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Table 1. Numbers, names and origins of melon landraces used in this study

No. Genotype origin No Genotype origin
1 Ghasril Khorasan 30 Zard-Eyvanakey Garmsar
2 Shadegani Khorasan 31 Charentais Fom1 INRA
3 Dastanboo atashi Khorasan 32 Tashkandi2 Khorasan
4 Ananasi Market 33 Mashhadi Khorasan
5 Gorgab-e —bozorg Esfahan 34 Isablle INRA
6 Japalizil Khorasan 35 Behta minoo Market
7 Jalali Semnan 36 Ananasi2 Market
8 Charentais Fom2 INRA 37 P1124112 INRA
9 Poost zard Seman 38 Vrgous INRA
10 Suski Seman 39 Biarjmand Shahrud
11 PMR-5 INRA 40 Bandar Abbas Bandar bas
12 Tashkandil Khorasan 41 Zydri-Shahrud Shahrud
13 Khaghani Khorasan 42 Robati Semnan
14 Jarjoo Gonbad 43 Sabz Isfahan
15 Sooski2 Semnan 44 Makhrooti-Zard Semnan
16 Ghasri2 Khorasan 45 Rahmanlo Tabriz
17 Japalizi2 Khorasan 46 Khaghani-Gerd Khorasan
18 Khaghani2 Khorasan 47 Dargazi tashkandi Khorasan
19 Chakherje Gonbad 48 Gorgabe koochak Isfahan
20 Haj mashalahi Khorasan 49  Khaghani-moshabak Khorasan
21 Charentais T INRA 50 Hybrid delovro Market
22 Khatoni sang bas Neyshabur 51 Sefidak Zabol
23 Gilan Gilan 52 Bahar Hamedan
24 Shadegani2 Khorasan 53 Ajabshir Ajab shir
25 P1414723 INRA 54 Hector melon Market
26 Jarjoo2 Gonbad 55 Magasi Neyshabur
27 Samsoori Varamin 56 CM17187 INRA
28 Zard-Ghanari Market 57 Talebi-Saveh Saveh
29 Honeydew Market
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Figure 1. Response of differential cultivar of melons three weeks after inoculation with Fusarium oxysporum f. sp. melonis
race 1.2. Isablle resistance cultivar is asymptomatic but susceptible cultivars are dead or dying.
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Table 2. Scored symptoms ranging from 1 (no symptoms) to 5 (dead plant) in the differential cultivars
inoculated with race 1.2 of Fusarium oxysporum {. sp. melonis

Symptom severity scale/No. of plants scored

Differential cultivar Race 1 > 3 n 5 Moan value
Charentais T 1.2 - - - - 30 5.00
Charentais F, 1.2 - - 11 8 11 4.00
Charentais F,; 1.2 - - 9 13 8 3.96
Virgous 1.2 - 1 14 5 11 3.96
CM17-187 1.2 - - 16 7 7 3.70
Isablle 1.2 30 - - - - 1.00
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oxysporum f. sp. melonis

Table 3. Analysis of variance for phenol compound, AUDPC, disease severity, percentage of dead plants and latent period in melon
landraces inoculated with race 1.2 of Fusarium oxysporum f. sp. melonis

Mean Square

Mean Square

S.0.V df. df . - -
PCs AUDPC Disease severity  Percentage of dead plants  Latent period
Replication 2 253.03" 2 3.68 515 0.03" 48.93"
Genotype 56 45.12" 56 0.28" 1317 0.03" 6.64"
Time (T) 4 940.61" - - - - -
Replication(T) 8 19.87" - - - - -
Genotype (T) 224 3.54™ - - - - -
Error 560 3.20 112 0.06 0.20 0.009 1.55
CV% 12.99 1.20 12.88 9.98 12.79

S g mé 5 am,0 ) w0 B Jleisl mhaw jo ls pxe cod 4 NS g s

* ** and ns: Significant at 5%, 1% probability levels and non-significant, respectively.
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Table 4. Mean comparison of phenol compound, AUDPC, disease severity, percentage of dead plants and Latent period traits in melon landraces inoculated
with race 1.2 of Fusarium oxysporum f. sp. melonis

Genotype (nlzg/fg) AUDPC DSI PDP(%) LP(Day) Genotype (nﬁ(gjé) AUDPC DSI PDP(%) LP (Day)

Ghasri 1 8.45 24.96 3.67 100.00 9.18 Samsoori 8.28 29.12 3.94 100.00 8.56 .
Shadegani 8.11 27.48 4.10 100.00 8.21 Zard —Ghanari 8.56 26.32 3.70 95.83 9.14 CL
Dastanboo atashi 8.58 28.45 3.61 100.00 9.29 Honeydew 8.76 24.01 3.44 100.00 9.91 &
Ananasi 8.13 25.48 4.11 96.30 7.69 Zard-Eyvanekey 9.75 23.30 2.68 93.33 11.88 s
Gorgab bozorg 8.10 26.72 4.26 100.00 8.09 Charentais Fom1 9.83 22.81 2.23 68.78 12.81 t;
Japalizil 9.87 25.01 2.71 100.00 11.54 Tashkandi 2 9.58 26.68 2.81 95.83 11.44 G
Jalali 9.03 26.93 3.16 100.00 10.38 Mashhadi 8.94 25.31 3.26 100.00 10.27 13
Charentais Fom2 8.88 24.08 3.32 91.67 10.13 Isablle 9.87 10.29 1.08 20.00 12.78 <,
Poost zard 9.68 18.62 2.62 80.00 12.41 Behta minoo 9.68 22.68 2.65 100.00 12.17 &,
Suski 9.21 24.82 2.99 85.71 10.93 Ananasi2 8.68 26.84 3.41 100.00 9.96 S
PMR-5 8.68 24.69 3.61 94.44 9.16 PI 124112 8.64 24.47 3.48 100.00 10.11 {
Tashkandi 1 8.37 27.41 3.80 100.00 8.79 Virgous 9.10 26.12 3.14 89.68 10.42 f-
Khaghani 8.20 27.15 4.01 100.00 8.52 Biarjmand 9.40 28.00 3.14 100.00 10.46 o
Jarjoo 8.05 26.42 422 100.00 7.70 Bandar Abbas 8.53 29.91 3.57 100.00 9.39 tt—
Sooski 2 7.88 28.24 4.56 100.00 7.00 Zydri-Shahrud 8.48 25.21 3.68 88.89 8.85 o
Ghasri 2 9.11 27.35 3.08 100.00 10.80 Robati 9.46 22.48 2.87 83.33 11.33 2}
Japalizi 2 7.97 28.18 4.47 100.00 7.42 Sabz 9.36 23.73 2.87 93.33 11.38 5
Khaghani 2 8.43 27.96 3.73 100.00 9.30 Makhrooti-zard 9.04 27.67 3.19 95.24 10.40 &:
Chakherje 8.78 27.04 3.37 100.00 9.86 Rahmanlo 8.94 26.31 3.31 100.00 10.25 £
Magasi 9.78 20.35 2.54 86.67 12.13 Khaghani-Gerd 8.70 25.35 3.65 91.67 9.07 bt
Haj mashalahi 8.60 27.24 3.52 100.00 9.63 Dargazi tashkandi 8.92 26.82 3.32 100.00 10.30 b,
Charentais T 7.96 29.99 4.43 100.00 7.17 Gorgabe koochak 9.58 22.49 2.97 88.57 10.71 g
Khatoni sangbast 7.83 29.30 4.69 100.00 7.31 Khaghani-moshabak 8.70 24.94 3.45 100.00 9.80

Gilan 8.68 27.62 3.67 96.30 9.37 Hybrid delovro 8.47 26.55 3.78 100.00 8.77
Shadegani 2 7.90 30.75 498 100.00 7.00 Sefidak 9.13 26.19 3.18 100.00 10.59

PI 414723 8.08 28.07 4.15 100.00 7.61 Bahar 8.01 26.57 4.28 100.00 8.06

Jarjoo 2 8.60 28.51 3.49 100.00 9.65 Ajabshir 9.02 25.23 3.20 100.00 10.48

CM 17187 8.55 27.00 3.97 100.00 8.83 Hector melon 8.94 21.70 3.29 100.00 10.56
Talebi-Saveh 8.54 22.57 3.53 100.00 9.78

LSD %5 0.611 0.40 0.71 0.15 2.01 LSD %5 0.611 0.40 0.71 0.15 2.01

LSD %1 0.801 0.52 0.94 0.20 2.65 LSD %1 0.801 0.52 0.94 0.20 2.65

O3S 0,99 =L.P g 05 0 lalS wo )0 =P.DLP ((g,lay oty =DSI (g )l b iy svie ) gaw =AUDPC . J5' J:6 =PCs o
PCs= Phenol Compounds, AUDPC= Area Under Disease Progress Curve, DSI= Disease severity index, P.D.P= Percentage of dead plants and L.P= Latent period
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Fusarium oxysporum f. sp. melonis
Table 5. Groups analysis of variance based on
studied traits in melon landraces inoculated
with race 1.2 of Fusarium oxysporum f. sp.

melonis
Trait Between group variance
df. 4
PCs 3.04”
AUDPC 836"
DSI 445"
PD.P 6.417
L.P 20.46"

1Y o] o 4o lo e **
** Significant at 1% probability levels

men 5 Besg (S35 s o5 e Gl

S g 2o Do Gl p LOT sdues 8
DMEe o YL oSl s sl By b slad s
DL ba iy o o 03 1y oK S Soen g 0
HIAR) s plowil o 5l Alol u pe S aslizal L g sl
Sl 5 baad g sl ol 9 B abtl s (T =
o piie Az bty 4 s (A) Y oS o5LeT
G Al a3 kg sl i) ol o okl
Olse 4 Hled 2 0950 Slresy 5 Hled Olse o
A an § b s Sl ples sl ket OT (sl S5
T 5 cpand Al slAaS (B abE A )5 e
Lo bty 4 ) ol 1Y S5 (el
3555 5 T Gy dolazal Bslas Sl T o
@Y Shy oyleT 55w OVl 48T I sze al> e
e Jip ks Ak~ Ax=Max)s p Hldde o i
Dlate Cwglan b ad s iy 5 hos g L3 8 s
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Figure 2. Cluster analysis of different traits in melon landraces inoculated by
Fusarium oxysporum f. sp. melonis race 1.2 using Ward method
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Table 6. Comparison of mean vectors and Mahalanobis distances between
clusters obtained from cluster analysis in melon landraces inoculated with
race 1.2 of Fusarium oxysporum f. sp. melonis race 1.2

Distance between clusters (D)

T? Hotelling

Clusters

9.55
8.51

26.88

72.67

18.01

36.41

82.16

18.41

64.31

46.04

2197.01"

121.75"
115.80"

46.10™

*

1.60

ok

227
10.86"

0.46™

ok

2.37

ok

2.63

First G. vs' Second G.
First G. vs Third G.

First G. vs Fourth G.
First G. vs Fifth G.
Second G. vs Third G
Second G. vs Fourth G.
Second G vs Fifth G.
Third G. vs Fourth G.
Third G. vs Fifth G.

Fourth G. vs Fifth G.

Sosee mé g ao,0 ) w0 O Jleisl mhaw )0 lo pxe oS5 4 NS g s

* ** and ns: Significant at 5%, 1% probability levels and non-significant

respectively.

ol 4 Caslin S ool I O 5 3

2 \=p 05 (Risser, 1973) cl os )15 (s 5ley
Vo2 05 AT-18T pl o 035 55 Y=p 38 05 5 O sbs2 o3,
2 Caslan Y e 05 5 Y 5 she slaslyade  Caslis
Risser et al., 1976; ) cals V5 jie slasly ale
by ade Y=p b 5 V=p b 05 55 )= 515 Zink, 1992
el (S 05 5 8355 Sibyly Jols s S uS
@i8 Sany Olal 03 V=Y 5 lasly 528wl
e B 5 gt I ol Jl 3 K 15 oSSl
os (65l I Olgisl dn s g o ylo Olil 55 V=Y 3055
s o)l 2 - « (Mirtalebi et al., 2013) <.l

a2 Golden Crispy 45l /5 5 Ogon no 9 4k

P

o
F. 5l 6 C melo ss,5 5 S0 &olew
S ysis e s oxysporum f. sp. melonis
byl e ole Jolo .l Ll 95 1 (o g el
5 i b S F (b oy s des 51 Comelo
OlslS g S 5 bur sl 55 5 Sl gims
23 Gl Jile Gy ey Dliis e soben
w5 KT sdie SVLI Losatee Jlod IS T
Wensley and Mckeen,) ol 458 &) 15U
1963; Reid, 1957; Jacobson and Gordon,
(1990
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Table 7- Comparison of mean vectors in different trait in clusters derived of cluster analysis of melon landraces inoculated with race 1.2 of Fusarium
oxysporum f. sp. melonis

Trait Sltwla t oLl

First C. vs First C. vs First C. vs First C. vs Second C. Second C. Second C. Third C. vs  Third C. vs Fourth C. vs

Second C. Third C. Fourth C. Fifth C. vs Third C. vs Fourth C.  vs Fifth C. Fourth C. Fifth C. Fifth C.
PCs 0.28™ 0.96™ 0.92™ 1.66 0.67 0.63" 1.38" -0.04™ 0.70" 0.74"
AUDPC -11.69™ -15.23° -15.16 -17.80" -3.53" 346" -6.10" 0.07™ 2577 2.64"
DSI -1.62" 228" 219" -3.02" -0.66" -0.56 -1.40" 0.09™ -0.73" -0.83"
P.D.P -50.00™ -68.25" -63.10™ -74.68" -18.24™ -13.09™ 24.67° 5.14™ -6.43™ -11.577
L.P 1.06™ 2.86" 246™ 453" 1.80" 1.40° 347" -0.40™ 1.66™ 207"

Jogme e g oo, ) w30 Jlaisl mhaw )5 o pxe oS 4 NS g s

* *%* and ns: Significant at 5%, 1% probability levels and non-significant, respectively.

< e € F GO (R oD © ) Feoq® e ¢
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oxysporum f. sp. melonis

Table 8- Group mean vector derived from cluster analysis of melon landraces inoculated with race

1.2 of Fusarium oxysporum {. sp. melonis

Trait Mean

First C. Second C. Third C. Fourth C Fifth C Total
Number 1 6 12 19 19 57
PCs (mg/g) 9.87 9.58 8.91 8.95 8.20 8.77
AUDPC 10.29 21.98 25.52 2545 28.09 25.71
DSI 1.08 2.70 3.36 3.27 4.10 3.47
PD.P 0.20 0.70 0.88 0.83 0.95 0.86
L.P 12.78 11.72 9.91 10.31 8.24 9.73

Objee 53 Splime O) 252y jI (S V=Y o
S ol 0L VY o blie s besg SESTy L Adl
a(r;\ia dod) e dad cpslie aws Sz > es s
Wlgor oy oa) 8 0 13 e Sl 5 ol
33 oS O zeslie GO s S
G2 4 e 8Bl (b o 5 laes 5 (odn
Ao besg 53 b 55 Sl drw g
by S5 i L Lol ol S a8 as
V=Y ol Jlae 5o Waos g 31 6oL Hlew sliws .aajf@
SSy SRS Lils s T Sy bl
Sl ool odas Ol odsdy cpl aS7 Wisly Olis Sl
3 a8 Liea (Glodas Cunslas (slaD) 5B Laos 5 ol aS
Geiw pl 3 Al e Caslie sl V<Y I35 bl
Lis edaline Ol ) (Jowe glaes g 55 V=Y 515 4 Cwglas
ol b OT 4 s bes g I
Ol ole V=Y 315 & S Joosd 4 b3l G5 565
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Abstract

Background and Objectives

Fusarium wilt of melon (Cucumis melo L.), caused by Fusarium oxysporum Schlechtend: Fr. f. sp.
melonis W.C. Snyder & H. N. Hans., (Fom), inflicts important yield losses in melon crops
worldwide. Fusarium wilt is difficult to control even if long crop rotations are used because Fom
colonizes the roots of a broad taxonomic range of plants. Genetic diversity of plants determines
their potential for improved efficiency and hence their use for breeding, which eventually may
result in enhanced disease resistance. One of the important approaches to resistance to Fom race
1.2 is hybridization and subsequent selection. Parents’ choice is the first step in plant breeding
program through hybridization. In order to benefit transgressive segregation, genetic distance
between parents is necessary. The higher genetic distance between parents, the higher heterosis in
progeny can be observed. The main objective of this study was to capture the potential genetic
diversity between melon genotypes by using cluster analysis. The results of present study have
been used in selection of appropriate parents for breeding program

Materials and Methods

In this study, 57 Iranian endemic melon genotypes were screened against race 1.2 of Fom.
Artificial inoculations were performed with a suspension of 1 x 10° conidia/ml at one to two true
leaf stage. Disease reactions of the genotypes were scored using a 1 to 5 scale. Five traits including
phenol compounds (PCs), area under disease progress curve (AUDPC), disease severity,
Percentage of dead plants and latent period were assessed.

Result

Analysis of variance showed significant differences between genotypes for all the traits. The
highest and lowest AUDPC were observed in Shadegani-2 and Isablle, respectively. According to
PCs results, the highest and lowest PCs were observed in Isablle and Khatoni sang bas,
respectively. Also, based on cluster analysis, the genotypes were classified into five groups.
Discussion

On the basis of the greenhouse experiments, significant genetic diversity among melon genotypes,
and resistant and susceptible ones were recognized. The results revealed that resistant genotype(s)
of melon demonstrate increased accumulation of PCs in response to Fom 1.2 isolate Maharloo.
The highest genetic distance was observed between genotypes of second and fifth groups.
Accordingly, the crossing between genotypes with maximum distance can form the basic
population for the study of action and identify the gene(s) involved in tolerance to Fusarium wilt.

Keywords: Fusarium wilt, Total phenol, Area under disease progress curve, Disease severity,
Latent period, Resistance, Cluster analysis.



