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Abstract

Background and Objective: Interaction among livestock, vegetation and watering point make a piosphere. Intensive grazing can alter
the functions of water and soil in rangeland (erosion in the end), changing the rate of flow of energy and the availability of nutrients in
ecological systems. The aim of this study was to evaluate indicators of soil surface condition in a steppe piosphere in Shahrood, Iran.
Steppe zone Mojen is dominated by Astragalus-Artemisia vegetation type. Methodology: The trigger-transfer-reserve-pulse (TTRP)
frameworkand landscape function analysis were used. All eleven indicators of soil surface processes were visually assessed using a semi-
guantitative scale. All eleven indicators were combined to obtain three indices of soil surface condition (stability, infiltration and nutrient
cycling). Data analyzed using SAS Proc GLM as one-way analysis of variance (ANOVA) to find the differences. Means were compared using
the Scheffé test. Results: Significant differences found among three distances 10, 100 and 1000 m for three soil surface indices infiltration,
nutrient cycling and stability. The indices of nutrient cycling, stability and infiltration of Artemisia patches decreased near watering point
as 10.58, 34.2 and 16.12%, respectively. Conclusion: Based on this study findings, range managers should rebuild patches and the
runoff/runon processes around watering points and maintain the resources and build habitats and biodiversity and reduce harmful effects
of piosphere.
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INTRODUCTION

In arid and semi-arid environments, water limits survival
and growth of livestock. The provision of water in arid and
semi-arid rangeland thus, changes the spatial distribution of
livestock and watering points become the center of livestock
activities. A result is an ecological unit composed of livestock,
watering point and rangeland’s vegetation: The zone is called
a piosphere, coined from the Greek ‘pios’ meaning ‘to drink’".
Livestock selective grazing around watering point change
the height of vegetation. Some areas receive intensive grazing,
overtime overgrazing reduces patch density and decreases
patch size, finally grazing changes landscape function?3,
Trigger-transfer-reserve-pulse (TTRP) framework simplifies
landscape function®. The TTRP (Fig. 1) considers the landscape
as a biophysical system and focuses on processes that
influence critical resources lost from landscapes. This
framework helps us to combine different information about
landscape function. Rainfall as a trigger distributes resources
like water, seed and litter across the landscape. Some
resources stored in the soil (reserve), some took out of the
landscape (leakage). Part of the landscape traps more
resources; they have different characteristics. The reserve
(patch) keeps different resources like water, litter and seeds.
The condition of reserve determines the pulse of plant species
growth. Fire or herbivory diminish the pulses (plant growth)

and some part returns to the reserve. Short patches are the
evidence of overgrazing. Overgrazing increases erosion and
plant mortality and reduces soil nutrient recycling®s.

This study explored the landscape function analysis (LFA)
by reporting on field measurement of steppe zone Mojen
piosphere located in Northern part of the Shahrood,
Northeastern part of Iran. The landscape function assessed
by using the landscape function analysis (LFA)’. LFA uses
11 indicators of soil surface to evaluate the functionality of
landscape. Three indices of functionality; nutrient cycling,
infiltration and stability are products of 11 soil surface
indicators’. The infiltration index shows runoff water lost and
available water for plants. The stability index shows soil ability
to resist against erosion and its recovery potential. The
nutrient cycling index show organic matter decomposition
and recycling. The specific aim of this study was to
characterize landscape function change along grazing
gradient from a watering point using three indices of soil
surface condition (stability, nutrient cycling and infiltration).

MATERIALS AND METHODS

The survey was conducted in steppe zone Mojen
(54°45'21"E, 36°30'18"N) (Fig. 2). Steppe zone Mojen
dominated by Artemisia aucheri and Astragalus gossypinus.
Sheep and goat grazing have changed the vegetation. The

Fig. 1: Trigger transfer reserve pulse (TTRP) framework. This framework represents resource utilization and mobilization:
1: Run-on, 2: Plant germination, 3: Run-off, 4: Offtake, 5: Feedback, 6: Physical absorption (Modified and used with

permission)*
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Fig. 3: lllustration of transect for LFA monitoring, showing patches and interpatches (Reproduced with permission)’

study area has an average annual precipitation 216 mm
Mojen. The minimum temperature in Decemberis-17.6°Cand
the maximum temperature in June is 32.6°C.

Field sampling: The study area was classified to three
different distances (10, 100 and 1000 m) along watering point.
At each classified location, the landscape function was
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sampled using five 25 m long transects were located to
represent at least 5 replications of Artemisia patches and

interpatches.

Indices of soil surface condition: On each transect,
11indicators of soil surface processes were visually assessed
on five replicates of the patch and interpatch (Fig. 3). Each
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Table 1: Calculation of stability, infiltration and nutrient cycling indices using eleven indicators (Reproduced with permission)’

Indicator Score  Use objective Stability index  Infiltration index Nutrient cycling index
Soil cover 5 To evaluate the degree to which physical surface X
cover and projected plant cover ameliorate the
effect of raindrops impacting on the soil surface
Basal area of all perennial grasses 4 To estimate the “basal cover” of perennial grass
and/or the density of canopy cover of trees and
shrubs
Litter cover, origin, degree of 10 To evaluate the amount, origin and degree of X
decomposition decomposition of plant litter
Cryptogam cover 4 To evaluate the cover of cryptogams visible on X
the soil surface
Crust brokenness 4 To evaluate to what extent the surface crust is X
broken, leaving loosely attached soil material
available for erosion
Erosion type and severity 4 Toevaluate the type and severity of recent/ X
current soil erosion i.e. soil loss from the query
zone
Deposited material 4 To evaluate the nature and amount of alluvium X
transported to and deposited on the query zone
Micro-topography 5 To evaluate the surface roughness for its capacity
to capture and retain mobile resources such as
water, propagules, topsoil and organic matter
Surface resistance to disturbance 5 To evaluate the ease with which the soil can be X
mechanically disturbed to yield material suitable
for erosion by wind or water
Slake test 4 To evaluate the stability of natural soil fragments X
to rapid wetting
Soil texture 4 To classify the texture of the surface soil and relate X

this to permeability

X: The use of an indicator in index calculation. This study used soil surface feature scores to calculate LFA indices

indicator measures the state of a specific surface processes’.
Indices of stability, infiltration and nutrient cycling calculated
from the combination of 11 indicators (Table 1). The values of
infiltration, stability and nutrient cycling were expressed as a
percentage, the larger percentage, the better landscape
function’.

Statistical analysis: Data were analyzed using SAS Proc
GLM8 as one-way analysis of variance (ANOVA) to find the
differences in stability, nutrient cycling and infiltration among
three distances 10, 100 and 1000 m. Means were compared
using the Scheffé test’. No violation of assumptions was
found. The significance level was 0.05.

RESULTS AND DISCUSSION

Moving away from watering points, the condition of
soil surface indices; infiltration, nutrient cycling and stability
is getting better for Artemisia patches and interpatches
(Fig. 4a, b). Significant differences found among three
distances 10, 100 and 1000 m for three soil surface indices
infiltration, nutrient cycling and stability (p<0.05) (Fig.4a). The
infiltration index at 10 m from watering point was 11.94%
(Fig. 4b).
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Significant differences in infiltration among different
distances were due to grazing intensity. The zone adjacent to
the watering point; the sacrifice area experiences a very heavy
grazing and trampling pressure'®. The amount of soil water
infiltration was directly related to gradient from the watering
points'12, The infiltration capacity of soils has been shown to
be reversely proportional to grazing pressure'!4, Overgrazing
decreased vegetation canopy protection and stemflow, the
ecological consequence of reduced infiltration was less water
in the reserve, resulting in reduced plant pulses and increased
amount and rate of runoff.

Grazing removes vegetation protective cover and causes
water and wind erosion' ¢, Soil compaction occurs around
watering points'-"®. Reduction of patch density, length and
width decreases resources (litter, seed, nutrient) entrapment
and increases waterand wind erosion?*?', Due to overgrazing
around watering point, water and nutrient cannot be
transfered into reserves and pulses of plant growth are
uncommon. Overgrazing decreased the stability of rangeland
landscape (stability in 10 m from the watering point was
25.1%) (Fig. 4b). The open patches within these two-phase
landscapes (overgrazing and undergrazing) are the source of
materials transferred into sinks, triggered (driven) by water
and wind processes. Artemisia patches act as sinks by
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Fig.5: Overgrazing decreases landscape feedback
(Reproduced with permission)?

trapping materials. Redistribution of resources from
overgrazed to undergrazed; reversed Robin Hood effect
caused in low infiltration rate and low vegetation?. Due to
overgrazing in the sacrifice area, the soil lichen crust and
nutrient cycling decreases? (nutrient cycling of interpatch in
10 m from the watering point was 7.52%). As grazing pressure
increases soil biological crusts become less abundant and
landscape may be totally dysfunctional®2 (Fig. 5). Increase in
the size and length of bare soil and decrease in density and
size of patches show dysfunctionality of landscape (Fig. 5).
However, excessive defoliation kills plants and reduces
patch density and size. Dysfunctional landscapes have
resources leakage that resulting in poor landscapes and
non-suitable habitats. Leaking of seed, litter, water and soil is
common in poor landscapes*. At the 10 m distance from
piosphere, most of the soil surface was actually traversed by
sheep tracks; this indicates high stocking pressure and
significance of livestock trampling on the soil surface
disturbance. Water and soil conservation is important for
sustainable rangeland management?®. Overgrazing extinct
native plant and animal species. The chronic overgrazing
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(results in patch size and density reduction) declines soil
surface condition indices, productive capacity and increases
in erosion. Soil lost by erosion at that time could never be
replaced.

Based on TTRP model, removal of perennial plant species
will decrease the capture of resources. Water and nutrients
captured and stored in these vegetation patches can trigger
pulses of the plant, animal and microbial growth (Fig. 1). These
biotic activities such as feedbacks build and enrich vegetation
patches, maintaining them as habitats and prepare them to
function again as obstructions with the water and wind
erosion?. Grass tussocks, obstruct water and the wind, reduce
raindrops and increase the water infiltration (64% infiltration
in Artemisia patch in 1000 m from the watering point). In the
absence of vegetation patches, the soil will be eroded and
change the balance of landscape33',

Livestock grazing decreased cover of vegetation patches.
In the tropical Savannas of Northern Australia, overgrazing by
cattle near artificial watering points changed patch structure®.
Results of this study agreed with the previous findings?335,
The three indices of soil surface quality showed that livestock
has clear effects on landscape function. In this study, areas
close to the watering point were prone to degradation due to
overgrazing. LFA model provides a useful and fast indication
todetectchangesinlandscape structure and function around
watering points?3, It is important to rebuild vegetation
patches, capture resources and balance resources®'. It is
better to conserve landscape and then try to restore a
dysfunctional landscape. To rehabilitate landscapes, first
repairing fine-scale patch structures and then balancing
runoff/runon processes and conserving resources (e.g.
furrowing and seeding) and finally pulses of plant species
growth should be followed by the configuration and provision
of water sources and grazing management®,
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CONCLUSION

According to this study findings range managers should
rebuild patches and the runoff/runon processes around
watering points and maintain the resources and build habitats
and biodiversity and reduce harmful effects of piosphere. This
study provides insight into the significant effects of grazing
pressure on landscape functionality in the study area.

SIGNIFICANCE STATEMENTS

This study discovers the possible statistically and
ecologically significant effect of grazing on landscape function
and this result can be of great benefit to herders and
managers. LFA monitoring around watering points provides
essential information for managing grazing pressure and
rangeland improvement and development plans. In addition,
this study adds to current knowledge and gives more
information about the grazing pressure in arid and semi-arid
rangelands. This study shows the application of LFA along
watering points and help the researchers to uncover the
landscape functionality response to various grazing pressure.

ACKNOWLEDGMENT

The authors are grateful to CSIRO for the help and
support. Special thanks go to Ahmad Shahryari and the late
Majid Shahryari for their support and assistance.

REFERENCES

1. Lange, RT. 1969. The piosphere: Sheep track and dung
patterns. J. Range Manage., 22: 396-400.

2. Reeves, M.C. and KE. Bagne, 2016. Vulnerability of cattle
production to climate change on U.S. rangelands. General
Technical Report RMRS-GTR-343/May 2016, U.S. Department
of Agriculture, Forest Service, Rocky Mountain Research
Station, Fort Collins, CO., USA.

3. Egeru, A, O. Wasonga, L. MacOpiyo, J. Mburu, J.R. Tabuti
and M.G. Majaliwa, 2015. Piospheric influence on forage
species composition and abundance in semi-arid
Karamoja sub-region, Uganda. Pastoralism, Vol. 5.
10.1186/513570-015-0032-y.

4. Ludwig,J.A.and D.Tongway, 1997. A Landscape Approach to
Rangeland Ecology. In: Landscape Ecology, Function and
Management:  Principles from Australia's Rangelands,
Ludwig, J.A,, D, Tongway, D. Freudenberger, D. Noble and
K.Hodginson, (Eds.), CSIRO Publishing, Melbourne, Australia,
ISBN-13: 9780643102668, pp: 1-12.

88

5.

Han, G., X. Hao, M. Zhao, M. Wang, B.H. Ellert, W. Willms and
M. Wang, 2008. Effect of grazing intensity on carbon and
nitrogen in soil and vegetation in a meadow steppe in Inner
Mongolia. Agric. Ecosyst. Environ., 125: 21-32.

Kutt, A.S. and J.C. Woinarski, 2007. The effects of grazing and
fire on vegetation and the vertebrate assemblagein atropical
savanna woodland in North-Eastern Australia. J. Trop. Ecol.,
23:95-106.

Tongway, D.J. and N. Hindley, 2004. Landscape Function
Analysis Manual: Procedures for Monitoring and Assessing
Landscapes with Special Reference to Minesites and
Rangelands. CSIRO, Australia, ISBN: 097517830X, Pages: 80.
SAS., 2015. SAS Version 9.4 for Windows. SAS Institute Inc.,
Cary, NC,, USA.

Zar, JH., 2010. Biostatistical Analysis. 5th Edn., Prentice-Hall,
Upper Saddle River, New Jersey, Englewood, USA,
ISBN-13: 9780131008465, Pages: 960.

Ogutu, JO., H.P. Piepho, RS. Reid, MEE. Rainy and
R.L. Kruska et a/, 2010. Large herbivore responses to water
and settlements in savannas. Ecol. Monogr., 80: 241-266.

. Wilcox, B.P,, D. Le Maitre, E. Jobbagy, L. Wang and

D.D. Breshears, 2017. Ecohydrology: Processes and
Implications for Rangelands. In: Rangeland Systems:
Processes, Management and Challenges, Briske, D.D.
(Ed.). Springer International Publishing, Switzerland,
ISBN-13: 9783319467078, pp: 85-129.

Chamizo, S., J. Belnap, D.J. Eldridge, Y. Canton and O.M. Issa,
2016. The Role of Biocrusts in Arid Land Hydrology. In:
Biological Soil Crusts: An Organizing Principle in Drylands,
Weber, B., B.Budeland J. Belnap (Eds.). Springer International
Publishing,  Switzerland, ISBN-13: 9783319302140,
pp: 321-346.

Funk, JL, JE. Larson, GM. Ames, B.J. Butterfield and
J.Cavender-Bares et al, 2017. Revisiting the Holy Grail: Using
plant functional traits to understand ecological processes.
Biol. Rev., 92: 1156-1173.

Chen, Q., D.U. Hooper, H. Liand X.Y. Gong et al, 2017. Effects
of resource addition on recovery of production and plant
functional composition in degraded semiarid grasslands.
Oecologia, 184: 13-24.

Fuhlendorf, S.D., T.J. Hovick, R.D. Elmore, A.M. Tanner,
D.M.Engleand C.A. Davis, 2017. A Hierarchical perspective to
woody plant encroachment for conservation of prairie-
chickens. Rangeland Ecol. Manage., 70: 9-14.

Nusse, A., D. Linsler, M. Kaiser, D. Ebeling, B. Tonn, J. Isselstein
and B. Ludwig, 2017. Effect of grazing intensity and soil
characteristics on soil organic carbon and nitrogen stocks in
a temperate long-term grassland. Arch. Agron. Soil Sci.,
63:1776-1783.

Eby, S. and M.E. Ritchie, 2016. Alternative hypotheses for
mammalian herbivore preference of burned areas in a
savannah ecosystem. Afr. J. Ecol., 54: 471-478.



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Res. J. Environ. Sci, 12 (2): 83-89, 2018

Eldridge, D.J., A.G. Poore, M. Ruiz-Colmenero, M. Letnic and
S. Soliveres, 2016. Ecosystem structure, function and
composition in rangelands are negatively affected by
livestock grazing. Ecol. Applic., 26: 1273-1283.

Eldridge, D.J. and M. Delgado-Baquerizo, 2017. Continental-
scale impacts of livestock grazing on ecosystem supporting
and regulating services. Land Degrad. Dev., 28: 1473-1481.
West, A.L., C.B. Zou, E. Stebler, S.D. Fuhlendorf and B. Allred,
2016. Pyric-herbivory and hydrological responses in tallgrass
prairie. Rangeland Ecol. Manage., 69: 20-27.

Cavallero, L., D.R. Lopez, E. Raffaele and M.A. Aizen, 2015.
Structural-functional approach to identify post-disturbance
recovery indicators in forests from Northwestern Patagonia:
A tool to prevent state transitions. Ecol. Indicat., 52: 85-95.
Ludwig, J.A.and D.J. Tongway, 2000. Viewing Rangelands as
Landscape Systems. In: Rangeland Desertification, Arnalds,
O. and S. Archer, (Eds.), Kluwer Academic Publishers,
Dordrecht, pp: 39-52.

Faist, A.M., J.E.Herrick, J. Belnap, J.W.van Zee and N.N. Barger,
2017.Biological soil crustand disturbance controls on surface
hydrology in a semi-arid ecosystem. Ecosphere, Vol. 8,
No. 3. 10.1002/ecs2.1691.

Belnap, J. and O.L. Lange, 2005. Lichens and Microfungi in
Biological Soil Crusts: Community Structure, Physiology and
Ecological Functions. In: The Fungal Community: Its
Organization and Role in the Ecosystem, Dighton, J., J.F.
White and P. Oudemans (Eds.). 3rd Edn., Chapter 6, CRC Press,
Boca Raton, FL., USA., ISBN-13:9781420027891, pp: 117-138.
Schwabedissen, S.G., K.A. Lohse, S.C. Reed, K.A. Aho and
T.S. Magnuson, 2017. Nitrogenase activity by biological soil
crusts in cold sagebrush steppe ecosystems.
Biogeochemistry, 134: 57-76.

Waswa, B.S., P.L.G. Vlek, L.D. Tamene, P. Okoth, D. Mbakaya
and S. Zingore, 2013. Evaluating indicators of land
degradation in smallholder farming systems of western
Kenya. Geoderma, 195-196: 192-200.

Ludwig, J. A. and D. Freudenberger, 1997. Towards a
Sustainable Future for Rangelands. In: Landscape Ecology,
Function and Management: Principles from Australia's
Rangelands, Ludwig, J., D. Tongway, D. Freudenberger, J.
Noble and K. Hodgkinson (Eds.). CSIRO, Melbourne, Australia,
ISBN-13: 9780643102668, pp: 121-131.

Holechek, J.L., R.D. Pieper and C.H. Herbel, 2010. Range
Management: Principles and Practices. 6th Edn., Pearson,
USA., ISBN-13:978-0135014165, Pages: 456.

89

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

McDonald, S., N.N. Reid, R. Smith, C. Waters, J. Hunter and
R. Rader, 2016. Grazing management for biodiversity
conservation and landscape functionin semi-arid New South
Wales. Proceedings of the 10th International Rangeland
Congress, July 16-22, 2016, Saskatoon, SK., Canada,
pp: 163-164.

Papanastasis, V.P., S. Bautista, D. Chouvardas, K. Mantzanas
and M. Papadimitriou eta/, 2017. Comparative assessment of
goods and services provided by grazing regulation and
reforestation in degraded Mediterranean rangelands. Land
Degrad. Dev., 28:1178-1187.

Zucca, C, S.AA. Garcia, M. Deroma and S. Madrau, 2016.
Organic carbon and alkalinity increase in topsoil after
rangeland restoration through Atriplex nummularia
plantation. Land Degrad. Dev., 27: 573-582.

Kulpa, S.M., E.A. Leger, EK. Espeland and E.M. Goergen, 2012.
Postfire seeding and plant community recovery in the Great
Basin. Rangeland Ecol. Manage., 65: 171-181.

Whitehead, A.L., A.E. Byrom, R.l. Clayton and R.P. Pech, 2014.
Removal of livestock alters native plantand invasive mammal
communities in a dry grassland-shrubland ecosystem. Biol.
Invasions, 16: 1105-1118.

Tabeni, S., F.A. Yannelli, N. Vezzani and L.E. Mastrantonio,
2016. Indicators of landscape organization and functionality
in semi-arid former agricultural lands under a passive
restoration management over two periods of abandonment.
Ecol. Indicat., 66: 488-496.

Ocampo-Melgar, A., S. Bautista, J.E. deSteiguer and B.J. Orr,
2017. Potential of an outranking multi-criteria approach to
support the participatory assessment of land management
actions. J. Environ. Manage., 195: 70-77.

Read, ZJ.,H.P.King, D.J. Tongway, S. Ogilvy, R.S.B.Greene and
G. Hand, 2016. Landscape function analysis to assess soil
processes on farms following ecological restoration and
changes in grazing management. Eur. J. Soil Sci., 67: 409-420.
Bautista, S., J. Llovet, A. Ocampo-Melgar, A. Vilagrosa and
A.G.Mayor et al, 2017.Integrating knowledge exchange and
the assessment of dryland management alternatives-A
learning-centered participatory approach. J. Environ.
Manage., 195: 35-45.

Tongway, D. and T. McDonald, 2016. Understanding the less
visible components for 'the wise management of our lands":
Interview with David Tongway. Ecol. Manage. Restor.,
17:93-101.



	RJES (Curved).pdf
	Page 1


