 371 369 1. 356 354 358 35.9 358 04 357 355 356 352 351 07
° 8 6 3 5 7 61 4 9 4 o 2 7 3 5 3 7 4 0
T 450 450 450 450 450 0. 450 450 450 450 450 0. 450 450 450 449 449 0.1 450 450 450 450 450 00
¢ 0 1 2 0 0 02 0 0 1 0 0 01 3 3 2 3 2 2 0 0 0 2 1 2
331 331 359 360 4.
Tot 6 [ 3BS TR 1 35 - - - - - - - - - - - - - - - - - -
T 393 391 393 375 372 2 ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) ) )
o2 1 8 1 9 9 6l
388 417 540 699 751 324 350 453 660 721 358 409 527 771 345 39.0 420 544 699 740
fo 7 4 6 4 6 ) 6 1 7 4 1 ) 9 9 7 7 ’ ) 9 6 8 1 4 )
¢ - - - - - - - - - - - - - - - - - - 1.61 173 155 457 448 -
R? 099 099 098 093 092 - 098 098 098 093 093 - 097 098 097 091 0.89 - 098 098 098 090 0.88 -
RMSE 000 000 000 000 000 000 000 000 000 000 000 000 000 000 000 ) 0.00 0.00 0.00 0.00 0.00
08 07 07 12 12 10 09 08 12 12 13 12 10 14 14 10 10 09 15 15
AIC 388.  396. 396. 365. 368. - 377. 384. 392. 367. 370. - 363. 369. 378. 358. 359. - 376. 376. 380. 355. 354. -
1 7 8 6 3 8 5 7 6 3 1 8 9 0 3 5 5 8 6 0
AICec  385. 394. 394. 363. 366. - 376. 382. 391. 365. 368. - 36l. 368. 377. 356. 357. - 373. 373. 378. 352, 35l -
8 4 5 3 0 0 8 0 8 5 6 4 5 6 8 8 8 1 8 3
Ai 0.0 0.0 0.0 2.5 2.5 - 98 116 35 0.0 0.0 - 242 26 17 9.2 107 - 12 206 164 13 17.2 -

"'T, = base temperature, T, = optimum temperature, T. = maximum temperature, T,; = lower limit of optimum temperature, T,, = upper limit of optimum temperature, f, = minimum time to
reach a given percentile, ¢ = parameter of beta function, R? = coefficient of regression, RMSE = Root Mean of Squares of Error, AIC = Akaike Information Criterion, AICc= Corrected Akaike
Information Criterion, and Ai =AIC differences.
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Table 3- Descriptive statistics results on estimated cardinal temperatures by different models.

Cardinal temperature Statistical indices Model
Dent-like Segmented Beta, 4 parameter Beta, 5 parameter

Ty Mean 14.73 14.83 6.12 11.77
Range 1.38 0.93 4.11 5.55

Standard deviation 0.62 0.45 1.67 231

T, Mean 34.34 - 38.54" 37.72 35.74 35.46
Range 2.90-2.02" 1.26 041 0.59

Standard deviation 1.49-1.01" 0.61 0.17 0.25

T. Mean 45.01 45.00 44.99 45.01
Range 0.02 0.01 0.11 0.02

Standard deviation 0.01 0.004 0.06 0.01

* Lower and upper limits of optimal temperature based on dent-like model.
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Figure 2- f(T) values for different constant temperatures base on the dent-like model.
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Figure 3- Thermal time (degree-days) required for different germination percentiles, when T=T,,.
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Estimation of Cardinal Temperatures and Thermal Time Requirement for
Cyperus difformis Seed Germination

Abolfazl Derakhshan, Javid Gherekhloo and Efat Paravar

Gorgan University of Agricultural Sciences and Natural Resources
Abstract

The aim of this study was to quantify the response of germination rate to temperature and to find cardinal
temperatures and thermal time required for different germination percentiles in Cyperus difformis. We compared 4
non-linear regression models [dent-like, segmented and beta (4 and 5 parameter)] to describe the germination rate-
temperature relationships of C. difformis over seven constant temperatures (ranging from 15 to 45 °C, with 5 °C
intervals). Different statistical indices [Root Mean of Squares of Error (RMSE), Akaike Information Criterion
(AICc)] were used to compare models performances. The dent-like model was found to be the best model to predict
germination rate (RMSE=0.0009, AICc=-380.8). The base, the lower optimum, the upper optimum and the
maximum temperatures for the germination of C. difformis were estimated to be 14.73, 34.34, 38.54 and 45.01°C,
respectively. The thermal time required to reach 50 and 95% germination was 43.50 and 65.01 degree-days,
respectively. The cardinal temperatures depended on the model used for their estimation. Overall, the dent-like
model was better suited than the other models to estimate the cardinal temperatures for the germination of C.
difformis.

Keywords: Base temperature, ceiling response, modeling, optimum temperature, temperature response



