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Research paper

Changes in Contents of Plant Hormones in Bud Tips and
Xylem Sap of GA;-Treated Calocedrus formosana Trees

Jeng-Der Chung,”  Shing-Rong Kuo,” Ching-Te Chien"
[ Summary ]

This paper analyzed time-course changes in concentrations of gibberellins, abscisic acid (ABA),
and indoleacetic acid (IAA) from bud tips and xylem sap of Calocedrus formosana trees that had
been treated with gibberellin A, (GA;). GA; was applied to the branches of good flowering clone
no. 11 and poor flowering clone no. 22 of C. formosana trees at the Tashueshan seed orchard in
March, April, and May, and then bud tips were collected every 7~10 d. In addition, the same clones
(nos. 11 and 22) at the Liukuei seed orchard that flower naturally were selected as controls. The GA,
and GA,; contents of bud tips from the 2 clones at the Tashueshan and Liukuei seed orchards were
quantified and showed no significant differences; the GA, and GA, contents were about 1.3~18.6 ng
(g.dry weight)". After treatment with GA, at the Tashueshan seed orchard, GA, and GA, contents
in bud tips rapidly increased until the floral buds had differentiated, and then the contents were re-
duced 1/2~1/10-fold to 10~800 ng (g.DW)". Nevertheless, GA, and GA, contents in bud tips from
the Liukuei seed orchard (control without GA, treatment) were all < 10 ng (2. DW)". In conclusion,
gibberellins could induce flowering of C. formosana, but there was no relationship between gibber-
ellins and floral bud initiation. The ABA content in bud tips rapidly decreased during the bud col-
lection period and had dropped 1/5~1/50-fold during floral bud initiation. The IAA content in bud
tips suddenly appeared during floral bud initiation, and the concentration was 32~143 ng (g.DW),
but the IAA content was almost zero after floral bud initiation. We speculated that IAA was possibly
involved in floral-bud initiation. Furthermore, the xylem sap in shoots was collected for analysis of
GAs after treatment with GA;. At 1 wk after treatment, large amounts of GA,, GA,, and GA, were
found in the xylem sap, but there was no GA;. Three weeks later, contents of GA, and GA, were
still detected in the GA, treatment and control groups, but GA, was not found. Therefore, GA, may
play a transport role from branches to buds, and then GA, is converted to GA, and GA,.

Key words: Calocedrus formosana, flower initiation, gibberellin, abscisic acid (ABA), indoleacetic
acid (IAA), xylem sap.

Chung JD, Kuo SR, Chien CT. 2018. Changes in contents of plant hormones in bud tips and xylem
sap of GAs-treated Calocedrus formosana trees. Taiwan J For Sci 33(4):305-17.
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Table 1. Effects of gibberellin A, (GA;) treatment on the percentages of flowering of
branchlets, and numbers of male and female strobili per branch in 25-yr-old trees of

Calocedrus formosana”
Clone no. Timing of GA, Percent of No. of male No. of female
application flowering strobili / branch strobili / branch
11
March 88.9 1929 +616" 208+97"
April 100 8489 +2856" 18894958
May 100 2443 +817" 687 +428"
Untreated 0 0 0
22
March 88.9 689+317" 130+1117
April 75.0 1742 +439" 413 +138"
May 83.3 573+229" 24+20"
Untreated 0 0 0

" Adapted from Chung and Kuo (2002).

® Values within a given column followed by the same letter do not significantly differ using Tukey’s

test at p < 0.05.
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Fig. 1. Time-course changes in gibberellin A, (GA,) levels after GA, treatment of clones 11
and 22 of Calocedrus formosana trees in the Tashueshan seed orchard. Treatment with GA,
on March 26 (@), April 29 (O), and May 28 (A) . Control (@) from the same clones of C.

formosana in the Liukuei seed orchard.
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(b). clone 22
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Fig. 2. Time-course changes in gibberellin A; (GA;) levels after GA, treatment of clones
11 and 22 of Calocedrus formosana in the Tashueshan seed orchard. Treatment with GA,
on March 26 (@), April 29 (O), and May 28 (A). Control (@) from the same clones of C.

formosana in the Liukuei seed orchard.
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Fig. 3. Time-course changes in abscisic acid (ABA) levels after gibberellin A; (GA;)
treatment of clones 11 and 22 of Calocedrus formosana in the Tashueshan seed orchard.
Treatment with GA, on March 26 (@), April 29 (O), and May 28 (A) . Control (@) from
the same clones of C. formosana in the Liukuei seed orchard.

7 4 W B R 8 2 R R R SRR B8 R AT LLBH
& s HIEZR6H EEFHEYGA & & » no.
117£1.2~3 ng (g.DW) "2 » no. 22H({E0~4.2
ng (2 DW)' 2 (Fig. 1) - GA, & &I » no. 11
1£3.6~3.8 ng (g.DW) "' 2 » no. 22H7£0~1.8 ng
(g.DW)"' Z[(Fig. 2) » A¥EZnos. 11HL22/4ER
BER 0 FIABAG RHIEOH VI T REEIRAL
A 240.688167.2 ng (g.DW)'1 (Fig. 3) - IAATE
nos. 11BE22FEAVE#R - Himm & RIFHEZE
—{HZ2H > 2HRSH2IHESH28H » &&55|
B567.4E1143.4ng (2.DW)" (Fig. 4) -

— o GEFREEGA B GAFNAA AR
T2 PSR ~ R BRELIA AR K 5L

FIGA FRH &8 it 1 BRI - B2 R
B2 GA,, GA,, GA,, GAE & » 27k
108, 0, 5921, 811 ng (g.DW)" » 3{E 2 %5
BRI 14, 0, 17, 0 ng (2.DW)" » HHIGA,
EAGAMEARE S0 R 8 L I 1 K (Table
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(a). clone 11
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Fig. 4. Time-course changes in indoleacetic acid (IAA) levels after gibberellin A, (GA;)
treatment of clones 11 and 22 of Calocedrus formosana in the Tashueshan seed orchard.

Treatment with GA, on March 26 (@), April 29 (O), and May 28 (A) . Control (@) from
the same clones of C. formosana in the Liukuei seed orchard.

Table 2. Gibberellins (GAs) and abscisic acid (ABA) concentrations in xylem sap of 17-yr-
old trees of Calocedrus formosana treated with GA; and GA,+naphthaleneacetic acid (NAA)

Ist week (ng mL-1 of xylem sap)

3rd week (ng mL-1 of xylem sap)

Treatment

GA, GA; GA, GA, ABA [AA GA, GA; GA, GA, ABA IAA
Control 0 0 1 0 84 8 1 0 17 0 111 9
GA, 108 0 5921 811 131 115 14 0 17 0 61 20
GA;+NAA 82 0 15993 1206 108 11 2 0 6 0 76 7

TAA, indoleacetic acid.
21 &

— > WEHR SR E LR R
T 23 T L% B 5 1 IR 7E - 1A H
BAREE | B 7E B 20 F TR

DU 18 i 7 [ Ry IR - BN

B RS 2R 5 A5 1008833.3% BA1E » Hno. 113
BRI F A EGA 151.2~3 ng (2DW)" » [iiGA,
B3.6-3.8 ng (g.DW)" ; no. 22 {KGA F50~4.2
ng (g.DW)" » [MGA,}50~1.8 ng (g2 DW)" (Figs. 1,
2) « REFILHE M ME T EERRARE T AR
& » REFFHGAEM Zno. 11 GA HLGA, & &35
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7.2, 5.8 ng (2.DW)" » no. 22[AGA BIGA, 2 55

Ak18.6, 2.1 ng (¢.DW)" (Figs. 1, 2) » BLA{EE
FEEHEARNZER - BRI ERAER 2
LIRS - S ER R Al TR R L
Pharis (199 1)#¢ s R rT (e HERRTE, (M
—ACEF LI AR R T 2 KB IARA T
fige, WG ARRERE AT B S AT SRy A T DU
T o WEhRIIEFEHE TS - (R
HECE I IR A & Al B ET 2 R B B
HHEEAYBA T (Pharis and King 1985) » Dunberg and
Oden (1983)$5 A AL R B B 5L B
FRIEERND -

F R R IRIB TS SME 8 TIEFEE AT RE
HEE

EE M RIEE RS A9 > £6 H YIHERRTE
sHLBRLG - MEBRTERIL 7 H #]FE4A(Chung and
Kuo 2005) - & HGA R R » 1E5 H B
InEl6 His B[ - 162 ML 2B BRI
LR E BIZURY - Figures 1NI2 W& EIZF fE A
HIGA BLGA fEnos. 11EL22FR 1A BhIRF 2 i K
i o Sheng et al. (2017)WI3EBrassica rapa);&s
BN R LI E T EIE - L5 btk
FHEMIGA BIGA & & th ool T e 28 g JH Y
1/2~1/104% » {fHno. 11HGA {475600~800 ng
(2DW)"' » GA,{4H60~90 ng (g.DW)" ; no. 22
HGA,HI%40~500 ng (2.DW)" + GA{1%10~60
ng (g.DW)" o [ B [F) BF 0175 4 15 18 1 i e T
GA,, GA,I & EHAE10 ng (e.DW)'LUF « %
R RE AT MMz & H VR &
R ERRE T ATBEH 2815 » Chung and
Kuo (2002)ZBARGAFREIES » (L EIRZ(HAE
HRAE - SR EE R SR RE %R
HERYFEE 2 Ross and Pharis (1985)3% ki ik
PRIEYEA - BELHEERER - BB
@A EAE S L - HEERPIER EE
etk - MEIRE ST ERENE - AR
1548 - Eriksson et al. (1998)fifHGA,, 375 mg
R Pinus sylvestris » ¥ F B B HHH AR
BREEELR - EROMEHFH - IEGHH
FRNMEI RS R - FEE B NEEER,

SRR — GARE SR RIS 2 L

KB AL S LLi A R A R A S BRAE
& R H BT e & 1E I EYIBCRBITEE By
% {# SR (Bernier 1988) o 4SSN (Pinus radiata)
DIGA, JRHE8 K%, Hifl'“CO, Tisttast3E,
it S B R AR AR A o AL I i I G A, B 1Y 12
B CEME YR B 1 5 )5 £ 4% (lateral long-shoot
primordia), JEEFI ERFEERGEIIESIEE
i (Ross et al. 1984) « GA, & BEAYAH[AE]
SUE SR AE LR EZ P (dry matter) 9 53HE - HIFY
GAER A BIBHTE (R BURIRGA %5 » 18]
G i B A R R 7 A ] R G W RS
##JF A 8 (lateral primordial)iy & » BE AR
IGA, FZRIIEHERIAL - (HFELP B 1%
B % - EEWRGA,, B F R B UK
BB EMLYETL (Ross et al. 1984, Pharis
et al. 1989) -

T AEHF IR BT SEABA ~ TAARH A H3E
LAt
ABATEACEF 73 AL BEAN i 2 BA AL I S B

BERR - S HIER N REE&RIK (Fig. 3) » It

A B A (Figs. 1, 2) » BEh RIEBERTZF

HMABAS BE3~SHEHERN » no. 11822

BERUALI RS » 7301 F53083.6815208.2

ng (g.DW)" » {HESHRFC FEEEIF1/10821/20

(Fig. 3) - MEREHRFWABAS & LTt -

LB L SR AR - ME— R REIEH B

KX - ABASE TR » BB RN » SR

RITREFEEABARE » HAEH /M b5e itk

ABA X BtGFEA EFF o Finkelstein (2006)f5 H

ABANREHAFATER EHRE -
TAATEF RN E A FAE - B AREGA,

JRELRIR RN 5 Fig. 4GEEHE LB - A

HISETAA » BHARMAEE LI - BRTEH

B FEEIAANZHE > i HE AL

RS R - SZHIBEZR0 - Ding et al. (1999)#5

Y Polianthes tuberosa{t# 7 ALIFIAA FF+2.7

& - RS HiRB Eo HE I - #03% A (3 F]

IAA » JHIERF &S HEEE - HAEH ik

ALK o BEFAE 6 F B 2 B IR BRE o] DL A

1IAA -
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= KB EWZBEIFEGA, ~ GALBIGA,

R

Figures 1B28RS HIEIEH /L iz B
WEhE - 1-2BEHIRGA, ~ GAEER RS - H
FRaa R EMEATAYGA, « Table 2EREF)
R % VE 2L - KRB RS K&
GA, ~» GA, ~ GA, > HGA &R R0 > [EEKRE
MEFT W FGA R R Falk =55 - HlEh
FHAE AR DHEHIGA, e 88 i GA, - T
HHGA B GA, » Z % FFHGA, B K GA, -
Table 27REER3E A% » REMRHKTEE
GA, > IGA T TREE B H R GAZ # A
SEME - GA JIEEESREBREESE - (HK
RE—REIEE% | Fig. 18URTES HIETEEH 7ML
Wz mpEsE® o BRI~ 2E2H -
WGA ZEEY  EHRAREITRINRANGA T
FEHEAZFHE o Smith (1998)F8 Ry & BG A
GA NI » & & #CAME & &GA BHGAZ
FEZFIHLHIHER - AEABEGA LB R EE 21
e ERIEAE SR P38 2 1
CRGEEMEE - BEFREFRNEE
HI5FGA,  Nishijima et al. (1997)WfF¢Raphanus
sativus N ERH - AW RTEHYERE
HEEGALLGA BLGA jGH - Kt » HEHIGA,
PHHECERE A0 REE L B A S
GA, » FFESEGA, - MBI -

+ =4
ma af

AWFFEER T 5 18 E R RS B AT
R A - AT AN RIRFT] 2 G A A i B
AR - AR GA AT IRE 5 18 H A DA 1L
{58 AR E E AR BT T PEAEEL B SRR -
HRAEPATERILE RS - B RIE A AT
FOMEZE > FRANEAR S REERAR
HEERFABAS & TR - [KIBLTEZF PR 2R
ABAIREE » EIEHFMEsE ik - ABANXFH L
Tt o INABEAERER S EZBR - A HIRFEIIAA - H#E
HAEZFE U R 7R S IAA S B - GA B 1
A28 - REHFHERHEARIIGA, » GA, >
GA, » 32 - KETRHRERAEGA, > 1M
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