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Morphological diversity of some introduced tree peony cultivars
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Abstract: Tree peonies, native to China, are widely cultivated in many countries, but the threat of genetic
degradation in new varieties is serious due to the selection of local cultivars as parents in breeding. Hence, it
is important to use introduced cultivars from different origins when breeding new varieties. To assist in en-
larging the genetic basis of tree peonies, we examined 41 morphological traits of 68 introduced tree peony
cultivars from the USA, France and Japan, and compared them to 21 local varieties. We found high levels of
morphological diversity among cultivars; coefficients of variation based on morphological traits ranged from
14.3% to 159%, with an average of 44.5%. A principal component analysis (PCA) integrated these 41 traits
into 10 principal components. Among these components, 7 were most strongly associated with the first fac-
tor, representing flower characters; the other 3 were associated with the second factor, representing leaf cha-
racters. Results of a cluster analysis concurred with those of the PCA analysis. All cultivars clustered into
two groups: the first was characterized by those that exhibited non-leaf-chromatic, larger flower diameter,
non-petal-blotch, late flower time and erect flowers, and most of them were foreign cultivars; the second in-
cluded foreign and Chinese cultivars and can be further classified, and was characterized by non-leaf-chro-
matic and small flower diameter. Moreover, the cluster analysis showed that most foreign cultivars were
well-differentiated from domestic cultivars morphologically.

Key words: tree peony, introduced cultivars, breeding, genetic variation, morphological diversity, cluster
analysis
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Table 1 Morphological traits and assignment criterion of the 41 cultivars (* represents the measured data)

G JEASTER SRR
No. Morphological traits Criterion for documenting
1 A 1 B 2, BITRE; 3. JTRERY, 4. s
Plant type 1. Erect; 2. Semi-erect; 3. Spreading; 4. Weeping
2 s *
Plant height
3 LRSEN *
Length of new branch
4 K- *
Leaf blade length
5 5% *
Leaf blade width
6 Al et 1 /NBUIENH 2. AN 3. PR I 4. PR B ORI 6. AU
Type of leaf 1. Small circular leaf; 2. Small long leaf; 3. Middle-sized circular leaf; 4. Middle-sized long leaf; 5.
Large circular leaf; 6. Large long leaf
7 ST e 1. P4 2. s 3. & LA
State of leaf 1. Right angle; 2. Diagonal 3. Diagonally upward
8 oS Tyi 7 2845 0L 1 &% 2 WA 3 R 4 R 5. 2R
Apical notches of top leaflet 1. Small notch; 2 Lobed notch; 3. Medium notch; 4. Deep notch; 5. Complete cleavage
9 UENEIZ TN 1. BEUNE; 2. OO 3. KENIE; 4. BKENE; 5. BEHIE
Shape of lateral leaflet 1. Broad ovate; 2. Ovate; 3. Long ovate; 4. Long and narrow ovate; 5. Lance
10 {UNGRRZS 1. Aga/EAl, 2. Bzl 3. AR
Margin of lateral leaflet 1. Entire or little incisions; 2. Incisions; 3. Acute incisions
11 NN 1.F%E 2. %% 3. BLO 4. iR
Shape of leaflet apex 1. Roundish apex; 2. Broad apex; 3. Acute apex; 4. Gradual acute apex
12 W THI (7 1. R4 2. 4% 3. KEE; 4. IRGE
Color of upper side of leaf 1. Yellow green; 2. Green; 3. Grey green; 4. Deep green
13 R T A G 1L A2 %
Leaf chromatic 1. Present; 2. Absent
14 HEHLE 1 A2 7%
Glabrous of abaxial leaf surface 1. Present; 2. Absent
15 T 1. WU 2. Tk, 3. 3§16, 4. Wigl; 5. &L 6. JOH: 7. £ 8. 45k, 9. TGN, 10. TR
Flower type Pl; 11, 5 e
1. Single; 2. Lotus; 3. Chrysanthemum; 4. Rose; 5. Golden-stamen; 6. Anemone; 7. Golden circle; 8.
Globular; 9. Hundred proliferate; 10. Crown proliferate; 11. Crown
16 et (hise) *
Flower diameter
17 e *
Flower height
18 120652, Hetn 3. Wit 4. FI6a; 5. MR 6. S5, S0 8. T
Flower color 1. Red; 2.Yellow; 3. Pink; 4. White; 5. Orange; 6. Compound color; 7. Purple; 8. Blue
19 TEIAEH (BT 1 f;2 &
Petal basal blotch 1. Present; 2. Absent
20 TEMEERR A BEIAR 1 =K 2. [AE; 3. Wi, 4. 25J1,; 5. K& IE
Shape of basal petal blotch 1. Triangle; 2. Rotundity; 3. Elliptic; 4. Rhombic; 5. Linear
21 TEIEILF (S LKA, 2. 403, 3R, 4540, 545, 6.1
Color of basal petal blotch 1. Light red; 2. Red; 3. Light purple; 4. Red purple; 5. Brown; 6. Black
22 eI 27 1. % 2. Wi, 3. IRIA R
Type of top of petal 1. Entire; 2. Lobed; 3. Partite
23 SMTEIRIEAR 1 BDE; 2. B0, 3. B 5RE
Shape of outer petals 1. Rotundity; 2. Obovate; 3. Broad obovate
24 HMETEEHL 1.<2;2.3-4;3.>4
Whorl number of outer petals
25 TR P WA 1L H, 2X&
Anther remnant 1. Present; 2. Absent
26 TeL2igith, 1. Afh; 2. 9K#; 3. M 4. 40,5, B 6.
Color of filament 1. White; 2. Light yellow; 3. Pink red; 4. Red purple; 5. Black; 6. Others
27 Bkt 1 ;2. %33 B4 405, %
Stigma color 1. White; 2. Light yellow; 3. Pink; 4. Red; 5. Purple
28 PRI 1 242, ;3. A
Flower disc state 1. All enwrapped; 2. Half enwrapped; 3. Rudimental
29 piZEn ) 1 H;2. 33 B4 4055 %6, Al
Flower disc color 1. White; 2.Yellow; 3. Pink; 4. Red; 5. Purple; 6. Others
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%1 (4k) Table 1 (continued)

G TEA R bR
No. Morphological traits Criterion for documenting
30 1630 SN 20 030

Flower time

Flower state

1
1. Early; 2. Medium; 3. Late

31 e 11 k; 20 UJT; 3K 3E; 4.584E
1
1

. Upwards; 2. Outwards; 3. Downwards; 4. Hidden

32 HloE . <30%; 2. 30-50%); 3. 60-90%; 4. >90%
Flowering ratio

33 LNy 404 1. H, 2%
Petalized sepal 1. Present; 2. Absent

34 ML H 1.<3;2.3-5;3.6-8;4.>8

Number of pistil
35 HESRES

Petalized pistil AL (>95%); 5.

e

@
=

36 WESS AL
Color of petalized pistil
Stamen state

- AL 2. IR (HE SR A) (<20%); 3.
R 6. AR
Normal 2. Little petalized; 3. More petalized; 4. Completely petalized (>95%); 5. Degradation; 6. Van-

4> P4 (20-95%));

1. 4R 2. SASSUMIN; 3. SRELELUAIR; 4. 1T TAEEEIE
1. Green; 2. Green white stripes; 3. Green red stripes; 4. Similar to color of petal
1. 1E%; 2. D EE<20%; 3. #4rE1020-95%; 4. A=HSHE1L>95%; 5. #isriRAL; 6. AfkiR1L
1. Normal; 2. Little petalized; 3. More petalized; 4. Completely petalized (>95%); 5. Degradation; 6. Van-

ish

38 eSS AL 1L A2 %

Petalized stamen 1. Present; 2. Absent
39 HESS AL (S 1. 5LEMOME R, 2. 5EMGME)ANFRT

Color of petalized stamen 1. Same to outer petal; 2. Different to outer petal
40 eSS TEAL AR 1. 40K, 2. A8, 3. PABIBRJE, 4. 1R)E; 5. I 9N, 6. HAl

Shape of petalized stamen 1. Linear; 2.Stripped; 3. Narrow obovate; 4. Obovate; 5. Broad obovate; 6. Others
41 HESEM AL 1 LA 2. B OHRAL; 3 AR

Mode of petalized stamen 1. Centripetal petalized ; 2. Centrifugal petalized; 3. Irregular

%1, 3. 5. 6. 7. 8. 9> FH RIAEK)
%ﬁ(ﬂ#fﬁﬁa‘fmﬂ%m% AL OB . fE1R

PRI I M\méﬁ) A A IS BT, T
#ﬁi%éjqzlo.es% 2. 4. 107 Bl 3B S WL IR R

PECHRCK . B2, L mh5E. I/ NEIRIR
NI R TEAREESE), RIS Tl K, TrEkE
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Table 2  Statistical analysis of morphological characters of tree peony

TEATER FHE R RO [REE SR

Morphological characters Mean Minimum Maximum Standard error CV (%)
1 B Plant type 1.70 1 4 0.70 41.43
2 FkE Plant height 86.62 40 149 20.30 23.43
3 Bk K Length of new branch 28.44 12 45 7.07 24.84
4 H-K: Leaf blade length 33.14 25 48 5.57 16.81
5 5% Leaf blade width 21.13 12 34 3.88 18.36
6 ST Type of leaf 4.25 1 6 1.06 24.95
7 HiHfiE  State of leaf 1.70 1 3 0.66 38.60
8 To/N- T 43 24155 B0 Apical notches of top leaflet 3.66 1 5 0.89 24.36
9 Ml /NHJEIR Shape of lateral leaflet 3.27 1 5 0.92 28.22
10 /N4 Margin of lateral leaflet 2.82 1 4 0.72 25.61
1 /NS Shape of leaflet apex 3.02 1 4 0.71 23.39
12 M- Hiits Color of upper side of leaf 2.27 1 4 1.02 45.09
13 M-I (0% Leaf chromatic 1.46 1 3 0.52 35.73
14 15471 Glabrous of abaxial leaf surface 1.87 1 2 0.34 18.01
15 1E% Flower type 3.71 1 11 2.38 64.04
16 TER (i) Flower diameter 16.69 10 23 2.39 14.30
17 TE2=EE Flower height 7.57 3 15 2.22 29.39
18 114, Flower color 418 1 8 2.61 62.46
19 TEMHLL A BT Petal basal blotch 1.75 1 2 0.43 24.75
20 TEIRFLH A B4R Shape of basal petal blotch 1.13 0 5 1.80 158.99
21 TEIRFLH A B Color of basal petal blotch 1.44 0 6 2.22 153.99
22 TESRIEH T Type of top of petal 1.99 1 5 0.62 31.00
23 SMEMEEIR Shape of outer petals 1.96 1 3 0.64 32.77
24 SMESES % Whorl number of outer petals 4.03 2 6 1.48 36.65
25 1254 TC5%E Anther remnant 1.46 1 2 0.50 34.28
26 TE215it4  Color of filament 3.48 1 6 1.19 34.28
27 Feskigits, Stigma color 3.00 1 5 1.23 41.12
28 ALIRA Flower disc state 1.84 1 3 0.80 43.40
29 TE4LTit4 Flower disc color 4.10 1 6 157 38.27
30 £ Flower time 2.61 1 3 0.68 25.88
31 125 Flower state 1.28 1 4 0.58 45.17
32 #A¢ & Flowering ratio 3.13 1 4 0.82 26.33
33 B ifL Petalized sepal 1.70 1 2 0.46 27.15
34 % H Number of pistil 5.37 2 10 2.02 37.66
35 HEEDIRAS Petalized pistil 3.25 1 6 1.30 40.01
36 LI Color of petalized pistil 1.69 0 4 1.59 94.06
37 R Stamen state 1.90 1 5 1.02 53.71
38 AL Petalized stamen 1.49 1 2 0.50 33.63
39 HEE AL IR Color of petalized stamen 0.74 0 2 0.76 103.08
40 LS AR Shape of petalized stamen 1.60 0 5 1.73 107.77
41 HEEIMAEER. Mode of petalized stamen 1.96 1 3 0.81 41.21
42 SEHIE - Average - - - 1.92 44.49

F WL 5 (Roegneria kamoji) F i vt YR AT T LA Z KR
PERIBEST, 45K, XAk 5 ] o) A Fi AR
BiAr e — B MR R 5K (2009) %) HE % &

(Nymphaea alba)tH#) {1 JE A& HARBEAT T A0 Hr,
WA Ay ARG A 352 D i 54 M S22 o T A& IR O T A7 A
BZER . ZRE(2007)K R B R G4 BT 53,
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E@HEC)
BT (C)
KR RIF (O
IRHEC)
HEAERE)

=24 (n)
S

AFRE ()

KREE ()

I T T T T T T T T T T T T T T T
0.58 0.67 0.75 0.84 0.93
Coefficient

Bl #iHASRMESEERELE. CRREARM, FREZERM, ARKREERA, HithBARM, FRMRI.
Fig. 1 Dendrogram of the tree peony cultivars obtained by cluster analysis of morphological characters. C, F, A represent cultivars
from China, French and USA, respectively. The others are from Japan. For details see Appendix .
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Table 3  Principal components analysis for the morphological characters of tree peony cultivars

44 Principal components
1 2 3 4 5 6 7 8 9 10

FEEA Eigenvalue

3.99 3.55 3.39 2.63 221 2.19 1.99 1.95 1.76 1.75

BTk Contribution rate (%) 9.29 8.26 7.87 6.13 5.14 5.10 4.63 454 4.09 4.07
Z3F5ilk%E Cumulative contribution rate (%)  9.29  17.54 2542 3154 36.68 41.79 4642 5095 5504 59.11

F4 BERSHRTIEIR

Table 4 Major components and their representative characters

X+ Component

PR Characters

1 TERDIRAS . SRR . HESS M LI (5 Stamen state, petalized anther shape and petalized anther color

1E#. €4 Flower type and state

© 00 N O g~ W N

[
o

AN Bk KL TR/ TR A G Leaflet apex shape, length of new branch and top leaflet
FEPIEHB BRI . LML (i (0 Shape of basal petal blotch and color of basal petal blotch
HIHAI . MK M55 Type of leaf, leaf blade length and leaf blade width

1ef2. 1ems e Flower diameter, flower height and plant height

WESSIRAS . MESSIEAL IR Pistil state and color of petalized pistil

e gitt. . HkFi Color of filament, flower and stigma

8. MEESEH Color of flower disc and number of pistil

N JER . 156 IEE Shape of lateral leaflet and glabrous of abaxial leaf surface
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Appendix | Tree peony cultivars studied and their origins

(http://www.biodiversity-science.net/fileup/PDF/w2010-227-1.pdf)
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Appendix Il Some tree peony cultivars from different countries
(http://www.biodiversity-science.net/fileup/PDF/w2010-227-2.pdf)
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