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Analysis on Geographical Distribution and
Phenotypic Variation of Amomum tsaoko Crevost & Lemarié

XU Zhuo-hui"?, YANG Shao-bing1 , YANG Tian-mei', YANG Wei-ze',

WANG Yuan-zhong', ZHANG Jin-yu'
('Medicinal Plants Research Institute , Yunnan Academy of Agricultural Sciences , Kunming 650200

*College of Traditional Chinese Medicine , Yunnan University of Chinese Medicine , Kunming 650500)

Abstract: In order to develop and utilize Amomum tsaoko Crevost & Lemarié rationally, we investigated its
resources in 7 of the production areas in Yunnan and Guangxi in 2019. Based on the species distribution information,
combined with the maximum entropy model and GIS, the most suitable production areas were identified, and 15 fruits
and spike traits of 57 accessions were evaluated. The results of maximum entropy model showed that the geographical
distribution range of 4. tsaoko Crevost & Lemarié¢ was within 99.1-112.8°E, 20.5-30.4°N,, with 48.14 x 10* km” of optimal

areas, mainly distributed in Yunnan, Guizhou, Sichuan and western Guangxi. Among the climatic factors, precipitation

WA 2021-01-26  EEIAHE: 2021-03-01 ML HAREHA: 2021-04-01
URL: http://doi.org/10.13430/j.cnki.jpgr.20210126003
S EENE P25 5T %, E-mail : zhxu2020@126.com
TGRS - sk At BESE 7 ) A 25 9505 571 4 , E-mail: jyzhang2008@126.com
A W50 18] R h 2 9R IR 1S | E-mail : 275681421@qq.com
EEWH: mra 2RI PGB £ ; 2018 4 & AR L) (2018ZF010 ) 5 2019 4F = M BERHE L0 1) (20192G00903 ) 5
2020 47 2 A AR BERH BIHT M R L A1 2 3T ( 202002AE320007-01 )
Foundation projects: Fourth National Survey of Traditional Chinese Medicine Resources in Yunnan Province, Major Science and Technology
Special Plan of Yunnan Province in 2018 (2018ZF010 ), Major Science and Technology Special Plan of Yunnan Province in
2019 (2019Z2G00903 ), 2020 Yunnan Academy of Agricultural Sciences Science and Technology Innovation and Achievement
Transformation Pilot Project ( 202002AE320007-01 )



1010 oW o fF o W R 22 4

in June, standard deviation of seasonal variation of temperature, seasonal variation coefficient of precipitation,
annual mean temperature, solar radiation in October, and precipitation in the driest month have greater effects on the
geographical distribution of the species. In the resource survey it was found that Yunnan was the main production area of
A. tsaoko Crevost & Lemari¢, including southeast, northwest and west of the province; the habitat difference among the
production areas was large, resulting in a variety of A. tsaoko Crevost & Lemarié planting patterns:( 1 ) Alnus nepalensis
D.Don forest+Amomum tsaoko Crevost & Lemarié; ( 2 ) Cunninghamia lanceolata ( Lamb. ) Hook. forest+Amomum
tsaoko Crevost & Lemarié; ( 3 ) Juglans regia L. forest, Camptotheca acuminata Decne. forest, or Toxicodendron
vernicifluum ( stokes ) F. A. Barkley forest+ Amomum tsaoko Crevost & Lemarié¢; (4 ) The mixed primeval forest +
Amomum tsaoko Crevost & Lemarié. The phenotypic data analysis showed that the phenotypic variation patterns were
rich, and the average variation coefficient of the 15 traits was 27.34%. Among all those traits, the variation coefficient
of volatile oil yield was the largest ( 53.54% ), and the variation coefficient of fruit width was the smallest ( 7.43% ).
The correlation analysis showed that there was a strong correlation between the fruit and spike characters. According to
clustering analysis, the 57 resources were divided into seven groups, among which groups I,1ll and V class contained
those from various origin. The principal component analysis showed that the cumulative contribution rate of the first
five principal components was 80.53%, which could explain most of the information of the characters. Based on the
comprehensive characteristics, 18 outstanding accessions were selected, with from Gongshan County of Nujiang Prefecture
having the best fruit. The above research results provide a theoretical basis for revealing the geographical distribution
characteristics of A. tsaoko Crevost & Lemari¢, rational planning of planting areas and screening high-quality resources.
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Table 1 Information of Amomum tsaoko Crevost & Lemarié in this study
Jrs KA P PSS SERAE T RG-S i PSS HERAE
Code Collection No. Origin Fruit type Color Of fresh Code Collection No. Origin Fruit type Color Otj fresh
fruit fruit
1 NJ4301 KA [ 2R 25 iUk 30 NJ4323 BT (B Bk 7Y s 2 (7
2 NJ4302 BT [ Bk A4 i) 31 NJ4325 BTN [ B 750 I
3 NJ4303 KA (5] 1 A HEE 32 NJ4328 LM [ 1R Y i Sk
4 NJ4304 AR [ Bk 7T i ) 33 NJ4330 BT [ Bk 75 iv=gul
5 NJ4305 AT [ 1R A5 i) 34 NJ4332 BTN [ (-3
6 NJ4408 KA (53] B ) 35 NJ4313 LM (5] 1R A i Sk
7 NJ4410 BT 1 [E] 74 kARG 36 NJ4314 BT KR FAR R )
8 NJ4414 BT B [5 754 E-sanc) 37 NJ4316 BTN A I
9 NJ4418 TN 1 [53] #4 ESAREN 38 NJ4312 TN [ 3k 77 I 48
10 NJ4422 KA 7 B3] 74 E ARG 39 NJ4110 BT LR FAR R )
11 NJ4425 BTN B 5] 754 - sanc) 40 WS0001 palipl LRI I
12 NJ4401 KA 7[5 21 AN 41 WS0002 it 2R FAR )
13 NJ4402 KA 7[5 74 ARG 42 WS0005 SCLH LR FAR PR )
14 NJ4310 AT [ 1R 24 AR GA 43 WS0006 palipl gl FARZR ()
15 NJ4315 BTN R Ean 3l 44 WS0010 it 2 gAY FAR )
16 NJ4204 TN [ Bk ARG 45 HHO0012 EARGIPL| 2y FAR )
17 NJ4205 AT [ 1R 24 EARFH G 46 HHO0016 EARGPl| it i) FARER )
18 NJ4206 BTN [F Bk A Fan 23 i) 47 HH0023 EARGIPL| 2R A il
19 NJ4215 TN [ Bk AN 48 HH0025 ARG 2y AR )
20 NJ4220 AT [ 1R 24 ARG 49 HH0030 EARGPL| it i) FARER )
21 NJ4223 I [ Bk 77 AR TR0 50 DH0012 TN 2R FAR )
22 NJ4224 BT (B FR 7Y EARZRC) 51 BS0003 LRl i) FAR PR
23 NJ4105 AT Yy et (0, 52 BS0009 Rl Yy £IRR A,
24 NJ4106 KA 2Rl i 53 BS0013 PR Uit FAR ()
25 NJ4107 BTN E7jk il B 54 BS0019 P 7k il FANZ20)
26 NJ4115 TEAT Yy et (0, 55 BS0021 {1l Yy £IR A,
27 NJ4120 KT 2Rl i 56 LC0013 Iy 2R FAR )
28 NJ4121 ARl Yyt HiB 57 GX0003 [ERCNI LRI FANZ20)
29 NJ4320 ST [FIBR Y WL
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Table 2 20 environmental variables used for modeling

potential suitable distribution of Amomum tsaoko
Crevost & Lemarié

ISR liwz7
Environmental variables Code
4447 Mean annual temperature biol
JERCIR % A ¥ Mean diurnal range ( Mean of bio2
monthly ( max temperature — min temperature ) )

ZRE Tsothermality bio3
TR ZE T AR fEATifE2E Standard deviation of bio4
temperature seasonality

% F #5 i 7i Max temperature of warmest month bios
%74 Mean temperature of warmest quarter biol0
AFF%/K iR Annual precipitation biol2
it F#7K & Precipitation of wettest month biol3
fx 1 H F¥/K i Precipitation of driest month biol4
& 7K 25 AR 57 228X Coefficient of variation of biol5
precipitation seasonality

% 7K it Precipitation of coldest quarter biol9
5 HyF/K i Precipitation in May preS
6 H ) F#%7K 2 Precipitation in June pre6
9 H {yB¥7/K & Precipitation in September pre9
10 H OBk Precipitation in October prel0
11 A 3Bk & Precipitation in November prell
12 A {53 7K i Precipitation in December prel2
6 HA LSRR Solar radiation in June srad6
7 Ay B YEHAGR E Solar radiation in July srad7
10 A6 &5 Solar radiation in October srad10

W 57 A M 38537 B 25 R BE i 0 SR
F A MaxEnt v3.3.3 #1, ROC Hii £k T 1 £ ( AUC,
area under curve ) 10 ZE A5 U AELALL %) v B 4, FC( ik
PEIE 1, BB A A R [R E, JH MaxEnt
v3.3.3 B [ 4 Jackknife #6 56 JF 10 G 4% PR B A5
TR A BTk . ArcGIS v10.2 X MaxEnt 4
P45 FJE 47 0] Ak, B W) A B R 0.75~1.0
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3 TRAL (YK Aot ot IAFE T ) Sal (H 56

¢ (r‘/«/;’z v > IR \\
- N
7 ﬁctf(A %13;"'V?

A JETHRFEAME + HER; B: A2AMK + FLS
C: AR + B DR A AR + FUR
A': Alnus nepalensis D.Don forest+Amomum tsaoko Crevost &
Lemarié, B: Cunninghamia lanceolata ( Lamb. ) Hook. forest+
Amomum tsaoko Crevost & Lemarié, C: Juglans regia L.forest +
Amomum tsaoko Crevost & Lemarié, D: The mixed primeval forest +
Amomum tsaoko Crevost & Lemarié
B1 ERARESHERENK
Fig.1 The different ecological planting models of
Amomum tsaoko Crevost & Lemarié
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Fig.2 Potential suitable distribution of A. tsaoko
Crevost & Lemarié
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Table 3 Dominant environmental variables for potential
suitable distribution growing areas suitable for
Amomum tsaoko Crevost & Lemarié

s FHRE (% ) Rt FRE (%)
Code Contribution rate  Accumulated contribution rate
pre6 57.2 57.2
bio4 9.8 67.0
biol5 8.9 75.9
biol 5.6 81.5
sred10 44 85.9
biol4 4.0 89.9

24 REMERETREST

RO RRK R R IR A 15 MR
Wk 4 row, 57 1y B IR R 1 28 S5 RANAE 7.43%~
53.54% 2z [a), ¥I{H N 27.34%, 75 53 2B 2
R IMAF 5 (153.54% ) FIFAFEARSZA 40 (150.69% ) ;
NI R E (7.43% ) R (13.36% ) 46T 5L
(15.96% ). B4~ L 8 ( 16.69% ) B (17.27% ).
A A~ H 5 (18.28% ). 1 % (19.03% ). Fi 1~ A~ 4L

R4 BERFRERERGEIHSHF

&bk,
2.5 XML

SRS R ) P A DG AR B 5 8, AN SR K 5 A e
TR AR R A IR ARG R A e
RN R K PP R AR IR A
AR P AR S R | R R SN B R
O RS R A (K 5), E
A SRR A MR (B A B AR
2.6 FESH

RASHIEET 15 DRBMAR, 207 OB 25
R 13.50 BB 57 R IRAESR A TR (I3, T
HAL )V ST AR R I ER S LK T 2R
RYT M ST E 14 285 MZh Al S E I LA A
R IVRACAEPTALHLIX ; VR FEH AR JH Y
TP VIR 2100 IS & TN sl
B2 428,
2.7 ERSH

BB A 15 PR B LA R AT R 5
A FRSY, B TTER R 80.527%, KV B KK o

Table 4 Statistical analysis of traits of Amomum tsaoko Crevost & Lemarié

PER e/ IME S ON:E e ¥y brifi2E 5 R % )
Traits Min. Max. Range Mean SD crv
JA (mm ) Flower length 25.33 48.56 23.23 34.84 4.65 13.36
J5E (mm ) Flower width 22.10 31.52 9.42 26.35 1.96 7.43
HAME LT (g ) Single fresh fruit weight 7.88 19.90 12.02 13.09 222 16.96
=4 Number of seeds per fruit 22.00 55.00 33.00 39.00 8.00 19.93
SRS (mm ) Fruit hull thickness 1.59 5.56 3.97 2.92 0.64 21.79
Wsed (g ) Fruit hull weight 2.84 11.52 8.69 6.69 1.54 22.99
=i (g ) Seeds weight per fruit 2.80 7.24 4.44 5.27 0.96 18.28
F 4 (mm ) Spike length 52.41 135.77 83.36 99.95 17.26 17.27
B9 (mm ) Spike width 34.50 119.81 85.31 85.38 16.25 19.03
FARELSR 521V Number of fruits per spike 2.00 56.00 54.00 18.00 9.00 50.69
AU (g ) Total spikes weight 23.20 454.67 431.47 239.67 113.56 47.38
T (g ) Spike weight 9.40 57.50 48.10 27.69 10.29 37.14
PAFEILST T B (g ) Fruits weight per spike 13.80 409.40 395.60 216.73 104.74 48.33
L7450 Number of flowers per spike 50.00 103.00 53.00 79.00 13.00 15.96
YE LM% ( mL/g ) Extraction rate of volatile oil 0.10 0.91 0.80 0.38 0.20 53.54
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i 1 ®o6 EWAHSH
7 T
i,:’_l : Table 6 Principal component analysis
55 I NS ..
9 5 TERIN T 43 Principal component
12 ‘ .
tob— | : Traits PCI1 PC2 PC3 PC4 PC5
20 :
4 }mi JK Fruitlength 0225 0439 0467 0557  0.033
43 :
3 | Wi HFE Fruit width 0.190 0727 -0313 -0.440 -0.050
30 T
37 I BN -0.014 0911 -0.153  0.130 -0.061
g | Single fruit weight
§§ : A Number  0.109  0.506  0.746 0211  -0.047
I : .
32 : of seeds per fruit
Vi
s ; JAEEE Fruit 0.124 0460 -0.553  0.119 -0.023
10| — hull thickness
6 H
14 : JR5¢ 5 Fruit 0.085  0.801 -0303  0.071 -0.138
- ; hull weight
19 H
Z'ZI—H | i Seeds 0.145 0773 0407 -0.091 -0.092
84, H . .
% weight per fruit
" : B Spike length ~ 0.813  —0.114 -0.098  0.125 -0.057
2 5 9% Spikewidth  0.804  -0.177  0.037 0280 -0.182
I8 | 5 RS 0861 —-0.166 0.196 —0.142 —-0.017
13 : Number of fruits
1 '
er spike
— ; perer!
52 ; A E Total 0.955 -0.087  0.017 -0.026  0.018
22 ! ik ioht
28 | | spikes weig|
" = AT Spike weight  0.803  -0.001 -0317 -0.103  0.111
QQI’T [ TN 0963 -0.081  0.007 -0.024  0.014
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46 ' .
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0 5 10 15 20 25 o
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B Aoy 59 1 —5% FHIE(E 4707 3417 1627 1298  1.030
The code on the left of the figure is consistent with table 1 Eigenvalue
B3 57THERFEREET 15 MERHEREST BUIREE (% ) 31382 22778 10.847  8.656  6.864
Fig.3 Cluster analysis of 57 accessions of Contribution rate
Amomum tsaoko Crevost & Lemarié based on 15 traits SRR (%) 31382 54160 65.007 73.663  80.527
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AR B3 28T BRI 2 A e SR H D SR P A
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55 4 B 54 R AR A O, FHIE(EY 1.298, 5T
HR R 8.656%. #5 5 EMIT-SAETFAEUE &, FHIF
{4 1.030, ST 6.864%

Cumulative

contribution rate

2.8 ZEEH

THE S A E R B F F F, F3 F, & Fs (1)
BT Rk R AL HE(38.97%.28.29% . 13.47% . 10.75% .
8.52% ) 13 PR IR 25 B 4540 A X F22 L F=0.39F +
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e S IR AR TP AR BT BT 3 13 3. 4
5 NJ4314 NJ4316 J NJ4313 R T R IF4L, S/
A ARG R R, BRI SR 21~55 A, S5 IR A
£, ¥R IMAE 2 0.29~0.57 mL/g, & M E. G
5 NJ4106 . NJ4105 f NJ4110 K 4E T 16 oy i A+, SR
SR AR, BRI SN 4K 13~22 A, T RE A5 R Y
A, ¥ RIS 2 0.27~0.61 mL/g, & M8 F. i
5 NJ4328 . NJ4325 Kz NJ4330 1 % 4E b 78 2t o 7T
2 RS R BB A, AR SN 18~43 A, 45 A
£, ¥ R IAE 2 0.17~0.67 mL/g, &M £, Y
5 NJ4310, NJ4410, NJ4402 Jz NJ4315 R4 T $ir
K S, AR [RIER AR LAY, B AR S 4K 19~34
A, BRI S AR 45 R A 2R 0.10~0.31 mL/g, &
HEE

5 o1 H I S TR 34y, i 5 NI4305 K T
GRS, RSN, AR AN BN 19 4,
LRI S) AR R AR 0.30 mL/g, SiliEE . Y
5 NJA215 REETRED S & RICh YRR, PR
SEAECH 24 A4S BRI 5) FE AR 0.57 mL/g,
TR . NJ4223 RE T B £, RN Yk
R, RRIL ST AN KR 23 A, 25 R 5], 1 R IS R
0.63 mL/g, & i o

SCLLH B 5 B A AL 57 93 U5 4 5 i WS0005,
SR SRR, S 27 R, FRE I SN EOh 19 1,
R, ¥ & A 3 0.42 mL/g, & &
5 BS0009 K& TR ILT & T 8, REKK, 29
AL, PR SN BN 13, 45 R A) R IS R
0.91 mL/g, ¥ i i .
3 iFig
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PR BRI, MOE B ) £ 5 1 T3 2S5 i
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ANJEA B (6~7 A ) BBZRY 5 MK IR 25 DA
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