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Abstract: The flower bud differentiation process, morphological features and endogenous hormone changes during

single-flowered Paeonia suffruticosa cultivar ‘ Lihua Fen’ and lateral-flowered cultivars ‘Zimei Youchun’ and ‘Yun’e
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Fen’ were compared. The flower bud differentiation process of ‘Lihua Fen’ , ‘Zimei Youchun’ and ‘Yun’e Fen’ were

observed by anatomy and paraffin sections. The contents of auxin (IAA) , abscisic acid (ABA), gibberellin (GA;) and
zeatin nucleoside (ZR) in ‘Lihua Fen’ and ‘Zimei Youchun’ at different differentiation stages were determined by
enzyme-linked immunosorbent assay (ELISA). The results were as follows: (1) The flower bud differentiation of ‘Lihua
Fen’ was only 6 stages and that of ‘Zimei Youchun’ and ‘Yun’e Fen’ were 11 stages. The top flower primordium
differentiated earlier than the lateral flower primordium. (2) The contents of ABA, GA, and ZR of ‘Zimei Youchun’
and ‘Lihua Fen’ increased during the leaf primordium differentiating to the bract primordium, while the content of TAA
decreased. As for ‘Zimei Youchun’ , ABA and GA, contents decreased at the initial stage of lateral flower primordium,
while ZR and TAA increased. (3) The ABA/IAA of ‘Lihua Fen’ was the lowest at morphological differentiation
stage. The study reveals that the lateral-flowered cultivars have earlier and longer flower bud differentiation compared
with the single-flowered cultivar, parts of the floral organ differentiation stage of apical and lateral flowers overlaps.

Higher ZR and IAA levels and lower ABA and GA, levels are beneficial to initiate lateral flower primordium

differentiation. The results provide a reference for the long florescence breeding of tree peony.
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A. Luolong District, Luoyang City, Henan Province; B. Chengguan District, Lanzhou City, Gansu Province.
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Fig. 1 Temperatures during June to November in 2019 in the sampling site
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AL B IR A AL PE Bl IR IR IR AN AT (LLOFESLIRIIAE) 3 C WS AEEE PR Bl RLAERS ) .

A and B are the lateral-flowered Paeonia suffruticosa cultivars ‘ Zimei Youchun’ and ‘Yun’e Fen’ respectively (The red arrows point to the

lateral flowers) ; C is single-flowered P. suffruticosa cultivar ‘ Lihua Fen’.
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Plate I Tested materials
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AL-F1. (BB A2-F2. £ D620 BB gE . A1, A2, MEIFURSMEI]; B1, B2, #1755 Cl,
C2. LR IR ; D1, D2. 1B L] s EL, B2, HERS ML ; FL, F2. MESEIREMEI] . Le. M2 Br. 45)7
e, Se. #HFEL,; Pe. EMREL; St. HESEREL,; Pi. MR, TR,

A1-F1. Stereomicroscope; A2—F2. Paraffin sections, optical biomicroscopy. Al,A2. Leaf primordium differentiation stage; B1, B2. Bract

primordium differentiation stage; C1, C2. Sepal primordium differentiation stage; D1, D2. Petal primordium differentiation stage; E1, E2.

Stamen primordium differentiation stage; F1,F2. Pistil primordium differentiation stage. Le. Leaf primordium; Br. Bract primordium; Se. Sepal

primordium; Pe. Petal primordium; St. Stamen primordium; Pi. Pistil primordium. The same below.

Bk I

‘RIEW REFSUTEAREENE

Plate I Morphology of flower bud differentiation of Paeonia suffruticosa *Lihua Fen’
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al—f1. AR RRGEWE; a2—f2. UFUIR DE s AW RN, A-F. (AU MEBINEE, al, a2, HEEESHEW]; b1, b2. Ttk
BT IR 5 e, 2. TR R R A l]; 1, d2. THAEAEME AL 305 el, e2. THAEHRERS JSAE I LI0 5 £1, £2. TOAEMERS
L s AL TR S G B RS A R AR C. R R AR DL TR FERR IR L B MIATMERE
JESEI LI 5 F. DUTEMERS L E0] . Le. WHJSURE S TBr. TUAEAL A Sk TSe. TAE™S A J5Udk; TPe. THEAEHEIFAL; TSt Tk
MESSIERE ;. TPL. TRAEMESISIE ; LBr. MAEE0 R e LSe. DAL= F 5t hk; LPe. AL AEMEIRIAE s LSt M AEAREES JRURE ; LPi. {46
WESE AL, TR

al-fl. Stereomicroscope; a2—f2. Paraffin sections, optical biomicroscopy; A—F. Stereomicroscope. al, a2. Leaf primordium differentiation
stage; bl, b2. Bract primordium differentiation stage of top flower; cl, ¢2. Sepal primordium differentiation stage of top flower; d1, d2. Petal
primordium differentiation stage of top flower; el, e2. Stamen primordium differentiation stage of top flower; f1, f2. Pistillode primordium
differentiation stage of top flower. A. Leaf primordium differentiation stage; B. Bract primordium differentiation stage of lateral flower; C. Sepal
primordium differentiation stage of lateral flower; D. Petal primordium differentiation stage of lateral flower; E. Stamen primordium
differentiation stage of lateral flower; F. Pistillode primordium differentiation stage of lateral flower. Le. Leaf primordium; TBr. Bract
primordium of top flower; TSe. Sepal primordium of top flower; TPe. Petal primordium of top flower; TSt. Stamen primordium of top flower;
TPi. Pistil primordium of top flower; LBr. Bract primordium of lateral flower; LSe. Sepal primordium of lateral flower; LPe. Petal primordium
of lateral flower; LSt. Stamen primordium of lateral flower; LPi. Pistil primordium of lateral flower. The same below.
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Plate IT  Flower bud differentiation morphology of Paeonia suffruticosa ‘Zimei Youchun’

0.1 cm

AL M-SR BL. LA JRRE G AL 0] 5 C1. TRAE=E J JRUREJ b 4015 D1, TUAE AR JRRE S0 (b 401 5 E1. TOUAE b 5 JRURE 231 40T 5
F1. WAEHES LA A2 MRS &5 7 Uk oAb 5 B2, DR 1y sk o1 s €2, D2, DNRE AL Ik o fL 3 5 2. 007 I
JEEES AR 5 F2. (00T M IR L A

Al. Leaf primordium differentiation stage; B1. Bract primordium differentiation stage of top flower; C1. Sepal primordium differentiation stage
of top flower; D1. Petal primordium differentiation stage of top flower; E1. Stamen primordium differentiation stage of top flower; F1. Pistillode
primordium differentiation stage of top flower; A2. Bract primordium differentiation stage of lateral flower; B2. Sepal primordium differentiation
stage of lateral flower; C2, D2. Petal primordium differentiation stage of lateral flower; E2. Stamen primordium differentiation stage of lateral
flower; F2. Pistillode primordium differentiation stage of lateral flower.
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Plate IV Flower bud differentiation morphology of Paeonia suffruticosa ‘ Yun’e Fen’ ( stereomicroscope )
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Lateral flower of ‘Yun’e Fen’

Se [ Pe [ st ] Ppi

‘TEK’ TRAE

Top flower of “Yun’e Fen’
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Only the top flower of ‘Lihua Fen’
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Se . Pe A,

TPe, TSt and TPi of ‘Zimei Youchun’ coincided with its LBr, TPi coincided with LSe. TPe and TSt of ‘ Yun’ e Fen’ coincided with its

LBr, TPi coincided with LSe and LPe.
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Fig. 2 Initiation time of flower bud differentiation of ‘Lihua Fen’, ‘Zimei Youchun’ and ‘Yun’e Fen’

SrAEIF IR T A 28 H, CBLEH HE A E AR 34
AR 30T, ToUsm A 4 s Ak 2R 9] 5 9 0tk A A A R 3
TR B2 I3 Se (IR IL - C1,C2) 5% Jit 3
I3 A — B 8] I, 78 A6 46 45 370 2 o9 00 3% 347 7= A B
— ARy AL R IE Pe FE AL (AR I : D1,D2) ;
9 H 23 H,  BAER A M R 10 3, 2E 0K
FEARIGE R T A A S VR TE AR, A6 S R Ak 2
ARKRE 6 AR P90 35 A 22 A4S 87 1Y Uk
ARZEE , 1T 4 b R R 2L St(EI R I B,
E2) ;10 H 13 H , B 5 e8I 0 ik A4 K T
ARSI TN M AR B A A IR R
B KB Z8 e, B A fE 3 R L Pi (B M T . L,
F2), ZU, BREM A2 AR SR A

2.1.2 AM A4S S A whdkar AT LT
AT 7 H 10 H,11 A5 HE50, It 118 d, 43t
FE53 0 11 BB AR Sy i R 4 A6 (Le ) (0
FERL TR A AL (TBr) | T A8 %2 1 J 9 43 1k 20
(TSe) , T0 4% 46 3 J5L 3L 43 AL 3 (TPe ) | T 46 M 4% )5
FLOr AR (TSt) | T0UAE e 88 J5 3L 04k 3 (TP ) fl4E
R F TR A6 0 (LBr) | M0 AE 2 5 5 3 43 4k
(LSe) MM 4E AL J5 56 4 AL B (LPe) ) 48 1 35
FLor AR (LSt) MUAE eS8 R BE 4T 1 (LPi) (AR
M), Hrh, TPe TSt . Tpi 5 LBr @4, TPi 5 LSe

HEAE(KE2), 7H10 B, ‘BkiFEE C kATl
A1 BRI (I . b1,b2) 57 A 28 HifEA
TAE = e o A3 (I < e, e2) 58 H 12 H,
PR IR O A TR LR IR o A (IR
d1,d2) ; [Rl—Fa], ) 26 B 3 46 28 230 14056 3
B 4 R i DR R GRS T 4R oAk, E B R Sy
(R B) ;9 A 13 H, ‘SRz EH’ C A
TAC IS R o AR (BRI s el e2) , AR 2L
JRIERRLR ;9 H 23 H gk A T 76 M 35 IR 5L o1k
BICEIRRI : £1,62) , 46 25 o0 A LA 58 1, e s 6
A R AR S04k 10 A 1 | AEAE 285 K
B 0 3 A3 Ak J5 2 A AR 25 R D 3k 4y £k 1
(AR .C) ;10 A 10 H .10 A 20 H 45 #E A M)
TEACTRE SR LA A0 309 (AR I . D) FAN A6 1 458 )i 3 4y
AW (ERIL . E) 511 A 5 H 3EA A8 M85 3Ly
EIA (BRI . F) , 20, < Bh bk e 5 A6 28 o b 3
BNy

2.1.3 AW RAC F A HESETFLR
F7H4H,11H 1 HEE, DR 120 d, 44t
RS W ke A A, 36 11 AR, KRS,
C RGP ML T TAL AL B A 45 RIF IRk,
AU AL LT 4R A Ak A B TRT B 15 d
A, mEH AEZEAbA B E A R AR UL IR R



374 U0 MW 43 &
601 A oasa £ GA3 “ZR mIAA : 120 B o
_I_ b OABA ~GA3 #ZR WIAA
50t 100 f h
P a
o 40[ i ' ke b . o
2 &n
= 1 d d s
I o i
e ey
5 =
© S
b ab a. by
| s 7 5,

:5@‘ Q)\ l 3
& &

ALt #] Diefferntation stage

434kt B Diefferntation stage
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Le, Br, Se, Pe, St, Pi in A are the leaf primordium, bract primordium, sepal primordium, petal primordium, stamen primordium and pistil
primordium of ‘Lihua Fen’ respectively. Le, TBr, TSe, TPe, TSt, TPi, LBr, LSe, LPe, LSt, LPi in B are the leaf primordium, the top
flower bract primordium, top flower sepal primordium, top flower petal primordium, and top flower stamen primordium, top flower pistil
primordium, lateral flower bract primordium, lateral sepal primordium, lateral flower petal primordium, lateral flower stamen primordium,
lateral flower pistil primordium of ‘Zimei Youchun’ respectively. Among them, TPe/LBr means TPe and LBr coincide, TSt/LBr means TSt
and LBr coincide, TPi/LBr means TPi and LBr coincide, TPi/LSe means TPi and LSe coincide, TPi/LPe means TPi and LPe

coincide. The same below.
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Fig. 3 Endogenous hormone contents during the flower bud differentiation process of
Paeonia suffruticosa ‘ Lihua Fen’ (A) and ‘Zimei Youchun’ (B)
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Fig. 4 Endogenous hormones ratios during the flower bud differentiation process of
Paeonia suffruticosa ‘ Lihua Fen’ (A) and ‘Zimei Youchun’ (B)
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FAAEAE PR R BLIEN A6 2 o fbad B h A 2
AN TR R & AR & 3. A TR, ABA  GA, Al
ZR ETE Le & Br BB L F+, Br BBt ABA 2 ZR
Tk K(H, IAA & & FEL; Br & St BB, ABA
FZR &2 B NI GA & AE Br 2 Pe MBI LT
FAAL, Pe 2 Pi BYBORWIRFA &1 F R B
T B, GA L b T i KK, T S R 3 41k
BB GAAE TR K TAA &7 7E Br & Se BBz
AN B3 I A TE 538 Ak B B e DU -5 82 R A1
VLA AL B BRI X TAA AR T REREAIG

5 BUER L, A ML 48 A I ok it
B b RS ME ST BT A E R
(E3:B), Le & TBr i Bt, ABA GA, Ml ZR B9
EIHT R TAA & 2 FEAR, U0 S K 719 ABA |
GAF1 ZR LA SRR T 1Y TAA Al g A F) T 46 25
SR I Bl WA R AR B B B, B TSe &
TPi/LBr B BE, ABA Fll GA, Y& & 5 3B F& A%, T ZR
HTAA RN TR 5 T B, Ud B #ARK
) ABA Fl GA, M3 /K V-1 ZR F TAA Y & & 7]
RE XTI AE S5 3L 20k 1) I st fE R VR H
2IBEFEERFIN

W NIRRT RN (E4) BoR,
CRLAE Ry RN b IR iE R M TAA/GAL 5 (TAA +
ZR)/GA LA AL AL, < BUAER ST
FEAR I B 3, 76 Le BY BE TAA/GA, 5 (IAA+ZR)/
GA, LB 55, 20 9 Ky 8.487 F17.099 , 22 )5 & i %
1% < WhbkiiE s AE DRI R 3L /- fb B TAA/GA, 5
(IAA+ZR)/GA, lL{E# =, TBr By Bt 41K, LBr JE A
B Bt S 2 T, IEAE TSY/LBr B Bk B B, 49
B 13.678 F111.194,

CRLIERY B Le BBt ABA/IAA W {H &%, M
0.865, Br B Bt H: LU {55 J5 XA Se & St B Bt ig
WA, Pi B B H: U AE B 3 T & Rk B i K
(1.537); ‘ Wik H 9 ABA/IAA [LETE Le &
TSe By Bt W 2 T+ i, IF 46 TSe By Bt ik 2] e K (H
(2.305) , 7F LBr JE iU F2 ' ABA/IAA LU AR % ¥
FEAI%, 7€ TPi/LBr By Bz ik ] 5 1K (0.780) , Z J&
VAN =8

BN B ZR/GA, HAE 2 e TH B AR Al AR
fbita# e % Br BYBLHLIE T, 25 Bl A% ; < 1
URIER 19 ZR/GAL LUIEZR AN 5 BLAEHRY #H), Le
% Br B ZR/GA, FU(H B E R AL, Z 5 2l 7t &,
7 TSt/ LBr B Bt HUAE I8 B i KA IS BT TR

3 i

A HBEERWMREENESMIEFOUIES

NG R gy R 2 o A Dl v
Z 5 DR G I B AL | R IR R R AR
JERHE R I B R L I A YR A Ak, — Bk
AL TR B P R A N PR 2E o0 AR 4 i b i, T3
INEFE PRI BB R AR AR S A AR (T
BE,1986) , AWFIEH, AP BRI AL
IR T 7 AW a), et 90 d, 4k RE S A4
R—8 (EFEYL,1986; 52 1E I AL, 1987 ; B4
8.,2014) , A MAEEEFE 5B BRIk eSS 1 =%
¥ A8 ZE AR ] 2 11 AN TRAE D L 2 4y
b AL R 3L 5 o34k, A6 4 R D 3k 43k 5 T A6 i
FELIRIAE , AL 43 1k 3 A 5E B, M 48 T 1R 5 58
R HERS MESESEAERR B Rtk K AW
A HERRARAT B A ST SRR AL ZE A I — BRI

5 RN ML, A DAL 4 P 5 Rl I ok Ui
B 5 BTG 4k (3 AN AT iR ik
Fymtagcch 7 H 18 H. 7 H10 HAM7 A4 H),
R R A AL SR BT LA ¢ = 5000y A bk iie & 46
ZE R DT (C BLAE R 88 d . WhIkiEEC 118
d. =5 120 d) . =ERR 4RSS B4
PHIE S 2 28 Ja A, ML A BEAS 1N ¢ bk iE R A
WA PR AR REN AR R R R,
s B2 AL B & A ML TR IR ARG
32 HAEERMEBMNERMEFHULRIER
3.2.1 ABA 580 F iy £ 2 FEAE 04k
EAR I, BP L 2 A R SR Y B, ¢ W uRiE R A
‘RPN AEZE T ABA S ETHE AR R,
5®K% ( Chrysanthemum morifolium) * # 5 W 57 4%
AL (VS BRI A B XL, 2011) |, AT BE & A Ay
ABA [ sk B ZE, R EAEZE P LR . FE Br B
H1 ABA ik Bl ik, UBIAE ZE YR ABA (R
RAMTAFHEZE e 8h . TSR (2016) Jif
FHANIE ABA 215 1 75 % 2% (Vanilla planifolia) F4E
ZEAMEER ) IR EE AR (2019) TIF S F v v vk B (Y
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ABA 5 F| T Z M2 ( Lycoris aurea) 1€ % 431k, [A)
B, Wbk AL S Tk 6 3, B 48 81 R i R
AR I ABA SRR S W] AL 2 th Bk P
1) ABA A FI T 4L PHI AL 40 JR 3

322 ZR SR F i Xk 2 LY
SHALHET ZR & & T, 4B 2F AR A BT AR, dn gy
#%¢ ( Litchi chinensis) ( Chen, 2007 ) ; {H 1 — 2844
WAEZE A ZR & 8%, J5 KiE$e &, ik
Ja W e TR R A, i B AL SR (Ficus carica) (%
SPIVEEE ,2007) F&ELLAE ( Crocus sativus ) ( TR A5
2018) . H &L ( Gfycyrrhiza uralensis) ( Yan et al.,
2019) . [FIWF, JEHEEAR A (2021) HEFE R BT, 8 7
Rk BE ) ZR A R T [ A 55 (Lycoris chinensis ) 46
Fordk; ZERTPEmOKFER ZR AR T E B
( Hemerocallis) {645 B IR0 S @ (B EIEF,
2021) . ABEFEH, ML 2 4 R R R B, ¢ bk
WEds A AUk AL 2Fh ZR ST, SE A
B T 2L H B AEAE Y ISR 25 AR AL, 150 W
W2 & a ) ZR A R TS shat P A 2 o A
MARE . IR MG R I 5L o ih 1, ZR
SN, HEWAE ZE P B s KT ZR AT REA AT
TP AR S A4S B

3.2.3 GA, 58 F o ets % 2 JEAE LR
I BKAS oy it N TR GAL B i B T
2 2 AL 5 i A B (AR PR R, 2011 )
ARG, iR A R R R B, ¢ I IR AN
CRUIERY AEZE GA E R TR, B IR (2008)
R R H B HL 2R AN GAREfE #E Bk
o CME R F R, TR PR ZF 1Y AR H gy
BB, GA NI ) 4 2F 12 i, [ 48 28 GA, &
R R R ATk, B IRER T AR
SRR YT, GA, & 5 SRR e, 400 48 2F b &
IR GA A F T4 PHIU A 55 )5 3

3.2.4 TAA 5HARF 5Lt X 7 FEREF SR
LRI, BhIRUE AR A BUERD T AL ZE D TAA 5 R
ik, TR 55 (2018) WFFE R W, 48 2F P K- 1Y
IAA G R TP FLLALEZ ik, Ul A 2R I
Y TAA AR T 0a shat PHR AL 2R 5340 el 4T P48
RO AW TR SRR TAA S TAA AAE ZF m] i
sk AR TAA S RFEAR, < BhIRIER MIME
ARG I TAA SRR B8 2F rh 3 = 7K1
TAA AT REA A T4 HI AL SR 51

325 ARBEFHERRF X FR HDIE
TR AR 32 B — PR PR A A2 R TR A B A

FRO52 W, T 5 B9 ABA/GA A Fl T 43 7% ( Lycoris
radiata) ( £ 7 4, 2008 ) . % W H ( Siraitia
grosvenorii) ( R A B 25 2015) 4% 38 7% 2 ( Prunus
domestica X armeniaca ‘ Fengweimeigui’ ) ( 5 15
% ,2015) MAEZFIE S 04k B 9 ABA/TAA A #|
FTH/ELAL . BEA (P. armeniaca var. glabra) |5
TE AT (AL 25 50 A0 RN 25 2 13 (V3 BRI A B XL,
2011 ; BTARER R LA - BT 22 55, 2015 ; 9k iy B¢
45,2018 ;0438 55 ,2020) ; AR TAA/GA, A FF
BAE WAL ZE 8 B (4 W B %, 2015) s R m 1
ZR/GAFI (TAA+ZR) /GA A FI) T8 B AL 28 B
KA (FEEE,2021) , AW, i 5516
AL B, BRI (FR TG A i
AL A BLAE K AEZF P B TAA/GA, | (TAA+
ZR)/GA,, ZR/GA, It 1H ¥ K& K, ABA/IAA
ABA/GA IWE T, VWAL 2F IR 1Y TAA/GA, |
(TAA+ZR)/GA, . ZR/GA, L {E FIHE 5 ) ABA/TAA |
ABA/GA, FL{EERA A T4t P+ 57 AR K 5 1) A B
AR SHETAFIR S RAR L, ZEMIAE 2 fh ke 4R 1
WEIRIER AL 9 TAA/GA, . (TAA+ZR) /GA, .
ZR/GA WWAEI T i, FE A6 A R I 601 B 40 ] 3k
B K ; ABA/IAA ABA/GA , HAE AE N A6 45 F i i
TE AL R v 328 W B ALG, 76 00 A6 2 1 i 3 T 1 1) i
JE BT BRI EAR, Z S5 T, BT Y TAA/GA, |
(TAA+ZR)/GA, ZR/GA, FLIE MK ABA/TAA |
ABA/GA, LLAE#S A F T4t PHI A8 5 5 1 a2
33 EMEHASMERKIEHEAEM

FEFR B IR A PR R A AR HLAR R 0
B NFEAT BUAHT AR — 2 (B SES MD
2021066) M4F 40k Bt H 1 ~2 fll4E, 1 < Mk
KB IROWUE T (B k45 MD 2021055) Fi ¢ I
TRIRFR (B S5 MD 2021056 ) 25 5 Bl 48 B i 1t
Wb — W g, ARk B N E A I 2k 4 38 B
T S R T W LR TRl 7 N < Sl V) = N S
AMRERIMAERE , b skl K2 TR FEANF
WA AR E BB AL [ AR SR LD AR B AL S
20090005 , A A L4 ) ( Paeonia delavayi) x5 3t
HFF(P. rockii) |, HERAEHI VT 3K 20 d; C /NF L
[AEH8 (0, 357 & FP AL S 20140077, 26 AR N B 4 )
(P. lutea) X JZHEE> (P. suffruticosa ‘ Cengzhong
Xiao™ ) ], FARAEI] 15 d H & MOk BR 5L #E )
uhi O ok [ (AR A, BT A AL
20170139, 354 A S 4E P x B i 4k PF (P quii) ] .
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