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Primary Selection of Excellent Catalpa fargesii Clones Based on Growth and
Wood Properties

Abstract: [Objective] To select excellent clones characterized by fast growth and high-quality wood of Catalpa fargesii Bur.
[ Method] Growth traits, including height and diameter at breast height (DBH) at 1, 9, 11 and 13 years old, were collected and wood
properties, including the Pilodyn value and elastic modulus at age 13 of 200 clones of C. fargesii from different ecological areas (four
provinces), weremeasured. [ Result] Genetic variation analysis and repeatability estimation were carried out. The correlation between
the characteristics and the correlation between the characteristics and the geographical and climatic factors were analyzed. Excellent
clones were selected by a comprehensive evaluation method combined with breeding values. The traits of C. fargesii were significantly
different among the clones. The coefficient of variation (CV) ranged from 12.12% to 26.17%, and the repeatability (R) ranged from
0.79 to 0.97. The growth traits among ages of 9, 11 and 13 were significantly correlated, and the growth traits at ages of 9, 11 and 13
and Pilodyn values at the age of 13 were positively correlated with altitude and negatively correlated with longitude. Tree growth at
ages of 11 and 13 showed a high negative correlation with wood properties. [ Conclusion] The suitable tree age for the early selection
of clones with excellent growth and wood properties is 11 years old. Nine clones with excellent growth, six clones with high-quality
wood and three clones with great growth and wood properties were selected, which laid a foundation for further optimization of C.
fargesii clones. Additionally, C. fargesii clones in the western and high-altitude areas featured fast growth, while those in the eastern
and low-altitude areas had better wood properties. This study serves as a reference for the selection of C. fargesii clones in different
ecological areas.
Key words: Catalpa fargesii; genetic variation; comprehensive evaluation method; breeding value; excellent clone breeding.
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JRHk (Catalpa fargesii Bur.) N4 %} (Bignoniaceae) #%J& (Catalpa) 7r A, HMBEME, HWAKIEL,
FAGRBR A PR R 2R T o I Z A T HON A BevE4E . (Lpa4s . b8 Rl R 4 Skl GX
¥, 2018) , JTEZMIAER AR BAFEEME R ( Hamricketal., 1992) , fRREHERIEH
BB K. BRI EEARE 2 4R A4 IR AL KR B IR 137 43 Ff iR B PR BEAT 2 FEVE S0 HT . $87R T RIS
PERRAMORI 2 57 EE AL R RIE R GRKES, 2018) 5 WUAME (2019) %64} 33 4N 5 FEAE KL% &
BEATHULAR A0, WD Ik 6 ANd AR AR 4 MU M EN R T E RS . T mE AR
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ALK E 4 NAFEB O 200 4y KA R M R XS, It 1 EAE. 9 AL 11 AR
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B, LUSEEFNT 267 #k. 2008 4, FEHINE KT EBMIXGEY % kRN, BHRGET % 36 #,
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Table 1. Source of tested clones.

& i MR em gEE BN FHIRIC AR B Imm
Province City ng;?]z;m Altitude Longitude Latitude  Annual mean temperature Annual precipitation
XK Tianshui 97 1509.48 105.72 34.57 10.93 592.98
i Fig® Longnan 22 1295.68 105.61 33.80 11.22 716.33
Gansu JKBA Qingyang 36 1417.50 106.84 35.19 9.56 542,58
R Pingliang 8 1318.19 107.39 35.42 9.65 556.61
S FRPBE Xianyang 3 1084.00 107.51 35.12 9.10 584.00
Shaanxi %38 Baoji 1 910.00 107.06 34.36 9.10 584.00
i I3 Linfen 17 790.35 111.16 35.86 10.47 556.71
Shanxi E4 Yuncheng 5 447.20 110.42 34.97 14.10 530.00
Rl .
Henan 7&BA Luoyang 11 395.00 112.45 34.62 14.34 565.27
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Figure 1. Distribution map of tested clones. A total of 200 clones were sampled across the 9 Provenance (asterisk) from Gansu (),
Shaanxi (), Shanxi () and Henan Province( ).

1.2 TG

REGHAL T H A KK ERIX (105°53'24.468" E, 34°34'14.484" N) , R J& T Hifr & /N ARl sz
B JRAMRME RN EBE T T AL RIS TEEL, LN L, SRR 10.7°C, >10°C R 3359°C, i
i 39°C, Wm{KiR-19.2°C, JoRR %) 190 d, FFE/KE 600 mm LA E.
1.3 $EFRNE

43T 2008 4. 2016 SEA 2018 AEIE 1 AEAE 9 AFARAT 11 AR RARC I RIAEK MR, T 2020 4
ME 13 M) AR A PR . BRI e Fi5 R, BT RBEVUEBERKIER B 3 #, K
bt s IR A P S R 16 P 0 949 0.01 m A 0.01 cm; M EEFEFRIIN E 5y, AEH Pilodyn A
1% (6], PROCEQ, Switzerland) 3 il M 15 4b Ik [m] ) Pilodyn {6 (Cown et al., 1978; Yamashita,
etal., 2007) Hyegdb i i~V ¥ME AF N 50k Pilodyn {5 (0.01 mm) ; f# ] Director ST300 i 37 A 77 2% 14 J5 Ml
SEAX GETvt == Fibre-gen A ] 3 YO E M 42 AL s e B, B S5{E A SRk B A% & (0.01 GPa) (Fukatsu
etal., 2014; P&uesetal., 2010) -
1.4 BRSO

F Excel 2013 %A1t ¥dfs, HI SPSS 16.0 BAF#kAT B 5 75 22 3 S MAH G 23 4, R Gilmour
(2009) (W75t ASReml #EATEMEMITIE, H RStudio HEATEME ZFEMRE () FIIHE, H=-
SPLnP;, PioNFEMAREE | MU IR (K A%, 2006) . A Graphpad il TBtool {E /.

CV=SD/ X
Arh: CV AT R RYG SD MhsiEZ; X AL R FIIME.
TMEREE SRS (Xuetal., 2006) K5 T AE5H
R=1-1/F
X RAER ) FENGTESNHRFE.
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KA E G 2 RG S IRE LN T R AT SE R E (2%, 2008) , iHHARXA:

Qi= Zn:ai » @i=Xij/ Xjmax
-1

b Qi NZRAPPOMEL ;s Xig N3 | D EMERF —EIRAME: Xjmax AFE PRIV ERAREL, n PP FEAR
IS0 o« BITAR L, 75 EPkiL Pilodyn EENKITEVER, PILAE TS Pilodyn (BT ai (61X A AT
B, ai=-Xii Xjmaxo

BAEE A TR AR CRZPESE, 1989) -

AG=RW/ X
X WoREREZE, RAMKRIESE /1, X AE TR H1E

2 ER545
2.1 R EMREKMME R BTSN

SRR 200 N EMERAE LA 9FA . 1L FEAM 13 FAMSER T Z T4 RER (K2,
W Bfe . Pilodyn LRI SPERL B 7E ToME RIFIIAAAE R E 2 7 (p<0.01) o 1 A AKMIGIH: F A% w51 A i
FEREIME S 39 1.65 m A1 16.70 mm, AZ R M@ 243 )9 1.07-2.32 m A1 7.60-21.94 mm, 3| 13 4518 53 7
5 6.31m F1 92.91 mm, AZF1EFE 435 3.60-8.00 m F1 43.00-152.00 mm 2 ], 1. 9. 11 F1 13 A=Kk
To b B0 i A AR AR 5 R BT 13.71%-26.17%CFK 2), Pilodyn {1 A3 1 1 (1) 25 53 R 8000 7 12.12%
F11559%. 14FA4E. 9 4FEA:. 11 AFA M 13 4R A UM st & 2 AR VEFE 20 12 1 2.083

2889



)\ Jarrp AR AR R 2 S47 2R > =

R 2 IWEMERERFAMERG ESTMEEHEHE

Table 2. Variance analysis and repeatability estimation of the growth and wood characteristics of the C. fargesii clones.
Wit 14 94 114 134
Age la 9a 11a 13a
MR Be/m H42/mm H=/m 91E/mm HE/m 91ZImm HE/m F91Z/mm Pilodyn {&/mm ol M 4 B /GPa
Characters Height Diameter Height Diameter Height Diameter Height Diameter Pilodyn value MOE
HEHREE
MeandSD 1.6530.23 16.70+2.60 5.1540.92 60.22+13.15 6.2840.98 76.85+14.45 6.3140.86 92.91423.59 14.01+1.70 9.22+.44
Am%lﬂi]:aude 1.07-2.32 7.60-21.94 2.45-7.18 23.09-94.77 3.20-9.20 29.84-133.08 3.60-8.00 43.00-152.00 8.92-25.00 4.76-15.45
ERRHIY
Xﬁj/& 0 13.73 15.59 17.81 21.84 15.60 18.80 13.71 26.17 12.12 15.59
Fi&
29.12** 6.35** 7.58** 6.13** 8.62** 4.77** 10.12** 5.08** 8.27** 3.92**
F Value
Eij? . 0.97 0.84 0.87 0.84 0.88 0.79 0.90 0.80 0.88 0.75
Repeatability
- k43
e %f MR 2.083 2.040 2.043 1.830 1.939 1.983 1.898 2.042 1.825 1.854
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2.043, 1.939 #11.898, BEMWEIEINTIZEHET LN 4 MREEIIINE H ¥4/ T 1.830-2.042 2 [d]. Pilodyn
RS H 200 1.825 A1 1.854. BRI, ZKHR AR T 1) A KA 1 PEARISAEE & Bt = . 14
AR AR e AR B R S, 42 0.97 A10.84; 9 4EAE. 11 4FEAEM 13 EAE M A AR Y B A )
PIART 1454, (HM mKIHAT 0.87-0.90, MfE /T 0.79-0.84. 13 4FAETLiE R 1 Pilodyn fEFH 5L 5 &
(1JE 5 J14 5124 0.88 F1 0.75.

2.2 RWTHERERKMER, FHEERFIIBSIREFRIEEME D

IRV R AR IA O E: X 1. 9 11 A0 13 AR RA 7. PARHEAT A0 (B 2) , 1 4FAE IR
PERMW S AR S 9. 11 A1 13 FFAE MW & AR ARG A B3 (p>0.05) , 9. 11 Fl 13 #FAEJKHk
TotE R ) 1) AR KA ARSI 35 TEAH DG (p<0.01) 5 W% I A T 28 (e v AN A2 3 A S 38 TEAH G . A
Uk, FRATETE RAE 1 AELE I (A s RO 42 AN RE 58 4 OB S AR AR KoK, 9 SRR IR AE K T T Hase .
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Figure 2. Correlation analysis of the growth characteristics of C. fargesii clonesat 1, 9, 11 and 13 years.

TRIKTCHE R A KR SR A DG 1.0 94 11, A1 13 FEAEMA KRS 13 SAE R MR A 56
PEPIT R (B 3) , 1FEARMAERKMRE MR A B . 9 F4E G, AL #HEpE R R ER
W25 AAH O, HAH DG 1 AR 08 189 DR T 38 5, (LR oy 5 S ABE B ()R Dt 38 R Ak B i 25 7K -« Pilodyn B 5
PR IEA SRR, HE 11 FARE RN EZ, W11 F480 13 FE4 10125 Pilodyn {5 1 A% &2 A
Ko HUERTEL, KWGHERME 11 F4 5 FAKMERA 5 MR B B r s e, K ig b p
PR B AH DG PR Bl 2B A B (AN TR 3 s AR SR I AR KR GF,  Pilodyn fEER KR, SRPERL SR/,

IR TG 2 AR KA P 5 B S0 DR 7 A DS . X 13 SE AR MRk 0 25 KRN P 1 R 5 o 5t ) 3
RS R T T A ST (B 4) o R A AR AR S R B RS, 54 MR IR B FuUR 9%
Pilodyn {54k FIAE Y B & 2 035 IEAHOC, S48 2R E GO S #rEBiE R 5EY N E 2N R
TG, DRk, PP SO . MR, B R, FESIRERI TR, AR AR SRR 5
PITCPE R Pilodyn {EH /)N AEFE MBS, Pilodyn fEBR /)N,  S5PE AR R ER 5
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Figure 3. Correlation analysis between growth characteristics and wood properties of C. fargesii clones.
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Figure 4. Correlation analysis between growth and wood properties with geographical and climatic characteristics of the 13-
year-old C. fargesii clones.

2.3 R EMREEITMN

FIFAEKMERIEM TEER: 0 BIRIH 9y 11 A1 13 A Aok s A0 42 06 MK TE 1 2R 1 AR K 1 L 3R A7 45
EVEM, LL 10% I NE N T R BT IERE (& 5a-c) , 3 MRS HI NS R LK 5. 9 EA NIk 20 A
etk BB A AR P 248 43 1 9 6.48 m A1 80.93 mm, L AT 118 = 20.529% H11 25.59%, it A1 35 7
4 22.51%71 28.89%. 11 A NIEH] 20 Aot Z 0 i A4 1)~ 348 43 08 7.67 m F1 99.62 mm, sk
FHME T 18.12%A11 22.86%, 1AL 2550 Fl A 19.44%F11 23.41% . 13 £EA4 NI 20 AN To b R0 Al B 42 1
SEIIME S BN 7.44 m AT 122.89 mm, B 4T 418 1 15.19%F1 24.40% , 3804% 19 25 73 ) N 16.17%A1 25.82% .
SERRE, RPN R IO R A AR ) S E T AR 15%-25%, W B S T 19.44%-
22.51% [i], ARG 25 T 22.86%-28.89% 2 [A]. 3 MRS AR N E T RA 11 4 (B 6) , 434l
J9: 21626-076. 11213-232. 11212-129. 11522-074. 11216-206. 11213-194. 11213-240. 11521-225. 11212-
130, 11522-067 1 11215-020, ‘EATHIAEKMERIEE, —HATEMAKTF; 9 FAERRANIE, 11 f1 13 4
SN TME R 24, 205009 11317-012 A1 11521-044, JUHE 11317-012 IFEL ) % —, A
BERMERKE . 5 200 SR W EMBE0EME, JE0HTEE . A RERPX 13 4
TP &, 11212-129 (1.287) . 11215-020 (1.240) . 11213-194 (1.237) . 11521-225 (1.277) . 11522-
067 (1.260) . 21626-076 (1.377) . 11213-240 (1.290) . 11213-232 (1.263) #111521-044 (1.258) %9
AT R ERKMIR T FE KL AN SR Y KT 200 DT R A KRS R 0280 1T

(0.994)
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Figure 5. Qi values of 200 C. fargesii clones based on growth traits by comprehensive evaluation methods.

W G7. GO G11 3fRER 7 4F4: . 9 RAEAN 11 SRR R A KRR & PN I ) 20 MEREMER .
6785, OFAERM N FEEKMRAMEMHRFEERE
Figure 6. Wayne diagram of excellent growth clones selected at the ages of 9, 11 and 13. G9, G11 and G13 represent 20
excellent clones selected according to the comprehensive evaluation of growth traits at the ages of 9, 11 and 13, respectively.

FHEHAR VRN TEME 2R - I 13 E42 10 Pilodyn (AN SR PR N TR Fa bR 0 R ME R At kAT 42
PEM, L 10% M NZE 20 TPk BT IR EE, AR 20 N ETER LA 7. Pilodyn {2 3 KB 1 ST 2448 2
774 11.83 mm A1 12.00 GPa, Pilodyn fE 4T S4{HAIK 18.43%, S M L e AR~ 3 {H = 23.17%, i8ifE
353N 13.70%F1 22.62%. HRIGH MR NIER 20 MR SRIEE KRN ER LR B LES

(K1 8) o Xfix 20 Motk &1 Pilodyn {E A AR S 1K B MUERHT 115, IFEHT 406 0P . K 11213-238

(1.237) . 42034-211 (1.235 ) . 42034-175 (1.262 ) . 11213-236 (1.159 ) . 11213-089 (1.184 ) F1 11213-
081 (1.156) %5 6 MG RMIEMER B FME FIZEA TEIN S5 35 KT 200 DNKWKEPE R 0-FH4ME (1.019) ,
AT I L R TV RIIEE -
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Figure 7. Qi values of 200 C. fargesii clones based on wood traits by comprehensive evaluation methods. QiB, Comprehensive
evaluation of the breeding values of the Pilodyn value and MOE; QiW, comprehensive evaluation of the Pilodyn value and MOE.

T Gy MUEARKPPRGE A PP tHAY 20 AMEKHR RIEPER: W, IRFEMEPERERAVEO I L 10 20 MG RIEMER: G, ARAB AR A
PEPEIRMIZRATPHT, ikt 20 AMEKAMHER REHER .
El8 MRIFBEK, M, ERMMEIERTFERON RZEMTIERFEE

Figure 8. Wayne diagram of excellent clones selected for growth, wood and growth and wood properties.

AR GRS RN MR R 13 AW R KR, Pilodyn {F A1 SR N PER F8 AR K
IICE RBEATLEE TR, DL 1006 H N30 Jo It RIEAT 688, NIRRT 20 DMICIER WK 9. Ni&ToE R H
Fr B Pilodyn (B AN 5P Y SF ¥9(E 5008 7.24 m. 109.62 mm. 11.83 mm 1 12.00 GPa; #f . i

Ao NS A i EL AT (B 4 ) 12.85% . 15.24% 11 8.62%, Pilodyn fE AT MK 12.94%; 4 MR
(RIE A3 25 43 5 13.20%. 14.39%. 4.29%F1 7.05%. AHECT F A KRS MR Vi i B R, R
KEMAEMRICA L RN 20 MM RIB E . MR, Pilodyn fE RN PR i 1) ~F S5 50 e~ B0 L P 388 o it
B A 1 2 AR WS A k) o

1.8 . 21626076
*31828-139
o 11213-232
11213-240 o
1.7+ . 11213-238# 11213-237
11212-2070 $31828-138
2 . 11213-194
© *11213-190
.
1.6
.
*11425-041
L]

T T T T T 1
163 164 165 166 167 168 1.69
QiT+w

T QiB, AKAMPEMER BRI SR TP IMEEG QIT+W, A KA PEPBRZE A PN R 5L
B 9 ETHKFHMMIRE 200 NRH M RIVLEE TN
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Figure 9. Qi values of the 200 C. fargesii clones based on growth and wood traits by comprehensive evaluation.

NIEI 20 MM £, 11216-206. 11213-232. 11213-237. 11213-240. 11213-194, 11213-006. 11212-
130. 31829-145. 21626-076 1 11318-164 S5H|H A KR EFEHP LHERE S (E 8) , WX 10 Mt
RIS BT HA KRS R 1F; 31828-138. 11213-238. 11425-041 Al 42034-180 5 1) FH A4 P iR 2k 4 H1
T REA, EAINER BT MR 1 31828-139. 11212-207. 11213-190. 11214-102. 11215-
031 F1 11213-242 & 6 N LMEZB =T 7.00m-7.67m 2 Ji], Hi424T 97.67 mm-107.33 mm /i, Pilodyn
AT 9.17 mm-10.92 mm 2 [8], #iERE AT 9.16 GPa-10.92 GPa X Jal, ‘EATHINIE &l T4 KR Ak
PEMRREBC S, AT EAKF. 1X 6 DNTEHE RIAEKBME B AZ RN, A2 583 mTE A AR5 1)
Ttk £ XFIX 20 N R W AE KA IR B M ES T 256 VP 4, 11213-232(1.700) | 11213-240(1.718) .
11212-207 (1.679) . 11213-194 (1.670) . 11213-190 (1.629) . 11212-130 (1.688) #l1 11213-242 (1.697)
S 7 ANTE R A KA PEPEIR B B I 25 VRN 45 SR KT 200 ARG R FI9ME (1.624) , ATFHT
AERM BRI RIES .

2.4 NikEF R MRHINE EF o4

IIFEASE R RS NG AT R TCHE R AR R B (R 3) , A KRG & IR T M RNk a5 s (R R b
HNRIK (45%-60%) , HIUATFEL (20%-25%) 5 IRAEMPELEE VI NGRS IR RAK (55%) &
FH (25%) Ay (10%) ; AEKS M PEBCE RPN IE R i m IR v KK (65%) , 55 — 2w (15%) ,
MEFH Blerd . PREHAFIRBH AN LRI 5%, HIRN & KK TR 97 4>, HEF R 48.5%, AR
P9 AR 11 FAERAERKMERIEBRHEMTERSA 12 MRE KK, NEZR N 60%, MR 13 FAM MR
NIEFNARK A S PP NIRRT R, SR E RKBINIEZ 5350 55% 1 65%, 35K T KK Fh i
RFR S EG s HOR AR R 8 4, AR 4%, AR 9. 11 A 13 AR AE KRG ATV A
RN 20%- 25%F1 25%, 378 K TP UL T AR I BT SRR A7 bl s 1LV A8 v T AR A SR BEUR 17 4
PP 8.5%,  ARIEA PR A KA 1 B A PRI BINIE 29 10%F1 15%; AT RG24 Ve B T RAEFP I 11
B, BT 5.5%, RIEMTEMRNIET 5 M, ANIEERA 25%, KT R EIE &,

WS RNIE RS SIS 7 GR D #7000, RAKTTFE T3k 1509.48 m, {741
9O MNHIXES 1 44, “FIYAE E105.07S 7E 9 NRITH A /Ny el Fpg i 1354k 1 318.19 m, {74
52 4, YA RE E107.39 /N T HARR IR I K28 2 5 11 4 TRV B T Fe R b ST 350 45 A 790.35 m AT 395.00
m, IF0EE 7 N8 9 4, LN E111.16 W E112.45S HE455 2 MIEE 1. 5% 0], HilE RoKmm
SPoR TR R, MR E P, O AR KRB, IRAE AR RN E B TEME & G LB R s I T R B
TR, ShERA, BmAR, HR A MR b, AR N e R 5 HL o

&3 BEHRMMR RN LR

Table 3 Selection rate of excellent clones of C. fargesii clones in various provinces and cities

A N NIEAN %%
NIENBUZE S T NIEA 2% T
b 2 A . NIEA %% . NEA IR (2020 AEAHEIRAN
SRR (2016 A& YR (2020 A=Ktk .
P . 2 % (2018 A KAEARD ) (2020 HHHEHEIRD LURERERIN)
. . Number / rate of Number / rate of Number / rate of
Province City Number / rate Number / rate of . Number / rate of . .
. candidates (2018 . candidates (2020 candidates (2020
of clones candidates (2016 - candidates (2020 -
- Growth traits) ) Wood properties) Growth&Wood
Growth traits) Growth traits) .
properties)
,7\‘7J< . 97 48.50 12 60.00 12 60.00 9 45.00 1 55.00 13 65.00
Tianshui
i 22 11.00 1 5.00 1 5.00 4 20.00 0 0.00 1 5.00
Hi Longnan
Gansu K 36 18.00 1 5.00 1 5.00 0 0.00% 2 10.00 1 5.00
Qingyang
RS
- 8 4.00 4 20.00 5 25.00 5 25.00 0 0.00 0 0.00
Pingliang
Bk . _EEBE 3 1.50 1 5.00 1 5.00 1 5.00 0 0.00 1 5.00
Shaanxi Xianyang
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75 Baoji 1 0.50 0 0.00 0 0.00 0 0.00 0 0.00 0 0.00
LT ¥ Linfen 17 8.50 0 0.00 0 0.00 1 5.00 2 10.00 3 15.00
Shanxi 24 2.50 1 5.00 0 0.00 0 0.00 0 0.00% 0 0.00
Yuncheng
L ekl 11 550 0 0.00 0 0.00 0 0.00 5 25.00 1 5.00
Henan Luoyang
3 e

3.1 ZMHALEREE, AREMRABENEKX

WARRAFEENGEEL R, EREFMIRIEEME R, AFE TR E kR0 R A=Ak
THE R, SEBIR AR LM . (Mwase etal., 2008) . MARTCHE RIEBHEAS FACFHRE, Biltn,
P (Catalpabungei ) (H#E%E, 2017) . JEAfk (Catalpa fargesii f. duclouxii) (4 3E%, 2019) . White Poplar
(Populus alba L.) (Zhaoetal., 2013) fliiE =42 (Picea crassifolia Kom.) (ZEFHHE, 2015) MAK
MR SR AR AE O RIBIAEAENR B 25, AR RN T 7.21%-29.18%, HAIRKIIBERIE 1. 1
ARG, KMk 1. 9. 11 A1 13 FEAE R A KR AN 13 4E4E M PEMRAE 200 AN TE: £ 1] SAITELE R 55 2 2
5o BTERIAZ R RBUIN T 12.12%-26.17%, AL ZHEIESIN T 1.825-2.083. R UMM A 54 M MR
HEAFTHE RIAIZERBK, ZFHFEE, T TEBEFM. Mo, 8% 25 M52 05T IR 3 52 ma 2 B2 AT A
W E ) R, B ERE RS T, AN E RN, GBSO (RS,
2012) o FEARWETLH, HAAERFIPEIERF E E 30 0.75-0.97 2], X 5EM (HiES, 2019)
PR W (DA%, 2014) KM RMEHE A (PiceacrassifoliaKom.) (ZEFHHEE, 2015) LHERM
W B FARA % 5 A B E R ) (0.745-0.983) 45 FML. UM AR A KR A MR A =
WAL PR, ORI RS2t 7 RIS E I Al . 546, S MRREBCR I B e v] fe 2
MBS, EHRERAKTEZRIX @R B, AKHEAEE, SOsAE SN AR R R 3 3
fro BRgE R WA Dok RAKAAPEMR Y B BB KOG Rk & RA KRS e AT, BeN e 2E
NIk B SRR .
3.2 R R T AR B HEEEE Mg

FEIGENEE AR b, PR Ar 1A] B AH OC SR BT DL e HARPEIR Z AN ) 5C 22, R T & A0 H bR )ik
# (Akihiroetal., 2013) . fEAHTEH, BHES KIS m A AR S8 525 IEAR G, RTINS A AR 7T A
[T . X 57E rubbertree  (Heveaspp.) (Akihiroetal., 2013) Al white poplar (Populusalba L.)
(Zhaoetal., 2013) HEIHTFE—2. WA, FBEIHATER BIAE OG0 A al i RO P AR . filtn, 12 4F
A (Pinusyunnanensis) IR s AF -4 A DG Mk B 35 A OCKSE, TR, 12 SEA N FL R PR £
MR (JRUKEE, 2018) . 6 AR K (Alnus cremastogyne Burk.) KRS 14 454 N AH S R B0k
BN ERE, RUMANFIEELTERN (EFEESE, 20000 . EARTRF, 9 F4AE, SHEeEA
KAFARA A BB R 35 TEAH O, X R B 1 45 AR I [ A s A IR A28 R A B 58 4 IR I ARG 1 2 b i i AR KT
O A MK AR KR A TR, R AT LRI A K MR T P AL & . 11 AR A RKMR 5
PEMEAR SRR S A, e T R RAK S MIERBEIET, HMES Pilodyn fH 5 AR & AHOC
PEIINREZE, MR R A I RIS K, EOR my BE&E TR N ST SR & PR B R bR . I K S
MPER TG, B A 4EEOR, Pilodyn EHBCK, SRPERBCEER/N, X 5HTARIBFEER —3 (Fujimoto et
al., 2006; Kennedy etal., 2013) . IXW[HERZ H T AN ARRILENL 7> ROEE R, SEORMEEFK, #m
THWHENER (Fukatsuetal., 2014; M&inenetal., 2002) . [Rik, ZHkA K AR MR O BT & 13k
RSN AN 11 A ek E R R SRS, EARYE F Fh H bR 2 BRI E TR B E), R e BN
PRGBS, R E TG R Ok B BE RGBT 4 VIR T00 S I PRIR , SCREAA 5 B PR I
H.
3.3 R IR SR EF X Tt REFE AR
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TS AT B AR IR s b AR R A DG, R DAR R IE A AR . i, =R R AR K MR
SRR £ il 2R E A, SENRERE FEMS, Wik, ACMIENamERERRIE (28
&5, 2019) . WAAEM (Liquidambar formosana Hance) HIF = 7E M HE 2% ] | 2 Parg- AR AL sl ks, Ar
LAFEE T W8 IS AR R BRIl 3 MR b AR B R (] RIGSE, 2019) o fEARWBFFLH, KMk
PRI AR SIFRMZ NS EA . MR 9. 11 A1 13 EA R IC I R I A K AR 25 5 40 Bk 3611 20 A
THERT, 3 MR 9-12 Mt kB HIN A RKT, 4-5 Mt FRKE HIRE T o, P Fr
A R IJEHE R o bz K3 o SRl s 2 Bl o 3X AT BB B T R K T AP T R T AR s, I
At CP¥Z N E105.07 K1 E107.39°) o RKTH AP i AR K MR R FlUBE o5 b KT J50R5R 5 bL 1) 55
— NIRRT RER, REMMETA 163 Ak B HR A, Hrb o7 fskE TRk, HIBME T HN &K
AKTHTFERRX, HR & PR 5T S Re I S 24 i U AT, DR R K T AP i i Rl B AE K B . ARk P &
(1) Pilodyn 18 5 g4k FNZE B2 73 0 52 B0 3 TEAHOCRI AR OC . AR 4B A PEIRER & PRI B 1 20 N etE R,
A5 ARk B EAVEBET, 2 MR SR B WL PGS T, X AR R RV R G KT
PR B LE A . R RE A BTG O T AN BH TP 384K 790.35 m A 395.00 m, 751 9 AN T R KR
3FMFEEGE 1 4, &5 708 E1LL.16 9 E112.45S JyMi3fy B R FE R 10 2 N, R, R s v
REF, WRIEMENER TR SR FIRGRRY, E5ENMAS, HEREEEKERT R KK
WIETE R, PIE NP SRR X UCER s AR B MR R TG &R, 0 3 G AR 0T SR b X
Pl HSCERIR R AT 2 550 50, XA R4 R TS . RS R s, RO AT
Bk, P AR I AL R AR AT HE T N o
3.4 ML R T RiERE

BFEH AR E BRI H RIS N I B MR SR pR BE S e RIAT A VRN, KRG
RO NEARMEER, 4R, RAMEERFK AR PUFEA, 7EH TFARKEMEK. HEH
(9155 N\ 32 o3 2 A AN SR sR 0%, A 33 NG RERE i 6 AN AE=F 7= R B AD 4 /MR 5T A
THERHAT RIS . EARTFES, RIEAEKMIREG S kR 20 MRMEER. Hd, F 114~k
BAE 3R I, EATR KR NFEaE . 11317-012 Al 11521-044 7E 9 AEAEF R NIk, 7€ 11 F1
13 4FAERT NI, FoHt 11317-012 76 11 FH 13 SFAR AR KHER 93—, Uil 11317-012 A B RIIAEK
Wii. w4, BRVELAEFREM TR EESH, CReHIBRME R, A S H 8L RSB 36, Xf 13
AR R TR B ME TS, 11212-129., 11215-020. 11213-194. 11521-225. 11522-067. 21626-
076. 11213-240. 11213-232 11 11521-044 %5 9 NEMER M EMMEECR, 1T T RRA KL R oM R 1k
Ho R EVREE G O ATEREE 20 MEMER. Hp, 11213-238. 42034-211. 42034-175. 11213-236.
11213-089 1 11213-081 5¢ 6 M EMER M EMERK, 7 H T KA R ETERIIET o X AEKHRA
FHEMEIRIFEATER AR NIL T 20 DEME &, 31828-139 25 6 AN £ AR KM RATAF M IR 25 A0 T o 45 i
k. X 6 NEPER T, 11212-071. 11213-190 A1 11213-242 B MEE K, ATVE AR A K AR 135
BN RIBATIRE . w2, AUTOEEH 9 Mg s KB TR AERKE R TR, 6 MEFAM
TR, 3MNEKEMEMRIBR TR, n&a KEATHE M, SR AT 8% R

4 G

EMARFEMERES, JUFBCAEM A RAREERBI A K HARTER, Pt n] DURSE & R0 H (ks A
Al B A . R A S S, B RCRIIL R EVE RIEFIE 1. ERAMPEI R T E R 1 R 3%
EEME N 1A AL D 9 M s AERKBIBERMARKRR LR, 6 MUFIAM LR,
3 MNMEK S MR BRI TIE R, PG REATHE N, AR IMRAT AL R o BESh, PUEls
TR DX AR A A DR, T 2R AR I R L IX KA PRI, 3T D945 i AR it % it — 0 i A
RtS%.
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