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Effect of water-level change on nutritional characteristics of Taxodium distichum

in the hydro-fluctuation belt of the Three Gorges Reservoir
MA Wenchao, LIU Yuan, ZHOU Cui, WANG Ting, WEI Hong "

Key Laboraiory of Eco-environments in Three Gorges Reservoir Region ( Minisiry of Education) , Chongqing Key Laboratory of Plant Ecology and Resources
Research in Three Gorges Reservoir Region, School of Life Sciences, Southwest University, Chongqing 400715, China

Abstract: The construction of the Three Gorges Dam reservoir spans the Yangtze River, China, forming a hydro-fluctuation
belt with a water level drop of nearly 30 m and an area of 300 km’. The unique anthropogenic hydrological regime of the
Three Gorges Dam has had significant negative impacts on the reservoir’s riparian ecosystem. Some flooding-intolerant plants
living within the belt gradually died off, which exacerbated vegetation habitat fragmentation and deleteriously affected the
biological diversity, ecosystem structures, and functions of the water-fluctuation zone. Therefore, a pressing scientific
challenge is to recover and restore the vegetation there and ensure proper ecological function. Previous studies have shown
that Taxodium distichum is a flooding-tolerant plant and has been used for vegetation reconstruction. The nutritional
characteristics of plants in a particular area can reflect the eco-physiological processes of plants, and can serve as crucial
indicators of the structure and function of the local ecosystem. The nutritional characteristics play a key role in adaptation to
anti-seasonal flooding, and might reveal clues about the adaptation mechanisms of plants in the hydro-fluctuation belt of the

Three Gorges reservoir area. To contribute to this understanding, the nutritional characteristics of T. distichum growing in
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the reservoir riparian region of Zhongxian county, which had been planted in 2012, were studied. Element contents of three
sample zones in low water elevation (165 m)-SD, high water elevation (170 m)-SL, and the control-CK( 175 m) were
determined in 2015. The macroelement, secondary element, and micronutrient contents in root and leaves of plants were
measured. The results showed that: (1) Concentrations of N, P, K, Ca, and Zn in leaves and roots of T. distichum under
flooding significantly decreased compared to CK, whereas Fe and Mn contents significantly increased. (2) Some nutrient
concentrations of T. distichum under flooding decreased, but still maintained their normal performance. (3) Correlation
analysis showed that plant heights were positively correlated with the concentrations of N, P, K, and Mg; plant heights
were negatively correlated with the concentrations of Fe, Cu, and Mn; canopies of plants were positively correlated with the
concentrations of N, P, K, and Mg, but negatively correlated with Fe and Mn. This investigation indicates that water level
change had significantly influenced the nutritional characteristics of T. distichum in water-level-fluctuating zone of the Three

Gorges Reservoir. T. distichum had good adaptability to the changed water habitat.

Key Words; Three Gorges Reservoir; hydro-fluctuation belt; Taxodium distichum ; nutritional characteristics

F T ANZEX TN G IR AT A A, RBKOR TR A - O TR S5O I AR A7 38T S A ) A A
PR SRR USRI E T HEAE T 1181707 3 KRR AL B AR AR 145—175 m Z VRS, X
Tl A R K T 4 PR Rl AR S R G R 1 R SR TR I, 300 B A A A 617 PAY PR ) PR AS RS 7 LA B
RIS T, IR A2 ) 2 REMERAIR RS BRI REIGR ) VR IR I AR S Bk 5 BN T2 6
FEHEM N TR AR R I R A SO 2 T PR IE R A A R B AR A AL 2
TH V& RN S 1) B BRI i DR /K P iy AR S PR SR R R T4 . E AT ORI v, 38 5 3 N K 2 AL
Tk e T — R ACHE AR ) , AECRE ST I P AR o T s B, (U ¥ A ) BEAE TH v 4 AR AT, D TH
vl R A R S B R R AR A

P2 (Taxodium distichum) FAZRHE PIRZ RIS TR, =0 3E , BLE T iz 51 Ff 2 1 545, 3 51 Fb
VERZOA 80 ZAEM TR PRI A IUHE | 338 1N R AT 39 DA T 9 XA B o s A A A 2 — 1Y T,
I Y Sh 2 2  XE PIASTE K T 5 LA SR B D0 26 1R T DB At 5B e R
R AR A T IO (EUR: , IR DX P R S Z 15 R A AR AR 7 PS5 3R AR 1 5 1 A
AL O MBS AR T3 BT 1 AR A SRR R T IS I6 D WARIE . Y E FR T R IR
R AT — LR A N IRICE FROT R IEE ), B RE B S Y A B AR, () I i E S AL ) S PR
ZIRAREDC R o BRFE K LA A ¥ SRS 7 % R AE 1 52 e S 6 HL /K W i 52 AL 9 5 00 T 24 h 78, mT Dl i
— 2R R T PUAZ X T A R ok A 45 1) A B A SR LA K P A A SR AR L e 5

AW S P R DR S L =0k R DI Vi A AR A S /R Y SR M P R T T 9 A 175—165 m Y FRIN Y7%
PR FBRFERT LR, I 5E A ki DA i SRS FR 0 R & i o Mk A8 kot Hodk i 2 i . w5 3R A
SRR R AR AR T, G 3 a KSRV B9 PR B SR OCR OO A R AL, A 45 = =k % X
TH AT TP N TR Wb el A PR (BB ARG

1 #MREFE

1.1 R A

TR0 i A7 T PR T A B e PR X Ve i AR A S R Y S M TR 13.3 hm® Ry A TR B RTR
(107°32'— 108°14'E,30°03'— 30°35’'N) , K IT—Z S i B ik, J& WG R B = KX I <, 24F =
10 CAERRIE 5787 °C ,4FEHi 18.2 °C, ToFE 341 d, H FRET4L 1327.5 h, H B4 29% , K FH AL 4R ST HE 83.7x4.18
kJ/cm®  AFFEFT R 1200 mm , FHRHZE 80% , 780K JF N R Fik6 11,2012 4F 3 A 7EFR 175—145 m Z [A]  H
it 7K AN 25 Bl R IR AR ) 7 T T A T AR +TE R + B AR ) R + B A | AR ) A TRV X ) N T A
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B A T 98 B A2 ( Tavodium distichum ) . M 42 ( Taxodium ascendens ) (M ( Salix matsudana ) | 48 B E):
( Distylium chinense) .77 (Arundo donax) Ji 4 K3 ( Cynodon dactylon) . *F-¥f 55 ( Hemarthria altissima) “5FH Y .
Horp &P R TR 175—165 m Z (8], W H TR S mILE 1,

®1 ABEMIETESE

Table 1 Chemical element concentrations in sampled soil

- KL E TR LR
il Macroelements Secondary elements Micronutrients
Elevations
N P K Ca Mg Fe Mn Cu 7n
175 m 0.8620.07a 0.06+0.01a 17.50+0.22b 6.64+0.29a 3.10+0.22b  23134.00+£263.19b  518.57+14.19¢ 15.70+1.77a 83.94+11.23a
170 m 0.93+0.05a 0.06+0.01ab 16.38+0.37a 5.840.61a 1.85+¢0.29a  21205.00+565.71a 453.81+14.40b  13.41+0.25a 85.63+12.89a
165 m 1.1120.06b 0.08+0.01b 16.61+0.26a 5.60£041a 2.82+023b  21676.00£275.70a  407.49+13.06a 14.71+0.30a 89.09+7.92a

RABENFIHARED (n=10) ; FIFURENG F-RESIFR A B2 64 2.3 225 ( P<0.05)

1.2 REERFE S ik

2015 4F 5 A BEATSCHbIORE  ARAIE 1 a PHIEAZ /K HE s [ B4 22 Sk B R o0 3 B - X IR-CK (V4K 175
m, Z KR JC K ) SLOTFR 170 m, BEAE L K2 130 d 7K ) \SD (K 165 m, BEAE 4 K4 200 d 7K
) .

BB T v 2 DA RSB RERR I B TR A B — RS H B4 BN 4515 5 AN A
FHARES LI A3 R 5.0 ,0.5 m AR MR AL BUR FRARFE TR A2 T A B4, B8 S NEE . FR5a7 I
TR H AR R B TG T, & T 105CHBAE R T 5 min, F& 80°C MMLAE ML 2 1H & K At
FYREIE 100 H i, AR [RIINHZE A REE BEALZE B 10 BRVEBIAZ 0 2B KORBE (3 1), R0 s A3l bk v
FHA RO s 5eE i, FH VAR R RO i A
1.3 BFROEGENE

K H Vario EL cube CHNOS JGZ 73 HT1{Y ( Elementar, 5 [ ) #1474 N 7 58002 ; KRR AL 5 H SpeedWave
MWS-4 i W %X ( Berghof , 7 [ ) 1% , F ICAP 6000 FELJEAH A 458 Tk & H1HEIEAY ( Thermo , 5[ ) I 2 4>
H# P K. .Ca Mg .Fe Mn Zn Cu &%,

1.4 A4

AFFER G B8 SPSS20.0 #EA T4 A 3, FH B 28 5 22 73 H1 ( One-way ANOVA) 43 B 7K A 25 1k,
XE P24 TC K & 520 ; I Duncan 2 8 Fb % ( Duncan’s multiple range test ) A6 30 45 4b # 2 [0] 19 22 5 ; H
Pearson 1€ REUETEM & P4 E IR0 R LA K ISR AN, SR Origing.5 # /il
2 ZERE5HH
2.1 EPRZARKIRNR

2 FiR SR N VR PIAZ T AR AR KR DL . TE PSR IEVE AR K 3 a Ja MR IR 648 IR A S
FRREHTBIAR LU 2190 (P<0.05) o P T AN TRl 44 s BE RO AR R AR KR AN TR], 55 CK AR L, SL A SD Af Bk
e FHIEE I S S B AR, T S AR e 3 22 5

R2 ERACEKRERRKR

Table 2 The growth situations of Taxodium distichum

T A5 kT WA (2012 4E 3 ) 2015 4F- 5 J I{H Values in May, 2015

Growth indexes Initial values CK(175 m) SL(170 m) SD(165 m)
KR Plant height/m 1.631+£0.023 a 5.771+0.266 b 4.482+0.057 ¢ 4.312+0.124 ¢
A% Base diameter/cm 1.785+0.127 a 9.699+0.266 b 8.812+0.426 b 9.608+0.336 b
e Canopy/m? 0.781+0.083 a 6.781+0.305 b 4.050+0.206 ¢ 3.477+0.104 ¢

FHBMN EIELARHEDR (n=5) s TR R/ NG 2 5 3R Ab B2 8] 835 22 57 (P<0.05)
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2.2 FKOIARAEXT I PR TC R 5 S

PR ZR Ty 223 O 4 SRR KA AR A& SPIAZAEAR B TR0 R & sl i T 580 (3R 3) , Hosg g LR ST &R Fh
FEFEMS A E AT, HARE PR AR ICE N P, P RICE Ca &2 Bk ARk 2 3 R0 ( P<O.
05) , M ICE Fe Mn &5 52 FH B 00 ( P<0.01) ; /KA A AL B & i B A2t b KRB Je & NP DL
HILE Zn FH(P<0.05) , ffiE It R Mn 22 B 8 #5200 (P<0.01) ,

RI KUBAMNFEALERTESENZM

Table 3 Effects of water level change on nutrient element contents of Taxodium distichum

TLE i Root i Leaf
Elements F P F P
KA TEE Macroelements N 5.809 0.017" 4.486 0.035*
6.421 0.013* 6.697 0.011°*
2.878 0.095 0.690 0.521
IR Ca 3.953 0.048* 3.529 0.062
Secondary elements Mg 1.899 0.192 0.913 0.428
R ICZ Micronutrients Fe 9.040 0.004 ** 3.301 0.072
Mn 14.268 0.001** 7.826 0.007 **
Zn 2.809 0.100 4,746 0.030*
Cu 0.818 0.464 0.592 0.570

% FURME o« = 0.01 K FIAFIHEH B2, « F5 a = 0.05 AT FAHEH AT B %
221 AEREEENIE KRR S =

B 1 R R T AR RS SRV AR R KREITE NP K &8, B PEM AP REICE NP K
SEUYKRTREAPSE, BEEE BPERANMFH N CESERNIER,P TEKRZ,

24 8
22 F a
20 | ,\7_
o 18| 2 6|
gls- zﬁs
S 4L 2z i
Q‘Hé 1(2)- g;‘- %Z/Z/é/x/
g0l £
i |
0 0
8
7L
EE—ES- %%
2 3t .
0 .

# Root HLeaf

1 FEBREALKETREEE
Fig.1 Macroelement contents of Taxodium distichum in different elevations

KRB P BB AR ELR (n=5) s ARVNG PR HIFRR A AL B2 )4 B2 5% (P<0.05)
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WE G T4 i P A BTG 8 /K TR B RS 7K T TR A 34 0, v PIAZ AR b N DT & 35 [ (P<0.05) , SL.SD
N F R CK 5T HIFE MK 42.7% ,36.2% ; CK 41t N JEE & T SL.SD, Hrfr CK 5 SL [ 22 57 8 % (P<
0.05), PICRE LB S N TR, BEEA R TR A R K TR & R, (A CK A
FISL AR K JTER & mAFTER %25 5% (P<0.05) .

222 AR[FENEFR SR PSP T R & 0

PSR ICR Ca Mg 7 FER 7K AL AS AR I Wi W A7 7 22 55 (11 2) o SL.SD ZH& PIAZ AR Ca JUR & 1 1
FILT CK(P<0.05) , /KHEXSH: Ca JTTRWMU™ A= T W0 A HIER]; % PAZ b Ca ST & B W BEHEK &
BT BT D, o CK 415 SD 4125 5 1 2 (P<0.05) o 7KW AR XV PIAZ AR ANt Mg 3R 7 1 4 Al ik 35 1%
S RIS PIRZ M b Mg & BB A AR A B 2 B RS B R E 225, WA 2 fos & P2 R
T Ca Mg 7 BRI TR ;2 FOCRTEVE PSR P i & S 28 Ca>Mg,

16 a 18 ~
[ ]CK 16 L
Sl 0 2115 ab X _
B Bl L
5 12 1 & W -
> < 12}
< 10 g
£ b b 3 Z 0}
5 8 IS
3 | 5
o g 8 F
T 6t =
e g 6r
4 =
N 4L
¢ &
: 2r a a
0 oL
M Leaf 2 Root - Leaf HL Root

2 FRBEREAMHELRSE

Fig.2 Secondary element contents of Taxodium distichum in differentelevations

223 A[AiFR SRR P2 E TR & 5

Kl 3 i AT PIAZ I TC R Fe \Mn ,Cu Zn AU &, 3X 4 B Jo 260 K A7 284k 4 ma L RRAE R[], B
TR R B AR AT, 7 PUZ G Fe JUE S 1 R E G N (P<0.05) ,SL . SD 41 %% CK Al 73 5748 T 76.9% .69.9%
Y& PAZI R Fe JUR & MBEA LR —2, PR Mn STRZ S Fe JTLRAML, (H SL it 7
Mn JEER & CK BETH R . KEARXTEPIAZ Cu TR WIS 73 BU iR & 52 W, 25 1R SPIAZ AR i Cu
TCR & i PR — K, A TS PR (b Zn ST A, Horh SL 20 Zn &5 20T CK(P
<0.05) , Ik T 46.4%

ANA] R SPAZ AR - Fe (Cu STR & i BAMRSIH . J&P42 Mn Zn STR BRI LA T 74246, CK 40
Mn JCER & i AR <0 SL SD ZH I AZ S A > i SR ZK W 25 P8, T PIAZ X M iYW fScie 38 o, (H 32 2
J AR CK 20 Zn JCE & 8 ARSI 1T SLSD ZH W44 78 A <t UK W 2542 T 38 P2 Zn ST R 3 e 3 it
TR LGN, 4 PSR JTRAE CK AR & & R/ NI SR IR Fe>Zn>Mn>Cuj 110 H-H #Y 5 FRHHE
W& H: T A8, CK 48 Fe>Zn>Mn>Cu,SL 2415 Fe>Mn> Zn >Cu,SD 41} Fe>Zn>Cu>Mn, /K # X} % PIAZ R
TCER MY W5 3 BC T B 1T 5200
2.3 VEPIZEFICR A KAHOCHE B

FHIAE AT A R v P MRS S AR N K Mg S 2R B F IEMRCKRR, 5 P S EEBFIEHLK
F,MY Fe Cu S EERBEAMICKR, 5 Mn STEERENMICKCR ;75 PZER SHEHE N P K Mg &
R IR IS Fe Cu BN W E AR,
24 EPEFICRE THEEFICRMAM T

FACHE T 4 SRR W] TS PR B SR 0 R & i 5 I P R TR & i WA FE R WA C R, Y
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Fig.3 Micronutrient contents in of Taxodium distichum in different elevations
B D =X o A L M S 31 =X a5 =X S
wOPAZ IR P iR S R P S R TUNIOCCR s A2 AR Mn 55 5 14 Mn S BIEASCR R,
F4 EBPILERTRRERKEREBEXES T
Table 4 Correlations between nutrient elements and growth indexes of Taxodium distichum
TR SR KRR " . N e Hefz
Elienl and w " @i o # & & i i fl Pla:t Ba:e:
o N P K Ca Mg Fe Mn 7n Cu K o
growth indexes height  diameter
BE P 0.871**
B K 0.930**  0.844*"
5 Ca 0.687**  0.611**  0.599*"
B Mg 0.789 ** 0.684 ** 0.781 " 0.572*"
¥ Fe 0721 -0.649"* -0.725"" -0.545"" -0.460
% Mn -0.556*" -0.549"* -0.587"" -0.423" -0.274 0.940 **
B In 0.225 0.282 0.178 0.387" 0.019 -0.271 -0.328
i Cu -0.802*"  -0.690"" -0.753""  -0.468 ** -0.747"*  0.525** 0.315 0.020
B Plant height 0.620 ** 0.436 " 0.569 ** 0.341 0.613 " -0.529** -0.428 0.077 -0.592 "
H4% Base diameter 0.046 0.076 0.170 -0.020 0.022 -0.133 -0.136 -0.050 -0.174 0.300
jebiiE Canopy 0.666 ** 0.503 ** 0.602 " 0.242 0.659 " —0.465 ** 0.342 -0.098 -0.639 " 0.889 **  0.225

6 FORE o = 0.01 FHCHR BN EKT; « 28 a = 0.05 THIXARAR B EKT

3 itit54£iR

K KA R AE 145—175 m JE RN 8l 52 R AN )
FERERIKHE , AW PRI A M S 0 1 B B2 5 S DG I B8 S5 IR 1 I A, R AR X
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FRICR A S BC B AE AR

R5 BRALERLRSIEERTREAEXES R

Table 5 Correlations between nutrient elements of Taxodium distichum and nutrient elements of sampled soil

TLE &K Taxodium distichum
Elements AN WP H K 5 Ca B Mg Bk Fe % Mn B Zn i Cu
+ A N -0.124 0.094 -0.090 -0.009 -0.170 -0.014 -0.101 0.360 0.092
Soil WP -0.752**  -0.546"*  -0.665**  -0.342 -0.806**  0.313 0.119 0.109 0.806 **
K 0.362" 0.178 0.192 0.056 0.231 -0.219 -0.190 0.072 -0.254
5 Ca 0.393 0.239 0.198 0.005 0.178 -0.189 -0.15 -0.085 -0.467 **
B Mg 0.070 0.241 -0.001 -0.138 -0.052 0.067 0.027 0.113 0.97
B Fe 0.126 0.114 0.074 -0.076 0.176 0.033 0.060 0.102 -0.027
% Mn -0.272 -0.302 -0.262 -0.410*  -0.006 0.429* 0.436*  -0.249 0.198
£ Zn -0.630*"  -0.461" -0.541""  -0.365"  -0.426" 0.490**  0.301 -0.160 0.758 "
#i Cu -0.040 -0.087 -0.232 0.188 -0.05 0.213 0.237 0.338 0.112

w5 FORIE a = 0.01 FHSCHEIR B 8K « F0R a = 0.05 FAHIEHL R B 2K

ARHFFELE R BN KA AS X T P55 T4 SPAZ R RRAR AN i v 75 3R 0 2 s Y3 i T R 3 R ), R e S
EFE LR PRI A RS, 04 KM XI5 P AZ 0 WS AR 6 25 SR 9T iR | V5 R AZ L
A ARSI A K HE T 32 B8 77, 7K A A A 9% 50 W ss A R e AR S A 45 R S A AR AR R R
Z5t, MR KETRE S B YR RUIRERGLE BT, KSR LR S M EFR TEZN T2 E
SRS | M TS WAL O FR I a2 120 T 7 VS AR 0 A8 7K 8 AR I 150 T BE R 5k P 358 (903 A 2
HRES AL 40, DA I A UE 75 5% o0 3 A0 W AL, AS T 7K 8 R 00 %) % W A ) 2 R B 4 i 7 B B R R
DeLaune' ™ ZE0F5E & B, AT TR0 N JCE MW b 585 S i BRSO 0d 2D . A K it 2 1 A [
AR G 2R R SORI AR SR A7 A 3 22 S 02 L B R UR T AR A2 HAS () 8 78 B2 a6 7F 5 A
B4 7K 53 FE FERBCIR L, & B K B {2 F TAR R b P K Na Fe MBI (HHIH] T N Ca Mg, Cu B9
R G SRR S ST SRR RS R T R MG L, R BN N P Ca Fe Mn AR I N
WaZE X Cu BMRMCR BN AR, Lin'" 2058 & BE, Fh AR ISCREAE K Il A RE T RE AT N P & R AR 12
HIEF AR H M Fe & SE7E/KEYIN R ZE TS, MBEE KB, o8& TR B TRE,

WY EER S EFR TR SR AEBVICR, JULEEYM N P & fE—E BNt A NP &
SRR AR Y BRI K R AR A R N R B T B AR R A RE R
SZPH, ATP A A, BRI THEIAR R4 E FR 0 R Y E el Sizsi ™, K indl TR A N P %
JCE [ RS, FEEYT A N P SR SRR AR AR R, 170 m R 165 m ik
ERRALTE PR N P K S W E TR (175 m) , 170 m A TE B2 i N P i % T I8 | SR Wi
PR K IS T) RS A DR BE A BE InA ) 7 Y% FAZ N P K JTCR BRI, (HIEEA 170 m FNEAK 165 m (=A% 51
it N S A ERE 18.8—22.1 g/kg Z ], BISA T E 19 1.9%—2.2% , 4 FAHEH N & 2 1E % 7K (0.3%—
5%) ;W P S REETE 4.59—5.91 ¢/kg Z (0], BN T H 1 0.46%—0.59% Kb THEY P 35 5 1E H 7K (0.29%—
1.1%) % ;i K SCE WAL TP & K B9 1E 5 161 0.3%—5.0% 2 /8]0, 3 Ui I =0 22 X K 4 A8 4k B R 5%
W) T VEPIRZ R ITCER N P K I, (E T B8 ) A8 (0 95 SPAZ AR ARIE T HEZ e A4 B M A IER I N P
K &, UAERF R # A PRI RE . R, 3 N4k s AR A0VE PR AR AR N P K i R B — 3ok, B N>
P>K, 5HAWYF ST A — e 22 5700 X 0] BE R AR RAE P RT T 78 3700 R AT 2R 7] LA B 45 0 55 i
TR A B 25 5 TR

Ca REAERFAH YA RS A0 MRS B 85 AR E 1, 2 505 5% S, 70 R 75 R 40 4t L T 306 855 Fs2 1 AR 3 17 e o
R REEE TR B E T AEYEN Ca FEN 0.1%—5% 2 18], ANFFEYI RS AL B E K Ca
Fr AR IRA R ARSI Ca S itiD M ¥R 20 ) AR SR R, B TR A 0 o, ¥ /K et ]
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FIHE KR EERE N, 35 PIAZAR AN op Ca 5 i REFRAC, (BN L HETR & BB OUORE | & 18K LI Ca S RIEA—
B, UEWIK O B R T PSR IR DY Ca S BEWOICRI A3 L 22 510 = S . TSR 4ok S5 05T
RIFEIFEAKFE A S5 F T Ca WIS, Pezeshki"'* SR RFF5E U] 88 7% 7K W R X4 PIAZ A Ca WSS B W 35 3
Wi, e A3 2 S A D PR R RE R R TR AP ARLR A K 7 B BE LA Ji TGS A PR35 bl 22 S i 35, (HHL R
LB A TFE— BT, Mg M R EE W, FES 50EEN, R R s, AOFEER BN,
IKALAE RN 7 PIAZ I Mg W5 73 B 8 SR ), 25 TR B R ARV PSRRI T Mg 5 i T 1 28 22 5, V& PIAZ
HEfF T IE R B Mg MR, B RO 2 K 5 A

PR Fe Mn & RO AR Z 0N, Hod, Fe 51t & T — B4 100—300 mg/kg HYT L, 7K
ek T PIARR Fe Mn IR, (HIEPIAZH A Fe Mn (SL MR BRAE ) SR KL W& AL, ATFERM,
K F B AR A (Eh) BRAC, £ Y Fe Mn T & A 2028, Mn ™ 385 Mn™?  Fe iR 5N Fe'?,
AR, FE A BEOIL Fe Mn JC R S AR EAE R YR Fe & B 2 S BT R
LY G ZH Fe Mn WA A BEAS F3E IR o P& PIZARERAY Fe Mn 35 B R0, 17 73 BC 2 M- o
FE A LT SR 3 T R V& IS I — L FRARIF LI, Pezeshki ' 5 1 AELL /K 8 1 22 B, 7K TS A X V%
PAZHI Fe Mn i A2 B, APTTEEER SRR X W —E fE R LU, A SRR S Bl 2%
PF TR R B8 B AT BT 22 S, AN AR B TR A S A B PR R SR OCER S A R A B
KE W B BOK R ZRe J1 B UIARDC Y . Cu JTER RS 5 R E ROV A N TR AR, YK i b ia
THGIR R Cu Wl | RN FC R Cu B LB, PRAEAR 28 45 S8 A8 DR RE T, A5 R BH 25 148 Ak (B8 1
S B N AR RLB 1R R BRI S B IR BHE 1= AR TE  ABFSEAE R R 3PS Cu SR A
A S WA, X R 2L Fe \Mn JUER I IR 2 —

R X8 FRIC R B A2 B SNSRI, AL 80RO 23 pH 25 K S EUR Y I AR AR AL
PEMTR MR TR W™ o AW LRI KL AS L6 T 75 7 7 P 19 % 37 00 R i T 351
Wi, AR SR R B Y PIAZ R R AR = IR 5 N P K Mg S E R E IR B IEMX KR, 5 Fe Mn Cu 2
ARSI FR  Ah 75 HIF2 N P K Ca Mg & i Z [A] 24 8 3 IEAHSCOC R, T Fe \Mn  Cu & 573505 N P
K.Ca Mg .3 R RIC R /K HEA AT AEGE L% PIAZ Fe \Mn WSCEESE N, IR T HE TR 9, s
FLR GRS HOTR S REUIMNC, — oAy LHOTR &8 22 R SEE MY E TR SR AR, MY
) N P K it 5IZAEw b i) 3 N P K S EDROCE BE MR AT, BAR 3 AN
i TR S A2 5 AR A5 O RO R & AN R AR SE P e 4 R R W T R
FE ST SRR Y A U] R A R AN R R SRR P B IR LR E R E R IR,
456 HATTE PAZLET A I A ROROL | BEFR etk e R A A, 22 D PP K 3 a 7 P2 R BR RO RK 7 e TR
BORZ /K BEAE IR 035 A, NS IR T Wi A B RT AR — 8 R BB e K AR A 08 T 7 7 P AZ AR A

(RN
LR LTI, =Wk 2 DI v KA S A AR 7 P AZ 3 IR U R MGE I T R R, IR RS SR LR

PSS MR MR OLA R AR, % P42 NP K Ca Zn WD 1T Fe Mn MG, K A7 AR AL R 0 T
VR TOPIARZ B FRHIE R E IR T8 PIAZA K A A AL REAS AR AU i O, P A AR it rp A T SR AR & 11
VR AR SPIRZ EEE R OU R BUR B BN TR 1B W A KOKF R W™ B BRI B, SR B PIAZ X
T AR AR AT ARG (438 WV BE T o

£ 3L Hf ( References)

[ 1] LiuZB, Cheng R M, Xiao W F, Guo Q S, Wang N. Effect of off—season flooding on growth, photosynthesis, carbohydrate partitioning, and
nutrient uptake in Distylium chinense. PLoS One, 2014, 9(9) : e107636.

[2] B, ZEEKe, B, BT, S5 =0 R BOE % R0 SEAF A a i A W KRG PR AR, AR SR, 2014, 34(4) .
1010-1020.

http ; //www.ecologica.cn



LG A KA A XS I DX P Vi SRS B TR Y 5 e 9

[8]
[9]
[10]

[11]

[12]
[13]

[14]
[15]
[16]

[17]

[18]
[19]
[20]
[21]

[22]
[23]
[24]

[25]
[26]

[27]

[28]

[29]

[30]
[31]

[32]
[33]
[34]

[35]

IR, SR, SR, SRAEDE, BB SWOKEENVE AP ROLE S EFRRIREFE. AR, 2012, 32(6) : 1723-1733.
FUIAL, SRIEZE, BRdRuh, 28, WIRTR, B E, B, /NG, BE. SWONE G A S RGN RS ST, A2 AR, 2015, 35
(11): 3504-3518.

BEOCH, REREI], SR, XIME, WS, IR W DR AL XN Y A A S T W R T e S BR B R R A AT, 2015,
39(4) . 416-432.

E5, X, XA, B0 W KON AR B . s, 2005, 22(5) : 513-522.

BRI, BN, PhoRde, W, AR, K R VA A B R A ML R RO K R ARFRR S, 2014, 21(6) : 171-174,
180-180.

TESOR, WSS, Ehor AR M E X SRR A Y AR R OB IR i . MOl R 2004, 40(6) ; 56-62.

R, PR, X% B SR D AT IR AT BORRZ A O A R IR IR, 225240, 2005, 25(8) : 1953-1959.

ZEE S, R AL, U X T K 2 AR LR T BIAZ ( Taxodium distichum ) 4 MRV A AT 5 A B AR B W) B SE h). Z 752F
i, 2007, 27(11) ; 4394-4402.

EPK, B, Z2EE, HTE, DR, =R X IEE TSRS ( Taxodium distichum) SIS ( Salix matsudana) N T RN +HEEFRCHR
EHIRIA. LR, 2016, 36(20) , doi: 10.5846/s1xb201504030672.

Anderson P H, Pezeshki S R. The effects of intermittent flooding on seedlings of three forest species. Photosynthetica, 2000, 37(4) . 543-552.
Elcan ] M, Pezeshki S R. Effects of flooding on susceptibility of Taxodium distichum L. Seedlings to drought. Photosynthetica, 2002, 40(2) .
177-182.

R, B B R DM Y LK A T VR PR S A B O SRR LU MOl RLF, 2005, 41(6) : 28-34.
ESOR, BAse. AW LK &R 22 HE SRR 25 5. MO RHEDESE, 2004, 17(2) : 213-219.

Pezeshki S R, DelLaune R D, Anderson P H. Effect of flooding on elemental uptake and biomass allocation in seedlings of three bottomland tree
species. Journal of Plant Nutrition, 1999, 22(9) . 1481-1494.

&6, Ehn, g, BT, HE, B, B, FIEE. KEM SRR K R ESROTRI AR . SR, 2013, 30(6)
904-909.

Pezeshki S R, DeLaune R D. Soil oxidation-reduction in wetlands and its impact on plant functioning. Biology, 2012, 1(3) : 196-221.

e, RJY, EARE, WE L, TSORK. SRR P =ik 2 DT T SF ARRMEE FRARAE A, AR, 2015, 34(4) : 15-20.
B3R, MR, 2R BB KIEMRET ARG R R RE TR TR F A IE. FOlER, 2016, 25(5) : 49-59.

Kogawara S, Yamanoshita T, Norisada M, Masumori M, Kojima K. Photosynthesis and photoassimilate transport during root hypoxia in Melaleuca
cajuputi, a flood-tolerant species, and in Eucalyptus camaldulensis, a moderately flood-tolerant species. Tree Physiology, 2006, 26 (11):
1413-1423.

Armstrong W, Justin S H F W, Beckett P M, Lythe S. Root adaptation to soil waterlogging. Aquatic Botany, 1991, 39(1-2) . 57-73.

DeLaune R D, Pezeshki S R, Lindau C W. Influence of soil redox potential on nitrogen uptake and growth of wetland Oak seedlings. Journal of
Plant Nutrition, 1998, 21(4) . 757-768.

AT . AR K 7 A B3 . A= 4~ id A, 2003, 38(12) : 11-14.

BIIH, W, RTL, WA, (307 WK IR0 X AR LA 4 H K S R BT R BSER. AR AR BE A4, 2012, 32(4) ¢ 336-340.
Brooks A, Woo K C, Wong S C. Effects of phosphorus nutrition on the response of photosynthesis to CO, and O,, activation of ribulose
bisphosphate carboxylase and amounts of ribulose bisphosphate and 3-phosphoglycerate in spinach leaves. Photosynthesis Research, 1988, 15(2) ;
133-141.

Domingues T F, Meir P, Feldpausch T R, Saiz G, Veenendaal E M, Schrodt F', Bird M, Djagbletey G, Hien F, Compaore H, Diallo A, Grace J,
Lloyd J. Co-limitation of photosynthetic capacity by nitrogen and phosphorus in West Africa woodlands. Plant, Cell & Environment, 2010, 33(6) :
959-980.

Pezeshki S R. Wetland plant responses to soil flooding. Environmental and Experimental Botany, 2001, 46(3) : 299-312.

Chen H J, Qualls R G, Blank R R. Effect of soil flooding on photosynthesis, carbohydrate partitioning and nutrient uptake in the invasive exotic
Lepidium latifolium. Aquatic Botany, 2005, 82(4) . 250-268.

Rl AEYE TR (B R R . dbat. i E Rl R AL, 2003 1-3.

N, ZERRAR, FRAFIN, BRIGIE, XK, WAEDE, M. WA R LAY A B SR OU R S i A AR AR AT . BRI AR
2013, 33(4): 1089-1097.

RO, RS, T, EISCHE, SR, I W P4 5 DR 3ropk L3 RAE ) B IR0 28 i ARRAE. 2RS4, 2010, 30(21) ; 5832-5842.
Xiong L M, Schumaker K S, Zhu J K. Cell signaling during cold, drought, and salt stress. The Plant Cell, 2002, 14(S1) . S165-S183.

Brown C E, Pezeshki S R, DeLaune R D. The effects of salinity and soil drying on nutrient uptake and growth of Spartina alterniflora in a simulated
tidal system. Environmental and Experimental Botany, 2006, 58(1-3) . 140-148.

Drew M C. Sensing soil oxygen. Plant, Cell & Environment, 1990, 13(7) . 681-693.

http ; //www.ecologica.cn



