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Abstract: In order to further optimize the quality of 1.5-generation seed orchard, the growth and setting characteristic
of 21 Chinese fir (Cunninghamia lanceolata) clones in 1.5-generation of seed orchard at Wuyi State-owned Forest
Farm, Zhangping, Fujian Province, were investigated, and the difference and relationship of growth and setting
characters among clones were analyzed. The characters of growth and setting of 21 clones was comprehensively
evaluated by the analytic hierarchy process (AHP). The results showed that there were significant differences
in growth and setting characters among different clones in 1.5-generation seed orchard. There was significant
correlation between seed yield and setting amount, volume, fresh weight of cone, but no significant correlation
between growth characters and cone setting amount, seed germination rate, respectively. According to the
comprehensive evaluation on growth and setting characters of different clones, 6 clones of Chinese fir were
selected owing to fast-growing and high seed yield. It was suggested that they could be used as materials for
reconstruction 1.5-generation seed orchard of Chinese fir.
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Fig. 1 Map of seed orchard
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Fig. 2 Distribution map of different clones in seed orchard



533 WIS

LSS AT TRl AR TCHE FR AR R RZS SRR AP 283

2012 45 10 H XFAZ AR F-Fl v 21 A~ Totk: 2 Y
A RR DU AT A, B A2 AR TE M R BEALIEHR 3 #
PR, PR A & M4 s eI . R L4
A G VIRTIX IV ) 5 A2 A &7, FH LA RO
AR, R RO e sl . SR AR A A2 K —Jear
ARMFARISHEA . V= 0.0000827 x D'7388607 «
HZPP (G, v oRMEL D Riats s H R

2.2 T RMIERAINE

2012 4F 10 H fE#E A7 4B K& J5 X 21 M2
AT R IEAT HR A, 1 T BICH R EEA
[ JC M A2 AR B A B, Bl 5 R TR, 1A
[FTCPE R AR S S hE . DORER A TOE R ER
IR e i B O 5 v A T3V A R OR 10 A4, Al [l ==
AT ER AR R AR I o FH LT R OF- Rl A
RTEZ NI R AR BR R 1 i E BRI
Ab) BRI TE (R TEAL), TR AR BRI =
13nCR58/2)" x Fm. Kk R IO R0 IF T,

FRERR e T2, BUB R AR T, T A RLE I 2
ANRTEVE R R T 0 TR . 7E N TR IRA P e T
1A A, GEi TR R T R AT R 2

23 A KM TR RSN
H Excel 2010 F1 SPSS 19.0 #4745 5 2 %45

mo@ﬁ%ﬁW=%xﬁ$@%aﬁ@§;xﬁ
TP,

2.4 EKFFLTHERBSEEITEN

VRl N 3 TR St O NI W 8- ¥ N L
KRR IR I T8 BT -

MR REL H b5 )= R i e A K i
NG STREM A AR IO 2 5 v 2 2R Kk
BRELEIR R 3 AP AL TN 2
F P e AR g s RARRR R TR
R ERARMA 3).

L5 AT T AR R E SN
Comprehensive evaluation of different Chinese fir
clones in 1.5-generation seed orchard

HirZ

Target

TN H Ktk
Guide Growth traits

AR

Cone characters

RO FEER

Seed characters

Fenl 2 B e B H&%E RAKRFR SR T 7}1%1 FhiE
Subguide T_ree DRH Voliifie C_one Cone Cone Germination 1000_-seed

height yield volume weight rate weight
AR R

Chinese fir clones

1,4.8,10,15,16,20,23,24,25,26,27,28,29,30,32,35,36,40,42,44

[ 3 ZHRREE S ITH 2R

Fig. 3 Construction of hierarcby process on multicharacter and polystage

BATMIERHE RO RAE K
ST 1~ 9 YR EEES HE IR 1).

S, b, T I A EE AR [
EHA RN TS, RS Ik P i
Wo i S CRABAUIN T 5T 0.1, 75 0 3k 25 7 i A1y
I PR AR L R 25 2 45 2
FHIRE AW = AW FIRIBE R AR K 11

R PIWE AT IE R W, = —

u

. R
P
FEPERCRHIEAR 2y, = 3, S0 st — 5t
K% : CR = CURI, 2\, CLoh—3 4845, RIH
TAIBEHLAE . Y CR < 0.1 RHA K HINE AT
R — B P i YRR




284 Py B AR 2 4

5224

1 JZUOITIEFI MR
Table 1 Judgment matrix of AHP
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Table 2 Variance analysis of growth characters of Chinese fir clones
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PR Trait A 5 F U5 Source 3257 )5 Sum of squares [ HH/E Freedom  ¥JJ7 Mean square F P

55 Height Jot: Z 6] Among clones 287.812 36 7.995 17617 0.02
2% Error 266.164 35 7.605

[f#§4: DBH JetEZ 8] Among clones 0.246 36 0.007 1.728"  0.024
%2 Error 0.237 35 0.007

#4 Volume Jitk % 1] Among clones 0 36 0 1.774°  0.019
%2 Error 0 35 0

eI Crown width Jof: Z 18] Among clones 54.614 36 1.517 1.246  0.211
1%2% Error 54.613 35 1.56

* P<0.05
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Table 3 Comparison of growth characters of Chinese fir clones

bR HERL (m) 75 (m) Wt (cm) st (m)
Clone Volume Height DHB Crown width
1 0.43 £0.14de 14.10 £ 1.74h 29.33 £ 6.66bc 4.83£0.29¢ef
4 0.58 £0.21cde 15.50 + 1.45fgh 32.67 = 5.86abc 6.17 = 0.58abcd
8 0.64 = 0.38bcde 15.23 +£2.08fgh 34.00 = 9.54abc 5.83 = 1.04abcde
10 0.32+0.03¢ 14.53 £0.55gh 24.67 = 1.16¢ 5.00 = 0.50def
15 0.91 = 0.27abc 18.07 £ 0.76abcdef 39.00 £ 6.00ab 5.83 £ 0.29abcde
16 0.66 = 0.22bcde 18.33 £ 0.95abcdef 32.33 £4.93abc 5.50 = 0.50bcde
20 0.57 = 0.39cde 18.80 + 0.50abcdef 28.00 + 13.08bc 5.17 £ 1.04cdef
23 0.68 = 0.02bcde 17.53 + 0.40abcdefg 34.00 + 1.00abc 5.67 £ 0.58bcde
24 0.42 +0.26de 17.90 + 0.69abcdef 24.67+9.71c 6.00 £+ 1.32abcde
25 0.71 £ 0.20abcde 17.33 + 1.85abcdefg 34.67 £ 3.51abc 6.50 = 0.00ab
26 0.80 £ 0.02abcd 19.13 £ 0.64abcd 35.67 £ 1.16abc 5.50 + 1.73bcde
27 0.74 £ 0.50abcde 19.03 + 4.00abcde 32.33 + 8.74abc 5.87 £ 1.01abcde
28 0.45+0.15cde 14.67 + 1.46gh 29.33 +4.73bc 4.23 +0.46f
29 0.85 £ 0.04abcd 18.07 £ 1.19abcdef 38.00 £ 2.00ab 6.00 £ 0.50abcde
30 1.15+0.20a 19.63 + 0.55abc 43.00 £ 4.00a 7.00 £ 0.50a
32 1.06 = 0.11ab 19.83 + 3.06ab 41.00 £ 2.65a 6.33 £ 0.29abc
35 0.46 = 0.13cde 15.83 + 2.30efgh 28.33 & 3.06bc 5.50 + 0.00bcde
36 0.78 = 0.80abcde 16.03 + 3.53defgh 34.33 £16.20abc 5.00 + 0.50def
40 1.18£0.12a 20.20 £0.10a 43.00 £ 0.15a 7.00 £ 0.00a
42 0.61 £ 0.09bcde 16.43 £ 1.89cdefgh 33.00 £ 1.00abc 5.93 £0.12abcde
44 0.80 £ 0.39abcd 16.80 = 2.43bcdefgh 36.67 £ 7.57ab 6.17 £ 1.04abcd
V-1 Mean 0.71£0.33 17.29+£2.43 33.71£7.62 5.76 £0.91
[ AN 5 A )RR R e R )22 5 35 (P < 0.05),
Data followed different letters within column indicate significant difference at 0.05 level.
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Table 4 Variation analysis of growth characters of Chinese fir clones
B Height Jf9#% DBH 4 Volume eI Crown width
1 Average 17.29 33.71 0.71 5.76
FrifE2% Standard error 243 0.33 0.91
AR5 244 Coefficient of variation 0.14 0.46 0.16
KM TR 8)0 AFIIZARTCIE R AL 515 o Jo 5k (RS2 e A B A, RIRD 7 7 v, b o
Z IR AFTE AR OGP < 0.05); BRAE SR K 58 R A—E M.
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Table 5 Variance analysis of cone setting character of Chinese fir clones

PR Trait AR SR IR Source B 22575 Fll Sum of squares FI 1 Freedom )77 Mean square F P
25 Yield Joit: £ 8] Among clones 457.381 20 22.869 2.608"  0.004
2% Error 433.761 19 22.830
K Length Jitk 0] Among clones 57.551 20 2.878 12.760” 0
%2 Error 54.221 19 2.854
F& Width JiME & H] Among clones 110.776 20 5.539 1113177 0
%2 Error 102.908 19 5.416
R f% Lt Ratio of Jotk £ 6] Among clones 111.888 20 5.594 122.502" 0
height to diameter %% Error 104.491 19 5.500
AT Volume JCHEZ F] Among clones 41517.063 20 2075.853 36.978” 0
%2 Error 39768.362 19 2093.072
fif F Weight JeME #& ) Among clones 1354.862 20 67.743 141.665" 0
%2 Error 1354.590 19 71.294
*#: P <0.01

& 6 MR ATCHER AR LA

Table 6 Comparison of cone character among the different clones of Chinese fir

TotE&R Z550 0t Yield AR (em?) £KJE (cm) el (cm) 12t Ratio of T (g)
Clone (kg ind. ") Volume Length Width height to diameter Weight
1 1.67 £0.76de 29.60 £ 7.96¢ 4.65 £ 0.49ab 2.44 £0.21efg 1.91£0.16e 10.01 £ 1.46e
4 1.67 = 1.15de 21.68 £6.79d 3.39+£0.51hi 2.44£0.21efg 1.39 £ 0.14ghij 7.34 £ 1.06jk
8 4.12 £ 2.84cde 7.88 £2.13ef 3.89 + 0.46def 1.38 + 0.14hi 2.84 £0.27bc 9.22 £ 0.92fg
10 1.83 £ 1.15de 25.28 £9.60cd 3.39 + 0.40hij 2.63 £0.43cde 1.31 £ 0.22ijk 5.56 £ 0.66m
15 4.50 + 1.80cde 29.76 £ 12.89¢ 4.21£0.96cde 2.52 £ 0.35def 1.66 £ 0.24f 10.62 +0.73d
16 0.67=0.29 20.03 £5.52d 3.43 £ 0.36ghi 2.34+0.23fg 1.47 £ 0.13ghij 7.86 £ 0.69ij
20 7.50 £ 2.50abc 19.84 £ 3.45d 3.57+0.31fgh 2.29+0.12g 1.56 £ 0.09fgh 7.05+0.32k
23 5.33 £2.57bcde 28.96 £ 5.87c 3.84+0.41efg 2.67 £0.20cd 1.44 £ 0.15ghij 6.42 £ 0.601
24 2.17 £ 1.61de 7.41 = 1.71ef 4.27 £ 0.57bed 1.28 + 0.09ij 3.35+0.45a 10.22 £ 0.52de
25 4.00 £ 3.04cde 62.59 £20.23a 4.38 +0.63bc 3.65+0.34a 1.20£0.11k 14.27 £0.59b
26 1.50 £ 0.87de 5.49 £ 1.65f 3.12+£0.414j 1.28 £0.13ij 2.44+0.31d 8.73 £ 0.49gh
27 5.00 £ 2.50bcde 5.07 £ 1.18f 3.14 £ 0.30ij 1.23 £ 0.09ij 2.54£0.17d 7.12 +£0.52k
28 11.67 +7.64a 29.01 £ 12.66¢ 3.51 £ 0.44fghi 2.73£0.43c 1.29 £0.05jk 8.91+0.77g
29 3.17 +£3.75cde 24.71 £ 5.66¢d 3.60 £ 0.47fgh 2.55+0.17cde 1.42 £0.17ghij 9.79 £ 0.53ef
30 9.50 + 3.28ab 23.47+4.37cd 3.66 £ 0.24fgh 2.47 £ 0.19efg 1.49 £ 0.12fghi 8.23 +0.74hi
32 5.83 £4.07bcd 12.19 £ 4.04e 5.00 £0.70a 1.50 £ 0.15h 3.32£0.20a 15.61£0.63a
35 5.50 + 3.46bcde 4.15 £ 0.84f 3.27 + 0.45hij 1.10 £ 0.07jk 2.98 £0.42b 6.78 £ 0.58kl
36 4.50 = 1.80cde 39.04 £6.51b 4.11 £0.30cde 3.00£0.17b 1.37 £ 0.07hijk 11.67 £0.53¢
40 2.50+1.01de 4.74 +0.67f 3.27 +0.24hij 1.17 + 0.04jk 2.78 £0.13¢ 7.38 £ 0.46jk
42 3.00 £ 2.65cde 3.34 +0.70fg 2.97 +0.33j 1.03 £ 0.06k 2.88 £ 0.24bc 5.53+£0.43m
44 2.33+2.31de 20.99 £ 6.47d 3.64 £ 0.38fgh 2.32+0.25¢g 1.57+0.10fg 7.88 £0.31ij
5 Mean  4.05+2.27 20.25+15.79 3.73 +£0.69 2.10£0.76 2.01£0.76 8.87+£2.63

[R5 A Rl R RR 25 57 B (P < 0.05).

Data followed different letters within column indicate significant difference at 0.05 level.
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Table 7 Variation analysis of cone character of Chinese fir clones

ghoied Yield A Volume K Length % Width =42 LL Ratio of height to diameter &£ 8 Weight

SE-H Mean 4.05 20.25 2.1 2.01 8.87
FrifEZE Standard error 2.27 15.79 0.76 0.76 2.63
AR5 Z B0 Coefficient of variation 0.56 0.78 0.36 0.38 0.30
F 8 AIFRZAICHE F A TR AR P
Table 8 Correlation coefficient among cone characters of Chinese fir clones

i R RSE iR Ratioof AR fif T T-hiE Ry KRR

Yield Length Width height to diameter Volume Weight 1000-seed weight Seed weight Germination rate

4590 Yield 1 -0.023  0.155 -0.178 0.12 0.088 0.323 0.436" 0.108
HAK Length 1 0.521" 0.674" 0445 0.737" 0.083 0.278 0.09
HETE Width 1 -0.272 0.677"  0.744" 0.115 0.433" 0.271
AR 1 -0.027  0.176 0.006 —0.035 —0.173
Ratio of height to diameter
&F Volume 1 0.436" 0.079 0.453" —0.176
fitf . Weight 1 0.094 0.490" 0.387
T-Ri g 1000-seed weight 1 0.374 0.346
FFH Seed weight 1 0.22

K 2£# Germination rate

1

* P<0.05;*%*%: P<0.01.

9 AR ATNE R LR MRS B AT S

Table 9 Correlation among growth characters and cone yield of Chinese fir clones

4 Volume 155 Height }fgt% DBH FELiE Crown width 25525 Cone yield
' Volume . 97 . .
B Vol 1 0.823" 0.972" 0.818" 0.098
15 Height . ) . ” .
R &5 Heigh 1 0.747 0.809 0.076
942 DBH 1 0.802" 0.110
S ME Crown width 1 0.049

25505 Cone yield

1

**: P <0.01

AR B RS o A R M 22 ) 77 A k5 A S
(P < 0.01) (H5Z5 5 G MR Z B YA A B I
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10 A-B W RE
Table 10 A-B judgment matrix
A B, B, B, AL E Weight
B, 1 1 3 0.429
B, 1 1 3 0.429
B, 173 173 1 0.143
Rmax = 3.001 CI=0.0005 RI=0.58 CR=0.001 < 0.1
& 11 AEDN 208 TAR N - HHE DU J2 A AR 1] ek B — B AR 36
Table 11 Eigenvector and consistency check for guide layer to corresponding subguide layer
HEF4 Matrix FF{IE 18] i Eigenvector Minax cl RI CR
B,-C 0.167, 0.167, 0.667)" 3.001 0 0.58 0.000 < 0.1
B,-C (0.665, 0.104, 0.231)T 3.087 0.043 0.58 0.075 < 0.1
B;-C (0.750, 0.250)" 1.333 —0.667 0 0.000 < 0.1
12 AT B T IR FE Y
Table 12 Weight and order of evaluation factors
AT B, B, B; e oy
Factor 0.429 0.429 0.143 Weight Order
C, 0.167 0.071643 5
C, 0.167 0.071643 5
Cs 0.667 0.286143 1
C, 0.665 0.285285 2
Cs 0.104 0.044616 7
Cs 0.231 0.099099 4
C, 0.75 0.10725 3
Cs 0.25 0.03575 8

Cy: W Cp MR, Cy MY e S5 50 HE; Csn KRR Cpr REETE; Cp K2, Cp TR By: AR KR, By BRAEAIR; By: B FHERIR
C,: Height; C,: DBH; C;: Volume; C,: Cone yield; Cs: Cone volume; C4: Cone weight; C;: Germination rate; Cg: 1000-seed weight; B,: Growth trait;

B,: Cone character; B;: Seed character.
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Table 13 Comprehensive evaluation of Chinese fir clones

Jott & Clone CEI HEF Order Jotk: 3 Clone CEI HEFF Order
32 0.962 1 28 0.621 12
30 0.863 2 26 0.616 13
25 0.788 3 35 0.545 14
15 0.718 4 16 0.531 15
29 0.707 5 44 0.513 16
27 0.704 6 4 0.470 17
36 0.698 7 42 0.456 18
40 0.696 8 24 0.443 19
23 0.650 9 1 0.405 20
8 0.648 10 10 0.329 21
20 0.637 11 -4 Mean 0.619
B I L Al B 7 v D0 R TC I FRAE A R R

R WFoE R« AT A A7 Bel AN [W] o & 1] 1Y
AR AR NG SEPRIRAATE B 22 7, BAERARIR N
28 SR AE PR ] A A7 A A S22 sl B s 45
(RIBIFFE 2 B A2 AR T 20 45 A= FARARAS 1 b A
o M A T B A R ) 1 22 S R A AR B KR, EL
25 A KR TR A7 FE AR 2 2 I AR S . P SRR
W58 R B« ZLAN(Pinus koraiensis)f ¥ 45 To 1 2
(] PR 45 S B A AR AR Bk 2 22 5, S [m] 7 Ml SR A
T3 2 A K asi A2 R X el 25 50 5 B i 35
M, ASBFFE AR RARRIEE R, BVFhFel PR Rl A2 R
Ttk R Z B AR RS SR AR R 25 57, 45
PRAIRAZ AL I B N A8 DK 2R s i 25t B — e
JERAE S

405, 325 155 M 29 SRR NAE
KRB, (HH = AR, ey 40 5 Tk R 1
A 2.5 kg, T BV A A5 SRR R
285, 20 5OR1 23 SR R A S B T A
9 1.3 AL, SR 28 S AR R 40 51 38%,
RPA: KRB I ToPE REE A —E . i
PR IE B b1 AR [ A2 A TO P 2R [ 45 50
FETERCR st 1L 25 57 T g SR As e LS P iyt
PER o AETEE A R AR — s A R TEvE &R
Tt i 2RO T B AN (Pinus massoniana)f 1 il JG
PEZR 17 5 A AR TAHOC /3 26 W P A
ARG, BEA & T 7 545 5C 2, DRI ) X R PIR
Friamt ek RAERE . ARV AZARERKIEIRS
SR OCHEA 3 A S KB o e &7
S AR, PR BRI AZ ATl Bl 119 7 7, k4

FIEP T W]« R 1 25 92 1 5 R b A
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