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Effects of shrub ( Caragana microphalla Lam.) encroachment on water

redistribution and utilization in the typical steppe of Inner Mongolia
PENG Haiying'**, LI Xiaoyan™*, TONG Shaoyu'
1 Institute of Land Resources and Sustainable Development, Yunnan University of Finance and Economics, Kunming 650221, China

2 College of Resources Sciences and Technology, Beijing Normal University, Beijing 100875, China

Abstract: Shrub encroachment is the main environment problem at the steppe region on the earth. This study observed
rainfall redistribution composition of plant canopy, surface runoff, and soil moisture content at the shrub and interspace
grass patches respectively, analyzed effects of shrub encroachment on water redistribution and utilization in the typical
steppe which encroached by Caragana microphalla Lam. ( C. microphalla) in Inner Mongolia. Results showed that the
average canopy interception was 20.86% and 7.88% for shrub and interspace grass patches respectively, and the average
surface runoff coefficient was 5.95% and 17.19% at shrub and interspace grass patches respectively. Shrub patches had
greater water capability than intersapce grass patches in the same rainfall event, so soil moisture content under the canopy of
shrub patches was much greater than intersapce grass patches after rainfall events in the 0—60 cm soil layers; soil
evapotranspiration below the canopy of shrub patches was much greater than grass patches in the 0—60 c¢m soil layers, the

evapotranspiration rate below the canopy of shrub patches was much lower than interspace grass patches in the 0—10 cm soil
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layers, but it was much greater than intersapce grass patches in the 10—60 cm soil layers. This study suggested that that

shrub encroachment increased spatial heterogeneity of water distribution in grassland ecosystem at the arid and semiarid

region where water was one of the key restriction factor, shrub patches could capture and utilize more water to produce more

biomass than interspace grass patches.

Key Words: soil moisture content; shrub patches; grass patches; spatial heterogeneity; water redistribution
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Fig.1 Shrub patches and interspace grass patches in the four topographic positions of the hillslope
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Fig.2 Observation devices of the throughfall and stemflow for shrub patches
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Table 1 Characteristics of plant community and soil at shrub and interspace grass patches in the four topographic positions of the hillslope

HEMBELL Shrub patches

T BEERL Intersapce grass patches

SP1 SP2 SP3 SP4 SP1 SP2 SP3 SP4
%ﬁ:ﬁi 16+5 15+3 17+3 14£2 14+3 14+0 12+2 15+0
Species richness
Wl 2
B % 80+15 950 942 950 67+5 72+3 81+1 86+3
Plant cover
EL 2
oL B /('g/m ) 328.31+13.76 351.97+40.19 408.85+3.73 409.97+5.86 95.11+12.72 104.25+18.38 117.90+11.86 145.11+19.72
Above-ground biomass
ﬁmﬁ.ﬁ/(g/kg) 6.72+£2.12  14.26+4.94 15.96+4.49 16.15+£5.33  6.85+1.84  8.56x2.12  15.07+5.53 18.02+5.14
Organic matter
A k
'Ij‘:fgiﬁNﬂ/(g/ &) 0.29+0.11 0.73+0.36 1.09+0.38  0.97+0.34  0.30+0.11 0.50+0.15 1.00+0.36 1.06+0.27
otal
g5 )
i%ﬁﬁiﬂ/% Dhr 82.20+6.15 54.93+7.13  62.89+6.77 55.26+11.63 84.46+4.24 79.28+4.95 65.91+3.17 62.93+6.80
Soil texture Sand
BhL
Silt 10.67+£5.16  24.03x4.34 24.71+3.92 27.62+4.63  8.82+2.86  12.43+2.65 21.10x1.26 22.79+4.28
i
KL
al 6.53x1.21  21.04+8.72 12.40+2.98 17.12+8.03  6.73x1.45 8.29+2.47  12.99+3.21 14.28+4.19
ay

1.4 3K
SRV L - M 5 7K AR T 3 B 3

B AR DR/ DX R AT e AT AU LA B4R i
FRTRE MR 3t R, A R DA BREBR A R 22 B4 P
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m, —m, m,
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h AR KR (em®/em®)
1.5 S5

TEYE % %6 B 3 R4 i ( Dynamax Inc.,
Houston, TX, USA), ic sk R A KU XU T 45
R E R, R EHE R 4L 4% (CR1000, Campbell
Scientific, Logan, UT)=R%E 10min [A] ff iYL 5 E 45 .
PL_ESEE AR 2011 4F 6—9 A WIE 52 AL,
1.6 Giitoabr

KM SPSS13.0 1R b ge it ot TH R J5 2241
BT (ANOVA ) A 45 2 00E =2 1] 1) 22 540, BT A3 i 42
HAHTITE 0.05 B PEACE E5ERT,

2 #R

2.1 JENBEHLAS[E) A
B3 AT B b S B 4 A3 AR VA
BEH a3 (B0 kG R, 3% 2 S HE AR 1 G TR E

RS S A [se2 "‘ v & k¢sp3 - st T B
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i P’ =" e S |
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Fig.3 Spatial pattern of shrub patches in the four topographic positions of the hillslope
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150 et 2 B SRR, PR AR 3 AT E A BEE Y
ZE W W TR N 2 R A R
3. 11% .76.04% F1 20.86% ; & b Bt B i) 2 15 1 F 7
JEHRER 0 0 o R FR A 92.129% 1 7.88% , TEATEBR
) 768 J2 R P o v R M B e 0 T R N R R
T ABE S SR J2 R O 31 38 Hb 2R 19 T K AR T R b
BEH, KPR T 2R | 2F 05 RN ek 2 A R o o R A
A 43 LL 55 R TR 22 (R % 56 R AT T X B F8 2L R
PRESCRI A 2 pR A 4805, LU A4S 3 0 4508 bR B L

AT B RG BE , BE A8 e S L3 T -2 T 4%
HNE R o LRI R R ARG AR, pR I 2
], HE DRI 1 SRR 14 25735 T AR 25 0 6 (A
BB ) o5 5 T 8 ) 20 LA A T A g B
ek 2 1R B o AR R ) 1 0 L e T ) 8 T 9k
A TEROR R T A R R R, SRR T
FWIZET BRI 7 oK LU e /2 B K & LS
e 2 X Ik 4 3]l T R K 7K R PR IR B T AR

R2 WIA(SP1) 38 E(SP2) I (SP3) (T (SP4) 3 fir Ak MBI HUSFIE
Table 2 Characteristics of shrub patches in the four topographic positions of the hillslope

SP1 Sp2 SP3 Sp4
HEBEHRE: Number of shrub patches 84 + 4a 103 + 18a 62+7b 80 + 3a
THEAPEHT- Y Y Average patch size /m? 1.54+0.22a  1.43+0.11a  2.05+0.31b  1.58+0.12a
TEMBES AL Avea percentage /% 19.50 +4.93a  22.54+3.03a 20.00%3.54a 20.51+2.12a
JNH-SR RS JLAE AR S B Plant density of C. microphylla / (¥k/m?) 20+ la 37+ 8a 35+ 6a 29 + 5a

JINHE S J LA AR 5 B Height of C.microphylla /cm

31.23 +10.61a 34.09 + 11.03a 36.00 £ 5.94a  36.40 + 4.33a

i) —A7 AR B FOR A RIS P=0.05 K ERAT W35 22 5 MR 5B 30K 22 A

R3 EINEMHEREFREERABESEAS SERENFS LT

Table 3 Percentage of rainfall redistribution components to precipitation for the canopy of shrub and interspace grass patches

Fee T 1500 BC 4L 5%

Rainfall redistribution

diBEK B 2

Percentage to

X B R AL T

The fitted equation

components precipitation /%
HEABEH 253 Stemflow 3.11 Y=1.824In(x)+7.185 R>=0.232
Shrub patches ZEBT Throughfall 76.04 Y=3.882In(x)+67.29 R*>=0.191
5t JZ A Interception 20.85 Y=-6.57In(x)+27.57 R>=0.383
B 2£1% W Throughfall 92.12 Y=3.387In(x)+84.44 R*=0.178
Interspace grass patches T )Z A Interception 7.88 Y=-3.38In(x)+15.55 R*=0.17
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