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ANTECEDENTES Y JUSTIFICACION

El lICA ha estado involucrado en el Sistema de Intensificacion del Arroz (SRI
por sus siglas en inglés) desde el 2011 con parcelas de demostracion en la
Republica Dominicana y participando en la primera reunion regional sobre este tema
organizada por las Universidades EARTH y Cornell en octubre de 2011.

En 2012 el Consejo Nacional de Investigaciones Agropecuarias y Forestales
(CONIAF) de la Republica Dominicana aprob6 al IICA, por primera vez en su
historia, un proyecto de investigacion sobre el SRI, el cual permitié hacer numerosas
pruebas en parcelas en las principales zonas arroceras del pais.

En enero de 2013, se organizé el V Seminario Internacional de Politicas
Agropecuarias con la participacion del Director General del IICA, el Dr. Victor
Villalobos, y el Dr. Norman Uphoff de la Universidad de Cornell.

En 2014, el programa FONTAGRO aprob6 al IICA un proyecto de
investigacion sobre SRI para Colombia y Republica Dominicana, el cual se esta
ejecutando en la actualidad. Un proyecto similar, que fue originalmente formulado
por el IICA, ha sido aprobado por FONTAGRO para Panamé, Costa Rica y
Nicaragua.

En 2015 el Director General del IICA aprobd la realizacion de una mision del
IICA a la India para aprender sobre las experiencias de los Sistemas de
Intensificacién de Cultivos (SCI por sus siglas en inglés), incluyendo el SRI.

Esta mision fue coordinada con el Dr. Norman Uphoff con las instituciones de
la India que han sido responsables por la implementacién y el desarrollo de los SCI
en varios estados y un numero creciente de cultivos.



LECCIONES APRENDIDAS

e Los Sistemas de Intensificacion de Cultivos (SCI, por sus siglas en inglés),
incluido el Sistema de Intensificacion del Arroz (SRI, por sus siglas en inglés)
estan teniendo un muy importante impacto en las familias de agricultores
pobres en varios estados de la India, aumentando los niveles de produccion
de los cultivos donde se han aplicado, la productividad y los ingresos. Las
familias rurales ahora tienen suficiente comida todo el afio e ingresos para
mandar sus hijos a la escuela y para mejorar su nivel vida.

e Los principios del SRI se estan aplicando y adaptando a otros cultivos como
trigo, maiz, mijos, cafia de azucar, legumbres y vegetales con mucho éxito,
y empezando a adaptar a la produccion animal.

e La seleccion y el tratamiento de las semillas antes de la siembra, es un paso
primordial para el mejoramiento del crecimiento de las plantas y su
comportamiento.

e Debido a la tradicién y a la abundancia de mano de obra, las practicas han
sido mayormente manuales, como relativa poca mecanizacion.

¢ El involucramiento de las Organizaciones No-Gubernamentales (ONGs) ha
sido fundamental para el éxito y la expansién de SCI entre los productores
mas marginados y pobres. Los gobiernos a los tres niveles (nacional, estatal
y distrital) y la academia (institutos de investigacion) han apoyado
igualmente.

e Las modalidades del SCI integra fuertemente la produccién orgénica por
motivos de reduccion de los costos de produccion (reduccidn o eliminacién
de la adquisicion de insumos externos como fertilizantes y agro-quimicos),
por motivos de salud e inocuidad con ello logran una agricultura sostenible.

e Los componentes del SCI'Y SRI aplicados logran de una forma sostenible la
conservacion de suelos y el uso y manejo eficiente del recurso agua.

¢ Los animales domésticos, especialmente los vacunos y los bufalos de agua,
son parte esencial de los sistemas de produccion, pues aprovechan los
residuos de cosecha y los transforman en valiosos productos para la
fertilizacion de los cultivos y para utilizarlos como combustible para cocinar,
y proporcionan su fuerza para el transporte y para la preparacion del suelo.



OBSERVACIONES

e Debido a la alta densidad de poblacion, las areas de cultivo son utilizadas en
forma intensiva con dos o tres ciclos y varias especies. Sin embargo, las
areas de pastoreo no han recibido ninguna mejora y se siguen usando igual
que desde, hace tal vez, milenios.

e Muchas areas comunales y de pastoreo, estdn completamente deforestadas
y solo quedan arbustos y herbaceas.

e La presencia de grandes cantidades de basura (de origen plastico) por todos
lados estan seguramente afectando la salud de los animales que pastorea
libremente.

e Laacumulacion de agua, alrededor de los poblados y vias de comunicacién,
después de la época de lluvias, da lugar a la reproduccion de numerosas
plantas acuaticas, que al parecer no son utilizadas.

La ausencia de servicios sanitarios en el area rural podria afectar no solo la
salud de los habitantes sino también la inocuidad de los alimentos que
produzcan.



SUGERENCIAS

e Considerar el utilizar los principios de la Agricultura de Conservacion (cero
labranza) para mejorar la fertilidad de los suelos y reducir el esfuerzo en la
preparacion de abonos.

e Considerar encerrar a los animales durante todo el tiempo o al menos durante
la noche, en instalaciones o corrales, que permitan la recuperacion total de
los desechos (residuos de comida, heces y orina) para su procesamiento y
uso como fertilizantes. Los bio-digestores constituyen una opcion viable para
solucionar muchos de los problemas comunitarios, ya que ademas de
procesar de forma Optima los desechos animales y reemplazar muchos de
los actuales preparados para la fertilizacion organica, podrian adicionalmente
proporcionar biogas para cocinar y asi reducir las necesidades de lefia, el
tiempo y el esfuerzo actuales para procesar el estiércol en forma sdlida,
principal fuente de combustible.

e Considerar establecer sistemas agroforestales con fines pecuarios en las
zonas de pastoreo, ya sea para pastoreo directo (sistemas silvopastoriles) o
para sistemas de corte y acarreo, con leguminosas forrajeras y otros forrajes
de alta calidad como morera, moringa, tithonia, etc.

e Considerar capacitar a técnicos y productores lideres en nutricion y
alimentacion animal, para mejorar la salud, el crecimiento y el rendimiento de
los animales domésticos.

e Al igual como se esta empezando hacer con la Azolla, otras plantas
acuaticas, como Lemna, podria cultivarse y utilizarse para la alimentacion de
peces y otros animales domésticos aprovechando la gran cantidad de
cuerpos de agua existentes alrededor de los poblados.

e Considerar iniciar un programa de reduccion de basura y de reciclaje, pues
la gran acumulacién de basura y de desechos, humanos incluidos, no van de
acuerdo con los enormes esfuerzos que se estan haciendo para mejorar los
cultivos y los sistemas de produccion.

e Se establecen los principios de la metodologia SCI como una estrategia de
adaptacion y mitigacion ante el cambio climatico, por lo que es clave
fortalecer capacidades de Referentes Agricolas de Latinoamérica para que
puedan diseminar y adaptar estos principios en los productores del
hemisferio y les permita reducir su huella de carbono, enfrentar de una mejor



forma el cambio climatico y aseguren un mejor futuro en sus comunidades.
Especificamente, se debe promover el manejo integrado de cultivos, las
buenas précticas agricolas, el uso de bajas densidades de siembra y el uso
mas responsable y eficiente del agua por parte de los productores de ALC.

Es importante el desarrollo de proyectos, talleres, foros que permitan
compartir, promover y validar los principios del SCI en los sistemas
agropecuarios latinoamericanos. De esta forma los productores contaran con
estrategias sostenibles de adaptacion y mitigacion ante el cambio climatico,
ademas de que proporciona la posibilidad de incrementar los rendimientos
con menor uso de insumos aspecto clave para la seguridad alimentaria de
los aumentos de poblacion proyectados. Por otro lado, es clave el desarrollo
de parcelas demostrativas con productores latinoamericanos donde se
facilita el aprendizaje, y el poder concientizar y mejorar las capacidades de
los actores involucrados en la produccién de cultivos en escenarios de CC.



INSTITUCIONES Y CONTACTOS

e Organizador, traductor y guia: Pratyaya Jagannath_(pratyayj@gmail.com). Eco
Tasar Silk PVT. LTD.

e PRAN (Preservation and Proliferation of Rural Resources and Nature), Road 1
(West), Shastri Nagar, Near Jail Press, Sikariya Mor, Gaya, Bihar State 823001,
India. Email: pran@ngopran.org
Director: Anil Kumar Verma (anilvermaprangaya@gmail.com)



mailto:pratyayj@gmail.com
mailto:anilvermaprangaya@gmail.com

Peoples Science Institute (PSI), 653, ITBP Road, Indra Nagar Colony,
Dehradun, Uttarakhand State 248006, India, Tel +91 135 276 3649
Director: Debashish Sen (debu manu@yahoo.co.in)

Entrega de reconocimiento a Debashish Sen, People’s Science
Institute, Dehradun, Uttarakhand



mailto:debu_manu@yahoo.co.in

PRADAN (Professional Assistance for Development Action), E 1/A Kailash
Colony, New Delhi 110048, India, Tel +91 11 40407715
Contact: Nityanand Dhal (Integrator) (nityanaddhal@pradan.net)



mailto:nityanaddhal@pradan.net

e INDIAN AGRICULTURAL RESEARCH INSTITUTE, Library Avenue, New
Delhi. Division of Agricultural Economics
Contact: Dr. B.C. Barah (bcbarah@iari.res.in) Tel.+91 11 2584 7501.
Division of Agronomy:
Contact: Dr. Shiva Dhar (drsdmisra@gmail.com) Tel. +91 11 2584 2902

e ECO TASAR SILK PVT LTD. 54/9-D Kishangarh, Vasant Kunj, New Delhi
110077 India. Tel +91 11 26125133
Contact: Khitish Pandya (weaveahope@gmail.com)

VISITAS DE CAMPO:

Bihar State, Distrito Gaya.

Aldea Dhanachak, Blogue Brachatti

Reunion con Productoras Lideres de Aldeas (Village Resource Persons, VRP)
Temas: métodos de extension

Cultivos: arroz, trigo, mijos (especialmente el mijo africano Eleusine coracana),
vegetales y canola (colza)

Plantacién de Arroz. Aldea Aldea Dhanachak. Bihar State


mailto:bcbarah@iari.res.in
mailto:drsdmisra@gmail.com
mailto:weaveahope@gmail.com

Mujeres Productoras. Aldea Dhanachak. Bihar State

Aldea Kesapi, Bloque Dobhi

Temas: produccidn organica, insumos (compostas, vermi-compostas, Azolla
cultivation, varios preparados) y herramientas para cultivo (deshierbe) y siembra

Cultivo de Azolla. Aldea Kesapi



Preparados orgéanicos. Aldea Kesapi

Aldea Jehlibigha, Bloque Atri

Reunién con VRP

Temas: produccion organica, semillas locales, tratamiento de semillas, éxitos con el
SRI y mejoras en rendimiento, ingresos y nivel de vida.

Figura hecha para recibir a los visitantes con colorantes, semillas de las
especies cultivadas y muestras de los preparados de la agricultura organica






Aldea Salarpur, Bloque Tan Kuppa

Temas: produccion de vegetales (chiles, berenjenas), mijo africano.




Distrito Nalanda

Aldea Mudhari, Bloque Harnaut

Temas: Tratamiento de semillas, siembra por contrato, insumos organicos,
herramientas para corte de yemas de cafa

Cultivos: arroz, maiz, trigo, iame pata de elefante (Amorphophallus paeoniifolius),
papa, coliflor, garbanzo

Distrito de Nalanda. Aldea Mudhari. Secado de Estiércol

Distrito de Nalanda. Aldea Mudhari. Campo de arroz



Distrito de Nalanda. Aldea Mudhari. Productos organicos



Distrito de Nalanda. Aldea Mudhari. Intercambio con extensionistas

Aldea Sakraul, Bloque Sharif

Temas: cultivos de arroz y de mijo elefante




Aldea Darveshpura, Bloque Katri Sarai

Temas: conversacion con el productor Sumant Kumar, con el record mundial de
produccion de arroz (22.4 ton/ha) en 2011 y sus colegas productores (con
rendimientos de 17-19 ton/ha).

El productor de ese grupo Nitish Kumar, tiene el record de produccion de papa de
79 ton/ha, utilizando los principios SRI.

Cultivos: arroz, trigo, melén Cantaloupe (muskmelon), papa, Sesbania bispinosa

Reunion en Aldea Aldea Darveshpura, Bloque Katri Sarai



Aldea Darveshpura, Bloque Katri Sarai

Himachal Pradesh

Aldea Thana Kashoga, Distrito Simaur

Temas: conversacion con grupo de productores de la montafia, cultivo en terrazas,
conservacion de microcuencas para asegurar las fuentes de agua.

Cultivos: chile, jitomate, carcuma (Curcuma longa)




Aldea Thana Kashoga, Distrito Simaur

ACCIONES DE SEGUIMIENTO

e Explorar posibilidades de colaboracion con las instituciones visitadas.

e Preparar una presentacién sobre los SCI/SRI para el proyecto insignia de
Agricultura Familiar, para el Mundo IICA y para el ICTA.

e Organizar un taller con autoridades e investigadores del ICTA para hacer la
presentacion del viaje y para discutir alternativas de adopcién/adaptacion y
su incorporacion en el programa CRIA.



PARTICIPANTES

ICTA:

Ing. Luis Marquez, Especialista en suelos (luamarquez@hotmail.com)

Ing. Virginia Piril, Especialista en suelos (virgiadel76 @hotmail.com)

Ing. Luis Huinac, Especialista en arroz (l.huinac@icta.gob.qgt)

[ICA:

Didier Moreira, Especialista en Resiliencia/Cambio Climatico
(didier.moreira@iica.int)

Manuel D. Sdnchez, Representante en Guatemala (manuel.sanchez@iica.int)

Productor:

Manuel Sdnchez Montemayor (manuelsanchez43@hotmail.com)
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mailto:virgiadel76@hotmail.com
mailto:l.huinac@icta.gob.gt
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PRESENTACIONES

Experiencias de Peoples” Science Institute con:

PROMOTING SYSTEM OF CROP INTENSIFICATION
IN
THE WESTERN HIMALAYAN REGION

PEOPLE’S SCIENCE INSTITUTE (PSI), DEHRADUN ‘

October 2015

BCIl en varios cultivo§

SWI Trigo con Mostaza
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SRI Vietnam

Brgaiikc Farming Agricultura Orgéanica India 1

Part1

Organic Farming

2 Agricultura Orgéanica India 2



MANUALES

Sistema de Intensificacion del Arroz (SRI):

'ackage of practice of cultivating padd;

h SRI methods
System of Rice Intensification (SRI) was first discovered in the island nation of Madagascar in
the 1980s by Jesuit priest Fr. Heari de Lanlanié, S.1.

The System of Rice ification (SRI), allows sustai 21d a change in plaat,

soil, nutrient and water management practices

The influences of various such factors enhance the biological processes and the potential of the
soil biota by providing aerobic conditions. These causes rice genomes to enhance productivity
with more productive phenotypes with much larger oot systems. SRT is not  ‘standard package
of specific practices rather representing empirical practices to suit different ecosystems.
Proponents of SRI have claimed higher yields (7 to 15 tons per ha) with less water usage even in
soils with problems of fertility and low nutrient content

Farmers of many districts where PRADAN has been operating have benefitied by using SRI
methods in paddy cultivation. The manual contains experience of farmers, which is useful for
farmers and village extension workers. This menual has specific steps for cultivating paddy with
SRI methods. It should be equally useful for farmers and village extension workers. Itis
intended to help small and 1 farmers with limited top for

themselves and to gain more financially.

EXPERIENCES IN MULTI-PURPOSE FARM DEVELOPMENT:
RAISING HOUSEHOLD INCOMES IN CAMBODIA
BY UTILIZING PRODUCTIVITY GAINS FROM
THE SYSTEM OF RICE INTS \

prepareaby Lim Soviet supported by Triad Foundation

[

AGE OF PRACTICE FOR DIRECT SEEDEI

RICE IN 0.5 ACRE OF LAND

This Packaga of Practivs (ByE) for direct ssoded 1ice (DSR) culfivation has becn dusignsd by
drawing PRADAN's wxparisnce ia tha Keftan ogion Tharkuzed 6 Weet Siagtilonm diswic: amd
‘Bumati, diswict of Wost Bangal. Av phvsiograpbic candition. cam vary acress diffaraat mugioes in
Indin, 4 package of prectioe may be varied sccordingly. Howena, the bis aussecs of plat
catablishmeet and meagaemant shoul remai tha samme
Tha chjective of this liveilbood eeodal is 1o gencmte wuiciant incama o kosp tha family
mtacaated to G inteevitural peactioss. Margezal bands whicks wars poorly used for sultivation.of
peddy ar oher millats i the upland ar wasts band proviously can bo convartod 1o a direct ssaded
rics ald
‘This has bean designed keeping in mind that a fcilitece o the village ooeld use Soes dey coe
for carrying out the activity and use fhis mamal 25 a guida The leerming tergets for farmars
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sdar saizrfod Gomdition Peddy & e mein stebls wop in the wgion ad peopls T bein
culfivation rice crop sinca yars back in the B seeson road casting of rica is the main
peacticss amang furnses. Dios t2 population prossure and wish 1 grow mars sice poople adepted
tramplanted rics peactices fiom ta irigated erwas, Dus to lack of imsgution, lass tham 6% arsas
emdar imigatior]) and unpredictetla rainfll, e transplasted rice yislds ara kighly varizble, md
Jow i comperisan fo Sver basiz .

Avarngs lan halding pir Sumily 55 <Lbaap pecpls cultivate rice wasty 2 s medim low md
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Liza sonn SR rice may bas buga soops in the EIP regice. focusing food secesity aed climats
rusilizmce. Thecs is 2 bga scape 2ad oppoctunity o add valns in the tradifices] method of
teoadcasting af paddy. Tt bas bean expariseced and ralizsd in tha line sown DER that bas
possetiality 85 producs mars yiald to tramsplhumad sics (coevaminnal) and ar gar 10 8K rics. This
immovated line sown diroce secded rice (DSK) kas many advantzges over he transplantsd md
trditicna] brosdcesting method of peddy calfireion. Tes DER. clizsis asdlisecs, 5o
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Sistemas de Intensificacion de Cultivos (SCI):

The System of
Crop Intensificatiol

Cultivating Rapeseed / Mustard with SRI Principles:

A Training Manual

\V 0 >

Cultivating Finger Millet
with SRI Principles:
A Training Manual

V A O



FICHAS TECNICAS
PRADAN
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FOTOGRAFIAS ADICIONALES DEL VIAJE

Bihar State, Distrito Gaya.
Aldea Dhanachak, Bloque Brachatti




Aldea Kesapi, Bloque Dobhi










Distrito Nalanda

Aldea Mudhari, Bloque Harnaut







Himachal Pradesh

Aldea Thana Kashoga, Distrito Simaur
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Field Marking

5 Treatment
Seed Selection

Regular Weeding

Water Management SRI Fleld

3 single seedling pec ill

4 Alternate wetting and drying with
shallow irrigation
5 Inter-cultivation with weeder
6 Addition of organic matter

ts, soil, water and nutrients resulting
external inputs which could also be




Results of Tri:

Parameter

Line Distance
Plant Distance
No. of seed'hill

Total No. of plants
Total No. Productive Tillers

Average plant Hight (in cm)

Average Ear Length (in cm

Average No of grain/Ear
Gram Yield (T'ha)

Straw Yield (T/ha)

Results ©
Crop P
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SWI Trials on

Wheat (HS 277) +
Gram (HPG 17)
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Wheat - 1.9 T/ha

Gram - 2.3 T'ha

Wheat (HS 277)

+ Masur (HPL 5) + Gram (HPG 17)

10x 10

Wheat - 1.0 T'ha

Masur - 0.3 T'ha

Gram - 0.8 f/ha
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PROMOTING SYSTEM OF CROP INTENSIFICATION
IN
THE WESTERN HIMALAYAN REGION

PEOPLE’S SCIENCE INSTITUTE (PSI), DEHRADUN ‘

October 2015



Farming in The Western Himalayan Region

el

ARABIAN

A OLOGICAL REGIONS

I NDJT AN ©0CF AN

* Highland Mixed Farming System along
with agro-forestry & animal husbandry

* Diverse Cropping — Millets and Pulses
(Un-irrigated), Wheat and Mustard
(Irrigated)

* Isolated,  fragmented and  small
landholdings (average — 0.4 ha/hh)

* Predominantly women farmers, use of
family and shared labour

* Mostly utilization of local varieties,
organic matter and hand tools

* Subsistence oriented agriculture with
average rice-wheat yields < 2 T/ha

£

S PEOS,

A

Farming System in Transition: Increased Mono-cropping, Decreased Crop | ="
Rotation, Decreased Draft Animals and Increased Off-Farm Activities .

-

&)
®gian
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Rice Farming in Western Himalayas : Main Features

* Predominant kharif irrigated and un-
irrigated crop

* Grown simultaneously with  mixed
crops in unirrigated fields

* Diverse methods (Sathi, Bijwad and
Saindha) utilizing hand tools

* Multiple long duration (120-165 days)
varieties, mostly local

* Limited availability of draft power
forces hiring/sharing of bullocks

* Rituals associated with transplanting
and harvesting of rice (Din Bar)

* Women’s collectives (Padiyals)
undertaking transplanting

Maximize Utilization of Diversity, Minimize Uncertainty, Rationalize Labour

October 2015



Steps in SRI — Pictorial Representation

Water Management

SRI Field

LY

October 2015 |



Promoting System of Crop Intensification (SCI)

Goal - To enable farmers of Himachal Pradesh and
Uttarakhand from the Western Himalayan Region (and now
even Bundelkhand Region) to enhance food and livelihood
security through promotion of SCI

Objectives -

« Undertake capacity building of farmers to adopt the SRI
principles and practices for paddy, wheat and other cops.

« Build the capacities of local voluntary organizations by
creating a talent pool of master trainers for promoting
SCI.

« Help formulate state agricultural policy for promoting
the extension of SCI.

October 2015



Promoting Strategy

Selection of Basins and Partner Organizations (POs)

Selection of villages and farmers

L 4

» Research
» Networking
» Advocacy

Capacity building of master trainers and village level resource persons

v

Training of farmers

v

Information dissemination through media

L 4

Field Support (including formation of Farmers’ Groups)

L 4

Monitoring

L 4

Exposure Trips

L 4

Data Gathering & Dist. Workshops during Harvesting

 J

State Wo rkshops

October 2015



Communication Materials & Information Dissemination

« Advertisements spots in Doordarshan

« User-friendly manual on SRI (in Hindi) for
farmer

« Poster sets on SRI (in Hindi) for MTs and
VLRPs

* Filmon SRI (in Hindi)

N 4 T O T Y T )

* . & ¢
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Results of SRI Trials in Himachal Pradesh &
Uttarakhand (2006 - 08)

Particulars 2006 2007 2008

Conventional SRI Conventional SRI Conventional SRI

No. of Farmers 40 (25) 591 (133) 12,214 (496)

(Villages)

Area (ha) 0.95 15.00 252.98

Average Grain 315 52.5 28.5 54 39.5 60.5

Yield (Q/ha)

Per Cent 67 89 53

Increase in

Grain Yield

Average Straw 58 725 55 73.5 110.5 145

Yield (Q/ha)

Per cent Increase 25 34 31

in Straw Yield

The average percent increase in grain yield was about 70 per cent
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SRI: Comparing Normal and Drought Years

S. Particulars Normal Year (2006-2008) Drought Year (2009)
N Conventional SRI Conventional | SRI
1 | Average no. of effective tillers/ Plant 7 21 5 18
2 | Average Plant Height (cm) 99 122 88 102
3 | Average Panicle Length (cm) 18 24 19 25
4 | Average No. of Grains/Panicle 93 177 90 174
5 | Grain Yield (Q/ha) 36 55 25 48
6 | Straw Yield (Q/ha) 111 145 51 85

The grain yields of conventional crop decreased by 31% as
compared to reduction of only 13% in SRI crop.

In the drought year while non-SRI yields stood close to 25
guintals per ha, the SRI yields were about 48 quintals per ha
(average increase of 92 %).
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SRI- Farmers®’ Perceived Benefits & Constraints

A. BENEFITS B. CONSTRAINTS

«  Less seed requirement «  Difficulty in changing mindset

e Less use of chemical «  Time bound operations
fertilizers

« Labour intensive in initial years

*  Lessdisease occurrence « Unavailability of irrigation and rainfall

«  Early maturity aberrations
«  High grain yields « Limited availability of quality
equipment

«  High grain quality

«  Increased biomass « Inadeguate compost material

« More effort required in operating

«  Improves soil fertilit
P Y weeder for small terraces & clayey soil

« Lack of timely quality training & field
support

SRI cannot be promoted as a set of rigid practices -ADAPTATIONS
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Modified SRI Practices

SRI Concept Recommended SRI|Farmers’ Modified SRI
Practices Practices

Young Seedlings |8-12 days’ old seedlings | 12-25 days’ old seedlings

1 Seedling/Hill 1 seedling/Hill 1 - 4 seedlings/ Hill

Wider Spacing

Row to Row: 25 cms
Plant to Plant: 25 cms

Row to Row: 20 - 25 cms
Plant to Plant: 15 - 25 cms

Alternate Wetting

Alternate Wetting and

Flooded Condition (5-10

and Drying Drying cms of water)

Inter-cultivation Use of Mandva weeder |Use of Mandva weeder as

with weeder at 10, 20 and 30 days per convenience (not more
than two times) + hand
weeding

Use of organic|Use of liquid organic|Use of Panchgabya as per

types of fertilizers | manures l.e. | convenience

Panchgabya, Amritghol,
Matkakhad  prior to
weeding
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Introduction of SRI Results in Diverse Practices

Average Grain Yield (T/ha)
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From SRI to System of Crop Intensification (SCI)

1 Transplanting of young seedlings Utilizing early vigour of young

seedlings

2  Wider spacing Reducing competition for light and
nutrients

3 Single seedling per hill Reducing external inputs in form of
seeds, water, etc

4  Alternate wetting and drying with Keeping soil from becoming anoxic

shallow irrigation
5 Inter-cultivation with weeder Promoting healthy root growth
6 Addition of organic matter Increasing soil microbial activity

and enhancing soil organic matter

SRI - Sustainable management of plants, soil, water and nutrients resulting
in higher production with reduced external inputs which could also be
extrapolated to other crops. “

October 2015



Initial Crops for SCI Trials (2006-08)

Kidney Bean

October 2015
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Adaptations for Wheat, Finger Millet & Kidney Bean

Practice Wheat Finger Millet Kidney Bean
(Mandwa) (Rajma)
Young Direct seed sowing in| Direct seed sowing in| Direct seed
Seedlings line line / Transplanting of sowing in line
15-20 days old
seedlings
Wider P toP :15/20cm PtoP:20cm PtoP:25cm
Spacing RtoR :15/20 cm RtoR:20cm RtoR:30cm
Single 1-2 seed per hill Line sowing or 1] 1-2 seed/ hill
Seedling / hill seedling/hill
Inter 2+ (manual weeding/| 2+ (manual weeding) | 2+ (manual weeding)
Culture weeder/rake)
Organic Compost + PAM Compost + PAM Compost + PAM
Matter

PAM: Panchgavya, Amritghol, Matkakhad

October 2015




Results of Trials on Initial Crops (2006-08)

2006 2007 2008
Crop No. of Conv. SCI No. of Conv. SCI No. of Conv. SClI
Farmers Grain Grain Farmers Grain Grain Farmers Grain Grain
(Areain Yield Yield | (AreainHa) | Yield Yield (Areain Yield Yield
Ha) (Q/ha) | (Q/ha) (Q/ha) | (Q/ha) Ha) (Q/ha) (Q/ha)
% Incr. % Incr. % Incr.
Wheat (1) | Research 16 22 30 23.5 42.5 557 24.4 48
Farm
(5.0 Ha) (38%) (0.224 Ha) (81%) (14.5 ha) (97%)
Wheat 19 15.5 25 491 17.7 32.1
(un
(0.086 Ha) (61%) (6.7 Ha) (81%)
Mandwa 5 18 24 43 15 24
(0.40 Ha) (33%) (0.80 Ha) (60%)
Rajma 5 14 20 113 18 30
(0.40 Ha) (43%) (2.26 Ha) (67%)

Average percent increase in grain yield was more than 60 per cent
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Trials on Additional Kharif Crops (2009 & 2010)

Soyabean
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Adaptations for Maize, Black Gram & Soyabean

Practice | Conventional SCI Maize SCI Black SCI Soyabean
Gram
Young Direct seed Direct seed Direct seed Direct seed
Seedling Sowing sowing in line | sowing in line | sowing in line
Spacing | Broadcasting PtoP:30cm | PtoP:25cm | P toP:30cm
RtoR:30cm | RtoR:30cm | RtoR :30cm
Single - 1-2 seed/hill 1-2 seed/ hill 1-2 seed/hill
Seedling/
hill
Inter- 1+ 3+ 2+ 2+
Culture |(manual weeding) (manual (manual (manual
weeding) weeding) weeding)
Organic Compost Compost, PAM | Compost, PAM | Compost, PAM
matter
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Results of Trials on Kharif Crops (2009-10)

Particulars

Finger Millet

Maize

Black Gram

Soyabean

Kidney Bean

Conv.

SCI

Conv.

SClI

Conv.

SCI

Conv.

SCI

Conv.

SCI

Avg. no. of
ears/plant or
cobs/plant or
pods/plant

3

5

2

3

46

79

35

56

36

55

Average
Plant Height
(cm)

69

87

142

177

42

56

47

66

160

210

Average no.
of grains /ear
or corns/cob
or grains/pod

310

493

230

380

Grain  Yield
(T/ha)

1.2

2.2

2.0

3.5

0.85

1.4

2.2

3.3

1.3

1.9

% Inc. iIn
Grain Yield

83

75

65

50

46

The average percent increase in grain yield was more than 45 per cent; g
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Trials on Additional Rabi Crops (2009 & 2010)

Gram

October 2015

SCIENCe |

S PEOS,
&
Ly

>
LTI




Adaptations for Mustard, Peas and Gram

Practice | Conventional | SCI Mustard SCI Peas SCI Gram
Young Direct seed Direct seed Direct seed Direct seed
Seedling Sowing sowing in line| sowing in line | sowing in line
Spacing | Broadcasting |Rto R :15/20| PtoP:20cm P toP:15-20

cm RtoR:30cm cm
Rto R :30-45
cm
Single - 1-2 seed/hill 1-2 seed/ hill 1-2 seed/hill
Seedling/
hill
Inter- 1+ 2+ 2+ 2+
Culture (manual (manual | (manual weeding) (manual
weeding) weeding) weeding)
Organic Compost Compost, Compost, Compost,
matter PAM PAM PAM

October 2015




Results of Trials on Rabi Crops (2009-10)

Particulars

Wheat

Mustard

Peas

Gram

Conv.

SCI

Conv. SCI

Conv.

SCI

Conv.

SCI

Avg. no. of
tillers/nill  or
siliquae/pods
per plant

10

105 150

53

61

33

40

Average Plant
Height (cm)

83

105

150 275

19

27

14

Average no. of
grains /panicle
or
seed/siliquae
or grains /pod

39

60

10 15

Grain Yield
(T/ha)

2.8

5.1

1.4 2.0

21.3

30.2

1.3

% Inc. In
Grain Yield

82

42

42

44

Average percent increase in grain yield was more than 40 per cent
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Results of Trials on SWI under Different Spacing

Variety: HS 277
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Results of SWI Trials on
Crop Performance

under inter cropping with Pulses

T-1 T-2 T-3
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Results of Trials on Maize with Different Spacing (cm)

Parameters Average Plant|  Average Average Cob | Grain Yield
Height (cm) | Grains/Cob | Length (cm) (T/Ha)
50-50 X 50-05 (T-1) 185 322 25 5.7
40-40 X 40-40 (T-2) 192 356 29 6.5
30-30 X 30-30 (T-3) 187 297 23 5.8
Line sowing ( T-4) 193 255 20 4.8
Farmers’ Practice (T-5) 155 191 17 2.3

Note: Line to Line, 30cm

Results of Trials on Maize with Different No. of Seeds

Parameters Average Plant| Average Average Cob |Grain Yield
Height (cm) | Grains/Cob | Length (cm) (T/Ha)
One seed (T-1) 227 341 28 6.1
Two Seed (T-2) 188 309 25 5.3
Farmers' Practice (T-3) 171 215 20 2.8

Note: Line to Line 40cm , Plant to Plant 40 cm.
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Cost Benefit Analysis for SCI Crops and
Conventional method of Cultivation

S. Method Conventional SCI
No. Total Gross Net C-B Total Gross Net C-B
Expen- | Income Profit Ratio | Expen- Income Profit Ratio
diture | (Rs./ha) | (Rs./ha) diture (Rs./ha) | (Rs./ha)
(Rs./ha) (Rs./ha)
1 | Direct seed | 22,720 30,600 7,880 1:1.3 | 25,850 51,600 25,750 1:2.0
sowing (Wheat)
2 | Finger Millet | 14,920 25,900 10,980 1:1.7 15,640 34,400 18,760 1:2.2
(Mandwa)
3 | Kidney Bean | 28,250 56,000 27,775 1:2.0 | 30,250 80,000 49,750 1:2.6
(Rajma)
4 | Mustard 21,630 32,000 10,370 1:1.4 17,500 48,000 30,500 1:2.7

B:C Ratio is more than 2:1 for most SCI crops
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SRI Changing Rural Landscape

Conventional methods as well as
SRI undergo changes

Application of SRI practices on other
crops like wheat

Emergence of new task groups -
MTs/VLRPs

Higher Participation of children and
men folk in rice cultivation

Reduced work load for women for
nursery operations

Cultural rules and routines
undergoing changes

Specific agro-ecological context
influence transitions

October 2015



Critical Areas for Upscaling SCI

Improvements in package of practice (water,
nutrient, and labour management, cost
effective equipment, etc.).

Capacity building strategy (village level
resource persons and regular quality
training).

Capacity building of government extension
personnel (CAOs, ADOs and persons at
Nyay Panchayat level).

Research (other crops, disease resistant and
tillering varieties, equipments, etc.).

Networking amongst stakeholders (farmers, CSOs, government, research
institutions, agriculture universities, media, etc.).

Policy Framework (incentives, assured irrigation, outlets for equipment, market,
etc.).

Provide flexibility for adapting different principles under SCI 6
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Upscaling Approach

Av. Family Size : 5-6 members/household
Av. Landholding: 0.4 ha/household (UKD); 0.1ha irrigated (5 nalis)

Target Area
Production Coverage
(T/ha/season)

POTENTIAL TO ADDRESS THE FOOD SECURITY AND LIVELIHOOD
NEEDS OF SMALL AND MARGINAL FARMERS

Adoption of SCI in 3.25 lakh ha (45% of NSA) in UKD and in
1.31 lakh ha (23% of NSA) in HP can lead to states’ foodgrain

security ‘

—_—
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PSI’s Future Strategy

« Enhance household level food security by increasing
land under SCI by each farmer

« Expand SCI as livelihoods promotion activity through
committed VOs

Expand SCI to rainfed areas through developing location
specific optional package of practices

Capacity building of MTs, VLRPs and farmers on
varietal selection, seed treatment and crop protection

Formation and capacity building of farmers groups

Develop strategies for making SRI demand driven

/
-
d:‘
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Web
Mail
Phone
Fax

k You

: www.peoplesscienceinstitute.org 653 Indra Nagar
: psiddoon@gmail.com Pin- 248 006
1 +91 135 2763649, 2773849 Uttarakhand, India

1 +91 135 2763368
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Crop Establishment - Deviations

Recommended Farmers’ Reasons for Deviations
SRI Practices Modified SRI
Practices
8-12 days’ old| 9-26 days’| Difficult to handle young seedlings
seedlings old seedlings |* Young seedlings prone to insect
damage
 Young seedlings prone to water rot
« Unavailability of water, bullocks &
other agricultural operations cause
delay
1 seedling/Hill |1 - 4|+ Risk coping strategy against
seedlings/ mortality
Hill « Number of seedlings increased
according to age
Row to Row: |R-R: 20 - 30|« Cross Marking is difficult
25 cms cms  Transplanting within grid is difficult
Plant to Plant :|P-P: 125 -
25 Cms 25 Cms




Crop Management - Deviations

Recommended Farmers’ Reasons for Deviations
SRI Practices | Modified SRI
Practices
Alternate Flooded * Poor drainage and heavy rains
Wetting and | Condition (5-10|¢ Scattered landholdings
Drying cm of water) * Flooding controls insect damage

 Flooding curbs weed growth

Use of Mandva
weeder at 10,
20 and 30 days

Use of weeder
as per
convenience

(not more than

* Delayed due to other agricultural
operations

* Third weeding leads to cutting of
tillers

2 times) + hand |* Weeder operation difficult in
weeding sandy soll
Use of 3 types|Use of only|ePreparation of Panchgabya is

of liquid organic
manures

Panchgabya 1-
3 times at10-20
days interval

time taking and requires costly
Ingredients
« Panchgabya flows away




Farmers’ Decision Making Process

*Whether to adopt SRI or not ?
*How many and which fields to be brought under SRI ?
*What practices to adopt or reject ?

MATERIAL FACTORS SOCIAL FACTORS
«  Soil - Type, Biota....  Labour
«  Water - Supply, Temp..... «  Bullock Ownership
« Variety «  Group Affinity
*  Micro-Climate «  Social Status
«  Plot- Size, Shape & Access «  Economic Status
«  Manure/Fertilizer «  Relationship with MT/VLRP
« Tools «  Culture
Present Cropping Practice Policy

Practices are contextual, resulting from negotiations & compromises



Field Support Activities

Marking Transplanting
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Field Support Activities

Farmers’ Interactions

SCIENCe |
5 4,

Monitoring Crop Performance
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SRI Coverage Area
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SRI Farmers and Area Coverage in Uttarakhand
(2006 to 2010)
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SRI Target and Achievement : Kharif 2011

No. of SRI Farmers in UKD & BKD
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SRI Crop Performance - Kharif 2011 (UKD)

Particulars Conventional SRI
No. of Effective Tillers/ hill 256 407
Average Plant Height (cm) 104 120
Average Panicle Length 19 25
(cm)
Average no. of grains 113 191
/Panicle
Grain Yield (Q/ha) 24 59
Straw Yield (Q/ha) 99 144
% Inc. in Grain Yield - 73
% Inc. in Straw Yield - 45

January, 2012 Sir Dorabji Tata Trust (SDTT)



SRI Crop Performance - Kharlf 2011 (BKD)

Particulars Conventional SRI
Total no. of tillers / hill 10 25
No. of Effective Tillers/ hill 9 23
Average Plant Height (cm) 96 86
Average Panicle Length 21 26
(cm)
Average no. of grains 117 206
/Panicle
Grain Yield (Q/ha) 47 75
Straw Yield (Q/ha) 133 173
% Inc. in Grain Yield - 60
% Inc. in Straw Yield - 30

January, 2012

Sir Dorabji Tata Trust (SDTT)



Updated Status of Rabi 2011-12

S.No. | Name of Districts | Name of POs | No. of villages [Total Achieved framers (SWI)
1 [Tehri Garhwal JVS 5 125
2 [Tehri Garhwal CVS 3 0
3 |Rudraprayag PNVS 8 410
4 |Uttarkashi HENSAR 13 189
5 |Uttarkshi SRADHA 5 190
7 |Bageshwer HT 10 375
8 |Bageshwer KSS 11 754
9 |Almora BSLKS 5 50
10 |Almora LA 5 50
11 |Almora BVVM 5 75
12 |Nainital PGVS 5 0
13 |Nainital VIMARSH 9 87
Uttarakhand 84 2305
14 |Chitrakoot GPVS 8 300
15 |Panna KSS 32 350
16 |Damoh GVS 14 600
Bundelkhand 54 1250 -
Total 15 138 3556 .

January, 2012

Sir Dorabji Tata Trust (SDTT)



Coverage under SCI Rabi Crops (2009 & 2010)

2009 2010
S. |Name of crops | Total Area Total Area
No. Farmers | (in Ha) | Farmers | (in Ha)
1. |\Wheat 4151| 84.03 8237 | 364.79
2. | Mustard 68| 1.74 227| 10.34
3. |Peas 215 3.92 325 10.86
4. |Lentil (Masur) 31 1.88 232 9.05
5. |Gram 48 2.68 188 8.82
6. | Others (Onion, 82 1.46 84 2.15
Garlic, etc.)
Total 4595| 95.71 9293 | 406.01

January, 2012 Sir Dorabji Tata Trust (SDTT)



Coverage under SCI Kharif Crops (2009 & 2010)

2009 2010
S. Name of crops Total Area Total Area
No. Farmers | (inHa) | Farmers | (in Ha)
1. |Maize 183| 10.34 582 | 63.61
2. |Kidney bean 679| 14.01 508| 11.36
(Rajma)
3. | Finger Millet 340 8.04 47| 15.66
(Mandwa)
4. | Black gram (Urad) 314 2.00 121| 3.28
5. | Soyabean 77 2.47 298| 7.32
6. |Others (Tomato, 111 5.12 109| 6.60
French bean , etc.)
Total 1,704 | 41.98 2,455 | 107.83

/
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January, 2012

Sir Dorabji Tata Trust (SDTT)




Drop out by one PO
Unavailability of funds

Lac

Crop damage by wild animals:

Problems/ Constraints

K of farmers friendly equ.

Inadequate irrigation facilities

Higher cost of organic manures

Less focus on seed selection

Less focus on rain fed areas

L_ess focus on other crops

Delay in the process of formation of farmers

groups
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Issues for Discussion

Household food security
Irrigated land vs rain fed area
Area specific Package of Practices

Analysis of adoption and dis adoption
Labor saving vs labor intensive
Farmers friendly equipments
Farmers groups and federation
Involvement / Support from Agriculture department
Convergence

Media and mass communication
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Future Strategy

To ensure the household food security by increasing
the per farmer land under SRI

Expand SRI to new potential areas

Develop package of practices for rain fed areas
Expand SRI to rain fed areas

Capacity of MTs, VLRPs and farmers on seed
selection and crop protection

Up scaling of other crops

Capacity building of farmers groups

Develop strategies for making SRI demand driven é

January, 2012 Sir Dorabji Tata Trust (SDTT)



SCI — A Boon for Mountain Farmers

88% of farmers are small and
marginal farmers with less than 0.4
ha (1 acre) per family.

Rice and wheat are the staple food of
the populace.

Higher stalk volume means more
fodder for the cattle.

More farmyard manure and possibly
Increased milk yields.

POTENTIAL TO ADDRESS THE FOQOD
SECURITY AND LIVELIHOOD NEEDS
OF SMALL AND MARGINAL FARMERS




PSI’s Upscaling Strategy for SRI1 (2011-12)

Goal — To ensure effective promotion of SCI cultivation of paddy,
wheat and other grains in Uttarakhand and Bundelkhand by expanding
the area under cultivation by repeat farmers and reaching out to new
farmers in 12 districts ( 8 mountain districts in Ukd and 4 in Bkd ).

Objectives:

« Train 18,175 farmers : Ukd (14,140) and Bkd (4035)

« Expand the area coverage: from 513 ha to about 1070 ha

» Build the capacities: of V Os in Ukd and Bkd and create a talent pool
» Motivate all stakeholders: PSI, POs’ MTs, VLRPs, farmers

« To form farmer groups: to collectively focus on the gamut of problems

and influence the state agricultural policy for
wide scale extension of SCI.

January, 2012 Sir Dorabji Tata Trust (SDTT)



Training of Master Trainers and Village Level
Resource Persons (Kharif 2011)

Classroom Sessions Practical Exercises

Z> « Eight 2-days’ training workshops conducted (UKD- 6, BKD-2)
« 54 Master Trainers (UKD-41, BKD-13)
. 161 VLRPs (UKD-124, BKD -37) ‘

m
N »

January, 2012 Sir Dorabji Tata Trust (SDTT)



Capacity Building of Farmers (Kharif 2011)

o T

» 240 Orientation Workshops
(UKD- 177, BKD-63) focusing on

=)

« 12,766 farmers trained (Target 11,350)
UKD : 9739 (Target 7700)
BKD : 3027 (Target 2600)

January, 2012 Sir Dorabji Tata Trust (SDTT)



Detalils of achieved farmers and area for Kharif season 2011

No. of Farmers Area (Ha.)
S.No. Name of Districts Name of POs
Target Achieved Target Achieved
1 TehriGarhwal JVS 503 553 20.21 15.14
2 CVS 200 250 9 9.24
3 Rudraprayag PNVS 2220 2257 125.4 210.54
4 HISAR* 225 235 8.25 4.7
Uttarkashi
5 SRADHA 500 470 17.5 15.8
6 Pauri BVSS 580 500 30.6 56.5
7 HIRA 250 284 5 4.3
8 HT 600 660 34.8 30
Bageshwar PLVS 100 45 2 1.23
9 KSS 1500 1524 72.75 93.84
10 Hitaisy 100 - - -
11 Pithoragarh SWATI 1000 950 57.6 54.7
12 BSLKS 300 306 13.45 19
13 Almora BVVM 100 90 1.8
15 Laxmi A 100 102 2.3
16 o VIMARSH 100 35 0.4
Nainital
17 PGVS 472 495 18.04 28.43
UTTARAKHAND 8850 8756 420.6 547.22
18 Chitrakoot GPVS 400 325 41.92 32
19 Banda AS 200 120 23.44 10
20 Panna KSS 1000 820 93.6 80
21 Damoh GVS 1000 1300 96.24 250
BUNDELKHAND 2600 2565 255.2 372
Total 11450 11321 675.8 919.92

January, 2012

Sir Dorabji Tata Trust (SDTT )




Extension & Policy Advocacy (Kharif 2011)

Exposure Visits

Exposure visits of farmers from
neighboring  villages  organized
before the harvesting of the paddy
crop.

Experience-sharing Workshops

Eight district-level experience-
sharing workshops organized at the
time of harvesting of the paddy crop
to popularize and extend the SRI
method in the state.

January, 2012

Sir Dorabji Tata Trust (SDTT)



Programme Monitoring

PSI’s resource staff regularly visits
programme areas for monitoring and
guidance.

A state level programme advisory
committee (PAC) of experienced
persons constituted, including experts,
govt. officials, scientists.

PAC reviews the programme through
field visits and holds meetings with
the programme staff.

Agriculture Department and KVK
officials invited to crop cutting
events.

m
»

January, 2012

Sir Dorabji Tata Trust (SDTT)



- the process of getting farmers to try SRI technigues on a
variety of crops (is/was there a reluctance at first? how has
awareness spread?)

- how exactly has SRI has been adapted from rice to apply to
wheat, and other different (non-grass) crops such as
tomatoes (ie. how much new knowledge and technical
variation is necessary for each type of crop?)

- to what extent is this a farmer-driven process, or a taught
system?

- where Is the experimentation/innovation happening, and
why? (Specific regions in India and elsewhere?) Who is
supporting it (NGOs, local/national government policy
support?)

- to what extent have the larger, international development
organisations taken notice? Do you think they could play a
role?



On Farm Research on SCI

Trials on SWI crop performance under
direct seed sowing with different spacing

Trials on other crops like mustard, gram,
peas, lentil etc.

SWI trials on crop performance under
inter cropping with pulses crops

Trials on newly designed seed drill

January, 2012 Sir Dorabji Tata Trust (SDTT)






SWI-Intercropping, 2013

Objective: To study the effect of intercropping in SWiI
on wheat and mustard yields and economics

SWI + AMO SWI+ AM1

(Additional Mustard sown | (Additional Mustard sown

along with wheat) after establishment of
wheat)

SWi
(877 X 897)
SWI + RMO SWI + RM1
(3" Wheat Row replaced by| (3@ Wheat Row replaced by
Mustard sown along Mustard sown after
with wheat) establishment of wheat)




Wheat and Mustard Yields

Pure SWI 5.15 51464
SWI+AMO 3.65 0.38 47014
SWI+AM1 4.01 0.36 50021
SWI+RMO 4.24 0.32 51479

SWI+RM1 4.63 0.32 55200



Wheat and Mustard Yields
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SRI, 2014

2013: Studied the effect of interaction of seedling
age and planting density on rice yields

The earlier experiments showed
* Young seedlings if transplanted late give lower yields
* Low planting density works out well with young seedlings

Objective (2014):

If transplanting gets delayed for some reason or other, what
configuration can give better yields with older seedlings
raised in Raised Bed Nurseries (SRI)



Experiment

Interaction of
* Age of Seedling
* Planting Density (Seedling Spacing and Number)

SC- Random Spacing
SO- Wider Spacing (12”)
S1- Ideal Spacing (10”)
S2- Closer Spacing (8”)
NC- 5-6 Seedlings/Hill
N1- 1 Seedlings/Hill

N2- 3 Seedlings/Hill

e Raise enough RBNs according to the normal transplanting time in the village

» Select two groups of farmers in the village doing ready to do (a) early transplanting
(with 10 to 15 days’ old seedlings) and (b) late transplanting (with 25 to 40 days’ old
seedling) from the same RBNs

* A farmer undertakes transplanting in all the 7 sub plots at the same time with same
seedling age (using seedlings from the same RBN)



Experimental Layout

Conventional
Method
SC, NC

12 inch 10 inch 8 inch

(1 seedling/Hill) (1 seedling/Hill) [(1 seedling/Hill)
SO, N1 S1, N1 S2, N1
12 inch 10 inch 8 inch

(3 seedlings/Hill) (3 seedlings/Hill) (3 seedlings/Hill)
SO, N2 S1, N2 S2, N2

Alternatives:

Spacing of 10” (SO), 8” (S1) and 6” (S2)

No. of Seedlings — 2 (N1) and 4 per hill (N2)
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30 Farmers

SC, NC
SO, N1
SO, N2
S1, N1
S1, N2
S2, N1
S2, N2

25 Farmers

Grain Yields (T/ha)

4.8
5.3
5.0
6.4
5.5
5.6
5.1

4.2
4.6
4.4
5.3
4.8
5.9
5.0

SC, NC

SO, N1

SO, N2

S1,N1

S1, N2

S2, N1

I

S2, N2

 Younger seedlings give
higher vyields with 10"
plant spacing with 2
seedlings/hill

* Increase in seedling
age (late transplanting)
results in reduction of
grain yields

 For older seedlings
spacing should then be
reduced to 8" with 2
seedlings/hill

m 10-15 Days Old
M 25-40 Days' Old

SC: Random Spacing NC: 5-6 Seedlings/Hill
SO: 12" X 12" N1: 2 Seedlings/hill
S1:10" X 10" N2: 4 Seedlings/Hill

§2:8" X 8"



25 Farmers
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Recommendations

Take farmers’ opinion about intercropping
data

In SWI intercropping, mustard (replacement
method)should be sown after establishment
of wheat

Under SRI, nursery should be preferably
established earlier

In case of late transplanting, spacing should
be reduced to 8” not increasing seedlings/hill



Package of practice of cultivating paddy with SRI methods

System of Rice Intensification (SRI) was first discovered in the island nation of Madagascar in
the 1980s by Jesuit priest Fr. Henri de Laulanié, S.J.

The System of Rice Intensification (SRI), allows sustainable management and a change in plant,
soil, nutrient and water management practices.

The influences of various such factors enhance the biological processes and the potential of the
soil biota by providing aerobic conditions. These causes rice genomes to enhance productivity
with more productive phenotypes with much larger root systems. SRI is not a ‘standard package’
of specific practices rather representing empirical practices to suit different ecosystems.
Proponents of SRI have claimed higher yields (7 to 15 tons per ha) with less water usage even in

soils with problems of fertility and low nutrient content.

Farmers of many districts where PRADAN has been operating have benefitted by using SRI
methods in paddy cultivation. The manual contains experience of farmers, which is useful for
farmers and village extension workers. This manual has specific steps for cultivating paddy with
SRI methods. It should be equally useful for farmers and village extension workers. It is
intended to help small and marginal farmers with limited resources to produce more for

themselves and to gain more financially.



Necessary information about SRI

» Plant the young seedling at the age of 7 to 12 ‘i
days (2 leaves stage). ’

» Plant each seedling at a distance of 25
centimeters (10 inches) on a square pattern.

* Only two kg of seeds is required for an acre
of land for plantation.

» There is a need of weeding the field at least
for twice so that the organic manure is
incorporated in to the soil.

» |t produces 40 to 80 tillers per seedling.

* Yield is two to four times more than the
conventional methods i.e 25 to 30 quintals per
acre (6.75 to 7.5 tons per hectare).

Millions of farmers have adapted the SRI methods
for food security and superior productivity

Why should we take up SRI methods?
» A poor farmer can only achieve yields of 7 to 9 quintals per acre which
has a serious repercussion on the food security.
» From an acre of land 25 to 30 quintals of yield can be achieved, which
Is a major thrust towards food security of the household.
» Water requirement is less ( about 3 million liters less per hectare
compared to the conventional methods of paddy cultivation)
» SRI methods can be applied for any season of cultivation.
 This can be done on any piece of land where water can be managed with
a proper drainage system.
Farmers who have adopted SRI methods have shown that food security can be
achieved with an acre of land for a small family.



Priming of seeds

Seed selection

There is no specific preference for any particular variety of seed,
but it is better to use newer seeds, while getting rid of older ones.
Seeding rate : 2 kg per acre

« Add salt in fresh water until a good quality egg can float in

that water.

* Remove the egg and put the seeds in that brine water
solution.

* Remove the seeds floating on the surface as those are
useless.

» Drain the brine water and wash the seeds with fresh water

» Mix Bauvistin (5 grams)/ cow urine with the seeds and put
them inside a moist gunny bag in the shed for 24 hours for
sprouting of the seeds.

Priming of seed helps in growth of the plant and provides

strength.

Drawings with English caption

Nursery preparation

« For cultivation of paddy in one acre of land; prepare four
seedbeds (each with 25 feet X 4 feet = 100 square feet area).

» Make sure that there is a distance of 1.5 feet between each
seedbed to ensure proper water control.

* Use about 2 to 3 headloads of compost/ cowdung per
seedbed for nutrition.

» Divide the treated the seeds in to four parts and use each part
per seedbed.

* The soil should be moist when putting in the sprouted seeds,
and the sprouted seeds should be at a depth of one-half
inch, keeping a spacing of about 2 X 2 inches between the
sprouted seeds.

« Each morning and in the evening, spray or sprinkle water
on the nursery for gentle irrigation.




Field preparation

The land preparation does not require special steps, though  Photo
the soil should be well worked as it would be to get the best

results from any method for growing rice.

Make sure that there are adequate drainage canals either

through the center of the field or along the edges (of 1.5 feet

width) of the field to ensure proper water.

About 60 to 80 kg of compost / cow dung is used for an acre

of land. Photo
Use 25 kg di-ammonium phosphate (DAP) and 25 kg of

potash (MOP), 30 kg of Urea along with Jeevamrita,

Azolla, Vermicompost on the field.

Transporting the seedlings to the field from seedbeds

The growth of the plant depends on healthier roots.

Planting the seedlings in the field

The seedbed should be prepared as closely as possible to the
field that will be planted, so as to minimize transport time
between seedlings removal from the seedbed and their
transplanting in the field.

Seedlings should be lifted out of the seedbed gently, rather
than being pulled up. It is important that the seed sac remain
attached to the infant root. A single seedling (with two
leaves of 7 to 12 days age) should be gently removed from
the cutting with the thumb and forefinger.

The young seedlings are transported in a flat utensil for
minimum stress to the young plant.

The field should be well puddled before transplantation.
Seedlings should always be transplanted from the nursery
into the field within half an hour, and preferably within 30
minutes. The roots should never be allowed to dry out. They
should also not be handled roughly or slammed or hit with




the palm of the hand.

To plant in a uniform square pattern, with regular spacing,
one method is to use lines (strings or ropes) tied between
sticks on the edge of the field, spaced 10 to 12 inches apart
The lines should be marked (or knotted) at similar intervals
to match the width of the rows so that there will be uniform
spacing that facilitates weeding. Or one can use a specially
constructed simple "rake" that has teeth spaced the desired
distance apart.

The plant should be put in the soil lightly avoiding any
shock to the plant.

Weeding and water management

After transplanting mechanical weeding must be done in the
field at an interval of every 15 days. This should be done until
the growth of plants' canopy makes it difficult to pass the
weeder between them. Mechanical weeding makes it difficult
for the weeds to grow.

Mechanical weeding helps in aeration of the soil and helps the
roots to grow and enhances moisture and nutrient uptake from
the soil. This also turns the weeds as soil organic matter by
assimilating in the soil biota.

The weeding should be done on both sides of the plant.

In flood affected regions, when the field is inundated, apply 4
kg of Zinc Sulphate along with sand for an acre of land.

The addition of water should occur on or about a week after
transplanting, and then the first weeding (using the rotary hoe)
should be done after soil is sufficiently moist, within the first
10 days. If there is intermittent rain, sufficient to keep the soil
moist, no water additions are needed. The best time to add
water is before the periodic weedings.

During the growth phase, roughly the first three months,
water should be applied only to the fields for weeding
purposes, being left to dry out even to the point of surface




cracking. This will contribute to soil aeration. This drying
should be done at least 3 or 4 times before the phase of
flowering and panicle initiation.

« Aeration is required for healthy root systems.

Organic manure

» By application of green and organic manure with the SRI
methods of paddy cultivation, required nutrition can be provided
to the crop and the health of the soil well maintained.

» By application of different types of manure (Vermicompost,
Compost, Jeevamrita and Pot Soultion) helpful microorganisms
thrive in the field.

» The productivity of the field increases with use of green manure.

Yield

e Every plant produces 40 to 80 tillers.

e About 25 to 50 tillers produces good panicles

e Each panicle contains about 150 to 240 seeds.

e The yield with SRI methods of paddy cultivation is about
25 to 30 quintals per acre (6.75 to 7.5 tons per hectare).




Pest and Disease management

Gandhi bug
Symptoms

¢ With the attack of this bug during the milking stage, the seeds become hollow.

e Spots come up and the seeds look dirty.

e The seeds get blackened.

Chemical management

e When the number of bugs per plant reaches to (15-20), apply chemical
pesticide.

e 100 ml of Lambda-cyhalothrin should be applied per acre of land.

e 50 liters of water should be mixed with 100 ml of Lambda-cyhalothrin (2 ml
per one litre) before spraying.

Stem borer

Symptoms

oV . 1 =
Presence of brown coloured egg mass near leaf tip.

Caterpillar bore into central shoot of paddy seedling and tiller

Causes drying of the central shoot known as “dead heart”

Grown up plant whole panicle becomes dried “white ear”.

Eggs bare or covered with hairs, laid in masses

Neonate larvae suspend themselves from leaves by silken threads and blown to

other plants to feed

e Mature larvae bore into the sheath and tiller of the plant presence of frass or
fecal matter

Management

e The pest increases its activity at the end of the rainy season.

e 100 ml of Lambda-cyhalothrin should be applied per acre of land.

e 50 liters of water should be mixed with 100 ml of Lambda-cyhalothrin (2 ml

per one litre) before spraying.



Bacterial infection on the leaves

Symptoms

e Plant’s condition deteriorates by leaves turning
yellow or by drying up.

e High temperature, excess moisture, rain and
stagnation of water lead to bacterial infection.

Management

e This infection can happen at any stage and is very
difficult to contain.

e Seed can be treated with Bleaching powder (100
gram in a litre of water) and Zinc Sulphate (2%),
which can decrease the bacterial infestation.
Copper Compound, Antibiotics and other chemical
treatment has not proven effective against it.
Streptocyclin / Agrimycin.(6 grams in a 100 litres
of water) can be sprayed at periodic intervals

Blast and Sheath blight

Symptoms

Blast

On the leaves the symptoms first appear as small,

bluish flecks, about 1-3 mm in diameter. In older st

leaves, they may remain circular but on young leaves, / ?‘2
|

)

they enlarge up to several centimeters long and 1 cm
broad. The lesions bear a grey or dark brown margin Cotctict ek bt
with a pale green or dull greyish green water soaked
central portion which later turn grey or straw coloured.
Similar spots are formed on the leaf sheath.

Sheath blight

Lesions are formed on the sheath and culm at the
water level. The spots on the leaf sheath are first
ellipsoid or ovoid, about 10 mm long and greenish
grey in colour. The spots enlarge and may reach 2-3
cm in length and become irregular in outline. The
centre of the spots becomes white with brown or
purplish margins depending on the host variety.

Outer leaves may fall off, plant look yellow and may
ultimately wilt. In favourable weather conditions,
infection may spread up to the culm, killing the entire
leaves. On the surface of the lesions and sometimes on
the inner surface of the sheath and on the culm,

Sheath blight of rice




brownish silky wefts of mycelium are present.

Management

It is wiser transplant little late than with the start of the rainy season.
Unnecessary application of chemical fertilizers should be avoided which aids in
the growth of the bacteria.

During the field preparation, application of Nitrogen should be minimum.

200 ml of fungicide such as Tricyclozole (Blast-off, Beam), Hexaconazole
(conquer), Propiconazole (TILT) should be mixed with a 200 litres of water to
be sprayed in an acre of land for control of this disease.
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PREFACE

Through its field work and experience with Cambodian farmers over the last 10 years,
CEDAC know that farmers’ ability for sustain and improve food supply and income
generation is still a big problem at present. Small-sized rice fields, low productivity, and
growing only rice are serious constraints on reducing poverty in rural areas of Cambodia.

Over the past 10 years, CEDAC has been conducting studies and working cooperatively
with farmers in order to find suitable ways to deal with these problems. CEDAC has
published, in sequence, technical documents on Home Gardening, the System of Rice
Intensification (SRI), and other subjects. Through the application and combination of
innovations, farmers have been able to deal with their families’ food and nutrition supply.
Nevertheless, farmers are still facing some shortages of protein food (fish and meat), of
firewood, and of organic matter for improving soil quality, because of the low productivity
of their agricultural land, especially their rice fields.

Responding to these needs, a document on Experiences in Multi-Purpose Farm
Development has been prepared to contribute to increased productivity of rice fields and
farming systems as a whole, thereby increasing opportunities for income generation for
farmers and their families. Multi-Purpose Farm (MPF) development is a concrete example
of integrated farming systems that combine rice production with fruit trees, multi-purpose
trees, perennial crops, vegetables and seasonal crops, animals, and fish. This document has
been compiled from the experiences of farmers who have been collaborating with CEDAC,
especially around the challenge and opportunity of successful MPF development.

This document on Experiences of Multi-Purpose Farm Development will be disseminated
and used for supporting farmers to become successful in MPF development, as many as
possible in Cambodia through the development projects of CEDAC and partner NGOs. We
hope that this document will help farmers to increase their agricultural productivity for
improving family food supply, enhancing nutrition and health, and generating additional
family income.
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I. INTRODUCTION

Cultivation on homestead land and rice fields plus the collection of natural resources (e.g.,
fishing and non-timber forest products) and non-farm activities that earn additional family
income are the main sources of food supply and income for rural farmers and their families
in Cambodia.

Cultivation is the predominant source of food supply and income generation, so agriculture
is the main occupation for rural households. They focus much of efforts on their
homesteads and their rice fields, seeking to achieve a degree of self-reliance and to ensure
livelihood sustainability consistent with their living situations and existing resources.
However, their area of land for cultivation is usually very small, which sets serious
constraints on their well-being and satisfaction.

About 75% of Cambodian people are rice-based farmers. Many farmers are not able to
produce sufficient rice to meet the consumption needs of their families, making other
activities necessary for subsistence. When farmers grow only rice and grow it only once a
year (in the rainy season), there is low household income and much insecurity. Those who
increase their use of and dependence upon chemical fertilizers often see their soil quality
decrease over time, having lower rice yields rather than more; and in any case, their costs of
production become increasingly difficult to meet. Moreover, as population size grow, there
is shrinkage in the size of household land holdings, making it more and more difficult for
farmers to produce enough food to meet the needs of their families.

To improve this situation, CEDAC has been supporting ‘ecological agricultural techniques’
that enable farmers to increase and sustain more intensive productivity from their limited
land resources. In particular, CEDAC has introduced methods such as the System of Rice
Intensification (SRI) starting in 2000 and Multi-Purpose Farming (MPF) since 2001. MPF
converts the layout and use of specific rice fields into an integrated farming system through
the diversification of agricultural items and productivities. MPF includes many kinds of
production such as rice, crops, vegetables, fruit trees, multi-purpose trees, animals, fish,
firewood, fodder, medicinal plants, etc., going from monoculture to a dynamic, well-
managed polyculture.

A growing number of farming families have decided to convert their rice fields into MPF,
diversifying production beyond the familiar rice cultivation. Due to a lack of effective
resources and knowledge, some farmers have failed in their MPF designs and efforts, which
is unfortunate, while others were not completely successful, also unfortunate. To date, only
a small number of farming families have been successful in developing MPF in Cambodia.
However, those who have succeeded in this transition, have been very successful indeed.
Learning from their experience and example can benefit many other households that are
willing to intensify their farming system management in order to gain greater productivity
and security.

This document on farmers’ experiences in developing MPF has been initiated, studied and
compiled by CEDAC. It was produced through interaction with 15 farmers in different
provinces who have effectively converted their small rice farms to MPF. Of these, 5 have
been the most successful MPF farmers, and they have participated in preparing case studies
that form the main basis for this document.



Il. GENERAL ASPECTS OF A MULTI-PURPOSE FARM

2.1. What is a Multi-Purpose Farm?

A Multi-Purpose Farm (MPF) is the concrete practice of an integrated farming system
which includes rice production, fruit trees, multi-purpose trees, perennial crops, vegetables
and seasonal crops, appropriate animals, and fish. This system is designed to convert certain
rice-field are to enhance agricultural productivity of the whole area. MPF is a system for
improving and ensuring the sustainability of farmers’ livelihood, especially for small-

holding rice farmers (with fields from 0.2 to 0.6 ha) who cannot otherwise produce enough
food to support their families.
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Picture 1: General view of a Multi-Purpose Farm
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A Multi-Purpose Farm (MPF) produces a large number of products for farming families. It
provides a higher rice yield with SRI as well as yielding vegetables, fruit and other crops,
fish, firewood, fodder and green manure and giving animals food and shelter (from natural
enemies). It becomes site providing year-round profitable work opportunities for farmers.

. Green
Other crops A Multi-Purpose

Farm
Animal
shelter
Vegetables
and fruit

Picture 3: Products received from Multi-Purpose Farm

2.2. Principles and techniques of Multi-Purpose Farm development

2.2.1. Rice field management

Rice fields in MPF remain about 50% to 60% for the area in MPF. With SRI methods, 0.5
ha of rice field should produce enough rice for a family year-round. The proportion in rice
fields can remain larger than 50-60% if the MPF area is small, of course, but with good use
of SRI methods, which enhance soil fertility over time, the size of the rice field can be
even smaller than 0.5 ha (see Table 2).

Rice fields play a crucial role in producing sufficient rice for farmers’ families. Rice fields
in MPF can be smaller than before because they can producing yields 2-3 times higher than
before, once soil quality has been improved and water is well managed. For MPF, SRI
should be well applied in the remaining rice area, with fish production added as a core
activity, along with growing other crops such as watermelons, cucumbers, pumpkins, etc.
for supplementary vegetable production along field borders and growing other plants such
as mung beans or other legumes as green manure.
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Picture 4: Rice field in Multi-Purpose Farm

2.2.2. Pond preparation

On average, the size of the pond in MPF is 10 m x 15 m or bigger, with depth of 2 to 3 m.
In a MPF there should be at least one pond, but possibly more. The number and layout will
depend on farmers’ space and design. The pond plays an important role in storing water for
a variety of purposes, including growing crops, saving rice during short drought periods,
and assisting farmers to grow many kinds of plants as vegetables, including aquatic ones.




Vegetables: long beans, bitter gourds,

egg plants, tomatos etc. Aquatic plants

Frame for growing gourds

Lemon grass
SR around the pond

Raised or 'EFapped fish Water hyacinth as shelter for fish

Picture 5: Preparation of pond in Multi-Purpose Farm

The digging of ponds should be carefully carried out to prevent the water from becoming
filled with sediment and to keep the soil from eroding in the first year. The wall of the
pond should have a proper slope with a surrounding dike that is built 0.5 m from the pond
side (leaving 0.5 m interval for grass or growing Sesbania rostrata). Once there are grasses
or other plants growing on the bunds around the pond, the soil will be stabilized. There
needs also to be a few holes in the dike to enable fish to move in or out of the pond. These
should be prepared and connected to the canal.

Farmers need to have a clear plan for the preparation and construction of ponds.
Construction should be commenced late in the dry season, around February-March. This
timing is important to complete the digging before the rainy season comes. If farmers are
late in completing their digging, the functioning of their pond will be delayed for one year.




Picture 6: Ponds in farmers’ Multi-Purpose Farm

2.2.3. Upper field preparation

The upper field should be laid out adjacent to the pond, using the soil excavated from
digging the pond as this will provide more soil depth for growing other crops. This area is
planned for integrated production of crops and animals, so farmers well plant fruit trees,
perennial plants, vegetables, and spices there, as well as use it for raising pigs, chickens,
ducks, etc. These upper fields are commonly places where farm-owners will construct a
guard house or watch house to protect their plants and animals and to facilitate their
intensified management in a comfortable manner.
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Picture 7: Upper field preparation in a Multi-Purpose Farm




Some farmers are most interested in growing annual/seasonal crops on the upper fields of
their MPF. This enables their MPF to produce some income all year-round, especially in
the dry season (despite water shortage — because there is reserve water in the pond).
Farmers should think carefully to include all or some fruit trees, perennial plants,
annual/seasonal crops and spices to achieve year-round production of their MPF. Market
opportunities as well as agronomic factors will influence these decisions.

Picture 9: Mixed cropping on an upper field Multi-Purpose Farm



2.2.4. Surrounding canal and dike preparation

Surrounding canal: An appropriate size for this is 1.5 m width, with sloped walls, and 1 m
depth. If farmers do not have enough capital (money or labor), they can start with a canal
on just one side of their MPF and this canal can be made bigger and deeper rather than
have a surrounding canal that is smaller and shallower.

Surrounding dike: This should be built by using the soil from digging a canal. The dike
around the MPF should be 1 to 1.5 m height and 2 to 3 m in width with appropriate sloped
walls and grassed-over surface. This dike will protect fish and nutrients from going out of
the farm, and will also prevent minor flooding. Farmers can plant multi-purpose trees as a
living fence and can grow a variety of crops on the inner side of the dike.

Living fence Sugar cane, cassava, Frame for gourds

Picture 10: The design of surrounding canal and dike in a Multi-Purpose Farm

The digging of a canal should be well-done in the same way as the pond in order to protect
the soil from erosion in the first year. Farmers must be careful in building the surrounding
dike to minimize conflict with neighboring rice fields. This all sounds like a lot of work,
but the economic benefits, evaluated below (section 2.5), justify the investment of time and
effort. This transformation is intended to be one which requires minimum capital resources
so that it will be accessible to resource-limited farm households.

Picture 11: Canal and dike in farmer’s
Multi-Purpose Farm.




2.3. Progress of Multi-Purpose Farm under the support of CEDAC

CEDAC has introduced and disseminated SRI methods since 1999, and this system started
to be adapted and applied by farmers in 2000. SRI is a combination of good techniques and
practices for assisting rice to grow well and produce higher yields according to the rice
plants’ natural potential. The application of SRI requires farmers to prepare the proper
conditions for rice plants’ effective growing and tillering to achieve high yields, soil
improvement, and water management and saving. In this booklet, we are focusing on MPF
rather than SR, taking SRI as a given. Information on SRI can be obtained from CEDAC
or from the web (http://ciifad.cornell.edu/sri/).

Early on, with the support of CEDAC’s knowledge and techniques, some farmers started
converting and developing their rice fields into what we now understand as a System of
Intensification and Diversification (SID). This they achieved through the digging of canals,
building higher surrounding dikes, making ‘living fences’ by planting multi-purpose trees,
digging small ponds to increase water sources, and by growing additional crops on the
dike, in upper fields and in rice fields as an intercrop, etc.

This system has been improved sequentially into Multi-Purpose Farming. Farmers have
well-designed plans on their farm. In MPF, farmers retain around 50% of their land area
for their rice field, and other spaces are transformed by higher and larger surrounding dikes
with deeper and larger canals around rice fields, or by dividing the farm into two or three
parts, with ponds for storing water and aquaculture production and upper fields for mixed
varieties of crops and fruit trees as well as animal raising. The upper field is made more
productive by using the soil taken from the digging of the pond.

CEDAC has introduced and disseminated MPF innovations to farmers since 2001. From
year to year, the number of farmers who have begun developing MPF has been increasing.
Almost 400 families are currently developing MPF systems as seen in Table 1.

Table 1: Progress of Multi-Purpose Farm with the support of CEDAC

Province 2002 2003 2004 2005 2006
Takeo 35 37 37 40 45
Prey Veng 158 162 182 200 215
Kampong Cham 23 23 36 36 40
Kampong Speu 0 10 36 40 49
Kampong Thom 1 1 1 1 12
Svay Rieng 0 0 32 35 36

Total 217 233 324 352 397
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2.4. Farmers’ experiences in designing Multi-Purpose Farm

Based on the successful experience of 5 farmers in the development and design of MPF,
we are assuming that the average land size (rice field) for developing MPF is 66.64 ares
(0.66 hectare, or 1.65 acre). This area is divided into three main parts:

e Therice field is 42.8 ares (0.43 hectare),

e Area for water sources including pond and canal is 8.78 ares (0.09 hectare), and

e Area for some combination of mixed crops and animal raising, including the upper

field and surrounding dike is 15.06 ares (0.15 ha).

Note: As seen from Table 5 below, this calculation, with breakdown in Table 2, is based on
an average for 5 farmers’ experience. One of these five has a land area about four times
larger than the other four, so the average total area for most of the successful MFP farmers
is actually 43.8 ares, less than half of a hectare. This strategy can thus be utilized by
households with very small landholdings.

Table 2: Average land size to be developed and designed Multi-Purpose Farm

Total space | Rice field | Pond and canals Upland area and dike

surfaces
Average size (ares) 66.64 42.8 8.78 15.06
Percentage (%) 100% 57.24% 15.12% 27.64%

Note: 1are=0.01ha

2.5. Investment and income of Multi-Purpose Farm development

Normally, the development of rice fields into a Multi-Purpose Farm requires farmers to
make some investment at the first stage when they have some money and/or labor time to
invest, specifically for making/digging ponds and canals, building higher and bigger
surrounding dikes, and preparing upper fields for mixed cropping and animal raising, and
especially the making of fences around the farm. With higher-value production which can
be more easily stolen than rice from a paddy field, it is necessary to secure crops, animals
and fish.

The scale of the inverstment budget can be higher or lower depending on the ability of
farmers and whether they are investing mainly money or teir own labor. According to
farmers’ experiences, the average amount of money invested for developing a MPF is
around 1,200,000 riels (about 300 USD).

Through that first investment, farmers must pay attention to harvesting or getting a return
from their MPF as soon and as much as possible. They should have enough ability to
increase their crop growing and animal or/and fish raising. Skilled farmers can harvest and
get a return large enough to settle the investment usually by the second or third year of
MPF development. This is actually a very good return on investment.

Table 3: Investment and income of Multi-Purpose Farm development

Average annual Average annual Total average of investment
income without MPF | income with MPF for MPF development
In Riel 763 600 2 395 000 1219 800
In US dollar 190.9 598.75 304.95

Note: 1USD=4000riels
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2.6. Farmers’ received benefits

The productivity of MPF is many times more than the economic benefits reported in Table
3 if we compare its productivity with the same-sized rice field because MPF does more
than simply increasing rice output. It produces also many kinds of products such as fish,
meat, vegetables, fruit, firewood, and fodder. The economic benefits reported in Table 4
below cover only income from market sales, almost 10 times more than before. They do
not include home-consumption from the increased and diversified farm production, which
improves household members’ diet with more meat, fish, fruits and vegetables, thereby
enhancing their health and vitality.

Moreover, MPF provides other benefits such as improving soil quality, eliminating the use
of chemical fertilizers, protecting against soil erosion through the diversification of crops,
and making greener landscapes. It also helps in conserving bio-diversity such as increasing
shelter for beneficial animals (e.g., natural enemies that play an important role in
protecting crops from pests). .

Through our study with the 5 best MPF farmers, we can campare the productivity of the
average benefits of rice field area with and without MPF as follows:

Table 4: Income from selling products before and after Multi-Purpose Farm

Land size (ares) 66.6 66.6
In riels 100 000 206 900
Selling rice
In USD 25.00 51.72
In riels 0 836 500
Selling vegetables
In USD 0 209.12
In riels 30 000 192 200
Selling fish
In USD 7.50 48.05
In riels 0 101 000
Selling animals
In USD 0 25.25
Other: In riels 30 000 238 600
Hosting exchange
visits etc. In USD 7.50 59.65
In riels 160 000 1575200
Total
In USD 40 393.8
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I11. FARMERS’ EXPERIENCES OF SUCCESSFUL MULTI-PURPOSE FARM

DEVELOPMENT

The results presented above are reported from the experiences of the 5 best farmers who
have succeeded in MPF development in cooperation with CEDAC staff.

Table 5: List of farmers who succeeded in Multi-Purpose Farm development

o : - : Size of Year
N Name Sex | Village Commune District | Province MPF (are) | started
01 Roas Mao M | Chormpul | Popel Tramkak | Takeo 48.3 2003
02 | Um Sun M An_g Boeng Tranh Samrong | Takeo 23.5 2004

Raing Cheung
03 | Prak Chres | M | Tasuon Trapaing Tramkak | Takeo 445 2002
Thom Cheung
04 | Mao Pheng | M | Hob Kork Kchork Kampong | Prey 55.0 2003
Trabek Veng
Senareach Prah Prey
05 | TeabLeng | M | Samnoy Oudom Sdach Veng 162.0 2005

3.1. Land use experiences of farmers

The design of MPF plans is quite varied. It depends particularly on the desire and
creativeness of farmers themselves. Some farmers have retained bigger areas for their rice
production, while other farmers have retained smaller areas for their rice fields by using
other spaces to make ponds, canals, dikes and upper fields. The following are the different
designs of MPF from the 5 best MPF farmers:

Table 6: Land uses of farmers in Multi-Purpose Farm development

, g Space for pond Space for upland
Fela\:;nrﬁ(res Total space Rice field and canal and dike
Ares % Ares Ares % Ares %

Roas Mao 48.3 100 32.0 66.3 7.4 15.3 8.9 18.4
Um Sun 23.4 | 100 3.7 15.8 5.8 24.8 13.9 59.4
Prak Chres 445 | 100 28.0 62.9 7.5 16.9 9.0 20.2
Mao Pheng 55.0 | 100 40.3 73.3 3.6 6.5 11.1 20.2
Teab Leng 162.0 | 100 110.0 67.9 19.6 12.1 32.4 20.0

13
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3.2. Farmers’ experiences in designing each plot of Multi-Purpose Farm

From a specific rice field, farmers could convert/develop into many plots in order to
increase the abilities for growing other crops/plants, raising fish and animals. The main
objective is to intensify the productivity of each plot as much as possible. We can learn
from the experiences of some farmers in designing and preparing each plot of MPF. They
are as follows.

Table 7: Farmers’ experiences in designing each plot of Multi-Purpose Farm

Farmer Rice field Pond Upper Field Canal and dike
- Applies SRI methods | - Grows lemon grass | - Has two uppper field| - Larger and deeper
effectively around the pond and | plots; one for growing| canal connected to the
- Grows watermelons | also aqua-plants vegetables and the pond
and green gourds - Made frame over the | other for raising - Made frame over
before and after rice pond for growing animals the canal for growing
- Uses only organic gourds - Built small house for| gourds
fertilizer, with no use | - Raises fish in pond | guarding the farm - Made hole for fish to
Roas Mao | of agrochemicals - Has proper pond - No large fruit trees | go into andout of the
slope due to the small rice field
space available - Larger and higher
dike with fence,
planting pigeon peas
as well as many other
crops such as sugar
cane and cassava, etc.
- Retains smaller rice | - Made two ponds for | - Has three upper - Has surrounding dike
field than others raising fish field plots with but one side is still
- Has canal around - Prepared proper wider spaces low
rice field to do rice- slope for the pond - Planted mixed - Planted multi-
growing and fish and planted lemon papayas, chillies and | purpose trees, but
Um Sun . I
raising grass around the spices that can earn | these are not yet large
- Applies SRI methods | pond income for long time | - Has canal around the
effectively to produce - Planted other crops | rice field connected to
higher yields such as sugar cane the pond
and cassava, etc.
- Applies SRI methods | - Has two large - Made wider space | - Built larger and
effectively ponds for upland deeper canal around
- Constructed canal - Did good production the rice field and in
around rice field for preparation to - Planted many the center of the farm
good water prevent soil erosion mango trees - Prepared a fish
Prak Chres . : X
management - Made fish-trapping | - Grows a lot of trapping system
ponds vegetables and crops | - Has larger and
for all year-round higher surrounding
production dike with a living
fence
- Applies SRI methods | -Has a small pond - Has large enough - Built a larger and
effectively which can trap fish upper field for higher dike around the
- Grows dry-season growing many kinds | farm with a living
Mao Pheng | .
rice and green gourds of vegetables and fence, and a canal
on rice fields crops around the whole farm
- No chemicals used
- Retained larger rice | - Has two big ponds | - Has wider upper - Built larger and
Teab Leng | field for storing water for | field land for higher dike around

- Grows short-

all year round

planting many fruit

the farm with a living
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duration rice and
cucumbers on rice
fields in early rainy
season before rainy-

- Raises fish and
grows aqua-plants

- Grows lemon grass
around the pond with

trees, mixed crops
and vegetables

- Prepared a double
fence for ecological

fence

- Has larger and
deeper canal around
the farm

season rice well-designed chicken raising
- Applies SRI methods | preparation
effectively

3.3. Investment and income of Multi-Purpose Farm development

According to the different designs of MPF for each farmer, the amount of investment and
income is also different from one to another. We can see that more space that farmers
convert into water sources and upper fields, including a commitment to grow a variety of
crops, the higher income they can earn compared to others. Mr. Um Sun has retained a
very small rice field, but he could earn the highest income from his MPF compared to the
other 4 farmers.

Table 8: Investment and income of Multi-Purpose Farm development

Income before MPF | Income after MPF
Farmer Investment
(averagel/year) (averagel/year)
Roas Mao In riels 286,000 2,943,300 450,000
In USD 71.50 735.80 112.50
Um Sun In riels 770,000 3,309,000 1,635,000
In USD 192.50 827.30 408.80
Prak Chres In riels 1,896,000 2,601,000 1,800,000
In USD 474.00 650.30 450.00
Mao Pheng In riels 320,000 1,816,800 146,000
In USD 80.00 454.20 36.50
Teab Leng In riels 546,000 1,305,000 2,068,400
In USD 136.50 326.30 517.10

3.4. Experiences of fish raising and trapping in a Multi-Purpose Farms

With a pond and surrounding canals as part of their MPF, farmers are able to maintain an
effective system of rice-fish culture that includes both cultivated fish and natural fish.
Rice-fish culture is a system that can help farmers to make higher yields of both rice and
fish. The fish are allowed to go and find feed in the rice field, and they eat worms, insects
and grass seeds which are pests for rice. The fish also helps in improving oxygenation to
the soil and deposit faeces that enrich the soil. In addition, when there is abandance of food
sources for the fish, this helps the fish to grow very well.

This rice-fish system in MPF involves having a canal around rice field connected to the
pond which is the main fish habitat. The fish can move freely into and out of the rice field
through the canal. Farmers have often built a larger and higher dike around their farms in
order to protect the fish in their farms. From fish raising, farmers can earn money up to
192,200 riels (about 48 USD), wherease previously, they would have gotten only 30,000
riels (7.5 US dollars) from this source. This calculation does not count the amount of
home-consumption of fish with MPF which can be significant for family health.
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3.5. Experiences of designing cropping system in Multi-Purpose Farms

The cropping system with MPF should be well-designed in terms of its basic plots, which
include rice fields, upper-field land, and surrounding dikes. Farmers must apply crop
rotation system on their rice fields in order to maintain soil fertility and to ensure high
yields of rice for the next year. This usually means alternating rice in the main wet summer
season with some vegetables or legumes grown in the dryer winter season. Ideally, there is
also a green manure or cover crop inserted between the rice and other crops, as shown in

the following diagram.
f> Rice :@

Other crops  Cover crop/green manure

=

On upper field lands, farmers can grow many kinds of crops/plants with good selection in
designing their cropping plan. Large fruit trees should be planted on the western side of the
farm to avoid the impact of their shade on other crops when they become large.

On the surrounding dike, farmers could plant multi-purpose trees (coppicable/pollardable)
as a living fence. Good species include Cassia siamea Papilionaceae, Sesbania
grandiflora Papilionaceae and Leucaena leucacephala Leguminosae. On the inner side of
the dike, farmers can grow other crops such as cassava, sugar cane and corn.

The following are some kinds of crops/plants that are commonly being grown on upper
field lands of MPF:

- Fruit trees: mangoes, jack fruit, coconuts...

- Perennial plants: papayas, bananas, pineapple, chillies...

- Vegetables: fruity, leafy and root vegetables.

- Spices: lemon grass, basil, mint, garlic and turmeric...

3.6. Experiences of soil quality management in Multi-Purpose Farms

Some farmers did not pay attention to managing soil quality at the outset, especially when
they dug their ponds and canals. They put topsoil at the bottom of their dikes or upper
fields land and then used clay soil (from deeper land) to build their dikes or upper fields. It
is very difficult to grow any crops in the first year unless farmers have ensured the quality
of their soil first. Therefore, farmers should be careful to manage their soil quality,
especially on upper field land and dikes where they produce many crops. This involves
thought and care in their initial land forming and on-going enrichment of their crop soil
with organic matter.
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V. SYNTHESIS OF GOOD EXPERIENCES

Briefly, developing a good MPF requires farmers to concretely apply many techniques and
to carefully and purposefully practice their agriculture. The main ideas and techniques of
MPF development are as follows:

- Initially, take small steps to convert part of the rice field into ponds, canals,
upper field land, dikes and living fences, investing money, labor, time and
materials as necessary to create a more productive farming operation.

- Plan the location and scale of each element of MPF, according to market
opportunities, soil capabilities, and time and logistical considerations. This
means that farmers should draw a map of what they want to achieved, thinking
through the reasons for each decision, so they have a clear design and plan for
their MPF development for best use of all available resources.

- Diversification of crops, animals and aquaculture production is the main
process of MPF development. This should be well planned and implemented by
farmers in order to increase the productivity of their MPF, especially making
optimum use of available family labor.

- Management systems of MPF should be carefully organized by farmers in order
to ensure the sustainability of their production such as soil quality
management, water management, diversification of elements, living fences, and
timing, harvesting, possibly processing, and sales of MPF products.

- Farmers should effectively apply ecological agricultural techniques such as
the System of Rice Intensificaftion (SRI), Ecological Chicken Raising (ECR),
Fish Raising and Trapping, and Ecological Crop Growing, as well as other
techniques such as frog raising, eel raising, earthworm raising, and fish raising
in plastic containers, etc.

- For the diversification of crops, farmers should include perennial and semi-
perennial trees/plants along with annual and seasonal crops. This is to ensure
the production throughout the year because some perennial plants will produce
products during the dry season when farmers face difficulties in growing annual
and seasonal crops.

21



V. CONCLUSION

Briefly, we can assume that farmers will try to develop an effective MPF to diversify their
production and increase the productivity of their small rice fields if these are about 0.65ha,
although a number of the most successful MPF farmers have started with an area only two-
thirds this size. Determined investment with clear planning can enable farmers’ families to
escape from their chronic food shortages, creating regular work and year-round income.

It has been gratifying to see that with MFP, it may become possible for farmers to pay their
children a decent income for work on their household MPF enterprise. This gives them a
reasonable alternative to migration to urban areas. This has been the experience of Roas
Mao, showing how MFP is an on-going evolving process to improve the quality and
security of rural Cambodian households.

Facing and resolving difficulties in the
beginning of their MPF development can serve
to improve farmers’ family livelihoods
subsequently.
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PACKAGE OF PRACTICE FOR DIRECT SEEDED RICE IN 0.5 ACRE OF LAND

This Package of Practice (PoP) for direct seeded rice (DSR) cultivation has been designed by
drawing PRADAN’s experience in the Kolhan region Jharkhand i.e.West Singhbhum district and
Purulia district of West Bengal. As physiographic condition can vary across different regions in
India, the package of practice may be varied accordingly. However, the basic essence of plant
establishment and management should remain the same.

The objective of this livelihood model is to generate sufficient income to keep the family
interested to do intercultural practices. Marginal lands which were poorly used for cultivation of
paddy or other millets in the upland or waste land previously can be converted to a direct seeded
rice field.

This has been designed keeping in mind that a facilitator in the village could use from day one
for carrying out the activity and use this manual as a guide. The learning targets for farmers/
Facilitators / Community Resource Person from this pamphlet are:

e Learn proper plant establishment and management of direct seeded rice;
e learn proper management of direct seeded rice pests and diseases.

The East India plateau( EIP) region is known for broadcasting crops like Paddy, millets, pulses
under rain-fed condition.Paddy is the main stable crop in the region and people has been
cultivation rice crop since years back in the kharif season. Broad casting of rice is the main
practices among farmers. Due to population pressure and wish to grow more rice people adopted
transplanted rice practices from the irrigated areas. Due to lack of irrigation (less than 6% areas
under irrigation) and unpredictable rainfall, the transplanted rice yields are highly variable, and
low in comparison to river basin areas.

Average land holding per family is <1ha,and people cultivate rice mostly in the medium low and
low land thatcomes around 0.3 ha, also plots are remained scattered. As broad casting and
transplanted are the two major practices amongst farmers under variable rain-fed condition, so
average productivity is very low, only 1.90 ton per ha in the region.Rainfall pattern is very
peculiar and variable in the region, maximum rains come in the period July to October, and this
is the rice growing period. Along with the rainfall variation in the different districts, soil
moisture regimes of different land class are also variable, so opportunity of rice cultivation is
also variable.

Line sown DSR rice may has huge scope in the EIP region focusing food security and climate
resilience. There is a huge scope and opportunity to add value in the traditional method of
broadcasting of paddy. It has been experienced and realized in the line sown DSR that has
potentiality to produce more yield to transplanted rice (conventional) and at par to SRI rice. This
innovated line sown direct seeded rice (DSR) has many advantages over the transplanted and
traditional broadcasting method of paddy cultivation. The DSR fits with climate resilience, no



dependency on enough rains for puddling, no pass nursery phase, least soil disturbance, minimal
chances of getting soil crack under dry spells, scope of using small tools, less labor and reduced
women drudgery etc.

Why to promote line sown DSR?

Transplanted rice is inherently risky due to climate variability during the nursery-transplanting
period; traditional directed seeded rice is highly labor intensive, produce low yield.

Line sown DSR can allow a rice crop to be established in seasons when transplanted rice often
fails or yields poorly due to late sowing. Additional advantages may include:

e Reduced labor requirement (no nursery phase, no puddling or no transplanting), Drudgery for
women in agriculture can be reduced — no transplantation, no manual weeding.

e Farmers need not depend on onset of monsoon, as sowing can be completed in dry soil after
receiving pre-monsoon shower,

e Effective and efficient weed management using mechanical weeder facilitated by line
sowing,

e Earlier sowing, earlier harvest, creating opportunities for early sowing of a Rabi crop
accessing soil residual moisture with partial irrigation if requires.

e Less quantity of seeds is require as compare to broadcasted paddy (reduced by 50%),

As there are many scope of value addition and innovation in the traditional DSR cultivation,
advantages over transplanted rice. The above mentioned reasons are contextual, relevant to the
current agriculture scenario to promote line sown DSR.

Crop period: Mid June to end of October
Land Requirement:

Dry rice cultivation is followed in uplands where there is less possibility for water stagnation.
Uplands are characterized by aerobic soil in which attempt is made to impound water. Upland
rice is grown on both leveled and sloppy fields those are not bunded and are prepared well for
dry seeding. The rice crop solely depends upon rainfall for its water requirement.

Upland rice is called differently in many parts of India as Aus in West Bengal, Aus or Ahu in
Assam, Beali in Odisha, Bhadai. This system of DSR can be followed in the areas generally
having medium rainfed (shallow low-land) and low-lands, semi dry system of cultivation is
followed.

Use of Tools and small equipment: In the value added DSR cultivation technology, there are
three small but important tools are being utilized.



1. Litho marker- this tool is used for row marking and used after final field preparation and
leveling for sowing seeds in line.

2. Wheel hoe: this is a three blade hoe fitted with a wheel and shaft, and use for weeding and
loosening of soil after 15-25 days of sowing at dry soil condition with young tender weeds
available in the field. During this operation period, thinning of seedling also be ensured
maintain proper seed to seed spacing.

3. Cono weeder: This tool is used after 30-40 days of sowing having 1”-2” of standing water in
the paddy field.

Wooden marker Iron marker
Land Preparation:

The land preparation does not require special steps, though the soil should be well worked as it
would be to get the best results from any method for growing rice. The land is ploughed
sufficiently during summer to get the good tilth and sowing of rice is usually done in
immediately after one or two pre-monsoon showers, generally during the month of May. Plough
the field 3 times; 2 of these ploughings should be done within an interval of 8-10 days in
between during the nursery preparation. Apply four bags of Ghana Jiwamrita over the field
before the last ploughing to preserve soil organic matter. After ploughing the field, make it
level using a wooden leveler. For transplanting, mark lines on the field in a square grid pattern, at
a distance of 10 inches (25 cms) apart, one direction being perpendicular to the gradient; wooden
markers or iron marker can be used for marking these lines. When transplanting, the plants
should be spaced at a distance of 10 x 10 inches. Furrows and ridges can be made on the field’s
surface with a cycle wheel or hoe.

Seed requirement:

Seed rate depends upon the duration and test weight of variety. Soil tilth, moisture content and
system of cultivation also determine the seed rate requirement. Optimum seed rate should be



adopted for the direct seeded crop so that crop stand is neither too thick nor too thin. In general, a
seed rate of 16 kg ha is required for line sown DSR. The seed should be stored in advance and
should be ready to be sown after the pre monsoon showers in the field.

Priming of seeds:

Add salt in fresh water until a good quality egg can float in that water. Remove the egg and put
the seeds in that brine water solution. Remove the seeds floating on the surface as those are
useless. Drain the brine water and wash the seeds with fresh water. Mix Bavistin (5 grams)/ cow
urine with the seeds and put them inside a moist gunny bag in the shed for 24 hours for sprouting
of the seeds. Priming of seed helps in growth of the plant and provides strength.

Planting the seed per hill:

To obtain uniform and better germination, it is necessary that the seeds should be placed at
optimum depth. A study on the germination of the seeds sown at varying depths revealed that the
seeds sown at 5 cm depth took about 4 to 6 days for their plumules emergence on the surface of
the soil. While the seeds lying exposed on the surface as well as those below 5 cm depth required
6 to 10 days for emergence. The seeds lying at a depth below 10 cm from the soil surface
germinated but their plumules didn’t come out of the soil and died. Therefore, seeding depth of
rice should not be more than 5 cm and preferably it must be 3-5 cm. The seeds should be put at
the hill as per the square grid pattern and covered with the soil immediately after putting one to
two seeds per hill.

Marking the hills Planting the seeds
Care of the field after plantation:
After fifteen days

Extra plants should be plucked by hand by measuring with four fingers (approximately 6 inches)
and all the initial weeds should be removed on the fifteenth day of plantation. For weeding the



field; conoweeder should be used if the field is moist and wheel hoe incase of an inundated one.
Apply 100 litres of Jeevamrita should be applied in the field after the weeding.

After 30-35 days

Weeding should be done with conoweeder (if there is no standing water) and wheel hoe (if the
field has water in it). After weeding apply 100 litres of Jeevamrita.

After 40-45 days

Weeding should be done with conoweeder (if there is no standing water) and wheel hoe (if the
field has water in it). After weeding apply 100 litres of Jeevamrita.

After milking starts in the seeds, sour butter milk (one litre in 15 litres of water) should be
applied on the field.

For management of stem borer, Gandhi bug or any other infestation apply Pot Solution (100 ml
in 5 litres of water), and Neemastra (100 ml in 5 litres of water).

Preparation of different organic manure and pesticides
Jeevamrita

Ingredients (for 1 acre)

Water - 200-250 litres

Cow dung - 10-15 kgs

Cow Urine - 3-4 litres

Jaggery - 1-2 kgs

Soil under a tree or un-disturbed location form the same land - 2-3 handfuls

Mix all of them and keep them in a shade for 3-4 days. Stir the mixture once a day. Apply the
mixture when the ground is wet for the plants. This seems to work wonders for the plants due to
increased microbial activity by 3rd and 4th day. This is an excellent culture for enabling the
exponential increase of beneficial microbes. The microbes are added thru 2-3 handful of local
soil. Though it can be used even after 6-7 days, it is quite a challenge getting near the mixture
due to overpowering stench, hence advisable to use this within 3-4 days of preparation.

Neem Solution (for sucking pests & mealy bug)

Add 100 liters of water to a large container along with 5 liters of cow urine. Add also 5 kg of
cow dung to this. Crush 5 kg of neem leaves, making a pulp from them, and add this into the pot.
Stir the solution and let it stabilize for 24 hours. Stir this solution twice a day by any stick. Filter
the liquid through a cloth and spray the filtered liquid (100 ml added to 5 liters of water) for
controlling the above pests.



Pot Solution

SI.No

Nogakrwn P

Items Amount
Cow dung ( deshi cow) 1kg
Cow urine 2 liters
Neem (Azadiracta indica) 1 kg

Akanda ( Calotropis zygantia) 1kg
Karanja ( Pongamea pinnata) 1kg
Jaggary/ molasses 50 gm

Plus a handful of termite soil -
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FOREWORD

This publication reports on current ‘work in progress’ to raise agricultural productivity in eco-friendly ways
in a number of countries around the world. We think that farmers, communities and institutions in the Af-
rican, Caribbean and Pacific regions would like to know about this and to benefit from it to the extent that
they can.

Hundreds of thousands of households in Asia and Africa are finding that they can increase the productivity
of their available resources for producing a wide variety of crops -- in the process, making these crops more
resilient to the multiple stresses of climate change -- just by making changes in the ways that their plants,
soil, water and nutrients are managed, as shown in this publication co-published by CTA and SRI-Rice.

The contributors to this report are listed below in alphabetical order because while most of the writing for
this monograph was done by Uphoff on their behalf, it was the material, data, pictures and feedback pro-
vided by the co-authors that made this publication possible. And most importantly, it was their work with
farmers in their respective countries that has helped to create what is becoming widely known now as the
System of Crop Intensification (SCl), reported on in this small volume.

This booklet is not presenting a new ‘technology’ -- to be transferred and adopted -- but a set of ideas and
experiences that we hope will encourage many people to ‘think outside the boxes’ of their current practices
and to capitalize upon certain biological processes and potentials that exist both within their present crops
and within the soil systems in which these crops grow.

We hope that as more knowledge about SCl opportunities is gained through people’s experimentation
and experience that this will be communicated and widely shared. Both CTA and SRI-Rice welcome feed-
back and will try to disseminate information on further experience with SCl, both good and bad, to enable
households in the ACP and beyond to have more secure and prosperous lives.
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Figure 1: Biswaroop Thakur,
Bihar state coordinator for the
NGO ASA, during a field visit to
Chandrapura village in Khagaria
district, Bihar, India. The wheat
field using SCI principles on the
left matured earlier than the
traditionally-managed field on
the right, with panicles already
emerged, while the traditional
crop is still in its vegetative stage.
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Without clear agreement yet on what the term means, there is grow-
ing consensus that to meet our global food-security requirements
throughout this 21st century, agricultural sectors around the world will
need to pursue appropriate strategies for sustainable intensification
of agricultural production (Royal Society 2009; Montpellier Panel 2013).
The terminology used can vary: sustainable agricultural intensification
(IFAD/UNEP 2013; World Bank 2006), low-input intensification (Euro-
pean Parliament 2009), sustainable crop production intensification
(FAO 2011). But the intended redirection of thinking and practice is
broadly shared.

A common denominator for these recommendations for sustainable
intensification is their divergence from the kind of agricultural strat-
egy that has prevailed over the past 50 years. Technologies for what is
known as‘modern agriculture, particularly those associated with the
Green Revolution, have enabled farmers who have access to sufficient
land, water, machinery and purchased inputs to cultivate ever-larger
areas and produce more food and fiber.

Following the precepts of the Green Revolution, farmers have raised
their production by planting (a) improved varieties, benefited by (b)
more water and (c) increased inputs of agrochemicals, fossil-fuel ener-
gy, and capital investment. By investing more inputs to obtain greater
output, they have improved upon the previously more ‘extensive’
strategies of production that were characterized by both low inputs
per unit area and correspondingly low outputs.

-
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This contemporary strategy for intensification that depends primarily
on making genetic improvements and increasing external inputs is,
however, not the only kind of intensification that warrants consider-
ation -- especially given growing concerns about the sustainability of
current agricultural practices (IAASTD 2009) and about their impacts
on climate change. A Worldwatch Institute report in 2009 found that
the land use sector was responsible for more than 30% of all green-
house gas emissions, while another study found that the industrialized
food production system as a whole is responsible for 44 to 57% of all
global greenhouse gas emissions (Grain 2011).

An alternative strategy for intensification that can be broadly charac-
terized as agroecological seeks to make the most productive use pos-
sible of available natural resources, including the myriad species and
genetic biodiversity found in nature, and of the fields of many millions
of smallholder farmers, especially women. Particularly land and water
resources are becoming less abundant relative to the human popula-
tions that depend on them, with their quantity often diminishing and
their quality frequently degrading. The increasing scarcity of our natu-
ral resources relative to the needs of our growing populations places
an ever-greater premium upon improving the management of the soil
systems, water, and biotic resources still available.

The agroecological innovations reported here can be grouped under
the broad heading of System of Crop Intensification (SCI)." This
approach seeks not just to get more output from a given amount of
inputs, a long-standing and universal goal, but aims to achieve higher
output with less use of or less expenditure on land, labor, capital, and
water — all by making modifications in crop management practices.

SCl practices enable farmers to mobilize biological processes and
potentials that are present and available within crop plants and within
the soil systems that support them (Uphoff et al. 2006). Such agroeco-
logical innovations represent a departure from the current paradigm
for'modern agriculture!

We do not expect that these new approaches can or will simply re-
place all current practices. Agricultural development does not work
that way. Rather, the aim is to give farmers more options for meeting
their own needs and those of consumers, while at the same time pro-
tecting and conserving environmental resources and services.

Farmers in quite a range of countries -- India, Nepal, Pakistan, Cam-
bodia, Ethiopia, Mali and Cuba - have started managing the grow-
ing environments for their respective crops to bring them closer to

1 There are also other acronyms and names given for this domain for the ad-
vancement of agricultural knowledge and practice, usually including the name of
the focal crop, such as System of Wheat Intensification (SWI) or System of Tef Inten-
sification (STI). For a summary account of SCl and the material in this monograph,
see Abraham et al. (2014).




Figure 2: Children in Gaya
district of Bihar state of India ad-
miring and playing with a simple
mechanical weeder used for
controlling weeds and aerating
the soil when producing mustard
(rapeseed or canola) with SCI
methods.

an optimum, producing more food with a lighter ‘footprint’on the
environment. What we report here is from farmers’ fields, not experi-
ment stations, since as yet there has been limited interest in SCI from
agricultural science researchers.

Two NGOs in India -- PRADAN and the People’s Science Institute --
and an Ethiopian NGO -- the Institute for Sustainable Development
(ISD) -- have been particularly active in applying SCl ideas across a
number of crops, with results reported here. The largest-scale intro-
duction and adaptation of SCI has been in Bihar state of India, where
its rural livelihoods program JEEVIKA, supported by the state govern-
ment and by World Bank IDA assistance, has enabled several hundred
thousand poor households to benefit from these new approaches
(Behera et al. 2013).

The contributors to this monograph are reporting as initiators or sup-
porters of the changes being introduced, not as researchers study-
ing them, although all have done and continue to do publishable
research. By communicating observed outcomes achieved under
real-world circumstances as accurately as possible, it is hoped that
this information will stimulate the interest of others to undertake
more systematic studies and to help establish scientific explanations
for promoting the greater utilization of SCl adaptations under 21st
century conditions.

No firm or final conclusions are proposed as this is a fast-moving,
fast-growing domain of knowledge. The agricultural experiences
reported here have become known mostly within the last five years,
as part of efforts to improve food security for communities, many

of them impoverished or distressed. The main concern is to assist
resource-limited households that must deal with the severe and
growing challenges found in degraded environments, which are now
being exacerbated by the cli-
mate change that adds to their
burdens and insecurity.

The results of SCl practice

-- producing more food out-
puts with fewer inputs -- will
appear counter-intuitive to
many readers, maybe even to
most. But this reorientation of
agriculture is what ‘sustainable
intensification’ will require as
our populations get larger and
as the resources on which they
depend become relatively, and
in some places even absolute-
ly, more limiting.
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Agroecological crop management represents a different form of ‘inten-
sification’ from what is usually understood by that term, e.g., Reichardt
et al. (1998). Agroecological management is exemplified by the System
of Rice Intensification (SRI) developed in Madagascar (Stoop et al.
2002; Uphoff 2012a) as well as by conservation agriculture, integrated
pest management, agroforestry, and other combinations of practices
that modify the management of crops, soil, water and nutrients. These
changes achieve, among other things, enhanced soil microbial abun-
dance and activity in the crops’ rhizosphere (root zone), and even within
the crops’ phyllosphere (canopy) (Uphoff et al. 2013).

Such strategies can reduce, and sometimes eliminate, the need for use
of the agrochemical inputs that have been a mainstay of 20th century
agriculture, particularly since the Second World War. These alternative
strategies can benefit from, although they do not require, improve-
ments or modifications in crops’ genetic endowments. The alternative
management methods employed elicit improved phenotypes from
most if not all existing genotypes, whether these are ‘improved’ or ‘un-
improved’ varieties (Altieri 1995; Gliessman 2007; Uphoff 2002).

Agroecological management mostly intensifies knowledge and skills
(mental inputs) rather than seeds, equipment or chemicals (material
inputs). More labor input is required in some situations, but not in oth-
ers, so these strategies are not necessarily more labor-intensive. Some
degree of mechanization can often be introduced, utilizing capital and
external energy inputs (pages 52-57); but if so, these resources are relied

Figure 3: A mustard field in
Gaya district of Bihar state of
India grown from seedlings
transplanted at a young age into
widely spaced pits filled with
loosened soil and organic mat-
ter. This field will yield triple the
usual grain harvest. Standing in
front of the field are Dr. O.P. Ru-
pela, former senior microbiolo-
gist with ICRISAT in Hyderabad,
India, and a young village boy
who was passing by.




upon less than in‘modern agriculture! Dependence on agrochemicals to
enhance soil nutrient supply and to protect crops from pests can be re-
duced or replaced by capitalizing on biological resources and dynamics
that make soil systems more sustainably fertile, and that can enhance
crops’inherent resistance to pests and diseases (Chaboussou 2004).

Agroecology focuses on supporting the interactions, dependencies and
interdependencies among myriad organisms and especially among di-
verse species. By making modifications in crop management practices,
we are learning, we can enhance the symbiotic relationships between
plants and the communities of microorganisms that constitute the
plants’microbiomes (Anas et al. 2011).2

Recently we have been learning that ecological interactions and inter-
dependences exist not only among organisms and species, but also
within organisms as research shows how microorganisms inhabit crop
plants as symbiotic endophytes. These, when living in the tissues and
cells of crops’leaves and stalks as well as in their roots and even in seeds,
can beneficially affect these plants’ expression of their genetic potentials
(Chi et al. 2005, 2010; Rodriguez et al. 2009; Uphoff et al. 2013).

Although agroecological management may appear ‘old-fashioned’ to
some people, scientific advances in the fields of microbiology, microbial
ecology, and epigenetics in the decades ahead should make it the most
modern agriculture.

Crops with larger, more effective root systems in association with more
abundant and diverse life in the soil are more resilient when subjected
to drought, storm damage and other climatic hazards. Buffering of such
effects has been seen frequently with SRl management for rice (Uphoff
2012a). Similar effects are reported also for other crops with agroeco-
logical management, making them also less vulnerable to climate
stresses including extreme weather.

Much remains to be learned about how and why agroecological man-
agement can have beneficial effects on crops’ productivity and resil-
ience, but this monograph shows that there are many advantageous
relationships waiting to be explained. It is now known that certain man-
agement practices, assembled inductively to improve the performance
of rice crops, can have desirable impacts on many other crops as well.

These effects will take on greater significance in a future that is affected
by climate change. We are finding that crops grown with attention

to nurturing larger, more effective root systems and more abundant,
diverse soil biota show greater resilience when subjected to climate
stresses and have more resistance to drought, storm damage, and other
hazards.

2 The functions and protection that beneficial microorganisms perform for crops
are parallel to those that our respective human microbiomes contribute to the
growth and health of members of our human species (Arnold 2013)
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plications of
al Strategies

The System of Rice Intensification (SRI) was developed in the
1980s to improve the circumstances of poor, rice-growing house-
holds in Madagascar (Laulanié 1993). Over the past decade, the
SRI principles that were assembled to raise irrigated rice produc-
tion have been extended first to rainfed rice, and then to improv-
ing yields of a variety of other crops (Uphoff 2012b).

This broader application, referred to as the System of Crop Intensi-
fication (SCI), extrapolates practices derived from the core princi-
ples of SRI, with appropriate modifications, to other cereals, le-
gumes and vegetables (Araya et al. 2013; Behera et al. 2013; WOTR
2013). It is even broadened to include other kinds of agricultural
production, as reported on in section 7.

Some practitioners in India who want to keep the SRl acronym
intact refer to SCl and SRI together as the System of Root Intensifi-
cation. This is an apt characterization, directing attention to what
goes on below-ground. But its focus on roots is incomplete since
much of the impact of SRI practices should be attributed to the
massive, invisible multitudes of symbiotic microorganisms that
inhabit soils and also plants.

The bacteria and fungi that live in, on and around plants (and
animals) provide the substrate for vast and intricate soil-plant
‘food webs’ that range from miniscule microbes up to larger, vis-

Figure 4: Harouna Ibrahim,
Africare technician working in
the Timbuktu region of Mali who
has motivated and guided farm-
er innovation with SWI, showing
difference between wheat plants
of the same variety that were
grown with different manage-
ment practices. SWI methods,
seen on the right, promote root
growth and soil organisms that
contribute to more tillering,
larger panicles, and more grain
than with conventional prac-
tices, seen on the left.




ible creatures. These networks are composed of organisms that
feed upon each other and that improve the environments of other
complementary species. The soil biota channel large flows of en-
ergy (Ball 2006) that support and sustain the production of all of
our crops and livestock (Coleman et al. 2004; Lowenfels and Lewis
2006; Thies and Grossman 2006).

The methodology recommended for SRI or SCI practice can be
summarized under four simple principles that interact in synergis-
tic ways:

. Establish healthy plants both early and carefully, taking
care to conserve and nurture their inherent potential for
root growth and associated shoot growth;

« Reduce plant populations significantly, giving each plant
more room to grow both above and below ground;

« Enrich the soil with decomposed organic matter, as much
as possible, also keeping the soil well-aerated to support
the better growth of roots and of beneficial soil biota.

« Apply water in ways that favor plant-root and soil-microbial
growth, avoiding hypoxic soil conditions that adversely af-
fect both roots and aerobic soil organisms.

These principles translate into concrete practices that have
proved productive for increasing yields of irrigated rice, as con-
firmed in large-scale factorial trials (Uphoff and Randriamiharisoa
2002). The methods which are to be adapted to local conditions
such as crop, soil type and climate include:

« Planting young seedlings carefully and singly, with opti-
mally wide spacing in a square grid or diamond pattern for
better exposure to sun and air.

« Providing the crop with sufficient water to support the
growth of plant roots and beneficial soil organisms, but not
so much as to suffocate or inhibit them.

« Adding as much organic matter to soil systems as possible
to improve soil structure and functioning, enhancing the
soil’s ability to support healthy plant growth.

« Breaking up the soil’s surface in the process of controlling
weeds, actively aerating the soil and stimulating root and
microbial growth, also incorporating weeds into the soil as
green manure.

The cumulative result of these practices is to induce the growth
of more productive and healthier plants — phenotypes -- from any
given crop variety -- genotype.

Once farmers in parts of Cambodia, Philippines, India and Myan-
mar who had no access to irrigation facilities saw the results of SR
practices and understood its principles, they started extending
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and adapting these to their rice production
in upland areas that had no irrigation.?

This was a first step beyond the use of SR
principles for irrigated rice. Subsequently,
various farmers and NGOs in these and oth-
er countries began adapting SRl principles
and practices to other crops beyond rice.

There has been little scientific evaluation

of SCl so far, but systematic studies should
begin soon. The data that follow represent
a first step toward quantitative assessment,
having been gathered for purposes of
comparison, for farmers to know the effects
of their change in practices. Often the data
have been assessed through on-site visits
by one or more of the contributing authors,
usually with members of the local agricul-
tural development community.

We can assure readers that the same meth-
ods were used when calculating yields
from both SCl and conventional fields. This
means that the relative yields reported, i.e.,
the ratios and percentages, are reasonably
reliable even if there might be questions
raised about the absolute numbers. The
purpose of measurement was, as noted
above, to make comparisons for farmers’
sake, not to be setting any records.

That there can be increases in production
without requiring greater inputs is what

counts most for farming households. The standard of comparison is
farmers’ current practices, recognizing that what some would con-
sider as ‘best management practices' recommended by agricultural
scientists have substantially higher out-of-pocket costs of produc-
tion, and are beyond the means of most food-insecure farmers.

While the information on SCI given in section 4 which follows
contains some limitations of precision and coverage, the impacts
being observed and reported are both large and consistent. As-
sessments of statistical significance are more relevant when one
is considering small differences that may just be measurement
artifacts or chance occurrences. Such tests are less relevant for
the kind of large divergences reported here.

3 Myanmar farmers’ experience with rainfed SRl is documented in Kabir and

Uphoff (2007).

Figures 5 and 6: Applications

of SClideas to vegetable pro-
duction in Bihar state of India:
at top, profuse branching of
eggplant (brinjal) plants under
SCI management; at bottom, SCI
tomatoes ready for market.
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Figure 7: Spread of SRl and
SClideas and practices: in the
light green colored countries,
SRI methods have been seen to
produce better phenotypes from
available rice genotypes; in the
dark green colored countries, in
addition to this, there has been
experimentation with and con-
firmation of SCl principles and
techniques; lists for each country
show which crops have to-date
been shown to improve yields
with SCl methods.

 +Wheat
"« Permanent

Pakistan
« Rice

raised-bed
adaptations
to other crops

Cambodia
« Rice
- Diversification
to other crops
« Adaptation to
chickens

Ethiopia
- Tef
+ Wheat India
« Finger millet + Rice + Legumes
« Barley + Wheat +Vegetables
«“Planting with « Finger millet + Turmeric
space” for + Mustard «Lac
other crops » Maize

The photographic evidence shown in accompanying figures rein-
forces the proposition that something of agricultural significance
is occurring. Data from the crop-by-crop reviews that follow and
from other crop performance evaluations are summarized in An-
nexes | and Il at the end of this monograph (pages 60-63).
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op A@aptations
®3and Results from
Farmers' Fields

Figure 8: A finger millet plant
Fi naer m i | I et grown with SCI methods in
g Jharkhand state of India, with
more tillers and larger root sys-

. (EleUSine Coracana) tem, being shown by farmer and
PRADAN field staff.

Finger millet is the staple food for millions of poor households in
India, Sri Lanka, Nepal and parts of Eastern Africa. Its high nutri-
tional content has made it a food traditionally fed to pregnant and
lactating women and often used as a weaning food for babies.

India: Farmers in Haveri district in the southern state of Karnataka
over several decades developed their own set of novel practices
for growing finger millet that are remarkably close to SRI manage-
ment (Green Foundation 2006).

Conventional crop management starts with broadcasting finger
millet seeds on a tilled field and gives yields between 1.25 to 2
tons/ha. With good irrigation and fertilizer applications, conven-
tional finger millet yields in Haveri district can reach 3.75 tons.

With a methodology that they call Guli Vidhana, farmers in Haveri,
after ploughing their fields, make a square ‘grid’ of shallow furrows
on the surface of their fields using a simple ox-drawn plow. The
grooves in the soil are made in parallel and perpendicular direc-
tions with wide spacing, 45x45 cm.

11



Figures 9 and 10: On left,
demonstration of the korudu
implement that Indian farmers
in the Haveri district of Karna-
taka state use for bending over
young finger millet plants to
promote the growth of roots and
tillers; right, farmers demonstrat-
ing the yedekunte implement
that is used to cut weeds’ roots
below the soil’s surface between
the rows. This has the additional
benefit of breaking up and aerat-
ing the top layer of soil around
plants’ roots.

At each intersection of the grid, two 12-day-old seedlings are
transplanted, putting a handful of compost or manure around the
roots to give the young plants a good environment in which to
begin growing.

While the plants are still young, between 15 and 45 days after
transplanting, farmers pull a light board across the field in several
directions. Bending the young plants over in different directions
promotes more growth of roots and tillers from the meristematic
tissue in the plants’ crowns, which are at or just below the soil sur-
face level (Figure 9).

Concurrently, farmers loosen the soil between the plants several
times with another ox-drawn implement that cuts the roots of any
weeds growing between the millet plants about 3-5 cm below the
soil surface (Figure 10). This active soil aeration along with organic
matter supplementation enables the millet plants to have 40-80
tillers and give yields of 3.75 to 5 tons/ha, even up to 6.25 tons.*

4 NGOs working with farmers in Karnataka have further evolved this system as
seen at: http://www.slideshare.net/SRI.CORNELL/1163-experience-of-system-of-
crop-intensification-sci-in-finger-millet#btnNext
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In the eastern state of Jharkand, Indian farmers after being intro-
duced to SRI for growing rice by the Indian NGO PRADAN (Profes-
sional Assistance for Development Action) began experimenting
with SRI methods for their rainfed finger millet crop in 2005, refer-
ring to this as the System of Finger Millet Intensification (SFMI).

With traditional broadcast practices, usual yields in the area are
around 1 ton/ha. By starting their crop with young transplanted
seedlings (not broadcasted seeds), with wide spacing and modi-
fied water and nutrient management, SFMI yields rose to 3 tons/
ha or more. While the intensified management increases farmers’
costs by about 25%, the higher yields reduce their costs of produc-
tion by 60%, from Rs. 34.00 per kg to Rs. 13.50 per kg, making SFMI
very profitable. These data and information on SFMI methods are
presented in a manual prepared by PRADAN (2012a).

In northern India, the People’s Science Institute (PSI) undertook

trials of another version of SFMI in 2008. In the Himalayan state of

Uttarakhand, 43 farmers tried out these methods on a small area,

just 0.8 ha. Their results showed a 60% increase in grain output,

moving up from an average yield of 1.5 tons/ha to 2.4 tons/ha. By

2012, more than 1,000 farmers were using locally-adapted SFMI

methods, spacing their plants 20x20 cm apart and establishing

them either by direct-seeding or by transplanting young seedlings ore. technicians and officials to
15-20 days old. Such modified practices induce the kind of more observe SCI finger millet being
productive plant phenotypes seen in figures 8 (page 11), 11 (be- grown in Tigray province of
low), 12-14 (following page), and 15-16 (page 15). Ethiopia.

Figure 11: Field day for farm-

Ethiopia: Similar finger millet crop re-
sponses to SCl management have been
observed in Tigray province. The first
farmer to transplant finger millet seed-
lings there was an elderly woman who
obtained a yield equivalent to 7.8 tons/ha
in 2003, compared to usual finger millet
yields of 1.4 tons/ha with broadcasting, or
2.8 tons/ha with generous use of compost
(Araya et al. 2013).

This was considered quite fantastic, evok-
ing curiosity and interest among farmers
there and elsewhere in Ethiopia. This man-
agement strategy has come to be called
‘planting with space, and farmers are now
applying its concepts and principles to
many other crops as reported in section 5
below.
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Figure 12: Comparison of finger
millet plants grown with differ-
ent management practices. On
left is a plant of an improved
variety (A404) grown with farm-
ers’ SFMI practices; in center, is
aplant of the same improved
variety grown with farmers’ con-
ventional broadcasting; on right
is a local (unimproved) variety
grown also with farmers’ usual
methods.

Figure 13: Contrasting panicles
of finger millet; SFMI plant is on
left, and conventionally grown
plant is on right.

Figure 14: Compatrison of the
root systems of SFMI plant on left
and conventionally-grown finger
millet plant on right.
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Transplanting methods have become standard practice among
farmers in the Axum area of Tigray province. Finger millet yields
now average 3.5 to 4 tons/ha, similar to the SFMI yields in Bihar,
and higher than those reported from northern India. Some Ti-
grayan farmers have even obtained yields of >6 tons/ha when the
rainy season is long enough, i.e., when it continues from July into
mid-September. Farmers implementing SCl are all making and us-
ing compost which they apply to the soil when they transplant their
seedlings.

Figures 15 and 16: Evident
differences in the phenotypic ex-
pression of finger millet’s growth
potential: on left, a farmer’s son
holds a single plant of broadcast
finger millet; on right, a single
plant grown with SCl transplant-
ing and management, both in
Kewnit village, Ethiopia.
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Wheat

® (Triticum spp.)

Once farmers and researchers in India, Mali and Nepal began
seeing the effects of SRI practices on rice, there was a fairly quick
extension of the ideas and methods to wheat.

India: What is now called the System of Wheat Intensification (SWI)
was first tested in northern India in 2006 by farmers working with
the People’s Science Institute (PSI). First-year trials near Dehradun,
using several varieties, showed average increases of 18-67% in grain
yield and 9-27% higher straw yields (very important for subsistence
farmers as fodder) compared with the yields that farmers there
usually obtained with these varieties using conventional broadcast
methods for crop establishment.

Impressed with these results, PSI began promoting SWI in the states
of Uttarakhand and Himachal Pradesh (Prasad 2008). Starting with
50 farmers in 2007, the number of smallholders using SWI methods
expanded to more than 12,000 by the 2011-12 winter season. Aver-
age increases in grain yields from irrigated SWI reached 80-100%
over usual farmers’ practice, while in unirrigated rainfed fields, SWI
methods increased yield by 60-80%. Despite the need for higher
labor investments in sowing and weeding operations, farmers have
found the ratio of benefit-to-cost with SWI to be very favorable due
to the higher yields of both grain and straw.

Encouraged by good farmer response and results in these two
states, PSI has been promoting SWI within a wider region of north-
ern India since 2010 including some districts in Uttar Pradesh and
Madhya Pradesh states. Households there suffer from low food pro-
ductivity, having little irrigated area and frequent rainfall failures.
Starting with 590 farmers in this larger area in 2010, the number of
SWI farmers rose to 1,015 the next year. More details on PSI experi-
ence with SWIin northern India are given in Chopra and Sen (2013).

The most dramatic results and the most rapid growth in use of SWI
have been in the state of Bihar where landholdings are very small,
with an average of only 0.3 ha. At the initiative of the NGO PRADAN,
278 farmers in the Gaya and Nalanda districts, mostly women, tried
out the new methods in 2008-09. Their yields averaged 3.6 tons/ha
compared with 1.6 tons/ha using usual practices, which attracted
farmer interest.

The next year, 15,808 farmers used SWI methods and with some-
what better weather, yields averaged 4.6 tons/ha. This led the state
government’s Bihar Rural Livelihood Promotion Society (BRLPS, or
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JEEVIKA) to support efforts by many NGOs and the state’s exten-
sion service to spread SWI use, utilizing IDA funding from the World
Bank. Two years later, in 2012, the area under SWI management
had expanded to 183,063 hectares, and average SWI yields were 5.1
tons/ha, according to Bihar Department of Agriculture calculations.

Intensified management for SWI does require more labor and more
organic matter inputs; so farmers’ costs of SWI production per hect-
are in Bihar are about 60% higher than with conventional practices.
Still, with yields that are more than doubled, the net income per
hectare soars by 150%, from Rs. 17,460 to Rs. 43,952, as farmers’
costs of production per kg of wheat produced decline by 28%. The
experience of Bihar farmers working with SWI methods has been
summarized in a manual prepared by PRADAN (2012b).

The Aga Khan Rural Support Programme in India (AKRSP-I) has also
been introducing SWI in Bihar state, with different but still favor-
able results. Its SWl yield increases have been 32%, with farmers
averaging 3.48 tons/ha instead of 2.63 tons/ha. However, with this
less-intensive version of SWI, costs of production decline by 26%
per hectare, so the cost of producing wheat is only Rs. 8.17 per kg
under SWI compared to Rs. 11.05 with standard practices. Standard
cultivation practices for wheat have produced little net income for
farmers, just Rs. 1,802 per ha, whereas with SWI practices, farmers’
net income from their production of wheat is Rs. 18,265 per ha, ac-
cording to an AKRSP evaluation (Raol 2012).

Mali: The international NGO Africare began introducing SRI meth-
ods for irrigated rice into the Timbuktu region in 2007. During an
evaluation of SRl results the next year, with 60 farmers who had
grown irrigated rice on side-by-side comparison plots evaluating
SRI'and conventional methods (Styger 2008-09; Styger et al. 2011),
the idea was born to apply the same principles to wheat, their win-
ter crop.

Three farmers from three villages volunteered to do SWI trials, using
the same methods as SRI; but simple imitation of SRl was not very
successful; mortality of transplanted seedlings was 9 to 22% in the
cold winter climate, and the 25x25 cm spacing was too wide for
plants to utilize all the arable area. Transplanted SWI produced 29%
less grain than the control plots (1.4 tons/ha vs. 1.97 tons/ha).

Direct-seeded SWI, on the other hand, showed a 13% yield increase,
producing 2.22 tons/ha. Farmers were pleased with their 94% re-
duction in seed requirements with SWI (10 kg/ha versus 170 kg/ha),
and with a 40% reduction in labor and 30% lower irrigation water
requirement (Styger and lIbrahim 2009). Thus, farmer interest in this
innovation was aroused.

In the next season, 2009/2010, Africare undertook systematic SWI
trials comparing different spacing and seeding techniques (Styger
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Figure 17: Comparison of SWI
panicles on left and conven-
tionally-grown wheat panicles
on right, from 2009/10 trials in
Timbuktu region of Mali.

2010). While a spacing of 15x15 cm gave the highest yield (5.4 tons/
ha), all of the treatments using single plants per hill gave yields
above 4 tons/ha, with spacing ranging from 10x10cm to 20x20cm,
as did row-planting with 20 cm distance between rows (Figure 17).
These yields were all higher than the 2.22 tons/ha obtained from
the broadcast control plots where farmers’ usual methods were
used (Styger, Ibrahim and Diaty, unpublished).

In a third season, SWI trials continued among farmers, even though
Africare had no funding to support their testing; the experience of
21 farmers was monitored. Their average SWI yields were 5.45 tons/
ha, compared to 1.96 tons/ha from conventional practice (Styger
and Ibrahim, unpublished).

The next year, when there was drought and irrigation water was
limited, Africare was able to monitor 142 farmers using SWI meth-
ods in 13 villages. Despite the adverse weather conditions, SWI
yields averaged 3.2 tons/ha compared to 0.94 tons/ha from conven-
tionally-grown plots (Styger and Ibrahim, unpublished).

Farmers indicated that their applying SWI on a larger scale was con-
strained by lack of good implements for direct-seeding; difficulties in
soil preparation and manure transportation; and shortages of timely
irrigation water. These factors limit the area of land that can be
planted with SWI methods at present. Remedying these constraints
could greatly enhance wheat production in Mali in the future.
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Nepal: A majority of Nepalese farm-
ers are smallholders having land-
holdings below 0.5 ha, and their
wheat yields usually average about
1.2 tons/ha.

For the last half decade, farmers

have faced severe scarcity of fertil-
izers for their main wheat cropping
season, and rainfall in the winter sea-
son has been erratic. These factors,
plus very low seed replacement rates
in the hill and mountain areas, have
contributed to the very low produc-
tivity of wheat in Nepal.

Under an EU-funded Food Facility
Program implemented in the Far
Western Region by FAO and local
NGOs, SWI concepts and practices
were introduced to smallholding
farmers in 2009, using direct-seeding

(DS) rather than transplanting because DS performed better un- Figure 18: Comparison of wheat
der local conditions. It was found that “sowing with proper plant panicles from farmer field school
density allows for sufficient aeration, moisture, sunlight and nutri-  trials in mid-Nepal.

ent availability leading to proper root system development from
the early stage of crop growth” (Khadka and Raut 2012). Such
management led to more productive phenotypes of wheat.

Comparison trials in 2010-11 at 16 locations in 3 districts (Dadeldhura,
Baitadi and Kailali) showed that SWI methods with seed-priming
and line-sowing, using a recommended improved variety (WK-
1204), and reducing the seed rate by >80%, gave smallholder
farmers 91% more yield than from their local practices with this
same variety (6.5 versus 3.4 tons/ha). The average number of
grains per panicle was 75 vs. 44, and grain weight (grams per 1000
grains) was 29% higher with SWI (Figure 18). Although farmers’
expenditures/ha were 58% higher with this more intensive crop
management (Rs. 5,010 versus Rs. 3,170), farmers’ net income
more than doubled, rising from Rs. 4,830/ha to Rs. 9,830/ha.

In 2011-12, farmer field school experiments conducted in Sindhuli
district with similarly modified SWI practices also showed bet-

ter yield and economic returns. Pre-germinated seed of Bhirkuti
variety sown at 20x20 cm spacing gave 54% more yield than the
available ‘best practices’ used under similar conditions of irriga-
tion and fertilization: 6.5 tons/ha from SWI, compared to 3.7 tons/
ha with conventional broadcasting, and 5 tons/ha with row sow-

ing (Adhikari 2012).

19



Figures 19 and 20: Compatri-
son of wheat panicles from the
same variety in Gembichu
Woreda, Ethiopia: on left are
plants grown with usual farmer
methods of cultivation (39 grains
per panicle on average); and on
right, SWI crop management (56
grains).

With SWI methods, farmers’ seed requirements are reduced by
>80% (20 kg/ha compared with 120 kg for usual practice). This
means that the limited supply of improved seed available can be
used on four times more cultivated area. Also, fertilizer is less nec-
essary if biofertilizer can be produced or procured locally. By using
improved seed with SWI crop management techniques, it has been
calculated that an average household with six members in the Far
West, a region known for its extreme poverty, can achieve an addi-
tional 6 months of food security each year (Khadka and Raut 2012).

Ethiopia: Experience with SWI methods has been similar in this
country as well, as seen in Figures 19 and 20. We discuss Ethiopian
experience with several versions of SWI (and other crops) in section
5 below on ‘Planting with Space!

That SRI methods which could enhance the productivity of rice
plants would have similar effects on finger millet and wheat was
not so surprising as they belong to the same large family of grasses
known as Gramineae (or Poaceae) in which rice is placed. However,
learning that concepts and adapted methods from SRI cultivation
could be successful also for a crop as ostensibly different as sugar-
cane, discussed next, was unexpected. Botanically speaking, sugar-
cane is also a member of the Gramineae family, and its productivity
is similarly enhanced by more profuse tillering and root growth.
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Sugarcane
® (Saccarum officinarum)

India: Sugar is the world’s largest crop according to FAO crop
production statistics. Shortly after they began using SRI methods,
some rice farmers in Andhra Pradesh state of India began adapting
these ideas and practices also to their sugarcane production, as
early as 2004. Some farmers were able to get much higher yields
while cutting their planting materials by

80-90%, reducing their water applications,

and applying fewer purchased inputs of

fertilizer and chemical protectants, as with d
SRI-grown rice. WWE  for a iving pianet’ oA
By 2009, there had been enough testing, i C ~ (
demonstration and evolution of these initial Sustainable Sugarca ne Initiative
practices that a joint Dialogue Project on Improving Sugarcane Cultivation in India

Food, Water and Environment between the
World Wide Fund for Nature (WWF) and the
International Crop Research Institute for the
Semi-Arid Tropics (ICRISAT) in Hyderabad,
launched a‘sustainable sugarcane initiative’
publishing a detailed manual on SSI (ICRI-
SAT/WWF 2009).

Subsequently in 2010, the director of this B ‘¥ ||

project, Dr. Biksham Guijja, together with u/ f

A

other SRl and SSI colleagues, established e Sugares®
a company called AgSri based in Hyder- '
abad (http://www.agsri.com/index.html).
This pro-bono enterprise is disseminating G
knowledge and practice of SRI, SSI and oth- 4

er ecologically-friendly innovations among
farmers in India and beyond.

Training Manual

W

t"_, i Wil f_'_ . il ?
Ty "'l."' Ay |_I,?‘.;v.;|!_'fl. AR

Large-scale field testing of SSI methods has been undertaken in Figure 21: The cover of a 2009
all the major sugarcane-producing states of India. Currently it is 35l training manual, published
estimated that at least 10,000 Indian farmers are practicing SSI, by WWF and ICRISAT.
although this is still small compared to the large total numbers

cultivating 5 million hectares of sugarcane. AgSri and the National

Bank for Agriculture and Rural Development (NABARD) have

jointly published a revised SSI manual

(AgSri/NABARD 2012).
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Figure 22: Sugarcane being
grown with SSI management in
India.

The Tamil Nadu state government
has agreed to extend financial and
technical support to farmers wanting
to utilize SSI methods as it did previ-
ously in the case of SRI. The Tamil
Nadu Agricultural University, having
launched an SSI promotion cam-
paign, reports that the new methods
are raising average cane yields up to
225 tons per hectare, from present
yields of 100 tons. This is achieved
by reducing the seed rate by >90%,
planting 12,500 single bud chips

per acre instead of 75,000 double-
budded chips as is usually done now
(Anon. 2013b; Anon. 2013¢).

AgSri has begun establishing high-
quality nurseries to supply vigorous
young seedlings to farmers. While
there are still some challenges to

be dealt with for meeting farmers’
demand for seedlings in a timely
way, good initial results have encour-
aged the private sector, sugar mills
and agriculture development agen-
cies to begin cooperating to scale up
SSlin India and capitalize on the ability of these methods to yield
phenotypes that boost both productivity and profitability in this
sector (Figure 22).

Elsewhere: The first trials of SSI in Cuba using AgSri manuals post-
ed on the web gave good results with yield estimated at 150 tons/
ha (Figures 22 and 23, following page). Ministry of Sugar officials
have set up a task force to establish and evaluate SSI trials/demon-
strations in all provinces of the country. Farmers in Nicaragua and
Tanzania are now also establishing SSl field trials.

Since sugarcane as a crop consumes about as much water as rice,
requiring 1500-3000 liters of water per kg of sugar ultimately pro-
duced, management methods that can reduce water requirements
similar to SRI's reductions for rice will have substantial economic
and environmental benefits.
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Figures 23 and 24: First SS trials
at the CPA Camilo Cienfuegos
sugar cooperative in Bahia Hon-
da, Cuba, at 10.5 months; yield
from the test plot was estimated
at 150 tons/ha.
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Tef

® (Eragrostis tef)

Ethiopia: Tef, the preferred cereal crop in this large food-deficit
country, is grown from tiny seeds (2500 per gram) that are tradition-
ally broadcast on repeatedly ploughed soil. Despite investment of
much labor, mostly by women and children, tef yields are usually
low, about 1 ton/ha.

Adaptation of SRI methods to tef cultivation was started in 2008-
09 under the direction of Dr. Tareke Berhe, at the time with the
Sasakawa-Global 2000 program, and now director of the Tef Value
Chain Program under the government’s Agricultural Transformation
Agency (ATA).

By transplanting young, 20-day-old tef seedlings at 20x20 cm spac-
ing with application of organic and inorganic soil nutrients, yields
reached 3 to 5 tons/ha. Further, on plots with small soil amendments
of micronutrients such as Zn, S, Mn and Mg, these improved yields
were almost doubled again, responding well to the practices that
Tareke christened as STI, the System of Tef Intensification.

In 2010-11, in collaboration with the Institute for Sustainable Devel-
opment (ISD) which obtained some funding from Oxfam America
for SCl evaluation and demonstration, Tareke conducted further
controlled STl trials at two major centers for agricultural research in
Ethiopia. Good results there gained acceptance for the new prac-
tices from other tef scientists and government decision-makers, and
ATA began more systematic evaluations and demonstrations (Berhe
etal. 2013).

In 2011-12, over 1,400 farmers who tried STI methods averaged 2.7
tons/ha. Then in 2012-13, there were 7,000 farmers using STl meth-
ods in expanded trials with transplanted seedlings, while another
160,000 farmers applied less-intensified STI methods, doing direct-
seeding in rows instead of transplanting. This kind of ‘STI-lite’ was
able to raise tef yields on a large scale by 70%, from 1.2 tons/ha to 2.1
tons/ha (ATA 2013). With such results, the government is scaling up
the area under STI management to 1.6 million hain 2013-14.

The direct-seeded method follows SRI principles including wider
spacing (20 cm) between rows and enhancement of soil organic
matter with compost, supplemented with some urea and DAP.
‘STI-lite’ practices which improve the balance of air and moisture in
the soil require less labor for sowing and weeding than the full STI
management.
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More intensive management that starts with
transplanting young tef seedlings and puts
more emphasis on organic soil fertilization gives
farmers better results, but the choice of meth-
ods is left to farmers, whose labor is a key factor
(Figure 25).

Like other crops, the tef genome is highly re-
sponsive to management practices that do not
crowd the plants together and also improve soil
conditions. When individual tef plants are given
ample space, their leaves are longer and wider;
their darker green color indicates that the plants’
photosynthetic efficiency, usually low, is en-
hanced by their altered growing conditions. Tef
plants given wider spacing exhibit much larger
and longer root systems. These in turn support
larger, taller canopies that resist lodging, a major
constraint with conventionally-grown tef.

For countless generations, this crop has been
grown by broadcasting seed with high plant
densities. STI, in contrast, reduces plant density
by 90%, using 9-15 million seeds/ha instead of
90-150 million/ha. It is seen that by transplant-
ing and making other changes in field manage-
ment, tef grain and straw yields can be tripled
or more (Figure 26).

Figures 25 and 26: Top, com-
parison of a transplanted STI
plant on left, and a broadcasted
tef plant on right, both same
variety; bottom, STl tef crop
ready for harvest at Debre Zeit
Research Station in Ethiopia.
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Mustard

® (Brassica nigra)

India: Many farmers in Bihar state have begun adapting SRI methods
for growing mustard -- also called rapeseed or canola. Although its
seeds are just 1-2 mm in diameter, when mustard is grown with more
favorable management practices, the resulting plants and yields can
be very impressive (see Figure 3 on page 5).

In 2009-10, 7 women farmers in Gaya district who cooperated with
PRADAN and the government’s Agricultural Technology Manage-
ment Agency (ATMA) started adapting SRI practices to their mustard
crop (SMI). Usual grain yields using broadcasting methods were 1
ton/ha; but with alternative management, their yield was tripled, to 3
tons/ha. The following year, 283 women farmers using SMI methods
averaged 3.25 tons/ha. Then in 2011-12, 1,636 farmers, mostly wom-
en, got average mustard yields of 3.5 tons/ha.

Indeed, those who used all of the practices recommended for SMI av-
eraged 4 tons/ha, while one farmer with best management reached
4.92 tons/ha as measured by government technicians. PRADAN
calculated that with SMI, farmers’ costs of production were reduced
by about half, from Rs. 50 per kg of mustard oil seed to just Rs. 25 per
kg. The SMI methods developed by farmers in Bihar are detailed in a
manual produced by PRADAN based on experience there (PRADAN
20120¢).

In the mountain states of Himachal Pradesh and Uttarakhand, mus-
tard is the second most important winter crop after wheat. Accord-
ingly, the People’s Science Institute (PSI) in Dehradun ventured into
applying SRI principles to mustard cropping in 2009 with the help

of 68 farmers on 1.74 ha. The methods used were less intensive than
those developed in Bihar: no transplanting with wide inter-plant
distances; just direct-sowing in lines, 1 or 2 seeds per hill, with 15 x 20
cm spacing. Organic methods of soil fertilization are used, but only
hand weeding is done, without any effort at soil aeration. Even with
these less ambitious modifications of conventional practice, farm-

ers had a 42% increase in grain yield, raising average yield from 1.4
tons/ha to 2 tons/ha. In 2010, the number of farmers increased to 227
farmers (10.34 ha), mostly doing line sowing.

A World Bank evaluation in Bihar state of India has reported an aver-
age increase in oilseed production of 50% using SCI methods, with
the profitability of oilseed almost doubled, being raised by 93%
(Behera et al. 2013).
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Maize
® (Zeamays)

India: Growing maize with SRI concepts and methods is still in its
early stages. In northern India, PSI has begun working with small-
holders in Uttarakhand and Himachal Pradesh states to improve their
maize production with adapted SRI practices, which produce more
robust phenotypes with maize as they do with rice. No transplanting
is involved, and no irrigation. Farmers plant 1-2 seeds per hill with a
square spacing of 30x30 cm, having added compost and other or-
ganic matter to the soil; and then they do three soil-aerating weed-
ings. Some varieties they have found to perform best at wider spac-
ing of 30x50 cm.

The number of farmers practicing SCl with maize in Uttarakhand
went from 183 in 2009 to 582 in 2010, their area cultivated expand-
ing from 10.34 ha to 63.61 ha in this time. The average SCl yield was
3.5 tons/ha, which was 75% more than farmers were getting with
their conventional management, 2 tons/ha.

PSI has conducted on-farm trials of maize cropping in Uttarakhand

to assess different spacings and plant densities. As seen from Table

1, the best results have been obtained from hills spaced 40 x 40 cm,
each with just 1-2 seeds. Their yield was 6.5 tons/ha compared to 2.3
tons/ha from control plots using the usual practices. In another set of
trials, where plant number was evaluated, 1 seed/hill gave an average
yield of 6.1 tons/ha, compared with 5.3 tons/ha from 2-seed hills, and
2.8 tons/ha from farmers’ practice (Table 1).

In Himachal Pradesh, SCI maize cultivation has also been promoted
under a program supported by the Sir Ratan Tata Trust of Mumbai.
The number of SCI maize farmers in two districts there, Kangra and
Hamirpur, and the area cultivated under this program in 2011-12
are given in Table 2 (following page). These areas are much drier and
have poorer soils compared to most areas in Uttarakhand. Never-
theless, the recorded gains in maize crop productivity through SCI
methods have been 17% to 38%. Farmers’incomes were enhanced
by even more because SCl reduced farmers’ seed requirements.

Maize SCl in northern India has thus shown definite yield improve-
ments from modifying management of farmers’land and seed re-
sources. Improving soil organic matter is a critical factor given that
poor households’soils are so often deficient in this material for im-
proving the life in the soil.
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Table 1: Maize yields with different plant spacings and numbers of seeds per hill, Uttarakhand,

India, 2010

Pla geome 3 Ave. pla 0.0 0]e 3 el
Pa O 10 OD 0 a

Square: 50 x 50 cm 185 322 25 5.7

Square: 40 x 40 cm 192 356 29 6.5

Square: 30 x 30 cm 187 297 23 5.8

Line sowing: 30 cm 193 255 20 4.8

Farmers’ practice 155 191 17 2.3
0.0 eed o o410 0 O and 40 D13 0 Pla

One seed 227 341 28 6.1

Two seeds 188 309 25 53

Farmers’ practice 171 215 20 2.8

Table 2: SCI maize cultivation and yields in two districts of Himachal Pradesh, India, 2011-12

0 0
JI'c a 0 aAllgld c 0
SCI maize farmers (no.) 104 50 169 125
Area under SCI maize (ha) 4 1.1 15.12 17.86
Conventional yield (tons/ha) - - 2.09 0.96
SCI maize yield (tons/ha) - - 2.89 1.12
Yield increase (%) 38% 17%

Because maize is such an important food crop for so many millions of
food-insecure households throughout Africa, Asia and Latin America,
enabling them to get greater production from their limited land re-
sources - with their present varieties or with improved ones -- should
be a priority for agricultural innovation and evaluations. This crop has
already given indications that SCl adaptations can evoke genotypic po-
tential under the wide range of ecological conditions where it is grown.

Some of the first efforts by farmers and NGOs to adapt SRl ideas and
methods beyond rice were to other cereals, then to various legumes,
and also to vegetables. These efforts began in a number of Indian states
from 2006 onward at the initiative of PSI, PRADAN, AME, the Green
Foundation, and other NGOs. In this same period, Ethiopian farmers in

Tigray province working with the Institute for Sustainable Development
(ISD) began experimenting with a similar range of crops. Since the most
evident aspect of the new management practices was their wider spac-
ing between plants, in Ethiopia the principles and practices have become
known and communicated under the rubric of ‘planting with space’
discussed in section 5.
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e Legumes

India: In Figure 27 we see a farmer holding a prolific pigeon pea plant (Caja-
nus cajan) -- also called red gram -- grown with adapted SRl practices in Kar-
nataka state in southern India. The Agriculture-Man-Environment Founda-
tion (AMEF) based in Bangalore, which started promoting SRI for rice some
years ago, reports that with these practices, pigeon pea yields are increased
by 70%, from a usual yield of 875 kg/ha to 1.5 tons/ha (AMEF 2011).

A recent report from Karnataka describes how farmers with such methods
are now getting even tripled yields from pigeon pea, as small transplanted
red gram plants can grow up to have as many as 2,000 pods compared
to the usual 50-100 pods per plant. Reducing the population of plants
per m? thus has very beneficial effects on crop productivity. Although
more labor is required for SCl crop management with pigeon pea,
farmer incomes are reported to be greatly improved (Anon. 2013a).

Use of young seedling and wide spacing is being promoted for red
gram by Department of Agriculture staff in Tamil Nadu state with a
doubling of yield and with a crop cycle shortened from 160 days to
130 days, as seen in Fig. 28 (Ganesan 2013).

In central India’s Madhya Pradesh state, the Aga Khan Rural Support
Programme (India) began piloting, with mostly-tribal communities,
the application of SCI principles to soya beans (Glysine max) in 2013.
The main adaptation for this crop is wide spacing of seeds, 2 per hill at
45x45 cm distances, plus soil-aerating weeding and organic fertiliza-
tion. Analysis of initial harvest results showed the yield with adapted
SCl methods to be as much as 86% higher.

The phenotypical improvements in the soya plants that supported
such yield increase were having: 4.2 times more branches per plant, 3.7
times more pods per plant, as many as 4.3 times more seeds per plant
and 4% higher weight (grams per 100 seeds). Average dry matter per
plant was 2.75 times greater. From calculations of the cost of produc-
tion and revenue per acre, the increase in benefit-cost ratio with these
alternative methods compared with farmers’traditional practice was
75-100% greater (AKRSP-12013).

The Aga Khan Rural Support Programme has worked in western India,
in Dangs district of Gujarat state, with SCI chick pea (Cicer arietinum),
also known as garbanzo beans or as chana in several Indian languages.
The first and most evident change from conventional practice is to

Figures 27 and 28: Top, vis-

ible effect of SCI practices on
pigeon pea plants; bottom, red
gram seedling nursery in Tiruchi,
Tamil Nadu, where government
technicians are now promoting
SClred gram as an intercrop
with groundnut, facilitated by
the one-month reduction in crop
cycle for the red gram (Ganesan
2013).
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Figures 29 and 30: Top, chick-
peas growing in Dangs district,
Gujarat state of India — note
differences seen in the size of the
grains — conventionally-grown
grains on the left, SCl grains on
the right; bottom, an Ethiopian
farmer in Gimbichu district hold-
ing up two lentil plants to show
the increases possible in number
of stems and number of pods
per stem using SRI ‘planting with
space’ methods. The plant on left
was grown with conventional
practices, the plant on the right
with SCl practices.

establish single plants at wide (50x50 cm) spacing,
followed by 3-4 periodic weedings with a soil-aerating
implement. Other new practices are regular use of a tra-
ditional organic pesticide known as amrut pani at 15-20
day intervals, and timely nipping (removal) of budding
leaves to keep the plant from becoming too bushy. This
directs the plant’s nutrient supply to a limited number
of branches so that these become more productive
than if many branches are competing for nutrients.

Farmers observe the following effects with these
changes in their practice:

Much-reduced number of unfilled pods;
Increase in the number of pods and number of
grains per pod;

Larger grains; and,

Lesser attack of insect pests

Farmers report that the leaves of these b