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Supplementary Table S1. Organizational profiles of the expert participants interviewed in the study (n = 11). The table summarizes the type and sector of each represented organization and its principal role or relationship with farmers.
	n
	Type
	Sector
	Role / relationship with farmers

	3
	Private
	Biological control
	Manufacturing and selling beneficial arthropods; direct contact with farmers through technical service, product sales, and training. Technical sales coordination; providing biological pest control tools and training farmers. Research and development of biological control strategies; direct contact with farmers through internal and commercial farm trials

	1
	Non-profit foundation
	Applied research & knowledge transfer
	Applied agricultural research and experimental station management; supports sector innovation including hedgerow trials

	1
	Private
	Agri-food quality certification
	Certification auditing based on good agricultural practices and biodiversity criteria; indirect relationship with farmers through compliance assessment

	2
	Public (Junta de Andalucía)
	Public research & extension
	Research, training, and knowledge transfer in agriculture; direct contact with farmers through technical projects, training programs, and field trials. Research on arthropod ecology and pest control; training of farmers through courses and participatory workshops

	3
	Private association 
	Producer Organization & certification advisory
	Advising farmers and cooperatives on certifications; coordinating Operational Program projects. R&D project management; biodiversity and waste management in agricultural environments; direct field-level advisory and training for member farmers

	1
	Private
	Biological control
	Production of beneficial insects (bumblebees, predatory mites, bugs); hands-on technical support and agroecological guidance to farmers; ecological infrastructure design


	











Supplementary Table S2. Profile of farmer participants interviewed in the study (n = 12). To reduce the possibility of deductive identification, locations, crop types, farm sizes, and duration of hedgerow use are presented in grouped categories. The order of the rows has been randomized and does not correspond to the participant codes F1–F12 used in Supplementary Tables S4 and S5. Hedgerow engagement distinguishes between recent users, long-term users, farmers aware of the practice but not currently using it, and farmers planning future adoption.
	Broad location
	Main crop group
	Farm-size category (ha)
	Production system
	Hedgerow engagement

	Western Almería
	Mixed solanaceous and cucurbit crops
	2–5
	Organic
	Recent user (2–3 years)

	Western Almería
	Solanaceous crops
	2–5
	Conventional
	Aware, not using

	Eastern Almería
	Solanaceous crops
	1–<2
	Organic
	Recent user (2–3 years)

	Western Almería
	Solanaceous crops
	1–<2
	Organic
	Long-term user (≥8 years)

	Western Almería
	Cucurbit crops
	<1
	Organic
	Long-term user (≥8 years)

	Western Almería
	Solanaceous crops
	1–<2
	Organic
	Aware, not using

	Eastern Almería
	Solanaceous crops
	1–<2
	Organic
	Recent user (2–3 years)

	Western Almería
	Mixed solanaceous and cucurbit crops
	>5
	Conventional
	Recent user (2–3 years)

	Western Almería
	Cucurbit crops
	2–5
	Conventional
	Planning adoption

	Western Almería
	Solanaceous crops
	<1
	Conventional
	Aware, not using

	Eastern Almería
	Mixed solanaceous and cucurbit crops
	1–<2
	Organic
	Long-term user (≥8 years)

	Granada
	Solanaceous crops
	<1
	Conventional
	Aware, not using








Supplementary Table S3. Cross-group mention frequencies for the 23 coded barriers and opportunities associated with native perimeter hedgerow scaling. Each item was counted once per participant, irrespective of the number of times it appeared within the same interview. Percentages were calculated from 11 expert and 12 farmer interviews. Absolute difference is the unsigned difference between farmer and expert frequencies, whereas signed difference was calculated as the farmer frequency minus the expert frequency. Positive signed values indicate higher frequencies among farmers. Because the actor-specific interview guides were not identical, the frequencies represent the coded salience of each item within its respective interview context rather than response probabilities obtained under standardized questioning. Low-frequency codes should be interpreted as emergent observations rather than widely shared findings.
	Item
	Category
	Coded item
	Experts, n/11 (%)
	Farmers, n/12 (%)
	Absolute difference (percentage points)
	Farmer − expert difference (percentage points)

	1
	Barrier
	Institutional fatigue among researchers
	2/11 (18.2%)
	0/12 (0.0%)
	18.2
	−18.2

	2
	Barrier
	Power asymmetries in the agrifood chain
	3/11 (27.3%)
	0/12 (0.0%)
	27.3
	−27.3

	3
	Barrier
	Attitude–behavior gap
	4/11 (36.4%)
	1/12 (8.3%)
	28.0
	−28.0

	4
	Barrier
	Governance gap: absence of a coordinating body for nature-based solutions
	5/11 (45.5%)
	0/12 (0.0%)
	45.5
	−45.5

	5
	Barrier
	Pragmatism and short time horizons
	6/11 (54.5%)
	1/12 (8.3%)
	46.2
	−46.2

	6
	Barrier
	Lack of landscape-scale coordination
	7/11 (63.6%)
	12/12 (100.0%)
	36.4
	+36.4

	7
	Barrier
	Logistical barriers: lack of space, paved surfaces, and legal boundaries
	9/11 (81.8%)
	10/12 (83.3%)
	1.5
	+1.5

	8
	Barrier
	Ineffective Common Agricultural Policy agri-environmental measures for greenhouse horticulture
	5/11 (45.5%)
	0/12 (0.0%)
	45.5
	−45.5

	9
	Barrier
	Fear of hedgerows as pest reservoirs
	4/11 (36.4%)
	4/12 (33.3%)
	3.0
	−3.0

	10
	Opportunity
	Identity reframing as an adoption strategy
	4/11 (36.4%)
	0/12 (0.0%)
	36.4
	−36.4

	11
	Opportunity
	Compliance evolving into conviction
	4/11 (36.4%)
	4/12 (33.3%)
	3.0
	−3.0

	12
	Opportunity
	Demonstration nodes and peer-to-peer learning
	5/11 (45.5%)
	6/12 (50.0%)
	4.5
	+4.5

	13
	Opportunity
	Different adoption pathways
	5/11 (45.5%)
	11/12 (91.7%)
	46.2
	+46.2

	14
	Opportunity
	Supply-chain and certification pressure
	6/11 (54.5%)
	10/12 (83.3%)
	28.8
	+28.8

	15
	Opportunity
	Mandatory regulation: calls and gaps
	6/11 (54.5%)
	2/12 (16.7%)
	37.9
	−37.9

	16
	Opportunity
	El Ejido municipal ordinance
	7/11 (63.6%)
	0/12 (0.0%)
	63.6
	−63.6

	17
	Opportunity
	Role of private companies as knowledge intermediaries
	7/11 (63.6%)
	1/12 (8.3%)
	55.3
	−55.3

	18
	Opportunity
	Knowledge circulation channels
	8/11 (72.7%)
	4/12 (33.3%)
	39.4
	−39.4

	19
	Opportunity
	Producer Organization operational funds
	8/11 (72.7%)
	12/12 (100.0%)
	27.3
	+27.3

	20
	Opportunity
	Chemical pest-control crisis
	10/11 (90.9%)
	2/12 (16.7%)
	74.2
	−74.2

	21
	Opportunity
	Digital tools as an evidence bridge
	2/11 (18.2%)
	0/12 (0.0%)
	18.2
	−18.2

	22
	Opportunity
	Gender dynamics in innovation leadership
	2/11 (18.2%)
	0/12 (0.0%)
	18.2
	−18.2

	23
	Opportunity
	Reduction in commercial biological-control inputs
	7/11 (63.6%)
	5/12 (41.7%)
	22.0
	−22.0


Note: Frequencies were calculated from the exact participant counts and are presented to one decimal place. “Absence” indicates that no interview passage was assigned to the corresponding code; it does not indicate disagreement, lack of awareness, or a negative response. Item numbers correspond to those used in Fig. 3 and Tables 2 and 3. Percentages are presented to one decimal place in this table, while whole-number percentages are used in the main text and figures for readability.




































Supplementary Table S4. Illustrative quotations supporting barriers to native perimeter hedgerow adoption. Farmer and expert participants are identified using participant codes F1–F12 and E1–E11, respectively. The expert codes are not linked to the aggregated organizational profiles in Supplementary Table S1 to reduce the possibility of deductive identification. Individual names, specific organizations, job titles, and other directly identifying information have been removed.
	Item
	Description
	Expert quote (ID)
	Farmer quote (ID)

	Logistical barriers (space, paved surfaces, legal boundaries)
	Physical constraints include the high density of greenhouse plots leaving minimal perimeter space, paved access roads, shared boundaries with neighbors, and proximity to riverbeds that restrict planting under administrative regulation.
	“Space availability is a significant limiting factor, especially here in the western area; greenhouses are packed very close together” (E10).
	“Sometimes it is complicated by space, especially here in the west. The farms are very close to each other” (F5).

	Lack of landscape-scale coordination
	Hedgerow adoption remains confined to individual farm perimeters, with no coordination among neighboring farmers to create connected habitat corridors at the landscape scale.
	“Even if a hedgerow is planted, this is a territorial-scale intervention. If you do not interconnect, you do things, but it is not a real solution” (E11).
	“It would be interesting for all farmers to put up hedges, so that the effect would be greater” (F3).

	Fear of hedgerows as pest reservoirs
	A persistent belief that hedgerows may harbor pest species or plant viruses deters adoption among some farmers and technical advisors, despite available scientific evidence to the contrary.
	“Voices have emerged claiming that hedgerows bring in pests and viruses. That is not the case. The data tell us time and again that it is not. People were saying that hedgerows were completely useless because they were planting species that made no sense whatsoever” (E11).
	“Farmers don't want bushes on the sidelines because they think it could bring pests” (F6).

	Pragmatism and short time horizons
	Farmers' decision-making is dominated by short-term productivity and cost considerations, which conflict with the medium- to long-term nature of hedgerow benefits.
	“Farmers generally want short-term solutions... they do not understand that these tools work over the medium to long term” (E10).
	“Farmers are too busy to get involved in this. They don't see the immediate benefits” (F9).

	Attitude–behavior gap
	Some farmers express positive attitudes towards hedgerows or biological control but do not translate these into practice, continuing to use incompatible chemical treatments alongside ostensibly biological management strategies.
	“They do it because they have to” (E11).
	“They don't consider putting them on, they see it as nonsense” (F4).

	CAP agri-environmental measures ineffective
	EU Common Agricultural Policy agri-environmental schemes are poorly adapted to the greenhouse horticulture context: minimum surface requirements exclude most smallholders and administrative burden is perceived as disproportionate relative to subsidy amounts.
	“Farmers do not like having the regional government come to check whether the plants are being maintained... for the little money it involves, the paperwork, the procedures, losing a plant, having to replace it... it was not worth it” (E7).
	No explicit mention by farmers.

	Governance gap: absence of coordinated NbS body
	No dedicated provincial or regional body coordinates NbS adoption across farms, cooperatives, and research institutions. Hedgerow design is often delegated to agronomists without specialized botanical or agroecological training.
	"I lack botanists, I lack professionalization and hedgerow design expertise. It is very likely that hedgerows will not work as intended.” (E7).
	No explicit mention by farmers.

	Power asymmetries in the agri-food chain
	Farmers are subject to simultaneous pressure from input suppliers, certification bodies, and retail buyers, while occupying a structurally weak position in the agri-food chain.
	“Farmers are manipulated by those who sell them inputs and blamed for everything, yet nobody gives them what they deserve, they are the ones who provide our food” (E11).
	No explicit mention by farmers.

	Institutional fatigue among researchers
	Researchers and technical experts who have advocated for hedgerows over extended periods report exhaustion from repeatedly justifying the evidence base against skepticism and from being excluded from key policy and industry forums.
	“We have reached a point of total exhaustion from debating something that makes no sense. I am no longer going to justify that what you think might happen, does not happen” (E7).
	No explicit mention by farmers.


 









Supplementary Table S5. Illustrative quotations supporting opportunities associated with native perimeter hedgerow adoption. Farmer and expert participants are identified using participant codes F1–F12 and E1–E11, respectively. The expert codes are not linked to the aggregated organizational profiles in Supplementary Table S1 to reduce the possibility of deductive identification. Individual names, specific organizations, job titles, and other directly identifying information have been removed.
	Item
	Description
	Expert quote (ID)
	Farmer quote (ID)

	Different adoption pathways
	Farmers adopt hedgerows through distinct routes: market and certification pressure, necessity driven by the failure of chemical pest control, peer-to-peer learning, and intrinsic motivation rooted in sustainability values.
	“Most farmers are motivated by what the market or their own clients demand from them... but there is also another group who are driven by a philosophy more aligned with sustainability” (E10). “I am totally convinced that word of mouth works and you need to identify influential farmers, who are the mirror in which others see themselves” (E11).
	“The farm looks much nicer and I see a lot of bugs in the flowers: wasps, syrphids, bees” (F1).

	Compliance evolving into conviction
	Initial adoption driven by external requirements (certification, cooperative requirements) can transition into genuine conviction when farmers observe tangible results over time.
	“Those who do it out of genuine conviction are farmers who have been working on this for a long time, around ten years” (E10)
	“Some put them in for compliance and others see more and more benefits” (F1)

	Demonstration nodes and peer-to-peer learning
	Observation of neighboring farms and informal farmer-to-farmer knowledge exchange act as diffusion mechanisms. Influential early adopters serve as reference points that trigger imitation among peers.
	“The impact of seeing a neighbor do it is huge... sometimes farmers put them in not because they believe in it, but because the neighbor has done it” (E4).
	“More and more people are encouraged to put them, because they see them in their neighbor's” (F5). “Before they used to say that it was not worth anything but to have the path dirty, now they are putting more and more” (F10).

	Reduction in commercial biocontrol inputs
	Hedgerows attract and retain natural enemies of pests, reducing the need for purchased commercial biocontrol organisms such as lacewings and syrphids.
	“Conservation biological control is completely free of charge. We have natural enemies out there providing an ecosystem service at no cost that we are not taking advantage of” (E10).
	“I used to release lacewings and parasitoids, but no more” (F1).

	Chemical pest control crisis
	The progressive withdrawal of registered active substances and the emergence of resistant pest biotypes and new invasive species are reducing the viability of chemical pest management.
	“The reduction in registered active substances is having a huge impact... and the few that remain are generating resistance. Many producers are realizing they are running out of alternatives” (E1).
	“If there are more good bugs, it reduces the amount of products I have to use” (F3).

	Producer Organization Operational Funds (OPFH)
	Fruit and Vegetable Producer Organizations can access EU Operational Program funds to co-finance hedgerow perimeter establishment, covering plant material, design, and installation costs. Coverage is typically limited to the first year.
	“Through Operational Program, funding can be requested to establish hedgerows... in 2024, the EU required 2% of funds to be invested in research with public research bodies” (E7).
	“The hedge came free from the operational funds and was put up in one afternoon by my son and myself” (F7). “The aid is only given the first year you plant them” (F1).

	Supply chain and certification pressure
	Private certification schemes (e.g. GlobalGAP, LEAF, Bio Suisse) and retail buyer requirements increasingly include biodiversity modules that incentivize or mandate hedgerow installation.
	“The client holds enormous power. A supermarket 3,000 kilometers away is going to decide what happens here in the coming years” (E5)
	“I have gone from organic to biodynamic, and biodiversity is one of the things they ask for” (F1).

	Mandatory regulation: calls and gaps
	Both experts and some farmers call for mandatory requirements to install hedgerows or allocate a minimum percentage of farm area to native vegetation.
	“NbS should not be optional... they should be mandatory, but properly supported, give people the tools to do it” (E11).
	“All farmers should be obliged to put them up” (F5).

	Role of private companies as knowledge intermediaries
	Private biocontrol companies integrate hedgerow design and species selection into their technical advisory services, operating as knowledge intermediaries alongside their role as input suppliers.
	“They understood that conservation biological control was a complementary tool” (E11).
	“The help from my cooperative. They give us the plants to put in the hedges” (F6).

	Knowledge circulation channels
	Formal and informal channels—including cooperatives, Producer Organizations, technical advisors, training activities, demonstration farms, and farmer networks—facilitate the circulation of information on hedgerow design, establishment, maintenance, and observed agronomic outcomes.
	“I am totally convinced that word of mouth works and you need to identify influential farmers, who are the mirror in which others see themselves” (E11).
	No explicit mention by farmers.

	El Ejido municipal ordinance
	The municipality of El Ejido introduced an ordinance requiring new greenhouse constructions to allocate a proportion of their perimeter to native vegetation. Its practical scope is limited by the scarcity of new constructions in the area.
	“The municipal ordinance incorporated the requirement to leave space between greenhouses for native flora to support conservation biological control. It is a milestone because it establishes governance” (E11).
	No explicit mention by farmers.

	Identity reframing as adoption strategy
	Communicating hedgerows as a marker of modern and competitive farming, rather than as an environmental obligation, is used by extension agents and companies as a strategy to engage pragmatic farmers.
	“You cannot tell farmers they are responsible for conserving biodiversity... the message should be: if you do this, you will outperform the competition” (E2).
	No explicit mention by farmers.

	Gender dynamics in innovation leadership
	Two experts perceived women technicians and extension agents as particularly visible among early promoters and innovation leaders in hedgerow establishment and conservation biological control.
	“When we started, the people who took the leap were women... the most pioneering field technicians have been women” (E7).
	No explicit mention by farmers.

	Digital tools as evidence bridge
	Web-based decision-support tools for hedgerow design and species selection can make ecological knowledge more accessible to farmers and advisors.
	“We developed Diseñen, a web-based decision support tool for hedgerow design, because we were seeing poor practice and people were saying that hedgerows were useless” (E11).
	No explicit mention by farmers.





