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ABATTHRE, FHARAMFTEZH)NT FIRERAKR TN T E2HKE FIRERPEKR TG EARR I F 05 AR,
R AW, 2007 F4 2008 FAF SR FHORZELE NS A 06748 #0693 0, Ak A 552 0367 8 A7 0416 2;
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Heritability estimates for real resin capacity and growth traits in
high-gum-yielding slash pine
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Subtropical Forestry, The Chinese Academy of Forestry, Fuyang 311400, Zhejiang, China)

Abstract: Resin is important industrial material, while real resin capacity (resin yielded by individual tree )
was depended on both basic resin yield capacity and individual growth. There were few researches on the
two factors. Real resin yields and growth traits (height, DBH, and volume) of 16 high-gum-yielding slash
pine half-sib families introduced from America and a control (general families of slash pine improved for
timber volume ) were measured twice in two years of 2007 and 2008. Variance components estimated by SAS
(V8.01 release) VARCOMP Procedure with the restricted maximum likelihood (REML) method for
unbalanced individual data were used to estimate the heritability. Family mean heritability for resin
production of 2007 and 2008 was 0.674 8 and 0.693 0, respectively; whereas single-tree heritability for
resin yield was 0.367 8 and 0.416 2, respectively. Log volume had a family mean heritability of 0.881 0
and single-tree heritability of 0.682 6. There were highly significant (P<<0.001) correlations between tree
height and DBH (R* = 0.763 8) and the correlation between resin yields in 2007 and 2008 (R* = 0.696 9)
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was highly significant (P<<0.001), too. Correlations for resin yields and each growth trait (height, DBH,
and volume) were significant (P<<0.05). The analysis of variance revealed that family effects of growth traits
and resin yields were all significant (P<<0.05), which means the selection of high-gum-yielding and high-
volume-harvesting family was effective, thus four families with high gum and volume were selected
according to Duncan’s contrast. This study showed that basic resin yield capacity and amount of growth were
both the important factors for selection of high-gum-yielding slash pines, and the two factors have significant
correlation and high heritability. [Ch, 8 tab. 14 ref. ]
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MRHIAS Pinus elliowtii I y” TACEARR A, 236 E FEEMM R, BAARKN, ENrkE, miga
e MR SRR, B2 a4t . AR I TATAAL Tk 58071, A B 7E 20 228 30 4R8I 1R 5
i, 70 AR R OR B AE, HATE 220N R R D7 AR L bR Sl M Al 2 — T MR DO AR
T b A 1) B AR I 7 s AR R T R IR TE IR, 51 A 1 AR 7 I R A 35t £ B U A 5 |
VBB BYBCE 20T R 1 i 0 A AU SE AR R EAT e IR i R I R RN T, B, R R
AEORAENE AN | A Pinus massoniana” FUREH Pinus kesiya var. langbianensis™ % B J 4 F L
FEIE T 77 i 07 st A I 5 FURE DG R4 A A, RN BB T 7™ A 0 1A 300 A 2 S0 A 4R 2 7 B B 1Y g
20 T AR KN R R Y SEBR P IR B 25 S5, RBUT IR 1 RAE K i Z RN AT OGN B i Bk K
SEHMNE, X IR AR E e MR, WURA KB RN, IR E AR, BRI IE
7= e R S5 5 o A B S O R b A% S B 7 AR 2 4R A BIF 5 48 A 208 45 1 7 IR N b A RIS A 1 4
A, IR A BURI R B 22 B B A OCHE fEAE 7 E AR KRR S8 S, AT T b R
WF5E B AT 2 0O, P 28 A v e 22 R0 A w5 7 AR 2R 2R 7 R Y BRR AR AL T 0 AT R R
AR AT B[] A DG HE 3 A, ke = 7 i i A0 A A 2Z 8] A8 B GE 1T 0 T T 58 o A BIF 58 ) P A 435 ) BEE 19
(4 17 AV HAR = P BRI R R 15 ~ 16 AR AR 2 a B9 BRI 2 25 5 1 SAS #2742 v =B 1 1 B30 o
B 75 % S B g e A A i 1 8 R MBRRR A%  EAT TARSE ) SRR PR 5 22 20 07 1 72 iR i AN A i
(7 2538000, 7 i 1 N A K i =2 ] B AF DGR 7= i B B AR BE AR OG . AR SR i b b & - e K R L E
PO Fr SRR, JFKEN AP I AR AE, iR L R R R BN, R w7 e R
el 1) BE R AL

1 #EAR T 3%

1.1 HEREIEIT RiRE

I ML B AE BN TH AP XA SRR, 30°27'N, 119°48'E, Hukbrh Wi b4k, 4% N 100 ~ 200
m, e 790 m, JRAC TSN, EVHSIRN 161 °C, FEBKE 1399 mm, KM, SEEA., -
BTN E, pH 5.5 24, JREHR 30 ~ 100 cm,

I A Sy 56 [ M A = 7 i b 1l b 14 Bk (49 201, 202, 204, 206, 208 ~ 216, 219)1L
R EH 2R R R0 56 A & AR Bl o 2 Bk (G5 249 F 250) DER Al R AR, JRLIT
RE IR T T R R R RERX I, EETEE 17 D LREBER RN R 8k, K5k
FHBENLIX BT, 6 SREAT/NIX, 7 IRELE , 4 E 1900 & LU H - S s R R 1T, 55—/
XSS 1 BRAT S B K e i fERR R . U8 T 1994 FFEREM, RITHEN 2.5 m x 3.0 m, ¥IH%E N
1 300 #k-hm?, WEMIGHT 3 a #1472 Wea™ WHEBREILT , J5 3 a SHATEFREIEE 1 K -a”', 12 40T
o 1R E WA, REATE 15%/ 47, WAERKZMRE ARLBR, AR 1140 #k-hm?,
1.2 H\UERSEITHE

2007 4F 3 A X5 X 4T TR A, 8 A SR R = () A EE (D) 5 2007 4 5 H T b )
B, R 2 a(2007 4F F12008 4F), HIFRH A ™ L ARIEHIFE, R TRE V" FRIFR, f
fuf LN 45%', TR 7 A 10 A PR AR LG 2 S A e i B AR AR R, Hh 7 AR
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10 ARARHE 3 d F) 1 77 -8, Jr Bk AR A F1 BRSABIRAKRANE (AR ) ATE

I8, ARG —itEBRy A =Ige, W, i BRI FEDN
UL R W AE KRR . 2 g S AR L Table 1 ANOVA for individual tree data in one site
SEWC R B ) BT (kg) A ME, ARG 2007 AEFT Aok HIE PO B W GRAR)
2008 4F 7 Hr=lg & . 10 AM-lg & L= RE ., xam b-1 SS,  MS,

MBI EAMAIEMARX YV =0375 x HX 5z = SSs MSe of +mod + mbot

DT RATE), PTG R AR R, FHEx KA (=D (b-1) SSu  MSw o + nmod
HRAG B R AL T R Rk s A% O 25 40 LA
1, % 1 Bbk Al & 2 2 07 i /N KRR BUE — 4>
B0 VR AN 28 (), R SAS ARV
8.01, SASinstituteIne, 1999) FHIVARCOMP i
TR RIT R o) 1 e RS AR s (REMIL) X AS - 5040 47 5 22 WL 4y i e Al 5, A TYPE 1 2807 2 6171
J7 fitE . MODEL J5 8 2k HIE & (fix1 ) g5 8 0-107
P AL K R 38E J) (he ) FUPR BRI AL 1 (R AR .
hz _ O'E . h2 _ 40'12<
"o oi_, oW T T ol v oh +or
nhb b
P I7 220 R — M R A (GLM ) b B2, 1% B2 [RIRE AT A B Gk B 100 AN - Al K540, A . 20 A
e N

2 R 5

21 EKMFEEERNEEAGEE

X 15 4FEA (A5 1 a, 1993 - 2007 %0 2007 EFEEENH LN
)R IR R ZR (R X IO R i Table 2 Variance of resin-production in 2007
. BBV 2007 4RI 2008 45 7 ATPIR  paem msor om0 ko mm o GRAE)
.10 H PP A5 5 A4 e iR UE AT T
& A5, Hidh 2007 4E 72 IR B 5 22 18043
e E e

%2 Won AT 375 A Fpk (i BB
M 17 x 7 x 6 — 375 = 213) 77 J5 = 54
S5 TN, RAN nbftih 21.838, w27 716306
VAR ny {4 21.838 + 7 = 3.120 i A2
BB n =6, X AR REAE T IO AR T IER R ot dnT U SR Bk R SR /D X B B
6 il B F ot i 7 W) SR A IR o T Bk st % 7 B4 A B8 A SR A T SRR B A R T 25 AT AR RN
G, R2ETUFERERB T (1.35) 005 Wl EK, KREXXAMNE TS M RIRZHEE, X
T e/, VOISR BN A 7 BE S S A B R, AR EARE RN IR 2, XA 800 % 7™ i i 5 e e /)
HA S AR RN 7= i i S R 1 O 25 A BLAGE AR I, AR X AL L R R AR 7 o AR SO T
(PR IT 220 Frie ik, % REML A6 A IR 7 (6 R TYPEL #3530 ny, x b 85 I EFI AR 3, I
MG L S ARG R R AL Rk AL Iy, th e lg s 8 B K BUi ok 22 2 SO R )
n, (AR —FE

3 Won, MR AR R & R AL S 3T 0.900 0, 43519 0.860 1 F10.881 0, &8 i %K & i f%
JI AT 0.800 0, K 0.795 7, bkt S5 K Rsfe i —F 0L b, Uil & 3 AR
B, TR SR,

7R B AL ST ok, 2007 AR 2008 AF 4 4R R B I K &R st L J1 4 0 0.674 8 1 0.693 0,

W2 (AMEE)  bf(n-1) SSk MSy ot

Bt bfn-1 SSy

o

+ o7

X 28 i) 6 1.89 0.31 ot +3.651 407, +0448 7 o + Q(block)
K7 ] 16 21.60 1.35 0% + 3.532 207 + 21.83 807
FKE x X4 96 38.43 0.40 o} + 3.050 90,

WE(AMRRE) 256 10115 040 of
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BONHIT , BpRIsAL 7103000 0.367 8 F10.416 2, 22 AHXTALKR, DEWIAE ™ IR it 19 % &R s AL PR AL
RFGGE T ERR 7 08 25 AR ROR , (ELEAOR B IR I 8 A AR R E , 2 a it ) B4l
AR RBUE TIARZEAL 0.018 2, N HAV-HHAY 2.66% , 1 H Rk 3545 T 14 22 S O HOF- S50 12.35%
XFF L IR R B, 2007 4F 7 H A1 2008 4F 7 H AR B R AL T RS RRGE AL AR LR T, HL
FHXT AR I BRI A% ) D s T 10 A IR A A4 18 ek, nlAES e X 10 A 4 B iy il
SEMBENFRA L, A EAE IR B AL PR B

3 MBI EIE Rk TARPRIO R RN . AR x KON L AL (RO ) 55,
RTEIN BRI T7 s MR R R o ZR TR FR x KA HARRL o

R3 ERMFEERNEENGE

Table 3 Estimates of heritability for growth and oleoresin traits

Ptk b omxb ot o ot RRMEN i kiR b
B # Him 7 36712 0.246 05 0.071 62 1.943 66 0.795 7 0.435 2
W42 Diem 7 36712 1.593 72 0.100 60 8.990 12 0.860 1 0.596 7
BBV 736712 417.213 80 9.702 04 2 018.000 00 0.881 0 0.682 6
2007 4F 7 7 =I5 H kg 7 21781 0.016 01 0.001 68 0.098 73 0.770 3 0.550 1
2007 4F 10 A Pl dtkg 7 21783 0.006 29 0.002 73 0.125 91 0.504 8 0.186 5
2007 4 424F = Il it kg 7 21838 0.040 28 0.012 34 0.385 42 0.674 8 0.367 8
2008 4 7 J1 75 it /kg 7 19.939 0.016 21 0.002 72 0.100 14 0.749 7 0.544 6
2008 4F 10 A g htkg 7 19754 0.018 61 0.007 26 0.207 65 0.617 1 03188
2008 4F 4:4F = [ Ht kg 7 19939 0.065 66 0.007 97 0.557 34 0.693 0 0.416 2
22 FHREMEKEWNHMATESN x4 WESHENHATESN
221 MWafMzEes 2048 BT Table 4 Covariance of tree height and DBH
B SRRV =0375 x Hx D?), H AR HmE CPHM HJ F P>F
MERRYE, Wi, R TR S ARy o 28 124919 4461 6883 <0.001
T2 (R4, AR mW &AM ERE R i (DBH)/em 1 77792 777.92 120009 <0.001
0763 8, M 4 AT LLE WA A H B X 41 6 17044 2841 4382 <0.001
FAH® A 120009, X4, HAVIKAKRINAZE 5=z 16 2427 152 234 0.002 30
AR T REKFE, REHTZERKEK, REX  pn 5 602 120 186 0.009 97
XA, R X AN EAER A RE, FUE g 506 38634 068
CELE S VAU . BURAG RO (B ) 2 BT R, FUAT
222 2a Rty £ HIEEE A YA B0 38 B 35K A A AEAT PR 204

TSR AR IR i 2 s AL AR, T LAY
XF 2007 4F i1 2008 A 4 4 77 i i AT U 7 2 4
Br, LAt —2 W AR Bk, bR T
2007 4F 7 g 2 A 2008 AF 7 g i AH OC R AL R? N

x5 FrrEEBRMMhFTESHR
Table 5 Covariance of resin-production of two years

BRI AWK Rl i Ffi  P>F

N . ) - ML 28 100.98 361 24.88 <0.001
0.696 9, [R5 HT (2 ?>&%%ﬁ$aﬁ$&ﬁﬁ% I5] I (7% i kg 1 6640 6640 458.12 <0.001
(P> F<0.001), & 5 i %R KRN 5815 - . Lo 026 L8 00930
n@:‘iiﬂiﬂfﬁ%mﬁ(o.oos 1);mgéﬂﬁ$$ﬂi%ﬂlﬂ = 6 s13 032 221 00051
fimﬁﬁ I%%ﬁfﬂf*?*%[d%%j?ffﬁﬁ\@?%mf’: LRV 5 075 0.5 1.04 03942
REMENE IR, MR BA2ZER, ERRXR Ha 25 380 098.54 1 10193

LKy N SRRy R (e S = S i R S X AN Bt 3 — — —
- AU . BRI I PR B0 () A A BT AR U
WS A B 35 B KT AT LA SEEAT AR 10 43047
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223 FlREFEKRESZIAGR T ESN B * 6 2007 EFBEEMM RO FTESH
St b BURIAE = IS 8V 7 22 40 BT F (3 6), Table 6 Covariance of resin-production in 2007 and log volume
£ 6 7R 2007 AF 77 g A B Z A DG WA L 2ok AW Form #r Ffa P>F
BER N 05234), ik B/RXHAME RS fim s 28 41742826 14908.15 13.53 <0.001
77 1R TR M 34 Gk B A KT, TR S ) FOHBDAm® 1 204 960.47 204 960.47 186.03 <0.001
ANRE, WEFIE, BEKEEIEL6NE) kg 6 8083561 13472.60 12.23 <0.001
M= R Z I By 22 o0 il R 7, R T 4p 16 188719.10 1179494 10.71 <0.001
MLV, P KRR B RS R 5 565368 113074 1.03 04019
IR K, BIEARDC R (R 0434 1 ~ i 0 302 o4

0.543 4, P Jr 2253 Wk 7 DX 28000 FN5R 22 5800 - — — —— —
XE 7 6 BT L OB, T BN R % BRI e o el

R7 EREMTREEZEMNHATESRILCS

Table 7  List of covariance of resin-production and growth traits

Wy 5 25 H L X R R [EYEESD X )5 AW kY7
HERURI 2007 457 i it 0.523 4 204 960.47% 13 472.60%* 11 794.94%% 1 130.74 NS
B 2007 4F 7 H " ek 0.434 1 133 512.43%* 14 904.13%* 12 439.11%%* 1 995.43 NS
FHBURI 2008 4F 72 i 0.543 4 196 824.66%* 7 849 857 9 037.54% 121632 NS
#BURI 2008 4F 7 H = i i 0.474 1 150 479.90% 10 213.13%* 9 811.88%* 1 936.41 NS
BTG A1 2007 4F 77 i 0.5157 124.26%% 31.26%* 5.88%# 1.03 NS
15 F1 2008 4F 7 A B 0.466 9 83.85%* 15.96%* 4.08%* 131 NS
Tl 72 i1 2007 4F 7= g it 0.480 4 654.52%% 34.91%* 36.54%% 3.67 NS
i 72 i1 2008 4F- 7= i it 0.519 5 593.5]% 19.71%5% 25.99% 453 NS

PEI . SR B3 (@ = 0.01) 5 NS AN A 838 (P>a=0.05).
23 FEEMNNLEZRSTERRZNIERE

H LA il LA, ST R 22 0] 0 77 B o Al A K 22 ) 25 5k B & K, 8 17 AR R
2007 41 2008 4 7= B T (E S HA & . BAR AT U Duncan 23 Fb g, 15 g & A X F X
MRS 45, DIERE IR AAE KRB R X R (R 8), RS R, 16 METIBERTIEREY
Pt PR ey Horh SR 22 ik E KO (P<0.05) I E R4 74, BLSchzhik 24.94% ~ 52.05%.

P BRI RRAE 3 AR R ST IR, BR T R & 250 Huxt Bams & LA, KRG R A Y H
XPHAL, BT e S A RKBEERRTNZESR, 7B A K E (DM BO R B EFT 7 6K
FHPFITLEG RS, MRAMSRERANE, XEFRMKIK K 212, 202, 201 F1219, & 4 MERIE
e, ARKEWAX R, AT RE AR BRI R, s U T DAYE RS BRI S 10 B s A 1 3R A AT B T
RE A% FR A5 55 5 1 7 Bg R 4 2%

3 NEEFIEIS

Aol 356 P bR R 28 A A RIS B0, R AT SR /N DO B RO SR A S RO R S B B 3 R
MR 22, A BEMER A S bR AL J1 . SAS FRJF AL ) VARCOMP 5 GLM of 4 Ak BB bk X 4l 19 A
BT HE, WWFSEIEN] LL REML J5 32 i 580 ™ 5 i bR 5 1 07 28 1o 1180388 4 T 02 e A Y O 3k 19710 12
(EAF AL P e

AT AT AL ARG X BEAE A B 17 SRR 5 7= I R R 15 ~ 16 AFA A9 2 a BBk 25 SR F
SAS F A A V- A R 20 A 7 R 7 i R A R I AR R RR BB AL ) AT TS, IR A BT 22
AT TR AV AE A T 2ROV IR AR R 2 A AR SE MR R R R A AR AR OG, AR R IR
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Table 8 Multiple comparison of growth and resin production

FES Ciikg 5%NHFENE Wii/% || KRS WE /m SRRFENE | KRS W /em 5%WFME | KRS MMM 5%WEME
201 2412 a 52.05 250 11.064 a 250 18.6 a 250  0.145 86 a
202 2.394 a 50.88 X iR 10.873 ab X HR 17.7 a XFHE0.129 14 a
212 2.348 a 48.00 202 10.364 abc 212 16.2 b 212 0.101 14 b
213 2.319 a 46.15 249 10.263 bed 201 15.7 be 249 0.093 00 be
219 2.139 ab 34.81 209 10.191 bed 249 15.5 be 202 0.092 29 be
216 2.095 abe 32.06 212 10.121 bede 202 153 be 201 0.092 14 be
210 1.982 bed 24.94 219 10.054 cdef 213 152 be 219 0.088 14 bed
204 1.948 bede 22.79 204 10.013 cdef 219 15.1 bed 209  0.087 57 bed
215 1.836 bede 15.76 206 9.909 cdef 209 15.0 bed 213 0.085 71 bed
206 1.836 bede 15.71 201 9.810 cdef 204 14.7 bede 204 0.082 57 bede
214 1.813 bede 14.28 213 9.730 cdef 206 14.7 bede 206 0.081 57 bede
209 1.763 cde 11.13 211 9.529 defg 215 14.7 bede 215 0.080 57 bede
211 1.759 cde 10.85 215 9.500 defg 211 14.4 cde 211 0.074 71 cde
249 1.752 cde 10.45 214 9.490 defg 214 14.3 cde 214 0.073 86 cde
208 1.715 de 8.11 216 9.337 efg 210 13.7 de 216 0.066 00 de
250 1.638 de 3.25 210 9.237 fg 216 13.7 de 210 0.065 00 de
POPIS 1.586 e 0.00 208 8.877 g 208 13.4 e 208  0.061 57 e

A Y R R AL R AL B A AR KO, Hh AR IR B R R L 14T 0.70, PRI
& 1828 0.40, I HAFRE Z M 22 28/, W5 2200 7R 2007 45 H1 2008 4F 7™ i fit 41 B 22 18] 1 4 ¢ &=
$0H 0.696 9, ik FH A OCAKT X SR UL I iR — A LR R e, BT RS R, ik
MR AES A B RRUE M BE 25 . SAR IR A EL, AR 5T R S R R 7 i A R T U SE Y 16
AR IR ML AN R R 38 AE 1 0.90° ) 3K T RE U R AN R A I AR e R, e T R R R 7 B 25 40 BT
Al TR RBAE TG R IR S AN (B2 R 0.782 1) 7RI = fg ELZEH (2 S 0.620 0) ™ 7= ig
NRFRBAE I, AT K, S0 = 7= R AA S ™ B it F = R 0 K R a8 A% ) ELAT AR 2 1 3t
IR, BRI A LR le it s I B —E M S %M E,

B BRI R REE 188 0.90, RS 5K Rt L S8R 0.80, HbRBHE IR R R G i) —
KL, AR KRR NG T MR, DT 25 00 BT IA S A K BN R R 22 1D S AR A #
e @ F K, MIERBON 0434 1 ~ 0.543 4, o T AN IE MR R A o] GEE 58 FE XHE Ho b 1y
7 I R 1 35 A% 20 R A S RS BRI AR B 25 i SRk B, T DL R R R R 50% ~ 100% %, FE K
JEHA Pinus taeda (/7= g AL KB M8 AE A SC 00T A AS B T IEAHSC M 2538 11 AR 7= S Bt e B =
J s R Rl (BGE AL AR, AR R (R AR AR ) A, 7 i il s

P 25 50 BT S 7R R R 0N R R R 7 i i ) SR RN, AR PN ERRG R I R S RS T Ak
R B FNR R 2 0 Y, R UL R 7 i R AR TP s B A A R A I LR 1T LR AR AR K
77 R BT (3 AL bR (R R 7 g e A A K B S 3 ) o IR R A 2 SR A K RN = i 38 T 1
KEAT 212, 202, 201 Fi1 219, X 5 [ —HE Ak 2E 0 0 A0 22 B4 4 30100 5 B 45 SRR A AR TR 340, ] fig
S DR S A I 2 B OR T R AR R e R AR, PRI R R S A K B CR BN, BT RN
o T SEBR = N AR IR G, Bk, e = e st G M Rh B B 1% % IR S BR P R i, BN IS S
ARG,

ABEFE R MR I J7 i LUA 7 b SR U MR o, R AR R 45%, 5 E IS AE
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BEFEIIEAE =N DA, DI, SR P=lg i W, AR (L) B BB W, = L x FEAST=E T3 (W) x 45% ,
SR EE I, T A IR S WL(1 em BT KRS b R38 F6 00 58 Q28 B mmh s, K
SRR RE, N BRE AR 2 A S AL B I O B S 5 e
FERBITRRE ST B AT, IF AR RS TS — A
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