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Population structure and dynamic characteristics of the endangered plant Rhododendron
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Abstract

Aims Rhododendron xiaoxidongense is an endemic, rare and endangered species in China, with a narrow
distribution in the central part of the Luoxiao Mountains. Rhododendron xiaoxidongense was once assessed as
extinct (EX) because its habitat is extremely limited and individual numbers are so scarce that it is difficult to find
in the wild. However, as details on the resource status, population structure and dynamics of the species are
lacking, the conservation of this species is severely constrained. This study aims to clarify the survival status and
future development trend of the population, and key factors affecting population regeneration by analyzing the
structure and dynamics characteristics of the existing populations of R. xiaoxidongense, which will provide
scientific basis for the conservation, management, and revitalization of wild populations.

Methods Based on the investigated parameters, the age structure of the R. xiaoxidongense population was
obtained using a space-for-time substitution method. Subsequently, the dynamic index, static life table, survival
curves and survival function curves of the population were determined to analyze the population structure
characteristics and survival potential. The time series prediction model was employed to predict the future
development trend of the population, and the aggregation degree index was used to determine the spatial
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distribution pattern of the population.

Important findings (1) The age structure of the four populations of R. xiaoxidongense was incomplete, with an
overall trend of more middle-aged and mature individuals and a severe lack of low-aged and old individuals, and
the age structure tended to be a decline type. (2) The dynamic index of adjacent age class showed a fluctuating
trend of “decline—growth—stability—decline” with increasing age class, the dynamic index without external
interference > the dynamic index under external disturbance (V,;) > 0, and V,; was close to 0. The maximum risk
probability in response to random disturbance under external environmental interference was 11.11%, indicating
that the population had a high probability of risk from external disturbance and had a very weak resistance to
disturbances. (3) The life expectancy was highest at age class I, and the population survival curve tended to be
Deevey-Il type. (4) The mortality rate and vanish rate curves showed a dynamic pattern of
“increase—decrease—increase”, which indicated the population was in an unstable state. (5) The survival
function curve showed the trend of sharp decline in the early stages, relative stability in the middle stages, and
slow decline in the later stages, and entered the decline phase at a relatively young age class (age class 2.25),
which indicated that the population had weak viability. (6) In the future, after the 2, 4, 6, and 8 age classes, the
number of low and middle-aged individuals in the population would decrease, in contrast, the number of adult and
old individuals would increase, indicating that the population will face a risk of decline. (7) The overall spatial
pattern of the population was clumped distribution, but the degree of aggregation decreased with increasing age
class, transitioning to a random distribution in age classes VII-VIII. In summary, the small population size,
narrow distribution range, low resistance to external disturbance, and difficulty in seedling regeneration are the
main factors leading to the endangered status of the R. xiaoxidongense. We suggest strengthening habitat
protection and tending management of the R. xiaoxidongense population, and achieving population conservation
and revitalization through multiple approaches, including wild reintroduction and near sifu conservation.

Key words Rhododendron xiaoxidongense; static life table; survival function; time series prediction; spatial
pattern; conservation strategies
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Fig. 1 Age structure of Rhododendron xiaoxidongense populations in different plots. I, DBH < 2.5 ¢cm; I, 2.5 cm < DBH < 5 .0
cm; 11, 5.0 cm < DBH < 7.5 cm; IV, 7.5 em < DBH <X 10.0 cm; V, 10.0 cm < DBH < 12.5 cm; VI, 12.5 cm < DBH < 15.0 cm;
VII, 15.0 cm < DBH < 17.5 cm; VIIL, 17.5 cm < DBH < 20 cm; IX, DBH > 20.0 cm. DBH, diameter at breast height. DYNC,
Dayuan Nongchang; TYD, Taoyuandong; XJXA, Xiaojiangxi’ao; ZGT, Zhaogongting.
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Fig. 2 Height class structure of Rhododendron xiaoxidongense populations in different plots. H;, H < 2.0 m; H,, 2.0 m < H < 3.0
m; H3, 3.0 m< H < 40m; Hy, 40m<H < 50m; Hs, 5.0 m<H < 6.0 m; Hg, 6.0 m< H < 7.0 m; H;, H> 7.0 m. H, height. Plot

code see Fig. 1.
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T LIRS I A7 4 ™ B (3R B 0%, SRR BT (24N T K A B, AR,
R EBEED; T-VIIRR R MENIRIER /] R P A 11.11%, %%thﬂﬁix%ﬁﬁwfnjﬁ%ﬂ@

g, SEIGKBEEN, BV MK, VI KSR, SiTiiae 155,

WG PEE MRS KM AR RS BRI 22 NERAAESTHEIERSE SR FEIERME S

KA e 2B AR . A, N 221 BESEGE

TLVES AR EE Y, AV, K TF0. VR V/NT0, Hofdiid 2% NERIFI R RS P 32 BAE R RN IVIR S . B 188
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RL NIRRT AL RS A I 8 2k 4 M B 35 T EL

Tablel Age structure dynamic indices of Rhododendron xiaoxidongense populations in different plots

[ SR BAR A 1E% Dynamic index value (%)
Age class Dynamic index class S Total population XIXA ZGT TYD DYNC
I-11 Vi —40.79 60.00 —44.44 -83.33 —27.78
II-11II £ -35.53 0.00 -35.19 16.67 -50.00
-1v Vs 32.89 —100.00 46.30 -33.33 38.89
v-v Vs 52.63 100.00 44.44 100.00 27.78
V-VI Vs 7.89 0.00 7.41 -16.67 16.67
VI-VII Ve 5.26 0.00 1.85 0.00 16.67
VII-VIIL Vs 0.00 0.00 0.00 16.67 —5.56
VII-IX Vs -1.32 —40.00 0.00 0.00 5.56
Vi 13.31 85.00 3333 15.61 11.54
Vi 1.48 4.72 3.70 1.73 1.28

Vi—Vs, Pl MnZEln + 1R BEI BB ZAGE Vi, BIESNET VU A A ECR S AAREG V), B IBSNEET- IO R S 2 A2 F 5 e

RS A 2R o3 LR o

V1—V3, quantitative dynamic index of population from age n to n + 1; V,,;, quantitative dynamic index of population when the external disturbance is ignored; V",
quantitative dynamic index of population when the external disturbance is considered. Plot code and age class see Fig. 1.

2 PNRIFFRS RIS R R
Table2 Static life table of Rhododendron xiaoxidongense populations

e (e Ay ax L In/; d. 4x Ly T: e K, Se
Age class DBH class (cm)

I DBH < 2.5cm 18 74 1000 6.91 230 0.23 885 2419 2.42 0.26 0.77
I 2.5cm<DBH < 5.0 cm 49 57 770 6.65 216 0.28 662 1534 1.99 0.33 0.72
111 5.0cm<DBH < 7.5 cm 76 41 554 6.32 216 0.39 446 872 1.57 0.49 0.61
v 7.5 cm <DBH < 10.0 cm 51 25 338 5.82 216 0.64 230 426 1.26 1.02 0.36
v 10.0 cm <DBH < 12.5cm 11 9 122 4.80 68 0.56 88 196 1.61 0.81 0.44
VI 12.5cm <DBH < 15.0 cm 5 4 54 3.99 14 0.25 47 108 2.00 0.29 0.75
VI 150 cm<DBH < 17.5cm 1 3 41 3.70 14 0.33 34 61 1.50 0.41 0.67
VIII 17.5 cm <DBH < 20 cm 1 2 27 3.30 14 0.50 20 27 1.00 0.69 0.50
X DBH > 20.0 cm 2 1 14 2.60 14 1.00 7 7 0.50 1.60 0.00

Ay, XU SEBFAFTE MRS ay, SIVEIEIE JEXIR G ARG MEEL d.y, MxBlx + 1S 2RI 8 I AR MEALTE T AMEEG e, HE AR MBS 25 4 K, i

G Inly, L EIRXEG L, MxBllx + 1R IET BRI ) A5 AR EL L, il BARHEAARTE MR g, MocBilx + LRI BRI BT T2, S, x4
TEIER; T, MBS R AR S % . DBH, Mift.

A,, actual survival number of age x; a,, survival number of age x by smoothing amend; d,, standardized death number from age x to x + 1; e,, life expectancy of
age x; K,, vanish rate of age x; In/,, natural logarithm of /,; L,, average survival number from age x to x + 1; /,, standardized survival number of age x; gy,

mortality rate from age x to x + 1; S\, survival rate of age x; T, total number from age x to over age x. DBH, diameter at breast height.

PR, ARAEAETEHOS B (InL) B HT /N, ST
()W 2B I —FAR— 3G I ) 3h 542 1k IR 75 i
(ex) S WP REAE 251 R EAF RE T, BEAE R SLHE K
EIFE—ET—T RS ES, e RO,
] RE SRS A= Ay 0 A HLT 5 B SRR A %
B I G K, AR B R BTG I, R A A Ta] ol
M E IR KA SE G IR, AEAE 2P e fE T %
IVIR R G e 03K, BEVIRGUERNEME, TheS
RIS bR A BETH I IR, BRSS9 IS as A
xK; VIR B e fd 2RI T, 5MAAREE . A7
I RS REEIE R 1T A 0%, X — s 5 H A A
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VIEE R AEAR T o
222 1RiEMZL

ANEIA A B PRI AH SRR 2 O DR R, bR
IV-VIE R I FEIRRE AL, SR BE R S 2 K 25 A
BIVIEIR(EI3). Ak %A 4 5 T Deevey-11
BUiE & Deevey-1AL, SR TEHOT AR RO FEdE
ATHE . FHER3TT I, PRSI (140 & 45 SR 358 2%
BEACT, HISBERBEERIR. PR T RE
RS HHp(ETE /N, 2RO HEH0eR B A & FEAR,
B/ N TR RSP 14795 M 28 50T T Deevey-112Y,
RRURT A0 25 SR 5 AETE 2R AR (B S &



223 FETEMBKRERRZ

N R RS AR ST 3 (g, FITH 2K (K, ) il 2
AL —(E4), BEREIGMN, ¢ KAE-IVER
IS IZRETIE R, IV-VIRS L T %, VIRS 2 5
Ko GEEF20H, I IS HAARSET AR, 559
922.97%- 28.07%, 2 BPPHELEARES A1 iS4 A4
i N RS, B T AR, TINS5 FE T 2 K IR 14
FEIV. VIRZUN 73 511i564.00% 55.56%, W Rt
HEN RS I AN A PR BHR A SR I N, Sa g Jm

Inl,
S = N W A 0NN X

I 1T III v \% VI viI
W2 Age class

B3 NETFALES AR HIAF I 2. Ind,, ARIEACAFTESHL
ke LI

Fig. 3 Survival curve of Rhododendron xiaoxidongense
population. In/,, logaritthmic standard living number. Age class
as defined in Fig. 1.

VI IX

3 NBRI RS TS ih 2 A I A Y
Table 3 Test models of survival curves of Rhododendron xiaoxidongense
population

TEGL AR BaR R F p
Survival Fitting Fitting

curve model results

Deevey-Il N,=Nee ™ N,=8.6644¢ "> 0.9499 133.000 0.000
Deevey-IIl N,=Noex’® N,=85723x"* 0.7504 21.044 0.003

b, BETIHE; No, FIETE BTN MAAETHEL Ny, 51U R A7 i 4L
b, mortality rate; Ny, number of surviving individuals in the early formation
stage of population; N, survival number of age x by smoothing amend.

18— g,
1.6 _o K,
1.4+
é) 1.2}
§ 1.0t
@0.8-
0.6}
04}
0.2}

0

1 I 11T v A% VI viI
W% Age class

B4 NRIFALES AT R (g ) A R R (K) I 2. B2 L
K.

Fig. 4 Curves of mortality rate (g,) and vanish rate (K,) of
Rhododendron xiaoxidongense population. Age class as defined
in Fig. 1.

Vil IX

ZEIRAESE: WG MR BRI RS SR AT 1851
B, AAE@ERRI, SRR, VIR
FETI3(25.00%) T B, 1T 65 AR KA 55 I MARTE R
WO HEIR, PN SEGHRES A 5% VIR G A A
AR EN T NIE, g KORTRIG I
2.3 MERAHESHEEFEST

BEE WS IR, FEI-TVES Z Tt 2R 77 5 (S R
TR, BRBETRF). KR ) KIE LT, 8T
BB (O AR AR B KT (35750.215 80 F); IV-VIR 2
i, S NS F EFHIEEE RN, AFIALKTR N, VIR
Ra, S FAfET PR, A PGE ETHES, K6).
/NI S R AR 22 A AT S0 B 36 380 538 2 1 2R
Biifs, FEOMEAEARPIE TR, RRERTERE G
KR by 3EN RS 5 AR AR AE ) 358, SETC%
FE SRR KRR, SN ER MR
B A PR B TR, MR RIS TR, SR E
FERFERAR KT (/N T0.015).
2.4 )RR ESFEE B E S B AT 8] F TN

FHEZ 10— AN T[], 7 A R 24N W G 1 (]

A

I II I v Vv VI VI VI IX

4% Age class

E5 NEIAF AL R (S) M RBBETRFE) L. B
X7y W .

Fig. 5 Curves of survival rate (S;) and cumulative mortality
rate (F;) of Rhododendron xiaoxidongense population. Age
class as defined in Fig. 1.

1.0, f
0.9} o A
0.8

1 1I I v A\ VI ViI
W% Age class

El6 NEIFFLESFHRESET % L () A8 R 5 (1) HH 26 o @ 2 L
K.

Fig. 6 Curves of mortality density (f;) and hazard rate (4,) of
Rhododendron xiaoxidongense population. Age class as defined
in Fig. 1.
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I, TSR RER D, TEAR AN S I ATV RS 2
AMEER D, F AR A AR Y B A — I 1] 3 0 sk 4k
FAAR (T, BIFEARR2. 4. 6. SESLLINHIA] f5 M
RIVAGES . AR, ks B AR EL
I, AR IFREE 3 BAKSE RIS 2R MAYE R, T
15 2B R
25 NEREHESHESHIRE

/NI ST AL B BRIV 2% L IX WS 22 nF, C.
PAI>1,1. C,>0, M >¥fH, K> 0H<8, %I MEK
IR RS Fa B FF S SRR A AL VITFIVIIT
WRIIC, PAI=1,1. C,=0, M =M, 5N BHEE
AR A BN AR . AR50 R BN, CHET-IVES 2%
IR R E K, TEVIERIA B B K (R, HL
AT SN, BB GG K, €. I. M\ PAL. C, 5
AN TR TR BAE I-TITRE R N B 1 n, 111V IR i)
DU R k7N (V& 22 (R PATRN C B 41 ) KABEAR ., 7
T-TTTHS 2 B 32 a0, TII=V T4 25 i U)K e 28 i (Ve
Tl by e 22 BIZMRELEI-TITES 2 I B 5 S 2085 K 58
£ERE Y 0, TIWS 2 2 )5 58 4R B 0% W ok 55 O 7
VII-VIIIEE G i i NBEAL 7 A0, TXW 4 iy P R 2 4R
TS o
3 g
1NR R ES TR LA A
Tl B AR I8 25 MO RRAE 2 AE A B 5 1A 0 et A
WEER I FEAE ISR, e UL b S Rt R 1 3
AU FREEIE B 7 DL S PR TR i A AN
{EH(Kang et al., 2014; HEEZE, 2020); FhfE4s
SN BT HE AR I 2R 2 R AR AR IR T

Ra NBEIA AP A FIR 0 2 R AR

31

T B () SE T B A (EIH 2%, 2023) . AWFASE R EoR, 4
AN /INEAFLBS PP ()R R G A AN e B, AR R
NHES TR AR %, RIS FIZBAMAAR R, T8
TR, W A5 5 R 4 B SE A R R (5K S
WESE 2004; FAERSE, 2018; AR, 2019; %,
2022)H k. BFAMRE I, NETIFLRS 2 3R A
TR 1 620-1 800 mfy 1Lk ARG EIALPIMI, 7E
Yt JE TRHMEEAR, M ER, ARERNZ
LT CREFE R ARG 6 55 FHVA 25 P R ) 2 AV
W& & b, BASRAHEE RN, B A3, 3
BIFALERE XA, 7620 C N TAM5AE h R 2EFRIE
74.00%-80.50% (Z=FHF1H4E, 2022), {HIELFhF /N,
TR EAN0.212 g, P R S A4 AE KR E

80r = M,
= 70t —-— M,
:-E —— M,
,_E 60 [ —>—= M,
&
£ sof M
B a0}
5 30t
ﬁ 20}
<_ 10 L

0 I II III v \' VI ViI VI IX

W2 Age class

E7 RIS R SIS W R T A B . Mo, 4HT

IR SERRAFIEEG Moy My Mo Myoy BIRZ L2, 4. 6HI18
AN RIS 1] Ji5 R e B SR A A . R L.
Fig. 7 Time series prediction of age structure dynamics of
Rhododendron xiaoxidongense population. M,, number of
actual survivors in present time; M,, My, Mg, My, the predicted
population size of every age class after 2, 4, 6, 8 age class time,
respectively. Age class as defined in Fig. 1.

Table4 Spatial distribution pattern of Rhododendron xiaoxidongense population at different age class

2% Age class ¥J{ Mean J5 % Variance c t 1 M PAI C, K SD
I 4.50 21.667 4815 4.672" 3.815 8.315 1.848 0.848 1.180 C
I 12.25 243.583 19.884  23.129™  18.884 31.134 2.542 1.542 0.649 C
11 19.00 604.000 31789  37.709"  30.789 49.789 2.620 1.620 0617 C
v 12.75 124.250 9.745 10.7117 8.745 21.495 1.686 0.686 1458 C
\% 2.75 10.250 3.727 3.340 2.727 5.477 1.992 0.992 1.008 C
VI 125 1.583 1.267 0.327 0.267 1.517 1213 0.213 4688 C
VI 0.25 0.250 1.000 0.000 0.000 0.250 1.000 0.000 - R
VI 0.25 0.250 1.000 0.000 0.000 0.250 1.000 0.000 - R
IX 0.50 1.000 2.000 1.225 1.000 1.500 3.000 2.000 0.500 C

*,p<0.05,** p<00l. C, §HIEH; C,, Cassielisl; [, AEIRYG K, 7 0UREG M, P95 PAL RUWEIREG « 3. C, SEBESM; R, BAL

23705 SD, MG AT, “, TEHdE. WL,

* p<0.05, ** p<0.01. C, diffusion index; C,, Cassie index; /, clumping index; K, negative binomial index; M*, mean crowding; PAI, patchiness index; ¢,  test.
C, clumped distribution; R, random distribution; SD, spatial distribution. “—, no data. Age class see Fig. 1.
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BV IR, R AR B M DA L LN R R A
PR VE P JE B s S P B S AR R ), AN T
T A WR BOHAE IR K ARIAAT
PR JEHEAS AR T 4 i ar, Mn S84
T ST R RS AN R, 1% 5 MR 5 W0 e b
KEFEG(R. rex)FIFE (R E 2555, 2020)AH10L, {H 54

K mlfa e T 2 AL RS (R, pudingense) (X 7 IASE,

2024) M UFEES(R. dauricum) (5 EMGELE, 2022)F
SLALRY(R. simiarum) (FBBHRALEE, 2021) 1) 25/ FFAEA
], 2 B3 K YRR Y ()R RS AL Pl B I8 W B A
Z R AN, TRE N 2 & T BU RS TEFh R
FIRMEEJF A

LT B ARAR BT e e B T A S U T
BB, MR 20400 R AR PR S I D R ER
B 0 (1) 4 A0 D0 A A DL 4 (T SO AE,
2004) R S B IR (R AERAE, 2018; S,
2022). PRI, BB HBIURT 5 K BRI 0 PR ) b
KA, & T EUNRIFAT RS B 4R 5 A
GG A B kb 78 (1) 2 BRI, X 2 /NG
FE] 70 A WA SG A A R SR b B A0 SR 1 A Je i 2 (22 1E
A, 2018). X 75 B2 55 (2017) K ¥ A % 1E H
(autotoxicity) & FEU NFRFE KB ALY (R, protistum
var. giganteum) M- 2 ZAIG . %) 5 DR A ) 2 2
K, /NRTARY & A E 3 B E A Rl — 2P
W55 .

I FEREER AT R I, ANBRIRAL B AR v AR
H7E2.0-6.0 m. Hrb, ANTFESIFEESLZ Hyw Hs2
AMA, T BEAE 19905 AR AFE HL I 25 A SRAT 52 1 %
TR AR B S B PR S0, A5 REE&k
TR e B2 R 5 40 5 SRR ARARL, {HLH, 04 7™ B g5
Z, ie5RAZMEK T EARSE. Kk
FREEAR T RVE L% ELAR RS R 5%, MR AR
= Hes H MK, 1IRES H oA T30 1 T () B
e, RARL SelaR, AR T mEE KA K.

FETG T T /ANRIAFL RS PR Sh & F8 20 (V)
SR, ABAEZ AT RN KGR A B,
I T0). AWFKRIL, Vs V9 IIZEAERER [ B
FEXT AN BRI g2 i Re /0, BUE A Z 8O R B AR
B 5y Z BT (E M IESE, 2024). AR R I,
NTL PGS FNEE Y, 5V, AE AR ZE K, U6 B 0P B A
5y 52 BN, AT RRRE AL T X, RS
BORE M JE B AL AR R, R S R AU S A 5

ERACEE: WIS/ NE AL RS R S RHE 1853

WE e TR, R T A B BB A A,
ANEMBEEME R, ZFEAL T U LA, H
PACERNR, BARZRRE, Bo2 R+ Bk
TEIR 5 KBe R G R BE v, 5 VB A Z BN, W)
AT i R A N 3, JERE R HE K SR AL, RS
T RE JIAH R 5 o /N ISR AL B A B ) P 18
11.11%, S5WEHEYIAY (Alsophila spinulosa) (5 tH
&%, 2019). TIEM(Populus wulianensis) (=5,
202) A REAGE, ORI HoAh B A (R AE R,
2018; ¥ FE A, 2020; T3k 4%, 2022; A,
2022). R ZMBRRENEZE. PUTILRE159, 44k
TEIIE 2 B AT U PR 2 R
32 MNEEMHESFE S REF S

HAE RS MBS ELETT I, R
NEEAAR | s R 1 £ B 4 A SRR A A T I FR (R
5, 2021). ARFLER, ANRIEFERG P AR IS
i 25 @ Deevey-117, BV & 08 20 I JE T2 3 L ACHH
[, %420 i 2 5 838 5 A M =) KR BS (R
xishuiense) (LiB%E, 2023)/H1L. A driHEE{HE (e,) AT
W 2 B oK, T LI SEBRAE IS AR D, HERTP R
FETRS I BLAR 2 31 1 s B AR SR 0% A, (B A7 TS
TREIAMR AR IR, X RS S PE R R T
KBS (B 2 2% 2020). £ K # K2 (Pseudotsuga
gaussenii) (HEJESE, 2020)F1% /NP S k(A cer
miaotaiense) (L MIESE, 2024)MH1LL; He fHE, 1K
FETR I K T2, HSBEMII(E thag, 2019)/12]
IKALES(FIE S, 2023)FrBFAHRL, 23/ T KA
(Larix potaninii var. chinensis) (5K U5, 2004). K
TAES (M EEEEE, 2020), REPZMEEREAN LR
N AAFRE 155 -

FREEFET 2R, TH R Z IR IAI-TIINS 27 15 3
i, TV G PRSI I, TV-VIREOKIE T~ FE, VI
9 Ja o BT, NS AR R RO
B 0. ANBRIFAALES A KNS, RES AT R AN AR
i SR Hr 7R SR EUD, MOE TR AR, A
TR AR K (EE N RSCERE ) A A 6ok 225 ) AR 3% 905 140 75 R 39 0,
SRR 6 G R ) A BT S BOAE T AR I, HE L
W& T B, BRI R B R AR N SE A Y
I, FETT XS R %, VIR JG IR T3 1 R % KR
I, ATREEAMAEREE . S IRIIEE R )
TREA R, RS EMPH T F (Syringa
pinnatifolia) (F1ERZE, 2018). WP (FH 4, 2019)
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FIHEZRBAZ (M JE 55, 2020)FHEE AR o

/NI AL B A A7 R At 2 B TR R
W AR AR R S ISR IR R . R
o EH I 1) BSOS T Y S 1) T B A, S
BAEAF TSR B RN RS R e 3 K (3R2),
ST A BT R B kN8 5 A A R S D,
PR SEgH /D, FAETE R ) EER AR AR B,
RSB, %R SR RS R (T
5, 2023)fHML . HA RS BPUET F R B 414
2250 RN, AITERUNIE Jolk NFEIR I, &
BH /MR AL BS R AR A7 1SS, S E
GEHEE, 2019). SRR FHAZ(HMEJE S5, 2020)FP 82
3.3 NEIAMESFhEERTEF T

It B (D HE RS, /NIRRT L RS R e A R TR
DRSS EAE AT — SRS G R D, T K
WS IR AREL N BE Jn, FhEER IR M Rl . 0%
ARG, HEMEILA A ZHIR BT, %
FhFETE — 2 I (8] Y AT SR AT DAERE B8, (H PR A
PR R, AR SRANEN T B KRS, T RS
WGP A 242 (5K SOESE, 2004) K EALRS (M =
EEAE, 2020) LS 35 A2 (Pseudotsuga forrestii) (251
W, 2022) P2, EAFET T fifk A5 (-2
PRACEE, 2021). [, (REMEA R 2 FBUNER
FERS AR BEIG AN Z PR . BT R R, A A
R IE A R BEL L PR B S AR AN B H 1 O
34 INEEHESHE S HIEH

FREE A S 2 P SR OGN . A ELAE
FMZR, EMMUEYIFA B AW 5 A S
PR YIRS, RIS SZ 37 P (0 1] 56 4 0 AR B8 7
PE (520 (Erfanifard & Sheikholeslami, 2017). Fif
AR — E AR FR S MR ARG R, B RER
FlHE 5 T AR TE 0 A, I 20 22 RN Bl AL 43 A7
(R MR, 2021). HWTFURY], HEYFHERZ IR
LR, FEUCNIX P Ak R A R TR AR
RN, TERGE T H B AEKI/NREE, it 4R
B AT S R E(REEMSSE, 2019; FHE, 2022);
EHAHFRRIN, F—FEARRAES 2 24
5] B 43 Ak R (BRAG B S, 2018; {iTik4E, 2022); Fifi
R R B IR G K, IR SR 2 R b A
EH AR B A i U B BENL 0 A1 (FR 1A 5, 2018; FefE:
M55, 2019)835 51 4 A (AWK AE, 2022) . AHF 78 R,
NI IRV R S PR o AT 4 R A BRI AT,
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ROPE B R A W A S R R SR, s IR
5 e SRS SAPERLE; TF RS B AE
WEFE, [l AR )y AEAF ). IREEIE N 5
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