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Change in soil CO, concentration due to tunnel construction in a typical karst

valley: A case study of Zhongliang Mountain, Chongqing City
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Abstract: To understand the effect of tunnel construction in a karst ridge-trough area ( Zhongliang Mountain, Beibei
District, Chongqing) on the characteristics of the soil CO, concentration, we analyzed the soil CO, concentration and
environmental factors of Fraxinus chinensis (FC) at 0—20 c¢m and 20—40 cm in tunnel affected and non-tunnel affected

areas from December 1, 2017 to November 25, 2018. In addition, the soil CO, concentration and its related environmental
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factors under cultivated land (CU) , shrub (SH), and bamboo forest (BA) were studied from March 22, 2017 to January
18, 2018, to discuss the variation of the soil CO, concentration in karst areas affected and not affected by the tunnel. The
results showed that (1) the average values for the soil CO, concentrations of A-CU, A-SH, A-BA, and A-FC in area A
(tunnel affected area) were 4479.26 mg/m’, 6053.10 mg/m’, 8152.70 mg/m’, and 17162.47 mg/m’, respectively, and
those of B-CU, B-SH, B-BA, and B-FC in area B ( non-tunnel affected area) were 6244.67 mg/m’, 6647.01 mg/m’,
9422.94 mg/m’, and 18396.09 mg/m’, respectively. The soil CO, concentration in the tunnel affected area was lower than
that in the non-tunnel affected area. (2) However, the soil CO, concentration in the tunnel affected and non-tunnel affected
areas had the same vertical and seasonal variation trends: in the vertical change, the soil CO, concentration increased with
increase in soil depth, and in the seasonal change, the soil CO, concentration in the rainy season ( summer and autumn)
was greater than that in the dry season (winter and spring). (3) Correlation analysis showed that the soil temperature was
the main controlling factor affecting the soil CO, concentration. Additionally, the soil CO, concentration increased with the
soil temperature, except during the rainy season, where the soil moisture inhibited the production of CO, in the soil.
Moreover, the soil physical and chemical properties could also affect the soil CO, concentration. (4) Finally, the changes

in the soil CO, concentration in the tunnel affected areas were more susceptible to changes in the external environment.

Key Words: karst trough; tunnel construction; soil CO, concentration; environmental factors
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Fig.1 Sketch map showing the location of the study plots

http ; //www.ecologica.cn



4 S % 39 %

100% Ff1+0.1% ; -3 CO, Wk FEAL AR FH 25 22 Vaisala 23 A 19 GMM221 IS 4K CO, 151845 , 5 FE A~ 0—20000
ppmv, K R +£1%, F 2017 412 A 1 HZE 2018 4 11 H 25 H Wi 0—20 cm A1 20—40 cm +)Z2EE ) CO,
WEE KA FNRLEE | SRS A 5 I | S e 54 v

[ B P R AN 88 T 7 BN R 4277 B89 DAVIS Vantage Pro2 B [ 8/ 42 Wa i il %of B 7K 5 R 4T 52 0 W
DU FREAGI T BR R 0.2 mm, i FH 3 5] Davis 28 )42 71 VantagePro ¥F /M 455 [ 2 Wi AR B , RS N
0.1°C, AT A AL RAT BBy 15 438, 244238 T RUBUR A Z2 25 R Tt

C: kPN L B4 D: 5| ST 43

B2 SHREEHEMBFIZELEE

Fig.2 Experimental device diagram and field placement equipment map
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Table 1 Soil physiochemical characteristics of different sample points

A TR Weigh pereeﬁfﬁﬁiﬁiﬁim level/% B o A
cample poins Sl el : g pH Total organic ~ Bulk density/ ~ Total nitrogen/
<0.001 mm ~ 0.01—0.05 mm  0.05—1 mm carbon/ (g/kg)  (g/em) (g/kg)
AFC. BB X (R 0—20 430£6.220  1830£3.46A  3.00:0.45A  7.8420.15A  37.59:3.50A  1.23:021A 3.71£0.46A
Fraxinus chinensis in the tunnel affected area 20—40  45.00£5.36A  18.00:2.14A  2.00:1.12A  7.880.04A  24.77:1.42A  1.39:0.06A 2.430.16A
A-CU. BRI X 0—20 37.33:4.62A  22.53:4.50A  3.00:1.00A  7.04:0.124  11.26+3.65A  1.23+0.22A 1.61£0.48A
Cultivated land in the tunnel affected area 2040 41.80£10.67A 19.53:8.66A  3.33:1.I5A  7.63:0.17A  6.59:2.65A  1.37:0.11A 1.10£0.31A
A-BABREF WX ATH 0—20 34.40£5.96A  23.13:1.29A  2.67:0.58A  7.74:0.10A  13.90:5.89A  1.24x0.19A 1.740.64A
Bamboo forest in the tunnel affected area 2040 34.87+4.87A  23.53:3.01A  3.67+1.53A  7.79:0.124  10.85:3.724  1.380.04A 1.390.39A
A-SH: BRI X HE A 0—20 33.20£170A  22.40:2.26A  4.50:2.124  7.76:0.45A 14891534  1.28x0.06A 1.77£0.00A
Shrub in the tunnel affected area 20—40  38.70:1.84A  17.30:0.99A  2.00:1.41A  8.07+0.024  627:0.82A  1.41:0.08A 0.980.10A
B-FC JEREIE X F AR 0—20 3.6+1.59A 270061124 4.00£0.144  7.5:0.11A  33.54+4.37A  1.16:0.06A 3.11£0.36A
Fraxinus chinensis in the non-tunnel affected area 2040 38.00:147A  24.00:1.28A  4.00:0.024  7.4420.09A  26.05:1.73A  1.29%0.07A 2.55£0.19A
B-CU . A i 5% X i 0—20 36.27+1.67A  18.60£3.524  7.67+2.52A  6.77+1.04A  16.441.10A  1.230.13A 1.74+0.03A
Cultivated land in the non-tunnel affected area 2040 4213:6.86A  18.67+5.41A  233:0.58A  7.380.35A  7.58:4.66A  1.36:0.10A 1.10£0.28A
B-BA JERAE UK Vb 0—20 45365940 19.53+4.88A  6.00£3.46A  7.38£0.09A  18.65:9.78A  1.22:0.10A 2.130.83A
Bamboo forest in non-the tunnel affected area 20—40 43,00£1.41A  15.30£0.42A  6.00£0.00A 7.73£0.21A  10.31£0.98A  1.37£0.01A 1.212£0.06A
B-SH AR RE 8 2 X HE A 0—20 44.90£0.144  19.10£2.12A4  4.002.834  7.30+1.19A  15.22+5.44A  1.27:0.124 1.75+0.40A
Shrub in the non-tunnel affected area 2040 48.60£1.21A  15.60:0.83A  2.00:0.22A  7.75:038A  6.10£3.23A  1.4420.05A 0.83£0.324

) —SAR R AN R KRS SRR IR L PR L [l 9 2% 57 .2 ( P<0.05)
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Fig.6 Seasonal variation characteristics of soil water content
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YRR B A Z AR, EHOK RIS TR (B & FC) .

X4 CO, MR 5 R B A - S ORI T PR 2R R 40T 5, 248 RPE e 09 1A 5 =X (B 7
FE ) , 45 AL 3R W 1 i B XT 133 CO, VW BE RS2 i v T LIS ACR  (BAER R 58 X g AR A Ir 25 5%
4 CO, Mk S H 3 E R FRZ i fr i e 5 s =3 H SR (K 7) A K& R A =0 RE S RAE
LG R 0.07—0.82, Horft A-BA il A-SH 141 RMEAL R, B X RMEMZLIE R 0.07—0.46, 7€ FC i
ATHELEWEIN A I (E 9, il iR 138 COME S HIES /KR Z MR R, (ESE 2017 412 H—2018 4F 6
A XAB B T3 4) , 1358 COMRIE 5 TS AR KRB L%, A 7 W ASBT B, 55— B B R Bk /D i e
B A-FC 1 B-FC 35 K FAR MR /NS L AR TC Y 8l , 45 2 158 CO, MR IE SR8 1T}, {0 B-FC 14 CO, ik EHA
Wil 7 38 KR R I T R S 3 28 R B K 2 AT B . A-FC RE/KRIIA 3 CO, Wk B Bl 75 1498 35 /K%
208 b E T Xl B LE T 13 KA, B-FC 1 20—40 cm AME S X — i BAFLE T 5 d, 1l
AEZ T B-FC 7ERE /KT Y 58 57K RS Bk ARG e i 38 5 /K Sl 1 A AR 28 W W R A A= 40355 3
T K B 22 A /K 4 BHL2E 3825 B, 3o 45 COL VR I T s M RFK FRE2E T A-FC 1 B-FC -3 CO, ¥k &
FLUAB A+ 585 K30 LI R RER R WL 7E G A R AT X R K A -3 CO MR EER AR ™

o KB, 3 CO, MR 5 18R B 2 (Al fE e — 0 e s =30 mE SR (E 8) , A K45 A Jr
K MEE RERAE R 0.54—0.70, 304 1 RM(EX4 R, B X FIHJE RPME M EES 0.41—0.67, Xt
FLFoE & B0, A X 2% ORI X 38 COMRE S HHERERIA 1 A& T B XX H 2R RMA, 5
AR M2 S — 20, I A X 35 CO, e X 4 397 P s o gk

®2 1 CO,5H|EKEZ BMMEXRE

Table 2 Correlation coefficient between soil CO, and soil moisture content

FHEREE/em A X Area A B X Area B
Soil depth A-CU A-SH A-BA A-FC B-CU B-SH B-BA B-FC
0—20 0.539" 0.627°* 0.654** -0.258 " 0.513* 0.139 0.167 -0.079*"
20—40 0.456 0.610* 0.562 -0.356"* 0.116 -0.013 0.151 -0.185""

xRN GHE KA 0.01 KFP BB, « FoRHICHEKFAE 0.05 KF ERFE

£3 1ECO,5XEREZHMEXRE

Table 3 Correlation coefficient between soil CO, and soil temperature

IR AL/ om A X Area A B IX Area B
Soil depth A-CU A-SH A-BA A-FC B-CU B-SH B-BA B-FC
0—20 0.566 * 0.744** 0.756 ** 0.848 0.523" 0.578" 0.596 " 0.714*"
20—40 0.696 ** 0.649 * 0.721** 0.861** 0.656** 0.588 0.617** 0.761**

#  FRAARNEKFAE 0.01 KF BRI, « FORMRMIRFLE 0.05 KF bR

3 iTFig
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Fig.7 Map of relationship between soil CO, concentration and soil moisture content
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Fig.9 Relationship between soil CO,concentration and soil water content in FC sample point
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