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Abstract: [Objective] Through the comparison and evaluation of two parental selection strategies in
advanced generation seed orchard of Pinus tabuliformis, it provides a scientific basis for the parental
selection strategy of advanced generation high-yield and stable-yield of P. fabuliformis. [Method] Selecting
the open-pollinated progeny test forest of the first-generation seed orchard of P. tabuliformis in
Shangzhuang, Xi County, Shanxi Province of northern China, as the base population. The genetic variation

of growth traits in 42 half-sib families of P. tabuliformis was analyzed, the parents of the second generation
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seed orchard of P. tabuliformis were selected by the combined selection strategy and the direct selection
strategy of optimal individual, the average growth and average expected genetic gain of each trait of the
superior individuals screened by the two selection strategies were compared and analyzed. [Result] There
were significant differences (P < 0.01) in DBH, tree height and volume growth among and within half-sib
families of P. tabuliformis. The combined selection strategy and the direct selection strategy of optimal
individual separately screened 30 superior individuals, of which 19 were identical and 11 were different. The
average DBH, tree height and volume growth of 11 unique superior individuals screened by the direct
selection strategy of optimal individual were 7.72%, 18.56% and 31.01% higher than that of the combined
selection strategy, respectively, and the average DBH, tree height and volume expected genetic gain of 30
superior individuals screened by the direct selection strategy of optimal individual were 15.52%, 121.78%
and 29.38% higher than that of the combined selection strategy, respectively. Different from the combined
selection strategy of selecting one superior individual for each elite family, among the 30 superior
individuals selected by the direct selection strategy of optimal individual, 29 superior individuals belonged to
19 elite families, and 1 superior individual (D12) belonged to the non-elite family. [Conclusion] The
combined selection strategy will lead to the loss of some superior individual resources, and the direct
selection strategy of optimal individual is more suitable for screening the parental materials of advanced
generation seed orchard of P. tabuliformis.

Key words: Pinus tabuliformis; parents of high generation seed orchard; combined selection; selection of

superior individuals
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Tab. 1 No. and corresponding parental clones from 45 half-sib families of P. tabuliformis
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PTI1 =1 PT16 %53 PT31 x*38
PT2 K24 PT17 #I25 PT32 HI2
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PT6 528 PT21 K50 PT36 518
PT7 212 PT22 x*23 PT37 K55
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PT9 K1 PT24 K46 PT39 x26
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Tab.2 Variance analysis and heritability estimation

of growth traits from 42 half-sib families of P. tabuliformis
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Fig. 1

Growth of each trait from 42 half-sib families of P. tabuliformis
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Tab. 3 Variation coefficients and mean values of growth traits from 42 half-sib families of P. tabuliformis

&4 Index

4% DBH/cm

5 Tree height/m 1 Volume/m®

¥J{& Mean value

A5 @B Variation range

T AEFRHEZ Genetic standard deviation

R MR 1E % Phenotypic standard deviation
WL 5 R %L Coefficient of genetic variation (GCV)/%

A 5 240 Coefficient of phenotypic variation (PCV)/%

19.89 8.83 0.138'1
11.00 ~ 29.00 7.00 ~ 11.60 0.0370~0.3118
0.03 0.03 0.0010
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0.15 0.34 0.724 1
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Tab. 4 General combining ability of growth traits and ranking from 42 half-sib families of P. tabuliformis

% %5 Family No. /4% DBH HEF Ranking P 5 Tree height HEF Ranking #1AH Volume HEF Ranking
PT1 8.108 1 —0.433 28 0.113 1
PT2 —-0.925 30 0.967 4 —0.002 27
PT3 1.508 17 0.367 13 0.019 18
PT4 —2.467 37 —0.708 37 —0.041 38
PT6 —3.530 39 —0.483 31 —0.050 39
PT7 —0.359 28 2.634 1 0.019 16
PT8 0.975 21 —0.866 40 —0.002 28
PT9 1.275 18 —-0.033 19 0.010 21
PT10 1.071 20 —0.458 30 0.007 22
PT11 5.291 4 1.901 2 0.109 2
PTI12 5.208 5 0.242 16 0.076 6
PTI13 6.708 2 —-0.933 42 0.079 3
PT14 1.808 16 —0.483 32 0.025 15
PT15 —0.092 26 —-0.033 20 —0.002 26
PT16 2.908 11 0.117 18 0.038 11
PT17 -1.175 31 —-0.333 23 —-0.023 34
PT18 0.908 22 0.767 8 0.015 20
PT19 2.808 12 1.867 3 0.060 8
PT20 5.308 3 0.267 15 0.078 4
PT21 —0.192 27 —-0.583 33 —-0.013 29
PT22 —4.842 41 0.567 11 —0.059 41
PT23 —0.542 29 —-0.733 38 —-0.021 33
PT24 2.983 10 —0.195 22 0.034 12
PT25 0.158 25 —0.416 27 0.000 25
PT26 —1.181 32 —0.405 26 —-0.019 32
PT27 3.108 9 —0.433 29 0.031 14
PT28 —2.817 38 0.792 7 —-0.031 35
PT29 —4.992 42 0.467 12 —0.061 42
PT30 4.708 7 0.767 9 0.076 5
PT31 2.575 14 0.762 10 0.042 10
PT32 2.808 13 -0.333 24 0.032 13
PT33 —1.492 35 —-0.583 34 —0.031 36
PT35 0.208 24 —-0.333 25 0.004 24
PT36 -1.392 34 0.307 14 -0.017 31
PT37 -1.317 33 —-0.070 21 —-0.016 30
PT38 0.608 23 0.201 17 0.005 23
PT39 —3.675 40 —0.583 35 —0.052 40
PT40 1.108 19 0.867 6 0.019 17
PT41 2.097 15 -0.611 36 0.016 19
PT42 3.708 8 0.967 5 0.062 7
PT43 —1.692 36 —-0.900 41 —0.036 37
PT44 5.108 6 —-0.733 39 0.057 9

RS RANHRFRBERFERKEREEXRY
Tab. 5 Correlation coefficients between growth traits from 42 half-sib families of P. tabuliformis
HERKAEIR Growth trait [l 4% DBH B Tree height 4R Volume
ffi#% DBH 1 0.683™ 0.979"
i Tree height 0.828" 1 0.720™
A1 Volume 0.986" 0.785" 1

VE: M B AL AR O R AL TR B AR T < R T RIRAHIGIEN B KT (P < 0.01). Notes: genetic correlation coefficient is bold,

phenotype correlation coefficient is underline, ** represents correlation is extremely significant at 0.01 level.
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Tab. 6 O, value and estimated genetic gain from 30 elite families of P. tabuliformis
RRE RS I A3 55 Realized genetic gain/% TR HAIE 538 25 Expected genetic gain/%
FamilyNo. & o DBH  #I# Trecheight  H#Volume  H§f@DBH  Hif# Trecheight 4% Volume
PT11 1.355 38.37 35.29 142.45 0.93 6.89 13.36
PT19 1.321 24.73 34.87 94.50 0.49 6.76 7.37
PT1 1.316 53.85 5.88 146.25 1.43 -1.57 13.83
PT30 1.310 35.16 21.01 110.08 0.83 2.78 9.32
PT7 1.303 7.33 44.54 54.43 —-0.06 9.54 2.37
PT42 1.303 29.67 23.53 96.42 0.65 3.50 7.61
PT20 1.301 38.46 14.71 111.71 0.93 0.97 9.52
PT12 1.299 37.91 14.39 109.74 0.92 0.88 9.27
PT31 1.280 23.44 20.94 76.92 0.45 2.76 5.18
PT13 1.280 46.15 -0.42 112.49 1.18 -3.38 9.62
PT16 1.263 25.27 12.82 72.50 0.51 0.42 4.63
PT18 1.257 14.29 21.01 50.19 0.16 2.78 1.84
PT24 1.253 25.69 8.88 69.21 0.52 -0.71 4.22
PT3 1.252 17.58 15.97 53.94 0.27 1.33 2.31
PT27 1.247 26.37 5.88 66.15 0.55 -1.57 3.84
PT32 1.246 24.73 7.14 66.87 0.49 —-1.21 3.92
PT2 1.238 4.21 23.53 33.19 —-0.16 3.50 —-0.28
PT9 1.234 16.30 10.92 45.62 0.22 -0.12 1.27
PT38 1.233 12.64 13.87 40.41 0.11 0.73 0.62
PT14 1.226 19.23 5.25 59.56 0.32 -1.75 3.01
PT41 1.226 20.82 3.64 50.96 0.37 -2.21 1.94
PT10 1.216 15.18 5.57 42.29 0.19 —-1.66 0.86
PT15 1.214 8.79 10.92 33.57 —-0.02 -0.12 —-0.23
PT35 1.208 10.44 7.14 39.64 0.04 —-1.21 0.53
PT36 1.207 1.65 15.21 18.91 -0.24 1.11 -2.06
PT25 1.204 10.16 6.09 35.49 0.03 —-1.51 0.01
PT28 1.204 —6.18 21.32 5.06 —-0.50 2.87 -3.79
PT8 1.200 14.65 0.42 33.02 0.17 -3.14 —0.30
PT37 1.195 2.06 10.45 19.77 —-0.23 -0.25 —-1.95
PT21 1.193 8.24 3.99 23.13 —-0.03 -2.11 -1.53

7&K 8 WoR: Bl AL RIS 5 R L AR B
IEFERIR T 2 19 AMAHF L B #6k, IF B & B i
T 11N REA AR R AR, 26 D20, JD21,
JD22. JD23. JD24. JD25. JD26. JD27. JD28. JD29.
JD30 Al D2. D4. D5. D9. DI2. D13. D17. D20,
D21, D26, D30. M iud55ing 5 it pk Bk 4%
S P 7 326 HH R0 R B RR AR (R38O, 1B 23 0
1.275 F1 1.303. MMIRAEK & RE, Bl &k 5 R
NI%E BRI AE S B i A AR AR B YE 43301 16.70 ~
29.00 cm. 7.60 ~ 11.30 m 1 0.083 0 ~ 0.311 8 m’, *F

Y8 5 54 23.89 cm. 9.32 m A1 0.199 6 m®, MKkt
ST Y 20.09%. 5.55% A1 44.53%; Bl bk
L5 34 A5 A S T 7 22 R PRI R PR R A AR g AT
FFAAEEhE B2 504 19.20 ~ 29.00 cm. 8.40 ~ 11.60 m
10148 1 ~ 0.311 8 m*, T~ #4118 43 %l A 24.51 cm.
9.91 m A1 0.217 7 m®, KR L AP 44H &5 HE 23.23%
12.23% 1 57.64% . 5 Bk B 42 106 13 S W& i i i
11N T R SRR T3 B2 s A AU K &
Eb TR A 0 43 SR M BT 0 6 1 11 AN A B Bk 49 3l
i 7.72%- 18.56% 1 31.01%. K & e 35 550
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Tab. 7 Superior individuals screening by combined selection strategy

B % X4 RET

Jg4z W i A

Name No. Block Family No. DBH/cm Tree height/m Volume/m® o

JD1 2 1 PT11 29.00 10.2 0.3118 1.371
D2 2 3 PT25 26.10 10.9 0.266 0 1.356
JD3 2 4 PT37 24.50 10.6 0.2293 1.326
JD4 1 3 PT2 23.80 10.7 0.2180 1.320
JD5 1 4 PT7 22.30 11.3 0.199 7 1.320
JD6 2 3 PT31 23.10 10.7 0.205 3 1.311
JD7 1 2 PT19 22.70 10.7 0.198 3 1.306
D8 1 2 PT1 28.00 8.4 0.2510 1.300
JD9 1 1 PT30 24.60 9.6 0.2142 1.295
JD10 1 4 PTI12 25.50 9.2 0.222 8 1.293
JDI11 2 1 PT10 27.00 8.5 0.2355 1.290
JD12 1 4 PT42 23.60 9.8 0.200 2 1.288
JD13 1 2 PT20 25.20 9.1 0.2158 1.286
JD14 1 4 PT35 25.20 9.1 0.2158 1.286
JD15 1 4 PT15 24.90 9.2 0.2125 1.285
JD16 2 4 PT36 25.80 8.7 0.2187 1.280
JD17 1 4 PT32 25.70 8.7 0.217 1 1.279
JD18 2 4 PT16 24.40 9.2 0.204 0 1.278
JD19 1 3 PT24 24.40 9.1 0.202 3 1.275
JD20 1 2 PT13 26.60 7.9 0.216 6 1.264
JD21 1 4 PT38 23.30 8.9 0.1815 1.253
JD22 1 3 PT41 22.70 9.1 0.1751 1.252
JD23 4 2 PT28 19.60 10.1 0.1413 1.244
JD24 1 4 PT18 20.80 9.6 0.153 1 1.243
JD25 1 3 PT3 21.40 9.2 0.156 9 1.237
JD26 1 4 PT27 23.00 8.4 0.169 4 1.232
JD27 3 4 PT9 22.20 8.5 0.1592 1.224
JD28 1 3 PT21 23.00 8.1 0.164 9 1.221
JD29 2 1 PT8 21.50 8.5 0.1493 1.214
JD30 1 1 PT14 16.70 7.6 0.083 0 1.110

55 85 A0 Pk B 00k R RO O 06t 1) P A AR R BBk
W, ID1 A1 D1 MR A K S T R I e A

Bl 2. B 38R B A Ik SR S T O Ok Y
30 AN R BLRR B AR « AR v AN AR ) i 25t 4 1
S AAE=0.19% ~ 0.55% —2.25% ~ 4.50% F1—2.63% ~
8.31% A, dpe e Bk BB 45 SR K 40 Il E-0.04% ~
0.55%~ —0.79% ~ 5.04% £ 0.48% ~ 8.31% Z Al 5
Bie G 326 43 A T O 42 L PRI IR BRLAR (1)~ 3 AR L B
o R AR T A8 4 448 2 A Th, S PR PRk BB R OR
W& 23 AN T 15.52% 121.78% A1 29.38%. K F I
A I B A 5 B It B PR B B I R SR T T

Rk, ID1 A1 D1 FARM R TR 25 43 5ol 2
Wi AR .

FO AR E A 16 43 S M 5 s 0 PR B 10 5 S S O
I H I R R A A TR 7. R %), SR K I
H5H—MMREXRANIE | ML R PRI A ik 57 510
ANIF, B A EA PR T R B SR i a2kt 1) 30 M R R
B ET 20 MK R, Ko 29 MER RSB T 19
MERZEZR, H1MIRHEHK DR JETHRER KR
PT26, fft B Hk D12 BIM AR Pl 16 4% 3 25N 2.62%,
fe TG G 1k R RS BT O O H 1Y 33.33% AL R R
FRo BeAh, 1 B 5 % PT25. PT12 Al PT7 N &H 24
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Tab. 8 Superior individuals screening by direct selection strategy of optimal individual

R ErRs X4 XRT ke W MR
Name No. Block Family No. DBH/cm Tree height/m Volume/m® o
D1 2 1 PT11 29.00 10.20 03118 1.371
D2 1 1 PT11 27.00 10.60 0.278 5 1.358
D3 2 3 PT25 26.10 10.90 0.266 0 1.356
D4 2 4 PT11 24.10 10.90 0.226 8 1.331
D5 3 4 PT11 23.80 11.00 0.2227 1.330
D6 2 4 PT37 24.50 10.60 0.2293 1.326
D7 1 3 PT2 23.80 10.70 0.218 0 1.320
D8 1 4 PT7 22.30 11.30 0.199 7 1.320
D9 1 3 PT25 23.70 10.70 0.2161 1.319
D10 2 3 PT31 23.10 10.70 0.205 3 1.311
D11 1 2 PT19 22.70 10.70 0.198 3 1.306
D12 1 2 PT26 22.30 10.80 0.192 8 1.304
D13 3 4 PT7 20.10 11.60 0.1657 1.301
D14 1 2 PT1 28.00 8.40 0.2510 1.300
D15 1 1 PT30 24.60 9.60 0.2142 1.295
D16 1 4 PTI12 25.50 9.20 0.222 8 1.293
D17 2 1 PT31 23.80 9.80 0.203 6 1.291
D18 2 1 PT10 27.00 8.50 0.2355 1.290
D19 1 4 PT42 23.60 9.80 0.200 2 1.288
D20 1 1 PT12 25.30 9.10 0.2175 1.287
D21 3 4 PT31 26.30 8.70 0.2273 1.287
D22 1 2 PT20 25.20 9.10 0.2158 1.286
D23 1 4 PT35 25.20 9.10 0.2158 1.286
D24 1 4 PT15 24.90 9.20 0.2125 1.285
D25 2 4 PT36 25.80 8.70 0.2187 1.280
D26 1 4 PT11 19.20 11.30 0.148 1 1.279
D27 1 4 PT32 25.70 8.70 0.2171 1.279
D28 2 4 PT16 24.40 9.20 0.204 0 1.278
D29 1 3 PT24 24.40 9.10 0.202 3 1.275
D30 2 4 PT31 23.80 9.20 0.194 1 1.270
? s #1777 Volume  mmmmm 44} Tree height Mgtz DBH 0.6
§‘§ 6 04
EE z
'; § 3 0.2 @
4 2
g 0 0
G N RERBRBERSZOCICSCEZo2SAASNSRARE
NBEQ808E955RpRARARRARARRARHRARAEEE
i B 2tk Superior individual

2 BLAEFE S FTIE 30 A0 KPR A A bR FUYT I 1% 2

Fig. 2 Expected genetic gain of growth traits of 30 superior individuals screening by combined selection strategy
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or mmn H4FH Volume  mmmmmm #5 57 Tree height 1% DBH 10.6
e 6 {04
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L en =
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S 3 02 A
e ¥
ﬁg 0 o
-3 -02
FRBRABREBRARE DO EORC 2 ERNRINSSRAS
ARARRARARAR AN ARARARAARAAAAAARAARARAR

It K ¥k Superior individual
B3 ALk BB RN BT IE 30 AN R HbR A K MR TR AL 1 2

Fig. 3 Expected genetic gain of growth traits of 30 superior individuals screening by direct selection strategy of optimal individual

BRRNE, TR K R PT31 WA 4 MEEFRANIE, 1R
FKEHPTII WAL T 5Bk
3 3t g

42 N KRR R0 3 ANERMER T Z 40
gE R, SRS - 1R ISR R IAVRI R &R A B AR B s
MFUVE K 2 J H ik B B & K (P < 0.01), BB
MEERKERERRAMXZALREE, XM
R KR R BRIV IR BB E T 2l . &4 K
MR K RAE TS EAEI /N T 0.5, 5 F @M. x|
7K AT S PR A B 45 SR P AR ARG, R AR KA IRTE R
FOKP b2 AR P B AR ], X 0T g 5 A [ e B
A ARG SR K

WA Z T MR E E, MEEKERIEK
RHBEN R TAEREENE MR 2, [E
BEENE, MR B SH TS TS, B
b5 A% A O 14 B o, 3845 A DG RAIA 0.986,
523834 TR 2R R 28 1 5 FE 5 B R AR BRI UK . R
T3 DA R Fi b a3 AT 04 36 50 R AT 0 AR LIS,
G 8 il A 58 AP Bl SR A A RHE, R DLE i )
W% 5 0 T A B8, SR M BRI IRl B iE B,
Rt S0k & Fi 5 AR PR

AR FARE K REEEVN G R, Tk 30 M
HE R, NIERAN T1.43%. NiEFK RTIZ W&
FAE AR B S 35 A 1Y 2 A2 Bl 43 i) N —6.18% ~
53.85%- —0.42% ~ 44.54% 1 5.06% ~ 146.25%, T}l
T4 186 25 A8 B3 B 20 51 N—0.50% ~ 1.43%- —3.38% ~
9.54% F1-3.79% ~ 13.83%, H o A — LA 11+
ST B34 AR IS A8 A 18 2 RSP 4 4 AR TR I8 A% 3 25 1)
ARG i, 0 AR AR 2 2 Ik 8 1) R RAE A% AR
R MR AR VP 85 R, O & 0k £ 0% 5 i
e Bk B e R S 4 e H 30 ML R PR, R
A5 19 AN [F A0 RS AR AT 11 A A F A R 5
Mo TiC A 3% 6 SR i 0 HE R A R SRR I IR A2 L B
A AR AR K & AR B E B 4 AN 16.70 ~ 29.00 cm.

7.60 ~ 11.30 m 1 0.083 0 ~ 0.311 8 m*, FfltL ¥tk E
P R SR U A8 H 000 R FRLRR B I A% L AR s AR AR
A K B AR B U 4 A 19.20 ~ 29.00 cm. 8.40 ~
11.60 m #1 0.148 1 ~ 0.311 8 m*. L% T i 2k H )
11 AN TR R B R 1R SF 350 i A% A s R0 R AR AR
B, R EIR, Bk Bk B R s LU A e R
W& 53 T 7.72%- 18.56% A1 31.01%. ELAZNZEAL
R AR ISP A% B v R AR TR 8 A% 3 2, 45 2R
IR, B PR B A R SR LU A 1R B R 4 )
WINT 15.52%- 121.78% 1 29.38%. A= & 5 T ]
0 AL 3 25 1) AR A AR B - R R A PR B IR R
WG O 1 AR 30 ML R RRAE AL 28— ACRR T
bel e Pl SR A, B R AR A Btz oh, LR
e R BRR IR R i R DL, B sbk Bk 4R 0K
W R A R B BR L T3k B TIRR K &R, 4
MIRTFAR R 8% 24 1) BB S F kUi, SR A a5
R B 2 146 % SRS LU R FH TC A5 32 26 50 s 5 D 114 . #
&, LG EPER S hAEAE B K R R IL
P R ERRAE DX, e B ik B e 1 SR s 45 R B,
f R % % PT25. PT12. PT7. PT31 A1 PT11 WHZA
BRI, I HARR R K & PT26 WA — 54k D12
NIk 5600 R BRI AE KB 700138 4% 38 &5 A
i 175 15 F K B 3 A 45 SR R B« SR T 4 3 438 5 g 451
J T AR R RR TR, AR T A BT I 0 TR
Hefo 28 LTI, it SRR B I B M LU G A i
PR WG TEIE A F T i A 5 AR T Tl o A T
[iiprin®

4 &

42 AR S [R BE 2AR B AT 2K 28 N A e A
MRAEREIE B 12 2 57 KT (P<0.01), FIH]
ME e 2 MWIRGEIEMIEIAT X RS PR GEEF
5E» WL A I3 S 5 A U0 bR LR A 5 SR 20 ) ik
th 30 M R Ak, JLrh G 19 M H R R R Pk
AT ASAFEFI R PR AR R AR AR A
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