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Abstract: The degeneration of alfalfa ( Medicago sativa L.) caused by soil desiccation can significantly affect the
distribution and diversity of the herbage community in the semi—arid Loess Plateau. However, the mechanism by which soil

moisture redistribution caused by topographic features at the hillslope scale influences the degradation of alfalfa and the

E@WE : HEKAARFEATH (41561112,41871194) ; KK H S & TR (2016 YFCO501701) 5t A} 2= B A4 it 55 9 45 113 ( KFJ-STS-
ZDTP-036) ; R M HE A G0 2 SRR 2RS4t )

175 B H#5:2018-05-18; ¥ £& tH kit B 81 :2018-00- 00

# W IHAEH Corresponding author. E-mail ; lig@ gsau.edu.cn

http ://www.ecologica.cn



2 S % 39 &

distribution of other herbage has received limited attention. In this study, the Longtan watershed was selected as the study
area. The above-ground biomass of alfalfa and diversity of herbage were investigated, and soil moisture content at a depth of
0—200 cm under different topographic conditions was monitored. The relationships between topographic features, above-
ground biomass of alfalfa, soil moisture content, and herbage distribution and diversity were quantitatively analyzed by using
ANOVA, Pearson’s correlation analysis, and CCA. The following results were obtained: (1) Topographical features
significantly affected vegetation community characteristics. Significant differences in the above-ground biomass of alfalfa were
found between different slope aspects and slope positions. The biomass of alfalfa on the middle-hillslope and foot-hillslope
positions was significantly higher than that on the upper-hillslope in west- and east-facing hillslopes. However, the spatial
variability of the biomass of other herbage, species richness, and diversity indices differed with the spatial variation
characteristics of biomass. (2) The above-ground biomass of alfalfa was significantly positively correlated with soil moisture
content at a depth of 80—200 c¢m, whereas the correlations between biomass and soil moisture content at a depth of 0—20
cm and 20—80 cm were not significant. (3) The topographical features, soil moisture content at different depths, and
biomass of alfalfa explained 87.8% of the variation of other herbage in the alfalfa degeneration communities. Furthermore,
the total variation of the slope aspect, biomass of alfalfa, soil moisture content at 0—20 c¢m, and soil moisture content at
20—380 cm explained 79.3% of the variation in plant communities. The topographical factors caused the spatial and temporal
variation in soil moisture content, which affected the degree of alfalfa degeneration through the variation in alfalfa’s above-
ground biomass in the semi-arid loess hilly watershed. The distribution and diversity of herbage were determined by the

degree of alfalfa degeneration and the soil moisture content at 0—80 c¢m under different topographic conditions.
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TIRIMBRE TR B 8 4F T2 HRER 2 500 em 1JZ AT A 18 4F PR 2 4 333 1414k K 733k LA
WRAZ . AT L 7B b DRV B 0 R R REAS IR /DK ik I RSBy (EHORS 3EKk 7 fhaed B T A 22 5
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38.5°C ,FXJCREI 152 d,~F-24 H B £ 2052 h, Z4E-F-XFEK R 386 mm, [FT EEATTE 7—9 H 14y, i
FEFE R AL 1439 mm, AN 72% , TR 1.9, WA HIELIE 4 + o & A PUE & &A%, B0
HO=mh, KM UL 2 F A AN £, FE K5 (Stipa bungeana Trin.) | i 5 ( Leymus secalinus
(Georgi) Tavel.) Bu/RZEM)EELE ( Heteropappus altaicus ( Willd.) Novopokr.) 55, [RIIR BFiA AR (B ) R A S
TR 2003 4F IR R TR TR 48R R S48 A& (Medicago sativa L.) o
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Table 1 Basic description of experimental sites

Rt 5 %73 et | Y e ER: eS|
Experimental site Altitude/m Slope position Slope aspect/® Slope gradient/°  Bulk density/g/cm® Soil
W1 2068 71 279° 29° 1.23+0.04 w4t
w2 2048 LREZIA 283° 19° 1.24+0.04 WY+
w3 2031 A 273° 16° 1.27+0.05 it
N1 2127 (56722 357° 29.5° 1.15£0.04 LEiES
N2 2115 LA 16° 23.5° 1.2020.06 i+
N3 2100 TYEAE 347° 28° 1.23+0.03 wem
El 2074 NS 7 1A 84° 23° 1.20+0.06 pigiihn
E2 2042 LREZIA 38° 26° 1.20+0.05 iR
E3 2022 B/ ZbA 420 20 1.22+0.05 it

W1 P4 3437, West upper slope position; W2 : 5 H1 3543 , West middle slope position; W3 Fi N 3137, West foot slope position; N1:3t 354 , North
upper slope position; N2 /13437 , North middle slope position; N3 ;L N 3137, North foot slope position; E1: 4% 31 , East upper slope position; E2: 4%
"3 A, East middle slope position; E3; 75 T3, East foot slope position
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oK SRR R R Z R,
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Fig.1 Vertical distributions of temporal—averaged soil moisture content on different sample plots
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K535 (0—20 em ,20—80 em 1 80—200 em ) b Fii Hu b A=yt (R A AR S . I HISSEXT R 7B (CCA)
SEHUIE (B m AL ) TS A KR (b AR ) RN K o> S T S AHEIE 0 A Z R S &R RS
1% B #4555 ( Monte—Carlo permutation test 999) 57 —HE /7 A1 T A HE il i) 1o 220 AR5 3 CCA HEF higd
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Table 2 Importance values of herbs at different slope positions in alfalfa land

Y4 R VB West slope JE3% North slope Y} Fast slope

Species wi w2 w3 N1 N2 N3 El E2 E3
WU Leymus secalinus ( Georgi) Tavel. 51 0 31 0 40 35 47 34 34
T JF R ZAR Poa sphondylodes Trin. 0 24 26 0 0 0 0 0 0
KB Stipa bungeana Trin. 55 0 0 49 0 27 52 8 11
B Setaria viridis (L.) Beauv. 0 5 0 0 0 0 0 0 0
MR B3R Salsola subcrassa M. Pop. 8 0 0 12 9 10 0 0 10
KACW RIF Torulria humilis f. grandiflora 7 0 0 10 14 11 0 0 0
SEEBERME Potentilla acaulis 1. 6 0 0 0 0 0 25 0 0
T TR Potentilla bifurca L. 0 0 0 8 0 0 7 8 8
Vi 1LZEB% 38 Potentilla sischanensis Bge. ex Lehm. 0 0 0 0 0 0 6 0 0
KRB Sibbaldia adpressa Bge. 0 0 0 0 6 5 0 0 0
KM B Astragalus discolor Bunge ex Maxim. 0 0 0 15 0 0 0 0 0
&M #E Astragalus scaberrimus Bunge 0 0 0 4 0 0 0 0 0
LW HTE Medicago sativa L. 0 96 104 72 88 71 0 98 106
P& P B Thermopsis lanceolata R. Br. 0 0 0 0 0 0 16 0 0
WAV R Linum stelleroides Planch. 0 0 0 0 0 10 0 0 0
MR Euphorbia fischeriana Steud. 0 0 0 0 0 0 11 0 0
J6LEHA Bupleurum chinense DC. 0 0 0 0 0 0 0 35 0
5T\ Lappula myosotis V. Wolf 4 0 0 0 0 0 0 0 0
B M7 Artemisia capillaris 25 22 24 14 12 10 0 0 18
Wi Artemisia frigid Willd. 0 0 0 0 0 0 22 0 0
BRATH Artemisia sacrorum Ledeb. 14 0 0 0 0 0 0 0 0
BA[ /R Z&HIUERE Heteropappus altaicus (Willd.) Novopokr. 13 18 0 15 24 20 13 10 12
H1Z5/NF3E Iveridium sonchifolium ( Maxim.) Shih 0 16 0 0 0 0 0 0 0
2B Saussurea chingiana Hand.-Mazz. 0 11 6 0 0 0 0 0 0
WS Sonchus oleraceus L. 0 13 0 0 7 0 0 3 0
B Y3 Sonchus arvensis L. 0 0 0 0 0 0 0 3 0

3.2 R[FIMIE S L A e LA

AR MBI A5 AR i b A= W ) D7 22 0 T SR SR 38 1) 3 A e b S A W i (P =
0.524) , JAvE K38 1) MU V7 B 28 B 45008 Fe A b 2R WA 8 35 2 (P <0.001, P=0.006) . PY3BE AR A
L R AR L b S E Y B T R, KR PR SR B (K 2) . EAE M B
TEA RIS 8] A Ak 3 55 3t b R ARV B A W A AT, 1) 67 B 3 B S8 4 0 B A ot 2R W
A WFF (P<0.001,P<0.001,P<0.001) , SR, HE FEA (4 4t A= Wy i A AN [R1 357 18] 9 22 AL 355 1 7 b
AR R B, BV AN AR R b p B A REAS b A i R TR AL (18 2)
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Fig.2 Comparison of above-ground biomass between alfalfa, other herbs, and total biomass in experimental sites
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BN Z £ S /v 205" = NG B VATl N VAR &3 R -3 = G VA1 o s AN NS VAP 83 N s a3 L A
R Z RSB 22BN AR P e AR A 42 BE BT BB i T AR RO B 4 L
REmg T RS, B S RSB R AL AR 228N (3R 3)
K3 TRMBBEGHERSHIELLR

Table 3 Herbal diversity indices in different topographic condition

ZREVEIE R PG West slope Jb3 North slope ZZ I East slope

Diversity indices Wi w2 w3 W N1 N2 N3 N El E2 E3 E
iiﬁf‘ﬁmr dex 1.83 1.86 1.27 2.22 1.82 1.73 1.91 2.14 1.96 1.57 1.65 2.20
YA EEHEBL Pielou index 0.83 0.96 0.91 0.84 0.88 0.89 0.92 0.86 0.89 0.81 0.92 0.83
P EEFE L Simpson index 080 084 070 08 079 079  0.83 0.86  0.83 074 078 0.85
YIFPEE B Species richness 9 7 4 14 8 7 8 12 9 7 6 14

W . P53, West slope; N: b3 , North slope; E: ZR3 , East slope

AN [R)38 [o) () JFL & AR ) A AR (L BE 8 BRI, DU 3 S AL AR L EE 48 %0 0.54 U3 543 0.57 Ak FA 3%
0.54, AS[RI3E 57 (] At S A Feh AH AL FE HE B B0y, b 307 5 WP 36 AL S 45 %K 0.48 , 1347 5 T 3437 0.55,
HI A TR 37 0.79,

3.4 HTERAL K KB AR EASHE VR 434 SR

FHOC AT A B b 2R i 5 e AR M b AR i Bt 2 AR OC (r=-0.36,P=0.062) , 5 H B HIAR
B FP B 2 REPE AV S B R AR SO DG OC R T B RO A 5] BE R AR IEAH DG OC 2R s R IRl TR B 1 ¢
IR 5 EA T IR G AR DGR /N (R 4)

http ; //www.ecologica.cn



10 1 EFE SR TR XOE R X A A S RS 7

R4 EXFELEMRANTABHERRRELEKSREEEYER Pearson X REL
Table 4 Pearson correlation coefficient between herbage community structure & four dominant species and different depths of soil moisture

&alfalfa biomass

0—20 cm 20—80 ¢m 80—200 cm B A
) TR TR KA h -
Eistn . . . . . . . . . Above-ground
Indi Soil moisture of Soil moisture of Soil moisture of bi ¢ alfalf
ndiees 0—20 cm 20—80 cm 80—200 cm omass of aieTe
r P r P r P r 14
H?(%»é’tﬁg Community structure
%ﬁlﬂimf; 0.150 0.710 0.112 0.774 -0.187 0.630 -0.672 0.047
Species richness
TSI
il #*El’;d.z . 0.259 0.501 0.309 0.418 0.009 0.983 -0.532 0.140
Shannon-Wiener index
A EFE %
/j/_JE*EM 0.197 0.612 0.384 0.307 0.389 0.301 0.321 0.399
Pielou index
™ R K
1EJ§E*E§& 0.200 0.605 0.335 0.378 0.048 0.902 -0.443 0.232
Simpson index
4 M E3FP Four dominant species
HH L. secalinus -0.545 0.130 -0.841 0.004 -0.664 0.051 -0.270 0.482
KIEH S bungeana 0.111 0.777 -0.185 0.634 -0.390 0.299 -0.642 0.062
PIBRE A.capillaris 0.400 0.286 0.036 0.926 0.229 0.554 0.246 0.524
B[ JR Z&AUEAE H. altaicus 0.385 0.306 0.360 0.341 0.231 0.549 -0.223 0.565

B i SR E AR R E T,

YR (P<0.001) ASCHE R HE L2 3 R R

AR, BRI RV Mk B A L

SICEHAREER COA HEFF 45T 01, 6 /NI Tt e ' R
87.8% I AR (P=0.002) , 5 1 HEFRS0ER o e

(P=0.266) FIE 5 s AR R (P=0.143) RIEMI, 5 2 ~

B (P=0.044) R EFHE, EMET 30.1%W8A £ | RN v st ot
PS5 5 2 HEFAS 020 em LHOKAMRBHR S A\
FI3:(P=0.039) , 5 80—200 em 37K 43 F L 4 4 Hb i WL 0g | NN
AR R (P=0.219;P=0.268) , A BE T Sk
20.49% 0B A B AR 5. WHEFE 1o T DA B s

i Sl B R R R AR S R T . g
WAL AR, AR A7 0—20 em 80—200 cm F-HEzk HEFL Axis 1

S FNEAE D EAE YR AL SRS RIAR I RE T B3 m3 s tmkamEms e B E T EARES Y
DA R AR BEIE A E 8 K (K 3) . pCCA  Wdy CCA HiFFE

ﬁ};f?é%:%%%fﬁ , iﬁfﬂj ( ﬁz_f: *%ﬁ 21.5% ,P= 0‘053> \"é‘%ﬂij‘ Fig.3 CCA analyses between topographical features, soil
I8 EE % % ( 21.2% , P=0.06 5) 0—20 cm + i% 7J( é‘,}’ /Eu\ % moisture content & above-ground biomass of alfalfa and herbage
( 19. 1% ’ P =0.084 ) A:ﬂ 20—80 em + ig 7J( ﬁj\ /H\ % ;(J)\n:li;l;l;n,t;j:ctr:);t::lSP;iﬁfﬁ,Slope position ; Biomass : H 75 Hi I
(19.1%, P = 0.084 ) XJ HAHE 75 3 A 19 52 Wi B K, ¥y , Above-ground biomass of alfalfa;SW1:0—20 em 4K 505
80—200 cm (10.5%, P = 0.304) F13E A7 (10.3%, P = 4, Soil moisture content of 0—20 cm; SW2:20—80 em 4 HiA4r &
0.302) X ELAEE V& S0 A 52 M 38/ it Soil moisture content of 20—80 cm; SW3:80—200 em 3K 4

TN R B A Fob ol - 43 7K 43 K 8 7 38 Ak iy o o7 A # 1k, Soil moisture content of 80—200 cm
B R RSP R B R R R S AR A
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T L UL AR ) £ 3 AR A 0 BB AR . B S HE PR 1 A SE(P=0.239) , 5K
TRIE 5K FE T 1 B A (R 4) BT T 68.0% (P=0.068) M S ZH AL, K H S
HEF il 1 AR (P=0.007) , 5 0—20 ecm LKA IEAC(F£ 4) , 5 20—80 cm ,80—200 cm I F5 i LA
A (R 4), ENABET 11.0% (P=0.424) (KR EEED, WHRES SHFH 1 EAHE(P=
0.164) , H5HE M 2 2 A (P=0.093) , 5ARIGREE + 50K /R E 18 1 AR e (£ 4) , B ATT#
BT BIBRES 9.0% (P=0.431) By S SAE AR fb . BT/R Z8 M ek S5 HE P 3l 1 Ak P b 2 ARG (P=0.214;P =
0.546) , SARITRE L HOKFIEAHK(E 4) , SEEL LAY ERME (K 4) , ENMRET 28.0%(P=0.295)
) Bo] IR 28 i ek AR i B AR AL

4 itig

e A A X A KA 5 MR A K A SRR R R0 N 22 A X I ARG, T M T AR A B T
KA B AL, AT B e R e TR A, A R B, I E S AR A e T K o
AR 2, 2 T B P e DX A T B A (] 2 R 3 5 AR A R Ay S 388 s 35 s/
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