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 21 

Widespread degradation is impacting land at the global scale as a consequence of intense 22 

anthropogenic pressures and accelerated changes in climate. The expansion of land 23 

degradation may cause the destabilization of ecosystems’ structure and functioning and may 24 

be somewhat comparable to a global health crisis such as the corvid19 pandemic (Di Marco 25 

et al., 2020). Although areas of high biodiversity can host high numbers of pathogens, 26 

biodiversity may serve as a protective factor for preventing transmission and maintaining 27 

ecosystems helping to reduce exposure to infectious agents (Romanelli et al, 2015). Recently 28 

it has been suggested that degraded habitats may encourage more rapid evolutionary 29 

processes and diversification of diseases allowing pathogens to spread easily to livestock and 30 

humans (Zohdy et al., 2019). Thus, conserving, or in the case of irreversible degradation, 31 

restoring, are the goals that society has to enforce to maintain or rebuild an equilibrium with 32 

nature. Particularly susceptible regions are drylands, which include arid and semi-arid 33 
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environments. These areas are largely affected by climate change and land degradation 34 

impacts (Berdugo et al., 2020) with ecosystems facing serious threats such as long periods of 35 

drought, unpredictability of rainfall, and intense use of the land. 36 

The capacity of ecosystems to regenerate is limited, and therefore restoring degraded land is 37 

becoming essential to repair the integrity of impacted forests, rangelands, mine-affected 38 

areas) and numerous habitats around the globe (Ockendon et al., 2018). Land restoration and 39 

rehabilitation can enhance the natural capital of land and the provision of soil ecosystem 40 

services play a key role for climate change mitigation as well as adaptation (Hobley et al., 41 

2018; Nunes et al., 2016). This special issue of Land Degradation & Development compiles 42 

23 articles reporting research conducted across all global geographic regions except 43 

Antarctica, i.e. Africa, Asia, Australia/Oceania, Europe, North America and South America. 44 

These papers address current and upcoming challenges and opportunities for the Restoration 45 

and Rehabilitation of Degraded Land in Arid and Semi-Arid Environments. 46 

The United Nations (UN) General Assembly adopted a resolution in March 2019 declaring 47 

2021-2030 the UN Decade on Ecosystem Restoration (Willemen et al., 2020). This global 48 

call for action is expected to bring together scientific research and political and administrative 49 

efforts to scale up restoration in the upcoming years. This resolution has been preceded by 50 

several initiatives to reverse land degradation such as the Convention on Biological 51 

Diversity’s Aichi Targets, the Bonn Challenge and its regional initiatives to restore more than 52 

150 million hectares of land; and most recently the 2030 Agenda for Sustainable 53 

Development and the Sustainable Development Goals (SDGs) (Bateman and Muñoz-Rojas, 54 

2019). One of the challenges identified by the SDGs is the need to define appropriate 55 

indicators for measuring the progress towards achieving the goals proposed, and to 56 

understand which areas to prioritise and allocate resources to (Ockendon et al., 2018; Nunes 57 

et al., 2016).  58 

Defining suitable indicators for monitoring and assessing the success of restoration should be 59 

a priority within restoration programs as highlighted in this issue (Bateman et al., 2018; 60 

Shackelford et al. 2018). However, monitoring restoration success is often challenged by the 61 

complexity and scales of studies over time. (Costantini et al,  2016). Some countries like 62 

China are currently tackling extensive land degradation caused by agricultural pollution and 63 

rely on indicators to assess the sustainability of agricultural remediation. In their paper, Hou 64 

et al. (2018) review the state of these assessments and discuss the social, economic, 65 



environmental, and agricultural implications within the complex human-environmental 66 

system. Their study remarks that the implementation of action plans for land remediation 67 

needs to consider social aspects and the implications for long-term sustainability. An 68 

increasing number of studies are showing the importance of long-term monitoring in 69 

restoration (Shackelford et al. 2018), as vegetation establishment and soil properties can go 70 

through transient states over time and may evolve over decades (Yu and Wang, 2018). At 71 

landscape scales, geomorphic analysis and remote sensing techniques provide sensitive 72 

satellite-derived indices that can offer multiple possibilities for monitoring studies at such 73 

large ranges. This is well exemplified in Xu et al. and Murthy and Bagchi (2018). 74 

A group of articles in this issue, is focused on revegation techniques. Revegetation has been 75 

for many years a conventional strategy for rehabilitation of degrading landscapes (Hobley et 76 

al., 2018) and using native plants adapted to drought can facilitate plant establishment in 77 

degraded soils under water stress conditions (Bateman et al., 2018). Revegetation efforts 78 

generally result in improvement of soil fertility and enhancement of ecosystem services and 79 

functions such as carbon sequestration (Gao et al., 2018), nutrient cycling (Barliza et al., 80 

2018 Hu et al., 2018) and soil microbial diversity and activity (García et al., 2018; Liu et al., 81 

2019); nevertheless, it can also lead to adverse effects such as salinity which may affect the 82 

success of restoration efforts in the long term (Yu and Wang, 2018). Some native plants such 83 

as halophytes, may on the other hand assist in the remediation of salt-affected soils (Shaygan 84 

et al., 2018) (Figure 1). Applying vegetation buffer strips can be an effective measure for 85 

reducing erosion and soil nutrient movement in degraded hillslopes (Kavian et al., 2018). 86 

However, the establishment of vegetation in large-scale rehabilitation operations may not be 87 

sufficient to support new and economically driven developments in the construction of 88 

landforms with increased spoil elevation, and detailed geological information is essential in 89 

these instances (Emmerton et al., 2018). 90 

A large share of articles in this issue evaluates the use of amendments in restoration. The use 91 

of amendments in restoration programs is being increasingly encouraged because of their 92 

positive effects on soil physical, chemical and biological characteristics (Hueso et al., 2018). 93 

Organic amendments such as biosolids, composted material and mulches may increase soil 94 

microbial activity, which favor organic matter decomposition and mineralization, and 95 

generally increases plant productivity and carbon sequestration in the medium or long-term, 96 

as highlighted in this issue by Valdecantos and Fuentes (2018). Also in this issue, Luna et al. 97 

(2018), show that woodchip mulch can be effective for trapping runoff and sediment in mine 98 



rehabilitation sites whereas organic amendments formed by composted waste can improve 99 

infiltration and reduce water erosion (Figure 2). There are, however, risks associated with the 100 

use of these techniques and the source of these amendments, which may incorporate potential 101 

contaminants such as heavy metals or polycyclic aromatic hydrocarbons that are often 102 

overlooked (Carabassa et al. 2018). Importantly, the practice of using locally sourced 103 

amendments can also contribute to the circular economy reducing the amount of exogenous 104 

fertilizers and contributing to climate change mitigation (Hueso Gonzalez et al., 2018). In 105 

socio-economically developing regions, organic amendments such as native mulches can be 106 

in fact one of the few available options for improving soil fertility as dicssued in this issue by 107 

Félix et al. (2018) and Ndegwa et al. (2018). Félix et al. (2018) show that adding a native 108 

shrub, e.g. ramial wood, in high volumes could sustain crop yields in Burkina Faso. Yet, the 109 

amount of biomass needed exceeds the available capacity in the landscape and afforestation 110 

would be needed to support food production. Similarly, charcoal demand is growing in 111 

developing countries because of the lack of alternative energies which exerts a high pressure 112 

on available forest resources. To address this issue, Ndegwa et al. (2018) propose a 113 

sustainable plan for wood harvesting considering the annual biomass increment of 114 

woodlands. 115 

A final group of articles documents examples of innovative approaches and technologies used 116 

in restoration. Thesen novel methods include the use of polymers (Liao et al., 2108) and bio-117 

inoculants such cyanobacteria that form biocrust (Roman et al., 2018) and endophytic 118 

bacteria (Galaviz et al., 2018). As an alternative to compost application, Galaviz et al. (2018) 119 

inoculated degraded desert soils with the endophytic bacteria Bacillus pumilus, which 120 

resulted in an increase of the Rhizobium population in the soil. Roman et al. (2018) highlight 121 

in their study the potential of inoculated N-fixing cyanobacteria from soil biocrust to increase 122 

soil C and N in semi-arid degraded soils (Figure 3). With advanced tools such as highly 123 

specified molecular technologies, these approaches have expanded from the agricultural and 124 

biotechnological sectors to the fields of ecosystem restoration and land rehabilitation opening 125 

new possibilities in these research areas (Muñoz-Rojas, 2018).   126 
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We would like to thank the external reviewers for their critical asessments that have 130 

contributed to a successful special issue as well as the editorial support from Chris Barrow 131 



(Founding Editor) and the entire editorial and production team. Finally, we thank the authors 132 

for their exceptional contributions to this special issue. 133 

Conflict of interest 134 

The authors declare no conflict of interest 135 

References 136 

Barliza, J. C., Peláez, J. D. L., & Campo, J. (2018). Recovery of biogeochemical processes in 137 

restored tropical dry forest on a coal mine spoil in La Guajira, Colombia. Land Degradation 138 

& Development, 29, 3174-3183. https://doi.org/10.1002/ldr.3069 139 

Bateman, A., Lewandrowski, W., Stevens, J. C., & Muñoz‐Rojas, M. (2018). 140 

Ecophysiological indicators to assess drought responses of arid zone native seedlings in 141 

reconstructed soils. Land Degradation & Development, 29, 984-993. 142 

https://doi.org/10.1002/ldr.2660 143 

Bateman A. M., & Muñoz-Rojas, M. (2019). To whom the burden of soil degradation and 144 

management concerns. Soil Degradation, Restoration and Management in a Global Change 145 

Context. In Pereira (ed).  Advances in Chemical Pollution, Environmental Management and 146 

Protection, Volume 4, Elsevier, Amsterdam.  https://doi.org/10.1016/bs.apmp.2019.07.001 147 

Berdugo, M., Delgado-Baquerizo, M., Soliveres, S., Hernández-Clemente, R., Zhao, Y., 148 

Gaitán, J. J., Gross, N., Saiz, H., Maire, V., Lehmann, A., Rillig, M.C., Solé, R.V., Maestre, 149 

F.T (2020). Global ecosystem thresholds driven by aridity. Science, 367, 787-790. 150 

https://doi.org/0.1126/science.aay5958 151 

Carabassa, V., Ortiz, O., & Alcañiz, J. M. (2018). Sewage sludge as an organic amendment 152 

for quarry restoration: Effects on soil and vegetation. Land Degradation & Development, 29, 153 

2568-2574. https://doi.org/10.1002/ldr.3071 154 

Costantini, E. A., Branquinho, C., Nunes, A., Schwilch, G., Stavi, I., Valdecantos, A., & 155 

Zucca, C. (2016). Soil indicators to assess the effectiveness of restoration strategies in 156 

dryland ecosystems. Solid Earth, 7, 397-414. https://doi.org/10.5194/sed-7-3645-2015 157 

Emmerton, B., Burgess, J., Esterle, J., Erskine, P., & Baumgartl, T. (2018). The application 158 

of natural landform analogy and geology‐based spoil classification to improve surface 159 

stability of elevated spoil landforms in the Bowen Basin, A ustralia—A review. Land 160 

Degradation & Development, 29, 1489-1508. https://doi.org/10.1002/ldr.2908 161 



Di Marco, M., Baker, M. L., Daszak, P., De Barro, P., Eskew, E. A., Godde, C. M.,Harwood, 162 

T.M., Herrero, M., Hoskins, A.J., Johnson, E., Karesh, W.B., Machalaba, C., Navarro-Garcia, 163 

J., Paini, D., Pirzi, R., Stafford Smith, M, Zambrana-Torrelio, Ferrier, S (2020). Opinion: 164 

Sustainable development must account for pandemic risk. Proceedings of the National 165 

Academy of Sciences, 117, 3888-3892.  https://doi.org/10.1073/pnas.2001655117 166 

Félix, G. F., Clermont‐Dauphin, C., Hien, E., Groot, J. C., Penche, A., Barthès, B. G., 167 

Manlay, R.J., Titonell, Cournac, L. (2018). Ramial wood amendments (Piliostigma 168 

reticulatum) mitigate degradation of tropical soils but do not replenish nutrient exports. Land 169 

Degradation & Development, 29(8), 2694-2706. https://doi.org/10.1002/ldr.3033 170 

Galaviz, C., Lopez, B. R., de‐Bashan, L. E., Hirsch, A. M., Maymon, M., & Bashan, Y. 171 

(2018). Root growth improvement of mesquite seedlings and bacterial rhizosphere and soil 172 

community changes are induced by inoculation with plant growth‐promoting bacteria and 173 

promote restoration of eroded desert soil. Land Degradation & Development, 29(5), 1453-174 

1466. https://doi.org/10.1002/ldr.2904 175 

Gao, Y., Dang, P., Zhao, Q., Liu, J., & Liu, J. (2018). Effects of vegetation rehabilitation on 176 

soil organic and inorganic carbon stocks in the Mu Us Desert, northwest China. Land 177 

degradation & development, 29(4), 1031-1040. https://doi.org/10.1002/ldr.2832 178 

Garcia, D. E., Lopez, B. R., de‐Bashan, L. E., Hirsch, A. M., Maymon, M., & Bashan, Y. 179 

(2018). Functional metabolic diversity of the bacterial community in undisturbed resource 180 

island soils in the southern Sonoran Desert. Land Degradation & Development, 29(5), 1467-181 

1477. https://doi.org/10.1002/ldr.2905 182 

Liu, G. Y., Chen, L. L., Shi, X. R., Yuan, Z. Y., Yuan, L. Y., Lock, T. R., & Kallenbach, R. 183 

L. (2019). Changes in rhizosphere bacterial and fungal community composition with 184 

vegetation restoration in planted forests. Land Degradation & Development, 30, 1147-1157. 185 

https://doi.org/10.1002/ldr.3275 186 

Hobley, E., Garcia‐Franco, N., Hübner, R., & Wiesmeier, M. (2018). Reviewing our options: 187 

Managing water‐limited soils for conservation and restoration. Land degradation & 188 

development, 29, 1041-1053. https://doi.org/10.1002/ldr.2849 189 

Hou, D., Ding, Z., Li, G., Wu, L., Hu, P., Guo, G., Wang, X., Ma, Y., O’Connor, D., Wang, 190 

X. (2018). A sustainability assessment framework for agricultural land remediation in China. 191 

Land Degradation & Development, 29, 1005-1018. https://doi.org/10.1002/ldr.2748 192 



Hu, Y. F., Shu, X. Y., He, J., Zhang, Y. L., Xiao, H. H., Tang, X. Y., Gu, Y-F, Lan, T., Xia, 193 

J-G, Ling, J. Chen, G. D., Wang, C-Q., Deng, L-J, Yuan, S.  (2018). Storage of C, N, and P 194 

affected by afforestation with Salix cupularis in an alpine semiarid desert ecosystem. Land 195 

Degradation & Development, 29, 188-198. https://doi.org/10.1002/ldr.2862  196 

Hueso-González, P., Muñoz-Rojas, M., & Martínez-Murillo, J. F. (2018). The role of organic 197 

amendments in drylands restoration. Current Opinion in Environmental Science & Health, 5, 198 

1-6. https://doi.org/10.1016/j.coesh.2017.12.002 199 

Kavian, A., Saleh, I., Habibnejad, M., Brevik, E. C., Jafarian, Z., & Rodrigo‐Comino, J. 200 

(2018). Effectiveness of vegetative buffer strips at reducing runoff, soil erosion, and nitrate 201 

transport during degraded hillslope restoration in northern Iran. Land degradation & 202 

development, 29, 3194-3203. https://doi.org/10.1002/ldr.3051 203 

Liao, R., Yang, P., Yu, H., Wu, W., & Ren, S. (2018). Establishing and validating a root 204 

water uptake model under the effects of superabsorbent polymers. Land Degradation & 205 

Development, 29, 1478-1488. https://doi.org/10.1002/ldr.2907 206 

Luna, L., Vignozzi, N., Miralles, I., & Solé‐Benet, A. (2018). Organic amendments and 207 

mulches modify soil porosity and infiltration in semiarid mine soils. Land Degradation & 208 

Development, 29, 1019-1030. https://doi.org/10.1002/ldr.2830 209 

Murthy, K., & Bagchi, S. (2018). Spatial patterns of long‐term vegetation greening and 210 

browning are consistent across multiple scales: Implications for monitoring land degradation. 211 

Land Degradation & Development, 29, 2485-2495. https://doi.org/10.1002/ldr.3019 212 

Muñoz-Rojas, M. (2018). Soil quality indicators: critical tools in ecosystem restoration. 213 

Current Opinion in Environmental Science & Health, 5, 47-52. 214 

https://doi.org/10.1016/j.coesh.2018.04.007 215 

Ndegwa, G. M., Nehren, U., Anhuf, D., & Iiyama, M. (2018). Estimating sustainable biomass 216 

harvesting level for charcoal production to promote degraded woodlands recovery: A case 217 

study from Mutomo District, Kenya. Land Degradation & Development, 29, 1521-1529. 218 

https://doi.org/10.1002/ldr.2938 219 

Nunes, A., Oliveira, G., Mexia, T., Valdecantos, A., Zucca, C., Costantini, E.A., Abraham, 220 

E., Kyriazopoulos, A., Salah, A., Prasse, R., Correia, O., Milliken, S., Kotzen, B. & 221 

Branquinho, C. (2016). Ecological restoration across the Mediterranean Basin as viewed by 222 



practitioners.  Science of the Total Environment, 566-567, 722-732. 223 

https://doi.org/10.1016/j.scitotenv.2016.05.136 224 

Román, J. R., Roncero‐Ramos, B., Chamizo, S., Rodríguez‐Caballero, E., & Cantón, Y. 225 

(2018). Restoring soil functions by means of cyanobacteria inoculation: importance of soil 226 

conditions and species selection. Land Degradation & Development, 29, 3184-3193. 227 

https://doi.org/10.1002/ldr.3064 228 

Ockendon, N., Thomas, D. H., Cortina, J., Adams, W. M., Aykroyd, T., Barov, B., Boitani, 229 

L., Bonn, A., Branquinho, C., Brombacher, M., Burrell, C., Carver, S., Crick, H.Q.P, Duguy, 230 

B., Everett, S., Fokkens, B., Fuller, R.J., Gibbons, D.W., Sutherlansald, W.J. (2018). One 231 

hundred priority questions for landscape restoration in Europe. Biological Conservation, 221, 232 

198-208. https://doi.org/10.1016/j.biocon.2018.03.002 233 

Romanelli, C., Cooper, D., Campbell-Lendrum, D., Maiero, M., Karesh, W.B., Hunter, D., 234 

Golden, C.D. (2015). Connecting Global Priorities: Biodiversity and Human Health, a State 235 

of Knowledge Review. https://doi.org 10.13140/RG.2.1.3679.6565 236 

Shackelford, N., Miller, B. P., & Erickson, T. E. (2018). Restoration of open‐cut mining in 237 

semi‐arid systems: A synthesis of long‐term monitoring data and implications for 238 

management. Land Degradation & Development, 29, 994-1004. 239 

https://doi.org/10.1002/ldr.2746 240 

Shaygan, M., Mulligan, D., & Baumgartl, T. (2018). The potential of three halophytes 241 

(Tecticornia pergranulata, Sclerolaena longicuspis, and Frankenia serpyllifolia) for the 242 

rehabilitation of brine‐affected soils. Land Degradation & Development, 29, 2002-2014. 243 

https://doi.org/10.1002/ldr.2954 244 

Valdecantos, A., & Fuentes, D. (2018). Carbon balance as affected by biosolid application in 245 

reforestations. Land Degradation & Development, 29, 1442-1452. 246 

https://doi.org/10.1002/ldr.2897 247 

Willemen, L., Barger, N.N., ten Brink, B., Cantele, M., Erasmus, B.F., Fisher, J.L., Gardner, 248 

T., Holland, T.G., Kohler, F., Kotiaho, J.S. , von Maltitz, G.P (2020). How to halt the global 249 

decline of lands. Nature Sustainability, 3, 164-166. https://doi.org/10.1038/s41893-020-0477-250 

x 251 



Xu, Z., Hu, R., Wang, K., Mason, J. A., Wu, S. Y.,  Lu, H. (2018). Recent greening (1981–252 

2013) in the Mu Us dune field, north‐central China, and its potential causes. Land 253 

Degradation & Development, 29, 1509-1520. https://doi.org/10.1002/ldr.2910 254 

Yu, K., & Wang, G. (2018). Long‐term impacts of shrub plantations in a desert–oasis 255 

ecotone: Accumulation of soil nutrients, salinity, and development of herbaceour layer. Land 256 

Degradation & Development, 29, 2681-2693. https://doi.org/10.1002/ldr.3009 257 

Zohdy S, Schwartz TS, Oaks JR (2019). The Coevolution Effect as a Driver of Spillover. 258 

Trends in Parasitology. https://doi.org /10.1016/j.pt.2019.03.010 259 

 260 

Figure captions 261 

Figure 1. Halophytes tolerating and self-remediating saline soil conditions in Eramonga, 262 

Australia (May, 2012). Photo: Thomas Baumgartl. 263 

Figure 2. Quarry mine restoration using woodchip mulch and compost as soil amendments 264 

(green square-shaped patch in the lower side of the photo) in South Spain (Jun 2016). Photo: 265 

Albert Sole.  266 

Figure 3. Soil substrates from degraded arid soils with loamy sand texture inoculated with 267 

cyanobacteria isolated from soil biocrust. Microcoms next to the flasks with cyanobacteria 268 

cultures contain inoculated soils (three replicates). The other microcosms contain non-269 

inoculated soils (Sep 2018). Photo: Jose Raul Roman.  270 


