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Abstract

Monocultures of crops have created problems and challenges, including damage to soil fertility, reduction of biodiversity, and impact on water resources and pollinators. Increased use of fertilisers and fossil fuels has enhanced climate change, leading to a reduction in farm income. Hence, a review of the literature was conducted to diagnose the significant horticultural and short forestry systems suitable for climate change adaptation and mitigation. The review highlighted that the short forestry systems are mostly practised in developing countries rather than developed countries. Silvi-Horti-pisciculture is a short forestry system where fish, wood, fruits, and annuals are cultivated synergistically. Silvi-Horti-pisciculture with beekeeping offers better ecosystem services such as control and prevention of pollution, food security and environmental sustainability, the protection of biodiversity, and adaptation to climate change in climate change scenarios. The order of significance is: carbon sequestration, nutrient recycling, biodiversity conservation, water conservation, and economies of the different components in the short forestry system, which include fruit trees, timber trees, bees, fish, medicinal plants, flowers, vegetables and crops. In the system of short forestry, the dominant component is fruit trees, where annual vegetables	are intercropped. Hortoforestry can be a multifunctional tool for high food production, poverty population reduction, input reduction, water conservation, improved soil quality, biodiversity conservation, climate change mitigation, and climate change adaptation. Water bodies (both ground and surface water) have provided importance to hortoforestry, around the world, since the early twentieth century, with the rise of both the global population and society’s consumerism, agriculture has intensified, having a direct impact on the degradation of soils, water, air, natural landscapes and biodiversity.  The study concluded that short forestry systems are a possible multifunctional solution for global food security, environmental protection, and mitigation and climate change and adaptation in the wasteland. 
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Introduction

“Climate change refers to long-term shifts in temperature, precipitation patterns, and weather extremes caused by human activities, primarily the emission of greenhouse gases such as carbon dioxide, methane, and nitrous oxide” (Pratap et al., 2024). “Adaptation, defined as “the process of adjustment to actual or expected climate change and its effects”, casts a broad net for changes in human and natural systems. This International Panel on Climate Change (IPCC) definition is not limited to the level of planning and policy, but in practice, the term adaptation is predominantly used to refer to planned interventions to adjust to climate change” (Castro & Sen, 2022). Increased temperature impacts climate change (Trenberth, 2011). Climate change increases the variability and uncertainty of the precipitation levels (lack of timely rainfall for agriculture production or excess rainfall), leading to frequent water-related disasters, viz., floods and droughts (Akshaya et al., 2023). “Recent studies have suggested an increase in precipitation variability under future warming globally and in several continental regions over a range of time scales. The hydrological cycle is intensifying as the climate warms, with global mean precipitation increasing by 1 to 3% per degree rise of surface air temperature, in balance with the atmospheric energy budget” (Zhang et al., 2021). The effect of flood includes loss of land cover, loss of soil available NP, and disease spread, while the effect of drought includes decreased water availability, lack of nutrient cycling, famine, etc. Intensive monoculture enhanced the ill effects of climate change. Mono-cropping systems offer a cost-effective system for farmers and consumers by increasing productivity in high-tech modern agriculture, resulting in water pollution, soil deterioration, and greenhouse gas emissions (Kaur et al., 2024).  According to a United Nations report, the world population is expected to exceed 9.7 billion by 2050. We must feed the burgeoning population. Now it is time to redesign our strategies to reduce agricultural inputs without any loss or less loss of productivity (Jamar et al. 2016)1. Production of food in inadequate quantities for the burgeoning population, along with conserving natural resources, is a challenging task for the scientific community. Systems comprising crops with forestry are one way to feed the burgeoning population stably. Hortoforestry interventions were successful in combating food insecurity (Tsui et al. 2019)2. In addition to the above, short forestry has the potential for poverty reduction, reduction of land degradation, and climate change mitigation (Buyinza et al., 2019)3.
Hortoforestry has played a diverse role in agricultural production and the protection of the environment (through carbon sequestration to mitigate ongoing climate change







problems) for the better well-being of humankind. Adopted tree–crop combination is recommended for maximising synergies, limiting competition for resources (Pardon et al., 2018)4.
“Farmers can recognise the short forestry effect by combining ecological services and diversified production. Concerning climate change and price volatility of agricultural products, short forestry is more stable and resilient over time than monoculture” (Vaast et al., 2016)5.
“Finally, climate change affects all economic sectors and ecosystems” (Raj, 2017)6, “Hortoforestry land use has the real potential to contribute to food security, climate change mitigation, and adaptation” (Mbow et al., 2014)7. Hortoforestry should be a major option in climate-smart agriculture as it combines sustainable production with adaptation and mitigation of climate change. Hortoforestry systems are mainly for marginal or degraded land with LUC class V and onwards. short forestry options are being used to rehabilitate/restore degraded lands from intensive agriculture, soil erosion, deforestation, range land degradation, mining, and over-extraction at various scales, from the plot-to the ecosystem, to the landscape level. Intensive labour requirements, hurdles in mechanisation, the introduction of invasive species as an alternate host (to pests and diseases), and yield reduction are the constraints that made hortoforestry not possible to follow in arable land. Wastelands are economically unproductive and ecologically unsuitable. One-sixth of India is a wasteland suitable for short forestry adoption (Samrat Sharma, 2019)35. This study aims to review the potential of a horticultural forestry production system for productivity enhancement and climate change mitigation. The area under hortoforestry, a hortoforestry model followed, a hortoforestry system for climate change, and the role of hortoforestry as reported in the Kyoto Protocol and IPCC/COP reports are discussed in this article to get insight into the role of Hortoforestry in climate change and to obtain the objectives of this review.
The area under short forestry in India

Hortoforestry is estimated to exist on over 1,023 million hectares in developing countries by the farmers of different agro-climatic zones (Raj & Jhariya, 2023). In addition, unproductive cropland, grassland, and degraded land can be brought under short forestry (Pravesh Kumar, et al.,2014)36. “According to the Forest Survey of India, the current approximate area under short forestry is estimated as 11.54-m million ha, which is 3.39 per cent of the country's geographical area. Maharashtra, Gujarat, and Rajasthan are the states where short forestry is mostly practiced” (Chavan et al., 2015)8.
Hortoforestry systems followed Agri-horticulture 
This system consisted of the intercropping of annual crops in fruit tree-planted fields in many combinations. The dominant component is fruit trees/plantation crops. Mangifera indica/Psidium guajava/ Citrus spp./Prunus spp./ Malus spp.,/Annona squamosa/ Pyrus spp./ Cocos nucifera are intercropped with Zea mays/ Triticum spp,/ Sesamum indicum/ Sorghum spp. (Hong et al. 2017)10.
[bookmark: Horti-olericulture]Horti-olericulture

In the system of short forestry, the dominant component is fruit trees, where annual vegetables	are	intercropped.	Citrus	spp./ Prunus spp./ Psidium guajava/ Artocarpus heterophyllus/ Musa spp./ Mangifera indica/ Pyrus spp./ Morus alba/ Zizyphus mauritiana/ Coffea arabica/ Carica papaya are mainly intercropped with Fabaceae/ Solanaceae/ Brassicaceae/ Euphorbiaceae crops (Singh and Dwivedi, 2018)11.
[bookmark: Horti-pastures]Horti-pastures

This short forestry system consists of forage crops intercropped with fruit trees and is ideal for the population living in rainy areas. The dominant components are fruit trees (100%)
with fodder grass. Psidium guajava/ Annona spp./ Prunus spp./ Zizyphus spp./ Punica granatum is a compatible fruit tree with Stylosanthus hamate/ Cenchrus ciliaris/ Panicum maximum, Dichanthium annulatum, and native grasses are compatible fodder crops (Toppo et al. 2018)12.
[bookmark: Silvi-olericulture]Silvi-olericulture

Short forestry systems where a main dominant component is tree intercropped with annual vegetables, Cajanus cajan/ Gliricidia sepium/ Calliandra callothyrsus/, Eucalyptus spp./Tectona grandis/Poplar spp./ Hevea brasiliensis/ Grewia optiva/ and Bambusa spp. are the dominating components. Examples are 1. Areca catechu + Ananas comosus/ Moringa spp. + Solanum lycopersicum; 2. Juglans regia + Lactuca sativa; 3. Elaeis guineensis + Anana scomosus/ Ricinus communis+Vigna spp./Capsicum spp (Behera et al.2016)13.
[bookmark: Horti/Silvo-medicinal]Horti/Silvo-medicinal

This system of short forestry consists of fruit, wood, legume trees, and medicinal crops intercropped. Horticultural fruit trees or forest trees are the dominant components. Hevea brasiliensis, Pinus spp., Bambusa spp., Cunninghamia lanceolata, Cedrus deodara, Abies spp., Paulownia tomentosa, Acacia auriculiformis, Populus spp., Albizia lebbeck, Eucalyptus tereticornis, Gmelina arborea, Leucaena leucocephala, and Areca catechu are compatible forest trees. Coffea spp., Cocos nucifera, Musa spp., Malus spp., Mangifera indica, and Theobroma spp. are compatible fruit trees.
[bookmark: Horti/Silvo-ornamental]Horti/Silvo-ornamental

In this system of short forestry where fruit, wood, legume, and ornamental crops are intercropped. Fruit trees as dominating components in this type of short forestry system include 1. Psidium guajava + Helianthus annuus; 2. Prunus domestica + Hellianthus annuus; 3. Prunus domestica + Gladiolus spp.; 4. Malus sylvestris + flowers; 5.

Vaccinium corymbosum + ornamentals; and 6. Diospyros virginiana + cut flowers (Juárez et al.,2014)14.
[bookmark: Horti-silviculture]Horti-silviculture

“This is a type of short forestry system where fruit trees (leguminous, timber, and oleaginous) are intercropped with Leucaena leucocephala, Cajanus cajan, Gliricidia sepium, Acacia spp., Tectona grandis, Eucalyptus spp., Populus spp., Hevea brasiliensis, Mangifera indica, Theobroma cacao, Musa spp., Psidium guajava, and Citrus spp., are recommended. Another example is oleaginous tree species such as Elaeis guineensis + Theobroma cacao” (Ashraf et al. 2018)15.
[bookmark: Silvi-Horti-Agri/olericulture]Silvi-Horti-Agri/olericulture

In this system of short forestry system, timber trees are established in the high stratum (Dominating component). The fruit trees were in the medium stratum. The vegetable or the annual crops are grown in the low stratum. The fruit trees may be leguminous, timber, or multipurpose trees (Rani et al.2016). Some examples of this system are
1. Tectona grandis + Mangiferaindica + Solanum melongena/ Abelmoschus esculentus;

2. Cedrela serrata +	Mangifera indica +	Grewia	spp.	+ Triticum aestivum and 3. Trema orientalis + Musa spp.+Zea mays/ Phaseolus spp./ tubercrops.
[bookmark: Silvi-Horti-pisciculture]Silvi-Horti-pisciculture

This is a type of hortoforestry system where fish, wood, fruits, and annuals are cultivated synergistically. The dominating components are woody trees. Culture of Azolla spp., Oryza sativa, annual vegetables, fruit trees, Paulownia spp., Salix spp., Populus spp., and Tectona grandis is possible. Using water from fish cultures for vegetables, rice, and mulberry may eliminate the need for commercial fertilisers.

[bookmark: Horto-entomoforestry]Horto-entomo forestry

“Horti-apiculture is an short forestry system where fruit trees and the production of honey, Pyrus pashia, Litchi chinensis, Syzygium cumini, Coffea spp., Ribes spp., Citrus spp., Zea mays, Sesamum indicum, Helianthus annuus, Medicago sativa, Coriandrum sativum, Foeniculum vulgare and crops from the family Brassicaceae are highly compatible. Horti-sericulture is an Hortoforestry system where Morus spp. and Bombyx mori are cultivated integrally. Antheraea mylitta, Phelosamia ricini, and Antheraea assamensis are other options for integration into this system” (Handa et al.2016)16
[bookmark: Ecosystem_services_from_short_forestry_f]Ecosystem services from short forestry for the climate change scenario

“Hortoforestry can be a multifunctional tool for high food production, poverty population reduction, input reduction, water conservation, improved soil quality, biodiversity conservation, climate change mitigation, and climate change adaptation. Four major ecosystem services and environmental benefits: (1) carbon sequestration, (2) biodiversity conservation, (3) soil enrichment, and (4) air and water quality for not only the land owners or farmers but for society at large. An ecological survey of different short forestry technologies showed that Mangifera indica contributed the highest carbon (Table 1) among the tree species encountered, as detailed below” (Lazaro, 2021)17
Table1.Accumulation of total carbon under Mangifera indica

	S.No.
	Technique
	Total carbon sequestered (MgC

ha-1)

	1
	Home garden
	514 Mg C ha-1

	2
	Hortoforestry
	648 Mg C ha-1

	3
	Parkland
	145 Mg C ha-1



	4
	Boundary
	139 Mg C ha-1


“Hortoforestry is considered a part solution for biodiversity conservation. Floral, faunal, and soil microbial diversity are higher in short forestry compared to monocropping and cropland. Arbuscular mycorrhizal fungi (AMF), bacteria, and enzyme activities were more abundant under short forestry, especially near trees observed due to the favourable conditions. Distributed leaves, leaf litter, roots of trees, biological materials (dead/live), and improved microclimate increased soil microbes in agricultural lands. Selection of site-suitable tree/ shrub/ grass-crop combinations can be used to help address soil nutrient deficiencies or environmental conditions” (Ranjith et al., 2019)18
Hortoforestry sites tended to have higher surface total soil C, total N, and pH relative to neighbouring secondary forests, while maintaining comparable plant diversity, while pasture alone reduced natural resource diversity, phylogenetic diversity, and species richness. In addition to this short forestry system is suited to changing climate conditions by preserving habitats and ecosystem services (Sistla et al., 2016)19
The multitier structures of short forestry maintain a stable internal microclimate that protects from extreme weather adaptations (Wu et al.,2016)20. Trees cause changes in micro (lower part of the canopy as well as adjacent to trees) and meso (tens to hundreds of square meters away from the trees), and macro-climate (scale of square kilometres). In addition to this, wide-spaced trees pruned (lower branches) at regular intervals help develop more stable root systems to resist damage from storms (Santos et al., 2019).  Due to canopy interception, trees slow down the quantity of rainfall reaching the soil to increase the infiltration rate of rainwater and reducing the runoff. Thus, the area under trees increases water and moisture conservation, thereby increasing groundwater (Chaturvedi et al., 2018)22 In addition to this, the adaptation of short forestry systems in slopes increases water quality, and better water use dynamics and better water use efficiency (Montes et
al. 2020)23

Pollution prevention

“Water bodies (both ground and surface water) have provided importance to hortoforestry, around the world, since the early twentieth century, with the rise of both the global population and society’s consumerism, agriculture has intensified, having a direct impact on the degradation of soils, water, air, natural landscapes and biodiversity” (Pavlidis et al., 2018)24
“Microclimate variations have a major effect on the crop environment. The presence of trees, which is a dominating component in any short forestry system, modifies site microclimate in terms of temperature, water vapour content, wind speed, and temperature reductions; and can help reduce the heat stress of crops” (Re et al., 2019)25. Shade trees modify the interception of radiant energy by the foliage of crops, which affects the physiology of the undergrown crop. Water use efficiency and carboxylation efficiency are better (Sangwan et al. 2015)26 in hortoforestry systems. Short forestry system reduces vulnerability and increases the resilience of farming systems against climate-related risks (Suresh bhai et al. 2017)27
“Several evaluations have documented that short forestry systems are economically and environmentally viable solutions for farmers to meet the challenges of food, nutrition, energy, employment, and environmental security, especially in developing countries” (Pande et al. 2018)28. “The adoption of short forestry technologies depends on the edaphic-climatic, socioeconomic status, and needs of farmers. One of the main motivations for farmers to simultaneously grow various vegetables and fruits is to reduce the overall risk of production through a diversification effect. Farmers are interested in growing annual plants among young timber trees to receive the benefits of annual fertilisation and weed management. While fruit trees have a long gestation period (4-5years) to provide income;

the interspaces can be used to cultivate crops profitably until they develop canopies” (Gunaga,2017)29.
“Finally, climate change poses a great threat to agriculture and food security” (Lasco et al.2016)30. “Hortoforestry has been suggested as a global solution for increasing and use efficiency while reducing environmental impacts and economic risks for farmers” (Paul et al.2017)31.
Role of hortoforestry in the climate change scenario

“Kyoto protocol states that hortoforestry is an afforestation activity that sequesters carbondioxide (CO2) in the soil, conserves biodiversity, protects cropland, works as a windbreak, and provides food and feed to humans and livestock, pollen for honey bees, wood for fuel, and timber for shelters construction, so that, Hortoforestry is more attractive as a land use practice for the farming communities worldwide instead of cropland and forestland management systems” (Abbas et al.2017)32. “Hortoforestry also has implications for emissions of other greenhouse gases, like nitrous oxide and methane, and provides opportunities for the adaptation of crop production to climate change, maintaining agricultural production and enhancing carbon sequestration” (Lawson et al.,2018)33.
Hortoforestry can produce various economic, social and environmental benefits, and probably wider than in the case of large-scale afforestation. Hortoforestry systems could be an interesting opportunity for conventional livestock production with low financial returns and negative environmental effects (overgrazing and soil degradation). For many livestock farmers, who may face financial barriers in developing this type of combined system (e.g., silvopastoral systems), payment for environmental services could contribute to the feasibility of these initiatives. Shadow trees and shelters may also have beneficial effects on livestock production and income. Little evidence of local extinction and invasion of species risking biodiversity has been found when practising hortoforestry.

[bookmark: Conclusion]Conclusion

[bookmark: In_a_silvi-horti-pisciculturehortoforest]In a silvi-horti-pisciculture hortoforestry system, where fish, wood, fruits, and annuals are cultivated synergistically. This system has the potential to sequester more carbon and pollution prevention/ control, with increased biodiversity and ecosystem services. Hence, short forestry systems are a possible multifunctional solution for global food security, environmental protection, and mitigation and climate change and adaptation in the wasteland. 
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