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Abstract: To reveal the ecological mechanism for various chemical types of Rheum tanguticum Maxim. ex Balf, this paper
was designed to investigate the geographical variation of functional components, and further study the critical climate factors
and the key period for various components based on the multi-scales climate factors. The methods of Cluster was applied for
analyzing the geographical variation of chemical components of R. tanguticum. Coefficient of correlation was used to assess
the relationships between the climate factors and the components. Two chemotypes were classified based on the accumulating
data, one was the combined anthraquinone chemotype from Qinghai and Gansu province, and the other was the free
anthraquinone chemotype from Sichuan province. The relationships between the climate factors and the chemical components

were as follows: the anthraquinones were significantly negatively related to annually average temperature. Polyphenols were
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negatively correlated with annually average temperature and annual precipitation, while positively correlated with annually
average solar radiation. There was a significantly negative correlation between the combined anthraquinone composition and
the temperature of the coldest season. Polyphenols were negatively related to the mean temperature of the coldest quarter and
the precipitation of the wettest quarter; mean month temperature and solar radiation were crucial factors for the combined
anthraquinone and polyphenols. Anthraquinones compounds were remarkably negatively related to the average temperature
from January to June and September to December. Polyphenols showed a strong positive correlation with average month
radiation in May, June and July. In conclusion, temperature and solar radiation were the vital factors related to the different
chemotypes of R. tanguticum. The low temperature in the coldest season and the solar radiation in the wettest season were
the main periods, and they were the key factors correlated with the quality of R. tanguticum. Low-temperature, high solar
radiation and low precipitation were conducive to the accumulation of combined anthraquinone and polyphenols in R.

tanguticum.

Key Words: Rheum tanguticum; function composition; geographic variation; the multi-scales climate factors;

response characteristics
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Table 1 Rheum tanguticum geographic information of sampling localities
g 9> KA (8] FEA 7 %> SRAETA] FEA R
Region Number Harvest time Sample volume Region Number Harvest time Sample volume
PR /NS S-Sp 2013-10 5 B il [F 48 Q-TD 2013-09 6
DIl 5E S-TK 2013-10 4 HiffikH Q-DR 2013-09 5
VYA S-DG 2013-10 5 ERCEENN Q-MQ 2013-09 4
HEAR Q-JZ 2013-09 5 HR R G-XH 2013-10 5
ARSI Q-QL 2013-09 5 F i KA G-TZ 2013-10 5
TR Q-GD 2013-08 7
N
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AR IE
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HF @ Ho
o LlEEs)
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Fig.1 Sampling localities of Rheum tanguticum
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BHEIRIER) , (s A Agilent Zorbax SB—C18 fAji5 4 (4.6 mmx250 mm,5 wm) ; i shAH R 0.05% B8R K
I (A) -2 (B) BB BEME (0—10 min,5%B—11%B;10—30 min, 11%B—15%B ;30—45 min, 15%B—17%
B;45—60 min, 17%B—22%B; 60—75 min, 22% B—36% B ; 75—90 min, 36% B—60% B ;90—105 min, 60% B;
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105—110 min,60%—5%B) ; & 1.0 mL/minl ; KK 250nm ;45 40°C ; JEAEE 10pL,

x2 HETE

Table 2 Environment variables

ity A
Index Climatic variables
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2 ity T 5

SEH B (Bio 11)
[ TR - B 2 Mo A [ RN 2R PR AR R ( Bio 15)
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2 B0 F I (Bio 2) SFRYE(Bio 3) AFIR LA LA H (Bio 7)
A Monthly factors  JT B2k A ¥ IR R A ORI A KBRS
AR T Annual factors  FI9fH AR AERIRIRRRIE SEREK F Y H IR

1.2.2  BdEnr

K Excel F1 SPSS 25.0 #E17480 403 /347 , iz 1] Matlab  Prism 8.0 #E17KIZ2: 1, 1] Analyze-Descriptive
Statistics IARIEAALBEAS [ 408 , 19 BIRRHE LSS 35 BT BB Ge it b . R SR L bR L IS
FKHRGERISHE, M 7 R A R B 45 AT Pearson PEES L . AHICHE 43 HTR A SPSS H Pearson #H 4347 .
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Table 3 Constituent content of Rheum tanguticum samples from various sampling localities

EERE) e B T S TR XU Lk

Number Free anthraquinone Anthraquinone Anthrone Polyphenol
S-Sp 0.421+0.333 0.062+0.071 0.347+0.113 0.215+0.096
S-TK 2.477£0.977 0.037+0.018 0.155+0.072 0.225+0.114
S-DG 2.454+0.282 0.029+0.019 0.264+0.226 0.219+0.060
Q-JZ 0.551+0.180 4.377+0.765 0.302+0.100 0.813+0.320
Q-QL 0.817+0.185 4.504+1.344 0.252+0.082 1.266+0.447
Q-GD 1.823+0.489 4.470+1.351 0.614+0.377 0.753+0.487
Q-TD 0.969+0.369 4.589+1.558 0.223+0.065 0.621+0.110
Q-DR 1.212+0.162 7.489+0.843 0.291+0.073 0.862+0.215
Q-MQ 0.894+0.234 4.964+0.576 0.434+0.271 1.377£1.403
G-XH 0.758+0.213 3.513+0.971 0.180+0.095 0.941+0.094
G-TZ 0.701+0.103 3.929+0.813 0.370+0.131 1.449+0.351

R AR RS TR G 5 IR Hu A5 SRR L 1
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Fig.4 The heatmap of functional compositions in Rheum tanguticum
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R4 EERREIANDBES EEHNSEEAFHEXREY

Table 4 Correlation coefficients for relationships between annual climate factors and functional compositions in Rheum tanguticum

HEREK AEER AEE H IR AR AR

Average annual Average annual Average annual Average annual

precipitation temperature solar radiation humidity
1 B3 AR Free anthraquinone 0.054 0.161 0.049 0.111
454 T Anthraquinone -0.587 -0.846** 0.598 -0.432
%M Polyphenol -0.651" -0.649* 0.605 * -0.513
R Anthrone -0.297 -0.243 0.230 -0.427

#0.05 GU (BUR) AHICHE I 5 # % 0.01 G (XU ) MHE 3%

Table 5 Correlation coefficients for relationships between seasonal climatic factors and four functional compositions of Rheum tanguticum

x5 EERREINDHNESEZTESKEEFEBBXRY

AR e 1 I S TR EeS PN ES
Climate variables Free anthraquinone Anthraquinone Polyphenol Anthrone
Bio 1 0.154 -0.861"" -0.569 -0.259
Bio 2 0.249 -0.305 -0.629" -0.291
Bio 3 0.397 -0.622" -0.827"" -0.247
Bio 4 -0.257 0.718" 0.751"* 0.194
Bio 5 -0.015 -0.693 " -0.288 -0.253
Bio 6 0.117 -0.711" -0.371 -0.092
Bio 7 -0.164 0.501 0.308 -0.039
Bio 8 0.034 -0.594 -0.189 -0.109
Bio 9 0.267 -0.825"" -0.697" -0.244
Bio 10 -0.020 -0.615" -0.134 -0.139
Bio 11 0.210 -0.862"" -0.675" -0.230
Bio 12 0.058 -0.576 -0.658 " -0.283
Bio 13 0.174 -0.468 -0.544 -0.297
Bio 14 0.048 -0.467 -0.550 -0.045
Bio 15 0.203 0.464 0.488 0.138
Bio 16 0.197 -0.499 -0.623 " -0.324
Bio 17 -0.067 -0.494 -0.558 -0.170
Bio 18 0.198 -0.488 -0.635" -0.313
Bio 19 -0.067 -0.494 -0.558 -0.170

2 5 1 Biol—19 BYSMBHE FXH T3 2 SRS &+ 0.05 ZL (BUR) M EM 2, % 0.01 2L (WUR ) A e i 2%

Table 6 Correlation coefficients for relationships between monthly average temperature and functional compositions of Rheum tanguticum

F6 BELHXEAMINESSAFHSENERREE

HFEAE i 5 JER SEE TR EZ B TR
Monthy average temperature Free anthraquinones Anthraquinone Polyphenols Anthrone

tmeanl 0.206 -0.848 " -0.667 -0.224
tmean2 0.253 -0.882"" -0.730 " -0.229
tmean3 0.209 -0.878"" -0.709 -0.264
tmean4 0.149 -0.869 " -0.626" -0.272
tmean5 0.130 -0.797"" -0.377 -0.247
tmean6 0.033 -0.643" -0.163 -0.156
tmean7 -0.086 -0.576 -0.076 -0.138
tmean8 -0.032 -0.594 -0.132 -0.139
tmean9 0.165 -0.838"" -0.518 -0.317
tmean10 0.196 -0.853"" -0.598 -0.301
tmeanl1 0.152 -0.838"" -0.588 -0.256
tmean]2 0.169 -0.850"" -0.625" -0.232

tmeanl—12 4 1—12 A W& A AR + 0.05 Hl (BUR) MR ; = 0.01 HA0 (SR ) et i 3%
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=] R B 2 o
precipitation and functional compositions in Rheum tanguticum
3 itig Precl—12:1—12 A H ¥ FE K ik = 0.05 203 (BUR) A0 G

Fyoxx 0.01 GO (AU ) MORHE 8 2%
2 R A2 1 A0 e A b 3l 1 22 S R 2 6 G

MR — P BRI, 7 2 A SR Z AT TR A A BB — S A 7 i PR R (R R TE b 2 b
i T IR
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Table 7 Correlation coefficients for relationships between monthly average solar radiation and function compositions of Rheum tanguticum

JERORENic s e e R GEE ZWAE TR

Monthly average colar radiation Free anthraquinone Anthraquinone Polyphenol Anthrone
sradl 0.020 0.438 0.548 0.110
srad2 -0.050 0.550 0.702" 0.255
srad3 -0.043 0.593 0.659 " 0.222
srad4 -0.108 0.627" 0.708 * 0.248
srad5 -0.149 0.609 * 0.741 " 0.242
srad6 -0.225 0.538 0.738 " 0.202
srad7 -0.277 0.612" 0.761"* 0.206
srad8 -0.240 0.574 0.709 * 0.186
srad9 -0.077 0.599 0.663 " 0.170
srad10 0.027 0.606 * 0.596 0.156
sradl1 0.277 0.420 0.337 0.103
srad12 0.242 0.398 0.286 0.105

stadl—12 4 1—12 A& A A ¥ H BB, + 0.05 23] (AUR) AHSCHE R+« 0.01 G (XUR ) AH G k2%

3.1 RBEERRRE LS B L H R S

R LRI F8C 3B , AN [5] 77 i [ v R b Sl 2 2 e ELAT P S ) M A S5 ) 1) 93 95 1 A 28
AP PR A AT, AR 9 - H A 8 v 45 45 TR AT 22 I A i 5 e sy i U ) 1 2R 9 g AR o5
ARG . W TR N DR Y AR A R I T, DRI, T TR H AT M DR R B A IR
IR R
3.2 FERRCHE TS U PR T A

R ST YR AN RIS 6] B2 8 A DR, ARSI R Tt i B it SO B S B A PR A 2 e ) i 1T
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Fig.7 Boxplot of monthly average temperature in different regions
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Fig.8 Boxplot of monthly average solar radiation in different regions
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