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Abstract: Ammonia oxidizing microorganisms mediate the oxidation of ammonium nitrogen in the soil,
which is the first step of nitrification. [Objective] In the karst areas affected by large tunnel projects,
understanding the response of ammonia oxidizing microorganisms to changes in soil moisture and nutrient
condition has great significance for researching the changes of the ecological environment and the nitrogen
cycle process caused by tunnel construction. [Methods] This study took four land uses (Grass land; bamboo
land; mixed forest; vegetable land) of Longfeng trough valley, which is tunnel-affected-area and the
Longche trough valley, which is non-tunnel-affected-area in Zhongliang Mountain, Beibei, Chongqing as an
example, comparing the abundance of three ammonia oxidizing microorganisms (Ammonia oxidizing
bacteria AOB, ammonia oxidizing archaea AOA, nitrite oxidizing bacteria CMX) and combining with the
changes of soil water content, pH, and soil nutrient elements, to analyze the changes of ammonia oxidizing
microorganisms caused by tunnel construction and its process mechanism. [Results] The results shows: @O
As the tunnel excavation exposed the underground aquifer, the level of groundwater decreased, the soil
moisture content decreased, the pH and the nitrate nitrogen increased. The abundances of AOA, AOB and
CMX of the tunnel-affected-area were significantly lower than the non-tunnel-affected zone, the abundances
of the latter is 4.8, 4.4 and 3.9 times of the former respectively; @ Affected by the alkaline environment in
soil and groundwater of karst area, as well as the vulnerability to leaking of solubles extremely easily, the
concentration of substrates such as ammonium nitrogen is not the main influencing factors of ammonia
oxidation microorganisms, the abundance of AOA is positively correlated with soil moisture content and
soil buffering capacity (P<0.01), the abundances of CMX and AOB are both negatively correlated with soil
nitrate nitrogen content (P<0.05), AOB abundance is also negatively correlated with soil pH (P<0.05).
[Conclusion] This study reveals that soil physical and chemical properties like the soil moisture content and
pH in karst areas are the main factors affecting the abundance of three ammonia oxidizing microorganisms.
The leakage of groundwater and the decrease of soil effective moisture caused by tunnel construction are

responsible for the decrease of ammonia oxidizing microorganisms abundances, which also change the
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nitrification process in tunnel-affected-area to some extent. However, the degree of influence and the

changes of nitrogen cycle which more microorganisms involve in need to be further studied in detail.

Keywords: karst trough valley; tunnel construction; ammonia-oxidizing microorganisms; ammonia

oxidation
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Figure 1  Distribution map of land use and
sampling points in karst trough area (modified from
Zhengxiong Wang'¥, 2019).
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x1 BEZEXAEREZmEX T RMERELER
Table 1 Basic physical and chemical properties of soils in tunnel-affected and non-tunnel-affected areas
Land Soil MC**/% pH** BC/(mmol/kg) NO;-N*/(mL/g) NH;3;-N/(mL/g) NO,-N/(mL/g)
use  depth/em g FS S FS S FS S FS S FS S FS
GL 0-20 21.0 25.9 7.79 7.13 18.18 20.83 31.83 17.56  27.28 8.69 0.28 0.54
20-40 21.7 23.9 7.75 7.19 16.95 18.18 18.36 11.62  22.00 9.01 0.28 0.61
BL 0-20 19.3 22.2 7.01 6.76 1493 20.41 36.19 21.71 13.40 34.71 0.57 0.57
20-40 15.6 19.2 7.24 6.79 13.16 17.86 22.28 7.11 8.18 15.82  0.77 0.59
MF 0-20 22.9 26.0 7.76 7.20 19.23 2222 4758  25.04 10.26  20.28 0.74 0.62
20-40 23.2 24.8 8.05 7.28 18.52  18.87 23.06 19.50  8.88 16.14 0.73 0.62
VL 0-20 20.8 23.5 7.27 6.85 13.16  18.52 4237 39.92 15.52  12.73  0.62 0.59
20-40 20.9 22.0 7.21 6.84 13.70  15.63 31.59  27.37 16.28 6.74 0.88 0.62

“* indicates a significance level at 0.05, “**” indicates a significance level at 0.01. GL: grass land; BL: bamboo land; MF:
mixed forest; VL: vegetable land; S: tunnel-affected area; FS: non-tunnel-affected area.
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Figure 2 Abundance of three ammonia-oxidizing microorganisms under different land use patterns in

koo

tunnel-affected area and no-tunnel-affected area.

indicates a significance level at 0.05, “**” indicates a

significance level at 0.01. GL: grass land; BL: bamboo land; MF: mixed forest; VL: vegetable land; S:

tunnel-affected area; FS: non-tunnel-affected area.
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Figure 3 Principal component analysis of
ammonia-oxidizing microorganisms in
tunnel-affected and non-tunnel-affected zones.

RREF N XAMIEEEY MX R aXMEDHNES LRERBHIEREXME

Table 2 Correlation between the number of ammonia-oxidizing microorganisms in tunnel-affected and
non-tunnel-affected areas and soil basic physical and chemical indexes

Indexes MC pH BC NOs-N  NH;-N  NO,-N  AOA CMX AOB
MC 1

pH 0.084 1

BC 0.766%%  0.040 1

NO;-N ~0.059  0.183 -0.259 1

NH;-N 0.018 ~0.037  0.283 ~0.047 1

NO,-N ~0.116  —0.156  -0.267  0.177 —0.492 1

AOA 0.532%  -0.355  0.694%x  —0.291 0.457 ~0.017 1

CMX 0.305 ~0.281 0.423 ~0.695%%  0.099 ~0.050  0.571% 1

AOB 0.221 ~0.539%  0.485 ~0.626%%  0.237 -0.133 0.475 0.638%% 1

“*7indicates a significance level at 0.05, “**”indicates a significance level at 0.01.
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ATiES AOB, CMX EBEAMHIELR, X5
AT ABFFE LA AR O3T ) I 5 X Rk
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FR 7K SCHL T R BE SR T A ) 5 B FR e R Z 1
{Oh7INCIPSE

B A5 RO A HE R A 1) I N AU TR R
PEIREE T, MRS KET R, pH EREL, H
By, JULF T E AR Tk, e
A NH R E, &Ikl /0P A iw X,
M F 50 R B AA AR, KR i 8
AARAFAE . HHE Ulrich - 35 52 v ik 2 211 43
PRI, IR 22 AR R 32 PR AR R A A
TR R ER (2% I [l pH 8.6-6.2)F 1, TRl % i 5%
Wi X Pl F B K RIS, 3 kiR A KB
W, AL S R, A XA X —
(OB RUENEAL PN RS G L U L =
HNIEE R B 2% sh B ST AR A BRI M, A2
NKTE B T B IR ASHRFNAT Al 1458
FREFICRAT NHy FIRE ) TR SR P # (R 1,
9.57 mL/g # 10.79 mL/g) @ 1% T Gk 5 i
[X(18.21 mL/g H1 25.27 mL/g)., i &3¢ bel # Fl 7
B (AT R 1-2 4F), 2 NKIESI R, ik
T W N RN 1 e whi L= =Rty
BRI AN BT AR R, R TG k% T
TR = IS | A 1 5 A = = R Y o K./ -4
w3z B HAL R R A5, g ie =0, JEH
PIE A E— B IEMCR KRR, KA R
fu it Z2 B B 3 B E A S M B B R R
R, AR ESR S A AT
IR AHOC R RIEA R . LK FAl L
e IR, VRN IR W SR R
SRR BT DR B A R SR Y A 3 kR
WD - R SR TR IR, Mg A
GRS P 2 B A A o AR 9 b 33
K F G+ HE R A8 2% vh % (R*=0.766, P<0.01)#l
AOA “FJF(R*=0.532, P<0.05)% % FAH%E X
F. RBEEBTEMSACKEMI, L pH Ft
B, R TE Rt 2 3 %2 TR A K R A

Wk T AP & BRI X R R
TEFR IR v i 22 v T o LB, AR B — 1
2% pP R 6 A B IR BT AR I SRR B, AT
515 - SRR N ZE v R R BE B AR B AOA A
AU E AR A, 3N AE KM
s, AR SRR AOA F 1R
AR HZHXH, RUPEHEASE D - ESEn
&K & pH FUIRAR IS ritERESF AT g LA
B0 TRl o A S AR A P R R )
il

NO;-N 7£ 1 38 AR /ol 3550k e 0 4, &
BT LA fE T s mh ™, ks
VDX, 3P RS U R R R i T
BB TTEATE X, NOs-N GHiE Tk, Mk
Hi R K ) 32 B T 1) 2 b DX ) 284 BRI T YT
A, HEPMAEAN S RERE S, =
TS KR AL AR T K
ROk LIEA S TR, A
AR FR A M TS AN A, s
R A AR I, (B, T Ok E R
Wi X B %) NOs-N 1] FiEA%, DRI, Jo kg 5
X A LA S, 7 A2/ NOs-N 1] B
%, MESAESHYS AOB, CMX ZIJalf g &M
HRKR, FIEZH LS ACRA RS, ik
T A SRS A A S T A A

5 &%

ARWFTERAE 4 FhASTR L 1A 7 =0T 3%
R R R RS A R A, g5 A L
PRARE BT ARk, A3 R 1B A B e T 24 AR T
AW A B AR R s R R, S5 SRR k.

(1) ZWEiE A B, 3R L% E 52 X
AOA ., CMX LU} AOB 3 Fha A bt F
BERTAERRE X,
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(2) RREFFZEHEE TH T & K)Z, R KL
TR, SR EL, pHETH R, SEE
TEHOI . HR A2 5 T B R B A R K
DA P AR 5 T 2R i s i), B A U SR IR vk
JEFEAR SR A E LA A ) R R R,
A S5 B B K A pH Z 520 3 R A Ak
Y FE R FEH T,

ARG K B Vs DX B T8 R R 5 S ) - 3
KRR, P —2 S 8T R E Y
FRIREEA, o Tl A 0 3 B A A A mT iy ok 1 438 v BRI
AR R R E SR TR R, T
WR T8 5 R ) b XA AS R 1 A SR A1
TS SR, {8 UG A DG P A e 7 AL A
AT IR T B — 2P A B Y
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