Water, agriculture and food
In developing countries




WORLD FOOD SUMMIT

13-17 November 1996 Rome lItaly

Rome Declaration
on World Food Security

A Food security exists when all people, at all time
have physical and economic access to sufficien
safe and nutritious food to meet their dietary
needs and food preferences for an active and
healthylife

A availability, access, utilization, and stability



At no other point in history
has agriculture been faced with
such an array of familiar and
unfamiliar risks, interacting in
a hyperconnected world and a
precipitously changing landscape.
The growing frequency and
intensity of disasters, along
with the systemic nature of
risk, are jeopardizing our
entire food system.

FAO2021 The impact of disasters and crises on agriculture and food se@@#$: Rome



Geophysic

Mumber of events

al America

Caribl

arthern America

Wew Zealand  # Oceania(Pa

tern Azia W Southern As

a @ Europe i Central

nd Nodthern Al

FAO2021 The impact of disasters and crises on agriculture and food sedi#ty: Rome

uthern Africa




SllppOl‘t the Guardian Search jobs '@ Signin O, Search Th e International edition
Available for everyone, funded by readers G d ®
uaraian

News website of the year

News Opinion Sport Culture Lifestyle More v

World p Europe US Americas Asia Australia Middle East Africa Inequality Global development

Humger Global hunger toll soars by 150 million as
Covid and Ukraine war make their mark

Tenth of world’s population now chronically undernourished, with
spectre of widespread famine drawing ever closer, warns report
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Food prices crisis Covid+ Ukraine
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21603137 MODERATE OR SEVERE FOOD INSECURITY HAS BEEN CLIMBING
SLOWLY FOR SIXYEARS AND NOW AFFECTS MORE THAN 30 PERCENT OF
THE WORLD POPULATION
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[ATE1T:725 THE CONCENTRATION AND DISTRIBUTION OF FOOD INSECURITY
BY SEVERITY DIFFERS GREATLY ACROSS THE REGIONS OF THE WORLD
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Climate change major factor of food
production

A Change in temperatures and accumulated rair
A Increasing number of extreme weather events
A Changing pest and disease patterns

A Increasing sea level

A Increasing uncertainty
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Figure 5. Total crop and livestock production loss per disaster type, LDCs and LMICs, 2008-2018
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Damage and loss to agriculture sectors caused
by specific types of abiotic hazard (2006-2016)
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Figure 6. Total crop and livestock production loss by region and per disaster, LDCs and LMICs, 2008-2018
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Legend: Earthquakes/landslides/mass movements, Drought, Extreme temperature, Floods, Crop pests/animal diseases/ infestations,
Storms, Wildfires
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Facing global uncertainty and crisi

A Unstable global market (amount and price)
A Natural disasters, pests and diseases

A
A
A

Unpredicted shortage of inputs arader
Unpredicted shortage of manpower

mpairment of marketing ability to consumers
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The Columblan Exchange
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Water Depletion
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IndianPDS (food Procurement &
Distribution System

A Government minimum price support for selectec
crops, mosthfrom local cultivation

A Governmentistribution/storage systenof
primary crops fronprovinceswith highyields

A Freewater and subsidized / free electricity for
pumping them

A Guaranteed revenue fdarmers, crop insurance
and subsidies for fertilizers and other inputs
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Total Irrigated
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So how can water depletion be
reduced?

A Increasing farruse water efficiency and water
productivity

A Engaging farmers and governmentreducing
water and electricity subsidies and stimulating
other crops

A Restructuring the flawe®DS systerand
adaptingit to country wide local conditions



1. Age of seedlings

Older seedlings are
transplanted at 21-40
days old.

Soil is shaken from roots;
and seedlings are bundled
and transported to fields.
Bundles are often left in the
open for days.

Seeding rate: 50-75 kg/
hectare

3. Spacing of plants

Close spacing with hills
10-15 cm apart, either in
rows or more typically with
random spacing.

5. Soil fertilization

Inorganic synthetic fertilizer
is applied, largely replacing
the application of organic
matter, which enhances soil
structure and functioning.

CONVENTIONAL RICE PRODUCTION

2. Number of seedlings

3-4 seedlings (even 6-8)

are clumped and pressed
deep into flooded soils,
resulting in closely
competing seedlings with
inverted roots and anaerobic
soil conditions.

4. Water management

Continuous flooding of
paddy fields with 5-15 cm
of water throughout the
growing cycle.

6. Weed and pest control

Flooding is supplemented
by manual weeding or by
herbicide applications;
manual weeders cannot be
used in randomly planted
fields.

IPM is sometimes practiced,
but pesticides are usually
applied preemptively or

as needed.



Tensiometembased paddy Irrigation




Tensiometeibased paddy Irrigation

Tensiometer-installed plots  Control plots Percentage change

Number of irrigations per ha 1! 1 17.00%
L/ha) Water usage (1000 /7, 9 9, 1 12.95%
Electric power usage

(kWh/ha) 1, 8 2,1 12.59%
Labour use in irrigation

(hours/ha) 4 ! 5! 18.18%
Monetary value (US$/ha) _ _

Cost of electricity usage 200 228 12.59%
Cost of labour use in

irrigation 2 9. 35. 18.21%
Other variable costs 406 418 2.67%
Total variable costs 6 36 6 8 2 6.81%
Yield (tha) 7. 7 . 0.56%

http://eands.dacnet.nic.in/Cost of Cultivation.htm



http://eands.dacnet.nic.in/Cost_of_Cultivation.htm

transplanted at 8-12
days old.

Seedlings are carefully
lifted from the nursery
and transported to fields
in baskets or on trays for
immediate transplanting.

Seeding rate: 5-7 kg/hectare

3. Spacing of plants

Wider spacing, with hills
20-30 cm apart, set out in
a square or matrix pattern
to facilitate moving through
the field with a weeder, and
to expose plants fully to the
sunlight.

5. Soil fertilization

Organic matter is preferred
to the extent feasible but
may be complemented with
synthetic fertilizers.
Combinations can be used to
ensure appropriate soil:plant
nutrient balance.

THE SYSTEM OF RICE INTENSIFICATION (SRI)

2. Number of seedlings

1-2 seedlings per hill are
transplanted with shallow
depth (1-2 cm) into soils
that are not flooded.

Roots are carefully positioned
just under the soil surface

to avoid trauma to the roots,
thereby avoiding “transplant
shock.”

4. Water management

Non-flooded aerobic soil
conditions with intermittent
irrigation.

Where possible, small
applications of water, or
alternate wetting and drying
during the growth period;
just 1-2 cm of water on fields
after the plants flower.

6. Weed and pest control

Manual weeders can
remove weeds and aerate
the topsoil at the same time.

Integrated Pest Management
(IPM) practices are
encouraged. SRl plants are
generally more resistant to
pests and diseases so require
less chemical protection.






Grain yields in SRI recorded in experiments across India

S.No. Location

Tamil Nadu Rice Research Institute, TNAL, Aduthurai
i 14 Research stations, ANGRAU, Andhra Pradesh
3 Indira Gandhi Agricultural University,
Raipur, Chattisgarh
Agricultural Research Institute, Patna, Bihar
5 Pandit Jawaharlal Nehru College of Agriculture
and Research Institute, Karaikal, Puduchery
B |CAR Research Complex, Umiam, Meghalaya

7 Central Rice Research Institute, Cuttack, Orissa

i) Regional Agricultural Research Station,
Shillongani, Assam

8  Agricultural Research Station, UAS,
Kathalagere, Karnataka

10 Main Rice Research Station,
AAU, Nawagam, Gujarat

11 Birsa Agricultural University, Ranchi, Jharkhand
Source: More Rice with Less Water (WWF 2008).

Grain Yield ( tons/ha )
Conventional
4.7 i
49 5.7
5.9 (2006) 6.6
4.3 (2007) 5.1
3.9 b.1
2.2 3.7
4.0 (2005) 4.4
4.7 (2008) 5.2
4.9 (2005) 5.9
5.6 (2006) 7.0
3.1 4.5
882005  10.2
9.1 (2006) 10.5
4.0 (2006) 6.3
4.7 (2007) 75
4.3 5.0

SRl % increase
/decrease

+ 489
+ 16.6

+12.0
+ 17.8

+ 551
+ 68.3

+ 9.3
+ 10.2

+ 204
+ 23

+ 457

+159
+154

+ 339
+ 371

+ 16.3

Source

Rajendran et.al., 2005
Mallikarjuna Reddy etal, 2007
Shrikant Chitale

et al., 2007

Ajaykumar et. al., 2007

Sridevi and Chellamuthu, 2007

Munda et.al., 2007
Rao et.al., 2007

Bora and Dutta, 2007
Jayadeva et al., 2008
Chauhan et al., 2008

Singh et al., 2009



Fig. 3: Changes to the cropping patternin India are shown as percentage increase or
decrease relative to the current cropped area in Kharif season under the two

proposed scenarios.
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Fig. 2: Comparison of current vs. optimal national revenue, crop production, and

nutritional value.
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VMD: NATIONAL DAMAGE ASSESSMENT
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Unicef(2004) Reporton vitamin and mineral deficiency in S8aharamfrica
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Prevalence of anemia in pregnant women, 2019

Prevalence of anemia in pregnant women, measured as the percentage of pregnant women with a hemoglobin level
less than 110 grams per liter at sea level.

World

Nodata 0% 10% 20% 30% 40% 50% 60% 70%

Source: World Health Organization (via World Banlk) OurWorldInData.org/micronutrient-deficiency/ = CC BY
» 2000 2019




African nightshade




Kitchen gardens lack of space & water
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Gravity drip Irrigation
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Keyhole garden
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Excess of water + soll degradation
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https://esdac.jrc.ec.europa.eu/themes/globabilerosion



Nilrogen fertilizer use per hectare ol cropland, 2017 Our World

Application of nitrogen fertilizer, measured in kilograms of total nutrient per hectare of cropland. in Data

Nodata Okg 1kg 25kg okg 125kg 25kg 50kg 75kg 100kg 250kg 500kg




Annual deforestlation, 2015 Pin Dot

World

Nodata Oha 10,000ha  50,000ha 100,000ha 500,000ha 1millionha
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Beyond the immediate suspects

A Removal of perennial crops

A Replacement of mixed vegetatignA (0 K O N
monocultureand pastures

A High harvestndex (grain/straw ratio)
A Faulty use of bare fallow

A Slash and burn

A Over grazing

A Over tilling

A Overuse of fertilizers

A Removal of crop residues
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Ecosystem services increase /
decrease by trees IBSA

-4~ Increase (%) Food

7

~&- Decrease (%)
Neutral

Water regulation Microclimate

Soil fertility Nutrient cycling

Pest control
Kuyah S.mo0 2, NJonssonM.,Dahlin A. S., Barrios, BMuthuri, C., ... & Sinclair, F. R0O(6). Trees in agricultural
landscapes enhance provision of ecosystem services wb&8ldran Africdnternational Journal of Biodiversity
Science, Ecosystem Services & Managerét), 255273



Crop yields optional increase with tree

A Improved microclimate e.g.air and soil
temperature, relative humidity, solar
radiation, wind speed

A Improved nutrient cycling e.g. nitrogen
fixing shrubs and trees

A Improved soil fertilityc e.g. green manure







Crop

yields optional decrease with tree

A taking up landf high crop production, and/or

mec
A com

nanized agriculture
petitionwith crops for nutrients, water

andlight
A Lossof a growingseason

r P i 2y - el s T

A Water depletion in neighboring plots




Water managementl RS lj dzI 4 S
density and size will
A Reducesoil compaction anéhcreasewater
retention andinfiltration

A Reduce water evaporatiooy lowering ambient
temperatures

A Balancewater demand andncrease ground
water recharge

A Affect rainfall in neighboring areas



Case study iMachakogKenya)
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food.insecure
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Fruit species Apr _May Jun Vit
Citrus fimaon (Jemon) i
Citrus sinensis {crange) ‘e

Passilora edulis (passionfruit) _ -+
Cavica papays (papaya) e | v
Peidium guajava (guava) "e o~
Artocarpus helerophylus §ackirul) -

Persea Americana (avocado) ~
Mangifera indica (mango) B s e
Eriobotrys japonica (loguat) o
Annana raticufata (custard apple) -+

Vitex doniana (chocolate barry) . -

‘axpressed as vitamin A retinol equivalent = retincl + 145 beta.caratene + 1/12 alpha<carotene + 1/12 beta-crypioxanthin

RosenstockT. S., Dawson, I. Kynekuly E.,.Chomba S. Degrande A.,Fornace K., ... & Steward, R{19. A planetary
health perspective oagroforestryin SubSaharan AfricdtOne Earth1(3), 330-344.



What to do?

A Compost

A Covercrops/green manure crops
A Croprotation

A Perenniaforage crops

A Zeroor reduced tillage

A Agroforestry



Resilientagriculture = safety margins

A Increasing / maintaining diversitcrops, growing
methods, inputs and marketing methods

A Entrepreneurshipinnovation, cooperation and
willingness to take calculatatsks

A Infrastructurefor ¥ | NJysgppdrt@ndinsurance
A Professionaiind marketing information systems

A Coordinatingongterm expectations with
consumers (diet change)

Li. S Y& 2020. Resilience of local food systems and links to ®exlrity¢ Areview of some
Important concepts in the context of COVIP and other shockg-ood securityl2(4), 805822

Lioutas E. D., &haratsariC. 2021). Enhancing the ability of agriculture to cope with major crises or
disasters: What the experience of CO\IMxeaches usAgricultural Systemd.87, 103023



Thanks for listening



