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Table 1 Phenotype average values of Picea abies clones

AR Trait HARIME Mean  #rifEZE Standard Deviation  fiz/ME Min  #t K Max 2853 28§ Coefficient of variation/%
W7 Height/m 2.62 0.93 0.30 6.50 35.50
B Stem increment/cm 36.80 17.75 1.00 110.00 48.24
Jfi4% Diameter at breast height/cm 2.75 1.24 0.20 8.90 45.21
/3% Branches/ 4™ 4.47 1.40 1.00 15.00 31.38
i Crown width/cm 125.30 40.66 20.00 355.00 32.45
2 KRNEEEEREKERATEST
Table 2 Variation analysis of growth traits of Picea abies clones
LG H Rl ¥175 - - %ﬁ?hﬁté 2 Rl ¥175 . w
Height Df Sum Sq Mean Sq Stem increment Df Sum Sq Mean Sq

[X 41 Block 4 181940 45485 320 *x* || X4 Block 4 3852 963  1.80 **
Tt R Clone 377 16809528 44588  3.14 #*x || JEPER Clone 377 495089 13132 246
%Z H. Interaction 1489 21134457 14194 346 *** || ZZH Interaction 1488 794949 5342 326 k¥
1% 2 Error 4755 19492239 4099 %% Error 4660 763218 163.8
fi4% DBH Df Sum Sq Mean Sq F P 43 B#1 Branches Df Sum Sq Mean Sq F P
[X 41 Block 4 18 4584 191 **x || X4 Block 4 1 0261  0.12
Ttk & Clone 377 3089 8.194 342 *x || JIER Clone 377 2135 5.663 263 Rk
%2 H. Interaction 1488 3565 2396 320 *** || ZH Interaction 1478 3178 2150 133 ke
%7 Error 4727 3536 0.748 %7 Error 4626 7458 1.612
JEIE Crown width Df Sum Sq MeanSq F P # Volume Df Sum Sq Mean Sq F P
[X 41 Block 4 29511 7378 298 *x* || X4 Block 4 4.2¢-05 1.05e-05 217  #**
TR Clone 377 3141615 8333 336 *** || JIER Clone 377 5.7e-03 1.51e-05  3.12  ***
% H. Interaction 1486 3681233 2477 290 *** || X H Interaction 1488 7.2¢-03 4.84e-06 217 kxx
%2 Error 4718 4032309 855 %2 Error 4728 6.6¢-03 2.23e-06
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Table 3 Variance component and gene parameters of Picea abies clones

Jr 45 (EL)  Variance component (Proportion) AR 55 24 Coefficient of Variation/%

HERKPER THRET )
Trait THE#R THREXA R 7 WL 5T R AL PR 53 R AHL Repeatability
Clone Clone x Block Error Genetic variation Phenotypic variation

4 EiHeight/m 1682.00 (19.34%) 2905.00 (33.41%) 4108.00 (47.25%) 15.67 35.62 0.68
HAH K Stem increment/cm 4349 (13.74%)  108.57 (3429%)  164.56 (51.97%) 17.92 48.36 0.59
4% DBH/cm 0.31 (20.42%) 0.48 (30.87%) 0.75 (48.71%) 20.38 45.10 0.71
43 K %% Branches/ 4™ 0.20 (10.20%) 0.15 (7.75%) 1.61 (82.05%) 10.02 31.36 0.62
&% Crown width/cm 32420 (19.67%)  467.50 (28.36%)  856.50 (51.97%) 14.37 32.40 0.70

M 3 I RER IR SMRIRZ TR
L R R A, TSR RO, H
wh, oM AR AR RN e i PR B R T 38 3 0.70 DA
b EMRAMRBEE R REI/NTR AL R R
B, AL RBCN 10.02%~20.38%, FHIALH
ZEH 31.36 %~48.36%,

22 THREKMEREINELSH

%t 9 4EA: 378 AR A2 Te: R A4 A KMk

WL BT MofR . . R MR TR

Ko, Hr, SRR T (L 10 2R
) JEaAr, 458 (Fk4) KM THRME . B
RS M L e i 2 20 S FNaEt 15 AH ¢ R 503
(0.72~0.95), HARN W ZE G, THERME
BT BAR HTR R R R I (A G i e A
FHOCRIIRAE A G o A0 Rg 5 A A PR A Sast %
PR REIYEAR, HAREMAE, TR T
PE R SRR & A2 TS SR8, FEAS BRI 7
e
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Table 4 Correlation coeffieient of growth traits in Picea abies clones

Hi4% DBH /315 %% Branches &8 Crown width L Volume

FHIRZRHY correlation P Height  #7TAH 1K Stem increment
W Height/m 0.84%*
HRE K Stem increment/cm 0.93*
M2 DBH/cm 0.95%* 0.91%*
73 1% Branches/4> 0.63 0.51
5l Crown width/cm 0.93%* 0.86*
M Volume/m® 0.93** 0.88*

0.90% 0.08 0.83% 0.89%*
0.79%* 0.03 0.72%* 0.76**

0.10 0.85%* 0.97%*
0.61 0.07 0.10
0.94%* 0.62 0.83**
0.98%* 0.54 0.89*

H E=MONRBAHRAE, T MO A RHL LR R A K (P<0.01), “* " Rom BEAIL (P<0.05).

Notes: The data in matrix above is phenotype correlation coefficient; below is genetic correlation coefficient. ** Indicates significant difference at 0.01,*

Indicates significant difference at 0.05.

23 EHRREEEGHTELRTERVITIEE
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167 4. WE B E S W &L MELE S, M



92 7 N A S I $34%

g 100f KRBGR 0997 (K1), ZHEWBEIEMRL (p<

Eé’ 50t 2.2e-16 ),
=7 e DA P38 A L 1 30 AN ok B R M e B
25 0 / TR, W%“ﬁi%ﬁﬁ 101.39 cm, ABETCHEZAM
Br HIE 363.18 em, JEAIEEE N 26.38%; AL
150 200 250 300 350 400 PR MR . iEIIE N 4.06, 162.37 cm, 45

Ontmal vt b T B A2 W35 5.
1

il Z2 T RZ N B REES ERMEZ BRLEREX 3 ik

Fig.1 The pearson correlation between tree height of the

clones and genetic value
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Table 5 Selected superior P. abies clones and genetic gain of tree height

75 TR W 3 {E/cm W g A% R B k2 cm W AL 38 /% 4235 {E/cm JE I 51{E/cm
1 pab08ts1476 420.25 108.59 158.46 4122 4.90 170.80
2 pab08ts1686 417.58 108.54 157.12 40.87 391 162.32
3 pab08ts0774 417.11 103.25 156.52 40.72 3.79 141.28
4 pab08ts1196 411.89 103.02 154.92 40.30 4.60 176.92
5 pab08ts0681 406.65 99.32 152.91 39.78 428 177.38
6 pab08ts0572 394.72 89.25 149.58 38.91 5.04 183.58
7 pab08ts0339 385.74 85.05 145.92 37.96 484 181.95
8 pab08ts0900 369.10 73.74 141.09 36.70 488 182.00
9 pab08ts1599 368.90 73.60 13731 35.72 341 149.78
10 pab08ts1031 367.50 72.65 134.15 34.90 4.02 167.28
11 pab08ts0716 365.47 67.99 13138 34.18 3.65 156.63
12 pab08ts1641 359.20 66.99 128.55 33.44 3.96 157.58
13 pab08ts07054 355.78 65.85 125.89 32.75 413 168.30
14 pab08ts0887 356.60 65.22 123.67 32.17 474 177.25
15 pab08ts0556 352.22 63.14 121.46 31.59 439 179.28
16 pab08ts0813 352.95 61.87 119.56 31.10 377 169.45
17 pab08ts0729 350.30 60.93 117.74 30.63 420 164.23
18 pab08ts0677 348.05 59.40 115.99 30.17 3.96 156.88
19 pab08ts1492 345.95 59.16 11431 29.74 4.16 163.08

20 pab08ts0795 344.60 58.94 112.74 29.33 472 174.70
21 pab08ts07037 339.47 57.19 111.07 28.89 323 137.76
22 pab08ts0337 350.94 56.60 110.07 28.63 391 136.09
23 pab08ts0902 342.15 55.38 108.78 28.30 3.65 153.78
24 pab08ts1043 342.10 55.34 107.59 27.99 357 170.98
25 pab08ts0900 339.85 53.81 106.41 27.68 4.02 166.75
26 pab08ts1620 343.12 52.87 105.45 27.43 3.03 109.74
27 pab08ts1574 338.15 52.65 104.37 27.15 3.82 138.88
28 pab08ts0837 338.05 52.58 103.37 26.89 4.09 168.30
29 pab08ts1291 337.95 52.51 102.43 26.64 352 150.58
30 pab08ts0678 333.17 51.58 101.39 2638 3.56 154.03

VE: AR Tpab08ts1476” A, pabfLEER

Notes:

tianshui city of Gansu province; 1467 represens cuttage serial number.

WM ZAZ ;s 084X 2008 F-47fi;ts A RR AT M AT H IR R AC/NBE 1L s 1467TREB LM RFFHF 5 -

Using the example of “pab08ts1467” in table 5. pab represens P. abies ;08 represens cuttage seedlings in 2008; ts represens Xiaolong mountain,



555 3] FACHE, 4

PP X BRI = AZ G TNk 3 AR K2 5 S PP 5 i 93

L, BHH ) TCHE R RE G AR AR EERR 1 I
N, YRR T BRI AR EAAE RO, S
R 378 BRI =42 ek Z 2 H I o8 1h A0 R PR bk
FrHEY B Pk . W Jot R A KR A
FE ] L T e e 20 DX 30438 0 P M st A% 748 S
TH

A ST IE XA FEARYT 378 DB = A2 TCE
FME . BRR . TER . B BTN SRR AR
A 5 K28 S o BT A R, ) — i N RN 2= 42 Tk
RO HAWBEZR, SHERITHERERE K5,
VLIS PRIRTETCYE R M BA 25 . S IRIREAE
RHBH 31.36%~ 48.36%, sl A8 5 AE S RECH
10.02% ~ 20.38%. &ERMTEER . THEREX
HEAERN AR S, ot RS KB AR Jr 255
TR Z 0w K (S RCERAh ), B it
A PRI 28 o ST M AR DR R X BRI 2 A2 Tk 2R A il AR
Ko TEMART R, JeHEA SR AN E R
W, B BB N R SRR R
() ARV 52 0 A K KBRS ( Pinus taeda L.) . &0
FA . W ( Eucalyptus robusta Smith. ), =252

W = 42 Totk &R 45 MR E 2 118 R 0.59~
0.71, R ETMRE P AR DL B A IBAL IR
To: R BB AL RN, 5 — MR SN B T I W 2R
RIPRIR A B e . AETetE RMR IR G2
i, MK ( Catalpa fargesii Bur.) ' & #&
( Toona sinensis (A. Juss.) Roem. ) BP9 i) Z5:14
RKI T RT 050 WER J1, FFAETCHE R E#H1T
T, Bl a2t 2 E KRR ER im, 7
A AT B ICPE FR 3R AT LR AT i ek R
e

T AR B A ARG S8, M 5
F AR R BGRF] 0.95, KL, FIHR A
KANHATIE RV R R RA —E il T, 15t
R RS b — I E 2SR, UFRER AL
R R IR B4 . BLUP 322 Henderson 41 %
AP GO A —Fh s i, REAE N HZNE DT
REHEAT [ 28N AN REA LA A A 3. 1988 4F White
SERO XS BLUP & BN T EAT T IR 41, H
Hi, BLUP JriECAEHIMA ( Paulownia fortunei (Seem.)
Hemsl. ) P #{H#5 ( Pinus contortassp.latifolia ) **
KIERNPN . FH A2 ( Picea crassifolia Kom. ) '
BRI, PN ECY il i AT FROR
i BLUP FiE A R T A EEE L,

4 Hip

FIAG, 7ESRPGH XL 5 C S a2 R A 5
Bt 110 hoo?, A0 WM 2 A28 4R DX A0 bE IR Ak
RAE)7RJEAK, Sl A HIX 378 DRI A2 R IG
PERBAL AL 0T, TEH 30 MERTIER, A
BE R JOIE R e ia A5 2 15 2] 26.38%, AT
FONA M B PEOU TR AL Sl R, g
I NTHE R, HAT, SoemEn AEitR I
PEARPHGHE TAR, IS5 98%, LAREEUR AR
FIEACAL PRASCE se R IR FOREACR AT . EAh, 38
A AN A A KA TEME R AR K 2R T R A )
oA A RAE B bR 2200, DML #EE%

B3k :

(1] BEmIBE. CTHMARTEE R BRSNS (1], Jet ol K224k,
2019,41 (7): 1-9.

[2] Dyderski M K, Gazda A, Hachutka M, et al. Impacts of soil condi-
tions and light availability on natural regeneration of Norway spruce
Picea abies (L.) H. Karst. in low-elevation mountain forests[J]. An-
nals of Forest Science, 2018, 75(4): 1-13.

(3] Wfph. IO = ISR e e R s AL 7 S e 6 (D] Jbat: bk
W RABEFEBE, 2012.

(4] 5B, BRBHDYRE, B9 550, 5. RREBEAZER . KEEMRRIN 2 A24F
REPEN (7). ARk BLAEE, 2016,29 (6): 919-925.

(5] 8B VSRR R R & AEDLBEDFSE [D]. bt T
MolkBrr kTR, 2014,

(6] EZENE, TR E, Sk, 55 )T o 82 B R 7 A= AR AR 1 19 B
52 (0], WAk B4R, 2006, 23 (3): 351-356

(7] %=, EmJy, TEZ, & B2 REDET (1], 4RIk
WA, 201,39 (12): 16-19,23

(8] G="F 1 W AER, % SEAFAFNEA MR (7],
Al RS, 2018, 31 (5): 20-26.

[9] Ouyang F Q, Ma J W, Wang J C, et al. Picea species from humid
continental and temperate marine climates perform better in mon-
soonal areas of middle latitudes of China[J]. Journal of Forestry Re-
search, 2021, 32:1395-1408.

[10] WangJ C, MaJ W, Ouyang F Q, et al. Instrinsic relationship among
needle morphology, anatomy, gas exchanges and tree growth across
17 Picea species[J]. New Forests, 2021, 52:509-535.

(11] BRERDFHE, #8455, B 1, 4. o2 B iR R R BETN 5
PEPELT]. MO RIERITST, 2018, 31 (6): 26-32.

[12] Klisz M, Jastrzgbowski S, Ukalski K, et al. Adaptation of Norway
spruce populations in Europe: a case study from northern Poland [J].
New Zealand Journal of Forestry Science, 2017, 47(1): 1-9.

[13] Piepho H P, Mohring J, Melchinger A E, et al. BLUP for phenotypic
selection in plant breeding and variety testing[J]. Euphytica, 2008,
161(1): 209-228.

(14] BREADFHE, #8455, WHE, 5. o2 QiR R R BRE LR
B TBLUPI M RACEAERE (], gt poll K224 . AR
Iz, 2019,43 (6): 53-59


http://dx.doi.org/10.3969/j.issn.1000-5382.2011.12.005
http://dx.doi.org/10.3969/j.issn.1000-5382.2011.12.005
http://dx.doi.org/10.1186/s40490-016-0076-9
http://dx.doi.org/10.3969/j.issn.1000-5382.2011.12.005
http://dx.doi.org/10.3969/j.issn.1000-5382.2011.12.005
http://dx.doi.org/10.1186/s40490-016-0076-9

94 Mok B B 5T %34 %
[15] Mocik. REASReml-REEHH4 [M]. dbat: A bRl iRk, 2016. #r [0 MRl BLADESE, 2019, 32 (4): 79-87.
(16] EHEX, B 8,7 M, % bR F 1000 5 3514 1A 43 (24] #ALKSC, BRSCR, TLooH#h, 55, i oM 2 B0 A K S R e it
Bril. MolkRl#, 2010,46 (1): 29-35. 73 L. M RL£E5T, 2019, 32 (4): 165-170.
[17] Institute S. SAS / STAT user’s guide: version 6, Vol2[M]. SAS Insti- [25] Rpss, 22 1R, FAUL, 55, bR R4k e Fh T TE R B 0F
tute: Cary, NC, 1990. I R A5 ] . A SRR, 2020, 44 (2): 43-50.
(18] FEBHER. MAFFAHES IM]. dbat: dr Mol A, 1988. [26] White T L, Hodge G R. Best linear prediction of breeding values in a
[19] Chen Z Q, Hai H N T, Helmersson A, et al. Advantage of clonal de- forest tree improvement program[J]. Theor Appl Genet, 1988, 76(5):
ployment in Norway spruce (Picea abies (L.) H. Karst)[J]. Annals of 719-7217.
Forest Science, 2020, 77(1): 14. [27] o 3, dk&AHy, 250, 45, WA JE ) R E 00 O i A
[20] Li Y, Suontama M, Burdon R, ez al. Genotype by environment inter- 23], MolkBl2E, 2003, 39 (1): 75-80.
actions in forest tree breeding: review of methodology and perspect- [28] Xie C Y, Carlson M R, Murphy J C. Predicting individual breeding
ives on research and application[J]. Tree Genetics and Genomes, values and making forward selections from open-pollinated progeny
2017,13(3): 1. test trials for seed orchard establishment of interior Lodgepole Pine
(211 ShAHE, FER, 1 32, 5. SR ohE R AE R AR R 0], (Pinus contorta ssp. latifolia) in British Columbia[J]. New Forests,
Mok BL2E£RFTT, 2019, 32 (4): 96-104. 2007,33(2): 125-138.
[22] Chen Z Q, Karlsson B, Wu H X. Patterns of additive genotype-by-en- [29] XUKER, A4, X148, 4. JOER LR U0 B A E ) 5 %
vironment interaction in tree height of Norway spruce in southern and £ 071, Mol Bl 2014, 50 (8): 60-67.
central Sweden[J]. Tree Genetics and Genomes, 2017, 13(1): 25. [30] #hierty, 4754, MOKEFME TN 7 i MR -5 40T 0], Jbstpfolk
(23] W i&, whilu, Bkds, . BORCCHE R R IAOM PR AR 5 5 TP K2R, 2011,33 (2): 65-71.

Growth Difference and Early Evaluation and Selection of Young
Picea abies Clones in Western Hubei
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Abstract: [Objective] To select and breed elite trees for local quality reforestation by evaluating the genetic archi-
tecture of growth and branch relevant traits from 378 9-year-old Picea abies clones. [Method] P. abies clones were
established using a completely random block design. The genetic variation of height, diameter at breast height, crown
width, stem increment of the current year, number of branch in the first round were analyzed to select elite clones us-
ing EXCEL and package Ime4. [Result] The results showed that the clones and the interaction effects between
clones and block significantly affected the height, diameter at breast height, crown width, stem increment, and branch
of P. abies. The genetic and phenotypic variation coefficient were 10.02%~20.38% and 31.36% ~48.36%. The repea-
tablilty of height, diameter at breast height, crown width, stem increment, branch and volume were 0.59~0.71. The
phenotypic correlation and genetic correlation coefficients of height, stem increment, diameter at breast height, and
crown width were 0.72 to 0.95, which were all significantly correlated to each other. 30 elite clones were chosen by
tree height genetic value with the selected ratio 7.94%. The genetic gain of the height were 26.38%. [Conclusion] The
height, stem increment, diameter at breast height, branches, and crown width of 378 P. abies clones have significant
variation among clones, and are affected by the interactive effect between clones and environment. The clones also
have obvious interaction with site, indicating that the most suitable clones should be selected according to site when
implementing clonal forestry. 30 elite clones with good growth performance are chosen by their genetic values of tree
height which may be used in the promotion and application of P. abies asexual reproduction.

Keywords: Picea abies; clonal selection; genetic variation; genetic value
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