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Reaction of safflower selected world- wide germplasm and inter-specific derived
lines to Fusarium root rot disease
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Abstract

Among the oilseed plants, safflower has a special place, for production under climate change conditions. One
of the main problems of safflower cultivation is fungal attack, which ultimately reduces crop yield. Studies
have shown that Fusarium solani is the cause of the disease. Fifty six safflower genotypes were evaluated for
their response to Fusarium root rot in a completely randomized block design with three replications in
greenhouse conditions. The response was assessed by measuring traits such as mortality rate, length of
necrosis zone in roots, number of viable plants, dry root weight, and dry weight of aerial area, stem height
and stem diameter. The results showed that there is a high negative correlation between the mean necrosis
length on the root and the number of live plants in the greenhouse. Genotypes were divided into five groups
(resistant, relatively resistant, tolerant, susceptible, and relatively susceptible). The most resistant genotypes
were Padideh, Golmehr, and P. Kose was evaluated as susceptible genotype. The wild species of C.
palaestinus (P) and some genotypes resulting from its interspecies had the highest survival rate and the
lowest necrosis length and mortality rate, the use of C. palaestinus and the lines resulting from its

interspecies to create disease-resistant cultivars could be recommended.
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Tablel. Safflower parental properties used in this research (Shafiei 2019)

Early maturity, the lowest mean value for the traits number of bolls per plant, seed yield and Carthamus
number of seeds per plant compared to C. palaestinus under moisture stress conditions tinctorious (T)
Late maturity, tolerant to moisture stress, the highest mean value for traits of number of bolls per C. palaestinus
plant, seed yield and number of seeds per plant in stress and non stress moisture conditions. (P)

Late maturity, the lowest percentage of yield reduction in moisture stress conditions compared to

the previous two species, the lowest mean value for the characteristics of boll diameter, seed yield C. oxyacanthus
and the number of seeds per plant and the highest mean value for the trait of the number of bolls (0)

per plant

(Shafiei 2019) K18 14 8 s SN 5 Jool= sl 258 slap¥ Slaasein -y
Table 2. Information of selected safflower lines derived from ineterspecific hybridization

Table2. Selected line properties from inter- specific derived

Maternal Parental Offsprings  Lines number
Carthamus tinctorius  C. palaestinus TP 12
C. tinctorius C. oxyacanthus TO 12
C. oxyacanthus C. palaestinus PO 10

Sk ol o3 ol 5,0 KIS o)) el Slasuie —¥ Jgur

Table 3. Information of safflower cultivars used in this research

Selected from the local population - in 1995 introduced by the research institute for the Seed and  Kose
Plant and Improvement Institute, spring, suitable for cold and temperate regions, can be cultivated

in summer

Isolated by single plant selsction from the Urmia safflower local population using the method of

pure line selection, introduced in 2005, by the Seed and Plant and Improvement Institute, autumn,  Padideh
suitable for cold and moderately cold regions, late maturity, cold tolerant

The result of the selection from a single plant in the local population of safflower in East
Azarbaijan using the method of selecting pure lines, the year of introduction 2008, by the Seed and
Plant and Improvement Institute, spring, suitable for hot, warm, early maturity, cold-tolerant
regions

The result of the selection of a single plant from the local Isfahan safflower population using the
method of selecting pure lines, the year of introduction 2009, by the Seed and Plant and Soffe
Improvement Institute, spring, suitable for cold temperate regions, can be cultivated in summer.

The result of two crosses (Zarghan 279*1.L.111) and selection in the separating generations, year

of introduction 2012, by the Seed and Plant and Improvement Institute, autumn, suitable for cold  Golmehr
and moderately cold regions, late maturity, tolerant to the cold

The result of the selection of a single plant from the Isfahan safflower local population using the

pure line selection method, the year of introduction 2016, by the Seed and Plant and Improvement  Parnian
Institute, basic growth type, suitable for hot and moderately hot, early maturity

Goldasht
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Table 4. Information of cultivars and recombinant lines derived from interspecific hybridization used
in this study

Explanation Cross (origin) Code Group number
Cultivate Parent Goldasht C. tinctorius T 1
Wild Parent Palestine C. palaestinus P 2
Wild Parent Shiraz C. oxyacanthus O 3
Drought tolerance C.tinctorius = C.palaestinus TP 16 TP 4
Drought tolerance C. tinctorius * C. palaestinus TP 6 TP 5
Drought tolerance C. tinctorius * C. palaestinus TP 8 TP 6
Drought tolerance C. tinctorius * C. palaestinus TP 48 TP 7
Drought tolerance C. tinctorius * C. palaestinus TP 51 TP 8
Drought sensitive C. tinctorius * C. palaestinus TP 26 TP 9
Drought sensitive C. tinctorius * C. palaestinus TP 60 TP 10
Drought sensitive C. tinctorius * C. palaestinus TP 56 TP 11
Drought sensitive C. tinctorius * C. palaestinus TP 30 TP 12
Drought sensitive C. tinctorius * C. palaestinus TP 36 TP 13
High linoleic acid (C18:2) C. tinctorius * C. palaestinus TP 1 TP 14
High linoleic acid (C18:2) C. tinctorius * C. palaestinus TP 61 TP 15
Drought tolerance C. tinctorius = C.oxyacanthus  TO 179 TO 16
Drought tolerance C. tinctorius * C. oxyacanthus TO 158 TO 17
Drought tolerance C. tinctorius * C. oxyacanthus TO 146 TO 18
Drought tolerance C. tinctorius * C. oxyacanthus TO 139 TO 19
Drought tolerance C. tinctorius * C. oxyacanthus TO 142 TO 20
Drought sensitive C. tinctorius * C. oxyacanthus TO 184 TO 21
Drought sensitive C. tinctorius * C. oxyacanthus TO 149 TO 22
Drought sensitive C. tinctorius * C. oxyacanthus TO 167 TO 23
Drought sensitive C. tinctorius * C. oxyacanthus TO 171 TO 24
Drought sensitive C. tinctorius * C. oxyacanthus TO 187 TO 25
High linoleic acid (C18:2) C. tinctorius * C. oxyacanthus TO 156 TO 26
High linoleic acid (C18:2) C. tinctorius * C. oxyacanthus TO 143 TO 27
Drought tolerance C. palaestinus * C. oxyacanthus PO 114 PO 28
Drought tolerance C. palaestinus * C. oxyacanthus PO 81 PO 29
Drought tolerance C. palaestinus * C. oxyacanthus PO 72 PO 30
Drought tolerance C. palaestinus * C. oxyacanthus PO 69 PO 31
Drought tolerance C. palaestinus * C. oxyacanthus PO 112 PO 32
Drought sensitive C. palaestinus * C. oxyacanthus PO 94 PO 33
Drought sensitive C. palaestinus * C. oxyacanthus PO 84 PO 34
Drought sensitive C. palaestinus * C. oxyacanthus PO 121 PO 35
Drought sensitive C. palaestinus * C. oxyacanthus PO 107 PO 36
Drought sensitive C. palaestinus * C. oxyacanthus PO 105 PO 37
Drought tolerance Egypt G58 Stable variety 38
Drought tolerance Canada G84 Stable variety 39
Drought sensitive Uzbekistan G35 Stable variety 40
Drought sensitive Poland Gl14 Stable variety 41
High Oleic acid (C18:1) & Low linoleic acid (C18:2)  Bangladesh G47 Stable variety 42
high oil content Canada G85 Stable variety 43
high palmitic acid (16:0) Iran Darab2 Stable variety 44
high palmitic acid (16:0) Iraq G19 Stable variety 45
Drought tolerance Iran Kose Iranian cultivar 46
Drought tolerance Iran Shiraz Iranian cultivar 47
Drought sensitive Iran Golsfid Iranian cultivar 48
- Palestine Palast37 Iranian cultivar 49
- Iran Oxy190 Iranian cultivar 50
- Iran Oxys-r Iranian cultivar 51
- Iran Soffe Iranian cultivar 52
- Iran Goldasht Iranian cultivar 53
- Iran Padideh Iranian cultivar 54
- Iran Golmehr Iranian cultivar 55
- Iran Parnian Iranian cultivar 56
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Table 5. Analysis of variance of traits in cultivars and inter specific derived lines after inoculation by

Fusarium solani,

Diameter  Length  Root dry weight  Shoot dry weight  Necrosis length Degree of Source of
(mm) (cm) (9) (9) Alive shoot Mortality  freedom variation
0.041™  12.33™ 0.0004"™ 0.149™ 0.148™ 59.52" 2 Replecation
0.224 74.06" 0.011" 0.138" 25.8" 1.93" 774.2" 55 Genotype
0.0146  11.88 0.0025 0.037 0.603 241.34 110 Error
8.65%  13.8% 25.8% 20.6% 12.50% 23.50% 25.6% Coefficient variation

ns: Not significant, *: Significant at the 5% probability level.
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Fusarium solani z,6 | Sodl bl i cou K8 LS 55 Ll sla oY pU,l 53 Sl N PRI T i PP
Table 6. Mean comparison of traits in cultivars and inter specific derived lines after inoculation by

Fusarium solani
Diameter  Length  Root dry weight  Shoot dry weight  Necrosis length

(mm) (cm) (9) (9) (mm) Alive shoot Mortality — Genotype
1.41% 30.32¢ 0.15Km 0.67km 5.77%" 42be 20¢fe T

1.5¢f 26"k 0.34% 1.8? 2.13w 6.67% 6.679 P
1.33¢P 24.29™ 0.25¢" 1.23bed 1.53" 4.33® 13.33% O
1.33¢P 2457 0.16™™ 0.97¢k 7.1Mi 3¢f 400 TP16
1.37%° 17.37°P9 0.16™™ 1.67°¢ 5.8kn 3.67%¢ 26.67%9  TP6
1.45°% 29.53%¢ 0.24% 1.67°¢ 3.13 3.67%¢ 26.67%9  TP8
1.18%9 28,9 0.13m 0.97¢k 9.07¢ 2.33¢f0 53.33%¢  TP48
1.47%1 28,77 0.16™™ 0.97%k 5.5 3.67%¢ 26.67%9  TP51
1.3ge" 24.19™ 0.14Kim 0.7im 3 3.67%4 26.67%9  TP26
1.26%9 18.4"p 0.17+" 0.97% 7.63% 3f 40 TP60
1.48°" 19.2" 0.29%¢ 0.83m 8.2¢h 2.33¢f0 53.33%  TP56
1.58b¢d 14.93p 0.14Km 0.89m 8.4%9 2.33¢f0 53.33%  TP30
1.42% 19.07"P 0.19¥m 0.83Fm 5.3mP 3f 40 TP36
1.44m 30.67%¢ 0.15Km 0.93* 12.43» 1.679 66.67° TP1
1.17 21.27%° 0.22¢% 0.83fm 4.83m 3.67%¢ 26.67%9  TP61
1.397 29.87%f 0.14KIm 0.9¢ 12.47% 2f 60% TO179
1.28" 27.13% 0.21¢™ 1.07¢h 11.732 1.679 66.67° TO158
1.21™9  29.47%9 0.16"m 0.93+ 8.63¢¢ 2.33¢f0 53.33%  TO146
1.28™ 21.631° 0.33¢%¢ 0.9+ 6.93"« 3.33%¢ 33.33¢f  TO139
1.3 23.87™ 0.13m 1.1¢9 11.83% 1.679 66.67° TO142
1.31% 24,3 0.17™m 0.83m 7.23 3.33v¢ 33.33%F  TO184
1.45¢k 23.77Km 0.14Km 0.63m 8.5¢f 2.33¢f0 53.33%  TO149
1.64% 26.53m 0.2fm 1.07¢h 6.77" 3f 40v TO167
1.2ma 25.2¢" 0.21¢ 0.9¢ 1.3° 2.33¢%f0 53.33%¢  TO171
1.72° 24 5 0.24% 0.83m 7.53¢% 3f 40v TO187
1.35%P 28.97% 0.24% 0.73™m 5.8kn 3.67%¢ 26.67%9  TO156
1.35¢P 25.63 0.16"™ 0.77"m 7.17%1 3¢f 400 TO143
1.46¢1 25.930k 0.13™ 1.01¢1 2.3w 4.33%® 13.33"  PO114
1.394" 29.87%f 0.33%¢ 0.9¢" 8.47%f 2.67%9 46.67*¢  PO81
1.41% 29%i 0.27>f 1.17°¢ 3.13 4abe 20¢f0 PO72
1.38¢" 26.87%1 0.17+m 0.83™ 4579 3.67%¢ 26.67%9  PO69
1.119 31.3® 0.16™™ 0.97¢k 4.13°% 42be 20¢f0 PO112
1.44°% 29.53%¢ 0.15Km 0.77hm 4307 42be 20¢7 PO94
1.23" 29.57%9 0.22¢% 0.9¢! 2.13w 4.33%® 13.33"  PO84
1.24"4 25,99 0.21¢ 1% 3.13 3.67%¢ 26.67%9  PO121
1.49¢" 23.43™ 0.15Km 0.674m 3.43% 3.67%¢ 26.67%9  PO107
1.5¢f 28.23% 0.17m 1.130¢ 7.5% 3.33%¢ 33.33¢f  PO105
1.44%% 18.73™° 0.26°9 0.674m 7.5¢ 3.33v¢ 33.33°f  G58
1.27i9 26.37"% 0.15™m 0.77hm 8.63% 2.67%9 46.67%9  G84
1.399" 24.87¢k 0.14Km 0.97% 6.91k 3.33%¢ 33.33¢f  G47
1.38%° 26.9%1 0.17m 0.64™ 8.67% 2.67%9 46.67*Y G35
1.24" 25.03¢k 0.14Kim 1% 5.77%" 4abe 20¢f0 Gl4
1.379" 21.831° 0.16™™ 1.31% 457" 42be 20¢7 G85
1.35¢P 29.27%h 0.17m 1.03%1 10.23¢ 2.67%9 46.67*Y G119
1.17 29%i 0.189™ 0.58™ 4.6ma 42be 20¢7 Darab2
1.29" 26.77%k 0.14Kim 0.9¢ 13.12 21 60 Kose
1.3 31.17%¢ 0.14Km 1.12¢f 5.5 42be 20¢f0 Shiraz
1.52¢de 25.83% 0.21¢ 1.43° 6.77" 3.33%¢ 33.33¢f  Golsfid
1.27% 28.47% 0.21¢ 0.73™m 2.93 4672 6.67¢ Pal37
1.41¢ 17.17°P9 0.26°9 0.83m 4.63™ 3.67%¢ 26.67%9  Oxy190
1.35¢P 32.23° 0.14Km 1.06¢" 4.73mP 3.67%¢ 26.67%9  Oxysr
1.32%0 35,870 0.16"™ 1.07¢" 6m 3¢ 400 Soffe
1.35¢P 18.87™? 0.32%¢ 0.77hm 7.1Mi 3¢f 400 Goldasht
3.222 12.6% 0.23¢ 0.73™m 1.13 4.67% 6.67¢ Padideh
1.49¢9 11.3" 0.36° 0.87¢™ 2w 4672 6.67¢ Golmehr
1.49m 14.87°% 0.24% 0.7im 6.67" 3¢f 40 Parniyan

Means followed by at least one common letter are not significantly different at the 5% probabilitylevel, using LSD test.

166 \#8



VOO-IVY N FY Jlo /¥ 6l /08 Al / aLS glagslew

Table 7. Results of cluster analysis in cultivars and recombinant inbred lines under disease stress

Group Genotype Group Genotype

Group  Genotype

Group  Genotype

SR G85 SS PO81
SS G19 SR PO72
SR Darab?2 SR PO69
S Kose SR PO112
SR Shiraz SR PO94
T Golsfid R PO84
R Palast37 SR PO121
T Oxyl90 SR PO107
SR Oxys-r T PO105
T Soffe T G58

T Goldasht ~ SS G84

R Padiden T G47

R Golmehr  SS G35

T Parniyan SR G14

SR TP61 SR T

S TO179 R P

S TO158 R o

SS TO146 T TP16
T TO139 T TP6
S TO142 SR TP8
T TO184 SS TP48
SS TO149 SR TP51
T TO167 SR TP26
SS TO171 T TP60
T TO187 SS TP56
SR TO156 SS TP30
T TO143 T TP36
R PO114 s TP1

(R: Resistant SR: SemiResistant T: Tolerant SS: SemiSucceptible S: Succeptible)

FuNS 4505 51 ool KM 5 35 itsue sl 0g S 53 e 9 S e Ao 5 55,58 db sl ke A s

Table 8. Average of leangth of the necrotic zone and percentage of mortality in diferent groups

resulted from cluster analysis

Mortality percent  Necrosis length ~ Genotype number  Reaction
9.53¢ 2.02¢ 7 R
23.53¢ 4.46¢ 17 SR
36.08¢ 6.74¢ 17 T
50.67" 8.01° 10 SS
64.012 12.312 5 S

R: Resistant, SR: SemiResistant, T: Tolerant, SS: SemiSucceptible, S: Succeptible
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Fig 2. A: Comparison of PO population genotypes based on average mortality percentage, B:
Comparison of TO population genotypes based on average mortality percentage, C: Comparison of
TP population genotypes based on average mortality percentage, D: Comparison of cultivars based on
average mortality percentage and death due to fusarium disease (in each column means followed by at

Least one common letter are not significantly different at the 5% peobability level, using LSD test)

2 e g ol S s ol aesze e bl el slataslie sl ¢l mole S35 @l K15
e sdyl Slallae 55 L & el 031 bl pol5e  Golmehr Padideh Ll sl ~Sol sla wli

5,8 13 sPo84 sla N 50 5P x> o5, 5 Palast37
5 (C. palaestinus) P uJly —i>5 4558 45 bl Golos 4 pslis (S5 mbis Olsie 4 wSl5 0 Po114
Gl O (gl a5 8 s (5 5 ol slgisl o, P084 VPO sla oY o 55 6,5 3 a5 550
500 035,50 Jsb S 5 e ol Ao s oy i rjwéjéywp0114‘wy‘3&@ww
Nl ol Gl Sl eslid (s e 5 S e Ao Sl a5 iy Cenl 5y el ss 518
o5 Sl 4 pslin pBl sl sl OT sl S s dae S sa S 5 (Espanani et al. 2019a)
S 4 ey Slio 368 5 ad 88 pl apd o8 bl s SalS sl L T OIS e 65 el el
et et St A e S bl Sl cl el Gl 85 5 G pluld G 5 S 4o s S
OF 33 (La S 5 o (St i) il Sl i ey 4 5L o8 (S et Solem 41 Jota L pslis

170 W



VOO-IVY N FY Jlo /¥ 6l /08 Al / aLS glagslew

Al el 53 KIS s olew glasls b i este pS 1 sl i s il e eV

References &b

Abdollahi, M., Fassihiani, A., 1995. A new form of Fusarium solani from safflower. The Proceeding of the
12" [ranian Plant Protection Congress, Karaj, Iran.

Ahmadzadeh, S., Kadivar, M., & Saeedi, G. 2009. Investigation of oil properties and Seed composition in
some safflower lines and cultivars. Iranian Food Science and Technology Research Journal, 5: 136-150.
Ale Agha, N. 1970. Safflower root rot (Phytophthora drechsleri Tuck.). The Proceeding of the3™ Iranian

Plant Medicine Congress. Shiraz, Iran. 33-36 Pp.

Amiri Mazhar, M., Zhian Jahanger, A, Banihashemi, Z., and Izadpanah, K. 2013. First report of isolation and
pathogenicity of Fusarium compactum on safflower. Iranian Journal of Plant Pathology, 49: 277-287.

Chattopadhyay, C. and Kalpana, R. 2003. Development of Fusarium wilt resistant genotypes in safflower
(Carthamus tinctorius L.). European Journal of Plant Pathology 109: 147-151.

Espanani, S., Majidi, M. M., Saeidi, G. and Alaei, H. 2019a. Physiological aspects of inter-specific gene
introgression to improve drought tolerance in safflower. Euphytica 215, 163 (2019).
https:..doi.org.10.1007.s10681-019-2477-3.

Espanani, S., Majidi, M. M., Saeidi, G., Alaei, H. and Rezaei, V. 2019b. Wide hybridization and
introgression breeding in safflower: Effectiveness of different selection methods. Plant Breeding 138:
846-861.

Golkar, P., Arzani, A., and Rezaei, A. 2011. Evaluation of Genetic Control of SeedQuality Traits in
Safflower (Carthamus tinctorious L.). Iranian Journal of Field Crop Science, 42:833-844

Hajjar, R. and Hodgkin, T. 2007. The use of wild relatives in crop improvement: A survey of developments
over the last 20 years. Euphytica 156: 1-13.

Kalpana Sastry, R. and Chattopadhyay, C. 2003. Development of Fusarium wilt-resistant genotypes in
safflower (Carthamus tinctorius). European Journal of Plant Pathology 109: 147-151.

Klisiewicz, J. M. 1980. Safflower germplasm resistant to Fusarium wilt. Plant Disease 64: 876-887.

Lozovaya, V. V., Lygin, A. V., Zernova, O. V., Li, S., Hartman, G. L. and Widholm, J. M. 2004.
Isoflavonoid accumulation in soybean hairy roots upon treatment with Fusarium solani. Plant Physiology
and Biochemistry. 42: 671-679.

Mahmoudi, E. and Naderi, D. 2017. Anti-fungal and bio-control properties of chitinolytic bacteria against
safflower Fusarium root rot. Journal of Crop Protection 6: 225-234.

Majidi, M. M., Tavakoli, V., Mirlohi, A. and Sabzalian, M. R. 2011. Wild safflower species (‘Carthamus
oxyacanthus' Bieb.): A possible source of drought tolerance for arid environments. Australian Journal of
Crop Science 5: 1055-1063.

Mindel, H. H., Morrison, R. J., Blackshaw, R. E., Entz, T., Roth, B. T., Gaudiel, R. and Kiehn, F. 1994,
Seeding-date effects on yield, quality and maturity of safflower. Canadian Journal of Plant Science 74:
261-266.

Nageswara Rao, V., Kalpana Sastry, R., Craufurd, P., Meinke, H., Parsons, D., Rego, T. J. and Rathore, A.
2014. Cropping systems strategy for effective management of Fusarium wilt in safflower. Field Crops
Research 156: 191-198.

Nasehi, A., Shafizadeh, Sh., Rezaie, S., and Shahsavari. M.R. 2009. Evaluation ofrelative resistance of
safflower (Carthamus tintorius L.) genotypes to Fusarium root rot disease inlsfahan province. Seed and
Plant Journal, 25: 623-634.

Omidi, A. H., Shahsavari, M. R., Alhani, A., and Pasban Islam, B. 2008. Cultivar release,Padide, A new
safflower cultivar. Seed and Plant Journal, 24: 215-219.

Sadravi, M. 2003. Diseases of oil plants. Jehade Daneshgahi Publication, Mashhad.

Salehi, M., Nejat, N. and Atsakhr, A. K. 2002. Etiology of phyllodes of oil plants in Iran.The Proceeding of
the 15" Iranian Plant Protection Congress, Kermanshah, Iran.

\\a 171



‘;axﬂj‘,:"_;}:adﬁq&,@bﬁ:ﬁu(u)‘ﬂb :bb&w"‘.m‘.;)x

Shafiei, F. 2019. Efficiency of selection methods in advanced generation ofsafflower interspecific crosses
and phylogenetic analysis of species in terms of fad2 gene. PhD. Thesis, Isfahan University of
Technology, Isfahan, Iran.

Sharifnabi, B. 2016. Diseases of field crops in Iran. 2" ed. Isfahan University of Technology Publication,
497 P.

Sharifnabi, B. and Saeidi, G. 2004. Preliminary evaluation of different genotypes of Safflower (Carthamus
tinctorius L.) to Fusarium root rot disease. Journal of Water and Soil Science 8: 219-227.

Thomas, C. A. and Zimmer, D. E. 1971. Registration of USB Safflower Germplasm 1 (Reg. No. GP 10).
Crop Science 11: 606.

Votzi, J., Bedlan, G. and Braun, U. 2020. First report of Ramularia cercosporelloides on Carthamus
tinctorius in Austria. Schlechtendalia 37: 1-4.

Weiss, E. A. 1983. Qilseed Crops. Longman Group Limited, London, UK. 389 p.

172 WY



