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Genetic Dissection for the Reproductive Fitness of Liriodendron Derived from

Offsprings of Complete-Diallel Crosses
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2. Guangxi Forestry Research Institute Nanning 530001 )

Abstract: In this paper, the genetic effects on the reproductive fitness of Liriodendron were analyzed based on a 8 x 8
complete-diallel crossing, in which 4 adult L. chinense and 4 adult L. tulipifera were randomly chosen as mating parents.
The seed germination ratio for each mating combination was used as an index to evaluate male/female reproductive fitness
for its corresponding mating parents. The genetic effects on reproductive fitness, in terms of maternal effect, paternal
effect, their interaction effect, general combining ability and specific combining ability, were further dissected.
Meanwhile, in order to explore the relationship between the genetic distances ( GD) of mating parents and their cross-
compatibilities, 11 SSR loci were amplified in 8 mating parents to estimate GD for each parent pair. The results are as
follows ; the reproductive fitness of Liriodendron was mostly dominated by mother tree, whereas the paternal effect could be
ignored. There existed a reasonable difference in the combining ability of reproductive fitness among 8 parents, with more
for female reproduction than for male reproduction. The special combining ability of reproductive fitness in intraspecies
mating was much bigger than that of interspecific crossing. Although the relationship between parent pair’s GD and their
cross-compatibility was not significant, there was a trend that the cross-compatibility increased as parent pair’s GD
augmented in intraspecific mating; while a reverse trend appeared in interspecific mating. These results above would
provide valuable knowledge for parent pair selection in hybrid seed orchard and the utilization of heterosis in Liriodendron.
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AR A, Az R R 3 N B D 5 e HUE D R 32
WL, Bk s A K AR A S (E R, 2005) .
B8 S A0 19 22 52 B P OE TAE — B2 B R AR Bh
AE AR A BR A, 17 25 B8 0 I A 2 68 2 A0k K SR
R e R R 2 — (A, 1996) , XTI
AR, V222 35 TE R SO IR 7 RN 32 E &R 42 5 T
THRE T REMTE ., BB (1990) K 938 5 IR
BB PRI FRFL R B AU A 4, Bl S O
149755 (19945 1997 ) Fil 28 2K 0145 (1996 ) 73 Jil) %) %8
WM AfE TG - ICE BEAT T AN BRSO, S IR A (1994)
X 968 Ak e AR B0 AR st R AR R A A K EAT T AT
G, X SEF T 70 BIUESE T ME R T I R R A
FERE AR T B B B Y, AR S BE R GE 5T J7 T, T
S WIAE (1994 ) 38 b xoF 9 2 kR SRR R 5 N TRE A
AR I LGN A= A0 LA AT RE S AE K BR A
B 424 (1998D) il ok X 4 AR AU 78 St 5 45 SR A5
N AT e BT IR PR A5 9RO T R E M
B AE 1A R Y [R]85 G I BT 46 R BR 4] (pollen
limitation ) ” 5 “ %5 PR il ( resource limitation ) ”2 Fit ¥
Hoo AH ARG Z D5 A% 2 A58 S0 HF . I
T R3S 5 Ak T R o A2 IE 53 AR M B HC st 4% BE Al A 5 X
THREFEMA BILRE S VPN A SR A BT S 2 Pl #
FIHA EE M HLE 5 I L

XA 32 BE ¥ bE Ay LR Al — B A
(GCA) FIAFBRIC & J1 (SCA) 45 AL S8, i L H AT
i1t E 6y ke & 1 ( Kearsey, 1965; Pederson, 1972) ,
s A H AR A 38 A% o3 A A B DR TG A AR W R AROR 35t
i M43 2 )73z A (Verma et al., 2003;
Allahgholipour et al., 2006 ; Kumari et al., 2008 ; 4 [
PR, 2008) o ASAHF 5T LAKG 30k AL 59 M4 4 B
AR A AANE g SEE 2R A, 7E A6 2% 256 A AL M3 TG 7 B
filt b, 38 4 4 0 s Fe e, A& A G AR i R AE
N G RETR b, 15 T A A R R Y BEAS RN
AN AL REAR ZE AR IO — BT & 1 5 R ik
W5 3 S5 38 A5 RONE , I 0 BT 45 28 38 A% 800 1 AH X
BN, R, B SSR 23 TR0 £ AR A B & 2
P S AR [) 352 1 RS, DL PR 58 A 35 4% B 1 %) 58 e 3¢
BV BE FY 52 1)

AR ik

L1 {3 ma

ACHC SEAR A VL5 A 75 i UMl R 24 T 5]
AR B0 3G A o IR AR . B AR AL 12 A3
AP IR S AN AE SERE F M IR, W 14 4, B
A TEAEI A0 R ) (2 KRS, 2005) o 2007 4F 5

F AR RS0 A BEAL T B 4 BRS04 R 5 45k B 4 BRI
ARJLRIGE A IS/ RA (R 1) .
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Tab. 1 The provenances of 8 mating parents

£ 7K Parents W F Species Fi i Provenances
SZ KE Mk L. chinense W55 Z A4l Sangzhi, Hunan
wYS KMk L. chinense ﬁigﬁ% th B
Wuyishan, Fujian
WL E FH

FY k2 4k L. chinen.
4 5 ik chmense Fuyang, Zhejiang

LS RY MK L. chinense YLVG )5 1l Lushan, Jiangxi

MSLo JERRESM L. ulipifera i USA
. . MRkl
NK LTI, L. wdipifera South Carolina, USA
e L RE R
BM ACKIGHEAM L wdipifera North Carolina, USA
LYS ALK L ipifera LT 2T
Louisiana, USA

1.2 fEHiEANE

9 HE R £5 24 58 SR AR AL B G ) 25 S R ) 5 o 4%
B X £ SR AR AR TG S AT T o SRS AR TF ik
MIAEAL, TR AR S ~ 8 I, K [A] — B ) B 7E ) 5
AR e = R 5 KEE 2 RIGWCSE R, 1 10% 7
W +50 mg- L W + 1% S5 g 85 32 5L 8 32
2.5 h(FRiESE, 2001) 5 F S o 48 00 ¢ 46 # Wi & R
O, AR WS 3 R, IR S LB T
W & AR,
1.3 LRI EHEREEMES

2007 4FE 5 H & 8 Bk 24 58 35 A 43 0 H B AT 5
20 e 8 x 8 A WU AZ e 5 i i AT 5 W 42 . 2007
AR 10 JoRAp LT 63 DA G R+ (SZ H
LA ARWOR BN Fh ) o B 2H A O 8 R X AR 1Y
T HEAT 0 R E . R 2 2 B AL X 4 it 4
WHEE B E A A A4 100 k#2008 4E 2 A
FEA T sV AR B [FAE S A St A
ST e
1.4 ZEFEAM SSR S i

FEARFL 4] DNA SR FH e ik (9 CTAB 24 — ik
PR B AT SRR (IR 1A, 2004 ) o S0AM A0 0O
TR Al fE & T 4 °C KA RAF 2 H .

A O STR /B S = I R NS =g N | S R
EST J¥ 51 i1 JF % H 11 SSR 514 (Xu et al., 2010) , §
TE 11 X538 HMELF 28 SSR 51 T A

SSR-PCR JZ ifk % #10 uL, 41 & 20 ~24 nghf
A DNA, 1 x PCR 2& #j # ( Tris-HC1 10 mmol-L "'
pH 8.0, KCI 50 mmol-L™"),0.26 mmol-L~" Mg*",
0.2 mmol-L"~" dNTP, IF JZ 5| # 4% 0. 25 pmol-L"",
Taq A 0.25 U(SKIEAE, 2004) . ¥4 ) v 2 ¥
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¥ A Touch-Down PCR: 94 °C i 28 {4 4 min, ffi j5 15
/™~ Touch-Down fF#R (94 C A P15 s, 60 CiR k15 s,
72 CHEAR30 s, B RIEI Y IR JOR BEFEO. 7 °C) |, T
A5 A EPF I (94 CAEPELS s,49.5 C iR K15 s,
72 CZE{#130 s) , 5 J520 min ZE {1 )z i , SSR-PCR =
YR 1 8% 1149 5 TR i 15t Jrie 726 e o8 e Pl K, 8 G A U0
Xt LYK 281 F 2 5, FI T PopGen32 B Al 3 S5 A [A]
BAEIEES (Yeh et al., 2000)
1.5 HEAESHHR

it & S E A G AR 3 I H AR A Sy B
PERETR bR, IT S A R AR BRI RE M — R BC &
(GCA) B &AW H & WFFIRIL & /1 (SCA) . BT
TG AT OME M AR PR BE 22 S O, T LR A B R AR 1Y
GCA I, 73 5l Wl i A MR REREAT A 3

GCA, =g, =,

SCA =x;, ~u-g, - g0
A, GCA, yMEPEBHHPERERY GCA g, 5 i Bk
A GCA,, ;. HER i DR T A A AR ME,
GCA, Wl E B A M RE Y GCA, g, W j DA
GCA; ,x. NS j DA B) T A H A I, x, B8
ANBEARFIEE j A A A A, u Ry BT 2 {E (i
Ti%, 2004)

K H] SASS. 13K, VL yy = +F, + M, + D, + e,
N LN RIS SRR AN FEAT T 220000 b,y
55 i DEREARTNES j ARSI AR & X 4H B WL
{H s w B REACEI(E F A0 M, 5350 R BEAR RN AR

-u; GCA, = g, =2, - u;

WL 5 Dy SRS AR RN 5 e N BEHLDR 2

TEX) A BE AR R #EAT FIWTJG , R vy =+
g T8 s, +try; +ei]»k?£‘@*§ﬂ§}*ﬁ GCA,SCA MIE R
SN KAy, R ARG A SR ST
TAES b XA MAE 5 p A MH; g A
g N— B & 1L 5 s, I FFIRBC & T 8L 5 ry
AR 5 ey JBERLIR 2,

WRAETT 2270 Wl Rtk — A g A R . e R
MR T CREE, 1997)
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2.1 BEMEREHEHEN

PAZEAS (1 AEH0 1 e R R HAE R G 77 8 k3R
ARBIAER B R R (3R 2) BB, 72 75. 1% ~96.2%
ZI o J7 220y Ml SRR W, 0K 0] & R AE 8 BRRA
Al 22 52 A 3 (F {64 0.45, Rik 0.05 225 B % 1
K, UE W AE A5 I 0 1241 5 AR BB 1 E Y B2
A LA

K2 SAXEWMEANEMEN
Tab.2 The pollen viability of 8 mating parents
AEH B & % Pollen viability NK LYS WYS LS SZ MSL BM FY
SEHIY Mean( % ) 88.8 82.6 75.1 88.5 87.5 96.2 84.2 94.5
brifE2E SD 0. 093 0. 068 0.299 0. 085 0. 029 0.026 0.038 0.016

2.2 WBEMESLHRAESHEEMERE

DL 22 FL 20 1 AR 37 1 R AR A5 G
BHHPERE . £ 3 I T 63 NACHC A A Y B P fE
(Gl k23 o 63 NGV B EHERE A 16.26%
Horp  JEE MO N S BCH A 15.33% , b 56 1 2 K

TN S HC2H 45 9 18. 44% |, il 0] 4 52 41 45 B hm Mg
15.79% . # 8] 22 B 4 & B, LYS x SZ & & K
32.00% ,FY x NK A& N 0. 50% ; #3244 1,
LS x SZ 5 &5 4 35.50% ,FY x WYS il FY x LS (%
H 0, A A A MBI ERES A T 1% .
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Tab. 3 The seed germination ratio of offsprings from 8 x 8 complete-diallel crosses %

+#} 7% Female parents

A7 Male parents

NK MSL BM LYS FY WYS LS S7.

NK 0 8.38 25.38 3.38 21.38 21.13 18.25 9.13

MSL 10. 25 0.25 8.00 9.75 8.38 2.50 2.75 8.25
BM 25.38 27.38 0.25 24.63 31.13 11. 63 13.25 10.75
LYS 34.38 20.13 24.25 0 29. 63 27.63 24.00 32.00
FY 0.50 1.25 3.25 4.38 0.25 0 0 0.50

WYS 26.13 5.00 13.75 14. 63 7.50 0.75 8.50 15. 00
LS 14.75 17.50 20.13 20. 38 15.75 31.00 1.00 35.50

S7, 24.13 28.13 23.38 16. 25 25.75 15.50 29. 00 —
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k2% 2% 4H G BETE PR RE A F SASY8. 1 B
PEAT 7 2200 Fr B R R, 4% S T 20 5 1) B 1 g 22
S M X 225 A B (R 4) R Aesc
AR BB P BE 25 S T AT R AR Y 3t 15 A AL
AR

x4 BEMSEZASEHEURNAESN
Tab. 4 ANOVA for seed germination ratio of

63 mating combinations

2.3 BEMEEUERNESHSN

HI FoRA SZ R A2 T H AR/ F M
AR, DRI PR S 45 2R AR BB VR RE D 5 TN, O 128
A A] FE A — B, AL LA 56 AN 1E F 52 20 45 0 4 A4 A8
SEAMSEIHPERERC & AT (R 5) o MEME BT
PERER)—BERC A S (GCA) « JEA LYS fii 35 1. 17;
FY fefff, {0 - 14. 85, H#EPEZAPERE GCA: SEAR FY
B, H3.67; LYS £ i, h - 2.92, FEH %5 GCA

AR EL Sh ; 2 b ok 7.

Sourii)'};fa/rl?\ation Meaiqzzuare F ﬁﬁr%? ! Eﬁ% E(JZE‘%%Z'K LYS ’ j‘j 4.13 5 :‘ﬂaiﬁ& E/‘J 5'5 FY , j‘j -5.59,
414 Family 394.77 12.76 <0.000 1 &2 ) i E P 255 GCA 22 5 R TP 2598 GCA,
K4 Block 08006 0507 71— e B SEPERE ) GCA 257

R5 SAFERMBEEAMEN GCA
Tab. 5 GCA of male & female reproductive fitness among 8 mating parents
GCA NK MSL BM LYS FY WYS LS SZ
M %5 GCA GCA for male reproduction -0.97 -9.13 4.33 11.17 —-14.85 -3.33 5.88 6.9
T PE 55 GCA GCA for female reproduction 3.10 -0.86 0. 62 -2.92 3.67 -0.63 -2.58 -0.38
GCA {4 Mean of GCA 1.07 -5.00 2.48 4.13 -5.59 -1.98 1. 65 3.26
FE XM 8 Relative effect of GCA (% ) 6.15  —44.40  13.21 20. 24 -52.37  —13.88 9.22 16.70

6 I T A HC A A B YERE R A
(SCA) . MHATLIEH , Zhg HAE B SCA £ AR 38
Fe 2 AL 8] 22 R R, AR b, Bl N AC BE 1Y) SCA I 5

FEI43E, 56 NMIERZHAEH,LS x SZ Fe &, ik
13.74; LS x NK 51, {4 N - 10. 49,

F6 BELXMASEAMARN SCA

Tab. 6 SCA values of various mating combinatins

A A Male parents

£} 7R Female parents

NK MSL BM LYS FY WYS LS S7,

NK -6.05 9.47 -8.99 2.42 6. 47 5.54 -5.78
MSL 0.02 0.25 5.54 -2.42 -4 -1.8 1.50
BM 1.69 7.65 6.96 6. 87 -8.33 -4.76 -9.46
LYS 3.85 -6.44 -3.8 -1.47 0.83 -0.85 4.95
FY -4.01 0.7 1.22 5.89 -0.78 1.17 -0.53
WYS 10. 1 -7.07 0.2 4.62 -9.1 -1.85 2.45
LS -10.49 -3.78 -2.63 1.16 -10. 06 9. 49 13.74
S7 -2.13 5.83 -0.4 -3.99 -1.08 -7.03 8.42

Oy 2 G A T A 0 8008 o i A % B 1 i
52 ma e BE, R M XS A 22 U7 22 r A B A
( Griffing, 1956) %f GCA % i . SCA &% 1 Fl iF )T 52
RS TT 28 oy IEAT e AR Al A SRR X T

M G EBE , R A H] Y GCA 25 (SCA R Al
IE S B2 B0 Y4 ik i S 3 K5 A AR T 2, =
F R H R A BN 17.71% ,21.43% K1 60. 87 %
(£7).

RT BENBEHFESHF"
Tab. 7 ANOVA of combining ability effect on offsprings’ reproductive fitness

. ; , , o B s %
5K AmIE FAE W) e sy PRy o L IBETIEILE
Source of variation DF Squares Mean square Expected mean square  Variance components L
genetlc variance
— it 4 51 GCA(g) 7 6 340. 54 905. 79 o + 8a? +480) 14.95 20. 87 *** 17.71
FEERIC A /7 SCA(s) 20 3762.4 188. 12 ol +807 18. 09 4,33 21.43
EﬁwﬂM 28 12 726. 11 454.5 ol + 87 51.39 10. 47 ** 60. 87
Reciprocal effect (r)
HLi%k Error(e) 165 7 161. 14 43.4 ol 43.4

@ sk ; 0. 001 g 7K Significant at 0. 001 leve. T [d], The same below.
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2.4 BEMEEERNL BAPNRBEERTE S EBNEAR2E 57 F KPR RO 2 57
o hE Ao AR J7 28 v i RGR AR T 22 1

it — 2 o B B WA B M SRR BE R AL VBEAS TL22% T AC AR RO T 22 b B AR T 2
RN, oK SASVE. 1 GE b BRI 45 24 S L & Bl e 0.01% , 30 3% IG5 4k 1% 28 Mk B 32 2 2 RE AR st A%
REHEAT T 22 0T (3R 8) o MRl LLE Hh BEARRLN, W .

RS RXBAYMMBESN'
Tab. 8 ANOVA of parental effects on offsprings’ reproductive fitness

; - BA% 7 22 LR
5 5 AE P ¥y 51284y Jr 2y ik L e EiLE
Source DF Squares Mean square Expected mean square  Variance components o
genell(: variance
7K Female ( f) 7 15167.73 2 166.82 ol +40l +2807 71.7 49. 84 ** 71.22
A2 A Male(m) 7 1117.95 159.71 ol +4ol; +2807 0.01 3.67% 0.01
BEA x AA 2 2 P
) ] 4 ) 66 )
Female x Male( mf) 41 6 531.55 159. 31 o, +4o 28.96 3. 66 28.77
HLi# Error(e) 165 7 172.95 43.47 o’ 43.47

@ #x: 0.01 & ZE MK Significant at 0. 01 level.

2.5 BBEMEEURHOMERN. BERMEE  0.776, 5 (L J18 0. 154,
& H 2.6 RAEREEE R X A3 F AR R0
WIEIPET 22V, =20, BT 2V, =0, fh £ T 12 4 SSR i si 5 B, FI ] PopGen32 H f:
S SR RE R T 22 VWA DT 220 0 NS 8 NSRRI AL R (GD) (K 9) o Bl
29.9,18.9, MSEAKNI AT AR ATI, REEMA B A SCA A R, SRR LB AL S B R 2,853 (SZ2
BELTE RE A SCAS RN AR AR, JL-F AT DL 220 AN it o IR, BM) , 2/ 0. 629 (FY 5 LYS) P24 1.475; it
AR IE B SZ ROV B 7 25 03 AR R B AR SN, BV, = A G, SRR ) 5 AL B R R 128 (BM
20, RS K A VERE M) Lk A 5 MSL) R/l 0.405(LYS 5 MSL) F- 0 0. 816,

R9 FFEEEER

Tab. 9 The genetic distances among mating parents

£ Parents MSL NK LYS BM WYS LS YA FY
MSL
NK 0.727
LYS 0. 405 0.823
BM 1.280 0.754 0.713
WYS 1. 863 2. 840 0. 845 1.671
LS 1. 170 1.924 0.978 1. 420 0.916
SZ 1.018 1. 853 1.243 2.853 0.727 0.909
FY 1.014 1. 587 0. 690 0. 629 0. 826 0. 443 1. 265
N T A A 38 A B B 5 2 28 3 R 2 1A 1 O e 15T g
RS CIA A 0 SR RS RIS I E A ZE =E w0f os
= — N e s A
FRRPEME RS GR R S Al B2 sp ‘:o fa
f B R IR IR A AT MG AT (T 1) o 4% $5: oM
R, MR L, SHMEE A (e Ry g2 s, 3 Mt
~0.09, BEMAKT P=0.52) (BB E ¥ o e * Y .
2 5L A MMERE B Genetic distance

P ZEMNZBHAEGICER GD HTE 0.4 ~1 Z
[7] ,,ﬂ\: SCA [ GD ¥ RkmF & (FHZE%H 0.31, *FNAERA S Intra-specific mating A FpIZZALALA Intro-specific mating

TFEPEKF P =0.18) ;5 1 K 2 Kb (a] 52 B 4 5 1Y R T T e
GD {E’T{ 0.6 ~2 Z"IHJ ,SCA Fﬁ% GD ﬁ/J\ﬁﬁij(( )FE Fig. 1 The relationship between genetic distances and

a‘é,%ﬁ[%j -0.56, ﬁ%‘ﬁﬂ(ﬂz P=0. 002) ° cross-compatibility
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3.1 BBEMEAEGENITM

PEA SRR W 0 BB RE 1 R LA [R] B A 9 2
845 AT (Suitor et al., 2009 ) , ] 40 HxF 5558 95 U A
BC B AR 77 R B 2 AR B . AR Y
REFEAKBCE 1 R TP TR (2 KR AR, 20075 15
PEAESE, 2010) , {H 75 3 19 5 A8 AARAK (7 & W
A, 1994) ik Ud B IS AR ) A B RN R . A E
FE ) G 0k 4 XA 2 52 A B T AR B R Dy o
HEFIVEREIR bR, 0 M 85 R W, 98 Sk ST PR e &
TP E TREARZLN , ACA RN AR #3055 o H w0,
TR 38 B AN [ 52 IC 41 45 1) 8650 1k BE JE AT 37 f i
o7 A HC M4 5 e VR S 2 R A
3.2 BEWMELREHER

TE LM R WFFE b, 56 T3 ma RS 48k 1 R 2 T
SRR R — L AFAE 2 FhOUL A, B 8 R PR
( pollen limitation )” 5 “ % J& PR #l ( resource
limitation) ™ o 77 %8 W 45 (1994 ) i i X %8 2 4k K 48
FEIAR S N TR R A= & 098 i IR AR 06 3 SR 4 5 6
R Z A AR SRR OGN 38 kA= & 0 ARm]
RE A SZ ALKy BRI o SR HIN 2k AT LA b 8 v 45 5
FR RS X — WL R SR T 0 SRR (O
IR VEAT I T HERC 7 PR W5 75 0] 45 52 352 i 1 118
R4S (1998b) K B A AR A% B 1 B R 45 92 o ]
Ik 67. 4% | X PR 1 IR AR B AR T S,
HAGEMWER SR P A TR M MR, I
LEE AT (1996) ¢ T 18 H MO 32 & 7 R 5w
10 Jo T L5 S 3R B e I 598, 2 ) R B Ak 4 2 3
I B T YRR 100 (B A4 5, 1998a) o A 5E 4K AR
FIR 8 B ARk B0 T A R R AR 4 ) X — 518 8 IR
BRER A7 BB B B 1A T S () I 35 B 5 g ik
$E BT L RE 5 A BEAS A3 v G S A 4l 92
3.3 EAEEAEEVBEMEAEERNZN

W SEAS IR AL I B 5 R B MR EAT AR GBI 58 02
T AL 5 A E MR A5 S A (Kiula e
al., 2008 ; Stelkens et al., 2009 ; Kim et al., 2010)
A WTTE e B 26 A [ 352 % A8 S A8 8 AT A Oy S8 AR e TG
TAR T ) K HE (Jose et al., 2005; Z= 3 L LE,
2007 ) fHAL AT BF 58 & B 2R A 1Y 5t A5 BE B 5 1 AT
AREAEAE AR S, (H HCAH 5 2 ) 8K (Kopp et al.,
2002; Yu et al., 2005) o AHF 50K 25 A4 S 415 B oM
PE BB A9 47 5K T & 1 1 Ry XUSE 4 28 5% Rl 1Y B ot 4
B, o3 B S A 5 A% R 88 5 52 TOC 4 S5 0 1 B 1 A AR
BCS A BIARCE . A 85 Ak, R R

B EEMRMEA B HW AT E R, Y
MR R IR R /N T 1 I, 38 A 38 R M 84, 35t
PREEEG R T 1, W e 52 ok Rk 25 B 22 B AR . X B
B FRAR; AL PR R, A ME R B, R 22 80Fh N S L 4H
B 0 2R A ) 38 4% BE B9 /N T 1, 15 K 22 50Rh 8] 52 e 26
B HSEAREAEE KT 1, Bk, o] LI iAh,
TG AP DA S TC N, A% 52 55 R I LS 358 1 PR
TGN T A ] A2 T I 2% B8 S R B OB Bt AR
B 1 AR . Y RO J5t A% FE B TE R 40
2.5 4 ADNEG WS HORF . ALY &5 R A
I B ¥ ( Pinus massoniana ) Fl 7K #& ( Oryza sativa ) 1Y
WFFE WA e dl , RAE— & Y3544 I B Y L A, =AY
X TR WA BT F L SR A AL BB S Ak
M B AH 2 (Zhang et al., 19965 & /N4:4, 2006
sk—4%, 2010) .

1B Ay o] 75 8 5 WK e P9 22 TBC N, G 2% 28 2 P B
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