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Early Evaluation of Growth Traits of Picea Species and Provenances

AN San-ping' ,XU Na' ,DU Yan-chang' ,WANG Li-fang' ,MA Jian-wei' ,WANG Jun-hui’
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Tianshui 741002, Gansu, China; 2. Research Institute of Forestry,Chinese Academy of Forestry,Key laboratory of Tree Breeding and Cultivation,
State Forestry Administration, Beijing 100091, China)

Abstract ; [ Objective | The adaption and growth variation of the species and provenances in Picea were tested in or-
der to select the suitable species and provenances for interior cultivation. [ Method ] Early evaluation experiments
in twenty provenances of six species including Picea abies, P. mariana, P. glauca, P. pungens, P. koraiensis and
P. crassfolia in Xiaolongshan Shaba Experimental Base in Gansu province were carried out. The variation and corre-
lation were made on the height, diameter at ground-level (Dg), height increment and crown at 6, 7 and 9 years
old. [Result] The differences among the growth traits of the species and provenances in Picea at the age of 6, 7
and 9 years old were all extremely significant, indicating larger genetic variation existed among the species and prov-
enances. Seven elite provenances were selected using height and diameter as the main traits. The realized genetic
gain of their height and diameter were bigger than 11% . There was significantly positive correlation between height
and latitude or longitude for P. abies, P. glauca and P. mariana. The average height of P. abies or P. glauca had
negative correlation with the elevation, but no correlation between the average height of P. mariana and elevation.
[ Conclusion | The best provenances of P. abies, P. glauca, and P. mariana derived from latitude 49°16'~ 58°
38’ N and longitude 68°13'~ 118°24’ W are suitable to be introduced and cultivated in Xiaolongshan of Gansu
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R 25 #2 ( Picea abies ( Linn. ) Karst. ) 35y
ATTZERRYN h AL &R , B 53 A 4K 2 000 m, 4EF%
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T RS FEZER R, ZEFRE R
IR AR K, 2 B i E A = A2 A e [ NS A X R
RGP R P 2 BE 242 (Picea mariana Britt. ) |
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80 AN 51 T BRI = 27 ¥, & O EiliE Ak,
KIRLF, HATC A IS5, 55 F W5 AU
Y 20 tHRAD 80 4RI, I T FEIL AR LR 5
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FRUR , LIS MR 35 1 2 42 R X IR 20 406 | it A 25
SRACEE R 3 4F,2010 4F 3 K 6 M 20 SRl 3 4F
AR S E R AR . SRS e RENLIX 4 1,5
MR/ANX 4 RER HRATIE S 0.8 m x0. 8 m,
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Table 1 Natural conditions information about introduction of spruce

i R RS IR FEHL E % S 2R HEZ7
Species SPID Prov. No. location Country Lat Lon Ele/m
LN MA MAO1 Creighton SK fing kK CAN 54°53" N 102°25" W 338
Btz MA02 Nishet AB fig= Kk CAN 53°13' N 106°01" W 492
LeS A MAO3 Hudson Bay AB Jingz Kk CAN 52°51" N 102°02" W 351
L2 MAO4 Grouard Mission AB fng -k CAN 55°57' N 115°57 'W 670
LA MAO5 Fort Memurray SK Jn Kk CAN 56°53' N 115°05’ W 400
PPy MA06 Fox Creek SK fing K CAN 54°43' N 116°13’ W 1 050
L SN MAO7 La Ronge NB ik CAN 55°07' N 105°25' W 374
RSN MAO08 Compulsion Bay NB Jng K CAN 57°45' N 103°16" W 389
LSNA MAO09 Kingscl Ear Seed Orchard NB gk CAN 46°58' N 66°19" W 400
SN MAI10 Ruchard Brood NB fin& K CAN 47°13' N 68°13" W 427
Rz 4% AB ABO1 Val Visdemde fng K CAN 51°20" N 118°24' W 925
BRI 2 A2 ABO2 Val Meledrrio Jing kK CAN 49°17' N 115°45" W 914
BRI = A2 ABO3 Val Didemtio Jing K CAN 49°16' N 117°05' W 1185
B =42 ABO4 Val Difiemme fing K CAN 50°10" N 117°05" W 1675
EP A GL GILo1 DF110-16-5-79 AB fg K CAN 58°38' N 114°57' W 1231
HzH GLO2 Nordegg AB fiig Kk CAN 52°11" N 116°00" W 1372
Hzt2 GLO3 Rockydisirict AB fing& -k CAN 52°14' N 115°18' W 1160
Wk PU PUO1 Nisbet AB gk CAN 46°55' N 110°36' W 2071
ANy KOR KORO1 BIpiL f1[E CHN 45°45' N 126°38' E 610
HiFmhs CR CRO1 o Rk i [E] CHN 34°34' N 105°54" E 1 560
x2 IFEERZEZMEI NMERERER
Table 2 Comparison of variation of traits in different species at 9 years old
o s H/em /% Dg/cm Bk Ls/em I 2 SR/ %
;ZEE Bl +hrdi2: ARRN B sz BRRK B hAEE BRAR BE AR ERRAK
Mean =+ Std CV/% Mean + Std CV/ % Mean =+ Std CV/% Mean + Std CV/ %
W =42 208.40 +67.18a  32.23 1.77 £0.93a 52.50 37.44 £18.79a 50.19 84.75 £2.50b 2.95
HZH 174.08 +64.44b  36.86 1.40 +0.83b 59.50 34.48 +16.55b 48.00 80.32 £10.56b  20.99
[P A 126.70 +49.77d  39.27 1.22 +0.63b 51.64 25.51 +12.02d 47.12 82.00 +8.33b 10.15
LS 157.77 £54.73¢  34.69 1.06 0. 68c 64.10 30.89 +16.59¢ 53.71 39.40 £7.99 20.28
AN A 117.07 +38.30d  32.72 0.79 +0.34d 43.04 17.51 £7.63d 43.58 72.00 £13.47¢  18.70
Hig A 92.15 +12. 10e 13.13 0.28 +0.03e 10.71 22.65 +6.62¢ 29.23 94.37 £1.87a 1.98

e Fhkab.c dfUFEEEZET, Note: The letter a,b,c,d mean significant differences.
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Table 3 Variance analysis of traits on Picea abies at 6,7 ,and 9 years old

BT 2200 R XYL MS J52Eor i RETT i

T e LN il MS X4 Ms Rz MS FiH X4 FAE

Tree-age/a  Trait Provenance Area Error F Area SOUICB' variance Area .Vanan(,e Error .Varlance
portion/ % portion/ % portion/ %
i 60 021.98 6 668.72 3418.75 17.56 ** 1.95ns 86.27 3.30 10.42
9 B 113.48 200. 28 277.76 0.41* 0.72ns 0.00 0.00 0.00
oAz 0.40 0.74 0.07 5.61™ 10.34 " 27.21 55.10 17.68
osr=a 3 050.05 198.18 56.99 53.52* 3.48ns 91.53 3.24 5.23
7 B 300.89 67.71 23.56 12.77* 2.87ns 72.76 8.69 18.55
Wiz 1.70 0.12 0.04 42.68 ** 2.95ns 90.34 3.17 6.50
e 2217.47 105.40 12.06 183.85* 8.74" 92.74 5.23 2.03
6 AN 298. 68 28.46 1.35 221.57* 21117 87.74 10.67 1.59
Wz 1.48 0.27 0.02 74.00 ** 13.50 ** 77.94 17.79 4.27

TE: % FRIRTE0.05 ARV 25 WHE s + + FIRTEO0. 01 K P28 A 2 5 s T 25 5%, TR IA],
Note: * Indicates significant difference at 0.05 level, = * Indicates significant difference at 0. 05 level. ns is no significant difference. The same

below.
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Table 4 Variance analysis of traits on Picea glauca at 6,7 ,and 9 years old

FiRJT 2200 XU MS Jr 2t RET o

i PR FhiE MS X £ MS W= MS F{H X4l F1{H

Tree-age/a  Trait Provenance Area Frror P Area Source' variance Area 'Vanance Error .variance
portion/ % portion/ % portion/ %
=) 86 106.57 62 340.54 3301.13 26.08 ** 18. 89ns 54.57 38.91 6.53
9 A 3202.94  6693.06 273.29  11.72* 24.49* 28.81 63.13 8.06
HiAz 0.68 0.14 0.05 14.85 " 3.11ns 80.26 8.14 11.60
= 1474.35 272.82 160. 69 9.18™ 1.69ns 63.51 5.42 31.07
7 B 150.26 55.17 14.27  10.53* 3.87" 58.13 17.48 24.39
Az 0.16 0.11 0.04 2.79ns 4.19" 35.51 19.89 44.60
o 274.27 644.59 95.35 2.88ns 6.76 " 16.12 49.50 34.38
6 A 13.17 304. 09 14.32 0.92ns  21.23* 0.00 83.49 16.51
iz 0.27 0.07 0.02 13.36 ™ 3.33 66. 11 12.46 21.43

RS 679 FEMBALHERMERATEST

Table 5 Variance analysis of traits on Picea ariana at 6,7 ,and 9 years old

Ry 200 E XU MS Jy 20yt IREFE

i PR FhiE MS X £ MS R MS F1{H X4l F1{H

. Source variance Area variance Error variance
Tree-age/a  Trait Provenance Area Error F Area . . .
portion/ % portion/ % portion/ %
= 17 739.71 8 262.68 2 601.19 6.82"" 3.18" 27.26 30.58 42.16
9 A 173.63 178.15 41.72 4.16* 4.27* 14.39 44.65 40.96
HiA% 0.23 0.17 0.06 3.55* 2.60ns 15.58 29.40 55.05
o= 388.94 937.21 111.11 8.44 ™ 3.50*" 8.04 59.79 32.17
7 B 38.78 379.87 23.01  16.51* 1.69ns 1.39 78.39 20.21
Az 0.21 0.69 0.08 8.50 ™ 2.62° 5.32 61.76 32.92
e 276.88 185.20 84.94 3.26" 2.18ns 14.86 19.40 65.74
6 B 209.12 15.39 23.86 8.77* 0.65ns 88.59 0.00 11.41
i 0.15 0.08 0.03  5.26* 3.00* 73.95 8. 68 17.37
2.3 REMBENSESEGEHEXSN Hb I8 S AR I A I A S A G . ARWFSE LA

TR AR ER S B SRR OC 9 ARSI S A A R R v AR A R Y
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Table 6 Correlation coefficients among tree height and
longitude and latitude and elevation of Picea abies
P. glauca and P. mariana
1 = Tree heght

BB AT o = -
o SR TRl fak Rak
eographic information i X
P. abies P. glauca P. mariana
2 & Longitude 0.16* 0.44 * 0.39 **
£G ¥ Latitude 0.34 ™ 0.38™ 0.34™
W Altitude -0.17"" -0.10™ 0.08

H: o FORTE0.05 K257 B + + R 0.01 K22 574
.
Note: * Indicates significant difference at 0. 05 level, Indicates very

significant difference at 0. 01 level.
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HE 7 ~9 AL =4 A a2 B2
TR IR S 25 25 7, BRI = AZ Pl ABO1 | ABO3
W b AE e BRI O TR R ABO2 |
IR R E LT ABO4; A= AZFP IR GLOT B i itz |
SRR B TRPIR GLO2 . GLO3, kY 2% A i
2 MR FhE MALO . MAOS . MAO7 \MAOS 4 15 i
1o 5 HAt I 5 35 77 A 025 SO 25 25 S, BT RS R o
W55 AR B T B 2= R BRI a2 A sk,
BAEEFIERILLO a E KR 0.5 f5hRifE 2 k£
KKz AZ R0 ABO3 (ABOT 5 [ = A2 Fi GLO1 ; B =
FRPJE MAOS MAO7 MAOS MA10 4 {1t e b, Kk
AL BE R R AR = AR BT RS | ol R B S 3 25 ok
17% 15% 9% ,6%; [ 2 A2 A 36 Bl AR &5 L H A L 8T
Ry .56 i P S2 4 25 N 11.79%. 17.64% . 0. 63% .
7. 62%; R RSAZERN A &5 AR TR | e iR PR S
W35 H 14, 44% 22. 47% 13. 67%.9. 11% , {16 Fh &
PR AR TR S 04 25 3 0 K, U B R i, AR A
FRyERE I R AR Z AT AT Y

3 itk
TR M 20 T2 80 AEACTF IR BEAT = AZ Bl A
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Table 7 Excellent provenances selection of P. abies

R = Az B e
Provenance H/cem Dg/cm Ls /em CW/cem

ABO1 223.74aA 18.49aA 42.19aA 101.32 aA

AB02 116.05bB 13.18bB 28.85bB  80.79¢C

ABO3 229.08aA 20.09aA 40.45aA 104.36aA

ABO4 214.51aA 18.29aA 37.42abA 98.84bB
FHIME +0.5 bR 222,61 19.01  40.19  101.63
PSEH 35/ % 17.00 15.00 9.00 6.00

T HdEE ab e d FoR 0.05 K22 5 B #FH M, A B %R 0.01
KPS BEM, TR,

Note ; The lowercase letters a . b.c.d after the date mean significant
difference at 0. 05, and uppercase letters A B mean very significant differ-

ence at 0. 01. The same below.
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Table 8 Excellent provenances selection of P. glauca

i Wi iz A Jet et
Provenance H/cm Dg/em  Ls /em CW/cm
GLO1 209.20aA 17.91aA 35.54aA  92.36aA
GLO2 152.44bB 10.30bB 35.39aA  76.86bB
GLO3 149.07bB 11.24bB 32.11aA  72.65bB
S +0.5 fEniER 187.13 15.22 35.32 85.81
PSLHE 25/ % 11.79 17. 64 0.63 7.62

R EBZUMRMIREE

Table 9 Excellent provenances selection of P. mariana

TP IE Wi iz B T i
Provenance H/em Dg/cm Ls /em CW/cm
MAO1 146.72¢dB 8.32¢dB 28.08abcA  80.57abA
MAO2 139.33dB 8.22¢dB 27.99abcA  73.57bA
MAO3 143.88cdB  10.27bedAB  29.53 abcA 74.08bA
MAO4 141.32¢dB 7.78dB 25.09bcA  72.83bA
MAO5 181.38abAB  12.16abAB  34.17abA  85.99abA
MAO6 134.5dB 7.55dB 23.17cA 76.48abA
MAO7 174.24bB 13.03abA 30.58abcA  87.71abA
MAOS 177.75abB  11.74 abcAB 32.48abcA  91.16aA
MA09 159.89bcdeAB11.22 bedAB 34.74abA 82.94abcA
MA10 197.4aA 14.31aA 35.69aA 91.74aA
PR+
0.5 ki 170.49 11.66 32.24 85.35
BUSLIE 25/ % 14.44 22.47 13.67 9.11

RIGHTTT . B HW R DAL R IRBER R R ZRE M
MREW, s EAFE 085, Hat Gl TR
R % 5 < L L & - 7 071 U : P O R W )
RV Hb X, AR ) 57 Hb 7 15 335 107 At 5 77 e 25 1 e
2O By e o L 7 N 5 W DA w74 RSB A TS
PRI A RFFARIE , 2 S B - R,
FARRAT 7% 20% ~ 40% , DRLAT G 77 1 ~ 4 4520
ATFGOEINS T B 6 A 2 K250 20 ASFhiE B4R
BRI AE KP4, 3 B 2 AL A AR U A B R
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AL | I R AL i R SR R AR R 2
AT BT =42 4 DFIE A2 3 AT
BAAZ 10 ADFHFESEA TR X 4B &30, AS [F]
PRI PEAR 9 a $3E M B EIKF,6.7.9 a BRI =
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FE/INBIE LR DX A5 A B8 25 1 R A% 1F 8 A2 4 R A&
G552 45 1R = A2 10 482 DUFTA = L I 42 3% 4 A
KARIEATE T WA R AR LA o B3 45 X
B GRS AZRRIRNEC R LR GITANE 5 ~ 7 44
ZRHELE 3 a PR S R EA—5
ZEBEMREH, KNS a2 Bk
AR XA R4, 2 BRI B A2 B AT
IS, A s RR BT Z 0 TIngE R
Fdbse, 5 EACDT RS T A . %
A SIS F IR A WA 26 3 N A K W N Y
B A RS Bergmann A, 1 2 RN
T HEAE T E BRI T E4kBEHA
R AT G S B AR R R 125°08 ~
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T, A AR /K B 800 ~ 1 000 mm, ¥4k 1 500 m DL,
KT AL A Bk R B EMIES A5
WA SE T 0, ok F 4 49°16'~ 58°38' N 22
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SRR FE Tz g M. AR
W, DA B RIRFEAR N 5% 28 57 K2 70% fE4E T

BEUR P ,30% AT REVRIE] , 12 AE AR 4 8] g
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FEXF S A2 51 Bk R, B g1 5 b, 4y
MHEHL, SR D I BERE TN N RE A 2 X
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