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Graduated PhDs from the AGD program

Class of 2019

Name (PhD model) Thesis title

Theme Green and nutritious food provision & governance

Facilitating sustainable agriculture transformation in China: the role of Science and

Jinghan Li (1+3) Technology Backyards as community-based innovation intermediaries

Healthy plates for a healthy planet: identifying opportunities and challenges for

Hongyi Cai (1+3) China

Impact of Household Production and Market Supply on Changes in Vegetable

Taian Deng (2+2) Consumption Among Rural Residents

Theme Green animal production

Decreasing nutrient loss from crop-livestock systems by manure redistribution

Tao Zhang (2+2) with minimum cost and improved management

Zhenyu Wang (2+2) Improved utilization of organic wastes to develop new feed resources

The journey of protein and starch through the gastrointestinal tract of pigs

Shiyi Zhang (1+3) Studying digestion kinetics by in vitro methodology

Dietary protein digestion kinetics in lactating sows - Lactation performance and

Hao Ye (1+3) subsequent reproduction

Economic costs and environmental effects of optimizing recycling of livestock

Tao Zhang (2+2) manure in crop-livestock production systems

Fermentative Degradation Mechanism of Resistant Starch in the Intestinal Tract of

Yaowen Zhang (2+2) Growing Pigs

Microbiota-Mediated Regulative Mechanism of Dietary Fiber on Pathogen

Zhenyu Wang (2+2) Colonization in Pigs

Impacts of Structural Optimization Strategies on Food Availability Resource Use

Guichao Dai (2+2) and Nutrient Losses of Crop and Livestock Production Systems in China
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Graduated PhDs from the AGD program

Class of 2019

Name (PhD model)

Thesis title

Theme Green ecological environment

Fanlei Meng (2+2)

Zhibiao Wei (1+3)

Luncheng You (2+2)

Hongyu Mu (1+3)

Qi Zhang (1+3)

Yanan Li (1+3)

Yu Gu (1+3)

Dongfang Zheng (2+2)

Fanlei Meng (2+2)

Luncheng You (2+2)

Zhilong He (2+2)

Agricultural Green Development in China - Integrated Assessment of green food
production, green products and a green environment

Waste2C: From Waste to Crop — Quzhou as a Living Lab for Sustainable Agro-Food
systems

Towards sustainable nitrogen and acidification management in the Quzhou and
Zhaoyuan counties and the North China Plain

Field and residential exposure of pesticides: Integrated risk analysis on terrestrial
ecosystems and rural residents

Modeling emerging pollutants in waters in the world and China: pollution sources
and reduction strategies

Modeling Nutrients, Cryptosporidium and Plastics from Land Activities into Rivers
in the World and China: Causes, Hotspots and Strategies

Combined field and model-based approaches for large scale sustainable
phosphorus management

Soil phosphorus dynamics in response to soil properties and rhizosphere processes

Integrated Nitrogen Management Strategies in Crop and Livestock Systems for
Synergistic Improvement of Water and Air Quality: A Case Study of Quzhou
County, Hebei Province

Effects of optimal management practices on nitrogen use efficiency,
transformation and losses in cropland and optimization potential analysis

NH3 mitigation potential in the integrated crop-laying hens system and its synergy
effects on reactive nitrogen losses and greenhouse gas emissions

Theme Green plant production

Jie Lu (1+3)

Zhengyuan Liang (1+3)

Lu Liu (2+2)

Mengshuai Liu (2+2)

WAGENINGEN

UNIVERSITY & RESEARCH

Increasing nutrient use efficiency in maize by merging functional structural root
modelling and marker assisted breeding

Exploring sustainable and diversified crop production systems for the North China
Plain

Zinc flow in food system and potential to close dietary zinc
intake gap in China

The roles of soil-borne fungal pathogens in plant-soil negative feedbacks under
different cropping systems
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Graduated PhDs from the AGD program

Class of 2020

Name (PhD model)

Thesis title

Theme Green and nutritious food provision & governance

Chengiang Qin (2+2)

Research on extraction of rapeseed oleosome and protein mixture and its heat-
induced gelation characteristics and 3D printing application

Theme Green animal production

Hao Liu (1+4+3)

Dongdong Lu (2+2)

Forage quality in cereal-legume intercropping: meta-analyses and empirical
studies

Mediation Mechanisms of Milk-derived Extracellular Vesicles in Maternal Resistant
Starch Diet-promoted Early Intestinal Development in Piglets

Theme Green ecological environment

Donghao Xu (1+3)

Haoran Li (1+3)

Juhui Chen (2+2)

Sijie Feng (2+2)

Large-scale impacts of nutrient management on soil acidification and cadmium
mobilization in Chinese croplands

Meat the sustainable future: Name framing and labelling strategies towards
consumers’ sustainable food choices in China

The impact of user-friendly labels on pesticide reduction

Study on the Impact of Atmospheric Nitrogen Deposition on Nitrogen Inputs in
Waters of Chinese Basins and Its Synergistic Control Strategies

Theme Green plant production

Bo Wang (2+2)

Xiaoxia Guo (2+2)

Yalin Liu (2+2)

Yuxiang Wang (2+2)

WAGENINGEN

UNIVERSITY & RESEARCH

Study on the water saving effects of diversified cropping systems in the North
China Plain based on the SW AP model under climate change

Optimization and implementation strategy of wheat-maize planting technology
based on multi-objective coordination: A case study in the North China Plain

Quantitative and mechanistic study on the advantages of efficient nitrogen use in
Intercropping systems

In-flight Radiometric Consistency Correction of UAV Optical Spectral Images Under
Variable Illumination Conditions
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Graduated PhDs from the AGD program

PhD Thesis Demonstration
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Graduated PhDs from the AGD program

PhD Thesis Demonstration

Large-scale impacts of nutrient , .
management on soil acidification HEALTHY PLATES F Ol.z Meat the sustainable future
and cadmium mobilization in A HEALTHS PLANET-
Chinese Croplands identifying opportunities and challenges for China

Name framing and labelling strategies towards consumers'
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Graduated PhDs from the AGD program

PhD Thesis Demonstration

Ph.D. Dissertation

NH; mitigation potential in the integrated crop-laying hens system and its

synergy effects on reactive nitrogen losses and greenhouse gas emissions

Ph.D Candidate: Zhilong He
Supervisor: Associate Prof. Ying Zhang
Prof. Xuejun Liu
Prof. Wim De Vries

Speciality: Plant Nutrition
College of Resource and Environmental Sciences
China Agricultural University

June 2024

China Agricultural University
Dissertation

Microbiota-Mediated Regulative Mechanism of Dietary Fiber

on Pathogen Colonization in Pigs

Ph. D. Candidate

Zhenyu Wang

Supervisor

Professor Junjun Wang

Co-supervisor
Professor Walter JJ Gerrits

Associate Professor Sonja de Vries

Major

Animal Nutrition and Feed Science

November, 2023

PhD Dissertation

Economic costs and environmental effects of optimizing
recycling of livestock manure in crop-livestock production
systems

Candidate: Tao Zhang
Supervisors: Prof. Xiaolin Li

Prof. Yong Hou

Prof. Oene Oenema

Speciality: Plant Nutrition

College of Resource and Environmental Sciences

China Agricultural University

June 2023

China Agricultural University
Dissertation

Fermentative Degradation Mechanism of Resistant Starch in
the Intestine of Growing Pigs

Ph. D. Candidate

Yaowen Zhang

Supervisor

Professor Defa Li

Co-supervisor
Professor Junjun Wang

Professor Wouter Hendricks

Major

Animal Nutrition and Feed Science

May, 2024

PhD Dissertation

Integrated Nitrogen Management Strategies
in Crop and Livestock Systems for Synergistic Improvement of
Water and Air Quality: A Case Study of Quzhou County, Hebei
Province

Candidate: = Fanlei Meng
Supervisors: Prof. Fusuo Zhang
Dr. Wen Xu
Dr. Mengru Wang

Specialty: Plant Nutrient

College of Resource and Environmental Sciences
China Agricultural University

December 2023

Ph.D. Dissertation

Effects of optimal management practices on nitrogen use
efficiency, transformation and losses in cropland and
optimization potential analysis

Ph. D Candidate: Luncheng You
Supervisor: Prof. Fusuo Zhang
Associate Prof. Yongliang Chen
Prof. Wim de Vries
Dr. Gerard H. Ros

Speciality: Plant Nutritent
College of Resource and Environmental Sciences
China Agricultural University

December 2023

Ph.D. Dissertation

The roles of soil-borne fungal pathogens in plant-soil negative

feedbacks under different cropping systems

Candidate: Mengshuai Liu
Supervisor: Associate Prof. Chunxu Song
Co-Supervisor: Prof. Liesje Mommer
Co-Supervisor: Associate Prof. Jasper van Ruijven

Co-Supervisor: Dr. Jose G. Macia-Vicente

Specialty: Plant Nutrition

College of Resource and Environmental Sciences

China Agricultural University

June 2024

Ph.D. Dissertation

Zinc flow in food system and potential to close dietary zinc
intake gap in China

Candidate: Lu Liu
Supervisor: Prof. Wen-Feng Cong
Prof. Fusuo Zhang

Speciality: Plant Nutritent
College of Resource and Environmental Sciences
China Agricultural University

December 2023

PhD Dissertation

Impacts of Structural Optimization Strategies on Food
Availability and Resource use and Nutrient Losses of Crop and
Livestock Production Systems in China

Candidate: Guichao Dai
Supervisors: Prof. Jhannes Thieo Lambers

Prof. Fusuo Zhang
Prof. Yong Hou

Speciality: Plant Nutrition

College of Resource and Environmental Sciences

China Agricultural University

June 2024




Graduated PhDs from the AGD program

PhD Thesis Demonstration
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Study on the water saving effects of diversified cropping systems
in the North China Plain based on the SWAP model under
climate change
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PhD Dissertation

Study on the Impact of Atmospheric Nitrogen Deposition
on Nitrogen Inputs in Waters of Chinese Basins and Its

Synergistic Control Strategies

Candidate: Sijie Feng

Supervisors: Dr. Ying Zhang

Co-Supervisors: Prof. Fusuo Zhang
Dr. Wen Xu

Dr. Mengru Wang

Specialty: Plant Nutrient

College of Resource and Environmental Sciences
China Agricultural University

June 2024




Overview PhD projects - starting year 2019

Posters, March 2025

Theme: Green and nutritious food provision & governance

Name Model* Project

o Interplay of market-based and command-and-control policies in agri-environmental
1. Zhiwei Yu 2+2 _ _ S _
governance: Evidence from straw-burning policies in China

Theme: Green plant production

Name Model* Project
o Designing diversified agricultural landscapes to enhance ecosystem services based on

2. Jiali Cheng 1+3 | | S | |
stakeholders’ perspectives: modeling approach and application in North China Plain
Using best practices within a farmer community to enhance the sustainability of crop

3. Zhan Xu 1+3 _
production by smallholder farmers

- Evaluating genotype-environment-management interactions for maize cultivars to tap biological

4. Yujie Yang 2+2 - - _

potential yield in different zones of China

Model*: There are two different types of PhD candidates, hence 2 models.

2+2 model: Graduates at CAU; project starts and ends in China; stays for two consecutive years in Wageningen.
1+3 model: Graduates at WU, project starts in China; stays for three consecutive years in Wageningen.
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Interplay of market-based and command-and-
ontrol policies in agri-environmental governance:

Evidence from straw-burning policies in China

Zhiwei Yu, Fan Li, Wei Si, Francesco Cecchi, Weifeng Zhang, Nico Heerink

WAGENINGEN

UNIVERSITY & RESEARCH

&) Q745 W

www.csc.edu.cn

Background

Straw burning is a common practice among farmers to dispose of
excess grain residues after harvesting, and it is most prevalent in
Northeast China. Two-thirds of straw-burning spots in China were
located in this region in 2017 (Yin, et al., 2021). To address straw
burning, Northeast China initiated a straw-burning management
reform in 2018, which utilized both market-based and command-and-
control policies (i.e., subsidy and monitoring) to control straw burning.

Objective

e Explore the effectiveness of subsidy conditional to stringent
monitoring policies in Heilongjiang, using its neighboring province as
a control group

e Examine the effectiveness of subsidy conditional to weak monitoring
policies in Heilongjiang, compared to its neighboring province

Results

Effects of subsidy on farmers’ straw-burning activities
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Figure 1. The Spatial-Regression-Discontinuity (SRD)
graphic analysis of straw-burning spots

Contact: zhiwei.yu.yzw@outlook.com

Table 1. Effects of subsidy on straw-burning spots

SRD-DID DID
OLS Poisson OLS Poisson
) (2) 3) 4)
Panel A. Sample in both autumn and spring
Treat x Autumn 2018 — Spring 2019 -3.90 -0.42%% -3.84 -0.47%*
(3.134) (0.207) (3.101) (0.202)
Treat x Autumn 2019 — Spring 2020 -15.38%%** -1.10%%* -14.53%%** -1.06%**
(3.048) (0.138) (2.899) (0.136)
SRD variables Y Y
County fixed effect Y Y
Observation 1,560 1,560 1,560 1,560
R? 0.206 0.352
Panel B. Sample in spring
Treat x Spring 2019 -4.90 -0.48%* -5.49 -(.557%%*
(3.429) (0.193) (3.541) (0.186)
Treat x Spring 2020 -28.43%%* -1.207%%* =277 3% ** -1.14%%*
(6.992) (0.174) (6.644) (0.175)
SRD variables Y Y
County fixed effect Y Y
Observation 780 780 780 780
R? 0.243 0.469
Panel C. Sample in autumn
Treat x Autumn 2018 -0.67 -0.96* -1.11 -0.91*
(3.144) (0.524) (2.988) (0.484)
Treat x Autumn 2019 -2.75 -0.82 -2.96 -0.77
(3.116) (0.502) (3.273) (0.536)
SRD variables Y Y
County fixed effect Y Y
Observation 780 780 780 780
R? 0.226 0.392

Heterogeneous analysis

Table 2. Heterogeneous analysis of subsidy effects on straw-burning spots

Autumn and spring Spring
Low High Low High
@) 2) 3) 4
Panel A: COVID-19 cases
Treat x Autumn 2018 and Spring 2019 4.48 6.40 2.70 7.08
(2.895) (5.423) (2.510) (6.082)
Treat x Autumn 2019 and Spring 2020 -5.08%* -44,00%** -13.06%** -92.46%**
(1.888) (4.304) (4.383) (11.305)
Observation 720 840 360 420
R? 0.223 0.269 0.305 0.361
Panel B: The proportion of maize planting area
Treat x Autumn 2018 — Spring 2019 -3.20 -0.90 -3.88 -4.75
(3.815) (6.106) (3.922) (6.771)
Treat x Autumn 2019 — Spring 2020 -10.80* -18.79%%* -22.89 -36.91%**
(5.843) (6.692) (13.667) (10.825)
Observation 852 708 426 354
R? 0.208 0.248 0.225 0.333
Conclusions

e During periods of stringent straw-burning monitoring, subsidization
yielded only a marginal reduction in straw-burning activities compared to
the control group, indicating limited MBI impact when regulatory

enforcement was robust

e During the COVID-19 pandemic, when monitoring efforts were relaxed,
straw burning significantly rebounded in the control group. However, this
rebound was substantially mitigated in the treatment group receiving
subsidies, suggesting that subsidies can play a crucial role when
regulatory enforcement weakens.

e The effectiveness of subsidies was more pronounced in regions with
higher COVID-19 severity and greater maize proportions in grain-planting
areas, where monitoring costs were higher, and farmers exhibited

stronger resistance to straw-burning bans

Acknowledgements

This study was supported by China Scholarship Council (No. 201913043)
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Designing diversified agricultural landscapes to enhance ecosystem services based on

stakeholders’ perspectives: modeling approach and application in North China Plain

PhD candidate: Jiali Cheng (1+3), Farming System Ecology Group & Crop Analysis Group
WUR supervisors: dr. Wopke van der Werf, dr. Jeroen Groot, dr. Andries Richter
CAU supervisors: dr. Wenfeng Cong, dr. Chaochun Zhang
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Background Results

 Multifunctional landscapes aim to provide various ecosystem services (ESs), but °
dominance by a few cereal species has led to declined ESs. 5 4. = Intensified_Original
. ] ] o ] ] ] . ] ] " - Extens_.ified_Origi_naI
 Redesigning intensified landscapes is crucial for sustainability, addressing a wide . e * Intensified_Solutions
spectrum of ESs. g,
* Diversified landscapes are believed to reduce dis-services by promoting regulating ® oo *
and supporting services, but trade-offs and stakeholder preferences complicate £ 3000
8 20000 - =
planning. °
 The North China Plain faces issues like groundwater decline and loss of biodiversity .
due to intensive cropping. s
e Efforts to systematically design landscapes are limited, especially in regions like the £
North China Plain. : 0
* The potential of crop diversification to meet stakeholders’ preferences remains Ly
largely unknown. : 0
3
g 2 »(M L’:‘% . i My, e b -g
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° The Ma I N ObJeCtlve Of th IS Stu dy IS to p rese nt d mOdeI'baSEd m ethOdOIOglcaI Relations among ecosystem services indicators for Pareto-optimal landscape alternatives generated by multi-objective optimization for intensified (blue) and relatively extensified
. . . . . (orange) landscapes in Quzhou, North China Plain. The square symbols denote the ES performance of original landscapes. The units of indicators are specified in Table 1. The units
framework for redesi gning mu ltifunctional a gricultural landscapes to tackle the of indicators: BioControl (% of maximum); GHG (Mg CO2 eq. ha! year'); DietaryEnergy (persons ha' year'); GrossMargin (CNY ha-1 year-1); SoilCarbon (Mg CO?2 eq. ha-!
year-1); N Leaching (kg ha'! year!); WaterUse (mm year-1); ShannonIndex (unitless).
local issues of ESs supply with consideration of stakeholders’ preferences.
 Redesign the agricultural landscapes with improved field-scale crop management (a) Intensified landscape (b) Extensified landscape
. . e . . Wheat-Maize (PD) - ! [ @} Wheat-Maize (PD) - ! [
and more landscape-scale crop diversification that address compromises across a || @ Producton perspecive ; . ooy | | @ Producton perspeciive | oo
. . . S @ Environment perspective : ® SN @ Environment perspective : .
wide spectrum of ESs indicators. el . -
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study agricultural landscapes @ ESs objectives selection and e
uantification - S - Change of area proportion of different cropping systems compared with original landscapes and the selected landscapes according to people’s perspectives. Wheat-maize (R) is the
Specialized agricultural landscapes 9 @ Non'welghted optlmlzatlon conventional wheat and maize system as the reference system. The sum of area changes of each landsdcapes is 0. Wheat-maize (PD) is the wheat and maize system with better
T TS Literature Survey Q method Alternative landscapes with improved management.
\.L/ ecosystem services
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® Determine candidate land uses ] o : o
Landscapes from different ‘ andscape and perspectives
Wheat-maize system Other local Semi-natural preferences of stakeholders
with better management cropping systems habitats
Change in ecosystem service (ES) indicator values of two test landscapes in two optimization scenarios compared to the original landscapes. “Ext” and “ Int” indicate the test
landcapes is extensified (ext) or intensified (int). “env” and “prod” indicated the selection of the landscapes are based on Production perspective (prod) or Environment perspective
(env) The units of indicators: BioControl (%); GHG (Mg CO, eq. ha'! year!); DietaryEnergy (persons ha-! year'); GrossMargin (CNY ha-! year'); SoilCarbon (Mg CO, eq. ha'! year
(a) (b) ); N Leaching (kg ha! year!); WaterUse (mm year'); ShannonIndex (unitless).
Conclusions
* Trade-offs between Gross margin and other non-provisioning ESs is strong.
* No single alternative landscape can enhance all ESs compared to the initial state and
meet the preferences of all the stakeholders, but the generated alternatives make
0\ the trade-offs explicit and highlight the room for choices for different stakeholders.
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Background Results

« Improving the sustainability of crop production on smallholder farms is often difficult .+ Three farming types, labour-saving, full-time, and well-endowed farming systems,

as smallholder farmers face numerous resource constraints. were identified based on variations in farmer, farm and household attributes. These

« While many strategies have been prOpOSEd, few studies have examined to what farming types are representative of broader trends across China.

extent using best practice cropping systems and practices of farmers in a community Labour-saving farming

Full-time farming Well-endowed farming
: : e : (n=260) (n=204) (n=22)
can enhance crop production sustainability in the community as a whole. On-farm Off-farm Off-farm On-farm Off-farm
. | ﬁi | M ‘
Stevia Maize
3% 2%

Scallion
2%

Stevia
2%

Stevia

Objectives

Others
0,

7% Maize

2%

« To investigate how cropping systems and management practices adopted by some

farmers with outstanding performance in the environmental, economic, and social

Cotton

25% Others

domains can help other smallholder farms improve the sustainability of their crop

production in those domains;
Farm area = 2.78 ha

Household size=3 capita

Farm area = 0.60 ha
Household size=2 capita
Eldest farmer

Fig. 2. Three smallholder farming systems and their related characteristics.

Farm area = 0.72 ha
Household size=5 capita

« To characterize the diversity of farming and identify the constraints faced by each
farmer type;

« To identify farmers with outstanding performance across multiple sustainability « Results show that integrating cropping system reallocation and positive deviant

indicators and investigate the underlying reasons by comparing management management practices could improve multi-dimensional sustainability performance

practices and cropping system allocation with other farmers; across all farming types. If adopted countywide, these alternative configurations,

- To redesign farming systems by the average management practices of all farmers in
each farmer type and the average management practices of positive deviant
farmers in each farmer type to further improve overall farm performance;

To discuss the implications of these alternative solutions for advancing the

sustainability of smallholder crop production.

combined with positive deviant management practices, could lead to a 36% increase
in gross margin, a 26% rise in dietary energy vyield, a 7-fold increase in vitamin C
yield, a 47% improvement in crop diversity, and reductions of 43% in N surplus,

24% in pesticide use, and 6% in irrigation water consumption.

® SC1® SC2® SC3® sc4

Gross margin

: : Labour requirement
Dietary energy yield

Methods

We developed a three-step methodological framework to identify opportunities for

-+~~~ >» Irigation consumption

alternative farming systems aimed at improving crop production sustainability across Vitomin Cyieid { D NNy,

multiple domains.

Step 1: Characterize the diversity of farmer types

.
Attribute variable |+ Farmer typology JI

Crop diversity Pesticide use

N surplus

Farming type

Fig. 3 Relative comparison of the four scenarios (SC1-SC4) based on sustainability

' indicators at the county scale. All sustainability indicators are rescaled to range from O
Step 2: Multi-criteria assessment of farm performance (minimum) to 1 (maximum). Larger values indicate better performance for all indicators.
SC1 (baseline): Average cropping system allocations and management practices per
farming type. SC2 (Exemplary): Average cropping system allocations and management
practices of exemplary farming per farming type. SC3 (Reallocation): Optimised
] allocation of average management practices (as in SC1). SC4 (Integration): Optimised
allocation of management practices of exemplary farming (as in SC2).

[ — W— W— — W— — — —— — —

Sustainability indicator - Empirical quantification |

Current sustainability performance for each farm type

4

Step 3: Identify potential improvement alternatives

Conclusions

Exemplary system I - The findings demonstrate that while not all sustainability challenges can be
{Paretorankjng ] i i FarmDesign model and i addressed through existing cropping systems and management practices, many
i clustering & MIDIP i i positive deviant i problems can be at least partially resolved.

EL_O_fiii_‘lafi_‘iﬂ _________ i i__lilfl_lf’oie_lil_el_lt_})_ff‘it_i‘f____i - The findings highlight the potential of combining farmers’ adopted cropping
systems with best management practices within a farmer community that expand

L ]

Sustainable farming system prototype for each farmer type

the envelope of options, leading to improved sustainability performance across a

community of farms.

Fig.1 Overview of the three-step methodological framework for identifying alternative
farming systems. Dashed-line boxes represent the methods used in each corresponding
step. MIDIP is the multi-indicator distance to the ideal point.
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Evaluating genotype-environment-management interactions for maize

cultivars to tap biological potential yield in different zones of China

Author: Yujie Yang
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Background Results

In China: A total of 1912 papers(xianyu335-559;zhengdan958-1353) were collected from Web of science

and CNKI. These two cultivars are widely planted in China. We found the main contribution
factors of the two varieties in high-yield and low-yield fields
» Genotype
2000-2019, 1362 maize . Climate factors
varieties were authorized. W25 3 . Management measures
| s T O
» Environment 2 20 o, g £ £ :;3 . Soil factors
. . e T8 S s, 8 2853
« Longitude and latitude 2 $2%225830 33525358
z'ﬁ%%%%%%g:*m”%’-‘?-@ﬁ@Qf
- Precipitation 0% QTR 2ZTE T 5558
6 L Y T T 2 SEIISFSE LS
 Photoperiod > 1 9T % T B SRR S
20
 Temperature %&. :
=4 1
* ... &O .OIYQI/ i :
» Management Sa,,%’,’epe,./‘:;/ 0
Iae Y [
. ape - O[' . dl[[‘ { 1
Fertilizers Research question: How to use GEM models to Tia’bc%f:’o I
* Pesticide oredict the potential yield of different maize Te::’V N
 Planting patterns varieties in different regions of China? SOWI.né‘:)I:IUr
— Pt dengi,
N applicatiop s
Precipitation s n
Objective == g+
Soil pH
plant density
/ Soil a\la“ab\e
o N P
» Marker .o a0
information N
ﬂ&? . ﬁ\‘&“ e
g\c NN
 Nutrient acquisition S L7 0‘%'&@(@““‘. !
\\\ ,’, .Qeé\){? :
\ - !
 Nutrient movement e ¥ i 5&\5‘“ Q@@Q‘s !
\\\ /’, o‘\\q’?x ' I
« Nutrient accumulation -l A g S !
and remobilization Genotype X Environment ' ’ :
(G) (E) — | :
+ Nutrient utilization !
and growth !
| :
.« ... °\ L !
e | o) |
« P |
o/
e Hiah vield Figure 2. The contribution rate of different factors to both high and low yield of Zhengdan958
gny and Xianyu335 in different regions of China. Note: 1). The importance values are derived

° —|igh efficient utilization of resource from a random forest analysis. **** p < 0.0001, *** p < 0.001, ** p < 0.01 and * p< 0.05.
: 2). "+"” represents positive correlation with yield, “-" represents negative correlation with yield
e Low environmental cost

Method-roadmap Conclusions

» 1) Xianyu335 (love rainfall and nutrients) :In the Huang-Huai-hai high-yield field,
it is not resistant to high temperature, enjoys light, and is suitable for the
/ -------------------------------------------- \ environment of high soil available nitrogen and phosphorus. In the north, soil with
: Chapter 4 high available nitrogen is suitable, and in areas with high rainfall, high yield is mainly
Zhengdan Environ achieved by densification.
958 ment management » 2) Zhengdan958 (poor and high temperature resistance) :In the Huang-Huai-hai
high-yield field, sunshine, rainfall, high temperature resistance, moderate

J_, Model>cr0p densification. In the northern high-yield fields, it is necessary to sow early, soil
nitrogen should not be too high, and rainfall should not be too large. Love high
GGE-plot

weather temperature and long light.

1 Marker }
Proper planting I

arca/pattern Proper variety Simulation yield ) References & Acknowledgements

Proper area

« [1] Wang EL, Brown HE, Rebetzke GL et al. Improving process-based crop models to better
capture genotypexenvironmentxmanagement interactions. Journal of Experimental Botany,

N
Maize germplasm Targeted breeding 2019, 70: 2389-2401.

« [2] Chen XP, Cui ZL, Vitousek PM, et al. Integrated soil-crop system management for food
security. Proceedings of the National Academy of Sciences, 2011, 108: 6399-6404.
NUE QTL - [3] Rakshit A, Singh HB, Sen A. Nutrient use efficiency: from basics to advances. Springer

Publishing Company, 2015, ISBN 978-81-322-2168-5.
— 4 4
2000 2019

» This study is supported by China Scholarship Council (No. 201913043)

: Green crop production

Contact: yangyujieyyjl23@163.com
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Overview PhD projects - starting year 2020

Posters, March 2025

Theme: Green and nutritious food provision & governance

Name Model*

Project

1. Yujun Wei 1+3

2. Ruijin Luo 242

3. Junhan Zhang 143

4. Zhiyao Chang 242

Optimizing Food Loss Utilization for Platform Chemical Production: A Quantitative Analysis

Optimizing the Economic and Environmental Performance of the Gannan Navel Orange Supply

Chain (GNSC)
The impact of product deterioration on the(re)design of food supply chain networks: An

application to a perishable food supply chain

Developing the Sustainable Alternative Diets with Respecting Regional Food Culture in China

Theme: Green animal production

Name Model*

Project

5. Rui Shi 143

6. Yujuan He 2+2

/. Weitong Long 143

8. Fei Xie 2+2

Balancing farm profit and greenhouse gas emissions along the dairy production chain via

breeding
Legume-driven soil microbial legacies enhance maize growth by shaping root morphological traits

and are contingent upon phosphorus input
Unintended trade-offs between food security and environmental sustainability: Impacts of

China’s dietary shift and afforestation under a stringent climate mitigation policy
Detecting excretion behaviour of group pigs and ammonia emitting area using thermal and RGB

Images

Theme: Green plant production

Name Model*

Project

9. Zhaogqi Bin 1+3

10. Ruotong Zhao 2+2

11. Bowen Ma 2+2

12. Laiquan Luo 1+3

13. Jiyu Jia 242

14. Yizan Li 1+3

15. Yanjie Chen 242

Application of plant-soil feedbacks in agriculture: using trait-based prediction for improving crop

rotation
Mycorrhiza-mediated recruitment of complete denitrifying Pseudomonas reduces N20 emissions

from soil
Developing diversified cropping systems for enhancing integrated sustainability on the North

China Plain

A hybrid design for a safe, versatile soft robotic gripper for agri-food

Unlocking Soil Health: Are Microbial Functional Genes Effective Indicators?

Assessing nutrient cycling for soil health and sustainable management in agroecosystems: A

modelling approach

Drivers of pollinator abundance and diversity in the North China Plain

Model*: There are two different types of PhD candidates, hence 2 models.

2+2 model: Graduates at CAU; project starts and ends in China; stays for two consecutive years in Wageningen.
1+3 model: Graduates at WU, project starts in China; stays for three consecutive years in Wageningen.
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Optimizing Food Loss Utilization for Platform Chemical

Production: A Quantitative Analysis

Yujun Wei, Susan Caroline Alvarado Cummings, Xuexian Li, Huub Rijnaarts, Wei-Shan Chen
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Background Results & conclusions

The fossil-based chemical industry significantly contributes to Mass flow from crops to streams during Primary Production and
greenhouse gas (GHG) emissions and resource depletion, with only Processing & Manufacturing in Europe:

2% of global chemical production being biobased. Utilizing food loss Primary Production (PP) Processing and Manufacturing (P&M)
as feedstock for biobased platform chemicals presents an opportunity

to mitigate emissions and valorize waste. However, challenges such

as feedstock variability and process feasibility hinder widespread Imports
adoption. Food waste biorefineries offer environmental and economic -
benefits but face investment, market, and processing challenges. W/
Optimal feedstock selection and process matching are crucial for
successful valorization.

Food loss Food loss
PP P&M

Other beer ingrecients

Barley

Products

Maize

Sugar beet

Animal
Feed

Olives
Rapeseed

BIOBASED CHEMICAL PRODUCTION (tons/year) PLANT-BASED FOOD LOSSES (1000 tons/year) Suriicie:

Soybeans
Potatoes

<2.1K 2.1K - 4.1K . 4.1K - 6.2K . 6.2K - 8.3K . > 8.3K <9.2K 9.2K - 18.5K 18.5K - 27.7K . 27.7K - 36.9K . > 36.9K Onions
Tomatoes
Apples mm; nd puree
Grapes S \% . \ :
Lemons > B e Water
Oranges - — S '
Bananas
Exports
Seed and Fresh
non-food distribution
Cereals Sugar crop Oil crops Vegetables [ Fruits

Figure 3. Mass flow from crops to streams during PP and P&M in Europe.
The Sankey diagram highlights (red) the food loss streams derived from
cereals, sugar crops, oil crops, vegetables, and fruits during PP and P&M,

Fig 1. Geographical patterns of biobased chemical production and including those imported and exported.
plant-based food losses

8 .
3 g

Objectives

This research will try to achieve the following research objectives:

(1)What existing data is available regarding food loss and the
production of biobased chemicals, specifically pertaining to
relevant regions, food loss types, and the main valorization
pathways?

(2)What potential matches can be identified between specific food
loss streams and biobased chemicals?

(3)How much of the biobased chemicals demands can theoretically
be produced from food loss based on available data?

(4)What are the optimal solutions for matching food loss streams
with biobased chemicals to minimize environmental impact and
maximize economic benefits?

Figure 4. Comparison of the literature review frequency (left) vs the
suggested allocation from this study (right).

3000 0

Methods

The research methodology consists of a series of steps designed to
investigate the feasibility of obtaining biobased platform chemicals
from food loss streams and valorization technologies. The steps are
system and data boundaries, matchmaking, quantification, and
decision analysis and optimization.

-1000

2000

-2000

1000

-3000

-4000
Max profit Min GHG Max production Multi-Objective Max profit Min GHG Max Prodction Multi-Objective

Feedback

. | | | Figure 5. Total profit and emissions based on multi-objective

Sysgg{ngggeclata "+ Matchmaking -~  Quantificaton = gig'i';ml”gzz': programming results.
This study highlights key aspects of food loss valorization and biobased
Objective S ety matones e St oot chemicgl production. .Food loss quantification confirms .its potenti.al to
current data available between food loss loss and production of solutions considering meet biobased chemical market demands. Among various chemlcals,
&?ﬁ?ﬁﬁ‘fﬁ:ﬁ St_’e,?;'tﬁcf:;';’ﬁ”" b'?rt:)ansﬁdo;;?o'gfa' i S lactic acid and succinic acid emerged as promising candidates,
e Popaseaeemicas comg;.g:nm PREmEErs emphasizing the need for further research on optimal chemicals. The
S unique composition of food loss streams affects their suitability for
different chemical productions, reinforcing the importance of demand-
Methods S e e e C i driven valorization. While the study provides a strong foundation,
® Linear programming limitations include model simplicity and data comparability issues. Future
research should refine decision tools and standardize methodologies to

Fig 2. Overall methodological approach of this study. optimize sustainable food loss biorefineries.
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Optimizing the Economic and Environmental Performance of
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Background An Umbrella Case — southern Jiangxi Navel Orange
< 10%
Banana 2 8%
13.16% 4 |
=]
£ 6%
& sl =
£ 2% 55 a.k
Ofers = 5!" s
65.08% 2z 0%
20112012 2013 2014 20152016 20172018 2019 " GANNAN NAVEL ORANGE
Yeal' A 13....¢.\.~....~L,.‘~~,-....<.,-‘~L<\.«rw.-.f;,;,v.~-. — .\..,,—-;o.r\n.,.;‘._.;‘;;_. N R
Citrus - Most popular fruit
. POp . Export - Low & fluctuated
China - Largest production
Input - High
Efficiency — Low
Activeness — Moderate
b _ « Most famous and valuable citrus - Harvested area: 1.1x10° ha
ODbjectives .
J « Since: 1970s « Output: 1.4 x10°%t
1.Framing a fooc_:l sgpply chain_ as_,sessment m_eth_od from e_c_onomic _and envirc_)nmental - Brand value: 67.8 billion CNY (2020)
perspectives via life cycle thinking and multi-criteria decision making analysis.
= = - [ - 2 —
2.Determining the economic and environmental performance of navel orange supply 0
chains in southern Jiangxi as an umbrella case study. 2500 | -
£1s
3.Exploring agriculture green development (AGD) options for China's green navel 2000 | g -
orange industry to redesign and transform the existing structure towards a circular — T T
. & 1500 . = - ackaging
and market driven one. e - s
S 1000 | :Is,orziing' ig « Production
roduciton éos I
rethods m N
RQI What is the sustainable pOI'thliO of the GNSC? ’ Conventional Green Organic ’ Conventional Green Organic
I | ! Types of supply chains Types of navel orange supply chains
RQI1.1: What are the value-added RQ1.2: What are the environmental
process and challenges of the GNSCs? impacts and hotspots of the GNSCs? 100% - 100% -
l Life Cycle Costing l Life Cycle Assessment -
* Most profitable supply chain * Most environmentally friendly
* Key value adding & costing sectors supply chain 80% 1 80% 1
 Profit distribution » Hotspot sectors and indicators 2
v v e P
Economic performance of the GNSCs Environmental impact of the GNSCs § 00% :ﬁi;t::tg g 60% = Transportation
I v I g Packaging :g . ls):lckagging
= o | & Storage g % oré ‘
RQ2: What are the most promising options for the GNSC? E o -Sortifg S :ifgg;‘fﬁon
‘ Data Envelopment Analysis | Multi Obejective Decision Making . = B Produciton
* Economic & environmental 20% 20% t
* Production e Storage efficiency
* Purchase * Packaging » » Stakeholders’ willingness ) o
* Transportation ® Marketing > Supply chain structure o Conventional Green Organic ' Conventional Green Organic
. POllcy & Subsidies Types of supply chains Types of navel orange supply chains
v v
Efficient options for the GNSC Practical options for the GNSC Fig.3 The economic and environmental performance of navel orange supply chains in
Fig.1 Technical routes southern Jiangxi and their contribution rates.
1. Life Cycle Assessment (LCA) . Green labeled GNSC is economically and environmentally less costing than its organic
Life cycle assessment (LCA) 1s a methodology for assessing environmental impacts associated with all the stages of the life
cycle of a commercial product, process, or service. For instance, in the case of a manufactured product, environmental impacts counterpart.
are assessed from raw material extraction and processing (cradle) through the product's manufacture, distribution and use, to the _ _ _ _
recycling or final disposal of the materials composing it (grave).lll (21 The aim is to document and improve the overall  Production, packaging and transportation are the most economically and

environmental profile of the product.!?] _ _
environmentally costing sectors.

Goal and Scope Inventory Impact _ _ _ o _ _ _
Definition Analysis Assessment - Fossil fuel potential, terrestrial ecotoxicity potential and agricultural land occupation

potential are identified as more critical indicators to GNSCs.

Interpretation

_ _ _ « Green labeled GNSC is less profitable than its organic and conventional counterparts.
Fig.2 Illustration of the general phases of a life cycle

assessment, as described by ISO 14040
2. Data Envelopment Analysis (DEA)

Data envelopment analysis 1s a process of deﬁmng Yahd measures of performance comparison among pecr Decision Making Units [1] Ilgin, Mehmet Ali; Surendra M. Gupta (2010). "Environmentally Conscious Manufacturing and Product Recovery (ECMPRO): A Review of the State of the Art".
(DMUs), using them to determine the relative positions of the peer DMUs and, ultimately, establishing a standard of excellence to

explore improvement options to achieve the excellencel’!. Dimensions typically measured are quality, time and cost.

References

Journal of Environmental Management. 91 (3): 563-591.

[2] EPA NRMRL Staff (6 March 2012). "Life Cycle Assessment (LCA)". EPA.gov. Washington, DC. EPA National Risk Management Research Laboratory
- - - = . NRMRL). Archived from the original on 6 March 2012. Retrieved 8 December 2019.

3. Multiple Objective Decision Analysis (MODA) ( ) :

i - .. : . . S ) .. : [3] Zhu J (2009). Quantitative models for performance evaluation and benchmarking: data envelopment analysis with spreadsheets|[M]. New York: Springer.
Multiple objective decision analysis, also known as multi-objective optimization is a sub-discipline of operations research that

explicitly evaluates multiple conflicting criteria in decision making and choosing the best solution*]. MODA has been an active [4] Claassen, G.D.H., Hendriks, Th.H.B., Hendrix, E.M.T., (2007). “Decision Science, Theory and applications”[M]. The Netherlands: Wageningen Academic
area of research since the 1970s. MCDA is divided into multiple approaches in order to evaluate several alternatives or design an Publishers.
alternative (solution) by solving a mathematical model.

|dentifying the Selecting Selecting quantitative
broblems evaluation criteria indicators

Acknowledgements
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Stabilty of the
results

Fig.3 Multi Objective Decision Analysis Procedure
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The impact of product deterioration on the(re)design
of food supply chain networks:
- An application to a perishable food supply chain

Junhan Zhang, Ruijin Luo, Xuexian Li, Ting Meng
Peter Kirst, Sander de Leeuw, G.D.H. Claassen
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Background

Given the increasing demand for freshness, the need to reduce
food waste, and to ensure food safety, it is crucial to consider
quality deterioration processes in the (re)design of food supply
chains.

Past developments in food supply chains focused foremost on
efficiency and economic profitability, resulting in large-scale
centralized processing facilities. This has become a liability as
efficiency in large-scale processing limits product differentiation
and flexibility.

Decentralized, (upstream) pre-processing, and improved pre-
treatments can affect product deterioration in an early stage,
resulting in more diverse and intermediate product flows that Nz
can be used in existing and new value chains and provide new e

markets. ,-gr, . Different storage
= ' conditions

Results

The optimal network configurations in different scenarios are
different.

The base scenario

The objective function value, representing the total gross
profit, is the highest in Scenario 3 with combined decentralized
pre-processing and improved storage. Compared to the base
scenario, the total profit is 4.6% higher in Scenario 1 with only
decentralized pre-processing, 6.7% higher in Scenario 2 with
only improved storage, and 7.2% in Scenario 3 with the
combination.

Objectives

To identify the benefits of alternative supply chain structures,
we propose a generic model based on mixed-integer linear
programming.

The modelling structures are applicable to a broad variety of
different (food) supply chains.

Quality level distribution of sold fresh products

Besides economic
Methods performance, the network  —
redesign also affects the

H
w

quality of the final products,
particularly those sold to the

w
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It is possible to add artificial nodes in the network in a
sequencial or parallel way to model the redesigned network:

w
B

fresh market. The weighted
average quality level of all
products sold to the fresh
market is 47.2 in the base
scenario and Scenario 1 but
increases by 4.6% to 49.5 in
Scenario 2 and by 4.4% to |
49.3 in Scenario 3.

Ratios

w
w

133,13.90%

Quality levels
N w
0.0} =
] |I |' I 1] ||

N
[e)]

25 ®

23 IR —— 3, 15.90% ]

. P— 2, 13.58%|

Conclusions

This paper aims to emphasize the impact of quality
deterioration for the strategic (re)design of FSC networks. To
achieve this, a generic modelling framework and two additional
modelling structures are suggested that can be applied to a
wide range of product-specific circumstances. We demonstrate
that the general building blocks can be used by decision-
makers to (re)design entire or partial food supply chains.
Future research could extend the proposed NFPP model in
several directions to enhance its applicability and robustness.
First, applying the NFPP model to various high- or low-
perishable products, such as strawberries or grains, could
provide additional insights into the impact of quality
deterioration on supply chain network design under different
levels of perishability.
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Developing the Sustainable Alternative Diets with
Respecting Regional Food Culture in China

Zhiyao Chang, Elise F. Talsma, Hongyi Cai, Shenggen Fan, Yuanying Ni, Xin Wen, Pieter van ‘t Veer, and Sander Biesbroek
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3) Diet optimization: DEA model
Background
Data envelopment analysis (DEA) was applied to benchmark diets for increasing the

adherence to food-based dietary guidelines and alternative diets were optimized as
linear combinations of benchmarked diets that complied with different
sustainability goals: maximized nutrient quality (Nutrient Rich Diet score, NRD15.3),
minimized greenhouse gas emissions, GHGE (the other environmental footprints:
Total water use (TWU) and Land use (LU) were calculated meantime but not
optimized), minimized diet cost, maximized diet preference (i.e. minimized
absolute deviation from observed diets), and an integrated scenario. Trade-off
analyses were also conducted between sustainability indicators.

Diet shifting towards a more sustainable pattern 1s urgently needed for China.
Diet modelling can integrate multiple dimensions of sustainability to identify
improved diets. This study aimed to define Chinese diets that are nutritious,
affordable and have lower environmental footprints, while accounting for diet
preference by a benchmarking approach.

Objectives

» To identify benchmarked diets among Chinese regions for adults using the

Simulations Objective Defining
DEA method. @ () o
—— MP model: optimizingdiets DEA: benchmarkingdiets —— |
. . ) . . o . ] e — Set of food items el I P Set of current diets ... ;%;/,’ ?',‘ :E;?,éb|§:5|%l%$ |
» To achieve alternative diets that improve each/all sustainability dimension(s) Lol | - [n] @ - Cm o
) ) . ) . L ) Cultural acceptablllty and food habits %
regarding nutrient quality, environmental footprints, affordability, and diet
Acceptability constraints % ‘g _____
pre ferenc CS. : Nutrilent constraints I Nutritional benchmarking (DEA) g é
. . . oqe a1 qz Qn A A Am ~§§ eir .
» To investigate trade-offs between every two of the four sustainability | l , , g L e
: : L. : : Calculated diet: Calculated diet: Foods or nutrients to decrease @) (o2 . meat,
dimensions when optimizing the alternative diets. C it O || it RS |
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Figure 1. Food group consumption in observed and GHGE, -~ , Cost.

15,725 participants (10,324 adults) till 2011 modelled diets (women).

12 provinces or municipalities till 2011

Discussion and conclusion

289 communities in 2011

24-h dietary recall (Dietary data) Realistic and more sustainable diets considering multiple indicators are

Northeast region possible for Chinese consumers, the trade-off effects might be further
magnified when attempting to simultaneously pursue multiple sustainability

B Metropolitan cities
goals. To attain ultimate sustainable diets, a necessary stepwise process is
B East region :
needed through the efforts of generations.
- Central reg|0n 1 Healthy & ,/, Solution space i //,' current /
Sustainable diet .’ 2)9 . solution spac/e//
Bl Southwest region L E gLa:cie(ta:I?etEAT 5 5
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’ ° . ° .
** Environmental fOOtprmtS based on Chinese Food Life Figure The conceptual diagram of identified DEA-efficient diets Figure Achieving fully sustainable diets is a necessary stepwise
CycIe Assessment Database (CFLCAD); (peers) under the individual regions versus overall population process through the efforts of generations
.. circumstance. Red lines are the DEA-efficiency frontiers for
GHG emissions each scenario
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Background Results
» Dairy farming is responsible for approximately 20% of the greenhouse gas (GHG) * Intensity value = extra GHG (in CO2 -eq) from 1-unit increase of a trait
emissions caused by all g lobal livestock (a) Intensity value = -0.045 (b) Intensity value = -0.322 (c) Intensity value =-0.075

 Selective breeding can help in GHG mitigation i

* For breeding a parameter is needed that penalizes increase of GHG

MY FY

* The penalty should cover all GHG produced along the dairy chain

* GHG breeding might be in conflict with economic profit

(d) Intensity value = -0.037 (f) Intensity value = 0.275

Objectives

Cl MAS

* Define a GHG penalty for the breeding goal traits, to quantify the GHG-impact in

breeding programs

* Design optimal breeding programs for selecting against GHG and economic

profit Fig 1. contribution of GHG-sources (Feed, Enteric, Manure, Energy) to intensity value of a trait

* The breeding programs are balanced for GHG-reduction and economic profit,

Methods without negative consequences for other breeding goal traits
* Data: from a typical commercial Holstein dairy farm in Beijing, China * Breeding animals with optimal indices could reduce GHG emissions by 6 to 10
Table 1. Characteristics of the study farm in Beijing, China CO,-eq per ton of fat-protein-corrected milk, while increasing profitability by
: 822 to 1,355 Chinese Yuan per cow unit
ltem Unit Value
Number of cows nead 1,523 o
Number of youngstock head 1,429
Milk yield kg/cow/year 11,533 s . | |
Protein content of milk % 3.3 : i e
v, Optional indices
Fat content of milk % 4.5 S > Olpug
< 07 »  Olgpission
Age at first calving month 26 f‘ . ol
Replacement rate % per year 33.5 " Ot
£ 10
* Economic consequences assessed by bio-economic model ¥
-20 -
* GHG emissions: life-cycle assessment (LCA) 00 1000 S0 0 S0 10001500
Profit (CNY)
v Emission sources: fertilizer manufacturing’ field Operations) processing Fig 2. Economic (x-axis) and environmental (y-axis) consequences of different breeding programs
and transportation of crops and concentrates, enteric fermentation from ]
Conclusions
animals, manure management, and the production and combustion of
energy * The constructed Intensity Value is a GHG-penalty for a breeding trait and is
v GHGs: CO,, CH,, and N,O based on GHG from on the entire dairy chain

* Intensity values can be used in breeding programs to reduce GHG production

* Breeding program on the following traits and to balance with breeding for economic profit

v’ Production: milk yield (MY), protein yield (PY), and fat yield (FY)

v" Reproduction: calving interval (Cl) Acknowledgements

/ ° . . .
Longevity: productive life (PL) We gratefully acknowlege the sponsors of this research:China Scholarship Council (NO.201913043)

v’ Health: clinical mastitis (MAS) and Hainan University.
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Legume-driven soil microbial legacies enhance maize growth by shaping root

morphological traits and are contingent upon phosphorus input
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Background

Various plant species trigger the multiplication of different microorganisms as
they grow (Bardgett and Van Der Putten 2014; Philippot et al. 2013). When these
plants eventually disappear, their microbial legacies remain in the soil and
subsequently affect the following plant growth 1n the same soil (Teste et al. 2017;
Van der Putten et al. 2013). However, the optimal grass: legume ratio in ley
pastures that could benefit the subsequent crop and the mechanisms of their biotic

legacy effects on the subsequent crop are unknown.

Hypotheses
In this study, we hypothesized that:

(1)Legumes and grasses differ in their impacts on the composition of soil fungal
and bacterial communities.

(2) Legumes 1n leys enhance subsequent maize growth by inducing accumulation
of beneficial microorganisms and reducing pathogenic fungi.

(3) Phosphorus fertilizer enhances the legacy effect of legumes.

Methods

An experiment with two factors was set up 1n a greenhouse at China Agricultural
University in a randomized block design, with nine soil legacy inocula (based on
monocultures of Medicago sativa, Onobrygis viciifolia, Dactylus glomerata,

Festuca arundinacea, and mixtures of two legumes (L) and two grasses (G) in L:G

ratios of 3:7, 4:6, 5:5, 6:4 and 7:3) and with three P addition levels: 0, 20, 50 mg

kg~! soil (PO, P1 and P2). Each pot contained two maize plants and 1.5 kg soil (10%

inoculum soil, 90% sterilized soil).
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Fig. 1 The aboveground biomass (a), below-ground biomass (b), root/shoot ratio (c) and
total biomass (d) under different soil legacies and P levels of maize. The aboveground,

belowground and total biomass increased with increasing P level.
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Fig. 2 The above-ground biomass

(a), below-ground biomass (b),
root/shoot ratio (c¢) and total
biomass (d) predicted by the

Diversity-Interactions model under
different soil legacies and P levels
of maize. Pairwise comparison tests
were performed across the different
P levels (uppercase letters) and nine
soll legacies (lowercase letters)
separately. * P < 0.05; ** P <0.01;

% P <0.001.
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Conclusions

We explored soil biotic legacies conditioned by different species 1n

monocultures and mixtures to affect the growth at early growing stage of maize

under different phosphorus fertilizer levels. Our results demonstrated that

species-specific effects and the proportion of legumes in prior mixtures shaped

the bacterial and fungal legacies, which 1n turn affected subsequent crop growth.

These effects were part!

high phosphorus levels.

y brought about by effects on root traits, especially at
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Background

Food, land, and climate are deeply interconnected and play a
crucial role in achieving Sustainable Development Goals
(SDGs), particularly SDG 2 (zero hunger), SDG 13 (climate
action), and SDG 15 (life on land). However, measures
designed to advance one SDG may create trade-offs or
unintended consequences for others, highlighting the need to
assess their broader systemic impacts. This study bridges the
gap by analysing the linkages between food security,
sustainable land management, and climate change in the food-
land-climate nexus, with a particular emphasis on China and
cross-border impacts on its major food and feed trading
partners, given its critical role in global markets for food and
feed. A sustainable food system should be able to feed
everyone on Earth while also stabilising global land use, and
reducing climate change (Foley et al., 2011).

Scenarios & Indicators

To achieve that, we focused on the improvement of one or more
components in the food-land-climate nexus. In this study, four
scenarios were simulated: three scenarios focusing on
Improving one nexus component, and one combined scenario
focusing on improving all nexus components. The food scenario
(S1) indicates a dietary shift in China toward the EAT-Lancet
diet recommendations (Willett et al., 2019), aligning with SDG 2
(zero hunger). The land scenario (S2) represents a unilateral
afforestation policy based on China’'s National Forest
Management Plan (2016— 2050) (Forest Park of National
Forestry and Grassland Administration (FPNFGA), 2016),
supporting SDG 15 (life on land). The climate scenario (S3)
presents the implementation of a global uniform carbon tax to
reduce GHG emissions, In line with the Paris Agreement
(IPCC-WGIII, 2014; UNFCC, 2015) and SDG13 (climate action).
The combined scenario (S4: S1+52+S3) integrates all land,
food, and climate measures. Key food security indicators (food
prices, affordability, and availability) and environmental
sustainability indicators (cropland use, pastureland use,
nitrogen fertiliser use, phosphorus fertiliser use, emissions of
GHGs, emissions of acidification poulltants, and emissions of
eutrophication pollutants) were assessed for China and its
major food and feed trading partners (MTP, including Brazil, the
United States, and Canada).

Framework & Methods

* Model type: Static applied general equilibrium (AGE)
model of the global economy
» Data source: Global Trade Analysis Project (GTAP)

model version 10
» Scope: 65 sectors, 141 regions (Base year: 2014)

Contact: weitong.long@wur.nl
T+(31) 616269193

Results

»Impacts of mitigation measures on food security.

a b Changes in food availabisty in Cc d Changes avatatay
Changes in WWV Changes In food avallability in 53 in food nS4
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Conclusions

* This paper has attempted to analyse the linkages between
food security, sustainable land management, and climate
change in the food-land-climate nexus, with a particular
emphasis on China.

 Our results indicate interesting results for achieving
sustainable food systems and land management under
climate change.
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Background

Pig behaviour

Monitoring of ammonia

Results

1. Performance of three detecting models

Model ;;.....;: Detection and Segmentation of Sows, Urine, and Feces in Thermal Images

recognition emitting area
| |
I I
I A ion, drinkin I
C : : Sl TE L BT : Urine puddle’s area size and
urrent studies eating, mounting,
| : | depth, floor type
: posture and nursing :
| |
__________ Jl______________:_____________________
| _ _ | Precise and automatic detection
: Det?c:uon.ar?d tr.acklng : of urine puddles, distribution of
Limitation | of pig > elimination | urine puddles and estimation of
: behaviour : fouling area
| I
Objectives
« Detecting excretion behaviour in group pigs using thermal and RGB
Images

* Predicting ammonia emitting area based on the urine puddle size
and excretion behaviour pattern.

Methods

1. Data collection and annotation

Model Set type Time of data collection Number Proportion

of images of different

Pen 12 Pen 13 sets to total

dataset (%)
Training set Day 1 - Day 6 Day 1 - Day 6 4237 74
Model Thermal Validationset Day 6 -Day7 Day6 - Day?7 709 12
Testing set Day 7 - Day 8 Day 7 - Day 8 746 13
Training set Day 1 - Day 6 Day 1 - Day 2 2216 65
Model rcs sow Validationset Day 6 -Day7 Day3 709 21
Testing set Day 7 - Day 8 Day 4 499 15
Training set Day 1 - Day 6 Day 1 - Day 2 1992 64
Model_res Tag Validation set Day 6 - Day 7 Day 3 636 21
Testing set Day 7 -Day 8 Day4 439 15

2. Pipeline of detection and segmentation process using Model_Thermal
(blue box), Model_RGB Sow (green box) & Model _RGB Tag (orange box)
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excretion on urine puddle «—{ ©X raq ate
thermal images area string

Thermal images

Detect sow
and get its
coordinate

Extract single

seconds

image per 2

RGB images

Calculate distance

~—» between sow and

excretion
Compare / /
N :
’ coordinates Pig body ta
—

No ‘
Y

s the distance
smallest?

Find sow near
e )

Find Detect
matching number on
sow pig's back

Difference betwee Yes
oordinates < error?

,—»f oordinates/ .
Urine
puddle area/
;

excretion and get
its coordinate

—

3. Urination Puddle and Emitting Area Monitoring

Camera’s tilt angle 6 = arctan ( " )

Lactual

W, al
Width ratio = actu

bpixel

lactual

Length ratio =
bpixel

Pixel area X Width ratio X Length ratio 2
Actual area = (m*)
cos(8)

Contact: fei.xie@wur.nl

Class Precision Recall F1-Score mAPS50
. Box 0.982 0.939 0.960 0.991
Mask | 0.984 0.941 0.962 0.992
) Box 0.915 0.815 0.862 0.933
Urine
Mask |0.917 0.853 0.884 0.925
S Box 0.797 0.770 0.783 0.843
Mask | 0.800 0.772 0.786 0.841
Model ¢cs sou: Detection of Sows in RGB Images
Class Precision Recall F1-Score mAPS5S0
Box 0.993 0.999 0.996 0.913
Sow
Mask 0.993 0.999 0.996 0.902
Model_ggg 1oe: Detection of Body Tag on Sows’ Back in RGB Images
Class Precision Recall F1-Score mAPS50
Num_1 Box 0.809 0.807 0.808 0.842
Num_2 Box 0.916 0.863 0.889 0.949

2. Predicting of the Emitting Area Inside the Pen

(b) finding eliminating sows on
the thermal image

(a) detecting sows” defecation / urination;
segmenting and calculating the urine puddle

(d) detecting body tag on the
eliminating sow

(c) detecting sow on the RGB image

Conclusions

d The model to detect pigs’ elimination behaviour achieved high
accuracy: for detecting faeces: 84.3%; for detecting urine puddles:
93.3%; for segmenting urine puddles: 92.5%.

d By calculating urine puddles segmented by this model and simplifying
urine puddles into circular shapes, and using the urine puddle
locations, urine puddle replacement can be effectively simulated. This
allows for more precise modelling of the live time of urine puddles
and the emitting area.
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Background Main Results

Plant-soil Feedback (PSF) describes the net outcome of interactions
Overall, most crops produced more biomass in soil conditioned by broad

between plants and the biophysicochemical properties of the soil that

beans and less in soil conditioned by wheat, suggesting that broad beans
influence plant performance. PSF has been extensively studied in natural Y 99 J

. . . are an effective soil conditioner.
ecosystems and is comparable to the long-standing practice of crop

rotation in agriculture, where farmers grow well-known combinations of 5 A

**

phylogenetically unrelated crop species in sequential cycles to enhance
soil fertility and control outbreaks of soil-borne enemies. To optimize crop
rotation further and harness the positive legacy effects of one crop on the o
next, we need to assess and predict the impacts of novel combinations of

crop species in rotations. In natural PSF research, root traits are known be B

predictors of PSF. However, how root traits predict PSF for crops in

bcd

©
o

bcd
agroecosystems, which are often intentionally selected to express specific

aboveground and belowground functional traits, remains poorly

Mean of - PSFTotaI

understood.

©
Q

Methods

In this study, we conducted a two-phase greenhouse experiment to c

investigate PSFs of twelve crop species, grouped into three taxonomically B Broad Bean B Broceol Wheat Il Chii Pepper

i ) i i Species M Soybean [ Cabbage M Maize [ Eggplant
related groups and one mixed group, which are commonly cultivated in B Green Bean M Chinese Cabbage Ml Oat Ml Leek

temperate agricultural systems. Root morphological traits were quantified Cereals (oat, maize and wheat) generally benefited in soils conditioned

in a separate bioassay using both sterilized soil and species own by crops from other taxonomic groups, suggesting that cereals are good

esponders.
conditioned soil. These traits were then correlated with the PSFs. "esp "
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Background Results
Arbuscular mycorrhizal fungi (AMF) play a critical role in soil ecosystems, A
with their extensive hyphal networks forming a distinctive hyphosphere that 1s < 8007
closely linked to microbes involved in nitrogen cycling. However, the exact .
mechanisms by which AMF and the microbes 1n their hyphosphere collaborate @
to impact N2O emissions from 'hot spot' residue areas remain poorly 24"0‘
understood. In this study, we investigated the key microbial players in the *é —
hyphosphere that are involved in the production and consumption of N20O, 2
utilizing both amplicon and shotgun metagenomic sequencing. Additionally, we g "
assessed the chemotaxis, growth, and N20O emission responses of 1solated N2O- & cc;\
reducing bacteria to hyphal exudates through in vitro cultures and inoculation
experiments.
Objectives
B ~ C _ = Glucose m Malate

Previous research has indicated that arbuscular mycorrhizal fungi (AMF) may j: 800 - : glfcose 041" Caitrate = Hyphal exudates
influence denitrifying microbes indirectly by enhancing water uptake or 2 600 . Fructose 5,
promoting soil aggregation. However, the direct interaction between AMF and 2 200. —&— Trehalose e
the hyphosphere microbiome, particularly in relation to complete denitrifiers, £ o fﬂ';:‘i: EZ-
remains unclear. Considering that AMF receive a significant portion (4-20%) of 2 20 4 Glutamicacid S 1 _
photosynthetic carbon from plants, and their hyphal networks extend into non- 0, 00 ——-GluEmine

pd 0. —o— Hyphal exudates 0.

rhizosphere areas, this gap in knowledge holds key implications for leveraging
soill microbiomes. It offers potential for developing better agricultural Time (h)

management practices aimed at Improving nutrient use efﬁmency while reducmg Figure 1. The response of Pseudomonas fluorescens to AMF hyphal exudates and the major compounds in the
N20O emissions. This 1ssue 1S particularly crucial for sustainable agriculture, as in vitro experiments. A, P. fluorescens swimming motility area in response to AMF hyphal exudates and major

intensive farming practices today are leading to a notable decrease in AMF compounds (n = 3). B, Dynamic N,O concentrations in the headspace of serum bottles emitted by P.

: : C : oy . - fluorescens 1n response to hyphal exudates and major compounds (n = 3). C, Expression of the nosZ gene of P.
diversity and abundance, thereby limiting their ability to mitigate N2O emissions. fluorescens in response to hyphal exudates and major compounds (n = 3).

Methods Inoculation Experiment B -AMF+H,0 m +AMF  ® -AMF+Citrate W -AMF+Glucose
A 80" B - C o D
= a , @ he E
) ( 1 ( ® 751 b 2 e a 8
. . . . . \3 ‘0 c)
r—[ Pot Experiment | . Invitro Experiment | | Inoculation Experiment h o 2 - g =
= 3 ”
v — v i L 7.0 - % C addition © 48- S
o y N ~ B . Hyphal @) = . (@ ©
Pot Expt 1: N,O emissions as jﬁ <, chamber ot o 4 =5 b o
affected by AMF Isolation of | *-. | \7 g Wy W y 2 6.5 Z v 0 24 .
denitrifiers 1 J  Root umn® “Q - = - ': , - [ 2" ®
G b e— hamb 7 1| - ) ~ © 3
SRS cnamee . e i [r =1 VW 6.0 < B © l T | r 1 n £ 04 : :
PN Collection and identification 7{% e | 0 4 8 12 16 20 24 & nirS nosZ  nosZ/nirS
a Ll 1/ 1A\ of hyphal exudates > Time (d)
s &
7R ‘f;-;; . £ |Patch @
7% .fi?,f < P, fluorescens (nosZ+) P fluorescens (nosZ+) inoculation Fi : : :
8 i igure 2. Fig. 7. Response of Pseudomonas fluorescens to AMF hyphal exudates and the major compounds in

citrate (n = 4). B, C, N,O flux (f) and cumulative N,O emission (g) from patches inoculated with P.
fluorescens in response to AMF, glucose, and citrate (n = 4). D, Expression of the nosZ gene in patches

Pot Expt 2: Gene and transcript
analysis of denitrifiers

Root i U = » Hyphal
chamber chiamber , the inoculation experiment. A, Numbers (CFU) of P. fluorescens in patches in response to AMF, glucose, and
Conceptional model
fi

» tJ) inoculated with P. fluorescens in response to AMF, glucose, and citrate (n = 4). Different lowercase letters (d,
- ./ N\ . e, g and h) indicate significant differences among treatments by the least significant difference (LSD) test at
T B Patch \ '3\ e the 5% level following one-way analysis of variance (P < 0.05).
g =
_ —
cha?r?ber cl;zfnhselr g

Conclusions

> - L

-
T rem——

MIDHVIVIVI N0 production and

HYDROEREre Our study provides novel insights into the importance of AMF in mediating

| | gene expression
Ampleonsesuenaine Growth assay o . W e nitrogen transformation processes conducted mainly by denitrifiers that lead to

- ’ cascading effects on soil N,O emission. We demonstrate that AMF enriched the
Flow chart of the experiments. The study comprised several experiments: two N,O -reducing Pseudomonas in the hyphosphere, which was responsible for the
pot experiments, in vitro experiments and an inoculation experiment. The two decline in N,O emissions in the residue patches. Notably, carboxylates exuded by
pot experiments (pot expts 1 and 2) tested whether the proliferation of AMF 1nto hyphae acted as attractants recruiting P. fluorescens JL1 and as stimulants
microsites of residues may reduce N,O emissions and disassemble the regulation triggering the expression of nosZ gene. These insights provide a novel mechanistic
pathway. We isolated denitrifiers and identified the key components of hyphal understanding of the intriguing interactions between AMF and microbial guilds in
exudates. We then examined the chemotaxis, growth, N,O emission and the hyphosphere, and collectively indicate how these trophic microbial
denitrifying gene expression of P. fluorescens in response to AMF exudates and interactions substantially affect the denitrification process at microsites. This
key compounds under in vifro culture conditions; finally, the 1noculation knowledge opens novel avenues to exploit cross-kingdom microbial interactions
experiment validated the effects of AMF or citrate exuded by AMF on N,O for sustainable agriculture and climate change mitigation.
emissions and nosZ gene expression of P. fluorescens in pot culture. A
conceptual model is used to illustrate the pathways by which AMF interact with Acknowledgements
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Table 1. The treatments of experiment.
ackgroun
« Transforming traditional high-input and high-output agriculture into Treatments | Cropping systems (1-year rotation) | Fertilizer managements
green agriculture in China urgently requires the introduction of new (mairer 195 k0 N ot eat: 17s Ko by P
. - . - . T1 S ize - Wint heat
sustainable diversified cropping SYStemS. HITmeT mates e e FM2: The total nitrogen input was the same as that of FM1;
] . . ] ] 30% of chemical N fertilizer will be replaced by organic N fertilizer
« Crop diversification through intercrops, long-term rotation and cover — . - —
FM1: Optimized chemical N fertilizer application
I I I I 1l bean: 45 kg N hal; wheat: 175 kg N ha-!
crops provides options to enhance integrated sustainability. - Summer soybean - Winter wheat | 0Y0ean: 45 kg N ha; wheat: 175 kg N hah)
FM2: The total nitrogen input was the same as that of FM1;
30% of chemical N fertilizer will be replaced by organic N fertilizer
FM1: Optimized chemical N fertilizer application
] (intercropping: maize 111 kg N hal; soybean 18 kg N ha'l)
- - Summer maize-soybean heat: k ha-1
ObJECtIVES T3 intercropping — Winter wheat (wheat: 175 kg W ha')
FM2: The total nitrogen input was the same as that of FM1;
30% of chemical N fertilizer will be replaced by organic N fertilizer

« To evaluate the agronomic, economic, environmental performance of
different rotation systems with wheat and maize, peanut or soybean,
with or without maize intercropping with legumes under different N Results
Mmanagements.

« To design and verify new diversified crop rotation systems with
enhanced integrated sustainability in the North China Plain(NCP).

« Compared with expected cumulative N,O emission of intercrop,
observed grain yield of intercrop significantly decreased by 18%.

13 1800 - A Maize
a
Z. 1600 - T [ ]Soybean
o I
Research framework 2 0. ;
8 1200 - d B
eb——————————————————————————————— e ———————————————————————————————— : .§ I C I a
‘| 1. Maize—wheat 2 1. 100% synthetic N fertilizer i @ 1000~ a a i
| 2. Soybean—wheat 2. 70% synthetic N fertilizer + 30% | % 200 - - T
| 3. Maize/soybean intercrop—wheat organic N fertilizer | O -
| : Z' 600 -
------------------------------------------------------------------------------------- q) -
: E 400 -
Chapter 1: Agronomic benefits Chapter 2: Environmental benefits ‘ v‘—§ 200
v Y E
@, 0 I - . - . , .
1. Grain y|e|d and biomass 1. Greenhouse gas emissions (GHGs) Sole Maize  Sole Maize Sole Soybean Sole Soybean Intercrop Intercro? Intercro_p Int:gc;g?o
2. Nutrition supply 2. Environmental factors related to GHG > oF 5 oF Observed-SF Observed-OF Expected-SF Expected-OF
3. Water use efficiency and N use efficiency 3. Global warming potential-LCA methods Figure 2. Cumulative N,O emission of maize, soybean and intercrop under two fertilizer treatment
(SF: synthetic fertilizer; OF: 70% Synthetic N fertilizer + 30% Organic N fertilizer). Expected value is

| calculated as the weighted mean value in the sole crops, with weighing according to the relative
Chapter 3: Integrated assessments of SESs density (intercrop/sole crop) of each species in the intercrop.

| « The N,O emissions were significantly positively correlated with soil
2 Provisioning services . : : : : o
2 Supporting services X Economic ! temperature and soil mineral N concentration but were significantly
2 Regulating services benefits negatively correlated with soil pH.

Chapter 4: Low-input cropping system design

Increase the sustainability of grain production in the North China Plain by intercropping and artificial by organic fertilizer substitution

Monoculture Rotation Incorporating maize/soybean
* System N denditi o intercrop into rotation
R?l)nf:tl:on Maize-wheat rotation with Converswn Intercrop-wheat rotation with liff bl
. . . : A tsin different sustai tri
2-year crop rotation with different legumes fotal synthetic N input __ partial organic N substitution B —
/ 1. Food security
* a ~N dﬁ?ﬁ)sition Grain protein yield: 14.3 % f
Plant N,O 2 | Strawe gai;lfall . , 11:2;) Equivalent yield: 3.4% 4
- - : : : iolegica ixation
. indorporation
Calibration and validation in NDICEA — :g | 1 P > / NH, = 2 P
3 n Straw "; | ?ix Soil N accumulation: 12.5 % ‘
* ncorporation “ | ? ‘m \ Net N surplus: 50.2 % ‘

Cumulation N,O emissions: 42.2 % ‘

/
7\ Net greenhouse gas emissions: 26.0 %

A \‘

Long-term variation: SOC; N leaching; N balance
‘ A 4 ! * 3. Economic benefit
Soil |

Net revenue: 16.4 % f

Integrated assessment and screening alternative systems —)

* Urea

Bio-organic fertilizer

Figure 1. Framework of the project.

Figure 3. Improved sustainability of grain production by intercropping and partial organic
substitution.

Methods

+ The field experiment will be established in June 2021 at Quzhou Conclusions
Experimental Station (36.87°N, 115.020E), China Agricultural - Compared to conventional maize-wheat double cropping,
University, Hebei province. The main cropping system is a rotation maize/soybean intercropping-wheat double cropping enhanced
of winter wheat and summer maize which accounts for >80% of edible protein supply, improved economic production efficiency,
agricultural fields in this region. increased gross income, and mitigated greenhouse gas emissions

+ A completely randomized design will be employed with three and nitrogen surplus, albeit at the cost of reduced total grain yield..

treatment (Table 1) and three replicates.
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Deformatbld Graspping Examples of different gripper technologies
objects ategories

-

Gripping by [a) Pneumatic elephant b) Dielectric elastomer <¢) SMA-driven soft
actuation [/octopus tentacle driven soft gripper robotic gripper

Background

The delicate, high-value agri-food relies heavily on the human
labor, which is very costly and time-consuming, Indicatively, in
Dutch greenhouse horticulture, an average of 29% of the total
costs goes to human labor, which amounts to €300.000 per
company per year. However, the current mass-automation or
specialized robotic gripper does not hold because of the large
variability and rigid robotic grippers have a high risk of damaging
delicate agricultural produce.

p » .
Gripping by |d) Granular jamming e) Low melting point f) Electrorheological soft
stiffness gripper alloys soft gripper robotic gripper

-

Gripping by
adhesion

) Electroadhesion soft h) Geckoadhesive soft
ripper gripper

Fig. 3 Examples of soft gripper mechanisms and a qualitative overview
of the suitability of different gripper technologies for object shapes.

Results

-~ . | | | f A hybrid design solution has been proposed through meta-
Fig. 1 Examples of grasping damage to the fruit cause by grippers. analysis. Tendon driven from grasping by actuation, granular
jamming from grasping by stiffness have been chosen, their
o functionalities and strength are shown in Tab. 1. The schematic
Objectives view of the hybrid design gripper finger is shown in Fig. 4
Soft robotics is a promising solution for agri-food grasping, as it
intrinsically has high adaptability feature highly required in
grasping of agri-food with vast variability of appearance,
geometrical and mechanical properties. The stiffness variability

also en_ables_a sin_gle versa_tile robotic system to deal with the Global grasping
safety issue in delicate agri-food grasping. In this context, soft adaptability High High
robotics is a suitable alternative approach for rigid robotic Grasping force
approach. So, the main objective in this project is to design and Local grasping
fabricate a safe, versatile soft gripper to address the existing Granular adaptability L N

. . . . High High Low
challenges for agri-food grasping. jamming Adaptable . -

stiffness
Challenges Derived requirements Corresponding functionalities

Tab. 1 The complementary functionalities of candidate mechanisms.
XL XL XL P Y
L Suction Tube Membrane Particles Separator
Soft and vulnerable Minimum crop damage Grasp adaptability /
Shape Cro Stiffness adaptability
L varizbilities =P Adaptive harvest SR |
Weight APLVE NATVESHNg Force adaptability e

Fig. 2 The challenges, requirements and functionalities for the safe and
versatile soft robotic gripper.

)
[
(J
By
&
e
()
~
e
\

Tendons Rigid skeleton

&
4..’

Methods Fig. 4 The schematic view of the finger and gripper design.
Meta-analysis and hybrid design were used for the gripper design. Conclusions
By listing the pros and cons of all the existing soft robotic gripper

mechanisms, it can give us a guideline for selecting the suitable A conclusion can be made that the tendon-driven and granular

candidate mechanisms for hvbrid desian. Here in Figure 3 jamming are selected as candidate mechanisms for our safe and
Y an. J versatile agri-food grasping task. As they have complementary

examples of soft robotic gripper mechanisms are categorized into functionalities to enhance grasping adaptability. which will improve the

three categories which are grasping by actuation, grasping by 5o formance of adaptive grasping and robust holding for the agri-food
stiffness and grasping by adhesion. It also gives a qualitative with vast variability.

overview of the suitability of the three different gripper
technologies for different object shapes. To enhance their
advantages and complement their disadvantages, one Acknowledgements

mechanisn_ﬂ from each Category h_as been SfeIeCted for the gripper We gratefully acknowlege the sponsors of this research:China Scholarship Council (NO.201913043)
hybrid design. And choose the suitable design based on the task. and Hainan University.
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In general, all CVs of the functional genes across all treatments were >23%, and 62% of the soil proxy indicators
Ba Ckg round had a CV<20%. Among the proxy indicators, soil respiration emission (23%), NO3--N content (54%), NH,"-N

content (36%), and AP (62%) had relatively high CV values. The value of their corresponding functional genes
were GH31 51%, B-amoA 54%, and phoC 63%, respectively. Within treatments the CV values of all C, N and P

Healthy soils are essential for maintaining food security and agricultural sustainability and can promote cycling gene were lower than those of their corresponding proxy indicators (Fig. 1)

water and air quality, provide a habitat for biodiversity, facilitate the mineralization and cycling of nutrients,

. oq . e CK ® NPK ® MNPK @® NPKSW MNPKSW
reduce the occurrence of pests and diseases, support the utilization and storage of carbon, and enhance crop

. . . . . . . : A Conl B a084% N0 C BPP
production. The capacity of soils to provide these diverse functions 1s commonly termed ‘soil GH31 BX -~ - oo N
. . . . . . . . . 3" (0]
multifunctionality’, which has recently been included in the foresight report on soil health. However, soil i A P osphatase
: : SR : : Co, BC nifH NH,*-N
multifunctionality 1s highly threatened by global changes and anthropogenic forces. In this respect, the 7
importance of developing robust, reliable, and resilient indicators for monitoring soil health has been sod - chiA g NAG D AP
emphasized, in particular when establishing an early warning system for halting soil degradation. In this v narG ™
regard, biological indicators can provide a more comprehensive understanding of soil health, as they reflect i AG nirk nosZ 56C JltA
the living component of the soil and its dynamic processes. The measurement of biological properties can R il s
- e . . . . . . . D Carbon Nitrogen Phosphorus
capture the activities of soil microbes, enzymes, and other biota that play a vital role in nutrient cycling, - g e
. . . . . . . 60%
carbon storage, and ecosystem services, that are important in the maintenance of soil quality and health. Soil % . o A0B o NO;-N b
microbial community plays crucial roles in promoting soil functions and maintaining soil health. Microbial 3 o nosz -
functional gene abundances are actively involved in soil processes which supports soil functions and wider 540 § ® CBBL * BG R¥4: ONH,-N
soil health. However, their suitability as indicators to assess soil health 1s still debatable. g - %Eg;ng’}’é( i
£ 20% 28 S0C "8 p0a e NAG ® BPP
e 5 03 POXC *TN
O 0% . AG’BC ' szO ' Ph?asphatase
- - Functional gene  Proxy indicator Functional gene  Proxy indicator Functional gene Proxy indicator
Objectives
Fig.1. Radar diagram of microbial functional genes (in italics) and soil proxy indicators for the carbon (A), nitrogen (B) and
This study aims to investigate the relationship between the abundance of a range of microbial functional phosphorus (C) cycling process and their coefficients of variation (D). The coefficient of variation was calculated as the ratio of the
genes, soil nutrients and carbon cycling and their relationships with crop yield. The response of the mean to the standard deviation of a parameter for all fertilization treatments combined, and expressed as a percentage.
microbial functional genes and several indicators of soil functioning, focusing on C, N and P turnover, were The carbon PLS-PM showed that straw carbon mput increased the abundance of gene GH31 which was positively
examined 1in a decade long-term field experiment with different fertilization treatments (different related to a-glucosidase activity (Fig. 2A). The increased a-glucosidase activity promoted CO, emissions. Manure
combinations of chemical and organic fertilizers). We hypothesized that: (1) compared to conventional soil and straw carbon input both increased POXC content which was positively correlated with the abundance of the
carbon and nutrient indicators, the abundances of functional genes would show greater variability in cbbL gene. Furthermore, the abundance of the cbbL gene was positively linked to SOC content. The nitrogen PLS-
response to different fertilization treatments; (2) the abundances of specific microbial functional genes are PM indicated that organic fertilization increased SOC content which was positively correlated with the abundances
strongly correlated with conventional measurements of soil carbon and nutrient cycling; and (3) soil of nifH, chid and ureC genes (Fig. 2B). The abundance of the nifH gene was positively correlated with the B-amoA
amended with organic fertilizers would have higher abundances of microbial functional genes, this would gene abundance. In contrast, the chid gene abundance was negatively correlated with the B-amoA gene abundance.
contribute to crop yields compared to soils receiving the chemical fertilizer only. Inorganic N content was positively correlated with the ureC gene abundance which was positively correlated with
the abundances of B-amoA and A-aomA genes. The abundance of B-amoA was significantly related to NO;-N
content which positively affected yield (Fig. 2B). The nitrogen PLS-PM suggested that no direct relationship was
Methods found between 1organic N input and NO;™-N or maize yield, but indirect effects through changes in the microbial
Soil samples were collected from a long-term field experiment with an annual rotation of winter wheat and community was observed on maize yield. The phosphorus PLS-PM indicated that organic puts increased SOC
summer maize at the China Agricultural University Quzhou Experimental Station (36°42'N, 114°54"E; 40 m content which showed significantly positive relationships with the abundances ot git4, phoC, phoD, pgqC and bpp.
a.s.l.), Hebe1 province, north China. Field plots (each 50 m2, 5 m x 10 m) were established 1n 2010. There The abundances of phoD and phoC genes was positively correlated with the activities of ACP and ALP. ALP was
are five annual treatments with four replicate plots per treatment as follows: (1) Control, no fertilizer; (2) p0s1t.1vely. correlated with maize yield but not with AP content (F1g. 2C). In contrast, the;re was a significant
NPK, chemical fertilizer only; (3) NPKM, chemical fertilizer plus manure compost (6000 kg ha-1 yr-1, dry relationship between ACP and AP content but not with maize yield. In contrast to the nitrogen PLS-PM, the
weight); (4) NPKSW, chemical fertilizer plus straw return (wheat straw, 6.0 Mg ha-1 yr-1; maize straw, phosphorous PLS-PM suggested a direct relationship between inorganic fertilizer input and yield.
6.8 Mg ha-1 yr-1); (5) MNPKSW, chemical fertilizer plus manure compost and straw return (wheat straw, A B C m—
. 1 raw carbon rganic N input organic N input reanic organic
7.3 Mg ha-1 yr-1; maize straw, 6.9 Mg ha-1 yr-1), provided on yearly bases. Manure arbon | L 222 3:4{ put | i o 53 inpu
Seventeen functional genes involved in the C (cbbL, GH31), N (nifH, ureC, chid, A-amoA, B-amoA, narG, 027M S0 089
nirK, nirS, norB and nosZ), and P cycling (gltA, bpp, phoD, phoC, pqqC) were selected. These functional GH3!1 % | e 027°
g : : L . . K= 0,51 7=0. :
genes are useful indicators 1in environmental monitoring and ecological studies and they have been used to 075 ;
. . AG ook i
reflect key biogeochemical processes (Table 1) Ross akd
To 1nvestigate the relationship between soil microbial functional genes and associated functional processes, = — . ' s J ) i e ML e P 2=076§
we 1dentified soil properties that are related to the process in which the microbial functional genes are active RT=0.38 / ' op0. 0
(Table 1). This resulted 1n selecting the following soil properties as proxies for soil functioning (henceforth e - 020
termed proxy indicators): 1) the C pool/cycling (total carbon, soil organic carbon, permanganate oxidizable o e 07‘1‘2=°'79 - |
carbon, soil respiration and the enzymes a-1,4 glucosidase [AG, EC 3.2.1.20]); 2) the N pool/cycling (total o e e G
N, ammonium and nitrate N, nitrous dioxide emission, and the enzyme B-N-acetylglucosaminidase [NAG, o o —
EC 3.2.1.14.30]); 3) the P pool/cycling (available P, the enzyme acid phosphatase [ACP, EC 3.1.3.1] and Goodness of fit: 0.76 Goodness of fit: 0.70
alkaline phosphatase [ALP, EC 3.1.3.2]). Fig. 2. Partial least squares path analysis for the effects of manure and straw carbon input on the carbon cycling process (A);
Table 1. Microbial functional genes, the soil ecological processes in which they participate, and soil properties that can be used and the effects of organic and inorganic nitrogen (B) and phosphorus (C) input on the nitrogen and phosphorus cycling process
as proxy indicators for the soil ecological processes. and crop yield, respectively. * indicates p < 0.05; ** indicates p < 0.01, *** indicates p < 0.001, respectively. Continuous and
. . . . . . . . dashed lines indicate significant and nonsignificant relationships, respectively. R2 denotes the proportion of variance explained.
Microbial functional gene Enzyme encoding Soil ecological process Soil proxy indicator
Ribulose-1,5-bisphosphate carboxylase/oxygenase
Carbon cbbL (EC 4.1.1.39) Calvin cycle (carbon fixation) TC, SOC, POXC N
GH31 a-glucosidases (EC 3.2.1.20) Starch degradation AG, SOC, soil respiration CO n CI usions
Nitrogen nifH Nitrogenase reductase Nitrogen-fixation TN, NH,*-N, NO;~-N Our results showed that fertilization significantly affected the abundance of soil microbial functional genes
Urea hydrolysisi(Urea’s involved in C, N and P cycling. Most functional genes, in particular phoC, phoD, B-amoA, chid, GH31 and
ureC Urease (EC 3.5.1.5) NH3/NH4+) NH,™-N, NO;-N i Sy e C g er t thi
hid Chitinase A (EC 3.2.1.14) St dsmedition NAG cbbL showed higher variability among treatm§nt§ anq lower Varlab.lhty among replicates within treat.ments
Ammonia monooxygenase subunit A (EC than their corresponding proxy indicators, indicating that functional genes were more responsive to
A-amod 1.14.99.39) Nitrification (NH4* - NH2OH) NO;-N fertilization than the selected proxy indicators for soil functioning. Furthermore, regression analysis showed
proxy g g y
Ammonia monooxygenase subunit A (EC that microbial functi 1 bund d th di indicat t 1 lated
e 1.14.99.39) Nitrification (NH,* NH20H) NO,-N at microbial functional gene abundances and the corresponding proxy indicators were strongly correlated.
narG Nitrate reductase alpha subunit (EC 1.7.99.4)  Denitrification (NO;-NO2-) NO;-N, N20 Partial least squares path analysis showed that the organic fertilization increased soil microbial functional
nirkK Copper-containing nitrite reductase (EC 1.7.2.1)  Denitrification (NO,  -NO) NO;-N, N20 gene abundanceS, especially GH31, cbb L, chi A, B-amoA, phOC, and phOD, which promoted the C
nirs Cytochrome cdl nitrite reductase (EC 1.7.2.9) — Denitrification (NO, -NO) NO;-N, N20 sequestration and decomposition, N mineralization, ammonia oxidation and P cycling process, producin
norB Nitric oxide reductase subunit B (EC 1.7.2.5) Denitrification (NO-N,O) NO;-N, N20 q, ] ) P ] ’ ) i > y &P ’ p g
nosZ Nitrous oxide reductase (EC 1.7.2.4) Denitrification (N,O-N,) NO,~N, N20 positive effects on maize yield. These microbial functional genes offer a more detailed understanding of soil
Phosphorus gltd Citrate synthase (EC 2.3.3.1) Phosphorus dissolution AP functions than conventional proxy indicators due to their more direct and specific relationship with the
L  [Prmpsllier piizse e e AP underlying biochemical processes. The results strongly endorse that the use of functional genes that can
phoD Alkaline phosphatase (EC 3.1.3.1) Organic P mineralization ALP, AP ) i ) ) i ..
phoC Al el (B0 3,1.5.2) Ot 1P ez ion ACP, AP serve as crucial biomarkers for understanding the complex dynamics of soil processes and as indispensable
pqqC Pyrroloquinoline-quinone synthase C Inorganic P dissolution AP biological indicators for assessing soil health.
Results
In general, the abundance of soil microbial functional genes and most proxy indicators were significantly Ackn OWIEdgementS

affected by the fertilization treatments. The CV values of the proxy indicators related to the C cycle ranged
from 8% to 36% and the corresponding values were 35-52% for the related functional genes of cbbL and
GH31 (Fig.1). The CVs of the proxy indicators related to the N cycle, combining all treatments, ranged
from 10% to 54%, strongly overlapped with the CV values (23-54%) of the functional microbial genes
(Fig.1). Moreover, the CV values of the proxy indicators related to the P cycle, combined for all treatments
(11-62%), overlapped with those of the microbial functional genes (23-62%) (Fig.1).

We gratefully acknowlege the sponsors of this research:China Scholarship Council (NO.201913043)

Contact: jiyu.jia@wur.nl 28
T+(86) 17812069901



Assessing nutrient cycling for soil health and
sustainable management in agroecosystems:

A modelling approach

Yizan Li, Gerard Velthof, Jiyu Jia, Jiangzhou Zhang, Carmen Vazquez, Junling Zhang, Ron de Goede, Rachel Creamer

PBEFRE

CHINA AGRICULTURAL UNIVERSITY

WAGENINGEN

UNIVERSITY & RESEARCH

Background Results and conclusions

Nutrient cycling is a critical ecosystem function underpinning soil health, which is
essential for maintaining nutrient availability, supporting crop productivity, and
minimizing environmental impacts, particularly in intensive cropping systems like
the wheat-maize rotation in the North China Plain. Addressing challenges such as V
nutrient inefficiencies and environmental risks from over-fertilization necessitate
tools for evaluating nutrient cycling and optimizing through improved nutrient

Soil N status

The developed model
for evaluating soil
nutrient cycling
employed a hierarchical
structure, divided into

Fertilization rate

Available N

Mineralization

Atmospheric deposition

NO3 leaching

This study focused on the wheat-maize rotation in the North China Plain. The aim N input (kg/ha/year)

was (1) to develop a decision-support model to assess soil nutrient cycling,

N cyeling two primary branches:
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management optimization; (2) to test the model using datasets from long-term field §3 . ?e-» : w “ ' management strategies
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Ba ckground Results A Principal Component Analysis - Envrionmental variables
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Fig. 3 Biplot (A) and loadings of the first two components (B and C) in a PCA of land use
and landscape-wide exposure to agrochemicals

¥ introduced species

. genetic

(Sanchez-Bayo & Wyckhuys, Biol Consery, 2019) The landscape-wide exposure to agrochemicals and the percentage of semi-

o o . natural habitat characterized PC1, and PC2 characterized the landscape with
The worldwide insect showed a declining tendency. Multiple factors caused , ,
. . . . . . . . less arable land and more other land use categories (Fig. 3).
the insect decline, with 24% of research reporting agricultural intensification

as the main factor. Table 1 Effect of the first two principal components on the abundance and rarefied

richness of pollinators

Response variable Coefficients  Estimate  Std. Error  Z value  Pr (>|z|)
Methods
Abundance Intercept 3.485 0.160 21.787  <0.001
. . . PCI -0.190 0.516 -0.368  0.713
A two-year field experiment was established in Quzhou County to analyze
. , L. , , PC2 -1.213 0.511 2373 0.018
the driving factors of pollinator abundance and diversity in the intensive |
1 ducti land We ch 24 sites in th " Spring -0.299 0.251 -1.191 0.233
I I ion lan . ites 1n thr n mn
ce ea production landscape .e chose S es ee.seaso s (autumn, Surmmer 10893 0955 1500 <0.001
spring and summer). At each site, pan trap stations were installed to collect Rarefied richness ~_ Intercept 7177 0.539 13323 <0.001
the pollinators in this region. Using a drone and combing the ArcGIS PCT 0.998 1720 0581 0568
software to get each landscape's composition. Based on the county-level PC2 2057 1.707 1205 0.243
farmer survey of management information (Xu et al., Data in brief, 2024), it Spring -2.994 0.840 -3.562 0.002
1s used to quantify the agrochemical use 1n the landscape. The effect of land Summer -2.008 0.855 -2.348  0.030

use types and agrochemical use in landscape on pollinator abundance and The abundance of pollinators was negatively associated with PC2, indicating that

diversity were analyzed. the abundance of pollinators was associated with more arable land (Table 1).

Conclusions

Pollinator abundance was positively associated with ,the percentage of arable
land 1n landscape. The diversity of pollinators "ié%f‘gs not affected by land use

types and agrochemical uses. More arable land and lower agrochemical use

supported higher pollinator abundanee. 'ﬁ b
. |
Acknowledgements
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Estimation of ammonia emissions over China using IASI satellite-derived surface observations

The impacts of soil and water conservation on streamflow and sediment discharge
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UV exposure and tillage abrasion on macro/micro-plastic fragmentation

Fate and risk of atmospheric pesticides in the North China Plain
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Name Model* Project
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18. Yuze Li 1+3 Predicting Rhizosphere-Competence-Related Catabolic Gene Clusters with RhizoSMASH
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20. Yijun Li 1+3 Optimizing crop supply chains for healthy diets in China
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24. Man Pu 1+3 Geochemical mechanisms of enhancing the phosphorus bioavailability by maize root exudates
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Unraveling mechanisms for arbuscular mycorrhizal fungi recruit and activate hyphosphere bacteria to improve
26. Zihang Yang 2+2
plant phosphorus uptake
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30. Shunran Hu 1+3 Dynamics and functions of rhizobiomes during plant maturation

Model*: There are two different types of PhD candidates, hence 2 models.

2+2 model: Graduates at CAU; project starts and ends in China; stays for two consecutive years in Wageningen.
14+3 model: Graduates at WU; project starts in China; stays for three consecutive years in Wageningen.
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Introduction

Smallholder farmers, estimated at 250 million in China, contribute
approximately 20% of global food production (FAO, 2023). Despite their
critical role in addressing global food security, the average landholding size
per smallholder is only 0.52 hectares (Zheng et al., 2022; Xinhua, 2019).
This limited landholding poses challenges to their own nutritional and
health well-being (Wagstaff, 2002). Smallholders often face restricted
access to diverse food options in rural areas and inconvenient access to
urban markets (Fan et al., 2013), leading to higher rates of malnutrition,
poor health outcomes, and increased mortality (Wagstaff 2002). Therefore,
addressing smallholder farmers’ health challenges, it is essential to improve
their access to more diversified food options and upgrade their dietary
patterns.

E-commerce provides a new marketing channel that not only creates
opportunities to increase smallholder farmers' income (Ma et al., 2024; Li
and He, 2024) but also significantly influences their dietary intake patterns
(Cui et al., 2023; Shen et al., 2023). According to Shen et al. (2023), e-
commerce helps balance dietary intake by reducing the consumption of
staple foods while increasing the intake of legumes, nuts, and dairy
products. Additionally, e-commerce enhances dietary quality by diversifying
food access and types, thereby enriching smallholders’ food environments
(Ma et al., 2022; Shen et al., 2023). Evidence from Xiong et al., (2024)
indicates that online purchases increased dramatically during the COVID-19
pandemic due to the need for distance shopping, which has further
accelerated the development of logistic systems (Liu et al., 2020).
Consequently, e-commerce emerges as a potential solution to address the
malnutrition challenges faced by smallholder farmers in rural China.

Although existing literature has demonstrated that e-commerce can
improve the dietary quality of rural smallholder farmers, there is a lack of
updated evidence reflecting the post-COVID-19 pandemic period. All
existing studies have relied on data collected prior to the pandemic.
However, the pandemic has likely influenced people's dietary cognition,
encouraging improved dietary quality to prevent diseases (Janssen et al,,
2021; Bao et al., 2022).

Given these gaps, this article makes contributions to the existing literature:
(1) it evaluates the impact of e-commerce on smallholders’ dietary patterns
using data collected after the COVID-19 pandemic; and (2) it adds sweets,

snacks, and convenience foods in the e-commerce survey to compare their

intake with that of fresh food types.

Data and Method

Data was collected in the summer of 2023 in Hebei province, covering
major agricultural production areas in northern China. To ensure
representative samples, we employed a stratified sampling approach,
randomly selecting four counties and, within each county, incorporating two
villages. To select households for interviews, a distance-based grouping
method was used in each village, categorizing households into two groups
based on their distance from the village committee office. From each
group, 10-12 households were then randomly selected for participation. In
cases where a village did not have enough eligible households to meet the
sampling amount, we supplemented the sample by selecting households
from an adjacent village with similar characteristics.

Detailed data was collected on food consumption for each household
member, farming structure, backyard gardening, market access for
agricultural products, internet connectivity, and demographic
characteristics. We adopted the 24-hour recall method to record all food
items listed in the China Food Composition Table (CFCT) 2009
(approximately 1,500 items) consumed by household members. This data
included the name of the food, food code (as shown in CFCT 2009),
ingredients, weight, cooking methods, and time of consumption (breakfast,

Contact: Yutong Jiao
T+(31) 631085927

lunch, dinner, and other snacks time). The food consumption data was first
captured at the individual level to enhance precision, and then to aggregated at
the household level; as meals are typically shared within rural households, we do
not expect significant differences between individual- and household-level
dietary diversity.

In total, we gathered data from 39 villages in Hebei province, totaling 723
observations. After excluding questionnaires with incomplete information, we
retained 696 observations for analysis.

Analytical model:

The impact of e-commerce channel on dietary pattern can be modeled as the
ordinary least squares (OSL) follows:

)/i — ﬂO + ﬂlE-COmmeI‘CG,- + ﬂZXI] + gij (1)

In the evaluation of the impacts of e-commerce (online food shopping) on rural
household dietary patterns, several potential endogeneity issues may arise.
Unobserved heterogeneity in particular can lead to biased estimates when the
coefficients of interest are estimated with OLS. This refers to unmeasured
household-specific factors, such as health consciousness, dietary preferences, or
socio-cultural practices, that may influence both the likelihood of engaging in
online food shopping and dietary outcomes To address this challenge, we employ
the two-stage least squares (25LS) model as follow:

E -commerce; = 6y + 6;Zi + 6, Xjj + 5 (2)

Y; = op + 07 E — commerce; + o, X;; + &5 (3)

Two exogenous variables were used as instrumental variables (IV) to estimate
the effect of online shopping on dietary patterns while addressing endogeneity.

Result

The results of the statistical analysis indicate that online food shopping has a
positive impact on the dietary patterns of rural households, as measured by both
CFPS and diet diversity indicators. These findings are consistent with the broader
literature on e-commerce's role in improving food consumption patterns, with
notable contributions emerging in the post-COVID-19 period.

When comparing our results to the latest findings from Shen et al. (2023), we
observe that the positive effects of e-commerce are evident in both studies. Shen
et al. (2023) reported CFPS coefficients of 0.017* (OLS) and 0.043*** (2SLS)
and diet diversity coefficients of 0.124*** (OLS) and 0.042 (25LS), whereas our
study shows significantly higher coefficients, reflecting a stronger impact of e-

commerce on dietary improvement. This increased effect may be attributed to the

accelerated adoption of digital platforms during the pandemic, which enhanced
rural households' access to online food shopping. Furthermore, heightened
awareness of health and nutrition, driven by the pandemic's focus on disease
prevention and the importance of balanced diets, may have contributed to the
greater impact of online food shopping on dietary patterns post-pandemic.

: CFPS Diet Diversity
Variables
OLS IV (LIML) OLS IV (LIML)
online food shopping .1626*** .8673* 0504 *** 3.1776***
(0.005) (0.070) (0.000) (0.006)
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Ba C kg ro u n d Policy Evolution of Agriculture Green Development (AGD) in China
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Global sustainability is facing a double burden of social China's overall performance on UN SDGs increased over time. In 2016, the Chinese government promoted Agriculture
wellness and environmental pollution. Agriculture is However, neither the SDGs nor agricultural sustainability have Green Development (AGD) as a national strategy for
essential to many social goals and environmental developed synergetically — that the socio-economic development agriculture, aiming to increase resource use efficiency,
boundaries such as Nitrogen, Phosphorus, Carbon, and is not aligned with environmental development. decrease agricultural non-point source pollutants, and
Ecological footprint. encourage rural revitalization.

Objectives: This project focus on two perspectives: AGD theoretical exploration and economic case studies

Part 1: AGD Theoretical exploration Part 2: Economic case studies for Agriculture Green Development

Objective 1: Define AGD theory with framework, indicators, thresholds, and critical loads Objective 3: optimal control for raising fertilizer technologies application at the provincial scale in China
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compared to global benchmarks. environmental goals.

A What If impact from agriculture technology

Clustering Analysis to determine Natural Pata 3
, , , Science | Calibrating —_— S : . :
the needs for Chinese agriculture’s P va To specify AGD needs by clustering and Current -’CND Quantitatively assessing the impacts of improvements through
green transition § % comparison to similar agricultural countries. To 3 s Sdugrum green agricultural technology, such as fertilizer inhibitors, on
? Developmental sz evaluate AGD’s contribution to UN SDGs. This N/ | Environment impact China's agricultur_*al seqtor using an applied_ general e_quilibrium
Pathways \37 chapter relates SDG goals (specified in a total of Social 5%%1‘7“::; —— model. The goz_al is to S|m_ula_te_ the economic and envm_)nr_nental
e @& 169 targets) to the impacts of AGD. Specific Sclence e _ _ outcomes of widespread inhibitor application, offering insights for
@ attention is given to synergies and trade-offs. Fplicy simulation: tax, subsidy, and trade policy and technology adoption.
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Methodology- Part 2.1

Methodology: Cost-benefit analysis, optimal control
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We first conceptualized a flow framework that depicts the relationship of our agri-food system — & : ) ) ) ) ) nety
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Ch||_1a > angCUItu_re tranSform_at_lon’ for the areas of: _Soual: agrl_fooc! system's lmpaCt on human General equilibrium theory attempts Welfare maximization in economics refers to the optimal allocation
society, such as income, nutrition, health, etc.; Environmental: environmental impact from food to explain supply, demand, and prices of resources to maximize the overall well-being or utility of society,
production, especially land, air, and soil related indicators; Food production: key productivity in a whole economy with several or ensuring that the sum of individual utilities is as high as possible.
indicators along the agriculture industry chain. many interacting markets, aiming for _ o _
an overall state where supply equals In this case, the model maximizes social welfare where the
Results: demand in all markets simultaneously production function focuses on Chinese agricultural-related goods.
1. China is currently at a medium level in the Agriculture Green Development initiative
2. There was a trend for increasing development scores for 2010-2020 compared to 1997-2010
3. Trade-offs between eco-environmental factors and socioeconomic/food production factors were Acknowledgements

found to be the major barriers to the transformation
4. More effort is needed to address the insufficient and uneven development to provide
coordinated improvement
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Background

» Agri-food systems, key to the global food supply, face major sustainability
challenges such as resource overuse, climate impacts, and social and
like

extreme weather directly threaten agricultural production, while globa

economic inequalities. Issues land erosion, water scarcity, anc

disparities in resource distribution further weaken sustainability.
» This study develops a sustainability evaluation system for Agri-food

systems based on the SDGs to assess their sustainability. This is crucia

for improving system resilience, reducing environmental emissions, anc

achieving sustainable development.

System framework and the indicator system
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systems

» A sustainable Agri-food system balances Resource efficiency, socio-
economy, and environmental protection. Efficient use of land, water, and
labor enhances productivity while minimizing waste. A stable socio-
economic structure ensures food security, equitable distribution, and a
resilient supply chain. protection reduces
emissions, manages nutrients, and preserves ecosystems. These three
pillars interact to create a resilient, sustainable, and future-proof agri-
food system.

Meanwhile, environmental

Mainly analysis methods

» Target value method
» Coupling coordination degree model
» Spearman correlation coefficient analysis

» Network analysis
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» The first chart shows that as agriculture’s share of GDP increases, most scores

(overall, social economy, and resource efficiency) tend

to decrease, with

moderate to weak correlations. However, environmental protection scores show a
slight increase, though the relationship is weak and non-linear. In general, higher
agricultural GDP share is associated with lower performance scores.

» This second chart shows the sustainability scores of agri-food systems in various

countries, categorized into Social Economy,

Resource

Efficiency, and

Environmental Protection. The countries are shown for three years, 2000 and
2020. Higher agricultural development countries, like the Netherlands and the

United States, have higher scores,

while countries with

lower agricultural

development, like Ethiopia and Afghanistan, have lower scores. Some countries
show improvement from 2000 to 2020, especially in resource efficiency and

environmental protection.

» This third chart shows the coupling degree, coordination degree, and coupling

coordination degree for countries in 2000,2010 and 2020.
like the Netherlands, the United States, and Sweden have
three measures, indicating stronger interactions and sync
systems. In contrast, less developed countries show lower va

Generally, countries
nigher values for all
nronization between
ues.
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Background

» Resilience depends on subsystems in the body

> More information is better to be use

Feed
Blood pressure
A | P
BCS Digestion
Energy 1/\ 4 A Temperature
/\ Rumination
Milking Maintain Milking
Fertility Health
Objective

What is the selective effect for resilient cows

with considering more information in breeding

Methods
« Calculate undisturbed daily rumination time

(DRT) and milk yield (DMY) in Holstein cows

e e Undisturbed DRT

¥ and DMY calculated

’ ‘( from quantile
regression model

i |
- 3
- 5
W

! %m mw««w Wl

0 200 400
DIM

« Define resilience indicators

v Variance of deviations (LnVar)

1 Autocorr)
v Resilience:

» Genetic analysis

* Univariate repeatability animal model
« Uni- and bivariate animal models
« Comparing four levels of resilience cows

Contact: (wengi.lou@wur.nl)

Conclusions
« DRT and DMY are difference in their

phenotype and resilience indictors
« Combining DRT and DMY would be beneficial

for selecting more resilient individuals

Results

1. Genetic parameters
v’ Moderate heritability of LnVar and Autocorr
v Stronger genetic relationship between DMY and
other traits than that of DRT

Traits Indicator Heritability (SE)
.14 x0.
ORT Ln\Var 0.14+0.02
Lag-1 Autocorr 0.07/£0.01
.32x0.
DMY Ln\Var 0.32+0.03
Lag-1 Autocorr 0.10£0.02
CE CE
1 1
ICF BCS ICF BCS
-0.43/-0.2
DRT
DMY
0.62/0.25 0.28/0.13
IFL DF IFL DF
*Abbreviations
IF IF are shown in the

LnVar

Lag-1 AutoCorr table below

2. Selective effect in breeding for resilience
v LL (stable DRT and DMY) is better than others

v' Autocorrelation of deviations (Lag-

Traits LL LH HL HH
Calving easy (CE=1), %  87%?2 85%3> 84%3b 81%"
Insemination frequency
53%2 449%P 459%bPc 409%¢
(IF=1), % ’ ’ ’ ’
Disease frequency (DF=0), % 76%?2 75%2 62%" 60%"®

Interval from calving to first
insemination (ICF), d

Body condition score (BCS)

302 40° 40>  48¢

3.232 3.19> 3.232 3.19°b

low LnhVar and autocorr
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Backgroung

In China, agriculture has intensified and specialised. In this process, crop and livestock
production have been decoupled at household level. While the benefits of integrated crop-
livestock systems (ICLS) have been widely discussed, their application remains limited.

|CLS-studies predominantly focused on regions neglecting the farm level and also other
stakeholders. They did not provide specific strategies tailored to particular regions. It is crucial
to include the farm level, as key decision-making units, to understand drivers of specialisation
In a regional analysis. There is a considerable heterogeneity across or within counties in terms
of farm structure, management practices, farm assets, farm diversity and environmental
characteristics. Quantifying the diversity of farming systems, their spatial distribution and
farmers’ characteristics is an essential step towards effective policies that enable ICLS.

Objectives

Capture the diversity of farms by using farm-level data. We introduce a farm typology that is
spatially explicit, data-driven, and oriented towards local farmers.

Quantify regional farm diversity and map the distribution of identified farm types over the study
area.

Discuss how identifying farm types and their distribution may help to contextualize future ICLS
designs to local conditions and how these findings can support agricultural transition policies
in the North China Plain (NCP).

Key Results 1
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Legend

Farm types

c 36°42N

Grain farm

Cash crop farm

- Mixed farm
- Landless farm

- Small mixed farm
- Commercial farm
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« Grain farms were nearly evenly spread across the county and emerged as the dominant type in
most surveyed villages, with proportions ranging from 0.3 to 1.0 (Figure 2). Cash crop farms
were also evenly distributed but with much lower proportions, generally less than 0.2. Small
mixed farms were concentrated in a few locations in the centre and north part of the county,
with shares reaching up to 0.7. Landless farms featured mostly in the south in a few locations.

« The farm types were not evenly distributed across the region, indicating regional specialisation
with a spatial decoupling of crop and livestock production.

« Using hierarchical cluster analysis, we identified six distinct farm types (Table 1) characterized by
the degree of specialization, management, and farm size --- grain (66%), cash crop(2.7%), mixed
(11%), commercial (7.3%), small mixed (8.3%), and landless farms (4.7%)

« Three features in these types were identified as being relevant in the context of ICLS, i.e. overuse
of fertilizer, the decoupling of crop and livestock production and a strong dependence of
specialized livestock farms on feed import (Table 2).

Conclusions

« Six major farm types featured in Quzhou county: grain, cash crop, mixed, commercial, small mixed,
and landless farms. The farm types were not evenly distributed across the region, indicating
regional specialisation with a spatial decoupling of crop and livestock production.

 Farm management strategies were suboptimal with an overuse of chemical fertilizer, a low
proportion of recycled manure that is used on cropland, and a strong dependency of specialised
livestock farms on feed imports.

« Qur study suggests that in designing ICLS, having a balanced ratio of crop areas and livestock
counts, as well as the number of crop and livestock farms and ensuring their even spatial
distribution within the region are essential to efficiently recycle nutrients and enhance regional
agricultural circularity.

* Driven by the Chinese dietary shift towards more animal-based products, the number and scale of
livestock farms will likely increase. To minimize disruptions of circularity, the location of livestock
farms matters as the capacity of surrounding croplands to produce feed and utilize manure is
critical.

« We conclude that new guiding policies are needed to coordinate specialisation and facilitate ICLS
to ensure a proper animal-to-cropland ratio at local level. This study can further complement
model-based explorations to design, incentivize and develop locally adapted ICLS.

Materials and methods

« The case study focused on Quzhou county, located in the central part of the North China Plain
(Figure 1 a-b). To establish a representative sample of farms from Quzhou county, a random
selection process was employed using ArcGIS 10.8.

« Three villages from each of the ten townships were randomly chosen (Figure 1 ¢). Within each
selected village, ten farm households were randomly chosen for the survey. In total, there were
300 households surveyed.

 We first developed a farm typology, based on farm-structure related variables. In a second step,
we incorporated new stratifying variables related to farming practices and socio-economic
information to further refine and categorize the initial farm typology, providing a more
comprehensive understanding of the identified farm types. Finally, we used ArcGIS10.8 to map
the distribution of each types.
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Fig.1 Geographic location of North China Plain (a), Quzhou county (b) and villages (c) randomly selected for farm survey.

Key results 2

Phosphorus Farm type

Grain Cash crop Small
Farming practice variables Mixed (11.3%)  Commercial(6.7%) mixed
(61%) (6.7%) (8.3%)

Mineral fertilizer management
Mean P application (kg/halyear)’ 91.7° 65.42 80.82b 69.82 80.52b

Feed management

Mean P in purchased
feed(kg/halyear)’

- - 1845P - SIESRSE

Mean P in feed from neighbours
(kg/halyear)’
Manure management

Mean organic fertilizer P on
45.7 46.2 11 35.2 137

croplands (kg/halyear)
Mean manure P production
- E 709 - 239.9
(kg/halyear)
Mean manure P export

- : 698 - 102.9
(kg/halyear)

Nitrogen Farm type

Farming practice variables Grain Cash crop Mixed Commercial Small mixed

Mineral fertilizer management

Mean N application
397.7° 3112 416P 26032 422P

(kg/halyear)’
Feed management

Mean N in purchased
feed(kg/halyear)’

- - 13334° - 24982

Mean N in feed from neighbours
(kg/halyear)’
Organic fertilizer management

Mean organic fertilizer N on
126.5 150.4 59 120.4 97

croplands(kg/halyear)

Mean manure N
- . 3501 - 1017

production(kg/halyear)

Mean manure N
_ - 3442 - 920

export(kg/halyear)

Landless
(6%)

4881¢

2059

2059

Landless

30227¢

9226

9226

30
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Background

* Chinese food systems need to enhance nitrogen (N) circularity
urgently to mitigate the environmental and health impacts of N

losses (Wang et al., 2020).

 While the principles of circular food systems have attracted
interest, stakeholders lack strategic frameworks to guide the
transition.

* Little research has been done to comprehensively assess the N

circularity consequences of various strategies, especially the
redesign of whole food system, using comprehensive indicators.

Research objectives

2 To examine N circularity trade-offs across various strategies
scenarios

To explore how future regional circular food systems could be
designed to meet local dietary requirements while minimizing
domestic land use.

Material and methods

* Study area

Figure 1. Geographical location and land use type of the North China Plain (NCP)

* Strategy framework

B Environment §

/ “ImPrRe” \

/'// ‘\\

Technologies

." Circular ".
food _
| systems ) |

Economy
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systems

Politics 4 Demography
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Figure 2. Proposed strategic framework of circular food systems

Reference

Scenarios
“ImPrRe” circular food systems
S1+2:ImPr ggy"c'ﬁ':z S1+3:ImRe
v | v
Si:Improve S2-1: S2-2: Recycling S3: Redesign

efficiency Recycling more more and better system

i | v
: GAMS optimization
Method: Substance flow analysis « P
model
follow the principle of FOODSOM:
| min land use while feed local population
Result:|« N flows of NCP food system | Result:|+ Land use

« Crop plant and animal
breeding structure
« Human consumption

« 8 N circularity indicators

Figure 3. Scenarios and method

Preliminary results

* N circularity performance in the NCP under some scenarios (%)
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0 ml I|I |I| I“ III
o |

(40)

(60)

FeedSur FoodSur NUE NRR Sec fert Sec feed

M Baseline W Efficiency

W Recycling more ™ Recycling better

N and Nr loss density in the NCP under scenarios (kg/ha)

300.0
200.0
0.0
NLoss NrLoss
(kg N/ha) (kg N/ha)
M Baseline M Efficiency

B Recycling more M Recycling better

Potential conclusions

* “Recycling better ©“ exhibited better circular performance than “recycling
more”

* Improving efficiency, promoting better recycling and redesigning food
systems simultaneously performed best N circularity performance 1n the

NCP food systems

Wang, X., Bodirsky, B. L., Miiller, C., Chen, K. Z., & Yuan, C. (2022). The triple benefits of slimming and greening the Chinese food system. Nature Food, 3(9), 686—693.
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Background

BThe specialization of farming systems and limited cropland
area increased nutrient losses to natural ecosystems. Design
a hew integrated crop-livestock system beyond farm (regional

N, P losses

external mineral
integrated crop-livestock system) level is needed. feed fertilizer
BThe integrated strategies of mitigation both nitrogen (N) and
h hor P) | are needed to be developed in major
P O.Sp orus (P) OS-SGS _ P ] livestock farms N, P losses Crop farms
agricultural production region.
Objectives Methods
L . . B Quantitative evaluation; Material flow analysis); Scenario analysis;
B The overall objective is to explore the integrated strategies on Q . . ' ysis); YSIS,
_ o _ a) Regional integrated crop-livestock system
enhance N and P recycling efficiency and environmental /
) ] ] i . k , _ amma D) On-farm use ¢) Farm-farm cooperation  d) Centralized composting
reduction in regional integrated crop-livestock system. Puctased eed — = T N * s
1) to quantify N and P flows and nutrient use efficiency on .m -
regional integrated crop-livestock system and three manure ey o P
management subsystem; CERE R E
2) to explore the potential manure N and P collaborative i ] Cofm || [oFm e | 0tk | | o ,
mitigation strategies and improve associated use efficiency [N S 5 i S S —
that enhance resources circularity of regional integrated L T e T e N

crop-livestock system;

Figure 1. Schematic representation of integrated crop-livestock systems and three manure management subsystem in Quzhou.

Results

1) At the regional level, i.e., total external N input was 1129 kg N-ha1-yr1, mostly in the form of livestock purchased feed (61%) and mineral fertilizer
(33%). This N was not used efficiently: the NUE and NRR of the system was only 29% and 37%,.

2) Total external P input to country was 190 kg P-ha-l-yr1, mostly from livestock purchased feed (54%). The PUE and PRR were 26% and 91%,
respectively. A large P was accumulation in cropland (66%, 125 kg P- ha-l.yr1).

3) Majority N was losses from different stages, especially during storage. Overall, NH3 was the major form of N emissions in all systems, followed by

IOSSQS to water (e . g ., d iSCha rg e’ IeaCh | ng ) erOSiO N , ru nOff) . Table 1. Nitrogen (N) and Phosphorus (P) losses (%) of total external input in systems.
(o N flow, ke/harsn) (b P flow, ke/ha/sr) Indicators Integrated system On-farm use Farm-farm cooperation Centralized composting
N losses to air, include NH;, N,O, N,, NO, (361.9) , TOtal N losses (%) 496 575 54.7 41 9
4 s ? ? oy aimapoes TOtal P losses (%) 79 49.3 8.6 5.9
v pots # o R o Housing
ee § NH; loss to air 3 8 7.4 4.1 3.4
minerl P L — Storage & Treatment
frtilize . ) wanwe | manre NH; loss to air 9.0 6.5 8.5 9.9
" i crop products N,O 1.6 0.2 1.7 1.4
! | Others to air 71 2.1 1.6 2.8
o N loss to water 9.3 3.2 10.7 7.3
bl e 211 | , | N discharge 0.6 29.1 0.6 0.0
o b 7 s iw P lqsses to water %) 1.3 2.2 2.3
N lo:ses to water, include runoff, leaching, erosion an:i discharge (2'15.(:) P losses to water, include runoff, leaching, erosion and discharge (15.8) P dlscharge 0.7 43.5 0.5 0.0
Cropland

Figure 2. The nitrogen (a-N, kg/ha) and phosphorus (b-P, kg/ha) flows in current regional-integrated crop-livestock system (BAU) of Quzhou. The inputs (green NH; loss to air 6.1 2.2 6.7 32
arrow) include feed, mineral fertilizer, others (BNF, deposition, seed and irrigation). Outputs (orange arrow) are animal (live weight), crop products (total grain and N,O 0.8 0.1 0.5 1.3
straw harvested from cropland, not include the straw returned to the cropland); Surplus mean the soil nutrient surplus, which calculate by total nutrient input minus Others to air 78 2.4 8.4 7.1
output, losses (gray dotted arrow); the losses are distinguished with stages (housing, storage, treatment, cropland, gray square) and destinations (air and water). The N loss to water 85 4.2 11.9 3.5
gray solid arrows mean inner cycle of regional crop-livestock system. P losses to water 4.9 4.5 5.9 3.5

4) Scenario S1 (Improved technology of whole system) decreased external input (N: -29%; P: -26%), loss (N: -49%; P: -55%), P surplus (-21%), but
increased N surplus (+24%) in system. Although the nutrient recycling rates were improved, the nutrient use efficiency decreased slightly.

5) Scenario S2 (S1+ Redistribute manure) decreased external N import to 354 kg N: hal-yr1, especially reduced mineral N fertilizer from 305 to 131 kg
N- ha-l-yr1, along with significantly decreased total N loss and surplus by 78% and 61%, respectively. These gains translated into an increase in NUE from
29 to 51%. For P, the total external P input decreased by 57%. Total P loss and surplus dramatically decreased by 79% and 66%, raised the PUE to 45%.

External N input External P input

(a) (918 vs. 651 vs. 354 kg/ha/yr) (b) (159 vs. 118 vs. 69 kg/ha/yr) Conclusion
Mineral N use /// P \\ ~ NRI?/S o £ ove s Mi?eraIPuse ’ . PRR y ] ]
(305 vs. 234 vs. 131 kg/ha/yr) AP PN (37 vs. 69 vs. 69 %) (70 vs. 58 vs. 3 kg/ha/yr)/,a\ p \(91vs.100vs.100 6) o BAU 1)The Integrated Crop_llvestock SYStem, When eXtended beyond the farm Scale,
o s suffers from high external nutrient import and low nutrient use efficiency and
® 52 high nutrient losses. Significant nutrient losses occur during storage and

7 \
’ ’ \
\

> NUE P surplus ¥

N surplus %~ ,
7 (29 vs. 27 vs. 51 %) (105 vs. 83 vs. 35 kg/hasyr)

(197 vs. 244 vs. 77 kg/ha/yr) /(26 vs. 25 vs. 45 %)

————— treatment stages, as well as from excess manure returned to cropland.
2)Implementing a centralized manure composting system can help reduce
nutrient loss during storage. A higher nutrient loss during treatment and

-
\\\ -
S~a Leee—"

N loss P loss
(455 vs. 231 vs. 99 kg/ha/yr) (13 vs. 6 vs.3 kg/ha/yr)

Figure 3. Comparison of indicators between BAU and S1, S2: radar chart (a) for N; and radar chart (b) for P. Higher indicator values on

NUE, PUE, NRR, PRR are indicative of better environmental performance (i.¢. high efficiency) whereas higher indicator values on external surplus on cropland were happened. To prevent further nutrient loss on

pollution k), The velue for cach indicators axis o BAU (ef). $1 (middley and $2 ight)are provided in brackets aher the mdicator bt Cropland, a more efficient strategy for manure return should be optimized, and
the area of manure application should be expanded while regulating the

Acknowledgements amount of manure applied.
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Background Results
China’s agricultural intensification, driven by the rising food demand, Manure inputs under current and crop demand driven manure allocation
relies heavily on nitrogen (N) and phosphorus (P) fertilizers, causing soil The crop-manure balance index (ratio of demand versus manure supply) of
acidification, ammonia (NHs) and nitrous oxide (N20) emissions to air and P was 2 before allocation and reached 1 after manure products were
leaching/runoff of nutrients to water, all of which threaten agricultural distributed to crops. The nitial crop-manure N balance index was 0.33.
sustainability. Livestock production, which nearly tripled between 1980 After allocation, 47% of the N demand for vegetables was met via manure,
and 2010, has worsened these impacts through ineffective manure while only 28% for citrus and as low as c.a. 10% for o1l crops, other cash
management. Enhanced manure recycling and appropriate use offers a crops, and rice.
sustainable solution by reducing soil acidification, improving soil fertility, 05 25
decreasing fertilizer dependence and mitigating environmental impacts. 0.4 20t
Logistical, economic and technical barriers, such as transportation and % ZZ . 0.16 % iz 100100100100 100100
treatment costs, along with mismatched N:P ratios compared to crop ~ 2(1) I I 0.08 Oig I N 2(5) '
demand, limit effective manure use in agriculture. & 8 S R I
¥ & é@go o&é" a & é"‘}\ o&é"
N &
Objectives | |
Fig. 2. Crop-manure N and P balance index (CMNBI and CMPBI) under current and crop demand driven
The study aims to evaluate the effectiveness of manure management manure allocation options,
options to use nutrients efficiently by matching manure volume and All pig manure products were fully utilized during the allocation process.
composition with crop nutrient demands, while balancing manure The solid manure product from smallholder poultry farming was 96%
management costs and environmental benefits. consumed, while the solid manure product from industrial poultry farming
Methods was not used because P demands were already satisfied.
The potential of manure management options to optimize N and P use was Environmental impacts for manure management options

evaluated for a typical livestock production city Quzhou in China. Eleven , , . ,
, , o , Nutrient retention across the 11 manure management options varied from
manure management options were assessed using combinations of housing . . .
, - , 14% to 60%, with most losses, and related environmental impacts,
systems, storage and treatment techniques. Their impact on nutrient use

. , , , caused by emissions during the housing and treatment stage.
and 1nvestment and maintenance costs were determined. The ratio of

dagestion - [,/ "
'

Centralired

excreted manure nutrients, corrected for losses during the processing, to = Housing  Storage = Treatment N retention
crop demands was calculated to evaluate regional nutrient self-sufficiency, 100
and. An optimization model was developed to find economically feasible S g0 L
. . =
and sustainable manure management options. 2
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