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Extended abstract
Introduction

Melon (Cucumis melo L.) is one of the most important vegetables worldwide and belongs to the Cucurbitaceae
family. Drought stress is a major abiotic stress that limits agricultural production in the world. Hence, the
development of drought-tolerant plant cultivars emerges as promising method to mitigate the impacts of drought
stress. One solution to find such drought tolerant cultivars is to explore traditional cultivars landrace in the hope
of find tolerant genotypes. In the absence of a drought-tolerant variety, the first step is to screen the germplasm to
identify potential drought-tolerant genotypes. One of the most important goals of the present study was to select
the most appropriate drought tolerant index as well as to identify the most drought tolerant genotypes.

Material and method

This research was carried out to evaluate the response of 30 melon genotypes (including landraces, cultivars and
commercial hybrids) to drought stress at Boroujerd Agriculture Research Station in 2018. The soil in the field
exhibited clay loam characteristics (pH 8.4) with an average bulk density of 1.48 g cm™ within the top 30 cm of
the soil surface. The electrical conductivity (EC) of soil was 2.23 ds m™'. The mean annual temperature and
precipitation was 14.7 °C and 460 mm, respectively. Also, the electrical conductivity (EC) of irrigation water was
0.52 dsm™. Out of 30 different melon varieties in this experiment, nineteen melon varieties were from different
regions of Iran. Also, eleven international varieties, including Uzbekistan (two varieties), Japan (three varieties),
Afghanistan (two varieties), United States of America (two varieties) were also studied. The genotypes were
cultivated under drought and normal conditions. Melon verities were compared based on a randomized complete
block design (RCBD) with three replications. Each melon genotype was planted in a row that included 10 plants
and the distance between each row and the adjacent row was 200 cm. Seedlings were planted in the soil in rows
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with a distance of 75 cm. All operations within the experimental plots until the flowering stage, such as irrigation
and other crop management, were carried out accordingly. Irrigation was carried out following flowering in the
stressed plots when the evaporation of class A pan reached 100 mm. Under normal condition, when the evaporation
in the class A pan was 50 mm, irrigation was done. The characters were recorded on 10 random plants per genotype
(10 samples) in each replication at the maturity stage of fruits. In the maturity stage the following traits including
days to harvest, fruit weight (g), flesh thickness (cm), fruit length (cm), fruit width (cm), cavity diameter (cm),
skin and flesh weight (g), seed weight (g), 100-seeds weight (g), leaf length (cm), leaf width (cm), number of
nodes, branch length (cm) and yield (kg/plant) were recorded. Statistical analyses and index calculations were
performed with R and Excel software.

Results and discussion

Altogether in terms of drought response indices including MP, GMP, STI, HM, MSTIK1 and MSTIK2 the
genotypes Mamghani, Rish-Baba, Garmak and Japuni were recognized as drought tolerant genotypes, whereas
Ceranshow, Nahavandi, Shadegan, Khatooni, Saveh, Samsoori and Samsoori-Niagara were classified as semi-
tolerant to drought stress. The most sensitive genotypes to drought stress were Mazandarani and Ginsen Makuwa.
Drought stress was started when fruits appeared. Yield under drought stress and normal conditions showed high
correlations with stress tolerance indices such as MP (Mean Productivity), GMP (Geometric Mean Productivity)
and STI (Suitability Tolerance Index). The broad sense hereditary under drought stress condition ranged from 81%
for yield per plant to 97% for the fruit length. Under drought stress condition, the highest percentage of genetic
coefficient of variation (GCV) was observed for Weight of flesh and skin (49 percent) and the lowest for days to
maturity (4 percent). Using cluster analysis, the genotypes were divided into four groups, with the sensitive
genotypes being grouped together based on their similarity to each another.

Conclusion

MP, GMP, STI, MRP and REI indices with the highest positive correlation with yield under stress and non-stress
conditions were appropriate indices. AS the results, these indices can be used to introduce drought resistant
genotypes. As shown above, these indices identified Mamaghani, Rish-baba, Garmak, Japuni melon and
Nahavandi as drought tolerant the cantaloupe and melon.

Keywords: Principal Component Analysis, Selection, Broad sense heritability, Correlation
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Table 1. Names of landraces and commercial cultivars of melon and cantaloupe

e_)l-év-z '*;i)‘} flﬁ eti:.wb'- J"'u"t'; °§J§ C’Mﬁ &) C'M-yf 6'}"4&“ w:ﬁ &)
No. Variety name Origin Botanical group Rind color Rind netting Flesh color

1 , e o5 Conomon 20 o -
Ginsen Makuwa Korea Yellow Smooth White

2 SO oLzl Cantalupensis 3 o S
Samsoori Iran Cream Netted Green
3 S5 b= ) ol Tnodorus S50 Sl &}“‘:‘
Khatooni Iran Yellow Netted Lemon

4 st ol Cantalupensis 3 e S
Saveh Iran Cream Netted Green

5 aalind Ol Dudaim ok Sl Juu
Dastambou Iran Orange Smooth White

6 b . o Cantalupensis 200 e ¢
Japuni Japan Yellow Smooth Cream

7 LLU’“’ - oLzl Cantalupensis o = o
Rish-baba Iran Green Netted Green

8 N ) ol Inodorus 200 S W
/Eyvanakl Iran Yellow Netted White

9 LEL S ol Cantalupensis 5 o~ o
Samsoori-N _Iran Cream Netted Green
10 s ool oot 2| Inodorous I Sl ot
C{enshaw USA Green Netted Orange

11 dfl’ Js oLzl Cantalupensis o e o
Tlle-tor(/)gh Iran Green Smooth Green

12 d oLzl Cantalupensis Tt . 20
Gar/mak Iran Orange Netted Yellow
13 oS Ok ol Cantalupensis 203 e b
Melon Golden Japan Yellow Smooth Orange
14 2! Al b Cantalupensis Tt e ot
Isab.ellg Frgnce Orange Smogth Orapge

15 SHsle ] ol Inodorus S : e
Nahavandi Iran Green Netted White

16 S enpt S5 Inodorus 203 Sl e
Turkish melon Turkey Yellow Netted White

17 “5”? St Cantalupensis 200 N S
Curi Hybrid Yellow Netted Green

18 Sk OL—M;L%&‘ Inodorus S -~ ok
Ghandoz Afghanistan Green Netted White
19 M < u’“}: . Ij\;n\ Cantalupensis Tt N t.t“d =
amaghani Orange ette Orange

20 Sl ol Wild Melon o ile P
Mazazldaram Iran Green Smooth Lemon

21 oSl oLzl Cantalupensis 5 = o
Shad/egan Iran Cream Netted Green

22 5o OL‘M}L&‘ Inodorus S = ok
Bozorgsar Afghanistan Green Netted White

23 < QK Al p Cantalupensis 200 e W
Galial France Yellow Netted White
24 Ll St Cantalupensis ¢S o b
Shahpa§and < Hybrid Cream Ngtted Oral}gg
25 w3l 2ol eosie S Inodorous s e Tty
Honey D/ew USA Cream Smooth Orange

26 2 Lj‘“s Al b Cantalupensis 203 = o
Galia2 France Yellow Netted Green

27 STt e ol Inodorus S - S
Suski-e-Sabz Iran Green Netted Green
28 e . o Inodorus S Slo b
Mahvalati Iran Green Smooth Orange

29 Lg:'. Lg‘)\ dl:*"‘%.).‘ Inodorus o S}J’; A.i)"‘lj
Uzbakl Uzbekistan Green Wrinkled Lemon

30 5 S Ol Inodorus S Sl e
Uzbak?2 Uzbekistan Green Netted White
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Table 2. The formulas for calculating the drought stress indices

ol Lol o) REW .
Index Desirable genotypes with Equation References
: . Y, Y,
- p
. > ‘&b lS gl High value of this index YEI = (Z-)(=) Fageria, 1985
Yield efficiency index (YEI) p Yg
Joss ol Low value of this index TOL = Yp-Ys Rosielle and Hamblin,
Tolerance index (TOL)
ol 4 WL«;‘ ol Low value of this index SSJ = 1-(Ys/Yp) Fischer and Maurer,
Stress susceptibility index (SSI) SI
S0 Nl High value of this index MP - Yp+Ys Rosielle and Hambline,
Mean Productivity (MP) 2
S0 Sos sk Jg’ ke High value of this index GMP = \[YpYs Fernandez, 1992
Geometric mean productivity (GMP)
il oo el High STI values will be _Ip¥s
o > igl STl = —= Fernandez, 1992
Stress tolerance index (STI) tolerant to stress (Yp)’®
< - Y
;. S w High value of this index = = Gavuzzi et al., 1997
Yield index (YT) Y,
28 Sy el High value of this index YSI = Y_S Bﬁ) uslanﬁ;l and
Yield Stability Index (YSI) Y, Schapaugh, 1984
. . & 2(Y, xYy)
&”J“ e ol High value of this index HM =—"—= Fernandez, 1992
Harmonic Mean (HM) Y, +7;
( U )
(e S s RDI>1, the genotype is Y Fischer and Wood, 1979
Relative drought index (RDI) relatively drought olerant RDI = —L ’
)
coi s v )
oz High value of this index Y Lan, 1998
. g
Drought index (DI) Dl —_2P
Y,
o33l yials . Y :
) ot Low value of this index YR =1-—- Fageria, 1985
Yield reduction (YR)
n
S J s L Low value of thisindex 477 = [(Y_" i ) LY. *Y ] Moosavi et al., 2008
Abiotic tolerance index (ATT) Y -Y P
il 4 Gl Aoy 2t &, -1)
S0t 02 R .. _ p s/ 1% .
Stress Susceptibility Percentage Low value of this index SSPI=[ 27 1*100 Moosavi et al., 2008
Index (SSPI) r
ol Qg il A g3 =L High value of this index Y +Y,
oA O el W e 180 value o —[3| 2 S 1*nfy *Y * i
Stress non-stress production index drgl?é{l}tjgtigslgagcl)igiﬁon SSPI=[3 Y _ PRIY,* Y *Y] Moosavi et al., 2008
p s
s Sls LS Y Y
N ’ e High value of this index MRP =(=2)+ (l) Hossain et al., 1999
Mean relative performance Y Y
Y n
N anls . o y Y .
i High value of this index REI =(3)*(2) Hossain et al., 1999
Relative efficiency index Yy 'Y
Ay n
. 2
KloddmNol il Joos i . .. Y .
o High value of this index _(D Naderi et al., 2000
Modified stress tolerance index K1 £ MSTIK1 = ()77) *STI
& Y, 4,
b Sl High value of this index GM =" Moradi ez al., 2012
Golden mean Y, =Y
m Y Y,
Jss ,gwﬁ qﬁ}l-w High value of this index TYI=(Z)+(Z)= YI,+YI Ahmadi et al., 2010
Total yield index Y, ¥
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Table 3. Mean squares of combined analysis of variance on studied traits for melon and cantaloupe genotypes

s e oss M J e P oSke 5 Sl
oS ' P
4 53) 4 53) Lo 4 )3) oSskls s Ll
e RERE SRl ONS POE RO Rl S Je s
Traits e (t=e3l51 SEIIATESI) el S22 Coefficient 7
Environment 2" Accession  Accession x Error of  Average underAverage unde
(df= REx(df4) (df= environment (df= variation stress normal
1) 29)  interaction (df=29) 116) conditions conditions
il 5 4067%* 5.6 134%% 10.5%% 1.58 1.04 115 125
Days to harvest
(652 9) o goe Sled 68%* 034 155% 131%* 0.157 1215 26 3.8
Fruit number (per plant)
(DS‘J‘L«S).W’ 032 0.381 0.032 5.3%x 0.29 0.15 19.47 2.00 2.04
Fruit weight(kg)
(ia i) St bl g s 0.124  6.84%* 0.24% 0.14 9.6 3.7 4
Flesh thickness (cm)
(f“’u{“l‘”) s I 10.5% 0.76 226%* 5.35%* 2.25 8.3 17.9 17.4
Fruit length (cm)
(o) esen 20 19% 0.94 71% 2.5% 1.4 7.7 13.9 14.6
Fruit width (cm)
(a ) o b 1.34 0.51  21.9%* 0.96* 0.52 9.6 7.6 6.4
Cavity diameter (cm)
(p5) S 5 o O35 0.14  5.5% 0.17 0.23 25 1.88 1.87
Skin and flesh weight (kg)
Jea s 5311%* 220 832%* 594 132 14.89 83 72
Chlorophyll
() dsloms el olse g s 0.68 24k 2.36%* 0.73 7.6 11.9 10.06
Total soluble solids (Brix)
R 13.9%* 1.37 5.5%% 0.98%* 0.45 2221 2.76 3.32
Yield per plant (kg)
% NS

Loy 50 JLQ.:;-IC,.EM 23l gme 5l pme s S S BAP

", * and **: Non-significant and significant at the 5% and 1% probability levels, respectively
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Table 4. Analysis of variance for measured traits in 30 melon and cantaloupe genotypes evaluated under normal and drought stress conditions

(Normal) JL (Drought stress) _Six a5
ULM AN s b Y . RN 2 o o
Traits Replication Accession Error Ve H® GCV% V, PCV% GA GMA Replication Accession  Error Ve H GCV% V, PCV% GA  GMA
(df=2)  (df=29) (df=58) (df=2)  (df=29) (df=58)
AR 2.44n 109"  0.84 30.180.98 0.04 30.67 0.04 11.23 0.09 3.22m 52% 137 1713 097 004 1767 004 839 007
Days to harvest
@ﬁ 52 e A 0453*%  285.7** 0.132 63.07094 04 6726 041 1584 0.8 0244m  2298** 018 5453 092 045 5903 047 1462 089
Fruit number (per plant)
(rﬁ?lci).aﬂ i 0.15™ 331" 031 1 09 049 111 051 196 096 0004 336" 016 09 095 048 101 049 19 096
Fruit weight(kg)
(o) CM}S b 0.197™ 402" 0150 129096 029 134 029 23 058 0.05™ 3057 032 098 096 027 102 027 199 054
Flesh thickness (cm)
(Gaila) e J5b A77m 1427 232 4673098 04 4751 04 1397 0.82 1.24™ 963" 1.89 3147 098 031 321 032 1144 064
Fruit length (cm)
(ju, “;JL.N) o 0.54 10.13" 052 334093 025 357 025 3.64 049 0366" 12.15" 034 394 097 026 405 026 403 053
Cavity diameter (cm)

(f;.}l‘s) wﬁjw} 03 0.158 271" 022 088 09 05 098 053 1.84 098  0.035™ 2.7 0179 08 094 049 092 051 1.85 098
Skin and flesh weight (kg)

J2A5 218.75™ 24423 1948 1647 02 0.06 8141 0.13 3.76 0.5 271 1196%* 5697 37061 094 023 39433 024 3845 046
Chlorophyll
Jowe il 350 0914™  1323** 0.841 4.16 094 0.19 444 02 4.07 038 0729  13.62** 034 428 095 0.17 449 018 416 023
TSS (%)
Gy 555 Sas
- 0.86™ 424*%* 038 121089 033 136 035 2.13 0.64 1.73* 2.39%* 044 065 081 029 0.8 0.32 1.5 054
Yield per plant
* ns

o) 50 dk}lc)b)})‘.}@xﬂj)b‘jmr'&%j@'?5%“355} )
", * and **: Non-significant and significant at the 5% and 1% probability levels, respectively
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Figure 1. Biplot illustration showing distribution of genotypes based on Fernandez’s grouping
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Figure 2. Correlation diagram between drought stress tolerance indices and potential yield and stress yield condition
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Figure 3. Three-dimensional diagram based on performance in two conditions of stress and without stress REI index
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Table 5. Ranking of melon and cantaloupe genotypes based on all indicators of tolerance to drought stress by calculated yield under normal and drought stress conditions

Yp Ys TOL SSI MP GMP  STI YI YSI HM RDI DI YR ATI SSPI MRP REI MSTIKI MSTIK2 GM SR AR Std.
28 29 11 5 29 29 29 29 26 29 26 29 5 14 11 29 29 28 29 17 523 26.15 4.18
7 23 3 2 14 15 15 23 29 19 29 28 2 4 3 14 15 11 20 20 423 21.15  7.09
8 12 8 12 10 11 11 1219 11 19 19 12 9 8 11 11 10 11 10 291 1455 5.08
6 21 4 4 13 13 13 21 27 14 27 26 4 5 4 13 13 8 17 18 384 1920 7.22
23 28 12 11 26 27 27 28 20 27 20 27 11 11 12 27 27 25 27 11 468 2340 4.55
4 10 6 10 4 4 4 10 21 4 21 17 10 6 6 4 4 4 7 12 247 1235 8.58
2 8 1 6 2 2 2 8 25 2 25 20 6 1 1 2 2 2 3 16 262 1310 11.80
11 22 7 7 16 18 18 22 24 18 24 24 17 8 7 18 18 14 18 15 399 1995 4.05
5 16 2 3 8 8 16 28 9 28 23 3 2 2 8 8 5 12 19 344 1720 9.57
12 3 28 27 7 7 3 4 7 4 1 27 30 28 7 7 9 5 25 123 6.15 5.20
16 7 25 25 12 12 12 7 6 12 6 5 25 26 25 12 12 15 10 27 200 10.00 532
3 5 5 8 3 3 3 5 23 3 23 15 8 3 5 3 3 3 2 14 237 11.85 10.24
2419 22 22 21 21 21 19 9 21 9 14 22 22 22 22 21 23 22 30 341 17.05 6.68
20 26 10 9 23 24 24 26 22 24 22 25 9 10 10 24 24 21 25 13 450 2250 2.86
10 2 23 23 5 5 5 2 8 5 8 3 23 23 23 5 5 6 4 29 142 7.10 5.62
19 11 24 24 18 17 17 11 7 16 7 8 24 24 24 17 17 19 13 28 260 13.00 5.98
27 20 29 29 25 25 25 20 2 25 2 10 29 27 29 25 25 27 23 23 316 15.80 10.79
17 15 17 17 17 16 16 15 14 15 14 13 17 15 17 16 16 17 15 5 293 1465 256
1 1 9 14 1 1 1 1 17 1 17 2 14 7 9 1 1 1 1 8 157 7.85 9.02
30 30 13 1 30 30 30 30 30 30 30 30 1 17 13 30 30 30 30 21 551 2755 5.16
9 4 19 19 6 6 6 4 12 6 12 6 19 18 19 6 6 7 6 3 160  8.00 3.34
14 13 15 15 15 14 14 13 16 13 16 16 15 12 15 15 14 16 14 7 291 1455 228
18 13 21 21 19 19 19 13 10 17 10 11 21 21 21 19 19 18 16 1 272 13.60 4091
21 18 18 18 20 20 20 18 13 20 13 18 18 19 18 20 20 20 19 4 328 1640 4.41
13 8 20 20 9 9 9 8 11 8 11 7 20 20 20 9 9 12 9 2 189 9.45 2.35
25 17 26 28 22 22 22 17 3 22 3 9 28 25 26 21 22 24 21 24 296 14.80 8.82
15 6 27 26 11 10 10 6 5 10 5 4 26 29 27 10 10 13 8 26 169 845 5.38
22 24 14 13 24 23 23 24 18 23 18 22 13 13 14 23 23 22 24 9 410 20.50 3.80
29 27 30 30 28 28 28 27 1 28 1 12 30 28 30 28 28 29 28 22 351 17.55 12.80
26 25 16 16 27 26 26 25 15 26 15 21 16 16 16 26 26 26 26 6 419 2095 6.17
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Figure 4. Biplot polygon view to show the relationship between drought tolerance indices and the position of

cantaloupe and melon genotypes evaluated in order to identify tolerant genotypes
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Figure 5. Two-dimensional diagram of principal components analysis to determine the relationship between
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Figure 6. View of the biplot average tester to identify the most tolerant and sensitive genotypes based on drought
tolerance indices

f=]

a8 5

=

(=]

g

©3

o

2 4

~

o

S =

500 ey 1 == [ ——_—
T = ™ 0o N £ C 5 = C W M o M E M E o O D B 9L W @ M o3 e oy
5 § 2 8 6§ 5 T v & § 86 5 8t § &5 % g g g 22T g g
0 @ — @ W a g 5 = o m o= o & O g 3 O 8 ¢ B oo O g o e

a8 c 90 5 2 5 8 s 2 Q 5 8B 2 5 £ 5§ &2 8 8B85 g 2 5 2 2 9
6 8 52 £ 92 g6t g ot &P g8 S5 £ 8 88 85 E 5§
T ¥ & £ = e ol 57 £ O >‘§%¥‘“—comg
¥ 5 = @& 0, 5 8 0wt g w = B [i] o] = n
w FH Z I, %= = -
El @ 2 = n
= £ 2

;
1
7
:

‘rL&Jth.f(ward)JJUL}Z}‘)M&\MJ}-Q?\J—VL}&J

Figure 7. Cluster analysis by ward method based on tolerance indices in drought stress conditions
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