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Background

273 species (156 dicots and 117 
monocots)

Resistance to 21 of the 31 known 
herbicide sites of action

Herbicide-resistant weeds have 
been reported in 101 crops in 72 
countries

Heap, I.  The International 
Herbicide-Resistant Weed 
Database

Herbicide application



Intensive Soil Tillage

Do not allow for weed control 
during the whole cultivation 
season

Expensive and laborious

Alteration of soil physicochemical 
properties and biological 
communities

Background

Source: https://www.vaderstad.com/ca-en/know-
how/farming-practises/conventional-tillage



Neutral weed communities

• Identification of new weed management strategies to reduce the 
application of herbicides and soil tillage while maintaining crop yield, 
ecosystem service provision, and biodiversity

• Strategies that reflect the knowledge about the ecological interactions 
between weeds and crops

• We introduce the concept of Neutral Weed Communities

• These are communities that coexist with the crops and do not significantly 
reduce crop yield or quality compared to weed-free conditions



Evidence of neutral weed communities

• Experiment conducted in France to study the 

effects of different weed communities on 

winter cereal growth and production

• Three years of observations of weed densities, 
weed biomass and crop biomass at four critical 
growth stages of winter cereals

Others

Cyanus segetum

Veronica persica

Stellaria media

Geranium dissectum

Viola arvensis

Veronica hederifolia

Galium aparine

Alopecurus myosuroides

Fig.1 Observed mean weed density and composition in the six Weed 
community clusters (denoted C1 to C6) obtained by hierarchical 
classification Adeux, et al. "Mitigating crop yield losses through weed diversity." Nature 

Sustainability 2.11 (2019): 1018-1026.



• C1, C2, C5, and C6 
(detrimental communities) 
resulted in significant 
reductions in grain yield and 
yield components compared 
to weed-free treatment

• C3 and C4 (neutral 
communities) did not affect 
the yield components or 
grain yield compared to 
weed-free treatment

Evidence of neutral weed communities

Table 1 Effect of weed communities on grain yield and yield components. Pre-
planned contrasts between weed-free and weedy quadrats are shown for three 
different yield components (number of ears per plant, number of grains per ear 
and 1,000-kernel weight) and grain yield. 
Source: Adeux et al., 2019

Adeux, et al. "Mitigating crop yield losses through weed diversity." Nature 
Sustainability 2.11 (2019): 1018-1026.



Evidence of neutral weed communities

• Density is not always a good predictor of the 
weed competitive potential (i.e., C4 vs C1)

• Weed species composition is the main driver 
of weed community competitive potential

Others
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Fig.1 Observed mean weed density and composition in the six Weed 
community clusters (denoted C1 to C6) obtained by hierarchical 
classification
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Sustainability 2.11 (2019): 1018-1026.



Evidence of neutral weed communities

Esposito et al., 2023

a

b
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• Experiment conducted in Italy to 
study the effect of three 
nutritional treatments (optimal, 
low, and surplus) on weed 
community formation

• Studying the effects of different 
weed communities on winter 
wheat growth and production

Fig.2 Weed community clusters identified by hierarchical cluster analysis and 
their density under optimal, low, and surplus nutritional treatments

OC (1,2): weed communities under optimal nutrition; 
LC (3,4):  weed communities under low nutrition; 
SC5:         weed community under surplus nutrition.



• OC2, LC4, and SC5 
(detrimental communities) 
negatively affected the 
wheat yield

• OC1 and LC3 (neutral 
communities) did not 
significantly affect the wheat 
yield

Evidence of neutral weed communities

Fig.3 Wheat yield at ripening stage without (weed free) or with the 
presence of weed community clusters under optimal (A), low (B), and 
surplus (C) nutritional treatments

OC (1,2): weed communities under optimal nutrition 
LC (3,4):  weed communities under low nutrition
SC5:         weed community under surplus nutrition



• OC2, LC4 (detrimental 
communities) negatively 
affected the wheat kernel 
qualitative parameters 
compared to weed-free 
treatments  

• OC1 and LC3 (neutral 
communities) did not 
significantly affect most of the 
kernel qualitative parameters 
compared to weed-free 
treatments

Treatments  Protein 
Hectoliter 

weight 
Carotenoids 

1000 

seeds 

weight 

Gluten 

content 

Kernels 

Moisture 

  % d.m. Kg 100 L-1 ppm g % d.m. % 

Optimal 

nutrition 

Weed-free 17.8 a  81.5 a 4.5 35.6 13.6 a 11.6 

OC 1 15.1 b 85.2 a 4.1 32.4 10.2 b 11.5 

OC 2 15.9 b 78.5 b 4.7 30 10.8 b 11.6 

p-value  *  *  ns ns *  ns 

Low 

nutrition 

Weed-free 13.2 83.5 a 3.9 34   a 8.1 11.5 

LC 3 11.04 80.4 b 3.7 34.3 a 5.5 11.3 

LC 4 12.8 80.7 b 4.7 28.9 b 7.7 11.3 

p-value  Ns * ns *  ns ns 

Surplus 

nutrition 

Weed-free 17.3 76 4.8 31.4 12.4 11.53 

SC 5 17.5 73.6 5 29 13 11.54 

p-value  Ns ns ns ns ns ns 

 1 

Evidence of neutral weed communities

Table 2 Wheat kernel and flour qualitative parameters without 
(weed free) or with the presence of weed clusters under 
optimal, low, and surplus nutrition treatments

OC (1,2): weed communities under optimal nutrition 
LC (3,4):  weed communities under low nutrition
SC5:         weed community under surplus nutrition



• Density is not always a good 
predictor of the weed’s 
competitive potential 

• Weed species composition is 
the main driver of 
competitive potential

Evidence of neutral weed communities

Source: Esposito et al., 2023
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OC (1,2): Weed communities under optimal nutrition

LC (3,4):  Weed communities under low nutrition

SC5:         Weed communities under low nutrition



Evidence of neutral weed communities



Why are some weed communities neutral?



Why are some weed communities neutral?

Zélé, F., Magalhães, S., Kéfi, S., & Duncan, A. B. (2018). Ecology and evolution of 
facilitation among symbionts. Nature communications, 9(1), 4869.



• Some crops tolerate competition

• Not all “weeds” have traits associated with crop yield loss

• Weeds and crops may occupy different niches (different resource use 
in space and time)

• Lower niche overlap between weed species and crops decreases 
weed–crop competition 

Why are some weed communities neutral?



• Resource Pool Diversity Hypothesis (Smith et al. 
2010): diverse soil resource pools promote 
resource partitioning among species  less crop 
yield loss per unit weed density

• Higher weed diversity is associated with lower 
dominance of competitive weeds that cause 
substantial yield loss (Brooker et al., 2020; Adeux
et al., 2019)

• Broadbalk winter wheat experiment (Moss et 
al., 2004)

• Positive effect of weed on crops?

Fig.4 Intensity of weed–crop competition decreases with 
resource diversity. Source: Smith et al., 2009

Fig. 5 Relationship between weed species richness and crop yield 
loss on the Broadbalk winter wheat experiment(r2=0.59,P<0.001. 
Source: Storkey et al., 2018

Why are some weed communities neutral?



• Weeds can be a source of beneficial soil 
microorganisms (Sarathambal et al. 2014; Sorty et al. 
2016; Sturz et al. 2001)

• Some agricultural weeds are strong hosts of arbuscular 
mycorrhizal fungi (AMF), although many weeds are 
weak AMF hosts (Vatovec et al. 2005)

• AMF host weeds may be harnessed to promote AMF 
colonization of annual crops (Brito et al. 2013; 
Feldmann and Boyle 1999)

• Mycorrhizal symbiosis might be increased when the 
plants involved are phylogenetically distant 
(Montesinos-Navarro et al. 2019) and differ in their 
AMF assemblages (Montesinos-Navarro et al. 2012)

Why are some weed communities neutral?

From Vatovec, C., N. Jordan, and S. Huerd. "Responsiveness of certain agronomic weed species 
to arbuscular mycorrhizal fungi." Renewable Agriculture and Food Systems 20.3 (2005): 181-
189.



Presence of beneficial organisms

DiTommaso, A, et al. "Integrating insect, resistance, and floral resource management in weed control decision-making." Weed Science 64.4 (2016): 
743-756.



Presence of beneficial organisms

• The presence of pests (Spodoptera frugiperda,  Rhopalosiphum maidis, and Colopterus spp.) 
is less abundant in weedy plots compared with weeded plots

• Predators of corn pests, such as Calosoma calidum, are more abundant in weedy plots

• Corn yield did not differ significantly between weedy and weed-free plots

Penagos, D. I., et al. "Effect of weeds on insect pests of maize and their natural enemies in Southern Mexico." International Journal of Pest 
Management 49.2 (2003): 155-161.



Presence of beneficial organisms

Patriquin, D. G., et al. "Aphid infestation of fababeans on an organic farm in relation to weeds, 
intercrops and added nitrogen." Agriculture, ecosystems & environment 20.4 (1988): 279-288.

• Black bean aphids (Aphis fabae Scopoli) are less 

numerous in weedy faba bean (Vicia faba L.) plots 

relative to weed-free plots

• No significant faba bean yield reduction was 

reported in weedy plots compared with weed-free 

plots 



How to attain neutral weed communities?

• Two approaches proposed in order to:

• Promote sustainable weed management

• Enable reduced herbicide use and soil tillage 

• Increase biodiversity without significant crop yield losses



Cropping system diversification, 

fertility management, 

integrated weed management

Artificial intelligence, field 

robots, drones, biotechnology

Approach 1 Approach 2

Autonomous weeder robots. 
Source: https://rowesys.ethz.ch

Agricultural drones. Source: 
https://www.technologyreview.com

Sprayable RNAi is a spray-
induced gene silencing (SIGS) 
technology proposed for weed 
management. Source:  Zabala-
Pardo et al., 2022

Crop diversification. Source: 
https://ourenvironment.berkeley.edu/



More research is needed!

• First year:    United States, Cornell University

Experiment in corn (Zea mays L.)

• Second year: Italy, Sant’Anna School of Advanced

Studies of Pisa

Experiment in wheat (Triticum aestivum L.)

• Third year:  China, Zhejiang University

Experiment in rice (Oryza sativa L.)





Thanks for your 
attention



Evidence of neutral weed communities

• Penagos et al., 2003
Cyperus rotundus L. (Cyperaceae), Phillanthus niruri L. (Euphorbiaceae), Eleusine indica (L.) (Gramineae), 
Euphorbia hirta L. (Euphorbiaceae), Ipomoeae sp. (Convolvulaceae), Digitaria sanguinalis Scop. (Poaceae), 
Portulaca oleracea L. (Portulaceae), Echinochloa colonum Link (Poaceae), and Cucumis sp. (Cucurbitaceae)

• Patriquin et al., 1988 
The predominant weeds at mid-season (2 July) in order of decreasing abundance were Taraxacum officinale 
Weber, Equisetum spp., Cirsium arvense (L.) Scop., Raphanus raphanistrum L., Ambrosia artemisiifolia L., 
Galeopsis tetrahit L., and Sonchus arvensis L.



Experimental design 
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Weed-free=Control
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Low nutritional level          (low)
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Surplus                                  (sur)

Wheat sowing: 15th of   
December 2020

Wheat harvesting: 30th of June 
2020

Herbicide: Timeline Trio® 
Active substances: 

Pinoxaden, Clodinafop-
propargyl, and Florasulam



Evidence of neutral weed communities
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Evidence of neutral weed communities
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Evidence of neutral weed communities

• Analysis of the effects of Indigofera cordifolia on 
the two major rain-fed crops: Pennisetum 
glaucum (L.) R. Br.] and Sesamum indicum L.

• Two years of experiment in the Indian rainfed 
desert of Jodhpur

• I. cordifolia is a leguminous weed species

Bhandari, D. C., and D. N. Sen. "Agro-ecosystem analysis of the Indian arid zone I. 
Indigofera cordifolia Heyne ex Roth. as a weed." Agro-Ecosystems 5.3 (1979): 257-
262.

Indigofera cordifolia
Source:https://powo.science.kew.org/taxon/urn:lsid:ipni.or

g:names:499181-1
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