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A NUMERICAL TAXONOMIC STUDY OF CITRUS AND
ITS CLOSE RELATIVES
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(Citrus Research Institute, Chinese Academy of Agricultural Sciences. Chongging 630712)

Abstract Fifty nine taxa of Citrus, Fortunella and Poncirus were studied by
hierarchical agglomerative clustering analysis and quantas type 3 analysis using 86
morphological characters. Five affinity groups were obtained in Citrus. The first
group includes C. medica,C. limon, C. limonia, C. aurantifolia and C. iambhiri;
the second includes C. grandis, C. aurantium, C. sinensis and C. paradisi;
the third is mandarin (C. rericulata); the forth is C. ichangensis, The last is C.
hongheensis. Mandarin oranges show two subgroups: one comprise satsuma,
King, Shagan, Tankan and Bendiguangju. and the other consists of the remaining
typical mandrins. The two papeda oranges. honghe papeda and ichang papeda,
could not be clustered into the same group, indicating that they might have
evolved from two compeletly different ancestors. Pumelos (C. grandis) show some
relationships to honghe papeda orange. C. fimonia is assumed to be a hybrid be
tween rough lemon and mandarin. The sweet orange (C. sinensis) is considered to
be the offspring of pomelo and mandarin. Zhekiang jinju a small mandarin gener-
ally considered similar to calamondin in China, should be a true mandarin orange
based on our results. Poncirus was well distinguished from the other two genera,
Citrus and Fortunella, by the numerical methods used in this study. Our results
show that citron (C. medica), mandarin (C. reticulata) and pumelb (C. grandis)
are the original species of the subgenus Citrus, which was congruent with the re-
sults obtained by Barrett and Soost (1976), Potvin (1983) and Handa (1985).
Key words Citrus; Fortunella, Poncirus; Numerical taxonomy

WE AR R SRR R AR AT 59 IPRHE R EE KR M = AR KB TT T HUE

1990 — 09— 26 W, 1991 —05 —20 B e,




i R RS S R -

ANKSFEGr, FEREN, fERIERES . #18 Citrus medica. R Citrus grandis. S5 MRS Citrus
reticulata SR EEASA, A RN B RRAEA  Hb 1E T R
kil iR, BE efE Bras

SR BATIRG A4S, ZMn %, (R THER, TMaEELRE. A
RIS REA, KRIKL, BAES. SEWRERE. HEREEMREE,. Hib,
FeA SRR B I A K SRE (1954, 1977 )1 Swingle (1967)IBIA X £ 4.  FIFR M
BB A EGE 162 £, WihG & RARGA 16 . BUE. R S S RE R It R R R
HefAE VG 3 A AR, B Citrus medica, ) 885 Citrus reticulara il Citrus
grandis ( Scora 1975; Barrett 1976). HE M+ ¥ L. 2 47 Barrett ( 1976},
Potvin (1983), dME(1985)% AR H4E H A A E RIS THETEF
BEoT. FEARTCHR. RAIAA EMEE R, #T T B AR, DU IRE
FREOMEENBERRITNER.

ok s Tk

MR A EEREMR R E N SE. RN T 59 AL 100 RIUE ST
ok, RAT 86 MORMGE). HAMUENERBSEEE R (1985) b E R FK
FEAS IS BT o2 B RS MR IR B AT HE

Byt 1) REREDS, BERATPREEEAMETHE. 2N
Wr. BAEGWHE, FR S RBEREZ AR 3 1 MHXRE HPAROK
MR RKICEE R 8. T8RN 286 YL LW, FrARF A 4iE BASIC 7
THwE.

R

(—)REHER

fE =R R BOP. HX RS HBIR NS R, MR RFIHM R
B EHERNSZHENER.

RMEEEAYE, $UB Poncirus EIHEGTN 2 BRE, HAfER Cirus 58
J& Fortunella 7y A KEF. PR EELSRP(E 1), £ 13 FEME. TG 2 H
15 B R A S ORS8RI, MBS, TR MR = KRR R KBS
TRHTEEMAR ARG, SHENAE LSS MuEELSRHEMBERE. LT
W BAERR D, EEREEMRME 1.3, FRRRHENSSE, REERGE. BE)
AFSMBAEM S LB RE.

FRMUARN, KEEPNEERR SHEX. PREFEREGERESE2).
BRI B 0.1 /R MR, g Bid, s, TAMAER ML iR L
KRR, FE0.34b, REMAMB T E. BSOS, FEMBPHRIEE AR
SRS, RTEHERRELERE, nRIEHBRERN S KRR ERRET > H T,

(72) AR ATih R



254

oW oo %

?.

it

nE

—

H

0.56 1
032 2
—-0.03 9
034 8
0.59 11
0.70 34
0.51 35
0.45 36
0.89 23
0.83 25

0.90 24 .
0.69 26

022 27
0.92 28
0.86 32
0.72 31
0.69 30
0.82 29
-0.06 33

0.27 10

0.83 38

Tl i

0.68
0.72
0.69
0.62
0.66
.57
0.77
0.66
0.89

%
i

0.54

55
39
57
47
56
59
45
50
52
53

hh

il

|
i

-

I

I

in

1l

0.7t 43
(.83 49
0.40 58
0.49 5]
0.13 54
0.63 37
0.57 41
0.33 40
0.51 42
0.42 46
—0.13 48
076 3
0.88 4
091 5
0.69 6
03% 7
0.00 44
0.69 12
0.98 16
0.73 17
0.64 21
0.54 19
0.57 20
0.45 22
0.30 18
0.95 13
0.83 14

15

1

@l

Do=N

CPOOOOOD =200

OO P 000000

2ELTEES

T
L=
~ -

.03 10

)
B8R3
£ ba W
—

ond
-
o

(R RN W
D L 20 O GO

v3g2eRB
&

63 50

o0 W
Txs

wn
aZng

~I %D =1 Lh
NS — OO N
Wl W B
— D OO D

£ n
00— Oh W b L B B

Z -]
= S ]



38 Bl R RSB KPR 255

LEXT R 43 B e i S AV IER B Y 65.98%, Bk, REo =1 £ H TN
oy BRI AT 15 8.

B ZAERTF FL F2, F3 B Q T8 ME(E 3)., AESTLFENS
AR RAE, BRI S, ERAEEE SN FLF2 JRTAE, Mk o M
Wb TR BB EE L, EIRETHE, 8T MR BRE. S TR
HphRA, f£FIHR L, KERER DAL ARSAE S B0 EE, & T
¥, BREMEERGE, SHEL FEEMERENCE, 2B HRTHER
A, BUBE F3 RN sfifiE, th2BE RN ERE.

TR ERAET QHFS5 RETZREMNERR L, HeJLlts %
BESHARERAR, AT REREHGHEOEE. B RETOTER, M6
A PR R A KA PER A : B TR PR M TR L, oA RS B AR
. oA, B BR, EH. RSN, ESEHRGELKE. EA. ERK
. AP E A, RRE ke, B, AR, EERAR. HiEE.
BARE, TR, KR, HRERRRE, BrHRE farE B R
TEE, BEHM6AERTHEEALBEERM 75% UL E, &AL AKX EIERE
P REBEEEN,

RF Q HFo i B ml o KB FEMR: M RERMmE, SRKAHHA.

B 159 MRS MU AR PRIER LR R AR W2 59 MRS R R B bRl B R R IR R

1B 20 BUE: 3. (UG 4. BEE; 5. BEG 6. & 7. RASHL 8 LIRTKEA, 9. AERE; 10. BE
11, SMEE 12, Ml 13, LEREE (4. LDEEEE 15 FHEXE; 16 RAEEE 17. BEAKE; 18 B
M 19, JERUEE; 20. HAHETRE; 210 DHHESE, 220 KRR 230 BWTHL; 24, BEOM: 25, #PEEH; 26, PUE
#: 27, BiEwSIA: 28 FAW: 20. KITANE; 30. MBS, 310 BILMRE; 320 BRHUE, 33. MM 34 R
PRl 35, BESTTREME. 36. SRR 37. iBOHEHL 38, BARERS; 30, AR, 40, RS 41, AR 42
PoMbia 3. LMY, 44, PUHE: 45, KE B d6. A 47. ERBFAEAL 48, BHE 49, FAE; 500 b 51 BRHE
52, FHOEELRS: 53. FOE 90 4TH#; 54. B R THE; 55. # §5, s6. ML, 57. 4%, 58 ks 59, Wl &
#t,

Fig. | Phenogram of 39 taxa of citrus produced by WPGMA and based on distance coefficient of

morphological characters. Fig. 2 Phenogram of 59 taxa of citrus produced by WPGMA and based
on similarity coefficient of morphological characters.

1. Poncirus./rry'"o!iata; 2. C.sinensis ¥ P.urifoliata 3. Fortunella. hindsifl; 4. F. margarita; 5. F. japonica, 6. F.
crassifolia; 7. F.obvata; 8. Citrus. hongheensis; 9. C. ichangensis; 10. C. junos 111, C. wilsonii; 12. C. medica;
13.C. limonia; 14. C. limonia; 15.C. limonia; 16. C. limon; 17. C. limon; 18. C. bergamia; 19. C. meyeri; 20. C. jambhiri;
21. hybrid, 22. C. awrantifolie; 23. C. grandis; 4. C. grandis, 25. C. grandis; 26. C. grandis, 27. C. paradisi;
28. C. sinensis; 29. C. sinensis; 30. C. simensis, 31. C. sinensis; 32. C. sinensis; 33. C. sinensis, 34. C.
surantiunt, 35. C. aurantiuny, 36. C. surantivm, 36. C. swramtivm; 37. C. unshiu; 38. C. kinokuniy 39. C
succosa; 40. C. unshiux C. nobilis, 41. C. nobilis; 42. C. nobilis; 43. C. chachiensis; 44. C. madurensis; 45. C.
reticulata, 46. C. nobilis; 47. C. ddoxian; 48. C. tankan; 50. C. flanwnea; 51. C. suavissima, 52. C
tangerina; 53. C. tangerina; 54. C. clementing; 55. C. wardiferax; 56. C. suhuiensis; 57. C. erythrosa; 58. C

sunki.
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Fig. 3 Scatter diagram of the first 3 principal factor loading produced by quantas type 3
analysis. The number is the same as in figures 1 and 2 .
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MAS B Citrus FY 2040 0] K A0 B AR K. JE4E K Seora( 1975) % 4 h R 55 it 14
{(Cultivated citrus )24 C. medica. C. grandis. C. reticulata A B AW LW
BOMETE. BB, BE. HAHSH AN AR, W SEE T HHE 2 %¥ (Barrett
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R RAK S, Q B r W EffkE LMz, B9RBH— aiAHR
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Barrett (1976 )5 42 1M &8 C. sinensis Bt SR L A Zf. #8541 EH(Handa
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() BEL 4 P 1) ) 3 S S A [R)( Green 1986 ). ARBEST AR, B E L SHEE, H45H
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HA SRR 2 B SB[ TR R4 E (B RF1991). B, ASTANEE
SRS R — AR, R - ANE R B Ak, ,
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(1954 M A BB H A S, SHR (1984 )0 HERf. HHEEM, HEXERER
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BE R AN SR IE AR UL D
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B PR R IR, RIS, AT R LD B B R By B B (A 5
BRI, WAL BEAE 2 425 fal bof - AT HERR . T B REFH R TR —
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Appendix Morphological characters and their status used in this study

1. Pud scales: 1) absent 2) present 11.Margin serration: 1) slight 2) shallow
2.Persistence: 1) evergreen 2} semi- deciduous 3) moderate 4} deep

3) deciduous 12. Leaf length [mm ]
3.Tree size: 1) small 2} medium 3) large 13. Leaf width [mm]
4. Twigs: 1)thin 2 )intermediate 3 jthick 14, Leaf length/leaf width
5.Spines: 1) absent 2) few 3)many 15. petiole length [mm]
6. Tree habit: 1) upright 2) spreading 16. Leaf length/petiole length

3) drooping 4) weeping 17. Leaf shape: 1) lanceolate 2 )ovate 3 elliptic
7.Shoot tip surface: 1) glabrous 2) pubescent 4) obovate

3) densely pubescent 18. Leaf apex: 1) acute 2)obtuse 3 )round

8.Shoot tip color: 1)green 2 )purple 19, Apex notch: 1 )slight 2)moderate 3) prominent
. Frost response: 1)} high sensitive 2 )sensitive 20. Leafl base: 1) cuneate 2)broad cuneate

3) moderate sensitive 4} moderate resistant 3) round

5) resistant 6) high resistant 21. Upper leaf surface color: 1) light green
10. Leaf margin 1) entire 2) dentate 2) green 3) dark green

3} crenate 22. Lower leaf surface color: 1) light green
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2) yellowish green 3) green
23.Wing: 1) absent 2} linear 3) obovate
4} cordiform 5) deltoid
24. Wing width [mm]
25. Leaf type:1 Junifoliolate 2)1, 2.3 foliolate
3) trifoliolate
26. leaf thickness: 1) very thin 2 )thin 3)me-
dium 4)thick 5) very thick
27.Vines on upper leaf surface: 1) Even
2) convex 3)very convex
28. Vines on lower leaf surface: 1) Even
2) convex 1) very convex
29. Articulation between petiole and blade:
1) absent 2) present
30. Flower arrangement: 1} solitary 2) in an
inflorescence
31. Flowering: 1Jbefore leaves 2 Jafier leaves
32.Flower bud forming season: 1 )summer
2 )winter- spring
33.Mixed bud: 1)no 2)yes
34. Flowering season: 1 )early 2 )middle 3)late
35.Secondary flowering: | Jabsent 2 )present
36.Flower bud color: 1) white 2 )purple
37.Petal color: 1)white 2 )purple
38.Petal length [mm]
39. Petal width [mm]
40. petal length /petal width
41. Petal shape: 1) elliptical 2 Manceolate
3 )spatulate
42. Pedicel length {mm]
43.Style length [mm]
44, Style width [mm]
45. Stamen number 1) <20 2)20 — 25 3)
26— 30 4) 31— 35 5)36— 40 6)>40
46, Filaments: 1) free 2 )eohering into bundles
3 )cohering into tube
47.0pening petal form: 1) recurved 2 Mat
48. Ovary surface: 1)glabrous 2) pubescent
3) densely pubescent
49. Calyx: 1) saucer-shaped 2 )funnel- shaped
3) cup- shaped
50. Fruit weight: 1)<35 2)5— 25 3)25— 30

4)50— 100 5)100— 170 6)170 — 260
7) 260 — 500 8)>500
51.Fruit shape: 1)oblate 2)globose 3 )ovoid
4} ellipsoid
52.Fruit height [mm]
53. Fruit diameter [mm]
54, Fruit height/Fruit diameter
55.Fruit color: 1) light yellow 2) yellow
3) light orange 4 Jorange 5) deep orange
6 )red
56.01l glands: 1)few 2)medium 3 )many
57.0il gland nature: 1 deep concave 2 ) concave
3 )even 4 Jconvex 5 )very convex
58.Fruit apex: 1 Meeply depressed 2) depressed
3)truncate 4 )obtuse 5)nippled
59.print ring: 1)prominent 2 )inconspicuous
3 Jabsent
60.Peel thickness: 1) very thin 2)thin 3)moderate
4} thick
61.Fruit base: 1) rounded 2 )truncate
3) depressed 4 )strongly depressed
62.Ribs or furrows: 1) absent 2} inconspicuous
3) prominent
63. Fruit surface: 1 jvery smooth 2)smooth
3) intermediate 4 )rough 5) very rough
64. Surface pits: 1 )many 2 )few 3) absent
65.Stem thickness [ mm)]
66. Rind: 1 )edible 2 )inedible
67.Ovules number per locule: 1)>2 2)2
68.Segment number: 1)<52) 6— 10 3)>10
69. Segment shape: 1 )semi- orbicular 2) comb-
shaped 3 )kidney- shaped
70. Axis: 1) hollow 2} semi- hollow 3 )selid
71. Axis size: 1)smalil 2 )moderate 3 Narge
72. Adherence of peel: 1)very slight 2 )slight
3)moderate 4 Jstrong 5 )very strong
73.Vesicle shape: 1)conical_2 )lanceolate
3 Musiform 4 )brevifusiform 5 ovate
74.pulp color: 1) white 2 Youff 3)yellowish
orange 4 jorange 5 Jecp orange 6)reddish
75. Vesicle length [mml]
76. Vesicle width [mm]
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77. Pulp texture: 1)very tender 2 Mtender
3)firm 4 jtough

78. Droplets of acrid oil in pulp: 1)absent
2) present '

82.Seed shape: | )cuneiform 2 )fusiform

3 Jovoid 4)globose
83.Seed size: !)small 2 )ymoderate 3 Narge
84.Seed surface: 1)smooth 2) weakly veined

79 Juice: 1)very juicy 2 Juicy 3) dryish
0. Acid: 1 )high 2) moderate 3)low 85.
¥1.Seed number: 1) none 2 Mew 3 )moderate

4) many 86.

3 ))wrinkled

Embryo number: 1 )monoembryo 2 ) mono-
& poly-embryoes 3} polyembryoes

Cotyledon color: 1) white 2)light green

3) green 4 )deep green
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