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1. Historical and geographical Context of Viticulture in Mexico 4. Current management practices and their effectiveness

. . . . . . ere Current production model
® Mexico was the first North American region to cultivate grapevines (Vitis v L .
. . . . . Water management Input management
V’n’f era L°): Wlth the flrSt vines pla nted arou nd 1 629- How does irrigation shape system performance under How do synthetic inputs influence environmental
® 17 M . tat . l d . d t f h . . climate stress? sustainability?
eéxican states Incluae wine pI'O uction as part or their economic Drip irrigation (dominant practice) Synthetic fertilization and phytosanitary products
- . . . . . . . e High water-use efficiency (=80-87%) ¢ [ntensive use of mineral N-P-K systems
development, with Baja California (BC) leading in wine grape production, ( Maximize short-term water productivity (kg/mD C High external input dependency )
. . . . e Reduced evaporative and runoff losses ¢ Limited biological integration
tOtallng 4’365 ha of VIneyardS and 170 wineries. Limlitatiorgi:Lé.)W h\ﬁc)i[[‘ololgic_?l bufferin (t:_lapaci_tyk.uac_ier: Structural _char?cteriiﬁic: Pl}‘[cr)]ductivitg driven bly
® The region exhibits a semi-arid Mediterranean climate with high ﬁ{ﬁa"s?rgfituré?ﬁ%ditii'n”d' gafﬁi,“gggnade%”cyfi e ecological regulation processes. o
_ o o ¢ o _ (Hydrological) l (Biophysical and economic) l
tenjperatures (>30 40 C) and low annual preC|p|tat|on (<150 300 mm Resource efficiency System vulnerability System vulnerability Environmental impact
yr )' ¢ |Improved water productivity ¢ Climate-sensitive ¢ Declining soil adaptive e Nutrient accumulation and
Sy . . . o oo . 5 e Short-t ield f it ionic imbal
® Viticulture is constrained by water scarcity, soil salinization, and climate Stabilization’ « Uimited adaptive flexibility | Exposure toinputmarket o Salinity risks
. . . . e . e QOperational control under under prolonged drought volatility and regulatory e Ecosystem health pressure
stress, affecting long-term productivity and sustainability (Figure 1). normal conditions tightening « Soil biota disruption
® These edaphoclimatic constraints demand adaptive management | | T | |
strategies focused on soil regeneration and climate resilience. Stuctural vulnerability

Efficiency-optimized system with reduced long-term adaptive capacity

2. Methodology 5. Biological inputs - tools for resilience

5.1. Incorporation of organic amendments

This report defines edaphic and climatic limitations of

viticulture in BC and explores the potential of bio-inputs Soil texture __O'8NIC  jmprovements Agroecosystem outcomes
and circular economy strategies for soil regeneration L Sityloam _y e Farmard -y contemt T _ye mproved soi ferity
. - . * Clay loam manure * Reduced . !nc_reasgd water retention and
and climate resilience. The methOdOlogy included e Silty clay e Compost compaction infiltration
e Clay e Biochar e pHvalue ¢ Reduced land degradation risk

peer-reviewed (2015-2025) enhanced by

observation notes and on-site interviews with 5.2. Microbial inoculants

winemakers and field technicians. Soil texture Microbial agents Improvements Agroecosystem outcomes
¢ Salinity stress e Bacillus spp. * Root growth stimulation * Nutrient uptake efficiency
3 T . f B . C l. f . d e Thermal stress e Trichoderma spp. ® Phytohormone ¢ Tolerance to salinity and
¢ Nutrient =) ¢ Plant growth- = production =) heat
d e rrOI r O aj a a I o rn I a a n limitations promoting ¢ Nutrient solubilization e Reduced disease incidence
¢ Pathogen rhizobacteria ¢ Induced systemic e Greater yield stability
pressure (PGPR) resistance under climate stress

constraints for viticulture

¢ Abiotic stress modulation

High heat accumulation 5.3. Plant-based bioprotective products

& (o) o 3 i
‘, ) ® Sl:'mmer T frequen.tly >30 °C Emgf,hg? B'?grzﬁm Improvements Agroecosystem outcomes
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. e Low and deC||n|ng annual e Increasing climatic e Botanical extracts  ® Activation of plant * Reduced synthetic chemical
initati variability * Plant-derived defense pathways dependence
w preCIpI ation * Soil degradation bioactive . Anhmlcroblal activi_ty ¢ Climate adap.tabi"ty
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. theti e M lgae- ¢ Improved salinity an e Strengthened territoria
; berry sugar accumulation sa:\g:ocie?nicals baig(;)a sae heat tolerance value chains
. * Rising input costs biostimulants ¢ Soil regeneration support e Systemic resilience

7. The circular bioeconomy as a territorial model

Circular economy initiatives are advancing by reusing agricultural,
winemaking, and mariculture residues in regenerative production cycles.

Proximity to Pacific Ocean 4
[o Coastal fog and marine influence

!, Strongirrigation dependence _

;s Higher R \"’”:«:é{;ﬁgfgﬂ%}ﬂﬁﬁ?diﬁons Current actions include producing biochar from wood waste, generating
| ® High evaporative demand (ET,) vermicompost, and using its leachates as microbial inoculants, as well as
| @ Structural water deficit . ) . )

Eort!:j? - — Incorporating compost as a source of organic matter. In parallel, soil
umidity, . . . . .
lower ETo 11 , biogeochemical cycles are being monitored, and bioproducts, such as
FT{ﬁ' f Soil texture variability & biostimulants, are being adopted. Valorizing by-products, innovating bio-inputs,
ETo -galr)dxc-loa?togqut/-logrlp sécgls e y and coordinating among producers, academia, and industry strengthen the wine-
e Alkaline pH (7.5-8.2) (ECe, SAQ, g \ growing sector's resilience and reduce its dependence on linear resource flows.
e Low SOM (%) < &\
| ‘&'\,‘! Conclusions and future perspectives
Viticultural implications \ | f‘ BC viticulture is  Applying . .clrcular LO(.:E.Il mnovatlon. | IS
3 *Wp]ant (chronic water stress) ¢ o threatened by several economy principles to | thriving, as exemplified
: Sp;mgfil?ggr\?asr?;'&m'y(ECeT) : edaphoclimatic factors | tailored circumstances by Algas Pacific©'s
%, ’5* that are difficult to promotes sustainable pioneering biostimulant
counteract in a semi-  growth and increased products from local
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Figure 1. Edaphoclimatic drivers and barriers to viticulture in Baja California, Mexico. Abbreviations: \/P: Acknowledgements

Valle de las palmas; VG: Valle de Guadalupe; VON: Valle de Ojos Negros; VGR: Valle de la Grulla; VST:
Valle de Santo Tomas; VSJ: Valle de San Jacinto; VSV: Valle de San Vicente; GDD: growing degree days
(Winkler index); HI: Huglin index; ETo: Reference evapotranspiration; ECe: Electrical conductivity of the
saturated soil extract; SAR: Sodium adsorption ratio; Na*: sodium ion; SOM: soil organic matter; RH:
relative humidity; Wplant: Plant water potential. Created in https://BioRender.com
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