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Introduction

Iran has a wealth of flowers and wild plants and has valuable genetic resources. The Narcissus flower, known as the
Narcissus tazetta, is considered one of the most important ornamental and medicinal plants from the family of
Narcissus tazetta in temperate regions. The cold is one of the abiotic stresses that cause significant damage to the
country's economy and production cycle every year, and most plants in temperate regions cannot successfully withstand
freezing temperatures. To obtain a resistant plant, the most effective approach is to investigate and explore the genetic
resource of plants that are cold-tolerant. The objective of this study was to investigate the cold tolerance of various
populations collected from various parts of Iran.

Materials and methods

This research was carried out in the molecular plant breeding laboratory and greenhouse of the Plant Production and
Genetics Department, Faculty of Natural Resources and Environment, University of Birjand during 2018-2019. The
factor A was included 13 narcissus populations (Azadshahr, Shehlai Shomal, Shastpar Shomal, Shiraz 1, Shiraz 2,
Yasouj, Yasouj small perfume, Tabase Golshan, Khusf 1, Khusf 2, Behbahan 1, Behbahan 2 and Gachsaran) and the
factor B was included four temperature levels (environment temperature= control, +5, zero and -5 °C). Five leaves were
taken from each pot and placed in a refrigerator at temperatures +5°C, 0°C, and -5°C for 5 hours. The measured traits
included relative leaf water content, ion leakage, amount of chlorophyll a (mg/gr FW), chlorophyll b (mg/gr FW), total
chlorophyll (mg/gr FW), carotenoid (mg/gr FW), chlorophyll a / total chlorophyll, total chlorophyll/carotenoid and
percent of chilling stress. Data analysis was performed using the statistical software SAS9.4, Excelv2010, and
SPSSv26. Mean comparisons were conducted using Duncan's Multiple Range test, correlation analysis by the Pearson
method, and cluster analysis based on the mean traits in both stress and normal environments. It is worth noting that the
mean values for the treatments at +5°C, 0°C, and -5°C were considered as stress conditions, while environment
temperature was regarded as the normal environment.

Results and discussion

The analysis of variance showed that there was a significant difference in all traits except for the amount of phenol and
malondialdehyde among different archetypes. The temperature had a significant effect on all traits, and population-
temperature interactions were significant in all traits except malondialdehyde and total soluble sugars. The highest value
of osmotic potential (in the negative direction), the amount of phenol, malondialdehyde, proline and total soluble sugars
in treatment 4 (-5°C) and the lowest value of these traits in treatment 1 (the control treatment or environment
temperature, 22°C) were observed, respectively. The highest and the lowest of chilling stress percent were observed
during February and December, respectively. In other words, with the decrease in temperature, the amount of the
aforementioned traits and the Chilling stress percent increased. The correlation and regression analysis revealed that the
proline trait was the most significant factor that contributed to Chilling stress in both normal and stress conditions. The
cluster analysis grouped the populations in three clusters in both normal (environment temperature) and stress (three
temperature treatments +5, zero and -5) conditions. The populations Yasouj, Tabase Golshan, Shiraz1, small aromatic
of Yasouj, Shastpar Shomal, Azadshahr and Khosufl, Gachsaran, and Shehlai Shomal, Shiraz2, Behbahan2, Khosf2,
Behbahanl were placed in the first, second and third clusters, respectively. Cluster analysis revealed that populations
with similar chilling stress percent were clustered together, and geographical proximity and closeness were not related
to this issue.
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Conclusion

In this study, with decreasing temperature, amounts of evaluated traits increased, which was known as one of the
methods of cold tolerance in narcissus. The proline trait was more important than other traits, and therefore its
measurement is suggested in future studies related to cold in Narcissus. In the context of cold resistance, the populations
Khusf 1, and Gachsaran were the best and the populations Yasouj, Tabase-Golshan, Shirazl, small aromatic Yasouj,
Shastpar Shomal, and Azadshahr were the worst populations, respectively. The populations of Shehlai Shomal, Shiraz
2, Behbahan 2, Khusf 2 and Behbahan 1 were recognized as intermediate populations. Based on all analyses, the
Gachsaran population was the most resistant population, while the Tabase-Golshan population was the most susceptible
population in this investigation. The examination of populations showed that there was enough diversity among these
populations, and the cold resistance of populations varied across regions. Due to the increasing importance of medicinal
plants and ornamental flowers and climate variability, it is recommended that this test be done in different years,
temperatures and environments to determine the superior population. Furthermore, the population Gachsaran (resistant)
and Tabase-Golshan (sensitive) and the traits osmotic potential and proline (important identified in this study) to be
further analyzed.
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Table 1: The minimum, maximum and average monthly temperature of Birjand meteorological station in winter 2023

Month Average minimum Average maximum Average annual
temperature°C temperature°C temperature°C
November 1.36 14.27 7.81
December -1.99 11.09 4.55
January -0.68 14.59 6.95
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Table 2: Analysis of variance of different traits in narcissus populations under different temperature

MS
S.0.vV D.F Proline Soluble Malondialdehyde Phenol Osmot_lc
(uMol/gr) Sugar (nMol/gr) (mgr/gr) Potential
(mgr/gr) (MPa)
A=Population 12 458" 9.75"" 7.25m 0.20" 0.16™
B=Temperature 3 2592.26"" 1824.97" 1018.13" 259.80"" 466"
AB=PopulationxTemperature 36 3.88" 4.440s 4.96"™ 0.46"" 0.05™
Error 104 210 3.81 6.07 0.18 0.01
cv - 15.61 24.24 8.85 8.67

ns, *and** are non-significant, significant at 5% and 1% levels, respectively.

Table 3: Analysis of variance of chilling stress in narcissus populations

MS
S.0.V D.F Chilling stress (%)
Population (A) 12 728.42™
Month (B) 2 11453.85™
A xB 24 72.617
Error 8 19.25
CVv 19.55 -

ns, *and** are non-significant, significant at 5% and 1% levels, respectively
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Table 4: Mean comparison of different populations of narcissus
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Populations Phenol Proline Osmotic Malondialdehyde Total soluble Chilling
(mgr/gr) (UMol/gr) potential (MPa)  (nMol/gr) sugars (mgr/gr) stress (%)
Shehlai North 4.60° 9.03% -1.26¢ 8.58° 10.36° 20.66%
Shastpar North 5.00% 8.71¢ -1.13¢ 9.442 12.91% 24.00¢
Azadshahr 4.99% 9.62abc -1.07% 10.00%® 12.44% 24.009
Shiraz 1 4.85% 9.07b¢ -1.12% 9.97% 12.64%® 29.33°
Shiraz 2 4.75% 10.612 -1.16° 10.04%® 11.53% 21.00%
Small Fragrant 7625 9.13% 1.28° 9.5 12.85% 28.66°
Yasouj
Yasouj 4.92% 8.97¢ -1.14® 11.262 12.17% 34.33°
Tabase Golshan ~ 4.74% 10.26® -1.47¢ 10.02%® 11.80b¢ 39.00?
Khusf 1 5.052 9.58abc -1.31° 9.82% 12.82%® 10.669"
Khusf 2 4.79% 9.573¢ -1.131°¢ 10.66% 13.942 17.55¢f
Behbahan 1 4.97% 9.26abc -1.12% 11.332 12.72%® 14.33f
Behbahan 2 4.82% 10.33%® -1.052 10.42%® 13.15%® 20.77¢
Gachsaran 4.78% 10.29% -1.08% 11.022 13.31%® 7.33"

ns, *and** are non-significant, significant at 5% and 1% levels, respectively.
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Table 5: Mean comparison of the different temperatures in narcissus populations

Phenol Proline Osmot'|c Malondialdehyde Total soluble Chilling stress
Temperature (mar/gr) (UMol/gr) potential ("Mol/gr) sugars %)
(MPa) (mgr/gr)
1 23202“8' 2.22d 2.99¢ -0.84? 4.99¢ 4.99¢ Azar 2.69°
2 +5°C 3.64¢ 5.33° -1.07° 8.04¢ 9.38° Day 31.15P
3 0°C 5.31b 8.81° -1.18°¢ 10.61° 14.89° Bahman  33.462
4 -5°C 8.232 21.242 -1.66¢ 17.012 20.782 - -

ns, *and** are non-significant, significant at 5% and 1% levels, respectively
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Fig. 1: The trend of trait changes with decreasing temperature
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Table 6. Mean comparison of population x cold interaction effects for proline and phenol traits

Populations

Proline (uMol/gr)

Phenol (mgr/gr)

Shehlai North
Shastpar North
Azadshahr
Shiraz 1
Shiraz 2

Small Fragrant
Yasouj

Tabase Golshan
Khusf 1

Khusf 2
Behbahan 1
Behbahan 2
Gachsaran

22°¢ +5°C 0°C -5°C 22 +45°C 0°C -5°C
225 4749 9.20® 1994 213%™  356% 5.26° 7.46%
151 4219 699 2212 254 372 5.447 8.30%
369% 576 835 2068  2.62°  3.42 5.32° 8.61%°
204 52900 g47 2050°  2.31% 4,00 5.27° 7.84°0
208 526 984 2529°  2.65°  3.57% 5.56° 7.24¢
116° 4519  9.19% 21.69%  2.28%  3.25° 4.93° 8.67%°
174 5049  9,00® 20.10°  1.92%c 3.6 5.08° 9.09°
388 7120 823" 2181 244 3470 5.24° 7.845
3850 535 791 2122 174 387 5.85° 8.79%
490° 5214 ggyd 19.30°  2.00% 387 5.28° 8.010cte
331 4729 1009®  1892°  259°  3.55% 5.02° 8.71%
3.74% B4 9,02 22,080 2.12%c 345w 5.45° 8.27%xd
353% 568  9.36° 2250  159° 4,077 5.30° 8.19"

Table 7: Mean comparison of population x cold interaction effects for malondialdehyde and total soluble sugars traits

Populations

Malondialdehyde (nMol/gr)

Total soluble sugars (mgr/gr)

Shehlai North
Shastpar North
Azadshahr
Shiraz 1
Shiraz 2

Small Fragrant
Yasouj

Tabase Golshan
Khusf 1

Khusf 2
Behbahan 1
Behbahan 2
Gachsaran

22°¢ +5°¢C 0°¢ -5°¢ 22°C +5°C 0°¢ -5°¢

3.83% 7.232 7.51P 15.772 3.53° 6.81° 12.04° 19.06°
4.23%c 5.932 10.90% 16.70% 3.86™ 11.252 15.632¢ 20.90%
3.47¢ 8.10% 8.90% 19.572 4.602c 10.16% 15.89%¢ 19.13°
3.978bc 7.60% 10.23% 18.072 5.378bc 11.592 13.36%¢ 20.22%
3.978bc 9.73% 10.13% 16.33? 4.352b¢ 8.16% 13.02%¢ 20.60%
4.10%¢ 7.70% 9.47% 16.83? 6.01% 8.61% 16.27% 20.53%®
6.67% 8.33% 10.80% 19.232 5.262¢ 8.99% 15.36%¢ 19.06°
6.73% 8.93% 10.33% 14.102 5.79%® 8.77%® 12.69 19.96%
6.17%¢ 5.90% 11.47% 15.772 4.66%° 10.84%® 14.80%¢ 21.02%
6.13%¢ 7.73% 12.232 16.53% 6.322 10.50% 17.172 21.77%
5.90%¢ 8.60% 12.632 18.20% 5.223¢ 8.16% 14.80%¢ 22.71%®
3.70° 8.77% 11.76% 17.472 4.96%¢ 10.01% 16.79% 20.83%®
6.00%¢ 9.972 11.60% 16.53% 4.96%° 8.16% 15.78%¢ 24.37%

Table 8: Mean comparison of population x cold interaction effects for osmotic potential and chilling stress traits

Populations Osmotic potential (MPa) Chilling stress (%)

22°¢ +5°C 0°c -5°¢ Azar Day Bahman
Shehlai North -0.80pcde -1.06° -1.40¢ -1.79° 0.00¢ 30.00% 32.00%
Shastpar North -0.82¢d -0.94% -0.99? -1.76% 0.00¢ 35.00% 37.00°
Azadshahr -0.552 -1.013cd -1.07% -1.64% 0.00¢ 35.00% 37.00°d
Shiraz 1 -0.79bede -1.12bcd -1.08% -1.49% 5.00¢ 40.00%¢ 43,002
Shiraz 2 -0.81¢d -1.03abcd -1.14% -1.66¢e 0.00° 30.00% 33.00¢
Small Fragrant -0.99¢ -1.32f -1.36% -1.46% 5.00° 40.00%¢ 41.00%c
Yasouj -0.93¢%f -1.043bcd -1.178bc -1.442 10.00° 45.00%® 48.00%®
Tabase Golshan -1.23¢ -1.30¢f -1.40¢ -1.72cde 15.002 50.002 52.002
Khusf 1 -1.06 -1.16¢% -1.25bx -1.79¢ 0.00¢ 15.009" 17.00%
Khusf 2 -1.09% -1.12¢ -1.24b¢ -1.80¢ 0.00¢ 25.00¢f 27.00°%
Behbahan 1 -0.723bcd -0.978bc -1.122% -1.69% 0.00¢ 20.00 23.00¢f
Behbahan 2 -0.57% -0.94% -1.10% -1.58 0.00¢ 30.00% 32.00%
Gachsaran -0.60%¢ -0.872 -1.08% -1.79° 0.00° 10.00" 12.00"
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Table 9: Correlation analysis of different traits in narcissus populations in normal and stress conditions

Traits Condition Osmotic Proline Malondialdehyde Soluble Phenol Chilling
Potential (uMol/gr) (nMol/gr) Sugar (mgr/gr) stress (%)
(MPa) (mgr/gr)
. Normal -0.08
Proline (uMol/gr) Chilling -0.89™
Malondialdehyde ~ Normal -0.39" 0.27
(nMol/gr) Chilling .0.78"" 0.93
Soluble Sugar Normal -0.22 0.11 0.08
(mgr/gr) Chilling -0.81™" 0.90" 0.88""
Phenol y Normal 0.09 -0.07 -0.22 -0.19
enol (Mgr/ar — chilling -0.84" 0.95" 0.94" 0.93"
Chilling stress (%)  Normal -0.26 -0.33" -0.11 0.15 0.28 1
Chilling -0.32" 0.32" 0.27 0.24 0.29 1

ns, *and** are non-significant, significant at 5% and 1% levels, respectively
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Table 10: Regression analysis of different traits in narcissus populations in normal and chilling stress conditions

Condition Model B Std. Error Beta T value Sig.
Normal temperature Constant 38.51 3.90 - 9.87 0.00
Proline -2.54 1.89 -0.33 -2.14 0.03
Chilling stress Constant 24.70 3.65 - 6.78 0.00
Proline 0.55 0.27 0.32 2.05 0.04

ns, *and** are non-significant, significant at 5% and 1% levels, respectively.
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Tablell: Factor analysis in normal and chilling stress conditions in narcissus populations

Normal temperature

Chilling stress

Traits

F1 F2 F1
Osmotic Potential 0.01 -0.83 -0.91
Proline -0.67 0.09 0.98
Malondialdehyde -0.51 0.55 0.95
Soluble Sugar -0.05 0.58 0.94
Phenol 0.57 -0.18 0.98
Chilling stress 0.77 0.46 0.38
Eigenvalue 1.64 1.58 4.66
Variance% 27.27 26.37 77.58
Cumulative Variance% 27.27 53.64 77.58
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Fig. 2: Cluster analysis of different traits in narcissus populations in normal condition
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Fig. 3: CorrelClusteration analysis of different traits in narcissus populations in stress condition
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