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Table 1. Segmented, beta and dent-like models to determine the cardinal temperatures of germination.
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7,) ) < T.—-1) )((n—m)c

(Tc -
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In these functions, T is the average daily temperature, T, is the base temperature, T, is the optimum
temperature, T,; is the lower optimum temperature, T, is the upper optimum temperature and T, is the

ceiling temperature.
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Table 2. Analysis of variance (mean squares) for the effects of temperature on some germination traits in two
cultivars of Solanum lycopersicum L.
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Source of ol sl o Syl s 5ale> [FSRVIRVES
Variation df FGP sz CVG GRI GR50
MGT
Variety (V) o3, 1 0.0297™ 0.512" 2409.24™ 771" 0.00000058"
Tempe(r;;ure L6 32632 58.896™ 358.51° 35283.91" 0.00042172"
V X )L°‘> X w-'é) * Hk *k ok ok
T 6 0.0191 0.164 358.45 141.32 0.00000055
(Error) s 28 0.0074 0.299 1.65 2.26 0.00000004
CV e 2 10.95 5.67 16.99 2.00 2.42
(%)
Source of &9l;] o yale= i ’ araile 4 azady,
ree RL SL , SVI
Variation df GU RL/SL ratio
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(Error) s 28 12.19 0.0018 0.00015 0.0046 42.90
() Sy a2 17.14 9.01 7.84 6.63 14.73

CV (%)
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™ * and **: not significant, significant at 5% and 1% probability levels, respectively.
FGP, Final germination percentage; MGT, Mean germination time: CVG, Coefficient of Uniformity of
Germination; GRI, Germination Rate Index: GR50, Germination Rate 50% of seeds: GU, Germination
uniformity: RL, Radical length; SL, Shoot length; RL/SL ratio, Radical length / Shoot length ratio: SVI, Seed

vigor index
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Table 3. Variety x temperature interaction on some germination traits in Solanum lycopersicum L. seed
(sliced by variety levels)

Q2,0 o5 desie ) . ey 2l AR ER
o) L2 8l sz oY S s Y| $aile> duo )0
Variety Temz)fgture ol Sl Sl @E} Rﬁ? ‘S')GﬁR?50 )
FGP (%) MGT oS (%/hour) (1/hour)
(hour)
5 0.0° 0.0° 0.0° 0.0° 0.0°
10 0.0° 0.0° 0.0° 0.0° 0.0°
D 5,5 K jpaz oS 15 93.3% 7.55° 0.00099° 72.67° 0.0083¢
S. Lycopersicom L. 20 96.7° 577° 0.00134° 133.00° 0.0127°
Var.Yellow Pear 25 95.0" 3.77° 0.00202° 171.67% 0.0187*
30 86.7° 3.49° 0.00198* 152.00° 0.0187°
35 0.0° 0.0¢ 0.0¢ 0.0° 0.0¢
5 0.0° 0.0° 0.0° 0.0¢ 0.0°
10 0.0° 0.0¢ 0.020° 0.0¢ 0.0¢
S o3 (K ansS 15 95.0° 7.53° 35.85° 74.33° 0.009°
S. Lycopersicom L. 20 98.3* 6.52° 32.07° 115.67° 0.012°
Var. Cerasiformi 25 93.3° 3.95° 18.43° 166.00° 0.0181°
30 98.3° 4.13° 19.67° 167.33% 0.0176°
35 0.0° 0.0¢ 0.0° 0.0¢ 0.0¢
" L EEIRY " Jsb Cuns s il
) Slexr  azais, Jsb o azaile Job 4 azaiy, .
. Temperature B BEY
Variety °C) GU RL (mm) SL (mm) azails SVI
(hour) RL/SL ratio
5 0.0° 0.0° 0.0° 0.0° 0.0°
10 0.0° 0.0¢ 0.0¢ 0.0° 0.0°
D5y (S yhame 15 31.12° 0.207° 0.0° 0.0° 19.28°
S. Lycopersicom L. 20 5267a 0340a 0350:1 O973b 3280a
Var.Yellow Pear 25 23.59° 0.273° 0.223° 1.230° 25.97°
30 43.20° 0.183° 0.173¢ 1.063% 15.88¢
35 0.0° 0.0° 0.0° 0.0° 0.0°
5 0.0° 0.0° 0.0° 0.0° 0.0°
10 0.0° 0.0° 0.0¢ 0.0° 0.0¢
S 03 (K jpan S 15 31.18° 0.240° 0.0° 0.0° 22.80¢
S Lycopersicom L. 20 52.21* 0.530° 0.127° 4317° 52.08°
Var. Cerasiformi 25 23.24° 3.547° 0.743" 4.773* 331.27°
30 27.95° 1.243° 0.603° 2.060° 122.33°
35 0.0° 0.0° 0.0¢ 0.0° 0.0¢

it 3,0 O Jletiz] o 50 (S5 (yg05] el Sl e BB glyls 13 12 e [0 g gtw o 0 alie By, gl slap Sl
Means with the same letters in each column related to each variety are not significantly different at 5%

probability level based on Tukey's test.

FGP, Final germination percentage; MGT, Mean germination time: CVG, Coefficient of Uniformity of
Germination; GRI, Germination Rate Index: GR50, 50% Germination Rate: GU, Germination uniformity:
RL, Radical length; SL, Shoot length; RL/SL ratio, Radical length / Shoot length ratio: SVI, Seed vigor

index.
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Table 4. Estimated parameters for the cardinal temperatures of two tomato variety using four parameter beta, dent-like and segmented

functions.

Yellow pearl (5 s,3)

615 5o & S glaslss
Segmented Beta Dent-like
10 50 90 10 50 90 10 50 90

Ty 10.3£1.08 11.25£0.94 11.66+2.79 10+0.60 10+0.92 10+0.56 10.11£1.92 10+0.17 10+0.37
T, 29.8+0.38 28.72+0.40 28.48+1.21 27.59+1.80 26.20+1.43 25.14+2.70 - - -
To1 - - - - - - 26.33+0.68 23.914£2.20 26.11+0.29
Toz - - - - - - 29.95+0.44 30+2.60 29.02+0.75
T, 34.02+42.00  35+0.31 35+0.92 35.09+£0.66  35.114£0.57 35.24+1.15 35+0.72 34.94+0.45 35+1.47
fo 35£0.30  42.59+1.92 65.68+8.33  35.70+5.43 4944.09  78.42+12.72 34.48+143  53.49+£495  71.64+1.40
R’ 0.99 0.99 0.93 0.88 0.94 0.83 0.97 0.99 0.92
AlCc -72.82 -77.58 -70.26 -58.96 -67.17 -66.59 -64.58 -75.04 -66.77
Red Cherry tomato( .S ;e ,8)
Ty 10.98+1.14 10.97£1.40 10.68+0.45 10+0.51 10+£0.17 10+0.29 10+1.89 10+1.84 10+£0.27
T, 28.73£0.63 28.61+0.64 28.59+1.09 26.02+1.81 25.88+1.77 25.79+2.48 - - -
To1 - - - - - - 23.81+3.52 23.714£3.41 24.75+6.44
Tos - - - - - - 29.98+1.06  29.87+1.08  29.66+1.89
T, 35.00+£0.49 35.00+£0.49  35+0.84 35.14+0.73  35.14+0.72 35.16+1.02 35+0.75 35+0.75 35+1.29
fo 39.06+2.78 44.48+3.12 60.00+7.11 45.66+5.62 52.33+£6.18 70.76+11.51 48.76+7.32  55.3448.17 72+17.49
R’ 0.98 0.98 0.94 091 091 0.84 0.97 0.97 0.93
AlCc -71.07 -72.71 -70.03 -63.63 -65.71 -65.46 -68.14 -69.86 -67.05

039055 5 Oy 55 0590 Ao )3 A ey oy Bl YU o oled (ol s sles i sled iy wles il oles wuiga C 4 fo To, To, Tc To [Tb
st (AICE) sadgemas SAST Lasls 5 RY)

Tb, To,Tc,To;, To,, fo and ¢ are base temperature, optimum temperature, maximum temperature, lower limit of optimum temperature,
upper limit of optimum temperature, minimum time to reach a given percentile, coefficient of regression (R?) and corrected Aikaike index

(AICc), respectively.

Olej il 53 (5,842 55 03, 50 Siailem do s o ielil av Sioiead Bl 515 5] ool Cewd 4y oyl b B Jgos
Table 5. Parameters estimated from the three-parameter logistic model fitted to germination percentage of

two tomato cultivars against time.

R E Y NS 5058 axsS
Yellow pearl tomato Red cherry tomato
(C) s o 15 25 30 15 20 25 30
Temperature (°C)
(GPmax) )Aé @}43‘5? i
Maximum seed germination 98.43 90.16 97.79 85.09  98.30  95.02 92.18 93.46
(GPa)
(TGS50) )3 G3alyz 07 oo
Time to 50% of seed 117.17 7829 5296 53.02 114.08 89.94 56.07 57.43
germination (TGS50)
P ot 912 339 285 531 907 1087 295 373
Slope (p)
R’ 0.96 0.98 0.99 0.98 0.96 0.96 0.99 0.99
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Figure 1. Segmented, four-parameter beta and dent-like models fitted to seed germination rate of Yellow

pearl and Red cherry tomato cultivars under different temperatures to determine cardinal temperatures.
Regression lines with black solid and hollow circles and black triangles denote seed germination rate up to

10, 50 and 90% respectively.
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Figure 2. Three parameters Logistic model fitted to seed germination percentage of Red cherry tomato (a)

and Yellow pearl tomato (b)
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Extended Abstract

Introduction: Seed germination is one of the most important factors which determine the success of
failure of crop establishment. In the absence of other environmental limiting factors such as moisture,
temperature would determine the rate and overall seed germination. This research was conducted to
investigate the effect of temperature regimes on seed germination, quantify the response of germination rate
to temperature and determine the cardinal temperatures for different germination percentiles in Solanum
lycopersicom.

Materials and Methods: Two-way factorial experiment including seven constant temperatures (5, 10,
15, 20, 25, 30 and 35 °C) and two tomato varieties (Red cherry: var. Cerasiformi and Yellow pearl: var.
Yellow Pear) was conducted based on a completely randomized design arranged with thee replications at the
seed technology laboratory of Agricultural Sciences and Natural Resources University of Khuzestan in 2019.
Beta, segmented and dent-like functions were used to determine the relationship between germination rate
and temperature. Logistic model was used to describe the suitable pattern for the germination of these two
cultivars in response to each temperature level.

Results: Results of analysis of variance showed that the interaction effect of temperature and cultivar was
significant on all studied traits. Results showed that respectively at temperatures of 15, 20, 25 and 30 °C, total
seed germination for yellow pearl tomato was 93%, 96%, 95% and 86% and for red cherry tomato was 95,
98, 93 and 98 percent. There was no seed germination for both tomato varieties at 5, 10 and 35 °C. Based on
the results of the fitted models, it was revealed that among the tested non-linear regression models,
segmented model described the germination rate of the studied tomato cultivars against the temperature the
best (AICc<70, R?=0.93). Three parameter logistic function exhibited a reasonable fit (R*=0.96) for
germination time course under temperature range of 15 to 30 °C in both cultivars. Based on the segmented
model, base, optimum and ceiling temperatures of Yellow pearl and Cherry tomato were estimated 11.25,
28.72,35.00 °C and 10.97, 28.361 and 35 °C, respectively.

Conclusion: Both tomato cultivars exhibited sensitivity to changes in temperature. Seed germination rate
and number of the germinated seeds increased at temperatures higher than base. This increase continued until
the optimum temperature and then started to decline as the temperature exceeded from optimum range. Also,
results obtained from the logistic function showed that Yellow pearl cultivar is more sensitive to supra-
optimal temperatures compared with Cherry tomato, and germination percentage of the 97.79 to 85.09
percent as temperature reached from 25 to 30 °C.

Keywords: Base temperature, Cultivar, Logistic model, Optimal temperature, Segmented model
Highlights:

1- The pattern of seed germination in two new tomato cultivars was investigated under temperatures
regimes
2- Cardinal temperatures of two new tomato varieties was estimated using nonlinear regression
models
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