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Abstract: The relationship between the differentiation process of hydrangea buds and the natural ambient
temperature was explored, and the changes in main physiological biochemistry indexes during the flower-
ing process were revealed in this study. Hydrangea macrophylla ‘Hot Red’ was used as the test material.
The process of flower bud differentiation was observed by stereomicroscope and scanning electron mi-
croscope, and the inflorescence induction model was used to calculate the chilling requirement at each
stage under natural environment in Shanghai. The contents of gibberellin A3 (GA,), zeatin (ZT), abscisic
acid (ABA), indole-3-acetic acid (IAA), soluble sugar, and soluble protein were determined during the differ-
entiation process. The results show that hydrangea flower bud differentiation goes through 7 stages, in-
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cluding the undifferentiated stage, flower bud expanding stage, initial stage of meristem differentiation,
middle stage of meristem differentiation, final stage of meristem differentiation, floral primordium forma-
tion stage, and floral organ formation stage. The chilling requirement from the initiation of flower bud dif-
ferentiation to floral organ formation stage is up to 12 887.88°C-h™". The differentiation of inflorescent
meristem is a highly ordered process, which is always based on the reproduction of the elementary model
featured as the multiplication factor of 3. The continuation of these divisions leads to an increasing and
exponential number of meristematic domes, and then enters the floral primordium formation stage. The
differentiation stage of meristem is the key period for the change of phytohormones and nutrient sub-
stances in hydrangea. The higher ABA/GA; and ABA/IAA ratios in leaves and buds are beneficial to the dif-
ferentiation of hydrangea floral meristem and the formation of inflorescence branches. The accumulation
of soluble sugar and the consumption of soluble protein in leaves are beneficial to the formation of flower
buds and achieve the effect of promoting flowering.
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Fig. 1 Flower bud differentiation stages of H. macrophylla ‘Hot Red’' observed with a stereomicroscope
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meristem): & Fc o4 414%; im (inflorescent meristem): 85 54 204%; fm (floral meristem): f&4~ 2 284%; fp (foliar primordia):
ot B 3k £ (floret): N f6; s (sepal): 2 f; E2F sb. A & put] R A~C: 100 um; D~G: 200 pm; H#=I: 500 um.
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Fig. 2 Flower bud differentiation stages of H. macrophylla ‘Hot Red’ observed with scanning electron microscopy
A: stage 1, kb d; B: stage 2, & K &1 K; C: stage 3, 3N 2L T p&; D: stage 4, 904 2R ax,; E: stage 5, K
oA R, F: stage 6, 6B E451b; G: stage 7, L B EH R, ZHREATIL. B+ b4 RAFB: 100 um, C~E: 200 um,
F~G: 500 pm.,
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Fig. 3 Flower bud differentiation stages of H. macrophylla ‘Hot Red’ (A) and environment temperature (B)
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Table 1 Chilling requirement of H. macrophylla ‘Hot Red’ at different stages of flower bud differentiation
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Fig. 4 The content of phytohormones of H. macrophylla ‘Hot Red'’ in flower bud differentiation

8 ETH#SS, 11 723 H (AR H LR )ik
Bl KAE; 1 A IAAS =4 R S TR, A
S HEB AR, Bk 2 TRERA, fE12H
3H (9 AR W) I8 B AR 1.64 pgrg !
(FW)J5, fE12 718 H (48 5 5 73 A0 0) = ) B k(&
4-B).

GER KL HEZT S BB RS ETHE T
P fry#a 3, 1£64.03~70.85 ng-g ' (FW)J B 4 3 5,
TE AL H3H—11H23H) BT E &

KAH, FEAEFFE R IR B KT, Bl G 2N B,
W ZT 8 & % I B35 i T A6 38, Bl A 16 28 o0 fadk
FEMHEE SR 2 T B # A (E4-0).

FER KL TEZEGAFT B R W IR, B JBE
JaTt, RGN G X BT, fE1MH23H (444
AU AR IR RIS, 7211 A3H (AU 01k
WIHA)FN12 H 28 H (1 J5 7 4040 1) 70 31l H B AN 45
J&; I GA, & AR A SIAA & R AL,k
BN, fE12 730 (O EH R R M)A




WA FERAE T 0 AR b 75 v B S AR B AR A AR RFAE

563

FfRAR{E89.48 ng-g ' (FW)J&, fE12 1 18 H (1¢ J5i %
oA 2Rl TH(E4-D).
232 EYEREEENTL

GEER KL T ZE I B (1 ABA/GA, LB 7E
63.05~74.56JuH N, 1G4 = T ABA/TAA. ZT/GA;.
ZTNAAR AR . FEREN AR H A, A6 5
ABA/GA; LUAH bR R B K, AR5 AR H 2R
SHCRIA(II H23 H) T 2 5k 68.28, HE1E(L
JRE AR 28 B TR O 2 BT ss . iy
ABA/GA,[FIFETE 3 AR H R AL KW R B 5 L TF,
(BFERE N R I AL 5 2R T B (EI5-A).

GRER KL T ABA/TAATR LA 26 90 R 58 |
Tha R R, £ EH b (11 A 13H)
LB IE(HA.86f5 T B, 4ERFAERACK T, it T ABA/
TAA A BARAIC T 16258, HARNEH S5ABA/GA,
AR, 25T G B R 4 ((E5-B).

GEER KL EZF ZTIGA B A A 28
A, R AR E T (11 A 3 B AL Ji 5

A s

75

70 E‘\\ ,"

ABA/GA,

65 =

60
10-14 10-24 11-03 11-13 11-23 12-03 12-18 12-28 01-07

SRR
C iop
—o— WMth  --A-- FEEF
< Y
SN S SN
AT Ty 1
1 1 1 1 1 1 1 1

0.6
10-14 10-24 11-03 11-13 11-23 12-03 12-18 12-28 01-07
KAERT[E)

ZT/IAA

SHAEIA(12 H 28 H )ik B2 ANEAE; i ZT/GA LU E
AR TG, RS ERGES, 1E4E R
SHACI(12 A3 H) Fe B L 311645 0.93 (K15-C).

GRER KL AR HEZT/IAA HABTE 5% LA 1 &),
TeF LUAEAE 73 AR A AT AL F 3 H )IA B
0.047, HJ5 2 N3 T ZT/IAA HGAE 1)
A IS ZT/GA AL, [RIFEAEAE AL 57 55 73 10 3
(123 H)ik 315 0.051 (&]5-D).

24 HAEFYREENNTTL

GFER KA IR R B G, WATE T B
MR Bk AL G B R AR DUE H(E6-A), T
W E BB R, o A A R A
23H)EE NI, X B AK{E32.61 mg-g ' (FW).
T TENE B BE A B 2 2 R A
e HPLE S A Lt 3, 9107.26 mg-g !
(FW). HEl6-Bul A1, RIS H & 2R 2 it
TR, Sk R A —F—TrES, o R A
oA A L R R R K (E3.88 mg-g | (FW), 1E4)

50

4.5-5\\\%____.;"'/ i} “““ b

4.0

ABA/IAA

3.5

30—l 1 1 1 1 1 1 1 |
10-14 10-24 11-03 11-13 11-23 12-03 12-18 12-28 01-07

SRAERTIE]

0.055

—o- MK - F

0.050 f=

0.045

10-14 10-24 11-03 11-13 11-23 12-03 12-18 12-28 01-07
KA E]

ES SEk Ko WHEPEMESEILE

Fig.

5 The ratio of phytohormones contents of H. macrophylla ‘Hot Red’ in flower bud differentiation
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2K &5 (stage 5)FAE 28 B K (stage 7) 0 75
A N9 763.08°C-h !, BIZE M 21 4¢ 25 4 4 i3k N
stage SHYBCE, TE4°CYA FE i B 4 7 47 T TR AR AR
BEATHEAE . (HNordli%(2011) & IS5 BRIEAEZF 4040
BRI B (stage 2)HE NV FE G AR I FE T AR R L,
B AATIRETE AL, HEMSEBRAE 2 7T Re e IR AL
FUE WAL B B e s RF 40 1k, 16 8 R/ AL
Bl RARIR TR A ZE v e, Bk nr g — Bt ot
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ANTRN X8 AN [ i b 5 BRAE il A % A8 ik B2 IR
T T VA B, 1L 4 A0 R T (] (1) [ I 4 w5 s A ot ot
3.2 B KL RE ST EIEYH RN T

TEAE 2 A N AR A AR 25 AL A,
NP, RS S NEEFR, AR
Bk K Z0TE0H 14 HD A T A LM, 2 )5
BIAbFIEAS AL By e ABASZE —FE A A D) 34
=, FEA T TARIRRS A Z v 8 B .
Garcia-Pallas %5 (2001) 7E 1 #k (Prunus persica var.
nectarina){¢. 58 5 LI IE 5T F R BN, A2 B IABA
TR EIE, EANTER SIS, ABAS B
R, AR AR T F; Goldschmidt (1984)1A Jy1&
TR NABATEAL R I /AL Bl AR I EH . At
FLA I T AL a3y, G5k K418 2F ABA
TEAE S EH LA TR R AR R 2
T+, HELP SRR, RS E N ABA(ERE T K
AR SR I Ak, AR T 62 WA FE 534 1)
WA, T FrABA S E 1A LS 51
R — B, WA B SR, AT REE tH TABAG K
AL, Z JEa BIAEEE, HIL T I A &R

TAAXS FAC AR AE FHAFE S T RA4RSE
(2002)%t KAk (Prunus avium)Wh 78 K I, 1E16 2
SO ETEFIAA G B T BT, NS
BB, 658 & A B B, (EARR AR T
R, A R KPR AR I B R 4
BROKLD R T HPAR AR A S, TEFTAAS BAE
RIS BERR(I0H 14H), Hj5 2 EFHES,
HAETFIAA G EIGZAR T 1 Fr, RWITAAX F5 Bk 4L
AR HIAE A o

ZTXAE T AR #E A, REE 4T Bl AR K AR
() Tt P10 3, A T iy 248 i 43 R N o AR AL 2R (F
WP EE2014) . GEERCKAIEHFRIZT & BN
2o A0 A 2 R IR BE KR, A B B AR
HIKE TR i, RPZTReAL S 2k AR 2
LU AT, (R RAE. AN BRI R ZT & &
AR BN PR, v R R S A 2 A ZT I FE
B2, WAl RER ZT A AR B8 B ) o e i 3 24,
FELZ P I I (R A oy R AR

GA, 2 B RACHD G R, (AAE A B 714
) T3 A A A2 (1) SCH I, AN A FEAIGAS &

A FAARF (FESL 5 %52021) 0 AP AN k4’
TEEGAL T B A H R A W AR JH 2 2 1k
WG R B, A TR K, RERKFFIGAH
FIT-G5 BRAE 25 o AR A 200 A0 3 Sh AR iR 2R o0 A0 T
i AL SR B T AL 2F GA & & SORGE F T, X
Al ge 5 HAR B TE 7 £ il 1) K R B A 9% (Yahyaoui
££1998).

YDA AR o3 B 2%, FR AR
TR, EFFHEZ MR YRS
PUER, W8T AR IS . ARSI
FWHFEERTE 2F ABA/GA;. ABA/IAA. ZT/GA,f Et
EAE 7 AR AL R4 e Bk B sh B &S, T
ZT/IAA LUAEAE 4y A G IR A3 ED T
Ja BRI B S, AR RRIIK T X5 £
TR (20 14) 0] Wit 11 ] (Vitis vinifera) B T
FIWE AL, £ IR R M ZT/IAA R 3 T
HIE BRI, AR TS a0, 2
JERFFEAR HAR B MZT/IAA R R UFRAE I RTHE, 1X
TEFGHE T & (Luculia gratissima, JJ K 4%52019).
H i 7 K2 (Picea crassifolia, S 452012) 9 15 3
TENIE. oAb, FEGSERAE ZF A iR AR 2 A
ABA/GA,. ABA/TAARI LB 825, 2 LA AH L,
HAE AR AR AL I B F, deRp R KR,
A LA I ABA/GA, . ABA/TAALLAE AT AT 5 5k
3 H LAk, ARUETE T 3 A R T B«

3.3 FIK NI AE U HEFRYRSENTL

T 7K Ak G ) 2 T2 R ] T R R A A S ) B
KWL, e EEW BRI (13 452018). F5EK
AL By A AT R B AR S A B R
PR _EST G R, AR5 AR R0k b BE B B KB S
FFa6 T B, 13X 55 i AE(Vernicia fordii, 255 %2552011)
B4 A6 (Crocus sativus, KM 252018) HAG AHLLT)
KA, BITETEZFE AL HT A K E AR R 2R R,
PRUETE ZF 7 AR 1R AT B 36 16 28 0 A0 i 4t
FE A HFERE B S 22, Iy v B R I P ) A
sk, SHEERI TR

VE R AE R WS () SR BT, AE R AR A
I8 Ik 7K R A D TV T A B MR BB R
FER KLU SRR, ek & = AR 5
SFORAE, RIFEE S AT AR AR,
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AL R ER T B R R ARAE, B S X T,
X 5 5B (Rhododendron moulmainense){t. 4 7y
PR ek & B A R S IBA(RESE IH2009). 1X
Al RE TS ERAE o AE H LR TR I FE R &
(R AT PR, H UGN i o Rl P RE AN 2 DU A2
T2 AT =R, PRI AE 1350 0 ve ki Ak T v
BEAE N RE AN 785 10 224 W] I P S5 T BRI A )
RE VR o1 AT LA & 16 2 70 A P = INF, Ve Hn 2 2 01
HRFB A EIRES (P T 452021).

ISR H A B R A R ) T R Al
AL AL IS R 0 75 (S5 H P SRS IR T (T
e SF2011). BEFUEE R, Gk KL m E7E
FodES, TiEtEaEEREA KN
i, BARME HILAE 7 A 2350 A b B, IX AT RE
T B AR 25 3 A AL 2 A R BRI bk, 48 i 53 24K
BRA, WFEM R ETHAR R EME A, FEmfe
FE BN RE R %5 2021) A B
4% - B Hi (Jatropha nigroviensrugosus ‘Yang’)7E {¢.
oA AR, R AR A R R I T —
B —FH (R ARk B ARAEL HE I AE /INAE 2 AE 3, A
DI IHTE FE T KB A M R CRETE 2F 4 4k
INF]EAT o

25 E TR, & R T AT S BRI A
HRKEBNELERER, HEHRTF IR UEER
IR 75 7 &, WA RS E R 45 BRAE R 42 1 0%
B[R] SR HE S . MR AE R AR S EK
TEHF SR B A EE R REER, 2 4EH8
DA IS YA A1 P NS A1 R 1o v N i
DX AN [E] it R R 5 BRAE A6 5% A8 1 B IR 75
A, JREE G ER RV FEY PR S R AL,
TEZRFG AR 35 B 8] 10 [7] B 2 2 Bl AR & 5t
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