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Abstract: The natural environment of crops is exposed to a complex collection of biotic and abiotic
pressures. Abiotic stresses cover a diversity of environmental elements that cannot be avoided, such
as temperature, drought, salinity, cold, heat, light, and water stress. Biotic stress is caused by living
organisms with which plants coexist and interact. Pathogens and herbivores are examples of biotic
stressors that can threaten food security and result in significant economic losses. Agricultural pro-
duction systems differ in the extent of stress towards cultivated crops; agroforestry is considered to
provide a protective function against environmental stress. The concept of this review was to assess
the impact of environmental change and the atmospheric variability on the plants in agroforestry
systems. The application of trees in field crop production has become more and more involved in
practice, especially in areas with an extreme climate and unfavorable soil conditions. The main rea-
sons for the rising interest are the effects of climate change, soil degradation, and erosion. Most of
the trees are used as hedgerows or farm boundaries, or as scattered planting on the farm to control
soil erosion as well as to improve farm productivity, which requires a thorough understanding of
each stress element.
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1. Introduction

Herbaceous plants and trees develop together in a wide range of natural environ-
ments that are neither uniform nor managed. Even if they are only temporary, many
changes or alterations from the ordinary can have a negative influence on plants. Abiotic
and biotic stress can have a massive effect on a plant’s development and, ultimately, on
crop yield. While certain stress factors can be predicted and avoided, the majority must
be dealt with once they occur. It is difficult to forecast the effects of abiotic stress on crop
production [1]. Stress is the main constraint to natural species distribution and an ecosys-
tem’s structure and function in a broad sense. Continuous stress-inducing factors, as well
as stochastic disturbance events, maintain forest ecosystems in a dynamic equilibrium [2].

Plants experience stress as a natural component of their lives. Drought, pests, diseases,
and salinity are all possibilities. Plants that are damaged while they are young may never
fully recover. Depending on the plant type, these typical problems, which can reduce plant
productivity, can be both beneficial and harmful. Through interactions between topogra-
phy, plant composition, and the organizational structure of trees in agroforestry systems,
trees modify climatic parameters over a given area and generate a complex microclimate
[3]. The interaction of climatic variables at various scales produces unique local conditions
that alter the energy balance and flow in the air layers above the soil surface [4]. Variables
such as aboveground biomass, surface temperature and humidity, air temperature, relative
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humidity, solar radiation, evapotranspiration, wind speed and direction, precipitation, and
so on are used to characterize these conditions. In general, these are large-scale climatic fluc-
tuations that are separated from the atmospheric level, at least briefly [5].

Combinations of abiotic and biotic stress, drought, heat, salinity, cold, or pathogen
infections are all examples of environmental stress conditions that can influence plant
growth and productivity in the field (Figure 1). Nonetheless, the impacts of these stresses
on plants are normally examined in the laboratory under controlled growing conditions.
However, the field environment is quite different from the controlled circumstances uti-
lized in laboratory experiments, and it frequently entails plants being exposed to multiple
chemicals at the same time [6,7]. In addition to abiotic stressors, plants are threatened by
diseases (including bacteria, fungi, and viruses) and herbivore pests, such as nematodes
in natural circumstances; climate change has the potential to affect the habitat range of
pests and pathogens [8]. Furthermore, many abiotic stress situations have been proven to
decrease plant defense mechanisms, making them more susceptible to pest and pathogen
infection. One study showed that the major crops in our future fields are likely to be ex-
posed to a wider range of abiotic and biotic stresses, as well as their combinations [9]. The
“disease triangle” has previously examined the connection between these pressures and
their influence on plants. Plant development may be affected negatively or favorably by
the combination of the two types of stress conditions. A co-existing drought, for example,
might influence the interaction of various diseases and plants in different ways, resulting
in pathogen growth suppression or an increase. As a result, studying the interaction be-
tween biotic and abiotic stressors is critical in order to fully understand the overall impact
of stress combinations on plants [10].
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Figure 1. The relevance of different stress factors in agroforestry and arable cropping systems. The
length of the arrows corresponds to the severity of these factors in a given system.

2. Materials and Methods

Studies dealing with the comparison of stress factors occurring in agroforestry and
other conventional agricultural systems were collected using the keywords “agroforestry

AND stress”, “agroforestry

agroforestry abiotic stress”, and “agroforestry biotic stress”

from bibliographic research databases (ScienceDirect, www.sciencedirect.com; accessed
on 10 May 2022, MDPI, www.mdpi.com on 11 May 2022). The most relevant studies pub-
lished in the last two decades are included in Table 1.
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Table 1. Studies on the comparison of stress factors in agroforestry vs conventional agricultural systems.

Type of Stress Crop Species Tree Species Effect Impact of AF on Crop(s) Reference
Light stress Soybean (Glycine max) Silver maple (Acer sacharrinum) Positive Soybean yield and development [11]
Apple (Malus domestica) Black locust (Robinia pseudoacacia). Positive Crop yield components [12]
Palisade grass (Urochloa brizantha) Oak (Quercus sp.) Negative N rates derived from atmosphere [13]
Wheat (Triticum aestivum) Walnut(Juglans regia) Neutral Wheat yield [14]
Wheat (Triticum aestivum). Jujube (Zizyphus jujuba) Positive Wheat yield and development [15]
Sweet potato (Ipomoea batatas) Apricot (Prunus armeniaca) Positive Productivity [16]
Cotton (Gossypium hirsutunt) Jujube (Zizyphus jujuba) Neutral Yield [17]
Robusta coffee (Coffea canephora) Erythrina (Erythrina spp.) and Santos Neutral Yield [18]
mahogany (Myroxylon balsamum)
. . . . - Shifts in areas suitable for coffee
Temperature stress Coffea arabica (Coffea arabica) Pau-abdbora (Erythrina verna) Positive L. [19]
production in 2050
Palisade grass (Urochloa brizantha) Hybrid eucalyptus (Eucalyptus urograndis) Positive Microclimate [20]
Tree strips (Populus nigra x P.
Sunflower (Helianthus annuus) maximowiczii, P. maximowiczii x P. Neutral Yield and growth [21]
trichocarpa, P. koreana x P. trichocarpa)
Wheat (Triticum aestivum) Aspen (Populus sp.) Positive Yield components [22]
Lettuce (Lactuca sativa var. angustata) Walnut (Juglans nigra) Neutral Yield [23]
Soil Stress Carrot (Daucus carota subsp. sativus) Walnut(Juglans nigra x Juglans regia) Positive Soil fertility and soil life [24]
Alfalfa (Medicago sativa) Aspen (Populus sp.) Negative Soil water content [24]
Barley (Hordeum vulgare) Walnut (Juglans regia x nigra cv. NG23) ~ Negative Soil nutrient content [25]
Berseem clover (Trifolium alexandrium) Red irongum (Eucalyptus tereticornis) Positive  Utilization of moderately alkaline soils [26]
Red gum (Corymbia calophylla) Marri (Corymbia calophylla) Positive Crop productivity [27]
Water stress Sea-buckthorn (Hippophae rhamnoides) Siberian pea tree(Caragana arborescens)  Negative Drought tolerance [28]
Red clover (Trifolium pretense) Eastern cottonwo'od trees (Populus Neutral Water quality [29]
deltoides)

Durum Wheat (Triticum durum) Olive (Olea europaea) Negative Soil water conservation [30]
Banana (Musa x paradisiaca). Cacao (Theobroma cacao) Positive Yield [31]
Salt stress - Forest red gum (Eucalyptus tereticornis) ~ Positive Salt tolerance [32]

Guinea grass (Panicum maximum) Samphire (Tecticornia pergranulata) Positive Farming system components
White clover (Trifolium repens) - Negative Productivity and clover ratio [33]
Pest a;ltcjelstlsease Papaya (Carica papaya) Cassava (Manihot esculenta) Positive Yield [34]
Pea (Tephrosia spp.) African locust bean (Parkia biglobosa) Positive Pest management [35]
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3. Light Stress Consequences

Light-related stress is mainly caused by the lack of it in agroforestry systems. Plants
require light for germination, development, flowering, fruiting, and proper ripening. In
terms of sensory properties and nutritional composition, light is critical for vegetable qual-
ity. Lighting solutions that are well-planned enable effective production and extend the
production season, even for the entire year. Climate change, urbanization (urban plant
factories), and uneven seasonal workload are all factors to consider [36].

Even the length of lighting can be essential for photoperiodic plants. In agroforestry
systems too, shade affects all plants physiologically and morphologically, and shade toler-
ance varies greatly [37,38]. Species with the C3 photosynthetic pathway are usually more
shade tolerant than those with the C4 pathway [39]. Many plants in this group have evolved
to warm temperatures, low soil moisture, and high natural lighting. In a previous study, as
the yields of several forage crops increased in the shade, it may be sufficient to justify their
use in agroforestry systems, and the yield can be improved by adjusting the microenviron-
ment’s shade level. A better understanding of plant response to its real microenvironment
will be required to successfully use these forages in agroforestry systems [40].

In semi-arid regions, agroforestry systems, which combine annual crops with trees,
are commonly used to reduce wind erosion and increase resource (e.g., water)-use effi-
ciency. There is a lack of information about how to optimize such systems by choosing
crop species with certain physiological features (i.e., C3 vs C4, N-fixing vs non-N-fixing).
In a relevant study, an increase in light usage efficiency (LUE) contributed less to under-
story crop productivity, than an increase in light capturing did in agroforestry-generated
benefits and income from carbon sequestration, firewood production, increased soil fer-
tility, and improved local climate conditions. A complex agroforestry system provides
ecosystem services and reduces human impacts on natural forests as well. The majority of
these advantages aid local adaptation while also contributing to global efforts to reduce
greenhouse gas levels in the atmosphere. [41]. According to the study, in a semi-arid cli-
mate, agroforestry systems with apricot trees and annual crops can improve light utiliza-
tion, photosynthesis, and dry matter production. Meanwhile, these agroforestry systems
can also contribute to regional sustainability and climate change adaptation [16].

Light interception (LI) is primarily determined by the leaf area index (LAI) and the light
extinction coefficient, and it may be influenced by intercropping due to spatial configuration
and changes in species’ morphological features [42]. However, in a research experiment on
cotton, light interception was reduced in a jujube/cotton agroforestry system, while light usage
efficiency increased due to the shading effect of the trees, which is dependent on the distance
between the crop rows and the trees [43]. In agroforestry, trees obstruct a considerable portion
of the available light for the crops, and trees and crops compete for water and nitrogen. As a
result, crop LI and LUE in agroforestry are likely to be influenced by species’ characteristics
such as C3 vs C4 photosynthetic pathway and the ability to fix nitrogen: C4 plants can main-
tain a higher carbon assimilation rate when exposed to high light intensity or temperature,
and N-fixing legumes in crop mixtures can improve nitrogen uptake [16].

According to a recent study, shade is recognized as an important abiotic stress that has
an impact on the growth and development of shade-intolerant plants [44]. Arabidopsis hypo-
cotyls and petioles were considerably elongated under shade circumstances, and leaf lamina
growth was impeded. Leaf expansion was restricted in Glycine max and Zea mays growing in
the shade, which had an impact on seed yield [45]. In the case of vegetable crops such as to-
mato, cucumber, and eggplant, seedlings often develop abnormally under low light circum-
stances, resulting in lower yields in the field [17]. Phytochromes (PHY), which sense changes
in both light intensity and quality, can sense changes in the light under canopy shade [46].

Photosynthetic activity is linked not only to the individual leaf area of a plant but
also to the most efficient use of light, taking light penetration through the canopy into
consideration. This demonstrates that the effectiveness of photosynthesis can be influ-
enced by the form of the canopy, with the optimum results coming from a large number
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of small-to-medium-sized leaves [47]. Light availability and quality are expected to be the
most limiting factors in temperate agroforestry systems throughout the growing season.
When the tree canopy was removed from the silvopastoral aspen stand in Alberta, Can-
ada, the understory’s net primary production increased by up to 275%, compared to the
unshaded control with a full tree canopy [48]. In transition zones of alley cropping agro-
forestry systems, solar radiation has a significant impact on the microclimate. Shading
reduces air temperature and, as a result, changes relative humidity. The impact of shade
on plant growth is complicated, and it varies depending on the crop and the tree species
[49]. Light assessment in Central European agroforestry systems has received little empir-
ical investigation so far. In temperate agroforestry systems, further research is needed to
see how shadow affects yield, and the quality of food and/or fodder crops. Furthermore,
the processes of shade tolerance are still largely undefined [50].

4. Temperature Stress Consequences

High-temperature stress is one of the major environmental factors limiting the
productivity of grain crops and agroforestry in general. Grain yield is decreased by tem-
perature stress, which impacts various physiological, growth, and yield processes [51].
High temperature is most often accompanied by decreasing water availability, thus the
combined effect of both heat and drought on the yield of many crops is stronger than the
effects of each stress alone [52]. The growth, physiological, and metabolic responses of
plants to a combination of heat and drought stresses are unique and cannot be directly
extrapolated from the responses to each of these stresses separately [53,54].

The onset and duration of developmental phases are altered by high-temperature
stress. When temperature rises within the optimum range, the time between emergence
and the start of the reproductive phase is shorter. However, under extremely high-tem-
perature stress, the time it takes for panicles to form and the time required for sepals to
form until anthesis can be delayed [55]. Compared to crops grown in pure agricultural
fields covered with only herbaceous plant species, trees further influence the microclimate
experienced by crops in agroforestry systems. The shading effect of the trees reduces the
temperature during the day, potentially protecting crops from extreme heat, while the tree
canopy’s protecting effect increases night temperatures by reducing radiative cooling,
which may be beneficial to crops in the case of frost but may also reduce yield in other
cases [56]. Heat stress, winter hardiness, vernalization, cold-hardening, and winterkilling
effects are all dependent on extreme day temperatures, therefore this dissymmetry be-
tween day and night temperature change has a significant impact on plant physiology.
The temperature has different effects on respiration and photosynthesis, resulting in a
shift in the balance between photosynthesis and respiration, and, consequently, a change
in carbon uptake [56].

The influence of the trees on the microclimate was consistent between years in a ma-
ture agroforestry plot, with lower temperatures in the daytime but higher temperatures
during the night in agroforestry, compared to a full sun plot. These results indicate that
agroforestry has the potential to reduce the risk of heat stress by decreasing the amplitude
of daily temperature increases, culminating in a temperature difference of up to 4 °C in
the warmest periods of the hottest days. Unfortunately, agroforestry raises the risk of
yield loss owing to insufficiently cold nights, which may not be a concern for vernalization
because agroforestry’s effect is limited in winter, but may increase night respiration and
therefore reduce biomass increment and yield [57].

5. Soil Stress Consequences

Soil microorganisms provide nutrient supply to plants in forestlands and in agroforestry
systems as well [26-58]. Nevertheless, microbial biomass has a function in the decomposition
of organic matter and, as a result, in the nutrient cycle of the soil. It is also utilized in various
agroecosystems as an early indicator of changes in soil quality caused by soil management
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and environmental stress [59,60]. Agroforestry has the potential to sequester carbon, to reduce
soil erosion, and, with appropriate management, to improve water quantity and quality reg-
ulation [26]. Many studies have quantified the effect of an agroforestry implementation on soil
erosion across five countries. Of these, 71% found a significant positive effect of the interven-
tion. This result is expected given that tree planting is widely used as an appropriate strategy
to stabilize slopes and reduce soil erosion globally. In particular, the experiment found that
widespread planting has occurred on Australian and New Zealand livestock farms in recent
decades in an attempt to reverse the negative consequences of extended vegetation clearing
following European settlement [61].

By influencing how plants match water uptake with demand, soil conditions can exert
a considerable effect on the development of stress from primary climatic factors. Plant water
uptake can be hindered in frozen soils, although a mismatch in water uptake and demand
is typical in drought-stressed plants. Even when soils are saturated, a delay in the warming
up of frozen soils compared to air warming at the end of winter can cause plant water defi-
cits in boreal forest ecosystems [62,63]. However, in an experimental study the effects on
wheat development under controlled drought and flood circumstances, soil biochemical
properties, and microbial resistance in agroforestry systems were investigated. According
to the study, agroforestry systems may improve soil biochemical properties and microbial
resilience, which could improve crop productivity and tolerance to severe water stress [64].
Drought causes osmotic stress and resource competition in soil microbes. Soil bacteria are
similarly stressed when they are rewetted after a period of drought because they must rap-
idly dispose of their osmolytes to counteract the increases [65].

Agroforestry systems may also modify the composition of soil microbial communi-
ties, which have been connected to the soil’s physicochemical qualities [66]. Enhancing
soil nutrient availability as well as the diversity of microbial communities may assist the
recovery of microbial functions (i.e., soil microbial resilience) following a periodic disturb-
ance or chronic stresses such as soil drying [67]. Another research showed that, when
compared to typical agricultural soils, agroforestry soils have a significant impact on crop
productivity due to the better soil biochemical characteristics. Depending on different
kinds of soil disturbances or stresses, the extent of the effect of soil land-use type on crop
productivity may also vary [68,69]. However, the availability and use of mineral nutrients
(such as P, K, Fe, Mn, Zn, and Cu) by plants can be enhanced by using biochar, as well as
their tolerance to salinity stress being supported [70]. Calcium absorption in the growing
medium is reduced under salinity stress circumstances, probably due to an osmotic prob-
lem. Under saline conditions, calcium regulation was one of the most important plant
modifications, resulting in physiological disorders such as blossom end rot in sweet pep-
per, eggplant, and tomato [71].

6. Water Stress Consequences

Water stress has a negative effect on many elements of plant and tree physiology, includ-
ing photosynthetic potential. Plant development and productivity are significantly damaged
if the stress is extended. To adjust and adapt to a variety of environmental challenges, plants
have evolved extensive physiological and biochemical adaptation abilities [72].

Water-use efficiency (WUE) is a functional parameter associated with plant growth
and performance during drought. As a result, when trees are planted in arid areas, both
productivity and WUE should be taken into account. The connection between WUE and
plant development is still being debated. Water stress improves plants’ water-use effi-
ciency, according to a large amount of evidence [73]. However, microclimatic variations
in agroforestry systems reduce soil moisture evaporation in general, whereas other re-
searchers have discovered that agroforestry systems increase infiltration and soil water
storage [74]. Moderate water stress can also promote the production of secondary metab-
olites in stems, resulting in greater resistance to pests such as stem borers and fungus [75].
During times of extreme water stress, the plant’s ability to divert carbohydrates to the
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production of defense chemicals starts to deteriorate [76]. When compared to conven-
tional agriculture, agroforestry systems may improve local water balance, soil health, vis-
ual aesthetics, and carbon sequestration [27]. Water-stressed plants improve their relative
water content (RWC) to increase water uptake from the soil, maximizing the water poten-
tial gradient between the soil and plant. During extreme droughts, the relative water con-
tent (RWC) of plants typically reaches 50-60%, and in rare times, less than 50% [77,78].

According to a recent study about the effects of water stress on the water-use efficiency
and water balance components of Hippophae rhamnoides and Caragana intermedia in the soil-
plant-atmosphere continuum, water usage efficiency varied between species, sizes, and levels
of water stress. Under moderate water stress, water-use efficiency at the leaf scale was strong-
est, but at the community scale, WUE dropped as water stress increased. However, in re-
sponse to water stress, both species’ daily and seasonal transpiration rates were modified [79].

Water stress decreased the leaf's RWC, specific leaf area, leaf area ratio, and water-use
efficiency of a leguminous plant in a similar study, whereas it increased biomass allocation
to roots, resulting in a higher root-stem mass ratio under drought [79]. Modifications in the
dynamics of water balance components and water usage efficiency (WUE) are the main con-
sequences of water stress on plants. Furthermore, plant response patterns are related to the
degree of water stress [29]. Due to decreased CO: availability caused by stomatal closure
[80,81] and changes in photosynthetic metabolism, water stress has a direct effect on photo-
synthesis rates [82]. Water stress might cause modifications in the physiological function of
wax synthesis as well. Recent studies of Ayaz et al. showed that LACS2 mutation also re-
sulted in reduced wax accumulation under submergence growth conditions, which further
confirmed that LACS2 is involved in wax synthesis under stress conditions [83].

7. Salt Stress Consequences

Salt is the primary limiting factor for plant growth among abiotic stresses, and it will soon
become an even more severe factor as all arable land is expected to have salinity problems by
2050 [84]. Plant productivity is hindered by a variety of conditions, including environmental
stresses [85]. Salinity is one of the most damaging pressures among these. Agriculture’s future
in the world’s most productive places may be hampered by salinization [86]. Plants have
evolved various methods to cope with osmotic and ionic stress caused by high salinity [87].
Alternative solutions for the rehabilitation of saline soils include agroforestry approaches as
well. The significance and cause-and-effect relationship of possible agroforestry systems for
the productive usage of salty soil are highlighted here. Agroforestry as an alternative land-use
system is an excellent option for these circumstances, utilized with salt-tolerant forest and fruit
trees, fodder grasses, and low-water-demanding conventional and non-conventional crops,
including ornamental plants. Using conventional plant breeding and molecular techniques, it
is possible to improve the salt tolerance of existing crops [88].

Ion toxicity and nutritional imbalance in plants are caused by salinity stress, which alters
the physiological processes of plants and trees, resulting in a significant reduction in final
yield. Salinity stress reduces seed germination, and changes the development and reproduc-
tive activity in plants, resulting in considerable production losses. Salt stress also causes oxi-
dative stress and disrupts enzyme activity, photosynthesis, the membrane structure, hormone
balance, and water and nutrient intake [31]. Secondary stresses such as oxidative stress fre-
quently occur as a result of osmotic and ionic stress [89], causing damage to membrane lipids,
proteins, and nucleic acids. The stress response shows itself at morpho-physiological, bio-
chemical, and molecular levels, and also changes in antioxidant enzyme activity [90]. These
responses aim for the restoration of ionic homeostasis, the maintenance of cellular turgor, and
the development of stress tolerance in the form of salt stress adaption [91].

Growing multipurpose tree species on salt-affected soils has numerous advantages.
Trees have a higher transpiration rate than agronomic crops, which could assist to reduce
salt accumulation on the upper soil surface [92]. Furthermore, the shade of trees serves to
lower the pace of evaporation as well as the accumulation of salts in the upper soil layer
by slowing the upward movement of salt-containing water [93].
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The effect of three different forms of biochar on the eco-physiological response of
significant agroforestry tree species under salt stress was recently examined. The study
was designed to aim at the effects of biochar on the physicochemical properties of soil and
characteristics of three important agroforestry tree species; the results showed that the
effect of biochar was species-specific and different types of biochars do not have the same
effect on agroforestry tree species either [94].

8. Pest and Disease Stress Consequences

Pathogens (bacteria, fungi, viruses) infect plants in natural conditions, and pests (e.g.,
nematodes) attack plants [95]. Pests and pathogens’ ranges will be influenced by climate
change, with increasing temperatures promoting pathogen spread. In one study, a sample
plantation was observed to determine the resistance of an agroforestry system. The results
showed that pitch canker disease Fusarium circinatum caused losses in several pine plan-
tations [8]. Crops and also wild plant species are exposed to a series of biotic stresses
caused by other living organisms, ranging from viruses to mammals (Figure 2), and many
of these stresses affect photosynthesis by altering their underlying metabolism (primary
photochemistry, electron transport, Calvin cycle), gas diffusion, or reducing photosyn-
thetic leaf area [96]. Invasive pests can also result in significant losses in forestry opera-
tions. The gall wasp Leptocybe invasa, for example, has decimated the examined Eucalyp-
tus plantations [97]. At the same time, disease and pest epidemics are exacerbated as a
result of global climate change [98].

BIOTIC STRESS
CONSEQUENCES

Human Bacteria

Nematodes Fungi

Viruses

Figure 2. Interlinked effect of different biotic stresses on the plant.

The increased incidence of pests and diseases has often been observed directly at the
tree—plant interface due to the humid microclimate, the physical protection of mammal
and bird pests by trees, and the declining tolerance due to the competition between plants.
Tree strips and hedges affect the spread of small insects and diseases by wind, the active
emigration and immigration of pests, and natural enemies. Similarly, the shadow effect at
the edge also affects the microclimatic conditions under which biotic effects develop [35].

Plants are the motionless party in these biotic interactions, so they have evolved ad-
vanced biochemical and physiological mechanisms to detect, signal, and respond to the
dangers posed by pathogens, constructing defensive barriers that pathogens must over-
come to colonize the host and spread disease [99]. While there are genetic factors that
determine plant susceptibility or resistance to pathogen infection, the degree of tolerance
is also influenced by the plant’s age, nutritional status, and environmental conditions. In-
fections are classified as biotrophic, hemibiotrophic, or necrotrophic, depending on
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whether they require living host cells to proliferate infection (biotrophic) or induce necro-
sis to feed on the collapsing host tissue, hemibiotrophic and necrotrophic pathogens [100].

The meta-analysis of Pumarifio et al. [101] indicates that agroforestry is generally
beneficial in most aspects of natural pest control. Natural enemies of pests had signifi-
cantly higher numbers in agroforestry. Agroforestry significantly reduced the number of
non-parasitic weeds and had a marginally significant negative effect on parasitic weeds.
Crop damage caused by pests and plant diseases was significantly reduced by agrofor-
estry, but the number of pests was not significantly affected. However, there were differ-
ences in the reduction between perennial and annual crops, to the advantage of perennial
crops. In the field of agroforestry and agriculture in general, weeds typically form and
flourish in poor soil conditions, but by providing appropriate nutritional components to
the root area, weed development and the side effects on plant growth can be avoided.
Plant vigor will be improved when nutrient-use efficiency is improved, and they will be
able to overcome weed development [102]. Plant diseases also have a complicated rela-
tionship with minerals available for the plants [103]. Extra nitrogen content combined
with a high humidity level, for example, is ideal for infections such as Pythium and Phy-
tophthora to thrive and develop in plants. Turfgrasses overcome disease more easily and
quickly when Mn and Si are added to the nutritional solution. Plants with adequate nu-
trient sources recover from insect damage more quickly and fully than those with insuffi-
cient nutrient supplies. In studies, the addition of Al and Si to a turfgrass growth medium
shielded the plants from insect attacks while also assisting them in producing an unattrac-
tive substance for the insects to consume [104]. The concept of agroforestry is based on the
predicted contribution of on-farm and off-farm tree production in providing sustainable
land use and natural resource management [105]. At the site level, the system’s above-
ground and belowground diversity provides better stability and resilience, while at the
landscape and bioregion levels, the system provides connectivity with forests and other
natural landscapes [106]. Agroforestry systems’ ecological foundations manifest them-
selves in environmental services such as soil protection, carbon storage, biodiversity con-
servation, and water quality enhancement.

9. Conclusions

Climate change and variability highlight the need to explore genetic variability and
new sources of tolerance more quickly, as well as harness all present genetic resources,
identify new resources, and protect them for the future [51]. The reintegration of trees and
farming systems through a broad set of methods known as agroforestry has the potential
to mitigate these environmental effects, at least in part [107]. According to [108,109], the
effects of climate change and the ever-growing demand of the increasing world popula-
tion are putting stress on the efficacy of crop production. By 2050, global agricultural pro-
duction may need to be doubled to meet increasing demands. Several studies have indi-
cated that increasing agricultural productivity, rather than clearing more land for food
production, is the best sustainable solution for food security. However, according to sev-
eral reports, yields are not improving quickly enough to meet the estimated demand in
2050, and the world will undoubtedly confront a food crisis [109].

Climate variability matters as much to crop output as the mean values of climate
variables during the crop season, according to agricultural scientific research and an ex-
amination of agricultural production statistics. Crop productivity in the World faces
weather adversities, especially extreme events that jeopardize socioeconomic demands;
therefore, there is a need to create a better policy and plan for disaster risk reduction for
the future. This study can serve as baseline knowledge for the development of agricultural
production systems in the view of climate change. According to recent studies [21], and
the knowledge gap, agroforestry system methods include short-duration enhanced fal-
lows where a single horticulture crop is grown such as vegetables or medicinal plant spe-
cies. The changes in the physical dimensions, life expectancies, and physiological reac-
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tions between the component species in simultaneous systems such as monoculture crop-
ping can lead to complicated interactions between the tree and the crop species. Microcli-
matic variables are affected by how trees are grown and maintained in relation to crops
in an agroforestry system. Pest incidence in the system can be modified by both the bot-
tom-up effects of the abiotic environment and the top-down effects of herbivores and their
natural enemies. In some systems that either induce stress (plant stress hypothesis) or im-
prove crop vigor (crop vigor hypothesis and carbon—nutrient balance hypothesis), pest
problems may increase [21].

Abiotic stress tolerance and tree responses are complicated biological processes that
are best studied at a systems level using genetic, genomic, metabolomic, and phenomics
techniques. This will speed up the examination of stress-sensing and signaling networks,
which will assist in the design of more efficient genetic improvement programs. Within
several forest-tree species, an enormous genetic variety for stress tolerance exists, and the
molecular genetic foundation for this diversity has been quickly emerging in recent years
due to advances in gene sequencing technology. Moreover, the application of developing
phenotyping technology expands the range of features that may be measured, enabling
us to gain a better knowledge of stress tolerance. Through genetic engineering, the under-
standing of abiotic stress-tolerance processes will allow for the efficient pyramiding of
various tolerances in a single tree [110].

The present review describes the current level of knowledge about potential climate
change effects on agroforestry systems and the consequences of biotic stress factors, such
as insects, diseases, and weeds, and also the abiotic factors. Only a few studies could be
found that use quantitative stress factor measurement methodologies to look for a general
pattern in the reactions of individual biotic and abiotic stressors in agroforestry systems
to changes in climate and atmospheric factors and the production of the crop environ-
ments. In the future, more quantitative reviews will be required. A gap in the ecological
literature has been identified by comparing tropical agroforests and forests: future re-
search might benefit from the replication of enclosure experiments in complex tropical
agroforestry systems [25]. The current review focuses on the possible consequences of cli-
mate change on the distribution and prevalence of biotic and abiotic factors; however, a
few researchers have also looked at mitigation strategies in case of potential future reper-
cussions of a changing climate on crop protection.
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