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Table 1. Kruskal-Wallis test results of four recorded dates for freshness trait in Cuminum cyminum genotypes
under presence and absence of Fusarium

Test statistic

S.0.V. d.f.
1% record 2" record 3™ record 4™ record
Treatment 1 0.13"* 0.25™* 3.27" 1.43"%
Genotype 14 20.61™* 15.81"% 13.55™ 22 55"

n.s.: not significant (P<0.05).
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Table 2. Kruskal-Wallis test results of five recorded dates for developmental stage trait in Cuminum cyminum
genotypes under presence and absence of Fusarium

Test statistic

S.O.V. d.f.
1 record 2"™record 3" record 4™ record 5™ record
Treatment 1 0.33"s 0.015™* 0.98"* 0.57" 1.00™*
Genotype 14 2234"  1387"* 16.40" 21,03 16.19"

n.s.: not significant (P<0.05).
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Table 3. ANOVA of some traits in Cuminum cyminum genotypes under presence and absence of Fusarium

Number of Seed yield Number of Plant
Plant height Plant dry
S.O.V. umbrellas per plant seeds per mortality
(cm) weight (g)
per plant (9) plant ratio
Genotype (G) 12 86.09** 36.95** 0.18** 0.01** 1583.06** 0.15**
Treatment (T) 1 3.87" 11.68™* 0.00™* 0.00** 780.12** 0.86**
G*T 12 49.80** 24.80** 0.06"* 0.004** 397.58** 0.08"*
Experimental error 52 7.11 8.56 0.02 0.001 41.93 0.05
C.V. (%) 14.01 34.08 51.25 34.11 18.20 6.98

n.s. and **: non-significant and significant at 1% probability level, respectively
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Table 4. Means comparison of some traits interaction effects in Cuminum cyminum genotypes under presence
and absence of Fusarium

Number of Number of Plant
Plant height Plant dry Seed yield
Genotype Treatment umbrellas seeds per mortality
(cm) weight (g) per plant (g)

per plant plant ratio
2-14-3 P 22.73%9 9.00%9 0.18°% 0.13" 52.00° 0.4°"
2-14-3 A 25.76%¢ 10.66%f 0.46%¢ 0.10¢ 66.00° 0.22"f
2-15-2 P 21.56" 6.66°" 0.59%¢ 0.07° 51.33° 0.75%®
2-15-2 A 24.63%¢ 13.33% 0.62%® 0.18° 65.66° 0.67%¢
2-17-3 P 20.46% 6.33%" 0.340" 0.13" 45" 0.00f
2-17-3 A 21.66 11.33*¢ 0.47%¢ 0.10% 50.66° 0.19%
3-13-3 P 24.5%¢ 12.33*¢ 0.44% 0.09¢ 42.66 ° 0.26"f
3-13-3 A 19.73% 8.66%9 0.18°% 0.03% 19.60" 0.06°f
3-2-1 P 20.6"1 5.33%" 0.15" 0.06° 22.33M 0.48%"
3-2-1 A 18.06%" 6.00%" 0.16% 0.05°f 21.00M* 0.24"f
D6r2B1 P 19.4%1 8.00"" 0.30%" 0.05°f 23.66%" 0.47%"
D6r2B1 A 19.16% 7.66%" 0.15" 0.06° 20.00™ 0.37"f
E7rlbl P - - - - - 1.00°
E7rlbl A 17.86% 9.00%9 0.28%1 0.06°" 34.33%9 0.00f
F12ribl P 12.80" 2.33" 0.03' 0.03% 4.661 0.75%®
F12ribl A 17.00" 5.33%" 0.07% 0.01° 9.30" 0.29"f
forlb P 20.53" 9.33*" 0.20°%" 0.12"¢ 22.00™] 0.20¢"
forl.b A 21.96" 11.00*® 0.25% 0.11%¢ 32.66°" 0.11°f
g5r2B1 P 15.33¢" 5.66°" 0.099" 0.04°f 13.60% 0.56*°
g5r2B1 A 14.96%" 5.00"" 0.089" 0.05°f 14.33 0.15%f
g8r2b2 P 21.13" 11.33%¢ 0.36"¢ 0.13" 29.00" 0.73%¢
g8r2b2 A 4.46' 3.33%" 0.05" 0.2% 75.66° 0.17%f
harl.b P 22.20%" 7.66%" 0.22% 0.1¢ 43.60"° 0.31°f
h4rlb A 23.03%" 12.33*¢ 0.60% 0.11%¢ 43.33%¢ 0.25"f
1-32 P 20.83" 14.66% 0.73° 0.09¢ 37.33%f 0.66%¢
1-32 A 25.33%¢ 12.33*¢ 0.53%*¢ 0.18° 49.33% 0.50%

A and P: absence and presence of pathogen Fusarium.
In each column, the means with common letters are in the same statistical group at 5% probability level (Duncans multiple range test).
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Table 5. Traits correlation in Cuminum cyminum genotypes under presence (above main diameter) and absence
(below main diameter) of pathogenic fungus Fusarium

. Plant Number of Plant dry Seed yield Number of Plant mortality
Traits height cm) ~ UmPrellas —oiont (@) erplant(g)  SCOSPer ratio
9 per plant ghtg perp g plant

Plant heigh (cm) 1.00 0.56* 0.55™° 0.70** 0.77** -0.60*
number Ofp‘ra“;?re"as P p.ggr 1.00 0.70% 0.53" 0.45" 0.19"
plant dry weight (g) 0.77** 0.93** 1.00 0.30™* 0.60* -0.04"*
seed yield per plant (g) 0.02"* 0.38"* 0.51"* 1.00 0.631* -0.61*
Number of seed per plant 0.04™* 0.36" 0.54"* 0.87** 1.00 -0.45"*

Plant mortality ratio 0.40™ 0.44" 0.55™ 0.46" 0.31" 1.00

n.s., *, and **: non-significant and significant at 5 and 1% probability levels, respectively.
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Figure 1. Cluster analysis of Cuminum cyminum genotypes based on some traits under absence of
pathogenic fungus Fusarium
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Figure 2. Cluster analysis of Cuminum cyminum genotypes based on some traits under presence of
pathogenic fungus Fusarium
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Table 6. Principal component analysis of Cuminum cyminum genotypes based on some traits under
presence and absence of pathogenic fungus Fusarium

Absence of Fusarium

Presence of Fusarium

Genotype

PC1 PC2 PC1 PC2

2-14-3 0383 -0.09 0.75 -0.60
2-15-2 181 0.32 041 147
2-17-3 056 0.006 0.72 -1.30
3-13-3 -059 -1.106 0.96 0.04
3-2-1 -081 -044 -0.34 -040
D6r2B1 -0.59 -0.35 -0.17 0.18
E7rlbl -044 -0.20 -2.39 0.76
F12ribl -1.35 -054 -143 0.02
forl/b 0.08 -0.27 0.30 -097
g5r2B1 -103 -0.10 -0.69 -123
g8r2h2 -0.74 312 051 0.75
h4rl/b 094 -0.39 042 -0.62
1-32 134 0.04 0.95 1.90
Eigen value 3.15 1.65 393 113
Variance (%) 52.59 27.54 65.60 18.94
Cumulative variance (%) 52.59 80.13 65.60 8455
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Figure 3. Biplot of Cuminum cyminum genotypes based on some traits under absence of
pathogenic fungus Fusarium
(x1: plant height, x2: number of umbrellas per plant, x3: plant dry weight, x4: seed yield per plant, X5: number of seeds per plant,
x6: plant mortality ratio)
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Figure 4. Biplot of Cuminum cyminum genotypes based on some traits under presence of
pathogenic fungus Fusarium
(x1: plant height, x2: number of umbrellas per plant, x3: plant dry weight, x4: seed yield per plant, X5: number of seeds per plant,
x6: plant mortality ratio)
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Abstract

Fusarium wilt disease is the most important disease of cumin (Cuminum cyminum L.) and
causes great damage to it every year. The present study was conducted to evaluate the response
of 13 cumin genotypes to Fusarium wilt disease as a factorial experiment in a completely
randomized design (genotype as the first factor and absence and presence of the pathogen as the
second one) with three replications in the greenhouse of Research and Technology Institute of
Plant Production, Shahid Bahonar University of Kerman during growing season of 2020-2021.
The results showed that the interaction of genotype and treatment was statistically significant on
most of the traits. The highest traits correlation was observed between plant dry weight and
number of umbrellas per plant (0.92) under the absence of pathogen conditions and between
plant height and number of seeds per plant (0.76) under the presence of pathogen conditions.
Cluster analysis (Ward method) regarding the studied traits divided the genotypes into three
groups under the absence of pathogen conditions and two groups under the presence of
pathogen. Principal component analysis showed that the first two components could explain
80.13% (absence of pathogen) and 84.55% (presence of pathogen) of the variations. Also, biplot
analysis showed high diversity of the genotypes as well as confirming the clustering results. The
genotype E7r1bl had the highest plant mortality ratio (100%) under the presence of pathogen.
Under the absence of pathogen, the genotype g8r2b2 had the highest yield (0.20 g) and number
(75.66) of seeds per plant. Yield and number of seeds per plant decreased significantly under the
presence of pathogen. The highest seed yield (0.14 g) under the presence of pathogen was
observed in the genotype 2-14-3. Based on the studied traits, the genotypes g5r2B1 and
F12ribl had the lowest potential compared to the others under the both conditions. In general,
the genotypes reacted differently under the absence and presence of pathogen conditions. The
genotypes that revealed tolerance to the disease conditions could be introduced as sources of
tolerance in further breeding programs.

Keywords: Cumin (Cuminum cyminum L.), disease tolerance, wilt disease, Fusarium oxysporum f.
sp. cumini.



