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Extended Abstract

Background and Objectives

The flower market is a globally active industry that has experienced significant growth over the past
few decades. Narcissus tazetta (Daffodils), a key flowering plant, thrives in tropical and semi-
tropical regions. It is used both as a cut flower and for planting in pots and green spaces. It is
cultivated in some parts of Iran, including South Khorasan province, the North, North-East, and
much of southern Iran, primarily for cut flower production. Farmers in South Khorasan province
have experienced cold damage in specific years due to sub-zero temperatures. Therefore, this study
was conducted to evaluate the cold resistance and assess the extent of damage in various
populations of Narcissus tazetta collected from different regions of Iran.

Materials and Methods

A factorial experiment was conducted in the greenhouse of the Plant Production and Genetics Group,
Agriculture and Natural Resources Paradise, University of Birjand from 2018 to 2019. Factor A
included 13 populations of Narcissus tazetta (Azadshahr, Shahlai Shomal, Shastpar Shomal, Shiraz
1, Shiraz 2, Yasouj, Yasouj small perfume, Tabase Golshan, Khusf 1, Khusf 2, Behbahan 1, Behbahan
2, and Gachsaran). Factor B consisted of four temperature levels: environmental temperature
(control), +5°C, 0°C, and -5°C. Five leaves were collected from each pot and exposed to refrigeration
at +5°C, 0°C, and -5°C for 5 hours. Traits measured included relative leaf water content (RWC), ion
leakage, chlorophyll a, chlorophyll b, total chlorophyll, carotenoid, chlorophyll a/total ratio, total
chlorophyll/carotenoid ratio, and the percentage of chilling stress. Data analysis was carried out using
SAS9.4 and SPSSv26 softwares and histograms were drawn using Excel 2010 software. Duncan's
test was used to compare means. Pearson's correlation was applied to analyze correlations.
Multivariate analysis (cluster analysis and principal component analysis) was conducted using all of
the traits under both stress and normal conditions.

Results

Analysis of variance revealed significant differences of populations and cold stress treatments for all
the traits except chlorophyll a. The population by clod stress interaction effect was significant for all
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the traits, suggesting that populations responded differently to various temperatures. The highest and
lowest ion leakage values were observed at -5°C and the control treatment (22°C), respectively. The
highest values of RWC, chlorophyll a, chlorophyll b, total chlorophyll, carotenoids, and the
chlorophyll a/total ratio were observed at the control temperature, while the lowest values were
observed at -5°C. Chilling stress was highest in February and lowest in December in the natural
environment. As temperature decreased, ion leakage and chilling stress increased, while other traits
declined. Correlation and regression analyses indicated that chlorophyll b and total chlorophyll were
more strongly associated with chilling stress. Cluster analysis categorized the populations into three
groups under both normal and stress conditions. The populations Yasouj, Tabase Golshan, Shiraz 1,
small aromatic Yasouj, and Azadshahr formed the first cluster; Behbahan 2, Shiraz 2, Shahlai Shomal,
Shastpar Shomal, Khusf 1, Khusf 2, Gachsaran, and Behbahan 1 formed the second and third clusters.
The results showed no relationship between geographical proximity and chilling stress.

Conclusion

The study identified chlorophyll b and total chlorophyll as critical traits for assessing cold resistance.
The populations Khusf 1, Khusf 2, Gachsaran, and Behbahan 1 were the most frost-resistant, while
Yasouj, Tabase Golshan, Shiraz 1, and small aromatic Yasouj were the most frost-sensitive.
Azadshahr, Behbahan 2, Shiraz 2, Shahlai Shomal, and Shastpar Shomal were intermediate in cold
tolerance. Gachsaran was the most resistant, and Shiraz 1 was the most sensitive to chilling stress.
The results showed significant diversity among populations regarding cold resistance, suggesting that
researchers and farmers interested in Narcissus as an economic plant should focus on these frost-
resistant populations.

Keywords: Carotenoid, Chlorophyll a, Chlorophyll b, lon Leakage, Relative Water Content.
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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
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January -0.68 14.59 6.95
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Error 104 6.06 3341 0.007 0.004 0.008 59.87 0.006 0.001
CcVv 3.86 11.08 16.70 32.27 12.79 14.13 11.04 28.36

*, **: significant at 5% and 1% probability levels, respectively.
# RWC= Relative water content,

M)A\)M)AOJW‘CLM)J)‘:@M%;aﬁ

Chl. = Chlorophyll
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Table 3. Analysis of variance of chilling stress in narcissus populations

S.0.vV D.F MS
Population (A) 12 728.42™
Month (B) 2 11453.8™
A xB 24 72.61™
Error 78 19.25
CV% 19.55

* *

2255 540,30 Jlasl o 3 o s (o 5 PR
*and**=significant at 5% and 1% probability levels, respectively.
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Table4. Mean comparison of different populations of narcissus

Populations RWC# lon Chl. a Chl.b Chl. total carotenoid ChLA/T ChL.T/C Chilling
(%) Leakage(%) mg/gFW ratio ratio Stress(%)
Shehlai North 65.01° 54.76% 0.48%¢ 0.18¢d 0.66% 51.923¢ 0.728%¢ 0.0117%® 20.66%
Shastpar North 65.13% 54,55% 0.523° 0.18% 0.71% 51.52% 0.73%° 0.0117%® 24.00¢
Azadshahr 63.63%° 53.24% 0.55° 0.15% 0.70% 56.63% 0.78° 0.0133%® 24.00¢
Shiraz 1 62.55% 54.33% 0.48%¢ 0.13¢ 0.61¢ 47.67° 0.76%® 0.0125% 29.33¢
Shiraz 2 61.78° 49.09% 0.46° 0.25% 0.723%c 60.15° 0.65% 0.0108%* 21.00%
Small Fragrant 63.38%° 51.89%¢ 0.51%¢ 0.15% 0.66% 55.13%® 0.75%¢ 0.0100° 28.66°
Yasouj 63.128¢ 49.55™ 0.523¢ 0.18% 0.69 51.64% 0.72%cd 0.0133%® 34.33°
Tabase Golshan 64.53% 49.33% 0.54%® 0.14° 0.69" 54,593 0.78% 0.0125% 39.00?
Khusf 1 62.19° 47.50° 0.528¢ 0.21% 0.73%%¢ 53.71%¢ 0.71bcd 0.0125%® 10.66%"
Khusf 2 63.29%%¢ 52.243%¢ 0.47" 0.18%® 0.65% 56.16% 0.69% 0.0108%* 17.55%
Behbahan 1 65.18? 55.23* 0.532%¢ 0.23%® 0.76% 54,373 0.70Qbcde 0.0142* 14.33f
Behbahan 2 65.29? 53.79® 0.51%¢ 0.28? 0.79 60.232 0.64¢ 0.0133%® 20.77%
Gachsaran 64.56% 51.79%° 0.51%¢ 0.28° 0.80° 57.08% 0.65% 0.0133%® 7.33"

1l b e sl 40 Sl e 3 S5 o030 ool aien S e Gy b S by s 5o Sl Kl
Means followed by the same letter within a column are not significantly different according to DMRT at 5% probability
# RWC= Relative water content, Chl. = Chlorophyll
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Figurel. The means of relative water content, Ion linkage and chilling stress by temperature changes
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Means followed by the same letter within a column are not significantly different according to DMRT at 5% probability
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Figurel. The means of chlorophyll pigments and carotenoid by temperature changes
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Means followed by the same letter within a column are not significantly different according to DMRT at 5% probability level.
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Table 5. The mean of population xchilling interaction effects for RWC and ion leakage

Populations Relative water content % lon Leakage%
22°C +5°C 0°¢ -5°¢ 22°C +5°C 0°¢ -5°¢C

Shehlai North 81.012 66.86° 61.56%¢ 50.622bcd 18.63% 46.012 59.28%¢ 95.112
Shastpar North 81.48° 69.16° 59.92bcde 49,950 24,78 41.93% 64.15° 87.33%
Azadshahr 77.55%¢ 65.53? 61.22%¢ 50.24bcd 23.00% 35.13% 62.74% 92.09%
Shiraz 1 74,94 65.98? 60.622bcd 48.66% 33.702 38.13% 55.52a0cd 90.00%
Shiraz 2 74.03% 68.82° 57.36¢f 46.90¢ 22.64% 32.445 52.17°d 91.52%
Small Fragrant 73.56¢ 66.10? 63.06° 50.802bcd 27.95% 42.64% 55.80%¢d 81.17°
Yasouj 77.64%¢ 66.872 60.26° 47.69¢ 22.67% 35.50% 57.00%cd 83.04%
Tabase Golshan 79.36% 69.28? 58.8g¢cdef 50.6120cd 22.70% 37.60% 49.34% 87.69%
Khusf 1 76.41% 65.62° 56.78f 49,930 13.82¢ 39.66% 49.66% 86.91%
Khusf 2 77.18%0c 68.362 58.92¢cdef 48,69 27.62% 37.56% 48.26¢ 95.53?
Behbahan 1 81.012 67.58? 58.03%f 54.08? 30.29% 38.44% 58.70%¢d 93.49%
Behbahan 2 78.02%¢ 69.042 61.83%¢ 52.28%¢ 24,50 39.31% 59.53%¢ 91.83%
Gachsaran 74.01% 69.43? 62.04% 52.76% 29.77% 35.30% 54.56%¢ 87.55%

1l b e sl 40 Sl e 53 S5 o030 ool aien S e Gy b S by s 5 Slio Kl
Means followed by the same letter within a column are not significantly different according to DMRT at 5% probability level.
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Table 6. Mean of population x chilling interaction effects for chlorophyll b and total chlorophyll

Populations Chlorophyll b (mg/gFW) Chlorophyll total (mg/gFW)

22°¢ +5°C 0°¢ -5°¢ 22°¢C +5°C 0°c -5°¢
Shehlai North 0.26b¢ 0.25¢¢e 0.14%¢ 0.08 1.04¢ 0.72% 0.518 0.38°
Shastpar North 0.292b¢ 0.159%f 0.13% 0.16%c 1.05%¢ 0.68°¢ 0552 0.572
Azadshahr (.32abcd 0.05f 0.11°¢ 0.132bcd 1.18%¢ 0.70¢ 0552 0.39°
Shiraz 1 0.273b¢ 0.05 0.15%¢ 0.054 1.03% 0.75% 0.50°@ 0.17°
Shiraz 2 0.358¢ 0.372bc 0.18ac 0.128bcd 1.123¢ 0.848abc 0.554 0.37°
Small Fragrant 0.21° 0.179%f 0.11°¢ 0.128bcd 1.00° 0.71b¢ 0.554 0.39°
Yasouj 0.273b¢ 0.11¢ 0.14¢3bc 0.192 1.08b¢ 0.72b¢ 0.572 0.42%
Tabase Golshan 0.282bc 0.07f 0.13% 0.1712bcd 1.07%¢ 0.78b¢ 0.514 0.42%
Khusf 1 0.302b¢ 0.27bcd 0.11°¢ 0.16%c 1.1230¢ 0.882 0.524 0.43%®
Khusf 2 0.262¢ 0.15%f 0.15%¢ 0.17% 1.07¢ 0.71%¢ 0.494 0.33°
Behbahan 1 0.422 0.26¢ 0.15%c 0.10bd 1.292 0.882 0512 0.36°
Behbahan 2 0.378bc 0.412 0.232 0.132bcd 1.23% 0.972 0592 0.39°
Gachsaran 0.39% 0.432 0.20® 0.123bcd 1.23% 0.962 0.60° 0.42%

18 2l (1 s 2lis 70 Sl o 3 S0l ga5] el Attn St G s 45 g s s Slio Sl
Means followed by the same letter within a column are not significantly different according to DMRT at 5% probability level.
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Table7. Mean comparison of population x cold interaction effects for carotenoid and chl.a/ total ratio.

Populations Carotenoid (mg/gFW) Chlorophyll a/total ratio
22°C +5°C 0°¢ -5°¢ 22°¢ +5°C 0°¢ -5°¢
Shehlai North 71.28%® 54.15bcd 54.952 31.312 0.75? 0.64¢cde 0.728bc 0.792
Shastpar North 64.89° 43.99¢ 55.332 41.89° 0.722 0.78%¢ 0.75%¢ 0.71®
Azadshahr 75.30% 58.23abcd 49,852 43.128 0.73? 0.932 0.792 0.672bc
Shiraz 1 72.06% 48.36% 57.63? 12.63° 0.742 0.932 0.69%¢ 0.69%
Shiraz 2 77.562 74.26° 53.95? 34.832 0.692 0.56% 0.682bc 0.673¢
Small Fragrant 75.41% 58.082bcd 46.55% 40.51° 0.792 0.76%cd 0.802 0.68%¢
Yasouj 71.58% 61.1820cd 38.36° 35.442 0.752 0.84% 0.752bc 0.55¢
Tabase Golshan 72.39% 49,73 55.872 40.37° 0.742 0.89% 0.75%¢ 0.73%
Khusf 1 75.44% 54.93bcd 50.79% 33.692 0.732 0.69bcde 0.78% 0.630cd
Khusf 2 75.46% 65.67%¢ 54,732 28.76% 0.762 0.778bc 0.702bc 0.53¢
Behbahan 1 75.21%® 58.0730¢d 53.542 30.672 0.682 (.71 bode 0.723bc 0.73%®
Behbahan 2 72.29% 69.18% 58.542 40.922 0.702 0.58¢cde 0.62¢ 0.66%¢
Gachsaran 73.71%® 69.76% 46.84% 38.022 0.682 0.55¢ 0.66 0.72%
Al s gne 5lis 70 Jlazs| e 3 S5 o030 ool aies S e Gy s S by s 5 Slio Kl
Means followed by the same letter within a column are not significantly different according to DMRT at 5% probability level.
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Table8. Mean comparison of population x cold interaction effects for chilling stress and total
chlorophyll/carotenoid ratio traits

Populations Chlorophyll total /Carotenoid ratio Chilling Stress (%)

22°C +5°C 0°C -5°C December January February
Shehlai North 0.013%® 0.0132 0.010° 0.010° 0.00¢ 30.009% 32.00¢
Shastpar North 0.013® 0.013¢ 0.010° 0.010° 0.00¢ 35.00¢ 37.00bcd
Azadshahr 0.0202 0.0132 0.010° 0.010° 0.00¢ 35.00% 37.00bcd
Shiraz 1 0.010° 0.0172 0.010° 0.0132 5.00¢ 40.00%¢ 43,003
Shiraz 2 0.013%® 0.0102 0.010° 0.010° 0.00¢ 30.00% 33.00¢
Small Fragrant 0.010° 0.0102 0.010° 0.010° 5.00¢ 40.00%¢ 41,003
Yasouj 0.013%® 0.0132 0.0172 0.010° 10.00° 45,00% 48.00%
Tabase Golshan 0.013® 0.0172 0.010° 0.010° 15.002 50.002 52.002
Khusf 1 0.013%® 0.0172 0.010° 0.010° 0.00¢ 15.009" 17.00f
Khusf 2 0.013® 0.0102 0.010° 0.010° 0.00¢ 25.00¢f 27.00%
Behbahan 1 0.0202 0.0172 0.010° 0.010° 0.00¢ 20.007 23.00¢f
Behbahan 2 0.0202 0.013¢ 0.010° 0.010° 0.00¢ 30.00¢% 32.00¢
Gachsaran 0.0202 0.0102 0.013%® 0.010° 0.00¢ 10.00" 12.00"

18 2l (s me Dolis 720 Sl e 3 S0 ga5] el dtn St Gop e s 45 g s 53 Slio KL

Means followed by the same letter within a column are not significantly different according to DMRT at 5% probability level.
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Table9. Correlation analysis of different traits in narcissus populations in normal and chilling stress conditions

Traits Condition Chl. a Chl.b Cart Chl. RWC lon ChLAIT ChL.T/C
total leakage ratio ratio
Chl.b Normal 0.23
Chilling 021
Carotenoid Normal 0.62** 0.09
Chilling 0.68** 0.58**
Chl. total Normal 0.72%* 0.84** 0.41*
Chilling 0.89** 0.64** 0.81**
RWC Normal -0.17 0.07 -0.32* -0.05
Chilling 0.88** 0.42** 0.79** 0.89**
lon leakage Normal 0.03 0.11 0.01 0.09 -0.07
Chilling -0.86** -0.38* -0.82** -0.86** -0.94**
Chl. a/total. Normal 0.11 -0.94** 0.14 -0.60** -0.13 -0.07
Chilling 0.52** -0.69** 0.02 0.08 0.28 -0.29
Chl. T/Cart. Normal 0.46** 0.68** -0.04 0.75** 0.08 0.01 -0.54**
Chilling 0.59** 0.20 -0.01 0.56** 0.45** -0.38* 0.20
Chilling Normal -0.16 -0.43** -0.16 -0.40* 0.07 -0.04 0.35** -0.35**
Chilling -0.24 -0.50** -0.36* -0.43** -0.36* 0.32* 0.23 -0.26

*

# RWC= Relative water content, Chl. = Chlorophyll

, “=significant at 5% and 1% probability levels, respectively 4z s\ 5 0w, 0 Sl pdaws 3 Jls gre o5 40

*k Kk
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Tablel0. Regression analysis of cold resistance as a dependant and other traits as independents in narcissus

populations in normal and chilling stress conditions

Condition Model B Std. Error Beta T value Sig.

Normal temperature Constant 115.72 35.16 3.29 0.00

Total chlorophyll -75.77 3141 -0.59 -2.41 0.03

Chilling stress Constant 53.53 8.35 6.41 0.00

Chlorophyll b -137.86 48.96 -0.65 -2.82 0.02
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Tablell. Factor analysis in normal and chilling stress conditions in narcissus populations

Traits Normal temperature Chilling stress
F1 F2 F3 F1 F2 F3

Chlorophyll a 0.27 0.88 0.12 0.87 0.16 0.44
Carotenoid 0.00 0.85 -0.14 0.93 -0.28 -0.21
Relative water content 0.14 -0.44 0.53 0.92 -0.07 0.27
lon leakage 0.13 -0.08 -0.82 -0.94 0.04 -0.19
Total chlorophyll 0.84 0.51 0.04 0.86 -0.29 0.37
Chlorophyll b 0.97 0.02 -0.04 0.37 -0.90 0.06
Chlorophyll a/Total -0.89 0.29 0.05 0.32 0.89 0.22
Chilling stress -0.53 -0.14 0.18 -0.25 0.60 -0.33
Total chlorophyll/Carotenoid 0.81 0.18 0.20 0.20 -0.04 0.96
Eigenvalue 3.47 2.09 1.07 4.44 2.15 1.56
Variance% 38.56 23.27 11.88 49.27 23.84 17.35
Cumulative Variance% 38.56 61.83 73.71 49.27 73.11 90.46

The bold and underlined coefficients are significant
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