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Response of water use efficiency of typical plants to tunnel construction in karst

trough valley
WU Chao,JIANG Yongjun* ,SHEN Licheng, LIU Jiuchan, HE Ruiliang

School of Geographical Sciences, Southwest University, Chongqing Key Laboratory of Karst Environment, Chongging 400715, China

Abstract; Tunnel construction undermines groundwater circulation system of karst areas and leads to groundwater level
drop, which might exert influence on surrounding ecological environment. Taking karst valley area of Zhongliang Mountains
in Chongging as an example, we conducted a comparative analysis on soil water content at different depths soil layers (0—
20 cm and 20—40 c¢m) and Instantaneous water use efficiency (WUE, ) of typical plants( evergreen arbor and evergreen
shrub) in areas affected and unaffected by tunnel in both dry and rainy seasons to explore responses of plants WUE,  to
tunneling works. The results showed that evaporation and precipitation mainly led to similarity of soil water content of
different depths and in different seasons at both areas. However, soil water content of areas affected by tunnel was

significantly higher than that of areas unaffected by tunnel in both dry and rainy seasons. The WUE,  of plants varied greatly

nst

with seasons at both areas and the WUE,  of various plants in dry season was significantly higher than that in rainy season.

inst

The WUE, _ of plants of areas affected by tunnel was significantly higher than that of areas unaffected by tunnel in both dry

nst

and rainy seasons. Additionally, the results of correlation analysis between WUE,  of plants and soil water content showed

that there was a negative correlation between the WUE. = of plants and soil water content. In comparison with areas

inst

unaffected by tunnel, the WUE. | of plants in areas affected by tunnel was more sensitive to changes of soil water content.
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The above results suggested that the tunneling works led to loss of groundwater resources, decrease of soil water content,
and change of WUE, , of plants. Consequently, it is required to take more conservative water use strategies in response to

certain water stress on plants in areas affected by tunnel construction.

Key Words: karst trough valley; tunnel construction; soil water; water use efficiency; seasonal variation

W& 1 R 2 22 U i JRe AR T R SB[ B 2 %o AR AR PR B 8 U M, R 42 AN ] e A b 2 B TR
KB BEAE SRN R R TE (M T K EE T A C , 38 AR 7K R G PR A KA B R A e b R UK R 48 5 AR K
VI P AR W ke DX IR BRI R B b T /KR IR R G AT — s Ma 55 1k Bkl ) el iR b SR 0 Ho b
IKAGER I AR T IR | 5 7K 2 T K B B A2 AR WK A ARG, i /K B a2l , SRK Tl 3 ok B A K i
TR R, N AR 22 B S A b TR X R X K S T TR A S fL A R K IR BE AR Ak
MU f T S T

TEWS TR DX B R ER R B IE R, RT3, DLECA A 2B Sk 1 2 TR A W o A=
KT WK i oA BR K5 S AR A A Y BB PR T ok 30 11 8 B0 R /K T Bt R 7K
I TTREAEAE YY) 32 B /K 43 e S0 ™ e, A, B T8 0 AE ) R 7 45 4 s AR A R ) A B 2S00 9 52
M a7 Horp 55 AR, PR S i B A BRI 9 e B b A IS 2 X B T XA A 4 1) A P R A
FIFE , —EFREE T BB T R AL R A AR 0 22 TR DG 2 b T K R XA 4 A K B A R S
AT WA BRI, BRI AR T W S X b K o35 i, SE I 8028 1 e S e e, DX A ) R K X 7 B
SN X R IR 2 14 B R K A0 AR v ok S R X AR ) P FERE K ML 14 5 M) T AT A ST 9
e BEEK 2R FHRCR (Instantaneous Water Use Efficiency,WUEm,)*E‘*E%‘zﬁ*%ﬁ{jﬂ(iﬁifzﬂjE"J%%fﬁﬁ[“: ,
AASRT A S A 4 P AERE AR AL , TS SRR 7 R A0 o A 25 PR 725 A i [ 038 1o %o 5 ) S B R 0 R
FEARSCH  FRATIBSE T BEAE R0 DX JCRR TE 20 XA R R )= (0—20 em . 20—40 cm) H3E S /K BRI F 1L
L) S AL T HEAM R WUE, TR 2 ROERY /040 22 5 JEXHEY) WUE, 5 TSR SR R —2
I3AT RV B IE B R T LAY WUE, | 9 ZE 5 MR ARHIE SO SR 2 Rl OC & . U T AR K oy
F AR XS PR AR AL MR | AR A8 A AR R BT A I DA A DR S (s S 4 S kAl

1 ##FFEE

1.1 AR IXHENL

XL e MR 25 DX (JT 1) A T R AT A X B N b 22 1 B B (106°23715"—106°28'05"E, 29°40'30"—
29°48'10" N) , J& T~ i R Wi 2 RS X A R R A, ARSI 21.3°C, AFE R /K i 1200 mm, 46
WA K ZEROK R R 75% ., 15 RFLR 23K M TP B 4508 W B i b, R og B Rl 25 X T 4K
600—800 m, AFFEIXA; T RHUMRE GE AR, H R 2t AL B A E W3 AFE T M2, T T, B Ty
2, A RANSCA R ITA AT D32 At RN ICE Ao h RS K U8B S A BRI K
L R M2 DA A T, W Wiy RS T 256 2 4 BES PR T, M2 K J 2 RRRK 2,
T,j HJZ B FE LR KA K R A B R, W T AT . PR IX N L B A P B
SRR b R R IR+ R R P B A AL, TR B R EEAE 40—50 em 24, AT, FEBLEARY
FEE R AT B SR A AR DR PEEE AR AR A AR S04 TAEA AR VU B L3, B T AR
S, TV IE U AR R AR AR A B S o AT A S, D AR AR D 2 IR TR, B 45 i
Z RN T R, N RIS S ARG 3 o 3

A s iR A XA 23 Sk e JRUS BT AR R 4 Rl 2 SRR 4 | AR B ST K SCHL S T, b
T X Rl 2 T AR 11,7 km®, [ 1999 481 2% b GH it T4 1 DAk, 2 4 HB = J5 AR V8 3 [l 2 I g 1A
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Fig.1 Sketch of the study location in China and sampling sites

(1), HIEAEATMEE RS I: RIS HRE e KA AT . i 1 n 0, BRI T2 o /K HEK 2 mT ik 58
L/s, POREAS BRTE HEK i 0 2 R T AR AT . 0 SRR & A AERIFST Fp % L v ST AR 2 DX o A 18 ) e 7K
AR R G M A 2 B0, A0 s AL g T 5 MR XY 23 AN SRR Y 17 AN SRR 58 4TI, HLAT 5 /2 A 7K DR A
VRTRIFRGL 7.2 km? , BEE AAEB IR /K A 283.9 5 m’® DX P AR 25 0 S b 352 S5 7K G20 ST A 0 | Al 7 2 B AR X A
% AEALE I, ORI TN 26.8 km? , TCRAE T ARG MU EE [ SRR BT ER K S T 2 4%

x1 ZEBEEFGER

Table 1 Basic information of three study tunnels

% 3 44 it T3 18] 38952 Bt (AR /) BRI HEK (AR/74)
Tunnel name Excavation period Tunnel length/m East/West elevation/m  East/West discharge/(L/s)
% @2 B% 3 Shijialiang tunnel 2006—2008 4285 260/245 2.3/6.5
=
A R B 1999—2001 4035 250/240 7.5/16.8
Beibei tunnel of Yuwu expressway
M 6 52
AL 6 SR IELE 2010—2013 4322 245/240 1.5/23.3

Beibei tunnel of the 6" metro Line
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1.2 FeacRESIE
121 HEYI R R AR

R T PRGSO B AR A R R FEDIE S DX 1 B T R e DX O R T R e XN R (1 1) Sk
PE 5 AWE IR A T FEATAE A b S S S R AR . R =AU TED ) T T R TE S W X = SRR T
BT PRSI SL T ICRETE SN X J3 A R S R A A ) T PP 3B b % VR S R 5 P R AT R A
ABFFET 2017 429 A (FiZR) 5 2018 4 3 H (F23%) SEATHEACRAE . BE T U0 A it 305 o M S U | 8 M5 A
BRI RS T G PR Y , ASFSE S BT AR R A S A ( Fraxinus chinensis Roxb) A& T ( Citrus reticulata) ; EAR
fih 2 -/5) JLAS ( Berchemia polyphylla) 411153 ( Viburnum chinshanense Graebn) o X} FH YR, 2E P 4—
8 MR KL b HL 4% s BE AR A RE A , SRR EEACR B 20—30 A ARV B B i R AT IR A&, 1 iz i o i —
AFEM G A BB
1.2.2 fEYIM 87 C {HAY I E

FHA B K RAE Y A AT 2—3 Wi, B8 T 105°C M AH G, TEMUR P T 70°C T LML T 48
h REBET R R A TS HL R T A i, 2ok 100 H O, T 0 3 Z— WL 7 R FRICZY 50—60 pg FFE A,
HETHAN 3.5 mm 5 5 mm BN LR R BE R 2 0T 5T i 45 3 R A~ [ 5K o e S 46 28 A
S AR E 2 A BT A ( Thermo-Element Flash EA2000, Thermo FisherMAT253, USA ) <& i - 8 C ., #rkE
FE BRFR #E V—PDB ( Vienna Pee Dee Belemnite ) , Hob FE7E 0.06%—0.1%0 2 [8], i+ H X HK.6C (%0) =
[ (Rigg, =Ry ) / Ry ] % 1000
123 BIEEKEIE

BEOR G FE T H S-S HbJ7 , F 56T 0—20 em ,20—40 em ARUE & HHEH AR,
TESER ZE I AR S AR R T R A6, (%)= [ GO+ B -t T )5 1 8) / #t+
Je R H ] x100, TR LA [F] 02 09 R HEE K S 3 A E SRR E 4R A
1.3 HYK RIS A

M Farquhar 457 XA e ik R 067 2 LR 5 R K 40 A ACR (WUE, ) 9 RGBT, UE I 5 24 ) HL
AARRAIAEDCAE , 7T LAVE A WUE,, W E 8 bR . 80 B XHEY WUE, #5715

-]
WUE, =C|1-|"—"% ="|/164,
a(b -a)

{,8"C, 87 C sraRFERAH Co, MY bR BRI 2 LA € ARRFEHLR S CO, MR A i
WAMNKSEZ 22 Horp a b FIRME R MB R I, o R CO Y BT R 1 RN R I3, 4.4%0;b S CO, 2k i rp
(TRl 2 531,27 %0 T
14 Hdlasbpe

i H Excel Xo1taEdR TR MG, RIS SPSS(20.0 for Windows, Chicago, USA) il it
AR T 225387 (One-Way ANOVA) SZEG X X HR XA Y WUE, (B X AR Z Y WUE, B2 18] A9 22 557
F XA 2R J7 2253 B (Two-Way ANOVA) Wi Z= 158 A0 5 IR 18 B A4 WUE, W2, G0 Mk P P<
0.05, FIH] Origin 5¢ & T & /K & 5HEY) WUE, A0 AR,
2 HBREHMH
2.1 HFFEIRIRE K S S K R

K2 B B AEWF ST R] H FEK B R s B AL, 2017 429 A BIRAE3 L FKE 5 URBELT
R e FHm B Ra R, fELIIE] 9 H 0 F K i f ik 249 mm , H K S50 R AR T HoAth A 0 e s M, 12 A

i AR I AR AT, AR 10 mm 38 76 HT e L X — U [k S AR RE 4 FF 5—10 K AR PR, B LAE I 2= )
B YR TN TR I BA LK 7 WE s AERAE 3 A 1 H RS ZUCREERT , B FE X Z 15 1 AR X ™
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TR, BE (2017 4F 12 H 204 2 A) AU 1 IREEKREEK S (>10 mm) |, HAL S BFFE A R FE 7K 25 1)
4.9% , % [E BN 5 K2 R Gtk RE T HAR , BV SRAAR  (HAE A 2 2 00K o0t

W& 50 DX 55 JC R S e X S K S BT B B R AL, AR R, R HE A K R
TR REEGINMIRG AN, bR R AR S IE S N 24% 0 27% . [RIEE, PAS DXCHIOA [A] 4 2 R BE Y+
B 7K AR B 7K 728 A S B B L AR I A] 284 (P = 0.002<0.05) , Hirf H 3 S ok i B il R 2R TE 6 AR (32%)
T S5 VAR ) A A Al e v FLRE K 3R/ 1 8 403 (20% )

JUE R A S (X5 T R 5 ) X114 398 1 /K R e T RN B 1R] L B AU AR b, (E e AN ] 4 J 2R B 1Y
THEEOKEHA B3 25 5 (P<0.05) , TERRIERZ N X, 22 LS OKEN T 17%—28% Z 8], F- ¥ {HH
22.3% ;BIRIZ LIRS KB T 19%—32% Z 18], V4478 25.3% , 115 JC R 18 532 W X, 32 J= £ 585 K B 7
209%—32% G EI N, 30 25.9% s R 2 HIEE K B AE 24%—38%u BN, F¥° 29.4% , Forh | BB 5200 X
TEBHESOKREI R, DL g5 R0 BRI 00 X 5 T R 5 e X S K AR B 22 5 U R i
FEAZRT W S b DX 38 B K i B — S s

o — ek —— 140

50 |
40-M

30

20

Wk
Prcipitation/(mm/d)
YR JE Temperature/°C

—— BRI 0 X 20 cm t39K 43
10T —e— BEHIIR40 om LKA

TSk E
Soil moisture content/%
[\)
o

5L —O— JERERE M X 20 cm 30K 43
—O— TEhEH BT 40 con-b3gk 43
0 L A f L ) L
© o~ 0 =N =) — N — o o < ©n
S o 3 S - = = 3 g g I o
= Ly o™~ ™~ o~ ~ ~ 0 0 0 ) 0
> S > > S S > > S S S >
Q Q Q Q Q Q Q Q Q Q Q Q
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2 201756 AE2018 £ 5 AHRKERBETUMARRELESKETWL
Fig.2 Daily precipitation between June 2017 and May 2018 at the study site and changes of different deep soil moisture content

2.2 BRI RN DXANTC REE R XA A K 23 AR AR AR

FPIHFr 67 C BT WUE,,, 28530 M TS IX BT R A F 67 C (BT -27.93%0——32.65% 2 [F], 1]
1H47-30.25%0+ 1.21%0, J8 T WY C3 AT, T EARHTF 67 C HZ 22 R AR B (P>0.05) . B A
WUE, 2 T 0.462—1.992 mmol/mol Z [}, 44 1.338 mmol/mol , #XF, % 18 51X 5 JC ik 8 50 X AN [
Prfh WUE,, W EA EM T, 5 WM WUE, e 55 R R0 70 2 1Y) WUE,,, 2516 e
0.462—0.594 mmol/mol Z [f], ¥J{E 2}y (0.528+0.050) mmol/mol; =, A8 ¥ WUE,, 226 [Fl 41 T 1.800—1.992
mmol/mol Z [] , ¥{E 7 (1.904£0.057) mmol/mol , 5 T P BAHY 1A WUE, | 5 % 2% F 1 (P<0.05) . BLHIHF
G WUE,, B W RIS S0k 7350 HRHE 3 2 T A IRl 2 18] WUE,, KON ISR, TRARH
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WUE,,, IR FHEAFD, v RS TT AR A Z RIS A A AR A R B P ELA A B R 7K A e a3

WEAN , oIS AR P2 S e TR 25 | g 3 R0 (X5 G IR 5% ) XA W) K 40 R R R 17 e 2 57, AR B4R
O A K A3 R RCR K AR AR AR, TS [R] A A 0 A 58 4 B8 iy i) 97 B A7 7 — aE 22 5%, & 3 I L 7
BLZE BRI S0 XA R K 23 A FHASCRTE 1.896—1.992 mmol/mol 22 7] ; T k% 18 52 Wi X AR 4 bk 43 1 AR A
T 1.800—1.909 mmol/mol Z[0] , AN [ 50 X 3 AR P 7K 43 F FHRCRATAE I 22 5 (P<0.05) , X T4
S, S S 202 LETE AR R SZ I X (/) WUE, | (B 22 5358 8 35 K- (P<0.05) |, 6 B AR X1 A p o 1 155
W55 22 I J L2 6] Bk 8 28 15 %) i) 7 B MR , X 2 PR A ) AR B 0 2 W2 R vk T R R ), A T 2, B S 52 T X
FE YRR K 3R AR AE 0.517—0.594 mmol/mol 22 [1] 5 A bk 38 5% 1 X AH 4 B 7K 43 R AR A T 0.462—0.508
mmol/mol Z[H], AN[RI5 M X AE Y 7K 43 ] FH K [ RE A7 AE 1035 25 S UG 9% IX A 07K 43 R AR AT RE T
Bk A S O A 35 O, LA DTG R 5 M) X 381 o 2552 i [X 35 4 o 1 AR Ak 35, b T ilE— 2B 0B R
HB XY WUE, S840 A5 FR AT RCEE 52 25 A THRAE A5 ) WUE, (B HE1 7% A #r . WniEl 3 o,
TER T N[ESE I X A T R A S A Y WUE,, P 3R ) /MK IR . P2 ((1.957£0.013) mmol/mol ) >P3
((1.943+0.020) mmol/mol ) >P1 ( (1.934+0.051 ) mmol/mol ) >P5((1.866+0.041) mmol/mol ) >P4 ( (1.839+
0.031) mmol/mol ) , R4k LR 3 J5 25 43 Mr &l R BH |, 7R A [R] X Sl 45 SRR SR WUE, (BTC 38 25 5 (R B
TERZ M X = AN R LAY WUE, (B35 3% o T e 5 m X #E 4 WUE,, (5 ( P<0.05) .

RACRE e W2, Y WUE, 00 045 R ¥R R XA Y WUE, (EAF7E 22 50, i
BRI @ R Y WUE, (E A Fi A —E 500

#x2 AA¥MXERHH WUE, EENHENTL

Table 2 The WUE, ; values of different influence sites in wet and dry seasons

27 Dry season FZE Wet season

g (7 SIER-A IR TC k% TE R X p % T 5 MR X TG b T R X P
Species Tunneling- Tunneling- Tunneling- Tunneling-

affected valley unaffected valley affected valley unaffected valley
FIBEM F. chinensis 1.936 1.840 0.04* 0.578 0.488 0.01*
W& T C. reticulata 1.980 1.891 0.17 0.520 0.464
%7 JLAS B. polyphylla 1.947 1.825 0.017 " 0.517 0.464 —
S IERE V. chinshanense 1.935 1.873 0.2 0.586 0.491 —

* R P<0.05 %%E%;WUEW[ L BEI K43 F %% % Instantaneous Water Use Efficiency

2.3 BRIE R X5 O RRE e AR K A RCR S

s 2.00 Bt B X — TREHEWE
TIEEKERCR Log I
F AT B AY FRATTXF B 58 XA Y WUE,, 5 1.96 |

1.94

TSR E ARG R TR ST (K 3) AR KW B

% =
B 5 R K R R WUE, 9Bk B30
DTSR, 2 0 S UG (BRI P< S2 1w ]
Yo 186

0.05,r=-0.92; TREIH X . P<0.05,r=-0.84) , £

BISEICHIY) WUE, , % 4800k R (LR R i |
WEIE X AHY) WUE,, 5 385 K A Se PR R o g 18 52 1.80
Wi XA WUE,, 5 13 5 K B Y AR DGR 20 | R B A

Xt TR E S R X ALY, 6% T8 R X AR Y WUE,, X £
HEGK I TR, M TR R g O T RREESMEARES Wk
%,%L ) [EJIX {% 7|( 3:111 WUEim 5 T i% /a'\ﬂ( B 9%‘[' g % Fig.3 The WUE,,, values of different influence sites in dry
TIRAT N, U WTLE - S8 55 7K A AT {1 9 & 38 52 ) X
TEAT X 35 7K (A A T AUR

Water Use Efficiency/(mmol/mol)

P2 P3 P4
SRA¥ £ Number of sampling points

seasons at five profiles

WUE,,, : GBS K 20 F 4% Instantaneous Water Use Efficiency
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x3 FREZMXIEREY WUE, STESKEWEXRY

Table 3 The correlation coefficient of WUE, of arbor and shrub and soil moisture content at different sites

His, Sites
RFh T —— YTy ——
Species & 3 R 0 X JCRE R X
Tunneling-affected valley Tunneling-unaffected valley
TR Arbor -0.90" -0.87"
A Shrub -0.93" -0.78"
ATFFR ALl Species -0.92" -0.84"

x FRn P<0.05 R B
3 g

30 BE R S B X - B 2 5

B0 5 JEE L RO 4 K LA S 4 B 022 S I K 1 B
P12, LRI  ARTo] 51 BB I 5 R 40Pk B B0 03 22 S T A A2 T
RCRIR R . D0 A T TR SOm BRI K 5 0938 B EL A RO SN T 3R K R, s T K
FRYE PR FAT IR OE V-, VR ALK MO VR R A T YR HE TRt i 0% T W UK R,
- PBOK (B 9 T 40 FK SR8 5 50K O E PSRBT I T Mk K 0 74
MUK I ATB L S ML PR SR TR KRS T, 93 51 MRS 4 BT 420, T
ST, BB KR 92 5 (5 BRI X 229 < JEBBIEERAIA X 25% I BRI AR X
260 < KBEEBIX 30% ) , FLAEHI T MoK 5 50K 0 IRV IRURN 28 056 AR U0 e — S L | 3
T REMEALE T LSO KR W JETE 682K BB IR
3.2 BERDILC SRR S DK S R AR S T P2 5

F A3 512 000K SIS, AR S TR K TR K VR0 52T
A AT MBS A7 RO S B TG AR P, TRV 02 KR PR
U 22 LR KA ™ I #5000 /K R 5 0 A S 045, 2 B 4
D, K , SO B T K (0 W BB B i 4R T B AR 30K A B
HOCRE S AT B T B2 B S 2T S 22020 DR KSR K R T TS A T,
TR BRI B X 5 R 9+ 0 2K R B9 SR -0 K A B B )
(AR R CHLA T () WUR, AU RE I 25 2 T L 35 WM ORI — A R
T AR R I 5 25 2 A 3K S (BRI 2 K IR
) MR T 55 RIR7 A 09 50K 5. IR BRI R0 X 5 R R DR A
B WUE, SRS 500 B35 T 5RO WUE,, . KA B (2R3, K I D55 P A K 2 7 R K
it R IERMA T ORI AR LUK S, DM T35, T 00 IS5 , —E B LR T 4D A
PRAAIRE S . PR HOPITR9 Kk 5 FUFRRCR s 2o TR HO KT T 52 BB A 55K 5
T W MR I 0 1 T K LB T KT R R RO RS KR, (LI P T F A LB 2
VRG9S, SECEK ST R ™ 3350 AR50 R TR AL S BB Rk I R 5
R ST 5 AT B VR KRN 4 (LRI 8 2R FRLATLA 11 67K 53 P RS (5K 53 PG
) T LT TR SO B WUE,, A (L OBF 4 A

AT (ELFHHETER e T e 520 ST BBV DCR R AR ) WU, 2975 TR 3 M X
HATTIA R AEAOR R B R 9 ELRGE 00K MO I8 o T BR80T R 0K
SPATACRERIEAIG BB b T — 52 2K 48 i 3R BE T 1K 48 i P £ 3 SR WUR, K o B FE 3
I AR R AP M | AR SR L 0 T TR, 0P R 25 R AL B 2
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BRI, XFitt, Mo TR Ak, 2 ok AL, MR AL B R B, R i T AL AR R i
CO, 3HIH , PRI AL S BE AT 22 5 R I R IE] CO, R BE (i) RO RRARR, i ML) 2 o S AR R A, DT 4 T )
RAIFI AR T Bk S0 ORI TE BRGS0 XA A WUE,, 5 H 8K SEARDC O R R W], 52 T 7 22 ik
SEMAX T FEAMFI WUE,, X 35 K i 2 AL U, Xttt — 2P U T K A BRI, 5 T S
Wrke S K EAR A E K BE 1, B TE 52 e DA 0T 57K 0 RS Lo I B 18 52 W) XA B g

THINA SCHET AN RIS DX A B8 25 AR LA R Z= 5 AR AU AL ) WUE, (B EA T XUR R 5 22 00 # , A5 2R R W AL T
AN [RI IR X LA KA ) 25 B ) WU, (2 5 025, TR A 50 32715 9 52 FL AW AN (B35 (P>0.05) |, RITER3H
BN XK 3 RN RS AR, A AR HE A Bra ~F 07 RECCOCHRBR L) A Z=75 52
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