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Ecological adaptation of Taxodium ‘ Zhongshanshan’ to different water levels in
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Abstract; Plant functional trait is recognized as an effective tool in explaining the adaptive mechanism of vegetation to
environmental change. A coniferous tree, Taxodium 'Zhongshanshan’, is widely planted and grows well in the riparian zone
of the Three Gorges Reservoir. However, there are few studies on ecological adaptation of T. ‘Zhongshanshan’ to different
water levels in the riparian zone. According to the depth of different water levels, the water-level fluctuation zone was
divided into three transects: the shallow submergence (SS) of 171—175 m, the moderate submergence (MS) of 168—171
m, the deep submergence (DS) of 165—168 m, and no flooded (LS). A total of 25—30 7. ‘Zhongshanshan’ trees were
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randomly selected from each transect to analyze the characteristics and their changes of functional traits across different
water levels. A series of plant functional traits were measured at each sample tree, mainly including tree height, the width of
leaf epidermis, vane thickness, non-structural carbohydrates and organic acid, etc. Our results showed the leaves in DS
showed the xerophytic characters, with smaller stomatal aperture and thicker palisade tissue. The growth of
T. ‘Zhongshanshan’ above water level 171 m was significantly better than that below 171 m. The contents of non-structural
carbohydrates, soluble sugar, starch, tartaric acid, malic acid and citric acid in roots were higher in MS, but the contents
of oxalic acid were the highest in DS. We compared the functional traits in different transects. In SS, the flooding period
happened to be the slow growth period of T. ‘Zhongshanshan’ , which did not affect tree growth. There were no significant
differences in functional traits compared with the control group. In MS, when the water receded in February, the climate
was just suitable for the sprout of 7. ‘Zhongshanshan’ , the water stress decreased and the roots of T. ‘Zhongshanshan’
entered into the recovery stage earlier. The functional changes and responses induced by stress were reversible. The stress
was within the limit of its self-regulation ability. The viability of T. ‘Zhongshanshan’ was not greatly affected, and the
plants maintained normal growth. Compared with ones in SS, trees in MS grew worse, but their survival rate were all higher.
However, the flooding period was 6 months and the high temperature period was 2—3 months in the DS. Trees had been
suffered chronic or irreversible damage by water stress. After water withdrawal, the root system could not recover normal
metabolism quickly. The growth period of the plants was short and its vitality became fragile. With the increase of the
flooding frequency, the plants were easy to die. Although the height and size of the plants were not significantly different
from those in MS, the survival rate was low. Therefore, the habitat with water level above 168 m was suitable for

planting 7. ‘Zhongshanshan’ .

Key Words: plant functional traits; Taxodium ‘ Zhongshanshan’; Three Gorges Reservoir; riparian zone; ecological

adaption
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WF5E DX AR VT A a2 530, D)1 M 7R 2, 5 R i AR b i 2%, s WP #AGy 28 XUB i <M, DU 2R 43 B, &
B, 2% ; M 2R, B AURFITHEAEE ; PO, BIm4idn . HIRFE L, B & g, KR, T
WK SR, ZAEFHRR 17.7°C, Moo i s SO 41°C, B e fIR <R - 3.7°C, P39 4F H BRI 4
1484.4 h, FXJAEMERT 1243 mm, FEAEK I ZE R 620 mm, 78 EA T3 PR T M XA, K48 108°25", db 4
30°46", 3R J@ T3 M X 2 A
1.2 BPAMREA SRR AR

2009 AERCA K PR IR E 7K, T3 M DXOMRRE BT AR S 2 b B RS 3% 1 208 Ak b LLAZ , R TE 18 1 48 1 B 2b
M KA 165—175 m FITETE XN . SR R AR J5 b 38 S (R AR P R A o0 ER = 0ok~ e 7 22 A el P A kg oF B
R A A R —HEE , RS A 942 4.0 cm , BHES 1.5—2 m, 2018 46 H 15 H , LIRS M KRBk ALk H%k,
TV A V& i 3 ELTT 38 7 1), 4% BEOK A6 e BE AN [R] B8 165—168 m (K T4 T 165 m,/NT 168 m) [ 168—
171 m( KFEF 168 m,/NF 171 m) 171—175 m( KFEF 171 m,/NF 175 m) 3 SobEy S E PR =24 B
TRl R DX AN R, EAAR L 1, 7RI B X BEAILIE L 25—30 #R ILAZ 2047 B AR A, I 4 BIoR 4R
YUAR | S

R1 HHEHRE

Table 1 Experimental Settings in the riparian zone of Three Gorges Reservoir

SR b IKAVE 7o B R K s s 1A] K =
Collecting location Water level/m Transect Flooding time/d Flooding height/m
TR e B — XL (1S) 0 0
JrMyeH 171—175 WKIX (SS) 102—8 7—1

168—171 T EEIKHE X (MS) 142—102 10—7

165—168 TREEKIE X (DS) 190—142 =10

LS : XF B84 no flooded ; SS: ¥ 7K [X. shallow submergence ; MS; H1 K #E X moderate Suhmergence;DS:%ﬁ’J{'iﬁk‘}%E deep submergence

1.3 HEaabr
1.3.1 A [ Ak 3

P RAE R AR S T TR 8RB T0% FAA (LT : 48K AR (38% W ) 5 mL VKSR 5 mL 70%1H
¥ 90 mL 5 mL Hl) BUE W EE SR E RIVER A, ARG 2% B U35 ( Olympus BX51) P, K5
W2 B RV RO AR R R A AL, R RIVE RS U AR A RS I ) RS R, R SR R R 4
L AL RE DI 2544 R A Photoshop CS6 H, Al FHC sl 2 T H B R iz Fe B A FL K lFLAR &
JE R 2 VR
1.3.2  WRRAPIE

PR A A AR AE i 7 B A PR Gty 1 5250 28 AU A SRZKRI 5 8 /K e T B T 110°C AR AR
15 min, B8 2 80°C 4L 2 1 5 ; Mt T BORE 5 R FH MM400 3R AW /N T 2 mm BOBR , BB —3F
G376 AN HPTTIE CEAR A ORI SESR R AT AR A R L R i, o B AR SR T TS A 2= w0
(mg/g) P —IAFHTARZR NSC SE , FHY NSC = Al PERE+ERS . HERMFRECH LA AR 2K 0.01 g &
F 10 mL BB, A 5 mL 80% £, 80°C KV IFH 40 min , 2 HI E %, 7000 v/min .0 12 min J5HEE
W, HEERI2 K, G LIEWERZ 50 mL, Frid AR A P R AR . 7E 625 nm 7K TR H & AMAT
WA EICEETH(UV - 2550) W5 R0 A0 AT I P 2 1 o A FH R /K i A T s P it I P R s L €2 325
frmseEt
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N
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g
3.629) m, XIEIX (LS) A (11.13+£3.037) m, o1 3 /K i E%\a
(M) 4 (4.8722.222) m REEAWEIC(DS) 1 (3.06x 575 2
1.276) m, SS.LS 5 DS.MS [i] 25 i 3% (P<0.05) 85  3E 515
5 1S [i] DS 5 MS [0 2% SR B35 (P>0.05) . A @g@% 0 |3
M HAKIX (SS) H(23.6424.889) em, IS MSFIDS 5% 5| EEE R
A (12.942.514) em. (7.79+3.486) em HI(5.71+ =, LEE {HEE Eaes
2.492) em, SS 5 1S, DS MS [A i Hl g F 2 F (P< g %% g g %% g %%%g
0.05) ,LS.DS \MS [H] 2 F A B2 (P>0.05) . M F -5 g B E

TR, SS HI LS 7391 (4.365+1.157) m, (4.054= HE# Transect
1.237) m;MS DS 4354 (1.860+0.7261) m, (1.905+ .
0.6791) m, SS.LS 5 DS MS [f] 225 . % (P<0.05) ,SS Fig.1 Comparison of growth of Taxodium ‘ Zhongshanshan’ in
5 1S ZH.DS 5 MS ZHMERFAEE (K1), different transects

FIREE R K X (SS) M H A K AR I, e RS P e b 355 [ — 4T b AR /NG 5 B 3% ik B2
YRR IRAL(LS) , IR KB X (DS) K HudR 2%, famflyy  ZFA RS (P<0.05)
7K X H LLAZ A AR K SR, AR L AZ BB RS b 1 A8
B, AERKAE 171 m IR I KRB B4 T 171 m AE s Bk il 120 d, fe KAl ik 190
d, ARAE BT, AR e B AR DL R el M 4 4 2 A
2.2 I HIEES I LR

HEAS [V OGS B2 A o L2 i G5 R 2R AT L Ase , AR DTN 254 mT LU 1 6] 2 R BE 7K i X (DS) i
W22 5 R R A SURE B S b Je LA, VR /K IX (DS A BHA 21 21 5 38 52 F oAt b 354 (P<0.05)
A JEE B LA R SRR TR K T X (DS) K (509.7+20.28) wm ; Hik i BE /K X (MS) 4 (485.0+91.44) pum; bf
TE(LS) H5¥R KX (SS) 7351 4 (404.0£58.22) wm, (436.6+28.04) wm, M5B L, B 5 192 % IR (1S)
9 (4027+410.2) pum , HYKHEIK X (SS) 4 (3855+150.9) pum, FEEZKHEIX (MS) g (3714£149.8) pum , TR K
X (DS) 4 (3662+608.2) wm, {HFFHHARTESS AL A 22 7R B3 (P>0.05) , HASFLFLEE R/ AT iAg
B TR BEKHE X (DS) SALFLAR B I At X FREH FLAR )N, BEZKHE DX (MS) LR B R, DS 5 MS [A] H 3 I 25 22 5+
(P<0.05) . (/A3)
2.3 HAER NSC fy s

TP A=A = PR G5 1 B K A6 B 9 ( non-structural carbohydrates , NSC ) & A i {6 8l Ur 75 BE 12 1) B 4%
R, BRGNS S e Ry . AL 4 T IR MY MR e mT s Mol B e s 9 2 h BE K HE X (MS) |, R
KX (SS), & e KRR EE K X (DS) |, K HRZH (LS) iy & H IR T MS & SS, LS MS J% SS = F Al A i & 2
5,DS 5 MS SS [HfFfER E 2R, WA IER & &5 M B KHE X (MS) 7 (87.39+26.99) mg/g, HiK
JEXF IR (1LS) (77.48+12.31) mg/g, Fi HIKSEIRE /KX (DS) , & N (66.73+6.86) mg/g, & e e {2
JKIX(SS) M (52.1248.154) mg/g,MS 55 DS [MIFFTE I 3 25 5 (P<0.05) , 5 SS [MIAFT7EMN 1.3 25 5% (P<0.01) ,
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Fig.2 Leaf cross-section of Taxodium ‘ Zhongshanshan’ in different transects
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Fig.3 Comparison of leaf structure of Taxodium ‘ Zhongshanshan’ in different transects
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Fig.4 Non-structural carbohydrates (NSC) content in root of Taxodium ‘ Zhongshanshan’ in different transects
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A DL A U A AR =4, JE AR 0 Hr 1 P24, T DA 8 300 B8 2 A o M 1) 5, e A A 0 33 5 11
5 NP FHEHT ST o ST A IR BE 7K IX (DS ) AR 2 B R 1 i A e, LU T EE AKX (MS) |, B LR JE TR K
X (SS) , Xt HRAL(1LS) & i fefik (2 4 DI Y 22 AR B B R F K (P>0.05) o EBR AR APl AR & i, IR
JEAKHE X (DS) S iR flk, TR K X (SS) A it i 5, DS 5 MS . SS [i] 2% 5 i 3 (P<0.05) , Hifth % FE 40 6] 2% S5 A
FE(P>0.05), WEMAPSERER, & i@ RRAK X (SS) , Hk & KX (MS) , & &b & R K
X (DS) (HA UL f 22 5 AR B (P>0.05) , FLRHR R e i & i, DA SR AR U Hh R K i IX
(MS) XA (LS) JEE/KWEIX (DS) HR/KIX (SS), MS 5 DS SS [i] 2% 5 i 3% (P<0.05) (& 5) .
2.5 HDIRETERAR AR S HT

MNFE 2 T LU AR B R i MR 1 A A S 25 9 IE AR DG 1 AR 1R 5 AR 2R T VA AR T A TR e R AEAH
Ko MR SRR VER & i R HOC, S A PR IEAR DG, iR SRR AR AR G, 5 AT AR MR T A e
HRARTER & TIPS S5 S5 FPERR K AL B S A0 0 38 B IR AR DG L W04 RS R 1) A At 285 19 L AF 56
PE, SRR AR SERIR MR S IE ARG, SRR SRR 2 A,

3 it 54£iR

30 WD VR AN AR A BE P A2 DI REVE AR BORHIE L2 A2 1
T 7R A B F A2 A g BE R AR S BN AR, AR TR A 3, TR BE A IX (DS) “TALFLARZE /N Al
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Fig.5 Organic acid content in root of Taxodium ‘Zhongshanshan’ in different transects
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Table 2 Correlations among plant functional traits

. . _ e A e E[34 il . ; " b A T,
WE Wi R whai kel T wew wem Em RER
KAk (=]

B Tree height 1 0.838"*  0.801"* -0.180  0.356* -0.084 -0.174  0.295* 0.154 -0.126
Jg4% Diameter at breast height 0.838"% 1 0.721** -0.400*  0.319 -0.296 -0.170  0.260" 0.195 -0.167
SELWE Crown width 0.801**0.721** 1 -0.266  0.272 -0.181 -0.144  0.195 0.086 -0.188
TEN Fr & Starch -0.180 -0.400*  -0.266 1 0.217 0.974** -0.032  0.111 -0.130 0.189
A 353 M-
‘T{ﬁ R 0.356* 0.319 0.272 0.217 1 0.431** -0.134  0.273 0.024 0.091
Soluble sugar
B3t bl ey
Non-structural -0.084 -0.296 -0.181 0.974** 0.431** 1 -0.061 0.165 -0.115 0.196
carbohydrates
R Oxalic acid -0.174 -0.170 -0.144 -0.032  -0.134 -0.061 1 0.540** 0.027 0.152
AR Tartaric acid 0.295* 0.260* 0.195 0.111 0.273 0.165 0.540"* 1 0.310* 0.269*
SRR Malic acid 0.154 0.195 0.086 -0.130 0.024 -0.115 0.027 0.310* 1 0.278*
FrIEERR Citric acid -0.126 -0.167 -0.188 0.189 0.091 0.196 0.152  0.269* 0.278* 1

# 7E 0.01 7K OB ) 1= 8 A IG5+ 7E 0.05 ZKF- (U ) |- i A ¢

MRAACHPIREL AT LIE i AR PR A4 A HLIR R B ok o MR AR m s PRl L1 A ) AR iR
AR BRI I B A T R A R R — BT SR A R AT LR A R W 15

./

M 30 SRR AT S R R I S R e A LA, SRR R IR O TR BE K X (MS ) AR R AR T K
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NSC F f i , RUMR R P Rg Y I+ 6, i AR R A U 50 2 19 Be &, rT VPRS0 AU B AR, JE K A
R SHe T AR 2R 7 B[R] K It B AR TG R i, g BT rp BE K HE X (MS) LIRS TR A B b3t I | Tk
IEFEARBRE S, X SHOCHEFEAREL, EIEEMEE T PIS ( Taxodium distichum ) HEZR B &I, AEFFE = I VE R &
B HEE N R A I 0 SR LT SIS AR AR ( Salix variegate ) B 2 LA Tl 17K s A0 R AR 1) 02 D) 78
BB IR AP SRR R, 2 R B KT X (MS ) MR ZR PR I % AR 28 Ak T BE 6 14 1R i
RS S WEATR S it vt TN P BE /K X (MS) Hh L AZ SR B ER S5E 11) i

TR /KHE X (DS) M 2 Tl i s TERS & i AIK, R BHUR B A B T dERe A O (R AR A7, b LLAZ 34 0 R 2
THAE, R R RIS JE R AR, L AR R AR RE Ty, oA AR B R R A R, AR AR LG AT
R K G AASCAF AR AR R ) A S o S VR B K X ( DS) R 1 i , T A R A I s
UG FE A 38 PR BE K HE DX ( DS) 1 LLAZ B SE MR ) 4 RV SRAR I /KA, 53R T, (EL BR84S M AT A T B
3.2 =R X T AR TR KA 5 B L S A5 B

RIS TIE T, 171 m PL AR A KORBUEE 107 171 m LT A2 KOIR G B S Ak T 25 4 K o7 42 A IR
R SAGER I R K TR B R s TR e rp L AZ AR G R R

FEVREE K HEIX (DS) ,9 H A5 o LLIAZ TE Ab A K HE BRI | K V05 T4 10 AV V0300, Vs T8 S PR e 4 B 0T 1%
KT . WA 3 ARITAKAER T, A2 G #8 Hh oK T, T 2Rk A R BT SR AR B2 S AR A58
AR M I S AR A BRI . IR E A 2—3 A A i IR A 6 A A Rk, S S k2 e
KAYBFaIL 3—4 A~ A i TR -k S KA 8—9 AN H . B AR K IE Wi K A0 5, Pl iz
SR INSFLFLAR BB 4 2 3 R 3 7 g TR A0 308 A LR AT, G B in R Sk HE BT 38 5 AR R TC R
Wi AT AR S | AR MR K AL A W B /D AR R A AR PSS . X S BRGR AT LA K ALR R, il
AT432 W30 2N | 75 A6 B I) 25 A0 59, 4R R B R B &2 3] 10 % A QK7 | X Tl Bt 4 4 1 IR BE K X b L AZ i 4R
K], A2 A K R A A S e AR A K R T B B, AR TS R W AR 5, 2 A0 R A AR S AE
To, AR ATERF I K HE X =ik i DX s P L2 A K A s R W, 1 ORI S, T TE T B9 TR LA O AT
K 100% , B A BRI, 2K IR, 165—167 m FERRB N ITETE R R ISR 41.29%—71.4%7 |

HEE K X (MS) FFILAZEHAE 10 A MBS T/K T MBI 4 A A JWRAF 2 A ha)5g 488 K i, a4~ i
WIEHE S, SR IR , IE3E B P A2 0 284 K (R AR R e Mtk AR B0 AR R Pl E 25 MK AL 9
SER R BT & i , R R O IEH 1 AR B, AR R AR s A B Fom b 138 o i A K £
TEHILAZ IE R AR AT, S EA SR AR TG 7 MR BTG . 3% 5 8 S I 5T 285 SR AT ), A 9 3%
B Z K JE 168 m K LA b (A4 =i B 1) i LLAZ A7 16 0] 3K 98%—100% ., /K H#EXT 168 m LA b i f A v L
AFGR WA K, FEHIKIX (SS) ,10 A P IFE/KH, 11 AR S 175 m, K4 1 HAKA TR, il
WL 5T 60—100 d FZK A, T X BEA A G2 o L LAZ A KR8 R I B &5 B A8 b L AZ i
AR AL AN BT A K HE X o L AZ B A K AR B &, R A2 B A RKOIRBL . DR VAR 5 X IR A 1 3%
£,

RT3 K T SR T A A R A R LA R BRI R SR AR S P AT R R K, SRR K X
ARG X — AT DL R A R A K S TR R OK AR A ) R S T AR SR [ I B
33 5
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