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Preliminary evaluation on the introduction test of Pinus siberia provenance in the
eastern mountainous area of Heilongjiang Province of northeastern China
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Abstract: [Objective] Pinus sibirica is a precious tree species with excellent wood and fruit. It is mainly
distributed in the cold and temperate zone of Russia, with rich intraspecific variation. The introduction
experiments of different provenances were carried out to select excellent provenances, so as to provide basis
for large-scale introduction and afforestation in China in the later stage. [Method] According to the
provenance division of the tree species, seeds were collected at 7 seed collection points in the main
provenance area. The seedling raising and afforestation were designed according to the completely
randomized block experiment. We investigated the tree height of 7 years old and 9—18 years old, and the

DBH of 7, 15 and 18 years old. What’s more, the 18-year-old preservation rate was also investigated. For the
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investigated characters, the analysis of variance and multiple comparative analysis among provenances were
carried out. The generalized heritability of each character was estimated. The correlation analysis between
the characters and the temperature and precipitation factors of afforestation site was carried out, and the tree
height growth curve model fitting analysis of different provenances was carried out. [Result] The results of
variance analysis showed that the differences of growth traits among various provenances mostly reached a
very significant level, and the coefficient of variation was between 17% — 65%, mostly about 25%. The
coefficient of variation of tree height traits basically showed a trend of gradually decreasing with the
increase of age. The broad heritability of all traits was high, most of which were more than 70%. The
correlation analysis between the height growth in the current year and the temperature and precipitation of
the afforestation site showed that the temperature of afforestation site was the main factor affecting the
height growth. The higher annual average temperature, March and July average temperature not only
promoted the height growth of Pinus sibirica in the current year, but also significantly promoted the height
growth in the second year. The fitting analysis of tree height curve model and multiple comparative analysis
showed that among the introduced Pinus sibirica provenances, Tomsk provenance and Ulanude provenance
were outstanding and determined as excellent provenances. The genetic gains of tree height and DBH were
6.73% and 3.09%, 4.68% and 9.50% respectively. [Conclusion] The growth characters of Pinus sibirica
provenances showed obvious variation, the temperature of afforestation site is the main factor affecting
height growth. Higher temperature is not only beneficial to height growth in the current year, but also
significantly promotes height growth in the second year. Based on the tree height curves and multiple

comparisons of various provenances, Tomsk provenance and Ulanude provenance are selected as excellent

provenances.

Key words: Pinus sibirica; introduction; provenance trial; selection of excellent provenance
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Tab. 1 Geographical and climatic factors of various provenances

. A% ; ; ; b
p TR emmm TAwm spwm 0
Fh b Relative u i Average Average Average g R i 7
L mean Annual mean temperature . . .
Provenance humidity/ s temperature temperature temperature . Altitude/m Latitude  Longitude
precipitation/  temperature/C . .. .
% in June/C  in July/*C  in August/C
mm September/C

IREERY
Iiﬂ;sl?‘;/ﬁﬁ 23.89 475.75 1.21 16.93 19.50 16.88 9.88 467 52°17'N 104°18'E
% 1311,
Iﬁfoﬁj(ji}ii;k 27.54 484.75 3.16 19.29 19.78 18.01 11.89 200 55°02'N 82°55'E
IO o5 0371
Ulanude 40.00 253.22 -0.02 17.96 27.01 17.70 9.98 515 51°50'N  107°37'E
AL o 1r or71
Herlock 27.21 352.00 —-0.70 16.70 19.30 16.90 9.45 671 51°21'N 110°27'E

e 4
?E)?n(s]{[ﬁ 25.88 519.25 3.30 19.36 20.03 17.69 11.49 139 56°29'N 84°57'E
b 00" o307
Chita 29.10 333.38 —0.66 17.55 19.88 17.41 9.84 671 52°02'N 113°30'E
iﬁirjigay 27.76 296.22 -2.09 11.62 13.99 12.27 6.23 2414 47°29'N 100°55'E
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Tab. 2 Analysis of variance and heritability of DBH and tree height among the species sources of Pinus sibirica

PEAR Trait EHb/a r ¥ilE o e - ERARN S )
Agel/year Mean/cm Amplitude of variation/cm Variation coefficient/% Broad heritability/%

18 4.126" 344.97 308.69 ~372.11 17.93 75.76

17 3.409™ 312.49 285.10 ~ 340.11 18.35 70.67

16 2.5347 274.55 252.62 ~296.37 19.37 60.54

15 7.198™ 222.63 185.20 ~ 237.98 24.46 86.11

14 5.979" 187.65 158.80 ~ 199.27 24.47 83.27

W Tree height 13 4588 157.18 134.98 ~ 167.18 25.09 78.20
12 3.736™ 130.74 114.35 ~ 140.42 26.05 73.23

11 3.373" 104.22 91.59 ~ 109.75 27.94 70.35

10 3.514" 79.21 68.93 ~ 86.67 30.22 71.54

9 2.548" 59.47 5222 ~ 64.47 32.56 60.75

7 4299 25.99 20.49 ~29.70 63.12 76.74

18 3.304™ 5.12 4.27~587 29.66 69.73

fif1% DBH 15 7.459" 2.89 1.93~3.33 45.59 86.59
7 5154 1.37 127 ~1.47 22.76 80.60

1:0.01 B KF LR, 0.058 /K FLL"E/R. T, Notes: the 0.01-significance level is indicated by ™, and the 0.05-significance level is

indicated by . The same below.
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Tab. 3 Correlation analysis between temperature, precipitation and annual growth of P. sibirica

ISR OESRK AR VSR AR 4AME SABER  oAMR TAME  SAME AR 10AME uANE L2ANE

FiiR Sy Annual  Annual  Average  Average  Average  Average  Average  Average  Average  Average  Average  Average  Average  Average
Provenance Year mean mean  temperature temperature temperature temperature temperature temperature temperature temperature temperature temperature temperature temperature

temperature precipitation in January inFebruary inMarch inApril  inMay  inJune  inJuly  inAugust inSeptember inOctober in Novemberin December

HiE
That year

e H14E
i Previous 0.760°  0.095  0.301 0431 08307 0444 0299 -0.109 0.667°  -0.092 0.192 -0414 -0.137  0.520

year
Irkutsk di2sE
Previous 2 0.060 —0.002  0.143 0.011 0.136  -0.054 -0.096 -0.061 0.331 0.046 0.117  -0.625  -0.009  0.262
years

0.613 0420  0.405 0341 0723 0.616 0409 -0.678" 0567  -0310 0.156 -0274  -0435 0515

£
That year

g OF
/%IJW Previous 0.612 0157 0.117 0433 07837 0341 -0262 -0.160 0.759"  -0.030 0213 -0461 -0204 0419
Novosibirsk }f;g;rip
Previous 2 -0.024 -0.017  0.128 0.056 0.076  -0.174 -0.158 -0.083  0.308 0.194 0237 -0.654 -0.142 0274
years

0.541 049  0.2% 0.204 0.618 0.615 0534 -0575 0660 0421 0.012 -0.184 -0233 0370

B
That year
W14
5254 Previous 0721 0105 0296 0434 0820 0410 -0300 -0.127 0703 -0.017 0237 -0458 -0231  0.545
Ulan-Ude year
[iipki=
Previous 2 0.129 -0.081 0319  0.118 0.183 0010 -0.068 -0.122 0277 0030 0133 -0.642° -0.117 0297
years

*

0.616 0445 0410 0404 0.732° 0.609 0446 -0.723° 0651 -0362 0.147 -0223 -0.468  0.426

B
That year
kS
KT Previous 0673 0152 0242 0418 07897 0350 -0258 -0.161 0.686 0011 0279 -0491 —0243  0.568
Herlock  year
fiipks
Previous 2 0.113  -0.065 0278 0123 0.191 0010 —0.124 —0.113  0.267 0035 0166 —0.626 —0.110 0264
years

0.598 0404 0388 0353 0721 0.638" 0459 —0.663" 0.672° —0358 0.096 -0270 -0.422  0.400

ﬁjyear 0458 0426 0235 0225 0545 0557 053 -0539 0785 -0368 -0.061 -0209 -0274 0275
HI14E
JaBi%E  Previous 0527 0056 0155 0500 0.789" 0321 -0271 -0224 0.679°  0.098 0308 -0.591 -0.390 0371
Arhangay year
[iipks
Previous 2 0053 —0.102 0244 0114 0094  -0.148 -0.192 -0.097 0.176 0278 0263 0577 —0.183 0412
years

s

That year

HT14F
FEAIE  Previous 0.629  0.107 0222 0382 0.741° 0306 —0234 -0.050 0.699" -0.100 0280 -0542 0136 0425
Tomsk year

Hi24F

Previous 2 -0.085  0.109  0.030 -0.029 0.057 -0.152 -0.057 -0.185 0.206 0.170 0209 —0.650" -0.132  0.261

years

0597 0316  0.296 0246  0.663" 0.686" 0340 -0547 0668 -0262 -0.105 -0.176 —0.245 0488

ﬁij 0647 0479 0443 0383 0748 0616 0448 07237 0543 0394 0202 0218 0429 0475
i 16F
B Previous 0751 0145 0244 0389 08197 0439 0313 0094 0725 0083 0159 0370 0112 0533
Chita year
Hi24F
Previous 2 0068 -0.025 0208 0054 0132  -0.058 -0.065 -0.720 0364  0.008 0109 0647 -0.043 0237
years

o

That year

B4R

Previous 0703"  0.126  0.244 0429 0818" 0399 -0285 —0.132 0718 —0.043 0225 -0.460 -0.198  0.510
I

+

0.608 0448  0.385 0335 0.708" 0628 0462 —0.670" 0641 —0371 0.103 -0226 -0.389  0.440

FRE
Provenance
mean s

Previous 2 0.065 -0.032 0214 0.074 0.142 -0.062 -1.010 -1.020  0.032 0.082 0.164 —0.648 -0.099  0.285
years
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Tab. 4 Multiple comparisons of tree height and DBH of different P. sibirica provenances in varied years

S0 4 r Tree height 1% DBH | QLA (A2
Provenance 1844 15442 T 1854 15424 T preslei-/Zteif;orﬁe/%
18 years old 15 years old 7 years old 18 years old 15 years old 7 years old
Xt & Contrast 432+085a 2.93+0.66a 0.31+0.10a 7.19+245a  4.12+156a 1.30+0.34de 66.67
FEAHI 5 Tomsk 3.72+0.65b  2.42+0.55b 0.27+0.10bc  534+1.56b 3.33£127b 147+0.34a 77.08
9% 5% Herlock 3.63£0.65bc  2.30+0.59b 0.28+0.09abc  5.11=1.26bc 3.07+1.38b  1.36 + 0.30bcde 59.38
1,22 B4l Ulanude 3.62+0.58bc  2.38+0.56b 0.30+0.08ab  5.87+151b 326+1.35b 1.43+0.25abc 78.13
F¥4 Chita 347+0.62bc 2.28+0.56b 0.26+0.09cd  5.12+1.43bc 3.04+1.34b 1.40+0.31abcd 59.90
BHR B B0 5 Irkutsk 3.40+0.60cd 228+0.52b 0.24+0.10de 525+ 1.52bc 3.03+1.36b 1.44+0.31ab 83.33
BPEAIFE Novosibirsk 3,16 £0.45de  2.02+0.40c  022+0.09ef  4.51+1.45cd 2.41+0.95c 1.33+0.33cde 57.29
JEhi% Arhangay 3.09+0.57¢  1.85+0.38c 0.20+0.09f 427+158d 1.92+0.84c 1.27+0.30e 55.21

W ZRARENATEEGEE AR FEBA S ZR BENAANRTERLE . Notes: the difference is not significant for the overlapping of

letters or the combination of the same letter; the significant difference is the combination with different letters.

x5 FAFTELHRAEFERSHEERUES
Tab. 5 Model fitting of tree height curves of different provenances of P. sibirica

HERNC B Model summary Sl Parameter estimate
FYE Provenance #1477 7% Fitting equation
R F Sig. b0 bl
PR3 Trkutsk 0.928 9167.26 0.000 0.004 2.350 Y'=0.004 x £
B PG 4HF)E Novosibirsk 0.951 8 697.40 0.000 0.003 2.399 Y=10.003 x 3%
52 5,48 Ulanude 0.925 6 687.35 0.000 0.003 2.489 Y=0.003 x 24
&5 Herlock 0.936 7877.14 0.000 0.002 2.564 Y=0.002 x 5%
JE# %% Arhangay 0.966 11533.47 0.000 0.002 2.530 Y=0.002 x £~
FEA W 7¢ Tomsk 0.952 722023 0.000 0.002 2.683 Y=10.002 x /6%
75 Chita 0.936 14 653.28 0.000 0.003 2.449 Y=10.003 x £4%
X Contrast 0.907 6923.36 0.000 0.004 2457 Y=0.004 x #47

T 7 AR e B 06, ACBL 1A R AR IR A A K
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= - - JA#i % Arhangay IR N
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