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WE: AT GAs Al Spd X 4LAY(Rhododendron simsii) FF AL AL HHFIFFAE f SR RS0, BF 78 T ZMNE GAs F1 Spd X ALES FFAE A
EREAPEN RGN SRR, SNE GA WL & MFEAT1E A, Spd X 1EHAA I R BB IE M, (HM &1
WK ARG K B 342 5. GAs Rl Spd AbFRER & T LM i b & (LR & BRI G (Pn) A fL S (Gs) R ffa ]
CO2 ¥ (Ci): GAs KEHRFR R T I A I ZE BB 2 (Tr), i Spd EI F 1 Tr R R, Wi B s MR T RAE I S & = 10 .
GA3 Fl Spd 4bH B BEK T 1L MDA &, 2 T Hi% L SOD. POD i CAT v, Jfikeg 7 R4EH SOD MR, H
RS T R, ERKAEN. LA 1600 mg Lt GAs F1 0.10 mmol L Spd AbBERCRE LT, B R B AL ASAE FOUL B i
R AEY; fEl; GAs; Spd; Yeh bRt PrALEE

doi: 10.11926/jtsh.3989

Effects of GAsz and Spd on Photosynthetic Characteristics and Antioxidant
System during Florescence in Rhododendron simsii

XU Qian?, LI Hua-xiong?, HUANG Wen-pei*, XIAN Xiao-lin®, L1 Qing*, ZHAO Yin!, CHEN Rui?,
PAN Yuan-zhi'”

(1. College of Landscape Architecture, Sichuan Agricultural University, Chengdu 611130, China; 2. Neijiang Academy of Agricultural Sciences/Key Laboratory
of Biology, Neijiang 641000, Sichuan, China; 3. Horticulture Institute, Sichuan Academy of Agricultural Sciences/Key Laboratory of Biology, Chengdu 610066,

China; 4. Tibet Academy of Agriculture and Animal Husbandry Sciences, Lhasa 850000, China)

Abstract: In order to understand the effects of exogenous GAsz and Spd on florescence and flowering quality of
Rhododendron simsii, the changes in photosynthetic characters and antioxidant system during the flowering period
were studied. The results showed that GAs had a significant ahead effect on florescence, while Spd delayed. Both
of GAs and Spd could prolong florescence, increase flower diameter and flowering formation rate. Both of GA3
and Spd significantly promoted photosynthetic rate (Pn), stomatal conductance (Gs) and intercellular CO,
concentration (Ci). The transpiration rate (Tr) increased by GAs, but inhibited by Spd. Both of GAs and Spd had
relieve effect on decline of chlorophyll content at the end of the flowering. MDA content in petals significantly
decreased treated with GAz and Spd, and the activities of SOD, POD and CAT increased. At the same time, The
decrease of SOD activity in the end flowering stage was slowed down treated with GA3z and Spd, relieved the
ageing process, and extended the flowering. In conclusion, it was better with 1 600 mg L' GA3z and 0.10 mmol L
Spd, could improve effectively the quality of flowers.
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#A%4¢ (Rhododendron sp.)s&#tA%4¢ £l (Ericaceae)
FLRYTEE 2 FAEARAES, RILE T KL —,
HMR%Z, Lt BRI EMERE
GrE, HATfERE AR ROz 0, BE I K
PR R, FETF IR R . A AR KT R
HEAME. SRR R R YT E A =4
Tt 57 TH S Rz . Hod, 7R R (GAS)
RIS K 1z (Spd) A2 PR A A [ 14 S5 )AL 42 A A 1R 1 71
XY FACH A FE RIE NI . GAs v LAMEEEY)
FEAES S %A FIAE, FEaRE BER B IKIR 7
Bk P B B A B PR ARHIR . VE N TE A I 1 2 F
B, MRIgSERImE 5, 1 000~1500 mg Lt GAs
5% it #5745 AL B (R. pulchrum) {8 35 AT 2RI A6 . 2R 45 kL
BOIEEEZ 0~3000 mg L1 GAz ik G, TE KB,
TR IIEERT, JHE P, 2 n] HEz ek a i
H5ZMMESBEMEER, Z25EMEEW. f£5
0.3 mmol L Spd {35573 857740 F 7 (Arabidopsis
thaliana) F 7 AT (AL AEIR 0T, b SRR o R 1) i %=
L FEM AR R, BRI H IR AR,
HAT, TR, A YA KR 7%
HA1E R AP F sema kg b . Bk, A
58 LLE RS (R. simsii) AR BT GAs Fl Spd A
AR EE AL EE N FFAEIERR . AR R, e B A EM
PUAAEE AL, BRI AN B RS AE I i
BUL, R A UG AE = SRR 2 1Ak 77
FEAR.

1 MR S

1.1 pht

IS M KL E BY 25 = B i A (Rhododendron
simsii ‘Zichendian’), VY112 R E B b 2 7t
Fraeft, MR —HERIFHER 3 AR FF 4 . 2016 4
10 A P KA. KRR — B, T
Yobkemr 32.7 cm, P45 26.7 cm, MWIRLE IS
L, BYRREN, HEKTHR R, BIRR, &
T L4226 cm, NIH4220 em, =i 26 cm B2
REEFRSH, FEFONIRR +, pH 4.85, BRfFEE. AL
T AT 5B 25 4051 A 212.46.,97.35 F1192.64 mg kg,
AP AN 11.2 g kgt, ST A Eh vk (EC
{E)9 0.82, BEAEM 1k, FEANY)IAME R 22 i

A5 X AR JE R o RS R R R [ 3 0 )
HE5E3)CHIQX2)C, “FIIMXTIRE R 79.4%.
3.d 5. | 9:00 FeEH E KA H KK 1K, % 500 mL,
FRRE MR IR AR KSR AT A0 3

1.2 A&

FrRERSE o Ja AT A0 BE, JL R B 6 M AbHE . 2016
£ 12 H 25 Hig, 435I 800, 1600, 2400 mg Lt
) GAs (43 #Fric N T1. T2 A1 T3)41 0.01. 0.10.
1.00 mmol L Spd (73 Al#Ric Y T4, T5 Ml Te)kf Ak
TAE A S5 RIT AR IS (R bR AT AR BT, DA
MR ONEE, BT dmE LR, ESEmHE 3 R, LA
AR (CK). FRALEE 4 72, WI0WE 3 IREH.

1.3 Jrik

MBI RAEA R AL E S (e RS . &
ZEFEUIIE IR . SR ] 30%EE fsth, K
AT AAIRES s WIHEIITE DB, KR
ST ERAS, TeHEST: BEAEI 50% L EiTE
TR, AR R SHERE S s,
Gk, BEERL, FREE. AR EE KA Y]
TR GG BIARACHATFAE I R T Fe €01, WITEHA
RS SRR AL 14795 U E 0 (B8 A6 25 650 A )y e
B T kE T, T RS E, SRER RS
JUN-80CUKFaTRAF. W 3 IRE K,

HE WEBIFR R RAEAERZ.

BAEE  JFEEERE 3 S A

HESHNE B R R T =R
< KA Li-6400 fE#EADEA1X(LI-COR, USA), i
SE I RRACBEFE ML 6 &, A 1Ak, 3L 6 MhiE
PR, SEECMHTAS AL T 4~6 A (3 Z I RE M- AR
) NE Y ThEent i 1% & 1E % (photosynthetic
rate, Pn). M [A] = % fk ik ¥ FZ (intercellular CO:
concentration, Ci, umol CO; mol?t) . 7Z& & i# %
(transpiration rate, Tr, mmol H.O m2sY), S{L5E
(stomatal conductance, Gs, mol H,0 m2s%), i 5E i
J6HE SR B (1 000+10) umol m2st, CO, KEN
(400=10) zmol mol-1,

HEBERNUE  SHEHEEN L,

AN E BB (SOD)IE T
FI € 2 H Giannopolitis 5P /1%, LAY
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(POD)¥& PEI 5 2 Mk & B S0 73, &1k
SHHCAT) IS S IR A A AE M J7vd: . T [ (MDA)
KA E I ZRE e, % 3IRER.

1.4 AR

KF SPSS 19.0 H A4 i) — MR MR N &
RS E. LA PUAERE AT )T 20T
(ANOVA), X One-Way ANOVA i &b F ] 32475
ZEHT, FERIA LSD ¥44E 2=0.05 KFi T 2 H L
o K Excel 2007 #A4F3HT1EE

2 RS

2.1 GA; F1 Spd AbFEXT LIS M

B 1AL, AMNE GAs AEERAEAT RS a5 LIS AT,
1M Spd ALFRNZE S5 T 454E#. 1600 mg Lt GA; 4b#
(TG I R AT T 6 d, HIFfEIRIK, b

# 1 GAs 1 Spd AbFExt B RS 18 15
Table 1 Effects of GAzand Spd on flowering of Rhododendron indicum

SHEZ 7 d; 0.10 mmol L Spd AL (T5) 46 1E 1 4E
J5 1 8d, BEAE Spd WREEHSK, ALRYHAERFEEN ] 4
PEK G4, AL 2 5, 11 M 7d. XA
b, SACERIANFFEEEHIG R T84S, FR TS ALBR)
TR KT GAs FIXTHE NP <0.05), HaR AbBRH] 1
ERANEFE . WE GAs I Spd IRFEIIG K, MibR
B B PR, DL T2, T3 AHE ) A6 R 5 5

2.2 GAs Hl Spd ALFE XS FEIEHAIE & He ttk R R e
HEBRESE HH# 2 AlAL, FRRSH OGS
R EAEAWHEREHEN. BRREGTIE) T,
482 a (Chl a). 2% b Z(carotenoid, Car) FiliL H-
£% 3 (Chl a+b) & EFEAEIIZMT T %, 142 b (Chl
b) & ALV IS BIEAE 588 T R 7 2k
W], ARAEEAESH OGS RS EEAREHA
M2 2 5 (P<0.01) . GAs A1 Spd AbHE IR 48 i T
B9 F- Chl a. Chl by Car #1 Chl a+b & &, &

Ay il WAL REAE) AKIEW End 164 Az FRAEEE
Squaring Early flowering Blooming stage  flowering stage Days of Flower diameter Flower formation
stage (D/M) stage (D/M) (D/M) (D/M) flowering (mm) rate /%
CK 7/5 10/5 12/5 15/5 8 50.37 +1.78b 85.20
T1 3/5 715 10/5 14/5 1 52.13+1.84b 86.42
T2 1/5 6/5 13/5 16/5 15 55.3242.88ab 95.25
T3 2/5 6/5 10/5 14/5 12 51.5642.93b 95.23
T4 10/5 14/5 19/5 23/5 13 53.11+3.85ab 89.28
T5 15/5 21/5 29/5 3/6 19 58.62+3.13a 92.13
T6 12/5 17/5 21/5 2715 15 56.14+3.67ab 89.93
[ 5B 5 AN A 8RR 22 57 2. % (P < 0.05)(LSD £ HE k). FE .
Data followed different letters indicated significant difference at 0.05 level. The same is following Tables.
% 2 GAz 1 Spd 4B R ERSTFAEAM Fob & R & BT Z A
Table 2 Variance analysis of photosynthetic pigment contents in leaves of Rhododendron indicum treated with GAz and Spd
Chla Chlb Car Chla+b
(mg g FW) (mg g FW) (mg gt FW) (mg g FW)
CK 1.10140.067¢ 0.326 +0.032c 0.273+0.058¢c 1.427 +0.089b
T1 1.12440.079b 0.336+0.032bc 0.298 +0.059bc 1.460+0.085b
T2 1.499+0.134a 0.369+0.034a 0.345+0.058a 1.868+0.162a
T3 1.497 +0.128a 0.356 +0.030ab 0.323+0.054ab 1.85440.144a
5} 8] Time P<0.000 1 P<0.000 1 P<0.000 1 P<0.000 1
Fif 1] <GA; Time XGAz P<0.000 1 P=0.009 0 P=0.050 0 P<0.000 1
GA; P<0.000 1 P=0.0340 P=0.006 0 P<0.000 1
CK 1.10140.067d 0.326 +0.032c 0.273+0.058c 1.427 +0.089d
T4 1.442 +0.069c 0.343+0.030c 0.306 +0.053bc 1.785+0.090c
T5 1.78540.117a 0.396 +0.047a 0.391+0.050a 2.181+0.156a
T6 1.55440.117b 0.369+0.034b 0.346 +0.045h 1.92340.137b
fFE] Time P<0.000 1 P<0.0001 P<0.000 1 P<0.000 1
fif [] <Spd Time <Spd P<0.000 1 P=0.001 P=0.0240 P<0.000 1
Spd P<0.000 1 P=0.001 P=0.0010 P<0.000 1
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FE T, B TS AR E Bk, ke
SR T 61.82%. 17.24%. 44.44%7F1 52.45%.
SEZ®SH R 3L, AR A IS
S HEF HE R . BRIRE (CK)
T, FEESH R P BEAEIASC AR E T A, EEAE
HHIE AL, Gs BEAEHAIZHET RS, Ci F1 Tr &t
Be JTZEMHTR, GAsHl Spd AbFE #2174
BSTEHI Pn. Gs F1 Ci, GA; AbFE R 1458 T Tr, 1M
Spd b KT Tr, GAz A1 Spd 4bFH (4RSS
IEAT 2 K0 5 0B I 22 S ik B35 KT o, GAS
ARERE Py Gs. Ci A1 Tr 435l EL X FEIE N T 6.78%~
41.36%.32.00%~84.00%.5.57%~ 25.78%7#i1 26.58% ~
39.24%; Spd ALEEFK) Pn. Gs A1 Ci 235l HLx fE 8 1
30.17%~76.27%. 92.00%~ 148.00%. 10.50%~43.07%,

K 3 GAg Al Spd AL~ E AL SN Fr SIS EK 5 22 3B

T Tr Wb 7 13.92%~39.24% .

2.3 GAs Fl Spd AbFE XL IEEE M I F R

HHER 4 WA, ARG AR AR b L g v 1 A0
MDA & & BA K BRIk . SOD #1 POD i
PE w0 HH BLCE A ], CAT % 1 v 0 HE BLE R AE
1, MDA & & e ILAE R AR . 50 FRAH L, GAs
Al Spd AbFE R E SR T ALRSIEE) SOD. POD Al
CAT 5, W E KT MDA & &. GAz b T,
SOD. POD #iI CAT 3% 73 il L% HE R 75 14.85% ~
50.25%. 14.81%~45.30%7#1 12.39%~64.16%, MDA
BB L RAIG 7.66%~45.26%; Spd 4L¥E R, SOD.
Pod 1 CAT 3443731l i1 30.73%~71.60%- 16.03%~
53.31%F1-7.52%~ 79.65%, MDA & & F & | 31.46%~

Table 3 Variance analysis of gas exchange peramenters in leaves of Rhododendron indicum treated with of GAz and Spd

Pn Gs Ci Tr
(umol CO, m%Y) (mol H,0 m%4) (umol CO, mol 1) (mmol H,0 m2s1)

CK 2.946 £0.499d 0.025+0.006¢ 206.12+51.14d 0.786+0.393c
T1 3.147+0.312c 0.033+0.006b 228.13+26.31b 0.999 +0.530b
T2 4.166 +0.710a 0.036 £0.007b 259.26 +14.79% 1.078+0.545a
T3 3.394+0.668b 0.046 +0.008a 217.61+19.22c 1.101+0.560a
fif 8] Time P<0.000 1 P<0.000 1 P<0.000 1 P<0.000 1
fif ] xGAz TimexGA; P<0.000 1 P=0.002 0 P<0.000 1 P<0.000 1
GA; P<0.000 1 P<0.000 1 P<0.000 1 P<0.000 1
CK 2.946 £0.499d 0.025+0.006¢ 206.12+51.14c 0.786+0.393a
T4 3.840+0.335¢ 0.048 +0.007b 228.344£29.69b 0.681+0.289b
T5 5.197 +0.550a 0.062+0.010a 249.19+35.14a 0.553+0.201c
T6 4.224 +0.599b 0.051+0.008b 227.77+42.51b 0.481+0.195c
fif 8] Time P<0.000 1 P<0.000 1 P<0.000 1 P<0.000 1
B[] <Spd Time <Spd P=0.0050 P<0.000 1 P<0.000 1 P<0.000 1
Spd P<0.000 1 P<0.000 1 P<0.000 1 P<0.000 1

% 4 GA; 1 Spd AbBE T EAS FFALIALEIPT S AL BRE A MDA 8107 2250

Table 4 Variance analysis of antioxidant enzyme activities and MDA content in petals of Rhododendron indicum treat with GAz and Spd

SOD POD CAT MDA

(U gFw) (Umintg?!Fw) (Umintg?!Fw) (umol g1 FW)
CK 56.10 +25.27d 2.865+0.646¢ 2.255+0.597b 6.233+4.685a
T1 64.43 +26.64c 3.305+0.726bc 2.540+0.705b 5.128+3.47%
T2 78.74+30.92b 3.685+0.885ab 3.368+1.030a 3.568+2.127c
T3 84.29+30.98a 4.168 +0.994a 3.708 +1.243a 3.405+1.983c
i 1E] Time P<0.000 1 P<0.000 1 P<0.000 1 P<0.000 1
I A] XGA; Time XGA; P<0.000 1 P<0.000 1 P<0.000 1 P<0.000 1
GA; P<0.000 1 P=0.004 0 P<0.000 1 P<0.000 1
CK 56.10+25.27b 2.8650.646¢ 2.255+0.597b 6.2334.685a
T4 73.48+24.64b 3.328+0.845¢ 2.088+0.516b 4.268+3.033b
T5 96.27 £31.40a 3.888+0.881b 3.728+1.175a 3.015+1.531c
T6 73.34+24.46a 4.398+0.961a 4.063 %1.328a 2.613+1.422c
I5f ] Time P<0.000 1 P<0.000 1 P<0.000 1 P<0.000 1
frf ] <Spd Time <Spd P<0.000 1 P<0.000 1 P<0.000 1 P<0.000 1
Spd P<0.000 1 P<0.000 1 P<0.000 1 P<0.000 1
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58.11%. [ T1 AbFHfK) CAT iEME 5B EEZER
Ah, HiAy GAs #LFR ) SOD. POD. CAT i 144l MDA
SRS MNEEREE,: R T4 481 SOD. POD
AT CAT it 5o IOG B35 22 e Ak, Ho4R Spd ALFE T
PUAALEEIS A MDA & B 50 R B E.

3 AR

3.1 GA: 1 Spd Xt B RS FFAE i B RIAEHA B 82 e

T2 o A R R I 4 %, R IM
W AF SRS P IX AT BRI R, 3
MBS IR A 15 A IR A % i I R LB A R T AR RS,
FEFFAEIS TA] () b GASs & fi BB — S5 R 14,
KEMFARY, GAs n] LMY {ERs15-16l, A&
W, GAs AbERSFEAS AR TE HIFE AT, 1 600 mg Lt
GA: CHRIFERTRCRLYF, TEImt, GAs 1ELE | HLAY
M, KT X 5h0 AR SE R,
BWMARYE, ZRSE5RNEE 5208, KR
S5, Spd A FREMEAEIAE f5 , (BIEIAE K, DA
0.1 mmol Lt Spd b %R i A &2, AT RE A T2
FEZ 6 A PR 2 e R R A2 A 3 A7 ) AU P 12,
Applewhite ZEBIFIHF 5T R B, Spd AbFE LR HIR T
it Ahmed SRV TR R B, 2 cis B E Rt
RIEGFEINEEITIACLEIR, WA RS e 45 54
AR B AL IR B KA B BIH0H], M) T ARG R
XFFFACRE I o PRI R A B T B A e e 48
m HAERE K, ATRE/Z T GAs. Spd it 7Y
XF N Py K EEEFRIGHR MR -2,

3.2 GAs 1 Spd X A1ER M

AR, HEYFEMNERERZ st
N, eAERRERE, FI, BETESEEZN
HEFE, PSRBT 1 R 3 T H R S A28 (b 1 A 23-29],
T FFAE 31 05 A F RN S8 A B35 1k 22 1k T DA
R AEHAERRRO, AT FUSE BRI, GAs Fl Spd 4t
BRI & T AL & B 8 Chlay Chl b,
Car Il Chl a+b & &, BEZM T KL EEER
R a4 (R 2), 1IX 5 &M B H G A g R B
H—3ER 3), HIMIFRORHEFLs AR . ik
JE GAs. Spd ALFE(T2. T5)ELARIKEE(TL. TA)FIE
WIE(T3 TOMHEARIF RN G K, FTaEZ
T =% GAs. Spd #ifil] TR A KR E,
MBS SR R B A, RIS, ok ik B e

R ARG A PN ACENE S, INE 7Y R E
TR AR RIS A, TR DR ) IR AU
MK IS RAL, FEULE RSB T,
T 38 B R JEE 11 22 e mT DA 1) € 3K 0 920 AN B 1k
DNA Ffife s HA e A A O/ L, b4k, Car X
R NIRPUEAALT, FEARI A ATIRISORI AL RE . K
R G PN 111 L =P 2 KR A N 7 v S o7 3
% GAs. Spd 4bHE () Car AL HIZIRAEH T [
FILE (R 2), AAMIFHER T ARG 2R P A
S PRI TR, IXRHIEA AR SR (] B
B3

AREFEH, XA, GAs B E =AY T
FESIIH AT AR5 PERE 55 1 I P Xt A1 57 CO. (IR AL fE
71, $EE Ve R ROt EER, R, B
FRME TR A AR T T RN R AR T, IR )
s, et 7o E RN, 1 Spd A
BEFRAR 7 A 2RI R, T REE BT 2 i Y
TR TEIE , A2 Cat Bl IE HETE, $2
eI Ca il FZ, MR L 1) K sl AL, IS
fLKH, FEEEBEM TR, & KRR,
T&EE LY GAs FIl Spd Ak BE 12 35 1 58 1 T A6 AL
RS AR RS R, A RO ARSI E D &
fEH

3.3 GA3 1 Spd Xt HisE AL BRI B
YTETAC S EE TR, RN =4 K=
H L (ROS), BL EZ W H HIEERREE, WA
WAL (SOD) . i S AL A (CAT) FfLIA i iR it
FALYIBEAPX)TE MR 3N, LAERRE 2 E
F29, g7 E& (Dianthus caryophyllus) JT 163 2+,
SOD HI APX iE HEAEAE ST ISR L SIiE{, 5 ROS
3N —2, 10 CAT VG PECRRRE B 252 MR,
BEAh, FEAEERIH B, ROS /KPS R 1 LR
&Y EEMMEIAY M REMEI, KT,
W% 2 ST AEHERE, MDA S EIZH ETHEE 4), JE
WIZ AR RN, fEREZ A, SEYTEE
ZA KM CAT I SOD y&E M E BV B =, BAJE
BHTEAL (R 4), 1] CAT A SOD &1k, HAY
PUEE L 8 IR0, R FARIGUE 11X — 5. GAs.
Spd AbPEHE T E AGHALIE FR T K b S A R P,
HAR PR, Pra B s LR . PTREZ T GAs.
Spd REME LA ST BRTEFL S K P IIERIA, HE—
R T AHRPUEAER S ) BT, KA RS
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FEAE N F B3 0 BT IR U A A (R T
iz B 4 H R TE BRI A, Spd AbFELE GAs
IR S 4, nl g2 T Spd @it FHLIE 208 1 P= 4
MR, TEEIKE R GAs Fl Spd )8 Lk T RAE
W] SOD VETERI T B3 (R 4), AR T ERH
W, BRI EPR, X50E60EM
M FEARSE AR —EL.

GAs F1 Spd Ab 3% B B A8 G A RR I R B4
W RS W, A [F) R R AR = = RS A
A, IR ZRE TR Y], GAs A Spd AbEE
S T ER IR AR R KD E R, G5 T
MPUAAER G YE, AR T TFA6 5 JA R e 3ot 41
b, IR T B RS FEAE ST, ML B350
o, L1600 mg Lt GAs A1 0.10 mmol Lt Spd 4t
HRIR R AT o AEPTF A AN 2 2 R A 22 110 32 R D 4%
VAT, [RINSZ BTN R e, E A
I T AR G VLB, 7R E MR R R
3K 5 THI BB RN (RO 9T
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