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Abstract: Forestry systems, including afforestation and reforestation land uses, are prevalent in
drylands and aimed at restoring degraded lands and halting desertification. However, an increasing
amount of literature has alerted potentially adverse ecological and environmental impacts of this
land use, risking a wide range of ecosystem functions and services. The objective of this paper is to
demonstrate the potentially adverse implications of dryland forestry and highlight the caution needed
when planning and establishing such systems. Wherever relevant, establishment of low-impact
runoff harvesting systems is favored over high-impact ones, which might cause extensive land
degradation of their surroundings. Specifically, both in hillslopes and channels, scraping, removal,
or disturbance of topsoil for the construction of runoff harvesting systems should be minimized to
prevent the decrease in soil hydraulic conductivity and increase in water overland flow and soil
erosion. In order to negate suppression of understory vegetation and sustain plant species richness
and diversity, low-density savanization by non-allelopathic tree species is preferred over high-density
forestry systems by allelopathic species. Wherever possible, it is preferable to plant native tree
species rather than introduced or exotic species, in order to prevent genetic pollution and species
invasion. Mixed-species forestry systems should be favored over single-species plantations, as they
are less susceptible to infestation by pests and diseases. In addition, drought-tolerant, fire-resistant,
and less flammable tree species should be preferred over drought-prone, fire-susceptible, and more
flammable species.

Keywords: anthropogenic factors; climate change; herbaceous vegetation; landform functioning
vs. dysfunctioning; land use change; natural factors; prolonged droughts; runoff ratio; soil quality;
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1. Assessing Sustainability and Benefits of Dryland Forestry

Land degradation leads to the reduction of productivity, functioning, and complexity of land.
Estimations of the global extent of degraded lands vary from less than 1 billion ha to over 6 billion ha,
with equally wide-ranged disagreements regarding their spatial distribution [1]. It is estimated that
25–35% of drylands are already degraded [2]. While passive restoration methods, for example grazing
exclusion, can be effective for restoring moderately degraded lands, active means, such as afforestation
and other techniques, might be needed to restore severely degraded lands. Such active means seem to
be particularly relevant for water-limited environments, where self-restoration processes of severely
degraded lands may be limited. Without active interventions for generating geoecological restoration
processes, these lands may suffer accelerated degradation and desertification over time [3].

Forests cover almost 4 billion ha or 30% of the globe’s land area. Intensively managed forest
plantations comprised 4% of the forest area in 2005, and their area is rapidly increasing at a rate of
2.5 million ha annually [4]. Forestry, including afforestation and reforestation land uses, is extensively
utilized as a restoration means of degraded lands. Particularly, dryland forestry practices have been
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widely reported as an effective tool in halting desertification processes [3,5,6]. However, an increasing
body of literature reports that the conversion of ‘natural’ drylands to afforestation systems might
degrade their overall functioning capacity, adversely impacting environmental quality and the provision
of ecosystem services.

Dryland forestry-related practices such as herbicide application and soil scraping—aimed at
negating competition over scant water resources between native vegetation and the planted trees
and shrubs—have been reported to decrease soil hydraulic conductivity and increase generation of
overland water flow [7]. These processes are expected to decrease on-site water availability for plants
while increasing soil erosion risk [8]. Moreover, concerns have been raised regarding the potential
adverse impact of forestry on vegetation species diversity [9]. Additionally, the overall impact of
dryland afforestation on global climate is still questionable. For example, it was suggested that despite
assimilating carbon dioxide (CO2) by tree biomass and thereby reducing atmospheric concentrations
of this greenhouse gas, forestry lands in semi-arid regions—where cloudiness is relatively low and
solar radiation is comparatively high—might increase solar radiation absorption, resulting in a net
warming effect shortly after forest establishment. Nevertheless, in the long run, the increased forest
canopy may reverse this trend, resulting in a net cooling effect [10].

Because of the potentially tremendous impact of forestry on geoecological functioning and the
provision of ecosystem services, the target land units should be thoroughly assessed in advance.
Land managers should clearly define specific goals of the land-use change while considering the
risks of potentially undesired outcomes. This assessment should encompass detailed evaluation of
the prevailing physical and biotic conditions of the target land units. First, an assessment of the
ecological, hydrological, and geomorphological functioning of the target land unit should be carried
out using, for example, the procedure detailed in the Landscape Function Analysis manual [11].
Basically, this procedure combines data collection of biotic and physical components of the ground with
identification of landform dysfunctioning hazards. Second, ecosystem health of target land units should
be determined by collecting data on pedogenic properties (e.g., surface roughness, visual indications for
rills and gullies, soil compaction, organic carbon quantity and quality, nutrient content and availability,
electrical conductivity, pH level, calcium carbonate content, and microbial biomass and activity),
vegetal characteristics (e.g., plant cover, litter cover, functional groups’ distribution, species richness
and diversity, and vegetation’s spatial patterns), and faunal features (e.g., abundance, species richness
and diversity of invertebrates, arthropods, rodents, and reptiles), and formulating an inclusive numeral
index. Only land units with an index lower than a threshold value, defining them as severely degraded,
could be considered as candidates for afforestation or reforestation. Land units with higher index
values should be considered for other, preferably passive, restoration schemes. This threshold value
should differ according to geographical context and climatic conditions; it is plausible that it should be
lower for dryer environments. A wide range of soil/land quality assessment tools have been developed
for evaluating the status of natural or semi-natural environments, and of agro-ecosystems (e.g., [12–16]),
each of them most suitable for certain combinations of physical and biotic conditions, thus specific
indices correspond to different target lands.

2. Low-Impact Forestry

Depending on prevailing biophysical conditions, low-density forestry systems such as savanization
projects (see: [5]) might be preferred over high-density, closed-canopy forestry systems, where the dense
tree cover may suppress productivity of understory plant species, decreasing the ecosystem complexity
and lessening its vegetation species richness and diversity. For example, in northern California,
the United States, understory vegetation cover in newly established Pinus ponderosa (C. Lawson var.
ponderosa) plantations increased with overstorey cover until peaking at a certain overstory cover and
then declined [17].

Wherever sink patches for runoff water accumulation are needed to ensure survival and growth
of the planted trees or shrubs, low-impact surface modification is preferable. For example, in hillslopes,
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practices causing minimal disturbance of the ground surface, such as constructing traditional-style
stone terraces [18], digging micro-catchment systems [6], or establishing pitting systems [19], in which
runoff water accumulates and trees are planted, are preferable for small target lands. For expansive
lands, the formation of shallow, contour earth-ridges, and planting trees or shrubs in the ditch/trench
formed in their upslope side [20], might be more plausible. This practice only necessitates the use
of a tractor-dragged single-blade plow, whose impact on the ground is limited to the ditch lines.
Conversely, the construction of contour bench terrace systems [5] involves high-impact bulldozing
earthworks to remove the soil’s most productive A-horizon, which is then used to form earth-terraces
while smoothening the inter-terrace spaces to maximize the runoff ratio (Figure 1). This practice should
be considered as the least preferred option. In addition to removing the topsoil, it eliminates the soil
seed bank, a manipulation expected to hinder the productivity of herbaceous vegetation and limit
species richness and diversity [21,22]. Yet, such systems may be needed to restore severely degraded
lands, e.g., where extensive soil erosion negates the effectiveness of less intensive restoration means [5].
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water volumes are comparatively low. This approach would allow the use of highly porous, 
loose-rock check dams [23], or similar means, characterized by a low environmental footprint.  

Figure 1. One-year-old contour bench terrace forestry system in the Israeli semi-arid northern Negev.
Note the exposed and crusted ground surface of the inter-terrace space, from which topsoil was
removed and utilized to construct the terraces. Photo taken by I. Stavi in winter 2018/19.

When forming sinks for runoff water harvesting in ephemeral channels, small, semi-porous check
dams [23]—made from stones sourced onsite or offsite—are favored over massive and non-porous
earth dykes (limans) (see: [5,23]). Like the construction of contour bench terraces, the establishment of
limans necessitates the removal of topsoil from extensive land areas (Figure 2), increasing the risk of
on-site land degradation. Obviously, smaller and weaker structures would preferably be established in
channels upstream (or in small streams), where flow energy and flood water volumes are comparatively
low. This approach would allow the use of highly porous, loose-rock check dams [23], or similar means,
characterized by a low environmental footprint.
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Figure 2. One-year-old liman forestry system in the Israeli semi-arid northern Negev. Note the
extensive area from which the topsoil was removed to construct the liman’s dykes. Photo taken by I.
Stavi in winter 2018/19.

Planting native tree or shrub species in the sink patches formed either on hillslopes or in ephemeral
channels negates the risks of genetic pollution and/or species invasion. The selected tree or shrub species
should have no allelopathy mechanism, which may suppress understory vegetation. Specifically,
this effect has been widely acknowledged for pine and other coniferous-dominated forests. For example,
in the semi-arid Murcia region of south-east Spain, the allelopathic needle litter of semi-arid, 30-year old
plantations of Pinus halepensis Miller has been reported to oppress growth of the perennial grass
Stipa tenacissima L. [24]. Furthermore, afforestation and reforestation projects are more successful when
comprised of mixed tree species, which are less susceptible to infestation by pests and diseases than
single-species plantations [25]. Regardless, the increase in frequency and intensity of droughts around
the world, driven by climate change, lead to mass drying and mortality of trees, resulting in increased
incidence and aggravated intensity of wildfires [26,27]. Therefore, preference should be given for the
selection of drought-tolerant, fire-resistant, and less flammable tree species [28].

3. Restoring Geo-Ecosystem Functions

Over time, in well-functioning forestry systems, it is foreseen that habitat conditions of the
woody vegetation patches will improve. A dominant mechanism in this process is the shading of the
soil surface by the canopy of the planted trees and shrubs. The shade reduces solar radiation and
ground temperature, lowers evaporation of soil moisture, and increases soil water availability for plant
uptake [29]. The improved conditions of the woody vegetation patches make them ‘fertility islands’ [30],
exhibiting increased nutrient content and availability, improved microbial activity, and stimulated
pedogenesis, resulting in accelerated restoration processes of the entire ecosystem. Regardless,
alongside these processes, hydraulic lift, defined as the passive movement of water through roots
along a gradient in soil water potential from deeper and moister layers to shallower and dryer layers,
might be generated by deep roots of the planted trees and shrubs, further increasing the availability of
soil water for understory vegetation [31]. Over time, it is expected that geoecological feedbacks will
increase herbaceous vegetation cover on hillslopes, hindering runoff generation, increasing on-site



Forests 2019, 10, 737 5 of 6

retention of water and soil resources, and minimizing the loss of water overland flow outside of
the ecosystem [32].

This study stresses the importance of judicious planning and designing of afforestation and
reforestation activities in drylands. Regardless, identification and continuous control of the degrading
factor, e.g., irrational livestock grazing pressures [3], are essential. To ensure the long-term success of
land restoration projects, forestry agencies and land managers should routinely monitor the afforested
or reforested lands to assess their functioning and productivity, as well as their overall ecological impact.

Funding: This research received no external funding.

Acknowledgments: The author thanks two anonymous reviewers, whose comments considerably improved the
manuscript. Furthermore, the author is grateful for the Israeli Ministry of Science and Technology for providing
the general support needed for this study.

Conflicts of Interest: The author declares no conflict of interest.

References

1. Gibbs, H.K.; Salmon, J.M. Mapping the world’s degraded lands. Appl. Geogr. 2015, 57, 12–21. [CrossRef]
2. IUCN. Drylands and Land Degradation; International Union for Conservation of Nature: Gland,

Switzerland, 2017.
3. Yirdaw, E.; Tigabu, M.; Monge, A. Rehabilitation of degraded dryland ecosystems—Review. Silva Fenn. 2017,

51, 1673. [CrossRef]
4. Easterling, W.E.; Aggarwal, P.K.; Batima, P.; Brander, K.M.; Erda, L.; Howden, S.M.; Kirilenko, A.;

Morton, J.; Soussana, J.F.; Schmidhuber, J.; et al. Food, fibre and forest products. In Climate Change
2007: Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the Fourth Assessment Report of
the Intergovernmental Panel on Climate Change; Parry, M.L., Canziani, O.F., Palutikof, J.P., van der Linden, P.J.,
Hanson, C.E., Eds.; Cambridge University Press: Cambridge, UK, 2007; pp. 273–313.

5. Brand, D.; Moshe, I.; Shaler, M.; Zuk, A.; Riov, J. Afforestation in Israel—Reclaiming Ecosystems and Combating
Desertification; Keren Kayemet Le’Israel: Jerusalem, Israel, 2008.

6. KEFRI. Tree Planting and Management Techniques under Limited WATER Availability—Guideline for Farmers and
Extension Agents; Kenya Forestry Research Institute: Nairobi, Kenya, 2014.

7. Zaady, E.; Arbel, S.; Barkai, D.; Sarig, S. Long-term impact of agricultural practices on biological soil crusts
and their hydrological processes in a semiarid landscape. J. Arid Environ. 2013, 90, 5–11. [CrossRef]

8. Nouwakpo, S.K.; Williams, C.J.; Al-Hamdan, O.Z.; Weltz, M.A.; Pierson, F.; Nearing, M. A review of
concentrated flow erosion processes on rangelands: Fundamental understanding and knowledge gaps.
Int. Soil Water Conserv. Res. 2016, 4, 75–86. [CrossRef]

9. Carnus, J.M.; Parrotta, J.; Brockerhoff, E.; Arbez, M.; Jactel, H.; Kremer, A.; Lamb, D.; O’Hara, K.; Walters, B.
Planted forests and biodiversity. J. For. 2006, 104, 65–77.

10. Rotenberg, E.; Yakir, D. Contribution of semi-arid forests to the climate system. Science 2010, 327, 451–454.
[CrossRef]

11. Tongway, D.J.; Hindley, N.L. Landscape Function Analysis: Procedures for Monitoring and Assessing Landscapes,
with Special Reference to Minesties and Rangelands; CSIRO: Canberra, Australia, 2004.

12. NRCS. Soil Quality Measurement. Soil Health—Guides for Educators; United States Department of Agriculture,
Natural Resources Conservation Service: Washington, DC, USA, 2014.

13. NRCS. Soil Quality Indicators–Physical, Chemical, and Biological Indicators for Soil Quality Assessment and
Management; United States Department of Agriculture, Natural Resources Conservation Service: Washington,
DC, USA, 2015.

14. Moebius-Clune, B.N.; Moebius-Clune, D.J.; Gugino, B.K.; Idowu, O.J.; Schindelbeck, R.R.; Ristow, A.J.;
van Es, H.M.; Thies, J.E.; Shayler, H.A.; McBride, M.B.; et al. Comprehensive Assessment of Soil
Health—The Cornell Framework, 3.2 ed.; Cornell University: Geneva, NY, USA, 2016.

15. Fine, A.K.; van Es, H.M.; Schindelbeck, R.R. Statistics, scoring functions, and regional analysis of a
comprehensive soil health database. Soil Sci. Soc. Am. J. 2017, 81, 589–601. [CrossRef]

16. Karlen, D.L.; Goeser, N.J.; Veum, K.S.; Yost, M.A. On-farm soil health evaluations: Challenges and
opportunities. J. Soil Water Conserv. 2017, 72, 26A–31A. [CrossRef]

http://dx.doi.org/10.1016/j.apgeog.2014.11.024
http://dx.doi.org/10.14214/sf.1673
http://dx.doi.org/10.1016/j.jaridenv.2012.10.021
http://dx.doi.org/10.1016/j.iswcr.2016.05.003
http://dx.doi.org/10.1126/science.1179998
http://dx.doi.org/10.2136/sssaj2016.09.0286
http://dx.doi.org/10.2489/jswc.72.2.26A


Forests 2019, 10, 737 6 of 6

17. Zhang, J.; Young, D.H.; Oliver, W.W.; Fiddler, G.O. Effect of overstorey trees on understorey vegetation in
California (USA) ponderosa pine plantations. Forestry 2016, 89, 91–99. [CrossRef]

18. Al-Seekh, S.H.; Mohammad, A.G. The effect of water harvesting techniques on runoff, sedimentation, and
soil properties. Environ. Manag. 2009, 44, 37–45. [CrossRef]

19. Bocio, I.; Navarro, F.B.; Ripoll, M.A.; Jimenez, M.N.; De Simon, E. Holm oak (Quercus rotundifolia Lam.) and
Aleppo pine (Pinus halepensis Mill.) response to different soil preparation techniques applied to forestation in
abandoned farmland. Ann. For. Sci. 2004, 61, 171–178. [CrossRef]

20. Al-Shamiri, A.; Ziadat, F.M. Soil-landscape modeling and land suitability evaluation: The case of rainwater
harvesting in a dry rangeland environment. Int. J. Appl. Earth Obs. 2012, 18, 157–164. [CrossRef]

21. Stavi, I.; Fizik, E.; Argaman, E. Contour bench terrace (shich/shikim) forestry systems in the semi-arid Israeli
Negev: Effects on soil quality, geodiversity, and herbaceous vegetation. Geomorphology 2015, 231, 376–382.
[CrossRef]

22. Stavi, I.; Argaman, E. Soil quality and aggregation in runoff water harvesting forestry systems in the semi-arid
Israeli Negev. Catena 2016, 146, 88–93. [CrossRef]

23. Pathak, P.; Wani, S.P.; Sudi, R. Gully Control in SAT Watersheds. Global Theme on Agroecosystems, Report no. 15;
International Crops Research Institute for the Semi-Arid Tropics: Patancheru, India, 2005; p. 28.

24. Navarro-Cano, J.A.; Barberá, G.G.; Ruiz-Navarro, A.; Castillo, V.M. Pine plantation bands limit seedling
recruitment of a perennial grass under semiarid conditions. J. Arid Environ. 2009, 73, 120–126. [CrossRef]

25. Ciesla, W.M. Forest Plantations Thematic Papers—Protecting Plantations from Pests and Diseases; Food and
Agriculture Organization of the United Nations, Forestry Department—Working Paper FP/10; Food and
Agriculture Organization of the United Nations: Rome, Italy, 2001.

26. Stephens, S.L.; Collins, B.M.; Fettig, C.J.; Finney, M.A.; Hoffman, C.M.; Knapp, E.E.; North, M.P.; Safford, H.;
Wayman, R.B. Drought, tree mortality, and wildfire in forests adapted to frequent fire. Bioscience 2018, 68, 2.
[CrossRef]

27. Stavi, I. Wildfires in grasslands and shrublands: A review of impacts on vegetation, soil, hydrology, and
geomorphology. Water 2019, 11, 1042. [CrossRef]

28. White, R.H.; Zipperer, W.C. Testing and classification of individual plants for fire behaviour: Plant selection
for the wildland–urban interface. Int. J. Wildland Fire 2010, 19, 213–227. [CrossRef]

29. Shashua-Bar, L.; Pearlmutter, D.; Erell, E. The influence of trees and grass on outdoor thermal comfort in a
hot-arid environment. Int. J. Climatol. 2011, 31, 1498–1506. [CrossRef]

30. Garner, W.; Steinberger, Y. A proposed mechanism for the formation of ‘Fertile Islands’ in the desert ecosystem.
J. Arid Environ. 1989, 16, 257–262. [CrossRef]

31. Yu, K.; D’Odorico, P. Hydraulic lift as a determinant of tree-grass coexistence on savannas. New Phytol. 2015,
207, 1038–1051. [CrossRef] [PubMed]

32. Durán Zuazo, V.H.; Rodríguez Pleguezuelo, C.R. Soil-erosion and runoff prevention by plant covers: A review.
In Sustainable Agriculture; Lichtfouse, E., Navarrete, M., Debaeke, P., Véronique, S., Alberola, C., Eds.; Springer:
Berlin/Heidelberg, Germany, 2009; pp. 785–811.

© 2019 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1093/forestry/cpv036
http://dx.doi.org/10.1007/s00267-009-9310-z
http://dx.doi.org/10.1051/forest:2004009
http://dx.doi.org/10.1016/j.jag.2012.01.005
http://dx.doi.org/10.1016/j.geomorph.2014.12.028
http://dx.doi.org/10.1016/j.catena.2016.06.010
http://dx.doi.org/10.1016/j.jaridenv.2008.09.002
http://dx.doi.org/10.1093/biosci/bix146
http://dx.doi.org/10.3390/w11051042
http://dx.doi.org/10.1071/WF07128
http://dx.doi.org/10.1002/joc.2177
http://dx.doi.org/10.1016/S0140-1963(18)30941-8
http://dx.doi.org/10.1111/nph.13431
http://www.ncbi.nlm.nih.gov/pubmed/25925655
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Assessing Sustainability and Benefits of Dryland Forestry 
	Low-Impact Forestry 
	Restoring Geo-Ecosystem Functions 
	References

