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Fruit and Seed Characteristics of some Genotypes of Citrus and Their
Progenies Obtained form Open Pollination
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Table 1. Evaluated citrus genotypes and their locations

TSI SLY ailats S5 esled ity ailate
Genotype No. Code Location Genotype No. Code Location
Gl Ramsar 50 G25 Ramsar
3 G2 Ramsar 51 G26 Ramsar
5 G3 Ramsar 52 G27 Ramsar
6 G4 Ramsar 53 G28 Ramsar
9 G5 Ramsar 54 G29 Ramsar
10 G6 Ramsar 56 G30 Ramsar
15 G7 Ramsar 57 G31 Ramsar
16 G8 Ramsar 58 G32 Ramsar
18 G9 Ramsar ~ Mexican lime YOS Se G633 Darab
22 G10 Ramsar ~ Cleopatra FusS G4 Ramsar
24 Gl1 Ramsar Rough lemon o, G35 Darab
25 GI12 Ramsar ~Yolkameriana WA G36 Darab
28 G13 Ramsar ~ C. aurantifolia hybrid Sl sed G3T Darab
29 Gl4 Ramsar ~ C. aurantifolia hybrid sl s G38 Darab
30 Gl5 Ramsar ~ Rangpur lime =S G639 Darab
35 Gl16 Ramsar Poncirus oy G40 Ramsar
38 G17 Ramsar 60 G41 Darab
40 G138 Ramsar Bergamot 7 G42 Ramsar
41 G19 Ramsar Citromello s G43 Ramsar
42 G20 Ramsar Sour orange b G44 Ramsar
43 G21 Ramsar Citrange g/~ G45 Ramsar
45 G22 Ramsar Bakraei =S G46 Ramsar
48 G23 Ramsar Eureka lemon x Unknown esialix O 5 1Sl G47 Ramsar
49 G24 Ramsar

udT‘-;};DJ‘-r\J‘J))jd)w|viw QCJLSJ.»LQKA&*:J};} a}:ﬁ&u‘é—\' d).»\:-

Table 2. Fruit characters of citrus genotypes, abbreviations and their methods of

evaluation
ol Cadle 68 o3Il a1
Measured character oki 5, So5lhl Ciw  Abbreviation — Measuring unit ~ Measuring method SNl By,
Fruit length 050 Jsb FL mm Calipers oSS
Fruit diameter ose b3 FD Mm Calipers oS
Fruit length/ diameter ratio ogmn b8 4y Jsb s FL.FD Ratio Calculation dclous
Fruit skin thickness oger gy Sl FIT Mm Calipers Py
Number of pulp per fruit ogen 5> b sl SN Number Counting Soled
Fruit weight 05 055 FwW g Scale 95l
pH pH pH - pH meter ~pH
EC S S s EC pumho.cm EC meter ~EC
Soluble solid content Jislows dalo (g1 g2es SSC % Refractometer asS by
Number of seed per fruit om0 G5l 4 Ly sl SeN Number Counting ol
Seed length S db SeL Mm Calipers oS
Seed width S o e Sew Mm Callipers oS
Seed length/ width ratio b e s s SeL.SeW Ratio Calculation Asloa
Seed diameter S s SeD Mm Callipers oS
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Table 3. Vegetative characters in citrus seedlings obtained from maternal genotypes and
their methods of evaluation

S obamt Cade T
< J:f o1l
Abbreviation ~ Measuring
Measured character ol (5,8 051l oo unit Measuring method A8 s
Seeding height Jigls gUsl SH cm Meter Sl
Seeding diameter Jlgls ks SD mm Calipers ey
Leaf lamina length £ oS Isb LIl Mm Ruler S s
Leaf lamina width £y o0 Llw Cm Ruler S b
i P udsb Lo ol
%ﬁgfﬁfﬂga length/ éf,: < Llw Ratio Calculation
Petiole length By o3 Jsb P1 Centimeter  Ruler S s
Petiole width By 3 o e Pw Centimeter  Ruler S b
Petiole length/ - Plw Ratio Calculation s
width ratiog oS d}b/ ’ -
dfj..n:
Leaf number G GINRR, LN Number Counting ol
SE S (F e B S
_ Elliptic, Ovate, Obovate, 509k cglo o c0 S 51
Leaf lamina shape kg &q» J§.~ Lish Code (1-6)  Lanceolate, Orbicular, B s sles . {) ’
Obcordate PSP
Leaf lamina margin By S asl Llm Code (1-4)  Crenate, Dentate, Entire, (ol 1545105 ¢ yls0 S
’ T Sinuate
s s 4l
Petiole wing shape iy LoIs Pwsh Code (1-4)  Obcordate, Obdeltate, ; PR 5
s Jgﬁ Obovate, Linear E e 0530 “?b
b
Absence/presence of JLssrspde/s s A.ppw Code (1-2)  Present, Absent Sy pde gy
petiole wings el ~ ) ’
5).:.&:
Thorns status : I3, s Ts Code (1-6)  Without thorns, very very low : S oelyls oyl e
032 ) oS thorns, very few thorns, a little S G bl ol 05k
thorns, with thorns, with high sl (o s ‘;5
thorns s Ll gl (S 5
A gla,l

OIS oo sy Dlho 598 53 535 o,
o )Lil oL plis)l 5 &8 U b of s 5 0
(Dorji et al., 2011) 5, 5 )3 .35
Ao slad sad o oYU &al S Wsls OLES
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Table 4. Values of fruit characters in maternal citrus genotypes, their range and
coefficient of variation

>

S5 o3Il sl il ol Sl Sl e Loy

_ Measuring unit  Minimum Average Maximum  Coefficient of
Measured character old S5 o5l e variation (CV)
Fruit length o5 Jsb  Millimeter 32.40 103.90 156.89 12.84
Fruit diameter o5 5 Millimeter 44.18 95.60 131.46 14.54
Fruit length/ diameter ratio oge sk 4 J4b o Ratio 0.67 1.08 1.53 9.69
Fruit skin thickness 000 Cow gy s Millimeter 2.74 13.01 3241 23.98
Number of pulp per fruit o3 2 53 b sl Number 7.33 11.33 17.67 13.78
Fruit weight 05 059 8 33.10 389.65 884.42 34.24
pH pH - 2.89 3.35 5.96 14.36
EC oS colaa pmho.cm 0.85 2.37 3.40 10.62
Soluble solid content Jsloes ol gl P 5.10 10.57 15.60 37.52
Number of seed per fruit o3 gl 4,4 sl Number 1.67 29.33 103.33 35.10
Seed length o4 dsb  Millimeter 10.28 13.29 16.77 10.05
Seed width ok e,e  Millimeter 3.07 4.29 8.00 23.34
Seed length/ width ratio od Je,e 4 dsb s Ratio 1.31 3.18 4.29 32.29
Seed diameter 4 ki Millimeter 5.54 7.27 9.87 12.19

oo 9 D auls (gl a5l ol OLS e sladlgls s WS Loy Dlaw -0 Jd>

LT ¢ 55
Table 5. Quantitative vegetative characters in citrus progenies obtained from maternal
genotypes, their range and coefficient of variation

G il aly il 5Sla S

IGB] O - JN W PES

Measured «© }f o3Ikl Ci  Measuring unit  Minimum  Average Maximum Coefficient of
character ) variation (CV)
[
Seeding height Jgils glis,| Centimeter 16.31 27.85 33.72 27.34
Seeding diameter Jigls ks Millimeter 2.34 3.58 6.33 18.27
Leaf lamina length § , oS Jsb  Centimeter 2.85 7.85 11.17 43.44
Leaf lamina width gfﬁ g e Centimeter 1.78 4.1 6.04 18.83
Leaf lamina ; -... Ratio 1.63 2 3.77 41.22
length/ width ratio s J/’J’ ;
S
Petiole length 8 a5 Jsb  Centimeter 0 2.8 4.71 25.11
Petiole width iy s o e Centimeter 0 0.41 1.45 38.78
Petiole length/ ; -... Ratio 0 8.41 14.44 32.40
width ratio oS Jjb/ :
5,,4:
Leaf number gfﬁ sldss  Number 6.21 16.23 23.29 25.60
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Table 6. Variation within seedlings of a genotype and between genotypes of citrus
obtained from material genotypes

o1l gy sy e (glod S al il
o J)\)_?ru)\u_@{)so‘}_:ﬁ
1991) e

¢Vithanage et al.,

Jsb o ezl oLy (Wallase ef al., 2002
b edalie Cote Kian 5 du s
)DEC )pH = LSJ"’L.?N L;Lw M
A o dalin 7.0 sl

QLL&WM%‘JJDJ‘,_AJJ

o)

sladlgls 05, ¢ 55 SR eSS sladlgls 0553 ¢ 55 o eSS
SSFSEN b3 NPT bosss
Variation within ~ Variation Variation within Variation
seedlings of a between seedlings of a between
Character Cdo genotype gENotypes  Character Cdo genotype genotypes
Seeding s ol Fruit skin s
height digls gl 57.92 345.63 thickness S, 9.86 158.35
Seeding s Ls Number of 93 sl
diameter el i 038 2.80 pulp per fruit 0 gm0 A 245 1652
{gflagftﬁa“““a 5, g I b 224 1456 Fruit weight 035 16840.16 235648.98
&ei:gfhlamina &gy e 0.57 3.97 pH pH 0.03 2.97
Leaf lamina 4 Jsb s EC Solda
length/ width e . ) 0.05 0.15 ) 23.09 18.2
ratio E S S S
) _ SSC el (gl g
Petiole length & pas b 0.50 4.43 1.41 16.7
Jglome
_ Number of o s sl
Petiole width s e 0.03 0.19  seed per fruit , 86.81 1548.94
o5 2 1)
Petiole 4 dsb o .
length/ width & . 791 29.55 Seed length o db 1.76 15.72
ratio e
Leaf number & sl 17.29 165.25 Seed width o e 0.42 1.75
) Seed length/ 4 dgb
Fruit length o5 Jsb 173.28 3709.46 width ratio L 1.20 2.20
SRR
Fruit diameter s 84.95 173260 Seed S s 0.77 454
Fruit length/ 5 4 Jsb S
diameter ratio Shig B'y 258.56 330.74
— (Vasilakakis et al., 1997) 0 40 # 9 d}b Creomad 9 0 e # 9 J}L e
od—i sdal i (Keulemans et al., 1996) L Y] Cwlbes (S Se9 09w O))9 L
= - . . 2fa - - .

Sl 1285 15 a3l 5 iy 31 <o e
335 bl 05 05 b s as
ng:_.iﬁu?j.slu\_ﬁjéf)ﬁejlﬂl{&ue”
A8 5 b e e (Sen Cpiomen Al
g B A e A R I
%Wﬁg)fdueﬁgé))bwu\b
Mw\.bsﬁéﬁﬁ)i{;lmébb
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Table 7. Correlation coefficients between fruit morphological traits of parents and progenies of citrus genotypes

Slies - L) o p ol o500 033 oy ol sl dsb kg kS
Traits Fruitlength  Fruit  Fruit skin ~ Number of  Fruit weight  pH EC TSS Number of  Seed length Seed width  Seed
diameter thickness pulp per fruit seed per fruit diameter
Fruit diameter 0.78"
Fruit skin thickness 0.83" 0.74"
Number of pulp per fruit 0.21 047" 0417
Fruit weight 0.83” 0.81" 0.85" 0.49™
pH -0.28 -0.31 -0.20 0.06 -0.25
EC 0.29 0.14 0.31 -0.09 0.28 -0.44"
TSS -0.31 -0.29 -0.33 0.02 -0.27 -0.16 -0.32
Number of seed per fruit 047" 047" 0.48" 0.34 0.617 -0.02 0.17 0.01
Seed length 0.29 0.21 0.2 0.03 0.15 0.15 0.01 0.17 037
Seed width -0.30 -0.03 -0.25 -041° -0.42" 0.11 -0.13 -0.15 -0.18 -0.15
Seed diameter 0.35 0.23 0.3 -0.02 0.13 0.06 0.31 -0.2 -0.04 046" -0.00
Seeding height 0.23 0.12 0.4" 0.32 0.38" 0.21 0.28 -0.08 0.32 0.22 -0.31 0.04
Seeding diameter 0.34 0.09 0.35 0.20 0.33 037" 0.01 -0.11 0.40° 0.35 -0.38" 0.08
Leaf lamina length 0.50™ 0.28 0.427 0.42" 0.58" 0.34 -0.06 -0.16 046~ 0.03 -0.40" -0.03
Leaf lamina width 0.25 0.07 0.16 0.36" 0.29 0597  -0.19 -0.18 0.23 0.15 -0.33 0.05
Leaf lamina length/ width ratio 0.54™ 0.39" 0.55" 0.02 048" -0.32 021  -0.05 031 -0.09 -0.04 0.06
Petiole length 0.14 0.22 -0.11 0.14 0.08 -0.08 0.04 0.20 0.02 0.38" -0.29 0.35
Petiole width 0.11 0.22 -0.12 0.18 0.09 -0.20 0.02 0.30 0.15 041" -0.32 0.25
Petiole length/ width ratio -0.27 -0.16 -0.16 -0.16 -0.26 0.40° -0.13 -0.09 -0.39 -0.05 0.322 0.12
Leaf number -0.36" -0.376" -0.31 0.11 -0.15 -0.00 0.01 0.48™ 0.03 0.09 0.42° -0.24
Leaf lamina shape -0.21 -0.3 -0.38" -0.24 -0.32 0.18 0.16 -0.38" -0.31 -0.25 0.14 -0.14
Leaf lamina margin 0.10 0.23 0.11 -0.09 0.13 -0.31 -0.18 -0.03 0.07 -0.25 -0.13 -0.29
Absence/presence of petiole wings 0.31 0.12 0.29 0.12 0.29 -0.02 0.15 -024 0.26 -0.24 -0.26 -0.29
Thorn status -0.27 -0.06 -0.14 0.14 -0.11 0.25 0.06 0.11 0.1 0.17 0.23 0.14

* and **: Significant at 5% and 1% levels of probability, respectively. 1N 570 Jlax| c}a.w 3l gae o g T GE
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Traits Seeding  Seeding Leaf Leaf lamina Leaf lamina Petiole Petiole Petiole length/ Leaf number Leaf Leaf  Absence/presence
height diameter lamina width length/ width length width  width ratio lamina lamina  of petiole wings
length ratio shape margin

Seeding diameter 0.71
Leaf lamina length 043" 0.56™
Leaf lamina width 0.3 0.517 0.82"
Leaf lamina length/ width ratio 0.27 0.14 0.29 -0.25
Petiole length -0.14 -0.05 0.01 0.14 -0.29
Petiole width -0.08 0.02 -0.02 0.07 -0.2 0.817"
Petiole length/ width ratio -0.12 -0.17 -0.22 0.02 -0.4% 0.19 -0.28
Leaf number 041" 0.22 -0.11 -0.12 -0.18 0.19 0.17 0.06
Leaf lamina shape -0.07 0.16 -0.02 0.29 -0.28 -0.26  -0.42" 0.21 -0.18
Leaf lamina margin -0.15 -0.13 0.06 -0.11 0.32 -0.03 -0.002 -0.13 -0.13 0.18
Absence/presence of petiole wings 0.31 0.31 0.31 0.24 0.31 -0.31 -0.31 -0.31 -0.22 0.31 0.29
Thorn status 0.27 0.07 -0.24 -0.16 0.03 -0.25 -0.08 -0.05 0.38" -0.23 -0.32 -0.19

* and **: Significant at 5% and 1% levels of probability, respectively.
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Fig. 1. Clustering of citrus genotypes based on all fruit and seed characters according to
Ward method
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Fig. 2. Clustering of citrus genotypes bagzga;ﬁ)vegetative characters according to Ward
method
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Table 8. Distance matrix of citrus genotypes based on fruit and vegetative morphological traits of parents and progenies

GI G2 G3 G4 G5 G6 G7 G8 G9 GI0 GI1 GI2 GI3 G14 GI5 GI6
Gl
G2 47.26
G3 12.80 39.73
G4 26.39 36.32 16.82
G5 59.11 57.20 32.96 32.46
G6 30.52 44.41 19.21 5.88 23.73
G7 111.91 107.11 78.83 79.88 71.42 72.52
G8 36.34 62.79 28.35 28.60 20.58 21.55 75.18
G9 29.51 58.21 21.46 24.03 24.56 15.13 66.30 20.02
GO 22.56 62.31 17.17 26.5 33.1 24.75 84.78 32.74 14.75
Gl11 79.12 102.18 79.32 87.63 128.60 100.95 149.43 117.38 99.30 87.62
G12 28.57 62.02 14.21 20.67 26.95 18.20 83.97 32.24 22.01 8.08 101.91
G13 26.96 42.45 20.07 10.46 23.20 9.85 74.71 16.49 19.22 15.87 109.11 13.88
G14 39.07 79.55 41.06 57.48 80.90 54.78 106.56 74.85 49.85 34.18 102.51 50.50 48.48
G15 39.37 38.87 26.65 29.88 22.95 29.22 86.89 46.02 26.92 25.15 120.51 26.52 26.61 48.22
Gl6 33.78 78.30 40.16 38.52 51.00 35.75 85.03 37.42 18.81 24.51 81.67 38.47 3541 37.70 38.09
G17 23.39 49.83 22.82 23.92 63.54 33.66 97.91 52.71 28.33 34.12 59.29 42.03 40.50 50.02 42.45 26.94
G18 27.16 68.00 13.67 32.33 24.27 25.34 71.17 17.79 14.24 13.94 104.94 11.71 2222 54.88 31.19 31.33
G19 11.92 42.45 20.67 16.27 60.62 22.55 102.87 45.47 30.30 29.50 64.65 37.81 29.06 36.13 37.51 27.03
G20 24.49 45.65 29.02 23.33 74.83 37.11 105.02 56.23 47.03 48.66 73.32 55.48 40.29 45.41 51.85 39.95
G21 9.06 3541 14.19 15.55 45.63 21.83 79.43 24.49 19.83 18.41 72.35 27.77 14.09 34.95 32.67 23.31
G22 19.64 43.09 20.71 19.00 32.32 9.36 81.17 14.72 13.43 23.53 95.10 26.61 13.18 46.44 35.62 30.14
G23 11.81 31.95 12.02 13.79 41.88 16.06 74.09 28.93 2222 16.61 86.12 17.95 9.43 34.61 27.71 33.29
G24 70.75 81.33 62.25 64.30 66.61 58.59 120.38 41.60 68.31 77.26 142.28 76.54 61.99 130.61 90.27 98.56
G25 38.38 56.02 29.35 33.56 67.75 40.45 91.32 68.66 41.95 37.54 86.22 49.82 40.83 21.26 44.34 45.15
G26 12.73 41.36 5.88 22.90 29.87 22.99 81.13 21.51 13.43 10.99 92.30 16.12 17.28 38.54 21.68 30.00
G27 29.84 46.27 18.01 15.59 20.03 10.29 93.55 23.51 13.99 12.15 103.81 13.60 10.40 43.25 24.48 34.62
G28 2091 39.26 13.23 22.49 31.76 19.12 87.13 28.45 16.89 8.69 99.66 13.32 13.42 32.70 24.00 33.89
G29 21.12 37.58 20.38 10.27 42.26 12.98 72.56 34.57 16.20 19.49 71.23 27.25 14.40 44.84 31.87 31.24
G30 75.52 113.68 50.17 53.10 40.55 52.92 101.55 48.79 51.29 43.08 150.28 32.27 48.05 137.84 68.02 90.02
G31 31.60 57.87 20.36 23.88 25.12 22.45 64.69 26.54 6.63 10.53 104.33 18.73 17.07 48.02 23.89 25.95
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Gl17 GI18 G19 G20 G21 G22 G23 G24 G25 G26 G27 G28 G29 G30

GI8 39.19

G19 12.87 4272

G20 15.36 59.87 11.27

G21 16.53 25.45 11.50 16.43

G22 38.83 23.74 22.09 40.12 15.00

G23 28.34 24.30 15.98 29.81 7.09 12.43

G24 86.34 55.90 78.05 92.22 59.49 51.21 68.86

G25 24.67 56.63 22.86 19.75 26.35 47.36 33.02 116.12

G26 25.97 9.00 23.79 37.26 10.82 17.38 11.43 56.19 35.32

G27 36.65 20.44 28.32 46.42 22.13 14.36 18.14 61.51 36.98 14.12

G28 3591 17.03 26.32 44.79 16.48 15.35 10.21 6270  35.71 6.67 6.34

G29 19.83 34.46 13.26 25.89 9.24 15.01 10.04 68.31 27.50 20.22 18.43 19.96

G30 85.28 34.60 90.58 107.25 70.28 69.64 68.16 7559  111.36 51.09 51.93 60.45 64.06

G31 33.53 16.64 35.02 50.53 19.61 24.22 20.24 81.92  38.06 11.40 14.92 15.13 17.27 44.99

29
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