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Heterogeneous ecosystems, such as tropical forests, 
serve as vital reservoirs of biodiversity, harboring a myriad of 
plant species. Within these ecosystems, plants not only inter-
act with their environment and other living beings such as 
fungi and bacteria, but also engage in intricate relationships 
with one another. Plant-plant interactions play a crucial role 
in shaping the structure, dynamics, and resilience of these 
ecosystems. These interactions encompass various aspects, 
the most important is the cooperative and mutualistic rela-
tionships. In this editorial, we explore the significance of these 
mutualistic interactions and highlight the pressing need for 
further research to unlock their full potential.

Plant species can facilitate each other's growth through 
interactions such as nurse-plant relationships. Certain plant 
species act as nurse plants by providing shade, shelter, or 
improved microclimatic conditions for the establishment and 
growth of other plants. This facilitation allows less competitive 
or more sensitive species to thrive in challenging or disturbed 
environments. The nurse plants create a more favorable envi-
ronment by reducing competition, protecting against her-
bivory, or enhancing water availability. In forest ecosystems, 
whether they are deciduous forests (Bartkowicz and Paluch, 
2019) or tropical forests (Ntawuhiganayo et al., 2020), there is 
a fascinating phenomenon where shade-intolerant plant spe-
cies play a crucial role. These species form a canopy that offers 

shade and protection for shade-tolerant plant species. 
The shade-intolerant plants benefit from the increased 
competition for light, while the shade-tolerant plants 
benefit from reduced light intensity and lower tempera-
tures. This mutualistic interaction allows both types of 
plants to coexist and thrive. Understanding these inter-
actions can help us to identify and to utilize the poten-
tial of nurse plants to restore degraded ecosystems or 
to enhance biodiversity conservation efforts. Addition-
ally, further research is needed to explore the specific 

mechanisms and ecological implications of these facilitative 
interactions, particularly in different ecosystems and under 
changing environmental conditions.

Belowground interactions between plant roots can play 
a crucial role in nutrient acquisition and plant growth. Some 
plant species form mycorrhizal associations where fungal 
hyphae extend the nutrient-absorbing capacity of roots, ben-
efiting both plants involved. In addition, certain plants have 
been shown to share nutrients through mycorrhizal hyphae, 
allowing them to support each other in nutrient-limited con-
ditions. Recently, it was found that the healthy neighboring 
plants connected through the common mycorrhizal networks 
showed increased disease resistance and the activation of var-
ious defensive enzymes and genes (Jung et al., 2012). Further-
more, some studies draw parallels between the fungal myce-
lia of mycorrhizae, which facilitate communication between 
trees in a forest, and social networks or neural networks 
(Gorzelak et al., 2015). This suggests that the mycorrhizal net-
works can serve as an underground communication conduit, 
allowing plants to transfer disease resistance and defense sig-
nals to neighboring plants before they are attacked. Exploring 
the intricate networks of mycorrhizal associations and root 
provides opportunities to enhance sustainable agricultural 
practices, ecological restoration efforts, and plant community 
management.

In addition, plant species can interact 
in ways that promote nutrient cycling within 
ecosystems. They can form specialized root 
systems that enhance nutrient uptake and 
make nutrients accessible to neighboring 
plants. For instance, in nitrogen-limited envi-
ronments, such as tropical rainforests, symbi-
otic nitrogen-fixing trees can efficiently cap-
ture and convert atmospheric nitrogen into 
usable forms through specialized root nodules 
(Menge and Chazdon, 2016). By doing so, they 
create a local nitrogen source that can benefit 
neighboring non-nitrogen-fixing plants. This 
mutualistic interaction allows nitrogen-fix-
ing and non-nitrogen-fixing plants to coexist 
and thrive by increasing nitrogen availability. 
Furthermore, this beneficial plant-plant asso-
ciation can occur over time; the passage of a 
nitrogen-fixing plants from one plot, forms a 
nitrogen-rich microenvironment for the subse-
quent crop. This sequential association allows 
plants to benefit from the nitrogen released by 
the preceding species. This type of beneficial 
plant-plant relationship has long been uti-
lized by humans in the form of crop rotation. 
However, in complex and natural ecosystems 
such as tropical and mediterranean forests, 
the investigation of such associations is often 
overlooked, despite their potential significant 
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Figure 1.
Schematic representation of key mutualistic plant interactions  
in a heterogeneous ecosystem.
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role in maintaining biodiversity and the functioning of nat-
ural ecosystems.

Although allelopathy can lead to adverse effects on 
nearby plants, it also offers the potential for mutually ben-
eficial interactions in certain cases. Some plant species 
release chemicals that suppress the growth of competing 
plants but have a positive effect on the growth of other 
plant species. This can create a mutualistic relationship 
where the allelopathic plant provides a competitive advan-
tage to the beneficiary plant. One example is the Juglans 
nigra tree, which produces the juglone1. It is toxic to many 
plant species and can inhibit their growth or even cause 
their death. However, there are certain plant species, such 
as the Asimina triloba, that are allelopathically tolerant 
to juglone (Mosquera-Losada and Prabhu, 2019). These 
tolerant plants can thrive in the presence of J. nigra trees 
and may even benefit from the suppression of competing 
plants, allowing them to occupy niches that would other-
wise be occupied by other species. This demonstrates how 
allelopathy can influence plant interactions and shape the 
composition of plant communities. Chemical Signaling can 
play another role in plant cooperation, in certain cases, 
plant species may cooperate to defend against herbivores 
or environmental stresses. They can emit chemical sig-
nals that alert neighboring plants to the presence of her-
bivores, triggering defense mechanisms in those plants. 
For example, in temperate forests, Betula pubescens are 
known to release methyl jasmonate when attacked by 
herbivores. Methyl jasmonate is a signaling molecule that 
can induce defensive responses in neighboring plants, 
even of different species. When the nearby plants sense 
the methyl jasmonate, they activate their own chemical 
defenses, making them less susceptible to herbivore dam-
age (Benevenuto et al., 2020). Further research in this field 
is essential to unravel the intricacies of these interactions, 
identify key chemical compounds involved, and assess 
their ecological consequences in diverse ecosystems. By 
unraveling the mechanisms and ecological implications of 
allelopathy and chemical signaling, we can gain a deeper 
understanding of plant community dynamics and poten-
tially apply this knowledge to enhance biodiversity conser-
vation efforts and sustainable agricultural practices.

In this editorial, we have highlighted the fascinat-
ing and complex nature of beneficial plant-plant inter-
actions. These interactions hold tremendous potential, 
yet our understanding of their underlying mechanisms 
remains limited. The nature, triggers, outcomes, and envi-
ronmental factors influencing these interactions are still 
poorly understood, hampering their practical application 

in various agricultural and reforestation systems. None-
theless, these interactions serve as vital threads that 
intertwine and shape the diverse fabric of heterogeneous 
ecosystems. Recognizing the significance of plant-plant 
interactions and their implications, it is crucial to invest in 
further research. By delving into these intricate relation-
ships, we can unlock the secrets that lie within, fostering a 
deeper appreciation for the interconnectedness and com-
plexity of life within forests and other natural landscapes.
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1 Juglone is an organic compound with the molecular 
formula C10H6O3.
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