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Effects of Taxodium distichum and Salix matsudana on the contents of nutrient

elements in the hydro-fluctuation belt of the Three Gorges Reservoir Area
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Key Laboratory for the Eco-Environment of the Three Gorges Reservoir Region of the Ministry of Education, school of Life Sciences, Southwest University ,

Chongqing 400715, China

Abstract: The purpose of this study was to examine the dynamics of the chemical properties of soil in the water level
fluctuating zone of the Three Gorges Reservoir (TGR) region. In addition, the potential impact of vegetation reconstruction
on water quality was investigated. Bald cypress ( Taxodium distichum) and Chinese willow ( Salix matsudana) are the two

dominant species in the riparian zone of the TGR area. Soil samples were taken from vegetation planted below either T.
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distichum, S. matsudana (treatments) , or bare soil (control) in July 2012 (T1) and July 2013 (T2) , before flooding and
after water flooding respectively. The following parameters were measured: soil pH, organic matter ( OM ), alkali
hydrolysable nitrogen ( AN ), available phosphorus ( AP ), available potassium ( AK), total nitrogen ( TN), total
phosphorus (TP) , total potassium (TK) , and plant growth. The results showed that; (1) At T1, the treatment and control
soil nutrient contents were significantly different, whilst pH did not differ between these groups. In contrast, at T2, only the
pH, AP, TP, and AK showed significant differences between the treatments and control. (2) The pH value and OM
content of T. distichum in T2, as well as OM content in S. matsudana in T2, were significantly lower than those in T1. After
flooding (T1), although AN, AP, and TK contents below the experimental vegetation were significantly lower than the
control, TP content was significantly increased. In contrast, at T2, besides an obvious decrease of AN content and a
significant increase in AK, the other nutrient elements did not have any notable differences. (3) Correlation analysis
showed that pH values were negatively correlated with TP, and OM showed a positive correlation with AN, AP, and TK.
Furthermore, AN and AP were negatively correlated with TP and positively correlated with TK. TP and TK had a strong
negative relationship. The three growth indices including height, diameter at breast height (DBH) , and canopy cover were
negatively correlated with soil nutrient elements, including pH, OM content, AN, AP (except height) , and TK, while the
height showed a positive correlation with TP. In conclusion, this study suggests that the effects of artificially vegetating soil
appear only before flooding (T1), but no tafter water flooding (T2). Soil chemical properties under different treatments
were homogeneous, which further confirms that artificial revegetation can improve the soil ecological environment with a low
chance of eutrophication of the water body. However, there is the potential risk of phosphorus being released from the
revegetation soil under S. matsudana, and therefore the detection of water phosphorus content is an important factor to take

into consideration.

Key Words: Three Gorges Reservoir Area; hydro-fluctuation zone; revegetation; soil nutrients
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Table 1 The basic content of soil nutrient

B AR (v P2 AR i E R TV IX
BRI 0 e B2 01, AR Ve A ey B PR S B A — i PR 1) o ool B S i - 2935 1 8 26°, 7 1 4%
SEOCIEAR G RO ) , 1B A A S AR — B TR i A O RIS 249 D AT AR A R 1 A, AR I 1 A 1Y
SEACTEOLANGR 2 PR . PHUCIBURE I ABL B BT 30458 100% , AR IR B R

AHUR A b

WA A I

R

L Gt

EHEE

LR

——— H =)
*E‘Fﬁ%’éi P OM content/ AN content/ AP content/ AK content/ TN content/ TP content/ e it
Vegetation types pH value TK content
(g/kg) (mg/kg) (mg/kg) (mg/kg) (g/'kg) (g/kg)
WK T.distichum 6.597£0.137  10.325+0.651  75.623+5.021  3.145+0.188  58.734+4.215  0.609+0.032  0.697+0.060 27.834+2.518
Wikt S. matsudana 6.423+0.085  12.668+0.732  77.522+4.329  3.320+0.564  57.238+5.618  0.732+0.078  0.589+0.026 29.887+1.532
i Unplanted soil 6.605£0.142  10.536+0.529 74.603+7.712  3.274+0.257  55.632+4.882  0.620+0.012  0.724+0.134 27.032+0.975
xR2 EBEPLZSUREARBRERE (FHELRER)
Table 2 Basic situation of the saplings ( Mean + SE)
s .. 72/ c . .
i Hit/m Mt/ S/’ BT/ (mxm)
Vesetation ¢ Heicht/ Diameter at breast C Planttine Dist
egetation types eight/m height ( DBH) anopy antting Distance
&2 T.distichum 1.631+0.023 0.413+0.030 0.781+0.083 1x1
MR S. matsudana 1.613+0.130 0.386+0.192 0.492+0.244 1x1

2 WRFE

2.1 RERCREE S
R — e K R AR D BRI i sk A2 A (B 1), T 2012 4F 7 H (T1) KA B3k T IO — UK, 2R )5 T
2013 47 A (T2) KL v Je AT R EPANORE . PRIREORER , M BRI AT (3 3) .

x3 TEERYEMR

Table 3 Basic physical characteristics of soil

N FoKE K FLBREE EER S
FH BT Water content Volume-weight/ (g/cm?) Porosity Conductivity/ (s/m)
Vegetation types
Tl T2 Tl T2 Tl T2 Tl T2
PN T.distichum 13.80% 19.20% 1.61 1.44 38.49% 45.79% 105.83 135.92
W S. matsudana 12.70% 24.70% 1.44 1.29 41.20% 51.50% 114 150.50
4l Unplanted soil 12.40% 10.50% 1.61 1.25 38.68% 47.26% 131.75 132.08

TERREX I N |, 75 TIAZ BURE H R AR FR R 108°08 117, 30°21709”N , M BRURE #1354 By 108°09'24"E , 30°
21'12"N, BRI Y REHLRIE 6 B 5 mx5 m BEJ7, BEARET NFRMEAETE B 5 A5 & BORE S5, &R
[BIB% 10m , [F) A 358 G0 X du, P A [R] B B ) JC A B3 4R b 1332 (108°07 147K, 30°21714"N) YE A Xt B HF4b
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Fig.1 Water level change of the hydro-fluctuation zone in Zhongxian County from May 2011 to October 2013
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TIEA BB (OM) M5 R A A% R A A R A (TN & 00 5E SR T4 A 3Bl G A (it
Biichi 23 ] /E 7= /9 Distillation Unit B-324) 3 Fff — 9" 1805 I 52 - HEml i 20 (AN) 2k ; 34l (TP ) A
(AP) & I R AR BT HE 3k 2B (TK) R (AK) 35 85I SR s T IO A (61 PE 23 w2k
=1 AA800) .
2.2 HfEab

RPN 5 L3 HE by , R FHH 2 B & 5 22 53 M7 ( Repeated measures ANOVA ) 3 AT AN [] BURE B [8] 5 A 7] 42 4%
SRR ISR S AR, IF ] Tukey RS0tk 46 B EARTEAS [ AL B S L Ma] ) 28 5 W 35 1 (0= 0.05) 5%
FHRRSEREAS T K50 73 BT —4E KW T 205, Rl — A i S B A AL~ A8 DR 2R S PO s 22 [) 14 22 S W 215 OF
KM Pearson #HC RBOEIFAr T IEAALZHFE Z I RYAHOCHE . AWTFER SPSS 17.0 #AF AT 84 70 A,
Origin 8.6 ZXFHI A .
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TR PR UIG N 37% 167% ,126% MR TR =8 bR MK UG I 47% ,124% 108% . 5 TO BRI FAH 1L,
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IR EI B 5S2AF, 5 T BHAH G, % P42 5248 38 T2 B9 pH (B 2 2 FE AL 23% (P<O.
001;%%5),

HE R 2 20 AR BORERSa] A& — 3 A8 BAE 25t 138 OM & f 7= Az W E 5 (P
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Fig.2 Growth circumstance of sampling trees in the Three Gorges Reservoir Area (Means = SE)
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R4 TEERRRSENESEEERENN

Table 4 Repeated measures ANOVA table for soil nutrition content

ez

Chemical properties

F{H(#%) F value( Property)

SBURE pi ]

Time

BT

Vegetation types

SRURE IR TR < A S Y

Time X Vegetation types

pH {H pH value

FHLFE S Organic matter( OM) content
WU %, & B Available nitrogen( AN) content
W & i Available nitrogen( AP) content

HERLH S Available nitrogen( AK) content

)

2% % it Total nitrogen( TN) content
4T & Total phosphorus( TP ) content

24 E 1 Total potassium( TK) content

17.863(0.001) **
6.581(0.022) *
314.502(0.000) ***
90.443(0.000) ***
2.779(0.116)™
9.044(0.009) **
71.004(0.000) ***
75.699(0.000) ***

3.809(0.046) *
15.380(0.000) ***
9.288(0.002) **
5.144(0.011) *
0.771(0.480)™
3.450(0.059)™
18.160(0.000) ***
35.608(0.000) ***

3.456(0.058)™
8.211(0.004) **
12.050(0.001) **
4.761(0.025) *
10.474(0.251)™
1.141(0.346)™
23.931(0.000) ***
17.939(0.000) ***

ns P> 0.05; « P <0.05; * = P<0.0l;* * % P<0.001

http ; //www.ecologica.

cn



6 S % 36 &

x5 AEEHERT1 5 T2 BUERTE pH ES5ANREE (FHELREIR)
Table 5 Soil pH and OM content at T1 and T2 under different vegetation types ( Mean + SE)

2 pH {#i pH value FHHLFE OM content/ ( g/kg)

Vegetation types Tl T2 TIH(P 1Y) Tl ™ THE(P1H)
RIS T.distichum 6.796+0.212 a  5.253+0.124 b 6.273 (0.000)  13.974+0.424 b 10.479+0.952 a 3.353 (0.012)
HI# S. matsudana 5.945+0.439 a  5.423+0.095b  1.159 (0.295)  19.955+1.897 a  11.593+0.664 a 4.160 (0.006)
b Unplanted soil 6.705+0.405 a  6.302+0.101 a  0.966 (0.374) 9.821£1.009 ¢ 12.83121.400 a  —1.744 (0.112)

AN A F R TR — I LA [R) N AR B B0 %8 pH {5 OM %t A7 7E 5 2 5

3.3 BIEABRREAGR S R AL

XFEHE AN EEI T B, SRR AN & 22 55 03, MA KB fE 22 500Nk (K 3a) , HE
JEE T 2250 T A B BURE RS [R) | IO Bsf ) 5 0 4 28 Y 194 22 B A FH i 8 S5 i 3 0 AN B i (P<0.01; 3%
4), st —HgAL B N AN SRS, 5 T1 R E, RS N T 8T 1 3 2 AR 4 AN & 38
B EREAR(P<0.001) , 7512 MR b 139 AN & HEAE T2 B 5300 T R 35% 43%F11 28% (& 4a) .

T1 BHYEPIAZ S A 1 AP i SRR S AR 52 A8 -3940 LE, 43 1) 88 35 FRAIC 42% F1 40% , T2 s IS
TLE AL 65% , i SIS S2A: +HE T i 3 22 55 (P<0.05; & 3b) o SR, IR S 18 AP S 7E T1 5 #1
-4 2 () TG i VR 22 AR T2 B S KT b - 4 RIS | IORE A ) LA R A 2 L 5 B B[] £
SEH AR IR L AP AR W (P<0.05;K 4)  TEMRIAHBEEALT V& PIAZ S I 52 A4 37 T2
PR AP S8 T1 B 4300 30 35 1% 54% F1 51% 3 55 #f b A 33 Fi Js 9 0 s 1)1 3448 22 () O oK 7 A d 38 2
SRV A X L (] 4b)

FE AL B IR 3 2R 48 AK i, 5 22 AR ] B[] PR R AK B 8 TG 2 3 ), A S B ) Y 38 B
P B 3 52 A - 38 AK 5 (P>0.05;3% 4) o X [R]—Ab BRAL PY A5 AS A1 5 B [B) 09 T A 35 25 5 3= 10
T PURZ RIS AE T2 B A 48 AK B i3 T1 B IF 0 8 AR Ak (1] 4c) (H AR HE 3 T2 B A9 AK &5 T1 AHLEE
IS B3N 41%

34 HHEABMR SRS R L

ANFEN TAEYE AL BT 34 A (TN) 28 (TP) (28 (TK) & &2 M A0 R, T1 B, MR 52 A4 135
TN &8 TP SR 358, 40501 35 0t 24% 1 23% , T2 I TN &5 5 78 = Fhoig 9 b 3 20 [R) G 4
FLERAAE (K 5a) . FHE R 2250020 AT TN & 0 &5, SR a9 Z AR, Ak 5 ke
a4 A2 B XS 8 TN & F i J0 35 5200 ( P>0.05 ;36 4) 355 22 AN [R]85, SBURE s (7] 0] 58 32 5% i 44 4 B
U HIE TN &1t (P<0.05;3 4) , T RS ZE SRR, FERA AL, 175 P IBORE 9 38/ TN & 530
BFEZERAAE(P>0.05; & 6a) .

YU B [B] LA R B Fsf [0 5 e B At W S 3 5 0 - 81 TP 5 3 (P<0.01, % 4) , 7ERMAEFRZ N, T2
I SPIAZ S 10 380 TP &5 T1 05 B AH L3445 & 25 o34 i ( P<0.01; 18] 6b) |, 5 Z M, T2 I+
e TP F A T1 B IFJC i 35 25 A7 E (P>0.05; 4] 6b)

MR AE B AL P ZH 381 TK % ey, 4300 b 32 1 11 9 PR AR Ml 1 58 33% F1 65% , 5 LRI, 75 PIA2
FOAR I - St 2 Y 24 %, SRS SPIAZ MR SR = TK &R 22 53 R BRI KB RT(T1) , KB 5
= HEFWHAEEE (B Sc) . 13 TK & 532 0] g DL R —F s B RN B & m (£ 4) , XFE—A4
PR PN P USR]0 B TR) ) T K56 3 BH T2 B SPIAZ S A000 S AE 380 TK & 308 T1 B ¥ B 2 R AIK
(P<0.01; & 6¢) , 0 BIREAK 37%F1 57% , 54 30 TK 5 578 A 5 PO 2 (8 2 (8] G i 35 25 58 A fif B
%t (P>0.05; & 6¢) .

3.5 BHEEFITR SRS

P AT R W], 358 pH (E5 TP & i 2 IR 3 A DG, 1 OM 5 AN (AP TK 437l 22 B0 AR 4 25 TEAH

Ko FULFIET AN AP 43505 TP 3RI0H A i 2 A SCOC R M5 TK R B EAHE R, TK 5 TP
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Fig.3 Soil AN (a), AP (b), and AK (c) content under different vegetation types in the same time( Mean + SE)

ANFKREFREFR T1 AN TAE SIS M e 2 25 57 ARG FRERIR T2 B AS R AR Bl S B0 - 38k o A 7 W 3%

o
o S I 2 A A OGO R . AE e B AR e = A K AR bR, 5 TN R AK R 3R 90 il 35 A A DG
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Table 6 Correlations between soil nutrient contents of artificial vegetation

gj;ﬁfijﬁﬁ pH {E AOLR BRA AREE HRH R Ex0 X Y = 5eL
growth indice pH value oM AN AP AK TN TP TK Height DBH
HHLEE oM 0.325

WA AN 0.432"  0.699*"

AR AP 0.047  0.655**  0.787*"

BB AK 0.104  0.014 0.002 0.008

42H TN -0.084  0.254  -0.194 -0.095 0.079

S TP -0.387% -0.444* -0.785**  -0.529**  0.191 0.465

480 TK 0.359  0.813*"  0.856*" 0.777** -0.124 0.079 -0.646**

PR Height -0.423* -0.406* -0.656** -0.340  -0.196 0.179 0.621**  -0.542**

&g DBH -0.472* -0.561** -0.583**  -0.547** -0.134  -0.244 0.226 -0.634**  0.581**

4% Canopy -0.502* -0.429* -0.591**  -0.481* -0.034 0.076 0.387  -0.504*  0.593** 0.829**

# % FoRa = 0.05 PHRIEBEIRBE K = FR a = 0.01 FHRMEREEZ K (HMERE)
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