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Effects of three kinds of growth regulators on flowering and

branch physiological characteristics of Paeonia rockii

LIU Jiamiao', TANG Hong'" , ZHU Jiachen’, TAO Xuanlin', XUE Nana'

(1 College of Forestry, Gansu Agricultural University, Lanzhou 730070, China; 2 College of Resources and Environment, Gansu

Agricultural University, Lanzhou 730070, China)

Abstract [ Objective | The study aims to explore the effects of three kinds of growth regulators on the
flowering and branch physiological characteristics of Paeonia rockii and to provide theoretical basis for the
chemical regulation of flowering traits of P. rockii. [Methods] With ‘Xiangyabai’ from Guantangou P.
rockii Cultivation Base in Yuzhong County, Lanzhou City, Gansu Province as the material, three kinds of
growth regulators (IAA, GA,, and 6-BA) at concentrations of 100, 300 and 500 mg/L were sprayed on
the leaves before flower bud differentiation, with water as the control. The changes of physiological inde-
xes, including flowering at full-bloom stage, antioxidant enzyme activity, and osmotic adjustment sub-
stance content of branches, were investigated. [ Results] Compared with the control, the three growth reg-
ulators increased the number of flowers and the rate of double-petal flowers to varying degrees, and the
effect of 500 mg/L 6-BA treatment was the best. The SOD activity, POD activity, and Pro content of the
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single-petal branches and double-petal branches were the highest. The activities of SOD, POD, and CAT

in the branches of P. rockii were positively correlated with the number of flowers and the rate of double-

petal flowers, which played an important role in the flowering process, with SOD was more prominent.

The number of flowers, rate of double-petal flowers, and physiological indexes of the branches were the
best under the treatment of 500 mg/L 6-BA, 500 mg/L GA,, and 300 mg/L. GA,, respectively. [ Conclusion ]

The three growth regulators directly or indirectly increased flowering number and stamen petaling degree

of P. rockii through the physiological indexes of the branches, but there were differences in the degree of

promotion, among which the number of flowering and the rate of double petaling of the 500 mg/L 6-BA

treatment increased the most.
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TAALLER
IAA processing THE CK

GA b3
GA, processing

6-BAZbTH

6-BA processing

CK A B (oA KM FIAR T, T 104092 R 2023 4/ 2024 48) . A B.C 40 B 7R A KM 5] TAAGA, fil 6-BA.,

M 1.2.3 435128 100,300,500 mg/L W, T,

Bl 13 AhA 5 7 AL 3R R 58 B4 PH T AR 1

CK is control (without hormonal treatments, | and [l denote in 2023 and in 2024, respectively) ,
A, B. and C stand for growth regulators IAA, GA,, and 6-BA,while 1, 2, and 3 stand for concentrations
of 100, 300, and 500 mg/L, respectively. The same as below.
Fig. 1 Flowering of P. rocki under treatments of three growth regulators

F1 3MEKFFTALETERESFRIER

Table 1 The flowering traits of P. rockii under treatments of three growth regulators

4b 5 BEIFAEE Total number of flowers % Rate of the double-petal flower/ %
Treatment AbBHT Before treatment AbBRJE After treatment AbBEHT Before treatment MRS After treatment
CK 45.334+1.53a 41.6741.53g 0.530.02b 0.4940. 02f
A 43.6740.58a 53.6742.08cd 0.52-0.02b 0. 6640, 04bc
A, 45.33+1. 15a 46.67+1.53f 0.52-+0.02b 0.5540.02e
A, 44,67+1.53a 51. 6742, 08de 0.54+0. 03ab 0.65740.01cd
B, 44,004%2. 65a 49.334+1.53e 0.56-£0. 05ab 0.65740.02cd
B, 45.6741.53a 57.67+1.53b 0.50=£0.03b 0.66240.02bc
B, 45.67+1.53a 54.33+2.52¢ 0.5940.02a 0.71%£0.01a
C, 43.33+1.53a 46,6741, 15f 0.557+0. 04ab 0.6140.03d
C, 43.3342.31a 57.67+1.53b 0.5240.02b 0.6940.03b
C, 45.67+1. 15a 62.67+1.15a 0.53740.02ab 0.7340.01a

2 [ FAS R NG T 0 Fom AN R A BRI AE 0. 05 7K F- 25 5 W 3 (P<<0. 05) ., T,
Notes: Different lowercase letters in the same column indicate significant differences between treatments at 0. 05 level (P<C0. 05). The

same as below.
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The different lowercase letters within single-petal branches
or double-petal branches indicate significant difference between
treatments at 0. 05 level (P<C0.05). The same as below.
Fig. 2 The activities of SOD, POD, and CAT in branches
of the single-petal flower and double-petal flower of

P. rockii under growth regulator treatments
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Fig. 3 The contents of SS, SP, Pro, and MDA in branches of the single-petal flower and

double-petal flower of P. rockii under growth regulator treatments
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R OFEWHAEERTET AR T B H ST 0.01),5 POD 3% & i 2 1IE 40 5 (P <<0. 05) ; SOD
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Table 2 Throughput analysis of the physiological indexes related to flowering and stamen petalody of P. rockii

o n S - —
IF 46 otk . PIEE T Hfggh [ 32 18 42 R 2L Indirect path coefficient QEE
Flowering IHd/\ Correlation Di /\t th A E$4
trait nASX T coefficient rect pa SOD POD CAT SS SP Pro MDA - R?
coefficient Sum
SOD 0.912 0.557 0.254  0.183 —0.048 0.061 —0.086 —0.010  0.355  0.706
POD 0.733 0. 441 0.320 0.122 —0.035  0.043 —0.157 —0.002  0.292  0.452
wores  CAT 0.808 0.211 0.484  0.256 —0.036 0.030 —0.124 —0.012  0.598  0.297
Total SS —0.395 0.093 —0.285 —0.166 —0.082 0.010  0.036 —0.001 —0.488 —0.082
number
of flowers SP 0.560 0.122 0.279  0.157  0.052  0.008 —0.056  0.000 0.438  0.122
Pro 0.245 —0.282 0.169  0.245  0.093 —0.012  0.024 0.007 0.527  0.036
MDA —0.300 0.033 —0.168 —0.026 —0.076 —0.002 —0.001 —0.060 —0.334  0.274
SOD 0.728 0.410 0.284  0.520 —0.162 —0.033 —0.150 —0.141  0.317  0.428
POD 0.631 0. 494 0.236 0.347 —0.119 —0.023 —0.275 —0.028  0.137  0.379
o CAT 0.716 0.598 0.356  0.287 —0.122 —0.016 —0.218 —0.168 0.118  0.499
Rate of the SS —0. 266 0.316 —0.210 —0.186 —0.231 —0.005  0.062 —0.011 —0.582 —0.268
double-petal
flower SP 0. 386 —0.066 0.205 0.175  0.148  0.026 —0.099 —0.002  0.453 —0.055
Pro 0.215 —0. 495 0.125  0.275  0.264 —0.040 —0.013 0.100  0.710  0.884
MDA  —0.014 0.468  —0.124 —0.030 —0.215 —0.008  0.000 —0.106 —0.481  0.721
T s | AT 0.88 | 0.91 | 0.73 | 0.81 | -0.39 | 0.56 -0. 30
‘otal number of flower of flower
B e -
Rate of the double-petal flower mp:l:lmﬂco?;bl& 0.73 0.63 0.72 0.27 0.39
soD ‘ ‘ SoD 0.58 0.87 | -0.51 | 0.50 0.30 | -0.30
POD ‘ . ‘ POD 0.58 | -0.38 | 0.35 0.56
CAT ‘ ’ . . CAT -0. 39 0.44 | -0.36
1@ 0 @ @ @ -
1@ @ @ @ s
Pro . . ‘ Pro
wi| @ © O s
RIS Em% SOD POD CAT Ss SP Pro MDA

Total Rate of the
number  double-petal
of flower flower

x R P<C0.05, ** Fjx P<C0.01, xxx FKR P<0.001,
Bl 4 SEPRALPIAS [F] A AR B3 AH S 43 BT
* indicates P<C0.05. ** indicates P<C0.01. *#=* indicates P<C0.001.

Fig.4 Correlation analysis of different physiological indexes of P. rockii
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9 MR RN 3 N ET R 1L E
WA EEE T BIHAEE R . SOD. POD #l CAT
PEFEARE L TIBR N 51,454 % .56 2 F GG T
IR N B & R AR AR A5 B SRR 15,125 %,
03 EMSGA TR AT I E A S EF R,

TUHR R g 12, 439%, =& B STk R Ry 79. 018%.,
i — A5 DA A Y R0 X 58 B A PRI AR R R 2 A 1 R
Wras R GR OFAL G130 HEAA T 3 45 AL 385331
s Cy By Al B, , Bl AE C, ZbFH (500 mg/L 6-BA) T %
BEH P25 TR bR A

R3 ERSOWEERII SR ERE

Table 3 Composition load matrix after PCA rotation

EEL %1 Er 52 EWsr ERIES %

Index PC1 PC2 PC3
BEIFAEE Total number of flowers 0. 980 —0.058 0.072
H R Rate of the double-petal flower 0. 839 0.104 0.075
ALY B AL B TS 1 Superoxide dismutase activity 0.943 —0.074 —0.073
T E ALY EFIG M Peroxidase activity 0.759 0.374 —0.062
W A AL A Catalase activity 0. 889 —0.049 —0.180
A ¥ PEME % 4t Soluble sugar content —0.439 —0.112 0.753
M & & Soluble protein content 0.528 0.128 0.706
Jifi % B2 & & Proline content 0.378 0.716 —0.031
N [ &4 Malonaldehyde content —0.313 0.811 0.025
FHEAA Eigen value 4.631 1.361 1.120
J7 Z 51k % Variance contribution rate/ % 51. 454 15.125 12. 439
231 5i#k % Cumulative contribution rate/ % 51. 454 66.579 79.018

R4 ERKFATHLENERBEIZWESEITMR
Table 4 Comprehensive evaluation of the effect of

growth regulators on P. rockii

Trfai tf‘nicnt ﬂ%}g{ﬁ-‘fz ﬂ%‘?fz qj%‘:%}: g%c?ri Rf IE Eﬂg
CK —1.294 0.715  —0.202 —0.738 9
A 0.327 1.076 0.162 0.443 4
A, —1.030 —1.135  —0.020 —0.890 10
A, —0.422  —0.079 0.221  —0.255 6
B, —0.461 —0.822 0.922  —0.312 7
B, 0.733 —1.276 1. 344 0. 444 3
B, 0.282 0.942 0.596 0.457 2
G, —0.956 0.804  —1.030 —0.631 8
C, 1.051 —1.156  —2.185 0.120 5
C, 1.770 0.929 0.193 1. 360 1

3 ¥ ®

3.1 ERHAAEBEEEBUETERKFTH
B i) 2 4 iE

A K R A T A 5 e LA AR 2L
F T AN Ak B B Ab B ) A AR A AR T

DL AN IR 5R S R DI A G . TAA EAT 2 E A
ARMEA RS RS, GA, 0T LR F 40 i 5 24
K DL A5 S FFAE . 6-BA S A T4 B0 40 i 43 %4
o 0T DA N R AR RO 4R AR A
FEHE I TAA XHAE & B A (R R Y TAA & AR
fext 6 & & BA MRS kTS H GA,
W7 i TR AL RS i L R AR RO 2 S B
FRAEDU IS R T 6-BA J5 B A R 18 2R 50 T
i IR AN e ST PN N7 8
TIAA.GA; 1 6-BA 4b B & 2 5 F+ 17 8 841 1 09 IF
6 2% TR 35 0 A0 R B 5 % H AR BT S CK O A6
AR KRB CK S FHMRAES 2 4G T F R, X
SIS 2 AR E) TR BE O ORI R K AR AN LR BT I R
FEAE 22 57 56 5 10 2B A I8 15 700 A 385 199 8 43 A Ak
A6 B R R SR A B O B I i 2 K R Y
AT AT R R BP0 TR A RO . A
KT AR Lo 55 TAA Ab BEAL APk B R 100 mg/L
I L A L T A B5ORT B A R W 3 T L Ak B2 R
CK;GA, AbFRYLHh R R 300 mg/ L WA AR TF 48 5k
TR M 3 MR N 500 mg/L i8I R % 5 5
6-BA b FRA R I S, BT RALT TAA F1 GA,
AbFRZE L T ELAE R BE R 500 mg/L i A TF AL $OR &
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MR AR TR B A . Rk, 7 BF A AR B4 B, 500
mg/L 6-BA B3 8E & T 5% B4 PF 09 T 78 50RO
R RIS B R A A B ASCR . ik S Y 5L I I it i
B BE A IR 3 AT LA R T SR B A P IT AR R
A, O 38 g A A A R R A R AR S A R R T

TR .
3.2 EpHAKEFNIMRENETERKFTH
B i) Rz 45 4iE

SOD.POD Fl CAT JAH Y 15 & N e & Ak i
I RGBS . SOD BE M8 I Ak 40 i Py 48 25
T A3, BHE S H,0, i1 O,,POD 1 CAT
FEAEALAE T BB A N A E 1Y H, O, 408 H, O
F O, 5 DA B8k 20 1 7 0 356 4 40 0T 40 i 7 468 3 5 Bk
oA 2 A0 A 1 R B il L AR A I A AR L 40
SRR R AT B EEEMDY . B AR KB,
AN TAA Bl 2B e S8 Ak B T R T e, BT A A 3
AR TR IR LY L GA, F 6-BA REAS 1S N & /K B
AU BT SR T Y 3 KOS L GAL TR TS AR
AL VED . AR LS AR I B AR
R 45 BT A A T I P o S TR R AL, H S CK A
Lt A A IR 1 500 Ak 38X 5% B A P A A% BT A AL O
AR R ) AR BT B B, 3 Al A R 3 3 Ak T g N
3 )& 100 mg/L TAA.500 mg/L GA, Hl 500
mg/L 6-BA, FEAHIENE S BT H L S BE4H ST A 5% SOD
T 1 5 T A B8R B S5 AH O P SR 5 (P <<0. 001)
HKE CAT % (P<<0. 01 . i J5 N POD i (P
<<0.05), H SOD {fi ¥ 5 CAT I A I 2 HH &1k
(P<0.01), Ut BAIX 3 Fh 4t 8 1k il 7F 42 55 48 B 41 )
TEAE B AN B 5 5 T kR A/ G HE/E ], B SOD 5
CAT A i of A B R4 . 3 By 40 i
PEIWCT =R E S, P8 1 F M54 SOD,
POD I CAT i P 5 48 b1, 5T Mk %35 5 61. 312% ,
R T X P A AL 1R bR AR 25 A VAL T AR AR TP Y
HEENE, TR AR T, 3 RS I X BT 4L T
FEAEES TR A 2 4 RO PR R B HETE
A8 Hoi SOD {6 2 X FF 46 B0 i ) ke 58 28 8l K
(0. 706) , UE WA HT E AL B I H 2 SOD X FF 48 £ fn
TR TTIEREC A . AT UL Wit 2 < 9 9 300 ] 3 5
i) 58 B 4 PG AR b 3 b b SR T L O L3 Rh
T 5 58 B AT P E T A MR LA AR A A e LA
B I 5T A A5 A DL 2 R B R ok R B A R
IAA GA, 1 6-BA X i 3% 1) Bt 1k i 7% 4 7= 2E B
B RE A, FLAS ) A A 8 700 2 v B R i [ 7 A 1Y

S BRI DL KW 6-BA 42 T il 76 M 19
ROR BT
3.3 £HMHEASEATYREA_BEENEK
8 5 1 B Ml Sz 45 4iE

YA — A THFERE 0 L AR, R BE B 3
AR AR AL . SS HI SP SR AW AR P B E R Y
B AT B 25 A8 A BE S WA 9 9 A KOIRASDT LSS
VE S H fig R, 2 KAk A W is i i) £ 2P
%A AR R ik R BRI, SP 2R
OB B 27 s e 1 R A B % BR AR B2, g AL 2%
BRI B LR . Bk Ah, SS.SP Ml Pro %
B T W) B e A% VR A ) TR 0 B i E R R B A
Pro & &H HIRIPAGHE Y Z # BE. MDA & & )2
e JE Al oo AR A R B R AR AR s 0 5 I Y o AR Ak
Bite S . BA IR W, B AN IR GA, 1 6-BA
REFETF A8 22 SS Al SP ) & &, (HES B ] SS & 111K
T BRI T AR R R ) s A AR 2 AR T AR
L TR AE TR 5 A R Y R A B S A A
SS &AL T XS AL, AT RE fH T AL 2 40 AL I 8 T K it
SS.HH SP & & A4 Al T4 K F, JF B Y Y ht
A AL il % PR AR A0 B MDA & S vl | T, i
EAE Y B ek A 3, RO AR R [ ik A AR
SR KA AL B R Pro e R AR O HLH 2R
8 500 Bl 2 Rk BE RS [R) 7 A R [ B SR AR
IR e RFE W, 5 CK ML, 45 A 0 57 b 232 X
SCBE AL P A 5508 % W ) T (SS.SP Al Pro) Al
MDA 5 5 77 Az A [a] B B 9 52 ), L J I A6 A 45 1Y
N 3 T AR AR AR 5 A% A U T R Ak B 2H AR
25 SS & 4 2 300 mg/L TAA 100 mg/L
GA, Fl 300 mg/L6-BA, SP & & % =5 19 73 3l & 100
mg/L IAA.300 mg/L GA; #1500 mg/L 6-BA,Pro
SEBRENDHE 100 mg/L TAA.500 mg/L GA,
M1 500 mg/L 6-BA, MDA 7 it 5 & 19 4% 5 & 100
mg/L TIAA.500 mg/L GA, 1 100 mg/L 6-BA 4b
PR, 4 A5 PR bR o 7 AR R Y ) Y AR A v B O R A
[, B & F 100 mg/L TAA.500 mg/L GA, F1 500
mg/L 6-BA &b 324 R 5 4, (H KHR 43 b 3 SS A
Pro & 8K T CK,SP fil MDA &85 T CK, @i
GIATES R WK X T IR AR RO E AL 4 DR AR
Pro % # (Y 1 4% 38 12 2 B0 K & W& X I 16 i i
B AL TR A 5 v L W Pro & R4t SOD i
PEXTFFAEE™ A 3K A 2800 . AR BT 25 5 5k
I B gl SR AR
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