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Age of Exploration
航海时代

Age of Aerospace
航天时代

Age of Space
航空时代

Rural Agriculture
乡村农业

Urban Agriculture
都市农业

Multiplanetary Agriculture
星际农业

Multiplanetary Agriculture is the future  星际农业是未来
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In recent years, agencies in NASA, ESA, CNSA, RAKA, and other countries have
formulated a series of deep-space exploration plans, and NASA and CNSA even plan
to build permanent settlements on the Moon and Mars.
近年来，NASA、ESA、CNSA、RAKA等国家机构制定了一系列深空探测计划，NASA和CNSA甚至
计划在月球和火星上建立永久定居点。

50,000 people will land on Mars by 2050 火星移民计划

Elon Musk

Alyssa Carson



The Chinese Lunar Exploration Program opens a pathway for 
multiplanetary farming  载人登月国家战略，开启星际农业新赛道

2018年12月

2020年11月

20 July, 1969, American landed on the 
Moon
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China is Planning to Land Humans on the Moon by 2030.

                          中国计划到2030年将人类送上月球。
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The first crop seedling to be successfully cultivated on the moon was grown in China’s
Chang’e-4 lunar probe by our team in 2019. This breakthrough achievement has been
widely reported by major media around the world, including Nature and Science. 
2019年，我们团队在中国的“嫦娥四号”月球探测器上培育出了第一颗在月球上成功培育的作物幼苗。
这一突破性成果被《自然》、《科学》等世界各大媒体广泛报道。

Plant sprouts on the Moon for first time ever “月球第一绿”
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Interstellar farming: during space exploration and colonization, establishing an
efficient farming system based on space crops and achieving food self-sufficiency
is crucial for long-term missions and human interstellar immigration.

星际农业：在太空探索和殖民过程中，建立以太空作物为基础的高效农业体系，实现粮食自给自
足，对星际长期任务和人类星际移民至关重要。

Multiplanetary Farming 星际农业
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 To establish theoretical, technological, and industrial systems for multiplanetary farming 

 To build a universal farming system for Earth, Space station, Moon, and Mars

Space 
stations

Multiplanetary 
Farming

 建立星际农业的理论、技术和产业体系

 构建一套地球、空间站、月球和火星的通用农业系统

Overall goal  总体目标



Potato+Microalgae are the Best 
Option for Multiplanetary Farming
马铃薯和微藻是星际农业的最佳选择
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Relying on plant biotechnology, the whole-body edible and elite

plant (WBEEP) strategy aims to develop crops with more edible

parts, richer nutrient content, and higher yield and mineral nutrient

use efficiency to CEA. The study has been published in Nature

Communications in 2021.

以植物生物技术为依托，全体可食精英植物策略旨在培育出可食

用部分更多、营养成分更丰富、产量和矿质养分利用效率更高的

作物。该研究已于2021年发表在《自然通讯》上。

https://doi.org/10.1038/s41467-021-26238-3

Liu et al. Nat Commun. 2021 Oct 14;12(1):5998. 

We proposed a whole-body edible and elite plant strategy for space crops improvement
我们提出了一种全体可食精英作物改良策略



12Liu et al. Trends Plant Sci. 2022 Nov 25:S1360-1385(22)00301-6.

We proposed biotechnological strategies for developing plants for multiplanetary farming
我们提出了开发星际农业植物的生物技术策略



以微藻为底盘生产天然产物的优势

Microalga: the best chassis for producing natural products
微藻：生产天然产物的最佳底盘

Xie et al. Front Plant Sci. 2024 Aug 16:15:1419157. 



富硒微藻对植物、动物和人体的作用及其应用
The function and applications of selenium-rich microalgae act on plants, 
animals, and the human body.

Liu et al. Bioresour Technol. 2024 Nov 8:416:131768

•.  
•.  



Production of high-value natural metabolites using a microalgal cell factory
利用微藻细胞工厂生产高价值天然代谢物

Xie et al. Front Plant Sci. 2024 Aug 16:15:1419157. 



https://www.nature.com/articles/s43016-021-00269-x

 Fewer risk factors;
 Higher energy 

utilization efficiency;
 Less labor cost;
 Shorter growth cycle;
 Higher harvest index.

Microalga: the best option for multiplanetary farming
微藻：星际农业的最佳选择
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 较低的危险因素;

 更高的能源利用效率;

 较低的的人工成本;

 较短的生长周期;

 较高的产量。



Microalga 微藻
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• Microalgae are tiny groups of algae whose shape can only be discerned under a microscope
• Earth's lungs: produced 90% of the oxygen we breathe today.
• One of the earliest life on earth.
• In nature, microalgae are the food sources for many organisms. 
• 微藻是一种微小的藻类，只有在显微镜下才能看清它们的形状 
• 地球的肺：产生了我们今天呼吸的90%的氧气。 
• 地球上最早的生命之一。 
• 在自然界中，微藻是许多生物的食物来源。
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 The biodiversity of microalgae is

enormous. It has been estimated that

about 200,000 species in many different

genera exist of which about 50,000

species are described.

 微藻的生物多样性是巨大的。据估计，在许多

不同的属中约有20万种存在，其中约有5万种

被研究发现。

Diversity of Microalgae 微藻的多样性
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Microalgae can serve various purposes beyond food production. They can be used for biofuel
production, wastewater treatment, and the extraction of valuable compounds such as pigments,
oils, and pharmaceuticals.

Multiple Uses   微藻的多种用途

除了用作食品之外，微藻还可以用于多种用途。它们可用于生物燃料生产、废水处理以及颜料、油和药物等有价

值化合物的提取。
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Microalgae have survived five mass extinctions on Earth

 微藻历经地球五次生物大灭绝而幸存

核大战、行星撞击、火山爆发、气候极端变化等均可造成生物大灭绝



Outstanding advantages of microalgae : adapt to 
microgravity environment 

悬浮的微藻
（重力=浮力）

悬浮的空间站
（地球引力=离心力）

重力

浮力

地球引力

离心力

月球重力=1/6 地球重力；火星重力=1/3 地球重力；空间站重力≈0
月球 火星 地球 空间站



Microalgae: the Best Option for Multiplanetary Farming

 能源利用效率高

 抗逆性、适应性强

 成本低、产量高

 营养价值高

 全株可食

 能够很好适应微重力环境

微藻作为地球上最早出现的光合生命

体，经历地球五次生物大灭绝而幸存



Edible Microalgae
for Multiplanetary Farming

用于星际农业的可食微藻

23



Chlorella pyrenoidosa
蛋白核小球藻

Name 名字 Chlorella pyrenoidosa 蛋白核小球藻

Classification 分类 Chlorophyta, Chlorella 绿藻门，小球藻属

Growth characteristics
生长特性

All over the world except for the vicious environment of 
the North and South Poles
分布于世界各地除了恶劣的南北两极环境

Distribution 分布

Photoautotrophic, chemotrophic, allotrophic
光能自养，化能，异养

Function 功能 Food, food additives, skin care products, feed, etc.
食品、食品添加剂、护肤品、饲料、有机肥等

Advantage 优势 With a protein content of about 60%
蛋白质含量约为60%

Industrial performance
工业性能

The growth rate is fast, suitable for high-density 
fermentation, and the cultivation cost is lower than that 
of yeast
生长速度快，适合高密度发酵，培养成本低于酵母
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Edible microalgae No. 1: Chlorella pyrenoidosa No. 1 蛋白核小球藻



Haematococcus pluvialis
雨生红球藻

Name 名字 Haematococcus pluvialis 雨生红球藻

Classification 分类 Chlorophyta, Chlorella 绿藻门，小球藻属

Growth characteristics
生长特性

All over the world and is one of the earliest life on Earth
分布于全球，地球上最早的生命之一Distribution 分布

Photoautotrophic, chemotrophic, allotrophic
光能自养， 化能，异养

Function 功能 Food, food additives, skin care products, feed, etc.
食品、食品添加剂、护肤品、饲料、有机肥等

Advantage 优势 Rich in “King of antioxidants” ——astaxanthin
“抗氧化剂之王“——虾青素

Industrial 
performance 工业性能

The growth rate is fast, suitable for high-density 
fermentation, and the cultivation cost is lower than that 
of yeast
生长速度快，适合高密度发酵，培养成本低于酵母
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Edible microalgae No. 2: Haematococcus pluvialis No. 2 雨生红球藻



Name 名字 Chlamydomonas reinhardtii 莱茵衣藻

Classification 分类 Phylum Chrysophyta, Chlorella 绿藻门，小球藻属

Growth characteristics
生长特性

Ditches, depressions and, lakes
分布于沟渠、洼地和湖泊中Distribution 分布

Photoautotrophic, chemotrophic, allotrophic
光能自养， 化能，异养

Function 功能 Food, food additives, skin care products, feed, etc.
食品、食品添加剂、护肤品、饲料、有机肥等

Advantage 优势 Easy to cultivate, fast to grow, easy to genetically 
transform  易于栽培，生长快，易于基因转化

Industrial 
performance 工业性能

The growth rate is fast, suitable for high-density 
fermentation, and the cultivation cost is lower than that 
of yeast
生长速度快，适合高密度发酵，培养成本低于酵母
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Edible microalgae No. 3: Chlamydomonas reinhardtii No. 3 莱茵衣藻

Chlamydomonas reinhardtii



Name 名字 Nannochloropsis gaditana 拟微球藻

Classification 分类 Chlorophyta, Chlorella 绿藻门，小球藻属

Growth characteristics
生长特性

It is widely distributed in seawater
分布于海水中Distribution 分布

Photoautotrophic, chemotrophic
光能自养，化能

Function 功能 Food, medicine, aerospace, aquaculture, energy, etc
食品、医药、航天、水产、能源等

Advantage 优势 The lipid ratio is as high as 68%, and it is rich in EPA
脂质比高达68%，富含EPA

Industrial 
performance 工业性能

Suitable for large-scale breeding
适合大规模养殖

27

Edible microalgae No. 4: Nannochloropsis gaditana No. 4 拟微球藻

Nannochloropsis gaditana



Name 名字 Euglena gracilis 裸藻

Classification 分类 Flagellates, Ophthalmopoda 裸藻科，裸藻属

Growth characteristics
生长特性

Lakes, ponds, and other freshwater with plenty of light
湖泊、池塘和其他有充足光线的淡水Distribution 分布

Photoautotrophic, chemotrophic
光能自养，化能

Function 功能 Food, food additives, skin care products, feed, etc.
食品、食品添加剂、护肤品、饲料、有机肥等

Advantage 优势
It has the dual characteristics of animals and plants, 
with a large genome and a clear genetic background
具有动物和植物的双重特征，基因组大，遗传背景清晰

Industrial 
performance 工业性能

Suitable for large-scale breeding
适合大规模养殖
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Edible microalgae No. 5: Euglena gracilis   No. 5 裸藻

Euglena gracilis
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Five edible microalgae combinations  五种可食用微藻组合

油脂

矿物质

维生素

膳食纤维

碳水化合物

蛋白质
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Five edible microalgae combinations meet human needs
五种食用微藻组合满足人类需求



“6F” of functional microalgae  功能微藻的“6F”



32

Application of Functional Microalgae in “6F” 功能性微藻在“6F”中的应用
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Different essential elements required for plants and humans: Na、Co、I、Se
植物和人类所需的不同基本元素: Na, Co, I, Se

植物生命所需的16种基本元素 人体所需的20种基本元素



Selenium is the key to functional food 硒是功能性食品的关键

34

克山病
Keshan disease



Selenium-rich microalgae 富硒微藻

Selenium-rich 
microalgae

富硒微藻

Kinesia
晕动病

Headache
头痛

insomnia
失眠

angiocarpy
心血管

OCD 强迫症

depression
抑郁

indigestion
消化不良

high blood 
pressure 高血压

Urban subhealth disease
都市亚健康疾病Common space diseases

太空常见疾病

organic 
selenium

有机硒
nano-

selenium
纳米硒

Se-polysaccharide
硒多糖

Selenoprotein
硒蛋白
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Lunar renewable energy sustainable agriculture system
本团队构建的月球新能源可持续农业系统

Photovoltaic Power+Lunar soil+Green hydrogen+ Green 
ammonia+Green alcohol+Microalgae energy storage+green product

光伏电能+月壤月岩+绿氢+绿氨+绿醇+微藻储能+绿色产品
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Mars renewable energy sustainable agriculture system
本团队构建的火星新能源可持续农业系统

Photovoltaic/Wind energy+In situ resource+Green hydrogen+ Green 
ammonia+Green alcohol+Microalgae energy storage+green product

光风电能+原位资源+绿氢+绿氨+绿醇+微藻储能+绿色产品
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Selenium-rich microalgae—aquaculture industry 富硒微藻—水产养殖业

Selenium-rich 
microalgae

富硒微藻

Purification of water: Microalgae can degrade 
pollutants in water, promote the recycling of 
nitrogen, phosphorus, etc., and is capable of 
biological nitrogen fixation.
净化水体：微藻能降解水中的污染物，能促进氮、磷
等营养物质的循环利用，能生物固碳。

Feed:
 Selenium-rich fish and shrimp
 Microalgae can produce high-quality aquatic products
 Enhance the immunity of fish and shrimp and reduce 

the use of antibiotics
饲料：
 富硒鱼虾
 微藻含丰富生物活性物质，养殖高质量水产品
 增强鱼虾免疫，减少抗生素使用



Progress of Our Research
研究进展
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200 strains of high-quality microalgae species were isolated 
from all over China.

从全国各地分离到200余株优质微藻

1.We have established a microalgae germplasm resource library
建立了小球藻种质资源库
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2. We assembled the high-quality genome of Chlorella pyrenoidosa
                     我们组装了高质量的小球藻基因组
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We constructed a strategy for genetic modification and directional cultivation 
of Chlorella with mutation, adaptive evolution, and high-throughput detection 
as core technologies.

构建了以突变、自适应进化和高通量检测为核心技术的小球藻基因改造和定向培养策略。

3. We have constructed a technical system for genetic improvement and directional 
cultivation of Chlorella 构建了小球藻遗传改良和定向培养的技术体系



DP-5
Selenium-rich 
algae powder

DP-5

4. We generated the selenium-rich Chlorella strains 培育了富硒小球藻菌株

Selenium 
nanoparticles

Conventional algae

43
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We have established an efficient production technology 
system for Chlorella 我们已经建立了高效的生产技术小球藻系统



5. We established late blight control system of selenium-rich Chlorella 
建立了富硒小球藻的晚疫病防控体系

45



Effect of different selenium on mycelial growth of pathogenic Phytophthora infestans

Na2SeO3

Na2SeO4

IC50=8.148mg/L

IC50=15.29mg/L

SeNp



Effect of different selenium on mycelial growth of pathogenic Phytophthora infestans

SeCys

Cys

T30-4

L-SeMet

DL-SeMet

L-SeMet

Met

L-
MeSeCys

L-MeSeCys



Na2SeO3 90mg/L

Characterization of Fungal Hyphae Morphology by SEM with Different Selenium Sources

L-Se-Met 0.1mg/L L-MeSeCys 0.7mg/L

CK

SeNp 20mg/L

Na2SeO4 20mg/L



T
3
0
-
4

CK-RSA CK-H2O

8
8
0
6
9

Tuber experiments revealed the effects of different selenium sources on the prevention and control of late blight 

Na2SeO3
35mg/L

Na2SeO3
70mg/L

Se-Met 
0.5mg/L

Se-Met  
1mg/L

Senp
25mg/L

Senp
50mg/L

1、三种硒源对致病疫霉均有抑制作用。
2、硒代甲硫氨酸和纳米硒抑菌效果较好。
3、硒代甲硫氨酸在浓度为1mg/L时完全抑

制，纳米硒在50mg/L时候也完全抑制。

T30-4 88069



Pot experiments revealed the effects of different selenium sources on potato growth and the prevention and control of late 
blight

Se-Met 0.5mg/L Se-Met 1mg/L SeNp 10mg/L

SeNp 30mg/L Na2SeO3 10mg/L Na2SeO3 30mg/L

Vaccination

Unvaccinated Yin Fali 0.2mg/L Yin Fali 1mg/L



Luo et al. Journal of Agricultural and Food Chemistry 2024 72 (46), 25661-25674

Identiffcation and Application of Streptomyces rapamycinicus CQUSh011 against PLB



Zhang et al. Journal of Agricultural and Food Chemistry 2023 71 (51), 20613-20624

Anti-Oomycete Effect and Mechanism of Salicylic Acid on Phytophthora infestans



The TOR signalling pathway in fungal phytopathogens: A target for plant disease control

Yun et al. Mol Plant Pathol. 2024 Nov;25(11):e70024.



Pathogenesis-related protein 1 suppresses oomycete pathogen by targeting against 
AMPK kinase complex

Luo et al. J Adv Res. 2023 Jan;43:13-26. 



Ribosomal S6 kinases 2 mediates potato resistance to late blight, 
through WRKY59 transcription factor

Wei et al. Int J Biol Macromol. 2024 Oct;277(Pt 4):134581.



Modeling plant diseases under climate change: evolutionary perspectives

Yang et al. Trends Plant Sci. 2023 May;28(5):519-526.



6. We have established an efficient production technology 
system for Chlorella 我们已经建立了高效的生产技术小球藻系统

微藻产业线 富硒微藻工业化生产干重达100g/L以上
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Based on chlorella, functional products such as algae powder, algae flakes, 

pasta, and skin care products have been developed.

以小球藻为基础，开发了藻粉、藻片、面食、护肤品等功能性产品。

7. We have developed a large number of microalgae functional products
我们已经开发了大量的微藻功能产品



Name Chlamydomonas reinhardtii  

Classification Phylum Chrysophyta, Chlorella

Growth characteristics

Ditches, depressions and, lakesDistribution

Photoautotrophic, chemotrophic, allotrophic

Function Food, food additives, skin care products, feed, etc.

Advantage Easy to cultivate, fast to grow, easy to genetically 
transform

Industrial 
performance

The growth rate is fast, suitable for high-density 
fermentation, and the cultivation cost is lower than that 
of yeast

59

Edible microalgae : Chlamydomonas reinhardtii



Chlamydomonas reinhardtii is considered the most promising 
"green cell factory"

60



Ten selenoproteins from Chlamydomonas reinhardtii

Ghuge et al., antioxidants, 2022 

Chlamydomonas reinhardtii is a natural bioreactor for 
producing selenoproteins

Department of Food Safety Standards and Monitoring and Assessment

Announcement on 36 "three new foods" including 
Chlamydomonas reinhardtii
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Production and application scenarios of Chlamydomonas 
reinhardtii selenoprotein

62



More than 10 strains of Chlamydomonas reinhardtii have been 
obtained through separation, screening and identification

Collecting samples

Dilution plate streak method

Microscopic examination
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0               2                4            6                8            10    mg/L

Chlamydomonas reinhardtii RZTCr-1, a product with independent 
intellectual property rights, has fast growth rate and strong tolerance 
to sodium selenite

0 d

1 d

2 d

3 d

4 d

5 d

6 d

7 d

Growth of RZTCr-1 under Na2SeO3 treatment
Cell density of RZTCr-1 under Na2SeO3 treatment
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Selenium species and contents in selenium-enriched Chlamydomonas 
reinhardtii RZTCr-1



Plant hormone ABA promotes the expression of selenoprotein genes 
in Chlamydomonas reinhardtii

66

ABA



A mature and stable genetic transformation system for Chlamydomonas 
reinhardtii has been established

67



Fifteen algal strains stably expressing human selenoprotein P, GPx3, 
and SelM have been obtained

68



结论：功能微藻从“6F”到“6R”
69

Conclusions: 
Functional Microalgae from 

“6F” to “6R”



“6F” of functional microalgae  功能微藻的“6F”

Functional
Microalgae

功能微藻

Functional 
component

功能成分

Fuel

能源

Fertilizer

肥料

Feed

饲料

Fiber

纤维

Food

食品

Functional
Microalgae

功能微藻

Replacing 
crops

替代农作物

Replacing 
livestock

替代牲畜

Rising  
nutrition提升营

养

Revolution of 
food

功能食品革命

Reduced 
resource 

requirements 
减少资源需求

Reducing 
carbon 

emission减少碳
排放



Microalgae have rapid growth rates compared to traditional crops. They can

multiply quickly, allowing for efficient biomass production in a shorter time frame.

3~6 months4 hours

1. Microalgae replacing crops  for producing oils and carbohydrates
微藻代替作物生产油脂和碳水化合物

71

与传统作物相比，微藻的生长速度很快。它们可以快速繁殖，从而在更短的时间内实现高效的

生物质生产。



72数据来源于FAO

消耗大：全球80%农地+33%淡水
排放多：56%空气污染+57%水污染
High consumption: 80% of the world's 
agricultural land +33% freshwater
High discharge: 56% air pollution +57% 
water pollution

转化少：18%热量+37%蛋白
风险高：新冠+禽流感+猪瘟+N
Low conversion: 18% calories +37% protein
High risk: COVID-19 + avian influenza + 
swine fever +N

2. Microalgae replacing livestock  for producing proteins 
微藻代替牲畜生产蛋白质
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3. Microalgae reducing carbon emission for carbon neutrality
微藻减少碳排放，实现碳中和

In the process of evolution, microalgae 

formed the "carbon dioxide concentration 

mechanism (CCM)" which uses carbon 

sources efficiently. Microalgae biological 

carbon sequestration contributes to the 

national ecological economic war of 

"carbon peak and carbon neutrality“

微藻在进化过程中形成了高效利用碳源的“二氧化

碳浓缩机制（CCM）”微藻生物固碳助力“碳达

峰、碳中和”国家生态经济战



Microalgae cultivation generally requires less land, water, and fertilizers
compared to traditional crops.

与传统作物相比，微藻种植通常需要更少的土地、水和肥料。

4. Reduced resource requirements 减少资源需求
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Microalgae have high nutrient density and are rich in essential nutrients, which can
provide a concentrated nutrition supply per unit planting area and effectively promote
the healthy development of the functional food industry.

微藻营养密度高，富含必需的营养物质，能提供每单位种植面积的集中营养供应，能够有效推进功能
食品产业的健康发展。

1 g
Chlorella

小球藻

1 kg
Vegetables

蔬菜

5. Microalgae for revolution of food 微藻引发功能性食品革命
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6. Refactoring farming system towards interstellar immigration 
面向星际移民重塑农业系统
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Thanks for your attention!

E-mail: renmaozhi01@caas.cn; Tel and Wechat: 13527313471

mailto:renmaozhi01@caas.cn
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