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ABSTRACT

In this research, twenty genotypes of cucumber (Cucumis sativus) were studied that were collected from different
geographical regions. The experiment was conducted as a randomized complete Block Design (RCBD) with four
replications in Greenhouse. Data was collected on morphological features, yield and components of yield of
cucumber which include: Total fruit yield per pickling, Fruit number per pickling, branch number per plant, plant
height, distance between internode, length of branches, shoot diameter, leaf length, leaf width, fruit diameter, fruit
length, plant vigor and fruit number per node. Analysis of variance showed that there was a high significant
variation for all of the studied traits between genotypes. Mean comparison showed that the genotypes showed a
broad phenotypic variation for studied traits, such that total fruit yield per pickling ranged from 474.3 g (Gohar) to
338.3 g (Tornado). Cluster analysis with Ward method divided the genotypes to four distinct groups. Genotypes in
group number two (Gohar, Adriand51, Green majic, Sna) had the highest total fruit yield per pickling. For other
traits, genotypes in groups number 1 and 2 (10 genotypes) showed best situation. Therefore, Selection of superior
genotypes in view point of desirable morphologic traits, with high genetic distance could be selected for
hybridization programs and recognition of best genotypes for different traits to produce new elite hybrids in
cucumber.
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INTRODUCTION

Assessment of genetic diversity could be suitablerop breeding for diverse applications such antifling
diverse parental genotypes. Genetic diversity ésaimount of heritable variability between varietiespopulations
of organisms [1]. Variability occurs from differeeg in DNA sequences, biochemical characteristias firotein
structure or isoenzyme properties, physiologicabpprties like growth rate, and morphological chsmac
Substantial effort has been directed towards citigcpreserving and evaluating genetic variabiliterops [2].

The cucumberQucumis sativus L.) is a thermophiles and frost-susceptible hattical crop usually cultivated in
fields during spring-summer period [3] or in greenbe in different seasons. Cucumber is believeldat@ been
domesticated in India for 3000 years and in Eadtam and China probably for 2000 years [4]. Novs igrown all
around the world [5, 6]. Cucumber is thought toope of the oldest vegetable crops, being growrafdeast five
thousand years [7]. It is the fourth most importeegietable crop after tomato, cabbage and onidksia [8] and
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Iran is in the third place of cucumber productianthie world [9]. As a vegetable cropucumis sativus has great
economic importance [10]. In addition, cucumbercigtivated because its extract has soothing, ciegnand
softening properties which are important for themetics industry [11]. Genetic diversity in thenpairy center of
origin (India) and secondary center for diversiBhina) has been described [5]. Therefore, the stdighhenotypic
variation exhibited among cucumber genotypes cbalduitable for plant breeding of cucumber

Breeding of yield in cucumber has been one of tiggoirtant objectives of many cucumber breeding [@ogrsince
1900s [12, 13]. Biochemical markers such as isozjime 15] have been used for evaluation of gergitiersity in

cucumber. Molecular markers have extensively bessd dor assessment of genetic diversity in cucurintmuding

restriction fragment length polymorphisms (RFLPBj][and PCR-based markers such as RAPD [17], siteple

sequence repeat (ISSR) [18], simple sequence réB&R) [19] and EST-SSR [20] have been employedHer
characterization of genetic diversity in cucumbed amushroom [21], however it seems that evaluatién
morphological traits is not used, abundantly, fstireation of genetic variation in it. Al-Rawa#i al. [22] studied
the genetic diversity among twenty-four accessiohgucumber for morphological traits. Al-Rawadti al. [22]

clustered the genotypes to two main clusters. dirsethat evaluation of genetic variation for motpbaal traits
will help to provide valuable information about idiication of new sources for high yield in cucuentgermplasm
in breeding programs. Also, observed results csulghest comparative advantages for further breeaftigns in
cucumber.

The objective of this research was to performmmare germplasm evaluation of some cucumber cudtivalran.
Assessment of genetic diversity among genotypeeciidins could exploit perfect information to enhartbe
development of better performing varieties of th#ticated species of cucumber.

MATERIALS AND METHODS

This experiment was conducted at Research Greeahwiusgricultural Department of Islamic Azad Unisiy,
Khorasgan (Isfahan) branch, in Iran, (51°36" lamdgt and 32°63). Genotypes were planted in March 26 the
spring season 2011, in pitmas, perlite, cocopit Bé@ experiment was conducted as a Randomizedletiplock
Design (RCBD) with 4 replications. There were téangs in every plot. In this study 20 genotypesrirdifferent
geographical regions of world were evaluated thairtname is presented in Tablel. Studied trait® weeasured
on 10 plants for each genotype in each replicaimhused from average of them in analysis.

Cultural practices:

The space between and within couple rows were 80 énd 50 (cm), respectively, and 180 (cm) betweesry
couple rows. Different fertilizers were used basedsoil analysis, including: potassium nitrate, Aomum nitrate,
magnesium nitrate, Iron and the other mineral etémas sulphate solving in water. Irrigation wagpliggl when
needed and Dichlorvos, Trigard, Vertimec and Orgasiem oil were applied for insect control. Theegteouse air
temperature at the growing period was 25-30 C°/d#¢21 C° nights with a relative humidity of ab@@%6.

Different horticultural traits including: total fituyield per pickling (TFY)(g), fruit number per giling (FNP),
branch number per plant (BP), plant height (PH))(dhe length of branch (LB) (cm), shoot diame®HD) (cm),
leaf length (LL) (cm), leaf width (LW) (cm), frudiameter (FD) (cm), vigor of each plant (VP), fraitmber per
node (FNN), distance between internode in (DN) (emdl fruit length (FL) (cm) were measured on 20edént
genotypes of cucumber.

Each plot was harvested daily, if there was maliteté&uit size in each plant. Then the number tredweight of
total fruit in each plot were recordethe length of the plant from the soil surface to thewias measured after the
final harvest. The length of nodes per vine onrfen stem was measured from node number 10 to nugthe
Number of branch per plant, length of branch amggwvof plant was rated on a 1 to 4 scale at the tfrharvesting,
based on the least to the most number and vigeadh plant. Length of 15 fruits harvested randoimlfive days
on three fruit in each day at edible maturity wasorded from base to the apex of fruit and averaDeimeter of
the same 15 fruits selected for recording the lengas measured in centimeter at maximum thicknéksthe help
of vernier caliper. Length of leaf was measurednfrdom to tip and width of leaf was recorded at mmaxh point.
The number of fruit per node was recorded basetane than 75% on nodes.

Satigtical analysis

The collected data were subjected to analysis vree (ANOVA) using general linear model (GLM) $fatistical
Analysis System program [23]. Mean comparisons veeneducted using the Fisher's least significanfedénce
(LSDy o9 test. The means of each trait were used for eluahalysis. Euclidean distance was used for cluste
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analysis with the ward method by using SPSS soétwaarsion 16. The number of group in dendrogram was
recognized based on F-bill test (by SAS softwang) discriminant function (by SPSS software).

RESULTS

The results of analysis of variance (ANOVA) shoveedignificant difference for all of the studieditsa(Table 2).
According to Table 3, the highest value for totaitfyield (TFY) was belonged to genotype of Gol#ir4.25) (g).
The means of TFY were ranged from 338.31 (g) (Tdopao 474.24 (g) (Gohar). Fruit number per pldrtp)
ranged from 6.52 in (Green majic and Adrian-4513 .80 in Tornado and Karim.

Fruit number per node (FNN) was varied from 3.4@l(4-R2) to 1 (Karim). Although yalda-R2 showed tighest
FNN, however TFY, PH, BP, LL, FL, SHD and LB weeM in this genotype. Plant height (PH) had sigaific
variation among 381.25 (cm) in Neda to 267.25 itd#ar2 (cm) (Table 3).

TABLE 1. Plant materials used for evaluation of cuamber genotypes used in this experiment

Code number Genotype Origin Code number Genotype Origin

1 Green majic Netherland 11 Adrian451  Netherland
2 Nasim Netherland 12 Adrian salar Turkey
3 Storm Netherland 13 Neda Turkey
4 Janeete Netherland 14 Sina USA
5 Karim Russia 15 Tornado Spain
6 Atilgan France 16 Amiral Spain
7 Vista France 17 Sco4184 Denmark
8 Raneem Netherland 18 Danish Denmark
9 Zohal Netherland 19 Yalda-R2 Netherland
10 Gohar Netherland 20 Khassib-R2 Netherland
TABLE 2. Analysis of variance studied traits in cuamber genotypes
S.0.V. Mean squares
TFY FNP FNN BP PH LL LW FL FD DN SHD LB VP

Replication 3 15028.6 2.4 52" 001 137009 2402 195 22 0.09 47106 543 108 03
Genotype 19 71325 377 14 39 45937 155 134" 41" 042 25219 073 35 15
Residual 57 32602 1.04 06 0.1 449.2 5.54 7.0 14 007 70.74 026 08 0.2
¥: TFY: Total fruit yield per pickling, FNP: Fruit number per pickling, FNN: fruit number per node, BP: branch number per plant, PH: plant
height, LL: leaf length, LW: leaf width, FL: fruit length, FD: fruit diameter, DN: distance between internode, SHD: Shoot diameter, LB: length of
branches, VVP: Vigor of plant,
* and ** significant at P < 0.01 and P < 0.05, respectively.

Different qualitative traits have been studied iffedent parts of the plant. Highest value for lmamumber per
plant (BP) (3.87) and length of branch (LB) (3.8@s observed in genotype of Sina and the leasevalbelonged

to Danish and Yalda R2 genotypes (Table 3). Vigoplants had variation between 4 (Gohar) to 1.7%heen-
majic genotype (Table 3). Wehner and Guner [24dlistli four cultigens under 10 planting days. In tiéisearch,
number of nodes per branch was greatest on ther lomaches, so branch length was probably deperatetite
amount of time since formation. The number of bhescper plant and nodes per branch was lowesteat th
intermediate planting dates. The tall indeterminetétivar had the most branches and nodes, anddibesf
determinate inbred had the least.

The highest (36.37) and the least (29.12) value¢efigth of leaf (LL) was observed in Tornado (3§.&cm) and
Nasim genotypes (29.12) (cm) (Table 3). In genofijpmado, LW, PH and DN were also high; howevett fyield
was the lowest. So this genotype had had good atdgetgrowth, but this growth could not result hiighit yield.
Leaf width (LW) was varied from 34.37 (cm) in Golganotype to 26.82 (cm) in Sina genotype (Tabld.8hgth

of branches (LB) varied from 3.87 (cm) in Sina td2l(cm) in Danish and Yalda R2 (Table 3). Shoaidter
(SHD) varied from 2.03 (cm) in Green majic to 1(am)Sina. This result showed a high variation amewngluated
genotypes for length of branches. Fruit diamet&)(fkad a variation between 3.07 (cm) in KhassibtéR2.32 (cm)

in Atilgan (Table 3). The highest (17.27) (cm) dhd least (12.88) (cm) values for fruit length wigsoted to Vista
and Khassib R2 genotypes, respectively (Table B)it Fength and fruit diameter are marketable $rditat could
have influence on marketing of cucumber and thesptemce range of them is different in different rioies.
Khasib showed the highest amount of TFY and FD, évaw the lowest amount of FL. The size of fruit is
marketable trait in Iran. Chen et al. [25] evaldathifferent traits related to stem, leaf, fruit afiower in some
hybrids between wild and cultivated cucumber. Theported that the diameter of the main stem andhlape and
size of the leaves were intermediate when compawéd their parents. Also the lengthx diameter and
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length:diameter of fruits were different betweepldid and tetraploid hybrids as tetraploid fruiteres shorter in
length.

TABLE 3. Mean comparisons of studied traits in cucmber genotypes.

Genotype TFY* FNP_FNN_BP PH LL LW FL FD DN SHD LB VP
1 404.05 6.52 183 3.75 375.06 31.62 3125 14.73 250 89.87 203 35 175
2 430.05 3.92 2 125 2946 29.12 2881 1451 251 86.87 19 162 3

3 398.94 358 1.33 312 332 30.31 30.18 1477 258 7825 2 187 25
4 421.33 545 195 192 3293 2975 3031 1486 26 7862 199 15 27
5 350.01 3.50 1 3.62 376.4 3443 3393 16.12 246 87.37 198 35 27
6 35799 376 1.04 35 3738 3375 3350 154 232 1015 190 3.62 271
7 41598 3.96 2.04 137 31525 30.06 29.68 17.27 270 8456 2 237 25
8 37759 474 137 325 3218 3125 3112 1562 242 86.25 195 162 25
9 363.83 4.07 220 3.12 3656 33.75 32.87 16.81 240 92.81 1.98 337 3.37

10 47425 511 262 237 3273 33.75 3437 1553 243 8931 198 187 4
11 451.72 652 266 3.62 327 355 3212 1548 267 8825 122 325 3.75
12 364.23 391 241 187 3175 3112 29 1495 277 96 117 212 3.87
13 34352 358 254 237 38125 3287 305 1472 265 1055 110 225 3
14 439.02 536 227 3.87 370.05 30.87 26.82 1563 2.77 100.2 1 3.87 212
15 338.31 350 212 337 331 3637 32 15.82 2.67 1022 1.25 337 25
16 360.32 3.76 1.95 2.87 29425 31.62 2825 14.87 287 9225 1.05 275 262
17 36749 396 274 337 374 3362 3350 15 2.67 1047 117 3.62 287
18 42095 474 268 112 327 3237 305 1397 270 86.50 1.05 1.12 3.37
19 354.26 4.07 341 0.87 26725 3050 31.25 1356 270 94.75 1.17 112 35
20 459.93 565 214 150 287 3225 31.75 1288 3.07 89.75 135 15 3.87
LSD (5%) 80.84 144 118 0.79 30.01 333 376 167 037 1190 0.73 1.27 0.63

Phenotypic CV(%) 144 228 393 376 1013 730 85 78 102 916 329 359 38
Genotypic CV(%) 12 18 209 215 9.62 491 403 545 42 73 212 332 33
Phenotypic variance 3357.5 0.94 0.36 99.2 1148.2 3.8 335 1.03 0.03 63.04 0.17 0.88 0.38
Genotypic variance 2270.7 0.68 0.19 0.96 10359 25 158 068 0.01 4536 0.11 0.68 0.33
¥: TFY: Total fruit yield per pickling, FNP: Fruit number per pickling, FNN: fruit number per node, BP: branch number per plant, PH: plant
height, LL: leaf length, LW: leaf width, FL: fruit length, FD: fruit diameter, DN: distance between internode, SHD: Shoot diameter, LB: length of
branches, VVP: Vigor of plant

TABLE 4- Analysis of variance and mean comparison étween groups of cluster analysis in cucumber gengtes

. Mean
Traits Mean square between groupoGroup T Group2 Group3 Group 4
TFY 6749.7 3535 4423  408.8° 391.95
FNN 0.63 1.94¢ 2.34" 1.74 2.57
BP 3.45° 3.2% 3.4 2.1¢ 1.68
LB 3.59" 3.29 3.17 1.8 1.72
FL 2.67 15.6 15.3 15.4 14.1
FD 0.09 253 2.59 2.5¢ 2.87
DN 236.7 99.7 91.9 82.9 91.8
PH 49557 367.F 35¢° 318.6 299
FNP 3.77 3.7% 5.8¢ 433 443
LL 16.19 34.F 32.9¢ 31.6 30.14
LW 26.9 32.7 31.6¢ 3¢ 30.2
VP 0.57 2.8 2.9 2.68 3.45%8
SHD 0.57 1.558¢ 1.56" 1.99 1.16

TFY: Total fruit yield per pickling, FNP: Fruit number per pickling, FNN: fruit number per node, BP: branch number per plant, PH: plant
height, LL: leaf length, LW: leaf width, FL: fruit length, FD: fruit diameter, DN: distance between internode, SHD: Shoot diameter, LB: length of
branches, VP: Vigor of plant.

Means followed by the same letter was not significantly different at 0.05 level using LSD test.

* **: F-test significant at P<0.05 and P<0.01 respectively; ns: not significant

1385
Pelagia Research Library



Maryam Golabadi et al Euro. J. Exp. Bio., 2012, 2 (5):1382-1388

Eescaled Distance Cluster Combine
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Figure 1. Ward-based dendrogram showing genetic rationship among 20 cucumber genotypes based on mdéwgogical, yield and its
components traits

Distance of internode had a broad variation thagea from 105.5 (cm) in Neda to 78.25 (cm) in St¢fimble 3).
Ramirezet al. [26] showed that multiple fruiting was associateith high leaf area. On the other hand, line with
highest stem length had a greater proportion ofadright into leaves, stems and roots and numb&uifper plant.
Line Calypso had produced the same amount of doyalveight and fruit weight as the line with thglhést amount
of these traits, in spite of having a smaller kafa that can be related to increase leaf photosiatates.

The highest and the lowest genetic variation ((¢) (vere observed for VP and LW, respectively. Thyghést and
the least value for phenotypic variation was obsérto VP and LL, respectively (Table 3). Small giéfnce
between phenotypic and genetic coefficient of amies for most of the studied traits indicated thaist of the
observed variation was compromised from genetitofac

Cluster analysis

Clustering based on studied traits separated thetgges into four main groups (Fig. 1). There wérd, 5 and 5
genotypes in these groups. This result indicatetttiere is a significant difference between evaldi@enotypes for
morphological traits. Cluster 1 included Karim (Ria3, Atilgan (France), Zohal (Netherland), Nedairkgy),
Sco4184 (Denmark) and Tornado (Spain). Clustercuded Gohar (Netherland), Adrian-451 (Turkey), &re
majic (Netheland) and Sina (USA). Cluster 3 incllidgtorm, Raneem, Nasim and Janeete (Nethelandy mtal
(France). Finally, cluster 4, included Adrian sa(d@urkey), Amiral (spain), Danish (Denmark), YalB2- and
khassib-Rr2 (Netheland). This result revealed thaite is no any overlap for geographical dispersioth measured
traits. Of course, there were only Netherland ggrext in group number 3.

Analysis of variance was carried out to compare nieans of groups (Table 4). The results showed ttheat
difference between groups was significant for &lihe studied traits except for VP (Table 4). Thghkst mean for
LW, PH, LB, FL, DN and LL were denoted to clusteurmber 1 (Table 4). The genotypes with suitable
morphological traits were clustered in group numbeAccording to Table 4, the highest mean for TFXIN, and
FNP was belonged to cluster number 2. Hence, tBaperior genotypes such as Green-majic and Gotear ar
recommended for fruit yield improvement, as a higéid parent in hybridization programs of cucumbarcluster
number 3, the genotypes did not show superior cheniatics, except for SHD. The highest value fiN; FD, and
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VP were belonged to cluster number 4. These geastgpe originated from different geographical regidt could
be concluded that the genotypes in cluster numbecoRld be used for enhancement of fruit yield arsd
components in cucumber breeding.

DISCUSSION

The result of this research could be compromisethfa broad genetic diversity among selected geisnpldt
seems that there is a high variation for FNP amewvajuated genotypes. Genotypes with high TFY alsmwed
high FNP with the exception of genotype Green maiith low TFY. To give attention to other traits this
genotype revealed that FL, FD and FNN were low tlaatsed yield reduction. Fruit number was fountéanore
stable measure of productivity than fruit weight éacumber [6].

For some genotypes, some traits were high and dtlaés were in low amount. This result confirmsatth
consideration of few traits is not suitable way $etecting best genotypes. Because different thait® interaction
between them, and direct and indirect effects afestraits make main traits such as fruit yield.

Some genotypes with highest TFY, showed slight R&#i @N. It is clear that other traits such as FNB BNN are
more important than traits related to vegetativeeagh. FNP and FNN are the most important componeftd-Y in

cucumber. Cramer and Wehner [27] studied four cimmrmpopulations over two seasons and years. Thedfthat
fruit yield and its components such as number ahbhes per plant, number of different fruit size pknt and
percentage of pistillate nodes differed betweerufajpns and environments. Some populations shathediighest
amount of different traits as the lowest amountdibrer traits. For example, NCWBS population hddveer mean
yield and poorer fruit quality and higher averageitfset. On the other hand, there was no diffezebetween
populations for some traits such as branch numténades per branch.

The superior genotypes for fruit yield and its camgnts could be used as superior genotypes in dagum
cultivation, and also can be recommended for fyigld improvement, as a high yield parent in hylzadion
programs of cucumber. Gohar, Khasib-R2, Adrian-4$4sim and Sina showed the highest amount of figitl
and fruit number. On the other hand, the othetstr@iso were high in these genotypes that emphasizeetter use
from environmental conditions such as high phottsysis by large leaves and good vigor. Over akséh
genotypes in view point of TFY could be high yigldnotypes for its cultivation in Iran. Fahal. [28] used from
long-fruited (length: diameter ratio) and number fofits for selecting the best genotypes in thrgeles of
phenotypic mass selection. There were significafierénces detected among cycles of phenotypicciele A
positive response to three cycles of phenotypiecsiein was detected for length: diameter ratio.

Overall, there were high genetic variation betwdbase genotypes and can be used for different ams
greenhouses and also in breeding programs.
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