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Identification of Superior Lime Genotypes Based on Fruit Characteristics in
Southern Region of Iran
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Table 1. The characteristics of different lime genotypes

sy e el sde ol o3l par O 0 300 Oy Ola sy JSe oo S5 o g JS o S S 3L &Sy o8 oSy S s oS 5 oK,
Number Common name Scrilzrrlrtléﬁc Location Fsgéi)rhg Tree shape Shap:pcé)f(ﬁ'uit Fruit shape Pulp texture S()Il’ligzgﬁfggg Leeglgaggina Shoot tip color
. s Ol 55 FE s 635~ AT 28 8 Lo e okl 5 s g )l = e
1 6 Darab (MH1 Citrus sp. g o il <
arab ( ) HruS Sp Minab Midseason Spheroid Acute Ellipsoid- Spheroid Fleshy Medium Elliptic Green- Purple
} ; e o0k 35 RS S35 ~he ST 5 Lo e oS 5 sl Sl =
2 1-1 (MH2) Ciltrus sp. Minab Midseason Spheroid Acute Ellipsoid- Spheroid Fleshy Medium Elliptic Green- Purple
P o Sl o0k $55 FE s 695~ AT 288 L e okiS ol S5
3 2-2-MX(MH3) Ciltrus sp. Minab Midseason Spheroid Acute Ellipsoid- Spheroid Fleshy Medium Elliptic Green- Purple
: : L Ol $s5 5 S S35 - ST 258 Lo e iS5 5ol =
4 B H4 11U . < (S8 Pl 4 [T [ P
inam(MH4) Citrus sp Minab Midseason Spheroid Acute Ellipsoid- Spheroid Fleshy Medium Elliptic Green- Purple
K I Sl o0k $s5 HE s $3S — sl T 8 L e oAiS B
> 5-2(MHS) Ciltrus sp. Minab Midseason Spheroid Acute Ellipsoid- Spheroid Fleshy Medium Elliptic Green- Purple
: <l Ol $s5 5 S 5 S35~ T 258 L g okl 5 s 155l =
6 4- Darab (MH6 trus sp. : iy =2 e > o
arab ( ) Citrus sp Minab Midseason Spheroid Acute Ellipsoid- Spheroid Fleshy Mediu Elliptic Green- Purple
. s Ol 55 FEs 635~ AT 288 Lo e okl 5 s g )l =
7 4-5(MH7 trus sp. g o il <
( ) Citrus sp Minab Midseason Spheroid Acute Ellipsoid- Spheroid Fleshy Medium Elliptic Green- Purple
. s Ol 5 FE s 635~ AT 288 Lo e okl 5 s g )l = e
8 1-10 (MHS8 trus sp. g o il <
( ) Citrus sp Minab Midseason Spheroid Acute Ellipsoid- Spheroid Fleshy Medium Elliptic Green- Purple
: L Ol 835 ERC S35~ sl T 8 L e oliS o 3 5801 = 52
9 4-2(MH9 Citrus sp. = g e o 5
( ) 1S Sp Minab Midseason Spheroid Acute Ellipsoid- Spheroid Fleshy Medium Elliptic Green- Purple
: L Ol 835 ERC S35~ ST 2558 L e oIS 5 ol 98 = 5
10 1-13 (MH10 trus sp. = g e o 5
( ) Citrus sp Minab Midseason Spheroid Acute Ellipsoid- Spheroid Fleshy Medium Elliptic Green- Purple
; L Ol 835 ERC 635~ AT 2558 L e oIS 5 ol 5 = 5
11 1-14(MH11 Citrus sp. = I e ol I
( ) HTS Sp Minab Midseason Spheroid Acute Ellipsoid- Spheroid Fleshy Medium Elliptic Green- Purple
: s Ol 855 FE s 635~ AT 288 Lo e okl 5 s g )l = e
12 1-7 (MH12 Citrus sp. g o Sl o
( ) HIS Sp Minab Midseason Spheroid Acute Ellipsoid- Spheroid Fleshy Medium Elliptic Green- Purple
. ol Ol $55 B S35~ e T 2 Lo e oS 5 o 52| = o
13 5-1 (MH13 trus sp. g iy il <
( ) Citrus sp Minab Midseason Spheroid Acute Ellipsoid- Spheroid Fleshy Medium Elliptic Green- Purple
: s Ol 55 FE s 635~ AT 288 Lo e iS5 s g )l = e
14 14 (MH14 Citrus sp. g o e o
( ) HIS Sp Minab Midseason Spheroid Acute Ellipsoid- Spheroid Fleshy Medium Elliptic Green- Purple
: Sl Ol $s5 FEs 635 —a AT 288 b g oAES (o 3 g8 5) = s
15 1-3 (MHIS trus sp. g o il <
( ) Citrus sp Minab Midseason Spheroid Acute Ellipsoid- Spheroid Fleshy Medium Elliptic Green- Purple
: s Ol 55 FE s 635~ AT 288 Lo e iS5 s g )l = e
16 2-8 (MH16 Citrus sp. g i il i o
( ) HTS Sp Minab Midseason Spheroid Acute Ellipsoid- Spheroid Fleshy Medium Elliptic Green- Purple
; b Obe 855 5 S 5 S35 - ST 58 Lo e oiS 5 ol 5850 =5
17 2-10 (MH17 trus sp. = I e ol S
( ) Citrus sp Minab Midseason Spheroid Acute Ellipsoid- Spheroid Fleshy Medium Elliptic Green- Purple
: Sl Ol $15 S 635 - e ST 228 Lo st oty o 515
18 1-5 (MHI18 trus sp. g g . = o ol > il el
( ) Citrus sp Minab Midseason Spheroid Acute Ellipsoid- Spheroid Fleshy Medium Elliptic Green- Purple
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Table 1. Continued V Jgd aslsl
1Y) sses b sl CosT e O e 0t, 0l Jlos s S o o S5 oge JS2 ot £ il EeSls EFEt el oS 5 6K,
.. . Spine B
Number Common name Scientific name Location Fsg;&g Tree shape Shap:pg)f(ﬁmt Fruit shape Pulp texture d%nslity on Leasfhlaeglgma Shoot tip color
adult tree
; : ; > o 5 S 5 S - o 1T 258 Lo g2 CiS 5 L JETESE
19 Mesri- Kamali \MH3)  Citrus sp. (A ol s5F 7S5 S0 Sl # S 5 o
esri- Kamali (n ) HTS Sp Jahrom Midseason Spheroid Acute Ellipsoid- Spheroid Flesh; Medium Elliptic Green- Purple
P p: g y p
; . ok 5 S s S = T 228 e iS5 e 55
20 Kharkolu(mMHS Citrus sp. ol o0 el AES S35 o Sl . ey
arkolu(n ) Hrus Sp Jahrom Midseason Spheroid Acute Ellipsoid- Spheroid Fleshy Medium Elliptic Green- Purple
i itrus <l ook ez 25 s 25 .l Fr e
21 Hybrid 5 (TD1) Ciltrus sp. Darab Midseason Ellipsoid Rounded Ellipsoid Crispy Low Ovate Green
. . I s QLA . ij . N VS . . w .
22 Hybrid 6 (TD2 Citrus sp. = o0 s O] 5 Er e Bl
ybrid 6 ( ) HTS Sp Darab Midseason Ellipsoid Rounded Ellipsoid Crispy Low Ovate Green
: ; <l ook s 25 s 25 ] E e
= Hybrid 7(TD3) Citrus sp. Darab Midseason Ellipsoid Rounded Ellipsoid Crispy Low Ovate Green
; <l ook s 25 s 25 ] s o
H Limequat (TD4) Darab Midseason Ellipsoid Rounded Ellipsoid Crispy Low Ovate Green
. . [N Ole ; 55 ; 55 oS NS ;
25 Hybrid 8 (TD5 5 SP. = oo i il 4 Fr -
yorid 8 ( ) Citrus sp Darab Midseason Ellipsoid Rounded Ellipsoid Crispy Low Ovate Green
. a — <Ll o0k e 25 ] 2 ] SE e e
26 Hybrid 2 (TD6) Citrus sp. Darab Midseason Ellipsoid Rounded Ellipsoid Crispy Low Ovate Green
. . Slyls Oles 55 sy oS e P
27 Hybrid 3 (TD7) Citrus sp. - g ol ol < =~
ybrid 3 ( ) HruS Sp Darab Midseason Ellipsoid Rounded Ellipsoid Crispy Low Ovate Green
Cucumber-shaped lime . <lls o 0ke e 55 ] S5 oS S e
28 Citrus sp.
of Farood (TD3) Hrus Sp Darab Midseason Ellipsoid Rounded Ellipsoid Crispy Low Ovate Green
. . olls Ol 2y :)f =3 Y Y'S e e
29 t lime Forg (TD9 trus sp. - i i o ’ =
Sweet lime Forg ( ) Citrus sp Darab Midseason Ellipsoid Rounded Ellipsoid Crispy Low Ovate Green
Curly lime of Farood . olls a0k 55 = sy o G -
30 Citrus sp.
(TD10) HTS Sp Darab Midseason Ellipsoid Rounded Ellipsoid Cris Low Ovate Green
P P Py
31 G6 Citrus sp. i ootk s5F Sy 2 > o S e
Jiroft Midseason Spheroid Mammiform Ellipsoid Crispy Low Ovate Green- Purple
32 G7 Citrus sp. o ok o5 Sy ] 35 s R TS
Jiroft Midseason Spheroid Mammiform Ellipsoid Crispy Low Ovate Green- Purple
3 Gl Citrus sp. Sy ootk 5 Sy i > o e e
Jiroft Midseason Spheroid Mammiform Ellipsoid Crispy Low Ovate Green- Purple
P Citrus latifolia el o0k 835 SOy s 35 Y S Sl =
34 4) P 1
(C4) Persian lime Tanaka Ramsar Midseason Spheroid Mammiform Ellipsoid Crispy Low Ovate Green- Purple
. . Citrus auranifolia el o0k 835 SOy s 35 Y S Sl =
35 (€10) Mexican lime Swingle Ramsar Midseason Spheroid Mammiform Ellipsoid Crispy Low Ovate Green- Purple

a: Citrus aurantifolia x Bakraee (Citrus sp.);

b: Citrus aurantifoliax Citrus sinensis
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Table 2. Descriptive statistics of studied variables in lemon genotypes in the south of Iran (The means of two years)

Jslas oSl S Ol S el Shixe Ol il (1) & b s 5
Traits Slas Minimum Mean Maximum Range Std. deviation C.V. (%)
Peel thickness (mm) 0 gt S gy Cualid 0.91 1.58 4.88 3.97 0.72 46.00
Fruit weight (g) 050 0J3 11.00 32.69 86.86 75.86 20.00 61.00
Fruit length (mm) 050 Jsb 24.94 41.21 66.59 41.66 10.15 25.00
Fruit diameter (mm) 0 gn s 20.2 36.16 60.5 40.31 8.78 24.00
Length to diameter ratio of fruit ogme Jab 4 J b o 0.92 1.17 1.85 0.92 0.21 18.00
Fruit TSS (%) 0500 J hos ol 3150 O e 8.00 9.16 13.75 5.75 1.46 16.00
Seed number of fruit 0 gee s sl 1.00 15.00 29.00 28.00 6.03 75.00
Fruit volume (cm?) R 1.05 27.77 95.50 94.45 23.16 83.00
Fruit density (g.cm™) om0 & 0.39 1.53 7.28 6.89 1.18 77.00
Juice percent of fruit (%) o0 T Lo 13.83 31.34 51.92 38.09 11.94 38.00
pH ozl 2.20 2.87 4.79 2.59 0.42 15.00
L gy Skt 5 33.61 51.16 63.65 30.04 6.76 0.13
C Ly S 36.44 47.08 58.23 21.79 5.07 0.11
h Sy 55 4515 91.77 109.05 115.83 24.06 5.15 0.05
a SrP 4 S -17.83 -15.03 -3.17 14.66 3.42 -0.23
b RIS 33.21 44.68 56.47 23.26 5.48 0.12
Acidity (%) o g T 4 0.71 5.02 7.05 6.34 1.45 0.29
Vitamin C (mg.100g"' FW) 1) 18.62 28.76 45.62 27.00 6.78 0.24
Electrical conductivity (mmhos.cm™) A Sl 2.48 3.70 4.61 2.13 0.49 0.13
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oo o S8 5 pnm S0le 357 3518
3 S WV 5 a5y ) 03
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a2 ARV 1y Lol el oo S
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u2>Li 4w 55l (Roux and Barry, 2006)
a0 Wy gy &5 sl 5 Ly S e ol
ax S1dls i >Ae 9>F0 SOV s g
3 G e Ls 6 ey 855 i
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Lol ysals ey 0 o8 5,5 5,
(=S A, L ol s i S Y
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33V P ool S ead vl O
(Sherestha et al., 2012) o1, 5 bw i
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ST s Ll ol (Sl dal g
(Ahankoub et al., 2013) ol,LSaa 5
ol Ses 5 s
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Table 3. Simple correlation coefficients between studied traits in Lime genotypes

Traits 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
(V) G gy Calins 1
Peel thickness (1)
o Wemdh gy 1
Fruit weight (2)
o Wemdd gt o749™ 1
Fruit length (3)
o @B e 0804 073" 1
Fruit diameter (4)
® ’Jd_“" I e -0.098 -0.182 0.425 -0.256 1
Length/ diameter (5)
&) oo el 46 0.034 035°  0.007 0.538"" 1
Fruit TSS (6)
V) slas 0.032 -0.147 -0.179 -0.119 -0.16 -0.043 1
Seed number (7)
. Wespzm g 4450 0.813"  0.682" 0.697  -0.032 0.344"  -0.158 1
Fruit volume (8) _
R <q,) o S -0.054 -0.083 -0.145 -0.068 -0.027 -0.281 -0.046 -0.366 1
Fruit density (9_)
. O o T o -0.221 -0.062 -0.390" -0.098 -0.499™ -0.629™ 0.16 -0.28 -0.044 1
Juice percent (10)
H (1 1)(\ Vermgle 0.273 0.286 0.307 0.291 0.065 0.124 -0.114 0.427° -0.039 -0.519™ 1
pl
L(;I;);'J" S 0.159 0.074 0.048 0.092 -0.092 -0.317 0.081 -0.091 0.181 0.239 -0.161 1
) Ly s N - N -
ca3) 0.119 -0.086 -0.214 -0.064 -0.345 -0.450 0.215 -0.222 -0.118 0.391 -0.24 0.669 1
b E;Z)) S N 4315 -0.500" -0.432™ -0.251 -0.388" 0.199 -0.015 0.029 -0.418 0.227 -0.064 0.005 -0.595™ -0.5517 1
(1;;0)‘5""’;’4“5}’“ 0.539™ 0.480™ 0.468™ 0.421" 0.075 0.336" -0.015 0.5817" -0.243 -0.231 0.046 0.418" 0.213 -0.879™ 1
a
b (16)(\9) $254 0.159 -0.009 -0.172 0.024 -0.388" -0.461™ 0.235 -0.159 -0.136 0.399" -0.217 0.663™ 0.936™  -0.637" 0.315 1
A ;‘:);;';‘A el -0.337 -0.449™ -0.548" -0.495™ -0.2 -0.530™ 0.289 -0.638" 0.247 0.659™  -0.666™ 0.233 0.4317 0.196 -0.398" 0.388" 1
cidity
X R O & by s -0.055 0.284 0.056 0.321 -0.350" -0.266 -0.141 0.266 -0.13 0.203 0.24 0.064 0.217 -0.095 -0.107 0.15 -0.002 1
Vitamin C (18)
EC(‘:Q‘)}K&;—Q‘ el -0.202 -0.371" -0.072 -0.356" 0.324 0.429" 0.208 -0.155 -0.057 -0.323 -0.328 -0.067 -0.149 0.254 0.015 -0.205 0.13 -0.417" 1

* and **: Significant at 5% and 1% probability levels, respectively.
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Dendrogram using Ward Linkage
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Fig. 1. Dendrogram obtained from cluster analysis of lime genotypes based on their
quantitative and qualitative traits

o i Olio dan Llod G109 8 4w &S s
S, L pH (IS Gl s
a6l gme ] (g yls (G gy
s el s s el
3 A o i (O Jsdm) (gl
S s 03 (G1) gl os, S 55 g p 3550
CLacs 95 05,5 cpl 3 oS53 VY Jels
MH2 MH13 TD3 MH10 MH6 10
MH12 MH7MH3

MH5 MHI16

MH18 MHI MH9 MH8 MH17

£44

s Ll o 4 pl S5 )dis b o

oy adllln 390 i ped Glacs 55 JS &S
() JS) S gy 05,8 4
Sloaasliog 8 s a5 b~
I Loy S e 31, ol & deils (6 jloze
Ol s 4 40Dl 5 5ba ¥ g 535 S
3 Jele) 5 yad Calibs glses 5 5
53 G )il ol o,Lal ((glad g 4 o
Loy S sl ad oS il 4
Ol oud S 5ol Dlaw 48" Ll 51,5



WS Jlo F o jled XY W " 5 9 J1g (5O s Alore”

Slas 5 4 725 ) ol 25 sad aliiea Slaes £ 5y Do s F gt
Table 4. Superior characteristics of different limes groups obtained from cluster analysis

055 ) FrObe pas
Group Genotypes Superior characteristics
1 Cl10, MH6, TD3, MH10, MHI16, MHZ, S Ol 9 the abdewl Ol cogue ;.;T Aoy J.:\Jb. Ol 5u0 U:»f Gy Caldes O35 1yls
MH13, MH5, MH3, MH7, MH12, MH17, (s )b s (s ) C ol oz )L cls asl
MHS, MHI8, MH1, MH9, TD2, nMHS5, 62090 5 Moy Lo Sz, L slapar
MH14, MH15, MH11, nMH3 Having smaller peel thickness, more juice percent, more acidity and higher
indices of L (brilliance), C (chroma) and b (yellowish)
2 MH4, TD10, C4, G11, TD7, TD9 A jasls a0l s 5V S s s PH. ils iy e 5 035 60555 b U oo g 2305
(Lﬁa}.:n f..u &))
Having fruits with more length, diameter, weight and volume, with more pH,
vitamin C and higher index of a (green color of fruit)
3 TDS5, TD8, G6,G7, TD1, TD6, TD4 O 5 2 BC 5 JGa 28l c(laegoe 0351 5odtS) VL o6 & Jgb Ci b _glno e ol

(ié) ‘\ijlj)h ua;-L& J;_,;:_.

Having fruits with higher L/D (more elliptical), more density and EC and
higher index of h (color angle)
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Table 5. The means of studied traits of different limes groups obtained from cluster analysis

The means of traits Sliw Sl
w3 A N L T
o4 43 5 3 : s Yo ) DR T |
4 3 1; ) 3; —3\ A 3 1{ ) _ ) 2 3 3 . _'_
D ¥ 3 3 > . % > ¥oow \’ S N
b2 ¥ @ ° . % AN 2 o
] q % % 5 b %
! j j
z
. [
— —_ e & e
5 £ 6 g 2 E g E =
© N=2 —~ N=2 5 o0 = =}
=} » L0 =) = =] ~ Nt o 5
e s = = g = g g z g & £ g
e 2 7 . g e ~ E E E S SRS 2
. s 2 B 5 2 = g 2 E 5 2 E E
f 0§ 3 : 3 : ¥ 37 931 : : ¢ I
z 8 £
S o & = = = 2 = ? = = = E - ) = © o < > i)
1 22 1.38  27.86 37.02 34.76 1.08 8.37 8.64 17.79 1.58 38.53 2.75 51.90 48.72 109.77 -16.47 46.41 5.74 30.16 3.57
2 6 2.67 64.73 53.36 48.54 1.10 10.35 7.33 68.74 1.01 21.38 3.18 51.85 46.40 102.55 -9.75 44.54 3.09 30.78 3.62
3 7 1.28  19.28 43.94 29.95 1.48 10.63 7.00 24.05 1.79 17.25 2.97 48.24 42.48 112.38 -15.01 39.35 4.40 22.61 4.17
Mean 35 1.58 3247 41.21 36.16 1.17 9.16 8.09 27.77 1.53 31.34 2.87 51.16 47.08 109.05 -15.03 44.68 5.02 28.76 3.70

The means with line drawn beneath had the highest value among the three groups.
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MH9 MH5 MHI slacs 53 i
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xia o y3 VG0 s OT 555 500 au !
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Jsb o 0351 S 5 iy FeSon 55 b
39> B ilres 5 plod S o5n 55 4
23 03me 63,5 35 6,55 8 Slme s 515
sl yl5y 55 5 (Glosm s Cantl S LS 4o
o Py gl s e
35 AT mlee D3 Sose o IS
.(Fotouhi and Fattahi, 2010 <Hui et al., 2006)
K5y L S i e b
(Log ) C o Sazis ;) L gla astls Jols
05,5 33 55 (855 €55 el b pomen
e la ol Laoy S a5l 2iw (G1) Ul
030 AL CakST sl 0ge Julge 5IC 5L
=) .(Pan and Shu, 2007) & 5 o & s

e Y
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Table 6. Studied important traits in limes genotypes

o555 Sy s 052 0)5 BRURRE ol Lo s ded S ol g
Genotype Peel Fruit Seed Juice percent of  Acidity Vitamin C
thickness weight number fruit (%) (mg.100g!' FW)
(mm) (2) (%)

I 1.58 23.68 8 43.64 6.41 25.82
2 1.52 18.74 8 38.17 5.94 28.07
3 1.26 15.88 8 38.51 7.05 44.84
4 4.88 56.17 9 18.41 3.55 22.28
5 1.23 18.76 29 51.92 6.47 26.81
6 1.41 21.25 16 39.22 6.18 31.54
7 1.28 14.52 8 34.46 6.21 31.88
8 1.47 25.95 3 41.12 5.61 29.01
9 1.45 20.76 7 43.77 6.25 29.23
10 1.42 22.96 8 40.21 6.22 30.64
11 2.29 60.72 8 35.35 6.26 33.40
12 1.18 31.89 14 40.68 6.27 23.40
13 1.35 35.02 8 43.58 6.65 26.56
14 1.19 31.68 3 40.25 5.56 42.06
15 0.99 28.49 7 38.74 5.90 41.32
16 2.23 24.61 8 36.36 5.31 23.26
17 1.65 47.94 17 43.75 5.64 25.67
18 0.95 26.75 3 39.56 3.64 22.50
19 1.25 51.50 3 31.19 4.36 31.79
20 1.33 27.00 4 30.12 4.31 28.26
21 0.91 11.00 3 18.05 4.67 20.06
22 0.98 20.65 3 30.99 5.25 23.74
23 0.94 23.94 7 36.12 5.00 31.13
24 1.24 11.00 8 13.90 6.12 21.00
25 1.61 40.74 17 20.98 5.24 21.49
26 1.63 11.78 8 14.95 2.54 18.62
27 2.30 62.36 16 15.05 2.20 34.91
28 1.21 27.89 8 23.04 5.54 22.50
29 2.12 75.75 3 15.30 0.71 45.62
30 1.90 31.60 16 13.83 4.11 22.83
31 1.10 19.14 3 15.11 3.03 24.82
32 1.31 20.64 3 14.72 3.70 29.78
33 2.31 75.68 1 14.91 3.77 29.15
34 2.52 86.86 1 50.79 4.23 29.89
35 1.45 20.27 17 30.05 5.88 32.59
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