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Extended abstract

Introduction

Research on faba bean genotypes.in Iran is important for understanding germination characteristics and
seedling emergence. It is also important to evaluate the genetic diversity among faba bean genotypes
and their responses to different stress factors. Therefore, the objectives of this study were to: (1) assess
cumulative germination across various temperatures; (2) determine cardinal temperatures; and (3)
evaluate the tolerance of faba bean genotypes to low and high temperatures during the seed germination
stage.

Materials and methods

This study evaluated the germination characteristics of 20 faba bean genotypes at six temperatures (5,
10, 15, 205,25, and 30 °C), with three replications. Faba bean seeds were placed on paper towels (45 x
30 cm) soaked in distilled water using the sandwich method, with three replicates of 25 seeds each
arranged in five linear rows. Germinated seeds were counted daily at each temperature. A quadratic
function was used to describe the relationship between temperature and germination percentage and to
estimate the cardinal temperatures for germination. Additionally, a segmented function was used to
characterize the relationship between temperature and germination rate and to estimate the cardinal
temperatures for germination. To calculate the heat CTRI (H-CTRI) for each genotype, the ratios of the
cardinal temperature values for germination percentage (GP) and germination rate (R50) of each
genotype to the corresponding maximum cardinal temperature values observed among all genotypes
were summed. This calculation allowed the faba bean genotypes to be classified into different
temperature tolerance groups. In contrast, the cold CTRI (C-CTRI) was determined by summing the
ratios of the minimum values of the cardinal temperatures observed among all genotypes to the
corresponding values of each genotype.

Results and discussion
The results showed that the cardinal temperatures for germination percentage ranged from -3.0 to 1.7
°C for the base temperature (Tb), 15.6 to 18.6 °C for the optimum temperature (To), and 33.2 to 38.4 °C
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for the ceiling temperature (Tc). These cardinal temperatures were estimated using a mathematical
model describing the relationship between germination percentage and temperature. Similarly, the
cardinal temperatures for germination rate were estimated using a segmented function. The base
temperature (Tb) ranged from 1.2 to 5.2 °C, the optimum temperature (To) from 23.0 to 26.1 °C, and
the ceiling temperature (Tc) from 31.8 to 36.7 °C. Additionally, H-CTRI values ranged from 2.8 for GF-
20 and 2.9 for GF-95 to 4.5 for GF-21. C-CTRI values ranged from 3.0 for GF-21 to 8.0 for GF-12. The
genotypes were classified into different temperature-tolerance categories based on their CTRI values.
Notably, a strong positive correlation was found between heat tolerance (H-CTRI) and base
temperature, whereas a significant negative correlation was observed between cold tolerance (C-CTRI)
and base temperature. Interestingly, genotypes with higher H-CTRI values tended to have lower C-CTRI
values. This suggests that genotypes with greater heat tolerance may have lower tolerance to cold
temperatures.

Conclusion

This study improves our understanding of how faba bean genotypes respond.to temperature changes,
which is essential for crop performance under climate change. The. findings reveal that different
genotypes have specific temperature requirements for optimal germination, indicating genetic diversity
that could contribute to enhanced production. By considering cardinal temperatures and CTRI values,
breeders and farmers can select genotypes that are best suited to their climatic conditions, thereby
optimizing yield. Further studies on the physiological and 'molecular mechanisms underlying these
responses will support the development of faba bean genotypes with improved temperature tolerance.
Overall, the findings highlight the importance of breeding programs and crop management practices that
consider temperature responses, ultimately.contributing to food security and crop resilience under a
changing climate.
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Table 2. Estimates of germination percentage (GP), base
temperature (Tb, °C), optimum temperature (To, °C),
and ceiling temperature (Tc, °C) for 20 faba bean
genotypes using the quadratic function

Code GP Tb To Tc
GF-180 96 1.9 17.9 37.5
GF-288 96 -2.7 17.8 38.2
GF-145 100 -1.8 17.5 36.9
GF-290 96 -1.4 17.3 35.9
GF-296 95 -1.5 171 35.7
GF-257 94 -1.5 17.1 35.7

GF-12 90 -1.1 18.0 36.5
GF-292 90 -1.4 17.0 35.5
GF-332 96 -2.9 17.8 38.4
GF-256 96 -1.4 18.2 37.7

GF-21 90 -0.8 16.5 33.7

GF=22 96 -1.9 16.5 34.9
GF-523 96 -1.1 17.9 36.9
GF-519 96 -0.2 18.6 375
GF-520 96 -0.2 18.6 37.3
GF-525 96 0.6 16.9 33.6
GF-517 96 -1.8 15.7 33.3

GF-95 96 -2.7 16.0 34.7

GF-1 96 -2.2 15.6 37.6

GF-20 96 -3.0 17.7 34.2
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Fig. 2. Function used to describe the response of germination rate to temperature for different faba bean genotypes
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Table 3. Estimates of base temperature (Tb, °C),
optimum temperature (To, °C) and ceiling temperature
(Te, °C) for germination rate, and biological hours’

requirement (go, hours) for germination in 20 faba bean
genotypes described by the segmented function

Code Tb Tp Tc Go

GF-180 45+1.40 259+1.40 321+1.06 42
GF-288 44+160 258+1.63 32.1+1.22 43
GF-145 44+194 253+1.92 32.8+1.80 42
GF-290 43+2.00 24.7+1.00 326+1.60 38
GF-296 3.8+1.37 254+130 33.0£1.25 42
GF-257 52+1.80 25.8+2.00 31.9+1.35 40
GF-12 1.7+0.68 25.4+0.53 34.0+0.67 65
GF-292 45+170 256+1.70 324+140 38
GF-332 47+174 256+1.80 321+132 38
GF-256 4.1+1.80 23.0+1.50 35.7+3.10 50
GF-21 12+106 25.2+0.77 346+1.03 70
GF-22 14+316 26.1+273 343+381 62
GF-523 44+136 25.0+0.64 32.7+1.10 44
GF-519 2.3+138 249+1.10 33.9+3.30 66
GF-520 25+120 25.8+1.10 33.2+1.10 55
GF-525 3.8+1.30 249+0.70 34.6+1.60 52
GF-517 3.7+110 257+1.10 33.1+110 51
GF-95 44+140 26.1+150 31.8+0.90 35

GF-1 3.4+130 255+0.80 36.7+2.30 55
GF-20 43+130 255+130 33.6+1.51 48
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