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Impact of alpine meadow degradation on soil water conservation in the source

region of three rivers
XU Cui, ZHANG Linbo*, DU Jiagiang, GUO Yang, WU Zhifeng, XU Yanda, LI Fen, WANG Fengyu
Chinese Research Academy of Environmental Sciences, State Environment Protection Key Laboratory of Regional Eco-process and Function Assessment, State

Key Laboratory of Environmental Criteria and Risk Assessment, Beijing 100012, China

Abstract ;. Research on the effects of grassland degradation on soil water conservation in the Sanjiangyuan region of China is
essential as it can provide a scientific basis for evaluating and monitoring water conservation in this important water
conservation area. Its regional strategic position is extremely important as 1.2% of the total water in the Yangtze River,
40% of the total water in the Yellow River, and 15% of the total water in the Lancang River comes from this area. As a
result of climate change and human activity, grassland degradation had been more severe in the Sanjiangyuan region since
the 1970s. Rangeland degradation not only impacts vegetation, it can also have great effects on soil physical and chemical
properties. Changes to the physical and chemical properties of soil can subsequently affect the efficiency of soil water
conservation. The vegetation in this region is dominated by grassland. In grassland ecosystems 99% of water conservation
capacity comes from the capacity of soil to retain water. While soil water conservation efficiency is influenced by many
factors such as vegetation type, land use and land cover, studies have shown that water yield in this region has decreased

year by year and that water conservation capacity has declined sharply. These findings show that further studies exploring
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the impacts of grassland degradation on the function of soil water conservation are of great significance. Field surveys and
experimental analyses were applied to detect vegetation biomass, soil moisture and physical characteristics, and soil water
conservation capacity of alpine meadows in different soil types in this area. Results showed that above-ground biomass,
under-ground biomass, capillary porosity, total porosity, natural water-holding capacity, maximum water holding capacity,
and soil water conservation capacity decreased significantly at severely degraded alpine meadows ( P<0.05). When an
alpine meadow deteriorated from not degraded alpine meadow status to moderately degraded and severely degraded alpine
meadows, soil bulk density increased gradually. Soil non-capillary porosity, minimum water-holding capacity and capillary
water-holding capacity did not change dramatically. The ranges of soil water conservation capacity at the three degradation
stages were 1884. 32—1897. 44t/hm’, 1360. 04—1707. 79t/hm’ and 1082. 38—1550. 10t/hm’ respectively. Compared
with not degraded alpine meadows with different soil types, soil water conservation capacity was reduced by 9. 37% —
10. 35% at moderately degraded meadows, and by 18.31% —27.82% at severely degraded meadows. Reduced soil water
conservation capacity was caused by diminished total porosity and capillary porosity and was also indirectly caused by a
reduction of above-ground biomass and under-ground biomass associated with the degradation of the alpine meadows. The
contribution of capillary porosity to water conservation should be taken into account when evaluating alpine meadow soil
water conservation capacity in the Sanjiangyuan region. The results of the correlation analysis showed that soil water
conservation capacity was positively correlated with above-ground biomass and under-ground biomass ( P<0.05). In
addition to promoting the evaluation of water conservation function, our findings can be used to provide guidelines and

methods for water conservation function monitoring in the Sanjiangyuan region by remote sensing.

Key Words: Sanjiangyuan; alpine meadow; soil bulk density; porosity; water holding capacity; soil water conservation
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Fig.1 Biomass of alpine meadow at different degradation stages in Sanjiangyuan Region

TR EE RGN O T R R AR P S s A (R 2) o F A b R IR ke b R R R IR AL B B

Frid i3 2 HHEA P E B E R (P<0.05, 1] 2) 33 o5 5 W 24 e B bR Ab xof - S 25 R R O AR
WG, 5 A S Y A L il A IR AT 4G SR — 3K
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Table 2 Soil physical properties of alpine meadow at different degradation stages in different soil types
e B i%iﬁ?ég _iﬁﬁi ‘ 3F%%%’LFJ%EBI %%E‘L[ﬁ%tf; E&LFEE%‘:
Type of soil Degradation stages Depth of soil Soil bulk d;ensﬂy NOn-Ci.ileal‘y Capillary porosity Total porosity
/cm /(g/cm’) porosity/ % /% /%
ESIEY A 0—10 0.69=0.03Va 4.05+1.15a 64.38+2.95a 68.43+1.80a
10—20 0.82+0.08a 2.9120.50a 62.58+2.11a 65.48+2.19a
20—30 0.99+0. 08a 2.44+0.52a 53.40+6.55a 55.84+6.08a
WV 5 L ) U IRfE 0—10 0.770.06a 3.01£0.11a 59.89=+1.74a 62.90+1.69b
Subalpine 10—20 0.96+0. 06a 2.58+0.09a 54.83+1.72b 57.41x1.76b
meadow soil 20—30 1.16+0.05a 3.2220.70a 46.57+1.08a 49.79+1.68a
HER 0—10 1.12+0.00b 4.91+0.00a 47.520.00b 52.42+0.00c¢
10—20 0.99+0.00b 5.58+0.00b 45.22+0.00c 50.80+0.00c¢
20—30 1.17+0.00a 4.27+0.00a 47.53+0.00a 51.80+0.00a
ESEY 0—10 0.56+0.04a 3.26+0.78a 64.44+2.60a 67.71+2.06a
10—20 0.80+0.04a 1.99+0.09a 61.08=1.75a 63.07+1.72a
20—30 1.00=0. 06a 2.35+0.34a 53.84+2.55a 56.18+2.38a
I rpEEIRAE 0—10 0.79+0.04b 3.7920.70a 57.22+1.38b 61.00£1.09b
'%‘”.Jﬁf@i . 10—20 0.96+0.02a 4.04+0.85b 51.50+0.90b 55.54£0.75b
Alpine meadow soil
20—30 0.97+0.05b 3.61+0.92a 50.18=1. 56ac 53.79+1.75a
ERER AL 0—10 1.28+0.01c¢ 2.13+0.05a 43.04£1.07¢ 45.17+1. 11¢
10—20 1.26+0.05b 1.92+0. 33ac 43.690.89¢ 45.61x1. l4c
20—30 1.35+0.05¢ 2.00+0. 18a 43.22£0.73bc 45.22+0. 86ab
R IRfE 0—10 1.1720.04a 2.91+0.07a 45.90+0. 89a 48.80+0.83a
e 10—20 1.22+0.10a 3.6920.21a 45.66+2.26a 49.34%2.22a
L ) 5T 20—30 1.2320.00a 3.3651.17a  42.32%2.16a 45.68+0.99a
Alpine meadow S
steppe soil AR 0—10 1.57+0.03b 2.92+0.28a 35.070.74b 37.98+0.48b
10—20 1.61+0.04b 2.58+0.39a 31.75+0. 64b 34.33+0.49b
20—30 1.52+0.07b 3.70%0.05a 32.85+0.33a 36.55+0.28a

OFTRBAE AP BE AR MEDE ; 7] — S8R R L SEARAE T | [l — e S P B s f) R [R] 238 BB ) 22 57 AN (3 (P>0. 05)
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Fig.2 Average soil bulk density .non-capillary porosity , capillary porosity . total porosity in different degradation alpine meadow

&2 A R RS T 3R LR S R LR R R R A A e, Y R A T RIR L S
HEEIR ALY Beit, B A LR 5 B LB R TR R e — BURE ) A e E R AR D) AR i B
PARE, R 2 B e s SR AL RAL IR i R BN - AR A ) > b R R Ak ) > R IR
Pl ), B S A 2 Y R AT A R — 3K
3.3 mZEREIR AL LR KRR

e 3 AT, AR A 448 AR S K e R L E LA AR R, 3R 3 SR 3 L [R]1EAA  gE R
i)ty AR AR I bR R IR AL AR R 0—10em . 10—20em ,20—30cem K2 0—30em 35 [ 4R 7 K B bl

http ; //www. ecologica. cn



2394 A E = 334

) AR ) 4 S AR AN A A PGS e i R R Ao 38 11 R S K B AR R R
3 alE Y RRER AN T A R KR A S I ) 3 B AR A R A e T ) (R
IR BE, S AR K e A 98 ) T 7 ) S s AR A
o FE A IR AR T SR R AR i A S I ) T L A AL (6 3) | EEREIR AR B M fR K
TR RO T B U S A A, BEAE ) 1B AR BE IR, v S ) 0—30em - HE B AR R K B A R IROE B
(E3),
m RiBA w BB o EmAGEAR

2000 2000
1800 z 1800
& 1600 2 o 1600
1 ‘?g a i & g
% 8% 1400 2 oS 1400
§ §\§ 1200 ﬁﬁmé\; 1200
¢ 5 E
.ﬂang‘% 1000 @;3 1000
SEe S0 3% L so0
P EE 600 T ZE 600
oz ¥ b L 8=
§ 400 2% 400
200 S 200
0 0
X
Y
’éﬁie@
& o8 S
. o
& &
o o

1800 2500

1600

—_
N
(=3
(=}
393
(=3
(=3
(=}

1200
1000
800
600
400

1500

1000

0—30cmiz/NEk 2=

Minimum water-holding capacity
within 0—30cm/(t/hm?)

500

Soil water conservation capacity/(t/hm?)

d-——
ORI TR

. @iﬁ;@\
S5 & v
& &
e >

3 FAREBEMESEER0—30cm TEARSKE EERFKE RMFKER TIEKREFRE
Fig.3 Soil natural water water-holding capacity, capillary water-holding capacity, minimum water-holding capacity and soil water

conservation capacity in different degradation alpine meadow

3.4 HHOKIEMFE R AR HEE 0 R R A

M 3 ATE Y B R Al R v A K R 5 e A S BRI A (P<0. 05) | 7RV g 1l A 4 4R, R
IBAE R A | R R B R ) K PR R BT Y 43 R 189744 (1701, 04 (1550. 10t/hm” , 53 51| R A
T 10.35% F118.31% . £ 1 Hif) + 5500, 3 AR ALBY B - HEK 1A 3% i - 206 1884. 32 ,1707. 79
1360. 04t/hm? , T 3EFEIK T 9. 37% F127.82% (P<0.05) , 7E i B A B+ 40 F , rp 3 & B Ak i) +
HETK PR 35 A 20 9 1462, 101/hm? 5 1082, 38t/hm?, {358/ 1 25.97% (P<0.05) .
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Table 3 Soil water characteristic of alpine meadow at different degradation stages in different soil types

e KK EE KR e/ MK FYNEL Y SN
e il JE{{[Q/TF& j:i,%’%fﬁéfg Nflura? wj:ti- Cef):iﬁj;‘ vjv(air- M?:Hjlj:’l j;eir- iji?n(jl l\iir-
Type of soil Degradation Depth of soil holding capacity holding capacity holding capacity holding capacity
stages /em /(/hm?) /(v/hm?) /(/hm?) /(/hm?)
FiRfk 0—10 520.47+41.310a  643.75+29.47a 473.51+44.26a 684.26+18.00a
10—20 523.27+44.45a 426.37+131.65a  338.62=109.89%a 654.82+21.89a
20—30 434.11+108.29a 379.51+131.31a  307.83%126.10a 558.36+60. 82a
HEEIR L 0—10 343.27+39.42b 598.94+17.36a 408.77+20. 66ac 629.02+16.91b
1 B £ 10—20 331.10+28.95b 548.31+17.254a  433.52+15.75a 574.14=17.60b
20—30 279.25+23.25a 465.66+10.81a 352.22+23.08a 497.87£16.79a
R L 0—10 174.70%0. 00c 475.1520.00b 296.05=0. 00bc 524.20%0. 00c
10—20 191.20+0. 00¢ 452.1520.00a 325.35+0.00a 507.95+0. 00c
20—30 206.45+0. 00a 475.30+0. 00a 382.60+0. 00a 517.95+0. 00a
KiRfk 0—10 551.41+40.21a 646.20+26.81a 554.28+66.92a 677.07+20.61a
10—20 556.54+44.08a 610.76+17.52a 503.78+27.85a 630.69+17.18a
20—30 483.41+32.42a 538.35+25.51a 454.76+34.04a 561.81+23.83a
AR Ak 0—10 501.46+36.77a 572.18+13.83b 417.66+18.72b 610.03+10.87b
o LUy R 10—20 406.74+40. 16b 471.46243.43b 383.53+33.89b 555.37+7.52b
20—30 415.47+49.40a 458.72+41.56a 376.50+34. 654 542.39+15.95a
mEIRk 0—10 219.97+33.33b 430.38=10.65¢ 337.09=+9.96b 451.70+11. l4c¢
10—20 240.01+7.55¢ 436.94+8.91b 358.67+3.03b 456.1211.45¢
20—30 274.33%17.37a 432.21%7.25a 353.33+7.45a 452.22+8.60b
tEEIR AL 0—10 324.63+18.50a 458.97+8.95a 247.50+5.52a 488.03+8.25a
10—20 298.38+28.70a 456.55+22.6la 360.22+19.79a 493.43£22.17a
I 20—30 574.08+326.28a 423.20+21.60a 328.80+33.60a 456.80+9.90a
reg L ) 2 s
R L 0—10 163.75+23.59b 350.65+7.35b 209.03+21.23a 379.80+4.85b
10—20 170. 68+47.29a 317.50£6.38a 224.08+4.88a 343.28+4.93b
20—30 108.13+14.28b 328.48+3.33a 226.65+10.15a 365.50+2. 80a

R4 BEKREFESETEXMEREXMEURRE)

Table 4 Correlations between soil water conservation capacity and main factors that influence (2-tailed)

WA TR PRENAT PRERRALE PRy ORI

Soil water

Above-ground Under-ground Average soil Average non- Average capillary .
. . . . . . conservation
biomass biomass bulk density capillary porosity porosity .
capacity
Ho bR |
Above-ground biomass
I H- =
BRI 0.243 1
Under-ground biomass
iy o 0. o 1
Average soil bulk density 0.559 0.542
SEAA R A% ': i
¥ HE%E?L%E . 0.010 -0.155 -0.050 1
Average non-capillary porosity
PRI 4
PHBREALRE 0.513" 0.557** -0.951** -0.168 1
Average capillary porosity
MK P TR
Soil water conservation 0.530** 0.526** ~0.974 ** ~0.026 0.987 ** 1
capacity
* & P<0.01

o FE ) MK R S S L D AR R AR BRI AL LR A LR
I 5 TR PR EAFAER 2 G R (P<0. 01,36 4) , 5 HHEEBEALBE R R A RE . 75 Lk 5 Tigtr,
5 ) 1 K PR SR A AR IE AR SC O 2R HAH S E R B0 b o L LB RE L2 R4 LB . A
FAER IR AR AP A3 MK PR 5 R R IR B A TSR AR (P<0.01) o R HOKIRIAIR 5 3
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AR MR AR AR A DG R (P<0.05) | kb b AR Wit Fdh R A i A S A
A LR 5 2 AH G (P<0.05) o 332 R T i JE B ) B HGR b 1 S R MU AR DR Ak, BRI e AR Bl B
SRR R L AR YRR AR T, e TR R A R B R IAR R B S S HIEN R
FHad A, PR IR L A AR R I AR R AR, B A B AR R A VR 4 ARt
FeiRAk, iR AL BRI A A R bR R A AR A, HIETOE LA, B E SRR R IR
WYL R T BB, AR W S UK IR R R . 53R 4 4550 iR bR o A A R 1k
XoF K TR S D) ReHA Tl s i VR, - S8R A D) 42 52 e 381 - S KRR TR e
4 L5t

R FERANR AL UE R T K IR A IR P BME A AR Ak | R A RN R R AL 3 B B4l 1890. 15
1670. 76t/hm* LA K 1361. 90t/hm* , H i 1R Ak 554 5 AR b v ) 38K PR 5= 5 AIK 11, 61% , E IR b FE A {IK
27.95% , =ITIRIX A EERALLL R IR A 5. 7x10%hm? , Horp | 8 R AL BE b R ARl 1. 8x10°hm? | U
FERAL R TR 3. 9x10%hm? W] 1545 380 v R A £ b - K PR SR LD T 8. 56 x10°%, F B IRk fif
B K PR IR SRR T 9. 51x10%, W+ 3K IR 55 fE 0 T 18. 07x10%, PR TH 3 /K U 16 5% i B
FEOY % R SRR I S AR VAN B LR AR SO LA 3 S AR R v FE R ) X — Rh R e 2 A TR S, 4
RRUIARIR R R R B K B SR A 22 5, VLIRS R A 5 L R 2R 764 5 i
FE T, N AL ST A B ST B 2 O RN K TR R R AR

il 2 bR IR o P ) R AR L, AR T B R (P<0. 05) , B LB W PR
(P<0.05) ,1M3E B FLIR A R R L B B 25 3 T AR IR AEBY Bt (P<0.05) o [AIET, 78 = VU6 IX. /o) 98 ) iR
At AR K R SR D) RE 2855 (P<0. 05) |, i) 2 7 R ) A v B2 AR Ak ) i R R A e ok AR v A R ]
b PRI B e KGR 27, 82% ., R I HRE AR fh 0T - HEOK IR T8 5% D e LA B 2 I S5 VEH (P<0.05) , 58
PR R SO O BRI S i R R R R B s R, R R AL g
Bfe) Kk IR R SRR T B R R L IEBATILBRE A AT K A > SAIF 5 45 R — 5L
el E SEY AN R R ) S/ RS o = T ez & | EEE NN e 2 s A ] 5 N N E S s R R RGP
B, KE2 8w U B LB R b B i H K ISR 6E 17 i B A S R G P AR A 12 IR
SRR FERE" LA SRR B ENE , 3 ORFL B B FLBR Ak, T A5 1A B 1 Rk
AEACR , H KRR DI BE R B FE 2 8 LB FLBUE M BRI, — VIR X R R At 78 rh AR B R b S 20
TSR R, F AR TR Y R T R AR A AL (Hs D T B FLBR I, T S S HEK R
FRRFEAR, QR DL R B LB B TR K IR R 0 SEBRAE ANAT . VLR X I SRR 95% LA 1
P B LIRS A B, 5 7 350 il S 2385 5 % %) — B0 MM A 45 SR R A - HK JR A 7 i R BB T T
EALBRRE PRI, VLR XA S R G K IR IR IR RS B Al S A e — D IR ABFSY

1 FE R b AR A VLR DX MR A R v i R S BRI A (P<0. 05) MO BT 5 R AR B L AR
Yy it 5+ HOK IR AR i AR B A DG OE R (P<0.01) | BRACE %1 ZE N 5l KB P R R A5 31 2 U 25
W, BB, b LA i 0 S SRS T R ) H A 1 A e R i) - B U R 7 e A ML ) R
A RIS TS A i 5 3K R A 75 i 1] 56 R HLA B S, L 5] oy fi B B s i I
A= O IX SR TR 5 e RS R A 55 BB S I 3 2 M R AR AT
Bigt . WA AR F TS B K L B K 5 2 R AT U B L HE AN T AR, i =T IR X BRI SR
M BRI ISR IR T AR TAEAN RS 5 T B ANREE  7E b — I 20,
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