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In this study, seeds from 51 bean genotypes obtained from the Izmir Aegean Agricultural Research
Institute were multiplied under ecological conditions of the Samsun province in 2006. Similarities and
differences in terms of morphological variation were identified for 16 genotypes carrying the
phenological, morphological and pod characteristics of fresh bean in 2007. It was determined that the
length of time between sowing to sprouting had an important relationship and a positive correlation
with the date of initial flowering, 50% flowering and pod width in the correlation matrix. In the principle
component analysis (PCA), the two initial PC axis explained the 53.9% of the total variation. The cluster
analysis was based on 19 parameters. Five groups were obtained and shown in a dendrogram. High
levels of variation between bean genotypes were detected.
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INTRODUCTION

Bean has spread out worldwide after the discovery of
Americas, its homeland region. Although the Phaseolus
genus consists of approximately 230 species, the most
widely produced members are P. vulgaris and P.
coccineus. All of the beans cultivated in Turkey belong to
the P. vulgaris species. Moreover, P. coccineus is most
widely cultivated as ornamental plant (Vural et al., 2000;
Anonymous, 2005a; Anonymous, 2005a, b,c). Bean has
a 250 to 300 years old history in Turkey. Bean, having a
very important place in the nutritiun of Turkish people, is
cultivated both in coastal and inland regions of Turkey; it
is easily cultivated in regions above 1000 m of altitude
(Salk et al., 2008). Turkey is the 3rd ranking country in
bean cultivation after China and Indonesia (603,653
tons), Samsun province ranks first with 63.36 tons of
bean production in the Carsamba plain (Korkmaz, 2007;
FAQ, 2009).
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There are many local bean types adapted to the regional
conditions of Turkey and a major population richness is
present.This potential showing a great genetic richness
has to be utilized. Both development of new varieties
towards promotion of agricultural production and passing
the genetical resources to the following generations
without infliction of erosion is only possible through
preservation and protection of the present populations.
Gene resources obtained from any species do not get
included in breeding programs unless they are identified
through characterization; even if they are included they
are quickly lost. It is for this reason that determining the
properties of these acquired gene resources carries great
importance both in terms of breeding studies and gene
banks. (Anonymous, 2001; Balkaya and Yanmaz, 2001;
Balkaya and Karagac, 2005; Karaagac and Balkaya,
2010).

In the recent years, use of multivariate analysis
methods in data evaluation towards formation of quality
gene pools inside the breeding programs has become a
commonly used application. Multi-faceted examination of
morphological properties allow detection of the observed



6156 Afr. J. Agric. Res.

Table 1. Bean genotypes obtained from the izmir Aeagean Agricultural Research Institute (IAARI) Gene Bank.

Registration numbers
of bean genotypes
from IAARI gene bank

Provinces the
genotypes were
collected from

Registration numbers
of bean genotypes
from IAARI gene bank

Provinces the
genotypes were
collected from

1.TR 69024 (P1) Kitahya
2.TR 68795 (P2) Kastamonu
3.TR 66364 (P3) Usak
4.TR 61640 (P4) Aydin
5.TR 45861 (P5) Kars
6. TR 43313 (P6) Edirne
7.TR 39076 (P7) Aydin
8.TR 38054(P8) Usak
9.TR 37145 (P9) Sinop
10. TR 35480 (P10) Isparta
11. TR 64835 (P11) Giresun
12. TR 64760 (P12) Nigde
13. TR 66752 (P13) Bartin
14. TR 62021 (P14) izmir
15. TR 38072 (P15) Kitahya
16. TR 65048 (P16) Manisa
17. TR 64871 (P17) Samsun
18. TR 64982 (P18) Afyon
19. TR 64798 (P19) Isparta
20. TR 61761 (P20) Mugla
21. TR 44774 (P21) Burdur
22. TR 68756 (P22) Bolu
23. TR 64718 (P23) Antalya
24. TR 65060 (P24) Bolu
25. TR 64946 (P25) icel
26. TR 38319 (P26) Kirklareli

27. TR 68805 (P27) Kastamonu
28. TR 64967 (P28) Cankiri
29. TR 37710 (P29) Trabzon
30. TR 64813 (P30) Konya
31. TR 65066 (P31) Canakkale
32. TR 64950 (P32) Ankara
33. TR 37961 (P33) Tokat
34. TR 61896 (P34) Denizli
35. TR 62496 (P35) Balikesir
36. TR 65014 (P36) Kastamonu
37. TR 50744 (P37) Erzurum
38. TR 64772 (P38) Denizli
39. TR 61608 (P39) Aydin
40. TR 64792 (P40) Adana
41. TR 37673 (P41) Rize
42. TR 40474 (P42) Bitlis
43. TR 70427 (P43) Amasya
44. TR 40497 (P44) Van
45. TR 68985 (P45) Eskisehir
46. TR 45861 (P46) Kars
47. TR38458 (P47) istanbul
48. TR 45935 (P48) Artvin
49. TR 64778 (P49) Edirne
50. TR 37378 (P50) Gorum
51. TR 64714 (P51) Mardin

TR: Turkey, P: genotype.

variabilities in terms of certain properties. With increasing
number of compared samples, methods of classical
statistics become insufficient. Detection of variation and
similarities through numerical taxonomic analysis
methods, also known as multivariate analyses, requires a
series of processes consisting of selections, measure-
ments and analyses. The analysis stages are carried out
easily with utilization of computer softwares and visuali-
zation opportunities render the comments more efficient
(Tan, 2005). Similarities-differences and classifications
between types determined using data obtained through
characterization studies can be easily presented using
cluster analysis and principle component analysis (PCA)
(Oliveira et al., 1999; Rivera Martinez et al., 2004;
Balkaya and Ergun, 2008).

This study aimed to characterize bean genotypes ob-
tained from Izmir Aegean Agricultural Research Institute
(IAARI) gene bank according to UPOV (International
Union for The Protection of New Varieties in Plants)
criteria and present in detail the current variability using
multivariate analysis. Furthermore, determination of

qualified genotypes to be used in bean breeding studies
and their utilization was also intended.

MATERIALS AND METHODS

Trial material consisted of 51 bean genotypes including 49 P.
vulgaris and 2 P. coccineus (P27 and P38) species obtained from
Izmir Aeagean Agricultural Research Institute (IAARI). IAARI gene
bank registration numbers of bean genotypes and the provinces
they were gathered from are reported in Table 1. Genotypes are
coded as P1, P2 and P3 ranging from 1 to 51. Field trials were
conducted in Samsun Black Sea Agricultural Research Institute
(SBSARI).

The trial field was located between 36°21° eastern latitudes and
41°17 northern longitudes, at an altitude of around 4 m. Cultural
practices were conducted regularly during the survey. Considering
the results of soil analysis, a fertilization program consisting of 2.5
tons/da of burnt farm fertilizer, 50 kg/da of DAP (diammonium
phosphate) as basement fertilizer and 20 kg/da of CAN (calcium
ammonium nitrate) was applied both years the trial was performed.
The fertilizers were applied by sprinkling. Prior to sowing, 200 mL of
trifluraline based herbicide was applied per decare for weed control.
The seeds were sown on 05.22.2006 and 05.17.2007. In 2006,
multiplication of seeds obtained from IAARI gene bank was
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Phenological properties

Germination time (day) (GT): Time between sowing of the seeds and when the plant was first observed
Initial flowering time(day) (IFT): Time between sowing of the seeds and when the first flowers were observed
50% flowering time (day) (IFT 50): Time 50% of the plants take to flourish

Plant
Growth type: 1. dwarf, 2. pole

Fruit (pod)

Flower colour: 1. white, 2 .purple, 3.pink

Pod colour: 1. green, 2. yellow, 3.red

Pod stringiness: 1. present, 2. absent

Pod spottiness: 1. present, 2. absent

Pod pigmentation: 1. red, 2. violet

Clarity of seed in pod: 1. low, 2. moderate, 3.prominent
Pod tip shape: 1. pointy, 2. blunt

Pod flesh shape: 1. narrow elliptic, 2. wide elliptic, 3. round

Pod curvature: 1. inwards, 2. outwards, 3. S-shaped
Bract shape: 1. narrow long, 2. round

Pod length (cm) (PL): Measured starting from flower stalk end point using digital caliper
Pod width (mm) (PW): Measured from the middle of the pod using digital caliper

Pod flesh thickness (mm) (PFT): Pods were laterally and measured with digital caliper
Bract length (mm) (BRL): Bract leaves were measured with digital calipers

Beak length (mm) (BKL): Pod tips were measured with calipers.

performed. In 2007, seeds from each genotype were sown in 2 m
parcels in 4 rows with 50 x 20 cm dimensions (row distance x row
length). Each parcel contained 40 plants. Following sowing, 250 g
of trichlorphon based chemical mixed with 500 g of sugar and 10 kg
of bran was applied per decare against mole-cricket damage. In
identification of bean genotypes, along with properties we deemed
important for bean, UPOV (International Union for The Protection of
New Varieties in Plants) criteria and fresh bean agricultural value
measurement tests of Ministry of Agriculture Variety Registration
and Seed Certification Centre (VRSCC) were included in the list
(Table 2) (Anonymous, 1982; Anonymous, 2005d). Phenological
observations and morphological measurements were performed on
the genotypes send from IAARI gene bank. The collected data were
processed with ANOVA, SAS 9.1 and Minitab 13.0 package
analysis programs (SAS, 2002; Minitab, 2000). Multiple range test,
principle components analysis (PCA) and correlation and cluster
analysis were applied to the data sets. Moreover the similarities and
differences between genotypes were tried to be exhibitied using the
factor coefficients indicating the basic component weights in order
to better reveal the variation.

RESULTS AND DISCUSSION

Among bean genotypes sowed in 2006 only P22 did not
germinated. Seeds of P22 genotype were assayed for
germination tests and 85% germination rate was
observed. In studies conducted on germination of bean
seeds, it was reported that germination occurred in 7 to
10 days under conditions of optimal soil humidity and
temperature; germinations could require 20 to 25 days

under extreme conditions at 15°C and no germination
was observed under 10°C and above 35°C (Demir and
Yanmaz, 1994; Sehirali, 2002; Balkaya, 2004; Kurtar et
al., 2004; Holley, 2010). The extreme temperatures in
May of 2006 decresead the soil temperature. However,
proper germination of other genotypes and no
germination in P22 genotype lead one to think that this
genotype is very sensitive to low soil temperatures. In
2007, P11 and P43 genotypes flowered, but they did not
formed pods. Heat affects many biological processes of
bean. Pollenation, seed adsorbtion and maturation are
affected positively by suitable temperatures, whereas
excessive temperatures prevent ovule and fruit formation
and cause flower buds and young fruits to fall. The
flowers fall, pods do not form and yields drop at
temperatures especially above 30°C (Eti, 1996; Peksen,
2007; Madakbas et al., 2009).

The fact that P11 and P43 genotypes flowered late, in
comparison to other genotypes, and that flowering
coincided with warm periods prevented pod formation. In
Table 3, bean genotypes are evaluated in terms of
growth type, flower color and pod characteristics. In
terms of growth type, only P26 genotype was detected to
be dwarf, and other genotypes were detected to be poles.
Flower colour varied between white, light purple and dark
purple; pod colour varied between within light green,
green and dark green. Stringiness was observed in all
genotypes except P1, P2, P3, P10, P13, P16, P25, P26,
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Table 3. Growth type, flower colour and pod properties of bean genotypes provided by Izmir Aeagean Agricultural Research Institute (IAARI) Gene Bank.

Genotypes Growth Flower Pod _ Po_d Pc_:d Pod CIar!ly of seed Podtip Pod flesh Bract Pod
type colour colour stringiness  spottiness pigmentation in pod shape shape shape curvature
1.TR 69024 (P1) Pole P G A A A L PN NE NL W
2.TR 68795 (P2) Pole w DG A A A L PN NE NL W
3.TR 66364 (P3) Pole w G A A A PR PN R R W
4.TR 61640 (P4) Pole w G P A A PR PN R NL W
5.TR 45861 (P5) Pole w G P A A PR PN R NL S
6. TR 43313 (P6) Pole DP DG P A A PR PN R R IW
7.TR 39076 (P7) Pole w DG P A A L PN WE NL A
8.TR 38054(P8) Pole w DG P A A PR PN R NL W
9.TR 37145 (P9) Pole DP LG P A A L PN NE NL W
10. TR 35480 (P10) Pole DP G A A A L PN NE NL W
11. TR 64835 (P11) Pole P N N N N N N N N N
12. TR 64760 (P12) Pole w LG P A A L PN NE NL A
13. TR 66752 (P13) Pole P LG A P R M PN WE NL W
14. TR 62021 (P14) Pole P DG P A A L PN NE NL W
15. TR 38072 (P15) Pole w LG P A A L PN NE NL A
16. TR 65048 (P16) Pole w G A A A L PN NE NL A
17. TR 64871 (P17) Pole W G P A A L PN NE NL W
18. TR 64982 (P18) Pole w G P A A L PN NE NL A
19. TR 64798 (P19) Pole w LG P A A L PN NE NL W
20. TR 61761 (P20) Pole w DG P A A L PN NE NL W
21. TR 44774 (P21) Pole W G P A A L PN NE NL A
23. TR 64718 (P23) Pole w DG P A A L PN NE NL A
24. TR 65060 (P24) Pole w DG P A A L PN NE NL A
25. TR 64946 (P25) Pole P LG A P R L PN WE NL IW
26. TR 38319 (P26) Dwarf P LG A A A L PN WE NL A
27. TR 68805 (P27) Pole w DG P A A L B WE NL IW
28. TR 64967 (P28) Pole P LG A A A L B WE R A
29. TR 37710 (P29) Pole P G A P Vv L PN NE NL W
30. TR 64813 (P30) Pole w DG P A A L PN NE NL A
31. TR 65066 (P31) Pole w LG A A A PR PN WE NL ow
32. TR 64950 (P32) Pole DP LG A A A L PN NE NL W
33. TR 37961 (P33) Pole P G A A A L PN NE NL W
34. TR 61896 (P34) Pole w G P A A L PN NE NL W
35. TR 62496 (P35) Pole w G A A A PR PN NE NL A
36. TR 65014 (P36) Pole P G A A A L B NE NL IW
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37. TR 50744 (P37) Pole w G P A A L PN NE NL W
38. TR 64772 (P38) Pole w DG P A A L B NE NL W
39. TR 61608 (P39) Pole w G P A A L PN R NL S

40. TR 64792 (P40) Pole P LG A P R L PN NE NL A

41. TR 37673 (P41) Pole w G P A A L PN NE NL W
42. TR 40474 (P42) Pole w G P A A L PN NE NL W
43. TR 70427 (P43) Pole P N N N N N N N N N

44. TR 40497 (P44) Pole w G P A A L PN NE NL A

45. TR 68985 (P45) Pole w DG P A A L PN NE NL W
46. TR 45861 (P46) Pole w G P A A L PN WE NL W
47. TR38458 (P47) Pole w G P A A PR PN NE NL W
48. TR 45935 (P48) Pole w G P A A L PN NE NL W
49. TR 64778 (P49) Pole w G P A A L PN NE NL W
50. TR 37378 (P50) Pole w G P A A L PN NE NL W
51. TR 64714 (P51) Pole W G P A A L PN WE NL oW

TR: Turkey; P: genotype; G: green; W: white; P: purple; R: red; V: violet; L:light; D:dark; P: present; A: absent; N: none; L: low; M: moderate; PR: prominent; PN: pointy; B: blunt; NE: narrow elliptic; WE:
wide elliptic; R: round; NL: narrow long; IW: inwards; OW; outwards; S: S-shaped.

P28, P29, P21, P32, P33, P35, P36 and P40
(Table 3). Stringiness of fresh bean is a very
important feature in case of dried bean
production. Stringiness is a most unwanted
property in fresh bean since it lowers the market
value. Even if certain fresh bean genotypes are
superior in many other properties they are not
preferred if stringy (Madakbas, 2005; Madakbas
et al., 2010). However, in contrast to consumption
as fresh bean, stringiness is overlooked in
consumption as dried beans (S6zen 2006). Pod
spottiness was observed in genotypes P13, P25,
P29 and P40; the pigmentation was determined to
be red and violaceous (Table 3). These 4
genotypes were easily distinguished because
apart from other genotypes, they carried pinto
bean like properties. Sixteen genotypes were
determined to be suitable for use as fresh beans
(P1, P2, P3, P10, P16, P26, P28, P31, P32, P33,

P35, P36) and pinto beans (P13, P25, P29, P40).
It was observed that when the harvest of fresh
beans with pinto bean like properties is delayed,
the seeds could be used as shelled broad beans
(Balkaya and Ergiin, 2008). Distinctiveness of
seeds in pods were moderate for P13 genotype,
mild or pronounced for the others (Table 3). Level
of distinctiveness of seeds in pods varies
according to how they are processed (dried,
canned or pickled) and customer demands. Pod
tip shape was blunt for genotypes P27, P28, P36,
P38 and pointy for others. Pod flesh shape was
round for P3, P4, P5, P6, P8, P39 most other
genotypes were narrow elliptic with some wide
elliptic (Table 3). The type of pod flesh shape,
especially preferred for consumption, is narrow
eliptic. However, the preferred pod flesh shape
changes according to how it is consumed, which
could be canned, pickled, dried or deep freezed

(Balkaya, 1999; Sézen, 2006). Bract shape was
determined to be round for P3, P6, and P28
genotypes and narrow long for the rest. Pod
curvature was S-shaped for P5 and P39,
outwards for P31 and P51 and inwards for the
rest. No curvature was observed in P7, P12, P15,
P16, P18, P21, P23, P24, P26, P28, P30, P35,
P40 and P44 genotypes (Table 3). The consumer
choice is towards non-curved varieties green
pods. Pod straightness increases the market
value of fresh bean where consumer preferences
differ with regard to colour, shape and even taste
between regions (Salk et al., 2008; Yanmaz,
2010).

Duncan’s multiple range test analyses are given
in Table 4 and the correlation matrix of
germination date (day), date of initial flowering
(day), 50% flowering date (day), pod length (cm),
pod width (mm), pod flesh thickness (mm), bract
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Table 4. Phenological observation and morphological measurement values of bean genotypes provided by Izmir Aeagean Agricultural Research Institute (IAARI) Gene Bank.

P.No GT(day)* P.No IFT(day) PNo  IFT.50(day) P.No PL (cm) P.No PW (mm) P.No PFT(mm) P.No BRL(mm) PNo  BKL (mm)
P5 600 £0.00a* P5  3566+0.33a P8 430041.00a P14  3264017a P45  8560.08a P23 400%0.05a P24 290+005a P27  35040.30a
P1 6.33 +0.33ab P8 36.66+0.66ab P5 433341332 P21 870+0.11b P20  946%003ab P21 4300.11ab P19 310+005a P45  4.2040.20ab
P4 6.33 +0.33ab P3  37.66+0.66ab P1 46.00+1.00ab P30  876%013bc P38  950+020ab P16  45040.05ab P34 31610214 P6  4.40£0.17b
P8 6.67 +0.33ab P6  38.00+1.00ab P2 4600+1.15ab P29 8.80#0.05bc  P6  10.00#0.15bc P19  450+005ab P21 323+088a P14 45040.23b
P7 700£000ac Pl  3833%176ab P10  47.33+033ab P40  890#0.11bc P23  10.10£0.05bd P20  4.60%0.25b P36 360+005b P32  460+0.20b
P6 733£033bd P2 38.66+0.66 ab P3  4766+066ab  P6 9.16+059bc P14 1013+0.13bd P39  553+0.06¢ P23 373+006bc P35 4.70026b
P3 767+ 066cd P4  39.66+0.66b P6 48331088b P12 9.63:008bd  P7  1033:0.14be P4  570%0.11cd P28 400:011cd P9 4.90049b
P2 800+0.00ce P10  39.66+0.66 b P51 4833+441b P32 973:014be  PA0  1053+026cf P15 6.4340.06de P38  4.0040.05cd P29  5.83+0.03c
P10 800+£000ce P51  39.66+3.18b P12 49.33260b P27 9760.14be P33  1063%020cf P47 6.2320.03ef P15  410:005de P20  5.96+0.03 cd
P24 800+£000ce P12  40.33%2.02b P4 4966+0.88b P13 986006cf P21 10.70+0.05¢f P40 6.30£0.05 ef P39 410:005de P8  6.00+0.37 cd
P39 800+£0.00ce P25  44.00%1.73c P7 54664066c P25  1040+023d-g P29  10.960.14cg P8  64340.18e-g P14  416%008de P38  6.20%0.15cd
P9 833+033df P44 44.00+1.00c P9 56.00£1.00cd P18  10433038d-g P47  11.0040.25cg P48  643+0.17eg P18  420015df P30  6.3040.20 c-e
P12 900£000df P16  4466+1.76cd P16  56.33+185c-e P48  1050+0.11d-g P8  11.03+037cg P18  65040.30e-h P40 420+005df P25  6.76+0.06 d-f
P17 900£000df P13  4633+185ce P25  57.0041.52cf P42 1053+026d-g P48  11.102005d-g P28 653027 P9 423+0.13df  P5  7.000.25eg
P23 900£000df P39  4666+145ce P13 57.33+145cg P37  1056+0.06dh P4  11.13:026dh P29 6530.08e- P16 4.232008df P10 7.36+029fh
P15 9.33 +0.33 fg P7  4733+033cf P44 5766+133cg P10 107340.32d1  P3  11.23+040e1 P9 6.63+0.06eq P5 426+006d-g P34  7.36+0.12fh
P32 933+033fg P17 48.0042.08dg P17  58664272c-h P44  1073+0.14d~  P5  11.334029e1 P14 676+006fk P29 433+014dh P37  7.56+0.20f
P51 967+033gh P24  4833+066dg P15  50.3340.66c-h P16 10.76+0.12d- P12 11.36:023ej P33 6.96+0.08 g P30 4.33:012dh P26 7.630.18g-
P21 967+033gh P36  4833+0.66dg P14  5066+166c- P46 10.80+0.15d§ P17 11462008fk P42  7.03+0.03h P44 4463006eh P48 7.660.20 g-
P20 967033gh P21 49.004057eh P24 5066+0.88c- P36 109040.05e-k P28 11.80:0.15g1 P41 7.06+0.121 P6 456+0.13+h P40 7.83+0.03 hq
P34  067#0.33gh P23 49.0040.00eh P39  50.66+1.76c- P2 11.00£025f P16 11900051 P46 7.13+0.08 ] P13 4562008fh P36  8.060.12h
P36 967+066gh P29 49.000.00eh P29 60.0040.00d+  P5  11.13#014gm P39  1216+008h-m P35  7.16+0.03 P8 463+0.13gh P2 8.20+0.10 hk
P48  967+033gh P41  49.0040.00eh P34  60.00£0.00d- P23  11.1640.58g-m P46  12.16008hm P32  7.264026km P10  463%006gh P41  8.26+0.03
P14 10.00:0.00g1 P14  49.33+0.88e: P36  60.33+0.88d§ P34  11234029gm P13 1223:0281-m P31 7.361:0.21m P17 463:012gh P21 8360171
P16 10.00:0.00g1 P26  49.66+033ej P19  60.66+1.76df P8  11.404055g-m P34  1240#020jn P17 7.500.15kn P47 466+0.08h P17 8.4020.15
P20 10.00:0.00g1 P27  49.66%033ej P23 61.0040.00df P17  11434029gm P41 1240#020jn P12 7.73£0.12mn P2 470£0001 P12 860020
P27 10.00:0.00g1 P32  49.66+066ej P27 61.00+1.52d§ P19  11534026gm P15  1246+023kn P45  8400.14op P12 5060081 P33  8.90+0.05km
P31 10.00:0.00g+1 P9  50.00+057ej P32  61.33+1.33ek P41 11.73+0.14hn P24  1250+020kn P10 843%0230p P26 5060121 P23 9.06%0.17Im
P33 10.00:057g+ P19 50.00+1.00ef P41  61.33+1.33ek P47 11.73+0.17h-n P44  1253:027kn P27 843%0320p P27 510005 P13 9.43+0.18mn
P35  10.00:0.00g+ P28 50.00+1.00ef P20 616641667k P20  11.86+0.061:n P42  1273:014ln P 8460170p P35 513+0081] P24 9.930.12no
P38 10.00:0.00g+ P30  50.00+0.57ej P21 620041527k P28 11.96#0.08jn P9  13.060.60m-o P34  853+0.080r P41 513+0081) P31  10.13£0.08 no
P41 10.00:0.00g+ P34  50.00£0.00ei P28  62.00+1.73fk P15  12.0640.06kn P18  1340:023np P36  8.60 +0.05pr P37 520010 P39 10.20 £0.15no
P42 10.00:0.00g1 P20  50.33#133ek P42 620040001k P24  12.0640.32kn P27  1373%0.260r P49  8.65+0.25pr P20 5360171k P46 10.360.290
PA7  10.00:0.00g+ P31  50.33#133ek P18 6233+233gk P9 12164029k0 P10  13.8040.3501 P38  8.80 +0.05pr P3 543+0171k P18 10.4020.300
P49 10.50:050hj P33  50.33:033ek P31 62.33+145gk P33  12264014m-0 P2  1406+0.18ps  P7  8.86+0.23pr P42 546014k P28 11.1340.41p
P13 10.67¢033hk P15  51.00£200fk P30  63.00+1.52h1 P31  1286+033np P1  1410+145ps P24  9.030.08rs P1 5.60 +0.10 k Pl 11.26+0.03p
P19 10.67¢033hk P18  51.33+185fk P37  6366+120h1 P26  1323%0.120p P49  14.353015pt P2 9.50 +0.20 st P25 570+005k  P7  11.83+0.23 pr
P25  10.67+066h-k P38  5200+000gk P38  63.66+0.66h!  P1 1326 +0520p P35  1453+027rt P13 9.60 +0.15t P50 573+005k P4 125340.23rs
P37 10.67+0.66h-k P42  5200+000gk P26  64.00+1.00h1 P35  132640260p P31 14.60 £0.23 1t P6 9.70 +0.41 t P48 6.00£003Im P15  12.560.38 rs
P18 11.00:0571-k P46 5200+0.00gk P33  64.00+1.00h! P45  1340+020p P32  147040.15rt P25  10.00+0.10tu P33 6.03+010lm  P3 1296023 s
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P30 11.000.00 1k P49 5200+0.00g-k P40 65.00£0.00 - P49 13.80 £0.10 p P30 1490#0.15s-u P26  10.26£0.08uvy  4P9 620+021mn P19 13.800.70t
P50 11.00£0.57 1k P37  52667+0.66hk P46 6500 00011 P39 15.20 +0.00 1 P19 1503#0.08s-u P30  10.660.17 vy P31 626+026mn P16 14.26+0.20t
P45 11.000.00 1k P45 53.00 £0.00 h- P49 65.00 £0.00 I- P4 15.26 0.31 1 P25 15.33+0.17tv P37 10.73£0.14 vy P4 630+0.00mn P47  16.80+0.15u
P40 11.33 £0.33 jk P35 53.33 +1.66 I- P45 65.33 £0.33 - P3 15.66 +1.55 1 P26 1576 £0.12uv P50  10.90 £0.23 yz P7 630+0.14mn P44 17.46 £0.26 uv
P44 11.33 £0.33 jk P40 53.66 +0.66 |- P35 66.33 £1.66 kI P7 16.20 +0.50 s P36 16.26 +0.59 v P4 10.900.29yz P32 6.53+0.20n P42 17.9020.37v
P26 11.67 £0.33 k P47 54.33 £1.20 Kl P47 66.33+0.88kl P38  16.200.11rs P50 16.40 +0.15 vy P5  11.102021yz P45 8.36 £0.050 P49 19.35+0.35y
P28 11.67 £0.33 k P48 56.66 +1.66 | P48 68.00£3.00k P51 16.70 £0.59 s P51 16.45+0.23vy P51 11.33+0.29 z P46 850 £0.07 0 P51 19.50+0.37z
P46 11.67 £0.33 k P50 61.66 £1.66 m P50 73.33£2.40| P50 18.10 £0.19 t P37 19.13+0.33 P3 11.36 £0.23 P51 9.00 £0.08 p P50 19.52+0.452
% CV 23 % CV 19 % CV 21 % CV 20 % CV 17 % CV 18 % CV 20 % CV 23

*P: Population; No: number; GT: germination Time(day); IFT: nitial flowering time (day); IFT_50: 50% flowering time (day); PL: pod length (cm); PW: pod width (mm); PFT: pod flesh thickness (mm); RL:
bract length (mm); BKL: beak length (mm), **means followed by the same letter are not significantly different at P< 0.05.

second and third earliest germinating genotypes
were P5, P1 and P4, respectively; the latest
germinating genotypes were P44, P26, P28 and
P46 with the last three taking equally long to
germinate. In terms of length of time between
sowing and initial flowering, P5 genotype ranked
first with 35.66 days, followed next in line by P8
and P3 genotypes; P50 ranked last with 66.61
days (Table 4). Length of time between sowing
and 50% flowering varied between 43 and 73.33
days, where P5, P8 and P3 genotypes ranked first
and P50, P48 and P47 genotypes ranked last
(Table 4). With respect to 50% flowering times
recorded in the field studies, the dwarf beans
were regarded as early flowering for 45 days,
medium flowering for 50 days, late flowering for
50 and above; pole beans were regarded as early
flowering for 50 days, medium flowering for 70
days and late flowering for 70 days and above
(Balkaya and Yanmaz, 2003; Madakbas et al.,
2009, 2010; Diuzdemir and Ece, 2010). A
significant variation between initial flowering time
and 50% flowering time can be observed in Table
4. Significant variations in flowering period and
time until initial flowering related to genotype and
environmental conditions are reported by many
researchers (Dlzdemir and Akdag, 2001). With

regard to 50% flowering times, P1, P2, P3, P4,
P5, P8, P6, P10, P12, P51 genotypes were
detected as early flowering with 43.00 to 49.66
days; P50 genotype as late flowering with 73.33
days and the rest of the genotypes were detected
as medium-late flowering. P26 was the only dwarf
late flowering genotype with 66 days of 50%
flowering time (Table 4). Pod length varied
between 3.26 and 18.10 cm. The shortest pod
lengths were shape (mm) and beak length (mm) is
given in Table 5. Table 4 shows the length of time
(6.00 to 11.67 days) between sowing and
germination. The first, displayed by P24, P19 and
P34 where the longest bracts belonged to P51,
P46 and P45 genotypes. P27, P45 and P6
genotypes had the shortest beak length where
P50, P5 and P45 had the longest beak length
(Table 4).

Sixteen genotypes carrying fresh bean and
kidney bean properties that were obtained from
IETAE gene bank and evaluated with regard to
morphological, phonological and pod properties
are going to be evaluated together with fresh bean
genotypes collected from Middle Black Sea
Region in 2002 and 2003 period and included in
the breeding program.

Table 5 shows statistically significant and positive

correlations between germination date and
parameters including initial flowering date
(0.658*), 50% flowering date (0.754**) and pod
width (0.213%); between pod length and parame-
ters including pod flesh thickness (0.204*) and
beak length (0.226*); between pod width and pod
flesh thickness (0.279**); between pod flesh
thickness and bract length (0.228**). Also
statistically significant but negative correlations
are presented between germination date parame-
ters including pod length (-0.199*) and pod flesh
thickness (-0.260**); between initial flowering date
and pod flesh thickness (-0.364**); between pod
flesh thickness and beak length (-0,168%).

The regularity of the germination date directly
affected pod width and 50% flowering date (Table
5) (Copur et al., 2005; Cinsoy et al., 2005;
Kayaalp and Cankaya, 2008).

The primary component axes, eigen values,
variation and cumulative variation ratios along
with factor coefficients determining the weight
values in the primary components, which occur as
properties, are provided in Table 6 in detail. Since
the morphological property data obtained from
bean genotypes include both qualitative and
quantitative data, we assumed the correlation
matrix would display a good performance in the
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Table 5. Correlation of phenological and morphological properties of beans genotypes obtained from Izmir Aeagean Agricultural

Research Institute (IAARI) Gene Bank.

GT IFT IFT_50 PL PW PFT BRL BKL
GT 1
IFT 0.658** 1
IFT_50 0.724** 0.955** 1
PL -0.199* -0.026" -0.025™ 1
PW 0.213* 0.079™ 0.106™ 0.094" 1
PFT -0.260** -0.364** -0.339** 0.204* 0.279** 1
BRL 0.078™ 0.083™ 0.102™ 0.227™ -0.048™ 0.228** 1
BKL 0.069™ 0.009™ 0.036™ 0.266** 0.028"™ -0.168* 0.017™ 1

*GT:Germination time(day); IFT: initial flowering time (day); IFT_50: 50% flowering time (day); PL: pod length (cm); PW: pod width (mm);
PFT: pod flesh thickness (mm); BRL: bract length (mm); BKL: beak length (mm); ns: no significant *:P < 0.05, **: P < 0.01.

Table 6. Eigen value, variation and principal component axes concerning evaluated properties as

a result of principal component analysis (PCA).

Eigen values 2.8114 1.5043
Variation (%) 0.351 0.188
Cumulative Variation (%) 0.351 0.539
The principal component analysis

Properties PC1 PC2

GT (day) 0.511 0.076
IFT (day) 0.557 0.073
IFTt_50 (day) 0.568 0.104
PL (cm) -0.097 0.545
PW (mm) 0.079 0.450
PFT(mm) -0.296 0.462
BRL (mm) 0.014 0.477
BKL(mm) 0.048 0.193

*GT: Germination time(day); IFT: nitial flowering time (day); IFT_50: 50% flowering time (day); PL: POD
LENGTH (cm); PW: pod width (mm); PFT: pod flesh thickness (mm); BRL: bract length (mm); BKL: beak

length (mm).

primary component analysis (PCA). Many researchers
standardize their data sets with the correlation matrix in a
wide range of studies making it a method of choice
(Wiley, 1981; Mohammadi and Prasanna, 2003). At the
end of analysis, 8 distinct principle component axes were
obtained from 8 identifying qualities evaluated. These
axes represented 90.84% of the total variation. Eigen
values for the first 8 principle components were between
1.02-4.87.

The fact that eigen values are above 1 indicates that
the evaluated principle component weight values are
reliable (Mohammadi and Prasanna, 2003). Ozdamar
(2004) reported that for the factor coefficients to be
reliable, the principle component axes must explain 2/3’s
of the total variation. Upon review of the analysis results,
it was observed that 2/3’s of the total variation is easily

explained (53.9%) with just the first two principle
components (Table 6). Therefore, these axes were
considered in evaluation of the analysis. The first
principle component axis covers 35.1% and the second
principle component covers 18.8% of the total variation
(Table 6). In a study conducted by Coelin et al. (2006),
the first eigen value explained the 46% and the first two
variables explained the 88.23% of the variation. Three
genotypes most unrelated with regard to morphological
and agronomical properties were identified and combina-
tions of these genotypes were recommended for inter-
population breeding studies. As reported by Rivera-
Martinez (2004) and Keles (2007), sum of the first three
eigen values must be 50% minimum for the chart to be of
reliable significance. They also stated that eigen values
of first three components below 50% indicate high
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Figure 1. Cluster analysis of bean genotypes provided by Izmir
Aeagean Agricultural Research Institute (IAARI) Gene Bank.

genetic variation. The values for principle component
weights of properties in the PCA were regarded as
important if above 0.3 (Brown, 1991).

In the first principle component axis, the initial flowering
time, 50% flowering time and germination time scored
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above 0.3 upon evaluation of quality weight values.
Therefore, in the first PCA these traits were represented.
The second primary component consisted of pod length,
pod width, pod flesh thickness and bract length. At the
end of primary component analysis, factor coefficients of
identifying qualities were evaluated and the attributes
scoring a coefficient value higher than 0.3 in the first two
PCA were determined. These qualities were detected to
display the variation among the analyzed population best
bean. Even though the beak length scored higher than
0.3 in the first 8 PCA, they were not included in the first
two PCA, which represented 53.9% of the variation
(Table 6). At the end of the PCA, it can be concluded that
morphological variability was very high based on the
cumulative variation ratio and that acquired values and
results from other characterization studies are
concurrent. According to the International Center for
Tropical Agriculture (CIAT) idenfitication criteria, Garcia
et al.(1997) analysed beans cultured from Saltito,
Durango, Mexico (wild) and cv. Bayo Mecentral with
regard to growth type, flower color, pod color, hypcotyl
color, the first and the last days of flowering, physiological
maturation date, hypocotyl and stem length (cm), total
number of branches, number of pods per plant, number
of seeds per plant and number of nods on the main stem.
They reported that growth type of wild populations vary
greatly and showed positive correlation with 13 variables;
several very important correlations were detected in
cultivated populations as well. The authors also esta-
blished once again that principle component analysis
(PCA) explained only 70% of agricultural and morpho-
logical variables, linear combination and total variation,
but breeding processes play an important role in variation
loss. Lezzoni and Pritts (1991), Mohammadi and
Prasanna (2003) stated that when principle component
analysis explains the majority of the variation of the first
two or three components it would be a very suitable
technique for grouping. In the principle component, Eigen
value above 1.0 will provide much more information on
variation because if principle components explain the
variation enough, maximum coverage for the original
variation indicates that variation will be very high.

The data to be used in the cluster analysis are
evaluated taking also into consideration the principle
component analysis (PCA) results. The qualities with low
factor coefficients were excluded from the cluster
analysis. At the end of cluster analysis, the difference
coefficients varied between 0.05 and 1.03 and showed
agglomeration within 5 groups (Figure 1). Upon analysis
of the branching patterns, 10 subgroups were detected
under 5 groups:

Group A: Consisted of 2 subgroups and 10 genotypes.
The most closely related genotypes were P2 and P10
under Subgroup 2. This group contained the medium-late
genotypes. While most genotypes shared being collected
from the Aegean Region, they formed a varying group
with regard to place of acquisition, stringiness, pod
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properties and pod, bract and beak length.

Group B: Consisted of 3 subgroups and 17 genotypes
forming the most crowded group. The genotypes most
closely related are P21 and P24 from the Subgroup 3.
P26 dwarf genotype and P13, P25 and P40 genotypes
carrying fresh pinto bean properties took place in this
group. Aside from P13, P31 and P35 genotypes
members of this group had mild clarity of seed. All except
P28 genotype had pointy pod tips and narrow long bract
shape in this group. This group contained medium-late
flowering genotypes too. Variation was observed with
regard to stringiness, pod properties, in addition to pod,
bract and beak length and place of collection.

Group C: Contained the least number of genotypes with
3 genotypes in 1 subgroup. This group contained
medium-flowering, stringy, white flowered and narrow
long bracted genotypes with mild seed clarity and no
fresh bean like properties. However, it showed variation
with regard to other pod properties in addition to pod,
bract and beak length.

Group D: This group consisted of 2 subgroups and 7
genotypes. This group of pole bean genotypes included
white flowered genotypes, except P29 which had pinto
bean like properties, and genotypes with mild seed
clarity, pointy pod tip, narrow-eliptic pod flesh and narrow
long bract shape. It also includes late flowering
genotypes with medium pod length, pod width and pod
flesh thickness. Variation with regard to stringiness, pod
color, bract and beak length was detected.

Group E: Consisted of 3 subgroups and 9 genotypes. In
this group of pole beans, seed clarity in pods was mild
except P47; pod tips were pointy except P36; pod flesh
shapes were narrow-eliptic except P39 and P46; bract
shapes were narrow long; and pod curvatures were
inward out except P39. In this group, 8 genotypes were
medium-late flowering except P50, which was late
flowering. Variation with regard to flower color, pod color
and stringiness was observed. The group with most
variation with regard to pod length, pod width, pod flesh
thickness, bract and beak length was Group E.

Stoilova et al. (2005) performed morphological charac-
terization of 30 local bean genotypes originating from
different regions of Portugal and Bulgaria using IPGRI
criteria. To reveal the differences between genotypes,
they analysed 20 morphological, phenological and
agronomical traits. They used cluster analysis to
determine the variation and seperated the populations in
to 5 main groups according to this analysis. At the end of
the study, they have reported significant variation among
genotypes. Madakbas et al. (2006) performed cluster
analysis to differentiate the lines using data obtained from
characterization studies based on UPOQV criteria and

determined that the lines were not similar. Oz et al.
(2003) and Sbézen (2006) stated that in the agricultural
studies an abundance of observations should be
performed based on consumer and producer demands,
adding that the economically important qualities in plants
show polygenic inheritance and evaluation of characters
seperately sometimes produces faulty comments and
suggestions; they proposed that utilization of multivariate
analysis methods allows simultaneous analysis of
multiple characters. The researchers stated that classifi-
cation of similar genotypes was carried out with cluster
analysis, but characterization with regard to morpholo-
gical and phenological properties was affected greatly by
environmental conditions. Brown-Guedira et al. (2000)
defined cluster analysis as an analysis where distance
between genotypes in a cluster of two or more genotypes
is below the overall genetic average, and distance
between clusters is greater than that of the cluster
containing them.

With regard to origins of bean genotypes collected from
IAARI, the genotypes seemed to be distributed randomly
into the 5 groups. Regions were not gathered in the
Beans from same regions were not grouped together in
the cluster analysis because since bean is a self-
pollinating plant the farmer can produce his own seeds
and exchange them within and between regions. The fact
that inter-regional seed transitions occur frequently
causes some qualities to have polygenic character and
variation to increase because of agroecological
conditions. Since beans from Turkey are of Andean
origin, they posess a narrow genetic base. Within this
narrow genetic base distinctive properties may not be so
easily detected. Research shows that beans with red
seeds are obtained from beans with black seeds and
because of this selectional pressure majority of parents
with red seeds are veiled (Beebe et al., 1997).

Conclusion

Translocation of crops within various regions plays an
important role in the development of agriculture world-
wide. Translocations between provinces on common
trade routes took place since the beginning of history.
Even though Turkey is a gene pool center for bean, the
fact that it is located on transit routes between western
and eastern countries increased the local importance of
diversity and production of bean. In order to preserve the
rich biological diversity that is corroding away under
varying pressures, collection programs should be initiated
and the collected material should be preserved in gene
banks (Anonymous, 2004; Muhuku, 2006). Genetic
materials with different qualities that are thought to be
suitable for dry, fresh and industrial use should be
analyzed and the promising genotypes should be taken
into breeding programs. The recent use of standard
varieties for production purposes causes a decrease in



the genetic diversity. With this purpose in mind, the
collected gene sources should undergo identification
according to bean idenfitication criteria. The various
idenfitication studies performed with field trials need of
extended periods of times and are easily affected by
environmental conditions because of insufficient partici-
pation of certain morphological characters; therefore,
differences may occur between genotypical and
phenotypical properties leading to inconclusive results
(Oz et al.,, 2003; Madakbas et al., 2006; Madakbas,
2006). To overcome this issue and lead the breeder to
more accurate diagnoses, biotechnological advance-
ments are being made use of. Molecular methods used in
diagnosis of species and varieties make it possible to
analyse plant genetic makeup more closely.

While it is difficult to reveal differences between types
by morphological characterization, these differences can
be revealed much more easily and accurately using
molecular techniques such as RAPD, RFLP, AFLP and
SSR, which are used in molecular characterization
(Miklas et al., 2000, 2005; Anushri et al., 2004;
Mukeshimana et al., 2005; Naderpour et al., 2010).

At the end of this study, 49 of 51 bean genotypes
collected from various regions of Turkey were evaluated
and characterized. High amounts of morphological varia-
bility were found among bean genotypes. Furthermore, a
fresh bean collective perspective on the current situation
in morphological variation and its dimensions was
provided with this study. Detailed information was
obtained on the morphological variability of bean
genotypes. Evaluation of variability in plant qualities will
aid the vegetable breeders by detecting desired qualities
in populations that will be used in the future bean
breeding programs. We plan to contiunue these studies
until new fresh bean varieties are obtained for use in
Turkey.

ACKNOWLEDGEMENTS

This study was supported by TAGEM within the context
of the project titled “Breeding Of Local Fresh Bean
Popuations Through Selection and Development of
Anthracnose Resistant Fresh Bean Varieties Through
Hybridization”. We thank the izmir Aeagean Agricultural
Research Institute gene bank for supplying bean
genotypes, Dr. Hiseyin Ozcelik for scientific
contributions, Assoc. Prof. Dr. Soner Cankaya for
principle component analysis and statistical correlation
analysis and Agricultural Engineer M.Sc Onur Karaagac
for the cluster analysis.

REFERENCES

Akdag C, Sahin M (1994). Tokat sartlarina uygun kuru fasulye
cesitlerinin belirlenmesi Gzerine bir arastirma. G.O.U. Ziraat Fakultesi
Dergisi, 11(1): 101-111.

Anonymous (1982). International union for the protection of new

Madakbas and Ergin 6165

varieties of plants.UPOV/TG/12/4, France.

Anonymous (2001). Turkiye Ulusal Biyolojik Cesitlilik Stratejisi Eylem
Plani, http://www.cbd.int/doc/world/tr-ni-01-en.pdf.

Anonymous (2004). Bitkisel Biyolojik Cesitlilik ve Korunmasi Projesi.
Tarimsal Aragtirmalar 1992-2003, Ankara, s.69.

Anonimous (2005a). www.floridata.com/ref/p/Phas_ vul.cfm.

Anonimous (2005b). www.floridata.com/ref/p/Phas_coc .cfm.

Anonimous (2005c¢). www.floridata.com/ref/p/Phas_lun .cfm.

Anonymous (2005d). Taze fasulye (Frech Bean) teknik soru
anketi.TC.Tarim ve Koy Isleri Bakanhigi, Tonum tescil ve srtifikasyon
merkezi, Ankara (URL: ttsm@tsm.gov.tr).

Anushri V, Mohapatra T, Sharma RP (2004). Plant Biotechnology and
molecular markers. P.S. Srivatava, Alka Narula and Sheela
Srivastava (Editors). Anamaya Publishers, New Delhi, India.

Balkaya A (1999). Karadeniz Bélgesi'ndeki taze fasulye (Phaseolus
vulgaris ) gen kaynaklarinin toplanmasi, fenolojik ve morfolojik
Ozelliklerin belirlenmesi ve taze tuketime uygun tiplerin teksel
seleksiyon yéntemi ile secimi Uzerine arastirmalar. Doktora tezi, On
Dokuz Mayis Universitesi Fen Bilimleri Enstitiisii, Samsun, 199 pp.

Balkaya A, Yanmaz R (2001). Bitki genetik kaynaklarinin muhafaza
imkanlari ve tohum gen bankalarinin ¢alisma sistemleri. Ekoloji
Cevre Dergisi, 39: 25-30.

Balkaya A, Yanmaz R (2003). Bazi taze fasulye ¢esit adaylari ile ticari
cesitlerin - morfolojik  ézellikler ve protein markérler yoluyla
tanimlanmalari. Ankara Univ. Ziraat Fak. Tarim Bilimleri Dergisi, 9(2):
182-188.

Balkaya A (2004). Modelling the effect of temperature on the
germination speed in vegetable species of legume group. J. Agron.,
3(3): 179-183.

Balkaya A, Karaagac O (2005). Vegetable genetic resources of
Turkey. J. Veget. Sci., 11(4): 81-102.

Balkaya A, Ergun A (2008). Diversity and use of pinto bean (Phaseolus
vulgaris) populations from Samsun,Turkey. New Zealand J. Crop
Hortic. Sci., 36: 189-219.

Beebe S, Toro O, Gonzalez AV, Chacon MI, Debouck DG (1997).
Wild-weedy-crop complexes of common bean (Phaseolus vulgaris L.,
Fabaceae) in the Andes of Peru and Colombia, and their implications
for conservation and breeding. Genet. Res. Crop Evol., 44: 73-91.

Brown JS (1991). Principal component and cluster analysis of cotton
cultivar variability a cross the U.S. cotton belt. Crop Sci., 31: 915-922.

Brown-Guedira GL, Thompsin JA, Nelson RL, Warburton ML (2000).
Evaluation of genetic diversity of soybean introductions and North
American ancestors using RAPD and SSR markers. Crop Sci., 40:
815-823.

Ceolin ACG, Gongalves-Vidigal MC, Filho PSV, Kvitschal MV, Gonela
A, Scapim CA (2006). Genetic divergence of the common bean
(Phaseolus vulgaris) Goup Carioca using morpho-agronomic traits by
multivariate analysis. Heridates DOI:10.1111/j.2006.0018-
0661.01943.x.

Cinsoy S, Atikyilmaz N, Tugay E, Esme S (2005). Nohutta (Cicer
arietinum L.) Genotip x Gevre etkilesimleri Uzerinde bir arastirma.
Turkiye VI. Tarla Bitkileri Kongresi, 5-9 Eylul, s:1033-1034, Antalya.

Copur O, Gur MA, Karakus M, Demirel U (2005). Yaglk keten (Linum
usitatissimum L.) ¢esitlerinde tohum verimi ve verim unsurlari  arasi
iligkilerin korelasyon ve path analizleri ile belirlenmesi. Tarkiye VI.
Tarla Bitkileri Kongresi, 5-9 Eylil, s:975-980, Antalya.

Demir I, Yanmaz R (1994). Seed quality development in snap bean
(Phaseolus vulgaris L.) during maturation. ISTA/ISHS Symposium,
Technological Advences in Variety and edd Research 31 May-3 June
1994, Wageningen/The Netherlands.

Dlazdemir O, Akdag C (2001). Turkiye'de kuru fasulye genetik
kaynaklarinin karakterizasyonu: Il. Verim ve bazi diger 6zellikler.
Gaziosmanpasa Universitesi Ziraat Fakultesi Dergisi, 18(1): 101-105.

Dizdemir O, Ece A (2010). Kuzey gegit bdlgesinde bazi kuru fasulye
genotiplerinin tanimlamasi. YYU 8. Tarim Sempozyumu, Yizlncl
Yil Universitesi Ziraat Fakiiltesi, Bahge Bitkileri Boliimi, 23-26
Haziran 2010, pp. 201-206, Van.

Eti S (1996). Ddllenme Biyolojisi Ders Notlari (Ylksek Lisans)
Cukurova Universitesi Ziraat Fakiiltesi Bahge Bitkileri Balimui,
Adana.

FAO (2009). The  state of food and
http://www.fao.org/publications/sofa/en/.

agricultural.



6166 Afr. J. Agric. Res.

Garcia EH, Pena-Valdivia CB, Aguirre JRR, Muruaga JSM (1997).
Morphological and agronomic traits of a wild population and an
improved cultivar of common bean (Phaseolus vulgaris L.). Ann. Bot.,
79: 207-213.

Holley WR (2010). Biofortification of grain legumes. Legumes for Global
health, legume crops and products for food, feed and environmental
benefits (Book abstracts), April 26-30,2010,P:27, Antalya, Turkey.

Karaagac O, Balkaya A (2010).Bafra kirmizi biber populasyonlarinin
(Capsicum annuum L. var. conoides (Mill) Irishtanimlanmasi ve
mevcut  varvasyonun degerlendiriimesi. On Dokuz Mayis
Universitesi,Anadolu Tarim Bilimleri Dergisi, 25(1): 10-20.

Kayaalp GT, Cankaya S (2008). Istatistik. G.U. Ziraat Fakiltesi Genel
Yayin No: 258, Ders Kitaplari Yayin No: A-84, Genisletilmis 5. Baski,
Adana.

Keles D ( 2007). Farkli biber genotiplerinin karakterizasyonu ve dusuk
sicakliga tolerans. Cukurova Universitesi, Bahge Bitkileri B&llimii,
Fen Bilimleri Enstitlist, 212 sayfa, ADANA.

Korkmaz N (2007). doktora tezi, Samsun Tarim [l Midarligi, s:25,
Samsun.

Kurtar ES, Balkaya A, Uzun S (2004). Modelling the effect of
temperature on the germination power in some legume group. J.
Agron., 3(4): 311-314.

Lezzoni FA, Pritts MP (1991). Application of principal components
analysis to horticulture research. Horticulture, 26(4): 334-338.

Madakbas SY (2005). Taze fasulye (Phaseolus vulgaris) Yetistiriciligi.
Samtim (Temmuz), s:7-10, Samsun.

Madakbas SY (2006). Tirkiye ve Samsun llinin Bazi Sebze Tirleri
Yénlinden Karsilastirilmasi ve Gida Sanayi. Samtim (Temmuz), s:
19-20.

Madakbas SY, Ozcelik H, Ergin M (2006). Garsamba Ovasi'nda Bodur
Taze Fasulye Populasyonlarindan Belirlenmis  Olan Hatlar
Arasindaki Farkliliklarin Belirlenmesi. Harran  Universitesi Ziraat
Fakultesi Dergisi, 10(3-4): 71-77.

Madakbas SY, Ergin M, Ozcelik H, Kigikomuziu B (2007). Orta
Karadeniz Bolgesi'nde Yetigtirilen Bazi Bodur Taze Fasulye
Populasyonlarindan Segilen Bodur Ayse Kadin Ozelliginde Saf
Hatlarin  Bazi Morfolojik ve Tarimsal Ozelliklerinin Belirlenmesi.
Selcuk Universitesi Ziraat Fakultesi Dergisi, 21(41): 68-73.

Madakbas SY, Ellialtioglu $, Ergin M (2009). Fasulyede déllenme
biyolojisi ve melezleme teknigi. Hasad dergisi (liretim), 24(284): 72-
80.

Madakbas SY, Ergin M, Ozcelik H (2010). Garsamba Ovasi’ndan
Toplanmis Egri Oturak Taze Fasulye (Phaseolus vulgaris L.)
Populasyonlarinin Ozelliklerinin  Tespiti  Uzerine Aragtirmalar.VIII.
Sebze Tarimi Sempozyumu, Van Yuzinch Yil Univeritesi Ziraat
Fakdltesi Bahge Bitkileri Bolimu, 23-26 Haziran, s: 228-234.

Miklas PN, Stone V, Daly MJ, Stavely JR, Steadman JR, Bassett MJ,
Delorme R, Beaver JS (2000). Bacterial, fungal, and viral disease
resistance loci mapped in a recombinant inbred common bean
population ('Dorado/XAN 176). J. Am. Soc. Hort. Sci., 125: 476-481.

Miklas PN, Kelly JD, Beebe SE, Blair MW (2005). Common bean
breeding for resistance against biotic and abiotic stresses: from
classical to MAS breeding. Euphytica, 147: 105-131.

Minitab (2000). Minitab Statistical Software, Release 13.20, Minitab Inc.
State College, PA, USA.

Mohammadi SA, Prasanna BM (2003). Analysis of Genetic Diversity in
Crop Plants—Salient Statistical Tools and Considerations. Crop Sci.,
43: 1235-1248, ABD.

Muhuku G (2006). CIAT annual report.
http://www.ciat.cgiar.org/ourprograms/agrobiodiversity/beans/beans_
documents/reports/output_3_2006.pdf

Mukeshimana G, Pafeda A, Rodriguez C, Ferreira JJ, Giraldez R,
Kelly JD (2005). Markers linked to the bc-3 gene conditioning
resistance to bean common mosaic potyviruses in common bean.
Euphytica, 144: 291-299.

Naderpour M, Lund OS, Larsen R, Johansen E (2010). Potyviral
resistance derived from cultivars of Phaseolus vulgaris carrying bc-3
is associated with the homozygotic presence of a mutated elF4E
allele. Mol. Plant Pathol., 11: 255-263.

Oliveira V, Casali V, Cruz C, Pereira P, Braccini A (1999).
Assessment of genetic diversity in sweet pepper using multivariate
analysis. Horticultura — Brasileira, 17(1): 19-24.

Ozcelik H (1993). Kuru Tane Olarak Tiketilen Fasulyelerde Islah
Yéniinden Onemli Morfolojk ve Fizyolojik Karakterler Uzerinde
Calismalar. Ankara Universitesi, Tarla Bitkileri Blimii, Fen Bilimleri
Enstitis(, Doktora Tezi, Ankara.

Ozdamar K (2004). Paket Programlar ile istatiksel Veri Analizi (Gok
Degiskenli Analizler). 5. Baski. Kaan Kitapevi.528s.

Oz A, Kapar H, Ustiin A (2003). Tirkiye'de dretimi yapilan bazi misir
cesitlerinin  diskriminant ve cluster analizleri ile farkliliklarinin
belilenmesi. Gaziosmanpasa Universitesi Ziraat Fakiltesi Dergisi,
20(2): 115-121.

Peksen E (2007). Dynamics of flower appearance, flowering, pod and
seed setting performance and their relations to seed yield in common
bean (Phaseolus vulgaris L.). Pakistan J. Bot., 39(2): 485-496.

Rivera Martinez A, Teren Poves L, Rodriguez Bao JM, Andres-Ares
JL, Fernandez Paz J (2004). Characterization of local pepper lines
from Northwest Spain. Capsicum Egg plant Newslett., 23: 25-28.

Salk A, Arin L, Deveci M, Polat S (2008). Ozel sebzecilik kitabi. Namik
Kemal Universitesi, Ziraat Fakiltesi, bahce Bitkileri Bélim{, Ders
kitabi, s: 184-197,Tekirdag.( ISBN: 978-9944-0786-0-3)

SAS (2002). SAS/STAT software: Changes and Enhancement for
Release 9.1. Cary, NC: SAS Institute Inc., p. 158.

Sehirali S (2002). Tohumluk ve teknolojisi. Trakya Universitesi Tekirdag
Ziraat Fakultesi, Tarla Bitkileri BOIimU s: 319-324. (ISBN:975-94559-
1-9).

Sozen O (2006). Artvin ili yerel taze fasulye (Phaseolus vulgaris L.)
populasyonlarinin  toplanmasi,  tamimlanmasi  ve  morfolojik
varyabilitenin  belirlenmesi.Ondokuz  Mayis Universitesi, Ziraat
Fakiltesi, Tarla Bitkileri Bélim0, Fen Bilimleri Enstitlisi. Doktora tezi,
449 sayfa, Samsun.

Stoilova T, Pereira G, Souso de MMT, Carnide V (2005). Diversity in
common bean landraces (Phaseolus vulgaris L.) from Bulgaria abd
Portugal. J. Central Eur. Agric., 6(4): 443-448.

Tan S (2005). Bitki Islahinda istatistik ve Genetik Metotlar. Ege Tarimsal
Arastirma Enstitusi  Mddurluga Yayin  No: 121, s.129-145,
Menemen/izmir. )

Vural H, Esiyok DF, Duman | (2000). Kiiltiir sebzeleri. Ege Universitesi
Ziraat Fakiiltesi Bahge Bitkileri Blimdi, IZMIR.

Yanmaz R (2010). Pratik Sebze Yetistiriciligi 7. Taze Fasulye
Yetistiriciligi. Ankara Universitesi Basimevi, 8 s.

Wiley EO (1981). Phylogenetics: The theory and practice of
phylogenetics and systematics. John Wiley, New York.



