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Table 1- ANOVA for germination percentage affected by different levels of temperature and water potential in watermelon

55 gl @33l ey &3 dle
S.0.V df Germination
> 6 11848.550%*
Temprature (T)
! Jeily 5 12083.315%*
Water potential (WP)
TxWP 30 1236.073**
s
82 1683.951
Error
i g
e 7.2
CV (%)

dioyd ) Jlss] gdaws j3 s gee®*
** Significant at 1% level.

Ol ciliseo Uiy g Wlod & ailgaid i 50l a0 )3 sl —Y Jga
Table 2- Germination percentage of watermelon in response to different levels of temperature and water potential

(") &l Jawmily
Temperature Water potential

0 -0.25 -0.5 -0.75 -1.0 -1.25 Mean
10 0.00a 0.00a 0.00a 0.00a 0.00a 0.00a 0.0f
15 60.0a 31.1b 0.0c 0.0c 0.0c 0.0c 15.2¢
20 95.6a 93.3a 80.0b 48.00c 15.6d 0.0e 55.56h
25 95.6a 93.3a 86.7a 60.0b 28.9¢ 0.0d 60.7a
30 93.33a 88.9a 75.6b 24.4c 4.4d 0.0d 47.8¢c
35 64.4a 53.3b 31.1c 4.4d 0.0d 0.0d 25. 6d
40 0.0a 0.0a 0.0a 0.0a 0.0a 0.0a 0.0f

Mean 58.1a 51.7b 39.0c 19.7d 6.9e 0.0f

Al oo LSD (905 (oleol p o y3 B prdaws )3 o ime MBS pie (Sobo (giw 9 iy ya ) dilite by y>
In each row and column, values with the same letter are not significantly different (p <0.05), by LSD test.
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Table 3- Estimated cardinal temperature ranges by linear regression for watermelon germination in different percentiles

(10-90%)
BS o wl gl il slos Bl Uy diealin (glod
Percentiles Tb To Tc or Tmax
10 10.9 25.7 41.5
20 10.9 25.3 41.0
30 10.8 25.1 40.5
40 10.7 25.2 40.1
50 10.7 25.3 40.0
60 10.6 25.3 39.8
70 10.8 24.8 39.3
80 115 24.7 38.9
90 11.6 24.6 38.7

Figure 1- Germination rate of watermelon in response to temperature at water potential of 0 MPa, and regression analysis of

germination response in different percentiles.
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Table 4- Parameters of the thermal time model for perdiction of watermelon germination at suboptimal and supraoptimal
temperature ranges under different water potentials.

3,05l as )3 10-Y0 1oglhe s 5 K0S s glod .
A. suboptimal temperature range: 15-25 °C

ol 5Ly
Water bot‘;‘]‘;a; (Mpa) 07(s0) (Log°C.days) Tb (°C) oo7 ( Log°C.days) R? RMSE

0 1.58 115 0.23 0.93 0.10
0.25 1.65 115 0.18 0.92 0.12
0.50 1.67 125 0.18 0.90 0.13
0.75 1.99 125 0.35 0.90 0.08
1 2.37 125 0.39 0.87 0.06

1.25 - - - - -
Overall 1.88 125 0.38 0.37 0.29

3Kl da 2 Y0-Y0 10glhs us 1 i o glod .o
. supraoptimal temperature range: 25-35 °C
c,:i Mm ) o o, 2
Water potential (Mpa) 0tc (°C.days) Tes0) (°C) o1c (°C) R RMSE

0 40 40.1 -3.87 0.87 0.14
0.25 40 39.7 -4.49 0.87 0.14
0.50 48 38.2 -5.45 0.88 0.12
0.75 120 37.1 -7.39 0.61 0.13
1 235 37.3 -8.19 0.45 0.08

1.25 - - - - -
Overall 57 37.0 -6.75 0.50 0.26
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Figure 2- The observed (symbols) and predicted (lines) germination percentage of watermelon in response to suboptimal

temperature ranges (15-25 °C) at water potentials of (a) 0, (b) -0.25, (c) -0.5, (d) -0.75,(e) -1.0, (f) -1.25 MPa. The predicted
values obtained by the thermal time model using the parameters were shown in Table 4.
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Figure 3- The observed (symbols) and predicted (lines) germination percentage of watermelon in response to supraoptimal

temperature ranges (25-40°C) at water potentials of (a) 0, (b) -0.25, (c) -0.5, (d) -0.75,(e) -1.0, (f) -1.25 MPa. The predicted
values obtained by the thermal time model using the parameters were shown in Table 4.
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Table 5. Parameters of the hydro-time model for perdiction of watermelon germination at various water potential whitin
temperature ranges caused a minimum germination.

") OH wh(s0) owb )
Temprature (°C) (MPa.days) (MPa) (MPa) R RMSE

10 : - : - §
15 55 0.45 0.396 0.93 0.05
20 45 118 0.325 0.93 0.09
25 35 1.23 0.374 0.91 0.11
30 3.0 0.95 0.282 0.88 0.13
35 3.0 051 0.570 0.89 0.08
40 i - i - )

Overall 13 0.74 0.543 0.29 0.28
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Figure 4- The observed (symbols) and predicted (lines) germination percentage of watermelon in response to various water

potentials at temperatures of 15 (a), 20 (b), 25 (c), 30 (d) and 35 (e) °C in which germination was occurred. The predicted
values obtained by the hydro-time model using the parameters were shown in Table 5.
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Table 6- Parameters of the hydrothermal time model for perdiction of watermelon germination at different levels of
water potential under suboptimal and supraoptimal tempretures

["})
OHT Tb ¥ b(50) Owb 2
Tem(gg;ture (MPa.c.days) cC) (MPa) (MPa) R RMSE
1525 405 115 113 0.37 0.92 0.10
OuT Tb To Kt Wp(50) Gwb 2
(MPa.c.days) Q) (°C) (MPa°C) (MPa)  (MPa) R RMSE
25-40 405 115 252 0.09 71,20 0.37 0.90 0.11

&) alg>
Germination (%)

0 40 80 120 160 200

240 0 40 80 120 160 200 240

otd Jloy (il Jlej
Normalized thermal time (°C days)
N3905) a8 (5laled ;3 O cilien (5l Janndliy &y lgatd i (33elgn 30,3 Frwly (1) 05 (5 luscuasd g (BUES) o281y 30h —0 JS
alpd a2 dagi b g (agbym (51 gloj e 5l 03kl b ol (g5l el 3lie ogliae o 5 (Sl y Caomw y13905) i 9 (e Ceows
ol Cowas T Jgaa 45 o 0313 Lyiis Lod

Figure 5- The observed (symbols) and predicted (lines) germination of watermelon in response to different levels of water
potential at suboptimal (left) and supraoptimal (right) temperature ranges. The predicted values obtained by the
hydrothermal time model using the parameters shown in Table 6.
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Introduction: A rapid, complete, and uniform seed germination is important to establish a healthy seedling
that is a critical key to successful crop production. Therefore, identification of effective factors on germination
and plant response to various conditions are important to use an appropriate agronomic managements.
Temperature and water are the most important environmental factors controlling seed germination in plants. The
crop growth models are among the most effective tools for using in crop management decisions. The response of
seed germination to temperature and water potential can be simulated by thermal time, hydrotime and
hydrothermal time models. Regarding the importance of watermelon production in Iran, this study was
conducted to determine the cardinal temperatures of germination in watermelon plant, and also to quantify its
germination in response to the temperature and water potential interaction. .

Materials and Methods: In order to investigate the effects of temperature and drought stress on seed
germination and quantifying the germination responses; a factorial experiment was conducted with seven levels
of temperature including 10, 15, 20, 25, 30, 35 and 40 °C and the six levels of water potential including 0, —
0.25, -0.5, —0.75, -1.0, and —1.25 MPa, respectively. A ¥ of 0 MPa was obtained using distilled water. The
negative W levels were prepared by polyethylene glycol (PEG 6000; Merck, Germany) according to Michel and
Kaufman (1973). For each treatment, four 25-seed replicates were placed in 9-cm petri dishes containing one
disk of Whatman No. 1 filter paper, with 7 mL of test solutions. Cumulative germination percentage was
transformed to probit regression against time log (Finney, 1971; Steinmaus et al., 2000), and the time taken for
cumulative germination (tg) to reach subpopulation percentiles (10-90%) was estimated from this function
according to Steinmaus et al. (2000). Then the germination rates (GR) were calculated as the inverses of the
germination times for each percentile at each T or W. The preliminary estimation of the parameters in the TT,
and HT models were obtained by plotting GR versus T and ¥ for each percentile. Then using repeated probit
analysis developed by Ellis et al. (1986), the exact parameters for the TT, HT and HTT models were determined
for the whole seed population. All statistical procedure were done by SAS and Excel software, and the figures
were drawn by SigmaPlot10 software.

Result and Discussion: The analysis of variance showed that the temperature, water potential and their
interaction had significant effect on the germination percentage of the watermelon plant. Seed germination of
watermelon was about 96 % under the optimal conditions. However, the germination ability was affected by the
temperature and water potential of the seedbed. The results showed that the germination was decreased by
decreasing water potential, at all temperature levels. The seeds of watermelon germinated over a range of water
potentials from 0 to -1 MPa. Furthermore, the lowest germination loss associated with decreasing water potential
observed at temperature range of 20-30 °C (compared to temperatures below and above this range). The
maximum percentage of germination was recorded at 20-30 °C, while no seeds germinated at 10 and 40 ° C. The
results also showed that the highest germination rate was obtained at 25 °C and the germination rate decreased at
lower and higher temperature than this range. While watermelon seeds were grown under no water stress
condition, the estimated base and ceiling temperatures of germination by a linear regression method were 10.7
and 40.0 °C, respectively. However thermal time model was used, but the base and the maximum temperatures
were estimated as 11.5 and 40.1 °C, respectively. Furthermore, an optimum temperature of 25.2 °C was
predicted by hydrothermal time model for watermelon germination. The results showed that the base temperature
and median thermal time to germination were varied with changing water potential. The hydrotime analysis
showed that the base water potentials was in a range from -0.45 to -1.23 Mpa, that differed with changing water
potential. Watermelon seeds had higher base water potential and also required a longer hydrotime for
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germination under non-optimal temperature. Hydrothermal time analysis showed that seed germination
responses to temperature and water potential might as well quantified by parameters derived from hydrothermal
time models (R?= 0.90-0.92). The amount of hydrothermal time required to germinate was 40.5 MPa °C days on
the suboptimal and supra optimal temperature ranges. The HTT model showed that the ¥(50) increased by 0.09
MPa with every degree increase in temperature above optimum temperature.

Conclusions: The thermal time, hydrotime and hydrothermal time models well described germination time
course of watermelon seeds in response to temperature and water potential. Thus, the estimated parameters of
these germination models allowed us to characterize the germination behavior of watermelon seeds under
varying environmental conditions and global warming.

Keywords: Base water potential, Hydrohermal time model, Probit analysis,Water stress.



