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Executive Summary

India holds a substantial rangeland area, most of which is in the state of Rajasthan. The livestock
sector is vital for the rural poor in the region and it is the main source of income. Advanced
degradation of rangelands due to lack of proper management tools and the communal land
tenure regime are leading to an increasing threat of desertification. Lack of adequate nutrition
(due to overgrazed community rangelands), inappropriate management practices and restricted
access to health services are the major causes of low productivity of small ruminants. Very little
attention has been given to dryland areas for research on feeding and management of small
ruminants for effective economic rearing.

Interventions that focus on community rangelands and feed and fodder issues could have pro-
poor effects because small ruminants’ keepers are heavily dependent on natural resources for
grazing and watering their animals. However, these resources are declining in condition and
increasingly subject to access restrictions. A critical understanding of and need for evolving
appropriate management systems to improve the productivity of small ruminants is imminent
for drylands.

Under the umbrella of the ICAR-ICARDA collaborative research program several new projects
were approved for the period 2014-2017. Among them two projects related to community
based rangeland management and utilization potential of cactus pear (Opuntia ficus indica) in
low rainfall regions of India by reducing the feed gap and scarcity that many livestock farmers
are facing. The main purpose of these projects is to improve the livelihood of small holder
farmers in the drylands of India improve fodder availability and. Such an effort has the
possibility to reduce poverty and increase food security. Adequate nutrition and management
practices are some of the leading causes for low livestock productivity. The diversification of
crops aims to improve animal nutrition. The project also teaches sound management practices.
Both the promotion of Opuntia ficus indica and sustainable silvopasture practices show promise
in project sites. The annual report will review the current progress to date for these efforts. As
the MOA was signed on the last day of 2014 (Appendix 1), the report reflects activities that took
place since then.
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Project # 9: Sustainable Intensification of Silvipasture
Systems

Collaborators

CAZRI Scientists (Jodhpur, India):

- Dr R. K. Bhatt (CAZRI DG)
o Address: Central Arid Zone Research Institute - CAZRI
Near industrial Training Institute (ITI)
Light Industrial Area, Jodhpur - 342 003 (Rajasthan) - INDIA
o Tel:+91 291 2786584
o Fax:+91 2912788706
o Email: director@cazri.res.in or rkbhatt@cazri.res.in or
researcher.rkb@yahoo.com
- Dr. A. K. Misra (Head, Division of Livestock Production Systems & Range Management)
o Email: mishraakl7@yahoo.com or akmishra@cazri.res.in
o Tel:+91291 2786383 (0)

- Dr. Kumari
o Email: rnkumawat@rediffmail.com

ICARDA Scientists (Amman, Jordan):

- Dr. Mounir Louhaichi (Principal Scientist)
o Email: m.louhaichi@cgiar.org

- Dr. Kathryn Clifton (Post-Doc Landscape Ecologist)
o Email: k.clifton@cgiar.org

- Dr. Jutta Werner (Rangeland Scientist)
o Email: .werner@cgiar.org
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Introduction

Grazing lands such as permanent pastures, fallow land, gochar, oran etc., which occupy about
50% of land, play important role in providing fodder to livestock in the arid region, even though
, their productivity is very low. Nearly 1/3™area of arid zone of Rajasthan are wastelands, of
which 50% are grazing lands and 45% are sandy wastes (Balak Ram et al. 2003). The production
from the available grazing lands is hardly 300-400 kg/ha (Pratap Narain and Rajora 2005). The
low productivity is attributed to mismanagement, degradation and over grazing of pasture land
coupled with low rainfall. Farmers were selected for adoption of technology packages as per
their need and suitability, socio-economic concern and demographic profile through group
discussions. The project first identified improved forage grasses and tree crops that could be
promoted through the project.

Livestock based farming system makes significant contribution for livelihood security of farmers
in arid zones of India. However, availability of fodder for livestock is not sufficient due to water
scarcity and land degradation leading to low productivity of grazing lands. The arid zones are
less suitable for crop production due to inherent soil constraints like low water retention, sandy
texture, shallow depth, occurrence of rocks and stones. However, some grasses and tree
species of forage value and economic importance can grow well and help in augmenting forage
production. Silvipasture offers a sustainable land use system which increases overall
productivity of land and make efficient utilization of natural resources.

Goal
To evolve an appropriate community management system that leads to improvement in
productivity of rangeland and livestock.

Obijectives

e To empower agro-pastoral and pastoral communities through the reinforcement of local
institutions and their effective participation in designing, implementing and monitoring
of rangeland/livestock related interventions.

e To refine rangeland management techniques in context of its adoption at community
level.

e To enhance capacity development of all stakeholders through exposure visits, trainings
and other extension activities.

e To develop policy relevant guidelines for rangeland management.

Benefits of Silvipasture

Silvipasture is the practice where livestock and the forage component is integrated in the
Agroforestry production system. Traditionally parkland agroforestry was common in most of
the arid and semi-arid parts of India. In systematic agro-forestry systems, trees or shrubs are
planted in rows at a wide spacing creating alleyways where animals can graze in between. The
grazing alleys can consist of either annual forage crops or native pasture. In India, this system is
known as Silvipasture. In arid environments with rainfall less than 200 mm annually, this is an
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important practice to improve forage production in places that have high supplementation
needs to feed animals. Silvipasture can be used to rehabilitate pastures and prevent erosion.
When using drought tolerant species it is ideal for harsh climate conditions for areas with
limited rainfall and a high risk of drought. Diversifying forage crops in multi-crop systems can
be important for improving diet quality. This practice also extends the grazing season by
reducing drought. This is achieved by increased water infiltration in the micro-catchments that
shrubs and trees provide. It also improves the organic layer in soil by preventing erosion and
contributing bio matter. Increased organic matter increased the water holding capacity of soil.
The canopy of shrubs also creates micro-habitats and refuges for native species. Silvipasture
presents a way to sequester carbon and still allow for grazing of livestock. As a resultitis a
system that addresses multiple problems while deriving multiple benefits.

Grasses Used in Silvipasture

The productivity of these lands can be enhanced by growing drought hardy nutritive pasture
grasses such as Cenchrus setigerus. This grass performs well on degraded lands, improves soil
conservation, and provides nutritive fodder to livestock. Prior to this project, CAZRI conducted
participatory on-farm trials at farmers' fields to assess the performance and production
potential of pasture grasses under different farm conditions and to demonstrate improved
technology of pasture development. This was done to increasing the quality and quantity of
fodder to sustain livestock in the region. Range grasses i.e. C. ciliaris and C. setigerus were sown
in third week of July 2011 on protected common land having gravelly type of soil with poor soil
fertility, on bunds and field strips and on boundaries of arable land of Harsolov and Dehri

villages of Merta and Jayal tehsils respectively. As a result these successes will be scaled in this
project by promoting Cenchrus setigerus in Silvipasture systems. A flyer on Cenchrus setigerus
was created and can be seen in Appendix 2.

Cenchrus setigerus Cenchrus ciliaris
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Trees/Shrubs Used in Silvipasture

Prosopis cineraria is promoting through the project as a tree crop in conjunction with Cenchrus
setigerus due to its drought resistant characteristics and ability to tolerate high saline and
alkaline environments. It is native to Rajasthan and is not a new introduction. P. cineraria can
resemble a bushy structure if cut above ground level as it will produce numerous new buds and
shoots that can then be grazed. However promoting its use it beneficial as the pods are highly
desired by livestock and a source of protein. Green pods are also incorporated into many local
dishes.

Prosopis cineraria

Other trees and shrub crops can be used for silvipasture however this is one of the most
drought tolerant. A flyer on silvipasture was created by the project, see Appendix 3. The flyers
talks about the use of Prosopis cineraria for forage and fodder in arid silvipasture systems. To
provide further information on the species to the general public another flyer on Prosopis
cineraria was created to promote the utilization of the species further, see Appendix 4 for the
Prosopis cineraria flyer.

Characterization of Community Grazing Resources

Site description
The experiment is conducted in Azitnagar, Bavarli in Jodhpur. This site was chosen based on its

representative characteristics for arid areas in the region to assure that project efforts are
scalable as well as their demographic characteristics which are also representative of the
region. The land tenure is communal land that has been allocated for project research and
outreach.
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Tables 1 through 3 present an overview of the land use as well as selected demographic

characteristics of the livestock and household.

Table 1: Land use pattern of Ajeet Nagar, Bawarli, Jodhpur Rajasthan (2014 census)
Sl. No | Particulars Area (ha)

1 Total geographical area 818.90

2 Net cultivated area 668.16

3 Rainfed area 668.16

4 Irrigated area 0

5 Grazing lands (village commons) 145.28

6 Forest area 0

7 Other 5.46
Table 2: Demography of village Ajeet Nagar, Bawarli, Jodhpur (2011 census)
SI No. | Particulars Numbers

1 Total human population 1044

2 Male 546

3 Female 498

4 SC Nil

5 ST Nil

6 Household number 186

7 Demographic profile of village (major Jats, Rebari and Mirachi Muslims

communities)

Table 3: Livestock population of village Ajeet Nagar, Bawarli, Jodhpur (2012 census)
SI No. | Livestock species Numbers

1 Cattle 122

2 Buffalo 77

3 Goat 83

4 Sheep 309

5 Camel 33

6 Others 0
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Furthermore a project baseline survey to evaluate the impact of silvipasture practices has been
developed (Appendix 5).

Experimental design

The experimental design consists of strip plot design with four treatments and three
replications (Table 4). A spacing of 1m x 1m was used for the grasses and a spacing of 10m x
10m was used for the shrubs. For forage grasses Cenchrus ciliaris and Cenchrus setigerus were
tested with two shrub species Mimosa hamate and Grewia tenax. Mimosa hamata (Hindi: Alay
shrub (3TelTd) is a species of flowering shrub in the pea family, Fabaceae, that is native to the
Thar desert of the Indian subcontinent. Grewia tenax belongs to the family Tiliaceae, is an
example of multipurpose plant species which is the source of food, fodder, fiber, fuelwood,
timber and a range of traditional medicines that cure various perilous diseases and have mild
antibiotic properties. Observations to be recorded include vegetation cover, biomass yield,
species diversity, etc.

Table 4: Experimental design - Ajitnagar, Bawarli, Jodhpur

Replication 1 M. hamate + C. ciliaris G. tenax + C. ciliaris
M. hamate + C. setigerus | G. tenax + C. setigerus
Replication 2 G. tenax + C. ciliaris M. hamate + C. ciliaris
G. tenax + C. setigerus M. hamate + C. setigerus
Replication 3 G. tenax + C. setigerus M. hamate + C. setigerus
G. tenax + C. ciliaris M. hamate + C. ciliaris

The results will be used to determine which technology or best bet practice has the greatest
forage production as well as generating income (multi-purpose species). Such knowledge can
be scaled out to other areas as the research site is similar to many arid areas in western India.

Empowering Pastoral Communities

A key component of this project is the capacity development of all concerned stakeholders. In
particular agro-pastoral communities with emphasis on woman. Research activity is developed
with community involvement to insure its sustainability and adoption. To increase awareness of
project efforts two field days were conducted:

1. The first field day took place on 25 of February 2015 in Rajor Ki Dhani (Luni Panchayat
Samiti, Jodhpur) during the visit of Dr Mounir Louhaichi (ICARDA Rangeland Scientist). A total of
37 participants attended this event (27 male and 10 female). The participant roster can be
found in Appendix 6.
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2. A separate training for women farmers on improved practices and economic benefits
was also conducted on the 25 of March 2015 with 63 women and 13 men participants
(Appendix 7). The training main theme was about the “Role of women in pasture and livestock
production”. In particular, the following sub-themes were discussed with the farm women
during the training:

- Importance of pasture and its utilization for higher pasture and livestock productivity

- Cut-and-carry system and grazing system of pasture utilization

Concluding Remarks of Silvipasture Project
The first few months of the project have been fruitful in laying the ground work for the project.

Much of the initial efforts have focused on building community awareness and participation. It
is believed that this is important to ensure the sustainability and long term impact of the
project so that project results are scalable and adaptable over the long term. Informational
flyers were created for silvipasture, Cenchrus setigerus, Prosopis cineraria to not only build
awareness but also to assist those who would like to adapt these new practices and try these
new species. Two awareness field days were organized. The first one took place in Rajor Ki
Dhani targeting both man and woman. The second field day was dedicated to women farmers
on the importance of pasture and its utilization for higher pasture and livestock productivity. A
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blog was also written to build awareness to the broader public regarding project activities and
efforts. The blog is posted on CRP DS website (http://drylandsystems.cgiar.org/systems-

update/improving-dryland-agronomic-practices-one-pastoralist-time). Establishing the site

treatments and replications was successful in Azitnagar, Bavarli Jodhpur. Further work will be
implemented after receiving the season’s rains. A survey was drafted to understand the
impact of the project and will be conducted after the monsoon season.
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Project # 10: Assessing Adaptability and Utilization Potential
of Opuntia ficus-indica in Low Rainfall Regions of India

Collaborators

ICAR Partners:
- Dr. R. K. Bhatt (CAZRI DG)

o Address: Central Arid Zone Research Institute - CAZRI
Near industrial Training Institute (ITI)
Light Industrial Area, Jodhpur - 342 003 (Rajasthan) - INDIA

o Telephone : +91 291 2786584
Fax : +91 291 2788706
Email: director@cazri.res.in or rkbhatt@cazri.res.in or
researcher.rkb@yahoo.com

Dr. Suresh Kumar

o Email sk ecology@yahoo.co.in or skumar@cazri.res.in
- Dr. Devi Dayal, Head, CAZRI Regional Research Station, Kukma, Bhuj, Gujarat.
o Phone 02832 271238
o Fax 02832 271238
o Mobile 09429083171
o e-mail devidayal@cazri.res.in, devidayal.cazri@yahoo.co.in
- Dr. Arvind Kumar from CAZRI, Bhuj, Gujarat
o Phone 02832 271238
o Fax 02832 271238
o Mobile 09408532332
o e-mail singh.ak92 @gmail.com
- Dr. P. K. Ghosh (Indian Grassland and Fodder Research Institute "IGFRI”, Director)
o Address near Pahuj Dam, Gwalior Road, Jhansi — 284 003 (U.P.)
o Phone +91-0510-2730666
o Mobile 0510-2730666;09453042870
o Fax 91-0510-2730833
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o e-mail igfri.director@gmail.com; ghosh pk2006@yahoo.com

ICARDA Scientists (Amman, Jordan):

- Dr. Mounir Louhaichi (Principal Scientist)
o Email: m.louhaichi@cgiar.org

- Dr. Kathryn Clifton (Post-Doc Landscape Ecologist)
o Email: k.clifton@cgiar.org

- Dr. Jutta Werner (Rangeland Scientist)
o Email: .werner@cgiar.org

Introduction

Promoting the growth of spineless cactus in arid areas of India for forage can reduce grazing pressure
and degradation by providing new fodder resources and increase incomes. Spineless cactus is
known for its remarkable physiological adaptation to water shortage and for its tolerance to dry
weather conditions. Opuntia ficus-indica can be grown not only as a fodder bank in cultivated
fields but also as wind breaks and barriers. The use of cactus cladodes in animal feeding
substantially reduces water consumption and can increase in farm output and income. It
reduced the dependency on external inputs. Research has shown that lambs fed on straw
supplemented by cactus and saltbush grew at a rate of 80 grams per day in Tunisia. Dairy cattle
receiving a mixed diet composed of 60% ground cactus cladodes, yielded around 25 liters of
milk per day. South African lambs fed on a diet of sun-dried and coarsely-ground cactus
cladodes mixed with hay, maize meal, and molasses meal grew at similar rates to those
receiving a conventional diet- at a fraction of the cost. The plant can increase incomes not only
from reduced costs and increased livestock production but also from alternative income
streams as well. The cactus cladodes and fruit can be consumed by humans as well allowing for
their sale in various forms. The oil from the seed can also be sold to the cosmetic sector.
Extraction of the mucilage from fresh cladodes can form a gelling, emulsifier and fat-replacing
agent commonly found in food products such as mayonnaise and candy. The plant is able to
generate a high biomass of green forage — ranging from 30 to 250 tons per hectare in semi-arid
areas. This reduces the intense pressure that livestock might otherwise exert on scarce water
resources and other rangeland plant species.

Goal

To provide green fodder to livestock during the lean season when alternative feed resources
are scarce and to promote spineless cactus (Opuntia ficus-indica) as an alternative source of
green fodder.

Objectives
e To assess survival, growth, fruit yield and biomass production potential of existing
Opuntia ficus-indica accessions at various locations/accessions through people’s
participation.
e To select most suitable variety/genotype for fruits/fodder and its dissemination to
farmers.
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e The development of feeding strategies for sheep, goat and cattle based on optimal use
of cactus cladodes.

Past Events Aiming at Promoting Cactus Pear in India

e 1n 2010, 43 germplasm accessions of cactus pear (Opuntia ficus-indica) were introduced
at CAZRI, Jodhpur.

e In 2011: in collaboration with Cactusnet, ICAR and ICARDA, an International Workshop
on “Cactus Crop to improve the livelihoods off rural poor and to adapt to climate change
in the arid and semi-arid regions in dry areas” was held in Delhi, 25-26 November 2011
at the National Bureau of Plant Genetic Resources (NBPGR).

e In 2012, 18 accessions were sent again from Sicily (Italy) to replace the missing
accessions. This will enlarge the scope of promotion of this species in suitable agro-
climatic set up. In addition, healthy pads were transplanted from the existing cactus
plantations at CAZRI HQs (Jodhpur), to the new site at Bhuj.

e In 2013, 18 accessions were sent again from Sicily (Italy). The introduced accessions
were planted at CAZRI HQs in Jodhpur & Guijrat.

Accomplishments So Far
During the first year of this project (2014/15) the project engaged in a myriad of ways to
promote the use of cactus in the dry areas of India including:

Introduction and Assessment of Cactus Pear Condition in Different Agro-Ecological Zones
In 2014/15, through the FAO-ICARDA Cactusnet (http://www.cactusnetwork.org/home.html),

cactus accessions were sent from Brazil and Italy to four different partner institutes in four
different states of India:

- CAZRI (Central Arid Zone Research Institute) in Rajasthan,

- IGFRI (Indian Grassland and Fodder Research Institute) in Madhya Pradesh,
- CSSRI (Central Soil Salinity Research Institute) in Haryana, and

- UHS Bagalkot (University of Horticulture Sciences Bagalkot) in Karnataka.

CAZRI has two research stations where the accessions are being tested, one in Bhug and the
other in Kachchh. IGFRI has more than 21 research sites. Accessions are being evaluated at
these research centers for their adaptation to multiple environments in India. See Appendices
8a, b, ¢, and d for an overview of the accession distribution. Accessions have begun to
reproduce cladodes. Initial testing has been conducted on these new accessions in different
agro-ecological zones. It is evident in the table below that some cladodes are performing better
than others. Such studies are important to promote varieties that are best adapted to the
locality. Once the accessions have grown enough to replicate in other research sites they will
be distributed to farmers.

Conducting Awareness Field Days
Getting community support is essential for the long term sustainability of the program and to

also increase adoption rates through greater visibility. During the first three months of this
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project an awareness field day was held at Central Arid Zone Research Institute, Regional
Research Station, Bhuj by CAZRI, Jodhpur and KVK, Bhuj on March 3™ 2015. Promotional material
for this event was published in the newspaper to encourage greater attendance, see Appendix 9.
Farmers that have had prior involvement with CAZRI for the past 3 to 4 years were contacted and
an announcement was placed in the local newspaper. The event was attended by 89 farmers
from different villages of Kachchh district of Gujrat of which 15 were women. The meeting
agenda and attendance can be seen in Appendices 10 and 11 respectively.

The following topics were covered in the field awareness day:
Dr. Devi Dayal, Head, CAZRI-RRS
e Emphasized the utility of thornless cactus for wastelands in Kachchh district.

Dr. Shamsudheen M., Scientist-Soil Science, CAZRI, RRS, Bhuj
e Briefed about the successful growth of over 70 accessions introduced from various
countries through ICARDA, Jordan at Bhuj.
e Farmers visited these thornless cactus field (1.5 ha area) established at CAZRI, RRS, Bhuj
and appreciated the efforts.

Dr. Suresh Kumar, Head, Division Il, CAZRI, Jodhpur and PI, ICAR-ICARDA
Highlighted through video
e lts use as fodder (green and dry) especially in dry season of fodder scarcity.
e The use of young cladodes for vegetable and pickling are nourishing besides being life
support.
e That cactus has tasty fruit that is eaten raw and is a rich source of antioxidants.
e That cosmetics and medicinal constituents derived from its various parts provide income
to farmers in Europe and American continents.

Dr. A.S.R. Lalani, Veterinary officer, Sarhad Diary, Kachchh

e Explained how the thornless cactus could improve the animal husbandry scenario of the
district.
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In view of so many uses and ecological benefits, farmers showed great interest to plant cactus
on their own lands. Around 13 farmers demanded the planting materials or cladodes of thornless
cactus. The meeting ended with vote of thanks by Sh Sanjay Kumar, Subject Matter Specialist,
KVK, Bhuj.

Publications
Scientific article: A paper was presented during the cactus pear congress and published in 2015

by Acta Horticulturae of the International Society for Horticultural Science (ISHS). The citation is
as follow:

Roy, M.M., S. Kumar, P.R. Meghwal and A. Kumar. 2015. Prospects of Cactus Introduction for
Improving Livelihood in Low Rainfall Regions of India. Proc. VIII™" International Congress
on Cactus Pear and Cochineal. Eds.: Inglese et al. Acta Hort. 1067: 239-246, ISHS

Factsheets: Factsheets on agronomic practices and Cactus as a feed resource have also been
created (Appendices 12 and 13). These factsheets will assist farmers and extension specialists
in adapting these new practices and build awareness among other project stakeholders, such as
other government offices, NGOs, grass root organizations, and farmer organizations.

Blog: Blog on utilizing Cactus as a feed resource in India has been published on the field day to
create greater visibility and momentum of project efforts (Appendix 14).

Concluding Remarks of Cactus Pear Project

The support for the project efforts has been essential to build the foundation of promoting
cactus in the dry areas of India. Spineless cactus pear holds great potential in reducing the
forage gap and increasing incomes from the sale of fruit and other products. However such
effects are not felt immediately as in depth studies are needed to assess the adaptation to the
local environment and to increase awareness of the plant has to be built to that it will be
adopted. Initial efforts show great promise and productive varieties are already beginning to
be seen and awareness around the project has been received positively by concerned
stakeholders. Demand for cactus cladodes is higher from farmers than there are cladodes
available. However as replication and testing proceeds this will soon change. Project efforts

17 |Page



are at their inception and will continue and more results will be available in the next project
reporting period.

Overall Conclusion

The arid and semi-arid region in the state of Rajasthan India is characterized by scarce,
irregular, poorly distributed rainfall and high temperatures. The low nutritive value of the
forage from this region is the main obstacle to increasing animal productivity.

Sustainable development of silvipasture systems and Opuntia ficus-indica have the potential to
reduce feed gaps in the drylands of India and promotion and research of such new techniques
is essential to improve livelihoods of pastoralists. The implementation of project activity was
delayed considerably due to the fact that the memorandum of agreement (MOU) was signed
on the last day of December 2014. As a result, the project has been focusing on building
awareness through blogs, factsheets, flyers, and field days. Field days have been met with
enthusiasm from farmers and other project stakeholders. Research activities have started for
silvipasture to test best bet practices techniques. This latter project has been lucky to have the
support of a private farmer who has already shared improved forage cuttings with others
through prior work with CAZRI. In addition, the project was able to initiate field trials of cactus
accessions with four partner institutions in four different states through the supportive
initiatives of these institutes. Knowing that the project was supported by the Indian
government has provided essential support and confidence among partners that have made
prior project initiatives successful. Now that the MOU is signed and project activities are
underway the next reporting period will have even more completed activities to elaborate on.
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Appendix 1: Dated MOA Signature Page

(a) All existing Intellectual Property provided for use by the Parties in the collaborative activities
under this Agreement ("Background IP") will remain the sole property of the contributing Party.
Each Party shall grant the other Party non-exclusive rights to use the contributed Background IP
for the purposes of research, development, training and dissemination activities.

(b) All results, including but not limited to data, databases. information, know-how, processes,
software, germ plasm or other materials created, discovered or developed during collaborative
activities by one or more employees of either Party ("Resulting IP"), will belong to both Parties,
and may be used by either Party in research, development, training and dissemination activities.
The Resulting IP will be made freely available to other parties as international public goods for
non-commercial purposes.

(c) It is agreed that each Party will not license to third parties or sell or commercialize in any
form the Resulting [P conceived or made during these collaborative activities without prior
written approval of the other Party.

10. INTERNAL AUDIT

ICARDA shall be responsible for any financial audit and as such shall have access to the
Program Participant accounts pertaining to the study under this Project only upon written
request. The Program Participant shall keep all written records for the period of the Study and for
a year after itg termination or expiry.

This agreement shall become effective upon signature of both parties and each party shall receive
original copy of the signed agrecement,

o A f g \

Name: M. M. ROY Name: Mahmoud Solh
Title: Di rectav Title: Director General
Central Arid Zone Research Institute International Center for Agricultural

Research in the Dry Areas

Date: 3‘\\1\:?_0“1 Date: ,20[/0/02@ /1/
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Appendix 2: Cenchrus setigerus Flyer

Dryland Systems Solutions
Producing More with Less

Pastoral and Agro-Pastoral

Managing rangelands:
promoting sustainable
grass/forage species

Birdwood Grass (Cenchrus setigerus):

A resilient, drought-tolerant tufted perennial
grass suitable for pasture in hot and dry areas

Drylands are one of the important ecosystems and
spread on about 40% of the world’s land area. About two
billion people get livelihood support from these lands.
Rangelands are the dominant land use systems and prac-
ticed on about 65% area of the drylands. Developments of
drylands are essential to make the Peoples more competi-
tive in terms of livelihood to that of well developed areas.
Further, development of these areas also helpful in global

climate regulation as these lands store approximately 46% |
of the global carbon share. Several independent silvipasto- |
ral models exist for sustaining the livelihood of peoples |

living in drylands of the world. Silvipastoral systems offer
the potential to enhance fodder production for the ever
increasing livestock as well as to obtain income from new-
ly afforested areas in short duration. )
Cenchrus setigerus is native to East Africa and

westem Asia and is one of the most drought tolerant per-
ennial tufted grass grows between 30‘% and 30°S in
westem Asia (southern Iran, Yemen, Pakistan and India)
and East Africa (Kenya, Tanzania, Eritrea, Ethiopia, So-
malia, Sudan, Egypt). It is also found in Australia and
South America. It occurs naturally in areas with an aver-
age annual rainfall that ranges from 125 mm to approxi-
mately 1250 mm, but most commonly between 300 and
600 mm. Common in open dry bush and grassland, it is
very tolerant of drought and heat and adapted to arid and
semi-arid climates with a long dry season and annual
rainfall as low as 200 mm. Optimal temperatures are 30-
35°C but it can also survive frost. It can withstand strong
winds, low annual ramfall, acute erosion and a nutrient-
depleted soil profile. Cenchrus setigerus responds very
quickly to light rains but does not respond well to winter
rains.

~ This grass is distributed in hotter and drier parts of
India, Pakistan, Mediterranean region, tropical and south-
ern Affica. It is more competitive under the conditions of
high temperature, solar radiation and low moisture and
more efficient at gathering CO2 and utilizing nitrogen
from the atmosphere and recycled N in the soil. It ap-
peared to be superior to buffel grass (Cenchrus ciliaris),
as it was very hardy, possessing a strong rooting system
which enabled it to carry through prolonged drought pe-
riods. Even when eaten out the heart of the crown re-
tained its vitality, although the plant would appear to be
dead. A few showers of rain will then bring it back into
full vigour.
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Scientific name:
Cenchrus
setigerus

Common names: bird-
wood grass (English),
anjan, moda dhaman
(India), heskaneit Arabic
{Sudan), garbi (Somalia)
Location: Native to East
Africa

Cenchrus setigerus benefits:
Drought tolerant: most drought tolerant
perennial tufted grass, survive in annual
rainfall ranging from 300 to 600 mm.
Ability to withstand extremes of tem-
erature and frost.
srow on soil types ranging from sandy,
sandy loam, stony and murram and on
alkaline soils.
Dry forage yields mostly 1-1.5 t/ha
Forage contains 18.6% CP, 28.3% CF,
11.9% ash, 1.9% EE and 39.3% NFE.
The IVDMD and INED values are 57.4
and 54.9 %, respectively.

Birdwood grass grows in all types of range-
lands on sandy, sandy loam, stony and murram
(calcium carbonate dominated) soils. Rarely found
in fields with stony clay soil and near water courses.
It grows luxurianfly in light as well as heavy clay
soil. While it prefers light-textured sandy soils, it
can be found on gravelly areas and alluvial flats and
heavy black clays. It also grows well on alkaline
soils and is tolerant to salinify. Best growth of grass
observed in well drained sandy-loam soils with pH
ranging from 7 to 7.5. This plant requires good fer-
tility, and very responsive to nitrogen (N) and phos-
phorous (P). The root system is generally less devel-
8pe?hthan C. ciliaris and hence requires good soil

epth.



April 2015

Managing rangelands: promoting sustainable grass/forage species

Sown pasture of C. setigerus on
sloppy gravelly land in Nagaur dis-
trict of Rajasthan

Establishment and management )

_The grass can be established by direct seeding, trans-
planting seedlings, or bgf root slips. Its inflorescence is
called spike and 1s 1.0.5-9 ¢m long and 0.4 to 1.0 cm wide.
Spike contain up to 50 spikelets, each spikelets contains
one to three caryopses. Calyolpses are very small and one
gram contains about 350 spikletes. No seed dormancy re-
ported and germination is 10-20% in freshly harvested
seeds. in the grass and Seed rate 4-5 kg or root slips 800-
1000 kg is recommended for one ha, The crop geometry of
75 em x 50 cm is found optimum for the grass. For large
scale development program, placement of seeds ata 1-2 cm
depth in furrows opened with cultivator and also broadcast-
ing just before or at the onset of first effective showers
proved to be most effective. Pelleting of seed can also be
made by mixing spikletes with tank silt and cow dung. Pel-
leted séeds germinate better than non-pelleted ones under
irrigated conditions whereas unpelleted seeds germinate
better under moisture stressed conditions. Maximum germi-
nation occurs at 30°C, Direct seeding is done by while mix-
ing the seed with moist sand. Some toxic inhibitors are re-
ported to be present in the seed fuzz, hence soaking of seed
in water for about 8-12 hours just before sowing 1s recom-
mended. One month old seedlings and rooted slips can be
also be used for establishment of pasture and transplanted
in the prepared field with the onset of rainfall.

enchrus setigerus exhibited only one peak of
growth during August to October and its “performance de-
clined thereafter progressively in Indian sub-continent. The
dead biomass proportion which was around 50% until Sep-
tember increased to around 75% in winter and post-winter
period gradually. Since the plant can be slow to establish,
grazing may need to be delayed 4-6 months after sowing,
and up to 9-12 months, depending on establishment condi-
tions. Once established, birdwood grass can stand heavy
grazing. To thicken the stand it should be allowed to seed
every two to three years. Dry forage yields mostly 1-1.5 t/
ha (but ranging from 400-2,000 kg/ Jdep,endmg on grow-
u})g conditions. In India, cutting at ten-day intervals yielded
400 kg DM/ha and cuttml% at 60-day intervals yielded 2 120
kg DM/ha. At Jodhpur, Rajasthan, average monthly yields
er |§lant of 45 ¢ 32°g and 119 g were recorded under
78.8 mm, 92.7 mm and 504.8 mm rainfall respectively. In
Northern Australia, it yielded 679 kg DM/ha per year over
three years.

setigerus

White coloured spikelets of C.

Purplish coloured spikelets
of C. setigerus

A )J))hcatlon of nifrogen qi' 40 kg/ha or phos-
phorus }g, 20 kg/ha, either singly or in combination
mncreases yield from 15% to 38% over unfertilized
asture. Removal of weeds from seeded pasture after
-4 weeks of seeding is essential for good establish-
ment and production. 3-4 cuttings J)er ectare can be
taken in a year from the established pasture. The cro
must be cut close to the ground (5 ¢m above groun
when approximately 15 percent of the plants are
flowering for maximum forage vield and quality.

It 18 highly nutritious grass and considered ex-
cellent for pasture in hot, dry areas and is valued for
its production of palatable forage and intermittent
grann% during drough(?( periods in the tropics. The
grass, fed green, turned into silage, or made into hay
1s said to increase flow of milk in cattle and impart a
sleek and glossy appearance. The nutritive value of
§rass reached maximum at pre-flowering stage. Its

esh material at the early-bloom stage contained 18.6
per cent crude protein, 28.3 per cent crude fibre, 11.9
per cent ash, 1.9 per cent ether extract and 39.3 per
cent nifrogen-free extract. The In Vitro Dry Matter
Dll\gfjgsnb_llﬁa/ (IVDMD)_ and Energ(}' Digestibility
(I Yo,

D) in the grass is 57.4 and 54.9 %, respectively,

Effective maintenance:

+ Establish by direct seeding, seedlings, or root
slips

+ Plant is slow to establish, grazing may need
to be delayed 4-6 months after sowing, and
up to 9-12 months, depending on establish-
ment conditions.
To thicken the stand it should be allowed to
seed every two to three years.
Once established it can be fed green, grazed,
turned into silage, or made into hay
Removal of weeds from seeded pasture after
3-4 weeks of seeding is essential for good es-
tablishment and production.
Three to four cuttings per hectare can be
taken in a year from the established pasture.

Rangeland plant factsheets:
This series of flyers is desi

of fl ed to build awareness of sustainable rangeland species among extension workers and
those working in the agricultural research and policy sector.

22 ICARDA

Science for Better Livelihoods in Dry Areas

Contact:

Dr. RN. Kumawat, Principal Scientist, CAZRI, Jodhpur
(Rajasthan)— 342003. Email: mkumawat(@rediffmail.com

Dr. AK. Misra, Head & Principal Scientist, CAZRI, Jodhpur
(Rajasthan)-342003 (India). mishraak 17@y ahoo.com

Dr. Mounir Louhaichi, ICARDA Range Ecology and Manage-
ment Research Scientist. M.Louhaichi@cgiar.org



Appendix 3: Silvipasture Factsheet
Promoting Sustainable Silvipasture in the Drylands of India

Silvipasture is the practice where livestock and forage is integrated in the agroforestry production

system. Traditionally this was common in most of the arid and semi-arid parts of India,
particularly in parks. In silvipasture systems, trees or shrubs are planted in rows at a wide spacing
creating alleyways where animals can graze in between. The grazing alleys can consist of either
annual forage crops or native pasture. In arid environments with rainfall less than 200 mm
annually, this is an important practice to improve forage production in places that have high
supplementation needs to feed animals. Silvipasture can be used to rehabilitate pastures and
prevent erosion. When using drought tolerant species it is ideal for harsh climate conditions for
areas with limited rainfall and a high risk of drought. Diversifying forage crops in multi-crop
systems can be important for improving diet quality. This practice also extends the grazing season
by reducing drought. This is achieved by increased water infiltration in the micro-catchments
that shrubs and trees provide. It also improves the organic layer in soil by preventing erosion and
contributing organic matter. Increased organic matter improves the water holding capacity of
soil. The canopy of shrubs also creates micro-habitats and refuges for native species. Silvipasture
presents a way to sequester carbon and still allow for grazing of livestock. As a resultitis a system
that addresses multiple problems while deriving multiple benefits.

Management:

Silvipasture requires management skills to sustain the system. It constrains traditional mobility
and requires protection and periodic maintenance for the system to be sustainable. It takes two
years to establish and see the benefits and there are substantial costs to set up this system. Many
site characteristics must be taken into consideration when establishing a Silvipasture system,
such as; slope, soil characteristics, climate conditions, and which plants to use. While shrubs or
fodder trees assist in reducing the feeding gap, shrub and tree fodder can only constitute up to
one quarter to one third of the dry matter intake of small ruminants. Thus grass must be provided
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or maintained between the rows. Species can vary by locality depending on site characteristics
and local knowledge.

Almost all shrub or tree species need to be transplanted except for a few species that can be
established through broadcasting or direct seeding. Planting before the rainy season has benefits
to allow for root establishment. Roots need to be established and a two year waiting period
needs to be implemented prior to grazing to avoid soil compaction from animals that can
jeopardize shrub or tree establishment. Selected grass species need to have the ability to adapt
to low light, particularly if using tree species, by moderating their efficiency of their
photosynthetic apparatus. All selected plant species need to have drought tolerance, easy
propagation, high palatability, and the ability to withstand grazing. Rooting structure of both
species needs to be taken into account so that there is not competition between species. Plants
that have allopathic effects on other plants should not be selected. Some Silvipasture systems
grow cash crops such as barely or wheat between the rows that are cut and carried, allowing
animals to graze on the stubble and shrubs after harvest. This is another option however
sufficient fencing and irrigation is usually needed.

In India, there are many commonly planted trees that can be cut and used for fodder or fuel.
Commonly planted trees that are used for fuel and fodder in the arid and semi-arid areas include
Ailanthus excelsa, Acacic nilotica, Prosopis cineraria, Ziziphus nummularia, Z. mauratiana,
Tecomella undulata, and Dalbergia sissoo amongst others. The trees Prosopis cineraria, Ziziphus
nummularia, and Tecomella undulata are commonly planted in arid zones with low rainfall while
Dalbergia sissoo is grown in the irrigated areas of arid zone of India. The growth of P. cineraria is
very slow under the rainfall zone of less than 200 mm and takes about 20 years to reach a
desirable height. Under alluvial soils and higher rainfall zones (300-450 mm) it grows well and is
able to produce 40-50 kg dry leaves at 12-15 years of age. The tree can withstand heavy lopping
and browsing. Z. nummularia can regenerate through root suckers and can regenerate even after
being felled. Aside from creating leaf fodder Z. nummularia can yield 3-5 kg of fruit per bush
even while growing under rainfall conditions of 150-250 mm per year. Fruit trees are also often
cultivated such as Cordia myxa, Ziziphus mauratiana, Phyllanthus emblica and Phoenix
dactylifera, but irrigation may be necessary depending on the species.
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Appendix 4: Prosopis cineraria Factsheet

s ..-'::4

Dryland Systems Solutions
Producing More with Less

Pastoral and Agro-Pastoral Systems

Agroforestry systems:
promoting sustainable
forage production species

Khejri (Prosopis cineraria):
A marvel tree for the agroforestry
in arid and semi-arid ecosystem

Drylands cover at]_)v[;roximately 40% of the world’s
land area, and support two billion people. Rangelands and
arable crops Bracﬁced on 65% and 25% of the total re-
ported area. Land degradation is the common Hhenome—
non in drylands. In recent past the process of degradin,
natural resource base is increased many fold due to rapi
increase in human and animal population and aberration
in climatic events. Drylands are more vulnerable to im-
pacts of climate change than the irrigated areas due to
prevailing, environmental, economic and political reasons.
Application of sustainable land management dpractices
such as use of land according to its capability an growing
of perennial herbs with the woody perennials could help in
recovering and rehabilitation of land, water and vegeta-
tion in arid regions. The result: improvement in the liveli-
hood security of rural communities and restoration of nat-
ural resources. ) )

Khejri (Prosopis cinergria) is an important tree of the
desert ecosystem and glayed important role in the lives of
people. It is the state tree of Rajasthan (India) and national
tree of the United Arab Emirates. Tt is one of the most drought
tolerant tree species found in the desert ecosystemn and inhab-
its dry, arid areas where annual rainfall averages less than 500
mim. In areas of its natural distribution, the climate is charac-
terized by extremes of temperature. It is capable of lodgmg
roots 30 metres into the a%'roumd and accessmﬁ_ water obscure
from the grasps of animals and other plants alike. Withstand-
mng gl_rleat variation in temperatures, it easily copes with sum-
mer heat in the 50°C range and winter nights that can bottom
at around 0°C. The tree 1s able to withstand the hottest winds
and the driest season, and remains alive when other plants
would succumb. ] ]

~_InIndia, its densﬂg varies from 5 to 80 trees per ha. The
rainfall belt between 250 and 400 mm shows h;ﬁhest density.
Its density decreases on both sides of this rainfall zone. It is'a
slow growing tree and takes 10 to 15 years to mature in 200 —
300 mm rainfall zone and 20 years in 100 — 200 mm rainfall
zone, Slow growth of the aerial part is one of the adaptation
of this tree. Khejri tries to establish itself first with its stron,
root system and then allows the tog gowth. This deeper 100
system help this plant to withstand the drought successfilly.

he tree is small to medium in size, can withstand extremes of
temperature up to 50°C and less than 100 mm rainfall. Hence
it became an integral part of the traditional agriculture and the
lifeline of the desert inhabitants of Rajasthan and provides
much needed fuel, fodder and vegetable to the farmers.
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Scientific name: Prosopis
cineraria
Common names: Ghaf
{Arabic), Khejri (Rajasthan),
Kandi (Sindh, Pakistan},
Gandasein (Burmese), Samif
Shami (Shanskrit) and Lunu

andara (Sinhala, Srilanka)
Location: Native to arid por-
tions of Western and South
Asia such as the Arabian
and Thar Deserts

Prosopis cineraria benefits:
Drought tolerant: Long tap root system,
survive in annual rainfall ranging from
100 to S00 mm,
Ability to withstand extremes of tem-
perature up to 50°C and less than 100
mm rainfall.

Grow on soil types ranging from sandy
loam to clay loam and flat plains to sand
dunes.

A moderate sized tree yields about 45 kg
of dry leaf fodder that contain 93.2%
dry matter, 92% organic matter, 16.8%
crude protein and 49.3% TDN.

Although it has a wide ecological amplitude, its op-
timum density (150-200 per ha) and vigour is found
in 300-400 mm rainfall. Tt is a tree of the plains or
gently undulating ground and ravine country and
seldom extends into the hills. Prosopis cineraria is
found on soil types ranging from sandy loam to clay
loam and flat [1) ains to sand dunes, but grows best
on alluvial soils consisting of various mixtures of
sand and clay. Older and oun%:clr_a_llu\flal plains are
the two habitats preferred by khejri. Alluwvial plains
with sandy loam seils invariably support more trees.
It is common on moderately saling soils, but quickly
dries out where the soil is very saline. Because of its
capacity to avail perched wafer and to absorb mois-
ture from rains through its foliage, it can grow in the
extremely arid tracts (100 mm rainfall).



Khejri based parkland agroforestry Lopping provides both Loong

practiced with rainfed crops in and firewood

Rajasthan

Silvipastoral Management

) Kh?flxn tree does not compete for moisture and nu-
trients with crops. It improves soil fertility through fixin;
of atmospheric nitrogen, adding organic¢’ matter throu
leaf litter decomposition and increasing soil moisture in
the rhizosphere. It coppices readily and can withstand
heavy loj pmg/browsmgl. Owing to all these, khejri is
compatible with all arable crops and pasture grasses. The
tree boosts the growth and productivity of the companion

lants. The most widely practiced systems is the

rosopis cineraria parklands in Rajasthan and other
western parts of India. Rainfed crops (millets and leg-
umes) are grown during the autumn and irrigated crops
(wheat, bar ?, mustard, cumin etc.) are grown during
spring. Yield of rainfed crops, pearl millet, sorghum,
mung bean, moth bean and cluster bean grown within 5-
10 m radius around the mature tree recorded two to three
fimes more grain yield than the crops gowmdg adjacently
but away from trees in rainfall zone of 300-500 mm.

The silvipastural experiments conducted at CAZRI,
Jodhpur revealed that dry matter vields of range grasses
under Prosopis was highest, 2.3 t/ha compared with other
trees. Prosopis cineraria is an important source of to
feed during lean months from December to June. A mod-
erate sized tree Y‘lelds about 45 kg of dry leaf fodder lo-
cally known as 'loong’. The dry leaves contain 93.2% %13/
matter, 92% organic matter and 16.8% crude protein. All
trees are lopped for foliage (loong) in a systematic man-
ner during November and December each year. The
lopped trees virtually remain dormant during winter and
sprout by mid-February. This reduces the crown cover
and improves the J_peneh’atlon of sun light required for
ﬁnl'owmg crops. In June to July, the sown kharif crop and

e tree crown fgrpw mmultaneousle/. The tree crown as-
sumes its full foliage by the end of September when the
agricultural crops start maturing. The crop and tree do
not compete with each other as annual crops draw_their
moisture and nutrients from the top 50-60 cm of soil,
whereas the effective root system of the tree is below this
depth. Thrm(ligh experience, farmers have realized its
usefulness and learnt that it does not adversely affect
crop vields but actually improves grain yield and forage
biomass production.

Khejri plant infected with fungus
Gonoderma lucidium fungus,
cause of mortality

Mortality Management

Recently, heavy mortality of khejri in the Nagaur,
Jhunjhunu, Jodhpur, Churu, Sikar and Jaipur dis-
tricts of Rajasthan have raised an alarm in the all
walks of the society. Closed observations from the
CAZR, Jodhpur revealed that the mortality was
more in the old trees > 50 years or so and the casu-
al organisms were Acanthophorus serraticornis,
Derolus discicollis beetles and white rot fungus
(Ganoderma Ilucidum). The insect damages the
older roots and the fungus grows on these roots
which impaired nutrient and water transport sys-
tem of the trees. Excessive agricultural mechaniza-
tion also causes problems; it does not allow the
slow growing khejri saplings time to take roof.
Many scientific explanations correlated the mortal-
ity with declining water table, but there is nothing
conclusive so far. Scientists of CAZRI, Jodhpur
recommended 1,ntegt1;ated management for the reju-
venation of dying tree. Application of phorate (@
20 gftree and Trichoderma harzianum pre-
incubated in goat manure (1:40 g)/tree is recom-
mended for control of insect and fungus.

Effective maintenance:

¢+  The tree is ready for lol)pino during the
he 350-400 mm

8th year of its life in
rainfall zone

Prune the tree in the month of Oct-Nov
for better quality leaves.

In rainfall zone (400-500 mm) pruning
can be done every year while in low
rainfall areas it can be done once in
every two year.

Contact:

Dr. AK. Misra, Head & Principal Scientist, CAZRI, Jodhpur
| IC A RD A (Rajasthan)-342003 (India). mishraak 17(@y ahoo.com
Dr. RN. Kumawat, Principal Scientist, CAZRI, Jodhpur
Science for Better Livelihoods in Dry Areas (Rajasthan).rkumawat@reditfmail.com
Dr. Mounir Louhaichi, ICARDA Range Ecology and Manage-
ment Research Scientist. M.Louhaichi@cgiar.org




Appendix 5: Survey Questionnaire for Impact Evaluation of Silvipasture Systems

Project 9 Baseline Survey

Instructions: Please circle the corresponding answer or fill in the blank.

How much rangeland do you own or able to practice silvipasture? Ha

Prior to this project to you practice Silvipasture? Yes No

Silvipasture is the practice of cultivating forage grasses in combination with shrub and
tree species.

Prior to this project have you cultivated buffel grass or mode dhaman grass (Cenchrus ciliaris or
Cenchrus setigerus)?

Yes No

Prior to this project have you cultivated Khejri or the Loong Tree (Prosopis cineraria)?

Yes No

How many animals do you lose annually?

Less than 25% Between 25% and 49% 50% or greater
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Final Evaluation

Instructions: Please circle the corresponding answer.

How much rangeland do you own or able to practice silvipasture? Ha

Do you practice Silvipasture as promoted by the project? Yes No

Silvipasture is the practice of cultivating forage grasses in combination with shrub and
tree species.

Do you currently cultivate buffel grass or mode dhaman grass (Cenchrus ciliaris or Cenchrus
setigerus)?

Yes No

Do you currently cultivate Khejri (Prosopis cineraria)?

Yes No

If no to any of the above, what are the reasons that are preventing you from adopting these
practices?

How many animals do you lose annually?

Less than 25% Between 25% and 49% 50% or greater

Has the body condition of your livestock improved since the implementation of this project?

Yes No

Have you increased the number of your livestock as a result of this project?
Yes No
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Appendix 6: List of Participants in Rajore Ki Dhani Field day

(Male and Female)
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Appendix 7: List of Participants Women Training
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Appendix 8a: CAZRI, Bhuj and Kachchh

Accession Name Origin Pads per Accession
Morado Italy 3
Roly Poly Italy 3
White San Cono Italy 2
Zastron 4 Italy 3
Yellow San Cono Italy 2
Trunzara Red Bronte Italy 3
Algerian Italy 3
Red San Cono Italy 3
Seedless Roccapalumba Italy 3
Red Roccapalumba Italy 3
White Roccapalumba Italy 3
Yellow Roccapalumba Italy 3
Yellow Santa Margherita Belice Italy 3
White Santa Margherita Belice Italy 3
Red Santa Margherita Belice Italy 3
Gialla Roccapalumba Italy 4
Trunzara Bianca-San Cono Italy 1
Rossa Roccapalumba Italy 3
Bianca Roccapalumba Italy 2
Seedless Roccapalumba Italy 2
Spineless Italy 2
Seedless Santa Margherita Belice Italy 2
Trunzara Rossa Bronte Italy 3
Trunzara Gialla Bronte Italy 2
Trunzara Bianca Bronte Italy 2
Trunzara Gialla San Cono Italy 2
Trunzara Bianca San Cono Italy 2
Rossa San Cono Italy 2
Gialla San Cono Italy 2
Bianca San Cono Italy 2
Palma Grande Brazil 1
Palma redonda Brazil 1
Palma miuda ou doce Brazil 1
IPA 20 ou clone 20 Brazil 1
IPA Sertania ou baiana Brazil 1
Orelha de onca Brazil 2
Orelha de elefante mexicana Brazil 1
Orelha de elefante africana Brazil 1
F8- Forrageira 8 Brazil 1
COPENA F1 Brazil 1
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COPENA V1 Brazil 1
IPA-90-18 Brazil 1
IPA-90-73 Brazil 1
IPA-90-92 Brazil 1
IPA-90-111 Brazil 1
IPA-90-115 Brazil 1
IPA-90-156 Brazil 1
Palma azul Brazil 1
Additional - 1258 Brazil 1
Mexico Folder-1278 Brazil 1
Mexico vegetable Brazil 1
Mamillion fodder Brazil 1
Mexico unknown Brazil 1
Jalpa Brazil 1
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Appendix 8b: Indian Grass and Fodder Research Institute (IGFRI)

Accession Name Origin Pads per Accession
Trunzara Gialla Bronte Italy 3
Rosaa San Cono Italy 1
Bianca San Cono Italy 1
Palma Redonta Brazil 3
Palma miuda ou doce Brazil 4
IPA 20 ou clone 20 Brazil 10
IPA Sertania ou baiana Brazil 10
Orelha de onca Brazil 44431
Orelha de elefante africana Brazil 1
F 8-Forrageira 8 Brazil 12+8
COPENA F1 Brazil 21+23
COPENA V1 Brazil 7
IPA—90-18 Brazil 2
IPA-90-73 Brazil 6
IPA—-90-92 Brazil 3
IPA-90-111 Brazil 3
IPA—-90- 156 Brazil 3
Palma azul Brazil 3
Additional - 1258 Brazil 4
Mexico Folder - 1278 Brazil 4
Mexico Vegetable Brazil 2
Mexico unknown Brazil 14+15
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Appendix 8c: Central Soil Salinity Research Institute (CSSRI)

Accession Name Origin Pads per Accession
Gialla Roccapalumba Italy 2
Trunzara Bianca- San Cono Italy 1
Rossa Roccapalumba Italy 1
Bianca Roccapalumba Italy 1
Seedless Roccapalumba Italy 1
Spinless Italy 1
Seedless Santa Margherita Belice Italy 1
Trunzara Rossa Bronte Italy 1
Trunzara Gialla Bronte Italy 1
Trunzara Bianca Bronte Italy 1
Trunzara Gialla San Cono Italy 1
Trunzara Bianca San Cono Italy 2
Rossa San Cono Italy 1
Gialla San Cono Italy 1
Bianca San Cono Italy 1
Palma grande Brazil 1
Palma redonda Brazil 1
Palma miuda ou doce Brazil 1
IPA 20 ou clone 20 Brazil 1
IPA Sertania ou baiana Brazil 1
Orelha de onca Brazil 2
Orelha de elefante maxicana Brazil 1
Orelha de elefante africana Brazil 1
F 8 - Forrageira 8 Brazil 1
COPENAF1 Brazil 1
COPENA V1 Brazil 1
IPA-90-18 Brazil 1
IPA-90-73 Brazil 1
IPA -90-92 Brazil 1
IPA-90-111 Brazil 1
IPA-90-115 Brazil 1
IPA -90-156 Brazil 1
Palma azul Brazil 1
Additional - 1258 Brazil 1
Mexico Folder - 1278 Brazil 1
Mexico vegetable Brazil 1
Mamillon fodder Brazil 1
Mexico unknown Brazil 1
Jalpa Brazil 1
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Appendix 8d: University of Horticultural Sciences, Bagalkot (UHS BAGALKOT)

Accession Name Origin Pads per Accession
Morado Italy 2
Roly Poly Italy 2
White San Cono Italy 1
Zastron Italy 1
Yellow San Cono Italy 2
Trunzara Red Bronte Italy 1
Algerian Italy 1
Red San Cono Italy 2
Seedless Roccapalumba Italy 2
Red Roccapalumb Italy 2
White Roccapalumba Italy 1
Yellow Roccapalumba Italy 1
Yellow Santa Margherita Belice Italy 1
White Santa Margherita Belice Italy 1
Red Santa Margherita Belice Italy 1
Gialla Roccapalumba Italy 4
Trunzara Bianca- San Cono Italy 2
Rossa Roccapalumba Italy 3
Bianca Roccapalumba Italy 1
Seedless Rocccapalumba Italy 2
Spinless Italy 3
Seedless Santa Margherita Belice Italy 2
Trunzara Rossa Bronte Italy 3
Trunzara Gialla Bronte Italy 3
Trunzara Bianca Bronte Italy 3
Trunzara Gialla san cono Italy 3
Trunzara Bianca San Cono Italy 3
Rossa San Cono Italy 3
Gialla San Cono Italy 3
Bianca San Cono Italy 3
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Appendix 9: Cactus Awareness Day Promotion
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Appendix 10: Cactus Field Day Schedule and Attendance




Appendix 11: List of Participants Women Training
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Appendix 12: Factsheet on the Agronomic Practices of Cactus in Hindi
Roelt 9

S ER O & g gt aRTAT & AAAARITRST 9T e aTell IT wier IAgar YR AT Hel & Th
3T AR ey § ot aaeafas s ufRrn wreew sf@sar §AAA FIfF 5§ aR & gcad
dgel & 9 & A F A Foid §, $ATT 58 ‘Aol U7 o gl ST Fehe .
« g1 ¢ “digel 4R ?

Ig HicT Wgdr fiaell IR 9 § 316 e H FA1$ dah 18 A g 39T g, T 37 I
3 I 8 391 ST &, S T g F S & ¢ 3AfAT F ISt F 39 gU @ ¢

*fiqely Y7 FET 3ME AT GFA &7

droell O o Td 3 Yo AT F ST ST Fhell § 36 U e e & e e
A G IIYFT TG &, 6T W Il TST T FheaT o gl 31 FUAT & AT au ¢90-goo
m,amﬂmu-qa%m@aﬁuﬂmm.agaﬁqé?ﬁwaﬁﬁsﬁmmm.

H 39 & Al 3 W §. 5T A TAT IT Teh Holslg &l dis 9T 9-€ fgad d&
ORI # WA § T Jcdsh Helsis & Tgel & IR o787 Tdor el A # 58 yoR oera & fae
#H 58 gor g & fr v Qe Rear B F gar @ 9 & Qe A & e @er [erer ®
3T% dIC SHA UF AT el IRI 3R 3T & oAfehed @A ¢9-30 T §I¢ X Siadeh ST o1
BT &Y ofcl §. AN H 29-:0 &7 H Teh aR Ul &7 UsAr §. AN #rel H gHb URT AR
Ul SheaT gl ST o g, VAT SHaedT el aNfgT,Fifeh TS gU Il H AR ITeled I TR
T & T8N FROT & o AR FA a7 arel Il geflehl & 3R ABAAYdh 391d &. T §U MY
#r @ie, a1 Aifdew @i avT FeT T ggol ¢/R -2 fhall 3Tl ST §. YT aR H gl ¢-2 auf &
TET geT Heh o 9§k ghg gl doel U & Auel & goard go-¢2 el # fhear & g o &
AV Ucd 3Tl AT §, U fATRad 3 d Fa1S (¢/9R ) dI 37 W T 51T Ucd 3T ol ¢
. 38 YR ¢ gf H 23-0 AT God Teh AT WTell W 39T S1d §. 3o W FW Aol H FiS
AN FTET TR AfFd ST Il F ITedT T F A Tohd g, T8l ¥ 8 streptocyclone T FHiaT
Holthe & BsHT ¥ 30 I ST Johd &.

*ofiueft o T ST § 7
¢ 3H% P Yodl Pl dIC I Teoll & T H FHAT 3UTET X Thd 6.
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For further details please contact Dr. Suresh Kumar, CAZRI, Jodhpur.

Acknowledgement:

The authors are grateful to Director, Central Arid Zone Research Institute, Jodhpur for facilitation.

We thank ICARDA for their financial support.

42| Page



Appendix 13: Factsheet on Cactus as a Feed Resource Flyer

Prospects of cactus pear (Opuntia ficus-indica L.) in India

The cactus pear

Cacti are a group of plants belonging to the
family Cactaceae, having 122 genera with
approximately 1,600 species; nearly all of which
characteristically have spines and exhibit stem
succulencete. The widely cultivated cactus pear
(Opuntia ficus-indica L.) belong to the sub
family opuntioideae. Cactus pear show great
adaptability to various soil conditions, as they
can grow in poor, infertile desert soil and have
tolerance to a wide range of soil pH.

Introduction in India

Cactus pear was first introduced in India in
1970. Since then many accessions have been
introduced on different occasions in various
institutions in India with varying success.

Botanical description

Opuntia ficus-indica is a shrub or tree upto 5 m
tall, forming sturdy trunk with age. Joints
flattened, narrowly elliptic to ovate, varying in
size, 30-60 cm long and 6-12 cm broad,
attenuate below, often acute above, fairly thick,
glaucous-green; areoles small to large, raised
and woolly, with 3-6 radiating, unequally long,
greyish white spines up to 3 (-10) cm long,
straight or occasionally slightly curved, or
spineless (in older plants and some cultivars).
Leaves, if developed, are minute, subulate and
early deciduous. Flowers about 7 cm long;
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hypanthium broadly cylindrical, contracted
blow, with numerous raises areoles spirally
arranged, densely wooly and filled with
glochidia, occasionally also bearing small spines
and minute leaves; petaloid segments yellow or
orange. Fruits ellipsoid, about 7cm long,
reddish, succulent, edible. There is a distinction
between the spiny naturalized pears, which are
invasive weeds and the cultivated, spineless
ones. The latter exits in several cultivars eg. O
ficus-indica forma inermis O. ficus-indica forma
amyclaea and O. ficus-indica forma elongata.

Ecology and distribution

The species is native to Mexico. It is the most
common and widespread species in South Africa. It
was introduced to Spain at the end of the 15™
century. O.ficus-indica in particular is native to sub-
tropical uplands. The development of O. ficus-
indica is restricted in the Mediterranean basin by
the winter cold temperatures. The spiny,
naturalized pear is recorded as a pestin part of
South Africa and Australia.

Altitude: 0-2, 600 m. Mean annual temperature: -
18-26 deg C. Mean annual rainfall: 150-600mm.
Soil type: Drainage is an important ecological
factor: O.ficus-indica like most cacti, is very
sensitive to lack of oxygen in the root zone and
therefore cannot withstand any prolonged water
logging. It thus tends to avoid clay soils which may
be temporarily saturated, poorly drained or
waterlogged. It generally prefers deep sandy soils.

Propagation and management

It is propagated through vegetative propagation
from sufficiently old cladode or segments. The
cladodes preferably be exposed to diffused
sunlight for a week to improve rooting. The




planting is done in partially moist soil by
keeping 1/3™ cladodes under the soil.

The first light irrigation should be given after
about a months of planting. Light irrigation at
about a 15 day interval should be given during
summer months. Irrigation may be withheld
during rainy season and utmost care should be
taken to avoid water logging. Occasional light
irrigation in winter during February-March
support vegetative and reproductive growth.

Maintenance and weeding are done by 2-4
shallow disk ploughings per year in the fall and
spring, with or without the inclusion of manure.
Plantations are exploitable after 4-5 years and
fully grown after 7-10 years; when well
managed, some are known to have remained
productive for more than 50 years.

Pests and diseases

Rotting of cladodes at the base during
establishment and vertebrate pest such as
peacokcs, prrots, rodents and squirrels eating
cladodes are major problems. Prickly pear
moth (Cactoblasits caatorum), prickly pear
cochineal insect (Dactylopius opuntiae) and the
prickly pear weevil (Metamasius opuntiae) are
other pests through used in some countries for
biological control of cactus invasions. Other
occasional pests are fruit fly limiting fruit
production, and bacterial rot and snails.

Uses of cactus Pear

As Vegetable
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Opuntia such as Opuntia ficus-indica,
O.streptacantha Lem., O robusta, O.inermis De
Candolle, and Nopalea cochenillifera (L.) and
O.amyclaea are used as vegetables or Nopalito
in Mexico. This unique vegetable which is
roasted, blanched or cooked after the spines
and young leaves are removed has great
potential, including salads and cooked dishes
with meat. However, in India this has yet to
become popular.

As Fruit Crops

Attractive and unique fruits O.ficus-indica has
tasty flesh, eaten after rmoving the thick peel.
It is much like in Europe, Americas and African
countries.

|

As Animal Feed

The Opuntia ficus-indica is the most widely used
species as animal feed the world over.
O.lindheimeri Engelm. is used in Southern
Texas, and O.rastera Weber, O. robusta
wendland in Pfeiff., O.engelmannii Salm-Dyck,
0. megacantha Salm Dyck, and O. phaeacantha
Engelm are used in Mexico. The cladodes



consist mainly of water (85-95%) on fresh
weight bases depending on growth conditions.
The water content may drop to 60% under
water stress conditions.

el L =

Animal feeding trails at Central Arid Zone
Research Institute have shown good
acceptability and palatability of chaffed thorn
less cactus pear pads both by small ruminants
and cattle. Opuntia can be a good source of
nutrition for the grazing small ruminants in the
arid region. Opuntia leaves (33 %) can be safely
introduced in total mixed ration of goats and it
can also reduce the water requirement of the
animals in arid regions.

Services

Erosion control: Cactus hedges play a major
role in erosion control and land-slope
partitioning particularly when established along
contours. The hedge is a physical obstacle to
runoff, favoring temporary local runoff
accumulation and silting, thus preventing
regressive erosion. In arid lands subject to wind
erosion, cactus hedges are an easy, cheap and
efficient way of prevention and control of top
soil loss and accumulation of wind-borne
deposits.

Reclamation: Planting shrubs and particularly
cacti is one of the easiest to rehabilitate
deraded landscapes. Cacti, because of their
easy establishment by vegetative propogation,
are amenable to the rehabilitation of lands that
could not be reclaimed through conventional
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agricultural methods because of their steep
slope and other physical factor limitations. In
Tunisia and Algeria for instance, stony and rocky
slopes have been rehabilitated by planting cacti
along contours.

Soil improver: Cacti help mainting soil fertility
via their geobiogene and trace element cycling
activities, enriching the top soil in organic
matter and improving its structure and the
stability of its aggregates, hence permeability
and water uptake balance.

Boundary or barrier or support: The thorny
varieties of O.ficus-indica such as forma
amyclaea and forma elongate are often used as
defensive hedges for the protection of gardens,
orchards and olive groves throughout North
America and in parts of Italy and Spain. These
hedges demarcate boundaries as well.

Other services: The cactus hedges when
established in double rows, play an important
part in landscape organization, and in the local
socio-economy, as evidence of land rights and
land ownership in countries or regions where
no land registry exists.

Future Potential

e Inview of its multiple uses, large scale
plantations either as blocks or as a
component of farming systems has vast
potential, especially in view of crop
diversification and livelihoods.




Several parts of India viz., Thar desers,
Rann of Cachch, South West Haryana,
Budelkhand and other similar rainfed

areas would be the potential sites.

Due to high water conservation ability
and drought tolerance, it has potential
of being used as an emergency feed
during extreme drought as it can also
greatly reduce the water needs of
livestock.

Exploitation of different species for high
value medicinal, pharmaceutical and
cosmetic industries need to be initiated.
Rehabilitation of degraded sites-
wastelands, rang/grasslands can be
done through various governments
schemes and green India mission.
Development a network of cactus in
India for its promotion and utilization.

Establishing a collaborative
programme with International Centre
for Agricultural Research in the Dry
Areas (ICARDA) for germaplasm
exchange and knowledge sharing.
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Appendix 14: Blog on Utilizing Cactus as a Feed Resource in India
Reducing the Feed gap in Semi-Arid Areas of Western India with Cactus

Availability of feed resources during forage
gap periods in semi-arid areas of India can
be make or break for small pastoralists.
During dry periods pastoralists not only
struggle in providing feed resources to their
livestock but also water. Opuntia ficus-
indica (thornless cactus) is being promoted
to address this problem and help farmers
get through this critical period. The crop is
easy to cultivate, drought tolerant, and
palatable to livestock. The plant generates
a high biomass of green forage — ranging
from 10 to 15 tons (fresh cladodes) per
hectare in semi-arid areas — which is packed full of essential nutrients, reducing the intense
pressure that livestock might otherwise exert on scarce water resources and other rangeland plant
species. The plant can also generate alternative sources of income as the fruit can be sold for
consumption and the oil from the seed can be sold to cosmetic companies. Support from the Indian
Government has made it possible to promote this new crop through ICARDA (the International Center
for Agriculture Research in Dry Areas) in collaboration with CAZRI (Central Arid Zone Research Institute)
and IGFRI (Indian Grassland and Fodder Research Institute). As cactus is not a traditional forage crop,
the idea of using cactus as forage was first shared with the Indian Council of Agricultural Research (ICAR)

in 2011 when Cactusnet organized a workshop in India. The momentum and commitment established

at this meeting was essential to get this project of the ground.

While the final goal is to reduce forage gaps a lot of ground work has to be done to make this possible.
Multiple cactus accessions have been shared from Brazil, Italy, and

Tunisia and are being evaluated by multiple partners; CAZRI in Sw I “ “
Jodhpur Rajasthan, CSSRI (Central Soil Salinity Research Institute) in s i

o- num-l s et /wroce

Karnal Haryana, Bhagalot University in Bagalkote Karnataka, and IGFRI
in Jhansi Uttar Pradesh. Awareness days have been conducted with
farmers to promote adaption and improved cultivation practices.
Overall enthusiasm is high, however pads have been reserved for
multiplication before they can disseminated to farmers. Fliers and
factsheets have been created to disseminate preliminary results to :
garner support and awareness amongst the agricultural sector. All of A Reyel a\eeﬂ 55.901‘] SleVGEe
these efforts assure that one day in the not so distant future, farmers 3
in the district of Gujarat will be able to cultivate locally adapted cactus .
to address forage gaps and water needs in the driest parts of the year.
If you ask the farmers in Bhuj, they are ready.

Such efforts would not be possible without the funding support from
the ICAR-ICARDA bilateral program and the voluntary assistance of
members from Cactusnet in facilitating multiple cactus shipments.
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http://www.icarda.org/sites/default/files/Cactus-for-Livestock-Fact-WEB.pdf
http://www.icarda.org/
http://www.icarda.org/
http://www.cazri.res.in/
http://www.igfri.res.in/
http://www.icar.org.in/
http://www.cactusnetwork.org/
http://www.cactusnetwork.org/

