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Conservation Agriculture Production Systems
(CAPS)

* CAPS concept developed by USAID Sustainable
Agriculture and Natural Resource Management
(SANREM) Feed the Future Innovation Lab

program

* Based on principles of CA practices
— Minimum soil disturbance
— Continuous organic soil cover
— Appropriate crop rotation



Goals

* The overall goals are to improve:
- Crop yield

- System productivity

- Soil quality

- Probability of adoption

- Capacity building (among students, farmers,
Institutions and NGOs)

- Social networking

* Also to evaluate effects of CAPS on gender, &
nutrition.



India



OBJECTIVES

* To evaluate short-term effects of CAPS on
crop yields, system productivity, labor
requirements and soil quality and,

* To provide recommendations to the decision
makers to promote CAPS



The Study Area:
District of Kendujhar, Odisha, India
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* Resource poor tribal people

Predominantly smallholder, subsistence farmers with <2
ha land per household

Rely on low input, rain-fed maize based cropping systems
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a) 1%t season (June-October):

4 Treatments, 3 replications and randomized block design
T,: Conventional tillage with sole maize,
T,: Conventional tillage with maize + cowpea,
T;: Minimum tillage with sole maize,
T,: Minimum tillage with maize + cowpea

* Improved varieties of maize and cowpea

b) 274 season (November-January):
Residual effect of 4 treatments (main plot) and direct effect
of cover crop treatments (sub plot); split plot design.

NCC: no cover crop (fallow)

CC1: Mustard as a cover crop

CC2: Horse gram as a cover crop




Results

* Treatments and year had no effect on maize yield but
had an increasing trend in all except CT-M.
* Cowpea was an additional gain in intercropping plots.

Maize yield (kg hat) by treatments and year
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Effect on maize equivalent yield (MEY, kg ha™)

* There was a significant effect of intercropping on MEY
due to gain from cowpea and a better horsegram yield.

MEY (kg ha-1)

14000

Effect on MEY averaged over 3 cropping years

CT-M

d

CT-M+C MT-M
Treatments

a

MT-M+C

Horsegram
Mustard
B Cowpea

B Maize



Soil

* No significant effect of treatments on many soil Properties.
 Tillage had significant effect on water stable aggregates (WSA).

* CT had more significant impact on micro-aggregates while M T

had significance on macro-aggregates (resistant to dispersion).

WSA by treatment (0-10) cm
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Economics

» 27% of labor saving in minimum tillage over
conventional tillage mainly due to reduction in
no. of plowings.

* Minimum tillage along with intercropping had
higher profitability of $403 ha-1 yr-1 where as
conventional tillage with sole maize had less
profitability of $311 ha-1 yr-1.






No. of participating farmers:

Year\Village Tentuli Talachampei Bayakumutia
2011 20
2012 26 10
2013 30 26 20

*4 treatments, randomized block design

‘Improved varieties of maize and cowpea.

Treatments Season Tillage
15t season 2"d season, cover crop
(June-October) (November-January)
T1 (control) |Maize Mustard Conventional
T2 Maize + cowpea |Mustard Conventional
T3 Maize Mustard Minimum
T4 Maize + cowpea | Mustard Minimum
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Results

 Tillage and intercropping had no significant effect on maize yield.
* Intercropping had an significant effect on mustard yield.

Mustard yield (kg ha! ) by treatments and years
Error bars at 95% Cli

M Yearl

M Year 2

Mustard yield (Kg ha-1)

CT-M CT-M+C MT-M MT-M+C
Treatments

« Higher profitability of minimum tillage with intercroppin
9.69 d 5 36 ha-

%) over conventional tillage with sole maize ($386 ha-1 yr-

b



Stakeholder preference mapping




Farmers' preference mapping (AHP)

Farmers' priorities (weights) of objectives
with respect to the goal of improved income

m Talachampei, 2013 ®mTentuli, 2013  mInitial AHP survey, 2011

0.37
Soil Quality 0.426
0.213
0.322
Yield 0.311
0.329
Labor Saving 0.173
0.184
0.246
Profit 0.19
0.274

Farmers' priorities (weights) of
treatments with respect to the goal of
improved income

m Talachampei, 2013 mTentuli, 2013 mInitial AHP survey, 2011

0.566
0.592

CAPS3
CAPS2

CAPS1

FP

* High preference for soil quality over profit and yield

* Preference for CAPS 3 (maize + cowpea - MT)
indicates perceived advantages of intercropping and

minimum tillage.




Nutritional Security to tr

’ ‘ A

Dioscorea Sp.
plantation

in backyards




Capacity building

Training to 66 farmers (42 male and 24 female) on tillage,
harvesting, post-harvest and crop residue management.

44 participants (26 male and 18 female) were exposed with tools of
water stable aggregate, technology network, and fuzzy cognitive
mapping.

One District level workshop on maize-based conservation
agriculture involving 80 participants (30 female, 50 male) viz.
farmers and extension personnel was organized to deliver effect of
maize-cowpea CAPS for sustainable tribal farming.

300 participants involving faculties & students, scientists, and
Government of Odisha officials attended the workshop on
conservation agriculture.

600 farmers from different districts of Odisha attended the farmer-
scientist interaction section on "Soil health management through
conservation agriculture".

1 student (PhD) from India in UH and 9 students (MS) in India



Focus group discussions
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Networking

Inclusion of SANREM FtF Innovation Lab in Cereals Systems
Initiative for South Asia (CSISA) stakeholder consultation.

a write up about SMARTS educational component will be
featured on US India Education Foundation (USIEF) website.

Kendujhar district department of agriculture and Agricultural
Technology Management Agency (ATMA) approved a
proposal to replicate minimum tillage and maize-cowpea
intercropping in 500 ha of potential maize area.

Mayurbhanj district has adopted in 1000ha with govt. funding.
3 leaflets (including 2 in local language) had been published.

7 abstracts and 16 presentations in different conferences,
workshops and symposiums.
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Elephant invade

Earthen check dams

Farmer groups to protect crops
from elephant

Elephant watch tower



Challenges

Cowpea damage due to closer spacing in case of on farm trials.
Early season drought during maize sowing.

Only cover cropping is not acceptable to farmers

Cover crop (Mustard) crop was badly affected by Cyclone-
‘Phailin’

Farmers have no preference for Crop residue recycling

Actions

On station experiment to find out optimum spacing options
Change of cowpea variety
Re-sowing and gap filling to maintain the plant population.

Dual purpose ( Economic yield + Cover crop) mustard was
suggested

On-farm threshing of mustard for residue recycling



Crop Residue Handling

Polythene sheet for on field
mustard threshing



Development impacts

Technologies being tested have potential for
increasing profitability of the tribal farmers

CAPS research started by OUAT is sole
government owned institute for formal
agriculture training

Tools to bridge the gap in understanding about
CAPS among the stakeholders

Gradual adoption of CAPS technologies both at
local farmers and district administrative level



PROJECT O MAIZE « COWPEA INTERCROPPING DEMONSTRATION TO B
CONDUCTED IN KEOSAR DISTRICT DURING KNARIF 2003 UNDER
EXTENSION REFORMS (ATMA), GOVT. OF ODISHA

r‘*—-h°(l*”"—~“
#-mwd—rm-wuqa‘aumu
n—“—annwoqmu;hou--d.
—..-—-—r—&m—wn;_u-r‘m
W12 wnder the Clussssanaiip of Collecter & Distmcr Mg Kooajhur Comd e
dw L3 W-.‘_dhu-ﬁun

k3 D o TEey

lbp.-b-ihh_-.ll”_-SI_dn-
--—i-—---—hln—.—-t&—wdn-a-ﬁ--

por fhe prograsene ghen boiow Prer W De dmewwmmon. ¢ 3 % O T Fumey .

CA Adoption in other areas e e S e e e

of Kendujhar

Viewing o el ant by e Fmey of pilet
ted prect Tvn B can b ! 6 targer w23 i sl
e v -t —r=e

- g horwa for newTEeE

i

; s = t oy
Talaing misteints — 5 N 11
ot s & pon) !';', : "“‘“";:ﬁ-‘ e LI
S baanct W- b T e 1o Tarag—1
e e e e e . B Sh - ]

[" [ o etk 7 PO s

T el | W o0
Soswenrey Pornee —
L A oreiingresss '-Iij 32—
ox e e —
L—vn-:.zu Inlcsive Nuwgilon T e sivmpmrets saie e ud&'l

PN ) I
f Chuisiogl Weriilices T3 P
| _'n e ..;h'..; i‘ol‘.l-k.:

& [1ean2s
| T
TR Yy e ,,,j

R

LALLDC ATION
By Ly —
[ e Tt e

l_m-"! ot o W A0 ey 1 A I—mfh*:ﬁ}hmﬁf‘ "

¥ - —— TS Y T o
e ".(Ilq-'-ln e e e l

e e L L S — armasee iraining
a well
Frorm ATMA. Ferals st por guickeliow oo Tabonmion u:-—u'nui g

B

S Yk, ATAA
hrcniter

FLieiulty-

Pongwet Direenr, A 1M
b &

Mﬂvmu‘m“mum
. MAYURIHAN MELD O 20.04 1013

e 17" Guvering ATV,
b o ORDA i B Gty & & Puomn Sustule Pall, A5, Ot

-
T e Pyt Dbt st Seburs e Goverrey Boass © andeies
Pon Wy T il st derg Bhad 2215 00 The e e el

Adoption in another
district Mayurbhanj

Charron, ATMA, Moputtart A B delit e Pt Dnmtn, ATWA aaicred of 4
b el woteas B ccaacien The et of S Sty et & e sty

N T8 RN - - it Tiaien
Pasmg Jucsson re Pt Cemme. ATVA wpeedid fe Comrarg Rt 1| Foes S ‘ N . “E.“‘._L'ﬂ.m
e e e e B 1 ::h-—u-.-n-v [ ooavcte | snooec | coom
5T Anamann on vytad Umee e w
| bt Bom avtabie s mooey & A pa e
{ | g -——
kU -
W et " | vovee | | oo
| o W | yrw. | 11rem
t o o . )
Des | e | e
B | Puptarwsin of Hies Panty L ! .
- L Cveege | e | 358
| ;1 bk B Y
[T T Devs s Tiaiong wn Geaundnt S—

4

-t
o Qe
. o i gt | V1em00
o D sbwassdimen B e | o
1 e Cang o i .‘_':';‘;" 60 eae
1, Do vl aaned e = VOK Setven | 0 Renv | (00000
e — |
R e R |

13 Gt Rt domern o+ Conents | RN T e | eane
R
“ -:.r—a

]
o As per reguest of e DAOY, Bw Govening Boord approved (D prowdie oo primie-
cumcoplor TIachine and o It b each DA
The Chaman, ATMAcum Coliectr 6 Dwirzt Magistede, Mayutihan

sugested sorme wsLaIo propoaals 11 Implamientado thiougs ATMA
o Farbiun mecmesndition of irponant onps, based on sol lest ek of e GP,

/ ekl be dsployed i O wad of o Crama Panchayst ot sverensss of T

Lamers.

o s sescropping of Cowpad in maze £20p 15 to be takan up Hrooph MDA for byl
famers. the wimiar tpe of beoels hom ATMA may be prowdied 0 200 by
fasrary .

* Mare Seath car for Gosts mary be argarued in Simiipel Area

o The Horey Deo farmens whockd by peewded adequate taining. Expozure viest of tee
farmary 1 successfl units oy bo aranined.

mmumnmumnnmuum’.

. .



CAPS Presentation before state level officials
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Situation analysis

"+ Problems of poverty and food insecurity
4+ 90% hill districts are in food shortage

* Push for Intensification

4+ high food demand ( about 2% pop. growth)
4+ limited arable land (per capital 0.09 ha)

4+ low crop yields ( = half of world average)

 High land degradation and challenges for
sustainability --

+ intensification

+ sloping land

+ no conservation practices

 Climate change O
» increased climatic variations, increased Challenges



OBJECTIVES

* To evaluate short-term effects of CAPS on crop

vields, system productivity, labor requirements,
soil quality, gender and nutrition.

* To provide recommendations to the decision
makers to promote CAPS



METHODOLOGY

d On-farm evaluation
1. Selection of CAPS through focus groups

X Two tillage type: strip tillage (ST) & full tillage (FT)
X Two crop rotation {summer-post rainy season}
CAPS]: FT maize-legume

CAPS2: FT maize-millet+legume

CAPS3: ST maize-millet+legume

Legume crop for CAPS:
2011- cowpea; 2012 & 2013 - black gram

2. Tradltlonal system FT maize- mlllet

BIRD




Other studies

Gender impacts of CAPS using gender survey

Information network of CAPS using Social Network
analysis

Farmers preference for CAPS using Analytical
Hierarchy Process (2 times)

Mental mapping of farmers using cognitive survey
Economic modeling study to estimate the impacts



Crop vields significantly different by CAPS

ANOVA
Source of Maize Millet Black gram  Cowpea
variation (ton/ha) (ton/ha) (ton/ha) (ton/ha)
Year (Y) Ex Ex Exa _
Village (V) NS i NS NS
CAPS (T) *x Ex B *x
Y xT NS NS NS -
VxT NS NS NS NS
Y X V Ex A Ex * _

Field (village)
> NS indicate factor

kxk k% *indicate the factor were significant at P<0.001,P<0.01, P<0.05;

was not significant at p<0.05



Higher maize yield in CAPS

Maize yield from CAPS1 was higher than traditional
system and CAPS3 over three years

Average maize yield from CAPS treatments, 2011-
2013

2.5 -
-mTraditional

-o—-CAPS1
——CAPS2
—=-CAPS3

N

Yield (ton/ha)

=
U

2011 2012 2013
Year




Lower millet production in CAPS

Millet production in traditional system was higher than
CAPS2 & CAPS3 b/ c of sole cropping

Average millet yield from CAPS treatments 2011-
2013 -e-Traditional

-=-CAPS2
—4-CAPS3

1: ./0— <

o
N
O

Yield (ton/ha)
—
(9a]

0.25 -

2011 2012 2013




Higher legume production in CAPS

Black gram and cowpea yields in -
* CAPSI was higher than CAPS2 and CAPS3 because

of sole cropping

Average yield of cowpea and blackgram in CAPS

treatments, 2011-2013
1.0 - m CAPS1

W CAPS2
m CAPS3

0.8 -

0.6 -

0.4 -

0.2 -

Yield (ton/ha)

0.0 -
2011 (CP) 2012 (BG) 2013 (BG)

Year and crop




System productivity significantly different
by CAPS

ANOVA
Maize Yield Equivalent =~ Annual
Source of variation (maize ton/ha) Revenue ($)
Year (Y)C XA ExA A
Village (V) NS NS
| CAPS (T) k% K,k
YxT NS NS
VxT NS NS
Y X V XA Ex
Field (village) i i

k% E* *indicate the factor were significant at P<0.001,P<0.01, P<0.05; NS indicate factor
was not significant at p<0.05



Higher MYE from CAPS

JCAPS] and CAPS2 was higher than traditional system
J CAPS3 was was not different from all other treatments

>C APS Average MYE produced from treatments of on-farm

Wl th ST trial, 2011-2013
system
did not
produced
significant
yield

advantage

MYE (ton/ha)
= N w
= U1 NN U0 W B

O
&

o

Traditional CAPS1 CAPS2 CAPS3

B Maize ®Legume & millet (MEY)




CAPS increased annual revenue

J CAPS1 & CAPS2 was higher than traditional system

) hlgher Annual Revenue (S) by treatments from
price of 1300 - 2012-2013
legumes
2>
S
3
dCAPS3 was |
comparable
to traditional
System 2012 2013
M Traditional m CAPS1 wm CAPS2 m CAPS3




Labor requirement significantly different
by CAPS

Factors in ANOVA (Randomized block design)

Total labor requirement

Source of variation (human.days/ha/year)
Year (Y) e
Village (V) -
CAPS (T) R
Y x T >
V X T *hx
YxV NS
Field (village) i

*rx x* *indicate the factor were significant at P<0.001,P<0.01, P<0.05; NS indicate factor
was not significant at p<0.05



Lower labor required for CAPS1, while
higher labor required for CAPS2 & CAPS3

CAPS] required lower labors than all other treatments
b/c of low labor need for legumes

CAPS? & CAPS3 Labor r(?quirement of different CAPS in hill
. . regions of Nepal, 2011-12 (human
required higher 400 - days/ha/year)
labor than £
o . w
traditional S 300
system and s
4]

100 -

2011 2012
Traditional m CAPS1




CAPS improve soil quality?

*SQI= 1 (BD, K, N, OM, pH) determined by PCA
analysis
1=best, O=worst

0.45 -

*Soil Quality Index Improvement of SQI from 2012 to 2013 by
treatments

not different by
CAPS

* SQI significantly
increased from
2012 to 2013 for
all CAPS but not

for traditional Traditional  CAPS1 CAPS2 CAPS3
system m 2012 m2013

0.40 -

0.35 -

SQl (1=best, 0=worst)

0.30 -




Summary from on-farm trials

v FT Maize-legume: highest returns & lowest labor req.
v FT Maize-millet+legume: higher return & higher labor
v' ST Maize-millet+legume :

= Lower return & higher labor than maize-legume

= Still better than traditional system

v’ Returns from ST was comparable to FT, but labor
requirements was lower (under maize-millet+legume)

v For soil quality, all CAPS seems better than traditional
system, though need more time to conclude



Gender Studies

Studies were conducted to:

* Determine the gender-based division of labor
and time allocation for agricultural activities

* Measure expected shifts in labor from CAPS
were also determined

* Determine gendered preferences for CAPS
treatments

* Assess gender inclusion in agricultural
decision-making



Annual Time Allocation by Gender

|

|
Female 1274 *j 4
Male 1104 h 24
| | |
0 1000 2000 3000 4000 5000 6000 7000

Hours per year

® Household ™ Livestock Agriculture ®Off-farm ™ Community

* Women spend 21.4% of their time on
agriculture, while men spend 20.2% of time
on agriculture



Shifts in Division of Labor Resulting

% Labor change by gender for shifting from % Labor change by gender for shifting from
T2to T3 Tl1toT4
10 - 10 -
8 - g
6 - 4 —J 0.70
_ 2 | [ N
4 2 17 O | | | T
5 y -2 % ! : 5 070
} 4 4 Q &
J ] 6 & & 22 & 7’(\%
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e T2to T3 (le me&fntercrop w/ tull till) resulted in

the greatest labor increases for women

* T1 to T4 (legume intercrop w/ strip till) resulted
in the least change to the division of labor

* Land preparation, sowing, and harvesting were
the overall drivers for increased labor



Expected Labor Savings from CAPS, by month

20
15 1

10 +— Male (IC)

~—®— Female (IC)
~#---Male (MT/IC)
= Female (MT/IC)

Hours per month
o2

-10
* For both men and women, labor savings (+ values) are

expected during land preparation, fertilization, and
weeding for maize and legumes

* Labor increases (- values) are expected during harvest

* In general, women experience greater labor savings, as
well as greater increases in labor over the course of the
cropping season



Farmer Preferences of CAPS using AHP by Gender

0.5

0-8
N w IS

Impastance rating (

o
o

W Female 057

B Female
Male =

o
I
|

Male

o
w

o
N

Importance rating (O-

o
=

“\ : ||| , “\ , ||| ‘ 0 ||| : ||| : ||| : |||
T1 T2 T3 T4

Soil Quality Yield Profit Labor saving
a. Objectives b. Production systems

Both men and women placed high priority on yield,
however men placed the 2" priority on soil quality and
women placed the 2" priority on profit

The preferred CAPS treatments for men and women, T2 &
T3, both use full tillage and legume cultivation, meeting
the simultaneous goals of yield, profit, and soil quality



Gender-based Agricultural Decision-Making

* While the majority of agricultural decision-
making is conducted equally (60.5% men, 46.2%
women), a large proportion of women reported

only “some” (28.2%) or “no control” (23.1%)
over on-farm decision-making

* Given that women take on a larger proportion
of CAPS labor, there is a disconnect between
those making decisions and those affected by
those decisions (i.e. increased labor)



Cognitive Modeling Study

* Cognitive modeling was used to
determine differences in researcher and
farmer perceptions of the agricultural
system

* The models were used to predict
perceptions of conservation agriculture
practices and their perceived outcomes



Cognitive Modeling: Perception Gaps

Group Scenario 1: Minimum Till
Soil Soil
Nutrients | Moisture

Yield

Khola Gaun
Hyakrang
Thumka
Researchers

* Red boxes indicate factors of the farm system where perceptions differed
from the other study groups in regards to minimum tillage (out of 20 total
factors)

* Hyakrang and Khola Gaun showed the most differences from the
Researcher group

Baseline Soil Characterization

1| Variations in soil structure, texture,
: Thuma and composition can in part

knoagawn| | contribute to differing perceptions
of the relative importance of soil
within the system
* This can lead to differences in
adaptive management strategies

and decision-making over time

Axis 3 (12.4%)

Axis 1 (38.9%)



Impact on nutrition and health

* Study was undertaken in the Chepang communities of
Nepal

— Household with children (6 to 60 months) or women-
divided in 3 categories

1. Change in agriculture practice (project intervention)
2. Got some training and input supplies
3. NO intervention from this project

— Selected households were interviewed using structured
questionnaires for

* agriculture practices, health, nutrition and sanitation
related knowledge, attitude and practices.



Impact on nutrition and health

¢ Results shows that:

— Food consumption behavior of women, children
and households did not ditfer significantly among
different types of households.

— Nutritional status of children based on
weight/height was significantly related with the
agricultural diversity and the production of
legumes.

— Total Household income, Land holding and
Household dietary diversity were significantly
related with the body mass index of women.



Impact on nutrition and health

It can be concluded that:

— Project intervention increased agricultural production,
including legumes

* Majority of produce were sold than consuming
—Positive contribution to household income
—Less impact on nutritional status

— Various indicators evaluated in this study were not

found significantly different among different types of
households.

* mixed farming system using legume as a crop had
some positive impacts on some nutritional-health
indicators of children.



Farmers preference and incentives for
adoption of CAPS

* enhancing crop yields is the most important factor,
while labor saving is the least important

» farmers have low preference for strip tillage based
CAPS, because of knowledge gap

» profitability of all CAPS are better than traditional
system

« farmers’ production constraints do not hinders the
adoption of CAPS.



Training & capacity building

farmers from 101 households in 3 villages have taken multiple
trainings (CAPS, IPM, soil and water management, etc.)

about 20 farmers got exchange visits to research stations
2 visits for extension personnel to demonstration plots

5 research methods trainings to home country students and
professionals

4 capacity building visits to host country Co-Pls and
professionals

3 MS students (all graduated) & 1 Ph D student (expected to
graduate by April 2015) from host country;

students supported to participate in scientific conferences
such as F-CASA, IFAMA, HumTech

a conference titled ‘Frontiers of Conservation Agriculture in
South Asia and Beyond (F-CASA)’ on 26-27 March 2013 in
Kathmandu, Nepal (23 papers & 12 posters)

a book is forthcoming



Development impacts

The adoption of maize-legume system is already started
(even before the project). However, the integration of
millet+legume intercrop expected to improve the food
security of Chepang people

Not much adoption of intercropping and strip tillage.
However, farmers have appreciated millet+legume more
than strip tillage system

Farmers groups in the adjoining areas of the project sites
and other project sites of LI-BIRD and partner
organizations are interested in receiving training on
CAPS practices

Opportunity to use CAPS as technology for climate
change adaptation is being explored by tying up the
results with other LI-BIRD projects in 8 more districts.



Ongoing works

* Continuation of the on-farm trials for 4" year

* We have started to implement two potential CAPS
on larger (whole terrace) scale:

-- ST maize-millet
-- ST maize-millet+legume

The implementation of these CAPS will be done by
using local plough on the entire terrace.
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