HoT R AR K F F 4R, 2026, 43(5): 973-982 https://zIxb.zafu.edu.cn
Journal of Zhejiang A&F University DOI: 10.11833/j.issn.2095-0756.20260129

SR I, 207, WWIWI, 35 FEARAE 25 0 A oE 7 X HC 9 IR i 28 AL (0], W7 VAR bR R 27 241k, 2026, 43(5):
973-982. LI Zhengyin, LI Lianfang, FAN Huaigang, et al. Flower bud differentiation process of Zanthoxylum bungeanum and
changes in endogenous hormones([J]. Journal of Zhejiang A&F University, 2026, 43(5): 973-982.

W EFD U HERERNEFIZHNT
FERY, FEF, WA, IR, & 482, UFR, BEAKY, AAEW
(1. VEREMOL K2 pR2Be, =m B 6502245 2. W il AL AL 25T 0T, 2 B5 Rl 6570005 3. R4

MOl O AR 2B Mol 247, =r BB 6502245 4. W38 T Aol FI 2 UG 3 A Y WS AG 38 bty , =1 Wl
657000; 5. W@ B KB 2#E, =7 BRE 657000)

WE: [ 865 ] WERM DK Zanthoxylum bungeanum ‘Xiaolongpao® Ft.i o ALitdZ, ML F B E L LMy
* R, M NBREERL A ST T LG wm, ARBERBEFRBIZTRREHFRIE, [FF] T
2024 55 A 23 HE202553 A31 0, Ax@EBETE6LEMPIESENELE R 2 K, RAGHEIAAALE S
AN, 54 NEAE RARIEF SR AL EMEN, XS5 RA BT T LA Rt L atE]; 1B A AL
AR &% B BT RN F L R B LB LA BR (ABA). B E (GAy). A K E (AA) R E L EHF ZR) REH
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Abstract: [Objective] The objective is to observe the flower bud differentiation process of Zanthoxylum

bungeanum ° Xiaolongpao’, clarify the corresponding relationship between the morphology and structure of
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flower buds, and analyze the dynamic changes of endogenous hormones and their ratios in influencing the
flower bud differentiation, so as to provide a scientific basis for the regulation of flower and fruit and cultivation
management of Z. bungeanum. [Method] From May 23, 2024 to March 31, 2025, 32 consecutive samplings
were conducted in the Z. bungeanum base in Longshu Town, Ludian County, Zhaotong City, Yunnan Province.
The morphological and structural changes of flower bud differentiation process of ‘Xiaolongpao’ were analyzed
using paraffin sectioning technology combined with morphological observation. Typical stages were identified
and the start and duration of each stage were determined. The contents of abscisic acid (ABA), gibberellin A;
(GA;), indole-3-acetic acid (IAA) and zeatin riboside (ZR) at different differentiation stages of flower buds
were determined by ultra-high performance liquid chromatography-tandem mass spectrometry, and the dynamic
changes of their contents and ratios were analyzed. [Result] The flower bud differentiation process of
¢ Xiaolongpao® was divided into 6 stages: undifferentiated stage (1), differentiation initiation stage (1II),
inflorescence axis differentiation stage (Ill), flower bud differentiation stage (IV), calyx differentiation stage
(V), and pistil differentiation stage (VI). The flower bud differentiation process lasted about 10 months, and
there was overlap between different differentiation stages. Stage II was the critical period for the initiation of
flower bud differentiation, starting in the second half of May. The size and morphology of axillary buds at
stages 1 to VI showed extremely significant stage changes (P<<0.01). The mass fractions and ratios of
endogenous hormones at different differentiation stages showed extremely significant differences (P<<0.01):
The mass fractions of ABA and GA; continued to decrease extremely significantly (P<<0.01) from stage I to
stage V, slightly increased at stage VI. The mass fractions of IAA and ZR reached their peak at stage Il and
were the lowest at stage V. The ratios of ABA/GA; and ZR/GA; gradually increased from stage [ to IV, reach
the highest in stage IV and then decrease, while the ratios of ABA/IAA and ZR/IAA reached their peak in stage
V. [Conclusion] The anatomical structure and morphology of flower buds of ‘ Xiaolongpao® at different
differentiation stages are closely related, and the differentiation duration is relatively long. The changes in the
mass fraction of endogenous hormones and their ratios significantly affect the initiation and structural formation
of differentiation. In production, the differentiation of flower buds can be artificially regulated during the critical
period. [Ch, 3 fig. 2 tab. 38 ref]
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AEML Zanthoxylum bungeanum “H 2575 F} Rutaceae fEMUE Zanthoxylum JEMHEAR , 1BFRLIEM, Z—Fb
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TEA 2 MESE R TR AL 25 3 Al e B 7 5 Tl R o 8 8 S SR FIE 10 12 Bl iR Ak
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AR BRI RS, RN WA LIS, A DR XA R Rk i Fp A
(] — s s A P AN [ e 3 DX S SR AE 2 o0 AT, S Pk i R b e S 4 . HT, fEMUEZE 0 1e iy
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SR GERE, AT XV Tt 1L DX Rk 3% B AE AU 28 0 AR AR DG B B TR 28 I S50 S T SR E 9%, b v 7™ i BT
SRR T & B AR

A6 ZE AR A ) DB SR AR A 1) AR B A R sk U Y G BR B B, SZ A st AR R . AR IAE SR BTN 3
BAMEIL g, b IR R E S AL 2F L R DG R 22— 2Rl VRS R AR B R D R 45 4
TR IR — o BT S8 LA AR UL A 2E A0 Ak TR B R L AE VK R (abscisic acid, ABA), JREE R
(gibberellin A;, GA3), 4K (indole-3-acetic acid, IAA) A1 E K ZFEAZ T (zeatin riboside, ZR) F5'*, G545
He BKFERT GA; . TAA FEK-RY ABA LK ABA/GA, kgt “DURRIZ U Z armatum  ‘Hanyuan Putao
Qingjiao” EZF/HLI 0 JHRAM AP AR R SIRELAY ABA. TAA 1 GA; {2t “Tids” fEMUEZR 57
s HERRATU R (RS GA; R HF Tidx” ERUESS Bk E . BHET, AN ER
ST IR I 2, HAER TATHAERBIESE, S X2 B s X AEAUE 28 b B N RIS R 1Y
ARAFRAEE BT B ST JE o AT LIRS B b X 2 B I ™ X R AR BF e 0T e, FE ALK
R A HERR AL AR BE A L, G55 AN U R i WEAE 2RSS AR Ak, [T 48 2 N IR R i i
B, A AR ACRRE SREE, BAEMETIS L DR R B AERUE 28 o0t B R 25 5 254 e IR 1 3l
DA, WA RO SR AR B B 1R, 46 m AR AL SRR AN B AR ARl PR S

1 #MHS 7%

1.1 MR

WEFE AT T 2= B 48 W T 6 ) EL e A AEAE U S (27°21' N, 103°27'E), 4R 2 184 m, 4RSS
RN 109 C, FFHKE T 1047.0mm, 1 AF 7 A GEMSE) FEE5E 00 5.0 #116.0 °C, T
FEAR 200.0 d, 4FHBRBETECH 1702.0 h, Jm@ Bl ARE: B 1L 2= XU, e o 22 3% pH Ry
473, TIEAHLN 46.2 g kg s A . EBEFAEHSH] 2.09. 1.56 F16.29 g-kg ', TfFA . A RO
BN 211.0, 69.9 1 208.0 mg-kg ' HF5E HbJE AL HUE B4 1 X
1.2 #ER#H

RIS AR R AR T 48— R A B A AEARR AR el . 2B Be T 2020 4F R /NJEHL”  “ Xiaolongpao® 7
FGT 2 9 R HM”  ‘Dahongpao’ i AR, FRITHE 3 mx4 m. MEEFRE—2, 24
KRR N A R N T L A RIS B 10 BRAE SR FEAR PR, SRAEHAEAIT
DSEARSCHE bR . PTIEAE R - A . PR AR 435128 6.16 cm. 2.97 m 1 3.82 m,
1.3 ARFE
13.1 H&HRESLE ZWE O SCEN BT E REERE A7, T 2024 4 5 H 23 H & 2025 4F
3A3I HALRMER2 K, H, 5sH2HFE 1031 HIE7~10dRFE1%; 11 H1HER4E2H 1 H
B 30d RFE 1R A2 H 1 HE3 H 31 HFE 10d RAE 1R, EMERIBINEA . B9, 78, db 440
AR AR 1 BCERE, INRRRRS IR 2 6~10 15 AR 1~2 N ZEAE I E AR . BRUCREE MR RS
Ja¥5rh 3y, Hrh—mH TSNS, RERAE; —0E T HEE- N2 - B (formalin-propionic acid-
alcohol, FPA) [EE 7 [ B BE : N R - IR FL B0 70% ZBE A 1:1:18 (KR EL)] AR T 4 °C {RIEVKAS, H
TGS 51— B AR A R A DR, A T-80 C UK4E, M T WIEMER B 04
M E
132 M AALMIM 8T AR AR SR AR B R AE (AR ZERE S R A RRAE , IR IR %
RIS, W AR IR . 2R A S5 F R B A U0 v S, B B 143 R4 10~20 AR
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Figure 1 Internal and external morphology of flower buds during different stages of differentiation
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o, W R SR (18] 1E2), © VI (8] 1F1). BEE - ak e b AT, FiTHA P 46 00 2 i 5L v iy
TRIT, HNTEAETE R — P R R P EOY, HONBERERIL (CP), %R TR AR 15 B 1, 40 HE
GG R B . AN SRR W K, AR AR 0 R BR TR ST BRIE | 25 A3 1 B 5 04 B tR 4 3 i 08 e
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6 H 13 HIVHIIEZELL B 5 20%, WEAEHEAE T H 4 H, 8 H 12 HIFE 10% (G5 1), UtHIZ kIt ) i
ERKHFZEETF 6 A FTAZETH LA, FEiLlinE, FAETIMSMHEFESHRE . 7H 4—14
H, M~VHEFERNAE GE D). ©@VE. 7 AE 8 A f), #5245 50d, ki e (LR F
IV, 7 H 4 H VIHZEZE 5 10%, 8 H 19 He#r ke, WaEH42 H 21 H, BT —mH,
VIIEZE L BLZH T, 23 H 12 HIEZE 10%, UiIAERAE E LB 52 il 5 MAIVIAH—2L,
ZWN T~V R ZEmIef R, ©VIIE., 2482 A TA) 2 3 A M), 2R iwia s, dE AMES
i, HIEZz2)30d, 3 H 21 H, BMEWERTHED TEW, A fEEsk. 3 A
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Table 1 Flower bud ratio at each stage of flower bud differentiation

SERE F 44 B BEAE 2 L 5/% SEREE W B oA BAE 25 L f5l/%

(H-H) I I m v \ VI (H-H) I I m v \ VI
05-23 100 — — — — — 09-20 — — — — 100 —
05-31 60 40 — — — — 09-30 — — — — 100 —
06-06 20 70 10 — — — 10-08 — — — — 100 —
06-13 — 20 60 20 — — 10-15 — — — — 100 —
06-20 — — 70 30 — — 10-22 — — — — 100 —
06-26 — — 40 60 — — 10-31 — — — — 100 —
07-04 — — 20 70 10 — 11-21 — — — — 100 —
07-14 — — 10 60 30 — 12-21 — — — — 100 —
07-22 — — — 40 60 — 01-21 — — — — 100 —
07-29 — — — 30 70 — 02-01 — — — — 100 —
08-05 — — — 20 80 — 02-11 — — — — 100 —
08-12 — — — 10 90 — 02-21 — — — — 40 60
08-19 — — — — 100 — 03-02 — — — — 20 80
08-26 — — — — 100 — 03-12 — — — — 10 90
09-02 — — — — 100 — 03-21 — — — — — 100
09-10 — — — — 100 — 03-31 — — — — — 100

Uil — IR IO

2.3 EWEFS LS ERFRESTRNTR

FEAEZE M ALBI R RN B, MR RIES S RN RN B E B B e, T~V MZERE . gUam
WAL REFL 539 1.15~4.05 mm ., 0.85~3.75 mm F1 0.73~0.92, Forf, BRS040 sk 10 fa) 9 9 B HL
FHZE S (P<0.01), HARER NIV Z EIA5, BT 53-f0 I R IR 2 A% 0 35 1 25 55 (P<<0.01), AiR/kite
TAS T HA A 2 AR T I~ VI A (P<<0.01, 3% 2). MBS G HRSFA KM —8. 7 11,
MR IR, R BB E s T~ VI, MRCEFIF M, B R, Bl I SE R 2 K
PSRN LEN,; £V, SEMIRIRRRRE, FHRETRIE, B E AR, mEE L
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Table 2 Morphological characteristics of Z. bungeanum flower buds at different developmental stages

el HifE/mm H#2/mm B FE2F ) 4% /mm Y\f2/mm B
I 1.15£0.05Df  0.85£0.06 Df  0.73£0.02 Bc I\ 2.06£0.05Cc  1.74+£0.07Cc  0.85+0.04 Aab
I 1.3540.05De  1.11£0.05De  0.82+0.03 ABb \ 3.49+0.07Bb  2.98+0.09Bb  0.85+0.02 Aab
i 1.8120.13Cd  1.51#0.06 Cd  0.85£0.06 Aab Vi 4.05£0.05 Aa  3.75£0.06 Aa  0.92+0.01 Aa

Ui [RGB 5 A ) S R R AN [ IR F) 28 S A B 25 (P<<0.01), AN [)/ING A REFR RS [ i ] 22 57 (2. 3% (P<<0.05)

24 HFHSUERPIBERZRESHMNTL

M 20 . AEMUAE ZF e Akt B P ABA. GA;. TAA FI ZR J5i 42 3 0% 5 N 84.61~810.73
0.37~1.91, 1.41~67.73 #1 0.03~0.41 ng-g'c 4L, 4P NI R B 0 B HFEW B #E 2 7
(P<<0.01), H, THIM ABA Fil GA; 4B i 3 @ T VI, HERIV~ VIS, BEAEZE b ib it
&, HA AT SRR A W PR A, 2 VO B 3 I T VIR . X U B4 R K SF B ABA A
GA; A BedRIAEIE 2R 3, [z, K/KF ABA Fl GA, A Fl TESAE ST, (RIETEAZEH
B . 5 ABA Fil GA; ZBfE AR, TAA Fl ZR i 40 B3840 MR B0,  ELAR W38 & T HR &0
W1 (P<0.01), 2 VHIVIREZRAR, HARRZELTHRSE (P<0.01), RWEKFH IAA Fl ZR {2
PEREZE LI AT o FEREAAEZE Atk R v, VA P TR R = A SO i B E T T~V (P<
0.01), SV REZES, Ui VIR ERUMEIE S IEAR R, XF P IRIER TR AR A A, a4
UL T ~IVIA AT BEJEAE 2R 0 fb ) SC BRI . R, 7EAEARU AL OB 0T PN, nT 3 Ao A It o it o780 1 751 ) 4
WIRLER, IS E 2E Ak bR, DTS AERUTF AR 25 52, SCBAERMU DL 7=

1000 [Aa 2.5 80 0.6

Aa Aa gy,
~ 800 17 BbCc _20 o n 0.5 Aa
[ Dd i Bb T 60 c = Bb
o0 o0 o0 Cce lep 0.4
o 600 s 250 ©0 Cc
£ glo Ce 2 40 2 0.3{Dd
o Ee S Ee Ef < 20 g 02
< 200 Ff 0.5 — Dd 0.1 Ee Ee
10 De
0 0 0 0
I T MKV VV I TMKNVV I T MIVVV I T MMV VV
T ZE AR I EZE AR I TEES AL 3] s tding

REIKE R IR 2 R (P<0.01), RN S RE R A R 11 2 5 3 (P<<0.05).
B2 B ot 2 R RIRME T AL
Figure 2 Contents of ABA, GAs, IAA, and ZR in Z. bungeanum flower buds during differentiation
2.5 HMAEFSUTERRNEEELERTL
Bl 3R MAAFIESHWELE S, KNF s LE B ABA/GA;. ABA/TAA. ZR/GA; il
ZR/IAA 5354 226.134~1258.782, 9.809~61.088., 0.069~0.777 Fil 0.005~0.019, ABA/GA; E S - F+)5
TRER RS, H, MW T~IVHE, ABA/GA; Z#iThm, VAR AREIES, wEEsT 1T, T, MMV,
VI (P<<0.01), VIARTBEZE AL, ABA/IAA WIBEE L2500 bt AT, [ ~IVHIR R TR EH 25 A R
E, VIR LTIk EE(E, Bk E T HASME (P<0.01). ZR/GA; LS ABA/GA; 3
AR—,  RPTTYI Rk 30 45 o ELAR B 35 1 T4 oAb B 3] (P<<0.01). V1% ZR/TAA %t 28 i T H A 45 10
(P<0.01), [~IVAIVIIICW E25 . Bk L, BEE ABA/GA;. ZR/GA;. ABA/IAA il ZR/IAA {21k
oAb A ARAR, VIR IR R BB AR AR B IR T e T T~V (P<<0.01), UiBIMbIE s,
ABA/IAA Fl ZR/IAA il AR L . ABA/GA,S ZR/GA; 18 it B2 7 AR HEAE 20k E 4T, BUARLE 2
S HRIASE, ABA/GA; 5 ZR/GA; 5 E—W o % 4F 1k, {H ABA/IAA Fl ZR/IAA i ELT VI
(P<<0.01), BEHARARAE) ABA/GA; 5 ZR/GA; 1 15 T WAL 45 B 45 M i A, T3¢ &5 1 ABA/GA; 5
ZR/GA; WInT edE S T B & 5 450 W [R5 517
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