5\ E MO AR K 2 SI5 M 2

BHEAAXNEAREIEFRENE. ESHERE

/—'/\E =2/
"_h:l EE’J}?}”F’]
?**%1,2’ #%—jl‘%_ s %)31%12’ :’fa }]%] 1,2’ ?ﬂ 1,2, _%#%}-j‘:\hz’ %HH%—ES,Z*

CLARREARM AR A MEEGEARE AR 350002; 2. F ZXML E R B2 AR TAEHORBE T H O AR #RM 350002)

W OE: LAMY TR ARG IR R A F 7 G 8 i SR KRS, AR TS A R B0 7 5CRE w4 4>
IR R IR G KRS I Z . [RE] DAk LSRR S 58 1 AR L AR 5T
R, WEWBEARARRFREYE. SRS ALRE S BZES, I RR Y EA R PRI SR bR [0 A
FERFR, WAL H R AR R PRI Z . (8521 (D AREHE R & ARG ER L 2
FIEREKFE (P<0.05) , RIGFFHET > B >EEN . WNA—FRIRREBESEENRE, 6 1 ZaiEy=
(0.680.13g) 73 Al J& S A T ANAL B 1T 1K) 4.31 1% 1.09 1 5 25518 2-4 PR B 2 KT S0 5@, 2008 1.19£0.21g.
1.63+0.19g. 1.82+0.27g, AR SHHE TR RAARTF R AEMERZUERFER. (2 FERPEINNIEM, ZARSEAEN. A
B SR P B HAEE . CREL ONIZHHER, R, IWRKE N SBRE52MKk. (3) A%
APl 4 GURAKRSAC 1-2 FARAE, 4 AR R, 1-2 ZUR R RS KT8 ST AR S
FRAE AR RA A5 R DR K P 2 Tac Ak, FEh@Eddem 1 SO BRI St BRI IR, 1 SR LUAR K R KT
FEW. (4 AW SIEY 12 2R N SRR E& TSEAN, H3-4 Z0R N SR EECTIAw: H 14908 C
BT I ST A5 ST 1 JOR ON BT SR, (5 SAEmRARAEYEE 1| AR ESAL C
N, 2-3 ZuiR EEREMR, 4 20 FSPEHAGREELR, AR, FHETIRAEMRE 12 SUR E5EEMIR, 344
W EAMERAMER, A C. N AFREXR. [FiR] AREHETRE G WP R R R R EKPAAEES, 54
HIR R EARER T I MR IR AR g s AL0E B S5 4T SRR R DD AR FARALL, R e © o488 2 1] B VR WSO
RERRER RS . T35 BRI R BACER R AR KRR, DLisReid i SO 7 U B M it TiEak, e irimis
LN

REEE: A BRI AT MRS HAMERME: A KR

Effects of propagation methods on biomass, morphological traits and carbon and nitrogen
contents of different orders of Chinese fir roots
LI Linxin'2, YANG Guiyun!2, DONG Qiang'-2, GUO Haolan!2, LI Ming!-2, MA Xiangqing'-2, WU Pengfei'-?
(1. College of Forestry, Fujian Agriculture and Forestry University, Fuzhou, Fujian 350002, China; 2. Chinese Fir Engineering
Technology Research Center of State Forestry Administration, Fuzhou, Fujian 350002, China)

Abstract: [Objective] Understanding the effects of propagation methods on the biomass allocation and growth of different order roots
of Chinese fir saplings is helpful to understand the differences in the early development level and growth strategies of individual roots
of Chinese fir saplings due to propagation methods. [ Method] Chinese fir saplings cultivated for 1 year by seed germination, tissue

culture and rooted cutting were used as the research objects to determine and compare the differences in biomass, morphological traits
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and tissue carbon and nitrogen content of Chinese fir roots at different order levels, and analyze the internal relationships among the
measurement indexes of root biomass at different order levels, so as to explore the differences in the influence of propagation methods
on early root growth strategies of Chinese fir saplings. [Result] (1)The root shoot ratio of Chinese fir saplings cultured by different
propagation methods had a significant difference (£<0.05), and the results showed that rooted cutting> seed germination>tissue culture
seedlings. According to the distribution of root biomass in the same sequence, the root biomass (0.68+0.13g) of the first grade of rooted
cuttings was 4.31 times and 1.09 times that of the seed germination and tissue culture, respectively. The root biomass of tissue culture
at grades 2-4 was significantly higher than that of seed germination and rooted cuttings, 1.19+0.21g, 1.63+0.19g and 1.82+0.27g,
respectively. The biomass accumulation rate of tissue culture and rooted cuttings was faster. (2) With the increase of root order level,
the average diameter, tissue density, C content and C/N of the roots of Chinese fir seed germination, tissue culture and rooted cuttings
gradually increased, while the changes of specific surface area, specific root length and N content were opposite. (3)Chinese fir seed
germination dominated 1-2 root extensions through 4-grade root growth, and their 4-grade root biomass and 1-2 grade root specific
surface area were significantly larger than those of tissue culture and rooted cuttings. However, the functional level of different order
roots of tissue culture and rooted cuttings was higher than that of seed germination, and the absorption and utilization of resources were
enhanced mainly by increasing the root length of grade 1, and the root length of grade 1 was significantly greater than that of seed
germination. (4) The N content of 1-2 roots of tissue culture and rooted cuttings was significantly higher than that of seed germination,
but the N content of 3-4 roots was significantly lower than that of seed germination. The C content of 1-4 roots of tissue culture was
significantly lower than that of seed germination and rooted cuttings. The C/N of grade 1 order roots of tissue culture and rooted
cuttings was significantly lower than that of seed germination. (5)The root biomass of seed germination was related to grade 1 order
roots tissue C, N, 2-3 roots of the morphological traits, 4 roots has significant relationship with both of them. The root biomass of tissue
culture and rooted cuttings had significant relationship with morphological traits at 1-2 roots, and with morphological traits, tissue C
and N at 3-4 roots, respectively. [ Conclusion] There are differences in the early development level of Chinese fir saplings cultivated
by different propagation methods, and the roots of seed germination have the growth strategy of exploring soil space resources. The
root function of tissue culture is similar to that of rooted cuttings, showing a growth strategy to enhance the absorption and utilization
efficiency of occupied space resources. Fully considering the influence of the root development level of Chinese fir on the growth of
the whole plant, the quality of afforestation can be better improved by selecting saplings cultivated in suitable propagation methods for
afforestation.

Key words: Cunninghamia lanceolata; propagation methods; root orders; biomass allocation; morphological structure characteristics;

growth strategy

IR FEA A ARG IR R4 S5 0 U7 AT SEOLIE Sev i H 1, AR [RS8 U7 X8 B I 5 AR
EANITERS « BEUR IR BN 53088 38 I fg 11 7746 2 7 (Pokhrel etal ., 2021) . SHEYH Al S 728 B AHLEL, R REN
WSS R AT St BB RBEE, S LIBAREERZN, RRAKREEZAEME, HREAFR
KIEAS T 91 (Greinwald et al., 2021; Wen et al., 2022). #:5lJe, W R HEZ M X%% P9 AR,
TEMALY T BRI E LR, WARRFEF R AEYERART G THALE 5 IR ORI 2% 55 77 T
HA R KZ H(Chen et al., 2013; Addo-Danso et al., 2020). R ZRAN[F] P 2 A 1 ks n) 25 R T W o % 135
PR R A SR I AR (J K e, 2020)0 BT IR RAN AP R S 2R @ b (C) A EZE R, RARE
VIRAEATR] 43 35 2% 2 (A1 R I AN 6) 73 FL 5 0 (Asaah et al., 2012; Ma et al., 2021). Ak, MZ5E J5 A
FE R 7R AR R AE W) R AE AN R 7 G () 40 T A & B T A5 PR 22 S o 4 THT VTR AR 2R K 3 7 A 5 0o e o 1) A A7
et A R .
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AR (Cunninghamia lanceolata) #4: . #ex, BA/ & E. MR SR AL 23R E A TGk
R PRI 8 o (] MR AN B LR, 2019) o 7E K EAL 508 RIS AR A # vy, AR W] aE I TR 4 AR R I K FE
WRRREETAS Gk S L A0t 73 A% JR R 4R vaon 384T PR IR 23 BRI IA) vy B0 WA 5 0 FH (48 2. 4855, 2016) . HE 7T
R, ANFEHETT 5B ARG ER R A R IR 22 5, SEAR B Il A e BT 1) b ) E AR AR
REMBEIL Ak, HEH ST AR AR AR & 5 3CIR7r SC &5 Ky (Lietal., 2022) . 15 544
MR B AR R E kAKE 5B IT NEVIFC . Albrecht 45(2017) A vl i I M S5 1K %)) 1 ol 5
ZHEMERE AT MBS, 5kEBREFQ2DFF R, ANFRZEHE T 5 E A2 ARG HR RN IE
BERAKPAAAEZE R, MR R AERKE, AR R E A E KRS RHIE(Weietal., 2016). 7] W,
ANFEEH T G E IR ER IR . A B R SO0 IR R I VB (R I N R /155 T R AR %2 57,
Xof AT IR B IEIRSCR AR AR . B4, AR T U8 B AR ER RAR 73 35 R% (FFP90 1)
AP E SRR R 5 R AZE R BB D WAKRIR RAF 7 98 4 n] BV S A1) & 53 oAk =)
AL A R, R A RIS T SRR R RN E KK E 5SS ERIERNERR, —&
FEJE BRI T AT AZ AR S AR R AR K SRIE AR

BT, AP ARSAEN . A SHFHEE RN R, RA = Wb B st 50t 7t 856705 X
MR IR AN F DRI R TSR AH C0 A (ND SRR, RAAFEETT N
BB ARG A [FAE KRIR B P AR R AR NS, DU A2 ARG MAR R P A KR BT S5 18 AR
T BT kR LR K

1 MBS T
1.1 RGEAY

2021 4 5 A, EBA R LI 7 8 G KA — R R 58 HIOW B E AR Y s %, K,
AT 25.9242.48cm . T4 0.40+£0.05cm, B P R 29.2043.73cm . T4
0.49+0.08cm, FF4 1 T3 23.10+2.66cm. “F¥JHE 0.38 +£0.06cm. ZHRK) 1 1 AR A E; G0 Li
£(2022) IR, ¥ 2R ERRFU F AR E RO MR e R IR g2 1 AN H, AR RS
LR BEK
1.2 {36t

R T 2021 4 6 H AEAR AR PR R 2 R B M A 2R A7 V0 8 AL, SR 32cm> 18cmx21em (|
Ex R e ED ROIRACE NG 248, IRV AR AR, B350 20kg, £ pH 8.2, A
& 0.06gkg! (HABERE) , &8&E 3.23gkg!, %S ®E 0.28gkg!. FNEISFM 1| BRI,
T NESE 9 Mo AR AL EAE KIS — 8O 2 B W AK TR TR, RIEE R 1/3Hoagland & 77
WREC 7 (Wu et al., 2010) 4T & & T8, pH N 5.8, £ 7d 38 1 IR EIR 4 E T8, SR 100mL,
R 18:00 He4lizK 200ml. G F AW = IR 18-28°C, Julf 14 h-d!, FXHEEE>80%. Ak 90d T 2021 42 9
4y A K RS A AE R 5 ) AT SR AL 3
1. 3 IBFRME /&

WG4 INES B s B, F4iK PP R R )5, KA Pregitzer %5(2002)2 H R 43 Sk SHR R 924,
BT B RASHIIR B SN 1 AR, 1 ZARRR N 2 2R, 2 FUREHR N 3 ZUR, RSk, &allE, 3
REARGE R AL 0% 4 9. FIAB LRI (STD 1600 Epson, USA) X4 2 JEHR R AN 4% (1
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BT, WEDITRGHS WinRHIZO (version4.0B, Rengent Instruments Inc, Canada) #H{7-F1H
By KR, RINRAMRER SRR E 8N E . WESKE, KAy 5 Eiam 8T 105 CH4E
WA 30min, J57E 80°C P RIEHE, #HATAEMENE, FEHHE BRI, DR RAR TR HLA %
JE. PERIAA K UK S F R bR (3 A — T4, 2022).

AEINE R, FRARANFEF A SR, 1 0.15mm 7, fH Vario Max TRZE G R /M (4
Elementar) ME4HZ C. N &&, 1H CON.
1.4 BERGIHS 5

K SPSS 26.0 BAFHEAT B &K 7 20 BT (One-way ANOVA) , [R]iFI FH #5722 1 3 2546596 (LSD)
BEAT RZEVEARRT (P=0.05) , Hds T ATEAT IESIE 577 25 RS (P>0.05) o FIRMEHT A R4.2.1
BHFHE “Hmisc” A1 “Corrplot” iz 7 5a[ A4k, H 4 K# A Origin 2018 B2, 45 R PP E+
PR ZE R o

2 SR 555
2.1 BHEAXMEZAGEIRZTEFREDE SRS/

ARG AR e b 2 ik B EKF (P<0.05) , RIUCHFFETE > S w > 485w (H 1D o MERTHR
SRR, AR R TR A & EE G R (P<0.05) (K 2) o F—FHl L, A
FHEME | ZAREYEEZE KT (P<0.05) , 4150 2-4 FMEMEBZE KT ET S5TEE (P<
0.05) , FFfiE 2 MY 4 AW EEFE R TSR (P<0.05) .
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Fig.1 Comparison of root shoot ratio of Chinese fir saplings with different propagation methods

Note: The same lowercase letters indicated that there was no significant differences in root/shoot ratio of Chinese fir saplings in different propagation

methods (P>>0.05).
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Fig.2 Comparison of root biomass in different order of Chinese fir saplings with different propagation methods
Note: The same capital letter indicated that the biomass of the roots of Chinese fir saplings in the same order was not significantly different in different
propagation methods (P>>0.05). The same lowercase letter indicated that the biomass of the roots of Chinese fir saplings with the same propagation methods

was not significantly different in different order levels (P>0.05).

2.2 BHEH AN KGR IREAETEFRASHEROF 0

M3 HRTDUE H, BEERT SO, 2ARSAE . A SR AN E R EA S H
SR RO A, R K S LR T AR AR 5 2 A

[F—H g b, HERE . 76 1 RS 3 SR P E AR E K T34 (P<0.05) , {H 4 HIRF
BEAEE /DTSR (P<0.05), M E S 1-4 BT3B ZE R HARL & KF (P>0.05)
FiAh, AR E SR 1-4 FARALEE BERT AN (P<0.05) , BN 3-4 AL FKEREZERKTH
Y (P<0.05) .

HEE SHET 12 ZURCRTHA R /NF S4B (P<0.05) , {HARET 3 J0iR bR AR 535 KT 5K
A 5 (P<0.05) , 4 ZR RN &N T SAEE 514 E (P<0.05) ; AR S5 1 4
MR AR 2 35 K TSR (P<<0.05) 5 2 BAR IUARK B /N T4 1 (P<0.05) , SEAET SAIET 3 R
FEAR K 22 K446 1 (P<<0.05) , HSEAR . ARG 551 4 ZAR AR KA B2 A 22 BRI K
P (P>0.05) .
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Fig. 3 Comparison of morphological traits of different order roots of Chinese fir saplings with different propagation methods
Note: The same capital letter indicated that the root morphological traits of Chinese fir saplings in the same order were not significantly different in different
propagation methods (P>0.05). The same lowercase letter indicated that the difference of root morphological traits in different order of Chinese fir saplings with

the same propagation methods was not significant (P>0.05).
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T MRS T BER R A R BT LAY EAR R IF) — Fr i R & i S R L2 7 RIE R K (P>0.05) 5 MIRVING FRERORIF — %587 U2
RYTEMR R FRRE S 2 LA L ER RILRZE KT (P>0.05) .
Fig.4 Comparison of C and N contents and C/N in roots of Chinese fir saplings with different propagation methods

Note: The same capital letters indicated that the arbon and nitrogen content and carbon nitrogen ratio of the same root order of Chinese fir saplings with
different propagation methods was no significantly different (P>>0.05); The same lowercase letters indicated that the carbon and nitrogen content and carbon

nitrogen ratio of different root orders of Chinese fir saplings in the same propagation methods was no significantly different (P>>0.05).
2LAMKGERREVMESARIFEAESEREKRASENHNEXR

EARGER ZEYE SAFEFHAEKMER. C. N S8 L CON ZEAFEHEMHRER (B 5 . 1 HR
b, SHAETHRAEYMES N 8. AR AEYE SHLEE R EE fUHX (P<0.05) , FFEER R4
YESRKEEE EMHAKX (P<0.05) 5 2B, StAEWRRKEYES FHERE. LRI 3 EM
x, AT AREYESHRNFE L Z MG, FFHEERREVES FHEAERZEMK, SHA%
JE R E AL,

3R L, SAEMRAEYE SHSEE ., WRMMAE L ZHIEML, AN RAEYES FHERZ.
CERERZFEMX, HiRHRAEVMESHLZE ., ON BEEIEMK; 4 R L, SLAEHRKREYE
5V EHZ. WRK. C &&E. ONWEEZFIEMHKX, AHHRAEYEEHNAEE, WRK. CHERE
BEIEMX, 5 CONEEZAMER, FTHEHRAEYESEFYEHR. CEEEDEIEMX, SHERmMRE
EAMAEK
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3| @e oo o0 ®
i @ ®  *» @ e 00 > ©

*RR P/NT 0.05; *+FoR P<0.01
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I SEm: I 4L I FF4Em
7E: RAD: ~FIJEAE; RTD: HLEE; SAR: HRIFL SRL: LRI N: &&k: C: BEh; ON: &L
Fig.5 Correlation analysis of root biomass and morphological traits of different order and carbon and nitrogen contents of Chinese fir
saplings with different propagation methods

I: Seed germination; II: Tissue culture; III: Rooted cutting
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Note: RAD:Root average diameter; RTD:Root tissue density; SAR :Specific root surface area; SRL:Specific root length; N:Nitrogen; C:Carbon; C/N:carbon

nitrogen ratio
3 e
3.1 AR AMERAEMERRRAETEFE L HEAMAE

RS IEAG J SE T RS C 3 BORE B FR B2 TGRS . AHT Ao, AT B S SR WRE L
HRTARG . Portsmuth Z5(2007) R, 43370 RHEFEARIT, Y S8R R 10 C #EPOR M
BRI PE 7R 4 AR, AR LR . {EURE 35 AR 25 (2023) B 50 R, N VRINACBRAE M (Populus spp.) HRELL
BEA, T LL T AR R 2B B 3, SRR T R B AR . 1 ARG AR R TG JR
WSO A KB, HAES KA C AREAGER N H I, 1 N IRINBEEN0 5 5 SR A et TR ot
SEd FEREIER, TR TR AR A E R (EGFS, 2021). B, BT 480, NS94
i C AT T EAR B4 O SRS BB SOK A B3R 20, A de R K R ) SR S, T A T 1 v b
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B 2 C AR (Liet al., 2020).

RARAEAEA R P % LR Boks RAR L 7 AR i e b C AT FEI) 2 5%« ASCHEFU RN, BEAE
R E I, FZARELA . ARG ST E R RA R PR AN & 2B R, X558
(Picea asperat) (JF5, 2022). HI# (Robinia pseudoacacia) (FKWKZE, 2019)55 K 2 HM AN R0 5T AT
B XM FESHDBIERA R, X 3-5 ZWHBHEEZL C AEH T 1-2 FAl 7] RN ) 152
ARG, IF BEAR R PR 8 S 1-2 ZARAR B2 A B & (Liao et al., 2014).

MR — P AR AR AORE, HEEHTIR) 1-4 ZOARP BT I AR W38 K T 928 v, 14 7 ) 1-2 00K
4 AR W KT SR . BHAURE, Bl SOIR S SCE A AR 2R 73 Ao 20 e e 1 R e o 38
I3 SCOAR R A L Z e Va2 @ iR B Ak 70 A AR Zo0 4k 2 1) B U8 0 32 4 e 0 (S HERE 4%, 2020).
Lynch %5(2013)I\ Ry, ikt BRI A REYR RN S ES N, BRAEmE “ o 5 IBERKE
R, AR K GG IR DR S F7 B =2 A B0 I 1Y) R 1 B g, DASRAR SR 2 oK FRBER . mT 0,
AN TR Z3 0 B 2 L A N T A 553 2 26 28 ] B ML o) 1 B AR I . ZEAZ ARAR R BB 7T b, 3R P55 (2018)
WHARRIL, 1 FEAERAZ RSP AT F W8 ST 1 MURe ) I8 R PR S, 38 S IR s & - AR R Ak
AHEVE L S AR L SR R B RURA, DA AR R S AR B AN S AV A, AR R T BETE IR
P SEINAUET IS ER

R, A2 AR B S 446 v R 2 AR i R h RN 2 C A, PRd R B 1T X0 o5 48 725 18] 5%
PSRRI FH 1 SR 23 SCAE R /A R s AR SIAE AR R LI AE KA 2248, SHE S InEA AN Bt R S
GIAT VG ) R TEAR RAGYE (L et al., 2022). 3R 2 MR PR A 208 C BA SCRCTE A 1 0
FE, T RCE R T IR SCR I AR R 48 H4 (Poot et al., 2008; # = Je %, 2022). LI, ANIF] 59 A RAE 1 B
3.2 A A ALY EIR RAEF R HIFIR BUSRES A F2 00 M E

ANTRL 7 0 B AR A PRIR 22 A8 L SR AE HE ) B RS R USRS AN [R) (25 — 755, 2022) o AWFFLH, FASLA
B ZELBE S AT BT A B AR AR I B R 0] R MG N T 3G R R AR AN, o WIS T A AR R Rl A
WILESERIRE IR AE 25 R EUAR, AR RIS AR JT B, (RIS S Th e i B om, B 3R I H O 14 K AR 4k (5
&, 2022)0 IXAERGHT . MEFRHT B SRETE R MR A ST A R I, AR AR R AR R B A AR ) 1 4
TN 36 K B AR 80K (Fitter, 2002; XIIEBLAE, 2016) - el & 2485 1 53746 1 3 R B AL S T 1mm,
RNHRE ST E E 3 ST I A g5t B AN 2%, BoA B IR AL 2540 TR UM B R (M 25
2 2016).

FEARAC, LU R AR 20 2% B i AR R CRE 0 . AR BE MR 5 D RE /K S IR ZDR S RS 2
(Ostonen et al., 2007; #™%%, 2020). AHt7eHr, BEERFZARE N, HER RS AR BB 132
thiash, HEREANEE S M. XE5KMFY (Pinus palustris) « W42 (Cryptomeria japonica) « &
% (llex pubescens) “ETFALE FEARFTRIHIIE —BU(Guo et al., 2004; FKIFWEE, 2022; ZE1E5E, 2023).
XATRE S REE R P ZoN RGN, AR F0E IR 7> B b ) 1 “PRIR IR B0 as B T SRR [R) “ g1 4%
B A7 RS SRR A% A8 AT J%(Reich, 2014) . BIAZRSAE T 5 B 5T 4 B AR 2R WA BUm (17K 43 Al
EIRTTRW IR ) R RIS 3 DR E AR

ME—F R FIERMERBMRE, HEE WS 1 2R 3 R P EARE R T4, 1-4 JUR
IR B KT S0, (HSUAN 4 R TFHERRERTAHSY ST . AR, BEAMH.
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HZVE T AR RE 8 5 B AR A R ROt SR 7, MOR By B B0 i A\ T H B AR B 1 C T
FE, A SRUEAR AT BE B 22 138 I B AR B R SR GR 2, 3000 B A B AR B 42 (Donovan et al., 2011; Chen et
al.,2016). Cao 55(2022)0F 7T CIESE, AR RNV & Z R0 S, To 5 BRI B T2 R &
R I 28 B 0% 5 W AZ A B v 0o 18l 5 B 28 TR n R I WRC o 80 vy B AL 23 % FE 3R IR AR B P 152 J2 R A e SR i AL B
K, XA AE Y A RIs oK 3 fFR 4y, FERERT 1EIK 73 2% (Brunner et al., 2015). [Rlt, ZHEG 546G
WA RE S IE g N 1 BARS 3 R EARR G RS BRI R, SEAE E NE A BN 4 AR B4R R SE
o LI, ARG E S FT A AR SR AN E G T RE KB T S AR B (R BAE, 2019).

HEL, HEBEE ST 1 SR ERK B KT S04, H 2 LR RK B2/ 0T S04, 1-2 HRE
RN ZNT AR, AR, | R RZHEL KIS AREHIR, MRS R BCE S, YRR
8K EE AR ] DAY /N ZE XU & A 1 AT REME (McCormack et al., 2015). I HAER AR R R B it
Fert, BT 27w, SAEMERAEYE FERBRREET W EERNE, AW S5TEERRR
AEEZ HT K7 EOARAK, o1 R RO TS24 W, HiH T SEAEHX 4 BARE T 2 L)
B, NORIEREMAETT, 1-2 SR E R E RS B IR AR, DLAERF IE B A KE FRAt4s (Li et al.,
2022). WM, FARSAN . ARE SEE AT R RER BEAHEZES, HEmAs C. N K.

KRR, BEER T HNEIE M, C &S CO/N 2EHHE R, N 2205 2 HK.
REMRRLSF(2012) N A, C WREEAE 9% b1 22 e W] R e BT W]V R WE 28 2 R A7 2640 B e 20 389 60 A8 A0 R A
A—3H. Guo FF(008)MIN AR IAF EE 5 AEK K GRAEE K, FERT MM, K
AL E A 2, AR MR R =, 15 CIRFER I, NIRFERUD, HEsE CO/N. (HA KA
RS, AR S5HE C N R E KL ON (R —FF % B S A LE A PRACH 2 1) S MEIE A 1
TR o
3.3 EHEAAMMEAYERZEMESTRIFEHSHER, HEARTAIEXRNEN

AR 58 30 TR 2 PR 1 R IS AU AN [F] P e BRI B, AR AR R A A SR S (L 4R, 2019;
El/NFTAE, 2020). MAEAD “BEIHAB” MR IERCE SR th T DUREL, NI AR BRI S, AR R A
HEAR. KEE. RIS TY 2 R 5 S 2 AR AR 2 ) J8 R ey 2 B2 R R 1) Th e T 4 7 (Ma et al., 2018). N
TERFEMAR R AV E ST EER R, SRR N ERORN, AR E =5 RS (k5 R 5%, 2021).
AT, EARLAEERAEYES | SR N 2R ANAMKCKR, BCHR R BT R IR K80 5T
PR SOR F B A BRI Rt . 1 R b, ERAS M. IR R A E SES R AR B3F
KA, LT HHAR C A EEMTHRMER., RHRSERRERSEE, DL S C S g 72
BRI SOR] T ) A2 05 g (Lietal., 2022) . 4 AR b, A2 ARSEAE . A8 H . FHE R R AEME 5IEEIEIR.
HACN BHRARERR, X e 5AE PR B S GHIRSRIZ 8] A SR SRS A 0, 5— 71
A A5 AR Dy e RO PR T 2% A4 i me 5 77 sURAT S AR L R R (FR 55, 2022).

4 75

AR MER R P IR G A PR NEYE IR TEAERAZHL C. N S 2R EE T
WTTAEAEZE 5, B AR KA . BEER MM, A, He. 44055, C 58 & ONZE
o, R, WRKS N & &N, EAN R Z5E 7 20 F — 7 2 R AR A LR AR e gim . SR
A F PR AV ER Rl R NG THEE /S, AR ST E A F TR I RelE H AL SEAE
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DURIE I 1 e 28R FH 93 Y A B ARRR 20, SR BILE 0T 0 o 40 22 1) SR YRR P AR ZE S . A TR T T
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