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1. The future of farming: robots, bees and plant jacuzzis

[ AgroNews] Food production needs to increase by 70 per cent to feed the nine billion
population projected for 2050. Fortunately, the industry is benefiting from some radical
thinking. Here are the cutting edge technologies taking farming towards this goal. Bees as
micro-distributors of pesticide. Bee Vectoring Technologies is a Canadian startup which has
developed a commercial alternative to spraying food crops with pesticide. This innovative
new method uses bumblebees to distribute a naturally occurring, organic, inoculating
fungus while carrying out their natural foraging cycle. The BVT system makes commercially
reared bumblebees through a specialist tray dispenser as they leave their hive. They brush
past a powder which clings to their fur. The powder is a naturally occurring fungus named
clonostachys rosea which, when absorbed by a plant, enables it to effectively block
destructive diseases, such as botrytis, in strawberries. The process has many merits. It
reduces or negates the need for spraying pesticides, thus preventing chemicals entering the
water supply. In a large-scale trial in Florida it delivered comparable or improved disease
protection over sprayed chemicals, as well as increasing fruit yield by between 7 and 29 per
cent. This fruit was independently shown to be sweeter and had a longer shelf life. In a
recent trial on blueberries in Nova Scotia, yield increases were recorded at 77 percent. And

the bees, of course, are entirely unharmed.
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http://news.agropages.com/News/NewsDetail---27798.htm

2. Restoring degraded land highlights opportunities for sustainable development in Africa

[ United Nations Environment Programme] Almost 1,000 participants joined the Global


http://news.agropages.com/News/NewsDetail---27798.htm

Landscape Forum’s GLF Nairobi 2018 at United Nations Office in Nairobi to hear speakers
from across Africa discuss their experiences and successes restoring forests, farms and
coastlines. A global audience participated online and the event was a top-trending social
media site in Kenya. Community leaders, including Serge Zoubga and Concepta Mukasa
discussed their efforts to restore local landscapes, while Rwandan Minister of Lands and
Forestry Francine Tumushine, UN Environment Executive Director Erik Solheim, Stefan
Schmitz of the German Federal Ministry for Economic Cooperation and Development and
the Center for International Forestry Research (CIFOR) Director General Robert Nasi shared
insights into the role of restoration in sustainable development and climate mitigation and
adaptation.“Unless urgent and concerted action is taken, land degradation will worsen in
the face of population growth, unprecedented consumption, an increasingly globalized
economy and climate change,” said CIFOR’s Nasi. “We must restore at least 12 million
hectares annually simply to reach land degradation neutrality. And if we want to rectify
errors from the past, then we need to run twice as fast.”

B

https://www.unenvironment.org/news-and-stories/press-release/restoring-degraded-lan

d-highlights-opportunities-sustainable

3. Policy-makers cannot afford to ignore soil sustainability

[ EurekAlert!] In a new report, "Opportunities for soil sustainability in Europe", the
European Academies' Science Advisory Council (EASAC), which represents the national
science academies of the EU, Norway, and Switzerland, says its latest synthesis reveals that
policy-makers need to grasp opportunities to safeguard Europe's soils and ensure their
sustainability. Back in 2014, insufficient support among Member States obliged the
European Commission to withdraw proposals for a Soils Directive and Europe still lacks
appropriate benchmarks for soils' sustainability and needs to improve compatibility
between different national monitoring systems. In recent comments, Elisabeth
K&ouml;stinger from the Austrian Presidency of the EU discussed the importance of
protecting soils; however, concerted action from Member States remains to be seen. EASAC
launched the report today (26 September) at an event with policy-makers and stakeholders
at the Palace of the Academies in Brussels.

R

https://www.eurekalert.org/pub releases/2018-09/easa-pca092518.php
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4. lllinois research accurately predicts US end-of-season corn yield

[ EurekAlert!] URBANA, Ill. - Crop yield predictions are a key driver of regional economy
and financial markets, impacting nearly the entire agricultural supply chain. That's why
economists, agricultural researchers, government agencies, and private companies are
working to improve the accuracy of these predictions. "Using seasonal forecasts and
satellite data, we developed a very advanced yield prediction system for both the national
and county levels. Our research demonstrates that we can do better than the USDA's
real-time estimation," says Kaiyu Guan, principal investigator on the Geophysical Research
Letters study, and assistant professor in the Department of Natural Resources and
Environmental Sciences (NRES) at U of | and Blue Waters professor at the National Center
for Supercomputing Applications (NCSA).
B

https://www.eurekalert.org/pub releases/2018-09/uoic-ira092718.php

5. High yield modern farming better for the environment, says Nature study

[ AgroNews ] A new study in Nature Sustainability reports that "Extensive field data suggest
that impacts on wild populations would be greatly reduced through boosting yields on
existing farmland so as to spare remaining wild habitats." Basically, producing more food on
less land is really good for the environment because farmers will plow up fewer forests and
prairies, thus leaving more land for nature. To come to this conclusion, the team of
researchers associated with Cambridge University analyzed the effects on the natural
environment of Asian paddy rice, European wheat cultivation, Latin American beef, and
European dairy production. They measured the impacts of these four agricultural sectors on
greenhouse gas emissions, water use, nitrogen and phosphorus fertilization, and soil losses.
Among other intriguing results, the study found that, for the same amount of milk, organic
systems caused at least one third more soil loss and took up twice as much land as
conventional dairy farming. "Organic systems are often considered to be far more
environmentally friendly than conventional farming, but our work suggested the opposite,"
said study co-author Dr. David Edwards in the Cambridge press release on the study. "By
using more land to produce the same vyield, organic may ultimately accrue larger
environmental costs."
i
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https://www.eurekalert.org/pub_releases/2018-09/uoic-ira092718.php
http://news.agropages.com/News/NewsDetail---27761.htm

6. SRR BIFRTATHIG ! EEE A

[RERBRH: Y BHE HA bRt H20H B GAF B 81D 20 HAE 5T 12018 H1 [H Rl Ak
RO &m0 AR AT (B AR B A R S (2012-2017) ) Je (2017
B TERTE T EE) STkl o o1723R ROV FURTH 2 AT s )
T B A RERIANRNBE TR, PESE, M WEE R, JE TRl
WEFCRTIR B £ AL 14N AL T ATV ELEE , AR R H g BRI 7T M AR B
M R AR IR BERORAEAE Y B Rl BN SRR Y et e 3L 5 22 B A
G . T ERHEYIZhRERE R A2 570 7Bt &M B3 YIIIBRA & RigAE M s AL
B AR R FBOR LR R R BT M) 5 A R B & B AR L] 5 T
REAITFT T AR5 R GUKT B0 BTl 558 B v IR AL AR A XA E S AT D9
SO B SRR 2 A R R S AR A BORTEAR ™ it o 22 Rl v 1
L A= st i i) e S AR AR FH B AU S AR R A TR TR 2T 4 2B )
JoE B B B AR AT 7 OB B Hx a AR B TP L A

B

http://tech.ifeng.com/a/20180922/45178405 0.shtml

7. RIPHBRER SRS

CRERMEMY T H, AOWARREEEIAIF TR TIRIPBHR R S5 e A4 g

I 7o — R T M o R ORI VR DR . DN DI Sinsm bkt o e B, AR
TS FRAR R AR A R B ORI NV o A T BT B ORI SR R B FESh T T B
W ARG AL IR BE R R B B e AR I IR R A AR . TR
TIN5 8BS IR o ARV A 588 5 WA B A5 0 1) A7, AR S U B
B, MEERAET R R SR T, AAE: R S Ry N A FH AR R 5
fedt Bt R B4Rt sk LS JUR EB R EBANLE]. =K TSR AT FF4E
F AR o A A 8 LR BIAT o S PR DRSS, T S A (KT BE M DR 1 B, s
JtSEORR T3y R T s, R ORI SRR, TR R R A
REEE . W JFRMH R E R 55T THRAILR L R R AR A JT R
Fa 7 g R TG Yi A B, JHRPRBA R R Bl PR S 3R Ry R
Ak,

&

8. ITMIARNVTHIRTS G B R BB /152020 R A0 ABAR 2 A B SE B S
(ZEM] PRI S, SRRk, 4 Tt JesiCUReE izt e,


http://tech.ifeng.com/a/20180922/45178405_0.shtml

ANRHES, FEfed I RWIBIASE, WIRIMAEILRE, 27 )\ EHIE )\ A 22 H IR A
EE TR B B s Y 2, Rt R GBI 9 v B T B A, IR A S AR 2T ...
FESR UG P IS I, S SRR, AE 3 B ML g p Aol A7 75 5.
H AT BB 3T — 3 ARV IR 5 Jeih B, 7142020 A0 IEAR 241t S s B S £
Wi . 4 — — T M AR TR 5 Bl VR B il AR 2 — — AP IR 2K 2 1k
JEHE 25— — R4 By 0 A AT

3

http://yn.yunnan.cn/system/2018/09/24/030077825.shtml

9. “F75 THRE"IRK RN o B s v ot 5 o] O R B A T

CFrAEm Y EW LA TR e IR R TR (URRIART 5 TR 26 HAR3REK
A FE A ORI B e AR ——HhER P22, {i SRS A VLA PR AR 7 T T 7 B 2
WAL B U R, X GERAARIL T A [P R 8 0f v [ s i e R el 25 0 11
RN E . TR, ASTHEASA], WA Dokl AR IR, 5 PR A A 3 T A
BONTH B A S A3 T T SAR b AR BB 2 R R B R i, e ) R A A N R A g 4
Moo AT BRI TRIVE TS B — B o5 BI/KIG5 3L B 150 % LA b, SI0 T SRS 44in BEAH L v BEUE
JERE R IXBEHIZ) T, R T ARG B . e, EE IR, ek
i EIEIRG RR AN A B R FE R R AR 2, KR BRI
DAL, BAMEELZ & A A BN R I8 . fEIX—8 5= F, 2003 LG8 1T
FLRE". T8, 155K, WL a e T3 TR F el AR R i /N e 2 B0 ) kAt T
. BB 2 KRR TR ARG AT TR SRR REEAN RO TR,
FET 3 TR AR, WL AR AT, J8IRTGK. IR hille. duds mpTfE o R
1, 3 hnsd 7Bl ke B, 2 HE o HUN AN T b XA R T . — R AT
(CEL NI S OEETARS P A & 2o P

R

http://www.xinhuanet.com/world/2018-09/27/c 1123493511.htm

10. IR EFBEER (SRTRMEIEMR] (2018—20224F) )

(i N RIEABERMLRASER Y 58 10+ USRSl 2 ARSI, 52 AT P[RS
RO 5E T R IR SE M E K FL 25, RZFER I B AR 2 56 RASAURFAE,
WAREAL T3 A RS S AL d B I, b = TARAR O BRI BSE, fE TRk 4 il 2 A
MRS A B 3 SO E SR R AR 55, S A = AR AR Y
BT WREBHIUREI AR, WA —EE A =F BARK I sy, BEE 4 i


http://yn.yunnan.cn/system/2018/09/24/030077825.shtml
http://www.xinhuanet.com/world/2018-09/27/c_1123493511.htm

BN B2 SEBER — AN A A S B AR, XCEIF BT R A @ werk o SCHARE
FOHAERE, M A EFEE - HbREE . NEMTE ST IUR, R RE T TAE 2
H RS AR 2 BSORS PATBURT CAER S 2R, M4t fRms W5 K, sm iRl 51 9, Baef
FHESI 2 A . AA S ST AASFIH SRS, R (b3l B %R T 90t 2
FHRIGARIE I, Fedmit] (2 MR EES AR (2018 —202248) ) o AMKILL )i
PRI K T =R AR EEIRR IR T, G, ASEE. 2 KO0, R
PARN. EIEERPSESR, XS 2 RS RS AE H B BT, 230 B 222020
TR THTER /N B AL 25 F120224F A T3 1 — - RIS H AR AR 55, 4040 S TR = R MEUSR
o, R EOK TR, HERUHR HRATEN, MR 2 MRS I Sovk t, i8S &
X &35BT3 KA HERE 2 ARG 1) S K

W

http://www.moa.gov.cn/xw/zwdt/201809/t20180926 6159028.htm

(Cipl%ia=p |
1. Agriculture in the United Kingdom 2017
KATE: GOV.UK
R AT 2018-05-31
F%EL. This annual publication provides an overview of agriculture in the UK. It contains an
extensive range of data including farm incomes, land use, livestock numbers, prices,
production of key commodities (e.g. wheat, milk, vegetables), overseas trade, organic
farming and the environment. The information is used widely by government, industry,
researchers and other stakeholders to support policy monitoring and development.
W
http://agri.ckcest.cn/ass/2d408298-4892-498d-890f-46462caaad53.pdf
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1. Agriculture is a major source of NO, pollution in California
1E# : Maya Almaraz; Edith Bai; Chao Wang, et al.
SCHRYE: Science Advances,2018
%L Nitrogen oxides (NO, = NO + NO,) are a primary component of air pollution—a leading
cause of premature death in humans and biodiversity declines worldwide. Although
regulatory policies in California have successfully limited transportation sources of NO,
pollution, several of the United States’ worstair quality districts remain in rural regions of

the state. Site-based findings suggest that NO, emissions from California’s agricultural soils
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could contribute to air quality issues; however, a statewide estimate is hitherto lacking. We
show that agricultural soils are a dominant source of NO, pollution in California, with
especially high soil NO, emissions from the state’s Central Valley region. We base our
conclusion on two independent approaches: (i) a bottom-up spatial model of soil NO,
emissions and (ii) top-down airborne observations of atmospheric NO, concentrations over
the San Joaquin Valley. These approaches point to a large, overlooked NO, source from
cropland soil, which is estimated to increase the NO, budget by 20 to 51%. These estimates
are consistent with previous studies of point-scale measurements of NO, emissions from the
soil. Our results highlight opportunities to limit NO, emissions from agriculture by investing
in management practices that will bring co-benefits to the economy, ecosystems, and

human health in rural areas of California.

i
http://agri.ckcest.cn/ass/c1f53332-e35f-46b5-8c0e-35d8fa850201.pdf

2. The potential of agricultural land management to contribute to lower global surface
temperatures

{E% . Allegra Mayer; Zeke Hausfather; Andrew D. Jones, et al.

SCHRJE: Science Advances,2018

f5#. Removal of atmospheric carbon dioxide (CO,) combined with emission reduction is
necessary to keep climate warming below the internationally agreed upon 2°C target. Soil
organic carbon sequestration through agricultural management has been proposed as a
means to lower atmospheric CO, concentration, but the magnitude needed to meaningfully
lower temperature is unknown. We show that sequestration of 0.68 Pg C year™* for 85 years
could lower global temperature by 0.1°C in 2100 when combined with a low emission
trajectory [Representative Concentration Pathway (RCP) 2.6]. This value is potentially
achievable using existing agricultural management approaches, without decreasing land
area for food production. Existing agricultural mitigation approaches could lower global
temperature by up to 0.26°C under RCP 2.6 or as much as 25% of remaining warming to
2°C. This declines to 0.14°C under RCP 8.5. Results were sensitive to assumptions regarding
the duration of carbon sequestration rates, which is poorly constrained by data. Results
provide a framework for the potential role of agricultural soil organic carbon sequestration
in climate change mitigation.

e

http://agri.ckcest.cn/ass/c1ch0f0f-b8a6-4d11-b7f2-ab063be282ea.pdf



http://agri.ckcest.cn/ass/c1f53332-e35f-46b5-8c0e-35d8fa850201.pdf
http://agri.ckcest.cn/ass/c1cb0f0f-b8a6-4d11-b7f2-ab063be282ea.pdf

3. Evolution of China's water footprint and virtual water trade: A global trade assessment?
{£% : Xu Tian; Joseph Sarkis; Yong Geng, et al.

W RRJE: Environment International,2018

%% . Water embodied in traded commodities is important for water sustainability
management. This study provides insight into China's water footprint and virtual water
trade using three specific water named Green, Blue and Grey. A multi-region input-output
analysis at national and sectoral analysis levels from the years 1995 to 2009 is conducted.
The evolution and position of China's virtual water trade across a global supply chain are
explored through cluster analysis. The results show that China represented 11.2% of the
global water footprint in 1995 and 13.6% in 2009. The green virtual water is the largest of
China's exports and imports. In general, China is a net exporter of virtual water during this
time period. China mainly imports virtual water from the USA, India and Brazil, and mainly
exports virtual water to the USA, Japan and Germany. The agriculture sector and the food
sector represent the sectors with both the largest import and export virtual water quantities.
China's global virtual water trade network has been relatively stable from 1995 to 2009.
China has especially close relationships with the USA, Indonesia, India, Canada, Mexico,
Brazil and Australia. Trade relations, resource endowment and supply-demand relationships
may play key roles in China's global virtual water footprint network rather than geographical
location. Finally, policy implications are proposed for China's long term sustainable water
management and for global supply chain management in general.

W

http://agri.ckcest.cn/ass/093f849a-4359-44da-a402-82dcbd41ccf2.pdf

4. Uncovering resource losses and gains in China's foreign trade

f£% : Xu Tian; Yong Geng; Elvira Buonocore, et al.

SCHRYE: Journal of Cleaner Production,2018

f%EL. Natural resource storages and flows play an important role in economic and social
processes. In this paper we explore the trade of primary commodities between China and its
main trade partners during the years 2000 and 2008. Emergy accounting is used to assess
the environmental support associated with the resources exchanged. Mass, emergy and
financial capital export-to-import ratios confirm that economy-level trade advantages
should not just rely on capital flow. A holistic evaluation of the trade process, including
resource environmental value should be performed to identify trade balance and stability.

Results show that while China's imports monetary value is much larger than exports


http://agri.ckcest.cn/ass/093f849a-4359-44da-a402-82dcbd41ccf2.pdf

monetary value, China receives more emergy (environmental support) in trade than it gives;
benefiting from the ability of primary resources to drive its economy. Developed economies,
characterized by a low Emergy-to-Money-Ratio, gain more from trade of primary
commodities with China. Developing and underdeveloped economies, with higher
Emergy-to-Money-Ratio, lose in the environmental support balance to China, indicating the

existence of a potentially unsustainable trade imbalance.

e
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5. Exploring the role of land degradation on agricultural land use change dynamics

fE#: S.Bajocco; D. Smiraglia; M. Scaglione, et al.

SCHERYE . Science of the Total Environment, 2018

5. The role that land-use and socioeconomic factors exert on consolidating land
degradation (LD) processes is a major research issue. However, intensity and type of the
impact played by LD on such land use factors is still underexplored. The present study
investigates the role of LD on land-use change (LUC) trajectories of land abandonment (LA)
and urban expansion (URB) in the three geographical repartitions (North, Centre, South) of
Italy between 1990 and 2012, by means of the Environmental Niche Factor Analysis (ENFA).
ENFA is a multivariate approach originally introduced in the analysis of animal ecology
allowing to compute habitat suitability (HS) models without requiring presence/absence
data. Four environmental quality indices about climate (CQl), soil (SQl), vegetation (VQl) and
land management (MQl) have been analyzed for the years 1990 and 2000 and related to the
trajectories of LA and URB, respectively, for the time periods 1990—2000 and 2000—2012.
Empirical results have indicated that different driving forces are linked to LA and URB, and
that for each trajectory, the role of some forces may change over time. Evidence shows that
soil quality and low human pressure represent the main drivers of LA. By contrast, as for
URB, high human pressure represented the main driving factor throughout the country,
both during 1990—2000 and 2000—2012. The HS maps show the probability arrangement
of LA and URB in the three geographical repartitions. Starting from this work, further
research is increasingly required to implement prediction models of future LA and URB
trajectories according to the current land quality status.
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6. Global arable land transfers embodied in Mainland China’s foreign trade

{E#: Mengyao Han; Guogian Chen

SCHRYE: Land Use Policy,2018

%% The process of globalization increases spatial separation of basic resources in terms of
demand and supply across multiple countries/regions, thereby leading to the shift of
environmental pressure mainly triggered by population expansion and economic growth via
global supply chains. To comprehensively analyze Mainland China’s arable land use issues,
the present work illustrates its arable land transfers embodied in foreign trade based on a
multi-regional input-output analysis. In total, the trade volume of Mainland China’s arable
land transfers is revealed in magnitude up to 70% of its direct arable land area. With a
distinction between production- and consumption-based transfers, Mainland China exports
27.18 Mha (million hectares) of embodied arable land to other economies, while it imports
48.35 Mha of embodied arable land, making it a large force for agricultural industry
development and arable land utilization in regions such as ASEAN, EU27, and Africa. The
relations, pressures, and structures of embodied arable land related to Mainland China are
clearly depicted from the global perspective. With detailed embodied arable land transfer
profiles, it is practical to comprehensively analyze Mainland China’s arable land utilization
via supply chains from the global perspective for essential policy implications in reasonably
reshaping Mainland China’s economic structures and trade patterns.
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7. Future soil moisture and temperature extremes imply expanding suitability for rainfed
agriculture in temperate drylands

f£% : John B. Bradford; Daniel R. Schlaepfer; William K. Lauenroth, et al.

WRRJE: Scientific Reports,2018

% : The distribution of rainfed agriculture, which accounts for approximately &frac34; of
global croplands, is expected to respond to climate change and human population growth
and these responses may be especially pronounced in water limited areas. Because the
environmental conditions that support rainfed agriculture are determined by climate,
weather, and soil conditions that afect overall and transient water availability, predicting
this response has proven difficult, especially in temperate regions that support much of the

world’s agriculture. Here, we show that suitability to support rainfed agriculture in
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temperate dryland climates can be efectively represented by just two daily environmental
variables: moist soils with warm conditions increase suitability while extreme high
temperatures decrease suitability. 21st century projections based on daily ecohydrological
modeling of downscaled climate forecasts indicate overall increases in the area suitable for
rainfed agriculture in temperate dryland regions, especially at high latitudes. The regional
exception to this trend was Europe, where suitability in temperate dryland portions will
decline substantially. These results clarify how rising temperatures interact with other key
drivers of moisture availability to determine the sustainability of rainfed agriculture and
help policymakers, resource managers, and the agriculture industry anticipate shifts in areas
suitable for rainfed cultivation.

e
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8. Progress towards sustainable intensification in China challenged by land-use change
fE%# . Lijun Zuo; Zengxiang Zhang; Kimberly M. Carlson, et al.

kYA : Nature Sustainability,2018

%% China is experiencing rapid land-use change and shifts in farm management. However,
the interactive effects of these drivers on cropping system sustainability are unclear. Here,
we evaluate spatio-temporal trade-offs among crop production and five key environmental
indicators, including land use, water consumption, excess nitrogen and phosphorous use,
and greenhouse gas emissions in China. From 1987 to 2010, as crop kilocalorie production
increased (+66%), so did the total environmental impact of all indicators (+1.3161%) except
greenhouse gas emissions (-18%). Concurrently, environmental intensity—impact per
kilocalorie produced—decreased for all indicators (-51-13%) except excess phosphorus
(+57%). Despite substantial loss and displacement of cropland to urban expansion,
counterfactual scenario analysis indicates that farm management explained >90% of
changes in crop production and environmental impact. However, cropland is expanding in
regions of relatively high land and irrigation intensity. Although efficiency gains partly
compensated for increased environmental pressures, continued geographic shifts in
cropland could challenge progress towards agricultural sustainability in China.
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9. An assessment of the global impact of 21st century land use change on soil erosion
{£%: Pasquale Borrelli; David A. Robinson; Larissa R. Fleischer, et al.

SCERYE: Nature Communications, 2018

f%#L: Human activity and related land use change are the primary cause of accelerated soil
erosion, which has substantial implications for nutrient and carbon cycling, land productivity
and in turn, worldwide socio-economic conditions. Here we present an unprecedentedly
high resolution (250 x 250 m) global potential soil erosion model, using a combination of
remote sensing, GIS modeling and census data. We challenge the previous annual soil
erosion reference values as our estimate, of 35.9 Pg yr'1 of soil eroded in 2012, is at least
two times lower. Moreover, we estimate the spatial and temporal effects of land use
change between 2001 and 2012 and the potential offset of the global application of
conservation practices. Our findings indicate a potential overall increase in global soil
erosion driven by cropland expansion. The greatest increases are predicted to occur in
Sub-Saharan Africa, South America and Southeast Asia. The least developed economies have
been found to experience the highest estimates of soil erosion rates.

e
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10. Alternative cereals can improve water use and nutrient supply in India

{£% . Farhad Fathieh; Markus J. Kalmutzki; Eugene A. Kapustin, et al.

SCHRIE: Science Advances,2018

%% . Humanity faces the grand challenge of feeding a growing, more affluent population in
the coming decades while reducing the environmental burden of agriculture. Approaches
that integrate food security and environmental goals offer promise for achieving a more
sustainable global food system, yet little work has been done to link potential solutions with
agricultural policies. Taking the case of cereal production in India, we use a process-based
crop water model and government data on food production and nutrient content to assess
the implications of various crop shifting scenarios on consumptive water demand and
nutrient production. We find that historical growth in wheat production during the rabi
(non-monsoon) season has been the main driver of the country’s increased consumptive
irrigation water demand and that rice is the least water-efficient cereal for the production
of key nutrients, especially for iron, zinc, and fiber. By replacing rice areas in each district

with the alternative cereal (maize, finger millet, pearl millet, or sorghum) with the lowest
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irrigation (blue) water footprint (WFP), we show that it is possible to reduce irrigation water
demand by 33% and improve the production of protein (+1%), iron (+27%), and zinc (+13%)
with only a modest reduction in calories. Replacing rice areas with the lowest total (rainfall +
irrigation) WFP alternative cereal or the cereal with the highest nutritional yield (metric tons
of protein per hectare or kilograms of iron per hectare) yielded similar benefits. By adopting
a similar multidimensional framework, India and other nations can identify food security
solutions that can achieve multiple sustainability goals simultaneously.
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