ISSN 1000-0933
CN 11-2031/Q

. - St s Ay RTINS T oyl M
) : i Wl i £
I 5 T e PR S rene . ¥ S ——

hEEEES -
PERER A SRR
RN W HIAR



LA AR

L XX
" (SHENGTAI XUEBAO)
immmEomes B 325 £ 23H 2012F 12 A (FAT)
H X

P E SR T AR IIABR S F MR BRI SRR e F E AR, RIER,E (7255)
Bl AF R F AP T AT B B R S R A T e W, E éq:"tg/{,\j’% (7264)
B ARELH T Ml RIB LA AR o oW, BN, & E (7270)
M AL BE KR B RAT A A X B IRSE B AT H A e WA KEW, I F, % (7280)
HAREBR S FEEIRRENBE FaRE LG ARBEAZG Yl e WO, ERE HAE,F (7289)
I T BE S DM R TR B B 28 TR T e eeeeeeeeeeeereeeeeee e KB E.Y E.Z (7302)
H T AR BB Ak A4 OB M T2 2 AT A T ARBE ARGE T AR evveeeeeeeeeeens FEANT, F3AR, 0 B % (7313)
AR R AR BB T G 8 RAME AR VAT R ST A e % B AR, 4 (7327)
i PFU A A& B35 B B AN AL TR ARG F A - FHE,KEE,REE (7336)
AR A PER FZAESEFRAFE—AF TR BB e F&F HHE, TLE % (7346)
B TR B EH IR TAE BT BFGR,  cvveeeeeere LAl E #E (7355)
Bl B ERAMEA R T EARBEILH B T oo IME MEEE,KEFE, % (7364)
YA B 9] 5 5 AR 3R BRSO R A B oo WA, $ 34, BARAL (7375)
F IR K R S B A AR AR KRR B 5 B AL e EM, K S B, ERUR, % (7383)
FEHFAF T A XA E B RBRARAF A ZAH e FRH L HIER, KRR, F (7391)
DIRR AT NBAA T AW 2 TR B G RAF oo th AN, HEE,KEE,F (7402)
¥ 3% UV-B f2 44 fe BT 6T o o & F AR BRALAR P M R AGTm0 ovveeeminieeeeen g7 K E R (T411)
TR B = AT vt A R S A K R W28 e ARG R B e ERE EARA TR, % (7421)
FFLARE A BTN RS TAC T T AFAE v FwmE L R, ETHE, % (7430)
R M A A T BRI VAT M TR e RAH,EHRE, T Ml (7440)
FRHGEIEA WA T R A D B BAAR R TG S0 e IO, RGP, FEFR,F (7452)
KA B 3 3L e v AR T 12 1) e B m8) e e erneere et Fuek, 24 (7463)
Wy M, BL SRR HE K AF AR RE T+ evvte ettt e et FNE,RELE,EAE, & (7473)
TR R AR AR AR T A T éqz%'g’g&ﬁ%’ﬁ%%ﬁ’% (7483)
T F AT A RS R AT KA A F s e R, R E MK, % (7492)
AR IR e L IGAT B AR B KB HE T e FIORLMA R, 7 K% (7501)
B L3 A AR B B T AT LI AR A A S A AL BRI B e FAME, KRN, B CHE,F (7512)
T 25 25 35 35 B 7 6 FATE B v vee v eneenneenneeneesieenneeeneneee e XER, LHT, EHE, £ (7519)
AR W i bR - A B < PP A4k EwHE T % (7532)
IR B AR A ) A G S T e e B,k #,FRF, % (7540)
A6 T T IR T AIRA T TE FD UG TK T 5L v vvvvrvevnneneeeeeeseiiinnnnnneneeeeeens X\ EH % B R (7549)
REFRAEEARES-ZHE THRERS T —— AR BIDAI T RBARIEA B e

............................................................................................. ok, R DG (7559)
2 08 W28 R H 2 B ) AR A 5L AR B S G e B, BWAY EER,F (7568)
M A AR /) 3 R B AL S F 2ot A A B IRATI Ao RBE FUWL R R, % (7576)
T i A Sh Ak 5 T A X AT HE L AR BRI PR oo FRH,F A, FEH,%F (7586)
KW T AR LIRT A ELBEBTHIER LB AT oW ERE, Bk, % (7595)
TR 5L
WG EATATRIE AL L RAFTOLEIE  ceveenrenereiee et #HxdE KEE (7607)
W 25 B BB KB Tk R AR AR ZETE e eevreeernnereeeineeennieeesnnneeens KB, WX, RER,E (7622)

BFIEARZSECN 11-2031/Q = 1981 * m * 16 380 * zh = P« ¥70.00 * 1510 = 38 % 2012- 12

ECEEECEEEEECEEEECEEEEE

SHEEW: B —BERE TRER, R EREA I, Dish FERRERS &) 70 TAR WX, 3 19 t22m), HE T AEdL
DR EFMN R, 1900 45 N EERAER AT, BEEERAR B — 25, 1901 4F, & B A4 DURR R B T 4
e A faf | DY EDCE TS AU Y 18 Sk BRRE, LI BF A 1 5 AR TR A B IS R [ P, BRI A e T A K
RSP R AL T 1985 AR BERE M E AL M AR & R BIAL X R % i 7 VLA RESEH, X
EAEVLINE KB E KK B SRR X 0 B BE R (EAE AT

FERM: BEFEHER bl K2%  E-mail; cites. chenjw@ 163. com




5532 A 23 1 *+ = & il Vol. 32, No. 23
2012 4F 12 A ACTA ECOLOGICA SINICA Dec. ,2012

DOI: 10. 5846/stxb201203150348

KGR, A ROUSURR R4 /NI IR [R] 7 M I 80 5 G A R 0T K 230 R IR ;. A 25T, 2012,32(23) 1 7421-7429.
Cao Y H, Zhou B Z, Chen S L, Xiao J] H, Wang X M. Photosynthetic response of different ecotype of lllicium lanceolatum seedlings to drought stress and
rewatering. Acta Ecologica Sinica,2012,32(23) :7421-7429.

AR 6 E & &4
XF 7K 43 Fifr 18 F0 & 7K B i 5z

N % A
BB AKRE Rk, L T
(R EMO BRI B WA MO AT AT, & FH - 311400)
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Photosynthetic response of different ecotype of Illicium lanceolatum seedlings to

drought stress and rewatering

CAO Yonghui®, ZHOU Benzhi, CHEN Shuanglin, XIAO Jianghua, WANG Xiaoming
Chinese Academy of Forestry, Research Institute of Subtropical of Forestry Fuyang 311400, China

Abstract; Low availability of soil moisture is considered a major limiting factor for plant growth and crop yield worldwide,
and global change will likely aggravate water shortage and make water availability an even greater limitation to plant
productivity across an increasing amount of land. The Chinese anise (lllicium lanceolatum) , a traditional medicinal plant in
China, has high content of shikimic acids which have effects of antiphlogosis and analgesis, and can reduce platelet
aggregation and suppress vascular and cerebral thrombosis. Shikimic acid can also be an intermediate for antivirus and
anticancer drugs. Scattering in its natural habitats, I. lanceolatum resources have experienced a rapid decline due to
overexploitation. Therefore, it is necessary to study the protection and development strategies of I. lanceolatum resources.
Until now, there is no study on the mechanism of this species responds to water and light conditions. In this paper, we
reported the effects of drought stress on photosynthesis of varied ecotypes of lllicium lanceolatum. One year old potted

seedlings of four ecotypes, respectively ecotypes from Linan Zhejiang ( LA ), Kaihua Zhejiang ( KH), Wuning Jiangxi
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(WN) and Nanping Fujian (NP ), were treated with different level of drought stress and their photosynthetic parameters
were measured. The results showed that photosynthetic parameters differed significantly between the ecotypes during the
drought stress and the recovery period. As the drought stress progressed, the light saturation points (LSP) and the light
compensation point (LCP) declined for the four ecotypes. The maximum photosynthetic rate (P, ) increased initially and
decreased rapidly later during the drought treatment period, however the relative changes in P, induced by water stress
differed from each other among the four ecotypes. The apparent photon quantum yield (AQY) increased as drought stress

progressed. Significant differences in LSP | LCP, AQY and P,_, were found before and after water stress was released, but

max 3
the margin of the difference was affected by the ecotypes. After rewatering, the LSPs of WN, KH and LA ecotypes
increased, the LCP recovered rapidly, and AQY also remained at a high level. The P__ increased for KH and WN
ecotypes, but decreased for LA and NP ecotypes after the water stress was released, implying a difference in the sensitivity
to light intensity and water stress among the four ecotypes. The WN ecotype seedlings grew well in a wide range of light
intensity and water conditions, presenting a good adaptability to various changing environments. NP ecotype was another
one with higher adaptability to light and water stress. The KH and LA ecotypes from Zhejiang province exhibited stricter
requirements for soil moisture content. The ecotypic differences existed in rates of recovery of photosynthesis during drought
stress. Photosynthesis rate under drought stress was rapidly recovered until one day after re-watering only for WN ecotypes.
The photosynthetic response curve also changed in response to drought stress. The light response of net photosynthetic rate
(P,) was affected by soil water content under low light intensity ( <200 pwmol-m™s™). However, the negative effect of
light intensity exceeded that of water stress as the light intensified. Studies revealed synergistic effects of water stress and
light intensity on the potential photosynthetic capacity of I. lanceolatum. The growth of I. lanceolatum requires an
environment with adequate soil moisture as well as suitable light intensity. When soil water condition becomes poor, the
light intensity should be reduced by shading or other measures, thus to reduce the negative impacts on plant growth. This
study showed that the interaction of genetic background (ecotypes) and environmental factors ( drought and light intensity )
should be taken into consideration when introducing the plant species to different climate conditions, and developing water

management shading strategy for high-efficiency intensive culture.

Key Words: the Chinese anise ( Illicium lanceolatum ) ; ecotypes; photosynthetic parameters; light response; drought

stress ; rewatering
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1 #RE5AHZE
1.1 I MR

WIS T UL A I Zemi R H I AR Z TH % (118°51'—119°52" E, b4 29°56'—30°23'N) , #4K 47 m,
JE AL R X, AEPARR 15,4 C L1 AFBERIEAET 3.2 €,7 HFHSIR 29.9 C4EREK
H 1250—1600 mm,, JRE SO A AT b, YRR TE BEE L A HLT 23.95 ¢/kg, 24 0. 44 g/kg,
45 10.09 g/kg, 281 6. 31 o/kg, WA 217. 62 mg/kg, LW 363. 97 mg/kg, HRLHN 40. 51 mg/kg, pH {H
4.62,
1.2 X5 K

AAFFE PR 4 AN R ™ b A B R A 1 AR AR R R AN B AR TR A TR R b AR UK WG %
FEHL(LA) T (KH) TP5 T 77 s (W) FIAE 8 5 7= (NP) (Pt 3 SR el E 1),
2006 4 9—10 JJ A7 1l o3 A X BF AR gt BEAR 1 OoRAE IR ST FARIE TS, B LR 4 1) 2 A A0 Tk A Ak 3
(VKF 4 °C) FEPAFRREE s T 2007 4F 4 A A A FEFPHIR 10 mx1.0 m, 2HOFE £ +A PR =2:1, F34%
PR35 B 189 MR/ m?” s 475 Fi iy I bR FH o R 3L, 76 4 1 % I S RV 25 A o, 3 2 v T B ) 38 B 4 e ( 50 %
ABFA) 54 A= Hb i BRI DK A S5 40— 30, | RSN A KB LR 2,

R1 HHMHEERIMHEIESKET

Table 1 The comparison of meteorological index for different origin areas of I. lanceolatum

HbF AR BR e SRR ARSI S SE A AR
7 4 . . MER .
. Geographical . Mean Annual Mean annual Maximum Extremely low
Provenance Location . Altitude/m . . .
coordinates precipitation/mm temperature/C temperature/°C temperature( °C)

WLIm % 119°24'—119°28 'E
LA 4 1390—187 .9—15. 41. -13.
Linan city  30°18'—30°24'N 0 390—1870  8.9—15.8 9 3.3

WAL 118°01'—118°37 'E
KH 435 1600—1814 12.9—16.4 41.3 -10.3
Kaihua county ~ 28°54'—329°30'N

VLR RT 114°29'—114°36 'E
N 0 1230—14 4.4—16. 41. -5.
W Wuning city ~ 28°53'—29°14'N 38 30 88 6-6 ? 3.0

F R 117°10'—117°24'E
NP 410 1430—2032 17.9—21.2 38.6 -5.8
Nanping city 26°15'—27°19'N

R2 ARFHEHHESE 1| FAGEERER

Table 2 The growth characters of one year old seedlings for I. lanceolatum different ecotypes

‘ TR e TEECF FHE i KR
77 b FHTH .

Mean ground . Mean height under Mean crown Longest lateral

Provenance . Mean height/cm .

diameter/cm branch/cm diameter/cm branch/cm
WN 1.05+0. 14 85.7+1.02 34.1+0.13 33.3+0.80 22.7+0.96
KH 0.99+0. 15 84.2+1.24 18.7+0.09 30.5+0. 66 26.7+1.05
LA 1.00+0. 17 81.2+0.98 17.2+0.15 29.3+0.64 21.1+0.94
NP 1.04+£0. 14 83.9+0.80 15.0+0.21 28.9+0.70 17.8+0.83

OFE P BHE R FIEFRUEIR 2 (n=50) ; QIR H 4 A7 16 FY-F- 218

1.3 %7k
1.3.1 Rt

KA, T 2008 4E 6 H 10 HA3 4 =ik £ 1 AR i AR R 10 SRR 2 8R4
TAARIRE . %508 30 em, 14225 em, B4 FE 2 12 ke, 7555+ o5 05800+ (2 43) JaTvb (1 6 FUE s+
(1 43) TR ARG, I A a2 185 3% A 1, IE W IUKAE B, 7 A i) b AHE A K I R IR 58, K58
W], 1 35 [ 7= Thetaprobe-MI2X 7 4 37K 7345 3k Wil 2038 - AR RS oK & (W, ) 19284k, B> K o b P e
BWGE 3 U BCOFRIE, ARERIE A W, =W /R, R IR Eoka (w,) , 2 w, W, 2055 3%
i F K A R AR S K R, FOR RIS R S R, T e 203808, AN TR AN [R] 7K 43 Ak 34
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TETF AR IR IR 1 22 A M IE R K SR J5 T 2008 4E 7 A 20 H 78 Rtk B 515 1 E % oK 4 B
SRTERE S IFAE 7 20 H ALK I Stmm i (FE IR e W AE ) ARG E AR TR 2 d G 4 d 5.7
d JEFNEIKIGIGE 4 4> MR P [ e AR (RE 7 M e 4% 5 Bk ) B 1, BRI 5E 2 YK, B U0l 7 ik
HUIA]— 5 o i e A2 A0, U3 436 ] A6 3 o % 1oz et Y 4
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Table 3 The soil moisture content under different drought stress treatments for I. lanceolatum provenances

+ B T B K & Soil moisture content/%

gt
Provenance Ed TH2d THad TR7d
Initial stage Drought stress for 2 days Drought stress for 4 days Drought stress for 7 days
WN 32.31+1.45 28.47+1.11 23.67+1.32 19.64+0.34
KH 26.67+0.23 23.81+1.36 17.95+0. 65 14.96+0.09
LA 35.45+0.78 30.41+0.89 27.89+1.12 21.33+0. 14
NP 34.47+2.01 33.77+0.45 32.22+2.45 20.34+1.02

O B A0 E A bR 1208 3 I E (B SF EE AR SR (n=3)

1.3.2 DUEERFERIE

R H L;-6400 {48506 545 FHI 2 {X ( LI-COR,, Lincoln , USA ) , 73 i1 5870 KI5 B340 . B AR 152 2
dJ5 4 dJ5.7 d K (T T dEIFREK, K 2 HBETINE ) I5E 4 A7 i 4 Q2 k1R 56 1] 72 Al
BR(S BR) 1Gma R, AR E IORE_3Br  BE A 2 Yk, JEma LI E SR A L - 6400 £ 56 TR , 25 Ak
0.5 L/min, # il MHEAE 26—35 °C Z (8], MIXTEE 60% 247, CO, #eE R 365 wmol/mol,, M 2000 wmol -m ™5™
eI AN E | MU FE A 1800 ,1500 1200 ,1000 800,500,200 ,120 .80 .50 20 .0 wmol -m™s™" S i il £kl
SETEMS R 9:00—11:00 Z [AIEZEME . FEHHE Thornley FYIE B AU ZE A P,-PAR ik r#e s 3F
HAMANEAEHSEL
1.3.3  Fdiadr

FH Spss10. 0 GEdHH A XA [FK 20 il T 2 ie A R B8 FR £ 4T One-Way ANOVA J5 2550 #Hr (P<0.05) ,
FH LSD :%5 2 S ECT- Y BGHA T W 2 PER 360 1 2 5 LUK
2 ER551
2.1 R[RE=HBE i G A SO K S i 5 K e

- HEAK S e R A VR TR i 43 B 20 AP 1 BT B T A Al 2 A K 4 e
BRI HOL A S M KB A R e B 22 R

FEA K AI] 4 AP ML TR S KR (W) S 26. 67% —35.45% A3 Hr I, W, XA B G A S
(LSP) {E 24 i I IEAHSCHE M (R* =0.947 ) , fETA0FE2 d J5 (W, } 23.81%—33.77% {5 ,KH %)
LSP B FE TR (P<0.01) ; T 54T 4 d J5, B WN =4l (LSP /NIy B i 8, o0 332,30 wmol » m ™
s HARTEHLAN T LSP R/INEEAR Bifi 2 1 S0 (] A9 ZE 4, B /K 4 1 26 5 J3E 348 im i DR i T o o WN NP = i
LSP {H 5 22 4% .3 (P<0.01) , TR 7d J5 (W, 4 14.96% —21.33% ) , 411 LSP sk f 2 5K
V- KH LA 1 NP i 34 540 18135 B 3 22 7 (P<0.05) .

SKJE A LSP MR [ TF, Horh WN I LA 72 H LSP % 5 3 K THIIE (P<0.01) , LA P #b LSP 7E4 /K
Je iR B f = . (684. 63 pmol -m ™ s™") | HIHA L LAWKy 155. 54% , nI UL AT Rl 5 308 = WN (LA 7~
Hb 4 X G R R T BE T

BRI, 4 A 7= MG AT (LCP) A R/NS W, HEFP—30, a8 W, STl LCP {E U 4% b
FLRMEIEAOE (R = 0.9602) , Bt 37K A Bl 3658 | LCP B4R WIS [ AR B T K 5 B 7K 5 SO [ A i ekt
MIFt, Hr LA 74 LCP Bk EAHIREE &Ik 5. 22 %, 5 HA T A B 2 25 5 (P<0.01) , 3R W] LA 77
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Fig.1 The photosynthesis parameters of I. lanceolatum provenances seedlings under drought stress

AHT 2 DT R K Ay a8 J5 K B m R BB R RE A r it . NP P H LCP {E & K G B TR,
WN 7= #l LCP {EAEAN [FZK 53 i 1) 22 S AN 38 (0 38 IR TR (P<0. 05) s K G , i B R TR (P<
0.01),

KEODEEERF(P,, ) K/ A CARES . WE 1 FR, B, 4% 7= P, K/MHEIF 5 LCP
AT, AR P AUK G RMOL A RE TS W, WEIEASE (R = 0.7541) , BEE K Wae F2 23 n , T
HIFF P, K/NEARRIN e BTG TR G Hoh W ik tk P, SR B Ry« gl th2k, &2
KIg P, (HAGTFE, ¥ 500 B2 5 (P<0.05) ; WN F=ibttitk P, &2 /K )5 W a] T [m] ) M i 2% s Ttk
WIHIE (P<0.01) . B KH F1 LA J= M R 2022 T 588 1A BR , 2 D5 K 43 it Je ik 52 28 Sl TR M 5 B WN ™
iR R T R A A2 e e, KR

FMIERTRCR(AQY) AR bR B | B4 /K 20 Wi ae F2 FE (R B, S 1 AQY R Tk 78 T
7 dJE (M W, o 14.96% —43.33% ) il N, BKE 4 D77 AQY SCPRER I BR NP b, A 3
ASTEHL AQY K 5 BT S v T, 22 Sk i 2 B R KT (P<0. 05 B¢ P<0.01) . FH I AT A1 0] 5
AT e B I T A 40y 0 S R g
2.2 PREFM OGSO XK S e 5 5 K e

FI RV G SR e 7 i 26 ] i — 25 XER RIK 0 e~ e A VE PR HEF T30 . Qi 2 fiow , K 43
J3ETR AN A T I A A B EOGE AR (P,) DGR N E IR B, — s G Y (O6E A SR
(PAR) <500 pmol-m™s™") P, F#E PAR [{3A5E MY K ; 2w ad — VS |, 13X Fh 34 R 3Gz ik 55 , I
PR T RS

A=A Rk P, DGR N R K A e i IRL G 57, Anied 2 s, WN PE s vk A 6] 7K 43 laa i P, (7RI
FEIEF (PAR<200 wmol-m™s™" ) Bfi#5 PAR W35 SUR BT ARG s )5, BEED B, AN AR /K 43 T i
TP EEH W< TR 2 dF<TR4dE, BAKE,P, [EFEME(PAR<S00 pmol -m™s™ ) JEFIM#E PAR
BRI b 2 A S E (4. 64 wmol-m™s™") B & TR, 3RET, WN =g i 2 Dok sy it s, O F
YRGB TR, 7 — BT . KH = s ARk P, e (B AE HE KR 3 R Ak, T 5 2 d 5, P, JEmi i

http ; //www. ecologica. cn



7426 A E = 32 &

oW mTRE2d aATR4d xXFHRId xHKE

. WN 35 KH
30 .
> X ¥ xz E - 2.5 E ] L]
4 rim g X r & 20 |4 L]
3 % £ : Ek 15 % % § % %
&S w3 : 4
'({, 0.5 ‘_E’.’; £ * *
PR S NP PR S 08 i i
= Oofex x X% x x x  x x 05
g/_ —1 1 1 1 1 ] —1:0 T 1 1 1 1 ]
< 0 500 1000 1500 2000 2500 500 1000 1500 2000 2500
LA
R & @ { * P s*. $?
SNEE RN NERET
2 : * % X 5 f % §
1 R ) RS
o Bex x x ¥ * 0
-1 -1
-

|
[\S)

1 1 1 1 J | | | 1 ]
0 500 1000 1500 2000 2500 0 500 1000 1500 2000 2500
Y& A RS PAR/ (umol-m2-s7)

2 RS EE T ASE =t S R A 4 S A I ER S e R 2%

Fig.2 The photosynthesis light-response curve of net photosynthetic rate( P, ) for different provenance seedlings under drought stress

(B A Fe i KV B 7K S 3B i[RI 0 P, DG BB T R, BOKIE RGP, (A & & TAN BRI fF 7
FeIHI G, W, Ko e nTHE = KH P= MR RR A 65 B (DG il B 0

LA P=HUAB MK 20 e P o AR s THOK B . Bk, P, SGma i (A & T R, LA 7~ Hife K
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