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AP REMNEEFS . SEESEKRSH
KEHR £0F BENR B B HFF SHF
CHCAMREHE 2 KRR A B B 712100)

W OE ONIRRBEPIMRE (Primula filchnerae) ZA5 A5 FHOR AT 43 70 R I AD 12160 2 R 4 SR 3K
TR TROKANZR AR B, H AN )k B 5 A B [ o] & 2 30 B0 T 356 1 DU AR 15 3 S 1 B i, 3 1o e =X
HOAR ARG TR A TR PRI 5 5001 . 25 SR SR - BOKAL ZR AL LSS D i & IR S g st T,
EL7E 35 B B R ) B R DA R A R, R T AR, 0.02 oo L7 24 h AR AT T R ZE R R, N
(77.67+3.51)%:0.05 gL'\ 24 h A FRZH ¥ 4 1 SE TR B AIK, 24 (2.16+0.93)% , H DU A5 A5 5 3 5, (30.12+
4.02)%. AR SAE LI, 0.05 g L7 A BEASCR e A L DA IR 528 0 (40.00+10.000% o 37 22N BEAKS I 25 5 3=
Y, D05 R A R Go/ Gy 3206 40 — A5 MR BA S A A% s e (LA BT — 25 301 , A5 R YL CUAREON 2n=20=24, IO 51K
PAAREON 2n=du=48. TEAF TN LLE AT 2R W], DUAT AR AR 1Y I B A8 A A8 b WO T A4, A
R AT, MBI (EE 5 o AN, DURE AR I SFL T 18 AL BERRAIR 5 6 22 AR5 (AR e 1) ML 48 i 2
TE. £5 DJR, AP A T AU BV B R B HOKAN R 15 2 SRR e AR R iz R Z 50K E R I
FhBTRIHTER UL T HAR 4 .

KR BEPY PR BOKANER s USRS AA s Qe AT TR A S Mtk
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Induction, Identification, and Trait Analysis of Tetraploid Primula filchnerae

ZHANG Kaixin YU Xinze GAO Kaiyang CHENG Chen HAN Xueying SHI Qianqian”

(College of Landscape Architecture and Arts, Northwest A&F University , Yangling  712100)

Abstract To establish an efficient polyploid induction protocol for Primula filchnerae, seeds and shoot apices
were treated with colchicine using the seed immersion method and the cotton ball dropping method. The effects
of different colchicine concentrations and treatment durations on germination rate , mortality rate and tetraploid
induction rate were compared. Flow cytometry and root-tip chromosome counting were used for ploidy detection
and verification. The results showed that colchicine treatment generally suppressed seed germination and
increased seedling mortality rate, but it significantly increased the tetraploid induction rate at the optimal
concentration. For seed treatment, the highest germination rate (77.67+3.51)% occurred under 0.02 gL
colchicine treatment for 24 h , while the lowest mortality rate (2.16+0.93)% and the highest tetraploid induction
rate (30.12+£4.02)% occurred under 0.05 g+ L™ colchicine treatment for 24 h. For the shoot apex treatment,
0.05 g-L" colchicine treatment had the highest tetraploid induction rate of (40.00+10.00)% . Flow cytometry
analysis revealed that the G/G, peak of tetraploid plants was significantly shifted from that of diploids, and
chromosome counting confirmed that the diploid chromosome number was 2n=2x=24 and the tetraploid
chromosome number was 2n=4x=48. Morphological and cytological comparative analysis indicated that the leaf
and flower-related traits such as growth potential and ornamental value of tetraploid plants were significantly
superior to that of diploid plants. In addition, tetraploids had an increased stomatal size and a decreased stomatal

density compared to diploids, which is consistent with typical cytological features of polyploids. In summary,

FEEIH < B K [ RRREIE G _ BT H (32371953) 5 K AR BT AL I ZRi 50 H (XN2025024023)
E—VEH T AR (2004—) , 5, AR, E BN TR ARFST o

#  E(F/EE : E-mail : shigianqian2005@163.com .
Wk H A9 :20264F 1 H 23 H .
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this study established an efficient colchicine-induced polyploidization and ploidy identification protocol for

P. filchnerae, and provides technical support for polyploid breeding and germplasm innovation in the species.

Key words

traits
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JF e BOWE PR Cnfe 28 B 3 O e miR A5 ) .
AL, ZARRARHE DT R A A SR R AR
D7 AR RIS AR AOR R B RRAE > BRI,
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B SME AR R 8 8 I A R R S, 2 A% A5
FREMERENEAERRES . Bk, @7
XTI EE S SR ER R, E2E
NEEE NS H A IUE SRS fIE A

FBOKANZR AR 2 ML 22 53 248 i 7], 2
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— o HOE SRR R A BTSRRI 1, (5
il J 1R G 8 A4 01 TE 5 43 5, DT S 3 4 a4
55, SRR E W FE ALY R 2 TAED)
b, R HRKOKAN R AL B AT A5 2 2 53 A 2 4l b 3
Pl G5 AT R AR AR AR i DA AR R, IF
W2 B MR B 28 2 5 A g 2= A8 4k . 640, Ha
S5 THE KR (Cannabis sativa) ZA5 K75 05 T &
B, 0.5 mmol - L Bk /KAl 3 b B 24 h Ry fe 45 1F
Mo 255 58 £ BH , = 45 £t BY (Rhododendron fortu-
nei) 2 0.1% FOKAN R 1 24 h AT 3R AR A 15 44
B Luo ZEP 8 Y, I ¥ ( Taraxacum koksaghyz)?’{
0.1% BRI ZE AL 48 h N, 2 A5 1A 3 3 T ik
56.6%. LIAWTFERY], R 7RG B SME IR B
RET , RGN E 5 4 B 0], A g3k A4S
T 1) A5 K5 S 5 i Bk

B PG 2P it it & (Primula filchnerae) 2 H [ FF
A B E LR (Primulaceae) i F AL (Primula) 2
SRR Y) . HeWE w2 LT LE)
FEET 2, JR AR A 2L, R R AT B 2
EFARUN SR S VIS NV NI U N A N
W SR IR R SRR A D, B O
Pyl (0,45 s ) A CHE S A AR DR AP B B 21 (0, 45 5% )
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https://www.cnki.net

Primula filchnerae; colchicine; tetraploid; flow cytometry; chromosome counting; morphological

BB PR LR A G IR A AR R Y £
R EEER AL L. AR,
AN TR T AE A X BRI AN 2R A il v B8 15 A T
[ FAAE i 22 5« AR (P. forbesii) 1E 0.08% Bk
ARANNER 4 HE 48 h 7 5 A A e (569% ) 5 T L
K AL {2 & (P. denticulata subsp. sinodenticulata) 5
0.60% FK/KAIlI ZE AL 72 b, i 5 R )7 15 549%™,
R R AL 2 AT RIS S H ARG 0%
AFEE AR E A R FC A JE e M AR R
PG A5 T, X g 2 b BT 5 7l I o
K EHET, EXTBE PR R A, B LR [E]
LERERHCInF 75 45 K RO AT B3 S EUU AL KT
A BOE R R IR GEWEIE , AN X 7548 O£ A
RIVFFAE R AL RAL AT

T EIRBFR AR AR B T L RO
AP PG P B T 5 AR SR IR A
BHIIF T ROV, T 28 S B 5 T S HOT S RE 1Y
R MRS e SRR o WA, 3l 3 I I b AR A DU A
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1 #MR57FE

1.1 sy

ARG P T B 5 A KT A B A
AP . A B AR R R 2024 4 4 A
T IS A R S B PG P R R (T 1A
PP BRI (B, ELAE 0.6~2.2 mm, #5 {0 2 IR 48
o, RS, TR TR 208 0.118 go B K Ak
HHHE W B b A B w5 pers it
B (E1B), bk HE 4~6 it
1.2 BRAPAHERESEXES
1.2.1 #FFRAEEAHFRE

PEHU T, T K hiR i 24 he W T3R
WK e, #EAT RO R = . R R
P BT (R D), 5 3 LROK A ZE BT e
(0.02,0.05.0.10 g- )5 34112} H] (12,24 48 h) .
PLYE 7K i R X HE (CK) | 45 21 4h B 300 7 FhF o
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A. Seeds for soaking treatment; B. Seedlings for apical meristem treatment.

Bl &fE0ESRBAT R

Fig.1 Materials used in polyploidy induction experiment

WK VvDEL) V(BERS)  VUEFE +)=1:1: 11&
A1EAT2AL T, RS VB R B R
FHZEMR K Wk 3~5 Wk 3B Fh T o b B 2 MR
R I RTS8 B T, Ge T AR R & 2 %R
K72 30 dJR ST HIMRAET R . K2R 120 d N, %
R 5 I 11 A £ S I R

x1 FFLEHLE
Table 1 Treatments of the seed induction group

FROKANIZE o v
Colchicine mass
concentration/(g-L™)

bl uling |}
Soaking time/h

Fibv 7Kkt

Number of seeds

12 300

CK 24 300

48 300

12 300

0.02 24 300
48 300

12 300

0.05 24 300
48 300

12 300

0.10 24 300
48 300

1.2.2 AXKEXLBUEFEF AR

W/t B I A BT 4l i 22 A KN AL
43 S N 3E 7k (CK) Bk 7K Al 28 %5 3% (0.02.,0.05 .
0.10 g- L) flifi ek st 40 . b FREAE] &5 12 h 45
TN LR ESEALPE 48 h X6 LB 4 A Ab B4
(F2), ALHEL 30 bR M . AbFH)S 120 d Y, B
JElic SR b L A KA
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F2 HERKSGIBALE
Table 2 Treatments of the apical meristem induction
group

RRKANIZE o vk
Colchicine mass
concentration/(g-L™)

Qb BRI (]
Treatment time/h

4y e Rk

Number of seedlings

CK 48 30
0.02 48 30
0.05 48 30
0.10 48 30

1.3 ZEkEE

DL AR AR R SRy X B SR 9t 2 4 i A A )
FROKANI 2R Ab 355 T A 72 06 A R IO A L AR GG,
FUEA B HE DNA &> A A FRZ AT A
MR AL B, 2B T KOS B B 40~50 mg 4141,
RN Vg T R K5, B TR SR 10
g L TRE S I 1 miLL i S I S A 20 A%
PRI, T VK A AU ) B GE YT RR L 2L . i
FI 1 mL S 25 W EURE & , 22 4LA% 48 wm (1 JE T i
Wt g8 2R 2 mL O A . A 28 WL PLYYIE , ikt
e E 30 min, EHUI . 381t 50 DNA 7 i
B RS, Bk 5 DNA S B inAsAE AR , F— 2B iE AT Y
ORI E .

XoF 28 220 B AR U % 11 AL 2 A A M R —
R G AR RO AT RS UE . 5, TG
K 77 09:00—10: 00 585 BUK 29 2 mm #R 2, & T
0.10 g~ L' BRKOKANZR W, 4 Cikbb b 2.5 h, LA
T G R TE B, A1 2E e (0 fAR e s . A BREE RS
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IR M PRAR AR 3~5 WK, KBRIR B 25 . Wl Je ,
FHHT BC 1 A9 o EC e W (VTEK S B ) = VKBS
f2)=3:1)TF 4 CHEE 24 h, FEE)G, FHZ&MK Mk
3, A 0.075 mol - L' KC1IK 95 ¥+ AL B 8 min,
e ko i, B S R E T 1 mol-
LR, 60 “CKIRMEES 10 min, fR S5 RS,
ZEIR K Pk 4~5 UK, BEUCEH5TE 7K L 45722 10 min,
FBRFR AR . AR E TR B HFAR
JIRR AR R A 2L A B S O . T
ML, YL 410 min, JEF ', BIUEE
FOELYL A RET 5 A A IR LA B A
K, Geit 45 A8 S R AR S DU IR
1.4 FEFEWNE

DL )3 35 S5 10 19 AR A As ik o o 1R,
DU A% R M AR 2R A7 T 2 2 O 00 2 6 A 0 455 Ak
(SN NN =W 2 g i ]
R AR5 R AR DU R R AR
BER,
1.5 SELMERI

VEICTE 43 e T 1 e i B, BT IO %
P i R RRCRE =)l WO ) | B O o
F Hl A IR e o T AR N AL E R 3 S
YW R LA MR B S, Gt AL E Lt
BEILEE .
1.6 #ELE

I BCE DL E +45 1E 22 (mean+SD) 7, It
AP E 3IRE R (n=3) . {#i ] Microsoft Excel
2019 #& BRE 4 , {fi FH IBM SPSS Statistics 27.0 #£47
it 4347 A8 H Origin 2024 /E K] . 4] Adobe Pho-
toshop 2020 5 ImageJ 1.54 Kb PR F, fi FH BD Ac-
curi C6 Plus B &7 4Kk {4 4 PR =040 B A SCRCH:

2 HEREHR
2.1 FKMEZEAEMNFFFRAFRMGER TR

sEAG)
2.1.1 K¥%

ST oM AN 2 i , X B & 2E R
v T At A B 5 A Ak KA1l 2 Ak B B 7 2P
BRI LB AMEEN . R8T, 286 BT
Ji) R 96 o e vk B A T 2R W, 7E 0.02 g+ L Bk KAl
R 24 h B F 7 & ZF R & &, 8 (77.67+
3.51)%, & T HA AR FEZH (P<0.05) 5 Hofth b 3
2z IR K B V22 7 (P>0.05) .

https://www.cnki.net

AN ) /N G S B 2 78 A [ o 2k B2 AN [+ 322 9 I [ 22 [] 7 P<0.05
IR 125 5 3 AN TR IS SRR R R AR A () IR TR AN [] 5
JEALFRZ [HI7E P<0.05 /KF 225 .

Different lowercase letters indicated significant differences at the P<
0.05 level when comparing different soaking time treatments at the
same mass concentration. Different uppercase letters indicated signifi-
cant differences at the P<0.05 level when comparing different colchi-
cine mass concentrations at the same soaking time.

B2 BKUFEAAEBEAEPMHREHFRFERNZMN

Fig.2 Effect of colchicine treatment on the germination

rate of Primula filchnerae seeds

X KA 2R o e 8 5 R T IS ) R4 LR 3R
T 2250 H A RN 3 . BOKANER B i ik B2 5
T2 I T) X b - i 2 AR 5 ) 38 3K 3 2 K P
(P<0.001) 5 — 3 22 HAF Ml Wik 8 3% K F (P<
0.001) , F B 2R L R R 7R 25 3, MHER
TR [E], B KA ER 5T e B8 X 1 K 25 AR
MO B2 R PO R T2, Bok
AUl BT e B 0 o 2 2 A 52 e R TR ]
3 BUKIIERRERE KRG B XA R ER T

BEENNEE S
Table 3 Two-factor analysis of colchicine mass concen-

tration and soaking time on seed germination
rate of Primula filchnerae

ARSI FHE  Germination rate
Source of variation d,
F P
2]
Soaking time 2 127.370 <0.001
N 3 204765  <0.001

Colchicine mass concentration

TR ] < BR KA 2R BT v 2
Soaking timexColchicine mass 6 80.870
concentration

<0.001
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2.1.2 mT %k

P P 3 ] 0, X B 2H K2 0.10.,0.02 g+ L™ Bk 7Kk Alll
AL BRZE 4y 1 HE T 8 5 B TR v s ) S A T T
0.05 g L' BN 48 h AL BRAH ST AET- R 45 12 h
AEPRZA AT PR . X TR « SRR K AL 2=
() B e T T . AR I )R, & Bk
il 2% b 20 &)y 1 FE TR A 2 T X B (P<
0.05) , #F— 2R SERK KAl 2R A T B 7Y P - i 4
LI EEH RN . IR AT 24 h,0.05 g+ L
KA ZE AL FRL AN FE TR ((2.1620.93)% ) . 3
T H A AL FEZH (P<0.05) .

ANTR] /N b 2 R R AH (] S5 e 3 AN [ 52y e ) 4k 3127 ] 7 P<
0.05 7K _E 28 5 35 5 AN [ K5 5 BE R 1 A [ 352 Y0 T (1) AR [ o
S A B2 TH]7E P<0.05 P 128 5 3

Different lowercase letters indicated significant differences at the P<
0.05 level when comparing different soaking time treatments at the
same mass concentration. Different uppercase letters indicated signifi-
cant differences at the P<0.05 level when comparing different mass
concentrations at the same soaking time.

3 BOKMIRAEXBEE P RESHE T RN

Fig.3 Effect of colchicine treatment on the mortality rate

of Primula filchnerae seedlings

XFRK K AN ZR o vk i 15 95 36 Ao ] a2 47 XA
BT EH, B RANR 4 PR o BROKALZE T
JEE 5 35 Y00 R 1) XoF &0y 14 6 T R A0 R i 34 58 B
KA (P<0.001) , H — 3% 28 BAE A3k 1 3 K F
(P<0.001) , F ] 24~ I R L [F L e T3
Fah FFRY, XL A0 T 3R R e AR
HHAE -

https://www.cnki.net

x4 BOKMERERERZ AN EXEEFMRESD S
T RN E RS
Table 4 Two-factor analysis of the effects of different
colchicine mass concentrations and soaking
time treaments on seedling mortality rate in
Primula filchnerae

: . %
/}[#5{&/}? . FI & Mortality rate
Source of variation d,
F P
BN 2 18.856  <0.001
Soaking time
PORAE B 3 20100  <0.001
Colchicine mass concentration
I TR B R AL 2R T 1R
Soaking timexColchicine mass 6 13.303 <0.001

concentration

2.2 DEHREEER
2.2.1 RAWEAERELLZER

SR FH U 200 A A KA 2R Ak B A 176 A bR
PEATARIESERE o AR 2600 B 5 18] (8 4) o,
S DL VU AP AARE ity (11 4B ) AFDOT 2 DI JBE Y o7
290 “AE AR IR (BT 4A) 1Y 2.0 i , R BT HAZ DNA
FEOAS S5 B A7 DA PR AR

A AER S BUSERDO A5
A. Diploid; B. Suspected tetraploid.

B4 ZfEEmEUmEERERRITETE
Fig.4 Flow cytometry analysis histograms of diploid

and suspected tetraploid
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2.2.2 FERBEFERLER

SRy i — 25 i Ik X A A B 2k Y B 0L D
TRA IR , SR AR R TR ik b AT g A i 5. g%
SR 5 TR, A VA R AR 2 240 it L 0 1A %K

AL AR B ORI
A. Diploid; B. Tetraploid.

g 24 2% (2n=2x=24, K 5A ) , T &AL DU A5 1A Al ke 2
B KB R 48 2% (2n=44=48, & 5B) , ilF 52 H: K Py
k.

BE5 REFEE

Fig.5 Root tip chromosomes

2.3 MEEHEFESE
2.3.1 FFaEa

H L6 AT, AN [FIRKOK AN ZR it vk B R, DA
175 5 5 i 12 90 B ) 1 AR Rt B AE R 22 5
0.02 g L' BROKAMNZ AL BE R, DUAF RS S R bR I
] A SR S T #550.10 g- L BOKAII R Ak
PR R #;0.05 g L BOKAIN R AL FE T 556
TR T e H, Horb 24 h g B ZH DU A A SR
ik (30.12+4.02) %, i 2 & T HAB AL (P<0.05) . A
R RE T, ARG SRR A EER . B’
12 Wi, 35 S R R KA 2 Tk B T 2
THHaH 32024 h 5 48 h i, 295 FIHE T E#
POAE0.05 g L' BOKMIZR AL T ik Bl . 255
T2 Y s R FNRK KA 28 5 2 R b e B, A
0 N 0.05 g- L7 Bk Al ZR 4b B 24 h i 80CR
ik,

X KK A 28 12 L ) [ 5 Yk R 0 A LR 3
T, B RINES iR, BOKMIR TR EkE S
T2 7 B R X6 375 5 R0 52 ) 2 58 B g 3 K P (P<
0.001) , HAZ HAEH 3% (P<0.001) , £S5 F
N, AR T R VAR B 13 Ao [ X 75 S S8R 1 5 M
hy k2, 2 W4 TR Y IS ) X 22 AR S SR
M RS J5T TR R 52
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ANTR]/INES T 2 7 A [ S5 e JEE AN [ B i) b B2 8] 7 P<
0.05 /K122 57 8.3, AN [R) RS PR RAE AR [R5 Y o 18] AN =] o
SV BE AL HE 22 [ £ P<0.05 /K P b 25 5 i 3

Different lowercase letters indicated significant differences at the P<
0.05 level when comparing different soaking time treatments at the
same colchicine mass concentration. Different uppercase letters indi-
cated significant differences at the P<0.05 level when comparing dif-
ferent colchicine mass concentrations at the same soaking time.

BEl6 HoKFEAEERAPMHRELEEFFSENZM
Fig.6 Effect of colchicine treatment on the tetraploid

induction rate of Primula filchnerae
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F5 MAKUERERERZEHENEAPHIRESS
RHNEZ S
Table 5 Two-factor analysis of the effects of different col-
chicine mass concentrations and soaking time
treatments on the induction rate of Primula

FRKA 2R Ak B OS AP AR AL T2 38 10 52 0 oA 35 31 (8 257K
F-(P>0.05) , RIUFEA IR Z6AF T, 2R K AU N ik
HHOOH 2 AF TR RN o AL Z TR BORAIER AR
5 e JRE T DU AP AR 5 23 B9 R MR S B 3 /K
(P<0.05) , YeWIBK KAl 28 AT A 20075 5 A K R R

filchnerae
— KA S
L= = i ‘L}}EF%
SRR il Induction rate
Source of variation d; s L
F P *6 FKWELETHERXCEMUEEFSE
‘iﬁ‘i’jﬂHJ‘l_Eﬂ 2 63194 <0001 Table 6 Mortality and tetraploid induction rate under
Soaking time -
colchicine treatments
FRARANI R 57 b e g
Colchicine mass concentration 3 43.045 <0001 BOKANIER Bt e 52 BT Fex
Colchicine mass S T
516 P ) XK KA1 2 e concentration/(g-L™) Mortality rate/% Induction rate/%
Soaking timexColchicine mass 6 15.166 <0.001
concentration CcK 0 0
0.02 6.67+5.77° 33.335.77®
2.3.2 AREAFEH
— - . 0.05 3.33+5.77% 40.00+10.00°
W2 6 7%, 0.05 g L7 BRoK Al 3 40 3 11 70 4% * *
TR SR, 145 (40.0010.00) % , B & & T 0.10 0" 26.67+5.77°

0.10 g+ LBk /KAl £ 4k ¥ (P<0.05) ; 5 0.02 g+ L' #k
ARANZR A BAH L 22 5o 38 2] 25 KT (P>0.05)
B35 SR BUEAING . W03 7 iR, AN ) o e )

T RSN ING SR 3R7R A 3R] 22 5+ W 2 (P<0.05) .
Note: Different lowercase letters in the same column indicated sig-
nificant differences between treatments(P<0.05).

RT7T BOKUERLETHEECTERMUEEFSENERESHT

Table 7 Single-factor analysis of mortality and induction rate under colchicine treatment

HE T3 Mortality rate 1753 Induction rate

R
Source of variation q, F p d, = p
DA T it e 2 3 1833 0219 3 22133 <0.001

Colchicine mass concentration

2.4 BAPHKE_EEENGEEEESRAKR A FN AR A 2 A, 5k

FER BRSO S22 R (7)o W HE
241 BELK Bt AR MR RO AR AR R B R

FfFAb BRI AR AR A 22 120 d 5 SR, i ESREAR AR HEA TN E , A5 R AN SR 8 TR

*8 BAPMME_RESHBFEENESERES

Table 8 Morphological index differences between diploids and tetraploids of Primula filchnerae

) . [H- - H B e TER Hh L A PN =N FA
Treaﬁﬁiﬁeme *ETr*y iﬂ Leali‘léfi;a;}qcmz Nifbi%i‘ Flo4\{)\6/er :talk I\Iﬁmbisz Dﬁ:nj:egr{zf I\Iﬁ;{tﬁff Grfu&r:gdi-
leaves height/cm flower stalks  the flower/cm flowers ameter/mm
[FEs: Ak 1.03+0.22 253£0.52 3.21£0.52 1.33+0.62 1.14+0.13 1.94:0.57  1.13%0.10
Seed treatment RIS 2.05:0.08" 507+0.70"  11.14+#1.18"  2.60+0.63" 1.73+0.14"  4.25+0.93"  1.12+0.07
He K b Atk 2.08+0.47 13174242 23.00+4.03 4.60+0.95 217011 27334214 250037
Apical meristem treatment i ffk 362:0717 16764310  29.90+3.49”  5174¢1.29"  253+0.30"  27.78+2.26  3.16+0.49”

T - A ) b )5 S8 ) AR S BY [ 2548 b 22 e W 25 (P<0.001) o
Note: ** indicated a significant difference in morphological index between diploids and tetraploids of Primula filchnerae in the same treat-
ment scheme at P<0.001.
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Al. Tetraploid seed treatment group ; A2. Diploid seed treatment group; B1. Tetraploid apical meristem treatment group; B2. Diploid apical meri-

stem treatment group.

7 BREPMEEZEES A RERXT L

Fig.7 Plant comparison diagram of diploids and tetraploids of Primula filchnerae

Pl AbBRA , DU R R B MR A, R TR bR B
T AR (P<0.001) . FFAEHT, MR sh AR
W 8 i/ , DU A ik A K TR A e, Ab 3 70 d
AR o e T A AR, R A KA

A AL PR B Rl AL BHLH s A 1B, A% AR R s A2 B2, DU
AR

A. Apical meristem treatment group; B. Seed treatment group; Al,
BI. Diploids; A2, B2. Tetraploids.

8 BUKMIRAETEAPMHBREHRS TR
Fig.8 Comparison of plant height changes in Primula

filchnerae under colchicine treatment

https://www.cnki.net

2.4.2 mie%i

X DU PR AN AR R EA T AL LS (K 9)
HG I SLFFIE (2 9) . S5 RRBT, DUAG A4
B A AR M W E T AR AR R (P<
0.001) ; AL E W E LT A%

F®9 HAPMEREZGSCENEEEERSFLSTEESR
Table 9 Differences in stomatal characteristics between
diploid and tetraploid plants

f= . f= ] e =479
- SALKE SALTERE AL
E:ﬁ%% Stomata Stomata Stomata density/
yp length/um width/um (4~-mm?)
AR g 50 6.8+0.2° 58.9+7.8°
Diploid
(7 ke
PIRIRHELER ) 51050 7.6+0.2° 33.345.0°
Tetraploid

T : [RFIANFING b R AR R AR L ) 22 57 835 (P<0.001) .
Note: Different lowercase letters in the same column indicated sig-
nificant differences between diploid and tetraploid plants(P<0.001).

3 Wit

A FE LARR 5 F &l B AR RO IR R R R
G T HOKANER B i e 2R i 2
BORAE o AR W TR BRI B 14355 5 A0 A7
TER 225w o Bl Ak B BROKAILNZR i 4
JEE Ak B ] S S AR IR BT A 28 R AR AL
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ATVA2. AR R SAL S BE RIS AL s L B2, DURRIAAE ML 2 B R oA~ AL
A1, A2. Density and individual stomata of diploid plants; B1, B2. Density and individual stomata of tetraploid plants.
B9 BREFMERE ZEE N ERERSTILITEL

Fig.9 Comparison of stomata of diploid and tetraploid plants of Primula filchnerae
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TEbR AW TEHA E Tl 7155 T B U 254440 0.05 - L
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F8 ) IR 3R A5 249 30% B DU A% A5 28 5 2l B AR I
PL0.05 g L' Bk Al AL BE 48 h o] 3545 5 5 9 DU £
1% S (2940%) , HXPEMRAE R N, %
45 5 HAb Wy Fhr B 5T 45 2R — B, B, BT
(Petroselinum crispum ) BRI F B, 280300 1F
HAFE TR R E TR DI E
(Paphiopedilum villosum) 42 % 53 = 41 21 R S
A, T AR A A 0 AR L DR AIE BT 3R Y T 4
T AR DO AR R o B DR AS ] 4 B 2%
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FH” B CRAMD NIEZERIERE SR, CROM aedET Y TERE SRR RIIEH . AT
FUEE RPN PT 5 AT AR R R 9 B R SR I R R SR AR A R A 25
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Quality Evaluation of Tree Peony and Herbaceous Peony Flower Teas Made from Different Cultivars

ZHANG Yingying, ZHANG Kaixin, WANG Haoren, ZHAO Liyuan, HAN Xueying, CHENG Chen,

LI Ruicheng, ZHANG Yanlong, SHI Qianqian>l<
(College of Landscape Architecture and Art, Northwest A&F University, Yangling 712100, China)

Abstract: To evaluate the potential of tree peony (Paeonia suffruticosa) and herbaceous peony (Paeonia lactiflora)
germplasm resources for flower tea development and to enrich the variety of flower tea products, 15 tree peony cultivars
and 17 herbaceous peony cultivars were selected, and their buds, flowers, and petals were separately processed into flower
tea. The color parameters of tea, together with the sensory evaluation, nutritional composition and antioxidant capacity of
tea infusion, were analyzed. Principal component analysis (PCA) was used to comprehensively assess flower tea quality
based on 12 quality-related variables. The results showed that the overall quality of peony and herbaceous peony flower
teas differed significantly among cultivars (P < 0.05). In general, both types of flower teas were rich in vitamin C, reducing
sugars, soluble proteins, polyphenols, flavonoids, and anthocyanins, exhibiting strong antioxidant capacity and high
nutritional value. Correlation analysis and PCA revealed that total phenolic and total flavonoid contents were correlated with
antioxidant activities. Significant correlations were observed among several measured parameters (P < 0.05), indicating that
different bioactive compounds greatly contribute to the antioxidant capacity of flower teas. In tree and herbaceous peony
flower teas, total phenolic contents ranged from 10 to 70 mg/g and from 20 to 200 mg/g, and total flavonoid contents ranged

from 30 to 230 mg/g and from 50 to 300 mg/g, respectively. Clear differentiation was observed among flower parts. Petal,
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flower bud, and whole flower teas showed the strongest antioxidant activities in ferric reducing antioxidant power (FRAP),
2,2"-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical cation, and 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radical scavenging assays, respectively. Comprehensive quality scores indicated that the tree peony cultivars ‘Haihuang’,
‘Liuliguanzhu’, and ‘Yapianzi’ were optimal for processing into petal tea, ‘Haihuang’, ‘Yapianzi’, ‘Mochijinhui’ were
more suitable for processing into whole-flower tea, while ‘Dahongbaozhu’, ‘Haihuang’, and ‘Liuliguanzhu’ were more
suitable for processing into bud tea. Among the herbaceous peony cultivars, ‘Hongyanfeishuang’, ‘Yanzixiangyang’, and
‘Hongfengzhanchi’ were the best cultivars for petal tea, ‘Yanzixiangyang’, ‘Canglong’, and ‘Dahongpao’ were optimal for flower
tea, while ‘Dahongpao’, ‘Hongguanggqijin’, and ‘Masha’ exhibited the best bud tea quality. These findings provide a scientific basis
and reference for the cultivar selection and resource utilization of tree peony and herbaceous peony flower teas.

Keywords: Paeonia suffruticosa; Paeonia lactiflora; flower tea quality; cultivar selection
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1 AESEIREF (A) FiAT25iEr (B) WITUIE
Fig. 1  Tree peony (A) and herbaceous peony (B) flowers from different

cultivars at full bloom
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Fig.2  Color values of flowers, petals, and buds of tree peony and
herbaceous peony

HEZIR https://www. cnki. net
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Fig.3  Dried flower teas prepared from buds, flowers, and petals of tree

peony and herbaceous peony
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Fig.4  Tea infusion color of tree peony and herbaceous peony buds,
flowers, and petals
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Table1 Sensory evaluation scores of tree peony flower teas

o PANIA Wiy HEVES) RN AN AN TSI N
W TR ek ToW el fex Jom  fel  fex oM feml  Jek fom  Jel  fe4  fem  Jel ek Tom
T1 90.50 97.50 88.75 8275 92.00 84.50 82.50 88.50 85.50 8250 88.50 83.00 89.75 9450 90.00 8525 91.70 8591
T2 91.25 8450 8825 9025 8525 8575 8375 80.50 8575 8275 83.00 8275 86.75 86.25 90.00 86.28 83.30 85.90
T3 89.75 9025 8725 90.00 8225 86.00 90.25 88.75 8450 86.75 87.25 80.00 90.25 87.00 88.00 89.05 87.85 84.34
T4 80.00 90.00 92.00 91.75 88.50 87.50 86.50 84.00 81.00 88.50 86.75 80.25 91.75 8575 90.00 86.53 86.95 85.08
TS5 91.75 84.75 82.00 90.50 9250 88.00 84.00 84.00 86.50 90.25 82.00 84.75 86.25 83.25 81.75 88.69 8436 84.53
T6 8550 87.00 7825 91.75 86.00 91.75 86.50 84.75 8575 86.50 83.75 8475 84.75 86.00 77.75 86.60 8526 83.38
T7 86.00 9350 84.75 9425 9250 9225 89.25 83.50 86.00 84.00 8250 87.00 89.75 90.50 84.75 87.41 87.30 86.49
T8 90.25 87.50 88.75 89.75 83.75 83.00 87.50 84.50 85.00 86.25 8450 80.25 90.25 89.50 90.50 88.31 85.68 84.86
T9 93.75 8500 8275 9375 9275 8875 90.25 8275 8225 80.50 83.00 8325 91.75 8425 87.00 88.70 84.54 83.80
TI0O 86.25 81.75 79.00 90.50 8325 8275 90.00 86.00 87.75 8325 86.25 86.50 83.00 87.00 81.75 86.89 84.84 84.09
TI11 95.00 91.50 89.25 94.00 9225 9375 86.50 85.75 84.00 89.75 88.50 82.75 89.50 93.50 91.75 90.65 89.44 86.69
T12 87.75 8875 88.75 90.50 83.17 89.75 88.75 83.75 87.50 84.75 81.50 87.75 88.50 86.50 88.25 87.45 84.54 88.19
T13 8625 94.00 88.00 89.75 96.00 81.25 86.25 89.00 84.25 8500 92.00 8250 86.75 94.00 8575 86.28 9235 84.51
T14 89.75 90.00 87.50 88.50 84.75 8850 90.75 81.00 84.25 8325 81.50 82.00 90.00 88.00 89.75 87.95 8448 85.36
TI15 86.00 87.50 85.80 89.00 88.75 87.00 90.00 85.50 8540 86.00 84.50 79.50 89.75 88.00 86.00 87.68 86.28 83.95
#2  AERIETTY
Table 2  Sensory evaluation scores of herbaceous peony flower teas
i SRS AT EED WAV VE 7Y TR oYy
" 168 e el el B0 B B fE2C B EE B B B ESE B EE fe (el
Hl 83,50 83.25 7875 80.50 90.00 80.25 8575 80.50 76.50 82.00 86.00 80.25 85.75 9045 89.75 83.54 84.78 79.89
H2 87.00 84.50 86.75 94.00 89.75 84.75 89.00 80.00 77.75 87.00 87.75 80.75 98.00 89.50 89.00 89.30 85.38 82.73
H3 84.75 8250 80.50 90.25 8575 87.75 8450 83.25 80.50 83.50 83.00 80.75 85.50 88.75 74.00 84.94 83.79 80.65
H4 8550 89.75 8225 8250 86.25 79.75 80.00 81.75 81.00 84.75 84.50 79.00 90.50 86.75 82.50 84.10 85.53 80.74
H5 89.00 84.50 86.75 90.00 87.75 8550 83.33 8525 8275 8350 85.00 83.50 91.00 90.50 83.50 86.23 8576 84.33
Ho6 80.25 90.75 88.75 8350 86.25 7925 79.75 83.75 8250 8250 86.50 84.50 9250 91.50 84.60 82.35 87.35 84.55
H7 79.25 80.25 80.00 79.50 84.25 81.25 82.50 80.00 83.00 78.50 86.50 82.25 90.50 88.50 82.50 80.99 83.29 81.80
H8 88.25 87.50 89.25 81.00 89.50 88.25 79.67 81.50 84.50 83.00 87.25 86.75 90.25 8825 8425 84.00 86.20 86.71
H9 85.75 88.00 88.50 85.75 90.75 87.75 8575 82.00 84.75 86.50 86.50 88.75 9450 89.75 86.75 86.85 86.50 87.39
H10 85.00 89.25 87.25 82.50 89.00 88.00 7833 83.50 86.00 80.75 8875 8550 87.75 8475 8450 82.08 87.19 86.21
HIl 80.00 80.50 80.75 85.50 88.75 86.75 80.00 80.75 80.50 82.75 86.50 82.00 89.50 82.50 80.00 82.33 83.39 81.59
HI2 8775 8350 8450 9225 8625 86.75 83.75 8845 83.50 81.50 89.00 84.50 86.75 89.00 81.75 8523 87.21 84.20
HI3 89.75 9025 8125 8425 9125 8575 79.60 81.50 85.00 83.75 86.00 8225 92.00 86.50 81.50 85.09 86.51 82.96
H14 87.75 89.75 80.75 9325 92.00 86.00 81.50 87.25 8275 8225 87.50 8475 86.75 88.75 80.00 8499 88.58 82.90
HI5 83.50 88.75 82.00 88.00 90.00 86.00 81.33 80.50 83.00 80.50 85.75 81.00 87.50 90.50 86.00 8291 86.09 82.75
H16 8575 88.00 87.00 78.67 8625 8250 80.33 86.25 82.00 80.75 86.25 8225 87.00 88.75 8275 8231 8694 8345
H17 8450 86.75 82.75 80.50 80.50 84.75 86.75 86.25 83.25 79.75 81.25 83.00 86.00 86.00 82.00 83.39 84.28 83.08
mFEIR, HAEERTIUEESSER 795 7 &7 22 EFRBG T
fir, TTHEEERWAEZ € 1 0094.25 LT Hetbdi e, T14 221 VCEHEESH
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H12. HI47E% PP 1 1553 355 190 45, H4. HS.
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Fig. 5  VC contents of tree peony (A) and herbaceous peony (B) flower teas
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Fig. 6  Reducing sugar contents of tree peony (A) and herbaceous

peony (B) flower teas
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T P E A S ER RS TIEE . &M
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T1455 A AEI A e i E O S R B3 m T HAh
WA (P<<0.05) , i5F|50~55 mg/g. 6 AR TE
EAGETRRK, £5ME10~25 mg/gitBE N, H
FET2. T5. T7 A LRIV, HI7E30 mg/gbh E.
GEkRE, T2. TIRTEEASTEMSM. AFE A
iR EA S EFAEREER (P<0.05)
(E7B) . B, TERAEE NS EEFANEUDN, 210
1E60~90 mg/g I, H2. H7. HI10. HI3%ZE&AIEE LAt
FMAEEASERS (>80mg/g) , BEFE T IHAh
Al (P<<0.05) o HBIrFEAATHISIENE . HI6JEE 12
HAIX AR SHFHELG, AT EA SR E
FEEUN, R\HEORUEN T, HEBEEKCPE .
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Fig.7  Soluble protein contents of tree peony (A) and herbaceous

peony (B) flower teas
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224  BEYEESNT

BHEI8 AT KN, b b & Flt S 3 A7 2 [R] 1) e Py 7%
BHEAEZEER (P<0.05) . HFFEWm&EGHEAE
10~70 mg/g, {6EEMAEIFBALN) LM & B m, 167
)T 2 B 2 HAN T 10~50 mg/gz 18], HAT6e. T13.
T15 MRSy & . T6. T9. T14% 5 Ah 1€ ik fn
RO E Sy RYIFR . T2 R & B
70 mg/g, WEE T HAMSF (P<0.05) , T3
Py 2 B U B KT HAb B A (P<<0.05) o ATAIEER
Sy AR AN [F] S A RRE A () 8 I 2 R, HLEA
mT P, A T20~200 me/g (EISB) o AjEh{E s
o T AL E . P HISIE 1 A
515200 me/g, BEFE T HARLMF (P<0.05) ;
HEHSMACE FAL, Ham & EiBid150 me/g.
A6 M 3B A 1 Wy 28 0 1 U AH X AR E . 2 B0 PRy A TE
50~100 mg/g2 [d] .

C]
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|

o

I

oy F b
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g m

SO A migm miER  BiEE
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K8 #JF (A) . Ajgy (B) B EN& B

Fig. 8  Total phenolic contents of tree peony (A) and herbaceous

peony (B) flower teas

225 BEERE RS

BAKKRE, HFEMATE W LSS E SN
30~230 mg/gMM50~300 mg/g. HFHIE S HAL i 2
FRACPE R, RES TR A, HEAR R
Pz M 2HEEER (P<0.05) (K9A) . HFT21E
FH RIS B, 248230 melg, W E T AR
Bl (P<<0.05) , TS5, T755 A3 & R AT
BEAKT. T2, TTHEEMA RS & SEE, Sis4
200 mg/g. {EIMFOALIEARIAC, 2 H05 P o IR & &
i T50~120 mg/g, DELHFT (NT6. T12) BE M. #
AL PHAE 25 2 SR A A S 1) 2 B 43R . B EI9B AT
B, AJZFESIEEE S REREE (P<0.05) , ik
AP E T Hh e S & B s, LU

=
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Je, TEMRAR. HI1. HI2IEE ST & Eiem, H2.
HO /& A8 2 F A7 2 35 T 25 & de v ) S PR, 3817200 mg/g A
b, RS T HARS A MR, ATEEIE AL ) A
TR B AR, ZHTES0~150 mg/g il P .
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Fig. 9  Total flavonoid contents of tree peony (A) and herbaceous

peony (B) flower teas
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T L AL IAETE B 5 B8 &, £83.5~4.0 mg/g,
MT3. T10. T11RTET 2 5 0 B A T A o
T6. T FTA i Al o A6 35 3007 e A6 75 1 & 5 e 1
Pl BHEII0BRI AL, AJZ5& B AEE B & BIMAE R
Z5 (P<0.05) , HEEKTPEE S T4 AJ2aEH
BRI KT H I &S, ERhiEE e EHE
T MIEE AL, HAPHS. HITHIRNE T & &
IR, XA R R A 2 (R RE R I e B A
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S 5T B WM B mERE 23.2  ABTSPHE F H HEE R AE 10 b
2t R Rl 367 19 AB TS 85 4 th 375 W
& 3 NEFEZE (P<0.05) . BEKRE, ESITIABTS
f;E 2r FH T H 2SS IR EE o, R BRI pia b
*jg 1k i \ (F12A) . & FTEREIABTSIHE T A L s Ag
o T I H6] s IO ;m HI2 HI3 Hi4 HIS HI6 HI7 YU FE2¥300~1 000 pmol/g, JHIT9. T104E% IABTSFH
i BT R AV, JOREE000 pmollg, %7 T
. 10 1IE (&) 4525 (B) JERIE I 1F i B R (P<0.05) . 7EMERITEZE M ABTSIH B T 4 th
Fig. 10  Total anthocyanin contents of tree peony (A) and herbaceous

peony (B) flower teas

23 PUEARETI T
23.1 FRAP/MT

BHEITTATT L, AN [F)4E P3P J 4638 47 [ FRAP
HHEEFEER (P<0.05) . Bk L, WAL SEE
FIIFRAPHA B & T16E . & i B AL I I FRAP 4 A 76
200~850 umol/gz [, FLAHTUFATIL & Fh 1L IR I
A= FRAP, 2 B3k 1 £1800 umol/gki 4, W& &
T HAl & A (P<<0.05) . T2. T5. T7. T10. T14%
il A AE I 3R B B S I FRAP . {6238 AL I FRAP &
BLAY A T200~600 pmol/gZ ], HHATI3{E 451k 34
800 umol/g. AHLLZ T, 1EFEHMAIKIFRAPI S, +
B ATAES0~300 pumol/giE FEl A o A7 25 FF it FIFRAP &L 4
ETHFE, AN SRR (] 22 S AR S (P<<0.05)
(E11B) o ML FIFRAPA T300~1 150 pmol/g
Z 8], o FRAPEANS = T 1EM AL, F LML
250~1 200 pmol/gVu[H P, HrAH14M LI EE AL
FRAPYJI#EE 1 300 umol/g, & m/K . 168 AL
FRAPHAK, Z7E100~400 umol/g [7], H8. H10. HI3{EHE
[IFRAPEZE AL (P<0.05) . LR, HHFHRIA 2,
VIR = IFRAP,  FLrpfedle. feasiim, 16 mik.
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Fig. 11  FRAP of tree peony (A) and herbaceous peony (B) flower teas

https://www. cnki1. net

ABTSHH & T 1 % B

THEREE SIS LS, K2 i Fh /)47 ££400~700 pmol/g
Z Al T7+ TI12RTEAEBALABTSBH &+ H i 2GR g
JIsR e (R, TR R T2 T107K PR . gk
b, HPHEE W ABTSFE &+ B ISR Ae i, R
B H7EIL R B R A & B s bt g 7. s 12B
AT, AT SRR AL M ABTSBH B 1 1 H 3635 B
7£500~1 500 pmol/gZ [A], HABTSPFH & ¥ H H 25 b
R IR TP, BRSO AR AL I (4 22 e B 2
(P<0.05) o HATEMEAIABTSRH &1 H B L35 B fE
JVRARR I B, AT F B PUEA TS Y AR R X
5. H3. H8. HI2M LI ABTSRH & H AT B e
7151 300 pmol/g. e FIALHE HBAL MABTSH & 7 H
HH RIS BR AE /IS T AR, (H BRI 50s .
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Fig. 12 ABTS radical cation scavenging capacity of tree peony (A) and

herbaceous peony (B) flower teas
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fIDPPH H HH 337 B B8 1/ T-100~400 pmol/g2 8], F
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DPPH [ H 55 FR Be /) A 85, & m b (liT3. T6
) RFETHALN A, HDPPHH MEIHERREE 1LY
30 umol/g. AHLLZ T, ~jZHIDPPH H L5 B e /) %
e, & SR e R R I B 1 2 H . (P<<0.05)
(E13B) o SHEFEARFIMZE, AFZ LS A7 1 DPPH H

2.4 EEDIREEVER 73T
241 HEPFEEDRETE S 7

) OB RS AT 1S P FHE R AR 2
FEZe e AEM R I E TR R BEAT 2> B 2, BRERE
FREHRYF. HEEE . . Wi, BR

i FEIE bR e SR, JEEITES00~1 250 umol/gZ 8], 1&
SR E AR T A6 . H3. H5. H7. H8. HI12. HI14/,
FRAEIE I DPPH H A& FR e /7 1 300 pmol/g, 23
m T A SR (P<0.05) o TE25E 42 FIDPPH H HH 2L
BRAE ) o A BN, 2 EEAE800~1 100 pmol/gZ 7],
1EEMDPPH H B A5 bR e h K. Zi6kRE, HI2M
DPPH [ HH 5: 15 B A8 71 5 i -

(R3~5) o RIEEHRFEF R AL AT AT 5
fi, HEESKEHOREZEIEME. TOEER. TS
TR FMTOE M A S A P R R4 2 -3,5- M B b 1 & =
B, Beiik37.453 mglg. SEEARESE b T A E H.
TR, TORE MG H i m1£41.778 mg/g. e
MR EEEBAC, GRS RILFRME
WHERB N EE SR, HE&RW RS T . TS5,

600 A miEW BiER WL T4, T75 P AR & B, LR RIEH RB,
%Qmo SEMC, UMK L. e TIRILER N EER
ﬁg KR —, MERBREDRS, BETIREMGH
£3 200 pn TR, ES UK.

A 242 AjY T BYIRETE LR b
T T2 T3 T4 T5 T6 T7\ Iiji T9 TIO TII T2 TI3 TI4 TIS K]ﬁj%%&ﬁ:%%tﬁ{ﬁiﬁﬁﬁ*@tﬁ*ﬁ{ﬁ, {ﬂ/g
e BAFE (£6~8) . H14. HI15. HI174 S 28 445
Lsoor B WAER wER iR -3, 5- M A REE O RS, B N37.379 mg/g. HIFh
£l il b RS R . SRS U N,
=5 b MNnARAl s IR E A AR, EHI0Z SR & i,
£3 s00p A ]! 3 j H ¢ 6.366 mg/g: 7T T IZAAEMEGERIK. ILRE. RILK
=" %, REBTRILEENER S EBSEIA SRR E
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113 4 (A) . Ajgh (B) HEADPPH I HIERSRRAE D
Fig. 13  DPPH radical scavenging capacity of tree peony (A) and

m TR, P REETRILARS &M, H5. H3
SmF LR RS ER S, Rmrik117.481 mg/g. LG
ZF, JEAEH RB, S REL, DB A . MR
FAN Y S e R AEAT e 3 BRI

herbaceous peony (B) flower teas

#3 HHEE R RIS YRR Y i

Table 3  Contents of major functional active compounds in tree peony bud teas

mg/g
ne omazm  KERE KRR mpe KERE RERTR RERE s S - - s - .
HDW &ﬁf@ 3,5?@%% Wﬁﬁﬁﬁ: JEM{F!?B\ i;u’%ﬁ JL%% %éﬁgﬁ )L/‘Rg: JEHEFJ?;& ﬁ}[ﬁ?ﬁ: Kﬁﬁtlﬁﬁ Zﬁﬁﬁ %?Eﬁ Wi’% Pl
22082 1992" 2501 H044% 044710035 125120.126" 041120.006" 0.63710.020%* 145620430
SSME0MY 2464101987 ND  LA%4T00427 0616T0601" 0.J42E0.042° 07520488

TE 0195£003" 03080007 0.117£0001° 02450004 013520060 7050+5806 11794076  ND
T 0241£0042" 34351001127 049620000 076320104 0391£0018 317420925 34158024 ND

T 021820001 194140941 036620002  ND ND 230790272 2654400287 150120639 34540040 295610197 ND  LT72E0025° 072210750° 03440255 042840033
T4 020940024 192910013 03560039 02880024 02030008 1078200247 132400300 ND  2633H0440° 25790416 155710030 325910520 069820261 2.679L0.74 0.03420005
T 023320058 4556135104 2930£034°  ND ND 00000000 3808£0434° 1544942395 129820379% 378110656 ND  L881£0247 04354003°  ND 392310747

6 026240002 1951040299 341410010° 095810037 04872005 18220£0210° 217420018 1240240329 17720041 367240.048°  ND 320020177 1781087 0285+0015F  ND
T 0208+0004° 225240008 ND 138120196 07470030 39560£0271° 333541037 325310004° 246340019 666610350 154410036 2487+0050° 030920010 232910697 026220005
T8 024520026™ 634810266 03530014° 089610001  ND 2041120214 2300£0.190° ND  3660+0181% 2.175+0021" ND 11620033 035920007 0759£0007%  ND

i)

025840051 20630£0320°  ND  046410034° 026620017  ND ND ND  LABEI47T 307820067 ND 245540034 043820024° 0269+0.165% 4295£0.195

TI0 0263£00M4° 0896£0049"  ND  072320055™ 0400£002° 44M£258T 294340297 ND 434210307 39381062 ND  2087H0202° 036810054 07820039 036420051
TI 0227200007 039720002 0360£0029%  ND ND  2317H0290% 24240013 1125820724 1028£0006" 2828%0.195°  ND  217120384° 037610019 106330026 38360275
TI2 0208£0025% 2205£0315% LI0IE0819 067910049 039040012 316551412 35820002°  ND 336420045 475740256°  ND 275210165 049010009 093210781 175740475
T3 028420013 519720051 057720019 06050439" 0400118 1868610543 224120043°  ND 413020060 355020766  ND  LIT0£0049" 088020024 0.85120053% 043220058
T4 0260£0006" 352801127 03900000 ND ND  31596£1326° 3553E0061° 170120961 074210470 3753+0.43¢° ND  L732£0056% 03410016 000020000 27000111
TIS 028720031 722820029° 051320007 095310010 049620004 161405009  ND ND 2640175 3742046 ND 08910049 060820012 190520052 032120010

VE: NDAKH, TR

Hh ] R
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4 GEPHERE T EO AR I PERE 5 & B
Table4  Contents of major functional active compounds in tree peony flower teas
mg/g
gowere Nk SR mee STEE FHUIRORMEL m mmme wm mer dm s wg o pT
T 023120011 387912640 08940464 061720012 0385H0.042° 25035516349 3204+ 1600 615821 10086' 1L09SE0.621F 507922100 ND  2845£0905% 041940056 482742218 702041436
T 0200003 3142103407 048910040° 056720067 0342+0026° 254633046 30570466™ 1226451205 ND 2524020 ND ND ND  LS37£040°0  ND
T 02310001 2140240079 0502£0005%  ND ND 1000120104  ND ND  0834+0029" 19410187 555403758 254740003  ND 07120025 0319009
TH0255H004"  ST4E2680 094910484 067550016 034720024 87313+52639" 10443 14710° 7.83036.642° 18.8808.658 4548£1713™ 3341£0.038" 206940269 0.8440221™ 066910266 3246+ 1626
TS 0255£0018" 1899517763 90431140 ND ND ND  O435EBM47 1250010729 559E31 6371E3T7F ND 3648E1366 LIBE0SK' 065210833 15.579£0.708°
To 020810042 15584211698 ND 064910172 0370£007°  ND ND 1360722958 3531£0.709™ 461440726™ 439620260 19300070 LI0TE0284" 11420634 756924619
T 024950043 1522620054° 92020098  ND ND ND ND ND  GIS7H0051™ 355720100 ND  2368+0292" 0835£002%  ND 49240283
8 ND 256420311 088120049 058820046 03250018 1326210994 156510029  ND  4SI3BELATY 246420416 ND 275610094 ND 1845H0318 117620138
T 021020003 15256+0506° 1167810556 ND ND ND ND  8909+0736 0992%0.106° 28460100  ND ND 038720126 044620268  ND
T10 ND 034420002 ND ND ND  26309+0083 26910454  ND  T035H0028" 242020195 ND  2.696+0248™ 07420017 093410023 0.042+0004
TIE 022040013 0503£0200°  0301£0.121F  ND ND 1288145426 098410040 ND  0793£0346° 27312080 07370188 081220889 0400£0.111° 13451£3201° 103240.503"
T2 0193£0009% 420010268 35572037 061310032 033320008 10987+0305 1465+0080° 5273+0244°  ND  360:00%™  ND ND ND 3974074 ND
TI3 0180200000  3863+0.189°  0.479£0017% 051810.143 031220072 11290+ 1427 152540.155% 21.406£ 1767 74560963 247240082 406110004 215540085 0.73%4£0056°  ND  0313£0.009°
T 028720003 1137120300  254740335°  ND ND  20015H0430° 871748768°  ND 24120113 288121295 ND  3I31H0116" 1I04H0081° 058120150 4191+0.140"
IS 01891001° 400240258 116020296 145021408 10090385 417520104 074240004 6991£0248°  ND  3330£0056™ 259120027  ND ND  4880£002°  ND
5 GEPHERR A R RIS PERE 2 & Bk
Table 5  Contents of major functional active compounds in tree peony petal teas
mg/g
g owerm SEEE AR mem GREE FRIE SRR m mem owm mer ow mm w4
T 026420000 565720059 ND 10640091 052830012 395310038 071240004 ND  065520018" 302820515 164740397 162120085  ND 190720055 0.62240.009°
T 02420001 177520000° 047620003 10620038 05530020 2983020605 332740020  ND 1200740232 387340299 1771200200 ND ND  L800£0094°  ND
T 044510434 120540098  ND ND ND 220810288 0335H0031° 441040433 2274£1817% 0981402200 ND  IS0F0M4F  ND  0197H0001 1915£1.134°
T 0201£0005° 135420092 037620033 050020055 029850029 350043454 4105£0.726 111271500 002550000 346650458 189540343  ND ND  3047H017F ND
TS 028720061 1215622971° 1142142575 ND ND ND ND  2959H073 309206805 5748£0892°  ND ND 0931R002°  ND ND
To 0230003 374531095  ND 05002005 0348£0031°  ND 38610017 ND  2760£0076% 2995+0025  ND  203+0503°  ND ND 234910097
T 030820005 2058720222 36340028  ND ND 1716830078 204420015 ND 480700900 454242000  ND  2230£0040°  ND ND 503240033
T8 026320001 622120025 050610001 050020053 023520002 4781£0229° 364840023 4243740435 15960001 357310449%  ND 108720093 ND ND ND
™ 03780036 814814062 455143503  ND ND ND ND ND  06040097" 5253+0343°  ND 149720292 ND ND  4LTI8E4023°
TI0 02140004 116820014  ND ND ND 421420260 169240468  ND  0895E0003F 458440376  ND 1598036  ND ND 3730013
TH 021620001 03582004  ND ND ND  ISITSE0028' 162E001%  ND 08460037 279012 ND 20810535 033740009 957710089 27522162
TI2 036820009 16486+0264° 216520000  ND ND 630410237 0330017 ND 16200187 2628+0020°  ND  L58£0I00°  ND ND 26070078
TI3 0169200000 0450£0202° 0166+0049°  ND 02532035 035610005 134820066  ND 01580019 12982028  ND 04894000  ND ND 05650075
T4 0339£0010° 1025810568  ND ND 000020000 109731008 13480066 159140951 1504£0078% 35310285  ND 230740228 ND ND  4094£0044°
TIS 02420003 1053910326 0.176:0010° 050020053 012720004 064820004 ND 2203545073 00630001 2263+1308° LI60£0024" 0376+0341° 034720038 168510248  ND
6 MBI RIS PER 2 B bk
Table 6  Contents of major functional active compounds in herbaceous peony bud teas
mg/g
BRTR Seeee ik mems b RRIROSRBE e mmm wm omex w3 m
HE 024740000 057420004 0441£0016° 182510017 0891+0.007 ND 48531003 3400610549 2062041 5TBH0041° ND ND ND 05540002
H2 020420065 816920204 055740023 175120090 0836£0013" 225950663 255540095 ND 24820.169°  2.121+0.030° ND ND 0.125H0030° 06560035
H3 0165H0004  0.534£0018" ND 0967£0016" 086310002 1978120653 3.10010.090° ND 19920031 128810.066"  2.05420024° ND 102340006 ND
HE 024550001 10620033 ND 062620015 034620003 2194820037 251120005 ND 0764200017 0.78740.055" ND 085220013 344120088 0.787£0051
HS 036910198 738020083  0472£0015° 14290034 07010047 2772740699 30920067 ND 2260200467 677150038 ND 053310006 1.811£0.661° ND
H6 02334000 LI9S£0019 036220000 122420000 06190000 ND 351920046° 289110684 242710009 551320058 ND 037820001 1760£0025%  1370£0,04°
H ND 3435H0008°  043620014% 208010005 10ISE00I0"  32.I8320640° 35000104 815140800 3359£0068° 9340021 ND ND 14892035 0.890£0.158°
HS  0.2480024% 070120009 ND ND ND 255030331 288120035 000020000 27020071 2.59441.250° ND D LI52£0.118 ND
HO 02031005 509820168 120240678  1820£0.135" 087810055 3716322056 411620197 1083206000 642613588 1100SH0957  4815£0771° ND 4510£0.147 ND
HIO 018740002 101620058 0356£0012 119940054 0.62740,025" ND 3603202457 3449110669 5493203335 5T13H0.060° ND 040620007 145713214 1.661£0.160"
HIL 023320025% 838210105 075920008  4574E1687 17410069 349141206 3800£0.128% 868272774 2155110049 13.429£0463° ND 08410033 318920097 14890044
H 03520002° 483820091 1967H0027 185210083 0907H0.034™ 602204023 633320027 ND 1039020119 636823668 2619+ 1636 ND 240340255 049310002
HI3 009350003  8007£0846  05310072" 20300285 0.977£0.126% 3LISTE0206" 3940206707 6080910830 4439£14367 49683444 492076 054020006  3290F0.136"  2.996+0.669°
HI4  0.169£0005° ND 0.12620010° ND 025240320 ND 03380022 ND 015520002 128420019 ND ND ND ND
HIS 02380003 238710060  043£0009% 113020042 03680011 ND 402100107 282120185 12020047 526320176 ND 05070.009° ND 1.83820.008"
HI6 022340001 1542680011 02030000 063120133 034620056 23143201415 26380011 369520023  156320.046"  6.407+029%° ND ND 20540028 ND
HFEFIR https://www. cnki. net
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Table 7  Contents of major functional active compounds in herbaceous peony flower teas

mg/g
g onem o SEER SERE mee SEEE MR RMEL i mem e wmew om0 wm #T
HE 019040018 05340002 011920007 325520034 153320015 1771420662" 20860069 9826720143 1677620567 83635684 6149100707 0.69320002" 014240000 144740204
H 018420011 10969184067 019420006 116620128 059320058 1192521957 161920223  2758+0891"  1999£0.161%  13465+1.204' ND 084820035 2483+0.129° 03540507
B3 0168£0002% 6355£0280% 07340063 1453£0331% 0840.115° 260854282 2765+0.449" ND 3790048 132991763 ND LIRE006"  435820366" 369240387
HE 020810000 024640017 03550013 ND 00420019 93410179 121710049 ND 124150477 585240281 404420025" 660320395 563120847 144320093
HS  0249£0004° 16410£0272% 06010015 233720201  LOSTE0046° 2348610287 25240266™ 11748142912 15752050 10927+0818°  ND 077420022 35380149 123020222
HO 022250002 136610190 ND LIS4R003%  TOA0R00IT 2126311685 2404+0213" ND I8BE0659 93360337 563420486 080110037 ND 200720287
H7 019340004 227040031 0294+0008" 05362003 031120008 9431+1517 ND ND 2STIR0I45E 500720225 3495H0365°  0731+0080° 420240086 14694033
HS 027420008 3052522285 02800014 070120214 0379£0.100° 533920716 088020073 816889759 1776:0.169" 164020010 ND 085910018 183140399 0.844£0029°
HO 019350000 1023E014F 032940023 ND ND UEALY 3TTTHO40 ND 3560£0420°  SA13H0350% 523440269 0.869+0.068° 179440823 ND
HIO 029250015 1083010900° 10990149 3390118 150520012 19.293%13420% 203341249 ND 1312941293 4654402107 636620132 0529+0012° 47881054 2645+0501"
HIL 020420031 160240436 ND 161120530 0805£0248° 1826244526 215840443 ND 210120358 201630579 583517907 1065£0042° 070910252 266510952
HI2 0248200007 7.18310089%  0540+0006° 2200£0095" 1053F0047%  11695£0403° 153920053% 03332000  5.005£003° 3442+0.181" ND 058810234 1.859£0040° 095340030
HI3 030040001 10318+0204°  ND LOH0E0031 09330005 489520247 2795H0024° 9048911943 1259150.192° 3344401657 6.06320.102° ND 563620091 0482£0020°
Hi4 029520008 1082610920° 052420043 ND ND  24IS4RL6ET 2672E0.145% 6601110934 223110965 SS83EAI66T 4T1IH0284° 1038003 0.141£0032"  361620460°
HIS  026420003% 3411251076 02890003 ND ND 183810602 21660053 47218+1136° 200+1031° 7752402865 ND 046620018 1619£0410°  187620.054'
HIO 020650004 6412£0.147% 038920005  131310088% 0.6640035% 857026500 198810.14% 345020742 134770176 710320738 667520497 070020055 836140298 262640567
H7 024420000 2314166719 ND 151020009 0747200057 283820084 059820008 7954630400 415140018 104412004  ND 0483002 204320030° ND

X8 AL B RETE VR 5 ik
Table8  Contents of major functional active compounds in herbaceous peony petal teas

mg/g
g owere e SREE mem S0E IR XBE um omee owm omex mm omm #
HE o 0IR2£0000° 025420010 0502£0001° 034520145 0239£0058"  234£0059 053240016 ND 1030306 330520205 19020014 042520017 21620174 ND
H2 02540014 137520010 0437£0022" 068420071 0362£0010° 6326200107 04480.030° ND SATSE0100" 43110093 ND 079010004 0.692+0007* ND
B3 023610000 1749420473 0625£0006° 17220057 0853£005" 185402 1009% 1787ELIST 10092742018 4824£0.191™  18282+0851" ND 073910376 463710104 406320167
He 019840016 021520009  0292+0020°  0.067£0.008° 00980003 173740409 11241.162** ND SA3SES050 180610446 088510236 03890066 092840136 ND
B 031120000 1616920524 07774013 ND ND BIBL0ET 2736200300 ND 466710022 62204358 ND ND 3091 H0080° 122050045
H 024720037 157820046" ND IGBEIAT 12490013 15765001 1882£000% 0480048 310100135 106260199 41200701 0948+0.03%" ND 1.166+0020°
H7 025520000 1214420152° 021720008 077720016 0425£0012% 876810237 030810062 051320102 441630165 6620£0520" ND ND 14390030 ND
HS  0303£0001% 1701250112 892520082 ND ND ND ND ND 23880036 525240243 ND 089720022 0465£0.112¢ ND
HO 0218200297 087740010 0287+0.004° ND ND 1554310853 191040032 ND LOBH0200 557340256 178040023 ND 1721240281 ND
HID 027320063 2991742061 0278£0013° 067720010 0352200327 383510607 0.689£0068% 604210375 3993+2005% 1042540013 ND ND 215810006%  1213£0.160°
HIL021420010% 079020150 036910035 141940368  076810.180 1236620277 15634002  ND 2UL0517" 102310037 ND 143850599 49024180 234820178
HI2 ND 104310135 0.623£0005* 235010040 112420018 ND 2065E0.040% 378552506 103300.180° 1255110370 ND 074820028 209£0074°  356320.111°
HI3 026120006  6.12310.154% 06420050 0314£0417% 097220023 811410080 1160+0.013* ND 2506211267 814310035 1.20620.159° ND 1095:+0.061° ND
Hi4 025520001F 3737911908 0389100197 092620007 048010016 79381082 108010.094°F 605422204 17581327 1268120017 ND ND 184520263 354840467
HIS 030920009 1752043089 086610028 179410401  0.9260.184° 49203420880 616811332 80.84+18436 637630328  3.660+0.395" ND ND 169121030 ND
HI6  0287£0004™ 752510661 0566200207 1921+0096" 0941100420 1STAIE1I4 153810723 027720012 1202020122 54582802% 583220497 088820025 004710015 289920277
HIT 03420000 48451411 030820001 ND ND 6416203047 0.977£0001F 24416£10765" 478020017 6.043+2.909° ND ND 165320019 1027+0.00%°
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XAy 53 D

BREFE. HRI0W A, 4FHPCIS5FRAP, L¥H 24
SRIEAR S, a4 A $)0.931410.739, S DPPHH H
FFEMEE S (—0.870) « BAEFIH (—0.478) R
K, RWIPC 2 B WLFE 5 3R ) BB AL R 0 S s B
FHFAE . 4 FPPC2 5 BN A AL T B R IEA G, #Hiff
4 H080.83250.593; SaxEFME R IEMIE, LA
EAIN G H5LE S FAMHG, Kk, PC2E E ik
MR, WETSANEE. HPCIETBEHED
(0.711) FIiEJkE (0.883) aff (i m, FEARI T
HFVEFRRA R, EE SRS ER A AR {EPC3
HRIL SR . PCATLE SaHMb+H 2 IEMC, HATED
240,733 4110.888, PC5H I AIABTSBH B 1 H 575
BRAE M B m A m, ik F]0.80L E, HIEPCSEE )k
WPy 2 4 PHUA A RE S DR . ATAPCL R R T
Ajgigita E, SLHE. pEEREAMI, WirES 5
N—0.826/1—0.916, [FIf Ha*H 2 IEMHKL (0.899) .
PC25 My PTG TR AR bR 2 = B IEAH DG, RIRAT 25
i P YR S PUEALRE I IE I G &R . PC3TEVCAHLIE
U L3RRS, 0 5080.812F10.466, [HFPC35 &
Py UK G, AR N—0.546, KILIZEY 55 YR
FREEMC, PCHNE B 2 B3 IEAHG, BAfER
0.91; PCSUz MRl tEEE A, H M & 5140.969.

29 IR TR FRAEN B2 stk R

Table9  Eigenvalues and variance contribution rates of principal
components for tree peony and herbaceous peony flower teas
AT B
Ty

Eegpf Y ZETUR R

EIRRIE gy HET RE

H%  TTEREE%

PC1 3.244 27.033  27.033 3.972 33.099 33.099
PC2 2.171 18.095  45.128 2215 18.454 51.553
PC3 1.528 12.737  57.865 1.311 10.927 62.481
PC4 1.268 10.567  68.432 1.104 8.450 70.931
PC5 0.992 8.271 76.702 0.923 7.688 78.619

K10 R HATHIFE
Principal component loading matrix
- it A
PCI PC2  PC3 PC4 PCS PCI  PC2 PC3 PC4 PCS
(¢ —0.128 —0468 0528 0283 00% 012 019 0812 —0017 0015
B 0090 0000 0883 —0.013 0050 0069 0436 0466 —0324 0313
WEMEED —0.180 0259 0711 0334 0094 0001 0059 0020 0043 0969
BB -0052 0119 —0067 0071 0804 0251 0470 —0546 0074 0047
E#E 0016 0832 —0024 019 0047 —0.009 —0054 —0.101 0910 0.033
BAEEH 0478 059 0205 0000 0226 0333 0494 0165 0393 0051
FRAP 0931 0028 —0013 0014 0200 0105 058 0192 0028 0.114

ABTSHETH _ _ —0%% 0145 —
iy 012 003 029 —002 0816 014 081 0256 ~0145 0052

Table 10

Dgg%%% —0870 0005 —0.044 —0065 0017 0182 0815 0167 0.007  0.003

L¥ 0739 =058 —0.192 —0.120 —0.140 —0826 —0235 0.110 —0303 0230
a* 0024 0465 0190 0733 —0113 0899 0258 0078 —0036 0.047
b* 0042 —0032 0016 0888 0192 —0916 —0070 —0053 0110 —0.115
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Fig. 15  PC1 versus PC2 score plots of bud, flower and petal teas of tree

peony (A) and herbaceous peony (B)
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H13. H3%& M E, H14. HS. HI2HIAE A5 5 i &
flt, TEERPLGEERMNBACMNZHI2. H2. Hll.

#1111 HIHESZN R

Table 11  Comprehensive evaluation of tree peony flower teas
o TEIER e e
ar eHE B ey B GEHT
T1 —0.207 13 —0.404 15 —0.628 14
T2 —0.025 6 0.364 4 0.904 1
T3 —0.185 12 0.124 6 —0.692 15
T4 —0.348 14 —0.188 11 —0.324 12
TS5 0.148 3 0.403 3 —0.133 6
T6 —0.047 8 —0.020 9 —0.048 5
T7 0.130 4 0.563 2 0.161 4
T8 —0.079 10 —0.248 13 —0.259 11
T9 —0.055 9 0.096 7 —0.143 7
T10 0.351 2 —0.051 10 0.184 3
T11 0.998 1 1.059 1 0.387 2
T12 0.037 5 0.005 8 —0.168 9
T13 —0.100 11 —0.209 12 —0.339 13
T14 —0.027 7 0.204 5 —0.235 10
T15 —0.504 15 —0.289 14 —0.165 8
#12 MHIEFEGN IR
Table 12 Comprehensive evaluation of herbaceous peony flower teas
B [3ES TEAA LR
Mo GGy B ey By GiEHE
HI —0.451 15 —0.603 16 —0.640 15
H2 0.394 6 0.346 6 0.135 2
H3 0.422 3 0.190 10 —0.268 13
H4 —0.639 16 —0.309 15 —0.960 17
H5 0.297 8 0.291 8 —0.108
H6 —0.045 13 —0.122 14 —0.190 9
H7 0.066 12 —0.055 13 —0.145
HS8 0.407 4 0.603 2 —0.210 11
H9 —0.796 17 —0.967 17 —0.810 16
H10 0.395 5 0.376 4 —0.209 10
HI1 0.138 11 0.087 12 0.008 3
HI2 0.252 10 0.407 3 0.246 1
HI3 0.441 2 0.349 5 —0.120 7
H14 0.659 1 0.638 1 —0.056 4
H15 —0.201 14 0.333 7 —0.279 14
Hl16 0.271 9 0.152 11 —0.219 12
H17 0.361 7 0.211 9 —0.073 5
3 W #®
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