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Death causes and conservation strategies of the annual regenerated seedlings of

rare plant, Bretschneidera sinensis
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Abstract ; Bretschneidera sinensis Hemsl. , a tertiary relict tree endemic in China, was listed in National Key Protected Wild
Plants (Class 1) as a rare species. It is significant for the studies on phylogeny, paleogeography and paleoclimate of
angiosperm. It was discovered that natural regeneration of the population was quite difficult and one of the key causes is the
high death rate of its annual regenerated seedlings. Site experimentation was conducted to monitor the growth status of
annual regenerated seedlings in different habitats, in order to discuss the common death causes of the seedlings and to study
the effects of soil pH and different shade treatments on the growth of seedlings, also the effective conservation measures were
advised to promote its natural regeneration. Results indicated that, as a perennial tree, the root tip of B. sinensis has no

root hair differentiated, so it needed special habitats with enough nutrition and would be caused death easily by many lethal
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factors. The main death causes of the seedlings consisted of 3 aspects: the decay of root system because of poor permeability
of soil, water shortage by drought stress in summer, predation risk by cabbage caterpillar because of the myrosin cell in its
stem and leaf which is the necessary development site for the pest, respectively. The seedlings were adapt to weak acidic
soil (pH=5.0—6.5), so the species only distributed in the south area of Changjiang river according to the changing rule
of the soil properties in China. Also the diverse light intensity differed significantly in the survival rates in hot summer and
biomass accumulation of annual regenerated seedlings. Results of light control treatment showed that the natural sunlight
would cause the death of seedlings seriously, while severely weak shade conditions would inhibit the biomass accumulation.
Only moderate shade treatment was suitable to the growth of seedlings, and the biomass indexes ( plant height, basal
diameter, number of leaves and number of branches) and the survival rate were all highest under natural shade treatment.
Accordingly, suitable water and fertilizer management and moderate shade treatment were recommended to be utilized on the
annual regenerated seedlings of B. sinensis as conservation strategies, including using shading net by one layer in the field

or natural shade under the forest with middle canopy density.

Key Words: Breischneidera sinensis Hemsl. ; annual regenerated seedlings; death causes; pH; shading treatments

A SR ( Bretschneidera sinensis Hemsl. ) J&: 3R ERFA LR RMEY) , 1E 56 =20ty Pl A 4 X 2R 1) F st
FERFEBE PRI R 50 4 & Ry b oy S A5 T LA B R R B A e K VT LA
2548 DX L DX T | DR 30 LK Bl R 7 0 R K 8K B PRI U, Ak T2 0 A A B3 b, 1999 4R B 2 bl J=y 371
B R — RS I A A R E K — RS SRR SR, B P9 0 O& T SR A B 58 S Al 40 55, (PR
TRGRE JEFERE A 5] i 78 A MR A 2855 1 O e R S T HAR Y A Y 2E BB 5T
WBFEA,

PRl I T g A A K R AR 2 R W e A ) 1 A RO — | 4l B R AR R RN B R
S B PUE A RS e E Y AR E T AR A R AR, 16 B A A R A B SRR A AR T
FrH o EAME, L AR AR T R R B RN Z — T R AR AR R L A SRR XA — R AR SR
AR (B 25 m, 42 90 em) RS2 T 50 mx50 m B & 5 LI X8, A 2007 4E 5 H P46 & I Wi e 31-4)
ARSI, 2007 4F 12 A B &3 2 B4R 21152008 4F 5 A LR BT 16 A0 & 40 Bk 2 B
YT AIET M E] 2009 4F 5 AACH 2 BB R G, BIM AR 4 i O 2580, RMA SRR 1 4R AE9 ik
BN BESIAG, DRH AR SCFE L R BT TR A1) BP0 a6 S RS ) Bt T ) 2 R R AR AR Y
FERH L R XA W T A ) A R AR SR A i AR K Bh A 00 T 1 AR AR IR A i A0 T A L R R R
T T TR R 1 A5 B AR PR BE S A X Sl B A K B RE I, B TR AU R DR A 0 2 A S SR A B
1 #REAE
1.1 YR

2007 4F 12 A WIREREL T T8 R R L0 AA 2 H AR DR B IX A i e A1, R A B9 B BRAT €8 B8 12 ) 38 23
FYAS T FIRMAT ,4—16 h J5 R ASRTF, WP BUE RN F, PR BB 4 °C T ¥ IR ARAT , #E b
IEE AT/ B CREAE 2 om IRALE) I sEEREAILE 13 em x 17 em B IRAR b IR A ) 101 0 75
BRI
1.2 LRIk
1.2.1  RIAH AT AR B 20T 2 A6 R

M 2008 45 H #2009 4F 5 J S HUHRIR IR 1 A4 o XA | 4 i A0 d6 AL & v kb AR R A )
Pl 14) 305 25 0 el AR SE VIR B B R 2 A5 LA R RV UK IR A% R b X, b X |+ 3Lt % 1
KBS PRI B B AR, B WSS A AR G R G AN ) S RS [ A BE 7 =X F 1A %
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1.2.2 -3 pH & HHEMS

TEAEFEAE Y el (9385 28 N HEA T 8 pH 3G FrVEAI ST, 401 4 B R FH B2 2 B2 00 9 R P e K 1y A8 3 =X
£ 13 em x 17 em BT IRHMS IR 20 ¢ HFE(IRG 101 PRI E SRR Z ) A 52 41
i 0. 2mol/L FeSO,. 7H,0 5 Ca( OH), , 75l %& ++£1Y pH (% 5.0.5.5.6.0.6.5.7. 04K 2 5 r91A Sk
PG BT ARIEAS T BN b B P A BRI 10 BRI SRR BT 1 gl i, SF- 00 4A T = (5. 83£0.72) em, Hi AR
(0.786+0.018) cm, [ H PE/KIF A5 H pH {H,5 JEUS FHERRIEAR 15 430 e OCH B = A =S | IF 001 5 400
AL ERFNGHT
1.2.3 A[FEDEREab

AR AT SE 2 7, R0 7 CIRE 75 2, K2R 60 emx60 emx50 em, FREEFIATEERI A 1 m, E7CRIRA
11 PRDF RIS B AR 2 £ FARYE R LG B ek

AARE 5> A 4 ACHRALEE, T 2008 4F4 H 28 H (AK) FE IR 2 N R FIAR 2 €238 1 W0 3 1 A0 2R , 4347 36
W2 21 JZ R AT 3 b3, B TR ARG IS N (AR ) S AT, R LA A B 24 0y
40% —50% (1) T B e R AE AR T B4l 1 g % BRI Li- 6400 {8 #5286 44 I 5 A TES1335Light meter
(FREET) MIFS 4 AL BRAGAHXT G . AL BTRSE] 8:00 3 1700, 48 1 h I & A~ [ b A5 BE B H 1T 30 em #0956
SRR B A 000 1 B () 5T SRR A 1) D' IR BE IR AT (B 4 WK, SR XA RV A 32 e ] e > i A= 35 1) °F- 359 0 R
SRE . ARAET- 20 B i B2 B s (] 1) H AR A 0, AR E) 5 008 AR AR L, DAIRIRE (8 D7 YA A5 25 0 b 4> H AR
e RRER B Y B, RIS i b4 H RE AR, DLsBE 6 DR IS ] B AR A8 A J i 22 5 FEDRE D' R B8 = (e TR
B/ 4 H IR ) x100% , HA R A0 3 AN AL FE43 51 R A R 426 18 (natural sunlight, NS) 9 16. 72%
(s17) 24.51% (25) 36.49% (s36) , A Bk 14.02% (s14) , T 2008 47 H 28 H % — k7 & M4 B
BARPREYIE  JFFE 10 H 18 H (AT it A FDEIRT 4 i i 7ATE 3,

(1) AASRR T S Fe bR r Il E

PR AL B AR I 10 BRC IR ST f@ER AL i Ef 0 , R ihn R R 3 ) S BRUHC o = A A, I
THRCRR AR 52 B30 RN A

R AN R R _E R H 3 RS — S0 A e ) e T AR s (SO AR, T 2
—HL RO L A SRAS e AR,

(2) AFURA G0 A B AR A I 5

AN A B IR S - 4 R, T AR s 4SO s FL TR AR R ORI L R S R R A ZE R K
o WA A T SRISAE 105 C AT 45 min,65 CHET BIEEH  FRH T3 M7 B9 F 0 Er K B
TN B 7K

SRIGEAEFIER 4 R b IR A FREUEE R, ] 65% MR EFHIA R RS AL 23 5 b, LR mbE o, FRELE
JKEE &, T A K A R R S,

XSRS AE BRI T2 R A2, T 80% AP E S 5 OB 2 I 4 3R | R B 20 A0 AT L 752N 43566 B
T AE 645 nm 663 nm FANPEBEIR G | L 80% BN A4S 1A% RN E 4828 a b (058,
1.2.4 B0

K7 2250 TR LSD R4 86 AL BRI | 43 B k44358 i SPSS13..0,
2 ZEREHH
2.1 AASRWAE IR S B

FEADEARAY G SR L L SR A7 8 R R A LS, e IRV 6K 3 81 LA S A o= BV AT T B ORI, A5 8 o5 P W Rk %
(Z370% ) o SASRBFNFIRIGE 2K JE  TEZIR T (15—25 C) Wik, B MR & ,2—3 d J5 AP
AR R 5RO B KR4k 4—5 d JRIRZF S0 igh 2F , — B 3N 4 22 K gl o 4 e I A
KRBV AL TE 2 8—12 d, ZE K HFERNE v A 240 i A i SR O b I Bk (B R S 2R HE ELR Y A
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3—6 om BCBUE AL 2 X AR, A S IR A3 i, frgid 12—15 d J5 ik aT4REo0A Bk BRI S A
AHCPIARE
2.2 ARG AR S S ORI

M AFHARIRRY 1A A= 20 ) 37706 AR, AN R3S RS BT 30 Sl A7 R SO B0k
D, F2 B R M ) B TR B AR R B X e 1 25 S A e DA T A 4 g A el
N ARG A B AT R R I R B AN AR RO T F AR DRI, N2 24 K
FIIEE A S PRAE R , 7T AT AR o 0y A0 236 5 T B AN L) v ) A R B R 1, i e =y 2 AL A0
WET Al T i A+ PR A A WAL T 286 AN R A A SE B A5 2R | 3 U SR B 4l i S T A 3R] S
SRR 3 AT 1) 2 EAE U EOR B R, AR R IO, L 5) 32 B J A T S A B 11 = 4 T
JEEE;2) M A PR AP SS 7T BRER AR I AR KON |, JE A A R IR T 2 misE T
3) MEHOL, W UL E S FESRTT 2L, ST IARMSORORAT , 0 DL A3 75 L, 78K TR SR A BRVF 253 7
SR WA SRR B IS AN A I AN ELRZ MR A0 B0 TE AR R R OB AR 4 (2—10 JH) BREESET S, X2 T
TEAA AR B ZE 0 N5 R IT T REANIE , SR TT TR IT T - BT TR R i — A 2Ry, ST Y
AR ISR S e 7 O A0 40y R B i B4 1S DR 4—5 I 4y e, R A B 03015 0 40 W 1 5
= 9N

x1 TRAEEARTHENFEE

Table 1 Survival rate of seedlings of Bretschneidera sinensis under different stock methods

b FHT YA A/ % A HTFE T B R R LA

Sites Treatments Survival rate of seedlings Death causes and ratio of seedlings

WAL T B A KT 7 B R 69 22% MR FJFR 23% T 5130 55% F Hl
TP E R K KR A SRR 46 18% WA T 33% TRl 49% F L&
REEHFE MY K R 21 29% MRFRJERE 25% T 5910 56% F Ml &
e A R % K E A 20 49% MR R R 34% TRl 17% F il &
IR E K TR 9 61% HRARJEE 23% T 5918 | 16% F dli &
eI K FE AR TG 0 100% T 58

2.3 R[A] pH XA SRS i i AR S R

22 UAMAIE HAA SR AR KA pH LB 5.0—6. 5, KT 7 BT K AR B ESELh T, & E LK
pH KZ7E 4.5—8.5 BN, 34 th g it pH EL 3G I RLA M, VT DL 19 £ 3 22 g IR s R o | 1 VT LA
Jer) e Ay PRl DR SR 32 BRI S0 A (LTS | P RS X R A i A R AR AR LK, AT RS U
PRIE 2 AR A B2 R, Pl T4 M 1338 pH (R 6. 5—7. 2 (s TGS BLG R, 55 1 485 [ Rh 4 i i s A0 H
9% 55 2 AEE I SN INRA FeSO, I A LJE K pH EIHITE 6.0 £ 47, BERF 4N A BTG R 8 B 2 20%

R2 pHIMERHAEKNERKIZIE

Table 2 Effects of pH on the growth indexes of seedlings of Bretschneidera sinensis

T/ em IR/ om LR %
pH Average height of seedling Average basal diameter Survival rate
5.0 6.31+0.72 0.796+0.021 70
5.5 8.41+1.52 0.869+0.031 80
6.0 8.55+1.40 0.875+0.016 80
6.5 8.05+1.40 0.862+0.023 80
7.0 6.21+1.07 0.789+0.023 60
7.5 5.93+0.52 0.788+0.021 30
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2.4 R[REDEREFREA SR L i A A 5 AR B AR 4 5 e
2.4.1  RIEG SR BEXT 4 0 A K sh S R

H 2 3 15 TR ARA KR 36 Fl s14 FREG T B & 3 ORI A BCER B B A Bl ; 25 AR K i s14
Ky s17 R R85 DB ORI D78 BTG R T s25 , Hovl s R 2E S5 R bR 28 R eI, [RIASE, AP AR A4 40 1 W
GyAOT  ANEDE R M40 T G R A g 2251, Hoh $36 T B R AR, AU 5% , 10 s14 B4 T BLiG 2R 5 i,
Ak 46% bR ZE R WITE R 2 R BB, 5500 (s17) X4 i 0 2R KA BT am ] 5 (H2 8 1 DGR (s36)
WA W B R BT W8 BT, s14 B ARG HR R B J 1K, (HRAE A A ARl i 3R 5E , 7E L 22 (6—8
) B LA/ IV R -2 B B A N TGRSR A, DR e 4 i i 3 R 45 30126 K AR R o fe s

R3  TRSERALIEXHA SRR 4 B B E KR

Table 3 Growth effects on the seedlings of Bretschneidera sinensis under different RLI

B el Tht o i AR
RLI o seedling diameter of leaves Number of branches Survival rate
sl4 20.08+1.40 a 0.986+0.027 a 30.5+£3.9 a 7.5+0.8 a 46 a
s17 8.70£1.52 ¢ 0.914+0.023 ¢ 23.2+3.5 b 5.7£0.7 b 30 b
s25 17.17+1.41b 0.932+0.022 b 15.5£2. 1 ¢ 4.5£0.6 b 25 ¢
s36 22.48+2.62 a 0.942+0.034 b 32.7+8.9 a 8.0x1.2 a 5d
FRAFCER B EEZES (P < 0.05)
TR A R E R BRI s, )

RBRUBIORBL, AR BT R ARy 10 T

ONERTZS B 20 P AL AR O AL DS B R IR B BR B, asof

T 5 1 1T DB F R R R S s ] c c

FI L= a i, ot ERURA R, S PR 145) : !

JTTRA I B, S0 R L AR B, 1as|

I LTI 14 517 BRI RBOR, B0IfEE R 0 e st7 5 %
FAFTOLIAR A2l R b
2.4.2 R[EPGRESE XTI A K38 08 B =200 1 RELEREEXHME SRR L IR B 00

M %:z 4 ﬁ%’ﬁ , ZJJ%‘ Fﬁ % ﬁ:f% j\jﬁ Hﬁ El/‘]i 5’% ’ /a\ 7k % . /L’@ﬂ] Fig.1 Effects on the specific leaf area of Bretschneidera sinensis
SRR RS, AEREN 25 AT, Bk T
Fh e, YOO I B, 7R = R B s17 SRMER,
TR N B SR AR K B e i, A T DM EE T AR I AR S, s14 BARAIRD LR e A, i T 8 AR
B AR 3K > & i 2 MR ZE A L s I S 2 | b R B AT AR RN AV R R ]I n b S 4 g
23R SR BELARVE T, 23 R BEAEAE AR, TR i B AR A A4 2 S 4 FH AR 7 5 i, HARBO E RS

F4 TRENETIMERHKS KR ME

Table 4 Effects on the water content of Bretschneidera sinensis under different RLI

AR5 % KA/ % MRS K A/ % AR B 7K ik % F KB4/ % WHIK ik %
RLI Water content Saturated water content Relative water content Free water content Irreducible water content
sl4 75.96+3.31 a 79.82+2.95 a 79.89+2.09 b 44.31+1.99 b 31.57£1.69 b
s17 72.26+2.62 b 76.76+2.07 b 78.87+2.45 b 37.41+1.78 d 34.81+1.92 a
s25 72.57+2.40 b 76.06+1.99 b 83.28+2.73 a 51.56+2.32 a 20.94+1.07 ¢
s36 70.50+2.19¢ 73.97+2.21 ¢ 84.10+2.81 a 40.40+2.62 ¢ 30.20+1.87 b
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2.4.3  R[FDEIRGR BT 4 A 2R RS

2R S R Y A ADERERE NV B B br . ARIFDCIAME T a2 i A e i, DL
Wy A W RS 3R 5 RTAS B AR S RO AN, Al AL I AR G A R A B TR T
SR a/b HMK, ARG Mk 2 & RN 2 a/b (H 1 3 0] A1 4 e 7540 WO & 7 A0
S5 TTAERTMCERSE T, 2R3 b AT & 5 A0 - (s AL B S 22 A 0] R R 5001, i3 2 0 55 D6 A 35 v i 55
SRR —FP3E R LR AR 4 FORTR 6 BRER S | s14 PO 3 A iJm b a/b (B3R &, 76 H AR B 1Y
FAFRERA T8 WA A BB AR SO AT G, 25 T 2R3 A& B a/b {EE , BRESE>
HHIA A B0, 10 s17 "R 3G B M IR A, B S 2B S =M a/b [HRAIK,

RS ERBEIMEFHHRESENHME

Table 5 Effects on the Chlorophyll content of Bretschneidera sinensis under different RLI
FHARXT G/ % M43 a(mg/g fifH) 2% 3 b(me/ g B ) 28R a+b(mg/g BT ) M2 3R a/b {H

RLI Chlorophyll a Chlorophyll b Chlorophylla+h Chlorophyll a/b
sl4 1.585+0.013 b 0.670+0.032 ¢ 2.255+0.037 ¢ 2.366+0.011 a
s17 1.300£0. 027 ¢ 0.737+0.019 b 2.038=0.042 ¢ 1.764+0.031 ¢
25 1.695+0.005 b 0.885+0.017 b 2.580+0.011 b 1.915+0.042 b
$36 2.0990. 050 a 1.1030.089 a 3.202+0.127 a 1.903+0. 131 b

3 itig

TRARR B 1 AR Al R AR T S R s B B, 5 BRI 2 Ml | i R BRI A i A B BER B K 2
AR AR . TR AR BRSSO RS, X LA K AE 2 EOR B™ , 32 MR AR M AR, R K]
TAAAR e IET R K EAF AR KA 25 5 . TEBPAMA A IR SE T s R & b itk — 20 R B,
W 5 T 1A e E 3G, PRS2 A 4 KU S D 53 S5 P58 DR 3R )R, HC 4 i A R B s B A7
T[] — T3 B, 2 PRUAHE T AN [7] AR 35 0 R M i 1 32 381 B0 1 AR 4 8 T MR B 55 25 R R 9 520, (6 41
TR FRORZS 7 A ORI 25 57 o DR E st PR 1 AR RS IR 107 B 436 o 1 I B 9 SR A A IR Ml SR T 7 4
TE AL 1 I e 5 52 A NE X RS HEA T 48— /K NE A8 B, AN RESE e HAF I 3, T L] A3 R4 0 4
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