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Overview PhD projects — starting year 2019

Posters, January 2023

Theme: Green and nutritious food provision & governance

Name Model* Project

1. Hongyi Cai 1+3 Sustainable, Healthy, Affordable, Reliable, and preferable Diets in China

2. Taian Deng 2+2 Can Homestead Gardens Improve China rural Households’ Vegetable Consumption? Evidence from Three Provinces in China
3. Mingzhao Han 1+3 Exploring green transformation of plant extract industry: a case study on CCGB

4. Jinghan Li 1+3 The social impact of Science and Technology Backyards (STBs) towards a rural revitalization in China

5. Zhiwei Yu 2+2 The social impact of Science and Technology Backyards (STBs) towards a rural revitalization in China

Theme: Green animal production

Name Model* Project

6. Guichao Dai 2+2 Optimization and designing of integrated crop-livestock systems

/. Tao Zhang 2+2 Decreasing nutrient loss from crop-livestock systems by manure redistribution with minimum cost and improved management
8. Zhenyu Wang 2+2 Improved utilization of organic wastes to develop new feed resources

9. Shiyi Zhang 1+3 Quantifying the effects of dietary fibres on protein digestibility in pigs

10. Hao Ye 1+3 Effects of protein kinetics in lactating sow diet on sow body condition losses, litter weight gain and nitrogen utilization

11. Hanlu Zhang 1+3 Optimizing the utilization of nonconventional feed ingredients in pigs by targeting hindgut fermentation of fiber and protein

components for improved animal health and environment

12. Yaowen Zhang 2+2 Optimizing the utilization of nonconventional feed ingredients in pigs by targeting hindgut fermentation of fiber and protein
components for improved animal health and environment

Theme: Green ecological environment

Name Model* Project

13. Muying Duan 1+3 Towards more sustainable groundwater use for food security in Quzhou

14. Yu Gu 1+3 Assessment of the spatial distribution in phosphate balance and the required mitigation potentials

15. DongFang Zheng 2+2 Assessment of the spatial distribution in phosphate balance and the required mitigation potentials

16. Zhilong He 2+2 Mitigation of nitrogen losses and greenhouse gas emissions in a more circular cropping-poultry production system

17. Yanan Li 1+3 Agricultural Green Development in China - Integrated Assessment of green food production, green products and a green

environment

18. Fanlei Meng 2+2 Agricultural Green Development in China - Integrated Assessment of green food production, green products and a green
environment

19. Hongyu Mu 1+3 Agro-pollutants in the soil-water-air nexus: occurrence, transport, risk, and solutions-take pesticide as an example

20. Zhibiao Wel 1+3 Waste2C: From Waste to Crop — Quzhou as a Living Lab for Sustainable Agro-Food systems

21. Luncheng You 2+2 Towards sustainable nitrogen and acidification management in the Quzhou and Zhaoyuan counties and the North China Plain

22. Qi Zhang 1+3 Sustainable pathways for green agricultural development-a multi-scale integrative modelling approach

Theme: Green plant production

Name Model* Project

23. Jiali Cheng 1+3 Quantifying and enhancing ecosystem services for sustainable high value and healthy food production in the North China Plain
24. Zhengyuan Liang 1+3 Developing sustainable diversified crop production systems for the North China Plain

25. Mengshuai Liu 2+2 Crop rotations, intercropping, and negative plant-soil feedback in Quzhou and the North China Plain

26. Zhan Xu 1+3 The implications of positive deviant farms for crop production sustainability in the North China Plain

27. Lu Liu 2+2 Sustainable, Healthy, Affordable, Reliable, and preferable Diets in China

28. Jie Lu 1+3 Increasing nutrient use efficiency in maize by merging functional structural root modelling and marker assisted breeding

29. Yujie Yang 2+2 Increasing nutrient use efficiency in maize by merging functional structural root modelling and marker assisted breeding

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.



Sustainable, Healthy, Affordable, Reliable and Preferable

Diets 1n China

Hongyi Cal
Supervisors: Pieter van 't Veer; Sander Biesbroek; Elise F. Talsma

2) The association between diet quality and diet-related environmental impacts in Chinese adults:

Background

* In China, overconsumption and unhealthy diets cause a massive burden of malnutrition, (A) GHGE (B) TWU (C)LU * This study used dietary
which as a result leads to undernourished, overweight and non-communicable diseases, © © © ] consumption data of
there were more than 300 deaths per 100,000 population in China in 2017 due to dietary o - o - P o - Chinese adults from the

China Health Nutrition
Survey 2011. Multilevel

< ,'/ <
z’,' g / -
/ .| == . %// regression models were

risks. Modern diets not only impact health, but also the environment. The share in global
GHG emissions of China in 2018 is 26.8%, and almost 30% anthropogenic emissions of
which is caused by food systems.

\

 |n 2010, the FAO proposed that sustainable diets are, according to the definition, diets used to quantify the
with low environmental impacts, which contribute to food and nutrition security, and are association of the
respectful of biodiversity and ecosystems, cultural acceptability, accessibility, CHEI2016 score and the

economically fair and affordable. goundaries Health 20 40 60 80 10 50 40 60 80 10 20 40 60 80 100 diet-related

« There is thus an urgent need to o@‘°d — U, CHEI2016 CHEI2016 CHEI2016 environmental impacts
transform both Chinese food </ %2 /N 95% Cl - ------ Average North East East across regions.
production systems and food e ,__\ | e 7¢ : Central South West Metropolition areas
consumption patterns. This thesis ”‘fe‘;s;ﬁ;'lgﬁ'fg uton 4 Healthy, e Participants with higher adherence to the CHEI2016 had overall higher diet-related
focusses on the design of sustainable food production < %s = SO, environmental impacts after adjustments for age, sex, and dietary energy. Among the five
diets for Chinese consumers by trade- R N Q\ﬁﬁ“s‘a'“a% regions, with one standard deviation increase in CHEI2016, the dietary environmental impacts

offs analysis with these five aspects.

rose fastest (GHGE: 4.9%, TWU: 4.7%, and LU: 1.5%) in the Central area and slowest in the
Northeast (GHGE: 4.0%, TWU: 3.9%, and LU: 0.5%) .

O bj eCtiVGS . (A) GHGE .. (B) TWU . (C) LU
@ LCA .+ Healthy ' : Food Price : | 1.Create an environmental impact )
' database ! ! dietindex ! ! database ! | database for foods consumed in
STt [ """" LTI [ """" LT [ """" " | the Chinese Nutrition and Health L | : g
l Survey. <
N e | B N g
:l 1997-2011 Chinese Health Nutrition Survey !
Envi X tal Y v . 2) The association between diet quality and diet-related environmental impacts in Chinese adults:
nvironmenta Health Diet cost 2. Analyse the diet-related
Impacts environmental impact associated
| | with diet quality and explore the
| heterogeneity across regions.

hat is the association ! re our diets ! | |
‘ ' | 3. Assessing the multiple
getting more | | dimension of sustainability for
_________________________________ §y_§te_lir_1_a_|9_lge_'s_’__i Chinese diets during the rapid
transition time.

@ Can healthy and sustainable dietary . | 4-Identitication of data-driven

| : ey : | Chinese dietary patterns that

L______E‘?ﬂ_e_':n_s_h@_[q_e_nyfl_@fj_![]_S:_h!p_q:') _________ | benefit the environment. are

healthy and low cost
 Food consumption of 8,330 participants of the China Health and Nutrition Survey cohort (1997-
2011) were examined. Multilevel mixed-effects models were used to estimate associations
etween the time trend of dietary sustainability indicators and degree of urbanization.

Methods & Result b he ti d of di inability indi dd f urbanizati

1) the Chinese Food Life Cycle Assessment Database (CFLCAD) * From 1997 to 2011, the CHEI2016 score increased by 10.6%, GHGE by 23.8%, LU by 29.1%, and

the inflation-corrected cost of diet by 80%. Urbanization was positively associated with these
time trends, which remained after adjustment for sociodemographic and lifestyle factors (all
P<0-05).

* This study developed a Chinese Food Life Cycle Assessment Database (CFLCAD) in which
Greenhouse Gas Emissions for 80 food items, Water Use for 93 food items and Land Use
for 50 food items were collected through a literature review.

* To estimate the environmental footprints of food from production to consumption, the _
study applied conversion factors for the edible portion of food, food loss ratio and Conclusions

rocessing, storage, packaging, transportation, and food preparation stages. . . . . . . : :
P & &% b &g P Prep 5 * Diets with higher CHEI2016 scores are associated with higher diet-related environmental

impacts among Chinese adults but with variation per region . Regional heterogeneities can be
explained by differences in dietary habits, and distributions in sociodemographic variables
such as age, urbanization, and income.

 The rapid urbanization in China over the past two decades has been followed by an
improvement in the overall dietary quality, but this has been accompanied by an increase in
the environmental impacts and higher cost of the diet, especially in communities with lower
urbanization index.
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Can Homestead Gardens Improve China rural Households’
Vegetable Consumption? Evidence from Three Provinces in China

Taian Deng 2 Marrit van den Berg? Nico Herrink? Shenggen Fan!:3"

ICollege of Economics and Management, China Agricultural University, Beijing, China
’Development Economics Group, Wageningen University and Research, Wageningen, The Netherlands
3Academy of Global Food Economics and Policy, China Agricultural University, Beijing, China

Table 2. Impacts of homestead garden for vegetable consumption

(1) ) (3)
Background | oLs oLs 2SLS
Variables
vegetable vegetable vegetable
) . . ) consumption consumption consumption
Recently vyears, the consumption of vegetables among Chinese residents shows a decreasing trend. Both Homestead garden 52.635%%* 51.063%** 31.452%%%
b
. . C (9.325) (10.365) (5.216)
Chinese dietary guidelines and EAT-Lancet all recommended 300g per adult person per day . But more than ol wiiiblas No Yes Yes
half of the population does not meet the guidelines of minimum intake of vegetables in 2011 (Fig,1). 1;2 ;fi‘g ;i‘; ;i‘;i
Note: Robust standard errors are presented in parentheses and are clustered at village level; *** **
Homestead garden 1s one approach to accomplish this. There are many success cases on homestead gardens Z‘d*dj‘“’f Sta‘isgca‘ Sig“f“;‘;‘z‘;e atthe e 3w and 100 levels, despeotivelys Column (3) shows
) . o ) ) ) e result of second stage o 2
for promoting vegetable consumption and nutrition outcomes in developing countries, such as Bangladesh, Fig.2 Distribution of vegetable intake of Chinese rural people
Cambodia, Nepal, and South. But evidence in China 1s still scarce. Hence, the effect of homestead garden

consumption group(lower than 300g/adult/day) and more pronounced for dark green leaves vegetables.
ption group( g y p g g

Distribution of Vegetables Intake (by groups & b rovinces
: (by g g Vi ) Among those different income groups, we can see homestead garden have a significant effect for promoting

vegetable consumption in low-income and high-income groups, which shows a U-sharp. The estimates
suggest a positive and significant causal effect of homestead garden on households’ vegetable consumption.
This may reveal a possibility that homestead garden improve low-income group household vegetable
consumption because of affordable and accessible. However, for higher income groups, the mechanism of
effects of homestead garden may attribute to an awareness of a healthy and balanced diet.

Robustness tests

We further use Propensity Score Matching (PSM) as a robustness check. ATT on homestead garden for
vegetable consumption 1s set as follow.

ATT =E(Y;r I D; =1) —E(Yyy | D; =0) (2)

0-100g/d 100-2009/d _ 200-3009/¢ 300-4009/d _ 400-5009/d ___above 5009/d Where Y;r denotes household per capital vegetable consumption, T and U denote treatment group and control

group. D; denotes whether household has homestead garden.
Fig.1 Distribution of vegetable intake of Chinese rural people

Source: CHNS 2011 G It |1 G
U SE——— I——
Objectives s I
irrigation et @R
The goal of this study 1s to find out whether homestead gardening can affect households’ vegetable wwr:ml wle
consumption. Furthermore, we perform additional analyses to examine whether homestead gardening effects retail_market e
on vegetable consumption vary by income level, different species of vegetables, and between households Whm““:kt .' e
with deficient and adequate vegetable consumption. The heterogeneity analysis may provide useful insights L , | et .
for future national nutrition health improvement initiatives and rural planning. ks Standardized % biasacross covriaes o
Fig.3 Normalized deviation for PSM (Kernel Matching) Fig.4 Common support area.

Figure 3 and Figure 4 show that the match for homestead garden passed the tests of balance and common

Data and Methods support with Kernel matching. We also do Nearest neighbor matching with caliper 0.05 (NNM) as
robustness check.

Our primary data were collected by China Agricultural University, covering 82 villages in 46 townships in

Henan, Shandong and Hebei provinces by using a multistage stratified random sampling approach. We The results shows that the propensity score matched of rural households with homestead gardens consumed
quantified the individual’s vegetable consumption by 24-hour dietary recall. Then, we reserved the more than 31.37 to 35.12 per adult person per day than those who did not cultivate vegetable gardens. The
individuals between the age of 18~65 because the minimum recommended of vegetable consumption results of the propensity score matching results suggest stability in the finding that homestead gardens
(300g/per adult/person) in Chinese Dietary Guidelines 1s based on adult population. A total of 1073 valid significantly contribute to the level of vegetable consumption per capita in rural households.

observations were obtained by sorting and eliminating the missing values and outliers.

Vegintake; = ap +a; HG j+a; X;+¢& (1) Conclusions and Policy Implications

Among them, Vegintake; 1s an average household vegetable consumption. HG ; represented homestead gardens.
The X ; 1s a vector of control variables, including household income, demographic characteristics variables and
regional levels of variables. ¢; 1s the error term.

Our results 1ndicate a positive causal link between homestead gardening and household vegetable
consumption. Homestead gardening improve 30.43g/adult person/day in households’ vegetable consumption
as compared to those without homestead gardening. Compared to the mean vegetable intake level presented
Notably, the variable of HG is endogenous so that we use irrigation conditions and weather disasters as in Tablel, this implies an increase of 11.3%. Additionally, the heterogeneity analysis indicates that homestead
instrument variables by applying 2SLS. gardening has a larger effect on improving vegetables consumption of households with deficient vegetable
consumption and affects households in the lowest income group and the highest income group most. The
impact of homestead gardening was strongest for the consumption of dark-colored vegetables.

Results

Our research findings have important policy implications. First, homestead gardening for producing vegetables
in Chinese rural households should be taken into consideration in the future when the government designs the
new countryside. Leaving a small plot to households may help rural households to produce and consume more
vegetables. Second, actively encouraging the cultivation of home-grown vegetables in homestead gardening

The results show that homestead garden has a positively causal impact on households’ vegetable
consumption, which 1s marginally significant. Homestead garden 1s now causally associated with

31.452g/person/day improvement in households’ vegetable consumption. These results reveal potential can provide an important contribution to the transformation to more balanced diets in rural China. Third, the

bias of endogeneity when analyzing the impact of homestead garden on vegetable consumption using effects of promoting homestead gardening on the when the efforts are focused in particular on the lowest

simple OLS. income groups and groups with deficient vegetable consumption levels.
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Exploring sustainable transformations of plant
extract industry: a case study on CCGB

Mingzhao Han':?, Costas Nikiforidis?, Xin Wen?, Yuanying Ni?, Remko Boom+1

WAGENINGEN

UNIVERSITY & RESEARCH

Background

The growth of the global human population to 9 — 10 billion people will
put a strain on our possibilities to produce sufficient food. Therefore
we should make use of our harvested foods as efficiently as possible.
Currently, the production of ingredients results In large side streams
that are not always fully used. Chenguang Biotech Group Co.,
Ltd.(CCGB) Is the largest pigments producer in the world, and
produces significant side streams that are currently under-utilised.

An example of such a side stream is the seeds of Capsicum peppers
which contain around 23% oil and 219%o protein, respectively.

The aim of this work Is to extract these components In their most
functional form, by using gentle extraction, retaining the integrity of
the oleosomes (oil bodies). The results will be generalized towards the
potential for utilisation of other side streams of the food and
Ingredient industry.

Capsicum seeds
Figure 1. the raw materials

Capsicum peppers

Objectives

e To optimize oleosomes extraction from capsicum seeds.

e To characterise the oleosomes obtained, w.r.t. (physico)chemical
properties, physical and chemical stability and techno-functional
properties.

e To guantify the resource use of producing O/W emulsion by
oleosomes extraction

Methods

Oleosomes and protein extraction
Seeds l

Water
y N

}.
Seeds steeping

!

\ ( Screw press

VAN Fibres
Separation A
y — » Protein Oleosomes

Figure 2. Gentle extraction of oleosomes from capsicum seeds

Contact: Mingzhao.han@wur.nl
T + 31 625564101

Correspondence to Costas Nikiforidis,
Costas.nikiforidis@wur.nl

Results
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Figure 3. Particle size and zeta potential of oleosomes from capsicum seeds at pH
range from 2-12.

Figure 4. Confocal laser scanning microscope images of oleosomes from capsicum
seeds stained with Nile red (A) and Fast green (B) as well as the merged image of
these (C).

Decanter Oleosome-rich cream Mixer
Extract 661 kg

Soaking Twin-screw press

Capsicum

seeds E— O/W emulsion
5000 kg
4188 kg N\ 5% oil
Loss  Pellet Serum \Water
Cake
Water
Water Dryer vapour (air)
Fiber supplement
2670 kg
Figure 5. Process sequence for producing O/W emulsion from oleosomes.
Soaking Twin-screw press Decanter Mixer
Extract Oleosome-rich _
Capsicum cream O/W emulsion

seeds
Exergy: 87697 MJ

7 e Exergy: 12688 MJ
Water Water

Cake Exergy: 189 MJ

Exergy: 211 MJ

Turbine Hot air Dryer

Electricity

Natural gas
Exergy: 6235 MJ

— Electricity: 74 MJ Fiber supplement

Exergy: 50259 MJ

Furnace

Hot air
Exergy: 4862 MJ

Figure 6. Grassman diagram for O/W emulsion production from capsicum seed oleosomes

Conclusion

e The yield of oleosomes is 34.36% by gentle extraction from
capsicum seeds.

e The total exergy loss to produce 5000kg 5% oil concentration by
oleosomes extraction is 31.4 GJ.
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Science and Technology Backyard as a local level
Innovation intermediary In rural China

- Strengthening co-evolution of technical change and social change

Jinghan Li; Cees Leeuwis; Nico Herrink; Weifeng Zhang

Background Results
« Agricultural innovation can be described as a co-evolutionary process of Innovation process and roles of STB

technological innovation, symbolic change, and social or institutional innovation, _ - _ _ _

which relies on the interactions and collaboration between multiple stakeholders. -Evolved from a knowledge broker to an innovation intermediary in STB village
« This view emphasizes the significance of innovation intermediaries in supporting the -Still performed more like a knowledge broker outside the STB village

co-evolution process of innovation. " Phasel |  Phase2 | _ Phase3
- Many studies have provided evidence on how innovation intermediaries play roles in Intermediary Roles Hardware Software Orgware Hardware Software Orgware Hardware Software Orgware

supporting the co-evolution innovation process at a broader innovation system level. F1-demand articulation ] ox X X
- However, little emphasis has been paid to the role of innovation intermediaries in Eg:ﬁ:ﬁﬁg:ﬁg;';&iﬁﬁg — : :

supporting the co-evolution process of innovation at the community level in rural F4-capacity building » »

China. F5-innovation processes management X X

F6-knowledge brokering x  ox o x X X
- Note : x denotes only STB village, xx denotes STB village + STB nearby villages, xxx denotes large-scale villages
Research guestions
- What intermediary roles are played by STBs to support co-evolution of innovation? Outcome of Innovation process: comparison between STB village
- How does this influence the outcome of the co-evolution process of innovation? and non-STB villages
STB Non-STE STB village has
100 90 80 70 60 50 40 30 20 10 0 . .
. _-**AT:IGption rate of Optimized tillage method * ngher adoptlon rate
Therotical framework cnabiing sofoware + A better environment to
I Technology training on DPRT (1=yes; 0=nao) aACCesSSs kﬂOW'Gdge and new

° |

Innovation was defined as a conducive combination of “hardware” (technological
innovations, e.g., new agronomic practices), “software” (symbolic innovations, e.g.,
changing mindset, attitude), and “orgware” (social or institutional innovation, e.g., a

Technology recommendation on DPRT (1=yes; 0=nao) teCh nOlOgy

**xx

Long-term exposure to knowledge (1=yes; 0=no) ° EaSIer access to DPRT

*x

- - : : I  On-field experiments (1=yes; 0=no) machlnery and hlgher
new organizational arrangement). These components of innovation are seen to co- Facilatiting orgware farmers’ cooperative
evolve together in the process of continuous interaction. R A CCess to rotary tillage machinery participation rate

: . - . - I - -+ <
* Innovation platforms have been seen as important interventions to facilitate co- SRS Access to deep plowing machinery
: i ; : : I, -
evolution processes of innovation by creating a space for multi-stakeholders to B Partipating in famers’ xoperatives (FC)

0 i0 20 30 40 50 60 YO 80 90 100

Interact and collaborate.
Factors affecting farmers’ adoption of DPRT in the 2019-2020 wheat season, Logit model.

* Innovation intermediaries are defined as ‘bridging organizations’ that facilitate T (e
access to knowledge, skills and services, and goods from various organizations. T R _ = &
] ] ] ] ] ] ] ] ] ] One-off training on general tillage methods -0.00 0.00
 Innovation intermediaries can play diverse roles in innovation platforms, including 1) Specific technical practice recommendations on DPRT gogé‘{‘; EZOZO:{;
demand articulation, 2) institutional support, 3) network brokering, 4) capacity On-field experiments NN o -Participated in  farmers’
building, 5) innovation process management, 6) knowledge brokering. g ors” cooperatives 031~ 020+ cooperatives, Access to deep
Access to rotary tillage machinery 600913 (_3002513 pl()Wlng maChine Slgnlflcantly
Broader socio-technical context Access to deep plowing machinery (0:16*) (0:15*) pOSItlve|y affect fa rmers’
ro-----o-- (Policy environment, markets, culture, resource access etc.) [~==7 Farmer characteristics (.e218), (©.07), _
i
: | ——— — Gender 209 adoption of DPRT.
—— nnovation Plattorm Age 0%
(0.001)
Education -0.0
S S (0.003)
Off-farm occupation -0.01
Y Role of intermediary in y Plot characteristics of the largest plot G
S platform S Plot size OO. 1098*5’;
t *Demand articulation o t Plot flatness (—6.01
5 N o (0.009)
e 22 *Institutional support S 2 e Pseudo R2 0.2770 0.3040
m 5 E: .NEtwnrk hrﬂkering B;}l. {% m lfl)c)tt)es:iz\t)liflgc:nzard errors in parentheses. Clustered errors were applied at village level. ™ ™ ***B:cicate statistical significanfe4j the 10%,
o oCapaci-w huildi“g ..g,,. 5%, and 1% level, respectively.
*Process ITIEI'IEEEITIEI'“
A eKnowledge brokering B )
Conclusions
Private sector
actors/enterprises - ; . ; . ]
\ P « STB has evolved its roles from knowledge broker to innovation intermediaries at the

:___________ll_IEE'HEEiPD_ES_E_CP:‘_‘-'!Q!EEiED.E'PPFEE __________________ Community Ievel as the CO—eVO|Uti0n Of the innovation proceSS in tlllage praCtice in
(hardware <— software <—> orgware ) wheat season in WZ STB village.

« The roles evolution also facilitates the co-evolution process of innovation, which
performed as a higher adoption rate, a better learning environment, and an enabling
social environment in STB village than non-STB villages.

Methods « Creating a knowledge enabling environment is not enough for the large-scale
technology change

(Kilelu et al, 2011)

RQ1 L . . . . . .
Q B2 « Facilitating a social environment change will be more effective (including access to
a» Qualitative data a» Quantitative data right mechanic service and linking smallholders together in this case)
* In-depth face-to-face interview * Questionnaire survey in Quzhou
® Second-hands documents (STB diary from 2009- county
2018)
@’ Methods eb Methods
* Case study
* Innovation journey analysis . Multivariate regression analysis
« Wangzhuang STB (WZ . Quzhou County
STB) _ _ Hebel Province
« established in 2011 . 10 township
. fOCl-,IS on wheat and . 34 village
Mmaize
* About 10 farmers
— per village Acknowledgements
practicg: « Total 350 farmers : L :
choosing wheat . 2019-2020 wheat We gratefully acknowlege the sponsors of this research:China Scholarship
ggzgﬁasemethod production Council (NO.201913043) and Hainan University.

Contact: (Jinghan.li@wur.nl)



When 1s command-and-control efficient? Evidence
from straw-burning control in Northeast China

Zhiwel Yu
Supervised by: Weifeng Zhang; Nico Heerkink; Wei Si; Fan Li

Background : Results
The implementation and enforcement of environmental policies
are frustrating. On the one hand, fragmented departments pass
the buck to each other, which makes it impossible to integrate
the resources within the government. On the other hand, it
lacks a bridge Dbetween the government and polluters,
increasing transaction costs of polluters’ identification and
Intervention. Therefore, it Is a worldwide challenge of collective
action by stakeholders within and outside the government to
Implement and enforce environmental policies. In this paper, we
provide the straw-burning control in Northeast China to answer
how to promote the implementation of environmental policy.

_ _ Figure 2. The distribution of straw-burning spots
Objectives

The discontinuity did not exist before the policy implementation but

« Summarize the policy tools in Heillongjiang showed after that

« Estimate its policy effect

Methods:

We estimate the following for each country pair in our data:
Yime = a + [1D; + prdistance; + fzdistance; X D; + a; + 0 + 0., + €jtm

In this equation, Y; iIs the number of straw-burning spots of the
county i in the month m and the year t. A county i's treatment
status Is denoted by a binary indicator D: D; =1 if county 1 In Figure 3. Policy effect in Hellongjiang
the Heilongjiang province (treatment group), and D; =0

otherwise (control group). distance; Is the distance from county _ o _ o _ _
i to border. 8, indicates whether there would be a natural straw- | N€ discontinuity did not exist in the first two years of policy

burning discontinuity at a given location of a current border. 'MPlémentation but showed in the third year.
This is how we classify borders a “political” and “natural”. If we
find a border discontinuity in the hypothetical natural straw

burning, the border is “natural”, and if we find no discontinuity,
the border is “political”.

Figure 4. Heterogeneity of policy impact in Heilongjiang

Conclusions

This paper shows that command-and-control tools effectively
control straw burning in the short term but fail to do In the long
term once monitoring starts to loosen up. Achieving long-term

control effect requires effective incentives to support command-

. . and-control .
Figure 1. County-to-Border Distance Measurement
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Reshaping agri-food production systems helps achieve
the Lancet diet In a more sustainable way

AGD 2+2 PhD Candidate: Guichao Dali
Supervisor: Dr. Yong Hou, Prof.Oene Oenema, Dr. Xueqin Zhu, Dr. Hans-peter Weikard , Prof. Fusuo Zhang

Background Results
Global food security poses a massive challenge to current agri-food production ey Food Pt ; Reshaping agri-food production
systems, with between 700-820 million people currently still hungry - mmE_ | I e ™ systems can increase food energy.

. . . _ . o "I . --l I d 111 supply by 21-46% and food protein
worldwide during 2021. By 2030, it is predicted that 670 million people, or 8%0 " = eE = II g supply by 10-42%, while combined
of the world's population, would still lack access to sufficient food, with the i ) with advanced technologies nitrogen

0 " " e
BL  51-MFEC 52-MFEL S3-MEHI 54-MGELSR-MGTL BL  51-MFEC 53-MFEL 53-MFHI 54-MGELES-MGTL Bl S1-MFEC S2MFEL S3-MMFHES4-MGELS5-MGTI B "

majority of them living in Africa, Asia, and Latin America. Besides holding this, - s oo s and phosphorus inputs can be
— -_ — nit:Mt - UNtK®®) o e o o
the sustainability of agri-food production systems has also been severely 5:-_ — - — reducec?l by 65% anc.JI.SEM)., o
_ _ _ _ _ 1111 l. respectively. In addition, irrigation
tested by the exorbitant resource input and environmental costs, with metrics = T water use and greenhouse gas (GHG)
like nitrogen and phosphorus inputs, cropland use, and irrigation water use all Al = | HHEE= Hf% emissions can be reduced by 15%
exceed the threshold for safe production. 13.7 GtCO2e of the anthropogenic o _ _ _ and 30%, respectively.
Results 1. Potential impacts of reshaping agricultural food production systems
greenhouse gas (GHG) emissions are brought on annually by the global food on food availability, N/P inputs, GHG emissions, and irrigation water inputs.
system, or 26%0o of total GHG emissions. T T Yoemmesin T nunstewme L Seednene MiaRo [ MiaSon Compared to the baseline scenario,
i both nitrogen and phosphorus
Es inputs, land resource inputs, and
- : . ..
Objectives i - - N e GHG emissions are reduced to
%g : il - Illll I- produce the food required per
_gg o | ___- . .
the objectives of this study were (i) to investigate the potential benefits of ¢ e I .III person per d.ay Nitrogen and
S _ _ - P 11T phosphorus inputs decreased by
structural optimization in agricultural food production systems, (ii) to explore I I-- _--I TTT llll 19-23%, while cropland input and
T e, T %% Syt %%“‘@‘b ST S

how the structure of current agricultural food production systems could be GHG emissions decreased by up to

changed to match the food requirements of the EAT-Lancet diet, (iii) Results 2. Changes in food N and P inputs, cropland inputs, and GHG 28% and 34%, respectively.
emissions required per person per day for production in different scenarios.

Nuts DAICOW
Muts&lLegume
Pulses

Investigation of the potential impact of shifting to the EAT-Lancet diet with

simultaneous structural optimization of agricultural food production systems.

Ruminant OCOW
Fruits
Vegetable&Fruit
Vegetables SHEEP&GOAT
Cereals
I\/I eth OdS Cereal&Root oot LAYHENS m 5
: LY
Oilcrops Monogastric BROILER = S3
(i) Intake of each food category P sugarcrop =
] ] ] ] m= S1-MFEC PIGS S5
The energy/protein intake for food is mainly calculated based on the food Forago Forege v
mm S4-MGEL
intake multiplied by the energy content/protein content of the food. O 100% 200% 300% 400% S00% 600% 7o =L 0 S 100 I50%  200%  250%
Result 3. Changes in the planting area of different types of crops under Result 4. Changes in the farming numbers of various

(i) Calculation of GHG emissions and irrigation water use
For the crop/livestock systems GHG emissions were mainly calculated by

multiplying the crop carbon footprint by the total crop production/total Under the Lancet diet, meeting consumption and environmental reduction targets, our acreage of
nuts (+215%), pulses (597%), oilseed crops (242%), and sugar crops (419%) needs to be increased

significantly. The number of dairy cattle breeding needs to increase (+221%) and the number of pigs
(-88%), beef cattle (-75%), sheep (-30%) and laying hens (-63%) breeding needs to be significantly
(i11) Crop nutrient inputs and regional manure loading reduced.

Nitrogen (N) and phosphorus (P,O:) Inputs for each crop type in various
provinces were estimated mainly based on a developed linear optimization
model.

different scenarios. types of livestock in different scenarios.

animal product production.

Conclusions

® Optimizing the structure of agri-food production systems improves the country's food

(iV) Scenario Description supply by nearly 50%.

we designed different scenarios to explore the potential benefits of ® Adopting healthy diet with advanced agricultural production technology strategy can

structural optimization under different diet and different optimization reduce 65%-53% of total nitrogen and phosphorus inputs and 30% of GHG emissions.
objectives. Besides the baseline scenario, a total of five scenarios were
designed, as S1-MFEC, S2-MFEL, S3-MGEC, S4-MGEL and S5-MGTL. ® The area planted with nuts, legumes and oil crops in China needs to be increased by 2,

6 and 4 times respectively under the demand of healthy diet, and the number of

monogastric animals such as pigs and egg-laying hens needs to be significantly
(V) Crop/livestock re-structuring model reduced.

A linear optimization model was applied to maximize feed energy
production (equantion 1 is applied to Scenario S1-MFEC and S2-MFEL) or
minimizing GHG emissions (equation 2 (S3-MGEC, S4-MGEL and S5-MGTL)
under a set of constraints through optimizing planting area of crops and
the farming number of different categories of livestock in each province. Acknowledgements

® The structural adjustment of agricultural structure should be used as a key strategy
for the multi-objective synergy of regional agricultural green development.
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Decreasing nutrient loss from crop-livestock systems
by manure redistribution with minimum cost and

Improved management

Tao Zhang, Xuedin Zhu, Yong Hou, Hans-Peter Weilkard, Oene Oenema

Background

Livestock is one of the most important sources of protein for humans but has a main
source of greenhouse gas (GHG) emissions and ammonia (NH;) in the air, as well as of

nitrogen (N), phosphorus (P) and potassium (K) in water bodies. The N, P, and K

emissions originate mainly from livestock excretions. Manure application to cropland
is a crucial pathway to close the nutrient cycle in the crop-livestock system. However,

animal manure is bulkiness, especially in the case of slurry and liquid, and has low

fertilization efficiency. At the same time, rearing livestock on farm backyards has
transitioned to industrial livestock farms, resulting in the concentration of manures
and their nutrients in areas with little or no available cropland. As a result, the
economic costs of collection, storage, transport and application of animal manure are

very high per unit of nutrients, and represent a substantial barrier towards recycling
manure to cropland not only for developing economies such as China, but also for

high-income countries such as the United States and regions in Europe. Many studies
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explored the impacts of technological improvement in manure management on

manure use and nutrient losses from crop-livestock systems, but the costs of manure
management are usually neglected. In addition, few studies explored the impacts of
manure redistribution on manure use and the nutrient losses from crop-livestock
systems. Therefore, exploring cost-effective manure management and spatial
distribution and how it affects manure used is crucial for decreasing nutrient losses
from the crop-livestock system.

Fig 2. The manure N used In cropland, In percent of total excreted manure N In Hebel
Province (a), and the total N losses from the crop-livestock system (b) for all six scenarios.

Compared to balanced fertilization (S1), balanced fertilization with the minimized cost
of manure use at the county level (S2) would reduce the potential of manure
recycling to cropland. There were larger amounts of manure N applied to cropland by
manure redistribution among counties (S4), relative to improved manure
management (S3), while the total N losses from crop-livestock systems under S4 were
higher than S3. The potentials of manure N used and total N losses reduction would
be further improved by combining the S3 and S4. There was the largest potential to
recycle manure to cropland, and to decrease the N losses from crop-livestock systems
with the relocation of livestock farmes.

Objectives and questions

This study aims to explore cost-effective integrated technology improvement in
manure management and spatial planning to reduce nutrient (N, P, K) losses in crop-
livestock systems. The specific research questions include:

e What are the costs of integrating technology improvement in the manure
management chain to optimize manure use and to reduce losses of N, P, and K in
crop-livestock systems?

 What are the costs of redistributing manure surplus between counties to optimize
manure use and to reduce N, P, and K losses in crop-livestock systems?

 What are the costs of relocating livestock production to optimize manure use and
to reduce N, P, and K losses in crop-livestock systems?

Methods

We take Hebei Province (including 150 counties) in China, as the study area. The

specific research methods include a novel linear optimization approach and scenario

analyses.
Fig 3. The cost of manure use per year, including the cost of manure products, fixed cost with
manure application within the county, and the costs of manure application and transport for all six
scenarios. The costs of livestock relocation per year include the operation cost, feed cost,

construction and equipment cost. Here, the construction and equipment cost indicates the average
annual cost of 20 years.

The total cost of manure use was up to 2.3 USAS per year under S1. The cost of
manure use could be halved under S2, relative to S1, which may be because the
cheaper manure was given priority to minimize the cost of manure use. The cost
of manure use was 2.6 USAS per year by combining the integrated improvement
in manure management and manure redistribution (S5). The total cost under S6
was further increased by 40%, relative to S5, mainly because of the cost of
livestock relocation.

Conclusions

* The potential for manure use in cropland would be decreased, to achieve the minimum
cost of manure use at the county level.

 There was a larger potential to decrease nutrient losses from the crop-livestock system
by livestock relocation, relative to improved manure management and spatial
redistribution, but the cost of livestock relocation was still much higher.
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Fig 1. Conceptual framework of the optimization of manure and fertilizer use in crop production
systems at the county level, as a function of nutrient uptake by crop types and the nutrient
supply by soil, atmospheric deposition and manure.
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Microbiota-mediated detrimental etfect of dietary fiber
deprivation in pigs

Zhenyu Wang, de Vries Sonja, Walter JJ Gerrits, Junjun Wang

 Comparing to standard diet, dietary

Background fiber deprivation reshapes the gut
bacteria community structure, But

Emerging evidences gradually revealed dietary fiber intake this shift quickly recovered after

sufficiency is associated with various diseases. And our previous switching back to standard diet

work has shown that dietary fiber deprivation induced the
extinction of probiotics such as Lactobacillus, Bifidobacterium
but promoted the proliferation of potential pathogens. However,
regarding the specific relationship between dietary fiber
deprivation and pathogen colonization, limited information is

available.
Objectives
. . . . . . A: | | | l' — | I' ' ' Ruminococcus_torques o _
The objective of present study 1s to investigate the specific oo sarguns | [
. . . . 1 Bifidobacterium_thermacidophilum Prevotella_sp_CAG_873 - _
"""""" Anaerostipes_sp_494a Lactobacillus_amylovorus - _
relatlc?nshlp bet.ween dietary fiber deprivation and pathogen e e Lt oo
colonization resistance. Lo prewicta sp a2 241 [
« o« o @® o o e '« e e e o Treponema_porcinum o Dorea_longicatena - _
............ Desulfovibrio_pig .. Acidaminococcus_fermentans - _
............ Acidaminococcus_fermentans  Enrichment Streptococcus_criceti - _
J : : : S FL'lsica:(er:libactelr_sril(j:charivorans : 2? § .P.revotella_.copri- -
Methods AP e DRI} ——
. { @ @ ¢ e e + e e e e e . oSciuibacter_sp__cpA_G_241_ :;8 Eubacter.ium_rej\ctale- -
Sample COIIECtlon - @ e +« @ o e o o e o e pre.v(-)te||a_sp_CA(?‘,_-873 Eultl)acterlum_ehgens- -
e ¢« - o @® - ¢ o o ¢ e o Turicbacter_sanguinis Prevotella_sp_ CAG_1092 - -
At day 21, all piglets were weaned, and body weight were T L e S =
determined. Two weaned piglets with similar body weight Lo Contesn o] B
..... @ @ © © © @ Lactobacillus_amylovorus - | - .
were selected from each litter and randomly assigned to L IR e | | |
Sl E' él E' % 5 5 5 E' E' 5 él 0.00 0.01 0.02 0.03
standard diet (SD) and dietary fiber deprivation diet (DFD). " =" ¢ S MeanDecreaseAccuracy
Metagenomics sequencing . * By using LEfSe and random forest classification model, we 1dentified
* Raw data was first filtered to remove adapter and low-quality Lactobacillus amylovorus as important biomarker discriminating dietary
read using fastp. Then host contamination was determined fiber deprivation and standard diet.

and removed by mapping reads to pig genome using
kneaddata. After quality control, the resulting high-quality
reads were taxonomy classified using metaphlan3.

Results

A B Conclusions

In conclusion, we verified the detrimental effect of dietary fiber
deprivation on gut microbiome and further found out 1ts negative
effect on growth performance. Moreover, we also identified a
new biomarker of which the abundance dramatically decreased

in dietary fiber deprivation. The stain could be potential

* Dietary fiber deprivation leads to compromised growth probiotics to restore the negative effect induced by dietary fiber
performance and increases diarrhea rate

deprivation.
* Dietary fiber deprivation results
in the delay of gut bactena
community assembly
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Quantifying the effects of dietary fibres on protein
digestibility In pigs
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Background

Dietary fibres may negatively affect apparent ileal digestibility
of crude protein (AID CP) in different ways. Insoluble fibres
(IDF) typically limit AID CP through physical hindrance of
hydrolysing enzymes, whereas soluble fibres (SDF) may alter
digesta viscosity to reduce hydrolysis and absorption.

Table 1 The effect of total dietary fibres (TDF) (%, DM basis) on the
apparent ileal digestibility (AID) of crude protein (CP) (%) In cereals In
growing pigs as estimated using linear regression, In complete diets
reported In peer-reviewed publications, and In ingredients reported In

various databases

PRP MAFIC CVB NRC
Slope (%206 per % TDF) -0.6 -0.7 -0.8 -0.2
r -0.70 -0.81 -0.79 -0.6
P <0.01 <0.01 <0.01 0.05

Objectives
Table 2 The effect of total dietary fibres (TDF) (%, DM basis) on the

To quantify the relationship between protein digestibility and
apparent ileal digestibility (AID) of crude protein (CP) (%) in noncereals In

total dietary fibre (TDF), soluble dietary fibre (SDF) or
Insoluble dietary fibre (IDF) content based on literature values
for further prediction, thereby facilitating optimal use of

growing pigs as estimated using linear regression, In complete diets
reported In peer-reviewed publications, and In ingredients reported In

various databases

resources.
PRP MAFIC CVB NRC
Slope (%206 per % TDF) -0.9 -0.8 -0.5 -0.5
Methods r -0.59 -0.75 -0.59 -0.53
P <0.01 <0.01 <0.01 0.22

An analysis was performed to quantify the relation between

total dietary fibre (TDF), SDF or IDF and AID CP. Data were o
collected from four databases, and analysed by ordinary least 30 o PRP SDE
squares (OLS) with R. S 6758 s PRP IDF
~ o0 ® MAFIC SDF
O
0 40 .EARA: EDIFDF
< 30
20 ......... PRP IDF
10 ......... MAFIC SDF
O ......... MAFIC IDF

0.0 10.0 20.0 30.0 40.0 50.0
Fibre (%, DM)
Figure 1 Relation between soluble dietary fibre (SDF), or insoluble dietary
fiore (IDF) (g/100g DM) in cereals and apparent ileal digestibility of crude

protein (AID CP)

Peer-reviewed publications (PRP) China Feed Data (MAFIC) 100
N=58 nN=33 90
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Internet: www.cvbdiervoeding.nl

Figure 2 Relation between soluble dietary fibre (SDF), or insoluble dietary
fiore (IDF) (g/100g DM) in non-cereals and apparent ileal digestibility of
crude protein (AID CP)

Centraal Veevoeder Bureau (CVB) National Research council (NRC)

n=40 nN=18
Conclusions

« Apparent ileal digestibility of crude protein decreased by 0.5-
0.9%-units per %-unit increase In TDF;

* In cereal Ingredients the negative relation was more
pronounced for SDF, but not for non-cereal Ingredients, as
expected based on the type of fibers present.

Results
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Effects of protein kinetics in lactating sow diet on sow body
condition losses, litter weight gain and nitrogen utilization

Hao Ye 1. 2, Pieter Langendijk 3, Neil W. Jaworski 3, Yujun Wu 1, Yu Bai 1, Dongdong Lu 1, Greg Page 3, Bas Kemp 4, Dandan Han 1, Nicoline M. Soede 2 and Junjun Wang
1State Key Laboratory of Animal Nutrition, China Agricultural University, Beijing, 00193, China.

2Adaptation Physiology, Wageningen University and Research, Wageningen, P.O. Box 338, 6700 AH, The Netherlands.

3Trouw Nutrition R&D, Stationsstraat 77, 3811 MH Amersfoort, The Netherlands

Background Results

The body weight loss, loin muscle loss, and estimated protein loss
between Days 2 and 21 post-farrowing were lowest or tended to
be lowest in sows fed with HSP. HSP sows lost significantly less

During lactation, sows mobilize their body reserves to support
milk production as the voluntary feed intake does not cover their

nutritional demands during this period. Sow body loss In lactation body weight than MSP sows (Table 1;: A=5.1 kg, p=0.01) and
has been associated with negative impacts on post-lactational tended to lose less loin muscle thickness than sows fed with LSP
reproductive metrics. It has been indicated that excessive body (Table 1; A=2.2 mm, p=0.09). Estimated fat and backfat loss
protein tissue loss Is associated with 1mpaired follicular were not affected by dietary treatments.

development and reduced milk production. Increasing dietary Table 1. Effects of slow protein level in the lactating sow diet on sow body condition
protein levels can be effective In saving sow body protein parameters on Days 2, 21, and 2-21 post-farrowing (LSmeans=SEM).
mobilization, but may negatively Impact on environment by Diets in lactation P-value
Increasing nitrogen output. In this respect, improvement In LSP MSP HSP SEM D P
dietary protein utilization efficiency is critical. The proteolysis Body weight loss, kg 13.58p  17.3a 11.9° 1.6 0.04 0.29
pattern of proteins In the small Intestine, known as protein LM loss, mm 4.9 3.4%Y 1.7y 1.0 0.09 0.49
digestion kinetics, can affect protein utilization. Previous studies BF loss, mm 2.9 2.4 3.1 0.4 0.50 0.13
In humans suggested beneficial effects of slowly degraded protein Eétimated protein loss, 1 42 5 1b 1.02 0.3 0.01 0.94

on postprandial protein utilization, while the effects of protein

_ _ _ _ _ _ Estimated fat loss, kg 6.5 7.0 6.4 0.9 0.87 0.08
digestion kinetics on lactating sows and litters are not known yet.

D, diet [LSP/MSP/HSP]; P, parity class (4/5);LM. &bLSmeans within a row with
different superscripts differ significantly at p < 0.05.%YLSmeans within a row with
different superscripts differ significantly at p < 0.1.

Objectives On Day 6 and Day 13, sows Iin LSP sows had highest blood urea

level than MSP and HSP sows (Table 2). On Day 20, both LSP
The main objective of this study Is to increase our understanding and MSP sows had higher plasma urea level than HSP sows
of how dietary protein kinetics affect sow body condition losses, (Table 2). The plasma CREA and IGF-1 levels were not different
blood metabolites, milk compositions and litter growth between different groups.

performance during lactation.
Table 2. Sow plasma IGF-1 (ng/mL), urea (mmol/L), CREA (mmol/L), and NEFAs

(mmol/L) concentrations on Days 6, 13, and 20 post-farrowing (LSmeansx=SEM).

Methods Diets in lactation P-value

To investigate the effects of protein digestion kinetics on sow and LSP MSP HSP SEM D P
litter performance, a total of 57 large White * Landrace sows that Urea, mmol/L

had been inseminated with Duroc semen were used In this study.

Based on the equal distribution of parity (4.6+0.7) and body Day 6 - 3.6° 318 0-3 =001 037
weight on the day of entering the farrowing crate (263.4+2.9 Day 13 5 6 4.1b 3.7b 0.3 <0.01 0.49
kg), sows were allocated to one of three dietary treatments; low

(LSP, n=19), mid (MSP, n=19), or high (HSP, n=19) levels of slow Day 20 > - 407 03 =001 0.28
protein, in which the level of slow protein to total dietary protein D, diet [LSP/MSP/HSP]; P, parity class (4/5);LM. &bP_.Smeans within a row with
was 8, 12, and 16%, respectively, based on the range of ratios different superscripts differ significantly at p < 0.05.

found in the meta-analysis, in a complete block design. _ _ _ _ _ o
The litter weight gain, other blood metabolites, milk composition

The LSP and HSP diets were formulated accordingly and mixed in during lactation did not show significant differences between
equal amounts to feed sows in the MSP group. All diets were dietary treatments in this study.

formulated to contain equal quantities of net energy (2.25
kCal/kg), crude protein (15%), standardized ileal digestible

. . . . Conclusions
amino acid, and apparent total tract digestible phosphorus.

In conclusion, feeding protein sources with a high fraction of

The body weight, backfat thickness, and loin muscle thickness slowly degradable protein to multiparous sows reduced body
of sows and body weight of individual piglets were measured weight loss and protein mobilization during lactation, without
on Days 2, 7, 14, and 21 post-farrowing. The thicknesses of sow affecting litter growth performance. The high level of slow
backfat and loin muscle at the last rib were measured with a protein likely reduced oxidation of amino acids, as evidenced by
linear ultrasonic probe. On Days 6, 13, and 20 post-farrowing, lower blood plasma urea level throughout lactation, thereby
blood samples were collected via an ear marginal vein 4 h after Increasing the dietary protein utilization efficiency.

the morning feeding for the analyses of plasma non-esterified
fatty acid (NEFA), urea, creatinine (CREA), and insulin-like growth

factor-1 (IGF-1) levels. On Days 6, 13, and 20 post-farrowing, Acknowledgements
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Fermentation of endogenous protein in the colon of
pigs determined by a gas production technigue
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Background

Protein fermentation in the gastrointestinal tract of monogastric
animals, like pigs, can yield several biologically active and often
deleterious metabolites (Gilbert et al. 2018). One of the
strategies to reduce the negative impact Is to limit protein
Intake. However, not only dietary protein but also endogenous
protein may contribute to fermentation as it enters the hindgut.
As dietary protein digestibility increases, the relative contribution
of EP to the ileal digesta protein content increases and protein
fermentation will depend more and more on them as well as the
degree of hydrolysis of the proteins. Therefore, the fermentation
potential of porcine endogenous protein was investigated.

Results

Compared to most of the digesta samples, mucus had a greater
Riax: 29.0 = 2.0 vs 18.5 = 4.0) and shorter Tg, . (5.1 = 0.6 vs
7.2 = 2.8) while WPI as intact protein showed the lowest R, .,
(12.2 = 2.3) and highest Ty, (12.9 =+ 5.0). Differences in R,
and T, were also found between different digesta samples (p
< 0.05).

SEC results showed that endogenous proteins are comprised of
much smaller molecules compared to WPI. However, negative
correlation was found between solubility and R, ., In ileal digesta
samples. Also, higher percentage of small particles with
molecular weight between 0-5 k Dalton is linked to a lower R, ...

Objectives ¢ ) “ (In)

*

l
WPI A B C D E

Mucus

lleal digesta samples from pigs fed nitrogen (N)-free diets in 5
different studies, colonic mucus and whey protein isolate (WPI) 6

were tested In an In vitro gas production system with porcine
i .
WPI A B C D E

o
=

faecal Inoculum. Nitrogen limiting microbial activity using a N -
free buffer and an excess of fermentable carbohydrates. Original
samples were obtained In five protein digestibility studies
conducted In China (P. Li et al. 2015; Z. Li et al. 2015; Liu et al.
2015; Ma et al. 2019; Zhang et al. 2019), hereafter named
study A through E.
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Figure 1. Lag time (I), maximum gas production rate (II), time when maximum
rate occurred {{; and cumulative 48 h in vitro gas production (GP,g, IV) of whey
Frotem.lsolate (WPI, n=4), colonic mucus (n=3) and five ileal digesta samples (n=3).
leal digesta samples were obtained from pigs fed N-free diets in five separate
digestibility studies. Bars with asterisk show a significant difference between WPI
grou and different endogenous protein groups (p < 0.05). Values are means +
EMs. Bars with different subscripts within panel show significant differences
between endogenous protein groups (p < 0.05).

Methods

Sealed bottles of 250 ml containing 60 ml 2% buffer-faecal
solution with added test substrates containing 10 mg N and
same buffer-faecal mixture (Blank) were allocated in 39°C water
baths. Gas production was recorded continuously for 48 h. Lag
time (h), maximum gas production rate (R.., ml/h), time when
maximum rate occurred (Tznax, N) and cumulative 48 h gas
production (GP,g, ml) were calculated and compared by the
MIXED model procedure in SAS.

Conclusions

Compared to WPI, endogenous proteins are more accessible for
microbiota to utilize as due to smaller molecular weight.
Although the potential fermentation of endogenous protein can
vary between different animal studies. Underlying reasons still
need further investigation.

Based on N content and solubility, samples were dissolved In
same N-free buffer to prepare the supernatant for size exclusion
analysis (SEC). The molecular weight distribution was analyzed
by an Akta pure 25 system with Superdex 75 column. The
chromatograms obtained were separated into different molecular
weight ranges by calculating the eluent volumes based on the
calibration curve. Pearson correlation analysis were conducted

for SEC results and fermentation parameters. Acknowledgements
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Fermentation Kkinetics of resistant starch and its interaction with
protein in large intestine of growing pigs

2+2 PhD candidate: Yaowen Zhang
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Background

Animal feeding has been recognized as an essential tool for controlling
gas emissions from manure in the livestock sector. That Is because the
undigested protein Iin the small intestine will go to the large intestine
and be fermented by the bacteria In the large intestine. This process
will produce some metabolites which will cause detrimental effects to
gut health and gas emissions. Various nutritional strategies, as the
Inclusion of fiber sources In feeds, have been proposed to mitigate

Results

By analyzing the changes of crystal and molecular structure of
different types of resistant starch before and after in vitro digestion,
Insignificant results were observed, that means pure enzymatic
hydrolysis cannot significantly influence the structure of different types
of resistant starch. But resistant starch apparent structure endured
more destruct during In vivo fermentation, suggesting small intestine
bacteria involved In the resistant starch degradation. By comparing

ammonia emission derived from manure Iin pig farms. Some
studies have proved that combine protein diet with fermentable
carbohydrates could improve gut health of pigs and reduce the
nitrogen excretion and harmful gas emissions.

the resistant starch feeding and infusing experiments, we found
Lactobacillus were the main bacteria which fermented original
resistant starch and their fermentation could happen in both small or
large Intestine, according to the segments where resistant starch

emerged.
Objectives

Exploring the fermentation kinetics of different types of resistant
starches by In vitro and In vivo methods, selecting appropriate
resistant starch structure and dosage as the source of carbohydrate
fermentation in the hindgut of growing pigs and fermenting with
protein, changing the nutrient fermentation mode of pig hindgut and
reducing the Injury of pig Intestines and environmental pollution
problems caused by protein fermentation.

Methods

lleum-cannulated growing pigs were used as animal model, by feeding
four types of resistant starch to Investigate their digestion,
fermentation and structure changes In the whole intestine. All pigs
were slaughtered to collect digesta samples In different intestine
segments. Meanwhile, the In vitro digestion were conducted to
compare the digestion characteristics with the small intestine digestion
In pigs. The second animal experiment were conducted to investigate
the pure fermentation of resistant starch substrates in the hindgut of
growing pigs by infusing resistant starch to the illeum. The feces from
normal and experimental pigs were collected to use as microbiota
Inoculum of the In vitro fermentation. After these experiments, the
pivotal microorganisms that degraded the resistant starch substrates
were found. Then the bacteria cultivation was conducted to research
the resistant starch degradation mechanism. The optimal resistant
starch substrates will be selected to ferment with protein and observe
their fermentation interactions.

Figure 2. Resistant starch structural changes and their effects on microbiota composition of
growing pigs

Conclusions

For now, we can conclude that:

» Different types of resistant starch have similar effects during
digestion and fermentation

> Resistant starch structure 1s the main factor determined
fermentation performance
»The fermentation ability of small Intestine bacteria was

underestimate

> The utilization of bacteria on resistant starch substrates are not
Intestine segments specific
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Coherence and consistency of groundwater policies Iin China,
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Background

Food security for a growing world population requires an
expansion of crop production beyond current levels. However, the
groundwater resource to enable such production increase Is under
pressure. Therefore, groundwater policies need to address both
the immediate and future demand for water.

Policy coherence Is defined as the degree of synergies and
conflicts within and across different sectors to achieve sustainable
groundwater transition from the descriptions of Nilsson’s (2012)
paper. In this study, policy coherence refers to differences of
topics In groundwater policies across sectors. Consistency
generally appears together with coherence (Mavrot et al., 2019).
To emphasize the difference, the consistency In this study refers
to the topics In groundwater policy are steady over time (based
on Cayton, 2017; van Engen et al., 2019; White et al., 2013).

Objectives

The iImportance of coherence for groundwater policies has been
long recognized (Foster and Loucks., 2006; Pandey et al., 2011;
Varady et al.,, 2012). Previous research has focused on
qualitative studies of policy coherence between sectoral policies
and environmental policies. On the other hand, the tremendous
growth In groundwater policy documents prompts the need to
synthesize information in a timely, accurate and efficient manner
to understand the current major topics and guide future policy
making. However, there Is no study to guantify the coherence of
groundwater policies.

Against this background, the main objective of this study iIs to
examine whether to what extent groundwater policies in China
are coherent and consistent.

Methods

We acquired groundwater policy documents issued by the central
government and official ministries and from 01/01/1981 to
31/12/2021. The policies were retrieved from two database
sources: the official website of the Chinese government (State
Council of the P.R. China, 2022) and the Peking University law
database (Peking University Center for Legal Information, 2022).
Policies were retrieved by title and content search using the
Chinese term “groundwater” as the keyword. In total, a database
of 2647 national groundwater policies were obtained after
removing duplicate items.

The total number of words In the database exceeds 6,610,635
(national policy database). Then, the whole content was
organized Into pure text format for text mining. Here we applied
the LDA model to summarize and extract the groundwater policy
documents into latent topics using a “bag-of-words” approach
(Campbell et al.,, 2015). This method considers each policy
document as a word frequency vector, representing a probability
distribution formed by some topics, and each topic represents a
probability distribution formed by word items. The main sectors
In China are defined as the main official ministries related to
groundwater management and utilization.

Contact: muying.duan@wur.nl

Results

As shown In Fig. 1, the
Environmental
Protection sector
Issued the largest
number of
groundwater-related
policies (32.8%),
followed by the Water
Resources sector
(17.1%), Urban
Development sector
(14.7%), Natural
Resources sector
(12.9%), Agriculture
sector (9.5%), Finance
sector (8.7%), and
Industry sector (3.0%).

Fig. 1. The number of policies issued across multiple sectors in China

The lowest number was issued by the Social Security Sector (1%o)
and Commerce Sector (0.2). We focused on the coherence within
and across the six main sectors: Water Resources Sectors (S1),
Natural Resources Sectors (S2), Environmental Protection Sector
(S3), Agriculture Sector (S4), Industry Sector (S5), and Urban-
development Sector (S6). Since the Finance sector mainly provides
financial support for other sectoral policies, while Social Security
and Commerce sectors have a few groundwater policies, they were
not included In our discussion.
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Fig. 2. The policy objectives change trend of groundwater policies from 1981 to 2021 in China

Then we created the timeline of the groundwater policy topics
evolution trends in China. The abstract policy goals were divided
Into three changing goals from the groundwater exploitation to
the groundwater saving and to sustainable groundwater use.
Then, according to the abstract policy goals of each period, we
determined the main policy strategies to achieve the goals. We
can see that the same policy goals often correspond to similar
policy strategies.

Conclusions

Groundwater policy are shifting from resource exploitation to
conservation and protection.

Groundwater policies of China may be not coherent over different
sectors , but they are not as effective as intended.
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Combined field and model-based approaches for

large scale sustainable phosphorous management

Yu Gu, Gerard H. Ros, Qichao Zhu, Jianbo Shen, Wim de Vries,

Background Study site
Overuse of P fertilizers causes resources waste and serious water Data and insights are derived from Chinese fertilization long-term
pollution. Understanding the fate of bioavailable, reactive and stable P experiment in Qiyang county (1990-now), Hunan Province, China. The

In soil Is key to improve recommendations to optimize P fertilizer field Is on a non-calcareous upland red soil, Ferralic Cambisol. There
application for both agronomic and environmental objectives. A were 6 treatments, including CK, NP, NPK, NPKM, M, and 1.5NPKM
modelling approach which focuses on P transformations in soil iIs where CK iIs control plot and M stands for manure (Fig 1). The
necessary to evaluate soil P fertility and guide P fertilization. rotation Is winter wheat - summer maize.

Objectives

e Evaluate the iImpacts of soil properties on the fate and crop
avalilability of P in soil, using empirical data from literature for
available P (CaCl, P), reactive P (Olsen P, Oxalate P) and stable P.

e Assess the impacts of fertilizer management on soil P dynamics and
define a good indicator for P availability related to cop uptake and
leaching, using data from a 29-year long-term field experiment

e Assess and map spatial variation in sustainable P fertilizer inputs on
regional level for Qlyang county.

Figure 1. The location and treatments information for Qiyang long-term experiment

First Results « The soil P status was highly correlated to crop yield, especially for

« The size of the reactive and available P pools increased with long- PS.I.(F'g 3a) and Olsen P (Fig 3b) .
5 _ .  Critical threshold values for PSI are more uncertain than for Olsen
term surplus P (R4 of 0.81-0.84; see Fig 2) where the rate of P (Fig 3)
change increases In the order total P < Oxalate P < Olsen P < J
CaCl, P (a) (b)
« Added P was partly lost by leaching when reactive P pools became
saturated, nearby a P surplus of 3200 kg P/ha (see Fig 2a)
* Where reactive P pools were saturated, available P (CaCl, P)

Increased continually with increasing P surplus (see Fig 2c)

B Maize

BN \Wheat
==== Maximum Yield
= 90% of maximum vyield

Figure 3. The relationship between crop yield and soil P indicators (Data points in grey were
skipped from regression lines because of severe crop yield reduction due to acidification)

« Concentrations of CaCl, P were strongly enhanced above a PSI
near 0.14 and Olsen P near 47 mg/kg (Fig 4)

« The relationship with PSI was stronger than for Olsen P (R? of 0.91
vs 0.81), and so were the CaCl,P change points (Fig 4)

y=4.57x-0.05 x=<0.14 y=0.013x-0.017 x<47
y=145x-1.44 x>0.14 y=0.008x +0.218 x> 47

Figure 2. The relationship between changes in soil P pools and soil P surplus

Main conclusions Figure 4. The relationship between CaCl, P concentration and soil P indicators

Under long-term soil P accumulation, 1) reactive P pools became saturated and further added P was increasingly lost by leaching beyond this
point and 2) critical values for leaching risk were lower than target values for crop yields.
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Impacts of soil properties on phosphorus adsorption
and desorption parameters for major solils in China

Dongfang Zheng, Gerard Ros, Jianbo Shen, Wim de Vries

Background

In the past decades, crop production in China has improved with
Increasing N and P input. While P input increased from 88 to 123 kg
P,O: hat yr? during 2004-2014, the P-use efficiency (PUE) dropped
from 68 to 20%o, resulting in high P accumulation in soil. This is only
beneficial at low P status. At high P status the excess P input leads to
environmental risk and waste of P resources. However, P
transformation dynamics relative to varied soil properties
remains unclear. It is crucial to optimize P management through
better understanding of P adsorption and desorption processes to
match soil P supply and P demand by crops.

Objectives

The objectives of this study were to assess (1) P adsorption and
desorption processes for soils in China covering a large range of soill
properties using Langmuir isotherm models and (2) how the
adsorption and desorption parameters (S K, and P desorption
constant) vary with solil properties.

max?

DPS pH

N/

CEC \ /| Feox
P adsorption
desorption
clay |~ | parameters

(Smax, PBC)
=4

st |7/ '\_\ “~[caco,

L ] e

+——1 Alox

sanﬂ SOC

Figure 1. Sampling sites across China

Methods

The P adsorption parameters were fitted to a Langmuir isotherm
S=S5,., XK xC/(1+ C x K)

where S is the adsorbed amount of P (mg P kgt), S,,.. is the P
adsorption maximum (mg P kg?), C is P concentration in solution
after a 24h equilibration period (mg P L't) and K, is the Langmuir
constant related to the binding energy of P (L mg= P).

P desorption was fitted based on a linear P desorption model :

Y =X+ a

Where Y and X are the amounts of desorbed P and adsorbed P (mg
kg™1); B and g are desorption constants where S reflects the amount
of desorbed P per unit P adsorbed.

Results

Table 1. P adsorption and desorption parameters

Smax KL

L i il
ocation Soil type (mg Pkg?) (Lmg")

Anhui Paddy soil 1282 0.011
Hubei Red saoil 1469 0.0076
Chongqing Purple soil 1102 0.0058
Shandong Brown soil 718 0.005
Beijing Fluvo-aquic soil 1052 0.176
Jilin Black soil 1513 0.0088
Shaanxi Loessal soil 3821 0.0048
Xinjiang Gray desert soil 2783 0.0036

Figure 1. P adsorption isotherms

» The equation accurately described P adsorption.

» P adsorption increased with increasing P concentrations but
for some solils saturation was not yet found.

» Large variations in P adsorption (up to a factor 5) were found In
different soil types.

Contact: dongfang.zheng@wur.nl

Figure 2. Relationship between P adsorption and desorption.

There was a strong positive correlation between soil adsorbed and
desorbed P (P < 0.01). The amount of P desorbed from the P pre-
adsorbed soil was much less than the amount of P adsorbed (a ratio of
20%-25%), suggesting a strong P fixation and low release of
adsorbed P.

Table 2 Impact of soil properties on P adsorption and desorption

Variable |P adsorption P desorption Explanation / process

Changing the electric potential

pH Binomial Binomial of the surface and the
solubility of cations
Fe . Positive, linear |Positive, linear important for P adsorption in
Al Positive, linear |Positive, linear solls
. : Negative, Precipitation with Ca%* and
Cac; Positive, linear binomial adsorption on CaCO, surface
. : . . Affecting the adsorption of
CEC Positive, linear |Negative, linear Ca?+ and Mg2* on soil particles
Competition with P thus
SOC Binomial Binomial reduc:lr_lg adsorp_tlor_\ S'te.S;
formation of cationic bridges,
Increasing P adsorption sites.
Clay Positive, linear soil texture affecting the
Silt Positive, linear |Negative, linear |specific surface area of the
. . " : soll
Sand Negative, linear |Positive, linear

The P adsorption maximum, S, .., increased linearly with the content
of Fe_,, Al,,, CEC, CaCO,, clay and silt. A nonlinear relationship was
found between S, versus pH and SOC. The P desorption constant
was positively correlated with Fe_,, Al_,, and sand content, while it was
negatively correlated with CEC, CaCO,; and silt content.

Conclusions

1. P sorption increased with increasing P addition, not yet
reaching the adsorption maximum even at extremely high
dissolved P concentrations.

2. The CEC, Fe_,, Al_,, CaCO,, clay and silt were the major
factors promoting P sorption, while pH and SOC had both
promoting and inhibiting effects.

W

. P desorption increased linearly with the increasing adsorbed.

4. The Fe,, Al , and sand content were main solil properties
promoting P desorption, CEC, CaCO; and silt inhibited P
desorption while pH and SOC have both promoting and
INnhibiting effects on P desorption.
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Mitigation of nitrogen losses and greenhouse gas emissions
IN a more circular cropping-poultry production system

Zhilong He, Ying Zhang, Xuejun Liu, Wim de Vries, Gerard H. Ros, Oene Oenema, Wen Xu, Yong Hou, Hongliang Wang, Fusuo Zhang

Background

The amount of reactive nitrogen (Nr) released into the environment has
exceeded the safe planetary N boundary (De Vries et al., 2013; Steffen et
al., 2015). Crop and livestock production are the two most important
drivers of the global N cycle (Uwizeye et al., 2020; Zhang et al., 2015) and
together contributed 60% to the total Nr losses to water and 80% to 90%
to the total ammonia (NH;) emissions to air in China in 2010s (Yu et al.,
2019; Zhang et al., 2018). Approximately half of the total amount of
excreted N by the poultry sector was lost during housing and manure
storage In China. The environmental impact of the poultry sector therefore
demands for more efficient management practices leading to an increase in
productivity and NUE on the one hand and a decrease In environmental
costs on the other hand.

Objectives
The aim of this study was to quantify the benefits and trade-offs of the

more circular and optimized poultry-cropping system, compared to the
conventional system, in terms of NUE, Nr losses, GHGs emission, as well as
farm income.

Methods
We applied a substance flow analysis, by using measured data and data

from literature, to estimate the reactive nitrogen (Nr) losses and
greenhouse gas (GHG) emissions from housing, manure processing and
manure application to cropland In a conventional decoupled and an
optimized coupled crop-poultry system.

Fig. 1. Boundary for systematic analysis of
cropping-poultry production in both the
conventional and the optimized systems. The
solid black arrows are the N flow, the dashed yellow
and green arrows represent Nr losses or GHGs
emission, and the solid red arrow shows the addition
of additives during the composting period.

Results

NUE

For the optimized system, more products N had been produced. The
NUEcrop increased from 39% In the conventional system to 57% In the
optimized system (Fig. 2), mainly because the local recycling of the
composted manure reduced the N input in the form of the chemical fertilizer.
Although, there were no difference of NUEanimal between the two systems,
the NUEwhole system substantially increased from 33% to 50%o.

Fig. 2. Schematic of N flow In conventional
(light yellow background) and optimized
(light green background) cropping-poultry
production systems. The values in the yellow
and green boxes represent N flow in cropping-
poultry production systems; the values in the blue
ovals are NUE for crop cultivation, egg production
and for the whole cropping-poultry production
system; the values in the gray boxes represent Nr
loss from each production stage per unit (kilogram)
of N contained in the products.

Nr losses
The Nr losses in the conventional system ranged from 41 to 54 units, while

It was only 25 units In the optimized system (Fig. 3). The cropping process
and manure management were the main contributors to the Nr losses In
both the conventional and the optimized systems. The total Nr loss of the
conventional system was 0.9 kg Nr (kg product N)-1, while it was only 0.4 kg
Nr (kg product N)-tin the optimized system.

Contact: zlhe777@163.com; zhilong.he@wur.nl
T 0633648749

Fig. 3. Nr losses in form of ammonia (NH;),
nitrogen dioxide (N,O) and leaching/runoff
at each stage of the conventional and
optimized cropping-poultry production
systems (Note: Nr losses to the environment is
relative to 100 units (kilograms) N input into the
local cropping system).

GHG emissions

As shown In Fig. 4. Emissions of N,O accounted for 61% and 66% of the total
GHG emissions from the conventional and the optimized systems,
respectively. Emissions of CH, accounted for 16% and 18%, respectively.
Indirect N,O emissions, introduced by Nr losses in the form of NH; emissions
and leaching, accounted for 23% and 17%, respectively. Emissions of N,O
were mainly attributed to crop production, while CH, emissions were mainly
attributed to the housing stage.

Fig. 4. Net GHG emissions, including direct
and indirect N,O emissions, CH, emissions
and soil organic carbon (SOC) changes at
each stage (cropping, housing and manure
processing) in the conventional and
optimized cropping-poultry production
systems. (Note: GHG emissions to the
environment are relative to 100 units (kilograms)
kg N input into the local cropping system).

Cost-revenue

Given a 100-unit N Input Into the
cropping system, there was a cost of
8,616 (7,865-10,296) and 10,883 RMB
Yuan In the conventional and the
optimized systems, respectively (Fig. 5).
The revenue In the optimized systems
was 19,125 RMB Yuan, which was 14%
more than In the conventional system.
The net benefits were 8,616 and 10,883
RMB Yuan in the conventional and the

Fig. 5. Costs, revenues and net benefits In

_Optlm_lzed systems, respectlvely, the conventional and optimized cropping-
Implying that 21% (5%-28%) more net poultry production systems. (Note: cost-

benefit was obtained in the optimized revenue is in relative to 100 units (kilograms) N
: : input into the local cropping system).
system, with same N input. P Pping system)

Conclusions
The Nr losses resulting from 100 units (kilogram) N input into local

cropping system were 42 and 25 units In the conventional and
optimized systems, respectively. Maize-wheat cultivation and manure
processing stages are the two main contributors to Nr losses. The
greater efforts In decreasing Nr losses should be at first Iin the
optimization of crops production and manure processing. The transition
from the conventional to optimized system for cropping-poultry
production has the huge potential for system NUE increasing (increased
from 33% to 50%) and N losses reduction (decreased from 0.9 to 0.4
units N losses per unit N product) as well as net GHGs exchange
reduction, in relation to 100 units (kilogram) N input into local cropping
system. Moreover, it would raise net economic benefit by 21% Iin the
optimized system.
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FUTURE WATER POLLUTION REDUCTION REQURES
ACCOUNTING FOR MULTIPLE POLLUTANTS
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Background Results

0:0 Waters Often Contain multlple pOllutantS d. InCI‘easeS in inplltS Of pOllutantS in l‘iverS dS d
. result of urbanization in China during 2010-2050
** Pollutants can come to waters from common sources 5

¢ Urbanization and agriculture are important
common sources of water pollution

Urbanization and Agriculture Water pollution

Sewage Nutrients (N, P)

Percentage

TDN TDP Plastics Cryptosporidium

. b. Increases in inputs of pollutants in rivers as a
Plastic Plastics (macro- ] ] ] ]
wastes and microplastic) result of agriculture in China during 2010-2050

03% +

Agriculture Cryptosporidium

Fig. 1 Multiple pollutants in rivers from urbanization and agriculture
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Background N losses from the food production in Quzhou

Intensive food production in the North China Plain (NCP) has led to * N losses to the envrionment from the food production were —9 kt In
large nitrogen(N) losses to the environment, degradating air and Quzhou In 2017

water quality. Improved N management is required to effectively * NH; emssions to air (4.1 kt N) and N leaching to groundwater (2.1 kt
reduce agricultural N losses while ensuring food production. For this, N), and direct discharges of manure to water (1.9kt N) are main

It IS Important to analyze N losses from the food production and contributors to the N losses.

compare them to the environmental targets for N losses.

Objective

To quantify N losses from food production to air and water, and to
develop environmental targets for these N losses in Quzhou, a typical
agricultural county Iin the NCP.

Methods

First, N losses from the food production in Quzhou iIs estimated by the
food chain approach. Next, we developed an environmental target for
ammonia (NH;) emission from agriculture based on the concentration

of PM, ¢ to avoid negative health effects using an air quality model. We Figure 2. The nitrogen flow in food production in Quzhou county in 2017.(Unit:kt)(Meng et al.,2022)
developed an environmental target for N leaching to groundwater

based on the concentration of nitrate (11.3 mg N L) to avoid N emission targets to meet air and water guality
contamination of drinking water. To meet the environmental targets for air quality(PM, ) and groundwater

quality NH; emissions and N leaching from the food production need to
be reduced by 55% and 21-50%o, respectively.

|

Gap (55%)

|

Gap (21%-50%)

Figure 3. The gap between current N emission and environmental targets in Quzhou in 2017.

Findings

e N losses to the environment from food production were high in Quzhou
The main N losses in Quzhou are NH; emission, N leaching, and direct
discharges of manure.

e NH; emissions and N leaching need to be reduced by 55% and 21-50%
to meet targets, respectively.
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Pesticide screening and health risk assessment of
residential dust to rural residents Iin the North China

Plain

Hongyu Mu, Xiaomel Yang, Kal Wang, Xuejun Liu, Coen Ritsema, Violette Geissen

Background Results

" Pesticides have been intensively applied in the
North China Plain (NCP)

" Being exposed to pesticides can lead to multiple
negative impacts in physical health including acute
poisoning symptoms, chronic body functioning
impairments and even cancer

" Pesticides enriched in topsoil can be blown into air
and transported into residential area, further enter
human body via ingestion and dermal contact
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Objectives

" Monitor the accumulation levels of pesticides in
the residential dust (indoor and outdoor dust) Network graph of pesticides in the outdoor (a) and indoor dust (b)
during summer peak seasons for pesticide
application
" Assess the chronic health risks of pesticides in the
indoor and outdoor dust to rural residents
" |dentify possible determinants of personal
pesticide exposure

Methods

" Recruit farmers and bystanders in the villages in
Quzhou county, NCP

Health risks of pesticides in the residential dust to residents

" Using vacuum cleaner to collect indoor and " Multiple residues were detected in all dust samples
OUtdOQF dus.,t samples | | = Pesticides were found to be concentrated in the

= Questionnaires were used to interview indoor dust with higher exposure risks
participants regarding their lifestyle and personal = The health risks to child should be aware due to
pesticide handling and management habits the calculated hazard indices

" Pesticide preparation in homes is significantly
correlated with their exposure levels

Conclusions

= The health risks posed by the daily contact with
pesticide-contaminated dust to child should be aware

" Farmers should prepare pesticides in open fields to
reduce the exposure risks in the indoor environment
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Background

Increased nitrogen (N) losses from linear agri-food systems cause
severe environmental issues. These problems can be mitigated by
circular N use. Yet, circularity Is a scale-specific problem. To promote
circularity, an area needs to be sufficiently small to capture the local
circumstances, enable transport and facilitate N exchange, but also
large enough to include all compartments of the agri-food system. The
feasibility of options towards N circularity at different scales is unclear.

Objectives

* To evaluate N circularity of a complete agri-food system.
* To assess potential and feasible options towards circular N use
bridging the gap between village and county scale.

Methods

* As a case study, we used Quzhou County which Is a typical county In
China. To account for the heterogeneity in N flows in a feasible way,
we grouped the 342 villages in Quzhou into four types: (a) cereal
villages, (b) cash crop villages, (c) livestock villages and (d) land-
limited villages (Figure 1).
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Figure 1. The system

 The N flows were analyzed with the modified NUFER (Nutrient flows
In Food chains, Environment and Resources use) model. Village level
N flows were firstly quantified and then upscaled to county level.

« Scenario analysis was adopted to explore options to close N cycle

— S0O- Baseline

— GMP- good management practices for crop production
compartment, better feed conversion ratio for livestock feeding
compartment, healthy diet for the household compartment

— GMP+WR1: same as previous, plus improved recycling of waste
from crop and livestock production

— GMP+WR2: same as previous, plus improved recycling of
household waste

- GMP+WR+STL: same as previous, plus switching to legumes

— GMP+WR+STL+RL: same as previous, plus reducing livestock

* Four key performance indicators (KPIs) In line with principles of
circular agriculture are used to evaluate the system performance: N
iImport, N loss, N use efficiency, N recycling rate.

[=][w] Wageningen University & Research
= P.O. Box 123, 6700 AB Wageningen
El_ :  Contact: zhibiao.wei@wur.nl

M +31 (0)618868620

kg N ha-!

Results

The four KPIs clearly differed between the different village types.
Total N import and N loss were almost three times the figure for
cereal villages. The NRR In different village systems was inversely
related to their N loss. Cereal villages showed the highest NUE of the
agri-food system (41%), compared to 32% and 26% in cash crop and
livestock villages, and as little as 17% in land-limited villages.
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Figure 2. Key performance indicators of the N circularity for different village types in Quzhou

To explore the extent to which agri-food systems can achieve N
circularity, we evaluated five scenarios, using the KPIs. Among our
scenarios, the most complete package of measures
(GMP+WR+STL+RL) roughly doubled the agri-food system’s NUE and
NRR while reducing N import and N loss by 68% and 77%. GMP
allowed the greatest reduction of N import and N loss.
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Figure 3. Key performance indicators of N circularity in Quzhou under different scenarios

Conclusions

e The Quzhou agri-food system is far from circular due to the large
external inputs and high environmental losses

e The villages rank in circularity performance as follows: cereal village
> cash crop village > livestock village = land-limited village.

e Good management practices and recycling of organic waste are
effective and feasible measures to move the agri-food system
towards N circularity.
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Global assessment of optimal nutrient, crop and soill
management practices on nitrogen use efficiency

Luncheng You, Gerard H. Ros, Maddy Young, Yongliang Chen, Qi Shao and Wim de Vries

Background

An iIncrease In nitrogen use efficiency (NUE) Is crucial to
reconcile food production with acceptable N losses to air and
water In view of environmental health. However, a systematic
and comprehensive assessment of agricultural management
practices on NUE is still missing.

ODbjectives

In this study, we developed and applied meta-analytical and
meta-regression models to predict the impacts of management
practices and site conditions on NUE at global scale.

Methods

We first developed a meta-model, predicting the change in NUE
IN response to agronomic measures and Iits dependency on site
conditions based on 34 global meta-analytical studies. We
compared these outcomes to the results of a meta-regression
model, based on 2762 paired observations from 466 underlying
studies of the 34 aforementioned meta-analytical studies. We
finally evaluated the impact of three meta-regression models,
and applied the most appropriate model to predict the potential
of agronomic management measures and site conditions to
Improve NUE at global scale.

Results

Impacts of management practices on NUE

Most of the agricultural management practices had positive
responses on NUE (Fig. 1). Using meta-analytical data, four out
of the twelve management practices showed significant impacts
on NUE. When underlying data were used, eight management
practices significantly changed NUE.

Fig. 1 NUE responses to agricultural management practices
based on the meta-analytical data and underlying data of meta-
analyses, expressed as the relative change of NUE as compared
to a control/treatment situation. Nutrient management includes
organic fertilizer (OF), combined fertilizer (CF), right fertilizer
rate (RFR), right fertilizer timing (RFT), right fertilizer
placement (RFP), enhanced efficiency fertilizer (EE), and
biochar (BC). Crop management includes crop rotation (ROT)
and cover cropping (CC) and residue retention (RES). Soill
management includes reduced tillage (RT) and no tillage (NT).

Contact: youluncheng@126.com

Impacts of site conditions and management impacts on NUE

The variation in NUE was strongly affected by crop type and it
Increased with an increase in pH and mean annual precipitation
(MAP), while it decreased with increased clay content (Fig. 2).

Fig. 2 Parameter estimates for the NUE model.

Global potential of optimal measures to increase NUE

By upscaling the regression model, we predicted that the global
absolute mean NUE can Increased by 30% by optimal
combinations of nutrient management (26%), crop
management (4.2%), and soil management (0.6%) (Fig. 3).
The predicted Increase In NUE was below average In most
agriculturally developed regions but was above average In
agriculturally developing regions.

Fig. 3 Upscaled results for the global impacts of management
practices on absolute NUE changes (%0).

Conclusions

e Individual measures increase NUE by 4 to 10%.

e Upscaling projections showed that optimized management
practices could increase crop NUE by 30% on average.

e The effect of all management practices was highly controlled
by site conditions.
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Background

»Many water systems in China are polluted with antibiotics.
»Livestock production contributes to antibiotic pollution in rivers.
»Different pathways are for antibiotics entering rivers such as

erosion, runoff, and direct discharges of manure.

Fig. 1. Antibiotic transport to rivers from livestock production

Objectives

To quantify annual flows of antibiotics to rivers by livestock
species and antibiotic types at the sub-basin scale in China using

a new version of the MARINA-Antibiotics model (Fig. 2);

Methods

"MARINA-ANtibiotics: Model to Assess River
Inputs of pollutaNts to seAs

B395 sub-basins in China

" Annual, 2013

Fig. 2. MARINA-AnNntibiotics model in China

Contact: Qi Zhang (gi.zhang @wur.nl)

Results
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Fig. 3. Antibiotics In rivers from livestock manure as a result of

erosion processes In 395 sub-basins for the year 2013
(kg/km?/year)

N

Y

Fig. 4. Shares of individual livestock species Iin antibiotic inputs to
rivers from the direct discharge of manure in China for the year
2013 (%).

Conclusions

® Antibiotics In rivers from the erosion process were around 180

tons for the year 2013.

" Pigs, chickens, and cattle are responsible for over 80% of

antibiotics In rivers.

®The shares of livestock production in river pollution from direct

discharge differed among antibiotic groups for the year 2013.
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Ecosystem services and dis-services In agricultural landscapes of

the North China Plain: patterns, trends, and relations
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WUR supervisors: dr. Wopke van der Werf, dr. Jeroen Groot, dr. Andries Richter
CAU supervisors: dr. Wenfeng Cong, dr. Chaochun Zhang

Background Results
Farmers’ perception of current AES&DSs
 The North China Plain (NCP) is a typical intensive crop production area critical conditions and trends from 2015 to 2020
to China's food security, however, the intensive double cropping system  The inadequate amount or the declining
(winter wheat- summer maize) resulting ecosystem service decline and also tendency of regulating services and
dis-services. supporting services, e.g., natural enemies,
* It is crucial to comprehend and evaluate current agroecosystem services and earthworms and ground water (Figure 3).

 The dis-services generated from agricultural
production were observed by only 14-22%
of the farmers (Figure 4).

dis-services (AES&DS) as a first step toward integrating ecosystem services
into agricultural landscape planning, management, and decision-making (de
Groot et al.,, 2010). Nevertheless, There is little information on the current

provisioning levels of AES&DS and their relations with explanatory factors in
the NCP.

Figure 3. Summary of farmers’ perception of current AES&DSs
conditions and trends (from 2015-2020)

Objectives

The main objective is to assess farmers’ perception regarding the delivery of
agroecosystem services and dis-services in a landscape dominated by intensive
cropping systems in a county of the NCP. The more specific objectives are:

1) To quantify the perceived supply of these services and the changes therein

during the last five years to anchor the key issues. AV
2) To identify the relation between explanatory factors and multiple
agrOecosyStemS (diS)SerVices. Figure 4. Perceived damage level in 2020 (a) and changes in the yé“i;
i i i i . . d bet 2015 and 2020 (b) of tem di ices. Panel ¥
3) To compare the difference of agroecosystem (dis)services in different village o e et o o
t es “No awareness” means that the disservices are not easily visible, and
yp the farmers may not be aware of them. “No occurrence” means that
the disservices can be noticed but the farmers did not perceive the Figure 5. Redundancy analysis plot. The plot shows the relationships
occurrence of those between respondents’ perceptions of supply of AES&DSs and
variables related to the characteristics of villages as explanatory
MethOdS () factors.
Case study area 0@ - -00-0 000000 - 000 The relations between AES&DSs supply
- |°o0e@®-0@ 200000 000 - o and explanatory factors (Figure 5)
The surface area of Quzhou is 676.68 P Y . 8 _
km2 which includes 52523 km2 of 000009 0 - 000000000 0 * The crop area ratio (Vegetables, Fiber, Sugar
cropland (NBSC, 2017). The landscapes in | @ 00000 0o - 0000600 . Crop, Fruit tree) and distance to the city
Quzhou County are mainly homogenous 0@ @0 @0 -Qe@o0oQec 0@ - center (Distance_center) have main impact
agricultural  landscapes  for  arable e 000000000 000 - 90000 driving the variation of AES&DSs supply.
cropping with little area of non-crop le . 0-c0@c -@® @0 - 0@ - 900 O e The area ratio of vegetables (Vegetables)
habitat. Winter wheat, summer maize SIS E S I ST IS B had a positive relation with some of the
and cotton are the main crops. The forest T A A £ provisioning  services, supporting and
(b) . .
cover area in Quzhou county is 86.67 le - @ - - @6 - @ o reg”ulatmg serwcc;s (Ri"e”“e:' Earthworms,
2 PUREE : : Pollination, etc.). These features were
km?4, which is mainly composed of linear | | - ®e c 00000 @®O 0 0 . . _
windbreaks Figure 1. The location of the North China Plain and Quzhou county (left) negatively correlated with the area ratio of
| and of sampled villages within Quzhou County (right) 1 O 0 ® e 00 - © OO ) fibers (Fibers).
9000 @®0e - 8000 Difference of AES&DSs supply among
Framework and.lndlcators | | | © 0000 P e® - o o | village types (Figure 6)
The framework (Figure ?) and a Ilteratgre review o 0@ @ @@ @ o @O O 8 The vegetables-dominated villages (Village
reIeva.nt AFS&DS and to therea.fter formulate a PP S orovisioning, regulating, and supporting
questlonnalr-e to assess perceptlon.? of the state 8 # o services. The fiber-dominated type (Village
of AES&DS in 2020 and the perceived trend of

Figure 6. Differences in ecosystem services (a) and disservices (b) type 6)1 hOWGVGF, had reIativer lower service

change in the period between 2015 and 2020. . among village types. deliveries but higher dis-services damages.

Figure 2. The main interrelations between agroecosystem services and dis-services (AES&DS) and crop production in the agricultural landscape of

Quzhou county. AES&DS in orange boxes affect the agricultural landscape, while services and dis-services in blue boxes are affected by -
agriculture. The green arrows indicate services, whereas the red arrows indicate disservices. CO 4 CI usions

Sampling and survey * In the case study area, the inadequate amount or the declining tendency of

e Quzhou has 7 village types according to the results of village typology (Xu et al., in prep). natural enemies, earthworms and groundwater-related ecosystem services were

* Five villages were randomly sampled from each village type, resulting in 35 selected commonly perceived by farmers. However, the dis-services generated from
villages in total. agricultural production were observed by only 14-22% of the farmers.

* In each village, we selected five smallholder farmers, two leader farmers and the village
head to participate in the survey.
* Intotal, 267 farmers were interviewed by structured questionnaire with Likert Scale.

 The land use composition and the location advantages mainly shape the difference
of AES&DS in different villages, and the AES&DS are different among village types.

* This study provides a scientific basis for decision-makers to tailor the agricultural
landscape planning and corresponding measures to enhance the ecosystem
services according to Vvillage-specific socioecological conditions, suggesting
incorporating stakeholders’ perceptions during the decision-making phase.

Relations between village characteristics and agroecosystem (dis)services

* The explanatory variables representing village characteristics were selected.

* A Monte Carlo permutation test (1000 permutations) was performed to determine the
significance of the associations between village characteristics and (dis)services.

* The RDA analysis was used to determine the relations between village characteristics and
agroecosystem (dis)services. Acknowledgements
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Kruskal-Wallis analvsis and Dunn's Test for the bairwise comparison (NO.201913043) and Hainan University, and the contribution of Fan Li, Zhan Xu, Zhengyuan
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Designing alternative crop rotations to advance
agricultural sustainability In the North China Plain
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Background « Compromise rotations did not Include Pareto-optimal ones that

+ Intensified wheat-maize system dominates farmland in the North extremely underperformed in terms of most of indicators.

China Plain, which contributes to food security but causes low
farming income, and tremendous resource and environmental costs.

 Well-planned crop rotations have a great potential to Iimprove
cropping sustainability performance from the socio-economic,
human-nutrition, and eco-environmental perspectives.

« Crop rotation generator model is a systematic and objective approch
to designing promising alternative rotations in an explicit manner.

Objectives

 To generate all possible crop rotations with major crops in Quzhou
and ex-ante evaluate their sustainability performance;

 To select and characterize rotations with acceptable compromises
across multiple sustainability objectives from all possible rotations.

Methods

« ROTAT model-based crop rotation design based on 10 local major
crop species and expert-defined agronomic rules, Iin terms of 11
Indicators relevant to local sustainability challenges.

Fig.2 Indicator biplot matrix of Pareto-optimal rotations grouped into two efficiency set.

« Compromise rotations can be sorted into nine clusters representing
contrasting sustainability profiles: profitability-oriented (C1&C2);

Step 1: Crop rotation generation & evaluation ustainabilit o _ _ _
S _sd'-’f Et' y nutrition-oriented (C3&C4), environment-oriented (C5&C6), and
: : : INaicators
Candidate crop list Crop rotation rules| TR balanced clusters (C7—C9).
. ol . Socio-economy
ROTAT model & . Gross margin : ool Gross margin| - ‘ Labor use N g Calorie™
] ' Gross margin var. £ s000f : s | ‘ 3 Re #
All agronomically-feasible crop rotations & ' Labor requirement | 5 * S _ g
their sustainability performance R L LR ! 5] g | : * . ‘ K
l + EEDDD- __________ | _______ : ________________ + _ % ** + 4%20- | .
Step 2: Crop rotation selection E____I'il_.l_r'_l’{é_l_r}_-_r;h_ilzli:;(_)_r}““i 2000- | l&# o | — - |
Pareto_based metric ordination i Dietary energy y|e|d i C1 C2 C3 C4 C5 C6 C7 CB C9 C1 C2 C3 C4 C5 C6 C7T CB C9 Ct C2 C3 C4 C5 C6 C7T CB8 C9
: L | ; | - GHG | Pesticide input
. Pareto rank ! + | Pareto efficiency ! 4 . Zinc yield i » Groundﬁwater depletion | o esticide inpu
1 . Vitamin C yield . g j} : = |WE “ 3
Rotations with acceptable compromises + ;ﬂg“”' | *ﬁ 8 [ J_i_ """""""" lIP# %: 0- :
. Eco-environment g | * ’ * : a-* """ == *F """"" P
Step 3: Crop rotation characterization i | e *#ﬁh
. Groundwater depletion | y N
M“Iti-indicator clustering i Eutrophlcatlon i c1 C€c2 C3 ©C4 C58 Cs CT Cd& (B c1 c2 C3 C4 €5 Cs C7T Cs8 (B c1T ©Cc2 C3 C4 ©C5 Cb6 C7T C8 (Y
" PCA . o+ HCA ! < ' Net GHG emission Fig.3 Sustainability performance of nine clusters of compromise rotations for Quzhou.
1 : Pesticide input |

Clusters of compromise rotations

Agrobiodiversity

Conclusions

 Not any single rotation could completely replace the wheat-maize;

Fig.1 Stepwise approach to designing alternative rotations with acceptable

compromises across multiple sustainability domains for Quzhou. « Compromise rotations could not only manage trade-offs among

sustainability domains In an acceptable degree, but also meet
diverse sustainability demands from stakeholders, which can
complement with the wheat-maize in future agricultural landscapes.

Results

« ROTAT generated 3,011 possible rotations but none of them
outperformed the wheat-maize in all indicators.
Acknowledgements
« 188 rotations were identified as “compromise rotations”, since their
Pareto efficiency (6-9) is not higher than the wheat-maize’s (9).
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Global and regional distribution of soil-borne fungal
pathogens: effects of host availlability and

environmental drivers

Mengshuai Liu, Liesje Mommer, Jasper van Ruijven, Chunxu Song, Jose G. Macia-Vicente

Background

Soil-borne fungal plant pathogens lead to worldwide economic yield
losses to more than 20%. However, despite the agricultural
iImportance of North China Plain (NCP), apart from a few well-known
pathogens, little is known about the regional distribution of soil-borne
fungal pathogens that could potentially reduce the yields of the main
crops (i.e. wheat, maize and soybean). Moreover, to what extent
distributions of these soil-borne fungal pathogen species are driven by
climatic factors, spatial correlations and/or crop species is unclear.

Objectives

In this study, we aim to 1) identify the major soil-borne fungal
pathogens that could potentially affect the main crops produced In
NCP (i.e. wheat, maize, and soybean); 2) evaluate the occurrence of
these pathogens In NCP as compared to their distribution at
iIncreasingly larger scales (i.e. within China and globally); and 3)
Identify the main biogeographic drivers of their occurrence, with an
emphasis on the effect of that the availability (local intensity in their
production) of the specific host crop species.

Methods

Here, by combining searches in the public databases, we identified a
set of main soil-borne fungal pathogen species potentially affecting
crop production in NCP based on their specificity toward the main
crops produced there, then, we assessed their global distribution, and
further determined the contributions of climatic, spatial and host
avallability conditions to the global level of their prevalence (Fig. 1).

@SOIL BORNE FUNGAL PATHOGEN

Fig. 1 Conceptual model of this study. The global distribution of soil-borne fungal
pathogens that represent potential threats for main crop production in NCP and the factors
driving their global distributions are assessed to provide roadmaps for potential improvements.

Contact: (chunxu.song@cau.edu.cn)

Results

We identified 25 soil-borne fungal pathogen species that could
potentially affect the productivity of the main crops produced in NCP.
Most of these species had widespread distributions across the globe,
but a few showed occurrence patterns somewhat associated with NCP

(Fig. 2).

Fig. 2 Examples of the distribution of soil-borne fungal pathogens at global and
regional scales (China and NCP): Fusarium oxysporum (a-c) and Phomopsis
longicolla (d-f).

An assessment of the potential ecological factors driving the
distribution of these pathogens did not reveal any consistent
relationship between the occurrence of fungal pathogens and climatic
or spatial variables. Interestingly, the availability of the focal host
crops did not explain a significant variation in the pathogen’s
distribution (Fig. 3).

Fig. 3 Relationship between ecological drivers and the prevalence of selected soil-
borne fungal pathogen species.

Conclusions

Our work opened the ‘black box’ of main soil-borne fungal pathogens
from the Iintensive agricultural region-NCP, as well as factors
Influencing their global distribution. Our results propel an important
next step for potential Improvements In agricultural green
development.
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Background

Sustainable agricultural production on smallholder farms is a worldwide
concern. Smallholder farmers manage about 70% of the farmland in the
North China Plain. Therefore, boosting smallholder farms' sustainability
will significantly improve agricultural sustainability on the North China
Plain. Here we analyse production practices of positive deviant farms to

Identify promising pathways towards increasing sustainability.

Objectives

 Group smallholder farms with the same sustainability performances;

« ldentify farms with outstanding sustainability in each group; Fig. 3 Indicator performance of smallholder farms in Quzhou. All cases were

: : : : : rouped into clusters.
« Assess the implications of learning from outstanding farms. IrOUP

Methods

In July 2020, we conducted a farm household survey in 35 villages of
Quzhou and got 486 smallholder farms. We developed a farm-level
positive deviance approach based on the dataset, including empirical
multi-criteria assessment, heretical cluster analysis, and Pareto ranking
to find positive deviant farms. We used scenario analysis to assess the
Implications of learning from positive deviant farms. Three farm clusters
were identified based on environment, economics, and social Fig. 4 Cropping system allocation of positive deviant farms (PD, n=63) and
other farms (OF, n=322) in cluster B.
sustainability. Scenario 1 assumes the optimization of management
practice of main cropping systems at a positive deviant level while not
changing the cropping system allocation. Scenario 2 assumes optimizing
the allocation of the cropping system as positive deviant farms while

keeping the management practice of each cropping system as original.

Results

Fig. 5 Sustainability performance of positive deviant farms, other farms, and
scenario 1 and scenario 2 in cluster B.

Conclusions

Fig. 1 Visual representation of positive deviants and dominated farm. Each circle
represents a farm observation. O1 and O2 denote two competing objectives. (a).

Geographic distribution of surveyed villages in Quzhou county (b) and Dblack whole population of smallholder farms in Quzhou.
circles indicate the surveyed villages.

 There were significant variations in sustainability performances over the

« Compared to other systems of cluster B, positive deviant farms
performed better in multiple indicators.

 Multiple sustainability gaps might be narrowed for cluster B farms by
adopting positive deviant farms' management practices and/or cropping

systems allocation.
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Time trends of dietary Zn intake and occurrence of dietary Zn inadeguacy among Chinese

adults: data from the China Health and Nutrition Surveys between 2004 and 2011

Lu Liu

Supervisors: TjeerdJan Stomph, Wopke van der Werf, Wenfeng Cong, Fusuo Zhang

Background

Zn deficiency Is one of the most widespread human micronutrient
deficiencies, also known as ‘hidden hunger’ . Insufficient Zn
Intake Is a public health concern in China as well. High risk groups
comprise infants, preschoolers, pregnant and breast feeding

women, and the elderly. Nutrient intake Is related to dietary
patterns, and determined by cultural and other socio-

demographic factors. To date, It iIs not known which regions In
China are most affected by dietary Zn intake inadequacy, or how
shifts in food consumption patterns have affected dietary Zn

INtake over time.

Objectives

The aim of this study was to characterize differences between
regions across China in the occurrence of dietary Zn intake
Inadequacy and identify how such differences are related to
changes in food consumption patterns. We further looked for
explanatory socio-demographic variables of dietary Zn intake, like
seXx, Income level, food consumption patterns and whether people

were living In urban or rural areas.

Methods

Data
The data of this study were derived from the China Health and

Nutrition Survey (CHNS) which is an ongoing longitudinal survey
that has been conducted every few years. For the present
analysis, we extracted data for adults aged 18-50 years from the
CHNS conducted in 2004, 2006, 2009 and 2011. Data were
available for nine provinces Iin the four survey years: Heillongjiang,
Liaoning, Shandong, Jiangsu, Henan, Hubel, Hunan, Guizhou, and

Guangxi, as well as for three megacities only in 2011.

Inadequacy of dietary Zn intake
We estimated the proportion of individuals with a daily dietary Zn

Intake below their age- and sex-specific estimated average
requirement (EAR), also known as the EAR cut-point method,
which i1s a simplification of the full probability approach for

calculating the prevalence of dietary intake inadequacy.

Food consumption pattern calculation
he foods and drinks Iin the database were classified into 19 food

groups, similar to the classification in the Chinese Food
Composition Table: cereals, meat, vegetables, legumes, fruits,
dairy, poultry, eggs, roots & tubers, sugar, snacks, oil, nuts &
seeds, fungi, fish & seafood, condiments, baby food, beverages

and alcohol. For each individual, Zn intake from each food item
was summed per food group, and then converted into a

proportion of the total Zn intake per day.

Contact: liulucau@foxmail.com

Results

Inadequacy of dietary Zn intake
The average percentage of inadequate Zn intake In the total adult

population increased from 23% In 2004 to 37% In 2011. These
percentages varied strongly between provinces. Henan province,
had the highest occurrence of inadequate dietary Zn intake of all
provinces across all survey years, with the inadequacy In this
province increasing from 37% in 2004 to 65% in 2011 (Fig. 1).

Fig. 1 Percentages of people with Zn intake inadequacy for surveyed provinces in different years. Zn
Intake inadequacy was defined as Zn intake below the estimated average requirement (EAR) of Zn. Nine
provinces (Heilongjiang, Liaoning, Shandong, Jiangsu, Henan, Hubei, Hunan, Guizhou, and Guangxi) were
iInvolved in 2004, 2006, 2009, and 2011; and three megacities (Beijing, Chongging, and Shanghai) were

added only in 2011.

Zn intake and food consumption patterns

Cereals and meat were the two most important food sources for
Zn intake. Over the survey years, there was a clear downward
trend In the amount of dietary Zn intake from cereals (from 6.27
mg day? in 2004 to 4.68 mg day! in 2011, from 58% in 2004 to
48% in 2011).

Conclusions

Using data from CHNS 2004-2011, this study identified an
Increasing time trend of dietary Zn inadequacy of Chinese adults,
which was associated with socio-demographic characteristics and
shifts In food consumption patterns. The percentage of the
studied population with inadequate Zn intake increased from 23%
In 2004 to 37% In 2011, and the average dietary Zn intake
decreased from 11.1 mg/day in 2004 to 9.89 mg/day in 2011.
This decline was attributable to a reduction In dietary Zn intake
from cereals, which was not sufficiently compensated by

Increased Zn intake from meat and other Zn-rich food items.
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Optimizing plant traits for efficient nitrogen use and
high yield In maize using functional-structural plant

modelling

Jie Lu
Supervised by: Dr. Tjeerd Jan Stomph (WUR), Prof. Jochem Evers (WUR), Dr. Qingchun Pan (CAU) and Prof. Lixing Yuan (CAU)

Background Results

_ _ _ _ _ B Plant traits for either high yield or low N loss
Maize (Zea mays) is the most widely planted crop in China, and is often overfertilized.

This causes environmental damage which can be mitigated by breeding for nitrogen-
use efficient maize. Nitrogen use efficiency (NUE) is a complex trait, which depends on
soil attributes as well as plant architectural, physiological and developmental roots and
shoots traits. The relative contribution of these crop traits to NUE is not well known,
but relevant to identifying breeding targets. To increase nitrogen capture, phenotypic
plasticity in response to N availability also plays an important role. However, the effect
of plastic responses in N uptake and utilization-related traits on NUE is not known.
Here, a functional-structural plant (FSP) modelling approach was used to quantify the
effects on NUE of differences in plant traits and their plasticity in relation to plant and
soil N. We applied this model to quantify maize root trait values at a population level
by optimizing yield and NUE.

Objectives

Fig. 2 The input parameter values when selecting for high yield or low N loss
Identify and quantify the good root phenotype with low N losses while maintaining plants across five nitrogen (N) levels.
high yield under high planting density.

Plant traits for both high yield and low N loss

Methods

Modelling approach
We constructed an FSP model of maize to mechanistically simulate the growth and
development of root and shoot driven by temperature, light and carbon and nitrogen

sink-source relationships with plastic responses to plant N status. Fig. 3 The

correlations among
the seven plant
traits for both high
yield and low N loss
simulations. ***
represents p<<0.01;
** represents

A B

p<0.05.
Fig. 1 Overview of maize FSP model. Panel A represents the structural components for
the FSP model. Panel B presents maize different development stage in current model.
_ _ _ Cluster 1 Cluster 2
Simulation experiments wmaxRoot wmaxRoot
_ 25000 25000
Target plant traits
riB rootAngle rootAngle
Traits Description Min Max 16.482 80 80
MP Potential root number 10 75
erB coefficient of root emergence rate in response to shoot nitrogen 0 0.1316
wmaxRoo Potential root dry weight which is one of the model parameters to 7500 25000
t determine root sink strength (mg/plant) 0.1316 0.0016 0.1 0.0016
RTD Root tissue density (g/m?3) 80 120 erB Dinit erB Dinit
Dinit Average first order root diameter (m) 0.0016 0.001
riB coefficient of root-to-leaf biomass partitioning coefficient in response O 16.482
to leaf nitrogen 75 120 73 120
MP RTD MP RTD

rootAngle initial axial root angle (°) 20 80 _ _ _ _ _
Fig. 4 Comparisons between the two clusters for plant traits combinations

Selection and statistical analysis procedures

150 plant traits combinations (Input parameter set)

! 3 3 1 d

' ' ' ' Il nitrogen
Maize FSP model with 5 N levels (0, 1429, 2857, Plant traits were more _conS|ster_1t for low N losses than high yield across all nitroge
4286 and 5714 pmol/L) levels under high planting density.

Conclusions

Plant traits generally showed different trends across N treatments for low N losses and

I - -
| . . _ _ high yield.
Top 50 simulations for |l Top 50 simulations for | Top 75 simulations for Top 75 simulations for
high yield for each N low N loss for each N I high yield for each N low N loss for each N _ _ _
level level | level level There were trade-offs between potential root biomass and root to leaf biomass.
| partitioning coefficient or root angles, and between root diameter and root emergence
1 | | 4 rate for both high yield and low N loss under high planting density.
|

Plant traits
values
comparison

ACI0Ss allNIEVEIS SCI0SS allNIEVEIS There were two clusters of root traits combinations with both high yield and low N loss.
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INntegrate models to investigate GXEXM to identify
high-NUE and high-yield maize germplasm in China

Author: Yujie Yang
Supervisors : CAU: Qingchun Pan, Lixing Yuan; WUR: Jochem Evers, Tjeerd Jan Stomph

WAGENINGEN

UNIVERSITY & RESEARCH

Background Results

INn 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.

» Genotype
2000-2019, 1362 maize

varieties were authorized.
> Environment

* Longitude and latitude
* Precipitation
* Photoperiod
 Temperature

» Management

) Fertl!lz.ers Research question: How to use GEM models to
* Pesticide oredict the potential yield of different maize
* Planting patterns varieties in different regions of China?
Objective
Figure 1. Distribution of Xianyu335 and Zhengdan958 in the different experimental site In
China.
e High yield

e High efficient utilization of resource
e Low environmental cost

Figure 2. Yield gap of ZD958 and XY335 maize cultivars in two regions.

Method-roadmap Conclusions

» 1) XY335 had 201 test sites Iin the spring maize area in North China, accounting for
63.41% of all sites, and 106 in the maize sowing area in Yellow-Huai-Hai Rivers Plain,
accounting for 33.43%. ZD958 was more widely distributed in the summer maize area
In Yellow-Huai-Hai Rivers Plain, with 457 test sites, accounting for 58.36%. ZD958
had 324 experimental sites in the spring maize area in North China, accounting for
37.37.

» 2) XY335 had higher potential yield than ZD958 in different areas under high N
condition. XY335 has greater production potential in the Huang-Huai-hai region. While
ZD958 has greater production potential in the North spring corn area.
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Overview PhD projects — starting year 2020

Posters, January 2023

Theme: Green and nutritious food provision & governance

Name Model* Project

1. Yujun Wei 1+3 Evaluating and innovating Green Food system using smart sustainability assessment and novel circular biotechnology

2. Y1 Zhang 2+2 Evaluating and innovating Green Food system using smart sustainability assessment and novel circular biotechnology

3. Chengiang Qin 2+2 Exploring green transformation of plant extract industry: a case study on CCGB

4. Ruijin Luo 2+2 Green Food Impulse: Multi-model Decision Support for Market Driven Circular Green Food Supply Chain Networks in China
5. Junhan Zhang 1+3 Green Food Impulse: Multi-model Decision Support for Market Driven Circular Green Food Supply Chain Networks in China
6. Zhiyao Chang 2+2 Sustainable, Healthy, Affordable, Reliable, and preferable Diets in China

7. Xiaoxia Guo 2+2 Upscaling China's Science and Technology Backyards (STB) through modified technologies and policies

8. Xiaodan Lli 1+3 Upscaling China's Science and Technology Backyards (STB) through modified technologies and policies

Theme: Green animal production

Name Model* Project

9. Rui Shi 1+3 Developing sustainable breeding strategies for dairy cattle in China with emphasis on improved resilience

10. Yujuan He 2+2 Diversifying forage production systems: increasing productivity and resource use efficiency

11. Hao Liu 1+3 Diversifying forage production systems: increasing productivity and resource use efficiency

12. Dongdong Lu 2+2 Effects of alternative dietary fibre sources and dietary protein levels in lactating sow diets on reproductive performance and litter
characteristics

13. Weitong Long 1+3 Optimization and designing of integrated crop-livestock systems

14. Zhenpeng Hu 1+3 The pig toilet as solution for animal welfare and environmental-friendly pig production

15. Fel Xie 2+2 The pig toilet as solution for animal welfare and environmental-friendly pig production

Theme: Green ecological environment

Name Model* Project

16. Juhui Chen 2+2 Labelling for sustainable development: perspective from both production and marketing

17. Haorang Li 1+3 Labelling for sustainable development: perspective from both production and marketing

18. Sijie Feng 2+2 Sustainable pathways for green agricultural development-a multi-scale integrative modelling approach

19. Donghao Xu 1+3 Towards sustainable nitrogen and acidification management in the Quzhou and Zhaoyuan counties and the North China Plain

Theme: Green plant production

Name Model* Project

20. Zhaoqi Bin 1+3 Creating a multifunctioning soil by synergizing aboveground and belowground interactions

21. Ruotong Zhao 2+2 Creating a multifunctioning soil by synergizing aboveground and belowground interactions

22. Bowen Ma 2+2 Developing sustainable diversified crop production systems for the North China Plain

23. Laiquan Luo 1+3 Intelligent monitoring and universal robotic harvester for Autonomous intercropping system

24. Yuxiang Wang 2+2 Intelligent monitoring and universal robotic harvester for Autonomous intercropping system

25. Jiyu Jia 2+2 Linking aggregated solil attributes to ecosystem functions: mechanistic understanding of soil management — ecosystem function
relationships and analyses of possible trade-offs

26. Yizan Li 1+3 Linking aggregated soil attributes to ecosystem functions: mechanistic understanding of soil management - ecosystem function
relationships and analyses of possible trade-offs

27. Yanjie Chen 2+2 Quantifying and enhancing ecosystem services for sustainable high value and healthy food production in the North China Plain

28. Bo Wang 2+2 Towards more sustainable groundwater use for food security in Quzhou

29. Yalin Liu 2+2 Waste2C: From Waste to Crop — Quzhou as a Living Lab for Sustainable Agro-Food systems

Model*: There are two different types of PhD candidates, hence 2 models.
2+2 model: Graduates at CAU; project starts and ends Iin 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.



Decision-making In food waste valorization: a
systematic review leading to an improved holistic

framework

Yujun Wel, Marta Rodriguez-lllera, Xuezhen Guo, Martijntje Vollebregt, Huub Rijnaarts, Xuexian Li, Weil-Shan Chen

Background

Food waste valorization has gradually become a research hotspot In
recent years. The reason for this is the enormous amount of food
wasted globally and the food security concerns of the growing
population. To valorize food waste, many technologies are studied
and applied. For example, anaerobic digestion (converting food waste
Into energy and fertilizers), drying technology (processing food side-
streams Iinto longer shelf-life livestock feed), etc. The theoretical
aspect and decision-making of food waste has been stressed In
recent research, such as the development of food waste hierarchies
(e.g., Figure 1). However, most of the studies commonly take an
Individual perspective and focus on one or a few specific food loss
and waste streams. There Is a lack of holistic decision-making
support framework.

] [ y
\ y

Reuse - \ Conversion into human food (food processing) /

Recycle/ |
recover

Fig 1. Waste hierarchy for surplus food and food waste including conversion into human food
(highlighted in bold). Adapted from Garcia-Garcia et al.

Results & conclusions

Decision Support Framework for Food Waste Valorization (FWV)

Phase 1 Phase 2
Context Analysis Scope selection

Phase 3
Identification of FW Valorization options Evaluation & Implementation roadmap

Objectives

This research will try to achieve the following research objectives:

1) 1dentify the generic building blocks and logic for a decision-making
framework.

1) extract useful knowledge from DSA of CE.

1) construct an improved framework.

V) Identify the element of framework to be further developed In
future study.

v) analyze coverage and limitations in the studies reviewed.

Methods

A systematic literature review Is conducted to achieve the research
objectives (Fig. 2). The literature search was performed via the Web
of Science. After the screening, 31 food waste valorization decision
support approaches from 30 articles were presented Iin this study.

Fig 2. Overall methodological approach of this paper.

A systematic framework s
Phase 4 constructed (Fig. 3), including

four phases: context analysis,
scope selection, identification of

&«

A h suitable
! reas with greatest -
R EAE .g MEA Data scenarios
boundaries potential to methodolo refinement
implement FWV &Y I

ulticriteria
Assessment A

Key elements P'erf.ormance
of the territory indicators™

Preference of T
stakeholders

Generation of

Technological

Polic
documeynts ‘ FW Technical
characteristic* matchmaking

<+— characteristic

Current and Selection of Categorization
historical FW focus areas and ng FW?
data flows

FW valorization options,

/

Assessment evaluation and implementation

2[RRI Performance i
DEA — e et roadmap. In addition, the food
methodology fiteria/ waste hierarchy was found too

indicators™ |

conceptual to guide the
decision-making in FWV and we
suggest that further research iIs
ﬁ?r;?tea?;nn: Stakeholder(”/ needed In adapting the CE
preferences | knowledge to food system.

knowledge Expert (

opinions

FW

Prioritization of
* potential strategies
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Fig 3. The improved decision-making framework for implementation of food waste valorization.
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The Supply of Organic Fertilizer in China and the Impact on Green

Food Agriculture Environment

Y1 Zhang
Supervisors: Xuexian Li (CAU), Wei-Shan Chen (WUR)

Background

Registered Companies

Certified Product

Total Sales and Exports

» China Green Eood has a set of » China National Development Plan
proposes that Green Food
iIncrease by 50% on the basis of
the current scale by 2030 for the
healthy diet of Chinese residents.

> China’s Green Food companies,
registered products and sales
have been growing continuously
in the past 2 decades

independent implementation
standards and guidelines
iIndependent of ordinary
agriculture.

Green food is an agriculture production method between ordinary
agricultural production and organic food production.

In a nutshell, the production guidance for input management of Green
Food Is based on reducing the input of chemical fertilizers by 50% on the
Input of ordinary agricultural production, and using organic nutrients to
supplement the amount of nutrients that are insufficient(NY/T 394-2021
Green Food-Fertilizer Application Guideline). Simultaneously, the types and
doses of pesticide inputs are restricted (NY/T 393-2020 Green Food-
Guideline for Application of Pesticide).

Objectives

1. Establish a database of organic nutrients for Green Food In
China with fertilizer data that meet the Green Food-Fertilizer
Application Guideline (NY/T 394-2021)

Organic nutrients that can be used Iin the Green Food
Agriculture, including types, available quantities, grades of
availability, nitrogen, phosphorus, potassium utilization rates
and organic matter content.

2. Based on China’s Green Food Agriculture data from 2018 to
2021, calculate the amount of organic nutrients required for the
transformation of the whole crop from conventional agriculture
to Green Food agriculture.

The basic data of China’s Green Food agriculture: crop types,
planting area, yield per hectare, chemical fertilizer application
amount, organic nutrient application amount, etc.

The amount of organic nutrients required per hectare for
Green Food agriculture of various crops.

3. Evaluation of self-sufficiency rate of organic fertilizer supply
to Green Food agriculture in China

I\/Ilivestock, total— 2 Qlivestock*looo(or 10’0001000 for
poultry)*Manure produce(kg/d)*365/1000(t)

Contact: (vi3.zhang@wur.nl, cez727530@gmail.com)

Results

1. Calculation of manure nutrient content and compost loss of main
livestock and poultry

Nutrient content of manure of main livestock and poultry (g/kg)

Category Manure(dried)
N P K
Pigs 5.47 2.45 2.94
Cattles 3.83 0.95 231
Sheep and Goats 10.14 2.16 5.32
Poultry Birds 10.32 413 7.17

Daily produced of livestock and
poultry manure nutrients(kg/d) Nutrient loss in livestock and poultry

manure composting(%)

Category Manure Urine
Nutrient Aerobic Biogas
Pigs 2 33 composting
Cattles 18 467 N 30.7 9.0
Sheep and 2 05 P,0s 11.2 49
Goats K,O 18.7 43

Poultry Birds 0.15

2. Calculation of China's total livestock and poultry population and
total nutrients from manure sources in 2020

3. National scale crop nutrition consumption capacity

Conclusions

» The sources of animal manure used in this research are mainly large-scale farmed animals (pigs, cattle, sheep
and goats, poultry) in China, and all small-scale animal subdivisions were not selected.

» Whether animal manure can be recycled and composted due to the limitation of the scale of the animal farm
or technical factors will be scenario analyzed and discussed in the follow-up research.

» According to calculations, the composted manure produced by livestock breeding in China currently has
enough nutrients to meet the nutritional needs of China’s ordinary agriculture transformation into Green Food
agriculture.

» The environmental impact of the production process of using compost instead of chemical fertilizer after the
transformation of China’s ordinary agriculture into Green Food agriculture and the impact of adding it to the
so1l will also be carried out in follow-up research.
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extraction of oleosome from rapeseeds

Background Physico-chemical properties of the oleosome protein mixture
* Low extraction yield of oleosome from rapeseed (~ 60%) Z-potential SDS-PAGE
* Lots of research focuses on extracting oleosome from rapeseed and ignoring the Solid liquid ratio 15 Solid liquid ratio 1:7
: kDa control 0.477 0.557 0.636 control 0.477 0.557 0.636
co-extracted protein
. . . . . . . 250—» o
* The combination of twin-screw press and colloid mill can improve the extraction o =
T5—> e
yield of oleosome, and the technique has the potential to be applied in the food
. 50— W
industry s o
25—>
Objective Lo
15— .-
» Improve the extraction yield of oleosomes. awge— ¥ ¥ T F ¥ § 3

* Combine twin screw press and colloid mill to extract oleosome.

. . Aliquid ratio 1: +solid-liauid ratio 1:
« Continuous extraction of oleosomes from rapeseed. Size distribution (solid-liquid ratio 1:5) CLSM (control+solid-liquid ratio 1:5)

Extraction methods

Control+ 1 wt% SDS

Size distribution (solid-liquid ratio 1:7)  CLSM (control+tsolid-liquid ratio 1:7)

Control+ 1 wt% SDS

Simultaneous extraction of oleosome and protein

Improving recovery yield by repeating the extraction process
Results

Second-time extraction
Frist time extraction

Extraction of rapeseed oleosome and proteins

protein
Oleosome recovery yield Protein recovery yield
oleosome
0 20 40 60 30 100
___________________ Conclusions
* By combining colloid mill and twin-screw press the recovery yield of oleosome was
improved.
* Seed-water 1:5 1s found to be the best extraction condition.
* The oleosome recovery yield was achieved at 86 w/w% by repeating the extraction
: o/ oil content in mixture (g) . rotein i
Recovery yield (wtv) = 100 (oil content in rapeseed (g)) Recovery yield (wt%) = 100 * (prl)‘ot::in Cc;?lr:;?ti;nr:;:;lerz (é))) ProcCcss.

Wageningen University & Research * We gratefully acknowledge the sponsors of this research: China Scholarship Council (NO.201913043)

P.O. Box 125, 6,700 A,B Wageningen * We gratefully acknowledge the financial support from the Major International Joint Research Project of
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Optimization of Economic and Environmental Performance of
the Green Navel Orange Supply Chain (GNSC)

Ruijin Luo™, Junhan Zhang
Supervisors: Xuexian Li, Ting Meng, Frits Claassen, Sander de Leeuw

Background ODbjectives

1. Framing a food supply chain assessment method from
economic and environmental perspectives via life cycle
thinking and multi-criteria decision making analysis.

2. Determining the economic and environmental
performance of navel orange supply chains in southern
Jiangxi as an umbrella case study.

Citrus - Most popular fruit

: : Export — Low & fluctuated 3. Exploring agriculture green development (AGD) options
China - Largest production

for China's green navel orange industry to redesign and
_ transform the existing structure towards a circular and
Input - High market driven one.

Efficiency — Low

Activeness — Moderate

Methods An Umbrella Case - southern Jiangxi
‘o
P IS

JHN

il
E
[ GANNAN

)

NAVEL

e Most famous and valuable citrus
e Since: 1970s
 Brand value: 67.8 billion CNY (2020)

. . e H rea: 113.3 th nd h
Fig.1 Technical routes arvested area 3.3 thousand ha

 Qutput: 1.4 million t

1. Life Cycle Assessment (LCA)

Life cycle assessment (LCA) is a methodology for assessing environmental i A e s B o v peservover SR SRR
. . . . ; . avel oranges Navel oranges
impacts associated with all the stages of the life cycle of a commercial product, i harvested rboset
process, or service. For instance, in the case of a manufactured product, " Production ' ' Inedible
environmental impacts are assessed from raw material extraction and processing " /Purchase fruits
(cradle), through the product's manufacture, distribution and use, to the recycling | I Navel oranges to be sorted
or final disposal of the materials composing it (grave).[!] [2] The aim is to : X St
document and improve the overall environmental profile of the product.] : fruits sold to | |
| buyers and i : W&Ste can
i retailers i i be recycled
. : Sorting the low-end | | |
Goal and Scope Inventory Analysis Impact | market
Definition Assessment ;
| 1| Tedible
I i v i | fruits
Interpretation i Commodity fruits || Immature fruits o
Fig.2 lllustration of the general phases of a life cycle " Storage - Inffjiizle
assessment, as described by I1SO 14040 |
2. Benchmarking Analysis ! -
Benchmarking analysis 1s a process of defining valid measures of performance Products (navel oranges ready for sale)
comparison among peer Decision Making Units (DMUSs), using them to determine | ‘
the relative positions of the peer DMUs and, ultimately, establishing a standard of . Marketing -
excellence to explore improvement options to achieve the excellencel’l. i Online |{ Whole | | Superm || Cons-
Dimensions typically measured are quality, time and cost. i v e Mo oo lneen Product
Loss

Fig.4 The green navel orange supply chain in details
3. Multi-Criteria Decision Analysis (MCDA) J J J PPTY

Multi-criteria decision analysis, also known as multiple-criteria decision-making,

1s a sub-discipline of operations research that explicitly evaluates multiple References
conflicting criteria in decision making and choosing the best solutionl*. MCDA | | | | |
has been an active area of research since the 1970s. MCDA is divided into two [1] Ilgin, Mehmet Ali; Surendra M. Gupta (2010). "Environmentally Conscious Manufacturing and

Product Recovery (ECMPRO): A Review of the State of the Art". Journal of Environmental
Management. 91 (3): 563-591.

parts in order to evaluate several alternatives or design an alternative (solution) by
solving a mathematical model.

[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
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1. Introduction

Fresh food supply chain (FSC) research is gaining increasing interest. Vouna t Orange Fresh
. . . Shoot graft | -:)tung. ree primary ® ®obrange
Perishability of products poses recurring challenges along fresh FSCs. One ending handling marketing
major concern refers to the post-harvest food loss and waste (around 1/3 | )
O.f pro.d.uce.d fOOd)' . . . Baby tree Orange Orange .?}E‘Zﬂgz
Site-visits in a developing country like China show that the processes Breed tending storage Drocessing
among fresh FSCs are more complicated than currently modeled. For ‘ 4 |
instance, Quality deterioration has a major impact on final consumption R Orange Drocessed Processed
T . e : : range .
primary Product product
e.g., whereas best products fulfilling some specific requirements a?re ideally harvest anding torane arketing
consumed as fresh food, other products are often more suitable for T I
processed food products. This holds especially for improving profit as well Nursery gardens Orchards Primary Fresh Intense Markets
handling orange processing

as food safety.

plants

storage

factories

Food intensive processing is often used for fruits that are edible but not of
the highest quality. In developing countries, this industry is still not fully
developed yet.

In many developing countries, fresh FSCs are combined with a segment towards
food manufacturing industry. Figure shows an example of an integrated naval
orange FSC in China.

2. Case background

The harvest season is only 2 months. Stakeholders in the chain have to primarily handle
(sort, wash, classify, store) and manufacture all the oranges within these 2 months.

The selling season starts together with the harvest season and lasts for around 6 months.
There are three selling peaks: the harvest season, the month before the Chinese new year
holiday, the week before the Lantern Festival.

Jiangxi Province: a core orange production area.
Annual yield is more than 1 million tons

/0

10%

2%

15%

3%

Intensive processing of orange is an option to relieve the unbalance between demand
and supply during the harvest season, because processed foods typically have a longer
shelf life.

* Encourage the enterprises to invest on intensive processing, increasing its capacity.
o * Develop low-cost storage of fresh products to extend the manufacturing period.
3. The research
i i . AT TF)FF 7 EEmErmm EEmEEEEEEEEEEEE= ~
Our work is about fresh FSC network design concerning 4 N
/ T B | N o #the orchard

qguality deterioration during storage, integrated with chain !
segment towards food intensive processing. We also
consider decentralization at the primary processing step.

| #the local classification storage spot

p #the primary handling factory
| #the intensive processing factory

Orchard harvesting o t #ithe time period 1 as Nov...6 as Apr
- Add local primary handling facilities i pdis]
—>Classify the oranges earlier (less FLWSs, less | X_0Lyy L, | x_ous,,
. . . i !

transportation amounts, less mechanical physical harms : b { | Local classificationt " m
to products ) | .
- Mimic quality degradation during storage :
—2lllustrate the impacts and importance of intensive )
processing of low-quality products in fresh FSCs. :
- Limit the FLW amount 1 | I===¥ === mah ===
S push the fl ; ds int : : di N | | Intensive processingi |—= :“:f processol

us e flows towards intensive processing, discover . | . Processed |

market

the benefits of food manufacture for perishable products. Model boundary |
)
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Background

In China, overconsumption and unhealthy diets cause a massive burden of malnutrition,
which as a result leads to undernourished, overweight and non-communicable diseases,
there were more than 300 deaths per 100,000 population in China i 2017 due to
dietary risks. Modern diets not only impact health, but also the environment. The share
in global GHG emissions of China in 2018 1s 26.8%, and almost 30% anthropogenic
emissions of which 1s caused by food systems. And nowadays, there are at least 1.58
billion people cannot afford EAT-Lancet reference diets, which are considered as the
most healthy and environmentally sustainable recommended diets around the world.

In 2010, the Food and Agriculture Organization (FAQO) proposed that sustainable diets
are, according to the definition, diets with low environmental 1mpacts, which
contribute to food and nutrition security, and are respectful of biodiversity and
ecosystems, cultural acceptability, accessibility, economically fair and affordable.

First, in terms of health, moderate energy intake and nutrients adequacy can keep
healthy weight and prevent us from undernourished and non-communicable diseases.
Secondly, as to environmental sustainability, which refers to respecting the planetary
boundaries. For affordability, the prices of food should be affordable and equally
distributed. With regard to reliability, dietary patterns must be consumer-oriented by
complying with regional and national food cultures and dietary habits. Finally, for
preferability, the majority of food 1tems are accessible to consumers and have not been
contaminated, which could guarantee ‘food security’ and ‘food safety’.

‘SHARP Sustainability
\ Diets ]

Reliability Affordability

Figure.1 Concept of SHARP diets

There 1s thus an urgent need to transform both Chinese
food production systems and food consumption patterns.
This thesis focusses on the design of sustainable diets for
Chinese consumers by trade-offs analysis with these five
aspects.

Objectives

Diet quality analysis based on data from the latest CHNS surveys
using the Nutrient Density Score, Healthy Diet Indicator or other
indices.

Descriptive modelling of Chinese diet quality by food items (food
groups) and demographic variables.

Trade-off analyses of Chinese diets among health, sustainability,
affordability, reliability and dietary preferability

Framework
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Il. Descriptive analysis of China’s diet quality
using the food group-based relative risks of NCDs
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' IV. Trade-off analysis for more sustainable diets / — Healthfulness :

| I !
! by SHARP-DEA model in China ; ‘ E Trends of
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Methods
1) Diet quality analysis:

Diet quantity —
Healthy diet <
Diet quality <

Balance between energy intake
and energy requirements

Compliance with
nutrient recommendations

Adherence to
food-based dietary guidelines

2) Descriptive modelling of diet quality by food items/food groups, regions

and demographic variables:

3) SHARP-DEA model:

F&V, D.| Healthy & sustainable |
’ B12 Zn| diet(eg, Lancat EAT, |
sustainable FBDGs) |

fits)

1. Assessing the diet quality and
nutritional quality

2. Healthfulness, environmental
impacts, and monetary costs of
Chinese diets

3. Optimization of more sustainable
diets considering the acceptability

(Output variables or bene

Foods or nutrients to increase

Foods or nutrients to decrease e f

(Input variabies, or costs)

nergy% SAFA, 2D 3D

sugar, red meat,

Figure.2 Concept of SHARP-DEA Model

Simulations

Objective Defining

Figure.3 Comparison between model approaches

Results

Figure 4 Summary of relative risks of coronary heart disease,
diabetes type 2, and colorectal cancer for different food groups
per serving size.
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1. Background

200-300 million smallholders Fertilli?er,
‘ 98% agricultural operators Pesticide, Large
Water, o\ inputs

etc ... :
i Environmental &
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Recent _ | _ _
Conventional extensive management High yield resource
decades L
unsustainability
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l
Basic national condition of China: . :
Smallholders dominate the country agriculture @ How to optimize planting practices to achieve multi-objective coordination ? |
o |
I___________________________________________________________________________________________________________‘I
l
2. Methods :
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3. Results -+ 4. Conclusions :
I |
: N reduction 4  -2.46% 6.24% 10.47% 12.76% 11.61% 2% : : :
. we  oan  towm  ugee  mow | - |
| : ! € Sustainability assessment method proposed in !
I i ituti % - 0.41% -6.91% 7.24% 1.97% -0.09% : - - = o - - -
Ll T e e | B 1 this study can significantly distinguish the :
R — Bl o o | '} sustainability degree of different smallholder :
] . I
: Organic addition 2.91% g - 10% : : grOU pS :
I Formula fertilizer 10.67% L 0% | |
I Straw returning 4 13.01% 18.85% 1.49% -0.24% 2.28% I : I
* * * — -10% I " " " " I
: : ! ® Different oriented-prototypes consist of different !
I Optimal sowing date 37.07% 2.7% -0.15% 4.49% S -20% " " "
s : ' crop cultivation and soil managements. :
'p |m.a Sf)wmg r.ae — % .*oo . : -9 : g: -30% I I :
: High-yielding variety — 2.(%”, -0.1I1 %o 3.3;;6A> S o : : | - | :
: R e e ', @ Agriculture green transformation requires not
¢ 8% (@ o @ oV o 8 . . . I
: S .+ only optimized practices, but also economy and
| .
. Effect size of the optimized practices Objective-oriented sustainable prototypes : policy support. :
| I
! ! ;
l l
:_ _______________________________________________________________ : ' @ Realization of green transformation pathway :
should involve smallholder farmers, and take |
. . . . |
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