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Influence of Vegetation Restoration in Construction Access Roads on

Soil and Water Loss in Southeastern Xizang Autonomous Region

Ran Xinhao, Wang Guan, Li Yatong, Xiao Huijie
(School of Soil and Water Conservation s Beijing Forestry University s Beijing 100083, China)

Abstract: [ Objective] We aimed to elucidate the process of runoff and sediment production on the upper and
lower slopes of construction access roads under vegetation recovery conditions, reveal the impact of
vegetation recovery on soil and water loss at the slope scale after the disturbance caused by the construction
of access roads in an ecologically fragile subalpine forest and shrubland area of Southeastern Xizang
Autonomous Region, in order to provide a theoretical basis for the prevention and control of soil and water
loss and vegetation restoration after the disturbance caused by the construction road project. [ Methods |
Typical slopes under different vegetation recovery conditions after disturbances on the upper and lower slopes

of construction access roads were selected for indoor simulated rainfall experiments. In this study, we
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investigated the processes of runoff and sediment production under four types of vegetation coverage (0%,
30% ., 60%, and 90%), three slopes (15°, 30°, and 45°), and two rainfall intensities (30, 60 mm/h) after
engineering disturbance to determine the impact of vegetation recovery in construction access roads on soil
and water loss. [Results| @D After the engineering disturbance of the construction access roads, vegetation
recovery on the bare upper and lower slopes effectively delayed the initial runoff time, and this effect became
more pronounced with increasing vegetation coverage, especially on the upper slopes. @ When the vegetation
coverage was within the range of 0 to 60%, the stable runoff rate on both the upper and lower slopes
significantly decreased with increasing vegetation coverage, wherein the stable runoff rates under 60% and
90% vegetation coverage were similar. Compared with bare slopes, the benefits of runoff reduction under
60% and 90% vegetation coverage were 59%—75% and 58%—77% respectively, indicating that the critical
vegetation coverage value for runoff reduction was 60%. @ Sediment reduction benefits under 30% and 60%
vegetation coverage reached 29%—82% and 86%—96% respectively. Below a vegetation coverage of 60% .,
the sediment reduction effect significantly increased with increasing coverage; beyond this critical threshold,
even with increased coverage, the sediment reduction benefits showed slight change. @ Under the same
vegetation coverage, slope, and rainfall intensity conditions, the total runoff volume from the upper slopes
formed by excavation was always higher than that from the lower slopes formed by filling, whereas the total
sediment yield from the lower slopes was always higher than that from the upper slopes, indicating
significant differences in soil erosion on the slope surface after the disturbance of the construction of access
roads between the excavation and filling slopes. [ Conclusion] For the prevention and control of soil and water
loss in areas disturbed by the construction of access roads in Southeastern Xizang Autonomous Region, a
vegetation recovery rate of 60% offers good control benefits and economic feasibility. When designing soil and
water conservation measures, more emphasis should be placed on °controlling water’ for excavation slopes and
‘blocking sediment” for filling slopes. Only by fully considering these differences can better soil and water
conservation be achieved in disturbed areas on access roads.

Keywords: process of runoff and sediment; vegetation coverage; benefit of runoff and sediment reduction;

subalpine forest shrubland; construction road
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Fig.1 Schematic diagram of upper and lower slope

sections of construction road
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Table 1 Soil bulk density, average mass diameter of soil
aggregate, and soil organic carbon content on upper
and lower slopes of construction access roads

fii ® ZA&E/(g+cem ®) MWD/mm  SOC/(g-+kg D
ik 1.444-0.09¢ 1.8240.09* 34.3242.38°
Tk 1.214+0.05" 1.18+0.12° 46.4641.96"

TE : SR 7 B3R 25 57 B3 (p<<0.05), T,



o541 SENIRNE Y

A5« JH AR P TR 6 R A I T UK U K 9 B ) 23

1.3 RIigit

HE 4 B A0 o] A 25 5L, 1 R Bk B Ol 15°, 307,
45°, BRI DAt T T8 TR 4K 3 5 4R o i R xR
Sy IR FEE TAEE b R e gl Js . 3 Bl bk 5 5
I TR R VD RRAE K SR S Y AR B
T o ke AR bR L o 2 e R 2 R A% T )
Fofr it I 2 57 b L B £ 0 A2 B4 B G R K 3 o R 4 7 6
WA R 30%,60%,90 %04t 3 A5G, R Bt Al 5 A9 B
o S5 AT HEAT IR . U A T AR T RS AR LR
5 17 R ELAA IR Image] BP9 7 75 20 5 1)
R 26 B WA S T T 7 3 O X B R A7 3
BT, DR IR 4 55 B T B — B S A
5 PR e A R T Y ) A A . A
R TR 2, A — R A T, b 45 4 Fho e B
R AE AR 0.5 m JFHERCE , R HEAT R
HZHE A PN GHATIE R, BN ES 3K,
HEREZRBEFEED 2 d, REEHHELE 2.

F2 AI#EREERRKIEGT
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Fig.3 Initial runoff generation time of vegetation restoration with different coverage on upper slope
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Table 3 Runoff of vegetation restoration with different coverage on upper slope
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T« AT B0 5 An AN ) /ING 5 B 7R () — R 58 L300 88 2 (R 1 A [ R 0 3 i B ) 22 S b 38 (R IR R O 2200 #r » p<C0.05) . Il

T EAE 3 A AT Y 30 mm/h
IS AR N 4 165~7 013 ml,30%,60% ,
90 U0 AF 9k 7 5 5 I T AE Eb B b B TR R AL 55 AE 27 %%
~A43%,66%~T74% ,74% ~76% ;4N 60 mm/h
WL SRR N 9 249~14 398 ml1,30%,60% ,

R4 LB ARBEZEEERSHEEMNERRE
Table 4 Reducing benefits of vegetation restoration with

different coverage on upper slope
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Table 5 Runoff of vegetation restoration with different coverage on lower slope

I T 3 i/ B RE ) () A [ AL B 7 36 88 I TG A% 9 A/
(mm+h" . 0 T K 30 % 7 7 B 60 %% i 5 F 90 % i 5 F
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Table 6 Reducing benefits of vegetation restoration with

different coverage on lower slope

MemaRE/  WhpE/ S TRDRE BT A R BT O AL A/ V0
(mm-hD ) 30%EHEE 0%FEE 0% HEE

15 277" 661" 76+ 3

30 30 37+13° 73+4° 74+6°

45 43+8 74+8° 7644

15 2449° 71+1° 74430

60 30 26+10° 74450 73440

45 31420 75+5° 75+3°
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PRV R 0.28~9.83,0.16~2.13,0.05~0.53,
0.03~0.34 g/(min » m*); 4 Wik 60 mm/h i,
0% ,30% ,60% ,90 % A Bk 2 55 B Y 11 77 Vb 3 2R 43
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Fig.7 Sediment production rate of vegetation restoration with different coverage on upper slope
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Fig.8 Sediment production rate of vegetation restoration with different coverage on lower slope
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Table 7 Sediment yield of vegetation restoration with different coverage on upper slope

I T 2/ Wepg/ A [vi) AL A 7 i e T OB 1 e/ g
(mm =+ h™") “ 0 06 7 15 & 300 5 60 20 B 1 90 %% B 1 S
15 5.2240.39" 2.55+0.27" 0.694-0.04¢ 0.4840.05¢
30 30 20.0842.20° 6.6640.45" 1.72#£0.15°¢ 1.52#+0.12°
45 45.72+4.32° 9.0441.23" 2.1140.14¢ 1.4540.16°
15 35.48+2.15* 21.6241.45° 2.5540.26¢ 1.77+0.11°¢
60 30 72.50+5.33" 33.4642.45" 6.1540.63¢ 5.8940.47¢
45 167.29413.42° 69.1043.16" 8.764-0.66° 7.90+0.52¢
F 8 bihyg R T S R A R S N AR R s PR i TR AR 3 TR s 4 S R 29 06 ~
Table 8 Sediment reduction benefits of vegetation restoration 82%6.,86%~96%,92% ~97% ; 4 TN 7% A~ 60 mm/h B,
with different coverage on upper slope PR By G PR Vbl 40,07 ~246.77 g, 30%.,60%,90%
FEmisRIE T/ RS LS LS AELRICRE S5 P32 3T AFT EL MR D TR VD225 4090 376 ~
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s s eyt ot (p=0.05) AL E SR8 6 P T 24

9 6004 . 1 31 W R 35 42 Bk 874~ 95%
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Table 9 Sediment yield of vegetation restoration with different coverage on lower slope

I T 28R JiE/ i g / ENEEERIE £ % A U v

(mm«h ") <°> 0 %% 4 55 300 B B 60 26 4 5 B 90 %6 B 55 i

15 6.7540.32° 4,78+0.51° 0.95£0.07¢ 0.51£0.05°

30 30 34.66+2.76" 7.1240.57" 1.93+0.16°¢ 1.3740.18°¢

45 85.95+8.11* 15.06+0.90" 3.5540.20¢ 2.1640.27¢

15 40.07+£3.27° 25.13+3.11" 4.0040.03¢ 3.0540.17¢

60 30 102.394+11.23° 61.43+0.42" 6.2140.32° 5.444-0.36°

45 246.77+21.33° 81.01+5.16" 9.20+0.67°¢ 6.68+0.21°
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Table 10 Sediment reduction benefits of vegetation restoration L R A A — B R R 4 4 F 094 4 bk
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Fig.9 Runoff sediment concentration of vegetation restoration slope with different coverage on upper slope

—_
(o)}
1

10r a W E15°

—_
[\S]

Y& /(geL" *min" *m?)
o~
(o]

4”1

i
=]
[=]

Nal

b ¥ E30° 30
25
20
15

10

B EVW /(gL' *min” +m”)

ZREWH/(g L' *min” *m?)
~

~

I 7 73 B4 /min
—o— 0 7% % (30 mm/h)
o=+ 0 % % (60 mm/h)

10 15 20 25 30 35
F% R 53 i /min

—0— 30% 7& 1z £ (30 mm/h)

--@--30% & 1 JE(60 mm/h)

F% W 3 i /min

—0— 90% & 1% JE(30 mm/h)
--m--90% & 5 fE(60 mm/h)

—A— 60% & % (30 mm/h)
--A-- 60% 7 5 (60 mm/h)

10 THHRABEBESEERMKEFRENERS DX

Fig.10 Runoff sediment concentration of vegetation restoration slope with different coverage on lower slope
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$E K 30 mm/h B, 30% .60 %, 90 % M Bk A w5 R
TV A Ay B A BT 3406 ~ 6620, 187 ~
A1%,12% ~39%; M M 5 & 60 mm/h B, 30%,
60 %6 »90 Yo AH B 8 5 I 1 458 T 1 V0 ik 43 0 O R - Bk T

M) 55%~84%,13% ~26%,11% ~24% ., Ty
3 A E T Y MR A 30 mm/h B, 30%,60%.90%
B 5 B AR T Vb i 43 0 D AR T Y 31 %6 ~
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B30 %6 ,60 %0, 90 Yo Af B 4 5 B 19 48 U 2 10 Ak 4 il Ry
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Table 11 Runoff sediment concentration of vegetation restoration slope with different coverage on upper slope

% W ik B2/ R/ (%) AN R A B 5 R AR b e /(g LY
(mm-=+h ") 0% 7 w5 B 30 %7 w5 ¥ 60 04 75 & 90 % B %
15 1.084+0.07° 0.7140.05" 0.4440.01¢ 0.427+0.05¢
30 30 3.03+£0.46° 1.624+0.07" 1.00+0.06°¢ 0.77£0.11¢
45 5.9440.98* 2.01+0.49" 1.0740.12" 0.7240.12¢
15 3.33£0.35° 2.8040.34" 0.80+0.12¢ 0.5440.07°
60 30 5.41£0.48° 3.72+0.51" 1.424+0.06°¢ 1.30+0.19¢
45 10.43+1.19° 5.78+0.25" 1.36+0.21°¢ 1.1840.05°¢
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Table 12 Runoff sediment concentration of vegetation restoration slope with different coverage on lower slope

% T i i/ R/ AN TR A Bk 2 B B AR A b /(g LY

(mm =+ h™") “ 0% 7 15 ¥ 309078 % & 60 %% 7 a5 & 90 % 7 15 &

15 1.644£0.25° 1.5940.32* 0.68+0.13" 0.52+0.10"

30 30 6.1840.63" 2.06+0.34" 1.2940.28° 0.9740.23¢

45 12.38+2.05° 3.8140.62" 1.964£0.37" 1.30+0.22¢

15 4,33+0.21° 3.5940.50" 1.49+0.14°¢ 1.2740.21°

60 30 9.18+1.68" 7.40+0.57" 2.17+0.36°¢ 1.80+0.24°¢

45 17.18-1.60" 8.1740.50" 2.54+0.26¢ 1.844+0.18¢
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