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Oreocharis reticuliflora ( Gesneriaceae ) , a new record of spermatophyte from

Guizhou, China

LI Sa,HE Xuanze, TANG Shenghu, XIONG Pengfei, XU Jian

( Guizhou Botanical Garden ,Guiyang 550000 ,China)

Abstract .

Oreocharis reticuliflora (occurred in Chishui County)is reported as a newly recorded species of seed

plants from Guizhou, China. Its morphological descriptions,habitats and photos are provided. The voucher specimens

are deposited in the herbarium of Guizhou Botanical Garden.

new record , Oreocharis ,flora of Guizhou
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A E B JB Oreocharis Benth. #% # 7. T 1876
. 1990 AR AR (5 69 &) Ik DR EH
JEAEY) 26 Fl,5 AERRY L 2011 4R IZ B WEAT T —
WHE KRBT, BERE T7 EHRE &8 Ancylostemon
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T. Wang IR EEE Thamnocharis W. T. Wang JEiE
Ei & & Tremacron Craib B 23 L EHL R B & T8
Briggsia Craib FFRAIFNT 2020 4F 1% 8 9 FR-K
BT, DUBE 5 Jm AN Eh 48 B &5 T v bl 43 B ok
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SENAL TR E VYR, BA 5 W E S RHEY)
PO JARR TESUN R B T A T SRR A,
R &) A1 W] 8% Petrocosmea duyunensis Sheng H.
Tangm FHE A E S Petrocodon liboensis Sheng H.
Tang & Jia W. Yang"' fEIFREFETEE Primulina hua-
haii Sheng H. Tang & X. Z. He® S AN, KRBT
T EE RS MFIC R, WAL A B Lysionotus
sulphureus Hand. —Mazz. (7] PR I Petrocosmea
sinensis Oliv. "' | = Ik BT H Paraboea neurophylla
(Collett & Hemsl. ) Burtt"®! 45,

2024 47 3 AR A SEIN 4 AR K T ] —
M EE R DR E R . BSFRA TR 25K
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PHA LAY . T8I S b A A A A DG TR A H
B S E N SR EE Oreocharis reticuliflora 1i
H. Yang & X. 7. Shi” (P 1)) H:25 , 5 R20 45
A IR M —— D) 1 A BUK B EAT 1A, AT
A BRK SERERABUK ERE, K e S B
A0, B, K IR K T RS Oy M S R
B SRR PR IR 2O STt

W A-JFAER IR B—AERETTIL; C—AEEMIMIN; D-4EmEfTH
E-{E)7 5 F-MESSRIAEED; G-HESSAIRALIER

1 MYSHREES (EAX=HESE) (Yang & Shi 2021)

2 #R

SN BT IC KA Y W B R B E Oreocharis
reticuliflora Li H. Yang & X. Z. Shi, in Nordic Journal
of Botany 39(11)-e03322.2(2021) (&l 2),

AR  ZAEA A AR AHUREE, it
8 ~20 Hr, RARFEAL ;AR 1 ~3 om , S HE B4R
MBI, A RDE RO RIE, K 8 ~ 15
em, §a 4 ~6 cm, JEYUT, PR G ZEE, T EET
K BEWERE AR, ST BUE | DG B B 14
BT A%k, Tt 2 AR 4 bk R 6 ~ 8 2%, 7 I
AN B2 761 T B2, NI RAR R A= 4B )P4 ~ 8

TE: A-Z:5E; B-HRRIEI ; C—AEFRI; DR E-ARMHIE
VLS5 18 o

2 MYBHES (FKBREREE)

5 BE, AT B4 ~14(22) 46 fE)F K 4 ~ 8
em, B ORTE A HEUH OHRB T Hh 2,
Tﬂi'ﬁ‘ﬂé,ﬁ 5~10 mm,ﬁé/‘] 2 mm,ﬂé%%é%,ﬁl‘ﬁ%ﬁ
WOAPIRA T, NTHTCE; B 1 ~2 em, W HES
ORE, 5 WA, A% e, K
4 ~6 mm, P2 1.5 mm, NG5, S S 25 0R
ME, NHLEE, EEEEO K2 ~2.5 cm, S
PR, W T TG 6 5 A8 AR R e tl, K
1.2 ~1.5 em; IER R, EISM T IR T ¥AH
WIRE 2520, B 2 A, 2 KEDE , T
ﬁ%‘g&ﬁ%@lﬁl,ﬁ6 ~8 mm,y’iﬁ":Z ~2.5 mm, FE3
KR ITHTR, R KBE , T SR B E R, K 8 ~
10 mm, %2 ~2.5 mm, HELE 4 ﬂ(,ﬁ’ﬁi,%ﬁi?’fﬁz
I E, FHESKZ 4 mm, FHESK 4 ~6 mm;
228 T A EH  INRKEE 42, TCE;
RO HERS 1 #, A AT AE BT 1T, B, B
R EA 1 mm, BT, SR 10 ~ 12 mm; F R
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P, K7 ~9 mm,ﬁ@%ﬁ%,%*ﬁKZ ~3 mm, #5E IR
stk 2 R AR KEIE, KA 1.5 mm, %4 1
mm, BRI 2 em P50 2 M GRWI RA—LTF
2) o 1 JERR B A R FX YT IR R SR

FEPUGIRE . ZM W E SR SR E SR Z
AR, ZMEES ESKREDS2RES Oreo-
charis auricula (S. Moore ) C. B. Clarke AT, 32 % X
SR /N K B S 45 SR R VS, W KOR B
) ACTEREME AR A WA (VS. TEMEFR I AR ) M &R
1) IS AR S 2 7 28 AR R 6 5 80 (VS. B4k
80) Mk 2 BL(HERAR R .

A oAl s - D)1 BUK B e KUEE US|
REE 690 m, A= T AR

SN AL %« SN ARk T IR £ BRAER
TR R BE 600 m, AE T5 AR,

FEAE AR A 2024 4F 10 H 8 H, 4 %
202410001, I 7E SN AP BE (7 TH R T 2024 4F
7 H 18 HIFP A 5t AR K T I8 £ BRAERS g4k
600 m)  RASIRAFTE SN B A P AR AR

A5e:- R ch o v & BT N At N FAR R I e T T £
) IR BAT Phyllostachys edulis ( Carriere ) J.
Houz. JR7KEKIEF%E Begonia chishuiensis T. C. Ku %,

3 e

TESHIMAE AK T R IR 2 AR, FATTAAL A&
T SR EE, &EEH T #HHEEE Lovostigma
griffithii( Wight ) C. B. Clarke , 77 /K A7 LI EX & Petroc-
odon chishuiensis 7. B. Xin,F. Wen & S. B. Zhou )
B & Glabrella mihieri ( Franch. ) Mich. Méller & W.
H. Chen f& £ 15 & Briggsiopsis delavayi( Franch. ) K.
Y. Pan, i [ £k # & & Rhynchotechum ellipticum
(Wall. ex D. Dietr. ) A. DC. \FAfESF M & & Whytock-
ia tsiangiana ( Hand. —Mazz. ) A. Weber , F /£ K41 5
& Anna ophiorrhizoides ( Hemsl. ) Burtt & Davidson,
IXUE I AT LA 5 & SO AR AR X ) o
GEIRE A5, R T 75 2 32 DX D 1 R 5 1Y)
WE A MBS — A8, 5 Ah, iz X ik
TSR AR ML B E R KA IIE S
£

RIS E AR e B B R IR AR

TR P A AT T ) — MR A, B R
HHPRBEARSGE, ZFIESBEaREES
Paraboea rufescens( Franch. ) Burtt. #{l, 3X 7] fE & 18
PR RN R A 2
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BPRT-LI A AR X RS
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R, | R AR HEL
(A Wb R 5T I, 50 BEFH 550001)

m =

WP FAL KL LR B RERELL ARRYR AR AE, REAARK LG LM

PR TGS MNEALIE LR, EREAVN. () LEEZHREZEHRE LETANR ARESEHRG, AR B,
AFLREZ HEIABREASANAE, Q) EZEWIEIADEEMERK, HASKFT L, ) S LEREARTHHELE
BH KSHEEFAEE -2 FIERASENEAFIELET R 403 (<700 m) . FHHE (700 ~ 1100 m) b Ho i A

F & E(>1450 m)
KT, ARBYR, LG, LEER HSFAE
FEHESSI152 T EkERIRAD : A
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Study on soil in Taiping Mountain Natural Reserve in Liping , Guizhou *

DAI Lihua, TIAN Ao, LI Youwei, GAO Zhandong*

( Guizhou Institute of Mountain Resources , Guiyang 550001 ,China)

Abstract .

Through investigation on the natural environment conditions in Taiping Mountain Natural Reserve of Li-

ping, representative soil samples were collected ,and their physicochemical characteristics were analyzed and catego-

rized. The results are as follows: (1) The acidity of the soil is high;the contents of organic matter, total nitrogen , a-

vailable nitrogen , phosphorus and potassium are high,showing vertical distribution. (2) The thickness of soil profile

in this area is quite different,and there is a latent layer. (3) The content of silt particles in each soil particle compo-

sition is high. Most of the soil texture is heavy loam to light clay,and the vertical band spectrum of soil genetic clas-

sification is obvious:red soil( <700m) ,yellow soil(700—1100 m) ,mountain shrub meadow soil( >1450 m).
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B

BRI IR T AL X B R
LRGN TR 2128 b 1187 b 5
SR TR 9358 '), 2 0F JF LRI T 7t e 52
BRI P —E BB .

2 #REEE

2.1 EEHRORE

RS Bl R R AR B IR PR3 DX B HE )
FRNASUN /NI 5 1) 75 5% I 2, 76 i P | i
FEEHRAN LR MRS R 12 GPS AT,
A — R R L, AT L SRR R AR T
$ e SRR S - R T A i R T

FORERR, ILIZ 40 T 14 S0, SR 5 L IERE AL 45 4,
it AR B ) e T O A IHTRE A 33 itk
A7 7B T 2% XS R P A8 B 3 LU e
EARLORFATE S KA OED RS,
DRLHCTE B S F) B o HE R P — | R IR A &
SR EARAFIRIC TR 1,

2.2 M EHEE

TSP R T L F T, 3% pH {ER ]
PR FE T 5 A7 HILJBT R P 5 3 A1 o 4 o 5 e 0 A Ak -
Ay A A R G Ry — kIR ] — A R T Ak v
(TFIRI ) 5 - w0k BB 97 B0 s 3 &%
iR F 0. 03 mol/L NH,F-0. 025 mol/L HCI 3; +
BEA AR T O PR B IR A — KA RE Tk . e 45
Rk 2,

x1 BEAARPRES TEINTRRT
e R o TR W /m B e 3k 1 T BERIES EE/em HEEHIE
Ay 0-5
A 5~20 Fr
N26°13. 0474 o - .
LP-1 AL 1 T 981 s W SR RR AR Bk AB 20~40  IBE©
£109°18. 4943’
B 40 ~60  HRE(
C 60 LI'F B
A 0~15 Frfh,
N26°13.3220’ " o N
LP-3 AL 602 & TeAR HEARTRASHM R B 15~35  HiEE
E109°19.7717'
C 35 ~90 HAD
N 26°29.2776’ A 5~15 (R =)
P-4 WA 1600 B FAR b 1L o) - o
£108°38.9046’ C 15P°F T
A 0~10  Hiz@
. N26°29. 2776’ L N » A 10~20 W5
Lp-5  HBIWAEFL 1480 A TR 1Ly b 5 ) 1
E108°38.9046' B 20 ~30 FE
C 30~40  EiEG
A 0~5 Ry )
FKIE T N26°17.3926' B 5~25 [EFAR A
LP-6 855 e ¢ 317 L 7 Nl N e
I K sk £109°15. 1834’ e * BC 25 ~45  HWERA
C 45 ~75 D,
A 0~10 17 FSC
. . N26°17. 5454’ » o - B 10~20  HEM
LP-7 ARV L 749 A B SR RE AR L
E109°14.9820" C 20 ~30 oy
G 30~55  fkerfn
A 0~20 Y )
AR RIET /I N26°17.5922' AB 20 ~40 e,
LP-8 695 Mh H ek IE LigAR:
K XILERAZ%E  E109°14.94917 o HERIAHE * B 40 ~60 HfA,
60 ~90  fELI(n




6 HmBle# / Life Sciences 543 &

gx1
HH S oS O W/m  HE PRI B THEEH RS EE/om 1IEEHIG
Ay 0-~5
LP-04  FEAUILTR N23746. 7487 1087 f AR e A B ?ﬁ%é
N109°109. 3008’ B 25 ~45 IR
C 45 ~80 B
Ay 0-~3
A 3~15 iRy F
P03 g 00T o s w0 B 15-25  dke
N109°18. 0910’ . 25 as e
C 45~100 ¥
F2 BHRRIPXTEFRAR R RRK L
WA M DRER BKRE R Dm0 LB . %) (I
AYERE D 1~0.25 0.25~0.05 0.05~0.01 0.01 ~0.005 0.005 ~0.001 <0.001
Ag 0~5 2.9
A 5~20 4.5 5.4 3.1 12.50 21.50 2133 28.43 TARRBREL
LP-1 KVl W AB 20 ~40 5.8 7.3 5.6 13.60 15.3 16.02  37.02 BAFEHL
B 40 ~60 6.3 8.9 3.9 15.30 16.80 19.65  30.66 MHARTHEL
C 60 LI 8.9 11.50 6.8 16.33 11.03 05.02  29.77 EARRHL
A 0~15 4.5 4.2 3.6 19.81 12.09 22,00  29.58 BARRHL
Lp-3 RV g B 15 ~35 6.2 6.3 4.28 18. 84 7.36 1715 20.89 WAFERES:
C 35~90 9.5 12.8 5.9 16.90 10.53 15.03 18.36 HARKRET
A 5~15 5.5 6.40 4.40 20.10 15.21 26.20  27.30 PARBEL
LP-4 EA IRl S TF R o
C 15SUF 7.6 8.4 3.4 18.41 13.77 9.3 27.43 BEARRHL
Ay 0~10
T A 10 ~20 10.3 10.23 3.9 17.21 16.22 16.28  23.45 FHAFEREL
B 20 ~30 11.2 12.21 5.4 19.12 19.65 19.88  27.55 WAFEEL
C 30 ~40 13.6 13.82 6.31 15.97 16.22 1.19  21.33 EAFREL
A 0-5 3.9 6.88 7.13 16.23 18.01 19.13 3162 RARRHL
e P - B 525 6.8 8.02 6.4 18.84 14.31 034 30230 BAGREL
NFRpLE BC 25 ~45 8.3 9.87 8.33 19.11 13.16 18.62  25.15 EAFERAT
C 4575 14.6 11.30 12.00 25.03 14.46 13.52 2398 MAREEL
A 0~10 5.7 9.21 5.22 21.80 14.30 19.80  27.08 rPABPEEL
b N B 10~20 7.5 8.50 6.33 15.13 12.88 19.30  25.22 EARREHL
SR o C 20 ~30 8.1 11.01 8.30 14.19 9.14 25,53 18.13 PARRHT
G 30 ~55 15.3 12.01 13.3 13.05 11.02 13.09 17.52 EAREH
A 0~20 9.8 14.00 2.00 19.57 14.93 18.72 2518 WAFRHL
s R E 2o AB 20 ~40 1.1 13.98 5.3 17.31 .11 16.24 2128 EARRHT
AN LR A B 40 ~60 10.9 15.52 6.12 24.23 10.25 12.68 16.58 hHFEEEL
C 60 ~90 20.8 16.8 17.5 30.02 16.33 13.90  17.32 FEAFRHL
Am, 0~5
Py BT 5 A 5~25 4.5 7.7 3.59 21.42 16.64 16.86  25.39 MAREREL
B 25 ~45 4.8 8.9 10. 44 18.41 16.20 19.57  27.70 EARMHEL
C 45 ~80 10.2 9.3 10.47 16.08 9.30 20.05  28.01 EARBRHL
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) . ) =1mm 54 AR A ( mm, % )
HIH %S st HHSRE BWAE R /em e it (R I
APEE/%  1~0.25 0.25~0.05 0.05~0.01 0.01~0.005 0.005 ~0.001 <0.001
Ag 0-~3
A 3~15 4.7 6.10 17.43 11.33 19.23 33.65 WPAFEEL
LP-03  FeARnlrhig Tl B 15~25 6.6 6.54 16.36 7.45 20.98 35.10 EAFEEL
BC 25 ~45 12.8 9.3 1.5 10.01 2.33 28.02 EAMREHEL
C 45 ~100 15.1 10.2 8.5 6.30 27,49 26.00 EAREHL

3 ERESW

3.1 E2EINEHBELHEHER

3.1.1  HEEHEIES

M 1 MEFAMEE A, Rk & RAF, —
X EA 10 ~20 em JERYJEHE BT )2, B0 LATR I £
PEh K RERRSE IR R i, KT
ZRE T HRIENTERR)Z B0 AR )2 1) BE 512 1 1
2B A o N a IRE G IRER
o IRLLASE YR R R IZ D I LB Y
WRZEN T, BT, AT AR R 0B 52
(C),BifaZ ik @ b YR AR
D ABFE AR A A TERE B 3 AR
Al DAL Z AR R A3 A0, 22 DL Ak sl R XA i B
Yo, RESBETEARAAEEZ(C), UK L
Ferb gk EESRZURIAVE R HEK S BT

AR Y TR TR SR E 4 DR IX
() T35 I kB 22 AN K, TR 2 AR B N &
BN,
3.1.2  HHEY MR

X EATARFRNER 9 A g kAT T LR
WA, AR R 2, NRPEIETTLIE T, A
SRERY XY e MR B N R

(1) %2515 <0. 001 mm AR & 28 fh 4%
K, AL TE 16.58% ~ 37.02% Z |A], B 41 HE Ky
16.58% ~32.30% , ¥ 18.36% ~37.02% , IL|
HHE N f) £ 21.33% ~27.55% . PRk &
T 20% 9 £ 1AL A R ARG 12. 9% , LB
R B i 28 S d oK, ) Y 25 SN, AR TR
R A f i R BR 2R

(2) M EFRAT B RL B 7. 36% ~42.93% ,
AR R TR b RL, B0 5 AR T 20%
A 358 5 HER AR 60. 219% , K 280+ R kL

AR T RRL S 1, LT F AR DR DX Y T 4 XU AL R

(3) P> mm AR EE R, HEED
WAE2.9% ~20.8% Z I8, RZHW & H N 9% /&
o ARRE X RIER AL KoK oria sh AR A
HE A AR i e U U g Y R SRR AR
PEEF . BEHUSH T YR R Y E AR K B T &,
AT b AR A I A, 2 J2 Al = 1) S O e 34 o, 34
S M TR E AT RES

H AR X ) LM AR AL B A — e =5,
BT AR (B ) SEAS AR, A 4% 828
R AR & i, 3 B AR AR AR K BRA ) -
AN, RZB A o 32k + ~ B [W]f A
W, e R AR R B B B = T L2 AR 2
AUBRG ) I AR A XA 39830 1 LA A 1
YEH &

3.2 BEM—BAFHER

3.2.1 TIEMR6E

I3 RTLUE Y, H AR PRI XY - 3 1 Sy R v
FEIRERME  pH (H280TE 3. 53 ~5.40 Z 8], KL,
G AR SRR L 3 pH (R AR 1R R 4 )
TE4.34 ~5.11 Z[0] 3.53 ~4.77 Z[0) 3.8 ~5.4 Fl
4.01 ~5.00 Z[a], K-t p9 398 pH (HAR RN, A
R IR, IR FEA LR pH A+ F & 2
], pH {E7E L 9 43 A PR 250 B 4~ 591 ) 18 1% pH
HFH N E3H 20 pH (EHIG = T 3 42 2 4
(LP-8) , HAax T ¥ R A L £ )2 1% pH {E B
KT FHBLZE, FEOXF LR EN, — Y H
Y SRR SEA DL B o3 A A HLRR
B2 pH H TR, AR, 2R 3L 88 TRl & K T %
20 TR pH ERSGA Fh i, R IX A 5
2ot R AN R A R AR (o g b g ER AR
WA AR fE B2 pH (Eim T FEBE)ZE,
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R3 TEREE FIRMEERSE

SUNTE R Hi o, R/ m PRI 1 HHERAR BT EE/em pH  BHLE/ (g/kg) 2%/ (g/kg)
Alll\
A 5~20 4.48 68.52 2.41
LP-1 KA T 981 H LR AR g AB 20 ~40 4.88 44.90 2.15
B 40 ~ 60 5.07 14.35 0.98
C 60 LI 5.11 14.82 1.03
A 0~15 4.54 56.36 2.43
LP-3 KL LR 602 TR MEARIRZM jip: B 15 ~35 4.59 19.72 1.21
C 35 ~90 4.98 8.17 0.87
) A 5~15 4.66 95.77 4.98
LP—4 AL A 1600 ARARIZE L) £
C 15 T 4.77 84.93 4.86
AlllJ
} i A 10 ~20 3.89 153.91 6.25
LP-5 HINART I 1480 EAT AR 1Lyt ) £
B 20 ~30 4.33 87.48 3.79
C 30 ~40 4.48 62.54 3.00
A 0-~5 4.18 110. 41 3.01
HRRTER SRR I B B 5~25 4.73 34.08 1.76
LP-6 . 855 ) I
IR IR sk TRASHR BC 25 ~45 4.76 14.89 1.25
C 45 ~75 4.87 9.38 1.19
A 0~10 3.8 137.01 2.13
o B 10 ~20 4.35 29.91 1.62
LP-7 AT ARG LU 749 Lo LW :
C 20 ~30 4.4 29.42 1.53
G 30 ~55 4.64 9.26 0.75
A 0 ~20 5.40 148.67 5.41
AR K& AB 20 ~40 4.78 53.98 2.23
LP-8 . 695 ATARAM HLLE
JINR DX L AT 25 5 B 40 ~ 60 4.83 13.86 1.06
C 60 ~90 4.91 8.58 0.71
A 5~25 4.40 56.39 1.90
LP-04 FEAH L TB 1087 FATAR i B 25 ~45 4.80 12.26 0.92
C 45 ~80 5.00 7.64 0.88
A 3~15 4.01 79. 54 5.11
. ) B 15 ~25 4.16 60.74 4.00
LP-03 TR L L A 754 AR A Hl
BC 25 ~45 4.29 52.60 3.20
C 45 ~100 4.56 29.18 2.21

3.2.2  HAGRY X A PR & 2R

3 T LUE A AL & B e 1 e L 5
P AL R ) Bk 153,91 g/kg, HIRGE A AT
K& T /N R DXL BT 45 25 i SR 2 £ b
148. 67g/kg, IF H AR R IE /N R X4 3 A4~ A
BB -1 8 f ik 132, 03 g/kg, BEHIZ XA HL
R AHE R,

SARUL, F AR X G 4 A A X 3835 1
ARG ERZ L EE TIRZ -, AR

e A7 i ) TR R A B I B, SRR X 8 P i
$£ 1000 m U109 3 AHIE A 2 AU & =
%174 76. 80 g/kg, SEHE NHEIRK 750 m AR 19 3 A
A )2 AP - F-H1E 46. 81 g/kg 1Y 1. 64
5, A PR R EE RO TS AL R AL
IR, — MR U, TR AR R Y L AR 1S AT Y R A
IS, Bk R, 3 b it A W AR, 7 HLR
(A S Ak A5, I8 A Al g aim e BRI, g HR e g L
PR A LT 5 i LI AR AR L AR iy i — 2
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3.2.3 EARG X+ A A T
- R R AR L LR R R 0
JRUK LB 5 AARI 5 AT BUR 9 5 02— 3

B AR T R B T R R R A ) i RS

%, [REATLIE H, AAGRY X 12 B AZTE 0. 71
~6.25 g/kg Z[0] A3 %Lmﬂﬂaﬁli%):'ié
XHZ X AR 9 4

\

J=t A EL LR

19, AR PR MR AR AU AR, R
. - | =l L O
Fit A R A, TRk e TR it
F4 BRARIPRIEERRFS
itk JEL g e W 4
TS o T i L
m /em /(mg/kg) /(mg/kg)  /(mg/kg)
A 5~20 170 0.88 58
AB 20 ~40 152 0.44 38
LP-1 KA 5 981 W BRRE AR Cig:d
B 40 ~ 60 63 0.22 30
C 60 LI'F 40 0.22 30
A 0-~15 177 1.43 49
LP-3 AL Ly g 602 IR FEAKIRASH  BOE B 15 ~35 63 0.22 28
C 35 ~90 59 0.10 18
A 5~15 336 2.20 181
LP—4 EAIE A 1600 RABE i+
C 15 AT 322 1.54 131
A 10 ~20 3.19 132 354
LP-5 RIS 1480 AR 11 Hb R ) £ B 20 ~30 1.21 65 250
C 30 ~40 0.44 55 211
A 0-~5 338 5.16 102
HRTE R e S I N B 5~25 147 0.60 58
LP-6 855 o pigs ]
INF X sk (T N BC 25 ~45 90 0.55 34.5
C 45 ~75 52 0.22 38
A 0~10 283 4.95 80
) N B 10 ~20 103 0.99 35
LP-7 AT R W L 749 HBRRE AR B
C 20 ~30 93 0.99 32
G 30 ~55 47 0.10 12
A 0 ~20 278 6.37 272
AR KT AB 20 ~40 164 1.00 50
LP-8 695 ANTH A
JN R DX LA A 5 A * B 40 ~ 60 54 0.22 29
C 60 ~90 40 0.10 29
A 5~25 119 0.88 40
LP-04 FEAH L TB 1087 AR jig: ! B 25 ~45 50 0.11 15
C 45 ~80 31 0.10 17
A 3~15 345 6.26 142
B 15 ~25 290 3.19 100
LP-03 FEARLL L 754 B A bR I .
BC 25 ~45 269 1.65 62
C 45 ~100 130 0.33 40
3.2.4  FRM X HIAT BRI A EIRDL D A AL T S KT (B % R IE N 60 ~ 100
FR A AR 5 B o bR, N A SRR X 3R mg/kg) A 3 AT 262 4 R A A

JZ e SRR, A 1 R R

KV (ZHZFRIES160 mg/ke) , A 3 DEIT N EE +
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HEEAA SR T O (S5 ARMEN 100 ~
160 mg/kg) , LI SR PR X 114 - S A0 5 4 5
e, R T e A e R K B R R SR A
i i 66.67% X 5% DI i BE SRS KA
Wik AR A R

MR 4 nTLAE L, ARG X S0 A 2w |
RN B R S BT X TEES
TR LB PSR | XA kA
B O A R RN RSB T S T L 43
AV B XA T LA B, L R ) T TR
JEE B4 TR T K AR A

4 it

PR FEAR I AP L i RV
Je il H ARG X A 38 T T A | 1 P AL o A
Ao, S5 . (1) LR R E R, +1E
BT 2R AR B A R, R
e E AR (2) 1 XY 80 T 5 B A 22 K,
VT 2 (3) 45 1 80k 4 B rh Ry b A 75 5%
L, R IR o R L R R RS
& )T EA T LA I 4198 (<700 m) | FEHE (700
~1100 m) | L9 B fa) £ (>1450 m) , 8IS RPR
PIX AR RS, S R R R AR X PN 4 4 E
U5 B A = ) K i) R AL A SR A A K
it , PR X AR A BRI PR B LA
PR Wi Q8 S5 101k,

BOV I 1L 9 A AR OR3P DR e 9 U5 - &, Hi
SCHE AR K SR A SR X
DA BT DR AR L g 50 SCAR FRL AR E AE F) A1)
FAR KUIR s iy Ve AR B AR S R F 2, B
K2y 5 F AR LK RO, 430 A AR 22 3G S AR |
IRB SRR R ARIERR L B AR B A 2 B A
Y ML R shd ™" R AT I E P R AR AR
BRI R SR R 254 Bh SR L RS RS
S A B BT LM KT R A DG R, T
JEBRE E BEA BB R

ZCEE AR RO L A SRR Y X TAESE B,
FRER T GR4 IX P ) - 3 AR A U5, ARk & Je LR
F5 5, BB A 2 YR R 3 =k s AR T 28 55 it
Xof (4T DX T LY o 9 D 1 A A RN, AT A 2
FEPERIVE I AIIIRE , R BRI ORI X 5 1 A R 5=
WA SCHO, 1 18 8 2807 M | i A 285 i i

Mo, ST FE R RO X SEBLR AP XA Tk
JEU LIBT3 AR XA D Al A
e AR DR B ) B8 R A 2SR T S 1
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FIH, R, R OB A AR RER S AR
CHRMAAEYIBFIT, BM B 550009)

O E. BRAHSRIRIERS BER AL A ALE T TR T, 3T T R R AR L3 5 5 1 R Fo 2240 AL
F B TFALY i B A RIS B ERE L, AL RR AR Leg 5 AR AR S, ST LARER LI SRy B E M
BHAABNF T BHEHRITT 5N, AREREN B F RIETFLIE C NP SEHERMK, L PP AERIK,AALE LS
P KR8 22.67% F730.67% , % —FP M EH P 69 R I 34 A b BARIR E3E N P b2 A0 5 8.04 #28.20, 1 A& K % N /R4,
HORARR L3R N RIREG E R K, P34 9.61 Us/g;5 AHEAMMRIR LR G F A B VA>45° , LARIR L3R A HARZ P IR
#pHAEL VA EMEF A%, TN 5 BG . PHO E . #° E,, 2R 5 EM% ST LB ERBRALFH ENMBETRK, A
34.00% , ABFR T VA K 34 B ALY 69 3t — 3 I A A A AR — T e A s s,

XKW EA REIE B3R BIER LFiHE

hESHES.S714  CHERIRED A X E SRS :1003-6563 (2025 )05-0011-07

Rhizosphere soil nutrients and enzyme stoichiometry characteristics of five vines
in Fanjing Mountain "

LUO Wenmin, WU Xianliang, CHEN Sheng, YU Wei,ZHAO Liyuan, MU Guiting, LIU Yingying*

( Guizhou Institute of Biology ,Guiyang 550009 , China)

Abstract: [t is of great significance to study the changes of nutrients, enzyme activity and ecological stoichiometric
characteristics of plant rhizosphere soil for understanding its nutrient cycling and transformation ability and revealing
the mechanism of plant response and adaptation to the environment. Five kinds of vines in different habitats in Fan-
jing Mountain were taken as the research objects,and their rhizosphere soil nutrients, enzyme activities and ecologi-
cal stoichiometric characteristics were analyzed. The results showed that the contents of C,N and P in the rhizo-
sphere soil of Parthenocissus tricuspidate and Ficus tikoua were low ,and the content of P was the lowest, which was
only 22.67 % and 30.67 % of the national soil P level ,indicating extreme P deficiency. The N—=P ratios in the rhi-
zosphere soil of Parthenocissus tricuspidate and Ficus tikoua were 8.04 and 8.20,respectively,and their growth was
limited by N. The N—acquisition enzyme activity in the rhizosphere soil of Ficus tikoua was the highest,with an aver-
age of 9.61 U/g. The vector angles( VA) of the five vines were all greater than 45°,and the rhizosphere soil microor-
ganisms were limited by P. There was a significant negative correlation between pH and VA. TN was significantly
positively correlated with 8G,PHO ,E ., and E,, ,and explained the largest amount of soil enzyme activity and stoi-
chiometry(34.00% ). This study has provided basic data for further development and utilization of vines in Fanjing
Mountain.

Keywords: vine,rhizosphere soil,soil nutrients, enzyme activity , stoichiometry
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PR R G e [ e R %), + ol
PR AL T B SR T, IR B A AR R 1 2
S —E R LRI A s R,
SECEHE pH A B FE R AEYUEN ) AR
FEY A S EA T T | BB SS9 37 BT, B s i)
AR TR X3 TR, AR PR - HE A O A D) M
WA 0 A 1K 52 - 3R ) 24 O R B RIAE AR B - 35
TG F AL RE F1 | T g 1 S W 40 B4 A= 0 2
PEFIHR 22 - EHEM B AR ML, AR BRI e
SE TR A T IE A R EE

S R R R A S R G R R T £
FALF IO AR F , H B0 R i A — b
B MICR MK R, BRI S A=)
BRI TR Z MW e (E R e T —
ZRINHIERSFMG ARFET C N P IHEERRA Y S HE 2
WO TR R G G R - A PR R 4 R
a3l B R E B A VE T L AR Ok i £
B FIAR PR AL 2 PR A Al R 3240
BR R AYBESE , W0 Zha 25010 N A INAT 6823 3% @0
JEAR PR P BRI Dai A ARPR IR C N P AL
SR EAT B TR B P R RN AR 4y 22 ] B
B TRARTIAR T HE A 2R 0 1 22 57 5 VAR o
FA G, Hoh 3 pH (A2 B BRI HR, LY
& HER AR TR B A AR R
WY e A BB, RS o T AR
Hi R AN [RIRE A2 RGeS ik R SRR E R
A b s BRIREEELL B—1, 4R A MY
WSS R L)L B—1,4—N— 2 Tt 4 M g Tt
(NAG) Fll L—52 %R 2 SE MK ( LAP) Z AR
WK UG DAL I 102 . AR b2t g ik
(C) VE(N) B (P) M A BTG P AR, mT LA S e
YGRS RERCR Z A R
FR A A Ak 2 Tk b 5 B A2 A AN -+ e B R
AR BRITARPR 3R C N P FIER IS L2
i, AT TEED A K ESRENF 7 F
JEE AR A F= 7, R O S P A A e

FEARIY BB BB 2N (N,
ffd %), i HE A B2 A A S ME, 78T
SIS I (ARG 1A 71 E AN SR ¥ a8 < B2 BIPE 7 N
PR AR R R SRR A S R &

HERBEAME, JAT, R T RAEY o5 24
HTE A X ARARREVE L5 R 50 20 AR R 5
Mt S AR ST I, DG T AR O AR S 1 BF
FEEPERIL B e = i 545
WA IR Ty, A REA O A RS, e R A -
MR AR - E W AR EAE GRS, f2 T
FRATXHHEAS PRI I 1 B A TR, AN T AR (9 T
HIHT . Sl 1 s B 3t Al () BRI 6 B2 T AR o
KA B I AR FRBTIE I 1 R AR S 3
ST, AT H AR T AR LR L A LR
A:BE 5 REAS AR SEXT G TR PR S SR 4 |
B A B0 A A A A TR R B R A R, 028 R
5 Foft e A AR W 5% 23 BRI 19 0, R WA [R] e A AL AR
b 1 EFR PRI AL BE J1 , S A8 v L e AS AL 1)
HE— A TF R M B A — i i BEIS AR

| MRS

1.1 AR

ARV LR 25 B v S ) 3 P B Ao b L A
— BRSBTS UL ok g | i Bk 2
iz L i e F2 08, P AR Ll XS, T B 4 AR
JEH AT O BV Mk = Bag BLAL  ABUT U1 i e
TR VIR, s IRARAR At 27°317 ~28°417 /R
25 108°21" ~109°17", # fey W JRUBL LU g 3R 2570. 15
m , YR W Ry 45 THEEFR 2493. 14 m, AT 5 2235 2000
m, ZIXJE TR RS FBR 6 ~ 17 C L1
A 3.1 ~5.1C,7 H¥ 15 ~27 C, =10 CH
& 1500 ~ 5500 °C ; 4E#4RF K 7 1100 ~ 2600 mm ; Ff
XPVERE A 34 80% LA L, ELAT 3 [ ML A 1y v 7 Ay 2
ALY b Y58 1 S ABEARRAE

1.2 HE&it54nrE

2023 4F 9 H , FE ARG Il M IX [ 5 55 i b | 55
A RESE AR ORAE 5 FhEEASKE Y ARS8, REFh
FEAAH PR 6 D ASRIRE AT, 36 30 AMRES, SRAFE
TEAR L M X A9 B DL 1 RE AR DR 1, B4
FESRAALIE I 3 R A TRE IR R AR, 3 MR B £
AR LA, BUATR L )2 T AE A
Y, RO A R R R 5+, B% Riley 4
NP B R SR AR B R SR AR B RS
By . — Iy RERAET K B 10 B T A+
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SRS s — A T B Gl KU KT BRI R SR
AR LY BT, K KT B RS, 3 2 mm £L i RIS Wdm A5 e
05, T A - 8 pH {EAN L HE3R 5% R Sl
A =3 < . TR bR 1
P Jgf o Ho=I560.21 BSFHA kI

Ho-V
Pelll A

>

)
g

Hnom H-TV
et SV

FevE

Fiy Pl
Tl

PIE

T, 2840 ; P, Mo s o, MOS8 s Hin, 2R T 5 Py, TOAT M B
Bl RERSHE

x1 RERERER

WA HE Hedera ne-
ZHKEESE N NS

palensis var. sinen- Ho-10 1152.7  Beoassbk o
sis (' Tobler) Reh- ! " IR 55 2
der Ho-IV 1292.00  B&353EhE 8 F5E3%
- N ECE SRS AL
Hn-V 1077.98 B35 IR
Ho-VI 864.23  BFHHiE 1% 95ER
N 308 A WIE KB
_ RE
Pq-1 405.82  BKFHAEE KB e
Pq-T 881.24  BEHARE 35 THOE BB
. SRR
Pq-1I 1295.92 5 ©
q-10 129592 B35418¢ B LR
T Hi48 Parthen- e gy
ocissus quinquefolia Pq-IV 951.33 it 251 ﬁiﬁ‘t‘*ﬁ*\%%
I W R P KR
Pq-V 541.81 shew L
q-V T HE
- “RkEESE N AT
Pq-VI 509.49 5 WA
oMl BT gy b

Yyl REMLS MEk/m R PR Fh
Ti-1 55475 B4R iﬂxé\%‘m%%
o HRDF B A
i R ) )
Tj-1 398.74  BEs5fikE BT OB
®h Trachelosper- Tl 717.27  BRETE Ik WL %
mum  jasminoides : . 0 BT BRI A
(Lindl. ) Lem.  Tj-IV 497.08 @358 #4h KRR 2=
. e BUBEIE I REH
Tj-V 508.31  BEsETENE %
' I WAL e R RS
Tj-VI 568.68  [s5HcHk P
- WEXR BEA SR
Pi-1 554.75 BRFEFH Wi
&3 )
Pl Sl6.93  Bsggsk R ATREHE,
LigEir=s
W48 Parthenocis- . 1 HE -
sus  Tricuspidate P10 717.27  BETEME i'EELﬁA\ﬂﬁM%?E\
. ™ I
( Siebold & -
Zuce. ) Planch. B . T, LEY T
uce. ) Planc P-IV 1211.7  BEHAM sy
ey EOARFEZEIL B HE
Pi-V 908.93 M BT
Pi-VI 497.08 55 fiBE 1 KR

EVS ¥ AL E N
R 3 BB

Fi-1 396.45 stk ffiﬁj‘fﬁﬁﬁ‘%%‘

Ft-1 531.48

W 5B Ficus tikoua

Pl 516,93 BRSETE e
Bureau ! W M R
B oG e
F-V 560.21 B3N Eiﬂi‘%‘ e
* W
Fi=Vo717.27  BESETEME WESR MR A S
F-VI 1210.7 I B i SRR AT

1.3 #smnz

-5 pH AR E (FEZH T PB-10) ;
Rk R HITTE TR AE ( Thermo Fisher Sci-
entific) ; 2B FHAHBEHT L (k0 € ( LI S&51k UV
—1800PC) ;>R 4B BRI 2 B-1,4 - H &I T
fiff(B-1,4-glucosidase , BG) .B—1,4-N-Z [k & K4
ZIHE B (B—1,4—N—-acetylglucosidase , NAG ) W iR
fit} ( phosphatase , PHO ) 1% 14 | JEE #1773 591] Sy X — il 3 4%
—B—D NI A R B -N- Bk S A
B BRI 4,

1.4 ZFE2Hr

fii F§ SPSS25. 0 ( SPSS Inc. , IBM Corporation ,
Chicago, IL, USA) X} %4 #4748 1140 1, 18 Ori-
gin2019 ( OriginLab , Northampton, MA , USA ) 1 #H 3¢
PEAE . R CANOCO 4.5 B xt 4 He i + 1 fik
A HE B E R 5 R BRI Z () () 2 R A T
TURHT

AWFTE R, T84 AR AN A B Y (R 2>
HILAC: N.C: P N: P g, LMK

B Eyy =1 O0 b SRR I R E,, =
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InBG - W L e 7 InNAG -
. i ~L B 2 E . = . BH
WPHO TR A R AR E WPHO ] i

FHIE (vector angle) KT 45°, il K R 7m A Wy 3
A PR il s | 1) 1 1 BE (vector length ) K R i 4E
Yy Z o BR ™ T H R AR IR,

[ 155 £ =tan[( InBC j ( InBG ” x 180/3. 1416

InPHO InNAG
(1)
e - (0BG In8G >
PRSI 'J (mNAGj ’ (mpﬂo) (2)
2 BR5HW
2.1 ARFRE3E CNP AL AR
5 FIHEACHE WU AR B - HE R AL SR 25 R i, HL

AR B PEARA AN R AU 46 A AR By 3 pH H
A5 S5 28RN (0. 02) ,pH JB N 7.29 ~7. 62, HiAth
4 FPEEAFHYAR PR 138 pH 28075 Bl K, pH YE H
H}5.37 ~7.86, HLERAIE FEBE TC &5 R K
(1.00) , 2L Y5 Hl 4 5. 82 ~49.39 g/kg il 3. 64 ~
112.43 g/kg, Hif TN 28 57 ZE0R K (0.84) , 254k
JBFI N 0.52 ~3.72 g/kg, T HI4R C - N AR
REEK(1.50) B0 IEE N 7. 49 ~114. 61, KA
N:PHREBRKCL02), RN 2.39 ~
28.10(5£2),

F2 5 MERAEYIRRLIE CNP @ERUFITE T

C IN TP
i FefEE pH C:N
/(g/ke) /(g/ke) /(g/ke)

C:P N:P

F/MAE 729 1087 0.83 015 1247 3415 2.39
BRE 7.2 9149 427 0.90 3222 619.64 28.10
FHE 750 5049 232 0.37 19.57 270.44 11.41
Pl 013 3842 131 031 8.00 307.38 11.65

%A Trachelo-
spermum._ jasmi-

noides ( Lindl. )

Lem.
AEEE 002 076 0.57 0.8 0.4l 114 1.02
BME 537 5.8 052 012 7.93  46.63 4.4
Hi 5 Partheno-

BAME 7.4 4939 372 029 13.74 168.09 12.68
cissus Tricuspi- )

FHE 655 1815 152 0.17 11.06 %4.17 8.04
date(Siebold &
. Pl 085 1810 128 0.08 254 58.45 3.48
Zucc. ) Planch.

EREZR 013 100 0.84 045 023 0.62 043

RAME 548 537 095 012 432 232 4.12
R 7.61  53.68 3.2 0.40 17.79 163.84 10.93
FHE 670 1940 176 023 971 79.39 8.20
fafEfE 074 1835 077 011 4.9
BREM 0.1 095 0.4 048 051 0.6 0.35

W Ficus tik-

oua Bureau
48.77 2.84

) ¢ IN TP
L FRIEME pH C:N
/(g'ke) /(g/ke) /(g/kg)

. ME 575 3.64 116 0.12 312 24.46 7.38
W Hedera R

BAME 736 11243 9.09  0.72 12.37 498.26 43.38
FHE 672 40.51 3.87 032 8.62 147.21 14.84

FRfERE 075 40.62 2,96 0.24  3.39  177.25 14.10

C:P N:P

nepalensis var.
sinensis  ( To-

bler) Rehder

BRZRE 011 100 0.7  0.74  0.39  1.20 0.95
B/ME 586 1278 100 0.10  7.49 5133 6.09

HMHH Par- KME 786 128.98  6.14  0.42  114.61 1191.99 16.62
thenocissus THE 678 53.82 270 0.28  28.32 301.99 9.69
FRERE  0.82 5314 182 0.11  42.57 450.84 4.09
ARAK 012 0.9  0.67 040 150 1.49 0.42

T TC, 28 TN B4 TP BHE(FR) .

quinquefolia

2.2 ARFRIIZEFEM R BT ITEL

5 P A K AR PR B M R b i b 2
S, 2547 BG A8 REUER K (0.97) , A2 403
5 4.20 ~57.92 U/g, M NAG 728 55 R B K
(0.69) , S ALIE N 15. 74 ~56.32 U/g, M- kR
E, %% R % H K (0.39), AL H A 0.54 ~
2.04, %A K., BRFREORK(0.37) , B IE BN
0.45~1.27, A HEE VL 28 5 REH K (0.38),
AFALIEFE M 0. 68 ~2. 31,

R3 5 MERAEMRER T AR B FITE LT

" BG  NAG  PHO o
‘% ﬂ] ftﬂ ﬂ:{ﬁ R E C/N E c/P E NP VA VL
/(Ug) /(U/g) /(U/g)

BME 420 3.87  8.62 0.70 0.45 0.60 55.49 0.84
A Trachelo- o
BAME 5792 1126 48.00 1.85 1.27 0.69 59.20 2.24

spermum jasmi-

FHE 2313 7.67  25.44 1.34 0.86 0.64 57.54 1.59
noides (Lindl.)
L FRMERE 2246 2.95 1471 0.46 0.31 0.03 1.35 0.5
em.

BRAK 097 038 0.58  0.35 0.37 0.05 0.02 0.35

BME 6.8 414 1574 1.06 0.66 0.44 54.76 1.30
Wi Partheno-

BOK 26,02 17.25 56.32 1.58 1.02 0.71 66.43 1.86
cissus  Tricuspi-

T 1560 7.92 3137 1.41 0.80 0.57 60.50 1.63
date (Siebold &
PfERZE  7.65 544 16.50 0.21 0.14 0.11 4.76 0.22

Zucc. ) Planch. .
BRAK 049 0.69  0.53 0.15 0.18 0.19 0.08 0.14

BME 1075 613 16.44 1.08 0.65 0.49 52.89 1.27

BAME 2472 1245 50.03 139 1.02 0.76 63.73 1.7
W Ficus tik- )

T 1632 9.61  29.55 1.24 0.85 0.68 55.85 1.51
oua Bureau o

WL 478 2.4 12,87 0.13 0.16 0.11 4.33 0.17

BREE 029 025 0.44 0.10 0.19 0.15 0.08 0.11

B/ME 4.9 3.07 14.85 1.28 0.48 0.34 53.84 1.50

WA Hedera )
A 57.69 13.94 5288 1.96 1.12 0.73 71.39 2.20

M 29.88  9.07 3630 1.48 0.87 0.59 59.62 1.72
sinensis ( To-

FRfEE 2173 418 13.33 0.26 0.22 0.15 6.52 0.28
bler) Rehder .

BRAK 073 046  0.37 0.17 0.25 0.25 0.11 0.16

nepalensis var.
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%ﬂ] EC/"\‘ EC/I’ EC\“/I’ VA VL

B/ME 159 234 304 0.54 0.40 0.49 53.34 0.68
TR Pa- BORME 57.82 15.03 61.22 2.04 1.09 0.74 63.97 2.31
thenocissts THE 2347 832 33.84 1.27 0.77 0.62 58.19 1.49
il 2048 462 2135 0.50 0.28 0.10 4.04 0.56
WRFEE 0.87 055 0.63 0.39 0.36 0.16 0.07 0.38

quinquefolia

286, B-1 , 4-HRETTRE NAC B-1 4-N-L B LW AT A, PHO  BRIRRS  E ., T3
BELFH R E  p, HIRBEAL T R LS B, T IRERAL T AR L VA, 1)
SR VL, IR, T,

2.3 MAXMHE

TN 5 TC N : P BG .PHO E,, M VL 24 3%
IEMSE(P<0.01) ,5 TP M E,,, 5% W& IE A (P<
0.05), TC 5B8G.C: N.C:P N:P EHEEIEM
F(P<0.01), TP 5 E,,, Ml VL 5 & 3 A5 (P<
0.05). BG 5 NAG .PHO N : P 5 ¥ IEA I (P<
0.05),5 E y . Epp VL W 8 F IEM K (P<
0.01), NAG 5 PHO E,,, 5% & ¥ E M K (P<
0.01),5 VA BB FEHAMAK(P<0.01), E, 5
E.p VL B IEAE(P<0.01), E 5 Ey, 2
W IEAIC(P<0.05) , 5 VL 24k 3 IEAH G (P<
0.01),5 VA B8 F AAHIXK(P<0.05), E,,5 VA
R AR (P<0.01)

Vo2 o038 0080 0166 0312 -0124 0194 1.000
0152 0.023 -0.042 -0193 0124 0264 -0267 -0.128 0298 |-0391
*
o B4 045 oou 0029 0185 0136 0271 0270 0123 0306 0383
A *
¢ |0413 0333 [0am 03m 0363 0.087 0205 0020 0239 0.600
A *
.« | 0125 0320 0550 0383 -0.032 0.187 0330 -0152 0.166
S L1
$§Z 0212 [0.506 0280 0388 0338 0360 0099 0166 0239 0123 0129 0194
) *
~0.200
&)Q o4a4 0202 0271 0.180 -0.089 -0.132 0152 0020 0270 0267 -0124
Q'-$ 0410 0.043 -0.125 -0.062 -0.293 0360 0099 0330 -0205 0271 0264 0312
)
.owEoovs 0401 0360| -0132 0360 0187 0.087 -0.136 0124 0166
A ©  -0.200
$?»(~ 131 0.050 0361 0.068 0429 0293 0089 0338 0.032 0.363
*
QG 0255 O4BROAOL 0062 0150 o;ss-olss 0133
R |o2ss 027 0sa ) oo o ans EELEEEERURERIREY o0 0042 (T
-0.600
«Q$ 2 0361 ! 0043 0202 !usso 0473 0011 0023
<O 22 0.050 ow_o_ms 0320 0333 0146 0.152 0338
04751 0220 0254 0255 -0.131 0410 0444 0212 0125 0413 0474 0212
* ) R ] ~1.000

QQ\ O SR Q$v$j RN (;'% S $§Z o o ¢ > Y

B2 HEXHERE

2.4 AN

A A EAR B Ty 2N S FhBEAA PIAR PR
A PR ALNE ST T A S S P KAk 2T e BT R
PEMERY A B, ) i TN .C : N I N = P (3

4) ¥ IR M A A A e S B W R
PR R B AR B AT TUAY DU AT . S — Sl e —
A e 2 A 53.3% F13.3% (K 3) ., RDAI
FEHEHRR SAE.C: N IMN: P AL,
RDA2 5 C: N HAHKE (K 3,3%4), AR
B AR ot - 49 - Wl G ME R IR AR S R N 69%

B MRS AR B W E RN 60% , H
TNSQ‘iﬁ%E@(EHE&ﬂC RN REERK, AN
34.00% ( FH 9999 MHEFI 475 4% R Bk K, P
=0.0005) .

x4 5 TEBEAEYIRRTIEEAERS TIEEEER
HUFHENRRAESN

A s RDA1 RDA2 FIf Py Extra fit
BAR -0.6552 0.2871 13.59 0.0005°"  0.34
C:N 0.4714 0.2855 5.92 0.0007°*  0.17
Tk -0.4026 -0.1911 3.93  0.0333" 0.06
N:.P -0.3992 0.0920 3.74  0.0477" 0.03

S AR AR RN T 2 0.69

EARRRI T 2 0.60

" P<0.01, " P<0.05,
0.8
I'N C:N
;7‘\: B Exp
<
3
+—NAG
PHO
Alt
-0.6

Axis 1 (53.3%) 0.6

H3 ReWFE
3 e

THOE WA KA A, SR E e B
PR R SR AR PR 3 C NP SR )
WA 18.15 g/kg.1.52 g/kg.0.17 g/kg 1 19.41
o/kg 1.76 g/kg.0.23 g/kg, Htr 40 AR T 4
14 C NP VM 24.56 ¢/kg.1.88 g/kg.0.75
o/kg' ™ UL MR AR AR PR 4 C NP i
BAR, o P SRR AU 2 E L P KR
22.67% F130. 67% , &—Fil BEd P AR, 1%
HON P R T S WA BILI Y T i R A dE R
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JEAEY AR AIBREICE ) AHF ST, i A R
PR N = P 43000 8. 04 F1 8. 20 , i B b 4 Al
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Diversity analysis of lycophytes and ferns in Gebang River Scenic Area, Fuquan
City , Guizhou Province *

HE Xuanze', YANG Jiawen'* | YE Honghuan® XU Jian' , MENG Wenping'

(! Guizhou Botanical Garden ,Guiyang 550004 , China ;* Guizhou Academy of Forestry , Guiyang 550005 , China)

Abstract ;

Guizhou Province. The results show that there are 68 species of lycophytes and ferns in the area, belonging to 40

A survey was conducted on the lycophytes and ferns in the Gebang River Scenic Area of Fuquan City,

genera and 16 families,including 6 species of lycophytes belonging to 1 genus and 1 family. The advantageous fami-
lies are Dryopteridaceae , Pteridiaceae , Polypodiaceae , Thelypteridaceae , and Selaginellaceae. The distribution of ly-
cophytes and ferns in the area varies in terms of genera and species. The flora of genera is mainly tropical , while the
flora of species is mainly temperate. The ecological types of lycophytes and ferns in the area are mainly terrestrial
followed by lithophytic and epiphytic species, with fewer aquatic or wetland species. Some species have a certain de-
gree of priority utilization value in terms of ornamental ,edible ,and medicinal purposes.

Keywords: Gebang River,lycophytes,ferns, flora

it X NI BRZEAEY) ( Pteridophyta) | 5 B¢ 4H
Y Fh TR I SR IEHE A BB AL B )
ANKINEZ—" BES T EYFR R, ATk
e WS T A W2 ((Lycophytes ) il Bk 25 48 ¥
(Ferns) , AMAZSALEE T AR KAERHRIEHARE 3R
FAU Y WAL HE T A IF RS R R R BRI
R4 PPG 1 3RS, A A PR RAE YA
14 B 51 B 337 J&29 12000 F#'2 53 o EH A

FARFBRZEA Y A 41 BL 189 J& 2400 AxF, 1M 5t M
HEMCEMN AWK SEREM YA 36 £ 114 J& 846
R 2470 s defn] R X AR YA AR AR SR TR &, SEIX
2 A TR 2 B 22 5% ST A A B, S R AT YR
W IR, H TR WLEN A % X A A 2K SR 2 R
(RRE SEFRIE A T I T e [X P A WA 2 S R S A
Yy KL IX R A RN AR AR Sl S5 S AH S 9 DA B
T2 DX AT WA S FBR A 0 10 T e R 280 — i
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fi, PEAT AT A
1 &R ETTE

VA b o5 I 90T 5 DX T 5 A8 AR R T A
% KL 107°14" ~107°25", b4 26°40" ~26°49,
TIERMVIA IR T 2 BIERZ . 8T ZR X
SRR X B E s W, TR AR
Yl 14 C et AEFRIRL 4574 ~ 5609 °C, CFEI 245
~278 d, AFYJREKE 1033 ~ 1220 mm,

i 2 K EPAN A R AR I S 1 PPG T
5 B B 55 K e R A B R Gk AT R
JE X, BB G T PSSR AR ) 24 5%, A
YIIX RS2 S b4 SRR ) o A 2 R 4
XoF A SR A B ] ) A i 2R R AT 0 1 A5 0 A XK
4y, BB A IO SR A YR et e St
AR JFgeit o,

2 GHER55H

2.1 HAbLa s,

Zoad Ay e T XA A AR R R AR 16
P40 Jm 68 Bl (AR 230 o5 SN A1 AR T R
KAUMIRI 44. 4% JE1Y 27.8% FPi% 8.0% , W]
XS H o 5. EE KRR
Pteridaceae . 8§ EBR Bl Dryopteridaceae . 7K JBH FL Pol-
ypodiaceae . 4z Z2 R B} Thelypteridaceae . £ AAE} Selag-
inellaceae . 2% ffi Bk Bl Aspleniaceae F1 8 Bk F}
Dennstaedtiaceae I, WK 1 FrR, 85 E 3R FHx
Z A 4JE 12 F, KOOy R BRFHRUK e &R, A 6
J& 10 Fh, 4 B FLS T8 6 B BHE L JE 6 B, 2k A
R Aspleniaceae 2 J& 5 Fh, Wik Rl Dennstaedtiaceae
2 J&4 P, BEEEREF Athyriaceae 3 J& 3 Fi, BB
Blechnaceae 2 J& 3 Ff, HoAxunisg 4 Vb Rk Lygodiaceae .
J/R/NELR}E Ophioglossaceae | 8 4 i Bl 28 H AL Os-
mundaceae 2R 1 852 F,

e JE N BBk JE Polystichum 1M1 J& Selagi-
nella , Y34 6 F; 2 WK JE Asplenium F1 )X B K &
Preris YJ45 4 i, BIARJE Cyrtomium | FLH5 )& Lepi-
sorus %5 2 JETEIZIX A E] 3 F | JEHR)E Neolepisorus
BRER B Adiantum B & Pteridium 3% J5 R )& Lep-
tochilus B2 W BBk J& Arachniodes i) & J& Woodwar-
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tridium JEREFR B Struthiopteris . A1 J& Pyrrosia , XL
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B4 Ve FECH
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BERALM RS H A TR EB L — AXNEAZT LS G AR AGEMP RALFRITT 54, F L5 GenBank + I
A egvaAset & B # # ( Bazzania praerupta ( Reinw. , Blume et Nees) Trevis. . Heteroscyphus argutus ( Reinw. , Blume et Nees)
Schiffn.  Herbertus javanicus (Steph. YH. A. Mill. #2 Plagiochila chinensis Steph. ) # 47 X R4, PR LR LN (1)L ZE
SRR 484 K 116988 bp,GC 42 % 33.9% , 2R A v 4k 54y, L EF 130 ANA R, L F 6046 85 A A E 37 A (R-
NA B A= 8 A rRNA AR 5 (2) 3640 m 3] 35 A £ /55) & 4 (SSRs) , b P A A7 H B8R (A/T) 4 £, B A I 36 Nk € 45
I X ELRAFE;(3)IRAFRSAM LT, RLFE L Ltewa et B B H A JLBISB A= JSA AF-AA L HF 257, (4) fhik
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Analysis of chloroplast genome structure of Chiloscyphus polyanthos (L. ) Corda "

KONG Lingxiong' ,HU Rong’ ,HUANG Dingxu' ,LIANG Sheng' ,HE Qinqin' , LIU Bangyou' ,ZHANG Tin-
gyue' ,SONG Yungqi’ ,XIANG Youliang’* ,PENG Tao’

(' Guizhou Chishui Alsophila National Nature Reserve ,Chishui 564700 , China ;’ School of Life Sciences ,Guizhou Nor-
mal University , Guiyang 550025 , China)

Abstract:  Chiloscyphus polyanthos (L. ) Corda, classified within the family Lophocoleaceae of the order Junger-

manniopsida, represents a bryophyte species capable of thriving in both aquatic and terrestrial environments. This

[14]  SFEFE. BRFE I E K H A R AR D X BR 2 A Y0 0 5 WS B :2024-11-25;f2 [ B #1:2024-11-25
(D], SEH L S 2015, ESTNE M A IR A S M K e B 3 R R PR
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B]J1 ;R IZE =), 73,1, EDAR ) AT

(91X RARAE] ] MGG K22 2240 ( AR BHE M) 201432 %; rHims 8 e ?

(4):22-28. ABIRIEE IS (1983-) , 5 it sk T AL, BF5807 16 A

AR YRR BRI B MRS
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versatility renders it a crucial subject for studies on plant land colonization and evolutionary processes. In the pres-
ent study,we conduct a comprehensive analysis of the chloroplast genome structure and phylogenetic relationships of
Chiloscyphus polyanthos ,comparing it with four other species from Jungermanniopsida available in GenBank , namely
Bazzania praerupta ( Reinw. , Blume et Nees) Trevis. , Heteroscyphus arguius ( Reinw. , Blume et Nees) Schiffn. ,
Herbertus javanicus ( Steph. )H. A. Mill. and Plagiochila chinensis Steph. The key findings of the study are summa-
rized as follows: (1) The chloroplast genome of Chiloscyphus polyanthos has a length of 116,988 base pairs,with a
GC content of 33. 9% , and exhibits a typical quadripartite structure. The genome annotation has identified 130
genes ,including 85 protein—coding genes,37 tRNA genes,and 8 rRNA genes. (2) The analysis of simple sequence
repeats ( SSRs) has revealed 35 repeats, with single—nucleotide motifs ( primarily A/T) predominating. Additionally,
36 dispersed repetitive sequences are identified , with palindromic repeats being the most abundant. (3) Examination
of the inverted repeat (IR ) boundary regions demonstrates significant differences between Chiloscyphus polyanthos
and the other four Jungermanniopsida species, particularly at the JLB, JSB, and JSA boundaries. (4) Four highly
variable genes or regions have been identified : trnQ ( UUG ) —trnK( UUU) , cysT—trnL.( UAG ) , yefl =1 =trnN ( GUU )
and ycf2. These regions can serve as molecular markers for Jungermanniopsida and hold potential for future phyloge-
netic studies. (5) Phylogenetic analysis based on the rbcl. marker indicates that Chiloscyphus polyanthos shares a
close evolutionary relationship with Chiloscyphus pallescens. The findings of this study contribute valuable data to the
understanding of the chloroplast genome structure , phylogeny ,and evolutionary dynamics of Chiloscyphus polyanthos.
Furthermore , these results offer important theoretical support for advancing taxonomic research, elucidating species

evolution ,and investigating plant land colonization in bryophytes.

Keywords: Chiloscyphus polyanthos( L. ) Corda, characteristic analysis, nucleotide diversity (Pi) , phylogenetic a-
nalysis
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chloroplast genome

116,988 bp

I rbosomal proteins (SSU)

cpP, matk

other genes.
hypothetical chioropiast reading frames (ycf)

E1 HREEMFREEFEARE

T J T 2 I g A I DR A T R, A 3
130 3L (£ 3) 446 85 Mgt LA 37 4~ tRNA
FEI DL 8 A4~ tRNA FEH, 3R89 130 DR,
A 21 DD (13 DNRTSHEDIRT 8 4> (RNA 2EH) &

N ) ndhA” ;ndhB " , ndhC, ndhD, ndhE, ndhF,
A NADH it UG A
ndhG ,ndhH , ndhl, ndh]J, ndhK

Y ZE b/t ZAY petA ,petB* ,petD ™, petG, petl., petN
ATP & A R
rubisco KWFEHREA rhel.

atpA , atpB, atpE , atpF ", atpH , atpl

rpl2 ", rpll4, 1pll6° |, rpl20, rpl21, rpl22,
rpl23, rpl32 ,rpl33 , rpl36

3 SN R

| rpsl1,rpsl2 ™ rpsl4, rpsl5, rpsl8, 1psl9,
RBEAR /NI J
rps2,rps3 ,rpsd , rpsT , rps8

RNA 2R & il 7
rpoA , rpoB,poCl1 * , rpoC2

FEH

A RNA 224 116 ,m23® . 5% m5®
EEi7 tnA - UGC*® | tnl = GAU"® | tmR -
ik ACG?® ,tmN-GUU® | tmV-GAC™ | trmM

-CAU® | tmC - GCA, trmD - GUC, trnE —
UUC, tmF-GAA ,unG-GCC,tmG-UCC ™,
tmH-GUG, tmK-UUU " , rnL-CAA , trnL.-
UAA”™, tmL - UAG, tmP - GGG, tmP -
UGG, trnQ-UUG, tmR - CCG, tmR-UCC,
trmS—GCU, tmS—-GGA , rnS - UGA , tmT -
GGU, tmT - UGU, tmV - UAC™, tmW -
CCA,unY-GUA

AT matK
& clpP ™"

HERFER 3N cemA
HAilh 2w A Rk

accD
ihe B M oo
o UL 66,3 43 1
cesA
S

HSORIBEFIEE  infA
fBUE MR BIEHE  yefl — 1, yefl -2, yef2, yef3™ ", yef4,
RN yefl2 , yef66 *

cysA,cysT"
T AR FRATNE DD RRA =A I KRR —ANE
T FRRARANE T
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3.2 EAIFHHH

TESE B S AR PR 4 P AR A 2 35 > SSRs
(B 2) , Hh st iR (A/T M C/G) B E Rk %, it
A 154, 51 42.86% , HR & A% 172 (AT/AT)
MEE, A 11 4, U HRESR (AAAC/GTTT,
AAAG/CTTT ,AAAT/ATTT ,ACCT/AGGT)5 4>, = 4%
HEREE (AAT/ATT) 4 4>, £ kB H AT R EE M
ANEAFIRE R, 104525 SSR 28R (L3I 5 23 51
5 A/T AT/AT AAT/ATT AAAT/ATTT, A W, | &2
RIEFE A/T SFELL A, XF A/ T Bl i HA (il

16
14
12
® 10
. 8
< 6
_
4
. 2 m
i 0 -
® L=l - = g
" % % % %
L I I
[id [i7d [id [ivd
18 ACCT/AGGT |
T AAAT/ATTT 2
i AAAGICTTT |
4 AAAC/GTTT |
B AAT/ATT 4
= AT/AT 11
N o6 3
AT 12

2 HEAMFAEEREAESSRs XERHE

FIH REPuter TEL AR R 3 - G AL R 21
I ] 36 ASEUE TIPS (18]3) , Ko 4% 30
A [0 CE 4 (palindromic repeat) |5 ™ 1F 7] B & ( for-
ward repeat ) Fll 1 4~ [7] H & ( reverse repeat) , AKi
W E) 5 %M & ( complementary repeat) , L& ¥ 31
K ELEYFE 31 bp .32 bp 40 bp, i LA K 16.67% |
M —EEKEHRA - NBEEE TN, ZEL
FPANEHIHER Sy P A

5  B1CT S palindromie repeat
N W5 6] 7 A forward re
N Ry
§ £ [ |n) i & reverse repeat
N
2} 2
11 § §1 §l 11 1 1 1 11
NENENEN NENENENENENEN
30 31 32 33 34 35 36 40 42 49 5] 53 67 7() 90 9()40
MK bp
U153 Sk | PO —
B3 REEMZFEEFEHESEFIIXBRYE

3.3 FE B S Ayt R A Bt

M

?\z“j% 5 4 AEE H YR SR P AR
DL 4, 3% 5 ASIE H YR S iRk R 4 10
'EI’JP_MNZIK BHY KM 116988 ~ 120158 bp, H:
RO S AR K B R Y, 4 116988 bp,
GC it h IR>LSC>SSC, ¥ E Y5 Plagiochila
chinensis 1 Heteroscyphus argutus W3- F i K FA$E D1
X (LSC) 5/ DX (SSC) 1Y GC i AR, B
%3 AR SSC Eﬁﬁ%ﬁ@?%%%/\ﬁo

18273

Jﬂl J

SN

82005 1988
Bazzania praerupta \\\\\\\\\\\\\\}\R\(}}\A‘\\\\\\\\\\\\\\ TR

m
R Herbertus javanicus \\\\\\\\\\\\\\?\1\}\}\}\\\\\\\\\\\\ oo RLSC
% Plagiochila chinensis \\\\\\\\\\\\\\8\\1\\5\}\2\\\\\\\\\\\\\\ e =55

Heteroscyphus argutus NWW_SZSQ ] |||| |||
Chiloscyphus polyantbos \\\\\\\\\\\\\\\\\\\\\\\\\— 1} | | | | |
6 40000 80000 1 20000

(a) & XERK R KJEbp

Bazzania praerupia mHHHHHHHHHHHHHHHHmummnnmumHmwu}mHHHHH\ 46.5%
e S S—.5 g 700
w Herbertus javanicus ML W WU IGL4Y) i 452%  &IR
il g 2071% ,
% Plagiochila chinensis H\HHHHHHHHHHHHHHHHmumuummumw i 45.6% =55C
L3 V31.6%
»
Heteroscyphus argutus H\WHWHHHHHH 46.6%
’ ST TN RN RSN, 3 ) A
Chiloscyphus polyantbos g 46.3%
S R

0.0% 10.0% 20.0% 30.0% 40.0% 500”/(
A9
(b) HIIHCCEE o

B4 MEEBRNYFMEMHSEERA

PIZEEE ( Chiloscyphus polyanthos (L. ) Corda)
MLRRIE NN 2 IR, 2 5 5 4 A H R4k
ML LR (R 4) . SRR HEE S 4 DY)
Fihert 2 A X 41 AR L #8620 T chlB | chIN | chlL 3
M, 2T —4 tmP -GGG HH
gutus Plagiochila chinensis 11 Bazzania praerupta H)Ff

27 cysT Fl yefl =2 X
T4 ANMHEEYRMSEREEZEERZRERSIT

YRh 44 B
Heteroscyphus argutus chlB, chIN, chlL

Lt Heteroscyphus ar-

B N
cysT,trnP-GGG , yefl -2

Plagiochila chinensis  chlB,chIN,chlL cysA,cysT, unP-GGG,yefl =2

chlB, chlIN, chlL trnP-GGG

Herbertus javanicus

chlB, chIN, chlL. cysA,cysT, unP-GGG, yefl -2

Bazzania praerupta

3.4 IR RARGH
St 5 AR SRR RN IR X BT R
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SrHT(ELS) 5 ANHApit e AR P ZH 1) IR IXAS 2
Fil A 17867 ~ 18273 bp, B 3 & ( Chiloscyphus
polyanthos (L. ) Corda) 41 , HeAAWIF Y JLB 1 7 (LSC
X5 IRb X1 5) Y07 F tnl A1 unV FeH 2Z 6], {H
L X PR A R B A A 22 5, Y JLB A
7 F tnM FEH A, JSB i (IRb X 5 SSC X i1
F) AL T ndhF R R B RS ndhE KL
Ze3i 110 bp, THAD 4 SY)F 48 ndhF BE A 75 S
68 ~72 bp, JSA 15 (SSC X5 IRa K1 L) fii F
chlIL BE[A v T 44 B /R 20 R WL chIL HE K H.
Heteroscyphus argutus Fl Plagiochila chinensis [ chlL
FENK I B4, JLA 5 (IRa X 5 LSC X1
) BR Heteroscyphus argutus AN, BT unV FEH A
1, B B AFAE 22 5%, Heteroscyphus argutus TEIZAL A DL
trnV FE A

e B Jsa aLa
e e ossjs o -
Chiloscyphus polyanthos [T~ ESIE5 T ﬁ W95 T Toidkp | ]
116,988 bp -y ot s
somfoonss sl -
o e JR—— v A
R T (i 1 — 13 ]
120,158 bp v
o cmjrne smfie - P
w i6 v A
Herbertus javanicus [ sty = R fo— 1 Sty T
117,484 bp my e N -
[ o . g
ma W & ’ﬂ'mﬁm i —
Plagiochila chinensis [ swisrts ] X7 17si1bp 21555 | 1
117,699 bp i
o P e .
Hotoroscyphus argutus [T st WIS i L
118,095 bp my

5 MEHS MMM REERAN R KBRS

3.5 HEmHBR S EMSN

BHRZEMES I Bs (B 6) % H R 25N
i (Pi) BYE R 0.00517 ~ 0.322, F {5 K
0. 11692 K¢ Pi {H>0. 25 BYIEIEIAE W IR
22 i W] AR DI, SR ) 4 AR AT AR X 23 R
P F LSC XA trnQ( UUG) —tmK (UUU) X A yef2 J
KL T SSC XY eysT—tenL ( UAG) Fl yefl -1 -
trnN(GUU) X3,

0.4

—Pi
~tenK (UUU )
yef2

JuG
trnQ (UUG), yefl-1-tmN (GUU )

(UAG)

0.3
cysT-trnl,

0.2

0.1

25000 50000 75000 10000

Nucleotide Position

6 MEHS MIMHMHEREERANZERESESN

3.6 RLKEE M
PEPCZE & ( Chiloscyphus ) 32 M HEAS (LG A

WSR2 S AL R LR 51)) | DL H
TG R BT R Bazzania praerupta , Herbertus ja-
vanicus , Plagiochila asplenioides , Heteroscyphus planus |
Heteroscyphus aselliformis , Heteroscyphus splendens | Het-
eroscyphus inflatus . Heteroscyphus coalitus . Heteroscy-
phus zollingeri VE Ny AN S TE | 18 MU - 2 14 5 [ Bt
rhel, MR R DR EMWERELETW (K 7), 4
R rbel JEIH i BEALE 1226 AN RIE A7 5L, e
PRAFAREALE 911 A, 295 BALRT 188 4>, A8 5
BALE 127 4, 2% E 5 Chiloscyphus polyanthos
(USA :Utah) 3 & — 3%, 5 Chiloscyphus pallescens 1
THIRBE R (MLBS=78) ,

91 FI173314 Chiloscyphus novae-zeelandios Var. grandistipuls

KT992583 Lophocolea difformis (510 Tome and Principe: Sao Tome sland)
FUNT3312 Chiloscyphus lentus

P.
'DQ312480 Chiloscyphus fragmentissimus (V enezuel)

FUN73315 Chiloscyphus semiteres
JF316334 Chiloscyphus semiteres (New Zealand)
'DQ312484 Chiloscyphus fragrans (Portugal: Azores)
'DQ312486 Chilascyphus muricanss (Australia)
35 KT992578 Chilascyphus cucullisiuis (Chile)
KT992588 Chiloscyphus vermicularis (Dominican Repubiic)
[~ KT992579 Ch
'L KT992587 Chiloscyphus humili (Chie)
1) 20230822-7 Chiloscyphus polyanthos
Q268969 Chiloscyphus polyanthos (USA: Utah)
5[ AY149851 Chiloscyphus polyanthos (Finland: Nussksio Nationa Park)

Chiloscyphus

AY149853 Hateroscyphus inflatus (Nepl: Sankbuwasabba District) Heteroscyphus
'AY149844 Heteroscyphus coalitus (Nepa:Surkbhuasbla Ditrict)

AY149856 Heterascyphus zollinger (China: Hunan Prov., Yan-LingCo.)
MHOB4:

MW429507
AY149830 Park
AY149850. Honshu, Gif-ken)

002

7 BT heLMBNREERE ML RELER

4 HiE5ER

R LB g I AR DR 4 2 P — A K B D
XA/ INELPE DU DRI A oz ) 5552 X2 8, oA DU 43
RSG5, B ST 1 I S R i PR A K 3 R/ N T —
AR 110 ~ 160 kb'>* | ASHIFFE B YO 24785 35 - A
FERH BTN 2% R R DL S AR AR 20 # , &5
R B E RS 41 2K 116988 bp, £
GC & &h 33.9% , A PO R E5 4, 5 R 24K
E AR S R R B — 3, AR R RS
R 130 AR, A 85 > g fidh A
37 /1 tRNA JEH DL 8 4~ rRNA KL

HE ARG A P L2 0L H
4 BN ) k3 % B A R R e 810> L AR g P 32
BLMHT T 4SS R I R 2 rp ) B R 8
BAEEE TS, #5575 (SSRs) 7F 5L H 4 )7
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G oA )z HAT AR AL | SRR ORI B8 L) R
1R SRR R W s A bRig, Tt L 2
SRR BOTE EE AT A R 3 R A RN S ok
PP TR E TR S AL v R I B 35 A4
SSRs, R B F IR 15 4>, IR EL 11
AN EEHIRESR 4 4, WEHRESR 5 4, KRR
TAHREE AL TRES, 75438 SSR KA
i PRBIET 53 A A/T AT/AT AAT/ATT AAAT/
ATTT, I 28253 1 SR AR D 2 SSR X A/T i 2
A s, 1B A P A A I R 3 36 A,
ARAGIE) B ANE S
B 2EH 5 4 DS H YR SRS N 21 SR
BIATEHS A, R R | R R K]
SRS 5 R R iR R, BRI GC A
— B, X AT R R BOH AL A B DY 4 R 22
K B E G HAR 4 PR IE A A R 3,
BEIIZ 4 AN FEFAH D T chlB | chIN  chlL JEH
Z T > tmP-GGG JE[H , chiB  chIN  chlL =/>JE[A]
TEFE R RE 26 LJm TOE & M AT M2 2K A
TRERYILI , FEBR X =AM B RS E 5K
e B PR T A A AR,
YW EAMNZ T cysA cysT 5 tmP-GGG £ K, IR
SRRy LB v S (A B DX 21 22 S Y o AR
PR IR IXATRE 2 & AR 9 3K AN 4, AT 51 TR/SC
A A TR B SR AR PR A R B Y
AR X BT RS R BUR L iy =R
FEBIEHE 5 YR IR S AT R
AR EE T 5 HAR Y FR 3 e JLB 1A JSB i1
FIISA A A WA 25+ . JSA AFAE chlL 2
N, chIN ZERTE chiL JEK 55, W E 5 Heteroscy-
phus argutus Plagiochila chinensis W)Fh %) SSC X K Ji&F
WY T H ARSI SSC XK W REZ F R
SSC XYL, T EERE A IR chIN A1 chlL JE 4 1
J Heteroscyphus argutus 1 Plagiochila chinensis 1)
chiL ZEPHK AT . XX 5 MR TR TR 235
PEITHT A3 4 A e m] 28 S ) BE DR B DI, 0y
trnQ ( UUG) =trnK( UUU) ,cysT—trnL.( UAG) ,ycfl -1-
N (GUU) Fil yef2, 446 T SC X 8, 7T L2085 25
ML R IE R 2 IR XAHLE SC IXEPRSF, T rhel
ME MERGER TR, 4 REW], REH Y Chi-
loscyphus polyanthos ( USA ; Utah) B & — 3, 5 Chi-
loscyphus pallescens AR EE X R (MLBS=78) ,
25 BRI AR IT 1 YO R g 4 K]

I

1#

it

ﬁ.}r%“&\

il

AT R (AL MRS, FF 0B T RS GC
 ONCEW IR I o N (T Y B S =
HF H B 4 AP spEas e, 36T rhel BN
RS B2 B RO S . SRR S
(32T IRk Ak DL Kt — 25 A S AR ) 6 Bl 42
CNSEOS TS

5 REERE

ARWFFEAFE) T 24 B 0 LR 2 L H AP 51, Xt
HELJPH IR N BHRZ ST T 5007,
R 35 4~ SSR v p, 36 ANEEE EE 5 LA K 4
ANEAE IR, I LT rhel A7 5, MR EE RG K
B EFITHRN, EXNREERELEF M ETR
B, FF NCBI £ e Hh e /06 0 L 1 v A8 5 5 1R
Bl T L $E T rhel 2K | 45 AT 58 3 5 A8 S ik
R TR 8 R G R B A E ST, RIS
i b, R S A B 2 (Rl 25 5 IR
B D) FHAth 25 B BE RE K A= CRERE A= O BRI
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B ¥ R MR R & akeA
(" BUNHEZ R Z5ERE, Bt SREH 5500257 RN RAE SR MR B B2 aE, M BEPH 550003)

B E. B AREZERESHNRRIYE FAZRNANGRERERBEZRRIE, FiE . AEEZHF ST BFR2EARFN
FEAT, PEBORIL I AR AG H A FE IR [ AF S B0 E KW & A N A A e R T ¥ R A E LR (TLC) %
sFE R AL BB HATE R HPLC M R { X4 A2 X S MELSANYREF ik, GR. ZEMBELSFNHRMERR
IEARKBAEFTK X330 min, FRIKEALEMEN 1045, FEEEREDEFTH, LTHBE, FEME, 3 HEF
FTEEFFHEEA 2.2l mg/mL, G EHRETARBRIEFTRETEF E TR, THREMRESNRBAREGH TR
AR IARIE

KB, ERE,REEH,EEEEE FEH

hE K S R283.6 SCERARIRED A X EHE:1003-6563 (2025 )05-0031-06

Extraction technology and quality control of Qinlian Detoxication Decoction
CHEN Ya' ,LOU Yuling’, YANG Yuanfeng’, CHEN Yongmin’, GAO Yongyue’*

('School of Pharmacy ,Guizhou University of Traditional Chinese Medicine , Guiyang 550025 , China;’ Department of
Pharmacy ,The Second Affiliated Hospital of Guizhou University of Traditional Chinese Medicine , Guiyang 550003 ,
China)

Abstract; In this study,the extraction process of Qinlian Detoxication Decoction was optimized to provide experi-
mental evidence for its quality standard. With the content of baicalin and the extraction yield as the evaluation inde-
xes, and the extraction times,water amount and extraction time as the factors,the extraction process was optimized
by orthogonal test. Thin — layer chromatography ( TLC ) was used to identify Scutellaria baicalensis, Bupleurum
chinense ,and Poria cocos ,and high—performance liquid chromatography ( HPLC) was used to determine the content
of baicalin to establish a quality control method for Qinlian Detoxication Decoction. The optimal extraction process
boiling the ingredients with water twice,30 minutes each time,with the water amount being 10 times of the medici-
nal materials. The TLC spots were clearly colored without interference, and the specificity was high. The average
content of baicalin in the three batches of decoction was 2. 21 mg/mL. The extraction process established in this
study is stable and reliable ,and the qualitative and quantitative methods are convenient and reliable ,which can pro-
vide experimental evidence for the formulation of the quality standard of Qinlian Detoxication Decoction.

Keywords: orthogonal test,quality control,thin layer chromatography , baicalin

KA E XA G 1 E, FEHRIMNERA . BIART S S M LSRR %
A, TRFEL Y BRI NPT | B RS A S BREGMAIER ., 567 KIS E () 4 8 44 J7 < A
MR X ,ﬁﬁlﬁjzlxﬁm Sy RO AT ALY %0 e BRI A YT R
S AL 7 25 04T k—means A pEoppife  TRAJGRIIAT . HEZHERM A AR R B
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-4 KRR S R AR, TR &R 1
EARVEPE R AT AR [ PTGS2 \IL6 ,CASP3™ I 5 B W I
SH0iR AP R SOV A B T MG AL R 5 2 K R ML ZF-20D ST TR B PR AT
FISAE I 1o 3 5 R JR 97 i), 1% i A RE T AT — R IR S R 2
PSR EE T A RO A B A DLR BERE G W24 — T S AL A R
b PR A EVE AT AP TR b Se Al AE
BRAFARAR ARIATHE, LR S R | 5 % M B A

R BURD B SE I ERAE 7R YT KR
JECE I, B2 T U R AL S mT DU 3k
PIEE AT TR IR K R Sk R A
SN0 BARAE AL I EE LT R AL, AR
AEH B A RO A R R R HAT B RO ST ST RE
PERINY . AR VS PR B I A AT, H b R
HAYUR PUREE W R REEMEM ", fEh
BEITF R AR AR AN R A0 AR T KR 'R
S, e ERAE T L A0k 2, 348 T LUBIORSTH b, P
AT LS i3y 7 R B ST T IR A S
R IR R B A, R AR
fifp 2 ORI T3, AT IR AU SR IE A
SRR AT A S AR A xR
AT o IR S0 W o e S A L O LY P R eI TR
WO ETEE | 7 A T i 78 5 700 O 00 55 5 4 0
B PE R 705 o i K BREE M B A 50 A9 D0
SRR, T RIKE AR 5 i A R Al R R
MG T2, ST B A i, IR s iR i 2y
HNE LA 33X BE AT 5 45 SRR b2 50 14 o i
HERY i SRR RS | I 9 BT HILA 14 5 Hh 24 7l
IR RS %

1 XEFBEIRH

.1

ARSI - EAT RS SRR L 1,
®1 KBRMUFSMHE

e

% LIS AT R
FRRARETEL  Agilent 1260 K E LA
HFRF TP-320C  HMTHEAT L FRHE A R
TH 2 =R AUW220 H A 5 A ]
FL AT T K VA BSG-24 g E R AL A B )
BB PSSR KQ-500DA B LT 5 2 R
AR TS 101-2AB PREE L el YA

MR R 2, S T ARG R AL 3,

x2 KWHM

E ) = %
i 231210 St R AL 250K A B A
Ju et 240129 SN RIGE  dh 25 1K A FRA
wE 230526 M [R5 250K 5 A A ]
SR 240205 St R AL T 250K A R ]
5 230512 SN RIS 3 251K A FRA
AT X A 21121404 rb £ 24 R S
JeseHi B2kt 120992-201509 A £ AL 2Y S G E BT ST B
WENTIRZGM 120955201810 H €05 245 e 9T
REXEZGHT 121117-201508  H £ & 25 i e 9 e
F3 AR
SRR 48 Bk s L 3
I gl FRUR A R )
FH il TRUOR MR PR )
2- TN RN GRORHBH A B2 )
K Sy Hral T RTT BN TA B )
R orpral EPIINRAT. (FER) ARAH
PaRliifiis 434l RHETT BE Ak 270 B2 7
PR VaR TRl KAV AT PR A
Tk 2B Vi At Rl & TR T A BRAF]
IR T 434l R B TR T4 PR )
T S3Hrl R AL T AT BR A R
FH B2 SrHTl JSCH TR R =l 2 )

2 AEEER

2.1 #&*

FAL T PR HCBE S R AR R A R
245 A 10 f5EK B 2 W, AFK 30 min, JE3T, &
IR, W4 , A 2 500 mL,
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2.2 REMELSFRRILMN

2.2.1 (A&t

34 A Ultimate plus C18(5 pm,4. 6 mmx250
mm) , FLBIA K 2 -0. 2% B R (30 = 70) , #:3E 30
°C,#EFEE 10 pL 1. 0 mL/min, & 10 3 1 280
nm! '’ , B IEACECAMIE T 2500,
2.2.2 il BRI

BBUIE 5t A 0 R R B PR L R
PR BV 2y 414 mg/ L 46 BRI AR
2.2.3 &SR

KGRI 2. 17 TN 20’ 1 mL, A 70% &
7 2255 50 ml, BIAS AR 5 AT
2.2.4 A BIVERE IR R

FREUBR B A0 7 2. 2. 37 TR 5 a3, i
BCBAPERE ST
2.2.5 LEtike

T FH 13 6) R 3 R B A R, TR
“R2 17 TR SN E SR R T A
XoF i VA VP € 3 P A A [ %) 4 B B T s R e B T
ki, H TR S T

mAU;

120
100.

0 2 4 6 10 12 14 16 18  min

8
A-FEESHE X IR S T

120

100

80

60

40.

20
(\ .

0 3 3 3 § 10 12 14 16 18 mn
Bl R

mAL

120

100:

80

60

40

20 e

2 4 6 8 10 12 14 16 18 min
C—BRM
B1 EEMRE HPLC BiEE

2.2.6 LMEREE

e 5 1 % BRSO A ol o R vk A
10. 352 mg/L . 20.704 mg/L . 41.408 mg/L 51.756
mg/1, . 82. 816 mg/L 103. 520 mg/L.207. 039 mg/L .

414. 079 mg/L X IEGIATRE . ARFE“2. 2. 17T (8
TSI e, DARE A bR (X)) KR 8 51 Wk
(mg/L) YRR (Y ) 2o X Iy g 1T B, 22 okl s oA i
2k, WIHATTFER Y=26.933X-49. 453  AH KRB r=
0.9999, B¢ s, 7E 10. 352 ~414. 079 mg/L ¥ FE
X JH], EA R R,
2.2.7 KEEmEIAE

VEPR B AT (BT B2 51. 169 mg/L) XJ i/
AR, SR 6 IRHERE , IESRIE T RS T RS
1Y RSD 49 0.82% (n=6) , 45 FAE W28 (14 %5 B
2.2.8 HEMRAE

F242.2. 37 BN Jrk il a5 6 Oy sl i i v, 4%
“L2 17N &M, 259K, A
TN 1118 mg/L, HAH X 45 ffE i 22 (RSD) H
1.36% (n=6) ., WOXHEMEZ R
2.2.9 FREHHLR

PERREE I LA AR IR AR T 4%
“2.2. 17BN A, 4 5#E 0 h.2 ho4 h.6 h.8 h,
10 h 12 h 24 h WS [B) A0 8 8 48 1 1 o, i S 0 T
L, TR RSD 0. 45% (n=8) , KRR A
WAE 24 h NESEE R AT
2.2.10  fmAE RO

BE 8 S & /A FEA 0.5 mL, BT 50
mL 25 F I, A T AT R TR, R
A 70% CFEEZABNZIE , WA W, A8
RS IRE TR A 101.2% ,RSD M 1.43%
FFERUE
2.2.11  ERAERIT 5SS

(1) IEACIREG Tt 38 2k B R 3R g 25 R, e 4
Pk (A) (REEIS[R] (B) AR ZE(C) VE R 5
RN R &R (o) FUHTTR (0) MNP 4R
b, 8 A AR M 5P (SR8 W =
a/a,, x6+b/b, x4), AT RIEFRAH , 2 %
5 s R ZEACE Sl g A . R Ly(3*) IEXE
RIS E MR G RN T 2, 20k 4
R R K, LR 5 ik 2h

(2) AL TR B T 25 M 25 S A 4 A 7 3l 5 OF
SCTRE 1) BV BT AT 0 (3R 5) |, 52 S BUBCR 1 A
REIKKHT R C>ASB, LB 1 i m i T 2415 2
A,B,C,, MR 6 20T, HAEE C X
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TR TBENGITHEL, HEFIHNE A B
FR 2285/, LA R A P2 AR R R, FRAT T PR A A 4R
BT 200 AB,C, , BRERAE N 10 f5 & i /K AL 2
K, BHR 30 min,

4 EEMESTIIRMEERKE

ES
7K - -
TRREE(A) A BEBESE (B) /min - $RIBUKEL(C) /K
1 6 30 1
2 8 45 2
3 10 60 3
x5 TEMBESTELKBEMSTER
RS A B C D a/mg W%  LEEWS
1 1 1 1 1 657.72 12.55 5.19
2 1 2 2 2 933.64 17.97 7.38
3 1 3 3 3 1014.73 19.88 8.07
4 2 1 3 3 1065.24 19.45 8.30
5 2 2 2 1 1258.90 23.06 9.80
6 2 3 1 2 698.43 13.46 5.52
7 3 1 3 2 1280.50 23.53 10.00
8 3 2 1 3 759.41 15.20 6.08
9 3 3 2 1 1128.64 21.66 8.91
kil 6.880 7.830 5.597 7.967
k2 7.873 7.753 8.197 7.633
k3 8.330 7.500 9.290 7.483
R 1.450 0.330 3.693 0.484
x6 TEMESTELKBAESTER
HE w2z VohHrm A Fy Fiinm P{H
A 3.298 2 8.986  19.000
B 0.179 2 0.488  19.000
o 21.596 2 58.845  19.000  <0.05
R 0.37 2

(3) WA B - FRHL 3 )25 1% M 25 & 0 4% 25 B
BRI LR 7 B PRI T 2 AR, %
BRI R LT #9F r  eh BER A | L
PR LA 7. 3 AL ER I A2 At A
AR A R MR MR 22 (RSD) 43 918 0. 65%
F12.54% BII7E A 4 T2 &0 T, B
BB R RAE 4RI T AR AT

xR BEMBATRERIZRIEREER

It vass a’/% b/mg

1 20.77 1092.715

H43 %5
gk
R nasy a’/% b/mg
2 20.50 1113.341
3 20.61 1148.751
SEHME 20.63 1118.269
RSD/ % 0.65 2.54

2.3 LR

2.3.1 EEMEARAE R

PRI % AR AL % JL S8 RAR S Tk rh
25, A 10 A5 K HE AT 2 IR A, B IR FLA 30
min, JE3, A IR AR , 15K 100 mL BT,
2.3.2 PRI

Xof 3 ST A A5 32 i 5 7 08 1€ RS BR i
PSS MR AR i e A R TR, S
2.3.3 SR

USSR G 3 4k, #4222, 2. 37 TR Jr ikl
P S SR E . S5 R R 3 A R b BT
HAFER RN 2,21 mg/mL,RSD 4 3.12% ,
2.3.4 X TLC @h%5

B3 HibAEAN, 45 10 mL, LA 30 mL /Y 22 £ 18
-HEE(3 : 1) W, M3 30 min, JEGZET, A1
mlL P, A B AR A TR L SR TR 4 ik
FBAPERE SR 2GS, K 6 L LR WS
TERERE G M b, T 28 - 2R & s - W g -
(10 23 222 1) JBIF, W 5% =S b8k 2 w5 ™
AT HGUEE X B2 R At S 7 i AR TR
DB A B BIPERE S R W

1ARZEXT IR 201 5
2-BAMERE

3~5-EEMHEE A RIS

2 BHEEEGIER
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2.3.5 % TLC Er%0

B3 #EARESY 45 10 mL, il 30 mL HEE, B 7 30
min, JEFZE TIN5 mL & Wk, gk 4 & 1
mL, 75 B M SR, SR FHAR R J7 32 1 2 B PR
an A FRZG MV T, K 6 pl DRI TERERS G
B b 8 A HEE (60 ~90 °C) -2k (9 : 6) HYIR
B FIRIT, IFAE LI 53 A A (P 365 nm) W
gV GEL S BR 2 A R IR 7 €3 L AR [ A
BN HBE A T B AR AR WL

1B X IR ZG41
2—FAPERE S

3~5- K HEf AT AR

[
1 2 3 45

3 REEBEEGIER

2.3.6 dLZEHH TLC & 45

B3 M RE S, B 10 mL, 3.0 J5 B FIf R, OF
FH 20 mL /KRN IE T BEEAT 2 YRARER, R4 BUS
WA 20 mL 2K ¥E% 2 R, & T FESEWE, N
A1 mL FEE A B8RS R R
A BRSO, B 1 g AL SEEIXT R HE
50 mL 7K, in#4 30 min Ji5 #4 FEAH [R] 54 5 32 il £ %) R
MR, WHL S pL BRI, ST RERE G AR L,
MR TR-CE-7K (8 + 2+ 1) BIF, BE 2% X} —
2R I 409 BRRR B 06" IFAE Z AN
(K 365 nm) FULEELE 2 Xt 2541 {1k
AR GO T P R [ B s B T B R
HILFHE

3 itig

R A UK B o TE SR AU RIIE , K
ISR I RAE R 32 B A48 e B4 SR A ik i
SRIEAE ) SRR A RIAL T th B AR %
A ACSEBI IR % 5 WR2G AL, AT TR 97 KR
Ik, 22 itk AR UE A 25 s ACAE AR AU K %7

1L SEHAR IR 241 5
2[R A

35— AR B A

4 JeseeiHEBIEE

eI IR B DML e I FIIE R L (BRI
PR AR | T 4 | o RO I | R A o 4 ()
R HAZ s R 2R Y 2 2 R I e AT
R SRR A KIA MR, L2 BRI X 1Y)
UEFRY X6} H AR 7Y | e oK AR iz s i S B 1)
Hl AR, B L g N iR R B A, HOIR A B3
JIN, A AR 8 T 4T RO R R I %
J7 B RN LA 7R A e JRUORE 25 A W R
Bz

FETR AR B o0 B & BRAR XS TR & e IR, &)
RS2 S i) VR A A T3, iR 24 8
A R s B R e R A R
TR V5 KRR FE LAY, DR LB PR B AR
FFEARELAY . ST AT N 2 T h 2R, 2Rk
FEYE A Z R B U RE R [R) B e o A
FPE R, DL AR R 2 b 5

TE HPLC (A5G 45 455 v | 0 28 255 1 X6 R i
WIEAT 200 ~400 nm AT, 45587 280 nm P K
AT Fe KA, WO B2 e KA R I e 4, 7R i
S 24 T W EE-0. 4% BRIR A . L -
0. 1% WEBRVE IR Z M5 -0. 2% Wi R 1A WAE N 1K) £ Fh
TR R, 25 R H 2 H5-0. 2% B RV R i 3h 41
B, R A e W TR B 0 DR ] A3 B ROR
£, HL ARSI 20 B4 % B A T4

L5 L TIR AR TR oY e B R T A R O A O B
TR, HR FLH A ) XA SR 2 W FE
PEARFL G IRl 45 & BRAR b 25 9 K WA ff A 25 40
MR, IS TP 2 B T R A — 5 BT
SRR AR £ T A R T R E T E
AR MERG EILMELE S TR E MR AR A
PR R ], AT R a2 o 30 5w s o A ) e S
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JET Box—Behnken M 7 1fi 2 1) 3k it FIL 1€ R £ HX 1
z*

EER AR KRBT 2R AR

(" FONFEZG R FERE, SO SREH 5500257 RN FBEZE KRR S KB BERE 2GR, M B 550003)

H E. BN AABRARBEGRERRIY, AR ANAEL COEFEF MM IRE FAVE R Z 4 Z AL A KM RY
L2 MR 45 R A 547, i L Box—Behnken »% 5 & & 34 2 X 3 4 28 38 B RBURL IR I T 2 89 SR AmRAS 2 AT A B IR) e AT A
R, BR.BRAEFEORERRIE A . GRM 14 15K, F 2 ~4 Kin 12 48K, F R A A 50 min, ALA 4 &, EiT &5k
B R, B RA R BRARPERRIABE T, ALK A FRBFE L,

XEW. RAESE R AMAA X Box-Behnken " B @ik RR LY

& 4525 . R283.6 SCRRARIZAD A XEHES:1003-6563 (2025)05-0037-08

Optimization of extraction process of Qiangzhikang Granules based on Box—Be-
hnken response surface method

LI Jilin' , YANG Yuanfeng’* ,XIAO Huiling' ,LUO Yuling’,ZHOU Xunrong’
('School of Pharmacy ,Guizhou University of Traditional Chinese Medicine , Guiyang 550025 , China;’ Department of

Pharmacy , The Second Affiliated Hospital of Guizhou University of Traditional Chinese Medicine , Guiyang 550003 ,
China)

Abstract :

the comprehensive scores of cimicifuga racemosa root extract,icariin, psoralen and fructus psoraleae as the evalua-

In this study we optimized the extraction process of Qiangzhikang Granules. Using the weighted sum of

tion index,a Box—Behnken response surface method was designed to optimize the extraction process parameters of
Qiangzhikang Granules,including the water—material ratio, extraction time and extraction times. The optimal extrac-
tion process was as follows:adding 14 times of water for the first time,adding 12 times of water for the 2nd to 4th
time , decocting for 50 min each time,decocting for 4 times, filtering, mixing the filtrate and concentrating. The opti-
mized extraction process of Qiangzhikang Granules is stable and feasible, which provides important support for its
large—scale production.

Qiangzhikang Granules, ankylosing spondylitis, Box — Behnken response surface method, extraction

Keywords

process

5 EL B R (Ankylosing spondylitis, AS) J&—
Tofr LA P B i A I R SR BB R AE M B B s
PP , FEE2 M i 5G| AT R AR ST I 2 A
e WA T I ME T Bl A2 R SR 3% 3l R DI
FUEE R HUA R R BRI JR R A A

REBTREYIL AR 0.3% ity , TEE K 30 &L
THRITFAERE, B e B2y 2« 1, K AR 7
18 ~35 % ,50 Lk & 8 B LI N B /DI, Jite
AR W R R AR #RIT AN Y, 5 R AR B
BRI R R AR AT R IR AR
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FRIFHLE 1 AS B, H AT JC R AL 2 v ARG, 2
Wi AT AT R A R R B 1k I Y A
FIRE AR AS IRIT I, BRI o)), BEAR
B E N IMNA T A RIS

BRAR B 2 %o 5 ELPEE R AR 3R Y7 7 FHAE S 1A
R PURIRL AP, AR )R] AR T BE &
AR 25 R XU B B T RE AR AR N R
N AFEAEVE 2 R o R ok BN P I 2 K
55 B B B S i T AT BE AR E R4 % E T
1B NCHHERIT B M T T S A A v B AR A
il AR T7 , R A b B g Fh ek
LRy, 4 AN R RFERRIE
1, WRRER LS5 00, 5 B Oy XS 8IE IR ' 1
B R B R AT BT R, AR R O TR 3
HH S AR, A B s AR T T RN A
RS2 = 15 = I I Y - L A M D & A e 2]
A

S ELRE T ARG IR b LUE G % 1 B =X IR A, B
T Z bRUERRIE T2, Qi i (] | B & OB i
WoEXELA ], BBy e AR E T R RIE
SR LR OB 199 5T e A AR Tk, A 5832 FH Box —Be-
hnken M) B 187 75, DLAAZE 8 C 21T AAb & IR
AN IR A MR B R ISCR B 25 A BT 43
SN FRAR AT AT, A 200 R A T BRI A
25 DR 5 e 7 {2 1) P9 o B50AH A R, DA T A5 21 330
DA BRI 25 o % AR 5Ty 1 o FH Ik i, 00
LSS TN I ATTRER W sl SN VAT A et R
S DL X B 110 55 Wi 34, O 35 o S A ) T
AN A PR AR | T HE R O R B B
il SR RN FH 1 & Je | RN e 47 v B 24 76 J K B
e AR

1 =5 %

1.1 BZE

HPLC = 80 AH 35 A (15 Agilent 1260 In-
finity 1l ,EEZHCFRHEARAR) (TR (5
5 YHM-20002 , B JH 17 9 i vy FRHCA R A ] ) |
PRS- (B85 FA2204N, b 75 A 8% A RS
F)) BOHL( NS H2-16K i T A e i 45 A7 PR
vn]) EVE IR K (85 BSG-26, T BT M
LA A A R A E]) B RS Ay (S

SK5210HP , iR AR A BR A A |
1.2 X%

R AR AN R R Y IE A
Hu B T 5N A [ % i rh 250K A BR S /D R At A
WA T R S 240 A7 BR S &) B0 (VR I 1 53 BHUF
{mak g ok R T, i 43 il DR 230913 231010,
231007 231031 231121 .XG210015002 20231201 , 3
A EZ5 ) 2020 4FE R —PRifE, W22 C X
0L (4165 111780201905, & L 94. 3% 1) ; 7%
EFEAF X IR (HE S, 110737 - 202017, & & VL
98.1% it ) ; #b B fg & xF B 5 (it 5. 110739 -
202319, %1 LA 99. 7% 1) ; S4B iR 26T B (It
5:110738-202317, & LA 99. 8% 1) ¥y [ v [
B 2 A E RS BE s L (i 4l , 35 [ TEDIA) ;
K (oK, 5 FHEERG IS B & A R R 5 o B K
PR TN I 2 K5 e R B SR = A

2 HESERSW

2.1 FEISHRHE

AR v 25 52 7 300 25 R RARAE O RE AL
Xt 5if LR ABURE P R 24 3 A IR AR W14 E C
FIEFAEH  FL 2 M I A 8 AR 1 0B iR 3R A 7
NIRRT A, 20, W E C IR AT X
AMEF IR SR IR 3R AT AR R 0 4R b T
M2, i T B E AR RN I T 2/
WHE R Z — i S E C R FEH AMIIRR .
SAMI IR R FER B— R AR BT 24845

2.2 HERCERFEFSEMNTTG &

2.2.1 TRAXT ISR 5

A3 R BRI E C R X IS
BT Rl 10 mL 285, i Y BT o s ik B 4ol
47 108. 634 wg/mL 109. 480 wg/mL 1)1 & Xt B8 5
AR 28
2.2.2 PSS

M 2 ORI 48 S5 (7K 48 5 mL, B 10 mL 25 6
SR I B B A, B, BREEIE M £ 0. 22
pm AL g B4
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2.2.3  BIHERE SR A5

e 2 B P S 28 1 9 BRI 5 mL, ]
“2.2. 27T kit ATl BIAS .
2.2.4 {OiE&ME

iR Welch Ultimate XB-C18 (4. 6 mmx250
mm,5 pm) ; FENAH: LHE-K (26 : 74) ;47 30 C;
K 270 nm ; FEEER 10 L,

2.3 AMEREE GTANME RS & AN &

2.3.1  IRAX IS A

G RS B RREURN T BE 2 SR b B B RO BR G G
i, BT A 25 mL AR 0 AP B ] R BE )
14 20. 478 wg/mL 20. 978 wg/mL KRS X &
W
2.3.2 itk v T

i 2 B ORI A8 5 17K $2 K 2 mL, ¥ 10 mL 255
N 50% & B F 20 FE S, BE T, ISR IE R &
0.22 pm GAFLUERETTE , BIFS,
2.3.3  BIMAE SR A

s 2 e IR AR B B 0 5 TR K 4R 2 mL, R
“2.3. 27 WUR ki T A RIAS
2.3.4 EIE&M

{0 R AT K A 4 Hypersil BDS C18 (4.6 mmx250
mm,5 pum) ; JsIAH : NE-7K (28 = 72) ;4R 30 °C
Kl 1 246 nm; FEAER 10 pL,

2.4 FEFEE

2.4.1 L@tk

i 2 B AR TR A T R A AR VA TR
BEPERE SR, 20 IR H5 2. 2. 47 R “2. 3. 47 1
TGS E

S5 SRR SR A R A RO I ) 3 ]
[Fi] — 3 B B[] A ) 0 35 0 4 A A T A i VA TR
TR B SRS Z T, i 1 s
2.4.2 LMEKRFEEH

3RS BEWCHRER 1 A IR A X BRI 10 L
AT, $52.2. 47 TR “2. 3. 47 T F {4
i g, AR WIS C L MERIA TR,y =
10. 924x +4.2932, R* =0.9999 , & W 8| 42 & C 7F
0.181 ~3. 621 pgiw Fl Lk 6 R B I B R 201

NREEE ety

X R A

012345678 9mm:mummmznj:u 425262728293031323334
[} [ fmin
yA Wi = =4 L e g e
TR . FAMVEIREH
yEl (SN
TRA X IR R

£ /\ \ 4 4.
LAY I v

113735718 vmn1_1imi\617;}}:12\02\22?:4:526:73;(: W TITI56T q\mugj:\4\5w1|xw:(zz 96077
flimin fill
FhE IR P A DRI BIE A Al
T 1-9EEC; 2-IR A 3-AMEIE R 4R

1 KEHEEM™ HPLC &EiEE

ZMEMIA R .y = 13. 267x+2. 5441, R* =0. 9999 , &
HVR AR 0. 182 ~3. 649 g TWHEINLE X R R
I AR R R E T 7 #E .y = 59. 597x+24. 595, R?
=1, BT IS ETE 0. 027 ~ 1. 333 pg 30 L1
KEARM; BB IEREMERIH Gy =59. 32+
30.342,R* =1, R AT FEZETE 0. 027 ~ 1. 134 pg
LN R RAT,

F1 ZHERIIBAMRRABRK

o WIHEE COREET IR A EIER
W/ (pg/mL) W/ (pg/mL)
SR 18. 106 18.247 2.667 2.690
gt 2 36.211 36.493 5.334 5.379
23 72.422 72.986 13.335 13.448
gt a 108. 634 109.48 26.670 26.896
2tk s 181.056 182. 466 80.009 80. 688
£tk 6 362.112 364.932 133.349 134. 481

2.4.3 FEEERR

K25 W U FE 5 C LI SRR TR E o 5
108. 634 pg/mL . 109. 480 pg/mL (IR & X B8 i i
W, B R R 5 AN BB R W B 4 I Ol 20..478
pg/mL . 20. 978 we/mL AR A X I8 W, 8 22
FE6 R, 45RERW, WIFEE C R FEET Y
RSD {H43 514 0. 24% 0.28% 4 NE % S AME I
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RIETEFLE) RSD E 453974 0. 08% 0. 06% , =AY
A NS AT
2.4.4 FEEMWIRALE

i 2 R B ) — e B 0 3 P RRE K BRI 12 10, 4%
6 13, A3 2. 2. 27 TR “2. 3. 27 Wi K il 45 7 vk ik
P4 F“2. 2. 47 TR “2.3. 47 Wi T {63 4% 33
FEDIE

SRR R R OB T E C R
(55505 0. 36 mg/mL 0. 21 mg/mL,RSD {84}
A 1.09% 1. 16% ;4 MVEF IR R  SFAMVE IR R & it
2354 0.08 mg/mL.0.07 mg/mL, RSD {4 3 % Jy
2.50% \2.24% , B8 O R P R AT,
2.4.5 FREtEHE

SRAELC2.2.27 IR “2.3. 27 R R
W, TEBEAM FAFRME (O h3h6h9h12h,
15h 18 h 21 h 24 h) ,#%“2. 2. 4" T} “2.3.4” I
AT SRR R

SRR WIZEE C IR 0 ALY RSD
E53 31 0. 49% 0. 91% ,#ME IR R AN g R ik
TIALEY RSD H43 514 0. 22% 0. 81% , 3 W 9 1 Fé
T HEBORAER M 7E E AT 24 h WRGE
2.4.6  FERDSE LS

KW E MEZEE C EFER AMEIEER,
SRR O R R LR 7 RO, 43 A A
HIZEE COEFETIRAX B, N IRE
B R R TR AN IR VAR, BE A 6 IR SR,
FEU2.2. 470K (2.3, 47 IUN (3 S Rk RE I E
GERULFE 2, H 2 Al WIS E C R NRE
ISR 98 95.78% 95. 62% AME IR  SSAbE
B E AN [RDSCR A3 4 98.03% ,100. 94% , F W%
T TERREE R AT AR A

2.5 B ERIKE

i B U] A )5 B KA 10 mLL, A B T4
FEEFPZ KN JKIEETIE, B 105 C LR 1R
3 h B = TRAR Y AN 30 min, M FR A A
EARYIICR S ERYICR TR AT

BEAICR (% ) = % x 100%

X, WO 10 mL 389 AR PI Y E R, Vo E AR
B, W, ke AL BORL B

T2 EEEYE

fabn BORERE RESL IR AR WUAREE RICR PRy EIl RSD
A /mL /mg /mg /mg /% R/ % /%

1.744 95.22
1.748 95.61
7 1.748 95.58
2.5 0.898 0.889 95.78 0.73
5 C 1.755 96.46
1.758 96.79

1.743  95.02

1.138  94.80
1.142 95.37

e 1.141 95.25

" 2.5 0.520 0.652 95.62 0.73

T 1.145 95.93

1.151 96.84

—_

.143 95.51

158 97.11
158  97.00

158 97.77

1 0.080 0.080 98.03 1.00

159 98.78
160 99.52

S L

158  98.00

146 100.48
146 99.53

147 100.86
B g 1 0.065 0.081 100.94 1.25

148 102.11
148 102.75

e @ 2 2 o 2

146 99.90

2.6 &Ry

XK PR IS E C R AN IR R
MR R 1 i SR B R I 2 SR T LR
INEGE D, A T T 20 DL AR AR 25
B HEIBURON K B — R AR A A4S SR ER T 2 R R
R (m, ) B 12, HA & 52565 % 45 4
Era (myy) PRI THME () TR T2 ML
BG4y 520 F

S=my /m

2 A W
Sonmmzennamn X 04 + fummapes X 0.1

SRR LA P E C BT SR m
EAERZBOEEN 0.5, MG A E IR &

= Sfompmcosrsw X 0.5+
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HIE IR 2R S N AMEA G R B E R 0. 4, B
PRYPCRALE R B BOE N 0.1, BEAT ALy

2.7 BBRIZLEREER

2.7.1 MoK

Fie 2 F5 I RAL T LU BIRR B AR 2 140 g, B
TP 12 5 KE L, FAS R s 8] 0 52 24 44
FOVEER PR R B AN PG 0, 5 R e R i )
R WK (% )= [ 4B E (g) -AME(g) ]/
M (g) x100% HHRRAK R P47 3 R, 4581k
F 240 7K 3K 190. 1% ,RSD 7 0. 02% , 77 [ #5:
Vi, LAWK 3R A 2 A5, RV oK BRI 2 ik &
W2 fEEK,
2.7.2 RLEFA]E 5

5 SN[ 15 R s [va) Yo 5 0 BRE 7K B AR P L (R
WORFHEEE C R FET AFIERE FHEER
TREGAAT R, W1 MR 2R 25 70 ¢,
L 10 £, FE R 25 M KRB LT, 430 8 A%
K,ZHL0h 0.5h .1 h.2hF13 h,Hi#&2WK,HFKX
30 min, U8, B I LG, VAR, €4 A2 250 mL, BIAE
A3 2.2.27 42,3, 27 TR AR T A TR Y A
JrEALIR AR 42.2.47 42,3, 47 Wi T & A3 41
R A e AR TR IR E C R R b
ER FAMI IR RS & IFTE S A0, 4558 WE
2(a) , MR ZEA I3 i, M 09324, [RIHCR
BN BRI =
2.7.3 JiKEHE

Fie 1 AN T R AR 7, FE i R 25 M IROK
REPHEHLT A BIMA 6 5.8 % .10 £ 12 {5 K,
B 2 K, K 30 min, 3308, JEMR MR 4R , i 25 & 250
mL, 3“2, 2,27 92,3, 27 R i 4% 07 1 1 A5t
ARV, TP A2 | 25 507K X o B R K H i
HIFEE C IR FRET AT IR S EIRR T KL
RERPIBCREEA VS5 5 I 2(b) , Y
TR 10 f58F, 285 ¥E 5 fi s, 1 0. 9906, 284
1175 5, e MUK AR B 8 4% .10 75 .12 5.
2.7.4 WA E 5

FREC 1 A4 T3 8 250K R, i 10 f57K , R
2 K, M AT 30 min 45 min .60 min,75 min, 90
min, 13, PER K S, E A E 250 mL, $#%2.2.27
“2.3. 27T J5 v A T W, TGV (3

AE . AR 2 (¢), BT 45 min [ 255174
gERTCRE T, IR AR PR USR] 24 30 min
45 min .60 min,
2.7.5 RIBWEELER
FREL 1 A4 D5 s 25 MK R, A 10 £5K, 4

BRI 1T R 2 K3 4 K, BIK 45 min, 08, 98
W EAR R 250 mL, $£92.2.27“2.3.27 i F
D7 AR A VA L, T AR R BRI, 2
DLE2(d) , B 3 I 285 1o der , o 0.9947
PRI e 2 PR AR IR 2 U 3 K 4 IR

1.00

0.9906  0.9883

0.5 1 2 8 10
] /h S A
(a) (bh)

0.9710 0-9990 0.9930

0.99.
0.9272 1.00 4709759

30 45 60 75 90 ] 2 3 1
B [l /min UBRV U/
(e) (d)

B2 BEFRXBER

2.8 Box—Behnken & ¥ # i% X, 56

2.8. 1 W S i g Bt

ZEA R R 00 % 2845 3, R H Box—Behnken
M %7 TR 25 400 5 a6, B BBCAN K i (A) | B[]
(B) HEKE(C) AHEHENR, BEA AR 5T
XoF Sk AR R I E C R AN IR R
SFAME IR R S REES I AR, LUHEZR S AT
TIEERAE VNG R, DU ARSI T 20 5% A, 1%
1 A7 ERBIRRIZ 70 g, 3 34 My, PIZIKSF- L&
3., KM Design—Expert. V8. 0. 6. 1 B4 XT ik 46 45
BEAT O3 A RIS R IR 4, J5 22 0 W3R 5
2.8.2  WRRLTEE RS M

T4 g5 1~ 12 TR, 13 ~17 Rrh
LRI, 2 H Design—Expert. V8. 0. 6. 1 34X} & 2
A S R AT IR 23 B, A R Z 3l )3 )7 e
A Y=0.90+0. 0614+0. 012B+0. 11C+6. 550x10°AB
-0.036AC - 9.300 X 10 BC - 0.0184° - 0. 034B° -
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0.038C*, HIH A FE AT 0, 52 R & W+ R C >
A>SB X H AT 2208 a5 R Lk 5,
%3 MEERBEZKFER

A ok /£ B A ME/min - C B YA/ KR
1 8 30 2
2 10 45 3
3 12 60 4

x4 MEEIREIRITSER

MR (R CHE (IMBIRE+R
RIS A B C Pk FET) SR IR &R S8
/% /(mg/ml) /(mg/mL)
1 8 45 4 41.63 0.657 0.179 0.9353
2 8 60 3 46.13 0.590 0.141 0.8060
310 30 4 49.72 0.618 0.198 0.9410
4 12 45 2 45.04 0.504 0.150 0.8275
5 12 60 3 47.51 0.660 0.180 0.9412
6 10 60 2 43.93 0.515 0.137 0.7377
78 30 3 43.02 0.514 0.156 0.7721
8 10 60 4 50.36 0.621 0.183 0.9233
9 10 30 2 43.99 0.487 0.138 0.7182
10 12 45 4 50.91 0.646 0.206 0.9857
112 30 3 45.93 0.617 0.170 0.8811
12 8 45 2 40.32 0.491 0.096 0.6350
13 10 45 3 45.79 0.607 0.177 0.8897
14 10 45 3 45.69 0.610 0.180 0.8985
15 10 45 3 45.71 0.635 0.177 0.9106
16 10 45 3 45.74 0.645 0.177 0.9181
17 10 45 3 45.66 0.603 0.179 0.8909

Ry i — A WF G AR S AR B K 38 HAE A ke
T2 #2431t wr 4k 43 1, A FH Design — Expert.
V8. 0. 6. 1 BAXF [l YR TR -4 7 0w 107 T 3B, 5 2]
R SEARA BT S DL 3-#1 5,

%5 RAEEEGESFER

FERE FHM Al ¥ F P BEE
LR 0.14 9 0.016 56.02 < 0.0001 Hip#E
A 0.030 1 0.030  104.04 <0.0001 #%E3E

B 1.147x107 1 1.147x107°  4.02

C 0.094 1 0.094 329.53 <0.0001 &3

0.0849

AB  1.716x107* 1 1.716x10™* 0.60  0.4632
AC  5.048x10™ 1 5.048x107° 17.71 0.0040 #hE¥
BC  3.460x10™* 1 3.460x10™* 1.21  0.3071
A 1.337x107 1 1.337x107  4.69  0.0671
B*  4.766x107 1 4.766x107 16.72  0.0046 M
C* 6.038x107 1 6.038x107° 21.18  0.0025 He#
& 1.996x10° 7 2.851x107 - -
R 1.377x107° 3 4.589x107 2.97  0.1605 AFE

®E 6.190x10* 4 1.547x107* - -

po¥il 0.15 16 - - -

M5 A0, iZA Y P<0. 0001 , 28 B 4D & 45
RGN B EMEZEST, KREI P=0.1605>0.05 %
SN RIS B [ )5 R LA A A
JE RN AT AR B AR T & T RE Y 2 B A SE4DL EL
S 3 IR 3 KRBT R AT AT LA (A G
FER=0.9863, BRI S ZELCV H 1.96% , 3%
AR T i B 3 ST % 98. 63% A 7S Sk, i
TR/, F AR AL J5 FE BEAR G b S Il LS 1) I B0 A
A TFHRBT 2R G T, iR —ik
WA C BE(P<0.05),AC ZHAEM B (P<
0.05) , K3 B® | C*XF L5 TF0 B3 i 38 31 5 3% /K
F-(P<0.05) , HA R X255 PF43 T i PR 52

. P<0.05 N, P<0.01 A,

i)

9.00 10.00 11.00 12.00
A: ik

B3 fnskEF0RTE A E] i A B A& £k E

G474

12.00 —

1.00 .
3.00 10.0 8.00 9.00 10.00  11.00  12.00
e A 2% 058.00000 AL vkt Ax ki

B4 hnsk EF0RECR BRI i R T E 1% S 2 E

.. .
. 4&,‘)3‘-00'0” 2.00 =
30.00 36.00 42.00 48.00 54.00 60.00

330 —
300 G g R
c: s > 2.0030-006'003?0%%&“‘@ B: BAIRE

B 5 R AT E AR e M B A E S 2B
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F|F Box—Behnken 75 H 14 [ IS 455 U /E H P 7
PRI 2R X 55 PP 1) 28 E A P o T it £ e % 45 v 2k
PR, ot o A A R s e 3 PR 3R 52 A R i 2 7
JE | A5 i R I B B A2 PR 38 % 25 5 VP 4 1) 52 i
553, BV v A oy, % o B AR U0 B T
PRI 3R 1] 1 32 AR R

H P 3-8 5 Al RER AR C A R i
AR NG NS (9 5 B DA e 56 i R I e v, R 1A
A C X N (EAT A AR WA AR R R B
PREFAZRTEOUT  BEE IR A #9280 i, il i
AR AR VAR 4 i 4 AR B A, R WA A
FR I (R A EL AR P w157 TG . 3 52 i 5 24 DR 3R
C AL T K- o B B 23 G R A 3%
AN K T ) AR A AR AR BE L [ 32 ) 390
) e Ak, 2 TP TR 3R 118 3¢ B AR X oo b {1 ) 5%
Wi A FE R C RGBS LT, B
2 B HYZHT S iih Y A2 AL AR X AR E R BT
PRI 2R 22 8] 9 RH B X o o7 {5 TIC . 35 1 2 i), X
HITEZ s ]2 — M, & Design - Ex-
pert. V8. 0. 6. 1 ZRALAL 73 45 2 e (52 U T 20 2%
4 maKAEECK 11, 47 ’fTilt,ﬁﬁ%Hd‘lEﬂﬂﬂ 46. 64 min,ﬂ%
WOREON 4 W, 458 92PR 5 RAE P e 8 oK
12 fi57K , B FE] 50 min , BT 4 1K,

2.9 K ITFEIBIE

SEATRREL 1 A5AL T B 2544 3 1y, e e AR FR L
T M EAT R 3 AT IR e, 45 L3R 6,3 #it
Y UERE S 25 B P20 RSD M 0. 54% <3. 0% ,
WHZIR I T Ao, vl &, A A S TR
A7,
%6 BENIZRIESEAITES

BEE (B#EECHE (IMFIRR+R

RSD
eSS PloR A & MR SR SaiEn i ,

0

/% /(mg/mL) /(mg/mL)
150,97 0.609 0.159 0.9869
2 5112 0.616 0.158 0.9903 0.9915 0.54
35107 0.625 0.158 0.9974

3 e

5 VA R SR — Bl i PR S AE PSS, H AT
B 2 v i DO 25 vl DA S8 4 i i, How

MAYNES T Ao MBI ROV, TR, R
LA RS SR T o ELVE R FE R B T AR
Fo TR T AR AR B SR P B BE R A AL
AT RAAE— RE R B R R I RAER B R 3 114 B
PORBL AT RE , IR G 175 14 5 8 , I 24
PIEIAN RS o 58k LT oA B Hh R 24 22 5 i
Ji& B e M S e BHR ST IR s ELPE R AL R 1 i
PRZITT , 7 I AN F B SR A AR,
25 ERANE I AR A SOR = 255 LA S
i A, O 24 25 U35 e 22 1R AR M A
ML, BRSO TR R AR e 2 5
fhton] 51 25 B IR Rz, 2T7 3N e
HIERREZ ), HZG PSR i A b IR
HAT RS e e DI e pU - BUgi Al pu L B L TH
R PURBEEZF LGRS T R A B
BTR PTARAE R A HT A AL s L 2 fg
PUMR RIS SR e T Re s AL At
B B HARBA PR DA PR PUREE DU
N T TR () R N - X s
B TT 2, XTI VB 0 A 45 3 TR T AR
F, AT SO B 5 R 5 R I RIE AR
PAZGHE Hh R o 1) 4 BOSR O b ME L AR 32 T
200 P VR SRR €8 T3 12 o T 00 24 6 o 9 B0
i WO BB ORI TTAE AR 2G5 5 i R
Heg e A RARAE” BYE L, X 5 R UKL oo 252
FAE B2V IR AR R B AT A XS Y
WFDE C LTI IER AN IR R A7 2
R & BN (Y Rt WA, Bt A T4,
(AN 76, AR SCal aod 5 A 3 25 5 45 2R, X
58 ELHEMURL YR T 2 BEAT R I, B E T R
58 ELHETT R A 25 R BUSCR 1 EZIN R . R Box
—Behnken Wi N [ 35 505K, 7331 2% R NOK B BT ALK
B0 R ] =S PR 2 18] AR B SR, DL E
CRFHEH AMEIRR b8 I8 2= 5 AR [ R
IR I E35 VRO G5 R N AR AR T 20 A, il i Box—
Behnken Wi B [f7 35 B30 45 VF BT 45 1 A9 80308 0 A, 9
SEAT b R B0 75 A M R SR A E A IR
BT 246 m 12 A% K BUA 4 Ok, BRR A
0] 50 min, I LRI 246 AT 3 HERE A
Bk, IR B 25 R A X IR ZE /N T 1%, Z5R %
WA, o 7 195 308 2o BETHE: AR B A 5045 DR 2R 2 ] Y
KF A R E 2 R RS 5, HAL
) BB 2R G B AR v AT e T i
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B2 B AN A FP R i A K 1Y )R ST K
FIFIR , LA R 3 LR 5 08 Tl A 2R 7= S5 4t 7 —
EMSE
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A 2 T N ORS00 & e sg i A - E 5

AR KA, KR RAR'
(" PLHE2ERE KEREERE, SO BLE 5560117 BRI E ML SIS ., 50 BLEL 556011)

H E. BR:EAELERRA SR AR REFN RRA KD RR I T & Tk Snessin, Fk. A%
R 9 ANBuy Bk AR Gk TR E A R A R E R EN T R AT, R, %#r%)ll 9 A
B S REAN SRS TNSIRIRAR G ITE (14.64% ) >F LA (13.41% ) >E T E(12.83% ) >3 T B (11.26% ) >+ &
£(9.13% ) > F B(8.95% ) >HILE (7. 67% ) >4k B (5. 84% ) , B g ] 4 AN B0 28 Sk 54508 % 4545 h 3 B IAR K2
AFER(14.12% ) >HF B (12. 17% ) >AE(11.32% ) >FFE B (10.60% ) , % & da M 4 AB 5 4589 %ﬁ/\f%:év%@]m
PRR AL E(12.21% ) > FB(8.31% ) >IHIT B (7. 17% ) >HR B (6.37% ) , WsP AFRLILE — Bty R B G A 4 89
BhEEA—REZF AN ERFSBEALSEEREIEMANE XKD SBLETOH AR, JaH 7 k4 wﬁy
%}%’z\%,i@#’M‘%ﬂiﬂi%ﬁé\%i%ﬂé,5%21%%&;7%%3 BRARG ,UAABIEIRT SHESZT R KGR, Eib. A5
KA B K By M 2B 6 BRI BAR A 6 ) BRAR

KEIFR . RAEN, T, LHE,SFTNE, FaET

FESES.S-3 CERFRIRAD: A ME S :1003-6563 (2025)05-0045-07

Influencing factors of polysaccharides content in Polygonatum from Qiandong-
nan’

HU Xiuhong' ,ZHANG Tinghui’ ,ZENG Zhuliang'? ,LIANG Yuanyuan'

('School of Life and Health Science ,Kaili University ,Kaili 556011 , China ;’ Qiandongnan Food and Drug Inspection
and Testing Center ,Kaili 556011 ,China)

Abstract; In this study we compared the changes in polysaccharides content of Polygonatum with different ori-
gins , varieties , years, sizes , and processing methods. Using the dried rhizomes of Polygonatum cyrionema ,Polygona-
tum kingianum and Polygonatum sibiricum from 9 counties in Qiandongnan as the raw materials, their polysaccha-
rides content was determined by anthrone—sulfuric acid method. The polysaccharides content of Polygonatum cyr-
tonema ; Taijiang County ( 14. 64% ) > Leishan County ( 13.41% ) > Jianhe County ( 12. 83% ) > Shibing County
(11.26% ) >Danzhai County(9. 13% ) >Huangping County (8. 95% ) >Cengong County (7. 67% ) >Zhenyuan Coun-
ty(5.84% ). The polysaccharides content of Polygonatum sibiricum ; Shibing County (14. 12% ) >Huangping County
(12.17% ) >Cengong County( 11. 32% ) >Danzhai County(10. 60% ). The polysaccharides content of Polygonatum
kingianum ; Cengong County (12.21% ) >Huangping County (8. 31% ) >Majiang County(7. 17% ) >Zhenyuan Coun-
ty (6.37% ). In addition , there were certain differences in polysaccharides content of different varieties of Polygona-
tum from the same county ;the planting year of Polygonatum was generally positively correlated with the polysaccha-
rides content ;size had little effect on the polysaccharides content. Processing methods affected the polysaccharides
content ; the frying method significantly reduced the polysaccharides content;the steaming method slightly increased

the polysaccharides content; during the nine —steam —nine —bask processing, the polysaccharides content first in-
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creased and then decreased. This study serves to provide a basis for the quality evaluation and standard formulation

of Polygonatum from Qiandongnan.
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16 QHJI6 AHULHYLFH LI 4 20234E10 H
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Study on galanthamine contents of Lycoris from Guizhou
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Abstract .

ence of galantamine content among species and the best harvesting parts and periods. High performance liquid chro-

In this study,4 species of Lycoris from Guizhou were taken as the research objects to explore the differ-

matography ( HPLC ) was used to detect the galantamine content of Lycoris. The results showed that Lycoris straminea
had the highest total content of glantamine in bulb and root, followed by L. aurea and L. radiata ,while the galan-
tamine content of L. chinensis was not stable. In the bulb, the maximum galantamine accumulation period for L. radi-

ata , L. straminea and L. aurea was in July (0.188 ¢/100 g,0.237 g/100 g,0.262 ¢/100 ¢) ,
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was in June(0.402¢/100g). In the root,the maximum galantamine accumulation period for L. straminea and L. au-
rea was in July(0.488¢/100¢g,0.403¢g/100g) ,for L. radiata was in June (0. 184g/100g) ,and for L. chinensis was
in April(1.058g/100g) . The study can provide a feasible scheme for the harvesting and extraction of galantamine

from the 4 species of Lycoris.
Keywords: galanthamine, Lycoris , Guizhou
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Medication rules in treating vertigo hypertension based on TCM inheritance as-
sistance platform and SPSS chi—square analysis

YANG Xiaomei' ,LIN Senlin** ,CHEN Dengfeng' , YANG Jinghong'

(' Nanping People “s Hospital , Nanping 353000, China ;* Xiamen Hospital of Traditional Chinese Medicine , Xiamen
361000, China)

Abstract: In this study we analyzed the medication rules in the treatment of vertigo hypertension by using TCM
inheritance assistance platform v2.5 and SPSS16. 0 chi—square analysis. The traditional Chinese medicine prescrip-
tions for treating vertigo hypertension in Nanping People’s Hospital from January to March 2024 were collected , and
the frequency , characteristics and correlation of the drugs in the prescriptions were explored with the help of TCM
inheritance assistance platform v2.5 and SPSS16. 0 chi—square analysis. A total of 173 prescriptions were collected ,
involving 171 traditional Chinese medicines. Liquorice root, largehead atractylodes rhizome and debark peony root
were used more frequently. The drug properties were mainly flat, warm and cold, and the difference was significant
compared with other drug properties. The tastes were mainly sweet, bitter, spicy and sour, which were significantly
different from salty and astringent. The main channels were liver, spleen, heart, kidney, lung and stomach, which
were significantly different from other channels. The commonly used drug groups were largehead atractylodes rhizo-
me—Indian bread, twotoothed achyranthes root—tall gastrodia tuber,and gambir plant nod—tall gastrodia tuber. This
study serves to provide scientific basis for the development of preparations.

Keywords: vertigo hypertension, traditional Chinese medicine prescription, TCM inheritance assistance platform,

chi—-square analysis, medication rules
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FAFEZR M 173 B 2577 IS A P AL 7Rl
B RERY-G )5, SE SR T - HA G R
Giit— k-0, BF2MAK 3048 ¥, 45
)R B BAR L3R 5,
F5 AFPRHEFIRRIAE

OO WK/ B/ %
H 1156 37.93
*® 865 28.38
¥ 570 18.70
i3 261 8.56
Jik 106 3.48
b 90 2.95

2.3.2 WK 2E R WA ST

PR T3 6% 77 790 4 254 TR AT I
S REMEN, HIRIE 1156 W Bk, TobR
HBR TGS AR HE 22 S RGeS (P>0.05)
HA IR M P22 5744 8.3 (P<0.01) , BRI 6,

®o AFPHAERAKRAMILERER

S/p L i &4 2 %
W 0.000

¥ 0. 000 0. 000

[izd 0. 000 0.000 0.000

£ 0.000 0.000 0.000 0.000

0.000 0.000 0.000 0.000 0.253

H:P<0.05 BRI 5EX;P<0.01 Zil¥ 58,
2.4 HMRARGIT B EF R EBSN

2.4.1 FREAEEEBEG (v2.5) FRIZWIN 2411

PEFFA BRI 173 TP 255 7 s AP AL 7R 5
B R B- G5, m SRR TG ARG B
Giit %S, 25 A 2453 4947 Wk, 75
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HR 25 IR 2R S AR LR T gR9
R FAIBENAER R IR S s ek N LS
e WOk Baew | A& Bk B % PRk, KR » B, S i
A, HH 57 2, KIR 46
i 1082 21.87 = 553 11.18
AR, HHIE 55 HAT, 40, RIK 46
it 857 17.32 JilEl 239 4.83
‘ R, G, KR 54 N, B, KR 45
L 637 12.88 K 138 2.79
X FA, K% 53 A, K% 44
H 585 11.83 Nk 110 2.22 P, 5
Jili 584 11.81 % b 84 1.70 . T
= N £10 BREE>0.95 ByXBEAN
3 Iy e
2.4.2 FiMITERIES R FE T ST T
577 35 Hp 25 W) A 28 550% R R B A T R P 22 TR 0.9833
S EVE T, 25 1082 IR, B %, 5 H B B TR 0.9818
IR ZEAR 22 5 28 12 25 (P<0. 01 ) s U 22 3k 17T, S R 0.9787
857 UK, S HAb A 26 A L 2% 4 53 (P<0. 01) 50 R, BN, ESRR 0.9772
25 A2 R TSR L (P>0.05) , 5 Pl AR, R 0.9555
B ERAGI L (P<0.05) , 5HARHZ "
FALE2E S 3, HAR 2 P AR 1L 22 St SR FLA ¢
WS, h: /
) AR
%8 FARGYASHEHLBER T d .
S/p BB N (=i H s NN 7R N 1) g‘%.\
i 0.000 L i R
£ 0.000 0.000 \ /'
% 0.000 0.000 0.137 A
®

Jifi - 0.000 0.000 0.129 0.997

& 0.000 0.000 0.015 0.343 0.358

B 0.000 0.000 0.000 0.000 0.000 0.000
K 0.000 0.000 0.000 0.000 0.000 0.000 0.000
L2 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.075
JEEE 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.062

1 :P<0.05 517 X, P<0.01 il 2R 8%,

2.5 BB EHAER KRS

Jrlsk A e be ) B A B AL KR B BUE - B
(B i — 0T ) |, S EAN O 40, BAR
90.95, bR 24 FRBUE B 9 BREGH I, AR 1K
KRB KR, B - K RRALA B HES R 3,
A GBI 15 P ILER 9, T B W3R 10, 24
YA MR 1,

x99 AFPERHZEYWAS RITR

EoLyE ey It/ A I/
AR, K% 68 HAT, KK 51
4, R 63 AR, AA] 50

1 HYAEMEE

1) 254 B U oA

HHE AR HAT RS R IR
B R CEE S (R R R R —
H, AT B = B KA ] I —A)
S B A SR 10 By b TR E AR
KR (CEE BIAR KRR ARZ BREZ CH D) AL 2 BR
Y (BRK SRR AR CHED) B9 259, 10 BT I DR i
AEFEHER AR LA K B B A R 1 E 0,3 B
P, BB AL, ST A, WS Eahn I 5
WIBAEFARPY A MR, S H iz, LLAAT
JEESFAIFBH 1R, FES R AR, & AR R
S A, DA R R, AR TR L LU 2R BRI I 5 A
B W5 E S, SPSS16. 0 Ky AT el B A
AR OEAAT AREE A R LR 22 R G248



M B 2 43(5) 12025

Guizhou Science

59

SC, B PRI T I 2 v ML s A R I P4 R BH
KM 2R 25 S 56 £ LI B 25 I ICATLIB T

5 FR KIS BRI AR KRR
JIC, ARG A AR R I & H R R
J 7 PR P B R s 2 I ROV, 55 0 IRZHL AR L, g
HEBARCRE O B SLEMME, HEE A
ARKBRIAIEST B0 BB RZ 2= A5 25 AT, BEFR I
28 SR IETT AT IR, CF A AT BH L AN A, 0GR
PR AR R I, VAT BT REI ] RAAS R GERIY
TIBR 2 2% SRR R B AR L)

2) 25U

TR 25 LA F  HROR IR AITE , =
FIER LK T 90% , R Jr 43 Bral 51, F i
FEVE S0 B 22 5 8 WA T I v i s LA
i TEPEZ Y T 25 W] (OF 5 2E A
) TR B AT IR AR B, iR BH A, PR 2
LW eI L | FEAE 2 R BH 2 BT, L
FEIFH L RBL T R R, 2 LIR AN 22 BYR T ik
Jjess

3) 25 TR oA

TR H R R 2 0 o RIS, B
H o RS R TR R 2E S 0 B I PRR T
o g ML A 2% b, M I AT B OB R A
ROR R IR P BEHRIE IR IR AR A R A5 Y
LS

4) 25IR 2o hr

T AT el 2 R 0 B B 2K
UCHEIG RO AR Z 5 T 2 5 Al A 28 22 5 1
& I RIVA YT L e U i 25 95 TR BT 5k
SO AL AIAT . O VB i E S A 2 2
2 UL I ARIA T R 2 L AT IR 2225
YR OGO B () 8RR AR Sl AT 7
Ui, S0 VB S O R ORI sz A Al
i P B A SR BRI R A A H A

5) 252 A MR RO B

B AL R B 5 (v2.5) , BUE A Hi— 41 5
FRSAUIH PSR BE AN RO O 40, BAS RERL N 0. 95
i, IR 24 SR, i 9 REGLLAL, (2B HT 15 7Y
YA BTG L CRIERIT P2, B
M R ARAESCPIABL) . WA G P AR-IRE 4+
JR =R RR , B4 TR — R JRR ik FH A AR B vy, SR BB 20 T T 4
TR KR, I TR — KRR, AT, BT — R RS BB
R, ST KRR RO YD

FIAR AR 25, IR FK B, R 70, iR
SPGB B Y, BN IT R
g M FE Y AR EE AR S
SORLAT , RESRAL N ThaE , 1 BT AT, I A
FIAR PREE AT 38 Ao A0, R e, R RREA e
TP BE NEHRIEIR B L), X T FBE T
[ o IR AR R AT R T A 2 s
FEUH R PRAE TR TK BB A1 I = Sl K4S BE - NOX2 336
TR U ROS (7 A 2 T AL A RE L P 5 Y
NEOCEEE 1 CHOP 5 GRP78 283k, ik B4 ifiL
EHEINE A, IR 2 R R VE R
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 E. BRUWETRS SRR e R, AR AR 2022 51 A £2023 512 A TRREEA Tu g7 %k
sk B 100 H) AR AT R B R B S TG RER K ERRAR R R R R AN, EREF1~5RA%5,
TG TRFREBF GG RER AT K EIRFORIL, EAKE SN , EREERRR R, Fib: T 7 87 REgwk,
FRARE FaIF AR,

KR Maak, Toag R

FE5ES R256. 1 XEkERIRED: A X EHE:1003-6563 (2025)05-0060-05

Clinical observation of FU Nanlin self-prepared Ningke Prescription in the treat-
ment of chronic cough ®

XIAO Dongjing' ,FU Nanlin**

(' Luoding Hospital of Traditional Chinese Medicine ,Luoding 527200 , China ;” Yunfu Hospital of Traditional Chinese
Medicine , Yunfu 527300 ,China)

Abstract; In this study we observed the clinical effect of the Ningke Prescription in the treatment of chronic
cough. 100 patients with chronic cough treated by the Ningke Prescription in our hospital from January 2022 to De-
cember 2023 were selected as the study objects. Their clinical symptoms ,inflammatory indicators,and adverse reac-
tions before and after the treatment were compared. After 1 to 5 weeks of treatment, the Ningke Prescription has sig-
nificantly improved the clinical symptoms of the patients,and has promoted the recovery of inflammatory indicators.
The total effective rate was 95% ,and no adverse reactions occurred. The Ningke Prescription has remarkable effect
and safety in the treatment of chronic cough,and is worth promoting.

Keywords: FU Nanlin,Ningke Prescription, chronic cough
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M PR Z RS FELE T ] >8 J], LAnZ o 2
REMR , PR NZ R S FE AT 7S I LA S e R
MESE, HLHR 3 M A A A R X 2 v T B S
W EREEE TS, B EWE S  1/3
DAL RBEIRTE SRR N 1 B o 9. 6% ) i
THaRREEZFRR , ABE FTREE, Hix
PR, A S Rtk BB R AR ™

ST R B O A TR RS . BETAH
PP N R 1 s TR 38 22 32 A 4 K AR S M g
( cough variant asthma,CVA) 55 % %2E S 1iE ( Postna-
sal drop syndrome ,PNDS) | 5 45 I it M % WK ( Gas-
troesophageal reflux cough, GERC) | W& i k7 41 g 1 2
KA R (Aosophilic bronchitis, EB) | 28 I M 1% i ( Al-
lergic cough,AC) Fl_I- 3B FEMKZE G AIE (Upper airway
cough syndrome , UACS) " | FHEEIfG PR | 325 DA 11 1%
IR HULh e b IR AR o3 W SR T O R A
AR HIRPE IR L LG PR MR MR RE
AT IR IR ZGSE 25 ), A TR RIR YT RCR | (E%
125 2k MELIR AL, HAS WA YT A &, ] i £
Bt — 2 R R R

e B RIS e 44 (H 24 A A
COARZT W AR AEIEWE , P BE I M R
WK T BB AN [ R BEAL AR 5 RS, n i B 5 i i <
7 M RIRZE T RIAARIT LTS R 2 R
TS B 2 3R 97 0 P I g S A% K, AN AR
HARGF AR RO i v BEAE sk, ih 24> PEAeih
ST, (6] I PR e IR DA RS 07 450 Tl HLAT
AR ST, Ry TSR h B g
PERZIRA RLIR YT 07 B AR R EE T R A A
ol i SRR A 07 02 P N B ) I PR 2256, 16 B 2022
1 H %2023 4 12 A TIREA G RT3 A 2177 1%
JiIRIT I PENZIE R 100 ) AIFGE X 42, il it H B
SRR S A AR AR R AETE b5 LA B SR
8 & AR L, 2 T WL 8 pi Tk 1 4003 % D7 33 9 18 1
IR i AT 50, BRI 0T

1 #ARS5HE

1.1 —f&%H

AR 2022 4F 1 A % 2023 4 12 A TR # 4
[ 44 28 BE TAR 2T A7 A 1 PR A ABR HE R AR
# 100 BV RBITER e, A A 1 — I Pe B2 Y

29097, BRI T th 255 RNG YT . 2 WbeifE . T
P52 BRI MK 2 W7 5 3597 15 R (2021) )10 A
[ X 96 PR 12 M 0 kY 2 b 5 IR T B R IR
(2021) )" I RN . ORZMKFFLET ] >8 J&] ; @n%
W Ry FEEREAR HAERERLIR S IE R T 7S N L)
T TR R S R DR X 4 CT K Jo A
S, TESR(EWPEZ2IF XL HEL
(2021) )"0 IR B . ik H A, PR 22 B ol v
WU, A SEHE LA | S 28 AT IR S BENGE ,
Flim 1 ELIE IR, KO T G2 . H iz Ry A ROR
WE T WEEE RS BEAS IS A UCRE . N AAR I OFF &
PEVERZI 1) P B2 bR o s QA5 18 1k ik Y =
ZWRE; @FR =18 & ; @IGIKFEE 52, @ H &
ZB NG R AT, HARM M RArE . HERRARE . OFHE
BRAEgR B bR 0 B PR 2 51 A B 28 BB E N K
s QR BT BRSO & ; @XT AR BIFSE fir H1 24
WA 1 OE s @GRS B2 ; @R 7L 1
SRR /NT 18 % BllBRARE . D e 1 IG Y7 BB
WFFE ;@K A H AN B AN BEAR LI 72 % DR
ST 9] R AE FHVE 259697 . o 55 52 4], 4 48
4705 25 4 % 86 4 T H4F % (43.89£5.86) %5
T B 8 S B 20 4 SRR (2. 13+3) 4,
AT H B2t W e T B B A B 514 A AL I
HEERFEHCEITERES,

1.2 WBHFFHE

IR 2022 4F 1 H & 2023 4F 12 A TR
WhaE 2 L BE TAEZ 297 5 A 18 Mk g AR ifE
(R 100 )R FH 77 0% 25 6T O — 20
G BT SN AR A R U I PR 28 e S 21 T T 24 A
W7 R E 15 o, JBAN 1S o, HEEE 15 o, %55 15 ¢,
T 15 o fHAE 10 g, 1A 15 g, A T 15 g, AR
15 ¢, HE 10 g, . HR 2 H A RTF 10 g; 3
FEHIMTE3 ~5 ¢ U3 gy G I er 15 g,
PEF 10 g 3% 10 g & 4RAE 15 g3 B FHMEETR 10
g == 10 g; HIRF VDS 15 ¢ H4 15 g, BT 15
g DIBRE15 g HFXFEFEIMFERIL 10 ¢ EH T 10 g,
SRR 10 g PR R AR 15 ¢ 5T 10 g,
XN 4 20 o FRILE INHIE 10 ¢, AFHAT—5], Fi
R, SRR ~5 JH

1.3 MEISAR

AR ALIEZI B8 WA+ B S
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BEATE , JORERTT 0 40, ASEZ I H A8 06 B oiE tR
1143 30 H A TG A AR AR T 2 43 JaRk
sAA T ERR T 3 2. QWRIETREE TRy R
FERFIT 1 ~3 40, P EEIEIR B 4 ~ 6 4 TN
FERFT =7 47, QRIERIR . TIRITHIE 3 d, 5
SR ES 18 KL 5 mL, 3B 30 min, 3000 r/min
B0 15 min, B2 M7 & T -70 °C W% URA6
PR, R C-I M (hs— CRP ), R S s
et G A %8 4 RocheP800 4> A 344643 HT 1L,
AN G F 2 G (Roche) 28w, FIAIIEA R -4 (1L-
4) FIE A= -10 (IL-10) , >k ] ELISA 460,
X2 M SuPerMax 3100 %I %2 Uy RE B AR A , 57 &
RIS TRA A F], A S E L BRI
MR GV B AT . @R RPN W B EHIA
SR TG R DL R IR TE R )R
IV,

1.4 SRR

B0 43 AR ~3 435 TRk 3 4, MRS Bk
FEARFAT e ARRE R T 2% HAE IR B3> 90% L) |
SRR I R IR 2 s L R0 D 70% L
R A e AR R AT T ELRE IR AL D 30%
AR R0, W RRE R TG B3 L 28 0 & ol PR AR
AR 30% TR, MARCR(% )= A+
A R0 %L B % x100% .

1.5 %ita

K H SPSS27. 0 B A 47 K dig o A, 1 T R
T ws Fom, BB IES A0 0 K650, 2 2 EE S
BOREFE R s THECPOR T n (% ) e, M7 K ; 2%
HERH n( %) Fon  MAESEHEK: . P<0.05 257
WE A FE X,

2.1 JERMRSIE

7AW W I A BERE AR AR B
RFIRIFaT, B BE 2R (P<0.05) , W&k 1,

2.2 WeERF K

BITIS AR5 (5% ), A% 45 11(45% ) , B3R
45 151 (45% ) , TCRL 5 B1(5% ) , BAERL 95 H1(95% ) .

R BFEEERESLE (ves,5)
N[y G U IR W WEREAE AR
WIFHT 100 2.53+0.50 2.3420.47 2.43+0.50 2.26+0.44 9.57=1.24
YGITIE 100 0.9320.42 0.72+0.55 0.6520.57 0.64+0.59 2.93+1.46
Z {8 -8.896  -8.784  -8.795  -8.733  -8.711
P <0.001  <0.001  <0.001  <0.001  <0.001

2.3 KROEFEAR

BT B A R -4 (IL-4) B C-Jx
1 2K (hs—CRP) K- HHEFIRIT AT, A4 K-
10(IL-10) & TRITHT, ZR B F WA GITFE X
(P<0.05), 132,

K2 AFTRIERIEISARELE (ves, i)
BfTE] % 1L-4(pg/mL)

hs—CRP(mg/L) IL-10(pg/mL)

YEYFET 100 13.40+1.42 9.65+1.04 13.64 + 1. 16
VRITIE 100 5.86+1.79 2.45+1.69 24.88 £2.73
YAz -8.647 -8.682 -8.668
Pl <0.001 <0.001 <0.001

2.4 RER

BB TEIRIT R Y R & AR 9 R O K
BTG R R,

2.5 MR G BERREEEL TR
* %

LT T 7 A0S B W] AR R A
ST AR TC I (P>0.05) , H BRI BT S0CR,
Jl_i%‘:_{ 3 (e}

%3 WH L ER FENESFRNESR (/%)

WET H VS IR A WA AR R BARK
e 5 52 3 24 22 3 49(94%)
© 48 2 21 23 2 46(96%)
25% ~45% 24 2 14 1 1 23(96%)
iy 458 ~65% 40 2 16 20 2 38(95%)
65% ~86% 36 1 15 18 2 34(94%)
SR ~14 23 2 10 10 1 21(9%%)
T4 ~54 30 1 15 13 1 29(97%)

i
SAE~104E 28 1 11 14 2 26(93%)
104 ~204 19 1 9 8 1 18(95%)
E=d; 3 46 2 21 21 2 44(96%)
P T g 40 2 17 19 2 38(95%)
Ei} 3 14 1 7 5 1 13(93%)

TR (x* =0. 135, P=0. 538) ; 4E#& (x* =0. 058, P =0. 529) ; i &
(x*=0.469,P=0.438) ; i 1HRLSE (x* =0. 177 ,P=0.459) ,
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3.1 FmEBISH

TErpERSA B BOO MR 44 , A 24 A
BURE R, IEANCTE R DR IE ) 2. A NZI, 2 i iF %
R BAANEFRW . (G a) (Uiggie) k(&
Ea ) 2 R WO PR LY 2% 50, IR 4R
SR 180 37 2 A Ml o PR A s 3, LAz e
NTHEZ AT il SOTF 55 T 5 Ah5 B R, il o)
SEANE N AR T SO R, AT AR AR, A=
Tl SR, R Tl R, 3 SRR A
o3 AT NI F B PR BILAS SR SME AR
A ARIR” , BUIM K H R 3 U R RESE A,
SRR A AR T Hile, P38 TEL R 5 ) RSA e P K
UG R P R R | 2 R TR P SR S L0 A AR
PRZERHLIT , sl SN 5 AR R BAS 28 BIE 17 5L
FERFUZ A, ANV BE - D AR B BT AR 5697, A2
THBE RSy FEREE I E KRE e
R MBI . 456 WA il K, HAMEAR
R LA g 2 RS | 2 R A2 4 0k 14 P
BUER A “ARIE ™ Ah 2 < AR, 3k 5 i B
A Rk A5 A A 1 T kS XURS %% DA
K, 2N i Tieia A — 2, BRI P
Ferf B R B PENZI A AN LR, Skl ib] 2
A HNE S S AR, 25 b U 4 2% 3R DR i e AR
SRR, BRARAE SO ), T8 L AR AZATiE
KR AT T B 5, R A AN AR XU 5 A ORI
WIS S AL SE AR A, BB G718 P K 5ik 18 4
BRANXA [R5 R, DR IR 7 3R U A - R KA R
T fii 11=1%

3.2 4 AHoHr

A BT BRE AR L E 2 R
AR, R AR | B R | B OR . BRBE,
MR, BT RIRALEE TG IR B SEIA , R
PH” Z 5, “FH IR 2y, HUIBRR kb 2
Biz e h AR AL, P AR AN
LE K Zs, S R, BRI AR, SR R
Wi, I AR K2, 5T R AR,
JoRE I e, 3 I Lot 22 i <, T 2R i 2 R e, A A

o TR I A A A T S
Wi Bz JEANG T 34 AT, Bl ARas 2 <, N R
U B T RGRL, A 2 T i R
AR RN, S ROE, IR B 2, T
Weg it =TT L % - i, SHe B AR 8, A fol 9 ST 355 M
FARESTEVINEIN RPN 7N ) 2B e DR o ot i)
T I FE LR i R 2 80 W T
VR 42, A0 KL TR P 2 0% 35 R 22 e L~ 1A
JHF il 2 2 A6 s ARG AL B 2 T2 RE T R
T AN D2 BRI DA E R Z R, SRR
FCA, R T R PHE “ BRI B IR W R A R Z B,
Ffkey, SR R M i R BOHAE
NG Z i Sk EARALL, Bh A W, (R R AR IR
MAGIIE, HRH OE, 30 il 98 22 RERERE
PRALNZ , Al 2 ), A 25, g fli2y, A4
07 AT IR TR BRI AN 1E B R, XA
PR, AT L 0% 2

3.3 WBHARSM

G BR IRYT T K TR R T IR T S
BEIG PRAEAR TS BH A TR Y7 HT (P<0.05) , R BT
0% 5 R b 2 A 1 A I ik A T I DRRE R 5 A9 3R
W1, A R -4 (1L-4)  \H A0 % -10(IL-10)
FEE S C~ B F (hs—CRP) 7EACAE T 5 45 F &
EHEREEMEN, 2 B8 C- W & (hs—CRP)
KT 1 e VT 5 S B T AR S I A R B, KT e
RAEBHE R AR -4 (IL-4) 7]
PEIE B 20 7300 R Pk A PR 1 | 7= A — R B AR AE A
i, LA L RAE , HUIiNE-10(1L-10) BE
g I Z AR R A0 19 7 4 4 TL-1  TNF-ar
TL-6 %5, T 9 0 S g 200, PRI, = 3 %o T
RAE S R AT B B E X, A5 iRIT
JEHBHE M R -4 (IL-4) FIEBH C- [V EH
(hs=CRP) K ¥R TIRITHT (P<0.05) , 41 A
K-10(1L-10) & FIAIT I (P<0.05) , ¥/ T 1% Jy
AT S PE R R IEFR PR IR IRYT ), A
B95 11 (95% ) , ARG YT W IA) AR e A A R RN 5
BN, W T E IR TS P R AT AR
MU IRIT IR TS BB IR AR R RO
FERRRE TG W22 5 (P>0. 05) , R T A 7 18
PERZR Y7 82 FBE AR PR R L B 17
(oA

25 LR, T IR M R, ST A &
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Distribution and application of medicinal plant resources of Crassulaceae in
Guizhou , China *

WU Songsong, YAN Fulin* ,HE Shunzhi, SUN Qingwen, WEI Shenghua

( Guizhou University of Traditional Chinese Medicine ,Guiyang 550025 ,China)

Abstract ;

tribution and application situation of the medicinal plants of Crassulaceae in Guizhou,and provide reference for their

Through literature summary and field investigation, this study aims to master the species,resource dis-

sustainable utilization and resource protection. According to the investigation, there are 26 species of 6 genera of
Crassulaceae plants in Guizhou. Among them,23 species are used as medicinal plants,and 15 species are used in
the 10 ethnic groups in Guizhou. They mainly have the functions of clearing heat, detoxifying, dispersing blood sta-
sis , hemostasis , and removing dampness, etc. They are mainly used to treat the diseases such as boil carbuncle,inju-
ries from falls, heat stranguria and eczema,etc. Methods of use :decoction, mashing and external application, soaking
in wine, stewing meat,etc. In addition, 10 species of Crassulaceae plants are used as food, 14 species are used in
horticulture and virescence,and 1 species is used in soil improvement.

Keywords: Crassulaceae,resource distribution,ethnomedicinal application , application situation

5 KB} ( Crassulaceae ) 2 EK 4311 34 J& 1500 F
VAL, (P A ) iC B IR E 04 10 J& 242 Fh R
Ay R 2 N B} ( Crassuloideae ) | il #5 3% . Bk
( Kalanchoideae ) |, 5t K . Bl ( Sedoideae ) = 4~ ¥
BHU L (BN &) 2RSS T8 23 R,
SRR A BT FLF A7 15 0
FPRr I S D06 RIAR L 2 TR B 20T | 458 S R
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REHEYC BA R Z WG S ' E, 28 17T
ZRIE, JE MR R RS 2 —

SRBHEY 2 i A T (MR AR ) |
14 AT 2000 24 B S, iR s SRR BREF
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BT AT AL T R R EES KM, 6w B
(! %Jlléﬁ*ﬁ(ﬂ]lﬁﬁ}ﬁﬁmu\m BB 550014 ;° J\Jllﬁéh{wﬁﬂvﬁ}mr“ﬁﬁﬂiﬂ L5 B 550002)

W OE., AN RS RAEESRAANY R, AL EARBAEY RAHSREFRT T ORBLG &L LR FH
RIS AR E A RIS A HPLC-MS/MS AT A T WA B At L Sk NG A Y EXR P, 2RI T, OARLTHDL &
96 h 4§ & FHMH LC,=7.07 mg a.i./1,95% EAZH4 6.46 ~7.80 mg a.i./L; /£ 0.070 mg a.i. /L #0.70 mg a.i. /L R E T,
9 F B e 5 & 4K K B9 F 4 R 2K BCF,, 5 #) 4 26 L/kg 10 Lrkg, WA Bk sy st & LA P55 A%EEKTEHFF,
FRBIET A TARAES ZHG R4,

KR, WA mLe ZMEE ANETER

FESES X171.5 X ERFRIZED : A X E 45 :1003-6563 (2025)05-0071-06

Acutetoxicity and bioconcentration of tetraconazole in zebrafish ( Brachydonio re-
rio) "

LIANG Ke' , HE Yu' , LUO Xin' , CHEN Yingli2 , TAN Zhengyingl , ZHANG Bingmeil , BAO Na' , LIAO
Chaoxuan'*

(' Guizhou Academy of Testing and Analysis , Guiyang 550014 , China ;° Guizhou Testing Technology Research and Ap-
plication Center , Guiyang 550002 ,China)

Abstract: To evaluate the effect of tetraconazole on aquatic ecosystem ,the zebrafish ( Barchydanio rerio)was used
as the test objtect, and the acute toxicity test of tetraconazole in fish was carried out by static test method. The
bioconcentration effect of tetraconazole in zebrafish was studied by semi-static test combined with HPLC-MS/MS
method. The results showed that the acute toxicity of tetraconazole in zebrafish at 96 h was LC,;=7.07 mg a.i. /L,
and the 95% confidence limit was 6.46 to 7. 80 mg a. i. /L. Under the concentration of 0. 070 and 0. 70 mg a.i./
L, the bioconcentration coefficients ( BCFy, ) of tetraconazole in zebrafish were 26 and 10 L/kg, respectively. Tetra-
conazole has moderate toxicity to zebrafish,and its bioconcentration level is moderate. The relevant data can be used
for the risk assessment of aquatic ecosystems.

Keywords: tetraconazole , Barchydanio rerio ,acute toxicity , bioconcentration

SRR N TEW A R FER O MRS & 53 08 0. 87 ~ 302 ng/L.0. 49 ~9.59
2 HEAS - RE A S AT N ng/L 3. 84 ~ 1209 ng/L.0.25 ~ 562 ng/L"*, M X
LKA T RERT K AE B RS R B . BT BRI, KA R G K R TR F AR BE T RE
I T IRV O R 2K A SRR BRI UK RO I AT AR R N AR R B
SR 0.020 ~ 104 ng/L7 ARV T RZAMRA BURES , dnidpE s o BE 1 fa LAY R SR A
SRR 0.235 ~ 1.25 ng/ Ly AEARAC PR EETE A PSRRI AW & B PED DR e A ik PR
LA A XK AR 2R R | IR N IR S FEARAE B Pt LA v S5 R B B e B R,
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ISR R T R, 5 PPAN R K A2 A= s

VU G ( Tetraconazole ) J&=—F =58 ) 1 AT =
WIS TR AR, A FR R B AR 2N W) T K, W i 4 1Y)
FUR R B AR A A B R . FAT, AR08 10 B 7=
rh, RSPk Al 5 W TR R TR R S A TR O T
Fhg BN OB BB U R BTG, WA VR
PR T B A A K R SO g By 110, A
by =R T — A DO SR A i /S, 7 o 7 el <5
o7 0 55 XK A H o A6 HH 0T Pl T D R e
I B R A TE K B 5 DT, o 94 ~
125 d""0 78 F BN 5 XOK b B A A
FOfh =T A D g Tk e R R 2
IRAN AR SRR S A ZORLR D RE AT 4 i LR i
i) 530, WAV - B ) R 32 B A P IR i
NSRS AR B A 1B R R UNT AN 7B ER D Ga sk 7Ll
SFHEE SR X TR A A AR G R A T T 1
RKAVERIERAEY) W D, AT R
I IR BRE S AR AR Y, A i s 2 B
YT, 454G HPLC -MS/MS 437 Y 5 Ik e 75 5
AR AR & R AT Ry, AR OCEUIE A B T 174k I 3
Pk s % 7K 2B A ) ) TR A DRSS

1 #R57EE

1.1 AEL5RA

WAH 03 — = I 9T 5 3 356 F Y. Agilent
1290/6470A ,Fit 5 AJS ESI B F I, & Agilent 2%
Al LR AL204,0. 0001 g, M4 -3 R £ ( |
) AR A ZEINTEIR G 1L Doprah, H IR
(L) e A B B 5 i i IR A 2% : Vortex—Genie2,
ZE [ Scientific Industries A H) ; 5 2 AK# B .41 . DD
—5M, ¥ R AN S 30 B AN AR T A A B ] 5 R P I
PRAN . SK250H , L1 4T 8 75 A AR A PR Wl 5 1 A 4
EAL . HQ30 d, M AAH

DU SRk A < A E S BT, 100 g/ mlL, 37 88 5 AKG B
H A PR F] 5 3R 12, 5% DU SUEEmE K ZL A, =
KHNEFAE AT ; O - A4l 8 E Merck 2] ; H
M2 . ol RKE T R B A R A R A A 5 iR
.ot el B AR A R A A BB FK .
2R E Milli-Q {2 % A, BB K . 206
SEEIFIRE AR A A 48 h 1Y R OK, W AR A2

103% ASV , B 185 mg/L( LA CaCO, it),pH %
7.85,

1.2 R4y

BEE 0, AB B Y R IR E A B AR A0 4
2.5 ~3.0 cm, RIADGSE @R TCE , ZAHLR M
20 A TR AP AR MR, 24 h (9 LCy, o 228 mg/ L,
I HTFEMLIESE 100 BT T 5%, B H 2 IRIEE,
FIRLOHT 24 h 15 1EMRE TR 7 d AR RAESETS,

1.3 K7k

1.3.1 A 2rEd s

IR (A 25 AR 24 PR B 22 4 PEA a0 o ) 55 12
Wy A2 A PETEMERES (GB/T 31270. 12—2014) ,
i 8 L — AR B I B B A A i i, K 12. 5% 1Y
DU SR K FLA T 4 LB AGRIG K AN
2.96 mg a.1./L 4.4 mg a.1./L.6.67 mg a.i. /L,
10.00 mg a.i./L.15.00 mg a. i. /L [ 25 B 5
W, SRIGHUH 4 L JCIREER RS H R AKAE a8 (v
BB A R G T A SR IR 0 R A TE IR K
RN B E RS BONIRIE 23 °C,16 h GIE/8 h
5 FRRE RS R REALES N 10 Baitirids, R
U AT, 01 96 h 356 19 () AN
HEATIRE 4 HIC a0 Y 2 B S S FFET 1B L,
[ Fsf S T VAR 1) U0 B8 T A EUR pHL (L, I 1
FEUR FNGE TR 43 30 R 6 A8 114 DU R s i
1.3.2 AW EIRE

S (L 2E AR 25 IR 2 A VEA 1 50 v ) ) 5 7
WAy AW &5 (GB/T 31270. 7—2014 ) , fii F]
100 L 3535 5 KA AR B0 6T, K 12. 5% 1 DU 5 ik el
IKFLFN 8T 50 L8 K, #1454 0,070
mg a. i. /L.0.70 mg a. i. /L B EEALHLAL, SR 5 B
FH 50 L JoialRe it <0 1A SR KV Ry s vt R 1Ak
A2 AHEE, K EE THRE 23 €2 C,
16 hyGHE/8 h R Y S50 = P, Ao ik 90 VR T B 1
JE BEHLER N 50 B kA7, 50 R A 2 fE A
I AT BB 48 h/ W RIS R 8 d it
I A1 AE H HEFT 2 IR, R R A o R A 0
FIY 1% 247, R SE L5 Bl FH RN 43 Y RHE
I FH AT W 5 B R RTRC AR B VS . TRl g H
WS RE i SR pH A, 43 ) F ABTRET L1 b,
3h.6h.12h.24 h 48 h 96 h.144 h 196 h EHF
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ERAFE (4 e/ 2H) FIAKAE T T AR AR Hh Y 5 gk
WA P I 2
1.3.3 UL

Z T R R MK - TR 7% 1 G6C Tk s 53 B 5
Y AT A B i S B AR AT T i
WO 5 B 551 3% HE 4 Agilent InfinityLab Po-
roshell 120 EC-C18(1.9 pum,2. 1 mmx50 mm) ALz
35 °C SR AR REVEML, B2 5 (A 8 0. 1% H
fRK B HZNE):0 min B A 15%,1.0 min B K
50% ,1.1~3.0 min B 5 95% ,3.2 ~6.0 min B
15% s PEREARBLUR 2 pl; Ji 3% . 0. 3 mL/min; i F7H}
[B]:6 min;, FUEEMEA ESI+ELE, MRM £94 , T8
FRIRE (300 °C) , Fragment(110 V) , M/ & & & T
XF(372.1/159,372.1/70.2) .
1.3.4 FESETA R

IKFE A H R, 25 B /KA BE 10 %
JEREIN, FRESE 2 B K IE VT I K 4,
SRIGBIWrE HEA AT, MRS B TR,
A 2 g NaCO, WFES B , S8 J5 FH 25 mL 5
250 mL BLOAE W NIRRT h REE 05
min (4000 r/min) , B I 35 W BE— E M 5UG , &0t
0.22 pm JEMEEE I
1.3.5 Hdiaba

Pt Ze iz il MEF AL HL 100 pg/mL P 60k
MEAREVE R 0. 10 mL, FH ZIEE A % 10 mL, il &
1000 pg/L FUFRUERE AR . SR J5 100 S Fn s (i
HE TV W B B R AR T it A Y, 43 ) 1 98 Sy JoT vk
JEN 1.0 wg/L.2.0 wg/L. 5.0 wg/L . 10.0 pg/L.
20.0 pg/L.50.0 pg/L.100. 0 wg/L fY DU S kS 2 5]
Pt T ARV TORN (0 3 RV e bR o TR, SRIGTE
1. 3.3 XA SR T 30T W BE (X)) H T AR (Y)
TSRS . CNEBCR bR AE TAER R A A v il
RITFEN y=1965. 4x-242. 11 (R* =0.9993 ) ; ff1 Kt
S VC FEARE T ARV R bR E I £ 7 R v =1726. 2«
+683. 92 (R*=0.9998 ) , 3 I 7 £, i 8 £ 3 J53 145 W
DO TE 1.0 ~ 100. 0 pg/L JEE N HRA R
GFIERPE G R

YR B FORS 35 T2 - BBOUKAE (25 mL B3R K)
Ffake(1 g fa28) B2 AL, 4358 il 25 ng 250
ng DU FEUREME il 25 A B BOINARAE &, A S MK -3
W6 ANHLA SRS R ot A ) B i Ak B0 53 A 7
AT IS R A AN 1 s KRR s

JKF-2R 25 ng 250 ng B, IR 4358 101.77%
(95.70% ~ 107.80% ). 100.43% ( 95.60% ~
104. 40% ) , AHX 5 1 Al 22 53 501 Sy 4. 73% 3. 18%
BRI B F 1.0 pe/Lo FREH RN R 25
ng 250 ng B, PO SR Bk I A [l 50R 43 51 R 99. 20%
(91.60% ~ 106.50% ). 101.93% ( 98.30% ~
105. 10% ) , AHX 5 E Al 22 53 51 R 7. 19% 2. 78%
ARG A B R 0.05 me/kg, W7 5 1Y OF ) BiF
DK %5 B 4347, P A 00 5 AR RN AR R v D G ik
MR ) 5 B

R 1 KBRS R DSBS YA 0 B R AR X AR AR

T AR
kR e i [l .
B WIS HEfiE
/ng /ng /%
/% /%
26.95 24.62 26.80 107.80 98.50 107.20
101.77  4.73
Kb 23.92 25.28 25.08 95.70 101.10 100.30
ke
247.00 256.25 239.00 98.80 102.50 95.60
250 100.43  3.18
261.00 247.75 255.50 104.40 99.10 102.20
23.48 26.32 22.90 93.90 105.30 91.60
25 99.20  7.19
. 26.30 23.18 26.62 105.20 92.70 106.50
il

254.50 259.25 245.75 101.80 103.70 98.30
250 101.93  2.78
259.75 262.75 247.00 103.90 105.10 98.80

Giitor#r: LCy, 5 95% E A5 R K SPSS19.0
HEAT Probit A, &£ RE(BCF) it BCF
=C,/C, W&, X . BCF WEWEERE;C, T
fr st e A o DU G 75 (mg a. i /kg) , C, NP
Fsf 7K P SRk I v B (g a. 1. /L)

BEPE S & R FHHE ARYE (L2 E R 2 8 %
VPRI E ] ) AR DGR EFEA T HIE |

2 #ER5HMH

2.1 AMBFEMFEEERTHERL

IRIG I RA TR TS N 22,2 ~24.0 C |, IF A
5 88.9% ~102.4% ASV,pH fEN 7.57 ~7.83, 45
FIGT B2 R B B ok e AR BB T I S AT R, IR
R 2RI EOR . RIS I KRR B S e
Tt Ve 5 14 97. 52% ~ 102. 73% , 1% 36 4% o I 7K A
e P I AT 1Y 90. 41% ~98.79% ¥4 TF 80%
~120% Z [8], fe 225 S e v B 2 00 FH B8 T il ok
JE, BE 1) 2.96 mg a.i. /L 4.44 mg a. i. /L.6.67
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mg a. i. /L.10.00 mg a. i. /L F1 15. 00 mg a. i. /L Y
ROV EEAE PR v R0 f0 ke A R (B 2R i BlR 2%
PR EEREAR . AR 2 FIH, 1Ae f SE T Ol S VR
BIEMRER  MRSET- F 2 kA 0 ~48 h BB, 48
h J5 il 56 88 W7 38 N JF S R e T, &
SPSS19. 0 FK A4 Probit [51A 4347, DU J6 ik s Xof Bt = £
96 h ) LCy,=7.07 mg a. i. /L.,95% E{5FR N 6. 46 ~
7.80 mg a. i. /L,

F2 RGN D AT EEES T

X JETH/ % o N

fif ] FHIORIE LCs, 95% BIEMR
2.96mg 4.44mg 6.67 mg 10.00 mg 15.00 mg i

h /(mga.i./L) /(mga.i/L)

ai/L  ai/L ai/L  ai/L ai/L

12 0 0 0 0 20 >15 /

24 0 0 10 30 60 13.14 12.03 ~14.80
8 0 10 40 70 100 1.74 7.19~8.40
7 0 20 50 70 100 7.07 6.46 ~7.80
96 0 20 50 70 100 7.07 6.46 ~7.80

2.2 BHEELEFTHEAK

R AARTEE A 21, 8 ~24. 4 C A
}976.3% ~102.2% ASV,pH {6} 7.61 ~7.83, 1
FFE R 2ERIERIRZOR . KRR KRR By
FRISBC H W 1 97.52% ~ 102. 73% , i 5 235 o Bif
IKREHE FE TR BE 1 90. 41% ~98.79% , ¥4 F
80% ~120% ZIi), Fe A 45 R Ge it H 4200 FH R e e il
W, W PR B B EE T DU SR U
U e Tk s PR 1Y) A T BE S AR, T 1 b BPAG I
H DY B 0. 070 mg a. i. /L 5 0. 70 mg a. i. /L &b
H RN =R 0. 12 mg a.i. /kg 0.38 mg a. i. /kg,
48 h J5 AR Py Y e ks B SR AR AL R AT 10% , Fk
AR F) B A7 ,0.070 mg a. i. /L 50.70 mg a. i. /L
AbFRZE fa RN B B8 1.8 mg a. i /kg 6.9
mg a. i. /kg, HoE £ R BCF {65350 26 #1110 (&
2) o AR fls A 25 IR e A PP AN IR E D) 5 7
BBy W) B AR (GB/T 31270. 7—2014) , VU3

[ e SR A X (T
3 1tig

2 ARV R PG AR TR R SR AL 2 A IR A
T EEARYE . S 0 B B R A AR e
b X BURSE IR B0 I T A Y
PR PG 717 R A R U S

o543 %
8.
7.
6.
’;95' —=—0.070 mg/L}
% ——0.70 mg/L
£ 41
2]
étz_
l.
0.
-1

0 50 100 150 200
SRR E])/h

1 BSaMURBRRHNESRE

—=—0.070 mg/L
—— 0.70 mg/L

%)
i

)
1

THEREY (L - kg!)

Je
[
[
1

=]
1

0 50 100 150 200
I [/

B2 NAaMUERDIBEENNESRRY

XTHELL 11 96 h ) LCyy=7.07 mg a.i. /L, BA %
FREERY S REPE . 10 U A I — ol {5 1 8 FHY Ak 410
il 30, T Aok BEL RS BT 22 A S I A 2 B T S
LT I RE A TR B, TSR B AR IS RifEsh
YR, SRR TS 5 T HURRRE 5 BRI
K FL A AT B A A DU SR A e A i ]
R 2 5 {5 P 05 B AL 38 U DG AR 24 EL
T AR BRI T, ABAR 250 7K Az A= M ) 32 il AR
SEMA G WS 25 & 25 BCRE ]y A
O KT U Sk AR AR 2 I AR 4 R
FUAE , CEAH LA FH 2t | CKIORIE Bl A R sk fo X 7K
ARG A R 18 KU

AWy e A T R 2 S TS QTR AR RN Y
B AR XTI TS G WX AR W R 1 0 P s 3
SRR 2 E 2, S K AR A 2R G KUK A 17 2 22
Z%0, 1£0.070 mg a. i. /L F10.70 mg a.i. /L k¥
R T, AR T 1 AR 2R U Gk e ) I 7E 48 h
PR BP0 A0 20 b D Sk 1) 2 5%
W L6 Ay 10 A5, HF- 7 g 199 26 £ 4 1) BR 22 6 LU AY
3.8 A, IX B e A il E A Ak AR
R P IR SRR 2L, XA DG Ak 27 i i B R AT L
A —E AR RR G SO ELR, O S R
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EEHRK R

W5 B R 80 ( bioaccumulation factor, BCF) J&
15 Y UIE A R Y B2 0 R AE T =2, B R/
BT EAERE I RYBRES  EE R REGK 5 Y
AR & AR BE D s, LRl Re = AR I A B TS
YU e IRV s K20 AR AR R
0.070 mg a.i. /L F10.70 mg a. i. /L ¥JERTE T, Y
LT e X BE TS f5 8 d Y BCF 434l 26 1/kg. 10
L/kg, BA SRR EEEM., ERERITHL
G RS DAl R R, DA W) e B R L BCF >
1000 L/kg, H 14 d BUIEBRF/NT 95% (CTys>14 d)
VE R K A28 R GE XU AN T 352 AOACHE - D Sk sl ko
BEE 8 8 d 1Y BCF<1000 L/kg, 7% W I 48 Fik make feff
Ji , DA B R MR DR 114 7K A 75 2R Gt A KUK 7 7T
ezl

ST AR 10,28 Stk 35 1 RN AR ) i S B ]
FHFPEAS DY 60k e i FH 5 X6 7K AR 25 R G R i XL
W6, (L RN Al A 4 56k ¥ Gy %) 2 P S A R A
(2 B R 1B L N L2 A S £ A
VEAL BT AN ST B HESI Y K A A A A ) 4
ARIFE RGN TEEB O
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Study on biofilm formation performance of sludge/phosphogypsum ceramsites
LI Jiali', XU Naijiao’ , FENG Lijuan’* ,PENG Huai*

("School of Science ,Kaili University ,Kaili 556011 , China ;* Xifeng Water Administration Bureau , Xifeng 551100, Chi-
na;’ School of Geographic and Environmental Science , Guizhou Normal University , Guiyang 550025 , China ;* Guizhou
Corps ,China Geological Survey Center for Building Materials , Guiyang 550000 , China)

Abstract; In this study ceramsites were prepared using urban sludge and phosphogypsum as raw materials, re-
spectively. The ceramsites were employed as fillers for urban wastewater treatment, and its performance was com-
pared with commercially available ceramsites. Based on a self—designed aeration device ,the wastewater was treated
over a period of 21 days. During the operation of the system,regular monitoring of chemical oxygen demand( COD)
in the wastewater was conducted. The weight difference of the ceramsites before and after biofilm formation was
taken as the indicator for microbial growth. The results showed that the self~made sludge—based ceramsites achieved

a COD removal rate of 87.55 % and 86. 77 % at the influent and the aeration tank, respectively, with corresponding

[22] BRI, MR B LIRS e Xt 3 K A 2R Wy F vk Mook 2k 229) ; BNBFE R AR R 2T H (MR T 52(2023)23 B)

BRGMBIEAG D], F6% A4l K 2024, EEBA R W(1972-) Lo, SN B BF9E5: 20 8 BF9E 71
B AR

AEWES  BERE (1984 -) 5, St O g TR0, P52 07
[PEZSAS R SOt 3 i o
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microbial growth amount of 1. 3339 g and 0. 6124 g;the commercially available ceramsites exhibited a COD removal
rate of 86.22 % and 82.91 % ,with corresponding microbial growth amount of 0. 1539 g and 0. 0998 g, respective-
ly. This demonstrated that the self~made ceramsites outperformed their commercial counterparts in terms of COD re-
moval efficiency. Furthermore , the self-made sludge—based ceramsites exhibited rapid biofilm formation with a high
attachment rate ,making them more conducive to microbial adhesion and proliferation compared with commercial al-

ternatives. Throughout the operational period,the COD removal rate of the self~made ceramsites remained stable , in-

dicating robust resistance to shock loading conditions and superior pollutant removal efficacy.

Keywords:;
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Improved data—driven stochastic subspace method for rapid identification of mo-
dal parameters

JIN Yuwen' , WU Cai’,MA Jun', CHEN Jianyi' ,ZHU Daopei'*

(' School of Software Engineering , Jiangxi University of Science and Technology , Nanchang 330013 , China ;° School of
Civil Engineering , Hubei Engineering University , Xiaogan 432000 , China)

Abstract; The data—driven stochastic subspace method is a commonly used ambient excitation—based structural
modal parameter identification method. This method calculates the projection matrix of future output data onto past
output data through QR decomposition,and further processes the projection matrix using singular value decomposi-
tion (SVD) to obtain the state matrix containing modal parameter information. However, the computational cost of QR
and SVD decomposition is relatively high ,resulting in long computation time. To improve computational efficiency,
this paper introduces the economical QR decomposition and economical eigenvalue decomposition to replace the tra-
ditional QR and SVD decomposition. Numerical analysis is conducted using a three —degree —of —freedom mass —
spring—damper model. The results indicate that the computed results obtained using the proposed method are con-
sistent with those by the traditional method, but with significantly reduced computation time. The proposed method
helps enhance the real—time performance of the data—driven stochastic subspace method in structural modal parame-
ter identification.

Keywords: structure health monitoring, modal identification, stochastic subspace method , modal parameters, am-

bient excitations
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Study on the internal stability of reinforced soil retaining wall based on BP neu-
ral network

MAO Shuifei, MA Jun,LIU Zhongnan, WANG Shaocong, WANG Lei*

(School of Software Engineering ( Nanchang) , Jiangxi University of Science and Technology , Nanchang 330013 , Chi-

na)

Abstract; The internal stability of the reinforced retaining wall depends on the form of the potential fracture sur-
face and the maximum tensile force of each layer. Based on the comprehensive comparison of the BP neural network
prediction data with the measured data and the standard method ,the BP neural network is trained by a large number
of model data,and the BP neural network prediction model is established to predict the influence of reinforcement
stiffness on the fracture surface position , the maximum reinforcement tension and the panel lateral displacement. The
results show that the predicted value is consistent with the actual value,and the trend is consistent, indicating that
the model can meet the engineering needs. With the increase of the reinforcement stiffness, the horizontal displace-
ment of the retaining wall panel gradually decreases,the maximum tensile force of the reinforcement gradually in-
creases, and the potential failure angle of the retaining wall also increases,that is,the potential fracture surface is
closer to the wall surface.

Keywords

reinforced soil retaining wall, BP neural network ,fracture surface form, predictive model
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Optimization of permanganate index detection method based on automatic analy-
zer :a case study on water quality in Guizhou Province "

WANG Hui'?, YUE Xiaolan'? LI Jing'**

(' Guizhou General Laboratory of Geology and Mineral Resources, Guiyang 550018, China;’ Guizhou Water Quality
Inspection and Testing Center , Guiyang 550018 ,China)

Abstract: At present,the permanganate index is mostly detected by titration, which is characterized by poor re-
peatability of measurement results, complex operation, and easy introduction of human error, and cannot meet the
needs of efficient detection. This study optimized the operation conditions of an automatic permanganate index analy-
zer , systematically investigating the optimal protective agent concentration ,the selection of blank water,and the ap-
plicable range of potassium permanganate concentration. The key experimental parameters were determined. Com-
parative analysis of various water samples demonstrated that, compared with the manual titration method, the auto-
matic analyzer exhibited superior performance in detection limit,accuracy and precision, while broadening the appli-
cable range of potassium permanganate concentration and significantly improving detection efficiency. Finally, a
complete set of automatic permanganate index detection method was established in this study,which provided tech-
nical support for water quality monitoring in Guizhou Province.

Keywords: automatic permanganate index analyzer, permanganate index,manual titration method, detection effi-
ciency , method comparison
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