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Abstract: To investigate the impact of large-scale engineering on the sources of soil organic carbon (SOC) on the Qinghai-
Xizang Plateau, this study was conducted along a tunnel corridor in the region. Tunnel-affected (TC) and unaffected (CK) sites
at three elevations (3 240, 3 420 and 3 600 m). Soil samples were collected from depths of 0—10 and 10—30 c¢m to determine
aggregate structure and the contributions of microbial-derived carbon, indicated by amino sugars, and plant-derived carbon,
indicated by lignin phenols, to SOC in the particulate (>=>0.053 mm) and mineral-associated (<0.053 mm) aggregate f[ractions.
The results show that tunnel construction had no significant effect on glucosamine, galactosamine, total amino sugars, fungal
necromass carbon or total lignin phenols in soil aggregates (P>>0.05). However, it significantly reduced muramic acid,
mannosamine, and bacterial residue carbon. In the particulate fraction, amino sugar contents did not differ significantly among
elevations at 0—10 cm. There was no significant difference in amino sugars in soil particulate aggregates across different
elevations at 0—10 cm soil depth. However, at 10—30 cm soil depth, amino sugar content at 3 420 m was significantly lower
than that at 3 240 m and 3 600 m. For mineral-associated aggregates, amino sugar content at 3 420 m was lower than those at
the other elevations. Meanwhile, in the mineral-bound aggregates of the tunnel-affected area, the average contributions of
microbial residue carbon and lignin phenols to aggregate organic carbon were 26.36% and 20.65% , respectively, which were
significantly lower than those in the control area (P<C0.05). The study indicates that tunnel construction reduces the stability of
soil aggregates, especially that of mineral associated aggregates. Specifically, under the interactive effects of tunnel
construction, altitude, and soil depth, the microbial residue carbon content of mineral-bound aggregates and their contribution
rate to soil organic carbon decrease significantly, whereas microbial- and plant-derived carbon contributions to organic carbon in
particulate aggregates were not significantly affected by tunnel construction. The findings highlight the importance of protecting
and enhancing soil carbon pools in areas disturbed by large-scale engineering activities on the Qinghai-Xizang Plateau, with
implications for strengthening the plateau’s ecological security barrier and advancing China’s “carbon neutral” goal.

Key words: tunnel construction; Qinghai-Xizang Plateau; soil aggregate; organic carbon; microbial necromass carbon; lignin

phenols; ecosystems.
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Fig.1 Overview of the study area
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Table 1 Basic situation of vegetation in disturbed and undisturbed areas

1348 (m) F () R R B 2 1 (00) B 55 (m) A 9 A= 0 hk (g/m)
3940 TC1 69.73£2.64 Aa 71.0£2.0 Aa 1.624+0.20 Ba 0.946£0.240AB
CK1 63.83£1.16 Aa 64.3+£3.2 Aa 1.7840.17 Ba 0.768+0.077aB
5420 TC2 69.30£3.44 Aa 73.0£2.0 Aa 2.42+0.21 Aa 0.619£0.172AB
CK2 62.93+£5.80 Aa 73.3£3.0 Aa 2.4610.22 Aa 1.02940.381aB
. TC3 58.9312.25 Aa 69.318.1 Aa 2.85+0.52 Aa 0.860£0.040AB
0000 CK3 66.601.60 Aa 70.311.5 Aa 2.27x0.30 Aa 0.6670.200aB

H:TC Ry Re I8 # % 52 m X, CK AR X, 1 4R 3 240 m, 2 14K 3 420 m, 3 4K 3 600 m; AN [ K5 5 B 2 7 A R A b 2 AR ]
AR 2 18] 2 5 5 3 AN TR) /NS S B0 3 7R A TR I $ S [ b ] 22 55 B 3% (P<<0.05).
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Table 2 Trend of soil physical and chemical properties

ik LEHE . + MR KR FHEARI KR LB
- S WPk HE(%) EIKH(Y%) .
(m) (cm) (g/kg) (g/L) (%)
0 Tel ki 14.21+1.43 Aa 0.22+0.04 Aa  281.47+62.44 Aa  284.26+28.64 Aa  54.16-4.40 Aa
o 19.68+7.89 Aa 0.274+0.11 Aa  392.11-223.28 Aa  393.69+156.70 Aa  63.30+16.33 Aa
3240
s Tl ck 11174228 Aa 0.18+0.01 Aa  217.61+1555 Aa  223.43+45.70 Aa  50.08-0.94 Aa
' 17.24-4.44 Ab 0.24+0.08 Aa  328.07+137.76 Aa  344.76+88.71 Aa  60.68+11.11 Aa
0 Ter ko 1444531 Aa  0.2240.05Aa 286.77+86.70 Ba  288.60+106.14 Aa  47.30+9.07 Aa
) ' 19.05+4.73 Aa 0.31+0.08 Aa  471.75+192.38 Aa  381.08+94.68 Aa  68.41+12.53 Aa
3420
s e cko 12.9041.79 Aa 0.1940.02 Aa  228.90+32.19Ba  258.30+35.73 Aa  45.40+2.24 Ba
' o 16.85-0.85 Ab  0.30-0.03 Aa  419.26+129.52 Aa  336.91+16.99Ba  59.50+5.15 Aa
0 Tes CKs 16.1041.97 Aa 0.2840.03 Aa  388.94+65.10 Aa  323.89+39.43Aa  60.52-3.31 Aa
) ' 19.99+1.54 Aa 0.33+0.04 Aa  497.84+92.45 Aa 399.75+30.76 Aa  67.81+4.72 Aa
3600
e Tes ek 16.30+1.73 Aa 0.30+0.05 Aa  440.414+100.29 Aa  326.90+34.62 Aa  63.60+=3.21 Aa
' R 21.10+3.85Aa  0.34+0.03Aa  511.05+77.19 Aa  421.95--78.93 Aa 69.20+4.31 Aa

W TC A REiE

VL B
1282

A 2% 5 3 (P<<0.05).
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Fig.2 Variations in soil aggregate organic carbon content with altitude and soil layer during tunnel construction
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Fig.3 Variations in amino sugar content of soil aggregates with altitude and soil layer under tunnel construction
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Fig.4 Amino sugars in particulate soil aggregates at different altitudes and soil layers under tunnel construction
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Fig.5 Amino sugars in mineral-associated aggregates at different altitudes and soil layers under tunnel construction
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Fig.6  Soil microbial necromass carbon content in soils at different altitudes and soil layers under tunnel construction.
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Fig.7 Soil lignin-derived phenol content at different altitudes and soil layers under tunnel construction
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Fig.8 Soil aggregate lignin phenols at different altitudes and soil layers under tunnel construction
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Fig.9 Contribution rate of carbon from different sources to soil aggregate organic carbon at different altitudes and soil layers
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Fig.10 Correlations of microbial necromass carbon and its contribution rate with soil physicochemical properties
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F AR FNC 7 B2 38 5 00y, B0RL 2 3R R 7
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ManN 7 i (P<<0.05) . % i 82 15 % + 5 F0kn 2 i
TR ) 45 & S F R AR FNC 8 MNC & 2 6 8 3%
S (P=>0.05) , 5 I 2 REAR T H 38 J0RL A F 2R 4 Fn
W45 A A H R BNC & 5 (P<<0.05). 1§ 3 & %
S+ HE A1 B4R BNC 1 FNC & H r A Baofk & &
(P<C0.05) , W3 < % 18 £ 1% G 3 5 i 00k 245 1] R 1k
AR W 5% AR X SOC 19 57 ik % (P<<0.05) , 14k X +
JZ 3 R T A5 A A R FNC &2, i R
S0 MNC K H X SOC 19 5Tk 3 (P<<0.05). AH ek
ST R BRASE S, Y B S g A R AR Y
BNC 778 .3 1A 52 (] 10, P<<0.05). +3E pH A 5
4 R AR MINC A7 75 2 3% H A 56 (P<<0.05) , B 4L
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FEEY | A REJE 2 B R ORN K TR R A B R (P<<
0.05), £JEX Fr B B2 T A L2 | R L 2R AR
AR B JC W 0 (P>>0.05). %1 X ik X + )2
Z [0 /) 22 H AR 52 ma oK i 2 (FfF 3R 25, P=>0.05).
FRARE R TR M &5 L GE A E A
FUBR B 5 8 25 IE A G (&1 11, P<<0.01). 45 ki 4% [ ]
TROK T 22 W B U DTk R 5 A R I OG5 HAl
Yy B R 3 I AH G (P<C0.01). Bk 48 pH
1B 5 AT A 45 K 0 2 I 7 i S A I 3 O AH G (P
0.01) &b, A &% 8 5 P 3R AR KR ot 3% 1y 52 b 3% 1E A G
(P<<0.05). B M8 MBC .SOC 5 A1 B & A i %
i 77 7F i 2 2 15 A 26 (P<<0.01).SOC M A 5 H1
AR PR A 56 T i R BT K R R B 3 IE A 26 (P<C0.05) , B

W5 PR AR N R 0 R A R 0 )
A BT M B R BT MR R 5 IR 3 IE A G (P<<0.05) .

3 e
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A 5% 3% W B T8 1 % 4 1 A IR FNC AT
B MNC JC i 50 (P>0.05) ,{H & B F K T+
32 AR BNC B 55 5 (P<<0.05). X & A A FNC A
e BNC 5 L& iR R BT L T4, W B A
A5 R 1) B [ A 38 L TR A0 M E v b B R TR AR
L HAESS Ry A A L B R R R,
LA AR A LU A TR AR A B T R E A A A A B
BOANRK S % TRERM s (Fernandez et al.,
2016). 5 BNC 4t , FNC 40 fifd 25 ¥4 &2 2% ( £ 401
 JEN MR ), B o AR 5 (A HERN S, 2015). F
R AR R P A B BT AR R 2 S AR TR AR AR
o ATY AT BRI P AT 90 A G A o L A B
TR TR 22 RE 2 % 1 38 URLE 1 AT SR A, L 2 A LK
WA AN (Miao et al., 2025). PRI, 2L X6 Bk ]
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hy SR S, 55 Bl AR T RORE I 2 A AN R 45 A TR
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FH A 805 PR B LG AR Ry COL R, ik ik S
Bl % e [ AE 00 TR DA R A O L B
et sh AT, i AR K WA RS M E L8,
2019 9 20 M ER ST ik, 2024). Rt B 18 A% B
WP T BNC & B ENC & &% A W5 . i
Ah, % R B FNC 76 A Y 5k ik b i 32 5 b 47, B 1B
AR MNC &% 5 520 AN 1 2 . 1 MNC 9 1
27 8 - rh R N S B, R R
Y, R T T A A Pl R MBC A R R
B E R0 (P>0.05). Kt BNC % 59 F&AIK 1T B 5
O it 2 w3 oAt 3R 56 B 9 2 W 4 HE A R Ak
() By B AR B4 R MINC B8 i 68 & (Lu er
al., 2021) . AR HF 58 25 5 3¢ W I 18 H 1 0 3 52 )+ 4
TR 245 P 3R AR B ik R LR M (P<C0.05) . B0k 45 A
RAIRRIE o5 e 2252 HER0RL A B 1 i R 8K
55 W) BRAE T 60 52w . L2 b o % G 5 3 Y i
7 R T A5 555, PR A% B8 X A A 0 05 R R 0 05 R A
R A — 5 W W B R B E T ML T,
W4 45 4 25 B AR v i MINC A RE B 55 )] 4 S 3R 03
APy 25 6 R A B T 5 8 T or il 72, R 8O R
E B2 B BR A DAL b B ek ok Bk G 1 Y o o B
A 2 (Wickings et al., 2012; Liu ez al., 2023).
3.2 FRIE 1% X 4 15 B B A48 4 TR B9 2 M
ARWFGE R BITE TC XM CK X 2Z ] (1) + 58 45 K
JoT 2 My AR B R R Wy i O W 2 (P>
0.05) . WF 52 3= WA A [] 4 9 288 20 B 7= 2R R BT R
Ty b 5 TN B AF AR 25 5, B UK B R 19 3R 42 Rl &
G AFAE 22 5, T BOKR T FR B 19 SR AL AR R i
S - HE R 5T E B 0 5 e A, BRI LPs i
IS A SRR W e A IR AR
Z AR (Wang et al., 201853 3E 45, 2020) . Wf
T X (0 AT &, oot T T AN A TR AR 2% Bg GE
R ) IXORIT X R DX Al 2 R A R
AR A KNG A SRR — B SR SR S b, TR
YY) R T 22 R (P>>0.05) , 3 B 454 6] 46
VM ARA R EZER HILPs K2R B EER .
FLVR, R WA R 0T 2R B 1) 2 Ak R0 43 fit gk R o
L B AE (X5 PSR UfE , 2024) . 1 56 1 1

T D RE A5 43 06 AR JUT 3R I e il , AN K T R o R AR )
it | B A TR Wy 43 i RN gy T ARG L N s
e oK R B B S AR (435, 2024) . TR
B, A 0 1) 3 Bl i 2 52 T - M ) TR BB RN AR AR R
Ji 25 A, DT J] 42 5 W) AR JoE 38 1 194 e M 0 5 £
(M, 2019) . MBS X b B & . MBC LA K
BELMEEEN LR ER TR LR E LS
(P>0.05), 3% ol figth J& LPs 3% A W & A2 b i A
B Ja, ATRERE T A AR SRR FIOR iR A S HERE
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A R T 2 b S A g —— I E
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IR B S e SRR 00 45, FRAIR T 43 e s 2 v e Tl
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2009). HASBFFE v )1 g L BR 8 4F A R ZE AR X
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3.3 BEEIEI I3 EARER A Y AE YRR R
Er#m

AW 5% 25 SR 3 W R G R 0 A URL A AT R
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S (P>>0.05) i FREALT L850 W25 & & A
R A FNC A1 BNC 1 41 5 16 A Bk 5T 8k (P<<0.05).
MR, TC X W RAIRE A 2 8] T % %
i (P<20.05) , - 58 ks 45 A 3R 1k & 4 35 41K, £
By A S A RS B W, A R
FEPEREAL, 3 3 g R AR B AR VR R B H
TC X A 38 Uk 2 B AR & ko b K, i 3 g o
PE FH AN G 4R 5, 5 P 3 MINC JiF 32 52 i /)N, BT
PIOGT % 3 15 1) e 1 AN B (R P 2 A S A R Ak
A5 LN, A B AR AR B B R JF HoX MINC
B9 DR P AR TR B2 E |, 25 5 o Tl A= ) Bk 2% 6% A PR B
v, o3 il R B R, DT 5 S0 R G S R X ) 2
& A B R FNC FBNC & i 5 3% B AR, 3k fd
HAE R AR HUAK H i N TN T MINC
Xif A B AR AT WL A Bk (Hu ez al., 2023). [A] A, 2
TR PR T TR AR T - AU S AT SR AR LA TR
Jo 2 M R G AR S R R (P> 0.05) , (H X i
Wy 45 6 75 AR AR A BB AR BT 2R 1 A X i A
R (P<<0.05) . BF 55 IX PN A 528 1 A 6 35 2 7
4.83 g/kg SOC #17.83 g/kg SOC =47 , MK T 48k 4=
BRG T YK (216.5 g/kg SOC) , Ui B 4 X%} F
HibAESRE AN RXNEHELEE RS AE L%
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AR P AE - 55 i DA AR 5 I G A A X M PR SR A AL AR A 0 AR 0 i U ) 5 T 3345

9 25 45 25 R AR A BIL [ A7 o A b i 2k TR
Z 0 FH W UR B, B 2 8 E Y RE W TR Bk 3 RE IR
(Hu er al., 2024) .3 ] g 2 A 2 TC X K M 5§ &
TR RN TE R Al RN B B RN
JE PR REAR . b HE AR R T LUK A W TR Bk £ 2R
NS TE R BB R (A P U B e 2+
e orh B R Y Nl Y O B B RROR A (R,
2021) . KK A% MR UK BE 98 HK BL A 1 Bk IR, IR
Fe 025 0 o8 B M RF B2 Oy A W R e B2 A OR 4
N7/ il RN R A 3 (S R T
B 5 5 AH X B AR H A 5 52 540 B
B A MY R B8 o R KRS B
e, i RE AR LPs X A8 R AT AL Bk 1Y BTk

4 HiwE5Ry

AW RGEIRIE T M J5 AR 2 BR ol TR
A5 A [ HE 4R T 0~10 em F1 10~30 cm + )2 A
B R MR 5 B ROk R A R, 45 R B T
W38 2 A S AL A, B R e B
S5 AR A R AR E ML (R 3 e
P 3 PR AT AL A i . 9 AT R R A Bk 1 R
O 2fe YR A 5 MINC RS 42 5 5, 40 G 5% 7 (£
SO M | Ak A M ) 7 R R X5 0 IR X
] 35 70 W 3 22 S, PR SR AR B A LAk B 45 A HIL Bk 4
45 MNC A5 2 B 7 R AT 3 25 5 M
WX, B T8 A O PR AIG T 4 48 AT SR AR M 4 1 O
WA A SRRk R E M. Hh 7 wai 6 S H
RARTE R E # BRMES 2R E N AR
R, HMNC & & &4 SOC /Y 5T ik R I % %
5, T A UL A SRR A P Y A B Kol
Py U Bk BT Bk R A2 B T A I 3 R

] s, A 5 F J F g 1 R e AR R YR
COUL I 2] A R K BNC & it 2 TR HMNC 5
AT By i R R AR B AR Rk KR TR
A Wy 1R 0 D e 11 Bl A5 AR Ak BT R B A L B
Ji S B 9 T R A I A R R W [ e
WORE BIF 53 3 Bl 4 R &8 5 8 e D S [R] 2R bR 2 A
- R X, DA 4 THD VAN R GE TR IR R % X
Sk Bk A= 0 TR B AT 0 VR B B - 5 1A R AR HIL B AR
SRR, e R A A e 5 X TR
HE Y A A R 5 18 B R 2 B S

P & U https://doi.org/10.3799/dqkx.2026.001.
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