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Food Security

ü Food security means that sufficient, safe and nutritious food 
which meets their dietary needs and food preferences for an 
active and healthy life.

ü Both undernutrition and malnutrition fundamentally threaten 
human health and long-term wellbeing

Å In 2022, 2.5 billion adults were overweight, while 390 million were 
underweight.

Å Globally in 2022, 149 million children under 5 were estimated to be 
stunted.

Å This problem is shared by both the Global North and South

Å Eliminate malnutrition, while minimizing environmental impact is a 
pressing need



SDG 2: Zero Hunger

Food Security at both Quantity and Quality Perspectives



Agriculture vs Environment

ü Large-scale intensive agriculture is the main trend to feed a 
growing global population

Å Modern agriculture practices: homogenous crops, high-yielding 
varieties

ü It might simplify agricultural systems, reduce biodiversity, and 
potentially lead to ecological instability

Å Modern agriculture:  loss of traditional varieties, high-inputs (water, 
inorganic fertilizer, pesticides), simplified landscapes

Å Significant risks: soil degradation, vulnerability to climate change, long-
term ecological stability and threaten biodiversity, and weaken the 
economic resilience of farms



Losing Crop Diversity 

FAO 2009

ü75%of crop genetic diversity and some traits disappearedin the 20th century 

Åо ǎǘŀǇƭŜ ŎǊƻǇǎ ǇǊƻǾƛŘŜ ƳƻǊŜ ǘƘŀƴ рл҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŎŀƭƻǊƛŜǎ

Åмн ŎǊƻǇǎ ǿƛǘƘ р ŀƴƛƳŀƭǎ ǇǊƻǾƛŘŜ тр҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŎŀƭƻǊƛŜǎ

üFood supplies and diets became more similarworldwide

Khoury et al., 2014, PNAS



Crop and cropping diversity

üPlanting of different crops across spatio-temporal scales

Å Varieties of one crop (planting many types of tomatoes) and genetic (within varieties)

Å Crop species (planting carrots, tomatoes, lettuce and beans on the same farm)

Å Agricultural landscapes

What is crop diversity?

Petersen-Rockney et al., 2021



Roles of Crop Diversity

Nicholson et al., 2021, Nat. Commun.

ü Crop diversity can preserve valuable genetic resources

ü Crop diversity can also ensure nutritional security, which 
is related to dietary diversity and human health 



Crop diversity improve ecosystem services

Renard & Tilman, 2019, Nature Food Meng et al., 2024, Nature food

üCompared with intensive monocropping, crop diversification can improve multiple 
ecosystem services of agroecosystems at field, farm and landscape scales

üCrop diversity stabilize food production as much as irrigation
üThe stabilizing effect of crop diversity may be stronger in larger countries



+35%

+22%

+16%

+6%

+2%

Cropping diversity increases yield

Beillouin et al., 2021, GCB

Li et al., 2021, Nature Sustainability

ü Grain yields in intercropped systems were ~ 22% greater than in 

monocultures

ü Increasing crop rotational diversity can enhance cereal yields (~16%)

ü More diverse rotations increased maize yields over time and across all 

growing conditions (28.1% on average), including in favorable 

conditions (22.6%)



Cropping diversity reduces inputs

ü Fostering temporal crop diversification to reduce herbicide and pesticide use

Å FD reduced herbicide use: ī31% for soybean, -21% for sugar beet, -20% for sunflower, -13% for maize

Å FD reduced pesticide use: -23% for soybean, -21% for sugar beet, -20% for sunflower, -19% for maize

Å Crop taxonomic diversity reduced fungicide use for all crops (ī15%), herbicide use for maize (ī9%) and potato 
(ī61%), and insecticide use for spring pea (ī65%)

Yang et al., 2021, Front. Agr. Sci. Eng.Guinet et al., 2023, Nature Food



Cropping diversity reduces impacts

ü Crop rotations alternative to conventional maize Ɇwheat systems can reduce 
groundwater depletion and increase economic output

ü Diverse cropping practices can mitigate risks associated with climate change

ü spreading risks across multiple crops, reducing the likelihood of total crop failures 

Wang et al., 2021, Agric. Water Manag. Bowles et al., 2020, One Earth



Martin-Guay et al., Sci.Tot.Env. 2018

Cropping diversity enhance resilience

ü Crop diversification can increase farm productivity 
& profitability

ÅWhen comparedto the samearea of land that was managedin
monoculture,intercropsproduced38%moregrossenergy

Å 33%moregrossincomeson average

Å whilst using23%lessland

ü Crop diversification is a viable way to deal with the
exigencies of being poor

Å Householdswhichgrow a diverseset of cropsare lesslikely to be
poor than householdsthat specializein their cropproduction

Å Cropdiversityreducesthe probability that a non-poor household
will fall into povertyandthe probabilitythat a poor householdwill
remainin poverty



ü In summary, we need to preserve crop diversity for many reasons

ÅǘƘŜ ƴŜŜŘ ŦƻǊ ƎŜƴŜǘƛŎ ŘƛǾŜǊǎƛǘȅ ǘƻ ǇǊƻǘŜŎǘ ǘƘŜ ǿƻǊƭŘΩǎ ŦƻƻŘ ǎǳǇǇƭȅ
Å the impact of biodiversity on the resilience of agricultural ecosystems
Å the contribution of diversity to nutrition and health

ÅReducing input

Beillouin et al., 2021, GCB

+ 24%

Associated 

biodiversity

Crop and cropping diversity is important



Lack of system study
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Livelihoods

ü Bridge the knowledge gap and improve 

understanding

ü Current research mainly focuses on site-

specific observations, lacking integration 

across broader spatio-temporal scales

ü RS applications remains mostly at the 

data generation level

ü Lack of system frameworks to better 

understand the process and impact 

ü Timely monitoring crop diversity and 
understanding its impact on local 
livelihoods are essential for 
sustainable agricultural practices and 
food security 



Species and variety diversity  

üKey Crop Traits

ü There are traits that we will need for the future

Å Drought tolerance 

Å Resistance to higher temperatures 

Å More nutrient density

ü All of these properties have disappeared from many 

of the commercial mainstream modern crops



Product quality and health  

üIǳƴƎŜǊ ϧ άIƛŘŘŜƴ IǳƴƎŜǊέ

ü Diets rely heavily on staple crops

Å Grain protein content  

Å More nutrient density

ü Micronutrient deficiencies 

Å Zn, Fe, Se, Mg, Ca, VitD, Cu 

Å Serious mental & physical health issue

üGrain nutrients often measured after harvest

Å unsuitable for large-area quantification of nutrients

Å precludes effective intervention with fertilizers earlier

Belgiu et al., 2023, RSE



Spatial variation of crop nutrients

ü The nutritional quality of cereals varies geospatially                 Administrative-level mean grain Ca & Zn

a, b, Concentrations of micronutrients in teff (a) and wheat (b) grain

c, Percentage of micronutrient dietary supply requirement from teff and wheat

Amhara region, Ethiopia

Gashu et al., 2021, Nature



ÂPromoting crop biodiversity through innovative space applications
ü Developing new method to detect crop traits and varieties

ÅGenetically modified crops

ü Using information of crop & cropping diversity derived from space applications across scales

ü Integrating with dietary patterns and socio -economic factors to comprehensively evaluate the 
impact of crop diversity on local livelihoods and agroecosystem

ÅComparison across countries, dietary

CropBio Purpose



CropBio Contents

Å Variety diversity

Å Species diversity

Å Cropping diversity

Å Rotation diversity

üAssessment: association between crop diversity 
and yield stability, human health and local 
livelihoods

Å on the individual farm

Å on the regional and/or dietary 

Å on national and global scales 

üMonitoring crop & cropping diversity at four aspects



Study Area - Rice growing regions

ü Southeast Asia is a major global 
producer and exporter of food crops 
and commodities, especially rice 

ü Rice-growing areas in Southeast Asia 
are characterized by fragmented 
fields and diverse cropping practices

ü Monitoring crop and cropping 
diversity in rice growing areas is 
difficult

Production of rice paddy in 2010 (FAOSTAT, 2012) Hosokawa et al., 2023, Sci. Rep.



ÅSize: 200-500ha,> 50%cropland
ÅStaplecrop: At leastoneseasonof staple

crops(especiallywet-seasonrice)

ÅRotation: Rotated/multi-seasoncropping
ÅCroptype: At leastthree croptypes

Study site selection

Å Mangshi/Ganlanba, Yunnan, China
Å Barat LautSelangor, Malaysia
Å PendemVillage, BatuCity, Indonesia
Å BatacCity, llocosNorte, Philippines



Methodology

CO-DESIGN

Listening to different voices;

jointly identifying shared matters 

of concern; shaping research 

questions-problems

Joint fact-finding, data gathering, 

learning, meaning-making;

Integrating knowledge systems

CO-PRODUCTION

CO-DELIVERY &

CO-IMPLEMENTATION

Enhancing uptake of science in 

policy; jointly delivering new 

knowledge to practitioners, 

policy-makers

ü CropBioneed to span countries, regions and generational cohorts 
ü Creation of a comprehensive systems analysis framework applicable to different regions, such as nature-

based agricultural solutions that can be tailored to the unique needs of the Southeast Asia
ü Co-designed, inter- & transdisciplinary approaches
Å Input from a wide range of knowledge holders and stakeholders
Å Integration across disciplines and knowledge spheres
Å Applied and fundamental knowledge

ü Direct engagement-policy-makers and societal actors
ü Accessible and used



Methods
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Å GVG and FieldWatch APPs for building cloud-based crop species database

Different rice varieties

Crop type and rotation

Field sampling



Plant detection

Ear segmentation
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ü Close-up images of maize with 
a mobile phone
Å to establish ear area - grain 

weight model

ü Obtain 3D point cloud by UAV 
circling flight  
Å to detect individual plants

Platforms and sensors


