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Effects of simulated submergence and drought on the nutrient content of soils

planted with Dawn Redwood ( Metasequoia glyptostroboides) saplings

MA Peng, LI Changxiao” , REN Qingshui, YANG Yujing, MA Jun
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Chongqing 400715, China

Abstract; This study investigated the effect of how water availability influences the pH and nutrient content of soils planted
with two-year-old Dawn Redwood ( Metasequoia glyptosiroboides) saplings, by applying different water treatments to simulate
the water-level-fluctuation zone of the Three Gorges Reservoir in this study. The treatments involved 3 phases. In the first

phase, the treatments were presented with a conventional water supply (C), half flooding (H), and full flooding (F).
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Light drought was introduced in the second phase, and included six: conventional water supply ( C), half flooding (H) ,
full flooding ( F), conventional water supply followed by light drought (CD), half flooding followed by light drought
(HD), and full flooding followed by light drought ( FD). In the third phase, all treatments were returned to the
conventional water supply. Each treatment group lasted 166 days in total, and contained soil samples planted with two-year-
old M. glyptostroboides saplings and soils without vegetation. The pH value, organic matter (OM) , total nitrogen (TN),
total phosphorus (TP ), total potassium (TK), alkali hydrolysable nitrogen ( AN), available phosphorus ( AP ), and
available potassium ( AK) content in soils containing M. glypiosiroboides soils and non-vegetated soils were measured after
each 166-day treatment. After phase I, compared to non-vegetated soils (control) , M. glyptostroboides soil in groups C and
H had highly significant lower nitrogen and TP content and the H treatment had lower AP content, while the F treatment
had higher nitrogen and TP content. Compared with the control (group C), flooding treatment increased the pH value and
content of OM, whereas AP content decreased. Compared to the control, the TN, TP, and AN content in group H of M.
glyptostroboides soils increased by 17.1%, 16.9% , and 34.2%, respectively. After the drought treatment of phase II,
flooding had a significant effect on the subsequent sensitivity of pH value, as well as OM, AN, and AP content in M.
glyptostroboides soils. Compared to the control, the OM content in the soils of all the water treatment groups ( excluding
group C) increased significantly in the soils planted with M. glypiosiroboides. Concurrently, compared with group C, the pH
value increased by 2.6% and 3.8% in group H and F, respectively; however, the OM content was not significantly different
in M. glyptostroboides soils. After the water supply was resumed to the level of the control for all treatments, compared to the
control, the pH value of M. glyptostroboides soils in group H and HD decreased. In contrast, the OM content in the soils of
all the flooding treatment groups and the TN content in soils of group C and CD content increased significantly. In addition,
compared to the control, the OM content significantly increased in all the previous flooding treatment groups. The pH value
and a number of nutrient contents under the flooding treatments recovered to the level of the control group after recovery
growth treatment. All of the chemical properties of the HD and FD groups in M. glyptostroboides soils also recovered to the
level of the CD group. The correlation analysis of soil chemical properties in M. glyptostroboides saplings soils showed that a
very significant, positive correlation was present among OM, TP, TN, and AN content. However, the pH value exhibited a
highly negative relationship with OM, TN, TP, and TN content. The results showed that M. glyptosiroboides is viable for
revegetating the water-level-fluctuation zone of the Three Gorges Reservoir, but that timely irrigation during the drawdown

time period is necessary.
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Table 1 Baseline data of nutrient contents in soil provided for experimental use ( mean + SE)

U A B P Ry Kl TR R AR HEEN &=
H (i 0 T Tot I%N't Total Total Available Available Available
rganic itrogen
pH Al Matt g? t v O{?‘ . lo/be Phosphorus Potassium Nitrogen Phosphorus Potassium
i vatue 4 (e;/clim)en (('U;/in ) content/ content/ content/ content/ content/
§ § (¢/ks) (#/kg) (mg/kg) (mg/kg) (mg/kg )
8.30 + 0.04 11.62 + 0.56 1.11 £ 0.03 1.11 £ 0.10 53.61 + 5.24 76.70 + 3.78 0.85 £ 0.16 161.02 + 4.08
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HRAEI 22 + 3 H8 bR, SR ST FEA T A5 (Independent-samples T test) 73T /K AZ 4 4% 385 oMW 4
IR T 2 (ALY 22 5 e . BRI 3R U7 22 731 ( One-way ANOVA ) 45875 [R]— BRI ] T A [A] 7K 3 4 2

http ; //www.ecologica.cn



4

35 %

ZH I A T, A IR 25 SR R B A0 b PR 20 b s e B B BB
HL#, KA Pearson AHC REPEAN AKAZ G0 L 18458 bR ] (U AH OGS R . AHFFE R H SPSS 20.0 ( SPSS Inc.,
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Table 2 Experiment design
G OB BB 1 BBt 2 KB 3
Treatment Phase 1 Phase 2 Phase 3
0—754d 75—145 d 145—166 d

c4 IEH K C 41 IEH K IEHRfK

Group C Conventional Water Supply Conventional Water Supply Conventional Water Supply
CD 4 .5 T 57 TEH oK
Light Drought Conventional Water Supply

H 4] 2 H 412 TEH K

Group H Half Flooding Half Flooding Conventional Water Supply
HD 4 R+ 5 TEH K
Light Drought Conventional Water Supply

F4 e F 4 23 TEH K

Group F Full Flooding Full Flooding Conventional Water Supply
FD 4 52 T 5 TEH oK
Light Drought Conventional Water Supply
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Fig. 2 The change of pH value and organic matter content in soils under different water treatment in phase 1 ( mean+SE)
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Fig. 3 The change of N, P and K content in soils under different water treatment in phase 1 ( mean+SE)
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Fig. 4 The change of pH value and organic matter content in soils under different water treatment in phase 2 ( mean+SE)
C, H, F, CD ( Conventional Water Supply-Light Drought) , HD ( Half Flooding-Light Drought) 1 FD ( Full Flooding-Light Drought) 435! 38/~ IE %
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Table 3 The change of TN, TP and TK content in soils under different water treatments in phase 2 ( mean+SE )
4% F & TN content / (g/kg) Lo TP content / (g/kg) 254 TK content / (g/kg)

I Z ) IKAZ G IKAZ G

Aty oA 14 e e oA 135 1% e JoAE Y 1% 13 e
ML B gy MBI RR gy EMBER BB g
Treatment Unplanted Soils of M. S Unplanted Soils of M. S Unplanted Soils of M. S

soils glyptostroboides Sl soils glyptostroboides 8- soils glyptostroboides 18

saplings saplings saplings
C 2 Group C 1.00£0.10 a  1.22+0.20 a ns 1.10£0.11 a  0.89+0.04 b * 59.51£8.96 b 69.17+1.83 b ns
H 4 Group H 0.94£0.09b  0.99+0.08 b ns 0.95£0.01 b 1.03+0.10 ab ns 67.42+10.46 b 57.24x12.31 b ns
F 2 Group F 0.95£0.02b  1.20+0.10 a * 0.94+0.03 b  0.94+0.03 ab ns 97.26£17.98 a 84.30+15.01 a ns
CD 4 Group CD 0.97+0.04 b 0.93+0.05 b ns 0.97£0.04 b  1.22+0.04 a * 66.33+2.77 b 67.60+2.17 b ns
HD 41 Group HD 1.01£0.03 b 1.03+0.10 ab ns 1.01£0.03 a  0.93+0.05 ab ns 67.38+6.15b 66.31+3.89 b ns
FD # Group FD 1.09+0.82bh  0.94+0.03 b ns 1.09+£0.08 a  0.99+0.82 ab ns 76.31+£12.56ab  73.73+5.12 ab ns

IR T FIRARIK AL B ]+ 35 FRICR SR 2257 W3 (P < 0.05) . C, H, F, CD, HD il FD Z353 2R 1EH oK S 4 | % 8L
POK—R BT 5 SR —RE T RSl —RE T 5 6 MAIRIK b3

X KA G S A AR o B AT BRI R 25 0 3R], 5 C AR LE, F 20 148 AN Sl A it
WEEF(P > 0.05) 1 H AN B ETHE 17.9% ;5 CD AAHE, HD 4 F1 FD /K42 14 AN &80 58 E T
F% 21.6% 1 16.6% , 5t +3E AP S &, H.F 45 C M EIF LR E 25 (P > 0.05) ,HD FD £41% CD £10]
BETHE(P < 0.05), BrE2 dhBREHR G A A+ AK & R e B B2 R34 (£ 4) (P > 0.05)
2.3 KAZHR S A A A A 2 O K R R (BB 3)

Zead 21 RIWRE LK B H 41 HD 4UKEZ L 18 pH (A TCRYA 3% FREAN, AR 4L pH H
5T Y4 3R A3 T i 2 25 5 (K] 5a) 5 MBR C 20 CD 4 /K AZ 4k 135 OM & B TR 41 G it 25 1k
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Z5A, FITA s K AL BRA R /K AZ 248 R G OM 5 2 U] i 35 sl b S 25 3t 2 T TR % BRZH (TR Sb) ., K240
P HERR C Z4HAY TN S5 M CD 41/ TN TP } AN S LY A BE FF, F 4/ TK &5 .C il CD 41/
AP i 3 T RRAN , B AL PR K 27548 3 N P K S YA e LR 2 7(32£5,6)

R4 M2 REKSE TR HIEEAE AN ENES R (THE « FAIR)

Table 4 The change of AN, AP and AK content in soils under different water treatments in phase 2 ( mean+SE)
IR & & AN content / (mg/kg) F W= AP content / (mg/kg) B A AK content / (mg/kg)

I Z ) IKAZ LR IKAZ G
b JeAE ) 15 SRt 4 " JotE ) 15 135 - Jet Y 1% 4 %
S EN o BEN S N
Treatment Unplanted Soils of M. S Unplanted Soils of M. Si Unplanted Soils of M. Si
soils glyptostroboides Dl soils glyptostroboides Sl soils glyptostroboides Dl
saplings saplings saplings
C 4 Group C 92.35£2.58 a  68.26+2.30 b 0.54+0.30 ¢ 0.69+0.14 ¢ ns 182.73+6.45 a 163.70+3.18 a *
H# Group H  66.72+6.91 b 83.17+7.35 a 1.05£0.48 a  0.71x0.21 ¢ * 184.36+8.05 a 172.43+6.11 a ns
F 4 Group F 66.29+5.60 b 66.29+1.62 b ns 0.79+0.08 be  0.57+0.11 ¢ ¥ 173.8£5.29 a  168.08+6.89 a ns
CD 4 Group CD 67.82£2.66 b 83.17+7.35 a * 1.06£0.38 a  0.41x0.21 ¢ - 178.55+4.23 a 172.23+2.50 a ns
HD 4 Group HD 99.17+13.31 a 65.22+3.16 b - 0.94£0.30 b  0.80+0.27 b ns 170.73+3.54 a 160.53+1.78 a ns
FD # Group FD 75.31+£5.06 b 69.34+5.03 b ns 0.89+0.12b  1.13%20.13 a * 146.99+12.17b  159.53+6.03 a ns

PR T 2 e R R (] 5) , BBt 3 BT K A BRAL A /K AZ 4 S A 358 pH (E PR R 2 C 41K
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Fig. 5 The change of pH value and organic matter content in soils under different water treatment in phase 3 ( mean+SE)
C, H, F, CD (Conventional Water Supply-Light Drought) , HD ( Half Flooding-Light Drought) #1 FD ( Full Flooding-Light Drought ) 43 7| &/~ 1F. %
BEK R 2 R RUIOK— R TR R T R R TR 6 DR RIK AL #ZH

5 C ML, F ARG S A 580 TN &5 e 252840 1 H 2045 5328 T C 44 27.1%; HD
FD 453 51F CD HZ M)A 225 (P > 0.05) o [l A AL B2 3R TP & s M 3 1 C Ak
-, H HD FD 415 CD it R B E 25, 540, F AR S0 3 TK & B AR E A K B
T C 41,1 HD M FD 5 C HZ R B ZE 2= 5% (P > 0.05) (£ 5).,

A A BREH R AKAZ G 2 A R HE AN & A 2 DR AR K S YR A 3 1 # K 41 (C) ZKF-, B HD il FD
A5 CD Z A RIAR B EMEZE R (P > 0.05) . 21 d IIEFMK)E, H M F 4145 AP SR EEMKT C
ZH(P < 0.05) ;5 CD 41AHEL , HD Fil FD 41+ 3 AP & &% A W& b, SURIET, pra ab B4 K24 524
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TN AK SRR IR EZER (K 6) .

x5 MBE3IFAEAKSLABETEARTESR B £HSE(FHE £ RER)
Table 5 The change of TN, TP and TK content in soils under different water treatments in phase 3 ( mean+SE )
R TN content / (g/kg) WS TP content / (g/kg) LR TK content / (g/kg)

KAy KA KA
Ak 7 JeAE ) 13 et . ToHi) 5 +J5 . ToHiY) L5 +3E e
) 45 '35 e iER7/ e .1% B T L3 .3.‘% e
Treatment Unplanted Soils of M. X Unplanted Soils of M. . Unplanted Soils of M. .
. . Sig. . . Sig. . . 1.
soils glyptostroboides soils glyptostroboides soils glyptostroboides
saplings saplings saplings
C 4 Group C 0.81 +0.25b 1.18+0.03 a - 0.81 +£0.25 ab 0.88+0.03 ab ns 59.66+£38.65¢  63.26+6.20 b ns
H#H Group H  0.82 £0.06 b 0.86+0.06 b ns 0.85 +0.12 ab  0.86+0.06 ab ns 67.25+2.44bc  70.20+14.71 be ns
F 4 Group F 0.94 £0.04 a  1.01+0.09 a ns 1.04 £0.03 a  1.01+0.09 a ns 93.84+1391a  79.91+0.36 a
CD 4 Group CD 0.65 £0.07 ¢ 0.90+0.03 ab * 0.65 £0.07 b 0.90+0.03 ab * 64.69£2.93bc  67.45+£1.36 b ns
HD 4 Group HD 0.85 +0.12 b 0.72+0.02 b ns 0.82 +0.06 ab 0.72+0.02 b ns 69.15+8.32bc  61.97+1.65 b ns
FD 4 Group FD 1.04 £0.04 a  1.03+0.04 a ns 0.94 £0.04 a  1.00+0.05 a ns 78.34 +2.80 b 75.23+4.01 ab ns

F6 ME3AEKSAETERTEERA GRH ERHFSE(THE + fER)
Table 6 The change of AN, AP and AK content in soils under different water treatments in phase 3 ( mean+SE)
DR &S i AN content / (mg/kg) Wi AP content / (mg/kg) BRI A AK content / (mg/kg)

4t ity Kty

ab 3 JeAE ) 11 T e T 5 T - oA 5% T3 +k
o B ) BEM . A

Treatment Unplanted Soils of M. S Unplanted Soils of M. S Unplanted Soils of M. S

soils glyptostroboides Dl soils glyptostroboides & soils glyptostroboides 18

saplings saplings saplings

C 4 Group C 57.93+15.63ab  62.69+1.60ab ns 0.84+£0.07ab  0.72+0.28a ns 185.95+8.15ab 183.07+12.95a ns

H#4 Group H  60.35+£7.66ab 61.22+3.43ab ns 0.73+0.09b 0.36+0.15b ok 199.45+5.69a 189.49+6.42a ns

F 24 Group F 66.21+£2.50ab  70.45+5.42a ns 1.02+0.65a 0.54+0.20b ok 176.77£9.05ab  188.75+4.41a ns

CD # Group CD 48.20+4.30b  63.64x1.94ab * 0.73+0.29b 0.63+0.15a ns 180.90+4.32ab  174.74+5.88a ns

HD 4 Group HD 58.61£3.90ab 52.54+1.31b ns 0.90+0.25a 0.60+0.12a * 173.68+10.82a 180.83+8.05a ns

FD 2 Group FD 72.05+2.14a  71.83+2.26a ns 1.04+0.06a 0.72+0.21a ok 160.45+8.43b 169.25+10.45a ns

2.4 IKAZAI F Ak A9 A 2 S I 18 A DG B

X IKAZ G 7k A 2= AT A DG A, 45 36 B pH {E 5 OM TN TP Jz AN 7 i 5 I 2 sl i
FOAE, MS M ERE R EEHE, OM §&5 TN TP M AN S8 2L B EMIEMHEER HS TK
TEEREEAMC, TN 85 TP AN &2 R0 W EAHDE, HE TK &2 52 B 0 TP &ES AN
GHEENDFEMRE, 5 TK SR DFETME; R, TK /5 AK S E2 U EEME, 5 AN SR 2 DE
K (ET)

Wit

w

LR R 35 R G T SR FRORIRE U S L T, R SRR R AL M R A B AT AT
FH =R 3 PO S R A R UICR . R X P IR 5—6 AT B ) (PR e R
1115 5 ) B M AE K A 22 ARt (]t 8 b, S AR R 2 A T e 1 IR sC B AR b 22 T I K e AR
TR 2352 3] DR KA K& T 3 A 14 6 3 A o K TR e 7 9 T 30 2 52 B b R A U R RR AK RV B B
— e, S R KA I — D5 2 T i DX SR 5 IR A LA A B MAL A = R A R
WeAF I AR, O3 — Ty T 2 Rt 1 3R A3 MR AR R AR Y (EURAE =000 P DX VR X — R AR, b
BIRTUR & B AR ZAE 5 MK SCRIE USSR AR 2R M R R B L A T T 255 5
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RT KGRI E T BN PR AR S AT

Table 7 Correlations between soil chemical properties of M. glyptostroboides saplings

(A== pH {& AL 5 SR Eie Exi e i fire R AR
Chemical indexes pH value OM content TN content TP content TK content AN content AP content
AP OM content -0.554""

4% &8 TN content -0.393 ** 0.520*

AW TP content -0.394 " 0.522* 0.799 **

A& TK content 0.267* -0.249 ** -0.199* -0.205 "

i 2L A & AN content -0.277* 0.420** 0.701 ** 0.701 ** -0.210"

A 5 A B AP content -0.062 0.086 0.047 0.049 -0.142 0.005

LB AK content 0.027 -0.093 -0.141 -0.143 0.265 ** -0.176 0.029

" R a = 0.05 FHRMEEBIREFERT; = F8 a = 0.01 PAIRIEIRE] R Z KV (P REKE)

3.1 KA S A A SV TOGE AR AR L (B BE 1)

b SRR A R T B, S LSRR M T B A LB R i AR E SR U R B
SRR S AR IR RO B RE S0 AR ; FL R (R T4 il RS S b O A IX AR, i S 246 K
LR FRICR NFA DT 0] AL RE AR A RO RO AR L i A B X =l it AL L R At 3
SR RFTE R B, 2o WK R E 139 pH (TR Bl LA pH (B FRAIR, BRI T rp b2 (2 5 2 R,
ABIFSE e B 2E I3 W K Ak B 2 W 35 3 R /K AZ 4 ke R RY pHL{HL, 33X AT B PR OA TR R BRI JRURAE R
—E P PR B 308 DV R R R, VA A LK, S B M pH (TR ™

HHA HUTE 3 E IR R ORI SR RAE AL ) 5 e AR AR S AT DA B
MR L A B IR E S A I SR R0 A R R R R R E I A, A
B BEAT il JE: 1 T Ab BRI TRV, AR AZ U 98 90 /0 ELKAZ IR 78 0 ASME S 1) G 1 B/ AZ 1 o 3 oM %
BT I IC W BV 22 57 5 TR [R) K 3 AL BREE v KAZ S 2208 1338 OM 3 i85 C A 3 BT 32 i
TR BRI AU, B K BSE F Y T, SBOE MR R R

b U R AR A IR OB ER R A DG T TR X — IR I K B AR R Y 4
Fe43 R L2 KA LM O R 52 R 1S AR S T BE R T IE R BK 2R i 4K AZ 4R AR KR 32 B4
i, T IHAEZ B N P (i C 4UR1 H 4500 TN TP AN it Je H 20 819 AP S B Y X IR 10 2
NEE T F AUKAZ R T AR Z 2 E], L TN TP R AN &40 38w T4, TK & i 8 d
JR B BRI TE | R AR 32 B A HEAL A S A5 PO AR HEA T AN BEAL T ), 558 TK 5 ik
FEORIET LSRRI, AR B Berg kA2 4 TK 308 AR 35 22 5, oE— 2D U AR B PR 30 8 TK &5 4 52 )
AR F3—TJ7 i 3T F HRKAZ AW 5, EEJE R TABE KR LR TN B TP &5 OM & &4
BUTRAEOCHE , H TN A TP 5 5840 5 OM & f AR, H& i 4 C 4H 84 m (1813) .

T HEEAGR IR R AL LR T B E AR b, S KPR RO TR 0 A RO SRR T LA —E
FREE 1 S et -E Y A FR A A R R SRR B e RUI AR T AP 0 9 0 1 G it i L1 114
BRI SR LA R S SR, R T DA R ZORES . AT, F AR G0 1
AN F 5 TN S el ¥ B S T C 411 H M F 41 -0 AP & B3 7E AR B i 25 T B, 7T 2
T TS R Y L3 pH THi S EUEBFRRER BRI S B AP SR TR,

3.2 JRIZAIIN S A I A O T SR AR R L (BB 2)

SRR B+ R HR  HD A1 FD 21 3 pH {E 3% CD 2875 T 5 (181 4a) , Ul W AT 1K I 17K
K24 i - pHER SX 8 RSO YE . A B BEAL BRES R BARAAZ 1 R 1 HEBR C 414, 40K
SPALBRALE OM 5 H0 14 8 35 sl I 2, S K AZ A R RN A i A RSB TR R A B LR A G i R RE S
IR E MR RERBCR RO INA — SRR . HILRIN, i T R B R, e S U e B
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T, 0 T XA LT A R BRI T A PSSR B HD A FD 4K A4 2R 3 OM i R &
CD H/KF- (&l 4b)

UEBYBER HD A FD 4K A2 R 3w 70 S 5 CD 410 8 3 PE 22 55, Ui WA A7 301 A 7K #E 1 AR 34 Tk 2
SRSz A R S R T S AU, T H 4R F 4KAZ 58 TN S ERY B 2 B B 1 E
TR, R FR R AR WK [R], — Ty T — 2 5 BRSO R A BDK R AR R e A S B T
W 3 55— T U i T R 39 DL A 20 A, B840 TN ) KR A RIS L S 40, Bt A B i) A 4k 52, + 3
TK & AE H 447 0% LT % 3 n] RE5 /K (15 1 8 MK g b o 72 e =47 6

350 ,HD F1 FD 419 £ 3 AN & 5345 CD 21 2 R R, I AP 3 U] dnd 2 7o, X vl BH i K i 1
IKIZH A 358 AN I AP 55 8 5 00X T SR A U . i A ST R B, S+ R R B IR R R R T
KA pH M RIS R TRE A A DT T A1, 3SR R R B K ARG A K SO St s ) - i R
B A T KK TE (141 d) J5 H 410 F 4UKA 400 AP &84 ¢ 41838 P, 22 h
TR K B S R AR IR FUR S G E Fe 540 Fe® | HET 5 P ZIE AT VA E RO IR W 2k 5, SR h —
ERA EEAKT, SEGE K T AP ST,

3.3 KA SR A 2R TR S K e (BB 3)

AN 5T X IR 1 58 pH (E B PE | 76 BT A AL RES S, H AT HD 27K A2 7548 1- 58 pH BRI H W3 T
B, DR K AZ R R X - SRR A — 2 W B R T, X 5 A AR 98 45 512 254815 D3 40, IR 96 25 R B € AN
CD H/KAZ AR 45 OM & EE B TOA Y 20 Wl 35 sloble S 25 78, U B KRS X 9 i H3NE 047 o 2 e RAEH
XFFIRAZ Zh Ak R B 3 AL BREE RS, Ir A /K 3 Ab 384 + 581 pH {5 .OM TP AN 1 AK &5 C 4
TC i V2 RAFTE(P > 0.05) , Ul A K8 0104 1 H 5K Ab BE AT DA A5 K A2 2 24k 18 pH (H X 2008 70 R
PR E BN IR, 594N, H LR F 4UKAS 5800 AP &k ¢ 3% F R T REJE i T 58
BRI RE In + FERIORE AR B AP B PR

4 it

AT IKAZHRAE R I V5 L BA — s B RAE T, i %) el Rt — 2 fe ik A B A KOk
Ho BRI AN R, SIIL B D TR BB R R B a g hn, e AL % NP A
2 DRI A I R DT R T R T KA X TR A R DAL i R S NIE T R B A B AR 5
AN, BT K 3458 T K AZ G ok - 18 pH (AN FIL AP & 5% 5 00T S ko A e, FL S R A2 A b 1
AR K AZ 8 pH (S 20008 FR 0 R &t iR R 2 E K K DR e DK 2 Ak T T S 7 32 28
TESGEKPTT , PRUEH: 385 K B R B IE # K-
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