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Effects of shrub encroachment in desert grassland on runoff and the induced

nitrogen loss in southeast fringe of Tengger Desert
LI Xiaojun” , GAO Yongping

Shapotou Desert Research and Experiment Station, Cold and Arid Regions Environmental and Engineering Research Institute, Chinese Academy of Sciences

Lanzhou 730000, China

Abstract ; Grassland degradation typically characterized by the invasion of shrubs and semi-shrubs is a critical issue in arid
and semi-arid desert regions throughout the world, which was broadly believed to eventually result in vegetation cover loss
and the induced severe change of ecohydrological processes. The aim of this paper was to understand the response of runoff
generation and the induced nutrient loss to shrub encroachment in desert grassland in arid regions since they are much
closely related in drylands.

We took the grasslands and shrublands in the southeast fringe of Tengger Desert, north China, for the in situ case
study. Simulated rainfall experiments were conducted on grassland plots ( Grassland treatment, GT), intershrub bare soil
plots ( Bare soil treatment, BT) as well as the plots consisting of both bare soil patch and shrub patch ( Shrub treatment,
ST) in shrubland. The time to pond and to generate runoff, and the volume of rainfall to start runoff, the time series of
runoff and nitrogen concentration, runoff coefficients, total nitrogen loss, and average concentration of total nitrogen were
investigated simultaneously. By using these data, we compared soil water infiltration, runoff generation and nitrogen

production from different habitats and elucidated the influences of the replacement of grassland by shrubland on the
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hydrological processes and the induced biogeochemistry cycling.

Results showed that; the time to pond and to generated runoff and the amount of rainfall to start runoff for GT were
slightly greater than those from ST, but significantly greater than those from intershrub bare soil plots, indicating the higher
soil water infiltration rates in grassland than in shrubland. Weighted runoff coefficient in shrubland habitats was 34.46% ,
which was significantly less than that in intershrub plots, slightly larger than that in ST, and it was 2. 26 times greater than
that in GT. Time series concentration of nitrogen in ST was greater than that in intershrub plots but less than that in GT.
For all the samples collected from each treatment, negative linear correlations were found between the nitrogen concentration
and the amount of runoff discharge. Total nitrogen loss from shrubland habitat was 0.23 g/m”, which was slightly smaller
than that from intershrub plots but remarkably greater than that from shrub plots, and it was 2. 09 times greater than the
nitrogen loss from grassland ; the volume-weighted mean concentration of nitrogen in the runoff from shrub plots, intershrub
plots and shrubland habitat were 0.009, 0.007 and 0.011 g/L, respectively, they were less than the corresponding value
in grassland (i.e., 0.012 g/L), all which confirmed the increased nitrogen loss induced by the vegetation replacement.
The results indicate that vegetation cover decline/loss derived from the encroachment of woody plants in original grassland
inevitably leads to the increase of runoff water and nutrients losses. If the general trend continued without interference,
rainwater, soil material and nutrients would no longer be efficiently captured and stored within the ecosystem, then the
landscape would become a degraded non-conservable system that can be termed dysfunction, these processes would

expectably lead to continuous desertification.

Key Words: Tengger Desert; vegetation change; desertification; runoff; nitrogen
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IREIK 3 ATARA I 5] 1 80% Zi A7 WK BE THTE 7—9 H A0y s 828 K 2R 2 300—2 500 mm , %5 P KA IR
40% o FEFEINGE N 2.8 m/s, KT 5 m/s BRI KIEAEA 200 d 7247,

b A SRR A TPk DAV 26 km AR BHEE B REZ) 130, EEAEYF A VA5 (Stipa glareosa P.
Smirn. ) JEAEEF S (Stipa breviflora Griseb. ) KiFs % ( Cleistogenes squarrosa) VY2 (Allium mongolicum ) % , £f:
M B ( Setaria wiridis ) | /)N ] JH 5 ( Eragrostis minor ) . J| V9 3% ( Salsola ruthenica ) | B Bk & ( Artemisia
capillaris) FEFE5 ( Chloris virgata) KFi5 ( Artemisia sphaerocephala ) 55 | A 9% 35 JF 69% , WE A= SE AL M0 T 10
WSk v LAV 40 km ARIBHYE B EE 20 100, FEEREAFA B BRI B3 (Salsola passerina) , fEAE L1V ( Reaumuria
Soongorica) AEILTE G EE ( Ceratoides arborescens) J&M 83 3% JL ( Caragana stenophylla) \FE 5 H3 % JL ( Caragana
roborovskyi) %5 EARTEE 11% . WARATERE LMK TILE 1,

R®1 HRERELE(0—10cm) BHUHER

Table 1 Physiochemical properties of soils (0—10cm) in the study area

PRHBBELR Bare soil patch HEBEL Shrub patch VDB HL Sandy grassland
5 Bulk density/ (g/cm’) 1.43+0.21 1.18+0.11 1.17+0. 14
KR & Clay content/% 5.68+1.13 11.81+2.06 12.26+1.87
Wyki A Silt content/ % 15.17+2.49 22.61+3.74 23.69+2. 88
A PR Organic carbon/ (g/kg) 3.78+1.03 8. 14=1.12 8.97+0.94
4% Total nitrogen/ (g/kg) 0.23+0.08 0.58+0. 14 0.62+0. 12

1.2 BRIk

WA BE AR EAETT 10 1~ (1 mXx1 m) ( Grassland treatment, GT) , A\ A= BE AR 5 B AR T 20 4~ (1 mx
1 m), Hrp 10 ARED5 3 B AR A 325 i (e A B E 25 R E M) ) 5 35 (1 HE A\ T L BEER ( Bare soil
treatment, BT) , %340 10 ANFE 5 H40 5B (20% ) M HBEEERE (80% ) (Shrub treatment , ST) , #E M BEH AV
TR T, BEJ PUJERKE 15 em 58 A9 BK B SR 56 A 389 (10 em 78 HERTF,5 em 7E LHERT L) |
FERETT T v i 35— 7Kl 7K 107 B — A R R SR AR AR =8

K E RN TR RS L 80 mm/h FY 8 Y 58 B S A 4DL S 00, B RN ARSI R BE B M IET 29 2 m 224y, B
TEFLE 45 min( ABFRLF S RIRE ) , AN B9 R, 76 8B 7 DU M A58 4 SRR, I 5E S PRI RN
oo P RTIREE RRT 2, ASEHDL I T 1 235 SR B R AN R 5 R B AR i RV ik = 3 e AR AL rD B i R 58 R
7 BT M1 S0 | RS X AR R PR S AR TR . R ITE 60 C AR R AL T AT ik s AR
LV AR R e SR T ) AR

FEAEA AL I 25 v R B ) S8 - R LR T BUK TR (TP, #ETJ7 60% LA i 21 H BLEUK
B BRI E] ) ARV IFLART ] (TR) ARWIT IR PR & (V) .
2 ZER551
2.1 AEFEDT K SCRHE

FENR R T (BT) 20 BITEM K IF A 3. 32 min F14. 58 min B H I3 1 BUK A AR, IR B30T
EHENTESARETT (ST) T HLEE T (GT) (32 2,P<0.05) , 1 HE A 7 1355 FE N BE AL Oy 22 1) 25 S N i &
(P>0.05) , #EHIREDS P2 AR AR s R RR B2 6. 11 mm 10 55 E DA BREBR (R 7 1B M R T 72 Vi T 5 6 S
YRR () 4.4 f5F1 4.9 £, 2250 B3 SR H Z (R 22 SR 0 5 3% W DA BRE B R 1 R 3 3R 8 U
DI FRAR T TE AR
2.2 AN[ERETT /A B P AR

THE LR Hb R 5 BT IS ) A2 8 B TE R K TR AR TS 15 min 2545 36 B B A, 17 % HE A BE SR RE J7 R EE o RE
MIAERE K FF 1R 5 30—35 min Z[AITA S RAE (& 1) o ZERE R T v, S 7 I 8] 428 It 24 76 3K fe KA B O
e Bl B Z K S5 AR, B A I Sl v B B 0 K LA B 2R Ty, SRR Ty BRI D RN T A BRE SR T 1 £
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WARBIT M 15.22% 53.33% F119.01% BRI AR HAE 7 R0 25 HE AN BRE B RE 7 rh B0y 1] R AR b 7= it & A )
HRFE 5 HE DAEE T v TR D\ BRESL 5 R s 3XE R 1) b 191) B 3 A A= B3 W 3 ) S B LU R A T BT, T A5 0E A B i 42
MARKCH 34.46% , 35 KT H Ak E ) S REABEHRE Ty /N THE N BT AE 7 (| 2) |, P i h A
514 2.26 1%,

R2 TRBEFAKISH
Table 2 Mean values (+S. D. ) of selected hydrological parameters for different types of plots
AR TT HEETT BT

Bare soil treatment( BT) Shrub treatment( ST) Grassland treatment( GT)

B th -3 5 7K i Initial soil water content/% 2.94(0.18)a 2.82(0.37)a 2.97(0.31)a
FRMAKIE] Time to ponding ( TP)/min 3.32(0.72)a 6.12(0.61)b 6.60(0.48)b
R FFLRETE] Time to runoff (7R)/min 4.58(1.88)a 20.14(0.64)b 22.92(1.96)b
BRI IR T Z AP & Rainfall for runoff commencement( V)/mm 6.11(2.51)a 26.86(3.04)b 30.03(3.74)b

JNE T A AL Y L, A 2 . 5 2 57

30 60

—=— YU BT . b
_ 5 | —e— MMREJST % 0 T
2 —a— A GT g 0r
% 3
2 20 - T 40 c
= E T
=1 G
2 15 % 30 |
2 = 2
& 10 F & 20 ¢ a T
® 5| Lé 10
0 | | | | 0 : ‘ ‘ '
0 10 20 30 40 50 Yl it B+ NS
1] Time/min K J7 / H:3E Plots/Habitats
E1 BfIREEREMEEEEY E2 AEEFFERRH
Fig.1 Change of runoff discharge with time Fig.2 Runoff coefficients of different type of plots

2.3 AR/ AR

TERE R R B, B b A BEAE 5 RS E ABREEAE Dy B AR AR Ik B R0 I o) o 300t st ] 1) 36 K (R B IS
BB RS (i) 3R )N , 2E R 4R 29 40 min 5B WiE , S KAE 29 AR08 Br B E Y 2.5 i REHb A B
TERSA S g i AR R W S Bl . BRHAE 5 E VW?F%H]%MZM\&mﬁﬁiﬂﬁaﬂﬁﬂik Fiti 5 BV sy
[/ FERE RN AR 24 27 min Je e , i RAEZ AR e I BOE3ME 3 52 (K1 3) . e AR
R It AR e, R R A A B R R U B AU B K, S HEABEEAE 7 /0N | TR b B R 0 /N T A R
FKFETT

PR HBAEE 7 B IS 8] R R B ZE R I R AR 2 15 min J5 38 B 5 KARL, {E 78 BE T 1) 2 565 o0 82 v o s 1) A5 b 52
WG HABPIZERE T MITEL 20 min J5 A EHR KM, HORFFRRE R LA R (KBl 4) , ERADBAIRET
aE R AR A L R] G R 5 T ABEHRE D AR T S 3N T AR M B U UL R A 3
TENEEH BRI S Js D SR T Ok

BRHAE 5 5 HENBEHAE Ty B (AR B AR U 2 60 o W B 55 57 o ) A8 O i 5t I 3 I PR AR DG G R
(5, P<0.001) , 3 B bifi 5 B4 B ) 8 9 s 34 G B0 AR BRAR 3t 3 L at S 38/ D, 3k 32 82 [ Oy B Bl A
S5 B AR i, AT 8 3R 0 & i B T, B AR B T v T A e M A G ELRE G
HAEE(P=0.003),
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Fig.3 Change of nitrogen concentration with time Fig.4 Change of nitrogen discharge with time

WA BT 25 - WEMKEDT ST 30 R GT

y=-011x+58711 5| ® y=-0.3365x + 12.713 25 0 y:—0.§565x+ 12.274
R*=03121 R?=0.1581 K R*=0.0918
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Fig.5 Relationship between the nitrogen concentration and the runoff discharge

FEHRE T R HIAE T RN AR DT R R i 430 0. 11,0, 29 0. 09 ¢/m?* , MR 4 5 EE T HE A BE B
SRR BRI A A9 B A B R B SEBR FE B EA T INAGHAL, AT AR A 3 R S B 0. 23 ¢/m” EMNAE
BRI DK TR SRR (B 6, P<0.05) , /NFREMEE T B2 T A B2 (P>0.05) , HE M5
AR R B VD R A B 2,00 £, FHBARR T AR T IS T DA BERE Jr B AR BRI O U AR
PHE (R B M R DR T A0 ) 43 91 0.012 .0, 009 0. 007 o/L, HRHERIREAAFG T, w457 A B
FNRBURIR S AN 0.011 o/L,/NFROMA ST 22 R B (P>0.05) , 2 3 K T4 A 3 A BE B R Jr
(K7, P<0.05),

3 g
3.1 VDS AR S 7 I 5

TGS BLUD AR RS, U0 0 B b A S50 Y 56 P A L R T 50 0 A, TEAB BRI B3 (S passerina) A
TSN BT P RDY 36 0 3 T R, FL B0 8 A S R MR A B s () BEBR Ak 43 A, B B0 R A BB 5
) - HE 2 He 7 56 A AR BRE R B %201 AOAR SR R E | SRR ARAE 5 Schlesinger TP YT Chihuahuan 70
T e AL T BORE s ) S S R S I A R — 2, 2R, T R IX R 35 10 B SR AR AR A
(W FELHEAB R TR RGEARF AR > FeAS DL R0 b, v 5 R R T B3 T AR R
Hb F AR T AR (0] B 7 AL T 75 B N K T S ME B Ty, 22 S AN W 3 I ZRAE Y 3 A S0 I K TR R
F(FE2) o T A NBESAE T e ABESR 35 BE N 20% |, T T4 DA A= 355 vh e N BE B 1) S B 25 B R 1%, Rt
VA B8 SR M B TR /K R 1 A8 S A9 ) AR 7= G0 T 5 o T i o /N Tl A 5 | e A v 5 i AR S |
T HHEK A ANB RGN, ROy P R S A BRSO AT, /N TR Ry R A
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AP (B 2) TR T LA ARy F- AR AR e D i /K S 8 . ©AA IV 20158 i
TR R ST R 7202 5 B b J5 AR R A B VA AR 3 BOR TR R AT O R 08 T 28 s B, i 22 3t
2 e R IR R AR S SR A Wk BRIE BUAE 22 AL SRR SO R AN T K SR
B R R AR LR S5 1 K A AR R BRI AR N 53— D T VE A D) R b 2
BIRRAE KB R A 13825 e | v B 3 53 D 1 22 X8 - SR UKL 9 2 G A I - S e T 4 4 R 52, [ i)
8 g FEIE KA BA WL TE B IR K5 IRk, 3 9 - HEFL PR, (6 4L b B B+ 18 K R g B /N kb
HHOKGFAB BT R RAR T R L
3.2 FUHDJE BT SRS ) 5

Kl 6 & B AR b BESRAE TT A2 AT R AR R SR B B F R TR AR, X —452R 5
Schlesinger % 7E Chihuahuan YU RFFE S5 RAA B, M ATTR FHBR BE R 140 mm/h A T AEHL R FR SC 50 057 1
DAY IO 5 b W A 2B B8 047 0 e NP FR 43 R A, R LR 5 43 B R i W R TR A 8 Ik LA ]
FROHHEME FE B HEFRS R TE E 3 Al AR AU R R A R |, B RE R AR T B
RLRBUR I & A BRI B8/ T RO 7, HARMIAE 7 50 ARE D7 RN IR 5 1) 98 A A 5 B AR B
R ST BE N TR T (B 7) |, TR HURE D7 428 0 2R 804/ TR MR J7 T35 JE A B AE 7 o b 35
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