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Abstract- Screening twenty genotypes of carnation for resistance against two isolatesviz., IHR and Pune of Fusarium oxysporum f. sp. dianthi, revealed that the
genotypes varied in their response to the presence of the pathogen. It was observed that the genotype Loris, took the least number of days for first symptom
appearance in both IIHR (39.5 days) and Pune isolates (38.5 days), whereas, the genotype Gioele took the highest number of days for the isolate IIHR (60 days) and
the genotype Praga for the isolate Pune (57 days). In addition, the genotype Praga recorded the least per cent disease incidence for both IIHR (24.99 %) and Pune

(16.66 %) isolates and also the least disease severity for both IIHR (8.56 %) and Pune (8.98 %) isolates.

Keywords- Camation, Fusarium oxysporum, Isolates, Disease Severity, Percent disease incidence.

Citation: Pumachandra Gowda G., et al., (2017) Screening Carnation Genotypes for Resistance against Fusarium Wilt (Fusarium oxysporum f. sp. dianthi) Isolates viz.
IHR and Pune. International Journal of Microbiology Research, ISSN: 0975-5276 & E-ISSN: 0975-9174, Volume 9, Issue 3, pp.-878-880.

Copyright: Copyright©2017 Pumnachandra Gowda G., et al., This is an open-access article distributed under the terms of the Creative Commons Attribution License, which
permits unrestricted use, distribution and reproduction in any medium, provided the original author and source are credited.

Academic Editor / Reviewer: Gholamian Asadollah

Introduction

Carnation is an important cut flower crop with high commercial value owing to its
excellent keeping quality and diverse array of colors coupled with forms [1]. It is
believed that the perpetual carnation was developed from cross between D.
caryophyllus and D. chinensis and the resultant varied forms have been grouped
as standards and spray types. Carnation (Dianthus caryophyllus L.), belongs to
the family Caryophyllacae, is one of the important cut flowers in the world, owing
its origin to the Mediterranean region. The stems are green with clear nodes, with
leaves in pairs aligned opposite to each other. Flowers are borne at the terminal
end of the stems, color varying from white to red, and also bicolored. Carnation
ranks 2nd in commercial importance next to rose in the world. It has a wide range
of colors and excellent keeping quality. They are also used for bedding, pots,
borders, edging, indoors and rock gardens. Miniature carnations are now gaining
popularity for their potential use in floral arrangement.

In India, carnation is grown in and around Nasik, Pune, Kodaikanal, Nilgiris,
Kalimpong, Darjeeling, Bangalore, Solan, Palampur, Shimla, Srinagar, Nainital
and Chaubattia. In India, places like Nilgiris and Kodaikanal of Tamil Nadu and
some specific regions of Himachal Pradesh have the suitable climate for camation
cultivation. Fusarium wilt is one of the major diseases that restrict carnation
(Dianthus caryophyllus L.) crops to be grown profitably around the world.
Fusarium oxysporum Schitdl. . sp. dianthi (Prill. &Delacr.) W. C. Snyder & H. N.
Hansen (Fod) is the causal agent of Fusarium wilt in carnation (FWC), but two
other species have been recently reported to infect carnation, causing symptoms
analogous to those caused by

Fod except for the vascular colonization, i.e. Fusarium proliferatum (Matsush.)
Niremberg Gerlach & Niremberg in China and Iran, and Fusarium solani (Mart.)
Sacc. in China, [13,8]. Symptoms include vascular discoloration, root rot, leaf and
stem wilt, acropetally developing necrosis in individual stems or the whole plant,
and, in the most severe cases, leading to plant death [12,8]. Ultimately, the yield

of the crop declines, due to the decrease in the plant vigor and reduced crop
stand. Fusarium pathogens are found to survive in the upper layers of soil, usually
at 0-20 cm [4] as chlamydospores or as mycelium that colonizes the root debris
that remain in soil from previous crops [10]. Both of these fungal structures infect
carnation plants.

In addition to the pathogen F. oxysporum f. sp. dianthi, its sister species, F.
redolens f. sp. dianthi, continue to cause severe losses wherever carnations are
grown, despite of sanitation practices like routine soil disinfestation prior to each
crop and the use of cuttings obtained from Fusarium-free meristem tissue cultures
[3]. Severe epidemics of Fusarium wilt in the 1980s and 1990s caused a strong
reduction in the acreage devoted to the carnation industry in some areas of
Southern Europe, such as Italy, France, and Spain. Fusarium wilt along with
cheaper production cost in Colombia, Morocco, Kenya, and Tanzania shifted the
industry out of Europe and the United States. Despite the availability of cultivars
that are resistant to the most common races of F. oxysporum f. sp. dianthi,
Fusarium wilt remains a critical disease for this crop whenever it is grown [9]. The
same momentum led to the introduction of commercial carnation production in
India.

Carnation for decades has been threatened by the most limiting disease, vascular
wilt, caused by Fusarium oxysporum f. sp. dianthi (Prill and Delacr) W.C. Snyder
and H.N. Hansen. The loss caused by this disease may exceed 10% of total
production or sometimes exceeding the limits. Chemical management is
expensive and inefficient. The most successfully form to address the problem is
the cultivation of resistant varieties, obtained by traditional breeding methods [2,6].
So, the crop of resistant varieties in our country will produce an important
reduction of production costs and avoid losses by the disease [7].

The menace created by Fusarium pathogens have increased, putting flower-
growers and growers in general on alert, the main reason being, these pathogens
have expanded their range of hosts and developed resistance to chemical
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applications. Another problem added to the existing is, the diversity within the
species; causing diseases in a wide range of plant species and their varied forms
appearing across different localities i.e., isolates. The present investigation is
carried out with the objective of screening available carnation genotypes against
two different isolates of Fusarium oxysporum f.sp. dianthi (Isolates- IHR and
Pune) to identify resistant genotypes.

Material and Methods

The present experiment was conducted at the Division of Ornamental crops,
Indian Institite of Horticultural Sciences, Hesaraghatta, Bangalore during
November 2015 to March 2016. A total of twenty carnation genotypes were
screened in this experiment [Table-1]. The experiment was laid out in Factorial
Completely Randomized Design, with two replications. Each of the replication
consisted of 8 pots with two plants in each pot. Prior to planting of the rooted
cuttings in the pots, the media i.e., soil, sand and FYM (1:1:1) was sterilized.

The two isolates viz, IIHR isolate and Pune isolates were obtained from the
Division of Plant Pathology, Indian Institute of Horticultural Sciences,
Hesaraghatta, Bangalore. These isolates were multiplied using PDA. Using a
Haemocytometer, the spore count in each of these isolates was determined.
These isolates were mixed with autoclaved sand and then applied to the media in
which the plants were planted. The plants were observed for the number of days
taken for first symptom appearance, per cent disease incidence (PDI) and disease
severity. The number of days taken for first symptom appearance was considered
from the day of inoculation of isolates to the media, whereas, per cent disease
incidence (PDI) was calculated using the formula below;

PDI=  No. of plants infected x100
Total No. of plants observed

Similarly, disease severity was calculated using the scale: 1 = no symptoms; 2 =
chlorosis of plant base; 3 = chlorosis or wilt of the third to half basal part of the
plant; 4 = wilt reaching at least one branch of the upper part of the plant; and 5 =
dead plant [12].

Table-1 List of the genotypes used in the experiment.

Ti Bizet Ti Big Mama
T Vincidor Tr Golem

T Pintado Tis Red King

T Dona Tu Praga

Ts White Magic Tis Queen Mary
Ts White Dona Tie Seychelles
T Soto T Gioele

T Darjeeling Tis Loris

Ty Hunza Tig Malaga

Tro Happy Golem T | Dark Dona

Results and Discussion

The experiment clearly revealed that there was significant difference among the
camation genotypes against two different isolates of Fusarium oxysporum f.sp.
dianthi (Fod) for the number of days taken for first symptom appearance [Table-2).
Among the twenty genotypes screened for their response against Fod isolates
viz, IIHR and Pune, the least number of days taken for the first symptom
appearance was recorded in the genotype Loris (39.5 and 38.5 days respectively),
followed by the genotype White Magic (42.5 days) for the isolate- IIHR and the
genotypes Vincidor and Malaga for the isolate Pune.

On the other hand the highest number of days taken for first symptom appearance
in case of isolate- IIHR was recorded in the genotype Gioele (60 days) followed by
Praga (58 days) and in case of the isolate Pune, it was Praga followed by Gioele.
Of the twenty genotypes screened for the resistance against two isolates of Fod.,
it was observed that, for percent disease incidence there was significant difference
among the genotypes [Table-3]. For the isolate-IIHR, the highest per cent disease
incidence was recorded in the genotype Loris (100 per cent), followed by the
genotypes Vincidor, Hunza and Malaga (91.66 per cent). Whereas, for the isolate
Pune, the highest per cent disease incidence was recorded in the genotype Hunza

(100 per cent), followed by the genotypes Dona, White Dona, Big Mama,
Seychelles, Loris and Dark Dona (91.66 per cent).

On the other hand, for the isolate-IIHR, the lowest per cent disease incidence was
observed in the genotype Praga (24.99 per cent), followed by the genotype Gioele
(41.66 per cent). Similarly, for the isolate Pune, Praga (16.66 per cent) followed by
the genotype Gioele (58.33 per cent) recorded the least per cent disease
incidence

Table-2 Number of days taken for first symptom appearance by carmation
genotypes for different isolates of Fusarium wilt (Fusarium oxysporum f.sp.

dianthi).
Treatments Isolate-1 (IIHR) Isolate-2 (PUNE)
Ty 445 435
T, 465 425
T; 43 43
Ty 445 46
Ts 425 465
T 455 43
T; 47 46
T 435 44
Ty 475 46.5
Tho 46 44
Ti 48 44.5
T 47 435
Ti3 46.5 44
T 58 57
Tis 435 44
Tis 46 455
Ty 60 56.5
Tis 39.5 38.5
Tis 46 425
Ta 445 46.5
SEm#* cD@1%
Treatments 0.552 2.078
Isolates 0.046 0.173
Treatments X Isolates 11104 4.156

Table-3 Percent Disease Incidence (PDI) expressed by carnation genotypes for
different isolates of Fusarium wilt (Fusarium oxysporumf.sp. dianthi).

Treatments | Isolate-1 (IHR) Isolate-2 (PUNE)
T 7499 83.33
T, 91.66 75
T; 83.33 66.66
Ty 66.66 91.66
Ts 79.16 74.99
Ts 75 91.66
T; 66.66 75
Ts 83.33 74.99
Ty 91.66 100
Tho 66.66 83.33
Tn 83.33 91.66
Tr 74.99 83.33
Trs 75 66.66
Tu 24.99 16.66
Tis 75 50
Tie 70.83 91.66
T 41.66 58.33
T1g 100 91.66
Tio 91.66 75
Ta 83.33 91.66
SEm+ CD@1%
Treatments 3.851 14.488
Isolates 0.320 1.207
Treatments X Isolates 7.702 28.977

All the genotypes screened for resistance against two different isolates viz,, IIHR
and Pune, exhibited significant difference for disease severity at the 90t day after
inoculation. It was observed that, among the genotypes exposed to the isolate-
IHR, the highest disease severity was expressed by the genotype Loris (63.82 %)
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and it was on par with the genotype Seychelles (63.34 %). Similarly, among the
genotypes exposed to the isolate Pune, the highest disease severity was
expressed by the genotype Loris (65.95 %) followed by the genotype Seychelles
(64.24 %). On the other hand, the genotype Praga recorded the lowest disease
severity for both isolates viz., IIHR (8.56 %) and Pune (8.98 %). In addition to the
genotype Praga, another genotype Gioele recorded the least disease severity
(11.68 %) for the isolate IIHR.

Table-4 Disease severity (%) expressed by carnation genotypes for different

isolates of Fusarium wilt (Fusarium oxysporumf.sp. dianthi).
Treatments | Isolate-1 (IIHR) lIsolate-2 (PUNE) |

Ty 33.34 41.66

T 53.67 53.61

Ts 33.87 34.05

Ty 47.44 38.87

Ts 34.89 55.94

T 40.44 37.54

Tr 51.37 61.60

Ts 37.96 38.85

To 60 59.43

Tho 4757 4578

Ta 42.02 4.37

Tr 44.05 35.55

Tis 39.88 32.65

T 8.56 8.98

Tis 46.21 47.09

Tis 63.34 64.24

T 11.68 36.77

Tis 63.82 65.95

Tio 56.82 56.25

T 21.24 40.28
SEm# C0@1%

Treatments 0.605 2.278

Isolates 0.050 0.189

Treatments X Isolates 1.211 4.557

Considering the reactions exhibited by the genotypes in terms of disease severity
to the isolates of Fusarium oxysporumf. sp. dianthi, it can be concluded that, the
genotypes Praga and Gioele are resistant. In addition it has to be taken into
consideration that some genotypes like Dark Dona was found to be medium
resistant to the isolate IIHR. Except for a very few genotypes, most of the
genotypes showed a varying range of reaction against the pathogen Fusarium
oxysporumf. sp. dianthi. Similar instances were reported by Ligero et. al.,2007.
Pathogenicity tests conducted under a controlled environment in growth chambers
or greenhouses are useful to evaluate the resistance or susceptibility of carnation
cultivars to particular isolates of the pathogen but do not predict the degree of
resistance under conditions in commercial greenhouses where different races
frequently occur together [5]. Under such conditions, resistance to Fod might be
shown as a delay in the onset of an epidemic or a reduction in the rate of disease
progress compared with susceptible cultivars [11]. Therefore, artificial inoculation
of camation cuttings grown in pots usually provides evidence of the potential of
virulence that would not necessarily coincide with the reactions under natural
conditions [5].

Conclusion

Screening twenty carnation genotypes for resistance against two isolates of
Fusarium oxysporum f. sp. dianthi revealed that the genotype Praga was resistant
to both isolates of Fusarium oxysporum f. sp. dianthi viz., IIHR and Pune, in
addition the genotype Gioele was found to be resistant for the isolate IIHR. The
experiment helped identify resistant genotypes for commercial cultivation in region
infected with the above used isolates viz., IIHR and Pune. Thereby, the losses
occurring due to Fusarium pathogens can be avoided using the resistant
genotypes identified above.
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