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WHE L8 I EH T AM (Betula nigra)  FHEZ W ERHEHEH LKA KB, A2 T05] M0 AHEAE =Bk E
REFEFmELEE e, [(FEVEERTIMXBEEE FNEYETEREARPR A EFEFE . EVEAK
AEHF/EN 170,175,178 m M H EF R AL FABHABRA T HARFRALELE FEAHTFETHFE FHEEY
Yom RAEAMEKE HE BB FLELFEAAMNEARLEGSH., [FRID EFARNERELGETHTHELFA,
D AFHELELYELEERB EEREHEABR T, 3) AELE AR MAENESETE 170,175 m & 2 £ F 4,
EFBEERD REXREERTR: M4 FRFALAMNHRET NN 6.22,6.5 m AHFZFAEALZUHFEL(p<
0,0, ) BEHEFRHE . E1Tom FERAN KM S LA E I HNERH B, EXEL AWM A 23.10 pmol +
m’es GEBRITS mAWAMEELGERINMEY 14.64 pmol e m 7 o s HHFZERFAEALITFE X (p<L0.05),
(S A EREFNHBENEREFTR L H L WF AT IO AL AT AESNGEE AT E A K 8T ALK
HRE B W EATEAAIE RS EIREEN BRI SRS, U A EN = ER RS X — ke BEW
EIET

KEWR AN AR BRAFF A KkAF LA HAF, Z R ERX

HE S %S .Q945. 78;X171. 4 XERARERAD : A XEHS:1672-6693(2017)04-0040-08

= TR T 2009 AEHAUE LA B IEH B KA 175 mo I FE A X IE R 25 600 km 58 1~2 km AR #IIA .
TEE Z, =0 TREBH UKL BE 2 145 m B, 2 X R B 20~ 30 m AYTH P& . T IX & UK A7 78 22 KL 7
P I Rl R A AT 35 150 R K. FEIX —IA), 24 b R ;i 285 25 1 B > 1B TE T I A AR VB . R B S
BT E K A G it A RS A SRR I R D BN TR XA K AR TS e DR T R 2 i AR AR BB
7] 50 0 %o = U 7K P ) A B L T R MR L R A R N TR R B L R A DA A BRI T Y — A R
WA IR AR R AT T S A e 1) IR R E AR AR I TR BE Y . K ME (Betula nigra) XRRIIAE, RAEAR
FF(Betulaceae) WEARJE (Betula) & M v A B AR 534 78 55 [E FF J7 165 5 1 T TH 88 ) o b, o 5287 €08 BRIt 9
L 2 R K I - SR AR SR Y 3 0 R AR i 2 DX A A 0 K O Bk LI A R X b i b T R AR S
2008 4F , PR ARMLBE 27 F 52 e 8 2ok o I AROR 723 W 18] SE Rl FW Sco 23 w) 51 7 K MERD -, 45 ] T = e 2 IX 9
Ve RN TR . B SEBE 1 S AT TR A R AR =k B DT IE A HEAT TR S, B A 5] Al K HE Y
AR AT 5 H R G T 5 IR ) /K MEAE = e JA2 DX T 9 7 100 A 1 B0 Bl R o 1 400 A L 5K — P I 7 23 i A A
AN S ) R AIE T s A R DA OGRS . it AT S0 20 I A T g R K ME AR = A DT VR I B R A
AR ARPE B2 PE AN X — W I AE = B DX 95 A A 3 N M 5 R A
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L1 MFHERGFEREIT

T 2009 4 3 AJTJEAKMERD T2 N R 568 . B R SCIR ARG IR B SR AT R AT LB S AR A EE
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(] sf 12 SR B A B BT g R B TR E . DAIRAR S8 B8 Rh B2 A0 0 Bl W A AR AR, RREE 30 d o+ i & iy el
WY R JE 2 5 d A A K Il B & 45

FH T8 b 5256 09 B 72 36 Fh TR AT AL 2, B SE R - 50~60 C KR+, & HiK 2 K ,48 h )5
PEUEFP LR . SRR 4 b S A R A K AE AR, LR S50 b 5 43 i T EE PR T T M X R X
WAE MR [ AR X B SR R 2R T BAT AR A s AR 170,175,178 m BT 7545 IX 3K, F 2009 4F 3 A
A G P& B JE) A9 RS GRE K HITD 20 W R FE R, 43 il 78 B DXl 5 4 23 R 0 R JEE L Ml 341 22 1 9 75
TRt e ey R 5 4K 3 m. 98 0.8 m HFAT T B #E R . FEAMETHEE RN 291
Tt 2 IV % 5 VR T8 DA T 3 0 e+ S s, TSR I 55 . 5 KRG 48 KR, 2 RIG#E R, & A Bk 72 0 o
B 5 WA X A AR TE LR FE Ry b B SRR R A0 D 1 200 L, REAPoEEE L R SR KRR AT BB K .
FHAT SR AL i VAT A0, 23 o 200 3l JE DR 0 O 0 o R B =0 7 100 e W I 78 i 8 B ), B H O R, R R R
W W%, DA 2R — R b - B 2F T 46 G it 4 KO0 sk K ZFE Rl 1580 B 30 R A8 10 & GHE K Rl = B 28 W58 7 2L 4 31
P& IR KR AT o A R 2 AR A O R 2 R = CR R B8/ R B0 X100 %67, A BR
AT MG T HARMSOE K - T 2009 4F 9 F i BIHG Rl Y 4E JEAT 7706 R g0 it IR 7E 2010 48 3 H (H 5 1B K LR
£ 9 JIRESL MGG,
1.2 TEHEEFKENNE

R FHE W IR 100+ e E R K DY T A S 7R T I A 0 SR 0~10 em 9 £ )2 HIRTT
R JFUIR A AR S (R R A e A AR R ) A LR N A © B E BT AR GIE O m) s 57 BIRR AR
i FER G REAR B i oA m ) . FE(105£2) CHET RAEE , BT A TR 88 N 20 2 =0, B ORR 1 AE & FR
FRE AR GO mey) 0 SR B . AT V& s S AR A 3 Oy AT I . F e AT T 2 4 ] AR
KE=[Gny—my)/Gmy—my) ] X100 %7354 4 e I Al 45 K B A7 . %0
1.3 FIELEZHMRIZF

T A T L A RS AR T, T 2011 4E 3 H R A J7 M HE P R XI5 R e R 170,
175 mAb J3 5 FkE iy = PR FE IR A T A AR 23 v I B Ak A DR /N AL %) P A 2R KAV BRATEE SR 2 m X2 m.,

XoF A BITH T PRI AE R K MERE PR I R AR S5 S IE U RR e W88 . AR I T Hh Bl S 76 T T 00 M P R BOH
SUBCRERE A S AR RIE 10 D 4 m X5 m /NI X H AR 5 BRKHEZ — 8, WA Gt K MER TR AESS 58, 5
I [R] B 8 A AR Bl B AR 2 e A B AR KB DL . SR A S I I AR B = BT AR B/ VR A Y SRR B N T 4 4
SR = R SR/ VR A I AR B 43 T SR K ME 1 S X5 T K 0RO 35 45 S,
L4 EKFMXEGERMNE

2015 A3 HIAETH A F = R (5 H 7 HD CEZ Z=A K7 A 11 BB ZEKET 9 A 22 HOXf RikoK
MERE PR IEAT ARG FR I . PR 50 Sy b T 28] 7 A T00 i P9 B8 25, B A A U 3 b TAT 1 e A0 A9 1 R ELAR L e IR R VR AR
PEAIEG AL 7 ) W) e 4% 5 A S (. I, 2 AR AR 170,175 m ARBEMLZEE 15 ¥RSEAT IR, 78 Lk 3 4w
W o BIE B 3 AN IELL R I TE A B 7R 22 Li-Cor 28 Al A 7= 1) Li-6400 BUAE 48 205 A (U6 1 34 7K ME AR fk 2
TPCEAE M H AR I . B R E 5 BRAE AR  JF X AR AE PR B RS 3 NS 4 bt AT & . D S A
[ 24 6:00—21:00,% 2 hilll& 1K,
1.5 it

S v A B BSCHE FCP B £ bR 227 R LB IR R 5 22 48 B (One-way ANOVA) #4753 87, 3 H] LSD
R B S HEAT 2 F LU ER L, ST A R AE p<<0. 05 BPRLN A gt i X

2 BERG5MH

2.l MFPFERYEFER

F 1R RME R AR = W P DX v ARG R BUE S R H AR A N SE R AR R R B ZE R R A Tk
(8745) Y0 WFFE AL AL BRI 2 4R R v i 2R B S8 A KA i 7~ 2R AR 28 K [ K MERD 778 pH Ry
6. 2 BY/KAE 1 b BB 2 R AR 78 pH O 8. 3 WY K B b R AR 28 R A AR TR [] — L IEASAF T, B BE b
1+ AR (1 T - S8 TR R R R AR (3R 2 L B RBUH ZE R AR GG Do 9 AR BKMERP T 223K 2 )5 . B
A b AU [ AR T B8 K ME Rl 1 B BB ZF A0 0.
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Tab. 1 Accumulative seeds hatching rate and seedlings survival rate of

B. nigra in hydro-fluctuation belt in Three Gorges reservoir

WE Lm gy FREBENEEHTREOOER G R RN AW R %
m e pH A
Wil KM WEERTE 170 175 m 178 m 170 m 175 m 178 m
WA 31.244.1° 30.443.3° 28.642.1° 96.049.0° 95.348.8" 89.4-8. 7"
TN JKFE+ 6.2
AR 0 0 0 0 5.541.2°  8.742.1°

MAR 28.3+3.4" 27.244.6° 25.4+3.6"

5 Lot 6.9

AR 0 0

WA 27.443.0° 29.243.7* 26.
L Cig:] 6.6

AR 0 0

MR 16.3+2.5" 14.241.20"
2 fAKRMEEE 8.3
AR 0 0

3.7

(o)

93.2+9.1* 90.6+8.6" 85.7£8.3"

0 6.2+1.3* 9.5£2.2°

92+9.1* 89.648.8" 82.445.0°

0 3.040.9° .3+1.1°

(2]

+0.4° 90.0+9.1* 89.3+£8.8" 83.5+8.6"

0

H-

0 5.4+1.2¢ 7.3+1.5°

T« B AR B [ AQ R AN ) i A T T~ 3R BB 2 R sl v A3 R AU 22 R B e R 1 L (p<<0. 05) ..

FERR RS AR O I . B 35 I 19 7K HE D 1 77 1 A -

2 ZEEREETAESEMIEBEREKE
B B ik (96.049.0) %, BAE 3 A, 75 e Tab. 2 Soil field capacity in different elevation in
170 m Ab TCAF I B K MELI 1 s 76 = 2 175,178 m A AX hydro-fluctuation belt in Three Gorges reservoir
AP FHRRAE G AF 6 R i AN (9. 54+2.2) %, BAE — R 6 R 0 b B T Ak
9 AR FERTR 170,175 m Ab/KMELI WA TR 50 05y e 170 m P 178 m
E’ﬁﬁ 178 m HIBCBLR R SKH , 4 T L AL PR AP 5 TN 29.22451. 64" 24.48£24. 29° 23.38+9. 75"
f;@;{j_;;ﬂﬁ FFIM 31.14431.52*°  30.17+18. 67" 26.04+10. 38"
2.2.1 RAEZRT AL WHAE K HE 4 T AE Y T i Rl B 28.54435.22°  24.96+14.36"  22.7.846.52"
Ea%ﬁz 9 ﬂﬁﬁﬁéﬁ%ﬁﬂ?ﬁ%ﬁ% 170,175 m ﬂ‘ i) 25.84419. 64° 23.56432.51° 21. 744 20. 35°
TR B BT R4 96 % ,95% . 2015 4E 5 A 845 e EAR R R AR R R — M A [R) s AR T AY 5 )
R b ARE B R 24 B 2 8T YL 91 Y KRG 22 B BA Gt E (p<<0. 05)
2.2.2 k& EA WK1 FrR , PRAR A K HE T AR I5 0 R AE 4 4R op @ 170w 175 m
J& S TE 2015 4F 5 H A AT I E  FE SRR 170,175 m b A K1Y
AKHERR RS 0I0 6.22,6.95 m, P& 2R AFGIEBELp< |
0.01), 16757 K3 5 5 2 A6 K 399300 ) , 99 4cb 7 HE ok v i 34 K j i
HEAYHIA 0.42,0. 63 m, MH 257 BA G FE L (p<<0.0D, ¢
6 51 %5 K 30 BBk 25 5 KT 300 000 D G AR K b g K Ry B I
B 0.25.0. 31 m. Fi% % BRAAGI2EE X, Mok 2015 4 |
B K MR 75 4 G AN B0 0. 67,0, 94 m I H 2 R A% |
g X (p<0.01), i
2.2.3 MR EAL W 2 Bk fERF B L S s
B 170,175 m Ab 2R K (K HEM 250 90 8.37,9.01 cm 5|
HREBAARI BN (p<0.0D. EHEFHEMALERE  ° Lum | ekm Sk
K S BT TR] I Ak KA 3 A Y 386 K 4300 o 0. 23,00 49 cm, T |
EREFG I HE L (p<<0.05), 1FE FHKM B B EE K Bl k#EMESETL
BT 1300 1], 79 &b 7K M B 42 (B K B 48 90 h 0. 11,0. 14 em, M  Fig. 1 Annual variation of B.nigra’s height
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ZRANBAGI R L, 2015 AEPIAL K MERL AR B9 ARG K & 43 Sl 0.34,0. 63 em, I 2R HA G B X
(p=<<0.01),
2.2.4 AvaEA B3 B, AEF Rk VR KON SRR 170,175 m Ab AR K K MESE R 3 il 7.1

9.0 m, W 2 FHAGIH R L (p<<0. 01, TEARZE H Bl 91 21 B Ak 7K 30 391 18], P Ak K AR 14 5ed Wit 5 et 1) 348 < &
43R 0.5,0.8 m, iH £ F HAGHHE L (p<<0.05), 1 E ZH K BBk 2= 55 /K 17 10930 18] . 9 4 7K Me 5 It %)
WRESHHR0.3.0.4 m. FIHEZERANEAGI2EE XL, 2015 4F P AL KM i A9 4F 3K 0 3R 0. 8.1, 2 m,
HERHEASIFEL(p<<0.01),

121 14r
L i 12 +
2 - i 10}
8 -
£ l
E ®
@er 2
= 6
4| —B— (70m —— 170 m
4 L
-—A—175m -—A&—175m
2 F 2 L
0 T T 1 0 T T !
it ik EKHM Hi Rt 29 WA AT
(N9 g
2 KMEMEETL B3 KiEERERETK
Fig. 2 Annual variation of B. nigra’s ground diameter Fig. 3 Annual variation of B. nigra’s crown width

2.3 A BEEAEUSH
TP X B0 R R 170,175 m AR KK

HEd ot &R B AR & 4 i, 7282 kG, — w170 mE A o= 170 mE K]
b 1 Y2 S A ik 3% s 1k F1 Ve N A 70 ¢ ---A-——170 mPkFEE KFIH —— 175 mTr LR
TKHE Y ¥ A SRR, WAL K ME B H 2906 & X 175 mE A e 175 kA

ROAWHN 1.16,9.74 pmol » m * + s M FEF
BAG#E X (p<<0.01), MFELAEEH A
i S AR — B e G R R R I IR O 4
K N TF 6 32 i B AIG, 31 1400 BB A “ K7
PG B 5 BT L AE 1600 3EF]—K A e KAE
15 B2 KT, AL K HE Y H 389050 G 3R 5 00 oy
26.52,26.15 pmol * m™* + s ' \WEEF LRI ¥ E
SC, WE GGG R H AL A IR R A — 3
HOLA R LR Z TG KL 7E 8:00—10:00 KR HY
N AE 1000 i) — K Ay B R AR 6 1200 tHBDE

. S—l)

(%%ﬁli’j{/( pmol *m=

6:00 8:00 10:00  12:00 14: 00 16: 00 18:00

[N s B

PRI BRI LA A "

FKZEE KT T, 9 Ak K HE B H X0 A 3 43 ) R B4 kiEEXaERRATNY
23.10,14. 64 ymol emZes L\ HiFERAHLI Fig. 4 B. nigra’s net photosynthetic rate

FRN(p<C0.05), mfE 170 m AbA A MK HEEOE G R H AR SN o4 R 600 TF IR Z# I+ . 1E
10:00 B FHEA B RMH 7R 12:00 HBDLEFR7BR AE 16:00 KB — K P i R R fE L 2 X0 i &2 k.
T 175 m Kb A B R HE Y 101 45 804 AR Al 3 R IR < i 5 RN 600 TFHRE Wi K .78 14:00 5 5
— R BRI, B2 il .
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2.4 FHELER

A 3 AT AR 170 m Ab kK B Ak e £ R IR WL 4% £ OKMIFEEEWER

AES IR LA FFAE4E ST, B 175 m 4b2E K (g sk #e o Tab. 3 Conditions of B. nigra’s flowering and bearing fruit
2013 4 JF Uf ¥ 46 F 35 IF 46 B F 3 45 5280 B o i AR SR TAE R/ S TR [ v P 38 45 S 40/ A
(3.241.2)%%.,0 4. BHFH KMEARWT A K, FF A6 45 S0 BE 170m 175 mm 170 m 175 m
SEHIL L2014 4F K HE T B IF AL BOROF B g5 s ks oy 20 0 0 0 0
(20442, 8) %%, (4. 31 6) 432015 4, KW A bR 5 2012 0 0 0 0
HR(34.5+4.2) 5, (7.2+F2. )4, R BAKNENR, S5 2013 0 3.2+1.2 0 0

175 mAb A 1K e 39 FF 76 4 BORIV B 4 92 ok 201 0 20.awes 0 AIELS
b ELA S AR T o WL F 8 2 B i 00 v serwr 0 Temnd

3 W5

TKHERD 70 T 25 0 46 4 F BB 28 S B i AT 38 (87 5) %0 5 78 = Ik JE X 31 7441 [ AR 4140 T ik ME b 1 2
FRUBA 2 S MG, Fe R o (31. 240 1) Yo OKFE 1) el (3. 720, ) Yo (AR PR 8030 . AN [m) i 7 m] — 38 5 A
T B K HE R B 2 AR AT BT AN [R] B R s AR B B0, A BB 2R SRR, R ORI R HOK R
RERAT LU Rl i U0 e B DX VT K ZE T T B N L B RE AR 15° A 1 A TR o R T AR Y
74 %0 B XS i 22K R T 3 A B MU & A S5 2 KRR E MR LE . B T YR A L AR B 2 B A AR
TEA M B Ah R A AR, S K A, AR S P, B R 170,175,178 m &by 43
P T 45 7K 5k B o 7R 8000 7 0/ 0 o 7 268 g B9 D D) K B A R T AKRE D B i 2 Bk R 9 %) K M o A 55
F2 178,175,170 m &b 43 5258 0,2,97 d 7K ¥ K s R EOR H5 i [ T = i £ P IO A3 1) = 9K e 7K A7 508 42
T BARIRIK G . & R R A RS T BR W BK MERD - & . AR 2E R0 0, BRI 7F = 0k PR XV VR Al
2 R A K MERR 1 AN RE WA 2 .

TKMERD T8 & 5 400 P 9 A7 T35 S8 A0 W /K AT L AT 38 (96. 049, 0) Y% s 7Em A2 175 m A M4 B 2K 1B K
{CE D RAETG BT 9 AN Sl W A ae T Horb K2 - I v i R 7K S K 2% Rl AR 4G AR e B i A ]
ik 1.8 m AR B B AN I VR AT T B BT 55 R 178 m Y X R R R KW L (E K I 2 B L K ME T W s T v
W R T RO P, TN T WU R AR T I AT R B R AT L AR O B ORRE H T R B AR T
MELLAEG

AR 7E — 02 2 DX T v R R 170,175 m AR PRIAREZE K HEV MR S AT 1 m A5 40, 2 4F TR A il Ts R 538 95 %
207 4 AR FETTKMEIG 22015 45 5 H A SR 170 m Ab YK MERIE o 87 %0 A 175 m Ab 1Y /K HE BT 2R
91 % . AT DLAETH V& AR B VK v, B8 A AR A e W B R R R A R 3 R T R o R R R I T R

FERFE 175 m Ab AR K M K MEFE bR R 3 K B b AR K R R K B O S T AE SRR 170 m b K
KA, T LT V& A 4 2 W K R ) et KRR AR KA B RS, A I 9 R B L K Ak S A R A
FE 170 m o FRAL A K R K MEAR R 4 ZR B K IHE 97 d, R I 40 1) 0 B8 3 UK MR 7™ A2 JC SN W TH AR T T Z 10 &
FEY BRI L A AKORE B AR KRB LG R R 175 m A AR K K e 2

XA FE AN [R] e AR A AR K K HE R A 3 N IF5R B B 1 H 240056 6 R 4 il A3, v 2 B4R = #2170 mAk
A R K HE ) IX — 8 bR LU AE R 2 175 m Ab A= K 7K HE S 5 (W43 53104 16. 93,16, 84 pmol « m™* « s 1), FHirJE A
A BE S ZKHEE o 7E AR K IS O G e ) R BEE Z A A LY I, R AN H T A KO T 7 AR T ST I 1 ) T T FE
DA SFe T I = e J2E DX 31 ¥ 4 R R AR 35000 A RS R YA A T A 22 (R K A PR B N R 0 R B E
DA AR i UG BE A TR AR WL COL R IR, & U 2 106G 77 1 LA J2 W I 58 B2 vy 19 75 22, 3 JIR AR
PR AL T 5 S 1 BRI 25 A DL B3k 22 7K 43 SR B AN RS2 e o > S 3 390 05 S G 4% B 52 A0 I L AR W Y 3 P SR b
AR KRR R L YA AR T K A B R AR T 22 (0 B FH TR R R 1 AR K X 3 R K A 5 Ok
LG B A YRR R 170 m b AR K K MEE A VR ISR T = A2 175 m Ab AR K B AKHE L 156 BH K A
A 3E o B s AR KA OE G e ) R T RE R BT 2 A ALY B, DT AE — AR D AMEE A ZR M K R AR K Y R L R B
HE KRR = 02 PR DX T VT 1 I

HE B 19 25 K BB ) RO B A R 0 2 PP A ) A i — 2B 855 v 3 N BB O A AR AR . AWESR A R D WoR L 5l
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Resources , Environment and Ecology in Three Gorges Area

The Seed Germination and Growth Characteristics of Introduced Plant Betula nigra in

Hydro-fluctuation Belt of Three Gorges Reservoir Area

GAOQO Lan', WU Jingchun', XIONG Xingzheng', OU Yang', WANG Meng',
YUAN Guigiong', ZHANG Wen', LIAO Jiaxin', LIU Yun', REN Li*
(1. College of Resources and Environment, Southwest University, Chongqing 4007153

2. Xiushan County Wuling Mountain Wetland Plants Engineering Research and Development Center, Xiushan Chongqging 409902, China)

Abstract: [ Purposes ]In order to scientifically evaluate the adaptability of introduced plant Betula nigra in hydro-fluctuation belt of
Three Gorges reservoir area, the germination and growth characteristics of B. nigra seeds were observed. [ Methods |Betula nigra
seeds were sowed two times in the Rangdu town of Wanzhou district, Pengxihe wetland nature reserve of Kaizhou district,
Shibaozhai town of Zhongxian county. Zhuyihe of Fengjie county in Chongqing city. The effects of different soil types and elevation
on the seed cumulative germination rate and survival rate were studied. Plant height, ground diameter, crown width, flowering and
fruiting were investigated, photosynthetic parameters were measured. [ Findings]1)B. nigra’s seed germination under different soil
conditions was different. 2) The survival rate of Betula nigra after seed germination was high. but all died after flooding. 3) Biennial
seedling of B. nigra bloomed after two-year growth, but the number of flower and fruit was small. There’s no seed germinated and
no plants grew after the fruit dropped. The height of B. nigra which planted on the hydro-fluctuation belt of elevation 170 m and 175
m was 6. 22 m, 6.95 m after four-year growth. There was a significant difference (»<C0.05). 4) The daily mean net photosynthetic
rate of B. nigra at the elevation of 170 m increased gradually after outcrop in spring. It can increase up to 23. 10 pmol * m % « s ' in
storage period in autumn, It was significantly higher than it in the elevation of 175 m (14.64 pmol * m % « s ') (p<C0.05).
[Conclusions |B. nigra’s individual species can’t grow naturally. Introduced plant B. nigra which planted on the hydro-fluctuation
belt of Three Gorges reservoir don’t have ecological invasion by preliminary judgment. The length of flooding time in winter has a
significant influence on the growth of B. nigra. But B. nigra can enhance photosynthesis ability to compensate the long-time effects
of flooding on plant growth and finally it can adapt to the special environment of the anti-season flooding in hydro-fluctuation belt of
Three Gorges reservoir area.

Keywords: Betula nigra ; introduction; cumulative germination rate; growth rate; photosynthetic rate; Three Gorges reservoir area
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