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Characteristics and Influencing Factors of Soil Microbial Biomass Carbon and

Nitrogen in Drawdown Area in the Three Gorges Reservoir
CHAI Xue-si, LEI Li-guo, JIANG Chang-sheng, HUANG Zhe, FAN Zhi-wei, HAO Qing-ju”

(Key Laboratory of Eco-environments in Three Gorges Reservoir Region ( Ministry of Education ), College of Resources and
Environment, Southwest University, Chongqing 400716, China)

Abstract: Taking a typical drawdown area located in Wangjiagou of the Three Gorges Reservoir as the study object, four elevations
180,175,165 and 155 m were selected to explore the effect of water level change on soil microbial biomass carbon (SMBC) and
microbial biomass nitrogen (SMBN). Wherein, 175,165 and 155 m elevations located in the fluctuating zone, manifested as short,
medium and long-term flooding, respectively; 180 m was used as the control, located on the land and never flooded. Sampling depth in
soil samples was 0-20 cm, collected once a week. The results indicated that, soil organic carbon (SOC) and total nitrogen (TN)
contents at 180 m had no obvious seasonal changes, while they showed remarkable seasonal trends at 175m, which in spring and
summer were significantly higher than in autumn and winter; SMBC and SMBN contents and their allocation ratio at four elevations were
similar and had significant seasonal fluctuation, which were highest in autumn and lowest in summer at each elevation, indicating that
in drawdown area the microbial activity and turnover rate of soil organic carbon and nitrogen were limited by the high-temperature and
low-humidity soil environment in summer. Data analysis showed that, compared with the 180 m elevation, contents of SOC, TN,
SMBC and microbial quotient, SMBN and its allocation proportion showed varying degrees of increase, while contents of these indexes
were significantly lower than control except SMBN and its allocation proportion, meaning that compared with 180 m short and medium-
term flooding was conducive to improve soil carbon, nitrogen and their turnover rate and microbial biomass, however, contents of soil
carbon and nitrogen and microbial biomass carbon were significantly restricted at 155 m as soil was subjected to flooding stress,
meanwhile the turnover rate of SOC was reduced. Correlation analysis implied that SMBC and SMBN had very significant negative
correlation with temperature at 5 cm soil depth and pH, meaning that the two environmental factors had a strong effect on soil microbial
biomass.

Key words : Three Gorges Reservoir; drawdown area; soil microbial biomass carbon; soil microbial biomass nitrogen; seasonal changes
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Table 1 ~ Seasonal contents of SOC and TN in different heights in the drawdown area/g-kg ™!

. SOC 7 i TN 5 &
i 180 m 175 m 165 m 155 m 180 m 175 m 165 m 155 m
# 9.71 £0.19a  8.86 +0.33b 1.30 £0.06a  1.21 +0.04b
ES 8.44 +0.39a  7.86 +0. 16b 1.32+0.05a 1.15+0.03b
# 8.98 +0.43a  11.95+0.66a 9.87 +0.24 1.42+£0.03a  1.62 £0.06a 1.26 £0.02
=2 9.51£0.27a 12.48 £0.61la 11.02 +£0.33 6.20 0. 33 1.42 £0.06a  1.52 +£0.09a 1.35+0.05 0.89 +0. 08
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175 m 1165 m 2L SOC MY & B 55T 180 m
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g-kg ™ BRI IT E TR 3 AR AR TN B &
TR FEER, BHEERT 155 m S 0.86

g kg (P <0.05). A4 FEXF ¢ K340 LI, 175
m EFRAL ) SOC & HAFMA (10. 13 g-kg ™) BEH
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A TN S B EEYI N 1,37 g-kg ™', T B2 5.

ZE L ATIR 5 A HE K B X6 BE S A B, WK S
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Fig. 1 Seasonal changes of SOC and TN in different heights in the drawdown area
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W(P<0.05),% FEZMITEEZEFMmMYEE
R FRKZE(P <0.05) (F2); 165 m = FELL SMBC
FrEAE TR A G B — S R i (271, 41
mg-kg ™) SRIGERFLEFEAR, I AE 8 JT IR R B AR
{l 38. 04 mg-kg ', %2 SMBC WM L E @20 1 1%
(%£2). 155 m S FRLE T HR] SMBC /)& & 421k

AP 248 SMBC M1 SOC SR H 31
25t R - AR A R 1) 21 AR A R SR X I e
SMBC # & AR fh i A — 35, R B Rk
R %52 SMBC &=y, 180, 175 #1165 m &
FRAL + IR VIR N 0. 20% ~3.70% , 1fii 155
m Kb A W) R Y B KN 0.43% , s /ME R
0.23% ,BALTEFEEN. 22 4 A i ek
VIR B R R Ty 22 AT 45 5 5 SMBC 4B 25 S i
A 180 m mfEib B iz EH B H LT HEFT
(P<0.05),1MHE 3 ANFH R LT EER.

MR (8] Bt P, 4 7% HF SMBC. (1 °F- 35 & & 7E
165 m /= FEAb f &, A 115.39 mg-kg ™', 175 m Al
180 m & A AL 43 9k 99.18 mg-kg™' F 82.16
JRRIZR T 220 iR X 3 A~ R ] SMBC
SRILEFZES (H 155 m &AL SMBC & E¥1{E
104 19.27 mg-kg ™', BERTHE 3 AEE(P <
0.05); 180 m &5 £ SMBC f4 4F ¥ {8 & 135.49
LR EART 175 m @R R HIE 157. 88
mg-kg ' (P <0.05). HH[RIAFEIEE N, AN [R] = 7 R 43

mg-kg

mg - kg
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Fig. 2 Seasonal changes of SMBC and Microbial quotient in different heights in the drawdown area
®2 HEHEREAREZEYT SMBC HEERMEYE
Table 2 Seasonal values of SMBC and Microbial quotient in different heights in the drawdown area
e SMBC & fg/mg-kg ™! AT %
180 m 175 m 165 m 155 m 180 m 175 m 165 m 155 m
778 172.92 +5.22a 235.47 +12. 96a 1.80 £0.06a  2.70 +0. 13a
ES 148.71 £7.94b 135.29 £7.13b 1.82+0.14a  1.72 +0.08b
* 145.78 +6.71b 169.78 £6.11b 201.77 £9. 18 1.68 £0.15a 1.48 £0.19b  2.04 £0.08
=2 81.09 £8.53¢  99.29 £9.20c 112.19+9.91 19.70+0.42 0.84 £0.08b  0.76 £0. 08¢ 1.04 £0. 12 0.33 +0.01

m (1.10% ) >180 m (0.88% ) >175 m (0.76% ) >
155 m (0.32% ) ,5 SMBC & & 19801 £ )5 204
ER—3. HHE YR R A A TE 180 m = FEAL
(1.51% ) F1 175 m (1. 66% ) kb0 ik E M2 5.
25 b4 AR i SMBC & & B 6 I 1Y i e
P2 B0 B S ELAR R 21 ARk, 550 B A
Lb, TR A KA A I A SMBC % i, 0
VLK IR 1 ) 2 25 B AIC SMBC 1 i K B/
PRI R FH L 5 A A
2.3 JHVEA SMBN i K B A5 ) AR LR E
B 3 M IHTE T £ = FE SMBN & 2 K H 4B kb 1]
AR, ORRT A4 SRR SMBN B AR R I

B HARRLR 21 AR LI A 180 m Al 175 m
AR PRI 165 m I 155 m 5 AR 7E 74 T 1 1A)
ELPHEAIEAY. 180 m 1 A% SMBN (45 — AN g ) #1
TE£2010 511 A 16 H(73.58 mg-kg™') ,175 m HFE
w— NI E B AE 2010 4E 10 H 17 H (83.56
mg-kg ") ,2 ARG AN (E Y I BLAE 2011 4F 4
A, 5358 87. 10 mg-kg ™' F182. 64 mg-kg ™. W13
7~ ,180 m Ml 175 m @& 24k SMBN (255 B1{E N
m>F>KX>H, iﬂ?ﬁ%ﬁﬂﬁ%% 180 m &
AL E B EMTHEERN(P<0.05) /. HF
BEHTAZE(P<O. 05) s T 175 m = AL Fk 2=
BEHBTHMEBT(P<0.05) ,4Z5% E&Y
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SMBN Hy {8 ¢ /v, 28 4k 35 B 2 0.28 ~ 7.71
mg-kg ™' WG L HE 3 M EREE AP A, 1
BLAE 2011 4F 6 H T 4].
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Fig. 3 Seasonal changes of SMBN and allocation ratio of SMBN to TN in different heights in the drawdown area

180, 175, 165 #1155 m /= F24k SMBN )43 B
o B A8 A T L4351 R 0. 04% ~ 8. 60% . 0. 078%
~6.87% . 0.08% ~4.51% F10.04% ~2.54% . th
& 3 AT UL, SMBN (1) 43 e Lt 45 %) 2% 755 748 fb #4555 H

AL, RV R G E R — R, R ph A e
fY. 2% e SMBN AT L9114 D Bk 2= A v i S 2
A%, T 50 R 5 SMBN 75 & 1 25 R R4k — 3L
(#£3).

®3 HEHEREAREZET SMBN WEERSELLH
Table 3 Seasonal values of SMBN and allocation ratio of SMBN to TN in different heights in the drawdown area

- SMBN &/ mg-kg ™! SMBN 43t Lt f6il/ %
Fh 180 m 175 m 165 m 155 m 180 m 175 m 165 m 155 m
Bk 43.76 +4.72a  48.47 £4.79a 3.66 +0.27a 4. 14 +0.38a

£ 22.24+1.87b 17.22 £1.66bc 1.71 £0.16b  1.52 +0. 15bc

#  39.87x4.11a 30.10£5.19b 25.87 +1.70 2.73+0.28ab  1.96 £0.23a  2.03 £0.32

= 3.0420.50c  7.01£0.73¢  4.0320.70  4.34+0.70  0.230.05¢c  0.48 £0.06¢  0.31 £0.06 0.63 £0. 18

FHIF S [ BE N, 175 m = FEAL SMBN 973 &

i (6.66 mgkg™ ) B F H T 165 m (4.13
mg-kg™') . 155 m(3.99 mg-kg™') Ml 180 m 1= 2

o

(3.00 mg-kg™") (P <0.05),1H 180 m il 175 m &

A SMBN HYAESEART , 4354 25. 49 mg-kg ™' Fl
24.97 mg-kg ™' FOXF ¢ AGIR R B FE 2 5. HE
i a] B P, A ) R % SMBN B 43 BE e 5l 8 155 m
(0.58% ) > 175 m(0.45% ) >165 m (0.32%) >



8 SRR s IR R XU T Y L S W A R | R AR AR SR e P R R 2985

180 m (0.22% ) ; {H 180 m M1 175 m = Fe4b SMBN
43 BE LB AR BELAH TR 340 1. 98% .

AL Hr T LAE L4 S AR LAY SMBN 77
ST ) S B AR B ZR T AR AR , S X
RS AL TH V& 45 = RE SMBN & & LA K 43 B b4
AT .

2.4 TIECEYIAYERR A IR G R
g 4 Prox ,SMBC 5 SMBN, SOC, TN LK+
B Er KR 5 b 3 sl A b 3 1E AH G, SMBC #il SMBN
YIS T Sem bR EE KX pH A 3 A OC, R
Y A5 HABFE PR AR G K. Bk 1 1 e f
YIEY R Z 2T Sem AMREEAT pH B52 IR,

&4 HEW SMBC & SMBN T HEE AR FHEM A X EN )
Table 4  Correlations between SMBC,SMBN and soil physicochemical properties in the drawdown area

SMBC SMBN SOC TN T HEEIKRR HF 5 em AMIREE pH
SMBC 1 0.585** 0.257** 0.183* 0.393** —0.408 " * -0.304"*
SMBN 1 0.032 0.019 0. 128 -0.437** -0.296 " *

1) = FoRFFAEREMI(P <0.05) , * * FRFFAEM R EMIE(P <0.01)

3 g

3.1 JH7E SOC ., TN ZARfLERIE Ko s PR 2 3

A WL R R E M Y TR
A PR 32 R IR T A YOG A VR A
fire, LA SR N SRR . Bhi . A W s A B S
Sy fRA LA ML T s, I HLAL TR 43 i
AR B A AR T AR g 6k SR 2 B ) R S
180 m @ FEAL SOC MY & AR I 73 W] 1y 24y
PGS B T E LAY 175 m @ ARAL SOC A&
HEIH BN, KT SOC MRt E 3548
b, A WFFEINR SOC 7EJ 1 =2 Pk LI I JHE A% 4k
P (H A — e e N B | 4T
FIH P 2% 10 b 388 23 D 2 & 3 SOC % 2 HAT W i
(IR S Ak B #4202 175 m @ SOC S &
BERES TS, 0l ae £ 2R +10R E 1%
Wi, ARSI R, SOC F it 5 R 5 em IR
HREFAMHIE(R=0.187,P <0.05) , & E I Z=1 P
AL RSB SOC FE AL EEN T, 5 R
SEE A VY R X3 S A g A R A — . TR
(T i — 7 TN T A 3 HLJ 9 i, DA 6 1
Hers S R B— i, ik T - EANE A HL
JOR B A3 gk, DT A8 - S S BEBE . 175 m R
10 HRHF sk o — B2 3] 1 AR, K%
S FA Y I T AR ORI vl R E
1 Bt T v b 3R B 9 T, A AR Y R A )
TESLAE D I o3 A A 358 AT (75 SOC 7 &
FEt A, AR A KR, # F OGS 1E
S A7 WA T 2 A AR AL i BIAR TS, SR 5 LIAR 2R
I AR B VA Y 2R HE A R BB £ A
MEE SOC &,

ABIRTELE R, T8 Al U K A

SOC i i 3 = TR AL (P <0.05) , i K g 7T
KRR L3I SOC A (E B B AR K (P <0.05).
XA A T 175 F1165 m 5 FRkb iy T e s kR
BEA YRG0 1, &4 T B I HX
2 AR Z KL R b 26 7% 1 5 A T
FOHTAAC, M ) 38 v B2 438 T B A AL IR s T
155 m = AL 1) 38 th TR FHACRE, FEAR
FRAEERFA N FE RS, AR LKW
ZATKEW A 33 2 aakAL . et g fEvTK
il 222 AR A Sy g ok i L e
THVETE TR IR W 2, + 3 R 200 B gk sl 2 W
KA. i L AR O R IR T, M
FHYARMEA K & F AT IVEM BT, 2011 4F 6
Ay FAEYE A Bs, 175, 165 M 155 m =i
S35 R 342.8264.0 F1192. 1 g-m ™. LI EIREEH
FZTH155 m BT EFRICEE",S0C
SR, STV SOC 1EA R B L 1o,
O — el , NI 25 SR B AP AE 4 22 5 A b
¥ W = 2 X9 P - A HILI - 2 R S
WA Z e g 22 U0 A R R W K 2
SH soC HREBEMTFREKLE (P <
0.05) 1122 {HE K I E X SOC 5 A —E, 51
FEL A5 200 % B 5 R 9 F IR SOC 7 bR 2 T %,
B K s )R SOC 75 Al A%, i 7 R 2612 A1 &
PR X T H S K e AR U K R Ak B T 2
I SOC BBING. AN[A] 1235 76 — Wk P X T 757
FRIRIF ST 45 5445 | T BE AN - 33ERE B (0 SRR 4RI A 6
SIESIITE 2009 FERL T B 175 m KA Y 256 1
BRI 2Z 1T, 34 B 35 e 35 7K KA IR AS A [H].
Rk, ZE ARG 9 o, 3ERE 5 A RSB AR R[],
THVEHF T . 5 AL A B B K s ] 4% A A T
1T 7] BE BT 45 1A I 22 5.
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Fig. 4 Seasonal variations of soil moisture and pH in different heights in the drawdown area
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