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Light Response Characteristics of Ash in Ardisia giantifolia and Its
Correlation with Growth Indexes

ZHOU Zejian!, FENG Jinchao*

(1. Guangxi Eco-engineering Vocational and Technical College, Liuzhou 545004, Guangxi, China; 2. College of Life and Environmental Science, Minzu

University of China, Beijing 100081, China)

Abstract: In order to understand the effect of light on ash accumulation of Ardisia giantifolia, four light
intensities (100%, 60%, 40% and 20% natural light intensity) and four light qualities (green, white, blue and red
light) were set by using sunshade net and film, the response characteristics of height, basal diameter and biomass
of A. giantifolia under different treatment conditions was analyzed, and the relationship between ash content and
growth indexes was studied. The results showed that with the weakening of light intensity, the ash content of A.
giantifolia decreased under green light with the decrease of light intensity, showing a “low-high-low-high” change
trend under white light. Moreover, there was no significant change under blue light or red light. The ash content of
A. giantifolia was the lowest under white light and 100% light intensity, showing significantly differences with
that of the rest light intensity. At 60%, 40% and 20% natural light intensity, light quality had no significant effect
on ash content of 4. giantifolia. The ash content had no significant correlation with plant height, basal diameter

and biomass of A. giantifolia. With the decrease of light intensity, the plant height, basal diameter and biomass of
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A. giantifolia increase, and reach maximum under white light. Therefore, it was suggested that light had effect on

ash accumulation and growth index of A4. giantifolia, and it was necessary to choose the forest type with proper

shade intensity or canopy density when planting.

Key words: Ardisia giantifolia; Ash; Light intensity; Light quality; Growth index
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calyx) IR K 4318, B %] HuIH ¥ (Elephantopus scaber)
MR R I3 S B A M AR /Y, 3E M 55 0 B
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KPHE 1 dJ5, 25484 M, LT3 pH 6.8, fLKE
56%-. MR 443 mg/kg. A 15 mg/kg. KAE
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K2, AR 4K HE A E B
78 %, BB 206, Bk, 896, FB(H R, CK)
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REDY 0.1 mm Jbr R RCWEER I E FeAe s R ATKS
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2.1 JEXRG B BRI

RS, &G & B A I8 B (14 5k
910 2D R, 7 L1 RIA R ORME, N 1.88%,
HL2 . BAEREESR, HE 4 FEREER
(P<0.05). fEEJEHMET, B GREBRAE 1)0kTs, K
o8 B IR = K- s PR A, 7E L2 B
BN 1.88%, 5 L4 AFHEEEZER, BHYS
L1. L3 {158 %% F(P<0.05); K4r&EAELL, L3,
L4 Z AIATFER #FZE R .. AHLmRae T, K&
RREE IR RSB NAKR, ZRRHILE

25 ELIEL20L3WL4

Aa
ABap, A2
Aa

Aa

A3k Ash content (%)

¥k Height (cm)

[t White  #5% Blue  £05% Red

J6I% Light qulity

0
235 Green

JE44% Basal diameter (cm)
(=)
o=}

K 1.

TELL N, K &8NGO >L0 > 10, &
FHIRSY S B SEE. AN AGEREESR, B
FOLIAE R 2 R (P<0.05), 4% W ZEHIKD &
BIKUCN 1.88%. 1.68%. 1.64%, Z3HIELEetshn T
20.51%- 7.69%- 5.13%. fEL2 F, AN TFHEDH
Koy e EaR(1.88%), altbsit. g0t Bz
0.2%- 0.2%- 0.28%, HIERERER. FEL3 T, K
I e B NGO LO> DG, WAEREE R
1E L4 T, XKD EREEMAKR, WHILEEZE
R, NAMSEN=E =40k, ARG EEN
1.68%, L&, WOt 206 1 0.16%.

1.6

Ayt Biomass (g)

[0t White  #5)6 Blue  £15% Red

JEI% Light qulity

235 Green

B 1R E S IE R A K RIREN . FEEAFEIR NS T REINEOR R RBREER FDGI . Bl BRI DG i 6 2 S 1 2 (P<0.05) . L1, L2,

L3. L4 35l R 100%. 60%. 40%- 20%'GHE5H T

Fig.1 Effect of light on ash content and growth of Ardisia giantifolia. Different capital and small letters indicate significant differences among different light

qualities under the same light intensities, and among different light intensities under the same light quality at 0.05 level, respectively. L1, L2, L3 and L4 were

100%, 60%, 40% and 20% nature light intensity, respectively.

2.2 EXTAEKRIR
2.2.1 XFEEARIEZ IR

6T, B R HEAT R IR 0 B D> IR
#, L1 5 L2 MAFAEREESR, HS L3, L4 47
1E R % £ F(P<0.05); L2 & /N L4 (P<0.05). [

FER T, FEAN L4>L2>L3>L1, Y6 R, L4
L2 fl L3 [HAfAEREZE R, (A5 L1 fFERE
Z5(P<0.05). % T, L4 BEKT L2 (P<0.05),
ML25 L3 AMFEREER, L3 HEAKT L (P<
0.05). 06N, BEE ISR N, FEA 2
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LRSI N 5 B R R AR E S, L2 B ECK,
N099cm, 513, L4 AIRNFAEREES, MEE
KT L1 (P<0.05) (B 1).

F—JeHERE T, FeMERRA, BRI
BT 5BENAEEREZRI, BWEZERTHRL
Ji(P<0.05). fE L1, L3 %HF, BAXREFEER
T4 W, Z6(P<0.05), Mgk, ¥, ZOGEIATE
EREES. (E1L2F, WSIMAGIEREE
Ft, R E R T 200 Z /T H6(P<0.05).
1E L4 T, BRI ae>200, rokE#E
o GEAHAAFELEEES, HERSSE
[B) A7 23 72 5(P<0.05)

2.2.2 SRk E IR

LEHETT, A BE A ' HE R I S B
P, H&RFAAAAE B % 2 7 (P<0.05). FGEE
I B R R RS, PR R o R B N (P<0.05)
PN B, SRS F R G 0 (P<0.05) (1) «“N> By AR
o AN, L4 BItkERE, 7 38.16 cm, LLLI
1 66.93%. WG, OGHRERMR SRS, N
3429 ecm, EL L1 T 56.72%. 26T, BEGIEGRE
(IR G RE e 3G N a3, LA Rk R iR (25.53 cm),
tE L1 /& T 28.94%, 18 %3 % 7(P<0.05), (H5 L2,
L3 AMAfEERREE 1),

TRAEM PR T, ESRIEALTK
B, 496 M. £ LL N, S9eK#mzE, B
F0N 13.51 cm, 5 H AR AP AR 23 22 7:(P< 0.05);
A KA RGF, PRmN 22.86 cm, SR
2253 (P<0.05), (H5 PR EE R AE L2 T,
RN > T2 >4, HAA A A fEE &
EZER(P<0.05). 7E L3 T, EMMKHARL, e
2 30.86 cm, ¥R KT H AR (P<0.05), ot
ANAFAELREER, X5 GNFELE
FEF(P<0.05); G, HWRZE/NTHALF(P<

1 DRI RR R IR S IR 37 2 53 M

0.05). 7£ L4 ~, EJ6#kmE A 38.16 cm, B KT H
RIF(P<0.05); LH6HIR, W3 /N 6(P<0.05),
AS AN RE .
2.2.3 XHAYIE RN

BrEpGah, BEOGHRGREE kss, AKAER—
JiN E G R AR ) B I N (P<0.05) . Z%0%
T, AR B G RS FE Y gk g8 - - - )
A, 18 L3 FIKAEL, £WEHN 1492 g,
BERTL2(P<0.05); L2 54 fFEREESR, H
PIRFERT L1 (P<0.05). F). W6, 408 F, ¥
L4 [AEYIEROR, 7038 33.83. 32.32 f1 1549 g, 4>
AL 0T 131.71%-. 303.50%41 100.91% (K 1)

EfTERRREE R, ESIBNAEKY AR TR
KAGLr, AR K. B L4 T s e A 71
BEERI, BAIGHEERT ARG (P<0.05).
TELL R, AR EZE KT, B Metk(P<0.05),
B0t #h. SOBRINFEREZER. fEL2 T,
AR NETEDEOE-L0E, B Sl 4. 4
FAFAE B35 22 5 (P<0.05); W56 54k E%E
W, BSEE R 2 7(P<0.05). /£ L3 T,
F6EE KT EP<0.05), HGEERKTELM
ZI96(P<0.05), {HEE. RN GFIEREER. 1
L4 T, AVEANE>E-L0>500, Bt E R
HEAGFEEREER, HSOMFEREEREP<
0.05). M4, LG5 SGOGIAIAELE 3 7 7(P<0.05).
2.3 WHEARFTE5H

M 1AL, FEREBREE . S M AT BAR Y
XA G K 53 B W S, TN MR AR
A B L3 R (P<0.01)
2.4 FHRMESHT

ELEKS GRSKE. BE. EMENGFER
FHRMEER 2). AWESHE . BN
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Table 1 Two-ANOVA variance analysis of growth indexes and ash content of Ardisia giantifolia

F
g .
A AR Growth index JEMGREE Light intensity (A) JER Light quality (B) AxB
%1% Basal diameter 55.95" 34.31 3.30™
¥k Height 218.48™ 314.00™ 13.42"*
£ & Biomass 525.22™ 556.01" 70.21"
K4y Ash 0.53 1.94 1.31
**: P<0.01, R[H

*%: P<0.01. The same below
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Table 2 Correlation analysis between the ash content and growth index of

Ardisia giantifolia
KSR ix 73 iz
Growth index Ash Height Basal diameter
¥k Height -0.073
$£4% Basal diameter 0.006 0.896™
EYiEE Biomass -0.079 0.861" 0.864™

3 et

KA B R T MR = WS R R
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RARRBUNY; TRE D IRE —ERilaE ), EF)
W, JE A BT R SR B S,
SEHEHK Y KAERENZA; =2 S EYIEY
A BUCR SRR Kot MESE TR
LA IR B 2 S TR 5IRY & . U
RLFHRAS SR, &SR ReiE
1 $% 1 RuBP FR AL Mg 1 R 2 15 e & R T
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JamR W e AR AR, AT S EUE S I6H Rt
RO ERA BENRN. AR, JeRE DG
KA I RE M AN R, X 5 5 2 0 A5 123050 ) () -
(Pleurotus eryngii) ~ [ & 25 P4 %t 8 B (Tremella
Suciformis) I AR —E, ESIGENTHEY, 1E
60%~20%J6 I M REIEH A, SZOUMMAREEEU).
I, e R SCEA R I E DG R ITE
HEeRIRIE, WTFEGE SR TREE.

TR A Kb 77 AESE T, XEYOGE
TER A A& o e B B & s 22 ik
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carya paliurus) PR FLE5 R —3, AT RERANF R ALK
2 ARV R A E], BN, Byt E 60, A
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AP IR R 22, Jhah, W TR B e 5
AR S 2 AR AR K R EBY, X5 AT
FAER . FEICIRREZR ST, &S
AR AR E R R, 58 =M (Trri-
Solium repens){1AY)E R/ IEHEE, =t(Panax
notoginseng) = e G N 5 /DA 5, IX AT RESR
LG8 THRm By, Ea90 NAEK, $9ohiedt
HiotaEE B, RG22, SEEY
AR RGN,

gr b, SEXES KGR, M R
PR PG HERA R, DL 20%~40% 6 RN E . XS
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HAEEKM FIABI R E. Kk, BRZME R
TEE SR, USRI P FE R AR AT AR R
FtE, DAAKTR 20%6 N H .

S 3R

[1] ZHOU Z J. Growth and ecophysiological characteristics of Ardisia
gigantifolia under the compound planting of forest and medicine [D].
Beijing: Minzu University of China, 2020. [J& 8. W E &M E
s A K S AR D] dbat drR R, 2020.]

[2] WEI R. The influence of environmental factors on contents of biomass



116 TS 7T R A AR

¥32%E

and saponins of Ardisia gigantifolia [D]. Guangzhou: Zhongkai
University of Agriculture and Engineering, 2017. [ZE%. FESEF547E
LR e X BT SR [D]. N el TA22ARE, 2017

[3] LIK, MIAO C, LIU J, et al. Effects of LED light quality on growth,
physiology and active component contents of Ardisia gigantifolia [J].
Acta Bot Boreali-Occid Sin, 2022, 42(5): 819-828. [Z=H, £4l, X%,
2. LED SN E SIGAEKAE B RE v A S R Kse e (0], vadb
TR, 2022, 42(5): 819-828. doi: 10.7606/j.issn.1000-4025.2022.
05.0819.]

[4] LIZ, XIE S Q, XU W G, et al. Steady-state and dynamic photosynthetic
performance in the shade-demanding plant Amorphophallus xiei under
different levels of growth irradiance [J]. Guihaia, 2016, 36(5): 529-538.
[, Y, RCR, 5. NEDCHSA T S5 BIRYSE BE0
RS MBHZCIRIG W S RAE (7). T VU, 2016, 36(5): 529-538.
doi: 10.11931/guihaia.gxzw201412012.]

[5] ZHAO B, FU N F, XIANG Y C, et al. Effects of light intensity and
planting substrates on the growth of Begonia ningmingensis ‘Ningming
Silver’, a new begonia cultivar [J]. Guihaia, 2017, 37(9): 1153-1160.
DR, 750, P, 5. O N e Rk B Ak O BRI ST
ST AR IR [J]. PR, 2017, 37(9): 1153-1160. doi: 10.
1193 1/guihaia.gxzw201610033.]

[6] State Pharmacopoeia Committee of China. Pharmacopoeia of the
People’s Republic of China, Volume II [M]. Beijing: Chinese Medicine
Publishing House, 2015: 200-300. [[E X Zj i Z: 2. i NRILH
EZd, =& M]. dbat: PEEZR AR, 2015: 200-300.]

[7] LI'Y. The quality performance of Gentiana crassicaulis Duthie ex Burk.
in Lijiang City and the correlation with rhizosphere soil research [D].
Chengdu: Sichuan Agricultural University, 2015. [Z=FE. WIVLZRILE
BRI AR K SRR SRR R SCET 5T (D). AR
NI K2, 2015.]

[8] LIU X X. Research on the effects of different light quality supple-
mental light on the growth, quality and volatile components of pepper-
mint based on the fish-flower closed-loop symbiosis system [D].
Yinchuan: Ningxia University, 2021. [WiI3jelie. & T-ia-16 IR ILAE R
e AN TG AN AT AR | TR B R PR A IO RE R 9L (D).
BRI T ER%E, 2021

[91 ZHENG D H, YUAN S N, CHEN J M, et al. Effects of different
shading treatments on the extractives, total flavonoids and ashes of root
in Elephantopus scaber Linn. [J]. Chin J Trop Crops, 2016, 37(1): 15—
19. [, FLBUE, BRRWI, 4. BOLX HiH B R A 1 3
WATAC Ty 2 BRSBTS (7] Pl RN, 2016, 37(1): 15-19.
doi: 10.3969/j.issn.1000-2561.2016.01.003.]

[10] HOU J L. Study on the effect of weak light stress on the quality of

Glycyrrhiza uralensis [D]. Beijing: Beijing University of Chinese
Medicine, 2010. [f£R ¥, FDEMHAXHHFTEEMEHTIT D] 1k
H B EE 2GR, 2010,

[11] MAO F F. Forest Environment [M]. Beijing: China Forestry Publishing
House, 2006: 24-39. [E7575. MRS [M]. dbnt: s EMLH R
k£, 2006: 24-39.]

[12] ZHU Y L, ZHOU G, ZHANG H F, et al. Study on calorific value and
ash content of Populus tremula [J]. For Environ Sci, 2022, 38(2): 79—
87. [ARHENE, AN, skexdy, & BRI LB LR o S R gE ().
Mol SRR, 2022, 38(2): 79-87. doi: 10.3969/j.issn.1006-4427.

2022.02.010.]
[13] HAO C Y, LIU P. The caloric value of the dominant plant species of a

Heptacodium miconioides forest at Bei Mountain, Zhejiang Province,
China [J]. Acta Ecol Sin, 2006, 26(6): 1709-1717. [#F#1iz, XIME. #i
AL - e A I AVE (], &R, 2006, 26(6):
1709-1717. doi: 10.3321/1.issn:1000-0933.2006.06.010.]

[14] WANG G, LUO J X, PU S R, et al. Effects of shading on the active
component 10-DAB and mineral nutrient accumulation of Taxus
madiaxT. Yunnanensis Yunman [J]. Biotechnol Bull, 2022, 38(11):
175-184. [ERI, B, Wrbe, & EHN S 24 GRE R
10-DAB 5" FUE 38 AR (1] EWBAEIR, 2022, 38(11):
175-184. doi: 10.13560/j.cnki.biotech.bull.1985.2022-0353.]

[15] FANG X K, CHEN Z W, CHENG Z K, et al. Effects of reduced solar
radiation on photosynthetic physiological characteristics and accumula-
tion of secondary and micro elements in paddy rice [J]. Chin J Appl Ecol,
2021, 32(4): 1345-1351. 758, Wb, FEIRRR, 45 RPRARMATIRES
X KA A A B PEAN T Bl e R AR R [J]. BRSNS 2AA,
2021, 32(4): 1345-1351. doi: 10.13287/j.1001-9332.202104.030.]

[16] ZHANG J L, LI H R, GUO S Y, et al. Research advances in higher
plant adaptation to salt stress [J]. Acta Pratacult Sin, 2015, 24(12): 220—
236. [Gkatk, ZEMan, FOMkIR, &5 ARG N S AT Tt
[3]. k4K, 2015, 24(12): 220-236. doi: 10.11686/cyxb2015233.]

[17] ZHU J, FAN Y, OUYANG Y'Y, et al. Effects of aluminum stress on the
absorption and transportation of microelement in the roots and leaves
of Aleurites montana [J]. J For Environ, 2021, 41(3): 234-241. [k,
BEH, BN, S5, ARl T4 A R SO 2 e B T SR R il
[J]. FRMEEREESAIR, 2021, 41(3): 234-241. doi: 10.13324/j.cnki jfcf.
2021.03.002.]

[18] HUI C Y, SHI S, FENG J C, et al. Analysis on the content and
stoichiometry of 15 nutrient elements of zonal Stipa plants in Inner
Mongolia [J]. J Yunnan Univ (Nat Sci), 2019, 41(2): 380-389. [ 4%,
b, HEw, & NSNS A EY) 15 Mg R R SR AL

EIFRAFEAT (] oM KRB R FHERR), 2019, 41(2): 380~



14 JAlR A B SRR 23 X6 G A JSEARFAE B He 5 A AR AR AR S 1 117

389. doi: 10.7540/j.ynu.20180077.]
[19] WANG M, JIANG W J, YU H J. Effect of low light stress on plant
physiology and its control measures [J]. J Inner Mongolia Agric Univ,

2007, 28(3): 198-203. [EMH, ¥ BA, /REF. FLU B EkAE

FRRFPE I s B R i [J]. NS R 2E2E3R, 2007, 28(3):

198-203. doi: 10.3969/j.issn.1009-3575.2007.03.046.]

[20] LIN J, LIANG Z Y, ZHAO Z, et al. Effects of different light trans-
mittance and growth regulator concentrations on Panax notoginseng [J]. J
Henan Agric Sci, 2021, 50(1): 60-67. [#i, i, W, 2. AR
% 6 AR R B =B (1], WAL RS, 2021,
50(1): 60—67. doi: 10.15933/j.cnki.1004-3268.2021.01.008.]

[21] ZHU Z X, BAO W Y, JIANG L B, et al. Effects of Pinellia ternate-
corn intercropping on growth and medicinal quality of Pinellia ternata
[J]. J Huazhong Agric Univ, 2020, 39(5): 85-92. [4&3%, Ml E, LAk
W, S CREME RO LB A K AR S [J]. Herbefll
KEEEAR, 2020, 39(5): 85-92. doi: 10.13300/j.cnki.hnlkxb.2020.05.012.]

[22] ZHOU C B, LIU W K, SHAO M J, et al. Effects of white vs. red/blue
LED light of different intensity on the growth and nutrient element
content of Hydroponic Lettuce [J]. J Agric Sci Technol, 2021, 23(12):
76-83. [, XISCRL, ARWIAS, 5. ANEDEsRAT LED FDG S0
e AEEA K KEFR LR BTN [J]. P ERR SR,
2021, 23(12): 76-83. doi: 10.13304/j.nykjdb.2020.0842.]

[23] ZHANG HY, HU Q X, ZOU Y J, et al. Effects of light on growth and
nutritional quality of Pleurotus eryngii fruit body [J]. Acta Edulis Fungi,
2019, 26(3): 65-72. [FKHH, WIEF, A, & eSO Rl E
TIREAERKKE TCEFR MBI (1) &R, 2019, 26(3):
65-72. doi: 10.16488/j.cnki.1005-9873.2019.03.008.]

[24] CHEN G, ZHAN Y, LUO Y, et al. Effect of different LED light
qualities on growth and development of Tremella fuciformis [J]. Sci
Technol Food Ind, 2016, 37(23): 156-160. [Fii, &K, 28, & R
A LED SUBHREAEK R B s [J]. &5 TR, 2016, 37
(23): 156-160. doi: 10.13386/j.issn1002-0306.2016.23.021.]

[25] HUA J S, DAI H Y, XIA M Z. Effects of different light intensity on
photosynthetic characteristic and yield characters of kidney bean [J].
Acta Agric Boreali-occid Sin, 2009, 18(2): 136-140. [*EZh#A, #R4rite,
EWE. AFDCIR R 2 ZO SR R B R (7], 74
ek 24, 2009, 18(2): 136-140. doi: 10.3969/j.issn.1004-1389.
2009.02.030.]

[26] XUE Q, CHEN B, YANG X M, et al. Biomass allocation, water use
characteristics, and photosynthetic light response of four Commeli-

naceae plants under different light intensities [J]. Acta Pratacul Sin,

2022, 31(1): 69-80. [F#MG, BRow, B/, &5 TREDEHET 4 FHHSE
TRME YRR I KOS AR B R G RRFAE [7]. Rk 2R,
2022, 31(1): 69-80. doi: 10.11686/cyxb2021250.]

[27] LIU Y, CHEN P, ZHOU M M, et al. Effects of light quality on biomass
and triterpenoid accumulation in leaves of Cyclocarya paliurus from
different families [J]. J Zhejiang A & F Univ, 2020, 37(6): 1097-1104.
DRIV, BREE, JBIEA, &5, JOHUN AR X R T B AL Yy e A =ik
KGR AR [7]. BHLRMKZ2A4], 2020, 37(6): 1097-
1104. doi: 10.11833/1.issn.2095-0756.20200117.]

[28] WANG T T, ZHAN Z, MA J, et al. Effects of different light qualities on
growth and photosynthetic characteristics of Bletilla striata seedlings
in vitro [J]. Guihaia, 2021, 41(4): 584-590. [ 4545, (i, g, &
DG B A R L A K RO SRR R (0], T A,
2021, 41(4): 584-590. doi: 10.11931/guihaia.gxzw201906031.]

[29] SHIJ, YANG H'Y, WU W L, et al. Effects of different light quality on
the growth and physiological characteristics of blueberry [J]. N Hort,
2022(6): 15-23. [MiAs, Mg, R0, 5. ARG R K
KE RAEFFER R 0] 65, 2022(6): 15-23. doi: 10.
11937/bfyy.20213160.]

[30] CHENG X Y, YANG Z L, YANG X, et al. Effects of light quality on
the growth and content of active ingredients of Tetrastigma hemsleyanum
[J]. For Res, 2018, 31(5): 98-103. [f&/Miie, HER, B, 5. AFH
DR = B A K J A RO B[], ARAL R AR,
2018, 31(5): 98-103. doi: 10.13275/j.cnki.lykxyj.2018.05.013.]

[31] XIONG J, WANG C, XING W L, et al. Morphological and physiological
responses of Ardisia crenata seedlings under different light intensities
[J]. Plant Sci J, 2018, 36(5): 736-744. [feif, F R, MR, & 2k
ARG BT AEA R G ISR R RS AL B R (7], HIREE AR,
2018, 36(5): 736-744. doi: 10.11913/PSJ.2095-0837.2018.50736.]

[32] WANG G F, ZHANG W P, ZHANG Q, et al. Comparison of growth
characteristics of two varieties of white clover under different light and
water conditions [J]. Acta Agric Sin, 2020, 28(5): 1301-1310. [F [ 75,
KRR, Gk, SE ARG S KGR 2 Bl A = A KRR
BO[7]. HEHbEAR, 2020, 28(5): 1301-1310. doi: 10.11733/j.issn.1007-
0435.2020.05.015.]

[33] SHUANG S P, ZHANG J Y, CUN Z, et al. Ecophysiological charac-
teristics of a typically shade-tolerant species Panax notoginseng in
response to different light intensities [J]. Acta Ecol Sin, 2022, 42(9):
3596-3612. [XUFF, Tk4ae, ~IAT, . SRR IS AR AR A
Y=L A A S NARE (7). AR, 2022, 42(9): 3596-3612.

doi: 10.5846/stxb202104090918



