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Flower bud differentiation process of Zanthoxylum bungeanum and
changes in endogenous hormones
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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 (GAj), 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 ( ), differentiation initiation
stage (II), inflorescence axis differentiation stage (), 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 Il 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 [ 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 | 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
I to IV, reach the highest in stage IV and then decrease, while the ratios of ABA/IAA and ZR/TAA 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]
Key words: Zanthoxylum bungeanum; flower bud differentiation; morphological structure; endogenous

hormone
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CA MR GORE, AW BNV B L DX AR A RUAE 25 53 A A SC B BE T A8 S A5 i S5 F IR oT , it i = it
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EATEONE
132 M AALMIM 8T AR AR SR AR B R AE (AR ZERE S R A RRAE , IR IR %
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Figure 1 Internal and external morphology of flower buds during different stages of differentiation
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ZWN M~V AL ZE R . @ VI, B4E2 A NAE 3 H T, e mkash, it AMESR s>
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Table 1 Flower bud ratio at each stage of flower bud differentiation

BB BLALZE HA1/% MR BLAEZE LL/%
RAEH I SRAE H I

| I | v \ Vi I I I 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 LR RN B, MCZFRIES S RN B BB B k. T ~VI, 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
FH 2SS (P<0.01), HARBRMIIANIVIGIZ IS, B fE 0 Rl IR 2 8 35 1Y 25 5% (P<<0.01), AfR/kite
TA T 3 A% 0 2 AR T T~ VI3 ) (P<0.01, 3£ 2). MZERIESA S HIR A KM —2. 7 1,
MR, R BB AR s T~V ], MG, BRI, Bl R 2 5 K
PSR FEL I, fEVHY, SREMARILEE KA, FRaTRE, BSMMbEchW R, trikE ik
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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), Hrf, THIH ABA il GA; R B & m T VIR, HERIV~VIISh, BfAE 2L it
&, HAA I S PR A o PRI, 2 VI (2 3 I T T VI A . X U B4 R K SE Y ABA R
GA; A BedRIAEIE 2R 3, [z, K/KF ABA Fl GA, A Fl TESAE ST, (RIETEAZEH
B . 5 ABA Fil GA; ZBfL AR, TAA Fil ZR i 40 B8 76 AR B0 AE ,  FLAR W38 & T HAR &
W1 (P<0.01), 2=V MVIHIFER M, B EMRTHRSEE (P<0.01), FRWEKFH IAA Fl ZR {2
PEREZE LI AT o FEREAIEZE Lt RE v, VB PR 3 R R O B KT T~V (P<
0.01), SV E2ZS, U VIR ERUMEIE S IEAR—E ARG, X P TR R T R AR R AR, i) 432
UL T ~IV 0] BRI AL ZE A B SCBERT I . BRI, ZEAEARUr PR OB 0T PN, m 3 Ao A1 05 ot it 780 1 751 ) 4
WIRLER, IS E 2E Ak bR, DTS AERUTF AR 25 52, SCBAERMU DL 7=

1000 [Aa 2.5 Aa 80 Aa gy 0.6
70 Aa
~ 800 Bb Cc ~2.0 — 0.5
[ Dd i Bb T 60 c = Bb
o0 600 05 e 50 Ce ' 0.4 Ce
g 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 0.0
I TmNv Vv I TmNv VvV I TmmNvvwv I TmmNvvwv
TE2F 73 AL 3 TE2F 73 AL 3 TE2F 3 AL 1 TEEF A AL RS 1

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 Contens of ABA, GA;, 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 FCAH 53 3] 226.134~1258.782, 9.809~61.088. 0.069~0.777 Fl 0.005~0.019. ZE4 Hi, ABA/GA,
FLE B TR FRRas, Hoep, W T ~IVI, ABA/GA, HHZHiTIE, VIR k2 i, WE#
SmE L I AV VIR (P<0.01), VIR ZHRAL. ABA/TAA WIHE fE 2 ek tT, 1~V
RETEEHRMEES AR, VIR EAIFAREE, HRRE R THRSMENE (P<0.01). ZR/GA;
M)A AL 5 ABA/GA; A8 FEA —5, BT IR 35 31 e s HoAR 3 T4 A 3G (P<<0.01)
VI ZRIAA B 535 @ T HA K (P<001), I~VHMVII LR EMES ., AL, BEbEn
ABA/GA;. ZR/GA;. ABA/IAA Fil ZR/IAA e #4624k Ak, VIR N IR ER LU A 72 At k2%
T T 1~V (P<0.01), VWL 315, ABA/TAA Fl ZR/IAA i 3 B LU {H . ABA/GA;,
Y5 ZR/GA; il it BRI L H AL b AT o AR PR 85, ABA/GA; 5 ZR/GA; 5 F—
W A8k, {H ABA/TAA Fl ZR/IAA H 5 EA8F VI, BEAER LR ABA/GA; 5 ZR/GA; fi t: T
JE AR B AR AL, AR LLIE ) ABA/GA; 5 ZR/GA; W AT REHEShRTIIE &S 5 85 G Rl L0817
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Figure 3 ABA/GA;, ABA/IAA, ZR/GA;, and ZR/IAA of Z. bungeanum flower buds during differentiation
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