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Abstract: The study explored the growth regularity and genetic variation characteristics of Aquilaria sinensis Qi Nan
clones to provide a theoretical basis for selection superior 4. sinensis Qi Nan clones and application. 25 A. sinensis Qi
Nan clones cultivated in the Experimental Center of Tropical Forestry of the Chinese Academy of Forestry were inves-
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tigated, the tree height and basal diameter were measured at 1, 2 and 3 years, respectively. The study analyzed early
growth performance, adaptability, growth trait variations among different clones, and the intercorrelations. Comprehen-
sive estimation of genetic parameters and cluster analysis were used to select superior clones. There were significant
differences in tree height, basal diameter and preservation rate among the clones. The average tree height, basal diameter
and preservation rate at 3 years old was 134.15 cm, 2.89 cm and 68.40%, respectively. The highest was Qi NYH, and the
lowest was Bo LZ. There were substantial variations in the annual growth increments of tree height and basal diameter
among the clones. Generally, the tree height and basal diameter increased remarkably in the third year. The clones
showed different ranges of variation in tree height and basal diameter at different growth stages. The basal diameter
showed a high degree of dispersion and the richest variation. The broad-sense heritability of growth traits in 3 years was
high and stable, above 0.63. Basal diameter, tree height and preservation rate showed significant or extremely signifi-
cant positive correlation. Principal component analysis revealed that the clones were comprehensively evaluated and
ranked based on the scores. According to the selection rate of 20%, the top five were Qi NYH, Ao S, Jin SZ, Tu YW and
Cuan T in turn. The results of cluster analysis showed that the clones were divided into 4 categories. Class [ grew
better, and had stronger potential for growth in the later period than others, including Ao S, Qi NYH, Lan BS, Tu YW,
Jin SY, Xi GY, Jin SZ and Cuan T, with the tree height, basal diameter and preservation rate above 158.00 cm, 3.00 cm
and 73.00%, respectively. Class Il and Class [II grew relatively fast. Class IV grew the slowest with the slowest tree
height, basal diameter and preservation rate. Through comprehensive evaluation, Qi NYH, Ao S, Jin SZ, Tu YW and
Cuan T clones had the best performance in tree height, basal diameter and preservation rate. They could be popularized
and planted as the excellent comprehensive quality of 4. sinensis Qi Nan clones in Pingxiang and other suitable places.
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Tab. 1 Basic information of 25 tested 4. sinensis Qi Nan clones
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Clone No. Clone code Source Clone No. Clone code Source
QNO1 Jin Shay I T QN14 ZiQ XA
QN02 Diao YW XA QN15 Tang J %44 T
QNO03 PuTT XAl QN16 Zhi TJ I
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QNO7 Xiang SYH XA QN20 Cuan T HM T
QNO8 Jin SZ AT QN21 Tou DL XA
QN09 Da YP T QN22 Hong GIY XA
QN10 Qi NYH XA QN23 BoLZ 4T
QN11 Jin SY HM T QN24 Kuai C A
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Tab. 3 Height and basal diameter annual growth increment among different clones
Tt & 2a 3a
Clone #f1= Plant height/cm 142 Basal diameter/cm 7= Plant height/cm Hi4% Basal diameter/cm
QNO1 15.26+13.86% 0.43+0.25°f" 36.75+6.45% 0.94+0.36*°
QNO02 28.48+10.48% 0.68+0.207cdefen 56.37+8.89™ 1.3240.33%°
QNO03 34.39+18.32% 0.95+0.5 1204 46.36+24.23% 1.16+0.36"°
QNO04 50.69+23.95% 1.20+0.55° 57.45+26.25® 1.65+0.60°
QNO05 42.86+13.63%¢ 0.90+£0.237bcdef 58.19+18.30™ 1.63+0.42°
QNO06 35.93+8.01%¢ 1.00+0.15<¢ 50.46+9.84™ 1.48+0.11%
QNO07 34.21+11.83%¢ 0.64+0.220¢deteh 49.73+10.74" 1.2940.49¢
QNO8 36.36+17.38% 0.94:£0.34°bcdef 53.10+16.39% 1.29+0.49
QNO09 21.92+22.04% 0.51+0.33¢defeh 32.37421.98% 0.79+0.75%
QNI10 44.08+21.95% 1.15+0.50" 59.79+19.44 1.64+0.62°
QN11 38.89+14.91%¢ 0.87+0.207¢def 56.06+£13.77% 1.55+0.36™
QN12 22.87+15.45%¢ 0.52+0.30¢defeh 30.11+20.56" 0.79+0.43%
QN13 42.50421.17%4 1.04+0.41% 57.84+21.91% 1.58+0.55%
QN14 34.55+11.49* 0.61+0.12¢d¢feh 31.81+17.33% 0.95+0.47%¢
QNI5 41.65+14.01°¢ 0.79+0.23%0cdefe 40.72+12.04™ 0.89+0.12°
QN16 60.48+58.92° 0.59+£0.22¢dcfeh 34.71£25.99* 1.174£0.30"¢
QN17 25.48+12.82° 0.41+0.12"" 44.58+8.75" 1.02+0.38¢
QNI18 19.16+14.16™¢ 0.33+£0.27¢" 39.97+22.83% 0.94+0.55%°
QN19 10.23+17.89¢ 0.21+0.29" 30.64+28.79™ 0.67+0.56"
QN20 46.66+10.51" 0.94:0.35°cdef 52.13+11.27% 1.32+0.30%
QN21 40.89+21.03% 0.93+0.45%cdef 55.78+21.82" 1.30£0.69°°
QN22 21.30+£16.53% 0.49+0.33%"e" 36.44+23.06™ 0.89:0.54°
QN23 10.51+8.99¢ 0.25+0.18" 26.74+14.45° 0.65+0.14%
QN24 29.64+15.99%4 0.60+0.26°feh 42.95+14.35" 1.16+0.44¢
QN25 34.88+8.59%0¢ 0.71£0.20?0cdefeh 34.42+18.40™ 0.96+0.43%

T PR FE/NG 5 1E3m 22 5 3% (P<0.05 ),

Note: Different lowercase letters in the same column indicate significant difference (P<0.05).

(AR e R AR ) st s HAR g, otHER
AR R Z IR S, 2t i,
7 S MR I T2 R R A T &R IR st AL S 22
5, VAT R LR T 6
25 HBHHEKIBREIRHEXES T

A 1 A, ORI AR I 45 A K AR AR 22 ]
I E B B IE ARG, AN [ K s A M A [
MRS (r) Y75 0.90 L |, D2 5 D3 [alfd »
4 0.97, D1 5 D2 [a]#% » >4 0.90, D1 5 D3 [a] )
r o} 0.90; A[EA KB IR EIR A - 97E 0.80 LA
I, H2 5 H3 % K 0.96, H1 5 H2 [l r K
0.85, HI1 5 H3 8] r K 0.81; A4 K%
FESRIAN ) r 247 0.65 UL, P2 5 P3 [a] 4 r 4 0.94,
P1 5 P2 [6lf% 4 0.75, P1 5 P3 [A]f r H9 0.68;
Iii P1 5 D2, H2. D3, H3 [a] (4HME R B TE

0.60 LI'T . AHME T4 SRR, B, HiARH
PRAFE 3 AN FEhnZ (B o] LR 7 Rl ek, vl ad
Tl — IR ] P ke 2 H A PEIR
26 EHHSH

FF 25 A MUIEICHER 3 a & . Hig
PR R AT E R0, S5 RA3 8] 9 A~ F 8
g% MR 6 AN, FREEIRREME > 1 A 34 1
A, BRTTERARIL 84.16%, 1 2.5 MR B4k
RATH, 3 a BAERKIER & . HOAS RN DR AE FE 22 (]
FAIERFIEACR, UHREC 1 D F R ES
PR, Pk, AT IR 3 %F 25 A5 it
M RIFATLRE VRN

D1. D2. D3 7EF B4 thHRHE [a] 5 53500 4
0.124. 0.126. 0.125; H1, H2. H3 7£ F 4
FFRAE [ 43914 0.119, 0.126., 0.127; P1. P2,
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Tab. 4 Variation coefficient of clone growth traits at different age stages %
la 2a 3a
Tk &R = . o
Clone A e e i e Mz i i e
Plant height Basal diameter Plant height Basal diameter Plant height Basal diameter
QNO1 9.74 5.66 23.98 22.64 14.71 27.46
QNO2 11.09 6.58 6.07 7.95 5.94 9.64
QNO3 17.08 11.57 32.79 25.60 28.35 29.76
QNO04 24.22 21.56 33.82 32.35 36.39 34.66
QNOS5 14.27 13.37 17.68 14.45 19.20 20.17
QNO06 5.77 10.66 7.11 3.64 8.42 3.24
QNO7 15.26 14.13 22.04 20.67 16.72 26.17
QNO8 14.22 17.29 23.98 22.13 22.01 25.12
QNO9 22.93 18.26 36.53 41.12 49.73 57.49
QN10 12.62 8.04 25.03 18.71 20.16 28.95
QNI1 9.98 8.64 13.26 19.18 19.14 17.09
QN12 20.19 20.93 32.07 29.58 36.96 39.65
QN13 26.40 22.47 32.16 33.54 33.09 32.49
QN14 13.11 10.30 14.76 19.59 17.01 18.98
QN15 21.55 20.68 23.82 24.47 25.57 20.32
QN16 17.00 16.38 23.34 55.22 29.19 23.92
QN17 32.88 19.15 31.37 29.79 25.51 33.18
QN18 14.33 13.12 27.92 24.34 36.16 39.11
QN19 14.49 8.62 38.00 37.92 56.29 54.58
QN20 12.66 12.58 23.13 16.57 14.15 19.90
QN21 27.04 24.96 35.97 35.01 23.54 27.53
QN22 24.53 24.69 37.93 40.77 42.34 42.20
QN23 20.77 24.12 15.69 17.99 19.89 11.95
QN24 8.54 7.04 18.49 21.68 20.07 21.37
QN25 6.69 9.59 14.67 12.93 18.08 20.74
®5 AREKMBEREKNEESH
Tab. 5 Genetic parameters of growth traits at different age stages
AKE kbR S et 7 ST A SRRERAR
Age stage/a Growth trait Broad-sense heritability Genotyplq cpefflclent Phenotypl_c c_oefflclent Env1ronmept poefﬁclent
of variation/% of variation/% of variation/%
1 e 0.85 40.00 21.48 15.66
A 0.77 36.90 20.44 17.61
2 5 0.64 47.01 27.43 28.27
Az 0.74 52.05 29.19 26.46
3 W 0.63 43.38 25.41 26.46
itz 0.69 50.77 29.08 28.40

P3 7€ 2 BL5 B RFAIE ) 43 314 0.095, 0.122, TENE AT HER (£ 7). R 7 v A, 458
0.124, ¥t 3 a ARSI & . HAERMRARHE S04 NS ERIKIK S . QN10, QNO04,
ibndEfl, FRU 0 AbREAL S A (E oL QNO8. QN06. QN20. QNO03. QNI11, QNO5,
TR PR B, FHERRIACER 3 QNI3. QN16. QN25, QN21. QN24, QNO02,
BT EEARERL, TR 25 M A RUIER CERINZES QNIS, QNO7. QNO1, QN22, QN14, QN12,
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D1 | DI 087 064 095 08 078 090 088 081 10
0.8
H1 ‘ HI 073 083 085 077 078 081 077 06
PL @ @ » o052 o 075 040 053 068 0.4
D2 . . @ D2 o092 08 097 095 o084 0.2
H2 . ® o . H2 08 090 096 088 0
@O0 O - o o5 o0 —0.2
D3 . . ® . ‘ ‘ D3 097 088 —0.4
3 ! —0.6
00°:0000 - -l
neeceeoee -l
D1 HI PI D2 H2 P2 D3 H3 P3

HI~H3 433120 1.2, 3 a #; D1~D3 439 1.2, 3 a i P1~P3
S 1L 20 3afRAER. *FRRBEMK (P<0.05);
R FARL (P<0.01),

H1-H3 are plant heights of 1, 2, and 3 a respectively; D1-D3 are
ground diameters of 1, 2, and 3 a respectively; P1-P3 are
retention rates of 1, 2, and 3 a, respectively. * indicates significant
correlation (P<0.05); ** indicates extremely
significant correlation (P<0.01).

B 1 ARERKRBERERBXESHT
Fig. 1 Correlation analysis of growth traits at
different age stages

®6 9ONEMAMEXREMERIIE

Tab. 6 Eigenvalues of correlation matrix for nine
principal components

ey 1155 ik K
Pi’ffiil A i 2R Cuiil:t‘li\io

component Eigen value Proportion rate/% portion rate/%

1 7.58 84.16 84.16

2 0.74 8.20 92.36

3 0.34 3.82 96.18

4 0.14 1.56 97.75

5 0.08 0.88 98.63

6 0.07 0.75 99.37

7 0.04 0.46 99.83

8 0.01 0.11 99.94

9 0.01 0.06 100.00

R7 BHFEAELERERSSNEEEIHA

Tab. 7 Principal component analysis composite score
ranking of 25 4. sinensis Qi Nan clones

QN19, QNI8, QN09, QN23., QN17, KL 20 %My
AR, ABERT 5 A MRIUE QN10, QNO4 ., QNOS,
QNO06. QN20.
27 B HREHERIEBES N

LTy AR RIS SR 25 1 A F UL A TG
PERIAT RIS T, FEEBRICEE B p 8 m, 28
IR e RIZB LA —2E . TERRICHEEES A 1.22
ib, 25 r AR UTE R o T T, T,
IVIL 44285 (K 2), 1238 s tER, s
QNO04., QN10. QNO5, QN06, QN11, QNI3,
QNO8. QN20, K#duhy, HpE . #id . 747
FAEAKED AGERSERIEI . QNI

Tt &R a1 Hy

Clone Composite score Rank
QN10 1.88 1
QNO0O4 1.32 2
QNO8 1.24 3
QNO06 1.17 4
QN20 0.94 5
QNO03 0.79 6
QN11 0.71 7
QNO5 0.68 8
QNI13 0.64 9
QN16 0.54 10
QN25 0.38 11
QN21 0.25 12
QN24 0.17 13
QNO02 0.00 14
QNI15 -0.18 15
QNO07 -0.48 16
QNO1 -0.63 17
QN22 -0.73 18
QN14 -0.76 19
QNI12 -1.08 20
QN19 -1.17 21
QN18 -1.31 22
QNO09 -1.36 23
QN23 -1.47 24
QN17 ~1.54 25

QNoO1

QN14

QN22

s =i

N S— l

QN17

R —

QN23

QN02

==

8N16 il

N ——

QN25

QN24 ——8 —— it

QNI15

N S—

QN10

QNO5 I

QNO06

qET)

QNI13

QNo8 P

QN20 1 1 1 1

0 0.61 122 1.82 2.43 3.04
Coefficient

B2 BHaMnErtERERERPRESN

Fig. 2 Cluster analysis of growth traits of 25
A. sinensis Qi Nan clones

oy . M2EF 7 ATMER, @ QNO2,
QN21. QNO03, QN16. QN0O7. QN25. QN24, I
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FKMMER A, WE. i, RAEE, B4
K U R ZE A F K, AT 12
MEENVEZE, VIA 9 NTHER, 135 QNOT,
QN14, QN22, QNI2., QNI8, QN09, QN17,
QN19, QN23, HpwE ., e, AR, F4K
WU RGBT G RINE =

3 iig

T FH S o RT3 b 35 AR 2 A 0RO B U 1
K, ARKE N AAR R TR R A 25
HEERENPETY FUIEMKE L KRG
REIRET SRR, ER—EBT, ARIHER
SR A K 25 S R A A5 I Y A
FEI, S 25 D2 A Tt R R A2
SWE, WE Mg E SRR EE, EEE X R
TS 1. 2. 3 AEEH R AE 25300k 85.00%
T4.44%F1 68.33%. A FEUTHE TCPERTEEM (25
ANTerEZ O U N (26 A TPER ) TR (25
AR ) U FAl, FIRERBL AR .
mAHAR AR 22 R, B 1 ARRE R RAE R 5
H 67.80%. 70.00%F1 91.33%, i B FEFRE (1 Fh L
FEEU L M RN M L X A, RN A 22 . A
DUE M R EREFIRL 3 a UIRTFRIBAE T I%,
N BRI B TR (5 2 5 3 48
(RS- IR TEZ 5 0 82.47%F1 73.12% ), X Al fE
o ELS: S NS (b1 N TP Td VA AT SIE /1)
PECOAUAT 3G e A P s b g P LR RS i A
EOeEE, M, KB MEEEN 2R, X
A SR KAy Ao e 1 A R DT AR, T LA
EER AR LRI

ToE R A 5 R BT T FR AR SRR
XA K AR G R RE ST, T MR JCHE: R 1A 51
LA B T m O R R a U B oM R i F
PR R LB, ARAEKSY, TR
W AR Y R B I AR S, A AT
MR EABRRBEES, X Aol
RIGH: R F e ml . obk R A K MRz
0 ) 2 BB R0 4 il i, ELAE A 3k
R Py, RS R, TRUIE IR 3 a
A R S E ) 8 HAR e, 7E 0.63 L)
b, AT, FARUCE oM R AR KR AZ B R
g, G, HAR SR EEORE A
Totk R R 3 i 22 5, UL DAL EA Tk %
R T

HWFFEERY, LL 20.00%19 AEREPEAL BTG
PR ERREIRAT IR 25, T PR RO R R A5
FFa 2 AL ARWFSELL 20.00% A L H 57 1k
BRI AR R S N TEER: QINYH, Ao S,
JinSZ. TuYW. CuanT, HrH Qi NYH %4
PR, H e (184.10 cm ), #1482 (4.16 cm )
FRTER (83.75% ) ¥R FEHTHAM IR, B
Bortra Rt — R, X 5 AR ERET
K& mss 125, 50l 7 HBHEfa e, otk
AN KR Z XA TR, R B
S e SRR 5 E RS AT X St
FL 2R, AWFEiEA 20 S MERTEHR T Qi
NYH. Tu YW FI Cuan T 375 1% JH #h X 2 FUAL 5 ;
1M Ao S. Jin SZ W43 78 HOM . 38 M 3 IX (g AR
TP AN TRIY 5 A TOME R AR X g
PR, R fe R e S PR BEE i M 3L R/ H Y
L8 AN You YZ Fll Bo LZ #E 24 X, (4%
FELOWEIN L I I, WTBES AL B R
X4 R R IR T O R A ST X B RS 4 R
SEH T SRR A AR RSN, PRk
T TS TR FE A AR TR BRI A
FME . WFSE R, Diao YW TEELMN . N R M|
E A KR, BN RERLT
H 2 K SR U10] S B 2 A T O R B A KA
HA B E X1, Qi NYH. Diao YW %G
PR R K AR K e S stfe e, ol
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