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Application of the thermal time model to assess the effects of priming
treatments on seed germination of rice (Oryza sativa) cultivars in
response to temperature
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Extended abstract

Introduction: With regard to the ever-growing water deficit in the world, the adoption of the direct-
seeded rice cultivation system has been suggested as an alternative to the transplanting method. One of the
disadvantages of the direct-seeded method is low and non-uniform germination and emergence due to low
seed vigor in rice. Priming is a technique which improves the rate and uniformity of seed germination under
these conditions. Thus, this study aimed to investigate the effects of priming treatments on seed germination
of different rice cultivars under different temperature conditions using the thermal time model.

Materials and methods: This study was conducted in 2019 at the seed research laboratory of Gorgan
University of Agricultural Sciences and Natural Resources. In this experiment, germination of primed and
non-primed seeds in three rice cultivars (Nada, Anam, and Tolo) was investigated under different
temperatures (15, 20, 25, 30, and 35°C). The priming treatments which consisted of control, hydropriming,
and osmopriming with different chemicals (potassium chloride 2%, potassium nitrate 1%, calcium chloride
4%, glycine betaine 10 ppm, salicylic acid 10 ppm, and ascorbic acid 10 ppm) were investigated under
different temperatures.

Results: The results showed that priming treatments had no significant effect on the seed germination
percentage of rice cultivars at different temperatures. The thermal time model based on binomial distribution
fitted well to cumulative germination percentages in all priming treatments. Among the parameters of the
thermal time model, the greatest priming effect was on the reduction of the thermal coefficient, followed by
the reduction of the sigma coefficient, which resulted in the increased rate and uniformity of germination.
Priming treatments had no significant effect on base temperature. Also, the responses of rice cultivars to seed
priming treatments varied so that in Anam and Neda, priming with calcium chloride but in Tolo,
hydropriming was more effective on the model parameters, especially thermal time to 50% of germination.

Conclusion: In general, priming treatments did not affect the base temperature of germination in rice
cultivars, but they significantly affected the rate and uniformity of seed germination. As the latter issue is one
of the main problems in the direct-seeded rice system, suitable priming treatments for each cultivar can be
adopted to increase the rate and uniformity of seed germination and emergence in this system.

Keywords: Direct seeded rice, Germination models, Germination rate, Germination uniformity, Seed
enhancement treatments, Seed vigor

Highlights:

1- The thermal time model can be used to select the appropriate priming treatment for improving seed
germination components of rice cultivars.

2- The responses of rice cultivars to different seed priming treatments were different.

3- Priming treatments did not improve the base temperature of seed germination in rice cultivars, but
they significantly affected seed germination rate and uniformity.
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Fig. 1. Seed germination percentage in different rice cultivars primed with different methods in response to

temperature.

% ,%% and n.s respectively indicate significance at the level of one and five percent, and non-significant for
different seed priming treatments at each temperature. The vertical bars indicate the standard deviation based

on the binomial distribution.
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Fig. 3. Fitting the thermal time model to cumulative seed germination percentage in Anam rice variety

against time (hours) in different priming treatment
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Table 1. Thermal time model parameters for the seeds of rice cultivars primed with different methods at
temperatures from 15 to 35 degrees Celsius

o) Sl s jlerd al sbo ol b Slaibiwl Byl e o 0

Cultivar Priming treatments Tp(°C) 0,(°Ch) a0, (°C) R’
Control 11.60 +0.150d 1019.94+26.778a 0.37 +0.018d 0.94
KCl-osmopriming 12.11 +0.140c 872.23 £25.972 0.45 +0.023a 0.94
Gl KNOs-osmopriming 12.33 +0.130c 83791 +24.549¢ 0.43 +0.025ab 0.93
f CaCl,-osmopriming 12.82 +0.100ab 709.08 +20.453e 0.42 +0.025abc 0.95
Glycine-osmopriming 12.92 +0.095ab 742.84 £20.690fe  0.42 +0.024abc 0.95
Anam  gajicylic acid-osmopriming 12.88 +£0.098ab 763.08 +21.3de 0.42 +0.024abc 0.96
Ascorbic acid-osmopriming 12.96 +0.087a 762.09 +19.245def  0.38 +0.021cd 0.96
Hydropriming 12.96 +0.093a 77725 £21.152d 0.41 +0.024abcd 0.94

LSD (0.05) 0.23 47.74 0.049
Control 12.34 +0.112de 757.53 +£20.412a 0.34 +0.020a 0.93
KCl-osmopriming 12.63 +0.099ab 633.28 £17.534f 0.32 +0.020ab 0.92
I KNOj3-osmopriming 12.00 +0.111f 694.95 £15.543bc 0.25 +0.015¢ 0.96
CaCl,-osmopriming 12.39 +0.099cd 673.87 £15.957de 0.28 +0.017abc 0.94
Glycine-osmopriming 12.04 +0.111f 724.25 £16.246b 0.27 +0.015bc 0.96
Neda Salicylic acid-osmopriming 12.35 +0.097de 690.76 £15217cd  0.27 +0.015bc 0.94
Ascorbic acid-osmopriming 12.72 +£0.078a 657.09 £14.302de 0.27 +0.015bc 0.95
Hydropriming 12.58 +0.095abc 657.86 +£16.535de 0.32 +0.018ab 0.93

LSD (0.05) 0.21 34.92 0.036
Control 12.05 +0.128de 803.12 +21.364a 0.34 +0.019ab 0.93
KCl-osmopriming 11.59 +0.138f 765.27 £18.333b 0.27 +0.016d 0.93
eslls KNOj3-osmopriming 11.93 +0.121de 764.04 £17.922b 0.29 +0.016cd 0.96
CaCl,-osmopriming 11.77 +£0.148f 809.67 +£22.116a 0.35 £0.019a 0.96
Glycine-osmopriming 12.59 £0.093ab 716.39 £17.205de 0.31 +0.017cd 0.95
Tolo Salicylic acid-osmopriming 12.70 +0.086a 688.29 +16.318¢ 0.31 £0.017cd 0.96
Ascorbic acid-osmopriming 12.43 +0.091c 734.10 £15.988bcd 0.27 +0.015d 0.97
Hydropriming 12.57 +0.095abc 685.46 +£16.640¢ 0.32 +0.017abc 0.95

LSD (0.05) 0.24 38.65 0.036
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