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Abstract: We investigated geographical variation in the chemical components of rhubarb
( Rheum palmatum L.) and its response to multilevel climatic factors based on clustering and
heap graph analysis. Results showed that rhubarb from Sichuan belonged to the free
anthraquinone-double anthrone chemical type, while rhubarb from Gansu and Ningxia
belonged to the anthraquinone chemical type. Pearson correlation analysis of the response
relationships between multilevel climatic factors and rhubarb components showed that
temperature and vapor pressure were key factors related to spatial variation in R. palmatum
quality. Anthraquinones were positively correlated with mean monthly temperature from March
to November and mean monthly water vapor pressure for the whole year, positively correlated
with - mean monthly sunshine from June to August, and negatively correlated with mean monthly
precipitation from June to September. Free anthraquinones were negatively correlated with
mean monthly water vapor pressure in the coldest season. Anthrones were negatively
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correlated with monthly temperature and negatively correlated with monthly water vapor
pressure. These results implied that vapor pressure in the coldest season and monthly average
temperature in the wettest season were important time windows and key factors affecting R.

palmatum quality.

Key words: Rheum palmatum; Chemical composition; Spatial variation; Multilevel climatic

factors; Response characteristics
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Table 1 Geographic information on sampling
points of Rheumn palmatum
L P . ‘iﬁ/ = WV o
RIM kL B Cuni\%/itﬁjfiriod Aﬁu&ée i
Location  Management Code
(y) (m)
o)1 e Gichii'e 5 4367  S-XL
i/ H 5 4312 S-SJ
LLPLIPR Y HLL 5 3636  S-DB
Py )1 B HL 5 4265  S-LT
) d e FL 5 3166  S-LH
Pl e HL 6 4077  S-KD
N ML 5 3227  G-DB
AR £ HL 5 2530  G-MX
kB FL 6 2331 G-TC
HRALE HL 6 2136 G-LX
T E A HL 5 2358  N-LD
THZMH Lichiie 5 1441 N-PY
1.2 SiEHE
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1.3 EMXERBENE

I RERE Y R G T 60°CHET, My i E
60 HFRUET, R HPLC 35 5E 23 M A i i 25 8
MRS RIER . KRR, REE ., Rl K



498 YR =W %39 %
*2 NHELTE
Table 2 Environmental variables
A+ fakr AR
Factor Indices Climatic variables
AR BB R B AEYRIE(Biol) | WUEZENT AL R %L (Bio4)
AR itk B A Bl (Biod) | B R EARIE(Bio6) . AR T (Bio10) | HaZ T4 (Biol1)
e RE K i B Z Ay A HEREK L (Bio12) | Bk EZE T AR L (Bio15)
e WK A 41 R A Bk (Bio13) . T A Mok (Biol4) . SRRk (Bio16) . i T Mk (Bio17)
P IR ZE VAR (Bio8) | I TP PH4iE (Bio9) | feBE MK it (Bio18) | fi? MKt (Bio19)
R 2R A SRR 2 H M (Bio2) | S5k (Bio3) | 4R AL kG (Bio7)
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EHERSE), ZHERE TR, ILER) . W& RS R 72.3%, HodbH A B

B2 (RISTE A, BISTH B) 5414 ok, 1
Agilent1100 = 208 AH 354X, 3%+ S Agilent
Zorbax SB-C18 ff i (4.6 mm x 250 mm,
5um); WA 0.05% KB KIER (A) -G
(B), i AL Z$ . DAD — B 45 [ %) 46 ) 2%
KQ5200D 7 i PE#% s 143 2 — M F 53 B K°F;
FWA100 B & 37 BRI RENL ;e 28 Ao ( B2
AAAER ) .
1.4 HESH

K H Excel 2010 #1 SPSS 25.0 # {4 ik 47 % 4
it Mo, KA RStudio, Prism8.0 %k F1E A,
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SR E TR G AT . RIS SR LA
ML G R R G R, 0ok AL R4S
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st FPE S BRI AL A2 LA TR i A ) i i o L
¥ 68.3%, Hirr, Ui B B R (80.6%), H
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Fig. 1 Accumulation map of chemical composition in Rheum palmatum
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Fig. 2 Correlations among components of Rheurn palmatum and annual average factor
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Table 3 Pearson correlation coefficients between components of Rheum palmatum and seasonal factors

AT i s R GE5 IR Zh RNl
Climatic factor Free anthraquinones Anthraquinone Polyphenols Anthrone
Bio2 0.627 -0.907 ™ -0.622 0.719*
Bio3 0.696" -0.860 ™ —-0.450 0.691"
Bio4 -0.551 0.683" 0.233 -0.607
Bio6 -0.530 0.774™ 0.491 -0.842*
Bio7 -0.442 0.275 -0.152 —-0.300
Bio8 -0.587 0.722* 0.324 -0.800 ™
Bo9 -0.311 0.509 0.334 -0.751"
Bio13 0.689 " -0.669 " -0.257 0.579
Bio14 0.099 -0.307 —-0.030 0.426
Bio15 0.809 ™ -0.525 -0.289 0.381
Bio17 0.006 -0.288 -0.083 0.412
Bio19 0.006 -0.288 -0.083 0.412

e * FIRTE 0.05 K- (BUR) FHCHERE; ++ FIRTE 0.01 KT (BB MM RE, FF,
Notes: * indicates significant correlation at 0.05 level (two-tailed); = indicates significant correlation at 0.01 level (two-tailed).

Same below.
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F 4 EMNXE4MHES 5 AHSIE Pearson R
Table 4 Pearson correlation coefficients between components of Rheumn palmatum and
monthly average temperature

SMEHF T s AR g4 R Z 1 T
Climatic factor Free anthragquinones Anthraquinone Polyphenols Anthrone
1 AR -0.441 0.558 0.359 -0.786 ™
2 AR -0.443 0.557 0.345 -0.780*
3 H AR -0.574 0.645* 0.310 -0.825 "
4 HFEEARHE -0.602 0.698* 0.319 -0.811"
5 PSR -0.548 0.715* 0.330 -0.801*
6 H ¥ -0.545 0.728* 0.327 -0.794 "
7 AP HAIR -0.616 0.742* 0.330 -0.790*
8 H ¥ -0.640" 0.735" 0.334 -0.794*
9 AR -0.564 0.696* 0.310 -0.805**
10 A E¥AR -0.552 0.670* 0.322 -0.826
11 AEHAR -0.564 0.671* 0.355 -0.835*
12 A ¥R -0.490 0.590 0.361 -0.812*

R AOEER 20 U

Free anthraquinones Anthraquinone Polyphenols Anthrone
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Fig. 3 Correlations between monthly average precipitation and chemical composition of Rheum palmatum
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Table 5 Correlations between chemical components of Rheumn palmatum
and average solar radiation
SR T 2 AR 456 T Z 1 T
Climatic factor Free anthraguinones Anthraquinone Polyphenols Anthrone
1 H PR B SR 0.537 -0.210 -0.174 0.142
2 H K R4 o 0.230 -0.025 -0.154 -0.021
3 H ¥R B it 0.055 0.280 0.027 -0.287
4 H XK B 5 -0.174 0.419 0.069 -0.391
5 H X R BH S -0.486 0.631 0.187 -0.544
6 H 3K B 5 it -0.619 0.726" 0.263 -0.628
7 F K B A 5 -0.691* 0.746" 0.297 -0.644 "
8 H -1 K BH i 4 -0.674" 0.737" 0.269 -0.638*
9 H XK B A i 0.093 0.158 -0.103 -0.073
10 7 F-H R PR I 0.482 -0.145 -0.186 0.142
11 H 3R B 2 0.807 ** -0.585 -0.320 0.496
12 A3 K B o 1 0.690 -0.422 -0.287 0.338

®6 EMXAE4MMSSAFHKRERXNE

Table 6 Correlations between chemical composition of Rheum palmatum and monthly mean water vapor pressure

ST Ui 2 AR g4 R Z AU

Climatic factor Free anthraquinones Anthraquinone Polyphenols Anthrone
1 EHKIRIE -0.701* 0.752* 0.400 -0.724"
2 A KRR -0.697 0.720* 0.405 -0.740"
3 A HpKEIE -0.733* 0.763* 0.376 -0.742"
4 JTVHpKEE -0.706 " 0.734 " 0.349 -0.760"
5 A KA -0.683* 0.736* 0.333 -0.749*
6 H KA -0.579 0.743* 0.334 -0.758"
7 HEHKIR R -0.446 0.714~ 0.293 -0.689 "
8 A VHpKiAE -0.496 0.725* 0.299 -0.706 *
9 HFEHIKIARIE -0.452 0.707* 0.317 -0.719"
10 HFHpKiRE -0.628 0.741* 0.367 -0.765 **
11 BRI -0.662" 0.735* 0.368 -0.761"
12 A F3KRE -0.648" 0.740* 0.407 -0.749"

Vs 4 M AN A O R S, AR R PaJI AR,

K-,
3 it

3.1 EMXEMRTEEZME

AT, MR 4 Bl o3 & R
ANFA AR A, RT3 oy HoOR- =y )i
TIPIMETY, o H -7 SRR Al 45 R R
AW R, TR i R A
XUE & A B . WSRO, Hl TR
RAE RGO, HRMEMIRE | 558 | fLE ST
SRR AL, EJ2 R 2 B85 DU 1] L 4%
e, AT IR bR, PR H AR A R

HOM LR £ (G-DB) By fib 5t 5 DY 1R i A
o FEMRBERESAL AR T s, 2K FRAY H F
RN A SRR HOR R SR iR AR, S
B E ROEUE FEBAE T 107 H P2 K BH AR SR A A
PRI A ZEA K FEFE M SR A KN
13— 11 A, EE MR R H N e
MEAR5CHEA; AR L 2~5 kPa, Tii4h
B R i 5 A SR AL SR R
RIEAADE, PRIIERREE A S & BRI oS =
W TFHEHIMNRFEA . HERT R AR AT
BE M AR5 I R i o 2 ) 2 S ) SRR, ek
P2 T b o U 7 ARG
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