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Abstract: The present study investigated differences in the C, N, and P ecological stoichiometric characteristics of
Taxodium ascendens Brongn. and soil in the water-level fluctuation zone of the Three Gorges Reservoir (TGR) region. The
C, N, and P contents and stoichiometry in different parts ( branches, leaves, and roots) of T. ascendens and in the soil in
Zhong County under three submergence treatments ( Deep Submergence, DS; Moderate Submergence, MS; and Shallow
Submergence, SS) were measured and analyzed in July 2018. (1) The height, canopy, basal diameter, and DBH of

T. ascendens were all inhibited by increasing flooding time and intensity, whereas growth was maintained, possibly due to
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the tree’s stable stoichiometric ratio. (2) Submergence treatment had no significant effect on the C, N, or P contents or
ratios of the branches or leaves ( P>0.05), and the N and P contents decreased as follows: leaves>roots>branches>soils,
under each submergence treatment. The C, N, and P content of other organs were significantly greater than those in the
soils, except for the P content of the branches ( P<0.05). (3) The N/P ratio of each T. ascendens organ was much lower
than the threshold (<14), which suggested that the growth of 7. ascendens is more severely restricted by N. (4) The
homeostasis of the C, N, and P contents of 7. ascendens and soil decreased as follows: P>C>N, and the homeostasis ratios
decreased as follows: C/N>N/P>C/P. The homeostasis of C, N, and P in the aboveground parts ( branches and leaves)
and their ratios were much higher than that in underground parts (roots). (5) Redundancy analysis (RDA) indicated that
the ecological stoichiometry and growth indicators of T. ascendens were closely related to soil properties. This work
demonstrates that 7. ascendens is able to grow well and to effectively maintain the stoichiometry balance in response to
different flooding strengths that result from hydrological changes in the water-level fluctuation zone of the TGR region. In
other words, T. ascendens is a potentially promising tree species for vegetation restoration and reconstruction in the water-

level fluctuation zone of the TGR region.

Key Words: Three Gorges Reservoir; water-level (fluctuation zone; Taxodium ascendens; soil; ecological

stoichiometry ; homeostasis
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175 m(VRHELL, BPXT I, Shallow Submergence , SS) 3 MR 1YRAE , AN [FZKHEAL B2 5 47K s Jis] 3] PN %) 7K g
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Table 1 Submergence depth and duration of the treatments at different submergence treatment during the five water cycles

Yk K R T JKH#EREL Submergence duration/ (d/a)
Elevation/m  Submergence depth/m  2013.6—2014.7 2014.6—2015.7 2015.6—2016.7 2016.6—2017.7 2017.6—2018.7
175 0 5 8 5 5 4
170 5 101 141 111 115 108
165 10 158 217 161 177 162

FERFAN TR = R P9 43 SRR AL 5 MRS SR T ELARE A A2 AT BORE . I R ()RR 2 0 i B R 76
A 4 A7 T R SRR R A R s A Rt L SRR IR R I IR AR A H B4 T R
ST b 1 Tt AZ AR B (A1, A AR AR AR TR T 2 XAR AR A B 3 s KR B A b1 40, TR I A 36 oA
SREERTRE BRI BE S i R RS A KOO B I B RR AR A 43 5 32, SR I I HL BT TR 21 26 A
FLEHAS AR R, FE AR R i LA BRI MR AR X JE AR (4 <2 mm) , HXE - HE5% 45 K IR 85 1 A8 A HE
IR R R AR AR LA 0.25 m 2P ARSI B BOHAZ B AR, /N0 3 BEAR 28 36 101 A9 - A 24 IR
e BSOS AR R IR AT, DU AR BGHE o2 A B4 5 i 2B A A 6t 18 1) B 6 T 22 Ml gl PR 7 6 2 058
T B SR B S R SR A R S A T AROR B P BRI A ) ) 2% )2 118 (0—20 em) SRR
HRERA AT, U EBUR 0.5 ke Ja Bt [l
1.3 HEtRlE

A R S R AT I 7 207 I S0 2 A D RE ) E R KRB 27K T Uk T3, JF 8 T HLAE , 28 105°C R
30 min, 25 65°CHET ZEIH T KR YIRE & I 3E T MM400 3R EE{Y ( Ball Mill, Germany ) ¥3y#E , Fl T C N,
P OGE & i RHERES, AR KT RSS20 505 1 mm A1 0.25 mm B2 FH T BRSO AR E FLBRE
pH A .C N P JTE & & 554545,

FEIN g 0 AZ W s, L RO et e, PR A RO i 3648 A% SR - 1 AU T T A 300 5
Hb -3 B AN AL IR I AL (ORP) |, Horfr 2 ORP {E AT T +400—+700mV 2 [ i 38 55 48 sy FLIE R 45
JKJG ORP H7Z5 46 A +400 F]+72mV ; 24 ORP {EAK T +350mV , 8] HHEA S = R THE (LK =
1:2.5) M5 =38 pH {5 R AR 100 385 T SR AL TR0 5 38 5 K i 5 - 3EFL B R AR i - 1 8 T 4
AR P=(11-y/p|)x100% 15, Hh y -5 p R+ % R W B (2.65 ¢/em®) ™ F
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BRI C A1 N TR &R HICE Y ( Elementar Vario EL, Germany) & P JCE & & 50 FH 0 14 AL
(SpeedWave MWS-4, Germany ) #E1TTH % , 28 5 R FH HL IG5 55 B8 1K & B9 615{Y (ICP-OES, Thermo Fisher
iCAP 6300, UK)MIZE,
14 Bdlakbae

JH Excel 2003 1 SPSS 22.0 AR XI5 A S b Bt 24T Ab 3], SR TN 37 22 ( One-way ANOVA) Gtit5>
MK AL BEXT A W) 45 45> C N P & & M fb2fit & e ag &2, £ °% F] Duncan £ # H %8 ( Duncan’s multiple
range test) YEAT I E AL, B KRR «=0.05, RABEIESHHERY) S L2 [0 N 250
R4 AR R RME/NT 3, AR R LA A 38 , R Canoco 4.5 BR-AFIEATTUAY /M7 ( Redundancy Analysis,
RDA) , J1i8 13 545K 2 B Wk 56 ( Monte-Carlo permutation test ) 2347 1338 BRAR P Jo X Al 9 A= Ak 240 i Mk
KA SRR ) 5 PR 5 . Ir A RIS Origin 9.0 F1 CanoDraw for Windows 4.5 # R K], 338 F1
¥ C NP ICRWREIUTEIT(g/ke) i C/N/P HAEII VLT & T3

PR HE BORYE R AR AL O By = ey SEAEIASRIZR B C N P JCR & K E x B +
R C N P TR &L, c W E, H Z2WNEMETe 8. 1/H B8 —Moa B TR /T L e a1k 5
HEARAD . A EGIT, 2/ 1/ H KA AR e R

2 #HR

2.1 A RAHESEL

i 5 7K A T ) TR 32 PR 385, A2 () v N e I 350 B 3 PR AIK ( P<0.05, 3% 2) o LRI 34K DS 41<MS
ZH <SS 41, Hirp DS 411 SS ZH YRR M2 55 (P<0.05) o Mz iy fa$h 5 JL 424001, Horp DS 470 MS 2 2%
SRR E (BB EE T SS 4H (M LY P<0.05) .

F2 AREKELRBHZHERFLESH

Table 2 Growth characteristic parameters of 7. ascendens under different submergence treatment

I KAihi WA ShHR Treatment

Growth index Initial value DS MS sS
R Height/m 1.63+0.02 5.04+0.03a 5.27+0.04b 5.82+0.04c
56 Canopy/m? 0.78+0.08 3.70+0.09a 4.46+0.21b 5.88+0.20c
4% Basal diameter/mm 17.85+1.27 79.50£2.50a 84.72+2.82ab 91.36+3.31b
4% DBH/mm 7.80+0.60 60.57+2.81a 65.05+2.52a 73.41+2.32b

R BN A ARER (n=5) s NN FERERISAE I 7E R R /K F b 21 R] 22 53 1838 (P<0.05) s WL {E A 2012 4F 3 F 3R w45 Az ith
AR B IME (bR HEIR ) ;DBH . f§42 Diameter at breast heighl;DS;‘z%Eﬂ(ﬁ?ﬂ Deep Submergence ; MS . 13 7K 5 20 Moderate Submergence ; SS: 7%
2 (%) %) Shallow Submergence

2.2 bEZHY SRR PE

B 5 7K A T ) ISR BE 3 A R IR B T i v 25 S ISR IR SR L AL R DS 4 <MS di<
SS 41, Horh DS A1 MS 4125 AR % (04 B8 TF SS 41 (ML B P<0.05,% 3) . M2 H1Es KRy
o 2R BB EEI R DS 4>MS 41>SS 4, HIER TN DS 4 <MS 41<SS 41, Hir DS 411 MS
HEFADFE HEFET SS H (WA LR P<0.05), 3 pH [HH T B EMEER, =K A
A, TIEFLBR RS A AR i, Horh DS ZHA MS e B B2 R A B E T SS A (W4 A P<
0.05),
2.3 2SS C N P i KAk eE T L AR AR

AR R T T 20, K Ab BN AZ K SR e A S Ak 2 A R R i AR S TR (R 4) , P
AT N STEZRK LB B2 20 (P<0.05) ; T3 AY C N P T K2 3k B 50 (P<0.01) ,
C/P HAE2Z 3 8 2 520 ( P<0.05)
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Table 3 Soil physiochemical characters of 7. ascendens under different submergence treatment

+EHE4R Soil index DS MS SS

IR Temperature/C 26.92+0.09a 27.34+0.10a 27.06+0.20a
AL JFE L, ORP/mV 376.40+4.25a 391.60+7.45a 413.20+2.08h
£ 7K # Moisture content/ % 13.17£1.35a 12.51£0.50a 10.69+0.73a
ZH Bulk density/ (g/cm®) 1.48+0.02a 1.56+0.02a 1.69+0.04b
pH 4 6.52+0.09a 6.68+0.05a 6.60+0.09a
FLBREE Porosity/ % 44.00+0.73b 40.98+0.68b 36.22+1.51a

TR - F R LRER (n=5) ; A TR/NG 2 RE S 8 DR A8 A [ 2K I 4k 2] 22 53 1235 (P<0.05) ; ORP; %L id Ji L {37 Oxidation

reduction potential

R4 KELEIBEETE T EESUFTERMHFM

Table 4 Effects of submergence treatment on ecological stoichiometry of 7. ascendens and soil

Y 7 Leaf K2k Branch R Root F3E Soil

Index F P F P F P F P
Wt C content 0.116 0.892 2.782 0.102 1.149 0.350 14.832 0.001 ***
A& N content 0.142 0.869 1.095 0.366 4.459 0.036* 8.598 0.005 ***
B P content 0.440 0.654 0.934 0.420 3.222 0.076 10.085 0.003 ***
A C/N ratio 0.107 0.899 0.704 0.514 3.463 0.065 3.423 0.067
BB C/P ratio 0.574 0.578 0.678 0.526 3.113 0.081 4.843 0.029
AW N/P ratio 1.071 0.373 2.569 0.118 1.093 0.081 2.543 0.120

#%% P<0.01; % P<0.05

B 25 7K T S [) RTS8 B (R 38400, St A2 45 41 43 1) C NP 5 i S Hb 2 i L 3 B S T) ) A A B R 25 57
BEE(E ), AREAHEMBAZS AP C NP ZHET R EEES, A2KEHEN, BR450
PSRRI DS 4H<MS <SS HAHEH, C/N M C/P HES P S EEHAMZ, H DS HE EE T SS 4
(P<0.05) , % FHbAZszAE 135 DS ZHASS 411 C NP e RN E (¥ 2T MS 41 ( B4l i
P<0.05) ;N/P LB F K DS 41 >MS 2 >SS 4 s,

TRl K AL R RI A A3 [ C NP & i R B AR a3, Bk T, = A KA AL N P &%
IR >R R SES > 11, BRESE P & sdh, A 415y C N P S & B E & T4 AN+
4 53 (P<0.05) , C/N LLfEAT C/P HAERIH AL S, YNBSS IR RS0 >4, N/P U EH A
FoM >R AR>S T PR NP IWE R E & T 1 (P<0.05) (BRI B8 T i Ak S NP HfE
(A LA P<0.05)

24 WEASKFITENREES

AR A R RSk RN RBORT, NFE S B NERREfFE 227 (£ 5) . Bifk
F R ERR, C TRRBEMHZEA K, RN ~REAE ~ BN R REERIAT A >R R >
K2k P LR EMER BN A >R S>R R C/N BT E ER IR R >0 R >80 2% C/P R E T
RIS >R R R R JE T 55 MU NP A RE RIS R R R T55 U8 AL,

WAz 5524 TR C N P TR NEATERIA LRI P>CON | MR BN C/NSN/P>C/P 1 )
(BEAc ) C NP JTE SO LU RS PR T 3840 (AR 2R ) 58, A2 b b i R 3843 9 ST 2= Tl I AR PR K
JNKER B34 INFAPE N PN T T 343 INFa e N>P
2.5 A2 C N P & KAERKIE RS 3B A 5 1 AR A

TUASTHT(RDA) R HHEMERT (C N P e R & TR &KE AR A A 25 B pH A) f#
BT BE SR S0 74.7% il 1 R 2 PSR RERR BE 2300 R 36.1% M1 13.4% (1€l 2) . A2 C N P &g 5HE R
TRAM BRI 49.5% 91 H Al 1 A% 2 A94Fh 5 3045 A0 5C R 5000 5110 0.945 Fi10.763 , B ith
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Fig.1 The C, N and P concentrations and C :N :P stoichiometry in different components of 7. ascendens and soil system under different

submergence treatment
Pl SO o P (e R (n = 5) 5 AR R0 [l — A HE AL SR TRV 193 I £ .0 3592 5 ARSIV s AR R K o Ak 8 ) — 4
S3 WIFAAE .35 22 5+ (P<0.05)

¥ C N P JCR & & S KSEbR 5 TIEMEFUR VIS . RDA HF P45 R, 1 N &4 IR A HE pH S
1B IEARDG, 3 C & SR AL 5 1 BARSC RO AR B PR BT 1 Bl S S OG0 C
Fh RN AR RYEP SR SUKE pH (ES 2 SO SRS IR AR R AL AL S 2 ARG
BN, 2 SRR PR R E (F=2.893,P=0.008) fLEZ (F=2.892,P=0.017) AR JFEHE N (F=
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& % 40 &
2.694,P=0.031) ,pH {H( F=2.222,P=0.047) XilikZ C N P JEZ & BEAORNA 155 5 50K F- (P<0.05)
x5 MELEZANUFITENRERY
Table 5 Stoichiometric homeostasis coefficient between 7. ascendens and soil
e 2R NP R B(1/H) Stoichiometric homeostasis coefficient
Parameters 1/He 1/H, 1/H, 1/Hg) 1/Hep 1/Hy,p
Hb_1- 3843 Aboveground #% 4%~ 13 Branch-Soil 0.013 0.195 -0.225 0.103 0.253 0.220
I -4 4 Leaf-Soil 0.011 -0.034 -0.590 -0.175 0.302 0.075
T #843 Underground HE R - 13 Root-Soil 0.010 0.137 0.483 -0.469 0.661 0.526
F -1 4% Plant-Soil 0.011 0.099 -0.110 -0.180 0.406 0.273

Persson 453N I Makin 250306 1/H R0 R EAFEEE 43500 (1) 1I/H<O0: 3B NFAZ; (2)0<1/H<0.25; a2 (3)0.25<1/H<0.5. 55 N &
A;(4)0.5<1/H<0.75 . B HUEAL; (5) 1/H>0.75 . ekl

15

P-H
P-C

-1.0

2 2 C NP RERERKIERS TEEAMEREIR RDA Z4EHF E
Fig.2 RDA two-dimensional sequence diagram of the relationship between C, N and P concentrations in different components of T.

ascendens and growth indexes and soil physicochemical properties
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W& & Leaf P;R-C.HR R E & Root C;R-N: R R A& Root N;R-P: AR ABE S & Root P P-H. ¥k Height; P-C: 1§ Canopy; P-BD . 242
Basal diameter;P-DBH: iij 72 Diameter at breast height; C: + 3k & &t Soil C; N: +3EA & &t Soil N; P +3EH & & Soil P; Tem: il

Temperature ; ORP . I L (. Oxidation reduction potential ; MC ; 7% A 7K # Moisture content ; BD ; .5 Bulk density ;pH: pH {8 pH value; Por: LB
Jics Porosity

3 Wit

THY- T3 C N P =MOCR Z MR G R A S R G RE AR I AN i 3 b 22 D0 3R 9 3h 257
A EEAE Y SRR R R R E B AR IS AR T, R RO AR T R R A R R 6
BCAR R TEAR R AN B R SR A SR A3 (RIS , R SR RS i S5 U8 v )RR 38 20 s ) £ 8 300 £
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BEPRALIL T R FR TR 5 14 R, W ke X VR A AL - 1 R A A S A T R R E R S
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3.1 R[EIK AL BENT A2 A ORI S S A A S AR A 52 )

HAZ 9 A A A2 BT AS [ 7K HE ) ) R 2 () S 0] il 7KV B B RS8R 32 388 o e A2 bk o8 e | 648
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