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1. Meeting the Growing Food Demand of the Global Population: Challenges for
Sustainable Agriculture

Expansion of farmland with food production as a major service has been largely
associated with conversion of natural ecosystems like the Amazon and Savanna into new
agricultural land [1]. It has resulted in the large scale modification of natural landscapes and
ecosystems, altering important climate interactions, such as surface moisture and microbial
diversity, and strongly impacting greenhouse gas (GHG) emissions [2]. Indeed, current
agricultural activities are the main contributors to GHG emissions, representing globally
20% of the annual atmospheric emissions [3]. They are largely driven by land use change
and decoupling of biogeochemical cycles leading to land degradation, and soil organic
matter loss since the introduction of agriculture [2,4]. Agriculture contributes to GHG
emissions by releasing CO2, N2O and CH4. The agricultural sector is the main contributor
to N2O and CH4 emissions, which have 260 and 40 times greater global warming potential
than CO2. In particular, N fertilizers are important N2O sources. Nowadays, it has become
clear that agriculture is not only causing climate change by GHG emission, but that it is
also highly vulnerable to climate change, which is threatening crop yields in many parts of
the world [5]. Moreover, the green revolution in the 1960s, which strongly reformed and
increased agricultural production, also had many adverse effects on the environment [6],
including soil acidification and pollution of waterways through export of mineral fertilizers
not taken up by plants [7,8]. The use of agrochemicals to fight weeds and pests led to
biodiversity loss, and highlighted the need for an agroecological transition and a second
green revolution. An additional challenge is the necessity to achieve food security of a
growing global population [9].

As the earth surface covered by agricultural land (more than 40% of the total Earth
surface) cannot be expended anymore [2], sustainable intensification of production on the
existing area, while reducing mineral agrochemical use and adapting to climate change, is
a great challenge for landowners, scientists and politicians. Recently, it has been suggested
that increasing carbon storage in soils could be a solution to mitigate and to adapt to
climate change while at the same time supporting agricultural production to increase
food security [10,11]. Such a solution can only be brought to scale if region specific
solutions adapted to pedoclimatic and socioeconomic conditions are employed [12]. One
aspect of sustainable solutions is the replacement of mineral fertilizers by innovative
strategies to enhance plant growth. In the light of circular economy, it was suggested that
smart fertilization strategies could be based on the transformation of organic wastes from
agricultural systems into innovative organic amendments [13,14] and/or carrier materials
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for beneficial microorganisms and/or enzymes [15]. While improving nutrient availability,
fertilization strategies based on organic materials may be an avenue towards sustainable
intensification.

Therefore, it is imperative to concentrate efforts to develop innovative fertilizers
through biotechnological approaches with or without use of beneficial microorganisms that
allow their viability in the soil in the face of an established microbiome. Innovative organic
amendments with low GHG emission potential should be designed to foster terrestrial C
sequestration and stabilization, capable of mitigating the environmental impact caused by
the agricultural sector, while at the same time increasing soil health and adapting to climate
change. For this Special Issue, we invited contributions dealing with innovations in organic
and inorganic fertilization strategies in order to improve agricultural yields, while at the
same time reducing negative externalities and increasing the soils’ organic matter contents.
It contains 11 articles reporting (1) the effects of new fertilization strategies on soils and
plants, (2) characteristics of innovative organic amendments and (3) system innovations
based on organic fertilization and waste recycling.

2. Smart Fertilizer Development and Their Effect on Soils and Plants

As the main limiting factor for food production is N and P availability, huge amounts
of conventional N and P-fertilizer are applied per year, which often lead to environmental
damage [16]. Especially N-fertilizer application at levels exceeding plant requirements
leads to significant environmental consequences due to N losses, such as: nitrate (NO3

−)
leaching, ammonia (NH3) volatilization, and nitrous oxide (N2O) emission [8,17–19]. The
N losses by urea application is one of the main problems in agricultural systems, where
leaching of NO3

− is one of the most important loss pathways due to its high mobility [20].
Incrocci et al. [21] used a (bio)technological approach to develop an innovative controlled-
release polyurethane-coated urea fertilizer, which could considerably reduce the N leaching
in tomato cultivations. Unlike N, phosphorus (P) is mainly fixed in the soil systems.
Therefore, the efforts to improve P use efficiency are focusing on favoring slow release
and preventing P fixation in the soil. In this context, Shafi et al. [22] reported that the
incorporation of humic acid in combination with chemical P fertilizer can prevent the
P fixation in calcareous soil, thus improving crop yield and wheat (Triticum aestivum L.)
plants’ P uptake. Teles et al. [23] developed a new P fertilizer with slow solubility through
the partial acidification of rock phosphates, incorporating zeolite and pillared clay into
partially acidulated phosphates with high adsorption characteristics. The mechanism of P
release is based on the saturation the acidic sites of the clay materials before adsorption.
These saturated sites may act as a vehicle for slow and gradual dissolution into soil solution.
This strategy seems to be highly promising as it was able to compete with conventional
fertilizers.

Mineral fertilization may also lead to soil acidification thereby increasing aluminum
(Al3+) toxicity [7,24,25]. In this context, Vega et al. [26] studied the beneficial effects of
silicon application for mitigating Al3+ toxicity in sensitive barley cultivars. Their findings
revealed that silicon fertilization could increase the resistance of barley to Al3+ toxicity
by regulating the metabolism of phenolic compounds with antioxidant and structural
functions.

A liquid biofertilizer combined with a microbial consortium was evaluated by Yousef
et al. [27]. These authors used a bacteria and fungi consortium containing Bacillus circulans,
B. poylmyxa, B. megatherium, Candida spp., and Trichoderma spp. and studied its combined
effect with liquid biofertilizer on Jew’s mallow plant production. They concluded that
combined application of inorganic NPK plus biofertilizer is most beneficial to increase
growth, yield, and nutrient accumulation of Jew’s mallow plants.

3. Innovative Organic Amendments

In order to move to carbon neutrality in agricultural production in agreement with
sustainable development goals and global governmental treaties to minimize climate
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change, different initiatives were launched, such as “4 per Thousand (4p1000)” at the
COP21 in Paris, or the Agenda 2030 of the United Nations [28]. Recently, FAO and the
Global Soil Partnership (GSP) established “RECSOIL: Recarbonization of global soils” as
an initiative to implement the soil organic carbon (SOC) agenda by using the best tools
and technologies available [29]. Organic amendments may be a keystone to increase SOC
sequestration and provide food security through soil quality improvement. Reuse of
organic waste and their transformation into organic amendments is a sustainable strategy
that farmers need to apply and scientists have the challenge to innovate. In this context,
Emadodin et al. [30] proposed jellyfish application as an organic soil amendment able to
allow enhanced seedling growth and establishment of ryegrass on sand dune soil even
under water scarcity conditions.

Under a circular economy approach, black soldier flies have the capacity to transform
anthropogenic organic wastes into nutritious insect biomass (frass). The fertilizer potential
of frass was studied by Klammsteiner et al. [31], who reported that it may serve as a valuable
alternative to mineral fertilizers with beneficial effects on plant growth and not impairing
the hygienic properties of soils. In addition, Dulaurent et al. [32] investigated the effect of
earthworms (Lumbricus terrestris L.) on nutrient uptake and crop growth in the presence of
frass from mealworm (Tenebrio molitor L.). Their study showed a synergistic effect between
earthworms and frass on soil fertility and that earthworms thus may improve the efficiency
of frass as an organic fertilizer.

Composting, vermicomposting and biochar production using organic wastes are
known sustainable practices, which convert these raw materials into valuable organic
amendments. Organic amendments may be used individually or in mixture to improve soil
carbon sequestration and fertility at the same time [13,33,34]. Aubertin et al. [35] addressed
the effect of weathering on biochar-compost mixture properties, their biological stability
and their effect on plant growth after soil addition. They were able to show that weathering
changed synergistic effects of biochar compost mixtures in terms of carbon sequestration
potential and biomass production.

4. System Innovations Based on Organic Fertilization and Waste Recycling

Finally, in order to integrate sustainable agricultural practices, system innovations
based on agroecological approaches and waste recycling must be employed. In this context,
use of legumes as cover crops in agricultural rotations may reduce the production costs
associated with the use of mineral N fertilizers, and also result in environmental benefits.
In order to optimize biomass productivity, biological nitrogen fixation, and transpiration
efficiency, Berriel et al. [36] evaluated the application of two Crotalaria species, specifically
C. juncea and C. spectabilis grown under extreme environmental conditions with the finality
to maximize their beneficial attributes, while minimizing water consumption through high
transpiration. Their results showed that the C. spectabilis has advantages as legumes cover
crop over C. juncea, in terms of transpiration as indicated by a 13C isotopic analyses.

On the other hand, the chemical fertilizers dependence and/or its coming shortage is
a global concern and a huge challenge in terms of food security [15,37]. Thus, the circular
economy approach suggests that agricultural systems must become more efficient and
favor reuse of their waste as fertilizers in order to reduce external inputs. In this context,
recycling of fishpond sediments may be an alternative to reduce the reliance on synthetic
fertilizers, due to its high nutritional value [38]. Da et al. [39] studied organic fertilizers
based on a composted mixture of 30% of the Pangasius catfish pond sediment and 70%
of agricultural waste in cucumber vegetable production. With this strategy, they reduced
mineral fertilizer use by up to 75%. Therefore, their results provide evidence that system-
inherent organic amendments can be integrated in fish–vegetable farming to provide a
more diversified production system with tangible environmental benefits and potentially
improved farm income.

The papers presented in this Special Issue indicate that there are multiple ways to
increase the production efficiency of agriculture and to reduce external inputs using smart
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fertizers and innovative organic amendments. We suggest that such strategies should be
scaled up to achieve sustainability in agriculture through waste recycling aiming a circular
approach to close biogeochemical cycles.
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