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Secondary Branches Development of Paeonia ludlowii

YUAN Tao’, CHEN Tingqiao , and TANG Ying

(School of Landscape Architecture, Beijing Forestry University, National Engineering Research Center for Floriculture,
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Abstract: Branches development of Peaonia ludlowii was observed in Nyingchi, Tibet and Henan
Paeoniaceae Ex-situ Conservation Center. The results showed that: it developed secondary branches
around florescence in spring, the bud-above-part of the secondary branches would not dried in autumn,
which is one of the characteristics that distinguishes it from other species and cultivars of Paeonia Sect.
Moutan. The terminal buds on secondary branches differentiated into composite buds with floral
primordium, leaf primordium and axillary primordium. A composite buds takes 3-annual cycles from the
beginning of differentiation to blossoms and frucitification, about 17 - 20 months actually. The secondary
branches development and the terminal buds differentiation were synchronized with the follicles,
simultaneously increased the canopy height. The not-excavated-harvest was beneficial to branches
regeneration.
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(ZF, 2015 EHMW 5, 2015; EENN 55, 20165 274 4, 2017). 20 4R 21 tHLyIk
PRSI F S (Hong, 1997; 42543k %, 1998: Hong & Pan, 2005), Hu¥f oAt —35
i T &%, 2017 5KIBEGR 5%, 2017), HAEH N B SEHEEAT gl il (B35 58, 1995;
£, 2009). A RKIEHEEPHEAE TR ORE, 2007; #/hMK %, 2007; Luo et al., 2011) X
ZFEME (Wangetal,, 2012; F %, 2016; Zhangetal,, 2018). FhEFAZY (B, 2010). EFF
B KN (BEFE7, 2005; Li & Wang, 2019) WA E 18 S HARBR 38 B B BEE 2 A1 GRIE 2%,
2020) 77 T 7 A Rk

R R B R RACTHSFAE 45 e fg3Ent, 51R . YL FUEIEH . AW 7T B 75 M0 70K
T PHE 26 R B e R AR S A piad, L IE R R #E R 58 . R EF S AR S5,

[ VL SRS DARES

2006—2007 4 A 2019 FERK T P bR 22 1 X IR 2 A6 B0 P11 A o e v i o B A S
HRZH X )\ —8D AR, RN BEATZRRT AR ot (BUR iR R 3 i)
KRACE PR, B RREARE: (D 2Py O\—8EKEAMHARL 4 km), 29°2021.9"N,
94°22'35.8"E, J3Af X M 0.3 hm®, 4K 2 940 m, IAr T, P 200, Badk, LBk, 1Lk
Bt () MEZHIAFER (LUNEFRMRZNE7), @A 75 (2019 FE/0; (3) Lok, KkE
MR E SN, MEEEEM, #3260 m, 29°929.1"N, 94°13'17.7"E, dt¥f, v+ NTE, 4)
M2 KEG 2 # e TTREA AT AR, 29°29'59.0"N, 94°37'1"E, 4K 3 044 m.

MZHIX kit Wit (W, 20100, FHMRN% 17189 h, F¥iR 8.2 C, P H
B 11.8°C, A¥EmE 154 °C, RMKE 3.4°C, > 10 CHIE 2180 'C, #F4E 154d; Mk i
28.8 °C, MWifliRiE - 15.8 °C, 4EME/KE 6751 mm, LHEM 121d, ¥IFE 10 H 14 H, XFHEs5 A 16
H.

R oY A, W 1300 m, R 12 C, FEHMEE2103 h, eI 35 C,
% - 10 'C, A¥EEiR 30 'C, ABRIGE 7.4 C, HERE/KE 800~ 1000 mm, FXTHEEIE 60%,
AR B TR RS, o 198 d.

RN SR 5 ANbRiEd, MHIERK/NE 5 ~ 10 BRbRrdERR, THEZHM. KEEMM LR/
BEHIAEE L. AR IR K. B, gt B8, SRETE. 452 8%. 2 0
JEFERIFAERRAS 2 30 Bk, MR 2 B R ek

2007 4F 9 H K% 2019 4 9—10 A, TEVRA fiE HIUR & W i) 0B R B g, Ik
ZF%, FAA (70%Z. 0% 90 mL, VKEEER S mL, HE SmL) [H2, 4 CHAF. WEANX DS (Leica
DFC500) W%, . ForFE A WkE B B K S, WG S AT, mie 4B, HiZ HUS-5IB.
S-3400N II {4 T WA 52, 4L

Photoshop CC2018 # AL, WPS Office 2019 B Ed 48 it S P9 ME 5 .

2 RS0

21 ZRBEESHMH
FE, RACEMFHELE. B K. JHe, S SHENEE, LIELEE (F1, A),
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Bt S ST R RET CESE8E, 1986). RSN AT RIL, 1 ~ 4 A Rsgsent A ATZE (2
1, B@) M ZAHAEE R A (B 1, BO+@+G) L. SHEFMMINHIE I AR A NS &
LI E R 2 EAERE I, D AERTRT RT3 . R ETR, R k. BRI R RLRAY”
3 BOULEE, X R TR O R SE AL AL, SEITTIL 1 ~ 3 AMERE (B 1, O Fik
AR (B 1, C Dy F)o MERTFEMBA TR, JURE k3.

B i AL RO e 5h, KAE TR P IOTE 2 R OB A T b R A B R TIF, %0905
SMCFIESE (B 1, C o ABP FiR), NEATESE, MRS IR AE R IOHCR, (R
PP — OB B W AR R 7 A 3 . L T B AR — Vo R B e, B TBIR, U T3 e
HAME, CURET B — R . X AR (1995) BRI ATE S PE—4E A B 2RI
RIS BRI R,

O0kV 28.5mm x14 S

1 KEBRHARFLRS
A: BFIFER (2006 4 4 AMEHIAFER); B: LA (2007 4 9 AMEZRMEILTTA); C~F: B @IITIEF NERLEH (2019 4 10 ).
©: K @: HiF, BRKEAD: @: iRB LM @: ATFN U ©: 48R T, TFB: T{L#, KEHFKE R
LFB: fl{£%, UFEFRKE RN ABP: MEEGFNIIBEEE, KERKENO. @: FP: 5 1 RACIIRE,
SP: G 2 BEAEIMIREE; S MEESIREE; G: LRJREE.
Fig.1 Development of branch and bud of Paconia ludlowii
A shows the flowering branch in spring (April 2006, southwest to the Nyingchi Airport); B shows the fruiting branch in autumn (September 2007,
Zhagonggou, Milin County, Nyingchi); C - F show terminal buds on B@ (C, D, F: October2019) .(@D: Axillae; @: New shoots, which
will develop into @; : The upper part of fruiting branch; @: Secondary branch with top bud; & The lower part of the fruiting branch.
TFB: Top flower bud, developed into top flower in next spring; LFB: Lateral flower bud, developed into lateral flower in next spring;
ABP: Axillary bud primordium differentiated in autumn inside composite bud, developed into @ and @ in the next year;

FP: First petal primordium; SP: Second petal primordium; S: Stamen primordium; G: Garpel primordium.
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RAETHE ST — IR NI RREITTAE DI 3 NEEFIY, WA IRCEE RS, R AT E—E R =ik
BTREE N A RIS, AR5 —EF. DMEM— 8K U T N BMRE 5 28, XA RHRERAE
A CRIEE 1 ANMERD S 1 ~ 3 ANMERTE . AT — AU I . R4
BEFHNGE 2 NMERW, TS SLR RN, 5 AR R B AR R, B % IR BT 2R 77
WA T AU IR IR B S 4. AR5 3 MR, T AP L. 45SL)n 45
RHA A A 7 AU SR SRR R kb, LT o (A 2F 7 —ARRER B2k, SO R

LAWY, e S . LR b 9 AAEEF MBS R . R IRFIE B S 3 ANE T L,
&2y 17 ~20 M H, WIEFER KBRS (R D.
HERIEME A (1987) MIMSEERAR, KRAETHFHIE 1 AT AUMCEE AR BHEFTE U

et BEER, PRI HCRIEHI IR %2 1 IR B . KRB SRERE . EEFMLFD.
X R RN KA B SR, @ BB ER
®1 AERHAFM_REHELERH
Table 1 Bud and secondary branch development cycle of Paeonia ludlowii
HF AR WA F24E 3 4F W4
Generations of buds The first year The second year The third year The fourth year

B (BGH)
Initial bud
(composite bud)

TR (D
First generation bud
(vegetative bud)

TR (BEH
Second generation
bud (composite bud)

TG R

Third generation bud
(axillary bud

primordium)

PR 6
Fourth generation
bud (composite bud)

TR (WEFR

)

Fifth generation bud
(axillary bud

primordium)

TR (ZEZ
Second generation
bud (composite bud)

FERR, KE R
P53

Germinated earliest in
spring, developed into
flowers/fruit branches

TR AL, RIS R B
B

Germinated around
florescence at flower branch
axils, developed into
secondary branches
ZRBT, BT
1, B~D)

Formed on secondary
branches top, developed in
autumn (Fig. 1, B-D)

T AEE N IR AL, K
FM (K 1,C.D ' ABP)
Formed at the base of leaf
primordium inside second
bud in autumn (ABP in
Fig.1, C, D)

BRERR, TR
Rt

Germinated earliest in
spring, developed into
flowers/fruit branche

TR IAL, EIRTERE
B

Germinated around
florescence at flower branch
axils, developed into
secondary branches
TRBT, KT (A
1, B~D)

Formed on secondary
branches top, developed in
autumn (Fig. 1, B-D)
TVUAREE N it JE R b, K
FH (E1, ¢, DHY
ABP)

Formed at the base of leaf
primordium inside second
bud in autumn (ABP in
Fig.1, C, D)

BRI, KH R
G253

Germinated earliest in
spring, developed into
flowers/fruit branches

AR RE AL, FESAHT
JE R B IR
Germinated around
florescence at flower branch
axils, developed into
secondary branches

TR T, KRR (A
1, B~D)

Formed on secondary
branches top, developed in
autumn (Fig.1, B-D)

HBEE KB, KH
HRAER KA

Germinated earliest in
spring, developed into
flowers/fruit branches
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NS FE DT 1A I, IR AR T A TR S A A K38 S (3R 2D #K
TN TTARR 3 J s (B 1, B): @NIFERL RS, SREL—EEAEL, BIEKEN
— R ARSI A VR s @ IRE: ©FFERC R, AR, H5@ILFEAFL, @G
RREFMN .. ARAE SRS EAME IR R EROAR, X2, £ 3.

F2 BoR, HLTTHERCIREIR BRI, BE. B Bl R B ERTS, TeRR B BT .
XEVF S TTE NOBIIR D, NSRRI SRRy A % FLoTIA AL T T 15 AL Sty L TE]
BEKBEG, BESHTE, KOTRAR, AR, BAEY KL, JUHZ)ES WL (Quercus
aquifoliodes)~ YetZ#k (Prunus mira) WiFGIEMK (Sorbus rehderiana)~ X AR (Acer caesium ssp.
giraldii) BT (Rosa spp.) S5 TF REAAE H G 52 Wi & 3 IR IG BRI, 5o %8 1K) J2 1) 45 4 o A )
TRFFZ SR . AHEC A s ™ B 20 TAkdg . RZHL 54, Lot s AR T RAE S A ik
BEE -

F2 BFRERKERHA—RBLH

Table 2 The Secondary branches development of Paeonia ludlowii in different sites

— K/ecm  Length Ef#/cm Diameter I — VR SR A%
T SEHIME N SEIME KAl Leaf Proportion of fruit branches

Investigation site

Average longest Average longest number 1 2 >3
2. Mk 3% Hongwei forest farm 7.56 11.10 0.94 1.20 0~4 79.0 5.8 152
MZHIHH Nyingchi Airport 7.07 7.50 1.03 0.80 0~5 572 18.1 24.7
FL 1174 Zhagonggou 18.55 24.00 0.96 1.40 0~4 20.0 64.6 84.6
K3 £ Mirui Township 5.04 19.00 0.66 1.64 0~5 12.5 71.5 10.0
e i ZE A T Tibet ecology institute 5.92 8.00 0.76 1.20 0~3 94.0 1.6 4.4
IR L 3.28 2431 0.57 1.52 0~4 60.0 40.0 0

The ex-situ conservation centre

VE: BT 1 em FAAARTEA.

Note: The secondary branches shorter than 1 cm were not included.

M 3T, B8 1 AL IR BE KRR, R RE IR EE AR AR o

®3 RKUERHARE LTRMAEN XL TR

Table 3 Secondary branches development at different positions in fruit branches

T
P fir it Bekem  BoMem  DCCHIMAR

. . .. X Number of leaves
Investigation site Position Length Diameter

per branch
WZN 167 F 25 1 M-igiAk The first axillae under florence 132 1.1 5.6
Nyingchi Ariport 167 T 25 2 Mg Ak The second axillae under florence 8.3 0.7 4.4
Eiwaa] 7 F 2 1 iR Ak The first axillae under florence 17.8 1.2 6.2
Zhagonggou 167 F 55 2 Mg id The second axillae under florence 13.3 0.9 4.1
167 F 26 3 M4k The third axillae under florence 32 0.4 1.9

22 TAREMEESERNEN

KAETAH PR R R, S ZEEPE LI, B& MM LT S km 50%. A2 X
T SHAEBEOHED, fGER™E. 2006 05 IR L5170 5/ A I AR 200 #RET AR
WEET, EH2EREHE, HEEVFHERKMN 11 ecm, HHK 22 cm, MK 15 cm, “FHHkE
1.90 m, &EEFE 1.05 m, FEBZEFRE 55.3%. KENFERFHK 3.4 cm, AR 5K
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29.1 cm. 18.7 cm, AbT7fE TH#E, WERRIREIEIAE . Mty — R 7.64 cm, £ B A0
AR 73008 38.64 24.3 em, T2 B, K& RL, SFEHEIEMN, T 143 m, TFRHE
38.1%, HLHEFETE (K4,

KACE ST —RBUR B IEE MY A K BE R 1, e 78 % MR BEME 2 5,
BEAR T BT, BRI RO, et TR FEE R R IR

TRE R R AP T B R B, IR RS R KW . R % it
Wi R A ER A, AT, EHARE . BRI ZAINIE, &SRR SRt —.

R4 KAEEHASUEERENRETBEREME

Table 4 The height of canopy and baldness rate in spring and autumn of Paeonia ludlowii

AT A jitJ2F/m  Height of canopy 5% /% Baldness rate
Investigation site %2 Spring K ZE Autumn %2 Spring K ZE Autumn
41 P #k3%) Hongwei Forestfarm 0.97 1.35 452 40.9

M Z ML Nyingchi Airport 1.12 1.40 40.4 383

#1514 Zhagonggou 1.26 1.67 46.4 38.1

23 BARMRFLX BRI

2L AR AR Z M7 5 Ak W 55 ] K AE S AL PR AR IR, B 2% 2678 30 ~ 40 em ALHEARAR, PRI
A ILEERCR - BRARAE IR A R AR R BB, 5 RIS PR B AR A PR B BE R EE R 5.
AR B BERC RO AR B A T B AR B BER . BRARA A TR R B, T RIS A 3 2 oo
Bo BT RACTALST H AR T OBUR T 5858, VR E YONFEZEIEIRERIZHTSE T, B e SEm A AT 78
TS B R SR

£S5 KERHARKEASRAREGERYSFEEFRENERRR

Table 5 Comparison of current basal shoots between felled plants and un-felled plants

Mo TRASAE PR 1 B ARARAE K 1 B A
Investigation site Basal shoots on felled plants Basal shoots on un-felled plants
K/cm Length #/cm Diameter #{& Amount £/cm Length fHl/cm Diameter % Amount
ALY 7S] 125.2 1.46 7.2 78.3 0.79 2.1
Hongwei Forestry Farm
WEHL 119.8 1.34 6.4 80.3 0.86 2.6
Nyingchi Airport

2.4 FFIEFLS

WE RN, KRACEA AR B RS BN SR KT 3 m MR, JHER TR 40
Ao VE IR R S AR A BRI 2R ) B AR A O R IEFR Y TR L ANVRUR ST, KR L R BE A,
Bt 4 ~ 5 FEFRITHAE, EIAL, 3B 1 ORI 6 AR, AR (1995) il
B 1~3 4, HIHE 1 ~2 FE i NERAEIA, 7 ~ 12 98 FZIFAREE AR o B 12 DL AR D,
T RG 2R ) I M ORGP o KRR B P B IR ZERZ 26, 90% A EANE 12 A0S, 4D 12 AR08 2 A
K EARTE T B NS, BRI BE AR R R A, PR AR
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3 Wi

3.1 MABRHAERFIRLBUR

TREUPREIRE, e AR — b AR R SR (R TE, 201200 KRAETHEPF IR I 2 I
T EITFAETIN 3 ANER, X — i SR PHE A 2 1A A AL (B2 BRI A A, 1987).
{ERAET A PR o AR AE T B 000, AE R, B AR B AR L S5 R 2 i i () &
HF o LA GRS R KR B P TR S R ARG, HREIRE RIF, Uiiix—
REBUGFE. mfE. IRERE RiF HAE 2 0k, wig k. wEm, %, WE R
it

EFHEA T B A AN A B A B, XN R RAEE A PR R A IR . I HL AR
PO IES P (Paeonia delavayi, NI EAE, 51 HFEIIL) #HMEMK, NE ST L K
TER KL, SR B R AL T e, et 1848, ERSHESME. XML S HEY b
BT A S5 e A PHRE R S B0 5% DAHONBEARF N HEEBIRL DB Ml s 20090005, A4
RNEBEHTY (P orockii) 1EZETCAARS,, ANEJGR TR RE, —IREEKEKR, IR,
EMtay, e, 168, EWALENL, TN XA AEHEEY, Hra %5
BIH B . T WA RIS RACT PR i B A Bt 2

IEHL AR A AR I S — R AL S (5 B . i, PR DAL JE
KRG R OACEA PR B R E « WZ I\ ER R ] WL SR A6 EE T (R dE
KHE), A REH TR RA TR, 525 (1999) MIIRIERML. FKZEh T 254G /D BRI
BUNFRR. MERZP T WIBFR G ZF, IREGFEAIMO R AT, ToiR A ZF 15 7 WAL
%, SPREMEGAREEPIE E CREORAE” IMGAHIR. RRIE RAETH PR R,
TEEA P R BA IR B M RIE TRV .

Fo (2007) XL T CHRABLL A IRIFAESFE ‘Hign Noon” [AEZF /-GG INR, BEAEPF A4 Fl
SRR . — 0 R AE EA AR T R IR B A A A i, B kAR S,
H PR, AR, RN 2 4 KIEEH P B S 2 68, Bl TEE
FNMCEEIRES, A AN 34, H ARG — MR A kR, BN R #ERTE
RS O AR KRR R IR A E KB ER, AR E R, 55— “ %M
oo EL LA O RRAEZE, B T AR A AT R, A ERE IR, HOREARIRYE, 04k 58 iifa RIA:
KIAE” (EZ, 2007), XEMKSHAR EEHIMLA Bk {5 ‘Hign Noon” ) IRk
OB 2 B, Rk, REPHEN BRAESS, HalEASKEA, WEME—K, B &
(ETIPN

HFEAEFE CFERKLL (XA “RP 227D, Bkt FBHRT (MFERS MD 20170400, ‘FHE
KN CRApE S5 MD 20170300 &5 945 A K7 I 27 ERK 2R R Rt 9F — P E, TR A KK,
RIFWFEENL, REFEEEBI LR HPHZR oS 5 IR n] WA ZFssh ks, wHsAk 74t
iz

IR T RBUR B BN AR S R A T RN, KAE I R R B A M
ghifr AFLP g R (G, 1998) FIZEFEIREE (1995) WIMEE, SCREHAENFIR 0 IHAT .
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32 ZRBHRFLEENX

HAR T ROR B RS SR B, nTRSEDIT R4S 5. %0k (XISEEE 45, 2016; XINL5E,
2018). H (AR 25, 2013; B3R 2%, 2018) SHHMIBIA k. FITAZHE — B Al B 2 BHE
FelA K, PR AR A R AR (XS5, 2018). AN [E] — VR &I RS AL A BE % 1 A T+
EMI> BB 25, 2018), A ALHA 2F e AL & ok s o 3 #0 ) —p 2K (A58 %5, 2013) 5 7
U, 255 L3 YOI R B R R BTAER, — I IFAE 5 IR, 161 100 ~ 120 d (FhBEHE %5, 2016).

UK BT INRAEE AL SRR R m P, (H S P AR A L, R B A B S R
Fe, H kb BARZE LRI . FEIE MRS O, BRERER A AR I AT, G4E 12 HE
A 1 ARSI ZE . L PER T 20 e KIS PHERF AN EAT M — 70 (i = &,
1997). HEZ MG I KIET T, BEWA AL L EHT AFRSTFE TR S, &55
ok SRR BRI . AR ZE S A AR AN B BRI G FERIF T W00 S5 7= R 5| A A 26 R &
FIEZE S W IR BRRI SE A A B, 458 IR B USO8 4% 4 0 - 38 IR 7 S5 R i
BRI, I RIE B P b R BAEAT 24 @A FHH 2R S AL T 1 2 R 51 Ah A rp 5 T 3248 P SR
IR B FE i,  FTVE NIRANHIF 7T A 25 R0 7 17
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