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Abstract: To investigate the ornamental quality and physiological changes of cut Etlingera elatior
flowers at different flowering stages during the vase period, this study systematically observed flowering
phenology and morphological variations using cut flowers at different stages. Key morphological
parameters including vase life, wilting time, maximum flower diameter, and flower height were recorded,
and the relationship between fresh weight changes and ornamental quality was explained. Concurrently,
physiological indices and antioxidant enzyme activities were measured in cut flowers at the full-bloom
stage during the vase period to reveal their dynamic biochemical changes. Results demonstrated significant
variations in duration among different flowering stages, with the bud stage exhibiting a statistically longer

duration compared to other phases. Cut flowers harvested at the budding and initial blooming stages
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exhibited a longer vase life but lower ornamental value, whereas those at the full bloom stage, despite their
high ornamental value, had a vase life of only about 6 days. Physiological analyses of full-bloom flowers
showed progressively increased levels of soluble protein (SP), malondialdehyde (MDA), and proline
(Pro), coupled with declines in superoxide dismutase (SOD ) and peroxidase (POD) activities. Conversely,
glutathione reductase (GR) and ascorbate peroxidase (APX) activities initially increased before eventual
reduction. These findings suggest that although full-bloom stage cut flowers possess peak ornamental
value, their shortened vase life may be closely correlated with oxidative stress exacerbation, aggravated
cell membrane damage, and imbalanced antioxidant enzyme systems.

Keywords: Etlingera elatior; cut flowers; vase life; morphological observation; physiological

indicators; antioxidant activity

B (Edlingera elatior) &R HIMEJE Z FEAFEAREREY), T kAR E 2
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Table 1 Florescence discription of Etlingera elatior

1EH] iR TP

Florescence Morphological description

TERE 1E2EE MBS — A FTIF 200

Budding stage Flower buds emerge just before the first bract opens

HITT I FERLTIB— 4TI, SR — FAERL )T FT T BAEER N 55 2 i

Initial blooming stage
RETT
Full bloom stage

TR 2=
Wilting stage

Open the bracts one by one, opening the first bract until the flower ball is half exposed

HER NI LR, RRRHS, (LR e aikH, Eaeir

The bracts spread out in multiple layers, arranged in a wheel, and the flower balls are gradually fully
exposed and the flowers are fully opened

SNEIFEHE F AITERR R S B JoK, HAEF AT, 5T

The peripheral bracts and flower balls mostly wilted and dehydrated, until they dry out completely and
the flowers die

1.2 TEEAXGM

B 1 FREHEBRERES
BRK 10cm, % 4em. A
Fig. 1 Morphology of Etlingera elatior at different florescence

The color card is 10 cm long and 4 cm wide. The same below

KA RS, XN EBORERRICHE %5, 7 d WEEBOERER S RKF IR,
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1.3 PIEiERE R ERETURINE
WRYEZR 2, BERG 2d W 1K, FFCREEZA. S 5 ER, R 1 -1,
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Table 2 Indexes for evaluating the quality of cut Etlingera elatior in vase period

WM $E bR Observation index W52 J77%: Measuring method

A A3 i /d VIFEMHAE 0d B 50% LA LT A I35 55 Bk 42 i R 4L

Vase life The number of days that cut flowers begin to wilt or brown from day 0 to more than 50 % of the bottle

T 1)/d PAUIFEATAG 0 d BRI JK . 2R 206 IR EL

Wilting time The number of days in which cut flowers lost water and vigor from day 0 to complete curling

B RACE AR B2 /om FHA R G3  2 SO A% B 6 AN 3B AE BRI B4R, B U 2 P P 318

Maximum flower diameter and ~ Use a tape measure to measure the diameterof the widest part of the cut flower and the upper flower ball, and
flower ball diameter take the average of the two measurements

TEm FIFERR i /em FI R30I AEAERE B 7L RO AL RIS BB THURS A veg S, T I B PP 4

Flower height and flower ball Measure the height of the cut flower from the stem to the top of the flower and from the base to the top of the
height flower ball using a tape measure, and take the average of the two measurements

S AL 2 /% CH PPERLEE R - HIRTEEE TR /AIMRIERE B < 100

Rate of fresh weight change (Fresh weight at current day - Initial fresh weight) / Initial fresh weight x 100

1.4 SIBIEFRNE

i R & e R e = lE, ry it A& E00E K % D= iE G-250 4ett, 707l DU
TR A IMi5E 2 A ONFRE S, ARIESREMZTT L & (RIEMZETSZ, 2005: ¥ AR 55, 2018);
MDA 48 RA 2 - S ZE7E, SOD. POD Al APX i PEN 2 77 1S 08 (W) 4= Bl 2 se s
S GERR, 2000). GR JEENE 2 Hasanuzzaman F1 Fujita (2013) B7%. AN EHTER
HE S5 K.

1.5 BB

1 Fi Excel 2021 035 8 5 J5L gk %%, 1 SPSS 27.0 HE4T #. A &K (ANOVA) #4556, K Origin
2024 F1 Photoshop 2024 1£ .

2 RS0

2.1 EHORBTEHARTEE

7E 2023 4F 11 H—2024 £ 1 A (FK&Z) A12024 53 H—2025 45 H (FF) W], @Y
A5 LI I BORAN [FAE B RR S R AR AE 22 7 (3R 3D AR5 HIFR SR A K H3 2 38 K T HoA
i 1A o BT HA A HA A E A R B AN B 2 . B T ITE AR BN 14.6 d, HZ 15.0d,
FREEN A ik . SRR, AT SBEFIEIA R BN 2 5 3 EARIAELETE

®3 EBEBEAXE

Table 3 The florescence duration of Etlingera elatior

161 FFAERE (FK%Z Autumn-winter) /d — JFAEREL (7 Spring) /d
Florescence Flowering days Flowering days

1£EE W] Budding stage 244+246a 248+295a

YIFFH Initial blooming stage 15.0£0.00b 17.4+1.52 be

I Full bloom stage 17.6+3.58b 188+349b

2] Wilting stage 146+0.89 b 150+122¢

E: FSEARFNG PR S RBAE AN RN 27 22 (P <0.05)
Note: Different lowercase letters following the same column indicate significant differences among various days within different flowering
periods (P <0.05)
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22 RBCRUITEMIEHRER ST UGS S

HTEBRMEIRK, HFE—TEHNIR BN EZE, SO R — e R UITE 5 Ao Btk
TR, AFP B TITER I H % B RE R E AR A, FOW B AN E 2468 S TR FE () B
B feRE 1 UIMEAEkan K, HdG e fE ki aE, 14 ~ 16 d BHE3E LB R EALIE (B 2, A);
T 2 UIEAR 2 40, SR/20 e, HdE 4 ~ 5 d B AR R G RK TG BB, 11~13d
IF2RKBET: (K2, B).

WITFH 1 AL (b4, ANEL T IBRE, 12 ~ 14 d IEBRE AT 55 5, B S 468 T 1L
HAMNEE R GERIT (K2, O ¥IFHH 2 MVIEGEE R B4k, b8 ~ 10 d 184 &

B2 FEENREBEEERETREPARSEK
A: EFEW 1 B: EEW2: C: WIFFM 1 D: WIFFM2: E: BRI L F: B2, TR
Fig.2 Morphological changes of cut Etlingera elatior in different florescence during the vase period
A: Budding stage 1; B: Budding stage 2; C: Initial blooming stage 1; D: Initial blooming stage 2; E: Full bloom stage 1;

F: Full bloom stage 2; The same as below
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PEW, SEEASKEGEOES, 14~16d BT HNET AR (B2, D).

B 1 YRGS 4 d ANER A e &R, 6 ~ 8 d BIAREEML B I, LR 76 16 2 B Uk 53,
TIRBEGN, 11 ~ 13 d I IKAEEE, RAET: (B2, E): BT 2 BIYI1E B4R 5 IR 40 B
MLLth, fEERA R SR RRTK T TR A R, Hitd 4 ~ 6 d LR E AL RIFKAAE,
BB AR B H B REIRBE AT, 8 ~ 10 d BHEEZSAERET: (B 2, F).

ANFLE IR E B VIIEAE G dr A 2= 0] B RO B 2R (B 4. I 1 iEHEa
A ZER K, 2808 12,7, 16.7 do BT | FUEIFH 2 KliE A o ie, %N 6.0 d, JHZER
4300 1231 9.3 do REVIFIAEBORVIERIRIE S G, (HHEAEMEAEE TR, WHE
M EA, T A S PR U B AL v (FO AR 75 i 35 P A1

R4 FREMESRYENRAS © RAENE

Table 4 The vase life and wilting time of cut Etlingera elatior at different florescence

FEH AR fir/d 2 1E)/d
Florescence Vase life Wilting time
167510 1 Budding stage 1 - 153+0.6 ab
1 W 2 Budding stage 2 - 123+12¢
YIFFHA 1 Initial blooming stage 1 127+0.6a 16.7+0.6a
YIFF 1 2 Initial blooming stage 2 9.7+£15b 150£1.0b
B5FF 1 1 Full bloom stage 1 6.0+0.0c 123+15¢
B&JTHA 2 Full bloom stage 2 6.0+£0.0c 93+0.6d

e B EARRNG 7 EEOR & IR bR RS ] [E] 2 52 2 (P <0.05)

Note: Different lowercase letters indicate that each index is significantly different during the vase period (P <0.05)

AR R BBREAE mA R KA T T Z R R (B 3). BAME, HmE TRE&EH, mie
AR TEII AN A 52 BT 1 UIMERITE R 0 d IO 9.83 eom, JHLAH 18] &2 F£4K, 10d
I B 22 7.40 cm, 10 HARAE I 48 e 0 B 25 AR AL

BEOTH 1 UIEAEARAE A 0 18] (225 R B, E35 3] 2 AEAR A0 2 d I B35 18 &8 5.43 cm, BEE L
JREL R IBETEFIE, 10 d INHEZE 6.93 cm. IEAh, SZA1EERL A ORBESE IR, L5 WIVIIE I & K AE
AT AR R Pk

=+ A —=+B +C =+ D-—+E-—<F

20 r
16 o
2 a
g 16 1
o 14l — £ a
= £ 5
g .2 F 2 o 12
22 12t &2 i be Y
T 5 e
®E g 8 ab sab 3 P
= a b E b
a g c
8 a a a;&i ‘2“ 4
b
6 . . . 0
0 2 4 6 8 10 0 2 4 6 8 10
AT TR)/d AT TR)/d
Vase life Vase life

3 TEERVIERECGAERGE EPNESMRAEEEL
AFING TR R AE A — I 22 7 3% (P<0.05), TIH
Fig.3 The change of flower height and maximum flower diameter of cut Etlingera elatior in different florescence during the vase period

Different lowercase letters indicate significant differences during the same vase period (P <0.05), the same below
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BB AN TR A AE G, REOT I 1 RERIT Y] 2 DIAERIAERk B N R . BT U] 1 UIFERIFERK
BARFERIY ETT, 4 d Ik SR J5 280 T B BT 0] 2 UIMERIEBR BLARIZHT T F%, 8 d A ZIIg(Y,
PRGN B FEUAIIE], BEOTI 2 DIEMAERR mAfE Bk B2 IR s TROT I 1 (B 4D BT %
BB HZEE . KK, TR, BAREEREMEIR BB XM S T & BORYIEAE

LA 1B 7 20 R AN TR o 28 SR 3 FL A LA ot B )

75 —E—~F

70 | a ab ab b
6.5 |
6.0 |
55| a
50t
45 | ra
40 |
35

& E/em
-

IR
Flower ball height

()

0 2 4 6 8 10
HEAGHE/d Vase life

AR

7.0
6.5
6.0

55

TEERE A /em
Flower ball diameter

50 1

0 2 4 6 8 10
HEAGHE/d Vase life

4 BFRERRERBIEFOEREL

Fig. 4 The changes of the flower ball of cut Etlingera elatior during the vase period
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WRaE, MR 14 d BB FET 5.77%F
13.12%. BEFTHA 1 FIBSH A 2 7EIR4E 2R 14 d B
(RIEE 57 B R BE T 39.41%1 46.80%. 45 %1,
BHORVITEMACTEBOR, 5 2 A0 B .

24 BRFHAEIIRYIIERY SPy MDA 0 Pro &
=Tk

ST B B ) TE A 1 1 AR AR
e tr B i 6 frvn. 7RG,
BEHORVITE AT 1 8 & 5 SR N
P N R B B AELAE 7 A 10 d IR RGN
i 2 R 1 A
154.39 ng - g o

B 7 d iR BA S (439.65 pg - gD, 10 d GRS E S

—+ A ——B

250
225 ¢

—~— D ——E —<«—F

200
175
150

BRI RYg
Fresh weight

125

00 | AT T ——

75

0 2 4 6 8 10 12 14
AT E)/d Vase life

B 5 FAREZEANEERRERETEPRRSTH
Fig. 5 The change of fresh weight cut Etlingera elatior in

different florescence during the vase period
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ANFV/ING FBERORAE AN R RAER I (] 22 53 B3 (P <0.05), TR
Fig. 6 Changes of physiological and biochemical indexes of cut Etlingera elatior during the vase period in full bloom

Different lowercase letters indicate significant differences during the different vase period (P <0.05), the samebelow
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Fig. 7 Changes of antioxidant indexes of cut Etlingera elatior during the vase period in full bloom
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BRI, IR AN AT A MO VIR ZE N, AT AR i OR A R AN L K A 7 A AR A
W 3, 2012) ROFFH R, EEIRVIEME IR 1465 (e i =48 2 T R,
FAE N2 K A BRI —E G2k 5, 2011; Mansouri, 2012; EH#EE 5, 2014).
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A B, 2024) MHFF. AR H ARG EBELVIE R R B RSN, HAERES. R
77 an AR 0] () PR R 2 5, AR AT B M ERAR, ANEEAIEAYIE LT,
I AR UITE EAR M T i, (HILAETE AR R b e o B, MG 7 av i i

DITCHEAG A, AErITE A M EE R AR B3, B R DR R AR S FR AN 2 4 R B Vs
PR AR PRS2 K IR BT S8, 7 BRE B R AE B R 4R AR i Bl (A &,
2020 PITER & HZ A R SR e FEIE A AR @ iE 30, B FE IR BRSPS FUK 23RN, I
D ZEEE (ROS) P2 AR PR AL S, T IE KA % (Zulfigar et al., 2023).
FH ORI 57 3 B BB V) AEAE A8 IR0 (1) SP A Pro & S TE I I 5 127 F B4, 117 MDA & &= U 4¢
2 B Fb, & 38 N0 Pro & BT AESZ MDA & & 1) EA B T3 FHUIA6 L5 5t ot IR A AT 55, 2014)
AR T ORI, BT IR B VIR AR SP & B, 5o UItemn s R (FLE %%,
2022; SEZE 2, 2022) X, RTAE R E TS [FAE A 0L 6 390 45 P e e 2 1915 F) A B ER A3 A ML AR A ]
HE R BRI R 53— 007t M MDA &8 EJ, R BBV AL s BORGE 5
%, MR S AR BN ER, IR GRS G S 4 RAGmATERR & 23 AR TR SR &, 58K
HEACFEES RS R (ERA &, 20205 B 55, 2021) L.

RG], EEERYIAER) SOD Ml POD 51 2 RS, X 52 L7 it SOD
A POD JEMEAEAE B W sh A5 B (2 BE 25, 2024) —3, 2 ARG 5 T DA S, 35 1 iy 3 9 o il
e, B K S ar . SHER, GR M APX IGTEZ W oH, XA RESEH T SOD Hl POD
TEPER T B S BCE BRI BT A B &M N, SE I A AR VR PESECR W I, AR K E TR
MR (AsA) FURJREAIZS B H L (GSH). ik, EHILVIAEMIME &% SP. Pro Ml MDA & &
LUK SOD #11 POD 3% M I S 35 5o mi o A SR mT DLIE I v AN [R] AR 5 7 B Ak 7 =X, SR 3T &3
BRYITE A 9 AR BRI I & B AR AR AL, ATk B ZE KA 25 i 1) H 1T

BRI IS a5 B AR A K AE ARt B 25 46 0 . AN R 39T R0 BB U0 46 70 1044 10110
R B AL R WATEZE R, IR B ARV SRy B3, MiddAm R, (HiX—rf 2
BIE B ARSI A e . TEIRAGE A, BT IR EEERVITER N Pro Fl MDA S5 1114
FRIPUEA R, SOD 1 POD S5 H ARG 13 Ml B, 3R B M5y 5 A2 BE ME4) Jo 2% D) A
K, B SP MEERE LI, 52 UMEr BRI AT R85 R v E BRI A6k
Wb A A A n bU K N TS P A R R AR A T TSR AL T I S KR
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