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Reciprocal relationships between topography, soil moisure, and native vegetation

patterns in the loess hilly region, China
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Abdtract : In loess hill landscapes, the pattern of vegetation &fects novement of weter and il across the landscapes a multiple
scaes; likewise topography and soil noigure irfluence the dructure of the plant community. At smdler scdes, il noidure is
heterogeneous. Sl l-sca e heterogeneity has a large impact on the perfformance of individua plants, and therefore it irfl uences the
dructure and dynamics of plant popudions and communities. These reaionships mug be dudied in order to gan an
undergtanding of the ecosygem dynamics. We invedigated at the dope scale the community structure of naturad grasdand on the
Loess Hateau. The qudy dte had been fenced df for nore than 20 years. We sdected 14 topography , <oil noigure, and
community sructure metrics. Through the use of multivariate gaidics (principle conponent analyss and duger andyds) and
camonica corrdation andyss, we explain the complex relationships between topography , il noigure and community gructure.
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Three community types were identified by cluger andyds, didinguished by dgnificart dfferences in eevation, dope, il
noidure a the 20 — 140cm depth, gecies richness, and ShanmortWiener index. Correation andyss indicated that eevation
impacted community coverage, and dope postion and dope agect dfected biodverdty of the plant community. Hevation and
dope postion irfluenced il noigure a& 0 — 300cm depth, while the biodiversty o the plant community had a reciproca
relationship with il noigure at 0 — 100cm depth.

Key words:loess hill regon ;topography ;oil noigure ;vegetation pattern ;multivariate datigicd analyss

Underganding the fundamental mechaniams and atid dynamics and variability of ecologca flows of meterids
(including organisms) , energy , and irformation across landscepe nusacs i s esentid to landscape ecology. il noigture
is a mgjor factor irfluencing fundame:ntal ecosysem processes such as photosynthes's, regiration , and nutrient uptak v

[* It irfluences eroson’” ,

Moigure acts as a primary congdrairi on plant productivity'zs] , and dfects gecies conmpogtion
pecbgeness® |, gromoiprology'” |, and irfiltration-runoff partitioning in regponse to precipitation events™ . Neave and
Norton , for indance , find a correlaion between il moigure and forest goecies digribution in southern Augraid™ | and
Sephenson argues that actua evapotranspiration is better correlate with vegetation digribution than termperature a a range
o scales” .

Vegetation pattern plays an inportant role in controlling atia patternsdf il moigure by irfluencing the irfiltration ,
runoff and evapotrangpiration , particularly during the growth seaon =™
key hydrological processes controlling the spatial distribution of il noigture in a snrplified but redisic way®*™'. The
relaionships between il moigure and topography attributes at this small catchment scae were found to be very variable by
Famidietti™ . In ©me cases there is a Sgnificant relation but in many other cases the relationship is indgnificant™ > .
This may be due to differences in dlimate , topography , il , vegetation , scale, time and depth of sarpling methods™ .

In the ecological community , the inportance of topography and topography- related variation in local ste conditionsfor
community structure , composition and successonal pathways iswell established ™™ . Topography shapes pattern indirectly
through its irfluence on digurbance regmes and potentia successond pathways, and directly , by creating permanent
natural breaks in vegetation pattern'® " .

However , while some qudies have integrated il noigure dynamic and its interactionswith topography and vegetation

. Mearwhile, terrain indices am to represent the

pattern'® ' | our understanding of how topography , oil noisture, and vegetation dynamics interact to form landscape
pattern is gill limited. The relationships between topography , il noidure, and vegetation have usualy been sudied in
termsdf an ecosysem’ s regoonse to environmental extremes rather than as a reponse to a gradua trandgtion in land cover
or patchiness. In this gudy, we use an dternative goproach of examining the reationships between il noigures,
topography and vegetation pattern, by describing the full range of ecological variability a a typical dope scale in Loess
Fateau , China. In hilly areasof the Loess Hateau , geormmorphology is conplex and highly variable il nmoigureisthe main
determinant of plant growth!®*! . Topography and il noisture thus irfluence vegetation patterns across the landscape
while these patterns themsdlves have a grong efect on il water use and novement. It is therdfore necessary to study
relaionships between topography , il moigure and plant community gructure in order to undergand ecosygem functions
and processes in thexe areas. Due to ecifics of the loca geography and climate, combined with a long higory of
agriculture in the regon , the primal vegetation is © disrupted that nog ecological research in the area has concentrated on
artificial foreds and grasdands. Sudies of the naturd grasdand are few. The naturd grasdand is a conplex adaptive
sygdem, with community type , gecies conpostion, and biodiverdty ewlving and interacting in reponse to particulars of
the loca topography and il noigure. The topogrgphy and il noigture patterns therdore likdy differ from those in
artificial grasdand. In this research, we invedigate a the dope scale the community structure of nature grasdand , which
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has been fenced off from surrounding agricultural land in the loess hills area for nore than 20 years. FHeld observations
were anayzed for quantitative relaionships between topography , il moigure and plant community sructure.

Therefore , the objectivesdf thispaper are (1) to undergand the relaive rolesof community sructure and topographic
attributes in controlling the observed spatid variahility of the il noigure; (2) to andyds the influence of topographic
indices on the vegetation pattern a a dope scale in nature grasdand ; (3) to explain the irfection of il moigture on the
community gructure of nature grasdand.

1 Material and methods
1.1 Sudy area

The gudy was conducted at Wangwa town in the wedern part of Pengyang county in the Ning Xia Autoronous
Regon, China. The gudy arez i 9tuaied on the middle part of the Loess Rateau , and islocated at 10632 45 — 106°33
15'E, 36°04 30°— 358°09 35'N. Tne region hias an dtitude of 1684 — 1890 m, il dopes of 15°— 40°, and has a
sLmarid continental climete with an averaged annud termperature of 7.2, average annual evgporation of 1400mm, and a
frog-free growing seaon of 112 — 140 d and an average of 2110 h of sunshine each year. The mean annual precipitation is
450 mm with great inter-annua variability and 65 % of the rain falsinJuly , Augus and September. There is dgnificant
topographic variahility with typicd loess hills and gully dope shgpeswithin the sudy area. The ils, developing on wind
accumulated loess parent meterid , are thick at an average of 50 — 80 m. The npg comnon il in the gudy area is
loessa with gt content ranging from 64 to 73 % and clay content varying from 17 to 20 %. The il isweakly resgant to
eroson. The eroson rate is high a about 10000 — 12000 ton- km  “a”*. This research ste , representative of the grasdand
regon, has been fenced off dnce 1984. The primary herbaceous plants in the sudy area are Stipa bungeana,
Heteropappus altaicus , Arthraxon hispidus , Medicago lupulina, Stipa grandis , Androsace erecta, Artemisia sacrorum , A.
capillaries and A. frigida.

1.2 Data oollection
1.2.1 Sampling methods

In order to better undergand relationships between topography , il moigure and plant community structure at the
dope scae in loess hilly region , four V-shaped transects were edablished with the interval of 50m (Fg. 1) . Each* V”
had one sunny and one shaded dope. Transects extended from the top to the bottom of hill s located adjacent to the Soil and
Water Gonservation Sation of in Wangwva, Pengyang Gounty. Sarmples measuring Imx 1m were sSted every 5m of dtitude
change along each transect , giving 15 shaded and 20 sunny sanplesin each V for a totd of 140 sanples.

1.2.2 Survey methods

(1) Hant data and Environmental attributes survey

In late Augud , the peak biomass time period, we
measured plant goecies cormpodtion , coverage , average height
and above-ground biomass for each sanpling ste. Average
height was weighted by gecies coverage. We then harvesed
plants a the il surface, bagged and weighed them, then
dried themfor 20h at 80  before measuring their dry weight.
Note that this measure of above-ground biomass includes the

dandi ng crop , but not the litter or any sIandlng dead plants. Soil ar:d water conservation
station of in Wangwa

Each sanpling dte was surveyed and its environmenta Sample wansect m
characterigics were recorded. The environ-mental attributes

assesed are: hilldope position, aect , elevation (recorded Fg.1 Spatid ddribuion d sanpling transects
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by devation ingrument ) and dope degree on each dte.

(2) il noigure measurement

il sanples were taken in the center of each plot. All il sanples were weighed the same day that they were
oollected , and dl il sanpling was accomplished within a period of seven rainfree days. Sanpling was done with a 5 cm
diameter screw auger , taking sanples in 20cm increments down to 3m. Sanmples were weighed in noig condition, then
dried a 105 to a condant mass. At each sanple dte two measurements were performed to mezsure noigure content at
fifty depths: 0— 20, 20— 40, 40— 60, 60— 80, 80— 100, 100 — 120, 120 — 140, 140~ 160, 160 — 180, 180 —
200, 200~ 220, 220 — 240, 240— 260, 260 — 280 and 280 — 300 cm. The mean of the two measurementsis the il
noigure content a each depth on the sanple ste.
1.3 Initia data processing

The number of ecies was counted 0 indicate the Pecies richness, and the ShannonrWiener index ( H) was
caculated to show Pecies diverdty. The Shannorr-Wiener index is given as

H=- D(PR xInP)
where P = N;/Nand N = ZNi' N; derotes the coverage of ecies i within a plot , rather than the number of

individua plants of gpecies i, because ome herbaceous plants were © ramified that individua plants could not be
di ginguished and counted.
1.4 Satidicd andyds
All gatigica analyses described below were perfformed usng SPSS sftware.
1.4.1 Pincipd oconponent andyss

Principa Conponent Andyss (PCA) reduces multiple variables to a sval number of commposte variables, while
minimizing loss of irformetion. The compodte variables summearize the mgjority of the irformetion in the origina data,
decrease the number of variables, and encgpsulate me interna relaions among the origind variables. We used PCA to
eiminate redundant factors, and enhance the accurecy of the subsequent Cluser Analyss.

A total of 14 metrics were recorded from all 140 plots, with the data describing plot topogrgphy , il nmoigure, and
plant community sructure. The topography variableswere dope , dope agpect , devation , and dope postion. il noigure
variables were mass il moigure a degpthsof 0™ 20cm, 20 — 60cm, 60 — 100cm, 100 — 140cm , 140 — 200cm and 200
— 300cm. The plant community Sructure indices were coverage , biomass, gecies richness and ShanrorrWiener index.
Non-numerica classfication variables were assgned numerical values by empirica formulas. For exanple, a sunny dope
was assigned agpect 0. 3, a partidly shaded dope 0.5, a nmogly shaded dope 0. 8, and a dope in full shade 1. 0.
Smilarly , an up-dope plot was assgned postion 0.4, amid-dope 1. 0, and a dowrrdope 0. 8. Inorder to have PCA
work with indices of smilar magnitude , the initial data was gandardized. Because the initial (raw) data wasfound to be
mormally digributed , it could be gandardized usng the method of Z soores. At that point , PCA was used to caculate the
eigenvectors and eigenvd ues.

1.4.2 duger Andyss

Quder Analyssis a multivariate gatigica technique for classfying objects acoording to their characterigics. Gven
the multiple characteridics of each sanple, dmilarities anong them are ascertained, and then sanples with dmilar
characterigics are clugered together. Sanples are multiply classfied from large to svdl differences, resulting in a
smilarity tree or dendrogram”s] . In this gudy , the 140 plots were classfied by Ward' s method , which recognizes that
irformetion can occur in different categories. We categorized input variables as relating to topography , il noigure, or
plant community gructure. Ward' s method was chosen because it minimizes intra-category discrepancies and maximizes

i nter-category di screpancies.
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2 Results
2.1 Data reduction

Four eigenval ues were greater than one (Table 1) , having values of 5.09, 3.01, 2.00 and 1.54. Hgenvectors
oorreponding to these eigenvalues regectively explained 37.03 %, 25.03%, 15.75% and 9.69 % of the data’ s
variance , 9 they cumulaively explained 87.5 % of the variance. In the firg principa cormponent , the loading capacities
of il noigures of 20 — 60cm (0.90) , 60 — 100cm (0.96) and 100 — 140cm (0.86) were ife gredtes, D this
cormponent mainly encapsulates the role of il water. The second principal corponert’ s grestett loading cgpacities were
devation (0.74) and dope agect (0.73) , o it was primarily about topography. In the ihird principal conponent ,
loading capacities for biomass (0. 84) and mveiage (C. 68) predbminated , representing the productivity of the grasdand.
In the fourth principal component , ecies richness (0.82) and the Shannon-Wiener index (0.59) had the greatest
loading cgpacities, representing the grasdand’ s biodiversty.

As the eigenvaues sow, o snge principa compo- Table 1 Factor lcadings in four principal components. Eigenvalues, %

o variance and Cumulative % of four principal components in principal

nent explains a large proportion of the variance. This

component analysis

indicates that the heterogeneous landscgpe pattern is the Principa components

combined result of meny factors in this topographicaly Factors
complex regon. In such a case we should expect extengve  S@nmomWener index (H) 0.2 012 000 0.5
. . o Secies richness 0.15 0.32 0.13 0.89
reciprocity anong the factors contributing to the landscape Hevation _054 074 006 -005
pattern. Sope -0.30 0.3 -046 -0.23
2 2 Hots Ouger Rosition 0.27 0.57 -0.08 0.02
Asgpect -0.13 0.73 -0.08 ~-0.15
Folloning the Principd Component Anayds, we g qae 20,06 0.23 0.6 -0.31
slected those factors with the greates irformetion content Biomess -0.17 -0.09 0.8 014
from each principa component. Three il water variables SWO-20 0.s1 021 015 -0.09
SN20-60 090 0.16 0.10 -0.09
were sdlected based on the fird principa conmponent , SWEC-100 09% 0.05 0.09 -007
representing depths of 20 — 60cm, 60 — 100cm and 100 — SN100-140 0.8 -0.06 -0.05 -0.06
140. Hevation and dope agpect were picked gven the SWA40-200 0.62 - 0.1 -0.07 -0.06
SN200-300 0.42 -021 -012 -0.08
loading in the second principal componert. The productivity Egervalue 5.0 3.0 200 154
indices biomass and coverage were chosen based on the % of variance 37.03 25.03 1575  9.69
Qunulative( %) 37.03  62.06 77.81  87.50

third principal component , and ecies richness and the
Shanror-Wiener diverdty index were selected due to the fourth principa conponent. These nine factors were used in a
cluger andlydsof the 140 plots. And the 140 plots were clugered into three types, which demoted  : Heteropappus
altaicus, : Stipa bungeana and  : Arthraxon hispidus communities regectively.

The three community types differ sgnificantly in eevation and dope (Tadle 2). Type  ( Heteropappus altaicus)
oond gs nogly of down- dope plotswith relatively low elevation and dope. Type  ( Stipa bungeana) Type  (Arthraxon
hispidus) was generaly mid- and upper-dope , with a higher average dtitude.

il noitures d o varied systemdticaly anmong community types (Table 3) . oecificaly , il water content presented
astype <tye <tye . Thisdifferencein il noigture isprobably attributable to topography , because type | plots
were lowed in eevation. The coverage and biomass did not differ notably with community types, but gecies richness and
the Shannon-Wiener index differed sgnificantly (Table 4) . There were a tota of 40 Pecies represented across all type
plots, with an average of 14 ecies per plot. Gommunity type  ocontained a total of 39 ecies, with an average of 11
gopearing in each plot. Fnaly, type  conprised 32 gecies, and community type  averaged 10 oecies per plot.
GCommunity type | clearly contained a greater average number of oecies, likely due to their greater il water content.
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Table 2 The difference o topography features in three community types
Commurity type Hevation(m) Number of plot_s a dope postion Number o plots with agpect : Sope (°)
()] Up Midde Down Shady QUnny ()]
( Heteropappus altaicus) 1704 £ 14.6 0 8 44 40 12 19.9+11.7
( Stipa bungeana) 1745 +20.5 14 10 6 8 22 30.0+14.5
(Arthraxon hispidus) 1783+10.5 26 22 10 12 46 27.3+10.7
P vdue 0.00 <0.01
U +£0 derotes average + gandards deviation; P va ue suggess sgnificance level
Table 3 The difference o soil moisure o different soil layers within the three community types
Community types Number of plots SNoo SN0 SNeo-100 SN1o-140 SNwo200 SNamo-200
( Heteropappus altaicus) 15 9.3+x1.4 9.0+1.4 8.6+1.2 8.5+1.0 9.3+1.1 9.3+1.3
('Stipa bungeana) 35 9.1+0.6 8.3+0.3 8.3+0.5 8.1+0.8 9.0+0.4 8.9+0.6
(Arthraxon hispidus) 20 8.9+0.5 7.1+0.5 7.0+0.4 7.7+0.4 8.7+0.4 8.7%+0.5
P vaue 0.10 0.01 0.01 0.03 0.07 0.08
M +0 derptes average + gandards deviation ; P v ue suggess Sgnificance leve
Table 4 The difference of community sructure within the three community types
Flot types Dry biomess (kg/n?) Qoverage ( %) Shanron-Wiener index Fecies richness
([ +0) (W o) (W *0) (U o)
( Heteropappus altaicus) 0.11+0.03 66.3+10.1 2.13+0.42 14+3
( Stipa bungeana) 0.09+0.10 59.9+15.4 1.98+0.20 11+1
(Arthraxon hispidus) 0.11+0.09 60.3+13.1 1.90+0.27 10+2
P vdue 0.16 0.26 0.02 0.00
MU +0 derotes average + dandards error ; P va ue suggests sgnificance level
Table 5 Corréation coeficients between topography and soil water , topography and community structure
Topography ~ Qoverage Biomass Richness Isv SWo-20 SNxe0 SWeo100 SNi0140 SWu0-200 SWa0-300
Sope -0.20 -0.45° 0.02 0.04 0.04 0.03 - 0.07 -0.20 -0.20 -0.26
Hevation -0.25" 0.09 -0.17 0.05 -0.5%"" -05°" -08"" -08"" -08"" -08""
* *Qorrelation is sgnificant a the 0.01 level (2-tailed) ; * Qorrdation is sgrnificant a the 0.05 levd (2-tailed)
Table 6 The difference of community sructure and soil water within the two aspect types
Agect Qoverage Biomass Richness Isv SNo2o SNxo60 SNeo-100 SNio-140 SWNu0200 SVx0.300
Shady 63.9+14.0 0.3%0.1 11+£2 2.0+0.2 9.4+1.3 8.7+1.1 8.1+1.1 7.6x1.3 7.5%x1.2 7.3+0.6
unny 75.5 +9.0 0.3%0.1 13+2 2.2+0.2 11.1+0.5 10.3+0.4 9.7+0.2 8.6%0.6 8.0%x1.0 7.4%+0.4
P vdue 0.00 0.77 0.00 0.16 0.00 0.00 0.00 0.14 0.48 0.79
Table 7 The difference of community structure and soil water within the three dope positions
Postion Qoverage Biomass Richness Isv SNo2o SN2-60 SNeo100 SN1o140 SNuo200 SNx030
Up 68.8+13.3 0.4%0.1 11+2 2.0+0.2 8.9+0.6 7.8x0.7 7.1+0.4 6.0x0.3 6.0%x0.5 6.6+0.3
Midde 69.0+18.1 0.3%0.1 12+ 3 1.9£0.4 10.2+1.5 9.3¥1.1 9.4x0.5 9.3¥x0.3 8.7%0.3 7.9%£0.2
Down 68.0+12.4 0.3%0.1 12+2 2.1+0.3 10.0%¥1.2 9.6%0.9 8.9+x0.9 8.0%x0.6 7.7%£0.7 7.4%£0.3
P vdue 0.97 0.20 0.24 0.05 0.00 0.00 0.00 0.00 0.00 0.00
Table 8 Corrdation codficients between Soil water and Community gructure
Qommunity sructure SNoo SNpe0 SNeo100 SN1oo-140 SNuo200 SNaao-30
Qoverage 0.05 0 0.06 0.11 0.11 0.17
Biomass - 0.08 - 0.08 -0.13 -0.12 - 0.03 0.06
Richness 0.33"" 0.34"" 0.34"" 0.16 0.12 0.12
Isv 0.27" 0.25" 0.14 - 0.07 - 0.08 - 0.08

* . * *demptation is same to table 5
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2.3 Reationships between topography attributes, vegetation pattern and il noisure content

From the correlation codficients between topography and il water , topography and community sructure (Tadle 5) |,
we oould see that dope had a sgnificant correlation with grasdand biomass, and eevation had very important efects on
grasdand community coverage and il noigure of 0 300 cm. The difference of community gructure and il water within
two agpects suggested that dope agect had great irfluence on community coverage , gpecies richnessof community and oil
moisure of 0 100cm (Table 6) . Besdes, Table 7 suggested that il water of 0~ 300cm were dfected significantly by
dope postion.

Acoording to the correlation cofficients between il water and community structure ( Table 8) , we knew that the
ecies richness and biodiverdty of the grasdand community was closaly related to the il moigure at 0— 100 cm depth,
which might attribute that the il a 0 — 100 cm deptih was the main digribution range of root sysems of herbaceous
Pecies. It suggeded that there were a reciproca interaction between the il moigure a 0 — 100 cm depth and the
biodiversty of the grasdand community.

3 Discussion

In this research, 14 metrics about topography , il water and community Sructure were chosen, and 140 plots
invedigated were classfied into three community types by usng PCA and Cluder Andlyss. Discrepancies in devation
dope gradient , il noigure of 20— 140cm, Pecies richness, Shanmon-Wiener index were dgnificant in three community
types. Type  was dominated by Heteropappus altaicus community , and the pecies richness and biodiversty were the
bigges. It attributed that nog plotsof this type were located in downr dope with low atitude and dope gradient , and nore
il water , which played controlling roles in the gecies surviva and reproduction. Type L was Arthraxon hispidus
community , in which the gecies richness and biodiversty was the loweg in the three types. The reaon was that the
mgjority of plots located in up-dope with high devation , segp dope and low il noigure. Typell was Stipa bungeana
community , and mog of plots digributed in the middle of sunny dope, and the il noidure and biodiversty were
intervenient in those three types.

Numerous gudies suggested that topography played an important role in the forming of vegetation landscape pattern.
By redigributing reoources, such as light , heat , water and $ on, topogrgphy impacted on metter flows across landscgpe
elements, and dominated many of the biotic and abiotic processes aong topography gradient , thereby irfluenced on the
[* 4% " Our research showed that elevation had a great dfect on il noidure at the depth of
0~ 300cm, and topogrgphy factors such as eevation, dope gradient and dope apect had a close reationship with

forming of landscape pattern

coverage , gpecies richness and biodiverdty of community at the dope scale, which mainly attributed that dtitude , dope
and dope apect had an inportant irfluence on the metter flows across landscgpe dements. Generdly , the podtion with
high devation and precipitous dope would receive less suface runoff and gream in il from higher place, and contrarily
the postion with low elevation and dope would obtain nore water. In addition , nutrient elements such as oluble nitrogen ,
luble phogphorus and luble potassum, generdly flowed following the weater , and gave arise to nutrient migration ,
thereby formed different habitat conditions along topography gradient. During the redoration process of vegetation, an
increaxe of ecies richness and biodiversty mot only depended on the habitat condition, but d lay on the seed
availahility. Usudly , the surface runoff could give arise to migration of seeds and propagulums in a certain habitat , and
became the new gecies in the habitat , which was another important reaon for discrepancy of ecies richness and
biodiversity caused by topography.

Secificaly , il moigure had been conddered the nmog limiting factor for the vegetation landscgpe pattern in the
emarid area, which had an inmportant irfluence on the ecies didribution, vegetation formetion, and vegetation

productivity” " **! . Likenise vegetation changes exerted a control in the vertical water fluxes between the atnoghere
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land surface and subsurface’™™”

. As early as 1947, Wett had found that vegetation pattern could control microclimate
condition™ . Large number of researches indicated that plant cover structure , including surface roughness of the caropy
and the root sysems, oould nodify the water cycling in a landscape irfluencing the partitioning of its flux into
evapotrangoiration , surface runoff or il percolation™ ™ . Our sudy showed that the gpecies richness and biodiversity of
the grasdand community had a reciproca relationship with the il noigure at 0— 100cm depth. It attributed that the il
layer of 0 — 100cm depth was the primary digtribution range of roots in the native grasdand , and then the il noigure
oontent of it reflected the habitat condition of the native grasdand in ihe loess hilly region on the whole , thereby dfecting
the plants digribution and ecies richness. In the same way , the gecies richness and biodiversty of the native grasdand
impacted greatly the il noigure at the depth & 30— 100cm, which attributed tnat in a certain extent the ecies richness
reflected plants cover sructure and roots syaenss irfluencing the water fluxes between the atnogphere, land surface and
subsurface. Iri the grasdand with higher biodiversty , the gructure of plant cover and root sysems might be complex , and
be able to dow amwn or dop surface rundff greatly , and then increase il percolation ability and pronote precipitation
irfiltration on the got. In contrary , in the grasdand with lower biodiverdty , the sructure of plant cover and root sygems
might be snple, and have a little influence on dowing down surface runoff , and then the il percolation ability might be
weaker and the il noigure content was lower.

The vegetation digributions across landscgpes in semiarid terrain are driven by il noigure variation , which in turn
are closly asociated with the changes in topogrgphy. These vegetation changes exert a control in the vertical water fluxes.
Reasonable landscgpe gructure could be in favor of the water cycling, and enhances vegetation productivity and inmproves
regona environment. However , urfavorable landscgpe gructure could cause maladjugment of the water cycling , and then
brings ©me adverse problems of environment. Our research illuminated that landscgpe pattern of the native grasdand
represented a large heterogeneity due to the irfluence of topogrphy in loess hilly regon a the dope scde. To this
quedion , we dould ascertain me sections in the light of topography , il noigure and vegetation type in this area, and
choose gpproximeating nature goecies patterns corregponding with the sections to enhance red sance againg disurbance and
pronote the healthy cycling of ecosysem.

However , thisempirica study wasonly concerned with the atia relationships between topography , il noigure and
vegetation. O course, the tenpord rdationships are equaly important to ecosysem redoration, and further sudy on
atiotermpora relationships between them , while much nore intendve , may be needed to supply a better answer to the
quegion of ecologica redoration in the loess hilly regon.
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