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 EIBATEAREETHERE AR, BRAEN R ERE O EE, X THXES
M E RN JHA TOPSIS a7, M EE R AETHAMBRTE SR BTN, FALRARBNESRAEFTH
Mokt %R, QHO03yyf(S2) \TGT(S14) ZHO02QS(S18) % # # T/ F | EAR & (0.97~1.54 kg) (AR FE 5k
H(31.72~36.00 mm,58.32~68.47 mm) H 4 (30.5~36.1 cm,5.1~6.8 cm) ;18 MR E L& EHHE A HRB W AEE
KEH AEH FLEAEE AEFFRN LS BN S BT EER, 4 QHO02yyf (S16) . DHOO2yyfA (S3) |
HS002yyf(S1) \TGTYS(S6) \TGT(S14) ,ZHOOIDH (S8) #£ 6 M4+ #t a7 9 F &4 &4 &, 2 % F 48.86.46.41,
45.88.,44.96 ,44.23 43.81 mg « g~ ; JH AL TOPSIS 3% 24T 45 A HE 7 37 2 fL 8y &% % 7 QHOO04yyf (S7) 1 ZH002QS(S18)
% £, TGT(S14) f1 ZHO02QS(S18) THE H E LA F R A T BT WA M, AFXELIWNET LKA
% TS AT 07 28 1 B A6 6 JE K B A AR T A R b TR T At A AR IR R T,

KGR B REF ARk e R SRR E S TR E

E 4 25 :9567.2379 XERFRERG A

Screening of Rheum tanguticum breeding materials with different flower
colors based on multi-index combined multivariate statistical analysis

LIU Dong', ZHAO Qiang', DUAN Ying', GAO Zhan', MENG Jinjin®, CHEN Honggang', DU Tao'
(1. Gansu University of Chinese Medicine, Lanzhou, Gansu 730000, China;
2. Qilu Institute of Technology, Jinan, Shandong 250000, China)

Abstract: To identify suitable breeding materials of Rheum tanguticum, eighteen Rheum tanguticum Maxim.
plants with different flower colors were selected as research materials. Comprehensive quality evaluation was con-
ducted by assessing root traits and quantifying the contents of nine compounds, using correlation analysis, principal
component analysis, and the entropy weighted TOPSIS method. The results showed that QHOO3yyf (S2), TGT
(S14), and ZH002QS (S18) were disease-free, and had large single root mass (0.97~1.54 kg) , thick and long
fibrous roots and reeds (31.72~36.00 mm, 30.5~36.1 cm; 58.32~68.47 mm, 5.1~6.8 cm). The total contents of
emodin, rhein, chrysophanol, aloeemodin, and physcion contained in roots of 18 R. tanguiicum Maxim. were in
accordance with Pharmacopoeia standards. QHOO2yyf (S16), DHOO2yyfA (S3), HS002yyf (S1), TGTYS (S6),
TGT (S14), and ZHOOIDH (S8) were high in the total content of the nine compounds, in the order of 48.86,
46.41, 45.88, 44.96, 44.23, 43.81 mg - g '. The top 2 of the comprehensive ranking analyzed by entropy weight
TOPSIS method were QHOO4yyf (S7) and ZH002QS (S18). In this study, TGT (S14) and ZH002QS (S18) were
selected as the foundational materials for breeding and cultivating Rheum tanguticum varieties. The evaluation mod-

el, established through multi-indicator joint multivariate statistical analysis for screening different flower colors in
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Rheum tanguticum breeding materials, can also be applied to the screening and evaluation of other breeding materials.

Keywords: Rheum tanguticum Maxim. ; screening of breeding materials; color scheme ; root traits; joint mult-

ivariate statistical analysis

K JE T ZF} (Polygonaceae ) K J& ( Rheum ) ,
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palmatum L.) 25 K ¥ ( Rheum officinale Baill.) F
JE 4R K ¥ ( Rheum tanguticum Maxim. ex Balf.) Ay
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BRRRAZ AL BE, (0 H F AR 0 A1 DX 2 R 4 /N, 2 9k
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Stk B AR E PR R TR AR X
R B Ml & R AN 2 b o A O B B
B

SR A I e B, AN (] R K AR e 2
RITHRUH o3 A8 .35 22 S, U B JE IR - 24 & 2 O
2.10~6. 71 mg « ¢ ', B5 A BIER V-3 &k 15, 43~
22. 04 mg - g7\ FIGT A + B 5N 32. 88
~42.36 mg - g\, REWRERE X A — XA [A]—
Uk H: H BAETEAS [ 48 6010 F5 ol 48 R 8, A A BATE
A RE T RE R B A B 7 DRI A DX A 4 ol o % U
AR AL (0 10728 S R AR AR A R AR R (18 107)
5 TR LS R R R S AR (A s AR R AR E
VM AR AE @258 Z 18] 1Y BT 6 25 5 I B 254 77
e SRR | 3545 RS E 1 R R OB R i
5 AR B R I, MRAIE AR S 4B (L R Y 18 43 b o TR R
P AL s AL MR BS RR (55 4 50T 4E) , &
BRI [l —Fh T B 2 Fhak 3 PSR AL Ui RS
TRFRER 38 I G 1 D PR B AR T R 4 X Al
By HNA R TT RS 14 F SR 4323, L4 SO iy b -
ARG T TE FLARH IR s i i 4. it
AR S 5] 18 A3 b 5 9 5 REAS A6 (0, 7 e g A7 Ao

B BE I b 5 B AR 0 — SR A R R AT Rk B R
ki, R F2 AR BRI T — 8 B s, AT
FERE T 5 REAAE 6B — 0 F1 AR T RIZ 1
FAEEHT AR b, X5 18 AR 46 € ek
BRI AT O bbb 5 p A N 45 R AT
A5 HT ( correlation analysis, CA) F1 F %A M
( principal component analysis, PCA ), F| FH i ¢
TOPSIS 7 ( distance-based technique for order of pref-
erence by similarity to ideal solution, DTOPSIS) 43 #t
FEAE N 250 BRI 22 e AR, S BT 2 48R
SR v W R b NI AN UE S NS 7
BHPEOTL, LUBIH 08 AT B R (A R o
BAEL 8T —Re B ARl 7 R AR SO

1R ik

1.1 Gt

H [E)IR 56 T 2018—2022 4E7E H il vh £ 25 K 2F
MG PRI B (35°157417N, 103°24'33"E) 47,
PRI A T H 7R 28 I B TR 13 36 M R EL A R
MMER K 2 430 m, 24F TEREH 110 d, 4E IR K
660 mm, FEX I 5.1°C, i @ L 29.0C , f ik
i -21.4C, RIEREBEY - XREHHER S
Hj—,
1.2 RIEH R

PREEZH 2017 AFUCEERY 18 AR AL (R T 4k
HORP 2 HOR P S 25 KA s R 25 5 2R K
)@ B FF K ¥ ( Rheum tanguticum Maxim. ex
Balf.) #, AP {5 B ULER 1, 2018 4F 5 A FEFE 2
FHHE P 1l ] — Bl 56 & 1T, 2019 4F 4 A B84k,
2022 4F 10 H #b b &R 504k 22 5 ¥ B 5 R AZ A )
TE R R R HAR FH TR 5T
1.3 RE&K

PR L (5l ) R R Sy R T 6 Ak 27 3K 5
JoHEE Al v K R AT e i A A A BR A F) AR
W T (5 18102509, 4l =98.0% ) LS &
(#1t5 22082516, 4l J =98.0%) . H15H A (H#H 5
22110866, 4 BF = 98. 0%) . ®& 15 #F B (it 5
22100919, 4 =98.0% ) KB (5 19120201, 4f
Ji =98.0%) R E M (415 19120201, 4 =98.0%) .
KETR (LS 19010521, 4% =98.0% ) "2 Kk &
(5 19120201, 21 =98.0% ) . KB 2 H gk (H#H 5



552 3

X RA T 2RI Z IS T AN TR AE R Tl R R B Mk e i 3

19120201, 2§ & =98.0% ) I 9 Ffx AR S 4700 F 24 M
T2 R AR A FRAF]

®1 EEBXEERER

Table 1 Information on samples of Rheum tanguticum Maxim.
T (30 RIR
Number Sample number Color of flowers Source
et TR
S HS002yyf Deep red Guoluo, Qinghai
‘ e R
s2 QHO03yyf Light red Guoluo, Qinghai
et P
S3 DHO02yyfA Bright red Guoluo, Qinghai
‘ s PR
S4 HS003yyf Chartreuse Guoluo, Qinghai
Kert TR
S5 DHO03yyf Bright red Guoluo, Qinghai
‘ ) PN Vg )1 BT 331
S6 TGTYS Red A’ }‘ya7 Sichuan
Bt TR
S7 QHOO4yyf Light red Guoluo, Qinghai
YRy ;
S8 ZH001DH R I
Deep red Gannan, Gansu
L8, HHE
S9 ZH002DH Deep red Gannan, Gansu
Wl i
S10 ZHOO1HS HRA It
Chartreuse Gannan, Gansu
. S NAR) HIEERE
S11 DHOO4yyfA Bright red Guoluo, Qinghai
, RN A
S12 ZHO01QH Light red Gan’ nan, Gansu
KeTtn TR
S13 DHO02yy(B Bright red Guoluo, Qinghai
o AR 1] iy 35t
S14 ITGT Red A’ha, Sichuan
‘ KeTn TR
S15 DHO04yyfB Bright red Guoluo, Qinghai
RAE AL
S16 QHO02yyf Light red Guoluo, Qinghai
] v S HIERIE
S17 HS001yyf Chartreuse Guoluo, Qinghai
R HAH R
S18 ZH002QS Light red Gannan, Gansu

1.4 REERFR

2022 4F 10 A 1 A2 IR, 1% I8 g 5 k42
ANTRIAE G 3 oty o5 R, b i T e AR O L, TR
T 7K 53 J5 LB AR ER AME I 25 P Ak, 18 A B AR ff o
AR TR M SR R SR AT
AR ARBCEEPIR, BER VIR 2~ 3 em JE R $iiA
W T €, T A A N B B, 3R
P,
1.5 HEHTUE
1.5.1 @&iE5&4 1485 SinoChrom ODS—-AP 4%
## (4.6 mmx150 mm,5 m) ,(ﬁﬁ]*ﬁﬁ@@?(A) -

0.2% R K (B) , B BEVEML (0~ 15 min, 8% ~ 50%
B;15~30 min,50% ~75% B;30~60 min,75% ~90%
B;60~65 min,90% ~8% B) , i 1.0 mL - min~"
MK 268 nm, F:E 30°C BB, HEFERD 10 pl,
T o it VR i €33 0 3 25 B 4 W TR XOP R, s 1 AR
Xof B it B A5 BR IS ] — 38, 9 AN B4 S B AR IR g
BETR(8.98 min) JLAEZH (14.67 min) FH{GH B
(22.64 min)  F 5 A(25.43 min) 72 KR
(35.12 min) , K B 2 (40.63 min) . K B % (46.13
min) KE M (48.51 min) JKE R HIEE(55.02 min) ,
1.5.2 sRB&RERHE HERSEE TR ILE
R OBREHR B HFET A S RER KER K
R ORHE KR PRI 1 mg, 203 E T 10
mL T, HEE S, WA LR R N 0.1 mg -
mL ™ B — X B S A A R, BT 4C KA & L.
FEEFRE 9 FPXT IR A4S 1 mg BT 10 mL A,
H R 25, AR VR 0.1 mg - mL™' (BRI
TR A o) B A 2 Y, B IS BRCHE 5 mll, 7 B i 4% P
(0.05 mg - mL™") f(0.01 mg - mL™") IREIRS
X R A AT, BT 4CUKAR A
1.5.3 Bkemmm a4 18 AN R R B A M
Wt ik 6 S A ERE AR | g, BT HIE MM
o OREa CH BE S0 mL, FRGE R R IR o
£ 30 ~40°CHEHL 2 h, Z A, FHH EEANE R 3
57, HVE,0.22 m fCFL DB I Ao i I8 R B ARt K
AR
1.5.4 WX Z2FR SR % & BOR A X ]
(0.1 mg - mL™")1.2.3.4.5mL T 5 mL &S,
TN B E R B 2 BEL He IR 1,51 /NI B 9 (a3 4%
PESEATINE | LA 5T 6 Wk 32 A A Al s | 0 1T RR A G0 41
Pz ilbriE Mg A3 AR (R 2) .
1.5.5 FHFHFE (HKBBEERE, #%E1.5.1
JINTT T S, TR A5 %o BRI VR 1 55 (0.1 mg
-mL™") H1(0.05 mg - mL™") f£(0.01 mg - mL™")3
ANUREE B NR SRR 3 Ik, ek 2 P 9 Ak
A By s T REURD A B8 BR8], 3153 45k 2 B A X 0
T FRURTURE G B3 15 1) Y RSD (B (FEXT FRiE R 22) | 45
RIYNT 2.5% , WG T R AT,

(2) R PRI . KE B AR TGTYS 245 41 4 ¥y
1 g, ¥/ 1.5.3 /N1 ) 5 ik il 45 A5 i W, 78
LS. N Fegl i &40 T, 43 il B B 0.2.4.8. 16,
32 .48 h HERE  iC 52 2 b 9 ik A4 i e T AR AT AR
BA S T] A 45 A 27 B4 AF VT 06 TR R X O B
[E] ) RSD {8, &5 5359/ F 2.5% , 32 A6 S iA R AE
48 h NEAE .,



4 T T XA TS

543 4

x2 IMUEMEEXR

Table 2  Linear relationships of nine compounds

EIRyz LR
ey pIFDTE - SRWE
Regression Range of linearity R
Component . -
equation /(mg - L7")
WETMR Gallic acid ~ y=462024+10.898  50~500.0  0.999

JLZS Catechin y=24.419x-15.301
FEETF B Sennoside B y=21.843x+153.25
FETF A Sennoside A y=17.495x+120.86

PIZERIEE Aloe emodin - y=43.822x+238.4

KR Rhein y=39.622x+52.042
K#Z Emodin y=50.245x+192.35
Ky Chrysophanol ¥ =53.448x+28.459
KEEZHIEE Physcion  y=66.885—65.356

4.5~450.0 0.9992
5.4~540.0 0.9990
5.2~520.0 0.9996
4.8~480.0 0.9991
5.0~500.0 0.9993
3.4~340.0 0.9992
5.0~500.0 0.9998
5.0~500.0 0.9991

(3) HEVERL , KB ARIL TCTYS 254 4887 6
Oy, B0y 1 g, F5 08 1.5.3 /N5 T8 7 32l A5 A4t i v
W7 151 /N g s 2 0 F bR g SRR 2 v
9 M Ak A5 4y ity g T RRURIT R B8 B5F 1] AR A 2 1oy
HEXSF 06 [ RRURTAE X O B2 B (]9 RSD i, &5 33/
2.5% , FRWNIZIRE TR EE R AT,

(4) e |, K %5 FRER TGTYS 245 44 20 8 9
0y B0y 1 g, a3 AR (AR 3 SR EERITR &5 6] B
SRV, R 3 0y, TR 1.5.3 /N TS vkl S
PRSI, TE 1.5.1 /N5 Irg g 5 0 T SERRASI
052 2 9 Bk G TR THR RIS 3 R0 RSD
18, FIEA T 96.1% ~98.4% , RSD {HI/NT 3.0%
1.6 HREENE

FE I 1.5.3 /N1 BT O I il 45 18 AN [RIAE
PR AL T, B 3 0y, 2 AT AR
JPiE R R 1S N A A A R X
VS WRCHERERTIN 38 A AR o I 2315 18 M ASRIAE (7
TRERETRE TR JLAR FET B.HET A,
RPN W SN SN 1L N
FEYW O,
1.7 HESH

K HH OriginPro 2021 # 4 F1 SPSSAU 43 #7°F- £
X B HEA T A3 HT

2GR

2.1 AREEEHHAENRIDER

18 1A R €2 5 vy Ao 8 AR 3 P AR o A 43 A
EERINE 1( UL 8 I1) Mk 3 Fiw , MARASTRIAE (0 )
TR R 2 & I B AR 4 6 L B P
B, b QHOO4yyf(S7) 1 QHO02yyf(S16) AR Kz
FA K B iR 0 R BERE IR, R
WA S B b T 3 K R R A RE R
B, FEMWTIE EEA ARG LA S 3
B, R 2R3 — | DB T A 2 B — 2

) Kz s A A fH TGTYS(S6) .QHO03yyf(S2) |
ZH002QS (S18) &5 ¥ ity W T 1Y i 78 742 11 & 4, 22
A, WL A 30 3K ol 00 1) 4 4505 12 12 2 0 70 A 2
FRFEAR R R A T P ] DL 43 18 3R B2 TR 41 T T A 41
. ( QHOO4yyf , ZHO02QS ) | 3 B #5 £1 I 1 + 2% {7
( HS002yyf . QHO03yyf . DHOO2yyfA . HS003yyf . TGTYS .
ZHO02DH , ZHOO01HS . ZH001QH , QHOO2yyf . HS001yyf ) .
26 B2 R 2T K 1) 45 B (5, ( DHOOAyyfA ) 2 B2 A 21 W 1T
PRAEL WG A 4 B (TGT) | 3R K + & Wi i + & (8
( DHOO3yyf . ZHOO1DH . DHOO2yyfB ) . 3¢ Kz + & W 1
4t (0, ( DHOO4yyfB ) 3 6 Rl

G3HT 18 AN [F) A 00 3 oy AR A Py SR B o o
PR R AT TR (R 3) KB, FAREE R T
0.43~1.71 kg Z [1], AR T i/ F 0.13~1.07 kg
208, PrFRATF 21.88% ~67.42% 2 18], =411
FARET 5, N8R OR B B ot 2 ORI AT 238 5 Y
i F AT R E MRk 5, B QHOO3yyf (1S2) |
DHOO02yyfA ( S3) . QHOO4yyf (S7) . ZHOO2DH ( S9) .
ZHOOTHS(S10) [TGT(S14) ,ZH002QS ( S18) &5 i
FEEER . MYRAFARHRL(22.88~48.00 mm) iR K
(13.0~43.6 cm) M%(2.5~7.0 D) kK (2.5~
7.9 em) PSHL(46.64~77.26 mm) PR AR AL B
RGN T AR 2R SRR ORI B R 12 1 B
AL B sk K FURHL R /Y 5 R AT 18 3 R0 AR
Ke, At QHOO4yyf ( S7 ). DHOO4yyfA ( S11) .
DHOO03yyf ( S5). TGT ( S14) . QHOO3yyf ( S2) .
ZHO002QS(S18) 47 A2k, R, e o B AR ot it
KARH H A 3k K HA KM 5 R A QHOO03yyf
(S2) .QHOO04yyf (S7) \TGT(S14) ,ZH002QS (S18) ,
QHOO4yyf(S7) MY fz K ThI A 3 MG 2 5% B A SR 4
SEBEFIIEIR , BOKE I i 2R VR UK, e 2RI To s 3 |
BAR T R ZBUAR AT S R LK A5 AR P bR AR AIE O
T IS AR TE BRI BT 100 R A QHO03yyf(S2) |
TGT(S14) .ZH002QS(S18) .
22 AEEZEBEGHAENLEDEE

Iy I 3 ST D e 2080 T AR € i 1 ARG 0 A i R X
TR A58 18 ASASRIAE 8RR 1 9 Rk &)
TR P EETREER0.54~1.21 mg -
g LRGN 12.02~19.42 mg - ¢, FIEH B
TEN1.16~2.82 mg - ¢\ HKIEH A S &N 2.79~
7.29 mg - g_l ,ﬁ%j{ﬁ%ﬁ%ﬁﬂ 1.70~5.02 mg -
o RERE RN 3.92~5.97 mg - ¢, KIEE it
4 1.80~3.37 mg - ¢, REW & &R 2.75~6.05 mg
cog KRR S E N 1.25~2.48 mg - g, RIS
2020 Rz H R 25 00 HE Ak 2R T A R
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Table 3 Root traits of Rheum tanguticum Maxim. in different flower colors

FF5

Number

PRR AR e AR

Single root
fresh
mass/ kg

Single root

dry
mass/kg

oiFx

Drying
rate/ %

piLicy il
Fibrous root
thickness
/mm

ZARAC
Fibrous root
length/cm

Lit%d
Root

number

Fk
Rhizome
length/cm

P
Rhizome
thickness
/mm

fibiidk

Description

S2

S5

S7

S8

S10

0.58

0.95

0.80

0.81

1.00

1.71

1.32

1.60

0.15

0.52

0.43

0.37

0.33

1.07

0.40

0.89

0.58

35.86

33.12

54.74

53.75

45.68

33.00

62.57

40.00

67.42

46.88

31.72

37.63

37.02

31.09

30.82

48.00

4274

45.50

27.09

29.45

36.1

29.6

27.0

28.5

30.8

23.0

299

242

24.8

43.6

3.0

7.0

4.0

4.0

5.0

3.0

6.0

3.0

4.0

5.4

5.8

4.5

4.9

7.0

7.3

52

54

7.0

5.1

58.32

76.67

55.63

60.04

56.78

75.00

71.26

48.01

57.51

66.69

RPAFLL A, W TR 5 0, )
B AR 2
Brownish-red epidermis, deep earthy-
yellow cross-section, earthy-yellow
phloem, more lateral roots

RPAFL @, Wi 1 B0, 0%
e e, HERE O

Brownish-red epidermis, earthy-
yellow cross-section, golden-yellow

phloem, white pith

FEARL A, WK - H A, 9
BB A B, VTR W] i
Brownish-red epidermis, deep earthy-
yellow cross-section, golden-yellow
phloem, fibrous root thickness was
evident

RPAFLL A, W IR 150, )
a0

Brownish-red epidermis, deep earthy-
yellow cross-section, earthy-yellow

phloem

R WA, Wi - WO, 5
HaEE

Earthy-yellow epidermis, earthy-
yellow cross-section, golden-yellow
phloem

FEARLL A, W T 86, B
G — B

Brownish-red epidermis, dark earthy-
yellow cross-section, more uniform in

color, white pith

REAFLLO, A A B, W AR 2L
O, PISGRET O, AR

Brownish-red epidermis with sores,
light ~ brownish-red  cross-section,
golden-yellow phloem, each root was

more robust

Ff L, W O, B
R e es

Earthy-yellow epidermis, earthy-
yellow cross-section, uniform in color,

high number of roots

RPAFLL A, Wi T 1 5 (0, 9 0%
A H A AR

Brownish-red epidermis, earthy-
yellow cross-section, golden-yellow

and narrower phloem

REARLA @, Wi Lw e, @F
B¥—

Brownish-red epidermis, earthy-
yellow cross-section, more homoge-

neous in color
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Continued table 3

B i SR

Single root

gty

Fibrous root

b
Drying

- (%7
mass/kg rate/ % /mm

i ZILiISS

Number

Single root
fresh dry thickness Jength/cm
mass/kg

Fibrous root

s ol
Rhizome

Root
number

Pk

Rhizome

E{ipuN
length/cm thickness Description
/mm

S11 0.88 0.40 45.45 37.75 32.2

S12 0.88 0.44 50.00 33.77 26.1

S13 0.63 0.19 30.16 37.02 27.0

S14 1.08 0.54 50.00 36.00 30.5

S15 0.43 0.13 30.23 22.88 13.0

S16 0.79 0.27 34.18 32.24 23.5

S17 0.69 0.25 36.23 32.11 19.3

S18 0.97 0.47 48.45 32.51 31.9

FTARLL 0, W T 43 0, v (]
T
3.5 5.1 58.13  Brownish-red epidermis, golden-

yellow cross-section, earthy-yellow
center

RPAFLL A, W T 4 B (0, AR
B, AR
2.5 7.9 59.93  Brownish-red epidermis, earthy-
yellow cross-section, fibrous root

was obvious, fewer lateral roots

RS LW, WA L B, B
HeEA
4.0 4.5 55.63  Earthy-yellow epidermis, earthy-

yellow cross-section, golden-
yellow phloem

RBARLLE, W7 T A 2L (s
O, AR
5.0 6.8 68.47  Brownish-red epidermis, brownish-
red and slightly earthy-yellow

cross-section, fewer lateral roots

R B, Wi w0, P
T A
4.0 2.5 46.64  Earthy-yellow epidermis, golden-

yellow cross-section, earthy-yellow
center

REBRRA G, R L, Wi
TEO, MRED
3.0 7.3 60.79  Light brownish-red epidermis, more

sores, earthy-yellow cross-section,
fewer lateral roots

FPAFLT A, Wiin £ B0, 0%
TR AR
4.0 4.3 57.87  Brownish-red epidermis, earthy-
yellow cross-section, paler golden-

yellow phloem

RPAFLL A, W AR 2L (0, o [
TEE
5.0 5.1 64.96  Brownish-red epidermis, brownish-

red cross-section, earthy-yellow
center

BRI K SRR KRS S
P S BN D T 1.5% K45 5 7R 18 A4

FE TR B RE S YA 5 24 O AR A I B
SE X 18 AN AL 6 FH T R R T HE R L AT 6
£ & QHO02yyf (S16) . DHOO2yyfA ( S3) . HS002yyf
(S1) \,TGTYS(S6) .TGT (S14) ,ZHOOIDH (S8) , If:
H % BLAE 0 o B 2% 4 ( HS003yyf ('S4) . ZHOO1HS
(S10) \HSO01yyf(S17) ) Ay JH vl R B B B eIk,
23 SRFHEITATERENAREEERSFAERM
2.3.1 MRS A A [EEERE R OR B AR
ARFN 9 Tt o35 2 B AH G 73 A 45 SR AN 2 s

PRGSO K RBERFIEMLLR, 5
BN BT A Sk S 3 IE AR OGO R AR T
JiEE S SO R R B OGRS
IEASRIG AR, FHR B o R FALAR T Joi o 2 R TR K
PR F BN R, N PR
SHAREZ (G RAE DT MR, FEHAS
PEEEREE R AN T IR A DG OG5 25 ML E
S EEEH A KRER PSR R EMLER,
HEETR M ERER RNERSRENEHIE
FAR K ZR ;9 Rl Lo Y 5 3 B 5 R X it
ERERFIEMRKR, SEE TR ILRR HEH
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Table 4 Content of 9 compounds in the roots of Rheum tanguticum Maxim. in different flower colors
e Jisty Jisty e Wy M
A L S L iy
Number acid Catec/hlill B A Aloeemodin Rhem7 ) hmOdHi . Cl11ysophaf01 Physcion  ingredients  content
Sm ) E g ) (g ) S g ETE DD Oy e )

S1 1.21 19.42 1.60 5.59 4.21 543 242 3.52 2.48 1.81 45.88
S2 1.17 17.96 2.73 3.12 4.11 5.04 3.20 3.58 2.03 1.80 42.94
S3 1.58 18.74 1.87 6.16 5.02 4.70 3.40 3.60 1.33 1.81 46.41
S4 0.61 12.02 1.81 3.16 2.78 5.70 3.37 332 1.25 1.64 34.02
S5 0.60 13.71 2.57 3.27 2.70 5.15 3.19 4.05 1.35 1.74 37.59
S6 1.19 18.46 1.16 6.72 4.20 5.26 249 4.08 1.40 1.64 44.96
S7 0.92 15.83 2.11 2.79 2.46 4.78 2.73 3.93 1.14 1.50 36.69
S8 1.02 17.00 2.21 4.46 3.75 5.74 2.37 5.19 2.07 191 43.81
S9 1.08 16.85 2.82 4.98 2.25 5.18 3.05 5.14 1.85 1.75 43.20
S10 0.88 14.48 2.60 3.11 2.56 4.42 2.73 4.59 1.23 1.55 36.60
S11 0.91 16.52 2.58 4.08 2.81 4.03 272 5.25 2.16 1.70 41.06
S12 1.03 16.06 2.24 6.15 3.99 4.94 1.92 4.63 1.27 1.68 42.23
S13 1.13 16.69 1.96 4.78 4.09 4.98 249 3.25 1.49 1.63 40.86
S14 1.15 18.08 2.32 5.16 4.06 4.17 2.86 4.61 1.82 1.75 44.23
S15 1.09 15.42 2.79 437 351 5.69 3.07 434 1.14 1.78 4142
S16 1.15 17.68 2.34 7.29 424 597 2.20 6.05 1.94 2.04 48.86
S17 0.54 17.07 1.67 424 2.09 4.76 3.21 375 1.25 1.51 36.58
S18 0.77 16.45 1.96 435 2.90 392 1.80 427 1.91 1.50 36.58

T 2L R R B R R R B M 2 KR R R M ESL 5 o2 B A A

Note: Pharmacopoeia specifies that the ingredient is the sum of the contents of five ingredients; emodin,rhein, chrysophanol, aloeemodin, and phy-

scion.

AEREESEEW D EIEMEKER, B
LRERN SR —ERE Ll U E TR,
ILAER FVST A 2y BB s o 1 it s ik,
PEAE TR 25 PR ) A B A4 A 0 T, ol 3 ok A )
SRR F ORI AL T R R R A S
BRBRUE, SR, A OC 1 3 AT (L RE B2 AL AR A 14tk 5 1k
ST R Z R BOC R | JO AR R A € R
FERBERE S e T 18 A 25 501, A 345 B8 A o ff R A &%
ZE SR 5 R FH 2 PR i O ik A T BR A2 48

232 ZRHyHM  H SPSSAU BRI &
XiF 18 AN [AI Ak €2 J3 vy AR R H AR 1 R R Ak 2 B
(1) 17 A HEFRIEAT F R AT, 15 2 32 A R AE(E AT
TZETRR (R 5) WA TR (F6),
HRIGE AT 2 H EHEFE R 5 A (R IEE KT
1 hRiE) L T 5 A R AR 0 5] 4,969 |
3.359 2.183.1.676 F1 1.289, J5 2% STk & 23 5l N
29.231% 19.758% .12.844% .9.862% 1 7.585% , {t,
T TR R R B 79.279% B B, Ui
AR TRIAE €0 8 1l R B P AT AR S AR
2 6 AT AR Rl 2wy i KN o, TR 28

HXHEKT 0.4 LRz 5 EBAA XN R, 7E
55 1.2.3 BRI B RN OC R IR L1
ARFE bR A L B 5T 5 | PR T BT L SO AR
HL RS
2.4 {§I TOPSIS A= &M
FIF SPSSAU “F- B IHHREFEA P E BAGE o FIfE

BEMEFAE R w( R 7)), I EREAR T &V
Mrighr 5 IEFARSR (D) MG AR AR (D) YR 2 &

ShR X B A A A TR CTY (3% 8) . AR I AR AL
TOPSIS 7453 A7 ], ¢ FEAF X #2230 BEAE ( C) XA TR
e R R E ST HE Y, C R, iz PEAR
TN I LE A PRI, 2 22 & 8 nf
AR C (S5 R HE T SR AR S QHOO4yyf,
KK ZH002QS .DHO02yyfA \HS003yyf

3 9
3.1 AEEEETEAZREBERITN
BB S 5 24 b S0P 2 S B T R IR

M R BRIRIE T, RIVaE i WS 25 MR AR RN
RIS WTTT S BRAEARBRIEA TR T AR
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1 AEREEHHAERDPES

Fig.1 Root morphology of Rheum tanguticum Maxim. in different flower colors
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e ow fRFA M B3 (P<0.05) 5 + * ARFEAHCHAR BB (P<0.01) . A NEAREEF R B MR T B, C WU, D HFRK, E
RARELF RSk, G AP SR H oG TFIR, 1 MILAEE ] AEEY BLK MFIET A, L W ERER M KRR, N VKEX,0 N
KIEE, P AKIEETEE, Q HLYMBE Y, R ARG &,

Note: * indicate significant correlation (P<0.05); #* * indicate extremely significant correlation (P<0.01). A is the fresh mass of single

TOWOZECr A IO ImTUQ®m>
*
*

root, B is the dry mass of single root, C is fibrous root thickness, D is fibrous root length, E is the number of roots, F is rhizome length, G is rhizome
thickness, H is gallic acid, 1 is catechin, ] is sennoside B, K is sennoside A, L is aloeemodin, M is rhein, N is emodin, O is chrysophanol, P is
physcion, Q is the pharmacopoeia ingredient, R is the total content.

2 AEEEEHHAERMERRLEYESNHEXES T

Fig.2 Correlation analysis of root traits and compound contents of Rheum tanguticum Maxim. in different flower colors
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Table 5  Analysis of variance of the principal components

of Rheum tanguticum Maxim. in different flower colors

ES % B J5 22 TR Rl EsimkR
Principal Ei;wah‘m Variance contribution  Cumulative variance
component rate/ % contribution rate/%

1 4.969 29.231 29.231
2 3.359 19.758 48.989
3 2.183 12.844 61.833
4 1.676 9.862 71.694
5 1.289 7.585 79.279
6 0.792 4.657 83.936
7 0.757 4.451 88.387
8 0.705 4.147 92.534
9 0.424 2.492 95.026
10 0.372 2.188 97.214
1 0.279 1.639 98.853
12 0.100 0.587 99.440
13 0.048 0.280 99.720
14 0.033 0.193 99.913
15 0.010 0.059 99.972
16 0.003 0.021 99.993
17 0.001 0.007 100.000

xo6 AEEBELHFKRE 17 MERVIGEE FHEER
Table 6 Initial factor loading matrix of 17 indicators of

Rheum tanguticum Maxim. in different flower colors

T WA A F #5407 Initial factor loading

Index PCI  PC2  PC3  PC4  PCS

B FER Gallic acid  0.716  0.314  0.081  0.505 -0.126
JLAEFE Catechin -~ 0.760  0.373 -0.052  0.233  -0.231

FVEH A Sennoside A 0.885  0.028  0.092 -0.082  0.232

PR Aloeemodin 0.845  0.066 -0.169  0.261  -0.075
&Y aEE

Total compound content

0.905  0.241 0.291 0.166  -0.022

. ARG -0.446  0.824  0.002  0.172 0.114
Single root fresh mass
. AR -0.543  0.704 0.124  0.176 0.190
Single root dry mass
SR K
. AR -0.290  0.524 -0.215 -0.294 -0.487
Fibrous root length
F%k 0.246  0.557 0.162 -0.355 0.451
Rhizome length
7 A
Rhizome thickness -0.185  0.735 -0.417  0.060 0.174
by itk

0.302 0.458 -0.541 -0.019 0.244

Fibrous root thickness
HREL Root number -0.415  0.386  0.504  0.419  0.031
V51 B Sennoside B-0.355  0.104  0.792  0.078 -0.178
KW Chrysophanol  0.215  0.242  0.697 -0.459  0.182
K#HZE Emodin - -0.406 -0.229  0.046  0.718  0.000
KR Rhein 0.306 -0.425 0234 0.162  0.488
K#EZIPEE Physcion 0.443 0312 0270 -0.233  -0.527

R7 ARAEBEHHRE 17 MEREEETENEER
Table 7 Results of the entropy value method of calculating
the weights of 17 indicators of Rheum tanguticum

Maxim. in different flower colors

) 15 RS e FRBME d BERE w/ %
i Information Information Weight

Sample number

entropy value utility value coefficient

HS002yyf 0.7627 0.2373 5.55
QHO03yyf 0.7560 0.2440 5.71
DHO02yyfA 0.7732 0.2268 5.30
HS003yyf 0.7548 0.2452 5.73
DHO03yyf 0.7689 0.2311 5.40
TGTYS 0.7418 0.2582 6.04
ZH002QS 0.7521 0.2479 5.80
ZHO001QH 0.7670 0.2330 5.45
QHO02yyf 0.7757 0.2243 5.24
HS001yyf 0.7538 0.2462 5.76
QHOO04yyf 0.7379 0.2621 6.13
DHO002yyfB 0.7621 0.2379 5.56
TGT 0.7643 0.2357 5.51
DHO004yyfB 0.7741 0.2259 5.28
ZH002DH 0.7958 0.2042 4.77
ZHO01DH 0.7735 0.2265 5.30
ZHOO1HS 0.7473 0.2527 5.91
DHO04yyfA 0.7624 0.2376 5.56

FEH AN ) 46 €0 5 by R R 2 b AR B MR R 25 S
K AR B2 At 20 0 0 - v 0 P R 5, T R A
Mt EamMEia, RS b EEYE
rric g B T R R B R — B, AR B AR
PR FNBETR AT TOIR AL, LA S PR B R 2R R
S FAR SRR A O A2 1 38 E Ak Sk B AR G 1Y
%A QHO03yyf(S2) \TGT (S14) ,ZH002QS (S18) .
A A R R K R R B R 24 6 T DA 5T
o CREERIAE SRR BT U1 A BT U 5 A B 5T Y
TGT(S14) H ik H TRl —H X, Forb i (2 54 n-Fif
S ARG B TCT (S14) B 5 PR A — 8, B
RRZER R AR & | Bk 7 i R A e s, i R AR
SV LT PRIRIE I BEIE X R R R B AR
5 NTE BT B ARG PERT 52 v e B, AR RITARLAR ZE A
JEEFTGE R A 0 Qi R € S BRI/ | 2 v ) 3
B FET A FEH BRI KRS
PRt o bk v, DRI SRR T A R A0TAR A Sk R L
AT [ A6 €2 vl R K 0 )3 F I e 48 A
32 AREBEGHXEXERSSEEN
WFSE R B, B RER B rh D S 0 & 2k
WA 200 Z2 R0 R R B I B AL 2 B4 A K B
[N I NI W LS
e B BB 2 o3 3 AR SR F 98 35 B 6 R 8 v B
HK(FEH A FEH B) P MIRE KRR KE
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RS AEHBEHIFKAE 17 MEFRFH-TOPSIS IEMH LR

Table 8 Entropy weight—TOPSIS evaluation results of 17 indicators of Rheum tanguticum Maxim. in different flower colors

FE i IEHAHREE RS (D) AR SEIE R (D) AAXTHEILEE C Herw

Sample number Positive ideal solution distance Negative ideal solution distance Relative proximity Sort
HS002yyf 258.512 2.411 0.009 17
QHO03yyf 260.811 0.150 0.001 18
DHO02yyfA 118.007 147.786 0.556 3
HS003yyf 146.618 119.264 0.449 4
DHOO03yyf 243.562 19.378 0.074 9
TGTYS 238.938 22.624 0.086 7
QHO04yyf 0.000 260.855 1.000 1
ZHO01DH 258.563 2.771 0.011 16
ZHO002DH 193.276 68.911 0.263 6
ZHO01HS 253.647 7.617 0.029 14
DHO004yyfA 243.410 18.814 0.072 10
ZHO001DH 248.407 13.298 0.051 12
DHO002yyfB 241.950 19.526 0.075 8
TGT 251.313 9.941 0.038 13
DHO004yy(B 244.875 16.609 0.064 11
QHO02yyf 255.994 5.400 0.021 15
HS001yyf 191.747 70.787 0.270 5
ZH002QS 94.028 174.711 0.650 2

TR ) P R A R 2 A O R T TS
i SCHE AT R B HPLC 3 ) s 2 K 8 24 41 v 8
A EBERE B 1) & i Z B B TR EAT
0.22~11.69 mg - ¢ Z 0], LA R T HA T3.15~
46.86 mg - g ' Z[H], Mo E LSRR . AHE
FMEMRETREFRMILER RIS T -
RS0 Foe e B i, (HAS o S B ARE . ST
NWFFEEs AT 22 5 0] A2 B oy min A 56 44 kL 1
SEFHSH LM R R, AR 0 A AR B R R 45
FEARH, mESWAFT, HEE FIRMILERTE
LR AR TR A 2 5 T AR I 9 24 b A R R
HARSE 5 a MR TR, AR RAF IR — 2, i BRI
T ST RDHERT T A B i A I OB B T AL
RES AR /N, B ASHIE S B b R oK B R o
s TR R LZE 245 9 Fhib2E o iy & e s T
XU 21 % 8 3 g e RO 20 52 B K P 14 Bk
ST, AR 9 Rk AE B I R
34.02~48.86 mg - ¢, HIPRHIR KEE KIE
PERMR REEFBMALTERT 1.5%, 46
MR PR EEOR . AR R R A R (R 4),
X 18 AAFAE L RE R K 9 Ak S Yy B 5 &
PEATHER, BT 6 45 4 QHOO02yyf (S16) . DHOO2yyfA
(S3) . HS002yyf (S1) ., TGTYS (S6) ., TGT ( S14) .
ZHOO1DH(S8) , I H. & IAL (4 2 % 4 {4, ( HS003yyf
(S4) .ZHOOTHS(S10) \HS001yyf( S17) ) FlFE 4%k
H LAY S BT,

3.3 AEAEBEHFREREENITITL

ASBIFGE HORE M S B A AR R (181 2) |, Rl R
R B PR B ST i S AR A AR AR PR T
SR, BUAR T B S S AR, FIETT B S
HREL AR, KM SAUREK W ERERXSRE
TR ILAE FHISTE A O oM 25 30852 Bl 22 1]
PR IEAHOCOC 2R, IR I A 30 4% R s ] A B 17
T, AT E A A P 25 K v 2R PR A R
FERE ARG MAbRE, WA FEHR B RS
HRE S 35 IEAH G O 2R, S AR A 2 0 3 T AH G 6
R RS AR &2 03 TUM SO R, ml HEl &
TR EFR T RET B SERS, %y
SR AT R B 24 M A S5 Gt o R R B 2
RO wE RS B ST TP R B, R R K AR K
AR FIZY A4 B RS 25 0 X TR A4 T R R IR
A BT A R, R, A SRR
TG B & m IS Y B W20 e
TH A A B XS B 843 1 dat S A i 5 ep R B,
ANTR VR L PN B A R A B A 5, R
FIEERER KWW KRR R KRR PR
KEW-1-0-HE B KE R -8-0-H A |
(+) LR &G ARRREN TS, A5,
FIFH SPSSAU TEL - &5 AT R AL TOPSIS 154317 &
B, HEFHT 2 44 R 5 R 5050 QHOO4yyf(S7) il
ZHO002yyfA (S18) , I 45 R 5 1if 3C H AR 4 5 AR o7 it
KR A Sk o B Y 0 % 45 R ( ZH002QS
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(S18) .QHO03yyf(S2) . TGT(S14)) —5, QHOO4yyf
(S7) HH TH Ez A 58 36 B i) KT BB, A Ut

4 Z5 ip

GG AN RAE T R AR IR B
T KM BT AL TOPSIS YRR (25 5 3EAY
HRAE IO A | AR JB 5 0K | AR R P Sk R HL A S
RAEFRTFVE L QHOO3yyf(S2) [ TGT(S14) \ZH002QS
(S18) 3k 3 M RFIHA, ML A D B EM
HEFRE 0 26 Y QHOO02yyf ( S16) . DHOO2yyfA ( S3) .
HS002yyf( S1) .TGTYS (S6) .TGT (S14) .ZH001DH
(S8)6 /™ RFIELAR , WAL TOPSIS 15 Hr 25 HE
JFEHT 2 B985 F 8 QHOO4yyf(S7) Fl ZH002QS(S18) .
LEO TR AR B Y TGT (S14) 1 ZH002QS (S18)
PR 2R AT AR S oy AR Ot A 328 7 R s 1
AP R, BLAN , ARWF 5 ST 3L T 248 AR B 20T
BT AT 0 8 AN (W) 46 €00 5 oy 4R O 2 7 R R 9 T
MR, AT T R R Y BV
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