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M E UAZELEREARTRELES NDNREMBELFRITLZ, T 2006—2016 FHEF
HHUEEM AR EHNEN, 0T HEEELE R B NMERATEASE SR LW, LELE
ST A IR BE L SRR BB ER D (3~9 %K), 2 70 R EWNENTKEH , WL L BARN K
B 2~10#k, HRFEFRBERKTF 12 R AEAHBEAARERZREE EETHHER
FTHENER HEERTRA, PEMTFERFSHFHANAA, FREEE £ KKXH KA
MAARBELFHO.TUBREERAFHB N0 5 ZHRY WD, F6F AR I K,
H2.0~2.8,EAREIMD £ 03~05,Z R FRMAEAZHFT O, HEHRNKALEEHELE
(0~14 % e’ ) FEREZFZF, EXRK, EEREUNAALEFITE AUHEHES EHE
EAELMER KT HEE L2, AR LA EELCE RN P, FAMBAAREHEE
EHE N HRAER,NMAREHEAEHS — P RRATE EGNE R R, WH LHEEKER
W kAT BBV RLEARE WS LRkt S ETN AR, BB AN T FARL K
B, THEEMEEAMRMAE LY, YW EHME KT EE L Hk.

KER Bats; KA, AUEH, SRS MERESE,; EH

Fitness of sexual reproduction of Toona ciliata var. pubescens natural populations and their
sexual reproduction and regeneration. HUANG Hong-lan', ZHANG Lu**, JIA Li-ming’,
LIANG Yue-long*, CAI Jun-huo® ('Jiangxi Environment Engineering Vocational College, Ganzhou
341000, Jiangxi, China; *Jiangxi Agricultural University, Nanchang 330045, China; *College of
Forestry, Beijing Forestry University, Beijing 100083, China; *Jiangxi Jiulianshan National Nature
Reserve, Longnan 341701, Jiangxi, China).

Abstract; To examine the reproduction fitness coefficients and individual-level fitness of Toona
ciliata var. pubescens, their sexual reproduction and natural regeneration were investigated during
2006-2016, with four natural populations in Jiulianshan National Reserve as test objects. The
results showed that there were only 2—10 trees for the natural populations of T. ciliata var. pubescens
with a small initial number of fruiting plants (3-9 trees) , which were from the initial fruiting plants
or their first/second generation. The sexual reproduction of these isolated populations were signifi-
cantly different, and their seed production capacities tended to decline over time. With the maturing
of communities, soil seed banks and seed germinations were extremely poor, and the number of
trees that could be growing to mature stage was nearly zero. The optimum maturity age of T. ciliata
var. pubescens was about 40 a, and the fitness coefficients (2.0-2.8) rapidly increased in early
development stage, but then was sharply reduced (0.3-0.5), and then gradually dropped to almost
0. There were significant differences in the fitness at individual level (0—14 tree + cm™>) among dif-
ferent populations, but their values were low (close to zero). Based on the existing reproduction
rate, the actual values of sexual reproduction and regeneration fitness were much lower than the
predicted ones. Due to the low level of genetic fitness, the sexual reproductive ability of different
populations all showed decreasing trends. The natural sexual regeneration ability tended to decline,
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while the fitness of T. ciliata var. pubescens further decreased. All those factors suggested higher
investment risks. Therefore, the systems of sexual reproduction became unbalanced and
deteriorating. We proposed that more studies, including breeding mating, pollination, seed setting,
and genetic diversity evaluation, are needed. Moreover, we should provide suitable forest environ-
ment through cleaning up litter in the fruiting stage and applying appropriate thinning during the

transition period from seedling to young tree growth.

Key words: Toona ciliata var. pubescens; mnatural population; sexual reproduction; fitness

coefficient; individual reproductive fitness; regeneration.
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Table 1 General status of the distribution locations of Toona ciliata var. pubescens

$5%7 Index A B C D E
L% Location B A S TGII LIV E L] Bk 113k BB
HFHARFR Geographic coordinate 24°33" N 114°28' E 24°32' N.114°28' E  24°34' N 114°26' E 24°36’ N, 114°30" E 24°33' N, 114°26' E
HiFi 4 Geological condition TR 16 ey R R TR
TR Altitude (m) 610 695 445 550 460
WP Gradient (°) 27 36 38 36 42
TR Area (hm?) 0.02 1.14 4.81 7.97 1.06
Ml Stand age h th th il th
A4 1E Mean DBH (cm) 41.8 35.4+12.2 33.7+10.5 22.849.0 31.8£12.6
A5 Mean tree height (m) 26.1 24.6+£3.4 24.8+3.6 16.4£3.1 25.2£3.2
Y434 4% Average distribution density ( tree « m™2) 0.03 0.002 0.004 0.003 0.002
L BERMRA BAREL Total number of nearly mature trees 6 28 169 229 22

A: AT Plantation; B: ##f B Population B; C: F#f C Population C; D 1 D Population D (#7#4 New addition) ; E; ¥ E Population E(#3# New addition).

NI The same below.

K2 EABAEHEMEHRREN

Table 2 Age structure of different geographical populations of Toona ciliata var. pubescens

e e IR AR 45 ek B C D E
Age group Age class (a) Year group DBH class (cm)

Vil >60 1947—1956 60~70 2 1 2 1
Vi 50~60 1957—1966 50~60 1 8 1 2
A% 40~50 1967—1976 40~50 6 25 7 2
v 30~40 1977—1986 30~40 10 51 32 7
I 20~30 1987—1996 20~30 6 36 77 6
I 12~20 1997—2006 12~20 3 48 110 4
PRI i A2 (12 em S KA T #5940 Based on 12 cm of the initial measurements DBH , the first age class was not included.
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40 cm FO4ESEEARRIN R 52 em LA FIOARAOSS 1 1045
SRR SCHYE A REL(FC) g i Gtk A,
R JE AR AR ) R 5 T BB S R A
BB ER] HE AT .
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i=1

IIF=IF/C (3)
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ASBA A G P ) LR BE TR NS, R ER ORI L s A
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53R IR ,2006—2016 45, N TAK A S FRFPHE B |
C 45 e KAAE Gy 2 2010 4F | Bifi J5 5 7S 18 4F U
A EAR EET B RNEE DB A S5 SR R X 8 25,
2016 4E A& ARE AR 4 BRAE AT A 178 ~ 289 4K
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Table 3 Sexual reproduction statistics of different geographical populations of Toona ciliata var. pubescens in 2016
847 Index A B C D E
Jk94% DBH (cm) 37.8 36.7 33.6 37.1 16.6
[ B T AE SR Flowering number of fixed branch 251+11 262+12 178+26 289+27 204+24
Y& 4E 7 Falling flower rate (%) 63.8+£2.5 76.7+4.3 77.5+5.3 71.9+£3.1 77.8+2.9
25513 Setting rate (%) 14.1+1.7 11.7£0.9 8.1+0.7 9.0£1.5 6.7+0.8
AR 45 S H Fruiting number of single branch 746 34x1 13+4 194 21+2
HRBT%L Seed number of single fruit 377 35+1 28+5 32+3 19+2
1 SR Total number of full seeds 96712 92880 115172 117624 69297
TR Thousand-seed mass (g) 6.2 6.3 4.35 4.5 6.0
551 BT Total seed mass (g) 600.1 588.3 501.0 532.6 416.8
MAEHT K MR/ 8 %2R Number of germination in the very year /germination rate (%) 42/0.043 6/0.007 6/0.005 3/0.003 6/0.006
YRR/ 15472 Number of retention in the very year/ retention rate (%) 13/31.0 2/33.3 1/16.7 0 0

PRIAC L, Ji 30 2 B BE YU W R A 1Y) 445 S R BR 1) 7] 1R 4
(R 2) MRS L RMREGERAR D (2~ 10 %),
Horpr FhRE E 25 S BpRAG MR I8 T 2 A, FoAth g
SEEARRCE A R IR S SR E T 1 18,2016 AEFREE B
C.D.E AT AR A Y45 SE00E 430 10,22 .2 il
6 Tk, 43 ] di BAE AR A 1) 38.5% . 1.5% . 1.0% .
5.0% 100% , N TMARAFRAT Y B FAPLHY, A SR
B HA — & WA TE TS Bk i 2, HAR
H a3, AR U 243 55

JUI%E LS TR] b PR (B 45 AR [] 9 I 4
SESCPRIN B E T (R 4), N TR A BI85
B SRIEROE B AP RE B> D> C>E. 5 2010 4F
SESARBE LA, A SR BIHE A7 78 B TH A 1 B ARk
TR A o IR YE AR B S5 SRR A
SRAZFRRE R R K BUABE C 45 S bR B0 PR AN I
P BR A SR EEE 2 BRAN, A B B M AR K. R A,
SEiED Y 4 BREE 5L BARR SZ RO BRS04 9Tl PR
il M T ek R Y 4 BRZE ST KR, BEE b
PG RE IS AN A S BLAh , 45 52 PRk 1Y) o A

R4 EABFEMEME(SAIR)EUREEAESN
Table 4 Variance analysis of sexual reproduction in diffe-
rent geographical populations of Toona ciliata var. pubescens
(including plantation)

fatn BETHM df Sapiy FAi

Index Sum of Mean F
squares of difference value
deviations

BT AE AL 3231770 4 8079.43  1835*

Flowering number of fixed branch

EAEH Falling flower rate 557.16 4 139.29 9.92*

ZESIR Setling percentage 141.27 4 3532 25.40*

LT S 9840.00 4 2460.00 182.67°*

Fruiting number of single branch

HR TR 766.70 4 191.68  10.87*

Seed number of single fruit

* P<0.05.

ARBEFZ M ZESE INFREE B DA T AR A B25 52 kR 43
Mg, HA TP IFRE 6 AR5 ar i B
N TR 70 | B 21 M 235 S 5 R 245 S ot e 4 )
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Fig.1 Variation trend of FC in different populations of* Toona
ciliata var. pubescens.

A: NTHK Plantation; B: ##f B Population B; C: Fff C Population
C; D: FHED Population D (Hr# New addition) ; E. F#f E Popula-
tion E( 1% New addition) .
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Table 5 Fitness coefficients of different geographic populations of Toona ciliata var. pubescens
T \i \Y | 1
Population gk it FC MREEASER  FC MREEA RN FC WRERA M FC
Total number of Total number of Total number of Total number of
parents assumed parents assumed parents assumed parents assumed
B 3 2.0 9 1.1 19 0.3 19 0.2
C 9 2.8 34 1.5 85 0.4 91 0.1
D 3 2.3 10 3.2 42 1.8 58 1.9
E 1 2.0 5 1.4 12 0.5 13 0.3

FC: i&i & F Z %L Fitness coefficient. T [f] The same below.

5 TR AT A 7= A 3 o 2 5 110 DAL T RS | iR
TCHERR B A9 SR 3 S BUR IS MRS 5 £
2.3.2 MK MBS A i i e L
B AN M AR A S AR A 4 i AR A5, o5 AR
MR 6.8~7.0 em?®, T I fE 2.2~3.1 g 4 %L
/b ANl ER A A ) AR S AE R O R 1T
A MRIKTA A IS A B IS A TR 80 0k
84.5 Bk + em® 33.8 ¥k - em® - g, FPHE B FI C W43
A 14 Bk - em® 4.5 Bk - em® - g1 6.8 BE - em® |
3.0 8k - em® - g R, A BB RIS T
1A, ARRAT T R A 52 A= 4 v S AR b 450 i
FRAERIRE 2~ 3 4R JE ST B 1 B A b B A0
D E Z5SCHERA R AUEAR TFIEE B .C, A 2014 4F5E
R ISR AARGE & BN & FE RSB 0,45
I B A SR MBI ARAR, A AR
SN
2.4 PS5 U SO

2010—2016 4F, LA R H AR AP REAY S T 1%
A PR A 25 S IS R S UL 3 7.8 BL.C.D
E H1,20~70 41 B L MOR LA HLA A A A e
71, BHH LSS AR B B (E 5 5 R 26,130,171 Al
2 10k, 20164F 52 BRI A5 it 43501 2 10 .2 2 F12 8k ,

F6 ELABAREMBMBESE
Table 6 Fitness of different geographic
Toona ciliata var. pubescens

populations of

FE47 Index A B C D E

AR bR B3 2 1 0 0

Number of retention in the very year

bk T AR 65 7 68 0 0

Average surface area occupied by a single

plant (cm?)

YRR T B 25 31 22 0 0

Average dry mass per seedling (g)

IF (tree + cm?) 84.5 14 68 0 0

IF (tree + cm® » g7) 338 45 31 0 0
=

IF; & A EEFE %L Index of fitness. F[A] The same below. IIF; Z5 & &
FEFEEL Index of reproductive fitness.

RT BLABFEMIBIHEFEEE SO RZITMN(2010—
2016 £ )

Table 7 Prediction and evaluation of reproductive diffe-
rences in different geographic populations of Toona ciliata
var. pubescens (2010-2016)

H8FF Index B C D E
SEARBHEAE Oretical value of parents 26 130 171 20
SEARSINME Measured value of parents 10 2 2 1
LS Oretical value of seedlings 180 36 36 18
A S H Measured value of seedlings 0 0
ARSI (E 20 0
Measured value of near mature trees

HECEAARA R 2 13 1
Theoretical value of near mature trees

AR ST 0 0 0 0
Measured value of new mature trees

FC SZI{E Measured FC 0 0 0 0
IF S2i{E Measured IF (tree + cm?) 0 0 122 0

(AP K (1.2% ~38.5% ) FL I B ) 4.6% , X
7 AR [A) ZEAH 4 AR 43 0 180,36 .36 F1 36 B (LA
RKE WA 3 WY, 6 4F11) , Ll 4h i Hoe
FEA g 0 Bk (FIEE E BRAL, BB 45 52RO T AR 14
52 W A RS RS Sy 0 Bk PRI SE PR AT 1
P A RBCRAMATE & AR PRI N 0.

5 B AP REA R SRR S (IR T S A Y
ZEREIR 1) AN[ERNEER 25 52 sk gl /D A R
HIFEAL ZHEE AR ;2) SR PR B 25 LE LAl
5 RANAS 2, FUR IR M B Fp R AT PR 20 038 A R
B3R 0, RABLLHE A IRFIREA M 25 R Bk
JEUR 5 3) AT M B BT A T 0, 3F A M B
PRI 0, 2% BT G A7 1 A 5 30T IR B N3, A7
ELTAEAT M BB R BB STk A H 0.

it

3.1 BLHRRHEAVE SR ST SRR

JUE LB ZIAE AN [R] 3t R AR A 46 235 52 A bR A3t
R 3~9 B, 25 FIEE Y A7 I 25 A B30 A T IR
AL, BRAT A5 I bk AR AL 2~ 10 Bk, KT L4

3 i
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HRBEHCIR A 0 E LS. BLAE S MOR 22
FIARTR L BT B e, 28 A RS E B 30 1k A0 (15 ~ 20
AF)  FEASRENUA 1o 5 28 A 0) B 22 )i 4 AT BB B
CIRRAELS S/ M RO AL (H 7% B FINCE SRR
PHORAF B g, JLP- B 4590 i, BB 20H A M 20
FRIR R FEAMA T A5 S AF BB
BLLMER /N e RIE Y, Tl R
JEZRAE T B A, T Y0 AR 95 0 e b il R e
P2 A SR B3, B
ETILHPREL. B BRI E B h & TR 1
UK i I AR TR R, 3 0 A [ 3t 12 A 3 14 A
S AR A AR RER 25 9235 5 B RA R E S+,
ZESLRAF LA o — € KO B BRI AR T, B
1 BT AR I TR s N TR PR M 3 B AR
TP A R B LU B B Y BT AR
SR, BLLHE AKX — 45 P A 3R B 0 (s S 0] 1 97
BESEILE AT AR 1A 1 B0 E
JERRW] LR B AL S5 W, (EL 45 2 i )
R TR =BT 05 Ha AR TR AR R 9 40 47,
AIEF A HAFE e 50 45, SEBR AT B84 52 1 AF R 4 L
A A RE ) T R W] 83X — I ST 8 bR A PR A B
S MG BT I R DU BEL RS , B AR £ T
X I SR 1 2 DR AT 5 R 1 e B R R B %
B B BEAHIE 5 B R B 5 A WF ST — B AR e
FUIRE MREE R R FE SR AT AR A
Fili s W0 R R AP L L T 2 112 M 25 1 ol HC i
RAFRE DL K e B AR R N S
KR e S Tl 3 T2 X L B R SR AT BRI A
A2 T E S B A 85 b TR B A
GEFE 3 0 /N Tl R ST BE A BE ) 25 0F R R AR
3%1‘[34] .
3.2 BLMRAFIEE IR SESERNCR
TRV TR HE AT B 10 AR BT, B ALAR RN 0
SALSFE AL IO T A Y 95 3, 1l 2y S B AU ik —
AR AW ARV 1A P S0 0 5 B T
B TG AT 4 R R 45 S RAF R R
CIAERITAURERT A B A, HLw A= 4l AR G
55/, o R B 5 A A5 BT, AN (]t PR A 1 K
FH AT & BEFR PR RS E AR 6 4Rk, & R RF
KARFFrah v B P JC S AR BB bR, B 5 R TA —
TENJ TP N TR BEFE P58 1 A2 5 58 4
IR, BLLHE A VESAE 5 T RS s
AR SR Y A A O B 2 R IS R
BLLHEA MRS, 525 R A B AR I 5 T BB v T R a2

FER MG TR, R 25 T 5 H A ST % B2 i AL
2%, HiT A FRGERRIR S 2 B I S i BEHLRS 25 A
20 %] B LRI04 A A7 S LY R O 4 Jl ™
B 3 EER YRR ( Davidia involucrate) > Y
B AR (Tetraena mongolica) ** 156 B85 % ( Coptis
chinensis var. brevisepala ) SN AN ( Taxus
chinensis var. mairei) ) A )RR R A BT R AL B
N TR &G NS SEAR DR SR 633 - R IR GRIN
O BT ORI L S AR B E I, S H
AR EAT 1 P BT R ) =2 TR A A A S B A PR 2R
IR
3.3 BLLHERIAFIEA T EA R St R
FRE B SR A 1 A SR Bk Tt AL 4 ], — i
KR B s/ IRV L PR I 32 B, 22 % A st AR 1T A8
HIRIMSEGE A E PR BAOBE AL BERS,
AN AR b AR [B]AH BB B, 52000 1k S5 7l BR800
SERAE AT S E AR, DRSS
MRRVE S | 25 5 5| K 58 5 IR 5 A B i, DTG
SECBRLE A YL Z RS 5 AGE N R BT RE T 1Y
REEATR. DG THZ X ol T 2L A a8t 4 22 RE AR A ) R 2 L
Wi+ & F I AT REAETE (Y 30 58 5 1R 8% 1) AL, )
TR U B ZUAE RN I SE T 2R 48 MO A8 3 iR R EE LA
FIF SRR T4 258 T & UK F- 19 3E 5 B2 B 5T I
A A AR D AR i ok Sh A EloE nDU Ry Ik
BEGARA TR C BLLHZS bk o8 2561kl ik
B T LA pa b A T DL AR aE 1 SR
SR BAAERF I O b S W B e SR b R R T
HEAEM A Y 22 T A SR,
TN S e 38 A A A% Sy S B 5 ) b7 R e 3
FEAL 0 T = 5 2 (B HE I B S A B
BLLMG e 2 RENE 5 548 Z R RS IR, I A T A
T R TR N HC A B S A4 22 R AE .

4 & &

FUE L1 T 2L AN [R) R S 3t BRI ) A EL B
AL BB, PR AT e R e A BT A gl
FPE BRI EHAL , BB AR 2, dn] i
sl ks - CNCIEEt AR S U TS SHPURELIE SRS S
SHAE T BRI SR Je AU A AR AR, R AE B AL AR e
G540 L BB R WA L IR A X B LM FAR A
P S PR BB 5 TR DU 2 sER A A B,
— 2R T B A P BB I N PR 5 [ ) 7
g BRI A DATEZE S0 BB Y5 90, a4
P B AL PO S g, PR B S ART R Y
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