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Characteristics of soil microbial biomass C and N under revegetation in the

hydro-fluctuation belt of the Three Gorges Reservoir Region
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Key Laboratory of Eco-environment in the Three. Gorges Reservoir Region of the Ministry of Education, Chongqing Key Laboratory of Plant Ecology and
Resources Research in the Three Gorges Reservoir Region, School of Life Sciences, Southwest University, Chongging 400715, China

Abstract: Operation of the Three Gorges Dam Reservoir on the Yangtze River, China, has formed a hydro-fluctuation belt
with an annual water level change of near 30 m spanning and an area of 350 km”. Such a change in water level has led to a
direct shift in plant community composition within the hydro-fluctuation belt. Different vegetation types alter the riparian soil
environment/to.varying extents, via their influence on the biogeochemical cycles of materials such as soil microbial biomass
carbon_and nitrogen. Accordingly, by determining the relationship between soil physicochemical properties and soil
microbial biomass under different vegetation types, we can provide useful information for vegetation restoration in the hydro-
fluctuation belt of the Three Gorges Reservoir Region. To explore the changes in re-vegetated soil quality in the hydro-
fluctuation belt of the Three Gorges Reservoir, we examined the contents of soil microbial biomass carbon (SMBC) and soil
microbial biomass nitrogen (SMBN) in this region. Soils under four typical vegetation types ( natural grassland, artificial

timber forest, crop land, and unplanted soil ) were investigated in the reservoir riparian region of Zhong County (107°32'—
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108°14’'E, 30°03'—30°35'N) , located in the center of Chongqing Municipality. The results showed that both SMBC and
SMBN content was the highest in natural grassland and the lowest in unplanted soil. Under different types of vegetation, the
ratio of SMBC/SMBN ranged from 8.02 to 10.25, the ratio of SMBC/soil organic carbon (SOC) was 2.40%—4.60% , and
the ratio of SMBN/total nitrogen (TN) was 2.13%—3.58%. The SMBC/SOC and SMBN/TN ratios of forest soils were
significantly higher than those of the unplanted soil (both P < 0.05). Soil microbial biomass was significantly correlated
with SOC, TN, and soil pH, and very significantly correlated with soil moisture. Our study showed that the physical and
chemical properties of soil under revegetation had a significant impact on both SMBC and SMBN. Thus, revegetation
facilitated an increase soil microbial biomass and enhanced soil quality in the hydro-fluctuation belt of the Three Gorges

Reservoir Region.

Key Words: vegetation restoration; soil microbial biomass carbon, nitrogen; Three Gorges Reservoir; hydro-

fluctuation belt
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Yy itk (SMBC) &5 + 5247 HLAK (SOC) St (19 F AR '™ 4K ol & 32 26 ¥ 75 (microbial quotient, MQ, SMBC/
SOC) ;L ATV HE 7R iR sh AR ) R AR . MY Y R AU HIR AR — A &R,
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FRIED, U3 B W A, H B R R, = 10°C AR 5787°C, AE 34 18.2°C, L AR 1 341 d, H MRAT 4L
1327.5 h, H 83 29% , AFFE RN 1200 mm , AH X 80% ; 4 5Bk J B T W #Hs b X A1 R 45 (b i
RS0+ B2A KR B AIG, K iR Ry e

THIEH 30 m 7% 22 N7 R PE /KR DR oS R0 175 m s AR IR RIHE K 20 0 d, 165 m = 2 Hh T K 24
175 d,155 m mFERHIMEK L) 260 d, N HEAT =Wk T V% X I AR AR KA, R4 T 2012 4F 3—4 AFER K
B S B ] i el b e B A A B Yl R Y B M R SRS T AR R Y AR 165—175 m MR
¥ 1 m x 1 m WRRAT IR AR (2 B TR 07 1)) ARAE 7% PIAZ ( Taxodium distichum ) S2W ( Salix matsudana ) AR
ARE R AR, 7% PIRZ AR08 g B — PR A B AR A, T 308 e SR M P B0 35 B2 Oy 260, Rt 3 b 43 52 ' IR S
JEREAH ], A3 T SR F A — B, BB A T AR 10 RS 349 A VP A A A B e R JBURE I P AR 0T R 34
100% , A RRIE BT o A 21 AR | R A O A 7 R B AR P e 0 2 A ) ) 250 3 IR ATHESH 20 em
x20 cm ; Ji BE AR SR ) ORI A 25 B0 2 3 A ATHECH 30 emx30 em, B AR R 4 AR R DL
FEAR B0, i 2 AR i Aol 2 B R o R 4 HORIR AS B AT . IR XS A, 38 AR B (Cropland ) F1ER b
(Unplanted soil ) AS[a] FH 2T A bk A 24 b AR 48 B BEVE Hb | 853 o R 506 I R AT N T BR 4% 5 R EAT
N TABBE PR ()5t BA M, S HRURE BT X5 45 A P g A AR A T I A2 (3R L)

F1 EHEERRR P ERER)
Table 1 Basic situation of the vegetation (Mean+SE)
M

L7zt 731 Diameter at ek Pl: tf*ﬁfﬁt o/ R

Species Height/cm breast height Canopy/m? o Engx 1s)dnge Coverage/ %
(DBH)/cm mem

PN T. distichum 502+19 6.128+0.228 7.99+1.68 1x1

M S. matsudana 313+54 2.797+0.188 1.56+0.20 Ix1

TIAM C. dactylon 66.24+3.11 99.50+0.18

A ¥R H. Compressa 71.87£1.93 97.30+0.66

1.2 FRACREEN E 5 5 #

F 2016 4F 6 F 75 = 3R BT RE D 165—175 m IR AT RAEE (I8 1) |, A ok £ K 58 AR K4
H ., EFREISANFREHLEERE 5 mx5 m AORE L, AR B 28 R d AL 45V P LRI R IR A, 36 6 B ;
A b A Y S AR A 5 0 AR A R D AR S 6 HURE M R B M R B — ROKFR A b, 3 BB M e AR bt
FTRTRR(CK) 3 Jukfhh , RELZ (0—20 em) T4F, BIAL ML ATIGAEIE 5 SUBORE, BIBR T WA IR &1
A7, DU A3 A8y LS 52, — 34 A A SR KT BREE I3 100 I, FI Tl LRE S K& pH A
PUBSR & 4 RGP PE T, 55— L RRIE 2 mm G5, FIZE /KRS AR K R A9 40% ,25°C  F X 1
100% 454 RHUESE 10 d, 007 B 3ERUE D A= Uy i e F A

SMBC {5 2% FH S0 B8 25 SR IR B TR AP SR Ak 5 PRI 25 g (BT 8 ) T 9% R 78 LA T 2 vh 25
CTFRTZRVREZZ 24 h 5 R B2 | bR 2 28 AR R A AT, 9 — 0 EAEOREE 286 R 80 mL 0.5
mol/L K, SO, A % 7% H2 B 30 min, i 3§ , FF 4% R B 950 52 SR BBOR A9 MLER > 5 SMBN Il 52 >R FH G805 7%
PRBCILIC e R, B B e EUGE I A >, R SOC FiT TN SR HJC Z 47X ( Elementar Vario EL,
Germany) " IU5E , R4 K = 1:2.5 KRR, R BE 1A %2 + 8 pH (8, R T3k e 345 &, R AT
TR E LS KR IR SR SPSS 20.0 4 T B 2 )5 22 (One-way ANOVA) GiiH43#r , 31
LSD #EAG I0 AN [ AR 2 0 4 38 1] 1 22 M (0= 0.05) |, - 3R U B A 40 A 0 0 B SRR R 6 56 22 R ] Pearson
FHOC R EOLIEMY, R Origing.5 i,
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Fig.1 Sketch map of sampling sites of the hydro-fluctuation belt of the Three Gorges Reservoir in Zhong County,” Chongqing Municipality

K, EC = FAR BRI HLbR — A B2 TSR IR HUBK 5 REC Sy e 6 ZR%00, AR S8 R AR~ 5 1 W 2
A B, BUE 0381,

TR R A . SMBN = EN / kEN
KA EN = FEZE R BN 2 A - A TE 2% S EEBON 4 R AEN N 2280, B R 2 8005 AR
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2 HR55%H

2.1 AT AR E A B 22

PRHAIE Y pH (0 R 128 5 (AR 5 S TAH R BEh5 HAARE A pH (H T W22 5 (R
2) o HES KA R > > A B I > FR A G rRObR R AR S KR 2 N 3 Rt S A
BT AT K i 1 5 B Y W T R 2 o S A T R M > P > Rl > A A L £ AR R SIS TR (] 4 5 o
2e5 o AT LR i I R > AR > R > AR, G PRl I R T AR i S T A IR M 2
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x2 HEGRAEEEERT T ENE LR PR EDR)
Table 2 Soil physiochemical characters of different vegetation types ( Means+SE)

B LAk L UL LR
Vegelation type pH Soil moisture/ % Bulk density/(g/m?) SOC/ (g/kg) TN/ (g/kg)
M, Timber forset 6.31+0.13b 14.24+0.26h 1.69+0.03b 4.62+0.43¢ 0.69+0.03¢
HHh Grassland 7.27£0.4a 16.16+0.68a 1.50£0.03¢ 8.72+0.46a 1.12+£0.03a
APk Cropland 7.24+0.18ab 13.00+0.58h 1.35+0.03d 5.86+0.09h 0.91+0.03b
#H Unplanted soil 7.37+0.02a 5.33+0.88¢ 1.88+0.02a 5.65+0.64b 0.57+0.02d

SOC . A4 MLk ,Soil organic carbon; TN: 24, Total nitrogen ; [ BN AS ) /NG AR FE AN [ A 4 2 00 1y £ SR PR A e i ) 22 57 3 ( P<0.05)

22 HEA AR PEE I T IR Y YR R 2

AN TRIRE R A - TR AR W A i i 5 B AR A L bR 301 2 00 BB A, e b 5 b i1 2 R
(49 1.95 A5 1.61 A%, {EL50  FUMR M Z [R] R 0 A W e Bk 22 S MEAS (35 (181 2) o AR AR Ml - S R 0
Wil S B TR, X T R M A R R B BRI T R L S e A W
Bie—2, Horp ot 5 HABAE B R 22 5 0 3 R B RIAR I A B e 22 5 (HIY B3 TR, B bk
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Fig.2 The soil microbial biomass carbon and nitrogen under different vegetation types
US: #ft4h, Unplanted soil; TF; #kHb, Timber forest; GL: %}, Grassland; CL . A&HFH, Cropland ; 7 [l /NG SRR RN R AE DL S R [0] 1Y) 24 57 8 3
(P<0.05)

2.3 JHVE AR SRR A SRR W A i SRS A P R R 1) 5 T

FEANFAE PSS T o SMBC/SMBN U0 . 503t A Hhsth RAR b AR B 22 (6] 40 1 G i e 22 5% B &
FHHL (6 3) . SMBC/SOC FEF Ay > B > A B >HR 1L, ki B 25 5 T H A A W S 10, w st Fn e B b 22
) TC i 3 24 S H 2 TR . SMBN/TN 2405 SMBC/SOC —FE By #R AL | bk i 5 25 1 2% SR i 2%
A b R RR b 25 S5 AN S 2 (EPR IS Rkl SMBIN/TN 43071 25 8 TABE R . SOC/ TN #iMh i /= , i 2% =
FH AR M I, H 5 Rk 2z e

R3I OHEFAREWAEE TR & E X R 0 TR R R0 IS E AR R )

Table 3 Effects of soil microbial biomass.on soil carbon pools and soil nitrogen pools under different vegetation ( Means+SE)

e $EbR Index
Vegetation type SMBC/SMBN SMBC/SOC/ % SMBN/TN/ % SOC/TN

AL Unplanted soil 10.25+0.61a 2.40+0.10c¢ 2.13+0.78b 14.46+1.10a
FiHb Timber forest 8.02+1.22b 4.60+0.68a 3.58+0.68a 6.65+0.36¢
FiHb Grassland 8.83+1.20a 3.39+0.42b 3.03+0.57a 7.74+0.33b
biog St Cropland 9.20+2.04a 2.93+0.34b 2.20+0.48b 6.43+0.12¢

SMBC : il 4= ¥ 4= W o B, Soil microbial biomass carbon; SMBN: f# 4= ¥ 4= ¥ /8 %, Soil microbial biomass nitrogen; SOC: F HL#% , Soil organic
carbon; TNZ%(, Total nitrogen; [RIFIAN[E)/ING SR A FASTRIAR 4 2 20 Y - 34k I 18] 2 57 Wk 35 ( P<0.05)

2.4 AYAEYERS AR X ED AR A S H SRR R

W= 4 Ui, SMBC Fil SMBN 45 + 35 /KGR M 8 25 1IE A5G, 55 SOC TN 1 pH {52 8 35 1IEAH G ; H 4
AEY A Y R A S R LIRS T A ORIA B W AR OC , UARITE T VA A AR K S AT IR S AR R it AR
o IR AR R R A S S RIS KA SOC TN Fil pH [HAFE BRI R
3 iFig

A A Y R SR Y S e AL NG IR B A M R B AR S R G Pl EEAEH . BT 4

TR P T T A IR ) 3R A3 W AL RO AR B L R R B A8 AL LA R Y AR AR S 4
PRI BRI, L SR W R W R PR R SRR A R Y RS X e AF Y BT R
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Table 4 Correlation coefficients between soil microbial biomass and soil carbon and nitrogen under different vegetation

. N e
Comttion ™ P e it dont
SMBN 0.763 ** 1

soc 0.526* 0.475* 1

TN 0.505 * 0.5011" 0.916** 1

pH {H pH value 0.449 * 0.456" 0.362 0.192 1

45 K # Soil moisture 0.667 ** 0.568 ** 0.661** 0.820** -0.113 1

+ 325 Bulk density -0.311 -0.401 -0.25 -0.348 -0.243 -0.52** 1

w s w23 FEoR L B 3 (P<0.01) *ﬂi%(R0.0S) *ﬁj&, SMBC:%UEE%QE%E@%,SOH microbial biomass carbon; SMBN;@%’;‘E%QE%%%,
Soil microbial biomass nitrogen; SOC ;4 HLE# , Soil organic carbon; TN: 4%, Total nitrogen

TEA RIS R A A e AU — A - 0 > it > k3t | 33 00 2 i SR I — A« >
Hiu> M, ABIFSE R b - A A e R R e, AR AR B MR 2 b B, S — B A AL
ST T N TSN T, 7 K], AR T X AS R 7K 8 3 358 EL A S [R) A 368 7 5 W LA 86 Xt 7 s it Az v i
FEVE T AR A S AR S R B b, RN R RIS 2 Ot HRE AT AR MR R AR R AW
P AR T (AR S 0 W BB R A 5, PRI, o) 398 B P A ) BB RIS et > A b > B b > B ML, AT 5 30+
SRR A i 2 At 2 R > M b > B > #R Y (RIS Rk R AR B SR Ak 2 R
N X AT RESE: T =K R KR KR, 45 N TA B AL T AE KK B w00, kv ad A vp Ak 8 Y5 4 5 207
FEKPRZRTE , I LB K BT 48, AR 1) b (4 R /D IR B0 i A Bk b VE 4 e A i S 45 3 6 D5
EL 2 A AR R RE I, 7 BB R 4 AR A R e 8 i /KO e = Sk 2B i m kR s
pH (B 250 e E Yy A W p e N R Y R U WA B T B — AN B pHE, i R B AR
A AR E R SEANTG T, CA DRI, A TS S 3% pH (ERARDS | IRz Z 07 i 8 £ 1
SO, ANERAL M ORI A . T DX T AR A MK A K 2 A S R OR R A BH S T, T K
Ca® 45, R AF 2 T 1B A 55t 1 B 3 TR AC o B 8 1 WA i, (45 = 8 Rl R 1) & J8 5 3 A, RAR AR
RO WHANLER HCO; iR W 7e 2 HE3RI2 50 WA i IR 1k 558 (1 A HILIR (IR R 45 ) | g it — 45 ' SOk el - 43¢
BRI IS T woil B AT Y 3 pH (EC B B 22 5 S R IS . AT WS A T TS A
oK AR SR HL A & A et 398 pH (BT, Bl 398 pH (B RRAIS Bl 25 W /K IS ) 4B 4 ) pH (B e ¢
Ok TS Boegmant® SEAFZTF W T ML B A9PK A I T /K - SRR R A 90 1 A K 40 b DR G A
KB R AL, XY TE A EIER  SEORE Y AE X YE AT N TR 5 N TR
HHEZJE, A RRE R YR A5 AN AR , HL A 3 AR 8O 03 v ] LUK B 50T [ 4K B b Rk
Hu B0 SR T T A R K - RSB BB R R A B KR B SR K R R L A RHA]
B W AR R R AR R U TP BT o AN E S Y I B bR i R el
i R A AR 2 e B b (8 R ol A 0 AR A e SR A A P i, A W A W R AR L T L
St FAEGUE RIS X R — BB R, AN AL AE 501 A4, IR AR 601 Zify, ELRIAE 1001 A2
A R P N TR 165—175 m i ALK S A0 300 - B A BRI T RE LA RO L AR AR R B
HiAG A A R AR T A R X n] RE VS T A W R R R R SR, 5 TRy
PRI FE S R —30, HOR ARBIFSE 45 Rl 2 -+ SR A A ekt 338 | 078 1 Sk R S i AR U8 1Y)
WFFELE R 1.0%—5.3% 2.0%—T7.8%AHFF 4 AHFFE HARHL) SOC Fefik, =2 i TR MR 5 1 V% 1+ 3%
SRR G B PR VT KRS 5 K A Ak, TR R K ¥ ik s £ IR, B 5 5 30 18 HILJTE Y 3
W PRI A - 4 SOC A F &, SMBC/SOC 1Y FL{EAE A,k SMBN/TN FL{EL I 75 , A< 3l T A i A
BT TN & 5t T, #RHh e T B = AP SMBN A%, i 11 B35 S 805 WAL FEZH /) SMBN/TN Z5/)h Bk I
PR R R 2R AR AN ] B A ML) S5 A B30 D S i AN TR i Bl R i 22 5, S R o e rp 3
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Yt a2

ABEFE ARG A ) A U i RS A HLER A R T A 3 IR A e, S E A ST
R —EY ) B RWITET A LI Y AR R R AT LIRS R T I W R B, D PR SRE
SERE SR RO PN . IRy A Wi A5 U i R R TR OGO h T AR W AR R A R
AN IR P A R BRI AR e R LT S BRSIE R IR, A A R
B SERUEY A Y RS DIESKCR BN R IEAE, 5 pH (5 B IEA G, R W] L HERUEY) R Y
B T 2 B DL U R A S T LIRS B ARG FETH 741 165—175 m e, S 1& K 70 25 1FA AR
Yy i AR SR pH (BT A B T AR B B S AR ST 5 5 TR R 98 e KW S pH
{EA SR ] A SR AR 38, e W20 X ol S fole A 0y T R B 365 7 T FP P ) SR BRI, O TR e W 3 — B
GO RIHLIR B0 B A A 2R AT BAR BB

SUWTFE AR, AV DR HEAT 13 AR MR (4 i 08 LA B R T AR AR BIAR A i 5 AR IR AE I A AT
RAFAEA BT R AR IO 7 A PRI B0 R S i 17, AR PRSI AR RIS T — R B LY FGE . e fir T 7 ik
fill b, AT H AR RS A AR IR AR S5 AN TR T A A 2 TR X 4 MR ol A 0 A e i 2R i ORI (AR
BT I AT AN AR ) | DU s S5 A 1 v i A i MK O 8 o it A I T A 4R (Al . SR
AHIFEAL 8 L2 3] B — s 1] A SRR I, e =2 2 IF B3 1) 34 25 M 00 A1 81 I T A0 PRy 25 8l 25 BR B 0T 5 1+
HE R PR H AT T A AR

4 Lt

FE IR PE X TH P 165—175 m (= f8 , A SR + kA= At de A o 3 s ), G rp s b+ SR U W A
Yrietpeimn , N DM AR B 2 BRI AN, FRIITZEI VR i E AT N TR Bk A2 ik i 3 4 v 3 E A=
T X A W IR B O X, AN R S O R | RUE ST S R IR Y A MR R R
534 HUAR A EUR pH (E S B & IR AR DG, 7RIS RO /K A3 20 5 3 5 /K R S B 3 IR A e i
HFAE Bl S HR 6T - i o AN 608 9 SR AT s M), O LY VR T A A A A S )k S R A S - SRR
AP A SREUAISE I DRI 7 = W2 DX A A TR R K O A A e B B e IR W A e e A I
i ISR =R R A S RENREE A EEE X,
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