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ABSTRACT

Conservation agriculture (CA) represents a set of three farming principles: reducing soil
disturbance, permanent soil cover, and crop rotation. CA has been promoted as a sustainable
intensification technology to increase and sustain productivity and conserve natural resource and
environment. Farmers in the hill region of Nepal face concurrent needs for increasing
productivity and reducing soil degradation, hence CA appears a possible solution. Therefore, this
study aimed to evaluate the economic potential and technology transfer challenges of CA for
smallholder Chapang farmers in the hill region of Nepal.

There were 3 main findings from this study. Firstly, comparisons of 3 CA systems, i.e.
CAL (full tillage maize/millet), CA2 (full tillage maize/legume) and, CA3 (strip tillage
maize/millet and legume intercropping) with the traditional system (full tillage maize/millet) in
on-farm trials (2011-2014) showed that most of the CA systems enhanced system yield (i.e.
maize equivalent yield), gross receipts and soil quality after 4 year. Yet, the profits from CA2
and CA3 were comparable to traditional system. Secondly, a multiobjective linear programming
model was applied to assess the economic potential of CA under resource and production
constraints of representative farms. The economic gains from switching to CA systems for a 20-
year period varied greatly by village, ranging from 36.1-233% higher than traditional at 3%
discount rate; and 27.4-183% higher than traditional at 10% discount rate. Thirdly, the study
evaluated the information network of CA using social network analysis technique. The results
showed that the CA information network was lacking collaboration of market and government
stakeholders. Additionally, women farmers had limited access to CA information than men while

farmers with prior training and group membership had greater access to CA information.



In conclusion, CA showed potential for enhancing food security and improving soil quality.
Yet, adoption of CA by smallholder farmers was challenging due to insufficient short-term gains
and limited access to information. Therefore, policy recommendations were made for increasing
short-term incentives and improving CA information network to encourage adaption and
adoption of CA by smallholder farmers for sustainable intensification of agriculture and

sustained food security in the region.



TABLE OF CONTENTS

ACKNOWLEDGEMENTS ...ttt st e st et ae e snae e e nnae e e nnneeans I
A B ST R A C T ettt e e et e e e bt a e e e e nr e e e taeearreeareaeas i
LIST OF TABLES ... e e e nba e e e re e e anneas viil
LIST OF FIGURES ...ttt ettt e et e e et e e et e e e nra e e e naaeanseee s Xi
CHAPTER L INTRODUCTION ....ooiiiiie ettt snae e nnae e s 1
€ o] o= 1 I od0] 1 (=) AU 1
1.2 NEPAIESE COMTEXT......eiueeueeeiteite sttt ettt bt bbbttt sb e bbb eneas 4
1.3 Objectives Of the diSSEITAtION .........ccueieiiiiiirei e 11
CHAPTER 2 LITERATURE REVIEW ......cce ettt 15
2.1 Conservation agriculture terminOlOogy ........coeoeririiiiieieeree e 15
2.2 History of sustainable agriculture in the Hill Region of Nepal ............c.ccocooviviiiiiccece, 21
2.3 Evaluation of CA INNEPAL .......cooiieieee et 23
2.4 Theories of agriculture technology adoption: Implication to CA evaluation in Nepal.......... 33
2.5 Economic evaluation of CA for smallholder farmers ... 35
2.6 CA INFOrMAtioN NELWOIK ......oiuiiiiiiiiieiieieiee ettt sreeneas 41
2.7 SuMmMary and CONCIUSION .........cuiiiiiice et sra e e 46

CHAPTER 3 EFFECTS OF CONSERVATION AGRICULTURE ON CROP YIELD,

PROFIT, RETURN TO LABOR AND SOIL QUALITY IN THE HILL REGION OF



32 INMETOTUCTION .ttt nnnnnnnn 49

3.3 Materials and MELNOGS. ..........oouiiiiiiie e 54
3.4 RESUILS AN QISCUSSTON ...ttt bbbttt bbb 65
3.4.1 Effect of CA systems to crop yield and system productiVity...........ccccvvveriereniennnnnens 65
3.4.2 Effect of CA to profit and return to 1abor ...........ccoveieeiiiii 69
3.4.4 Effect of CA to soil quality variables and SQI ..o 72
3.5 SUMMAry and CONCIUSION ......cc.oiviiiiiiiiiiieie et 77

CHAPTER 4 BIO-ECONOMIC OPTIMIZATION OF CONSERVATION

AGRICULTURE PRODUCTION SYSTEMS FOR SMALLHOLDER FARMERS IN THE

HILL REGION OF NEPAL ..ottt 106
4.1 ADSTIACE ...ttt b bbb 106
4.2 INTFOAUCTION ... e bbbttt b b et e b et bbb b e 107
4.3 Materials and MEtNOUS. ..........oiiiiiiee e 111
4.4 RESUILS aN0 QISCUSSTON ...ttt bbbt b e bbb 128

4.4.1 Comparing crop yield by CA systems and Villages...........ccoovirinniinenenenieee 128
4.4.2 Comparing NPV of profit from CA systems with the traditional system.................... 128
4.4.3 Trade-off between profit maximization and soil conservation objectives................... 129

4.4.4 Optimal land allocation for minimum tillage by representative farms from study
VTGS ..ottt e 131

4.4.5 Optimal land allocation for minimum tillage by farm types.........ccooviiiiiiiciinnn 132

4.4.6 Comparing NPV of profit from optimal CA combinations vs. traditional system by

VTGS ..ottt e 133

Vi



4.4.7 Comparing soil conservation from optimal CA combination vs. the traditional system

DY VITAQE. ... s 134
4.4.8 SENSITIVILY ANATYSIS. ...cviiiiiiieiieie ettt sttt sreesreeeeenee e 134
4.5 SUMMAry and CONCIUSTON ......couiiiiiiiieiieie e bbb 137

CHAPTER 5 CONSERVATION AGRICULTURE INFORMATION NETWORKS OF

SMALLHOLDER FARMERS IN THE HILL REGION OF NEPAL .......ccoeevieiiieeen, 157
O TB A oL - Tod PSPPSR 157
oI 111 0o 1 od o] SO TRR 158
5.3 Meterials and MEthOGS. .........cviiiiiiiieie e 163
5.4 RESUILS ANU TISCUSSION .....eevieeiiiiieieesiesieesieesiesee e aeestaesaeaseesteeteaseesseesseensesseeseaneesseesseaseenns 172

5.4.1 Comparisons of GA and CA information networks by villages.............ccccocenininnnnn. 172

5.4.2 Comparing of sources of information and strength of ties in GA and CA information

NEIWOTKS ..ottt et e st et er e s reeteere e ne e te et e nneeneeenee e 174

5.4.3 Comparing information networks of individual CA practiCes...........cccoecvrvevrvervrnnne 177
5.4.4 Effect of farmers’ attributes to centralities of CA information network ..................... 177
5.5 SUMMAry and CONCIUSION ........oiuiiiiiiiieieie bbb 181
CHAPTER 6 SUMMARY AND CONCLUSION ....cooiiiiciece e 194
G T00 A 1 0o [ od 1 o SR 194
6.2 RESUILS aNd CONCIUSION .....c.vvieieciiecieee ettt ettt esreeneenee e 195
6.3 POliCY reCOMMENTALIONS .......ocuiiiiiiiiieiieee bbb 197
6.4 FULUIE FESBAICN @IBAS ... .vvevieeiesieeieetiesieeste e e st e e et e steesteaseesra e teeseesseesteeneesseeteaneesneenseenee e 199
e N [ TR 201

vii



LIST OF TABLES

Table 3.1 Socio-economic characteristics of the study sites selected for on-farm CA evaluation

trials in the hill region of Nepal ..o 79

Table 3.2 Soil quality variables and method of analysis in on-farm CA evaluation trials in the hill

FEQION OF NEPAI ... e e re et ns 80

Table 3.3 Results of ANOVA (F value) for factor affecting crop yields and maize yield
equivalent in on-farm CA evaluation trials (2011-2014) in the hill region of Nepal .......... 81

Table 3.4 Results of ANOVA (F value) for factor affecting labor cost, input cost, total cost, gross
receipt and profit on on-farm CA evaluation trials (2011-2013) in the hill region of Nepal

Table 3.5 Results of enterprise budgeting analysis of CA treatments and traditional system in on-
farm CA evaluation trials (2011-2013) in the hill region of Nepal ..........cccoeiiiiiininnnn. 83

Table 3.6 Results of ANOVA (F value) for factor affecting soil quality variables on on-farm CA

evaluation trials (2011-2014) in the hill region of Nepal ..........cc.cccoveiiiiiiie i 84
Table 3.7 Results of Kruskal-Wallis Test for soil quality variables (one way ANOVA) ............ 85
Table 3.8 Results of PCA analysis of the total variance explained by each component.............. 86

Table 3.9 Component Matrix of PCI analysis of soil quality variables recorded on on-farm CA

evaluation trials in hill region of Nepal from 2011-2014 .........cccoeoiiieiieieee e 87

Table 3.10 Pearson correlation coefficients among soil quality variables on on-farm CA
evaluation trials in hill region of Nepal from 2011-2014 .........ccooeiiiiiiiiiiie e 88

Table 4.1 MOLP Model data, sources and type for the analysis ...........ccccovveviiiciieveiieieenn 140

Table 4.2 Agricultural production systems used in the multi-objective linear programming model

viii



Table 4.5 Farm types, characteristics and MOLP model constraints by farm types .................. 144
Table 4.6 MOLP model coefficients for the base year for production systems by village......... 145
Table 4.7 MOLP model coefficients for grain prices and wage rates ...........ccccoeeerenerenennnnnns 146

Table 4.8 Comparing NPV of profits and amount of soil conservation determined by profit
maximization models (O1), soil conservation maximization models (O2) and MOLP models

by villages, planning horizons and diSCOUNT Fates ..........cccvivveiieriiiieseere e 147

Table 4.9 Comparing of NPV of profits (US $) and amount of soil conservation (tons)
determined by profit maximization models (O:1), soil conservation maximization models

(O2) and MOLP models by farm types, planning horizons and discount rates.................. 148

Table 4.10 Optimal amount of land (%) that should be allocated to minimum tillage by a long-

term (20-year) and short-term (3-year) MOLP by discount rates and farm types............. 149

Table 4.11 Comparison of the profits (NPV $ ha) and soil erosion from optimal CA
combination vs. traditional production system at 3% discount rate by the end of 3, 10 and

20 year Period DY VIHIAgES ........ooviieee et 150

Table 4.12 Comparison of the profits ($ ha™) and soil erosion (ton ha* year?) from optimal CA
combination vs. traditional production system at 10% discount rate by the end of 3, 10 and

20 YEAN DY VIHIAGES ...ttt s 151

Table 4.13 Sensitivity analysis of model results for optimal land allocated (%) to minimum
tillage with changes in price, yield and wage rate and future yield scenarios by discount
FAte AN VIHTAGE ... s 152

Table 4.14 Sensitivity analysis of model results in NPV of farm profits with changes in price,

yield, wage rate and future yield scenarios by discount rate and village..............c..c......... 153
Table 5.1 Socio-economic characteristics of the study population by village...............cc.ccoeee. 184
Table 5.2. Distribution of the total respondent according to their attributes by village.............. 185

Table 5.3 Selected network measures of CA information network compared with general

agriculture information network by study village............ccocoviiiicic i 186



Table 5.4 Sources of information for GA information and CA information network by village
AN STAKENOIART ...ttt 187

Table 5.5 Comparison of densities (%) of information networks among three CA practices by

Table 5.6 GLM parameter estimates from three individually modeled CA information network

LT UL STT 189



LIST OF FIGURES

Figure 1.1 Map of Nepal showing geographic regions and distribution of agriculture lands ...... 14

Figure 3.1 Map of Nepal showing study geographical regions, distribution of Chepang
population and location of StudY VIIAgES .........coviiriieiiiie e 89

Figure 3.2 Average maize yields in on-farm CA evaluation trials in the hill region of Nepal from
2011-2014 by treatment and YEAI .........cccveeeiierieeie e sie e se e e e re e 90

Figure 3.3 Average millet yields in on-farm CA evaluation trials in the hill region of Nepal from
2011-2014 by treatMent aN0 YR .......ccociiiiiiieieieee et bbb 91

Figure 3.4 Average cowpea yield (in 2011) and black gram yield (in 2012-2014) yields in on-

farm CA evaluation trials in the hill region of Nepal by treatment and year..................... 92

Figure 3.6 Average labor cost (US $ ha* year?) for CA and traditional systems in on-farm CA
evaluation trials (2011-2014) in the hill region of Nepal by year...........cccccooninininininnns 94

Figure 3.7 Average total cost (US $ ha! year™) for CA and traditional systems in on-farm CA
evaluation trials (2011-2013) in the hill region of Nepal by year............ccccooeviviveiiicieenne 95

Figure 3.8 Average gross receipts (US $ ha year!) from CA and traditional systems in on-farm
CA evaluation trials (2011-2013) in the hill region of Nepal by year..........cc.ccoceecvivrennne 96

Figure 3.9 Average profit (US $ ha year?) from CA and traditional systems in on-farm CA
evaluation trials (2011-2013) in the hill region of Nepal by year..........c.cccooeviviieiieinennne 97

Figure 3.10 Average soil pH (scale) in on-farm CA evaluation trials in the hill region of Nepal
from 2011-2014 by treatments and YEAIS..........coceiiririiieieie et 98

Figure 3.11 Average soil bulk density (g cm™) in on-farm CA evaluation trials in the hill region

of Nepal from 2011-2014 by treatments and YEarS..........cccevvueeiieiiieeiie e see e 99

Figure 3.12 Average soil nitrogen content (%) in on-farm CA evaluation trials in the hill region
of Nepal from 2011-2014 by treatments and YEarS........ccocerererererinieeieere e 100

Figure 3.13 Average available phosphorous (ppm) in on-farm CA evaluation trials in the hill
region of Nepal from 2011-2014 by treatments and YEars ...........cccovveviveerieiiesseesinessnnens 101

Xi



Figure 3.14 Average available potassium (ppm) in on-farm CA evaluation trials in the hill region
of Nepal from 2011-2014 by treatments and YEars.........cccccverveiveieeresiese e seesieeie e 102

Figure 3.15 Average available soil organic matter (%) in on-farm CA evaluation trials in the hill
region of Nepal from 2011-2014 by treatments and YEars ...........ccooevvveverereneneneseneenns 103

Figure 3.16 Average available water stable aggregate (>250 microns) in on-farm CA evaluation

trials in the hill region of Nepal from 2011-2014 by treatments and years........................ 104

Figure 3.17 Average soil quality index (SQI) under CA and traditional system in on-farm CA
evaluation trials in the hill region of Nepal from 2011-2014 by treatments and years ..... 105

Figure 4.1 The net present values (US $ ha*) of different CA systems and traditional system over

20 years period DY diSCOUNT FALE .........ccviiieie e 154

Figure 4.2 Results from MOLP model for the optimal amount (%) of land that should be
allocated to minimum tillage for different planning horizon and discount rate by village 155

Figure 5.1 The GA and CA information network at Hyakrang village of Nepal ..................... 190
Figure 5.2 The GA and CA information network at Kholagaun village of Nepal..................... 191

Figure 5.4 Distribution (%) of ties in CA information network by sources of information
classified by frequency Of CONtACE IN @ VAN .........cceviveiiiie e 193

xii



CHAPTER 1

INTRODUCTION

1.1 GLOBAL CONTEXT

Substantial progress has been accomplished to reduce hunger and poverty at the global
scale. However, about 12% of the worlds' population still live in hunger (FAO et al., 2013) and
14.5% people are still under extreme poverty (World Bank Group, 2015). Further, striking
regional imbalances exist in the global distribution of hunger and poverty as Africa and Asia
together contribute 92.4% (in 2013) of the global undernourished population and 80% (in 2014)
of the global poor (FAO et al., 2013; World Bank Group, 2015). Hunger and extreme poverty in
Africa and Asia also coincide with a high level of soil degradation and extreme climate change
vulnerability (Ericksen et al., 2011; Gerber et al., 2014). In addition, these regions face
continued growth in food demand due to high population growth rates (Grafton et al., 2015).
Therefore, reducing hunger and poverty in Africa and Asia is a daunting challenge for decades to

come.

Adoption of improved agricultural technologies is a successful modus operandi for
smallholder farmers to overcome hunger and poverty (Godfray et al., 2010; Kassie et al., 2011;
Minten and Barrett, 2008). Therefore, promotion of improved agricultural technologies is vital
for farmers in Africa and Asia to increase and sustain crop yields, conserve and restore soil, and
adapt to global climate change. Recently, conservation agriculture (hereafter, CA) has been
promoted in these regions with the great expectation that it can concomitantly increase and
sustain agriculture productivity, enhance food security (with or without increasing profit) and

reverse the trend of natural resources degradation (FAO, 2015; Stevenson et al., 2014).



CA represents a set of three conservation principles for crop production, namely, a)
minimal soil disturbance (i.e. reduced tillage), b) permanent soil cover (with crop residues or
mulching of other types of organic materials), and ¢) optimum crop rotation (Friedrich et al.,
2012; FAO, 2015). Like many other agriculture technologies, CA was developed in western,
mechanised farming systems as a response to high soil erosion caused by mechanized ploughing
(Beveye et al., 2011). However, in recent decades, the focus of CA has been shifted to increase
productivity and enhance food security for resource poor smallholder farmers in Africa and Asia
(Andersson and D'Souza, 2014). Smallholder farmers in Africa and Asia are slow to adopt the
agricultural technologies developed in mechanized farming systems (MacMilan and Benton,
2014). Therefore, recent CA research and development efforts are focused on Africa and South
Asia (Pittelkow et al., 2015). Globally, about 125 million hectares of agriculture land are under
CA systems by 2012. Despite increased focus to Africa and Asia, however, the vast majority of
global adoption of CA has happened in North and South America (together 77% of area); and
Australia and New Zealand (together 14% of area) (Friedrich et al., 2012). The adoption of CA

among smallholder farmers in Africa and Asia is limited (Giller et al., 2009; Gatere et al., 2013).

The effects of CA, in term of its effects on crop yields, and its feasibility in subsistence
farming systems, are highly debated (Stevenson et al., 2014; Pittelkow et al., 2015). In one hand,
promoters of CA suggest that CA combines sustainable and profitable agriculture with the great
potential to uplift the livelihood of impoverished smallholder farmers (FAO, 2015). Plenty of
studies have reported an increase in crop yield (Thierfielder et al., 2013; Liu et al., 2013a;
Gathala et al., 2015) and greater profit (Lienhard et al., 2013a; Ngwira et al., 2012; Umar et al.,
2011; Haggblade et al., 2011; Gathala et al., 2015) from CA for subsistence smallholder farmers

in Africa and Asia. Studies have also reported that CA increased food production and enhanced



food security for smallholder farmers (Mazvimavi et al., 2010). Studies have also documented
the positive effects of CA to several soil quality variables (Verhulst et al., 2010; Sapkota et al.,
2012; Palm et al., 2014). In general, CA enhances the soil biological environments, reduces
surface runoff and soil erosion, increases rate of infiltration, enhance aggregate stability and

possibly enhance availability of plant nutrients (Palm et al., 2012).

Conversely, several scholars have disputed on the feasibility of CA system at subsistence
farming systems due to a high possibility of crop yield decline from adoption of CA (Giller et
al., 2009; Rosenstock et al. 2014; Pittelkow et al., 2015). Studies have also repored that the
economic potential of CA over reasonable planning horizon of resource-poor farmers is
uncertain (Pannell et al., 2014; Dalton et al., 2014). In addition, studies have suggested a
possibility of mismatch between the conditions required for adoption of CA principles and socio-
economic constraints of the subsistence farmers (Lotter, 2015; Giller et al. 2009; Stevenson et
al., 2014). Particularly, little or no access to fertilizer and herbicides, disincentive for residue
retention due to alternative uses (mainly as livestock feed) and increase in labor requirement has
been cited as crucial constraints that restrict the feasibility of CA for smallholder farmers (Giller
et al. 2009; Nyamangara et al., 2014; Lotter, 2015). These claims about possibility of crop yield
decline and limited feasibility is backed by the fact of low adoption of CA by farmers in Africa

and Asia (Giller et al., 2009; Gatere et al., 2013).

However, it is hard to generalize the usefulness of CA systems for smallholder farmers
around the world because the effects of CA on crop yield vary greatly by climatic and soil
condition (Rusinamhodzi, et al., 2011; Corbeels et al., 2014). The effect of CA on crop yield is
also affected by adoption of other improved technologies such as better planting methods,

application of compost/organic matter as well as chemical fertilizer and application of herbicides



(Andersson and D’souza, 2014; Grabowski and Kerr, 2013). Similarly, the economic potential of
CA is dependent on several socio-economic variables, such as production constraints, cost of
capital (i.e. discount rate) and length of farmers’ planning horizon (Pannell et al., 2014). In
addition, the benefits and acceptability of CA can be enhanced by local customization and
adaption (Erenstein et al., 2012). Therefore, an immense need for further evaluation of CA

systems among smallholder farmers and their diverse farming systems around the world exists.

1.2 NEPALESE CONTEXT

1.2.1 Agriculture systems

Nepal is a small country (147,181 km? in area) with extremely diverse biophysical,
climatic, and socio-economic conditions. The country extends from the Ganges River plain in the
south, through the central hill region to the Himalayas in the north. The country's cascading
landscape rises from 70 meters above mean sea level (msl) to the world's highest peak, Mount
Everest (8,848 msl). The climate varies from subtropical in the southern end to a cold (arctic-
like) climate in the north. The country is broadly divided into three ecological regions (Figure
1.1). The northern part of the country falling above 2,500 msl is called the ‘mountain region’.
The wide middle belt of country ranging from 500 to 2,500 msl is referred to as the “hill region’.
Finally, the southern part of the country with elevation less than 500 msl is called the ‘terai
region’ (Pariyar, 2008). Mountain, hill, and terai regions cover approximately 35, 42, and 23%,
respectively, of the nations’ total area (MOAC, 2011). Barley, buckwheat, and potato are the
major staple food crops of the mountain region. Maize, finger millet, upland paddy, and grain
legumes are the primary crops in the hill region while rice, wheat, maize and oilseed crops
dominate the farming systems in the terai region (Pariyar, 2008). Agriculture is the mainstay of

the economy, employing about 70% of the working populations (CBS, 2008a) and contributing



about one-third of national gross domestic product (35.1% in 2011/12) (MoF, 2013). As a result,
increasing agriculture production, preferably in an environmentally sustainable way, is the

foremost option for enhancing food security and reducing poverty in the country.

1.2.2 Food insecurity and poverty status

Despite the country’s commanding progress in fighting food insecurity and poverty, high
regional imbalances of the progress remains a prominent issue. Nepal has successfully reduced
the prevalence of undernourishment to under 16% and poverty below 26% of the population in
national level; however, the hill and mountain regions of the country still suffer food shortages
and a high poverty. 40 out of 42 districts in the hill region suffered food shortage in 2011
(MoAC et al., 2011). Similarly, about 55% of the farmers in the region were under poverty line,
which was more than double compared to poverty incidence at national level (UNDP, 2009).
Food deficit in the hill region of Nepal is a particularly salient problem because about 44% of the
nation’s population inhabits the region (CBS, 2012). Increased food demand due to steady
population growth, limited arable land and low crop yield due to lack of production enhancing
technologies are the major causes for food deficiency in the region. The per capita arable land in
the region is about half of the global average (0.011 ha vs. 0.02 ha) (CBS, 2011; Worldstat,
2014). In addition, the crop yields in the region are less than half of the global average (MoAC,
2011; Faostat, 2012). Purchasing food from outside is expensive and inconvenient due to isolated
geography, and also unreasonable considering low purchasing power of the inhabitants.
Therefore, achieving sustainable intensification in crop yields from currently cultivated land

should be a high priority for policymakers to improve food security of the region.

1.2.3 Causes of soil degradation in the hill region

In addition to high poverty and food insecurity incidences, extreme soil degradation



problem also coincide in the hill region of Nepal (Tiwari et al., 2004; MEST, 2006). Therefore,
sustainable intensification in crop yield cannot be accomplished without addressing issues
pertinent to sustainable management of agriculture land. It is highly possible that crop yield in
the hill region of Nepal will decline in the future due to decreasing soil fertility (Matthews and
Pilbeam, 2005; Das and Bauer, 2012) and climate change (Malla, 2009). Among various reasons
of soil degradation, cultivation in sloping land terrain, high rate of soil erosion, unsustainable
intensification, and lack of sustainable soil management practices are important causes for

degradation of agriculture land in the region (Gardner and Gerrard, 2003; Acharya et al., 2007).

Due to persistent food deficiency in the region, farmers in the region have intensified
farming system by growing two or more crops per year in the same agriculture land, which has
increased the frequency of tillage (Dahal et al., 2009). However, intensification under the
conventional land management practice is increasing the rate of soil degradation. In conventional
system, farmers plow the land by hoe or bullock-drawn plough at least once after harvesting of
post-rainy season crop (June-November) and 1-2 times for land preparation and sowing of
spring/summer crop. In between (March-June), farmers leave the plowed, bare land under
sunlight. This type of tillage and land management ultimately make the soil vulnerable to erosion
by destroying soil aggregates, and loosening soil particles and exposing it to erosive forces such
as rainfall and wind (Baudron et al., 2012). Therefore, intensification with conventional tillage is
one of the leading causes of agricultural land degradation in the region (Brown and Shrestha,
2000). In addition, farming intensification in the hill region of Nepal has increased the
cultivation of nutrient exhaustive crops such as maize and millet, leading to an excessive nutrient
uptake and depletion of the soil nutrient balance (Sharma et al., 2007; Manandhar et al., 2009).

Application of farmyard manure (FYM) is the most common method for organic matter addition



in the region (Bishwakarma et al., 2014). Application of the FYM to soil facilitates the net
movement of soil nutrients from non-agricultural land to agricultural land by channeling the
organic matters from forests, fodder trees and forage to agriculture lands (Pilbeam et al., 2000;
Bishwakarma et al., 2014). However, trend of FYM application in the region is declining due to
reduction of livestock population due to labor constraints caused by outmigration and reduction
in grazing areas caused by forest conservation programs (Pilbeam et al., 2005). Some farmers
apply chemical fertilizers in an effort to maintain crop production, however the rate of fertilizer
use is minimal and in declining trend in last decade due to limited access and affordability
(Shrestha, 2010). As a result, sustaining soil fertility under intensive agriculture is an arduous

challenge in hill region of Nepal.

Another cause for soil fertility decline in the region is gradual abandonment of traditional
practices that minimize soil erosion. Farmers in the hill region of Nepal traditionally employ
conservation practices such as terracing, agro-forestry and shifting cultivation for reducing soil
erosion and restoring soil fertility (Amatya and Newman, 1993; Neupane et al., 2002; Kerkhoff
and Sharma, 2006). However, these practices are being gradually minimized due to increased
labor constraints and pressure from increasing food demand (Rasul and Thapa, 2003). With the
decline of traditional soil conservation practices, new practices that can simultaneously produce
more food and sustain soil fertility are needed in the region. Promoters of CA have claimed that
CA has the potential to reconcile farmers’ need for increasing productivity and reducing soil
degradation by promoting sustainable intensification (FAO, 2015; Hobbs et al., 2008).
Therefore, CA appears to be a possible solution for the problems faced by smallholder farmers in

the hill region of Nepal.



1.2.4 Evaluation of CA in the hill region of Nepal

Even as the need for sustainable intensification is greatest in the hill region, the hill farming
system has not received enough attention in terms of CA evaluation. Only a handful of studies
have evaluated CA in the region. Previous studies conducted in maize-based system of the region
have concluded that CA practices were effective in reducing some aspects of soil degradation.
Specifically, studies have shown that reduced tillage practice was effective to reduced rate of soil
erosion (Atreya et al., 2006; Tiwari et al., 2008; Das and Bauer, 2012). Similarly, researchers
have acknowledged that cereal and legume intercropping increase atmospheric nitrogen fixation,
provide a higher amount of organic matter to soil, and protect surface erosion by increasing
duration of soil cover (Thapa, 1996; Neupane and Thapa, 2001). While none of the previous
study has reported increase in crop yield after implementing CA system, most of them found that
crop yields were maintained (Atreya et al., 2006; Tiwari et al., 2010; Karki et al., 2014). Despite
no significant increase in crop yield, however, Tiwari et al. (2010) and Karki et al. (2014) found
that profits from CA practices were higher than traditional system in the region. Karki et al.
(2014) also suggested that farmers in the hill region (particularly, in Palpa and Gulmi district)
were interested to scale-up CA system as it reduced the production cost without significant yield

penalty.

Despite these reported benefits, the adoption of CA by farmers in the region remains
limited, indicating a significant research gap in evaluation of CA in the region. Firstly, lack of
concrete evidence for greater crop yield at the farmers’ field condition is one possible reason for
non-adoption of CA by farmers in the region. Most of the previous CA evaluations have tested
CA in research stations (except Karki et al., 2014), hence there is dearth of knowledge about

performance of CA at farmers’ field condition. The evaluation conducted in research stations has



a tendency to produce overly optimistic results compared to farmers’ field condition due to
application of improved production technology and greater control of research environment
(Pannell et al., 2014). Additionally, previous studies have seldom evaluated CA systems for
more than a couple of years, which is not enough time for full stabilization of CA systems.
About 7 years may be needed to realize the full benefits of CA (Hobbs, 2007). Similarly,
previous studies have also overlooked the economic and production constraints of smallholder
farmers during CA evaluation. However, social and economic factors are crucial for adoption of
conservation technologies by poor and marginalized farmers in Nepal (Tiwari et al., 2008;
Paudel and Thapa, 2004). Particularly, land and labor availability are major constraints for
adopting conservation technologies in hill region of the country (Tiwari et al., 2008; Paudel and
Thapa, 2004). In one hand, adoption of CA can require higher labor in places where tillage and
weeding operations are performed by manual labor (Haggblade and Tembo, 2003; Nyamangara
et al., 2014). However, in other hand, the labor supply is unreliable in the hill of region due to
significant out-migration of laborers, particularly from rural areas to cities and foreign countries
to find non-farm jobs (CBS, 2012). Despite labor being a critical factor for adoption, none of the
previous studies have considered labor constraints in CA evaluation. Therefore, the development
and promotion of CA should consider the underlying socio-economic constraints that prohibit
adoption of sustainable land management practices in the region. For that reason, a
comprehensive assessment of the CA in the context of smallholder farmers’ socio-economic

conditions is essential before full scale promotion could be considered in the region.

In addition to insufficient technical and economic evaluations of CA, there is hardly any
study that has evaluated the challenges for transfer of beneficial CA technologies among

smallholder farmers. Historically, the rate of agriculture technology transfer among smallholder



farmers has been extremely low in Nepal (Floyd et al., 2003). Lack of information sharing is a
common constraint for adoption of new agriculture technologies throughout the country
(Neupane et al., 2002; Floyd et al., 2003). The limited coverage of government extension system
is one of the main problems for agriculture technology transfer in the country (Paudel et al.,
2011). The government extension system has been largely ineffective in the dissemination of
information about new agriculture technologies to farmers, mainly due to insufficient resources
(Shrestha, 2013). Globally, it has been recognized that informal social networks and connections
play an important role to transfer information about sustainable agriculture technologies
(Warriner and Moul, 1992; Isaac et al., 2007). Therefore, social network and social capitals have
emerged as important element in the transfer of complex, knowledge-intensive technologies like
CA (Bandiera and Rasul, 2006; Wall, 2007). The promoters of CA have also acknowledged the
role of joint social actions and multi-stakeholder collaboration in adaption and adoption of CA
systems (Wall, 2007; Erenstein et al., 2012; Dessie et al., 2013). Unlike input intensive
technologies such as a new cultivar, fertilizer and pesticide, CA is a more knowledge-intensive
technology, which requires collaborative learning, evaluation, and adoption for successful
adoption (Wall, 2007). Previous studies in Nepal have also found that farmer-to-farmer
technology transfer was successful in promoting conservation technologies (Shrestha, 2013;
Ghimire et al., 2013). However, a comprehensive study on access to and channels for agriculture
information has not yet been conducted in Nepal. Specifically, the status of the CA information
network has never been investigated. Therefore, there is need to understand existing agriculture
information sharing networks to provide a critical insight into the potential application of such
networks for the dissemination of CA information to rural farmers. It is also important to identify

the factors that affect the CA information network as well as the methods that may improve the
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network to ensure sufficient flow of CA information to the smallholder farmers.

Therefore, there is a critical need to evaluate the feasibility of CA for smallholder farmers
in the hill region of Nepal from technical (e.g. effect to yield, labor, soil quality), economic (such
as short-term profit and long-term benefit), and technology transfer perspectives (such as access
to information). An evaluation of CA in the socio-economic context of smallholder farming in

the region is essential for considering CA for wider scale promotion in Nepal.

In addition, localized evaluation of CA in various geo-physical and socio-economic context
is necessary for an in-depth understandings of economic potential of CA for smallholder farmers
worldwide. This dissertation aimed to generate information about the performance of CA in the
context of the hill region of Nepal, which eventually contributed to the global knowledge about

the feasibility of CA for smallholder farmers.
1.3 OBJECTIVES OF THE DISSERTATION

The overall goal of this dissertation is to investigate the economic feasibility and
technology transfer challenges of the CA for smallholder farmers in Nepal. The specific

objectives of the study are as follows:

1. To compare crop yields, profits, return to labor and soil quality from CA systems in the
hill region of Nepal through on-farm evaluation

2. To determine the economic potential of CA systems for smallholder farmers in the hill
region of Nepal by using a multi-objective bio-economic optimization process

3. To assess CA information networks of smallholder Chepang farmers in the hill region of
Nepal by using social network analysis (SNA)

4. To provide policy feedbacks for the promotion of the CA practices based on results
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Novelty of the study

This study takes an entirely new and unique perspective for evaluation of CA. As
mentioned earlier, there are widespread doubts about the economic feasibility and practicality of
CA for food insecure, smallholder, and subsistence farmers. There are several studies on
evaluation of CA conducted at large-scale and mechanized farms in the developed worlds.
However, there are few studies on the evaluation of CA for poor and smallholders farmers. The
study population for this study is ultra-poor and marginalized tribal farmers practicing
subsistence farming system. Hence, the results of this study will provide an economic evaluation
of CA from the far of the poverty spectrum. Secondly, there are some differences in the CA
practices that are selected in this study. Most of the CA systems evaluated in earlier studies
require some initial capital to buy machines (e.g., no-till planters) and external inputs (e.g.,
herbicides). However, the CA practices selected in this study do not require such tools and
external inputs. Farmers in Nepal has higher tendency to adopt new technology when they are
developed from traditional practices (Floyd et al., 2003), hence these CA systems are believed to
be more feasible for adoption among subsistence smallholder farmers. Thirdly, the evaluation is
also unique as it used a combination of on-farm assessment, normative modeling, and positive
analysis tools to appraise the feasibility of CA. The study used the crop yields, labor, and soil
data generated from farmers' fields unlike most of the previous studies, which mostly used data
generated from research stations. The study also combines a normative economic modeling and a

positive social network analysis tool that is novel in the evaluation of CA.

Organization of the dissertation
The present dissertation is divided into six chapters. The current chapter (Chapter 1)

introduces the problem and justifies the importance of the study. In particular, the chapter
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discusses the issues and presents research objectives. The literature review chapter (Chapter 2)
reviews existing literature on evaluation of CA for smallholder farming condition worldwide.
That chapter emphasizes on the economic analysis of CA among smallholder farmers in
developing countries. In addition, that chapter also discusses the technology transfer modalities
in developing countries, and the role of social networks with their possible implication to CA
research and development. Chapter 3 presents the results on effects of CA systems on crop yield,
production cost, profit, return to labor, and soil quality based on on-farm evaluation. The Chapter
4 presents the results from the bio-economic optimization of CA systems for smallholder farmers
in the hill region of Nepal. Specifically, the optimal amount (%) of land area that should be
allocated to CA systems for the optimal attainment of profit and soil conservation objectives
determined by a multiobjective linear programing model is reported. The chapter also presents
the comparison of profit and soil conservation from an optimal CA combination with the
traditional system to determine the opportunity cost of non-adoption. Chapter 5 provides an
assessment of CA information networks of smallholder farmers in the study sites. That chapter
focuses on the status of social network through which information on CA practices passes among
the smallholder farmers. The chapter also discusses how CA information network is affected by
farmers' attributes such as gender, prior training, group membership, and the education level.
Finally, Chapter 6 presents the summary and conclusion, policy recommendations, and future

research needed for promoting CA practices in the hill region of Nepal.
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Figure 1.1 Map of Nepal showing geographic regions and distribution of agriculture lands
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CHAPTER 2

LITERATURE REVIEW

2.1 CONSERVATION AGRICULTURE TERMINOLOGY

2.1.1 Conservation Agriculture (CA)

Conservation Agriculture (hereafter, CA) refers to an approach for agro-ecosystem
management that strive to improve and sustain productivity, increase profits and food security
with a concurrent conservation and enhancement of the natural resource base and the
environment (FAO, 2015). CA represents a set of three conservation principles for crop
production, namely, a) minimal soil disturbance (i.e. reduced tillage), b) permanent soil cover
(with crop residues or other types of organic materials), and ¢) optimum crop rotation (Friedrich
etal., 2012; FAOQ, 2015). CA is based on conserving and enhancing the productivity of
agriculture land in the long-term by promoting the natural biological processes in soil (Friedrich
et al., 2009). Individually, the three principles of the CA are not new. Each CA principles have
their own merits and demerits when they are implemented alone. However, when CA principles
are used together, they complement each other to mitigate the adverse effects and enhance the
positive effects (FAO, 2015). Therefore, the greatest thrust of CA research and development has

been on generating synergistic results by integrating two or more of the CA principles.

CA was initially developed as a technology to reduce soil erosion (Beveye et al., 2011).
However, the promoters of CA claim that it is effective to concomitantly achieve multiple
objectives: improving food security (with or without increasing profit), attaining higher and
stable productivity, reversing the trend of resources degradation, reducing greenhouse gas

emission and adapting to climatic variability (Nebraska Declaration on CA, 2013). Despite

15



several potential objectives, increasing productivity and enhancing food security has been
regarded as the primary objective of CA in Africa and South Asia in recent decades (Andersson

and D'Souza, 2014).

2.1.2 Minimal soil disturbance (i.e. reduced tillage)

The first CA principle is the reduction of the soil disturbance to the minimum possible level
by reducing the tillage. The reduced tillage or no tillage practice have been practiced by farmers
since ancient times, however, in modern day agriculture, the reduced tillage principle was
introduced as the response to the massive amount of soil erosion in famous "dust bowl" event in
USA (Derpsch, 1998; Beveye et al., 2011). In conventional farming, tillage is required for land
preparation, sowing, weeding and sometimes, preparing for irrigation. However, tillage is not
always beneficial to soil because it can deteriorate physical, chemical and biological properties
of the soil (Verhulst et al., 2010). In general, tillage buris the vegetation on the soil furface
underneath the soil layers and exposes the soil surface to direct contact with erosive forces such
as water and wind to enhance the soil erosion (Sullivan, 2004; Baudron et al., 2012). Reduced
tillage, in other hand, minimizes soil erosion by reducing physical disaggregation of soil
structure (Six et al., 2000), improving soil aggregate stability and macro-porosity at the surface
layer (Zhang et al., 2007) and increasing infltration and reducing surface run-off (Rhoton et al.,
2002). Reduced tillage system enhances soil microbial biomass and improves soil biological
environment by protecting the habitat and providing diverse diets for beneficial soil micro- (e.g.,
nematodes, and fungus) as well as macro- (e.g., arthropods, and earthworms) organisms
(Verhulst et al., 2010; Palm et al., 2014). In addition, reduced tillage system increases soil
organic matters in topsoil by reducing excessive mix-up and rate of oxidation (Pikul et al., 2007;

Sapkota et al., 2012). Similarly, reduced tillage system minimizes soil nutrients loss by reducing
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the rate of organic matter decomposition (Balota et al., 2004; Astier et al., 2006). Reduced tillage
avoide exessive mix-up of important plan nutrients (mainly phosphorous, potassium) in soil

which ultimately increase availability of nutrients at the plant root zone (Palm et al., 2014).

Despite these benefits to soil physical, chemical and biological properties, reduced tillage
system can reduce crop yield (Pittelkow et al., 2015; Rusinamhodzi et al., 2011). The primarily
reasons for yield decilne under reduced tillage are nitrogen deficiency due to slower rate of
organic matter decomposition (Astier et al., 2006) and immobilization (Verhulst et al., 2010),
defficiency of non-mobile nutrients (such as phosphorus and potassium) caused by excessive
accumulation in surface (Brouder et al., 2014), and higher incidence of diseases, pests and weeds
(Giller et al., 2009). Yield decline under reduced tillage is greater when it is implemented
without sufficient organic matter addition (Andersson and D'Souza, 2014), and in humid
environment (Rusinamhodzi et al., 2011). However, yield decline under reduced tillage is not a
universal phenomenon, as plenty of studies have found greater yield (Thierfielder et al., 2013;
Ngwira et al., 2012; Dahal et al., 2014) or no yield differene (Atreya et al., 2006; Bhushan et al.,

2007) from reduced tillage system.

Minimum tillage also reduces the cost of production in places where agriculture is
mechanized and herbicide is available for weed control by reducing labor and fuel cost
(Erenstein, 2010; Sidhu et al., 2010). However, reduction in costs due to reduced tillage is less
likely in subsistence systems where tillage and weed control are performed by manual or animal
drawn power due to higher labor requirements for weed control (Haggblade and Tembo, 2003;

Nyamangara et al., 2014).

2.1.3 Permanent soil cover

The second principle of CA is maintaining permanent soil cover with dead plant materials
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(i.e., residue mulching) or with live vegetation (i.e., cover crop). Permanent soil cover reduces
surface soil erosion by protecting the soil particles from direct exposure to water and wind
(Alliaume et al., 2014), reduces soil bulk density and penetration resistance (Kahlon et al.,
2013), increases water-stable soil aggregates (Choudhury et al., 2014), increases porocity and
aeration (Lienhard et al., 2013b). The residue cover on the soil surface also protects the soil from
direct impacts of raindrops, which ultimately minimizes formation of surface crust (Six et al.,
2000). In addition, permanet soil cover provides huge amount of soil organic matter (Mazzoncini
et al., 2011; Higashi et al., 2014; Poeplau and Don, 2015), which ultimately enhances the plant

available nutrients and soil microbial activities (Lienhard et al., 2013b; Ito et al., 2015).

Despite these great benefits, the practical feasibility of permanent soil cover for
smallholder subsistence farmers is frequently contested (Gillet el al., 2009; Umar et al., 2011).
Maintenance of year-round soil cover requires retention of crop residues in land or mulching
material or growing of cover crops. In subsistence farming systems, crop residues are often used
as livestock fodder, which restricts the chance for residue incorporation into the soil (Umar et al.,
2011; Raut et al., 2013). Several other factors affect the feasibility of mulching for smallholder
farmers. Greater food security condition, availability of alternative food sources, and higher non-
farm income are associated with greater potential to leave crop residue in land (Valbuena et al.,
2012). Secured land tenure and property right over the crop residue also affects the likelihood of
mulching by smallholder farmers (Erenstein, 2003). Growing cover crops is especially
challenging in dry areas where soil moisture is a limiting factor. Therefore, implementing
‘permanent soil cover’ principle of CA is regarded as the most difficult among the three

principles for smallholder farmers (Giller et al., 2009).
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2.1.4 Crop rotation

The third principle of the CA is the practice of optimum crop rotation to supply diverse
"diet" to soil microorganisms, and to sustainably utilize the plant nutrients at different layers of
soil (FAO, 2015). Crop rotation is a traditional practice in many areas of the world. Crop rotation
deposit residues with diverse biochemical compositions that eventually increase the soil organic
carbon (Drinkwater et al., 1998). Crop rotation also facilitates nutrient uptakes from different
layers of soil according to root system of plants, which ultimately maximize the productivity of
overall system (Tilman et al., 2002). The diversity of root systems under crop rotation also
improves soil macro-aggregates because plant roots are one of the most important binders in
aggregate formation (Six et al., 2004). In addition, crop rotation helps to combat weeds, diseases
and pests (Liebman and Dyck, 1993). Crop rotation practices in the CA system specifically
emphasize for sustainable intensification of the system by legume intercropping, relay cropping
or mixed cropping. Legume crops have the capacity to fix atmospheric nitrogen biologically into
the soil, which helps to increase nitrogen content of the soil (Peoples and Craswell, 1992; van
Kessel and Hartley, 2000). Similarly, the legume residues are the most appropriate for soil cover
because they can readily decompose and supply plant nutrients due optimum carbon to nitrogen
ratio (Verhulst et al., 2010). The legume crop rotation also serves as soil cover due to higher
foliar growth of legumes compared to cereals (Kariaga, 2004). Thus, legume-based intercropping
and relay cropping are alternative for permanent soil cover when mulching or growing cover
crop is simply not feasible due to bio-physical or socioeconomic constraints. Legume crops also
contribute to increasing the profitability of CA systems because they bring higher prices in the

market.
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2.1.5 CA as a “package” of three principles

The basic idea of CA is to combine three principles so that they complement each other to
mitigate the adverse effects and enhance the positive effects (FAO, 2015). In ideal situations, CA
should include all three CA principles, since the benefit of CA increases in step with the numbers
of principles implemented. The CA principles are complementary to each other. Specially,
permanent soil cover and crop rotation practices can mitigate the adverse effects of reduced
tillage. The likelihood of crop yield decline under reduced tillage is significantly minimized by
maintenance of crop residue (Rusinamhodzi et al., 2011). Similarly, mulching of crop residue
drastically minimizes the weed infestation, which is a primary problem for reduced tillage
practice when chemical weed control is not available (Mirsky et al., 2013; Sapkota et al., 2012).
The practice of crop rotation also generates synergy with the other principles helping to combat
weeds, disease and pests (Liebman and Dyck, 1993). Adoption of maize-legume rotation along
with reduced tillage also minimizes the likelihood of the yield decline under reduced tillage

(Rusinamhodzi et al., 2011).

Despite the complementary roles among CA principles, adoption of all three principles is
always not feasible due to several biophysical (e.g. rainfall) or socio-economic constraints (e.g.
alternative use of crop residue) (Pannell et al., 2014; Andersson and D'Souza, 2014). In fact, less
than half of the farmers who have adopted CA in Africa have implemented all three principles
(Frédéric et al., 2007). Therefore, a selective adoption of one principle without adopting other is
very likely among smallholder farmers (Pannell et al., 2014). Nevertheless, all CA practices are
conservation practices with the potential to improve soil quality, and sometimes, increase

productivity as discussed earlier.
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2.2 HISTORY OF SUSTAINABLE AGRICULTURE IN HILL REGION OF NEPAL

The maize-based cropping system of the hill region never get enough attention for
agricultural development due to marginalized, infertile land and lack of modern inputs. The
agriculture extension system of Nepal still promotes the green revolution technologies through
the promotion of high-yielding varieties and external inputs (i.e., fertilizers, irrigation,
insecticides, and pesticides) throughout the country. However, these technologies are simply not
suitable at this time for the hill region and mountain region due to the lack of irrigation and

accessibility to commercial inputs.

Farmers in the hill region of Nepal traditionally employ conservation practices such as
terracing, agro-forestry, and shifting cultivation for reducing soil erosion and restoring soil
fertility (Amatya and Newman, 1993; Neupane et al., 2002; Kerkhoff and Sharma, 2006).
However, these practices are being gradually minimized due to pressure from increasing food
demand and increased labor constraints (Rasul and Thapa, 2003), leading to increase the amount
of land degradation in the region. Farmers in the hill region of Nepal convert their sloping
agriculture lands to terraces, by cutting the hill slopes into several successive flat surfaces for the
purpose of growing crops. Farmers raise fodder trees and hedges on the terrace risers to stabilize
the terrace and supply fodder and forage. Terracing is very effective soil conservation practice
since it minimizes the intensity of surface runoff leading to a reduction of sheet and rill erosion
in sloping land. However, due to labor shortage in the hill region of Nepal, there is gradual
reduction in yearly maintenance of the terraces (Neupane and Thapa, 2001). Secondly, the
traditional agroforestry system, which is practiced throughout the hill region of Nepal, is
believed to stabilize the terraces and reduce soil erosion. Agroforestry also enhances soil nutrient

balances by incorporating organic matter into the soil (Amatya and Newman, 1993; Neupane et
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al., 2002). Another notable practice is shifting cultivation. The practice of shifting cultivation
involves fallowing and cultivation of land in rotational basis. The shifting cultivators leave the
land (patches of land) fallow under vegetation without physical disturbance for a few years.
After few years of fallowing, they clear the land; burn the vegetation for the purpose of crop
cultivation. After few years of farming, the patch is again left fallow for another few years to
restore the soil fertility. During the fallow period of shifting cultivation, the vegetation cover in
soil surface reduces soil erosion, increases the biological activities in soil, increases organic
matter and enhances soil nutrient balance (Kerkhoff and Sharma, 2006). Traditionally, farmers in
hill region of Nepal practiced shifting cultivation to rehabilitate the agriculture land after a few
years of cultivation. However, higher food demand has forced farmers to discontinue shifting
cultivation (Rasul and Thapa, 2003). With the rapid decline of traditional practices, there is a call
for new practices that can meet the dual purpose of increased food production and sustaining soil

fertility in the hill region of Nepal.

Several alternative agriculture practices have been suggested for the hill region with
emphasis on soil conservation and sustainable nutrient management. Since 1997, the Agriculture
Perspective Plan (APP) suggested to convert agriculture lands in hill region of Nepal to orchards
and fruit gardens (APP, 1997), however, it did not generate anticipated results due to lack of
effective implementation. Sloping agriculture land technology (SALT), a combination of
practices such as terracing and hedgerow management, has been promoted by different
development agencies. The SALT was successful for reducing soil erosion and improving
farmers’ income in some areas (Maskey et al., 2003). However, the scale of its promotion was
too small to significantly impact the region. Improved agroforestry is another technology

recommended by researchers and development agencies to enhance farmers’ livelihood and

22



improve soil health in hill region of Nepal. However, farmer adoption of improved agroforestry
is also limited, mainly due to the fear that the tree shade and root effects would reduce the crop

yields in bari land (Neupane et al., 2002; Regmi, 2003).

A common limitation of these three technologies is that they cannot increase food grain
production. Particularly, conversion of agriculture land to plantation requires farmers to replace
field crops with orchard, which is a problem considering food self-sufficiency is the primary
objectives of farmers in the region (Reed et al., 2014). Similarly, agro-forestry system is
effective to increase the fodder supply for smallholder farmers, however farmers in hill region
has not adopted it in wider scale due to the fear that trees would reduce the crop yields due to
shading effects (Regmi, 2003). The hedgerow management under SALT also increase fodder
supply to household, but does not directly increase the food grain production (Das and Beur,
2012). Therefore, there is lack of soil conservation technologies that can be applied for food
grain production to improve food self-sufficiency of smallholder farmers. In contrast to these
previous technologies, CA offers sustainable intensification method for food grain production.
Therefore, stated benefits of CA to raise and sustain agricultural productivity without an adverse

environmental impact is an attractive proposition for hill region of Nepal.
2.3 EVALUATION OF CA IN NEPAL

2.3.1 Status of CA evaluations Nepal

Even as the need for agriculture intensification was greatest in hill region, the hill farming
system has never received enough attention in terms of CA evaluation. Instead, evaluation of CA
has been concentrated in the terai region (plain areas), where CA are tested in rice-wheat farming
systems. In most of the cases, studies have reported higher yields, profits and better soil quality

under CA practices there. Dahal et al. (2014) investigated the effect of zero tillage and residue
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retention on maize grain yield under the maize-rice cropping system in the terai. They reported a
23.1% higher maize yield under zero-tillage without residue retention compared to conventional
system. They also reported a 39.8 % higher yield under zero tillage plus residue retention regime

than conventional tillage plus residue removed system.

Based on the results of a one season field experiment in the terai, BK et al. (2014) reported
the highest profit for maize under the zero tillage plus residue retention system. However, the
level of benefits provided by CA also depended on maize cultivar. They reported a higher
benefit-cost ratio of 2.38-2.31 for no-tillage plus residue retention system compared to benefit-
cost ratio of 1.2-1.9 for the conventional system. In addition, they also recorded a significant
reduction in production costs under the CA system. Similarly, based on a 2-year long field
experiment to evaluate the effect of tillage practices on wheat yield in rice-wheat system of terai
region, Bhushan et al. (2007) reported no difference in wheat yield after no-tillage rice. In
addition, they concluded that a no-tillage rice—wheat system failed to generate higher net return

than the conventional system over the 2 year period.

Bhattacharyya et al. (2008) evaluated the effect of zero tillage on soil properties by
conducting a 4-year field experiment in the terai region of Nepal. They reported significantly
higher soil organic carbon, plant-available water capacity and infiltration rate under zero tillage
compared to the conventional system. Similarly, Ghimire et al. (2012) also reported higher soil
organic carbon sequestration under zero tillage systems compared to the conventional system.

Their results were based on a 4-year research trial in the terai region of country.

Despite these encouraging reports from the terai region, the results does not necessarily
verify the benefits of CA to the hill farming system due to the differences in topography, farming

systems, and crops. Agriculture land in the terai region is generally flat while the hill region is
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dominated by sloping land. Moreover, the rice/wheat system is the dominant crop rotation in the

terai, but the hill region is dominated by a maize-based rotation.

2.3.2 Evaluation of CA in the hill region of Nepal

The hill farming system in Nepal is similar to a highland mixed-system (a FAO-defined
class) that covers about 12 % of lands in South Asia (Dixon et al., 2001). Only a handful of field
experiments have been conducted to evaluate CA in the hill region of Nepal. Contributions from
Karki et al., (2014), Atreya et al. (2006), Atreya et al. (2008), Tiwari et al. (2010) and Begum et

al. (2013) are notable studies among them.

Karki et al. (2014) conducted a 2-year farmer’s field trial to compare the influence of
conservation tillage plus residues retention to conventional tillage on maize-rapeseed cropping
system in Palpa and Gulmi district at western hill of Nepal. Their result showed that tillage
methods and residue levels did not affect maize and rapeseed yield. A higher benefit cost ratio of
2.5 was found under conservation tillage with residue retention compared to 1.7 in conventional
system in the second year of trial. The authors concluded that CA system significantly reduced
the production cost without singificant yield penalty. Based on the personal interactions, the
authors also claimed that farmers in nearby areas were highly motivated to scale-up the CA

practices in the region.

Atreya et al. (2006) assessed the effects of reduced tillage, intercropping and mulching
practices on soil quality and crop yield in the hill region of Nepal. They established a season-
long field experiment at research stations in the Kabre district. Based on the findings, they
reported a decline in the level of soil erosion as well as decline in the amount of soil organic
carbon and nitrogen loss under the reduced tillage system compared to the conventional tillage.

Despite lower nutrition loss, however, there was no significant difference in soil nitrogen,
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phosphorous and potassium under the reduced tillage system at the end of season. The authors
reported similar maize grain yield from reduced tillage and conventional tillage systems. The
full tillage plus intercropping treatment produced the highest grain yield followed by reduced
tillage and intercropping. The maize yield from the traditional sole maize system was reported to
be significantly lower than other practices. Based on the results, the reduced tillage system was

concluded as a viable option for conserving soil without significant yield penalty.

Atreya et al. (2008) evaluated the effect of reduced tillage and rice straw mulching on soil
and nutrient losses and maize yield in the region. Based on the data from research stations in
Kabre district, they concluded a significant reduction in pre-monsoon soil erosion and nutrition
loss under mulching plus a reduced tillage system. They also reported a higher loss of soil
organic matter and soil nitrogen under conventional tillage compared to the reduced tillage
system. Finally, reduced tillage was concluded as a better option than rice straw mulching for

soil conservation in the hill region of Nepal due to the high cost of rice straw.

Tiwari et al. (2009) assessed the effects of reduced tillage to runoff and soil loss in the
Dhading district of Nepal for 2 years. The authors reported a 7-11% reduction of runoff and 18-
28% of reduction of soil loss under reduced tillage system compared to conventional tillage.
They also concluded that reduced tillage without residue retention did not efficiently reduce
runoff and soil erosion. Finally, authors suggested that ground cover and change in cultivation

practices were necessary for the effective performance of reduced tillage.

Tiwari et al. (2010) monitored the runoff from plots in maize-based farming system in the
hill region of Nepal for 4 years. The primary objective of their research was to assess the effects
of different soil management practices (including reduced tillage) to soil nutrient loss and

income. They reported a significant reduction in soil nutrients loss and significant increase of
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farm income from reduced tillage system compared to traditional maize/millet rotation.

Begum et al. (2013) evaluated the integrated effects of season, slope aspect, and land use
systems to soil biological properties (faunal population) in the region. They reported a
significantly higher soil faunal population in forestland compared to agricultural land. Although
authors did not directly evaluate the effects of CA practices in agricultural land, they concluded
that plant residue retention, mulching, and reduced tillage are viable methods for improving soil

fertility and farm productivity in the region.

In addition to experimental studies, a few researchers have applied survey research method
to evaluate the feasibility of different CA practices in the region. Thapa (1996) studied the land
management practices of 298 households. Based on the results, the author reported that regular
hoeing and plowing on steeply sloping lands was the primary reason for high soil erosion in the
region. The author also highlighted the need for integrated legume cropping for conserving soil

and sustaining the mountain environment.

Paudel et al. (2013) studied costs of retaining crop residue for implementing CA versus
feeding livestock in the hill region. Based on the analysis of household survey data (n=30), they
concluded that retaining crop residue on land was feasible in the region, even after meeting
livestock feed requirements. However, they also asserted that residue retention could lead to

substantial fodder deficit in areas where maize yield was low.

In a different context, Das and Bauer (2012) used a bio-economic modeling tool to project
long-term impacts of minimum tillage system in the hill region of Nepal. They applied the Soil
Change Under Agroforestry (SCUAF) model to project effects of the minimum tillage practices
on soil erosion and crop yield. Their results showed a positive return from minimum tillage

system compared to the conventional system over the long run. However, they reported that the
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minimum tillage system was economically unviable in the short-term, despite being effective in
reducing soil erosion in conventional maize cropping system. The authors also suggested that

smallholder farmers should be provided with financial support for adoption of minimum tillage.

Karki and Shrestha (2014) suggested that reduced tillage system with residue retention and
legume intercropping is suitable for hill region. However, the authors also suggested that
promotion of CA is particularly difficult in hill region of Nepal due to limited scope of crop
residue incorporation since it is used for livestock feed. Finally, the authors recommended that
CA practices should be packaged with high yielding cultivars and integrated weed management
strategy (including combination of mechanical, manual, chemical weed control) for higher

adoption.

Previous CA studies from the hill region of Nepal show mixed results. There are a few
cases where CA practices have reduced erosion and nutrient losses, but CA has failed to generate
net economic gains on a consistent basis. This lack of significant economic gains partly explains
the lack of adoption of CA by farmers. Nevertheless, handfuls of studies have evaluated farmers’
adoption behavior for CA practices as well as other soil conservation technologies in the hill

region of Nepal.

Tiwari et al. (2008) explored the factors influencing the adoption of improved soil
conservation technology (ISCT) in the region. The ISCT practices in the study included terrace
improvement, bunds, hedgerow management, retention walls, waterways, and traditional
mulching (no CA practice was included). Based on the results from the logistic model, they
concluded that education of the household head and larger land holding were positively
associated with farmers’ adoption of ISCT. Ethnicity was also reported as an important

determinant of adoption of ISCT. In addition, the study also showed a higher hosuehold income
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was associated with higher frequency of ISCT adoption. Lastly, authors concluded that
membership in local farmers groups and greater access to institutional credit also increased the

likelihood of ISCT adoption.

Neupane et al. (2002) analysed the factors influencing the adoption of an agroforestry
system by subsistence farmers in the region by using household survey data (n=223). The results
indicated a positive effect of female education level, household livestock holding and farmers’
positive perception on households’ adoption of agroforestry practices. In contrast, the results also
indicated a negative correlation between agroforestry adoption and level of male education as
well as respondents’ age. Finally, the authors suggested a higher likelihood of adoption of

agroforestry by female-headed households compared to male-headed households.

Paudel and Thapa (2004) identified 10 factors that affected adoption decision of sustainable
land management practices in the region based on information collected through a household
survey (n=300). Social, economic and institutional factors were found to be significant for
affecting adoption decision of farmers. Authors reported that cast affiliation of farmers and
education level significantly affected adoption decision. Similarly, the authors also reported a
positive influence of large land holdings and reliable labor supply on adoption of sustainable
land management practices. In addition, greater access to extension services, prior farmers’
training on land management, and farmers’ participation in joint land management activities, all

had a positive influence on technology adoption.

Based on the review of reports for adoption of 15 improved technologies in the hill region,
Floyd et al. (2003) concluded that provision of extension inputs, farmers ethnicity, and
household’s food security status significantly influenced farmers’ adoption of new technologies.

They also showed that technologies based on existing production systems were readily adopted
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compared to those based on new systems. Finally, they concluded that the most significant
hurdle in the adoption process of new technology was farmers’ reluctance to attempt

implementation for the first time.

The review of studies related to CA evaluation in the hill region of Nepal shows a sizable
gap in available knowledge. Firstly, the number of evaluations of CA systems and practices are
extremely limited in the region, making it impossible to reach on a conclusion. Secondly,
majority of CA evaluations were conducted in research stations. Thus, there is still a dearth of
knowledge about actual performance of CA in farmers’ fields. Thirdly, most of these studies,
except Tiwari et al. (2010), used only a single year for CA evaluation. One year is not sufficient
for evaluation of CA because at least 7 years may be needed to stabilize the benefits of CA
systems (Hobbs, 2007). Fourthly, many of the studies reviewed here were not specifically meant
to evaluate CA practices. These studies considered CA practices only in the bundles of other
technologies. Hence, there is still lack of studies that specifically focus on the evaluation of CA.
Finally; previous studies have overlooked the economics and production constraints of
smallholder farmers in their evaluation. The profit increments have been reported on the basis of
experimental plot results, which do not contemplate the economic factors that might lead to non-
adoption of technology. In addition, the profit of CA generated from research stations has
tendency to be overly optimistic, due to better control of the production environments (Pannell et
al., 2014). Thus, a broader on-farm evaluation of the CA in the context of socio-economic
condition of smallholder farmer is critical before considering wide-scale promotion of the

system.

2.3.2.1. Evaluation of CA by the “Sustainable management of Agro-ecological resources in tribal

societies of India and Nepal (SMARTS)” project
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This dissertation study was a part of research project titled “Sustainable management of
Agro-ecological resources in tribal societies of India and Nepal (SMARTS)”. The SMART
project had established the on-farm trial on 3 villages in hill region of Nepal. Short-term results
of the CA systems on crop yield, food production and soil quality from the on-farm trial were
also reported earlier (Paudel et al., 2014; Paudel et al., 2015; Crow et al., 2015). In addition, few
additional studies have reported the gender and social aspects of the CA in the same study sites
(Halbrendt et al., 2014a; Halbrendt et al., 2014b; Reed et al., 2014). These studies were a part of

the same research project under which this dissertation research was performed.

Halbrendt et al. (2014a) analysed the difference in farmers’ and researchers’ beliefs
regarding the perceived outcome of CA practices using a mental model technique. They reported
a considerable difference in the perceived outcomes of CA technology between farmers and
researchers. According to the authors, farmers believed that CA practices would lead to yield
decline while researchers believe the opposite. Finally, the authors suggested a need for two-way
learning between farmers and researchers for realization of greater benefit from the CA

technology.

Halbrendt et al. (2014b) evaluated the possible impact of CA practices to labor burdens of
men and women farmers. They calculated labor distribution for men and women by using a
gender disaggregated face-to-face interviews with male and female farmers. They reported a
likelihood of disproportionate change in labor burden for male and females resulting from CA
adoption, suggesting a higher burden for women. The authors also reported that female farmers
supplied about 53-55% of labor work in comparison to 45-47% by men for CA systems. In
addition, after analysing the gender role in decision-making, the authors found that women

farmers felt that they participate in household decision-making, but had lesser control over the
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final decision. Based on those results, the authors highlighted the need for gender-based CA

analysis for greater social impacts.

Reed et al. (2014) compared the preference of different stakeholders, including farmers, for
selected CA systems using an analytic hierarchy process (AHP) technique. Their results
indicated that although farmers in the study sites considered soil quality as the most important
factor contributing to long-term income, their most preferred production system was not
minimum tillage-based CA. Farmers preferred a full tillage maize followed by cowpea rotation,
over a strip tillage plus intercropping system. The authors also reported that labor saving was not
an important factor for adoption of CA in the villages. Based on the findings, they highlighted

the need for better communication among the actors involved in CA research and promotion.

A short-term results of the on-farm trial conducted in this research on crop yield was also
published earlier (Paudel et al., 2014). By 2012, there was no significant difference in the crop
yield from the on-farm trials. However, CA systems increased the gross return and revenue due
to increased number of crop harvests and higher price of legume crops used in intercropping.
Therefore, it was recommended that smallholder farmers should adopt CA to increase gross
return. Based on these preliminary results, Paudel et al., (2015) had also suggested that CA
increased physical and economical access to food and enhanced the nutritional security by
providing protein rich-diet (due to higher production of leguem). The early effects of CA
systems on soil quality on on-farm trails was reported elsewhere by Crow et al. (2015). The
authors found no significant differences among average nitrogen, available phosphorous,
available potassium and soil organic matter content as well as water stable aggregates for the CA
systems. The author concluded that CA treatments were yet to menifest changes in soil

parameters because soil takes time to respond to the changes.
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2.4 THEORIES OF AGRICULTURE TECHNOLOGY ADOPTION: IMPLICATION TO CA

EVALUATION IN NEPAL

There are three broad models to describe farmers’ adoption (or non-adoption) of new
agriculture technologies, namely, i) the diffusion model ii) the economic constraints model, and
iii) the perception model (Prager and Posthumus, 2010). The first model for agriculture
technology adoption is ‘diffusion model’. The diffusion model is one of the oldest models
describing the adoption or non-adoption behavior of farmers (Rogers, 1962). The model assumes
that farmer’s adoption or non-adoption decision is dependent on personal characteristics such as
innovativeness and risk aversion. This model suggests that efficient information delivery system
and suitable extension methods are the most important factor for higher technology adoption
(Foster and Rosenzweig, 1995; Rogers, 2004). The practical implementation of this model is
observed in terms of ‘training and visit (T&V)’ programs. This model is highly criticized for
neglecting the economic constraints of farmers, and for being biased to the technologies that are
developed at research stations (Padel, 2001). Without consideration of these additional
constraints, this model had led researchers to erroneously conclude that non-adopters are
laggards. Despite questions on the overall merit of this model, access to information is still
regarded as a critical constraint for the transfer of new agriculture technology in the developing
world (Zhou et al., 2010; Aker, 2011). Evidence shows that farmers’ adoption of conservation
technologies is also positively influenced by farmers’ access to information (Bekele and Drake,
2003; Bandiera and Rasul, 2006). Lack of information has been documented as a cause for
slower adoption of soil conservation practices in Nepal’s hill region (Neupane et al., 2002; Floyd
et al., 2003). Therefore, development and promotion of CA systems should pay due attention to

improving the information delivery system of CA as one step towards increasing the adoption.
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The second model for describing adoption (or non-adoption) is ‘economic constraints’
model. This model assumes that farmers’ adoption decisions are defined by short-term and long-
term economic incentives and constraints. In fact, several economic factors such as farm size and
labor supply (Marenya and Barrett, 2007), timiming and substitutability of inputs (Neill and Lee,
2001), nature of land ownership and control over decision (Lee, 2005), ability to revert back to
old practice in case of failure of new practice (Uaiene et al., 2009), accessibility to capital or
credit (Jara-Rojas et al., 2013), the presence or absence of government subsidies and support
(Jara-Rojas et al., 2013), and degree of risk for adoption (Marra et al., 2003) are important for
farmers adoption decision. The farming-system research projects implemented during the 1970s-
80s followed the ‘economic constraint’ model. This model is also criticized for giving high
importance to economic factors while ignoring technical and social factors. The majority of the
arguments against the feasibility of CA for smallholder farmers around the world are related to
farmers’ economic constraints (Giller et al., 2009; Grabowski and Kerr, 2013). Most of these
constraints are also valid for Nepalese farmers. Therefore, exploring economic potential is
essential for increasing the likelihood of adoption of the CA system by farmers. In addition,
evaluation and promotion of CA under the resource and production constraints of smallholder

farmers are also crucial.

The third model for technology adoption is the ‘perception” model. This model assumes
that farmers’ adoption decision of new technology is highly influenced by their perception of the
technology (Prager and Posthumus, 2010). The followers of this model believe that the lack of
interaction between researchers and farmers is a central problem in other technology transfer
models. Therefore, this model emphasizes farmers’ participation during the identification of the

problems and development of solutions (Gonsalves, 2005). Several participatory and action
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research projects in the field of agriculture development followed the perception model (Pretty,
1995; Posthumus et al., 2010). This theory also provided the basis for increasing the numbers of
participatory evaluation of CA in Africa and Asia in recent decades (Gupta and Sayre, 2007,

Wall, 2007).

Unlike previously transferred technologies such as a new cultivar, fertilizer and pesticide,
CA does not require extensive additional inputs. However, CA requires a change in the farming
methods. Therefore, CA is a more knowledge-intensive technology than an input-intensive
technology (Wall, 2007). Previous models of technology transfer may not be sufficient for CA
research and development. CA gives a technology framework, but the particular production
systems have to be identified and customized according to local crops, cropping system, and
socio-economic conditions. Therefore, a one-way and the one-time information delivery event is
not sufficient for effective adoption of CA by smallholder farmers. Besides, CA adoption is also
associated with community behavior and peer pressure, which is entirely unexplained by
previous theories (Wall, 2007). Recently, social networks and capital have emerged as important
elements in the transfer of complex, knowledge-intensive technologies like CA (Bandiera and
Rasul, 2006; Wall, 2007). The promoters of CA have acknowledged the role of joint social
actions and multi-stakeholder collaboration in adaption and adoption of CA systems (Wall, 2007;
Erenstein et al., 2012; Dessie et al., 2013). Therefore, the evaluation and promotion of CA in
Nepal should also pay attention to network building among related actors through multi-

stakeholder collaboration in information exchange, research, development and promotion.
2.5 ECONOMIC EVALUATION OF CA FOR SMALLHOLDER FARMERS

2.5.1 Economic potential and implementation feasibility of CA for smallholder farmers

There is substantial agreement about the economic potential of CA in commercial farming
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system (Friedrich et al., 2012). The CA has enabled farmers to conserve soil, reduce labor and
fuel requirements, and, in some cases, increase crop yields (Hobbs et al., 2008; Kassam et al.,
2009; Rockstrom et al., 2009; Lienhard et al., 2013a; Thierfelder et al., 2013). However, there
are no agreements on questions about the economic potential of CA for smallholder farmers.
Generating universal answers regarding the economic potential of CA adoption for smallholder
farmers is difficult due to couple of reasons. Firstly, a number of publications on economic
evaluation of CA in Africa and Asia are insufficient to draw conclusions. Notably, the published
studies on full “CA package” (that has all three principles) are limited due to higher emphasis on
evaluation of reduced tillage principle. Secondly, and probably more importantly, there are

conflicting results regarding the economic benefits of CA to smallholder farmers.

The economic potential of CA systems for smallholder farmers in the subsistence
economies is questioned due to few notable reasons. Firstly, there is the possibility of crop yield
decline from adoption of CA, which has a direct bearing on food security of smallholder
households (Brouder et al., 2014; Gangwar et al., 2004; Nyamangara et al., 2013). Declines in
crop yield are more likely in subsistence agriculture systems when there is little or no use of
chemical fertilizers (Nyamangara et al., 2013) and herbicides (Grabowski and Kerr, 2013).
Under mechanized systems, CA can produce higher profits than the conventional system despite
yield decline due to a greater, simultaneous reduction in the production cost (Wall, 2007;
Erenstein, 2010; Sidhu et al., 2010). Costs of production are reduced mainly through
conservation of fuels and labor (especially for weed control). However, subsistence farmers in
Africa and South Asia do tillage by manual or animal drawn power. Similarly, weeding is also
performed manually due to unavailability of herbicide (Umar et al., 2011; Erenstein et al., 2012).

Hence, reduction of production costs by CA is less likely in these systems.
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Secondly, the applicability of CA in subsistence farming systems is a contested due to possible
mismatch between the conditions required for adoption of CA principles and the socio-economic
constraints of the smallholder farmers (Stevenson et al., 2014; Giller et al., 2009; Umar et al.,
2011). Specially, alternative uses of crop residues as livestock feed, and higher labor
requirements has been cited as crucial constraints for smallholder farmers to adopt CA (Giller et
al., 2009; Nyamangara et al., 2014). Based on a review of several published papers on sub-
Saharan Africa, Giller et al. (2009) reported that the empirical evidence for benefits of CA on
crop yield, labor saving and soil fertility improvement is unclear and inconsistent. The authors
also mentioned that there are convincing scientific reports that contradict the claims about the
benefits of CA. Finally, they conclude that competing uses for crop residues, higher labor need
for weeding, and lack of external inputs are the main obstacles for smallholder adoption of CA.
Similarly, Nkala et al. (2011) performed a meta-data analysis of 40 research papers in Southern
Africa and concluded that the effectiveness of CA in improving farmers’ livelihood is debatable.
Several authors have supported the claims about limited feasibility of CA to smallholder farmers
in recent years (Stenvenson et al., 2014; Rusinamhodzi, et al., 2011; Corbeels et al., 2014;
Lotter, 2015; Pittelkow et al., 2015).

Despite these concerns, the promoters of CA continue to claim that CA holds great
potential to uplift the livelihood of impoverished smallholder farmers (FAO, 2015). In addition,
there are plenty of reports which shows that CA had outperformed smallholder farmer’s
conventional farming system in various regions of world. Studies have reported a higher crop
yield from CA compared to traditional system under the farming condition of smallholder
farmers (Thierfielder et al., 2013; Corbeels et al., 2014; Ngwira et al., 2012; BK et al., 2014).

Studies have also reported a greater profit from CA for smallholder farmers in subsistence
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farming systems of Laos (Lienhard et al., 2013a), Malawi (Ngwira et al., 2012) and Zambia
(Umar et al., 2011), Bangladesh (Gathala et al., 2015) and Nepal (Karki et al., 2014). Nguema
et al. (2013) concluded that there exists a great potential for CA to improve the livelihoods of
smallholder farmers in Ecuador. Haggblade et al. (2011) reported a 140% increment in income
of resource-poor farming households in Zambia after adoption of CA. Mazvimavi et al. (2010)
also found a significant increase in food production for smallholder farmers in Zimbabwe after
adoption of CA. Pannell et al. (2014) also concluded that there exists a high potential of CA to
contribute to farmers” welfare in developing countries, but they also asserted that economic gains
from switching to CA were not great in short-term. Halbrendt et al. (2014b) suggested that low-
input CA was feasible for smallholder farmers in Nepal because it does not require high

investments.

Such a high variation and contradiction on potential benefits and feasibility of CA among
smallholder system indicate that there is need for further evaluation of CA systems among
smallholder farmers in diverse cropping systems and communities. It is also possible that the
debate about the feasibility of CA to smallholder farmers never ends, but higher numbers of
evaluations would help to identify the conditions at which CA is economically feasible for

smallholder farmers.

2.5.2 Methods used for economic evaluation of CA

There are significant variations in methods, assumptions, and scale for economic analysis
of a CA. In general, three types of economic analysis, namely, (i) financial, (ii) functional, and
(iii) non-parametric programming, are conducted to study the economics of new technologies
(Acs et al., 2005). Financial analysis or budgeting is the most commonly used method for

economic analysis of CA. In financial analysis, gross margin or profit (as total revenue minus
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total cost) of CA are calculated and compared to conventional systems (Umar et al., 2011,
Thierfelder et al., 2012; Alwang et al., 2013; Grabowski and Kerr, 2013). Extensions of financial
analysis are often used to calculate the return to labor and labor productivity from CA (Ngwira et
al., 2012; Lienhard et al., 2013a). The long-term financial analysis of CA has also included the
use of discounted flows of benefits to calculate net present values (NPVs) (Lienhard et al.,
2013a), and internal rate of return (IRR) (Atampugre, 2014). Despite its popularity, the financial
analysis requires comprehensive datasets from the adopters of CA (Acs et al., 2005), which is
less likely to be available especially during the initial phases of CA evaluation. Thus, this

method has often been limited to an analysis at research plot level.

In the case of a functional efficiency analysis, econometric methods are applied to estimate
production functions and evaluate the economic efficiency of CA (Bravo-Ureta et al., 2006;
Kassie et al., 2009; Mazvimavi et al., 2012). Econometric modeling tools are used to determine
and compare factor-productivity and technical efficiency between CA and conventional systems.
Similar to financial analysis, a functional analysis method requires an extensive household data
and input records from both adopters and non-adopters of CA (Acs et al., 2005). Therefore, data

necessary for this method are often not available before widespread adoption of CA practices.

Lastly, non-parametric modelings such as linear programming (LP) and data envelopment
analysis (DEA) have also been used to analyze the economics of CA at different scales.
Haggblade et al. (2011) applied an LP model to a plot-level economic analysis of CA versus
conventional farming in Zambia. Nguema et al. (2013) used an LP model to determine the
optimum allocation of land to CA systems for smallholder farm households in Ecuador. Pannell
et al. (2014) applied an LP model to evaluate farm-level economics for different land

management scenarios including conventional agriculture and various combinations of crop
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rotations, zero tillage, and mulching and residue retention. As a economic analysis method, LP
has an additional advantage for economic analysis of CA because it can apply multi-objective
optimization process for optimizing under conflicting economic and environmental objectives
associated with CA (Makowski et al., 2000; Annetts and Audsley, 2002; Weersink et al., 2002;

Behera and Rana, 2013; Mavrotas et al., 2013).

In addition to optimization models, the DEA method has also been applied for evaluation
of CA. Simone (2014) conducted a technical efficiency analysis by using DEA to compare the
maize production technical efficiency scores between CA and conventional farming. The DEA
method also requires the data from adopters of the CA, which is not possible at an early stage of

evaluation.

There are few challenges in economic analysis of CA systems that are applicable to all
methods. There is a higher possibility of over-optimistic results in an economic analysis of CA.
According to Pannell et al. (2014), there are several possible causes for over-optimistic results of
CA evaluation. Firstly, higher returns are calculated when studies assume higher yield derived
from controlled plot data. Secondly, greater benefits are possible because analysis disregard
farmers' inputs constraints such as land and labor availability. Thirdly, there is a possibility of
publication bias, which discards the research results showing fewer benefits (Pannell et al.,

2014).

There are also concerns regarding the under-estimation of the benefits of CA. Some of the
benefits of CA are realized in larger geographical scales - from watershed, ecosystem and the
global level (FAO, 2001; Holland, 2004; Dumanski et al., 2006) but they are often excluded
from conventional farm-level economic analysis of CA. Although the off-farm benefits and cost

are typically not expected to have a significant influence on farmer decision-making regarding
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adoption of CA (Das and Bauer, 2012), they are important from a social perspective. The social
benefits and costs of conservation can be included in two ways in an economic analysis. Firstly,
the social cost of soil erosion from the conventional system can be estimated and included as the
social cost for not adopting conservation technologies (Pimentel et al., 1995). This can be also
done by valuating the ecosystem services of CA and including the values as social benefits of
adoption (Palm et al., 2014). However, both of these methods require the use of direct and
indirect valuations of economic benefits and costs, which is often beyond the scope of the CA
projects. Bio-economic modelling is one alternative to the valuation of social costs and benefits
where the economic performances of conservation techniques are simultaneously evaluated with
their biological performances such as their effects on soil erosion (Das and Bauer, 2012). This
procedure does not account for social benefits and costs in economic term, but it gives an

assessment of how adoption of the conservation practices would affect soil erosion.
2.6 CA INFORMATION NETWORK

Two functions of social networks can be important for development and promotion of CA.
Firstly, social networks can play a significant role in the transfer of CA information to
smallholder farmers. Secondly, social networks can facilitate the local collaboration for
collective implementation of CA and enhance the learning among smallholder farmers,

eventually contributing to adaption and adoption of CA.

2.6.1 Social network and access to new agriculture information

Access to information is still considered a crucial constraint for the transfer of new
agriculture technology in developing countries (Zhou et al., 2010; Aker, 2011). Evidence shows
that farmers’ adoption of conservation technologies is positively influenced by farmers’ access to

information (Bekele and Drake, 2003; Bandiera and Rasul, 2006). Locally, a lack of information
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has been documented as a cause for slower adoption of soil conservation practices in Nepal’s hill

region (Neupane et al., 2002; Floyd et al., 2003).

Social networks and connections play an important role in the transfer of information about
the new practices to farmers in developing countries, especially when formal extension service is
weak. Various scholars have validated the role of social network as information source. Hoang et
al. (2006) described social network as capital for smallholder farmers and farming households in
rural areas of Vietnam. Based on a case study to evaluate the role of social capital in technology
transfer in the northern part of the country, they reported a strong positive role of social network
in to increasing farmers’ access to information. They also found that social capital increases
smallholder farmers’ capacity to benefit from research and development. Finally, they concluded
that existing social networks could be used to establish efficient agriculture extension delivery in
Vietnam. Similarly, based on a survey to identify the pattern of information network in rural
Ghana, Conley and Udry (2001) reported that about 66% of the farmers get information from

other farmers from the same village.

Provan et al. (2005) also highlighted that the informal social network (comprised by
informal social ties) as the most trusted and reliable source of information in such circumstances.
In another context, they also reported that social network can be used to address a wide ranges of

community problems as it helps to improve collaboration among members.

Scholars have reported that information about sustainable agriculture technologies often
transfers through informal social ties. Isaac et al. (2007) examined the advice network among the
farmers in the agroforestry systems of Ghana. Their results indicated that information network
related to agroforestry system consists of a small group of core farmers with the bridging role

and remaining farmers in periphery (as advice seekers). They further noticed that the farmers
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who are in the core of the network frequently participate in community activities. Therefore, they
suggested that promotion of community works would improve information exchange related to

agroforestry.

Similarly, Warriner and Moul (1992) analyzed the influence of farmers’ personal network
on decisions regarding adoption of conservation tillage in Canada. They reported that a higher
network connectedness increased the likelihood of adopting conservation tillage by farmers.
However, they also found that greater integration of personal network negatively influenced
adoption of conservation tillage. Therefore, they concluded a social network had only a partial

impact on adoption of conservation tillage.

Researchers have also investigated the role of social network in adoption of other
agriculture technologies. Bandiera and Rasul (2006) evaluated the influence of social network on
an individual’s decision to adopt of improved agriculture practices among sunflower growers in
Mozambique. Based on the analysis of 204 household surveys, they reported that an inverse-U
shaped relationship existed between probably of new technology adoption and number of adopter
farmers in the network. The authors explained the result as a strategic behavior of farmers to

delay adoption and seek a “free ride” on the information gathered by others.

Based on study with a large numbers of samples (n= 2,518 households from 7 countries in
Africa), van Rijn et al. (2012) evaluated the influence of social capital to the adoption of new
agriculture practices. They reported higher adoption of the new farming practices for farmers
with larger number of structural ties. Notably, they found that a higher number of bridging ties
going beyond villages would increase the rate of adoption as bridging ties increases farmers’
access to knowledge and resources. However, the authors also reported a “dark side of social

capital,” farmers with stronger cognitive capital (stronger shared community norms, beliefs and
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trusts) may delay adoption due to less collective openness to new ideas.

Similarly, Magnan et al. (2013) assessed the influence of information flow through social
network on technology demand at the household level in Uttar Pradesh of India. The authors
applied a household survey method to estimate farmers’ willingness to pay for new technology.
The results indicated that having an early adopter in network increases farmer’s willingness to
pay for new technology by 30%. Their result also shows the network effect on farmers’

willingness to pay is highest among poor farmers.

2.6.2 Social network, collaborative actions and adoption of new technology

Existence of a strong social network is associated with higher potential for collective action
and social learning (Bodin and Crona, 2009) due to better communication, greater trust and
higher reciprocity in the transmission of information across individuals. Few scholars have
verified the role of social network to improve collaborative actions in agriculture technology
adaption and adoption. Notably, Dessie et al. (2013) investigated the role of social learning in the
adoption of soil conservation technologies in Ethiopia by using data collected through semi-
structured interviews. They found that social network reduced the hierarchy among actors and
promoted blending of indigenous and scientific knowledge in the innovation process. Finally,
they concluded that local institutions encourage the rates of social learning in the context of

smallholder farmers.

Similarly, based on results from household survey data from local communities in Malawi,
Tanzania, Zambia, and Zimbabwe, Wall (2007) suggested that the lack of knowledge and
information is a primary hurdle for smallholder farmers to adopt CA. They further explained that
a limited number of connections to outside information sources were a significant hindrance for

smallholder farmers to access knowledge. Finally, the authors stressed that there is a need to
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develop highly participatory local innovation systems for advancing the adoption of CA among

smallholder farmers.

Evaluating role of collective actions related to agriculture technology adoption in a
cooperative setting in Ethiopia, Abebaw and Haile (2013) reported a higher likelihood of
adoption of agriculture practices (such as fertilizer and pesticide use) for the members of
cooperatives compared to non-members. As a result, the authors concluded that cooperatives

could play a major role in improving the rate of technology adoption.

Based on results from a case study in Southeast Asia for coastal land management, Adger
(2003) emphasized that social capital is a form of public good. Authors also reported that the
public good aspect of social capital could be a vital tool for improving the adaptive capacity to

climate change.

Analysis of the social network is an improvement over conventional information delivery
because the social network analysis evaluates two-way information exchange rather than one-
way information delivery. Social network analysis assumes that farmers are both providers and
receivers of information (Cramb, 2005). While studies of information delivery focuses on the
transfer of information to farmers, information network analysis also evaluates the potential for

joint actions and collaborative social learning (Bodin and Crona, 2009).

2.6.3 Evaluation of agriculture information network in Nepal

A handful of studies have indicated that farmers’ informal networks are useful to transfer
information about conservation practices in Nepal. Based on the evidence from a long-term
action-research project for promoting sustainable soil management practices in Nepal, Shrestha
(2013) reported that farmer-to-farmer technology transfer is effective in promoting conservation

technologies in rural areas. Similarly, based on a comprehensive household survey of 324
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households in the terai region of Nepal, Ghimire et al. (2013) concluded that progressive farmers
from the same villages are the most important source of information about resource conserving

technologies, including no-till wheat cultivation practice.

These results are not sufficient to define the precise role of farmers’ social networks in the
transfer information about new agriculture technology. A comprehensive understanding of
access and channels for agriculture information has not yet been studied in the Nepal.
Specifically, the status of the CA information network has been never investigated in the
country. The understanding of existing agriculture information sharing networks would provide a
critical insight into the potential application of such networks in the efforts to bolster the
dissemination of CA information to rural farmers. It is also important to determine the factors
that affect the CA information network and methods to improve the network, for enabiling a

more flow of CA information to the smallholder farmers.
2.7 SUMMARY AND CONCLUSION

CA is a set of three conservation practices, namely, minimum tillage, permanent soil cover
and crop rotation. Ideally, a combination of all three practices would result the highest economic
gains for the farmers and the environment. However, adoption of CA is not an all or none
decision, meaning a selective adoption of one or two practices is also possible. Rapid
abandonment of the traditional soil conservation practices and increased intensification have
caused high land degradation in the hill region of Nepal. Previous efforts aimed at promoting
sustainable agriculture development in the region has not generated anticipated impacts.
Therefore, there is a call for new presearch and programs to promote developmet in the region.

Based on the global evaluations, CA is an option worthy of further investigation.

The previous models of technology transfer may not be sufficient for CA due to its
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complexity. CA is a knowledge-intensive technology. Therefore, the development and promotion
of CA requires additional components of multi-stakeholder collaboration and social learning,
which could be facilitated by promoting a CA information network in villages. There is a limited
number of studies evaluating CA in Nepal, mainly, due to CA being a new technology in the
country. Studies conducted in the terai region have reported higher crop yields, profits and soil
quality under CA. However, studies from the hill region have not exhibited clear improvements
in yield and profit. Moreover, there are several limitations in previous CA evaluations conducted
in the region, noteably, lack of long-term on-farm evaluation of CA in region. Therefore, CA

needs further evaluation before considering for widespread promotion.
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CHAPTER 3

EFFECTS OF CONSERVATION AGRICULTURE ON CROP YIELD, PROFIT,

RETURN TO LABOR AND SOIL QUALITY IN THE HILL REGION OF NEPAL

3.1 ABSTRACT

Conservation agriculture (CA) has been promoted as a technology to achieve higher and
sustained production by implementing soil conservation practices in farming. CA represents a set
of three conservation principles for crop production, namely, minimal soil disturbance,
permanent soil cover, and optimum crop rotation. CA appears appropriate for smallholder
farmers in the hill region of Nepal for increasing crop yield, enhancing food security and income,
and improving soil quality. Despite considerable efforts, however, the effect of CA to crop yield,
profit and soil quality under subsistence farming systems is still uncertain. While a handful of
CA evaluation has been conducted in the hill region of Nepal, most of them evaluated CA in
research stations or for 1-2 years. Thus, realizing the need for on-farm CA evaluation for a
longer time-frame, four years long (2011-2014) on-farm trials were established in three villages
in the region. Four treatments evaluated in the on-farm trials were — i) full tillage, maize/millet
(traditional system); ii) full tillage, maize/legume (CAL); iii) full tillage, maize/legume+millet
(CA2); and iv) strip tillage, maize/millet+legume (CA3). The crop yield, system productivity (as
maize equivalent yield - MEY), profit, and soil quality (as a composite soil quality index - SQI)
were compared among treatments using a repeated measure ANOVA.

Maize yield was highest for CA1 while millet and legume yields were highest for the

traditional system and CA1, respectively. Crop yields from strip tillage systems were comparable
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to full tillage, regardless of the year. The MEY of CA1 was significantly higher than the
traditional (3.13 vs. 2.84 tons ha) while MEY of CA2 (3.09 tons ha') and CA3 (3.02 tons ha?)
were between CAL and traditional. Profit of CA1 was significantly higher than all other systems,
but that from CA2 and CA3 were comparable to the traditional system. Similarly, the return to
labor from CA2 and CA3 were only 14% and 9% higher than the traditional system. Although
the effect of CA treatments to several soil quality variables was not apparent, CA3 increased soil
nitrogen content (+18.5%) and improved the SQI (+9.5%) in the fourth year compared to the
traditional. Thus, this study suggests that, despite higher system productivity and improvement in
soil quality, a small increment in profit may not be enough for farmers to abandon conventional
system and switch to CA system. More research is needed for increasing the crop yield and

profits under CA systems for higher adoption of CA in the region.

Keywords: conservation agriculture, crop yield, maize equivalent yield, profit, soil quality, the

hill region, Nepal
3.2 INTRODUCTION

Poor countries in Africa and South Asia continue to face high food insecurity despite
considerable progress toward reducing hunger globally (Godfray and Garnett, 2014). The
chronic hunger in these regions is caused by multiple factors, such as steady population growth,
limited land availability, and low crop yields (Godfray et al., 2010). The hunger and extreme
poverty in Africa and Asia also coincide with a high level of soil degradation and extreme
climate change vulnerability (Gerber et al., 2014; Grafton et al., 2015). Therefore, there is global
need for agriculture technologies, which can reconcile the competing goals of increasing food
production and reducing the rate of soil degradation (Phelps et al., 2013; Gerber et al., 2014). In

recent years, conservation agriculture (CA) has been promoted as the sustainable intensification
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technology, which can help to increase and sustain productivity and improve sustainability of the

agriculture system (Hobbs et al., 2008).

CA represents a set of three conservation principles for crop production, namely, i)
minimal soil disturbance (i.e. reduced tillage), ii) permanent soil cover (with crop residues or
other types of organic materials), and iii) optimum crop rotation (Friedrich et al., 2012; FAO,
2015). Although, CA was developed in mechanised farming systems as a response to high soil
erosion (Beveye et al., 2011), focus of CA research and development has shifted toward
increasing productivity and enhancing food security for resource-poor smallholder farmers in
Africa and South Asia (Andersson and D'Souza, 2014). Despite this, the adoption of CA in these
regions is extremely limited as less than 10% of global CA areas are located in Africa and South

Asia (Friedrich et al., 2012).

Although the promoters of CA claim a attractive proposition of concomitantly increasing
productivity and improving soil health (FAO, 2015), the feasibility of CA system at subsistence
farming systems under extreme food shortage conditions is a debatable issue (Pittelkow et al.,
2015). The empirical evidences about the potential of CA to increase crop yield and reduce
labor, as claimed by the promoters of CA, have been frequently disputed (Giller et al., 2009;
Andersson and D'Souza, 2014). Studies have reported a high possibility of crop yield decline
from CA (Stevenson et al., 2014; Rosenstock et al. 2014). The economic potential of CA over
reasonable planning horizons of resource-poor farmers is also uncertain, primarily due to
possibility of crop yield decline (Pannell et al., 2014). Similarly, researchers have highlighted a
possible mismatch between the conditions required for adoption of CA principles and socio-
economic constraints of the smallholder farmers in Africa and Asia (Giller et al. 2009; Stevenson

et al., 2014). Specially, alternative uses of crop residues as livestock feed, and higher labor
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requirements for minimum tillage system (without herbicide) can be the crucial barriers for

adoption of CA by smallholder farmers (Giller et al., 2009; Nyamangara et al., 2014).

Yet, it is unreasonable to make a general conclusion regarding lack of benefit of CA to
smallholder farmers because plenty of studies have reported significantly higher crop yield
(Thierfielder et al., 2013; Liu et al., 2013) and greater gross margin and returns to labor from
adoption of CA for subsistence farmers (Lienhard et al., 2013a; Ngwira et al., 2012; Umar et al.,
2011; Haggblade et al., 2011). Studies have also reported that CA can increase food production
among smallholder farmers (Mazvimavi et al., 2010). Therefore, there is a need for evaluation of

CA systems among smallholder farmers in diverse farming systems around the world.

Being one of the poorest countries in Asia, Nepal face concurrent problems of food
insecurity and high rate of soil degradation in the hill region. Although, Nepal is a small country
(147,181 km?area), the country has extremely high diversity in term of biophysical, climatic, and
socio-economic conditions. The country is broadly divided into three ecological regions, namely
mountain, hill and terai (Figure 3.1). The northern part of the country falling above 2,500 mean
sea level (msl) is called the ‘mountain region.' The wide middle belt, ranging from 500 to 2,500
msl, is referred to as the “hill region’. Finally, the southern part of the country with elevation less
than 500 msl is called the ‘terai region’ (Pariyar, 2008). The hill region constitutes about 42% of
the area and about 44% of the population (CBS, 2012). Although, country has successfully
reduced the prevalence of hunger to less than 16% (2013) and poverty below 26%, the hill region
still faces food shortage. In 2010, 40 out of 42 districts in hill region of country faced food
shortage condition (MoAC et al., 2011). Similarly, about 55% of the farmers in the region were

under the poverty line in 2009 (UNDP, 2009).

High food demand due to steady population growth; low crop yields from limited arable
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land; and lack of knowledge and technologies to enhance productivity are major causes of food
shortage in the region. The per capita arable land in the region is about half of the global average
(0.011 havs. 0.02 ha) (CBS, 2011; Worldstat, 2014). In addition, the crop yields in the region are
less than half of the global average (MoAC, 2011; Faostat, 2012). Therefore, the food grain
production in the region is not sufficient to meet the food demand. Despite that, purchasing food
from outside is expensive and inconvenient due to isolated geography, and also unreasonable
considering low purchasing power of the inhabitants. Therefore, achieving sustainable
intensification in crop yields from currently cultivated land should be a high priority for

policymakers to improve food security of the region.

The great poverty and food insecurity problem coincide with the problem of extreme soil
degradation in the hill region (Neupane et al., 2002; Tiwari et al., 2004; MoAC et al., 2011).
Therefore, a sustainable growth in crop yield cannot be accomplished without addressing issues
pertinent to sustainable management of agriculture land. Cultivation in sloping land, high rate of
soil erosion, unsustainable intensification, and lack of sustainable soil management practices are
few causes for high rate of degradation of agriculture land in the region (Gardner and Gerrard,
2003; Acharya et al., 2007). Therefore, stated benefits of CA to raise and sustain agricultural
productivity without an adverse environmental impact is certainly an attractive proposition for

sustainable intensification of agriculture in the hill region of Nepal.

However, even as the need for sustainable intensification is greatest in the hill region, the
hill farming system has not received enough attention in terms of CA evaluation. Only a handful
of studies have evaluated CA in the hill region. Most of the studies have conclude that CA
practices are effective in controlling some aspects of soil degradation in the region. Specifically,

previous studies conducted in maize-based system of hill region of Nepal have shown that
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minimum tillage practice reduced rate of soil erosion (Atreya et al., 2006; Tiwari et al., 2008;
Das and Bauer, 2012). Cereal and legume intercropping practice increased some measures of soil
fertility by fixing atmospheric nitrogen into the soil, providing a higher amount of soil organic
matter, and increasing soil cover (Thapa, 1996; Neupane and Thapa, 2001). None of the previus
studies have reported a significant increase in crop yield, as they found that crop yields were
maintained after implementing CA system (Atreya et al., 2006; Tiwari et al., 2010; Das and
Bauer, 2012; Karki et al., 2014). In addition, Tiwari et al. (2010) and Karki et al. (2014) also
suggested that profits from reduced tillage system were significantly higher than the traditional
system. Despite these varied results, all of previous studies have recommended for promotion of
CA systems for sustainability of in hill agriculture system. Karki et al. (2014) also suggested that
farmers in the hill region (particularly, in Palpa and Gulmi district) were interested to scale-up

CA system as it reduced the production cost without significant yield penalty.

Despite these reported benefits, the adoption of CA by farmers in the region remains
limited, indicating a significant research gap in evaluation of CA in the region. Most of the
available information on performance of CA in Nepal has been collected from research stations
(except Karki et al., 2014). Thus, there is little evidence about the performance of CA under on-
farm conditions. Yet, this is precisely the information that is necessary for understanding the
potential of CA system to increase and sustain crop yield and enhance food security in the
region. CA evaluation in research stations are likely to generate higher benefits than farmers
fields due to better control over inputs and production environment (Pannell et al., 2014). In
addition, CA adapted in-situ through a multi-stakeholder engagement is more likely to be
adopted by smallholder farmers (Erenstein et al., 2012). Therefore, there is a need for more on-

farm evaluation of CA in the hill region of Nepal before full-scale promotion.
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Despite the likelihood of crop yield decline, CA can still result in higher profit than the
conventional system due to a simultaneous reduction in cost of production (Erenstein, 2010;
Sidhu et al., 2010). Reduction of cost of production under CA system is possible due to fuel
saving by machines and labor saving for land preparation and weeding by use of herbicide.
However, labor and fuel saving from adoption of CA is not expected in the hill region of Nepal
because machines and herbicides are not available. Hence, the profits gain from adoption of CA
in Nepal is supposed to be different from general worldwide scenario. Therefore, there is a need

to evaluate the labor costs and profitability of CA in the region.

Additionally, although the advantages of CA to soil quality have been documented, the
magnitude of change is dependent on local agro-ecological conditions (Verhulst et al., 2010).
Little evidence is available on improvement of soil quality by CA practices in Nepal. Studies
have seldom evaluated effects of CA on soil quality for more than two years. Therefore, previous
studies have failed to show the evidence on impact of CA on soil quality, primarily, due to a
short time-frame (Atreya et al., 2006; Crow et al., 2015). For this reason, there is a need to

evaluate effects of CA on soil quality for a longer duration.

This chapter intends to evaluate the crops' yield, system productivity, profits and soil
quality changes from different CA systems and compare them with the traditional system in the

hill region of Nepal.
3.3 MATERIALS AND METHODS

The data for this study was collected from on-farm CA evaluation trials established in three
villages in the hill region of Nepal from 2011-2014. The experiment was started with 27 farmers

in 2011 but eventually continued by only 24 farmers in 2014.
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3.3.1 Study sites

The study was conducted in three villages inhabited by the Chepang community, one of
Nepal’s poorest and most marginalized tribal communities. These study villages are Hyakrang
village of the Dhading district; Thumka village of the Gorkha district; and Kholagaun village of
the Tanahun district (Figure 3.1). The main criterion for selecting these villages was dominance
of Chepang tribal community. The Chepang communities are dominantly found in central mid-
hills region of Nepal and have a population of slightly less than 0.1 million (CBS, 2012).
Chepang communities are particularly known for practicing shifting cultivation. In shifting
cultivation, farmers leave the land (patches of land) fallow under vegetation without physical
disturbance for a few years. After few years of fallowing, farmers clear the land; burn the
vegetation and use the land for the purpose of crop cultivation. After few years of farming, the
patch is again left fallow for another few years. Traditionally, Chepang farmers practiced shifting
cultivation to rehabilitate the agriculture land. However, higher food demand has forced them to

discontinue shifting cultivation (Rasul and Thapa, 2003).

The study villages cover a wide span of altitudes ranging from 500-1000 msl, with
approximately 815, 610 and 586 msl for Thumka, Hyakrang, and Kholagaun, respectively.
Climate conditions in the three villages are similar, as crop yield is highly dependent on timely
monsoon rainfall. Economically, the study villages are resided by ultra-poor and marginal
farmers. There is high variation in the average household size by villages (ranging from 5.7-9.6)
but the household sizes in all villages are greater than the national average (4.88) (CBS, 2012)
(Table 3.1). Most of the study villages have lower level of education than the national average,
as shown by almost double percentage of people with illiteracy in the villages. The average land

holding is lower than the national average of 0.8 ha per household (MoAC, 2011). Moreover, the
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average land holdings also varied by villages, as farmers in Thumka (0.69 ha) and Hyakrang

(0.68 ha) have higher average land holding size than Kholagaun (0.44 ha).

All villages have sandy loam soil. However, there exists some variation among them.
Hyakrang and Kholgaun have higher percentage of sands (71% and 76%, respectively) than
Thumka (55%) while Thumka has the highest percentage of silt (32%). In contrast, the soil
organic matter content is lowest in Thumka (1.9%) compared to Hyakrang (2.8%) and

Kholagaun (3.8%).

Agriculture land in the villages is generally categorized into three types: khet, bari and
khoria. Khet is the highest quality land found in lower slopes, which is often bunded for
irrigation and used for paddy cultivation. Bari is upland, which have a gentle slope to a level
plain, generally terraced and usually rain-fed (Tiwari et al., 2004). Khoria is the lowest quality
land, which is often on a slope, generally not terraced. Due to poverty and marginality of the
Chepang people, very few of them own the khet land. Majority of their agriculture land is either
Bari or Khoria, which has lower productivity. The average land holding of the Chepang
households is also small. Chepang farmers depend mostly on bari and khoria land to grow a
wide variety of crops for household consumption. Farmers can grow crops for two seasons every
year. For bari and khoria land, maize (Zea mays) is the main crop for the first season (March-
July), and legumes or millet are the main crops of the second season (July-November). As such,
possible production systems are: maize/millet (Eleusine coracana), maize/cowpea (Vigna
unguiculata ssp. sinensis), maize/black gram (Vigna mungo) maize/rice bean (Vigna umbellata),
or maize/soybean (Glycine max). Maize/millet with full tillage system is practiced in more than
36% of maize-based upland in the hill region of Nepal; hence for this study we refer to this

production system as the traditional system.
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The traditional land management practices of the villages include extensive plowing and
open fallowing. Farmers in the village plow the land using a traditional oxen-drawn plow at least
2-3 times annually. The first plowing is done immediately after the after harvesting the second
season crop (often millet). Farmers apply the FYM in the field during this period. The second
plowing is done before sowing the first season crop (often in March-April). Depending on the
timing of rainfall and availability of household labor, some farmers plow land more than once

before sowing. Land is again plowed before sowing second season crop (June-November).

3.3.2 Experimental design

The experiment was laid out in a randomized block design, where three villages were
considered as blocks due to high heterogeneity among them. Farmers’ field within each village
were considered as replications nested within village. The on-farm evaluation plots of each
farmer had the same set of CA treatments. The treatment set for the on-farm trials were selected
through focus group discussions among farmers, researchers and development partners
conducted at the beginning of the project. The CA evaluation trials had combination of two types
of tillage (full tillage — FT, and strip tillage — ST) and two cropping patterns (sole cropping and
intercropping). Specifically, the four treatments for the on-farm trials were: i) Traditional (FT
maize followed by millet sole crop), ii) CAl (FT maize followed by legume sole crop) iii) CA2
(FT maize followed by millet and legume intercrop), and iv) CA3 (ST maize followed by millet

and legume intercrop).

Full tillage practice was conducted by plowing or digging the land 2-3 times, where ST was
conducted by digging the land in rows for seed placement while leaving about half of the plots
(between crop rows) undisturbed. For intercropping of millet and legume, every row of millet

was accompanied by one row of legumes (row: row = 1:1). Cowpea (2011) and black gram
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(2012-2014) were selected as legume crops for on-farm trial. There was one harvest per year for
maize and millet crops with the total of four harvests. There was only one-time harvest for
cowpea (in 2011), and three-time harvests of black gram, one harvest per year from 2012-2014.
The size of research plots varied in the range of 4x3.5 m? to 5x4 m? depending on the size of
land terraces. Respective farmers did the day-to-day management of on-farm trials, however,
trained agriculture technicians recorded the cost of production, labor requirements and crop

yields.
3.3.3 Analytical methods

3.3.3.1 Crop yield analysis

To determine the crop yields, the grains produced on each plot were harvested. The
harvested grains were dried weighted. For maize, the yield was adjusted to 12% moisture
content. Maize equivalent yield (MEY) was selected to measure CA system productivity. The
MEY was calculated by converting the yields of other crops to yields of maize by using the
market price as conversion factors. The formula used for calculation of maize yield equivalent
was as follows:

oY X P
MEY =

i=

1 Pmaize
Where MEY = maize equivalent yield (maize tons hal); Y;= yield of crop i, Pi= price of crop i

grain, Pmaize = price of maize grain

3.2.3.2 Profitability analysis

The total cost for each CA system was recorded throughout the cropping season to
determine the cost of production. Labor data and production inputs were recorded for each
treatment separately. The agriculture technicians working with farmers over the project life
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recorded variable costs. The total cost was categorized as ‘input cost’ and ‘labor cost’ to pay
particular attention to labor requirements by CA systems. The ‘input cost’ included the cost of
seeds, fertilizers and pesticides, either purchased from the market or used from household stock.
Labor for each CA system was calculated by adding total hours required for performing all
farming operations in each CA system throughout the year. The ‘labor cost” was calculated by
multiplying the total labor requirement (man days ha™ year™) by wage rates at the villages (i.e.
US$ 2.35/hours). The labor requirements were compared among all the treatments and were also

used to calculate the profits.

Total cost = input cost + labor cost

Input cost = seed + fertilizer + insecticides/pesticides + other

Labor cost = labor requirement (man days) x wage rate

Gross receipts per hectare were estimated by multiplying grain yields (tons ha™) produced
by each system by average farm gate prices of US$0.47, US$ 0.41, US$ 1.43 and US$ 1.082 per
kilogram for maize, millet, black gram and cowpea, respectively. The farm gate prices were
determined through a ‘rapid market appraisal'’ study in nearby markets in 2012. Finally, profit

(TT) was calculated as gross receipts minus total cost.

IT = Gross receipts — Total cost
Finally, the return to labor was calculated by dividing net profit (before adjusting for labor

cost) by number of labor (man day ha't).

! Rapid market appraisal (RMA) is a study of market study using tools of participatory rural appraisal.
RMA follows a commodity market chain to investigate 4 Ps of marketing: Product, Price, Place and

Promotion.
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3.2.3.3 Soil analysis

Soil sampling

Soil samples were taken once before the start of on-farm trials (baseline) and at 3 different
times after on-farm trial initiation for monitoring the changes in soil quality. Baseline soil
samples were collected beginning in March 2011 from each of the selected fields prior to the
establishment of experimental units. Fifty-four composited samples (two depths for each fields in
each of the three villages) were taken from the bari land after the preparation tillage following
the first rain but prior to cultivation of the first season maize. Within each of the 24 treatment
plots, approximately 200 g of soil was randomly collected from 5 locations in a X pattern using
an auger with a diameter of 2.5 cm and length of 10 cm. Two samples per coring location were
taken in increments of 0-5 cm and 5-10 cm below the soil surface. The second, third and fourth
soil samples were taken after harvesting of crops in January to February of 2012, 2013 and 2014.
To evaluate the performance of treatments, 196 composited samples (two depths for four
treatments in the field of the 24 farmers) were taken in 2012, 2013 and 2014. Soil samples from
each depth at each field were spread on a large, clean plastic sheet and mixed together. Clods
were thoroughly broken, and vegetative material was removed to create a uniform mixture. The
mixture was then divided into quarters, and two diagonal parts were retained. The process was
repeated until the composite sample was approximately 200 g. Moist field samples were placed
in plastic bags, transported to Pokhara, Nepal and air-dried for three to six weeks. Two
additional volumetric cores (one from each depth) were collected to determine the bulk density
of soil from each plot. Soil quality evaluation consisted of analysis of soil pH, bulk density (g
cm3), nitrogen (%), available phosphorous (ppm), available potassium (ppm) and soil organic

matter (%). These parameters were analyzed using standard methods in the Local Initiatives for
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Biodiversity and Research (LI-BIRD) lab in Pokhara (Table 3.2). The pH was determined using
a wet pH method (Kalra, 1995). Bulk density was measured by replacement method. Organic
carbon in soil is determined by Walkley-Black method (Walkley and Black, 1934). The % of
nitrogen content was determined by Kjeldahl titration method (Kjeldahl, 1883). Determination of
available phosphorous was using Bray-p1 method (ammonium fluoride extraction) (Bray and
Kurtz, 1945) and available potassium was based on ammonium acetate extraction method

(McLean and Watson, 1985).

The measurement of WSA was conducted by wet sieving method (Yoder, 1936; Diaz-
Zorita et al., 2002). A portable sieving set was designed at University of Hawaii at Manoa and
carried to study sites for analysis of WSA. Multiple soil samples (5 samples in X pattern) from
each plot were thoroughly mixed and passed through a 2 mm sieve to remove plant residues,
stones and plant roots. The 53 micron and 250 micron micro-sieves were used for wet sieving. A
subsample of 10 g was put in each micro-sieve for wet sieving. The soil in each micro-sieves
were saturated with the distilled water by capillary action (putting over saturated paper towel for
5 minutes). After that, the sieves were staked in the sieving set with 250 micron sieve on the top
of 53 micron sieve. The saturated soils in the sieves were then immersed in the water and gently
moved up and down for 3 minutes, over a vertical distance of about 3.5-4 cm, at the rate of 30
move per minutes. After sieving process was complete, each sieve was placed into a marked tray
and taken to LI-BIRD lab in Pokhara. The soil was then oven-dried for 24 hours and weighted.
To correct for presence of sand, coarse particles and plant roots, the sieves were further soaked in
beaker with a dispersing solution (5% sodium hexametaphosphate) and continued sieving until
only the sand particles and root fragments were left on the sieves. The sieves were carefully

washed with water to ensure all dispersed particles passes through and only course sand and
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plant roots stay in the sieve. The sieves were then oven-dried and weighted. Dividing the weight
of the stable aggregates over the total aggregate weight (after correcting the sand particles) gave

the measure for WSA.

Soil quality index

The effect of CA systems to soil quality was measured by using a composite soil quality
index (SQI). The SQI is a composite index calculated by using more than one soil quality
indicator. In this study, SQI was calculated following the procedure suggested by Andrews et al.
(2002) and Masto et al. (2008). The soil quality index (SQI) was calculated by following

formula,

SQI = ZWi X S;

Where, wi = weight for each soil quality variable in index, Si= score for each soil quality variable
in SQI

The selection of the important soil quality variables (i) and their weights (w;) for each soil
quality variable were calculated by using principal component analysis (PCA) method (Andrews
et al., 2002; Masto et al., 2008). For this study, 7 variables were used for calculating SQI, which
were bulk density (g/cm3), water stable aggregate (WSA), pH (scale), soil organic matter (%),
nitrogen (%), available phosphorous (ppm) and available potassium (ppm). These 7 variables
were selected because multiple readings were available for these variables. The process used for

selection of variables and weights of variables to calculate SQI is described below:
Step 1 — List all possible soil quality indicators in dataset
Step 2 — Identify important soil quality indicators using Kruskal-Wallis Test

Step 3 — Use Principal Component analysis (PCA) to identify principal components (PC)
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Step 4 — Use PCA structure matrix to identify variable with high factor loading in each PC

Step 5 — Identify one or two variables for each PC using structural matrix and multivariate

correlation coefficients

Step 6 — Get the weights for each PC base on percent of the variance defined by the PC and

normalize the total weight to 100%
Step 7 — Assign the weights of PC among variables identified in step 5

The second parameter for SQI is the score value (Si) for each soil quality variable selected
by PCI analysis. The score of each soil quality variables are calculated by using scoring formula
(Andrews et al., 2002; Masto et al., 2008). All the soil quality variables retained in SQI are
scored between 0-1, where 0 suggest worst condition and 1 suggest best condition. The scores

values are calculated by using following formula.

For ‘more is better’ variables such as potassium, soil organic matter and nitrogen;

Xi - Mini
~ Max; — Min;

Si
where,

i=soil quality variables (1-7)
Si= score of i variable;

Xi = exact value of i variable;
Mini = Minimum value;

Maxi = Maximum value;

For ‘less is better’ variable such as bulk density,

Xi — Mini
Si=1- [—]
Max; — Min;
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where,

Si=score of i variable

Xi = exact value of i variable;
Min; = Minimum value;

Maxi; = Maximum value

For ‘optimum is better’ variables such as pH, combinations of both scoring formulae were used.

3.3.3.4 Statistical analysis

A repeated-measure ANOVA, with year () as the repeated factor (SAS Proc Mixed
Procedure) was used to analyze the difference in crop yield, MYE, cost, gross receipts, profit and
soil quality among CA treatments. The sources of variation for the ANOVA were year,
treatments, village, plot (nested to villages), and year x treatment interaction. A standard
ANOVA was not suitable for these analyzes because there is a possibility of auto-correlation
between crop yield repeatedly derived over years from the same plot. For example, crop yields
from a fertile plot are likely to be higher for all years while crop yields from less fertile plots are
probable to be lower. Hence, it would violate the ANOVA assumption of independence. Any
sources of variation having p<0.05 were identified as the significant variable. The ANOVA
analyses were followed by the posthoc mean comparisons of treatments, which were conducted
by using a Tukey test at p =0.05. SAS Enterprise Guide (version 6) software was used for the
statistical analysis. Any sources of variation having p<0.05 were identified as the significant

variable.
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3.4 RESULTS AND DISCUSSION
3.4.1 Effect of CA systems to crop yield and system productivity

3.4.1.1 ANOVA results for factor affecting crop yields and system productivity

The primary sources of variation in maize yield were due to the differences in year
(p<0.01), village (p<0.001) and plot (p<0.001) (Table 3.3). The treatment effect was also
significant (p<0.01) for maize yield. The primary sources of variation in millet yields were
similar to maize yield. The effect of year, village, treatment, and plot were significant for millet
yield (p<0.001 for all). Significant variations in legume yield were due to the difference in years
of growing, treatment and field characteristics (p<0.001 for all). Unlike other crops, the variation
in legume yield caused by village was not significant. Similarly, major sources of variation in
MEY were due to the difference in the year, village and field (P<0.001 for all). The treatment

(P<0.001) and year x treatment effect (P<0.01) were also significant for MEY.

Difference in crop yields and MYE by years is rational because several uncontrolled factors
such as condition of rainfall, occurrence of drought, amount of fertilizers, occurrences of
diseases and pests were different year by year. Additionally, difference in microclimate, weather,
soil, and crop management practices probably explain the high differences in crop yields and
MEY by villages. Lastly, the significant difference in crop yields and MEY by plots (within each
village) is also reasonable because soil quality and crop management practices of one farmer in a

village can be different from other farmers in same village.

3.4.1.2 Comparison of crop yield and system productivity by treatments and years
Significant differences in maize yield among CA systems were detected in 2012, 2013 and
2014 while there was no difference in 2011 (Figure 3.2). For all these years, maize yields from

CA1 (2.02+0.17, 2.12+0.11, 2.15+0.12 tons hal, respectively, for 2012, 2013 and 2014) were
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significantly higher than traditional system (1.77+0.12, 1.95+0.11, 1.74+0.10 tons ha,
respectively, for 2012, 2013 and 2014). Maize yields from CA2 were not different from the
traditional system in 2012 and 2013 (1.90+0.13 and 1.75+0.12 tons ha, respectively) but was
higher than the traditional system in 2014 (1.19+0.11 tons ha!). Maize yield from CA3 in 2012
and 2013 (1.69+0.14 and 1.80+0.13 tons ha, respectively) were also not different to the
traditional system. However, maize yield from CA3 in 2014 (2.06+0.09 tons ha*) was
significantly higher than the traditional system. Although, maize yield from CA3 were
comparable or higher than the traditional system, it was consistently lower than maize yield from
CAL. This result can be explained by the advantage of integrating legume crop in the system
because CAL has legume sole crop during the second season while CA2 and CA3 have legume
as intercrop. Overall, the maize yield from all CA treatments including CA3 exceeded that of the

traditional system after four years.

Millet yields in CA2 and CA3 were significantly lower than the traditional system
regardless of the years, possibly due to lower numbers of plants in intercropping practice
compared to sole cropping (Figure 3.3). In intercropping systems, only half of the area was
allotted for millet while the other half was allotted for legume. The millet yields in CA2 and CA3
were not different regardless of the year, indicating that there was no significant difference in

millet yields between FT and ST system under millet and legume intercropping rotation.

Black gram yield was also significantly lower for intercropping treatments (CA2 and CA3)
compared to sole cropping (CA1) for all years (Figure 3.4). Again, the lower black gram yields
in CA2 and CA3 were caused by reduced numbers of plants due to intercropping practice. Black
gram was a sole crop in CA1 while it was intercropped with millet in CA2 and CA3, where

about half of the land was allotted to millet. Therefore, lower yield of black gram in CA2 and
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CA3 is reasonable. The black gram yields in CA2 and CA3 were not different regardless of the
year, indicating there was no significant difference in black gram yields between FT and ST

under millet and legume intercropping rotation.

Significant differences in MEY by CA treatments were observed from the beginning. All
CA systems produced significantly higher MEY than the traditional system (4.15+0.41,
4.07+0.34 and 3.81+0.34 tons ha™ respectively for CA1, CA2 and CA3 vs. 2.88+0.24 tons ha*
for the traditional system) in 2011 (Figure 3.5). However, the MEY from all treatments,
including the traditional system, declined in 2012 and 2013. The main reason, however, was the
unfavorable climate because prolonged drought during early season significantly reduced maize
yield. In addition, after 2011, cowpea was replaced by black gram because excessive vegetative
growth of cowpea causing shading effects to millet. Although black gram had 40% higher
market price, the yield was less than half of the cowpea. Both of these factors explains decline in
MEY after 2011. In 2012, MEY from CA2 was significantly greater than traditional system
(2.89+0.18 vs. 2.45+ 0.17 tons hat), but MEY from CA1 (2.82+0.19 tons hal) and CA3
(2.60+0.21 tons ha') were in between CA2 and traditional, and not different to either of them. In
2013, the MEY from CA1 was significantly higher than the traditional system (3.13+0.17 vs.
2.84+0.11 tons ha) but MEY of CA2 (3.09+0.14 tons ha) and CA3 (3.02+0.16 tons ha*) were
between CAL and the traditional system. Lastly, in 2014, all the CA systems generated
significantly higher MEY than the traditional system (3.88+0.23, 3.93£0.16 and 3.59+0.15 ton
hal, respectively, for CA1, CA2 and CA3 vs. 2.75+0.16 ton ha™* for traditional). The MEYs
from CA3 were not different than CA2 for all the years, indicating that the ST did not reduce the

total system production compared to conventional tillage.
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Unlike several findings suggesting a possibility of reduction in crop yields under no-tillage
practices (Rosenstock et al., 2014; Pittelkow et al., 2015), crop yield decline from reduced tillage
system (CA3) was not significant in this study. Besides, this study showed evidence of the
potential of CA system to increase overall system productivity (MYE) suggesting that if
appropriate crop rotation is practiced, CA has the potential to increase food grain production for
smallholder farmers. Thus, this study provided a better insight into effects of CA system to crop
yields and system productivity under farmers’ field condition. Specifically, study verified higher
maize yields from integration of legume crops on farmers’ field, a result that was reported by
previous studies based on research plots evaluation (Atreya et al. 2006). In addition, the study
also showed a higher maize yield from reduced tillage system after four years, which previous
researchers have failed to demonstrate due to short time frame (Atreya et al. 2006; Atreya et al.,
2008; Karki et al., 2014). Although there are diverse claims about effects of CA systems to crop
yield, the results of this study is consistent with the findings suggesting a crop yield increment

after 4-5 years (Thierfielder et al., 2013; Liu et al., 2013).

There is an immediate need to increase food production in the hill region of Nepal (MoAC
et al., 2011). Since the possibility of increasing land area is extremely limited in the region,
sustainable intensification is the sensible strategy for increasing food production. However,
current intensification practices in Nepal's hill region have several negative repercussions for the
environment (Brown and Shrestha, 2000). Considering the severity of immediate food shortage,
however, farmers are unlikely to adopt any new technology, which require significant yield
reduction. The results of this study suggest that CA system has the potential to increase the food
production in the region sustainably. Therefore, the result from this study verifies the claim that

CA supports sustainable intensification of the system (Hobbs et al., 2008).
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3.4.2 Effect of CA to profit and return to labor

3.4.2.1 ANOVA results for factor affecting labor cost, total cost, gross receipt, and profit
Primary sources of variation in profit were due to the difference in village, field and
treatment (P<0.001 for all) (Table 3.4). The variation due to year and year x treatment interaction
were not significant for profit. The profit was the function of labor cost, input cost, and gross
receipts. The major sources of variation in labor cost were again due to the differences in year,
village and field characteristics (P<0.001 for all). The treatment and year x treatment effects
were also significant (P<0.001 for both) for labor cost. The effect of year, village, treatment, year
x treatment and field characteristics were significant for total costs (P<0.001 for all). Major
variations in gross receipts were due to the difference in years, village, treatment, and field

characteristics (P<0.001 for all).

3.3.2.2 Comparison of labor cost, total cost, gross receipts and profit by treatments and years
Compared to the traditional system, CA1 reduced the labor cost while both CA2 and CA3
increased labor cost, regardless of the year (Figure 3.6). Results showed that total labor cost for
CAL were always significantly lower than the traditional system. Similarly, labor cost of both
CA2 and CA3 were always higher than the traditional system. The lower labor cost of CA1 was
due to lower labor requirements of legume crops in comparison to millet while higher labor cost
of CA2 and CA3 is due to intercropping of millet and legume in the second season. Interestingly,
the labor cost of CA2 and CA3 were not different for all years, indicating that minimum tillage
systems (i.e. CA3) do not result in labor saving in subsistence farming systems of Nepal. CA1
requires significantly lower total cost in comparison to the traditional system while both CA2
and CA3 required greater total cost than the traditional system regardless of the year (Figure

3.7). Lower total cost for CA1 was mainly due to lower labor requirement for legume sole crop
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while higher total cost for CA2 and CA3 were also due to higher labor requirement for doing

intercropping operations.

The gross receipts from CA1 were consistently highest regardless of year (Figure 3.8). CAl
generated significantly higher gross receipts than the traditional system. In addition, in 2011 and
2013, CA2 and CA3 also produced significantly greater gross receipts than the traditional
system. However, in 2012, the gross receipt from CA3 was not different than the traditional
system. Since, legume grain fetch much higher price in the market than millet grain, the gross
receipts depend heavily on legume yield. The profits from CAL were always higher than all other
treatments, regardless of the year (Figure 3.9). Profits from CA2 and CA3 were also significantly
higher than the traditional system in 2011, however, were not different in 2012 and 2013. Thus,
the results indicate that, over the years, the gain for farmers to switch from the traditional system
to CA practice with ST (i.e. CA3) reduced. Although the ST practice generated profit
comparable to the traditional system, there are other systems (i.e. CA1), which generated higher

profit.

3.4.2.3 Result of partial budgeting analysis for CA systems and traditional system

The partial budgeting analysis for CA treatments and traditional system from 2011-2013 is
shown in Table 3.5. Over three years, the average gross receipt for CA1 was highest (US$
1676.5 ha) followed by CA2 (US$ 1642.1 hal) and CA3 (US$ 1536.9 hat). These gross
receipts from CA1, CA2 and CA3 were respectively 30.8%, 28.1%, and 19.9% higher than the
traditional system (US$1282.6 hal). In addition to highest gross receipts, the total variable cost
of CA1 was also lowest (US$579.5 ha) which was 23.2% less than the traditional system. The
average total variable costs of CA2 (US$944.8 hat) and CA3 (US$900.4 ha') were respectively

25.2% and 19.4% higher than the traditional system. As a result, the average net return from
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CA1 (US$ 1147.8 ha) was highest, which was an increase of 102% over the traditional system.
The net profits from CA2 (US$ 745 ha') and CA3 (US$ 679 ha) were respectively 31.6% and
20% greater than the traditional system. Although CA1 generated high increase in return to labor
compared to the traditional system, CA2 and CA3 failed to do so. The return to labor was highest
for CA1 (US$ 7.83 per day), which was almost a 227% increase over the traditional system (US$
3.81 per day). The return to labor from CA2 (US$ 4.07 per day) and CA3 (US$ 3.97 per day)

were only 15% and 9% higher than the traditional system.

A higher labor requirement (and higher labor cost) of CA systems found by this study is
congruent with several previous studies, which have reported increase in labor requirement for
reduced tillage system when chemical weed control is not possible due to limited access to
herbicide (Haggblade and Tembo, 2003; Nyamangara et al., 2014). Higher labor requirement can
be a problem for adoption of CA by smallholder in Nepal because labor supply is expected to be
more uncertain in future due to very high rate of out-migration from the villages to cities and
foreign countries (CBS, 2012). Similarly, higher cost of production for reduced tillage-based CA
is also reasonable when there is no potential for cost saving through labor and fuel saving (Sidhu
et al., 2010). The study results on profit were congruent with findings suggesting no significant
increments in profit from CA system (Dalton et al., 2014) and contradictory to the findings
suggesting a higher profits and higher return to labor from CA systems compared to conventional
system (Ngwira et al., 2012; Umar et al., 2012). Although increasing profit is less important for
smallholder farmers than increasing crop production (Reed et al., 2014), higher profit would

have provided strong incentives for switching from the conventional system to CA system.
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3.4.4 Effect of CA to soil quality variables and SQI

3.4.4.1 ANOVA results for factor affecting soil quality variables

The major sources of variation in soil quality variables (pH, bulk density, nitrogen,
phosphorous, potassium, soil organic matter, and WSA) were due to village (p<0.001 for all) and
research plots (p<0.001 for all except, for WSA p<0.05) (Table 3.6). The variation caused by
year was also significant for bulk density (p<0.001), nitrogen (p<0.001) and potassium (P<0.01).
High variation in soil quality variables by years is possibly due to the difference in farmer’s soil
management such as the amount of FYM used and numbers of tillage and intercultural
operations. The treatment effects were never significant for most of the soil quality indicators,

except for nitrogen (P<0.001).

3.4.4.2 Comparison of soil quality variables by treatments and years
The pH showed little change over the year, which was ranged between 6.3-6.5 for all
treatments over 4 years (Figure 3.10). The average bulk density seems to decline from 2012

measurements to 2013 measurement and remained similar after that (Figure 3.11).

A significant difference in nitrogen content of the soil by CA systems was detected in
2014. The nitrogen content of CA3 (0.167+0.009 %) was significantly greater than nitrogen
content under traditional systems (0.136+0.008 %) and CA3 (0.141+0.007 %) in 2014 (Figure
3.12). The difference was about +18.5% and 15.5% higher compared to traditional and CA2
systems, respectively. The nitrogen content of CA1 (0.155+0.011%) was not different to any of

the other treatments.

The trend of available phosphorus showed a higher level (though non-significant) in CA3
in 2013. In 2014, CA1 and CAS3 had slightly higher phosphorous than the traditional system

(Figure 3.13). Similarly, the potassium content of CA3 is almost similar to the traditional system
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over years (Figure 3.14). The trend of organic matter over three years shows an increasing trend
in the difference between CA systems and traditional system. In 2014, organic matter content in
the soil under CA3 was 2.83%, which was increment of about 0.4% compared to the traditional
system, although the difference was still non-significant (Figure 3.15). The organic matter
content of CA1 and CA2 were also slightly higher (though non-significant) than the traditional
system in 2014. WSA was analyzed only after 2013. There were little differences in WSA
among the treatments in 2013, but it showed an increasing trend of difference between CA3 and

traditional system in 2014 (Figure 3.16).

Results also showed that most of soil quality variables directly affecting the crop
productivity (nitrogen, phosphorous, potassium and soil organic matter) were lower than baseline
level throughout the research period, which is due to the difference in the timing of the soil
sampling. The baseline soil samples were taken before sowing of the crop (in March) while other
soil samples were taken after the harvest of the crop in January-February. In the study villages,
the most common time for FYM application is February-March; hence it is probable that farmers

have applied FYM before the baseline sampling.

The effects of CA to majority of soil variables analyzed in the study were not apparent in
the study. Several geophysical, climatic, management related, and crop related factors cause
variations in the effects of CA systems to soil quality variables (Verhulst et al., 2010). However,
an increase in soil organic matter (Pikul et al., 2007; Sapkota et al., 2012), increase in soil
nitrogen, phosphorous and potassium (Palm et al., 2014), increase in WSA, decrease in soil pH
and increase in bulk density are most likely effects of CA (Palm et al., 2014). Results of this
study failed to confirm the effects of CA to pH, phosphorus, potassium and bulk density. The

results from this study, which showed a significantly higher nitrogen content, and consistently
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higher soil organic matter and WSA (though non-significant) under reduced tillage plus legume
intercropping system were consistent with previous results (Palm et al., 2014). Besides, addition
of organic matter by residue retention or mulching is a central component for soil quality
improvement under CA system (Verhulst et al., 2010). However, the residue retention and
mulching component was lacking in this study because it was not feasible in the region due to
the need of crop residue for animal fodder. Therefore, lack of adequate organic matter addition
(by residue retention) possibly explains the reason for a limited impact of CA systems to soil
quality variables. Paudel et al. (2013) have suggested that feasibility of residue retention is
higher for the farming households with better crop yields. Similarly, conservation technologies,
such as hedgerow management and agroforestry significantly increase the fodder supply which
might be effective to reduce farmers dependency on crop residue (Maskey et al., 2003; Neupane
et al., 2002). Therefore, promotion of CA system, comined with other complementary practices
would improve the feasibility of residue retention, ultimately increasing the potential of CA to

improve soil quality.

3.4.4.3 Determination of SQI
Seven soil quality variables were used for calculation of SQI. The results of the Kruskal-

Wallis test showed that all the variables were significant (Table 3.7). Therefore, all variables
were taken to PCA. In PCA, components that explain more than 10% of the variance (sum of
square) in data are considered principal components (PCs) (Andrews et al., 2002). The result of
PCA showed that there were 4 PCs explaining more than 10% of the variance, the largest (PC1)
explaining about 39.4% of the variance. Other PCs explaining higher than 10% of variance were
PC2 (17.4%), PC3 (14.9%) and PC4 (14%) (Table 3.8). Cumulatively, these four PCs explained

85.5% of the variance. Next step in the determination of SQI was to assign the weights for each
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PCs. The weights for each PCs is assigned based on the percentage of the total variation
explained by them. Here, the weights was normalized to 100% to make the total weights equal to
1 (Andrew et al., 2002). Thus, the total weights assigned for PC1, PC2, PC3 and PC4 were

0.461, 0.20, 0.174 and 0.164, respectively (Table 3.8).

In next step, the weights assigned to each PC are assigned to soil quality variable, which
has a high factor loading on the PC. For that, one or two soil quality variables with high factor
loadings should be identified for each PC. The variable, which has more than 0.4 factor loading
on a PC (shown by the PCA structure matrix) are considered high (Andrews et al., 2002). In this
analysis, phosphorous, soil organic matter and potassium had more than 0.4 factor loading in
PC1 (Table 3.9), hence these variables were identified important for PC1. Bulk density and WSA
had more than 0.4 factor loading in PC2; hence they were identified important variables for PC2.
For PC3 and PC4, pH and nitrogen had factor loading of more than 0.4, respectably. Therefore,

pH and nitrogen were selected as the soil quality variable for PC3 and PC4.

When more than one variable are found with high factor loading in a PC, the multivariate
correlation coefficients are used to analyze if some variables can be considered redundant in the
PC. When the correlation coefficient (r) is less than 0.60, the variable is considered important
and retained to calculate the SQI (Andrews et al., 2002). In this analysis, PC1 and PC2 had more
than 2 variables with high factor loading; therefore, multivariate correlation coefficients are used
to check the redundancy. Among the 3 variables in PC1, phosphorous and potassium were highly
correlated (r=0.629) (Table 3.10). Therefore, phosphorus and soil organic matter were retained
for PC1. The correlation coefficients between two soil quality variable in PC2 (bulk density and

WSA) was less than 0.6 (r=-0.412). Therefore, both variables were retained for PC2.
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After the identification of important variables and weights for each PC, the weights of each
PC are equally divided among the variables (Andrews et al., 2002). The weight of PC1 (0.461)
was equally divided between phosphorus and soil organic matter (0.237 for each). The weight of
PC2 (0.2) was divided between WSA and bulk density (0.1 for each). PC3 and PC4 had only one
variable; so all weighs were assigned to the variable. Thus, the final SQI included phosphorus
(weight = 0.231), soil organic matter (weight = 0.231), WSA (weight = 0.1), bulk density
(weight = 0.1), pH (weight = 0.174) and nitrogen (w = 0.164). Thus, the final SQI determined by

the analysis is as follows:

SQI=0.23 (Score of phosphorous)+0.23 (Score of soil organic matter)+0.1 (Score of WSA)+0.1

(Score of bulk density)+0.17(Score of pH)+0.164 (Score of nitrogen)

3.4.4.4 Effect of CA to SQI

The major sources of variation in SQI were due to year, village, plots (p<0.001 for all) and
treatment (p<0.01) (Table 3.6). A significant effect of CA treatments was detected to SQI in
2014. In 2014, the SQI of CA3 (0.46+0.02) was about 9.5% higher than the traditional system
(0.42+0.01) and CA2 (0.42+0.02). The SQI of CA1 (0.44+0.02) was in between CA3 and

traditional system and was comparable with both CA3 and traditional system.

Using the aggregate SQI, study verified the positive effects of reduced tillage plus legume
intercropping system to soil quality in 4-year period. The finding of the study was consistent
with the previous studies suggesting that CA practices increased a composite SQI (Karlen et al.,
1994; Bhaduri, et al., 2014). Composite SQI developed by PCI method were found to be
effective to assess provisioning function (e.g. crop yield potential) of the soil (Abdollahi, et al.,
2014) and difference in soil quality under different land cover (Ngo-Mbogba et al., 2015). This

study also found that a composite SQI based on combination of soil physical (bulk density and
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WSA), chemical (pH, nitrogen content) and biological (soil organic matter) was useful to detect

the impact of CA systems in soil quality.
3.5 SUMMARY AND CONCLUSION

There is a concurrent need to increase food production and reduce soil degradation in the
hill region of Nepal. CA has been promoted as the technology to reconcile farmers’ need for
higher production and reducing soil degradation. This study evaluated the effects of CA systems
to crop yields, system productivity, profits and soil quality based on data from on-farm trials in
the hill region of Nepal. This study verified that CA could be a suitable technology to cope with
the food insecurity and soil degradation problem in the hill region of Nepal since all CA systems
generated higher system productivity (MEY) than the traditional system. The effects of CA to
majority of soil variables analyzed in the study were not apparent, but CA with reduced tillage
plus the legume intercropping increased nitrogen content and SQI after the 4 year. However,
study also found that reduced tillage plus intercropping system (CA3) did not have higher profits

than the traditional system due to simultaneous increase in labor costs.

Adoption of CA appears to be a logical choice to achieve sustainable food security in the
hill region of Nepal. Yet, the promotion of CA is challenging due little gain for farmers to switch
from the traditional system to a CA. Based on the results of the study, following
recommendations can be made for increasing adoption of CA system, which would ultimately

contribute to achieve sustainable food security in the region.

i) The government can encourage farmers to adopt CA by providing food and input subsidies,
which would offset the initial lack of economic gain from switching to CA system.
i) The economic gain from switching to CA systems can also be increased by exploring

options for reducing labor requirements. One such option is to explore other legume crops
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with different timing of labor requirements. Future research should prioritize identification
of more crops (legumes and cereals) compatible with CA systems.

iii) Labor requirements for CA systems can also be reduced through the use of machinery (e.g.
direct seed planters) or chemicals (herbicides). Option of expensive tools or chemicals
seems impractical given the poor economic condition of Nepal's smallholder farmers.
Therefore, the possibility of using locally made, cheap hand tools should be explored.

iv) The crop yields under CA system can be improved by combining CA practices with other
improved crop management practices - such as use of better crop varieties, application of
compost, improvement of manure and fertilizer application techniques, mulching of the crop
residues or forest leaf litters in soil. Therefore, future research on CA should explore these

options to improve the effectiveness of CA.
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List of Tables

Table 3.1 Socio-economic characteristics of the study sites selected for on-farm CA evaluation

trials in hill region of Nepal

Thumka' Hyakrang® Kholagaun® National level

Average HH size 9.6 7 5.75 48877
Education

(% of total population)

IHliterate 80.4 78 74.4 34,1771
Primary (%) 7.9 8.5 7.0

Secondary+ (%) 111 8.5 9.3 65.9
Informal (%) 0.5 51 9.3

Land resources

Agriculture land 069 068 0.4 0.8

(hectare per household)

Data source - 'baseline survey, 'CBS (2012), "T"CBS (2011)
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Table 3.2 Soil quality variables and method of analysis in on-farm CA evaluation trials in hill

region of Nepal

Variable Method of measurement
Soil organic matter (%) Walkley-Black
Nitrogen (%) Kjeldahl titration
Available phosphorous (ppm) Bray-p1 method (ammonium
fluoride extraction)
Available potassium (ppm) Ammonium acetate extraction
pH Wet pH method
Bulk density (g cm™) Replacement method
Water stable aggregate (%) Wet sieving method
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Table 3.3 Results of ANOVA (F value) for factor affecting crop yield and maize yield equivalent

in on-farm CA evaluation trials (2011-2014) in the hill region of Nepal

Sources of Maize Millet Black gram  Maize equivalent yield
variation (Tons ha?) (Tons ha?) (Tons ha?) (Tons ha®)
DF  FValue DF FValue DF FValue DF F Value
Year (Y) 3 6.05 3 717 3425 3 314™
Treatment (T) 3 3.81™7 241.6™ 2 12" 3 132"
YxT 9 1.63N° 6 2N 6 0.9N° 9 3
Village (V) 2 2977 2 106™" 2 1INS 2 2317
Plot (Village) 20 10.39™ 20 617 20 467 20 7.1

Note: DF=degree of freedom, *, **, *** indicate P <0.05, <0.01 and <0.001; NS=not significant

Source: ANOVA results from evaluation of on-farm trials data
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Table 3.4 Results of ANOVA (F value) for factor affecting labor cost, input cost, total cost, gross

receipt and profit in on-farm CA evaluation trials (2011-2013) in the hill region of Nepal

Source of Labor cost Input cost Total cost Gross receipts Profit
variation ($hatyeart) ($hatyear?) ($hatyear?) ($hatyear?) ($hatyear?)
DF F Value F Value F Value F Value F Value

Year (Y) 2 1795 ™ 3179 241.6 ™ 25.3 ™ 1.5 NS

Treatment (T) 3 191.6 ™ 710 207.4 ™ 13.8 ™ 25.6 7"

YxT 6 9.7 10 ™ 9.8 ™ 1.2 NS 1.8 NS

Village (V) 2 10.4 ™ 195 ™ 777 28.4 2317

Plot (Village) 20 10.8 ™ 424 14.9 ™ 9.2 ™ 8.4 ™"

Note: DF=degree of freedom, *, **, *** jndicate P <0.05, <0.01 and <0.001; NS=not significant.

Source: ANOVA results from evaluation of on-farm trials data
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Table 3.5 Results of enterprise budgeting analysis of CA treatments and traditional system in on-

farm CA evaluation trials (2011-2013) in the hill region of Nepal

Production systems

Traditional CAl CA2 CA3
Gross receipts 1282.6 1676.5 1642.1 1536.9
(+0%)" (+30.8%) (+28.1%) (+19.85)
Variable costs
Maize labor (7 h days) 110.5 109.3 111.2 103.8
Millet labor (7 h days) 198.6 175.7 170.9
Legume labor (7 h days) 81.9 66.8 65.3
Total labor (7 h days) 309.1 191.3 353.7 340.0
L abor costs 650.7 402.7 744.7 715.8
(+0%) (-38.1%) (+14.4%) (+10.0%)
Inputs 104.2 176.8 200.2 184.6
. 754.9 579.5 944.8 900.4
Total variable costs ($) (+0%) (-23.2% (+25.2%) (+19.4%)
Net returns 566.0 1147.8 745.0 679.2
(+0%) (+102.8%)  (+31.6%) (+20.0%)
3.81 7.83 4.07 3.97
Returns to labor (US$ per day) (+0%) (+227.6%) (+15.02%) (+9.07%)

Note: "Number in parenthesis indicate % difference compared to the traditional system

Source: partial budgeting analysis of on-farm trials data
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Table 3.6 Results of ANOVA (F value) for factor affecting soil quality variables in on-farm CA evaluation trials (2011-2014) in the

hill region of Nepal

Bulk . . . .

p . Nitrogen Phosphorous Potassium Soil organic SQl 0

?/erji:t(ieo?lf (Scale 0-14) (C;(r:]:]g; (%) (ppm) (ppm) matter (%) (Scale 0-1) WSA (%)
DF FValue FValue FValue F Value F Value F Value FValue DF FValue

Year (Y) 2 2.65N5 86.2" 719" 045N 487" 1.3N8 168 ™ 1 7387
Treatment (T) 3 1.82N8 0.03NS 672" 0.28NS 0.36NS  1.96NS 452" 3 218N
YxT 6 02N 0.3NS 0.95NS 0.4 NS 1.21NS 075 NS 0.53 NS 3 062N
Village (V) 2 847" 7637 194 1112™ 391 ™ 246 ™ 2 3117

Plot (Village) 20 21 3.3™ 747 - 5727 11.3™ 2317 20 375"

Note: DF=degree of freedom, *, **, *** indicate P <0.05, <0.01 and <0.001; NS=not significant

Source: ANOVA results from evaluation of on-farm trials data

84



Table 3.7 Results of Kruskal-Wallis Test for soil quality variables (one way ANOVA)

Soil variables DF Chi-Square P
Bulk density (g cm®) 3 110.3 0.000
WSA (%) 3 347.6 0.000
pH (scale) 3 14.3 0.003
Soil organic matter (%) 3 9.4 0.024
Nitrogen (%) 3 215.6 0.000
Phosphorous (ppm) 3 9.7 0.021
Potassium (ppm) 3 24.5 0.000

Note: DF= degree of freedom

Source: Kruskal-Wallis Test
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Table 3.8 Results of PCA analysis for the total variance explained by each component

Components Extraction Sums of Squared Loadings ) ]
Normalized weights
% Of variance Cumulative %
1 39.4 39.4 0.461
2 17.1 56.5 0.20
3 14.9 714 0.174
4 14.0 85.5 0.164
5 6.9 924
6 4.1 96.5

Note: Components with bold numbers were identified as PCs

Source: PCA analysis
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Table 3.9 Component Matrix of PCI analysis for soil quality variables recorded in on-farm CA

evaluation trials (2011-2014) in hill region of Nepal

. : . Principal components
Soil quality variables P P

1 2 3 4
Phosphorous 0.864" 0.237 0.034 0.029
Soil organic matter 0.824 0.292 -0.091 -0.08
Potassium 0.82 0.069 0.299 -0.053
Bulk density 0.346 -0.672 -0.185 -0.065
WSA -0.225 0.841 0.378 0.075
pH -0.019 -0.345 0.831 -0.345
Nitrogen 0.157 -0.221 0.276 0.919

Note: "Variables with bold numbers were identified as variables with high factor loadings in each PC

Source: PCA analysis
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Table 3.10 Pearson correlation coefficients among soil quality variables in on-farm CA

evaluation trials (2011-2014) in the hill region of Nepal

Soil organic Bulk
Phosphorous ~ matter ~ Potassium density WSA pH  Nitrogen
Phosphorous 1 0.53" 0.62" 048" -0.04 -006 0.12"
Soil organic

matter 1 055" 045" -0.04 -0.12 0.01
Potassium 1 055" -0.01 0147 0.12°
Bulk density 1 -041" -002 0.08
WSA 1 -0.05  -0.05
pH 1 0.01

Nitrogen 1

Note: *, ** indicate p <0.05 and <0.01, respectively
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List of Figure

Figure 3.1 Map of Nepal showing geographical regions, distribution of Chepang population and location of study villages

Legend
-“2i.7| Distribution of Chepang population
X Study sites

Coordinate System: GCS WGS 1984 1cm =62 km
Datum: WGS 1984

Source: Map created by author, Data source: GLC (2000) and GADM (2012)
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Figure 3.2 Average maize yields in on-farm CA evaluation trials in the hill region of Nepal from

2011-2014 by treatment and year (error bar shows standard error of mean)
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Note: Different letters in superscript shows significantly different at posthoc mean comparison at Tukey
multiple comparisons (p<0.05)
Source: ANOVA results from evaluation of on-farm trials data
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Figure 3.3 Average millet yields in on-farm CA evaluation trials in the hill region of Nepal from

2011-2014 by treatment and year (error bar shows standard error of mean)
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Note: Different letters in superscript shows significantly different at posthoc mean comparison at Tukey

multiple comparisons (p<0.05)

Source: ANOVA results from evaluation of on-farm trials data
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Figure 3.4 Average cowpea yield (in 2011) and black gram yield (in 2012-2014) in on-farm CA

evaluation trials in the hill region of Nepal by treatment and year (error bar shows standard error

of mean)
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Note: Different letters in superscript shows significantly different at posthoc mean comparison at Tukey
multiple comparisons (p<0.05)

Source: ANOVA results from evaluation of on-farm trials data
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Figure 3.5 Average maize equivalent yield (MEY) in on-farm CA evaluation trials in the hill

region of Nepal from 2011-2014 by treatment and year (error bar shows standard error of mean)
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Note: Different letters in superscript shows significantly different at posthoc mean comparison at Tukey
multiple comparisons (p<0.05)
Source: ANOVA results from evaluation of on-farm trials data
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Figure 3.6 Average labor cost (US $ ha* year?) for CA and traditional systems in on-farm CA

evaluation trials (2011-2014) in the hill region of Nepal by year (error bar shows standard error

of mean)
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Note: Different letters in superscript shows significantly different at posthoc mean comparison at Tukey
multiple comparisons (p<0.05)

Source: ANOVA results from evaluation of on-farm trials data
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Figure 3.7 Average total cost (US $ ha! year™) for CA and traditional systems in on-farm CA

evaluation trials (2011-2013) in the hill region of Nepal by year (error bar shows standard error

of mean)
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Note: Different letters in superscript shows significantly different at posthoc mean comparison at Tukey
multiple comparisons (p<0.05)

Source: ANOVA results from evaluation of on-farm trials data
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Figure 3.8 Average gross receipts (US $ ha year) from CA and traditional systems in on-farm
CA evaluation trials (2011-2013) in the hill region of Nepal by year (error bar shows standard

error of mean)
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Note: Different letters in superscript shows significantly different at posthoc mean comparison at Tukey
multiple comparisons (p<0.05)

Source: ANOVA results from evaluation of on-farm trials data
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Figure 3.9 Average profit (US $ ha* year™) from CA and traditional systems in on-farm CA

evaluation trials (2011-2014) in the hill region of Nepal by year (error bar shows standard error

of mean)
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Note: Different letters in superscript shows significantly different at posthoc mean comparison at Tukey

multiple comparisons (p<0.05)

Source: ANOVA results from evaluation of on-farm trials data
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Figure 3.10 Average soil pH (scale) in on-farm CA evaluation trials in the hill region of Nepal

from 2011-2014 by treatment and year (error bar shows standard error of mean)
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Figure 3.11 Average soil bulk density (g cm™) in on-farm CA evaluation trials in the hill region

of Nepal from 2011-2014 by treatment and year (error bar shows standard error of mean)
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Note: The horizontal line shows the level at the baseline survey

Source: ANOVA results from evaluation of on-farm trials data
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Figure 3.12 Average soil nitrogen content (%) in on-farm CA evaluation trials in the hill region

of Nepal from 2011-2014 by treatment and year (error bar shows standard error of mean)
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Source: ANOVA results from evaluation of on-farm trials data
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Figure 3.13 Average available phosphorous (ppm) content of soil in on-farm CA evaluation trials

in the hill region of Nepal from 2011-2014 by treatment and year (error bar shows standard error

of mean)
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Note: The horizontal line shows the level at the baseline survey

Source: ANOVA results from evaluation of on-farm trials data
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Figure 3.14 Average available potassium (ppm) content of soil in on-farm CA evaluation trials in

the hill region of Nepal from 2011-2014 by treatment and year (error bar shows standard error of

mean)
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Note: The horizontal line shows the level at the baseline survey

Source: ANOVA results from evaluation of on-farm trials data
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Figure 3.15 Average soil organic matter (%) content in on-farm CA evaluation trials in the hill

region of Nepal from 2011-2014 by treatment and year (error bar shows standard error of mean)
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Source: ANOVA results from evaluation of on-farm trials data
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Figure 3.16 Average available water stable aggregate (>250 microns) in on-farm CA evaluation

trials in the hill region of Nepal from 2013-2014 by treatment and year (error bar shows standard

error of mean)
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Figure 3.17 Average soil quality index (SQI) under CA and traditional system in on-farm CA
evaluation trials in the hill region of Nepal from 2011-2014 by treatment and year (error bar

shows standard error of mean)
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Note: Different letters in superscript shows significantly different at posthoc mean comparison at Tukey
multiple comparisons (p<0.05)
The horizontal line shows the level of SQI at baseline soil survey

Source: ANOVA results from evaluation of on-farm trials data
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CHAPTER 4

BIO-ECONOMIC OPTIMIZATION OF CONSERVATION AGRICULTURE
PRODUCTION SYSTEMS FOR SMALLHOLDER FARMERS IN THE HILL

REGION OF NEPAL

4.1 ABSTRACT

This study was conducted to determine the economic potential of Conservation Agriculture
(CA) systems in the hill region of Nepal, an area highly prone to food insecurity and soil losses.
CA has been considered as a potential production system to increase farm profits and enhance
soil conservation. However, there is a paucity of information about the potential economic gains
from adoption of CA systems under the production constraints of smallholder farmers in the
region. To maximize conflicting objectives of maximizing profits and soil conservation, this
study used a multiobjective linear programming model (MOLP) for a 3- and 20-year period to
determine the optimal acreage of land that should be allocated to different CA systems and
traditional system. The MOLP models were constructed for three representative farms from the
hill region, and for six farm types defined by land holding and labor availability. Three CA
systems combining varying tillage practices (full versus minimum tillage), cropping patterns

(sole versus intercropping) plus a traditional system were included in the analysis.

The results showed that longer planning horizon and lower discount rate were associated
with higher amount of land allocation to minimum tillage. For the longer (20 years) planning
horizons, all land should be allocated to minimum tillage (after 2 to 4 year at 3% and 4 to 6 year

at 10% discount rate) to optimize farmers’ objectives in all villages. CA with minimum tillage
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and intercropping was highly feasible for farm types with small to medium land holding and
reliable labor supply. The potential economic gain by switching to CA ranged from 36.1% to
233% at lower (3%) discount rate and 27.4% to 183% at higher (10%) discount rate, varied by
villages. Adoptions of the minimum tillage system also reduced the amount of soil erosion in
range of 78-86%. Study concluded that despite sizable long-term economic gains, the short-term
gains from CA might not be enough for farmers to switch from traditional practice. Therefore,
from a societal welfare standpoint, it was recommended that the government provide short-term
financial support as input and food subsidy for increasing adoption of CA. Provision of
affordable longer-term credits, CA education and training and long-term research to develop
locally adapted CA practices may be required to realize the full benefits of CA by smallholder

farmers.

Key words: conservation agriculture, economic benefits, hill region, multiobjective model,

Nepal
4.2 INTRODUCTION

Many agricultural technologies have been developed and adopted by farmers in the
developing world to alleviate poverty and food insecurity. While these goals are being achieved
in global scale (Godfray and Garnett, 2014; Yoshida et al., 2014), it is hard to maintain the rate
of achievements as farmers in Africa and Asia continue to face high food demand due to
population increases and limited arable land to expand production (Godfray et al., 2010).
Agricultural intensification (to enhance the value of output per area by increasing frequency of
cultivation or by increasing inputs) is gaining popularity as a way to offset the challenges of
higher food demand on limited land, however this comes at a high cost (Bommarco et al., 2013;

Phelps et al., 2013; Gerber et al., 2014). The farming practices used to achieve intensification in
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the developing world are generally not sustainable and damaging to the environment (Neupane et
al., 2002; Acharya et al., 2007). The practices currently used by farmers include repeated
plowings for land preparation and continuous cultivation of nutrient exhaustive crops, which has
detrimental effects to soil fertility (Baudron et al., 2012). Food insecurity and soil degradation
problems have been further highlighted by climate change (Delgado et al., 2011; Wheeler and

von Braun, 2013).

While more sustainable farming practices exist to cope with these problems, these should
be locally evaluated to make appropriate and acceptable recommendations to local farmers in
developing countries who tend to be less technology-savvy and more bound to tradition (Scopel
et al., 2013; Campbell, 2014; MacMilan and Benton, 2014). Among the potential sustainable
agricultural intensification methods is conservation agriculture (CA), which is defined by
practicing three conservation practices, namely, reduced tillage, continuous soil cover, and
optimal crop rotation. CA has been actively researched and promoted in recent years by a
worldwide adoption on 125 million hectares in 2012 although adoption is higher in Americas as
well as in Australia and New Zealand (Kassam et al., 2009; Friedrich et al., 2012). The adoption
of CA among smallholder farmers is limited, primarily due to uncertain economic potential of
CA for smallholder, subsistence farmers (Giller et al., 2009; Nkala et al., 2011). Therefore, there
is an immense need for further evaluation of CA systems among smallholder farmers in diverse

farming systems around the world.

The problems of food insecurity and high soil erosion are concurrently occurring in hill
region of Nepal; hence CA has been evaluated as a solution. Agricultural productivity in the hill
region of Nepal is decreasing or not growing fast enough to meet rising food demands (MoAC,

2011) despite the implementation of agricultural intensification methods (Dixon et al., 2001).
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The hill region faces continuous food insecurity and malnutrition issues, posing serious social
problems for Nepal (MoAC et al., 2011). Nepal is situated in the southern part of the Himalayas,
stretching from east to west with altitude ranging from 500 to 1500 meters above sea level. The
hill region covers about 40% of the total arable land in the country with 44% of the total
population residing in the region (CBS, 2012). The region is dominated by rain-fed, subsistence,
smallholder farmers with land holdings of about 0.6 hectare per household. To meet the growing
demands of food due to increasing populations, agricultural intensification is being practiced to
meet rising food demands. This, in turn, has placed tremendous pressure on the land and natural
resources (Dixon et al., 2001; Neupane et al., 2002). Furthermore, since farming in the hill
region is conducted primarily on highly sloping land, such intensification methods have led to
high soil erosion (Tiwari et al., 2004). The rate of soil erosion in the region is reported to be 5 to
15 tons ha! year! (MEST, 2006), which is at least five times higher than the generally
acceptable rate of 1 ton hatyear? (Ecologic Institute and SERI, 2010). Based on global results,
CA is an option for improving productivity as well as preserving the soil resource base (FAO,
2015). Previous studies conducted at research stations in Nepal have shown that CA practices
such as minimum tillage, mulching, and intercropping have maintained or increased crop yields
and reduced soil erosion (Thapa, 1996; Atreya et al., 2006; Das and Bauer, 2012; Dahal et al.,

2014), but there are no records of the adoption of these practices by farmers in the hill region.

The derived benefits of CA are observed over the long-term, often with less evident
benefits in the short term (Pannell et al., 2014). Chapter 3 of this dissertation also showed limited
short-term benefits of CA, with gradual improvements over year. Therefore, a long-term
economic study is needed for complete evaluation of CA in the region. Additionally, according

to an Analytical Hierarchy Process (AHP) study conducted in hill region of Nepal, farmers have
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multiple objectives, namely, increasing profit, maintaining soil fertility, increasing yield and
labor saving, to achieve the goal of achieving sustainable increase in income (Reed et al., 2014).
Objectives of increasing yield and reducing labor generally do not conflict with the objective of
increasing profit, however, the objective of maintaining soil fertility sometimes conflict with
objective of increasing profit. Therefore, determination of the trade-offs between conflicting
objectives is important for analysis of development options (Groot et al., 2007; Behera and Rana,
2013). CA seems suitable for maximizing soil conservation, however, there is need to evaluate

the feasibility of CA systems under conflicting farmers’ objectives through a trade-off analysis.

Successful adoption of any new agricultural technology by farmers is affected by economic
potential, which is further dependent on farmers’ resource and production constraints as well as
external factors such as market potential and provision of subsidies (Marenya and Barrett, 2007,
Neill and Lee, 2001; Jara-Rojas et al., 2013). For subsistence farmers in the hill region of Nepal,
land and labor are major production constraints for adopting new agricultural technologies
(Floyd et al., 2003; Paudel and Thapa, 2004). Therefore, it is important to analyze the extent of
economic returns by implementing CA, taking into account the production constraints and
market conditions for farmers in the remote hill region of Nepal. This study expects to show that
when CA is successfully implemented, it can help smallholder farmers to achieve a more

sustainable future with improved profitability and reduced soil erosion.

The purpose of this study is to evaluate the economic potential and practical feasibility of
CA systems for smallholder farmers in the hill region of Nepal. The study will determine the
optimal combination of CA systems that maximizes farmers’ profits and soil conservation using
a multiyear, multiobjective linear programming model (MOLP) and compare the benefits with

the traditional system. Specifically, the objectives of this study are:
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1. To evaluate the net present value (NPV) of profits from CA systems for 20-year period and
compare with the traditional system,
2. To determine optimal acreage allocation for CA systems by using MOLP model by farm
types and villages,
3. Compare the net present value (NPV) of profit from optimum CA combination with the
traditional production system by villages,
4. To recommend policies to enhance adoption of CA systems in the hill region of Nepal
The hypothesis of this study is that adoption of CA system will generate the highest and
sustained profit over the long term due to increased yield and reduced soil loss. There are two
cropping seasons in Nepal, and this study will provide information on which CA systems or
combinations of systems are most likely to generate the highest NPV of profit and soil

conservation after meeting consumption needs, and land, labor and cash constraints.

This chapter intends to report the economic feasibility of CA systems under the production
constraints of representative farm households from three villages in Nepal for local policy
implication. In addition, to contribute to the global discourse on economic feasibility of CA to
smallholder farmers, this chapter also intends to discuss the economic feasibility by different

farm types categorized based on land and labor endowment.
4.3 MATERIALS AND METHODS

To assess the economic optimization of CA on marginalized, subsistence, rain-fed farms in
the hill region of Nepal, data were collected from household surveys in Chepang communities,

market study from nearby market, and from on-farm CA evaluation trials.
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4.3.1 Study sites

The on-farm trials of CA were carried out in the hill region of central Nepal in Chepang
tribal communities. Considering that the feasibility of CA to subsistence smallholder farmers is a
debatable issue (Giller et al., 2009; Nkala et al., 2011), the Chepang farmers—who are mostly
smallholder, poor, and socially marginalized, were selected for the study. Three villages were
chosen: Hyakrang, Thumka, and Kholagaun. All three villages face the same sub-tropical climate
typical of the hill region of Nepal. The villages have lower land availability per household [0.6
ha as compared to the national average of 0.8 ha (MoAC, 2011)]; greater illiteracy (about 80%
compared to the national average of 35%); and lower income (average annual cash income of

about $647, compared to the national average of $1,285) (CBS, 2011).

Farmers in the villages are known for practicing shifting cultivation (i.e. slash and burning
of trees and shrubs, cultivating for 1-2 years, and leaving the land fallow for up to 5-7 years
before returning to farm it again). The farms have 2 growing seasons every year, with maize (Zea
mays) being the main crop in the first season (March-June) and legumes or millet being the
principal crops for the second season (June-November). Possible production systems are:
maize/millet (Eleusine coracana), maize/cowpea (Vigna sinensis), maize/black gram (Vigna
mungo), maize/rice bean (Vigna umbellata), or maize/soybean (Glycine max). Maize/millet with
conventional plowing is practiced in more than 36% of the maize-based upland in the hill region

of Nepal. Therefore, this study refers to this production system as the traditional system.

All villages have sandy loam soil, but there is some variation among the villages. Hyakrang
and Kholagaun have a higher percentage of sands (71% and 76%, respectively) than Thumka
(55%) while Thumka has the highest percentage of silt (32%). In contrast, the soil organic

matter content is lowest in Thumka (1.9%) compared to Hyakrang (2.8%) and Kholagaun
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(3.8%). Higher terrace width and lower water permeability in Thumka; and less soil organic
matter in Hyakrang have contributed to a greater rate of soil erosion in these villages than in

Kholagaun.

4.3.2 Data and sources
The data used for the model and their sources are presented in Table 4.1. The MOLP model
requires an array of data: primary farm household data, soil data, crop prices, input costs and

wages, on-farm CA trial performance data, secondary rainfall data, and crop yield growth rates.

4.3.2.1 On-farm CA performance trials

An on-farm experiment was conducted in the study villages from 2011 to 2014. The
treatment combinations were based on a participatory rural appraisal carried out in 2011. The
experiment was laid out in a randomized block design with four treatments. There are three CA
production systems and one traditional production systems in the on-farm evaluation (Table 4.2).
CA practices are determined by combining legume cover crop, minimum tillage, intercropping
practices. The experiment began with 27 farmers in 2011 and continued with 23 farmers from the
three study villages during the study period. Data on cost of production, labor requirements, and
crop yields were collected from the on-farm trial. The comparisons of crop yields under different
CA treatment by village were conducted by using a General Linear Model (GLM). Fisher

protected least significance difference was calculated and used for mean separation (Table 4.3).

4.3.3 Analytical methods by objectives

For objective 1, the NPV of the profits from different CA systems and traditional system
was calculated by using discounted net benefit method. Results were calculated for a 20-years
planning horizon to allow the full benefits of CA systems. Two different real discount rates were

applied as exponential discount rate for the analysis. A 3% discount rate (real rate) was used to
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reflect a social discount rate (generally lower). A lower social discount rate of 3% was chosen to
normatively give a higher value to future profits derived from CA. A 10% real discount rate was
used to reflect the farmers’ discount rate, i.e. opportunity cost of farmers’ capital. This rate is
rational as 10-12% discount rates are frequently used for cost-benefit studies in South Asian

countries (Harrison 2010).

For the second objective, to evaluate optimal acreage allocation for CA systems by farm
types and villages, a MOLP model was used. The analyses were conducted in two steps. Firstly,
single objective LP models were used to estimate the target values for two objectives (i.e.
maximizing profit and maximizing soil conservation). The single objective models were also
used to evaluate the trade-off between profit maximization and soil conservation objectives. In
second step, a MOLP model was designed for simultaneous optimization of two objectives. The
detail of the MOLP model is explained in a separate section below. In short, the MOLP model
was used to determine the optimal amount of land areas that should be devoted to each
production system to attain maximum possible profit and soil conservation, subject to resource
and production constraints of representative farmer. The MOLP models were parameterized
using the data collected from the study villages for grounding in real-world condition. The
models were implemented as an optimization model within the Microsoft Excel spreadsheet

program.

Results were calculated for two lengths of the planning horizon. A 3-year horizon was
taken because it is realistic for decision-makings by resource-poor farmers. A 20-year planning
horizon was chosen to allow the complete long-term benefits of CA systems (Pannell et al.,
2014). In addition, two discount rates (3% and 10%) were used for separate analyses. The results

focus on the amount of land assigned to a minimum tillage-based CA for both lengths of the
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planning horizon at both discount rates. The MOLP results for the representative farms from
three study villages are presented to compare the results by villages. The optimal level of land
allocation determined by MOLP model by farm types are presented to assess the feasibility of

CA systems by varying levels of labor and land size.

For the third objective, to compare the possible economic gains offered by CA systems, the
MOLP results from objective two were further analyzed. The economic gains for switching from
the traditional system to CA were estimated by calculating the percentage differences between
the NPV of profit generated from optimal CA combinations, and NPV of profit from the
traditional system. The difference between the NPVs of profits from optimal CA combination
and traditional system is regarded as opportunity cost of not adopting CA. Similarly, the
differences between the amount of soil loss from optimal land allocation and the traditional
system were calculated to measure the percent of soil conservation from CA. The findings of
these analyzes were used to propose recommendations for policymakers to enhance adoption CA

practices in Nepal.

4.3.4 The MOLP model

The basic components of MOLP model framework are multiple objective functions, model
activities, and constraints. After optimization, the MOLP models determine the level of the
model activities that should be implemented to get highest possible attainment of multiple
objectives (Ragsdale, 2007). In this study, MOLP model was used to determine the square
meters of land that should be devoted to each production system to attain maximum levels of
profit and soil conservation. A multiyear, multiobjective mathematical model was selected for
this study because it offers advantages and flexibilities such as suitability for simultaneous

optimization of conflicting objectives (Behera and Rana, 2013; Mavrotas et al., 2013), allowing
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assignment of weights to individual objectives according to the farmers’ perceptions, and power
to integrate annual crop rotation in a multiyear framework (Acs et al., 2007; Kerselaers et al.,
2007). The MOLP models represent hypothetical smallholder farms with certain resource
endowment and production constraints. For the hypothetical farm, the model identify the
optimum amount of land (%) that should be allocated for different production systems, and
calculate the NPV and amount of soil erosion for that combination. Adoption of minimum
tillage-based CA is not an all-or-nothing adoption. Hence, the model allowed partial adoptions of

CA in combination with other systems.

The MOLP model framework had 3 components, namely, (i) a multiobjective function and
2 single objective functions; (ii) 4 production systems made with 1 traditional system and 3 CA
representing varying level of CA practices (Table 4.2); and (iii) production constraints faced by a
representative farms. This study’s model specifications for the 3 MOLP components were same
for all farm types as well as for all villages. However, the models were analyzed under different
sets of constraints for different villages (Table 4.4) and farm types (Table 4.5). Similarly, there

were different sets of coefficients for representative farms by village (Table 4.6).

The MOLP model consists of 3 objective functions: i) a profit maximization function (Oy);
i) a soil conservation maximization function (Oz), and iii) a MINIMAX function under pre-

determined profit and soil conservation targets.

4.3.4.1 Profit maximization function

The profit maximization objective function (O1) includes maximizing the sum of the NPV
of profit from each crop for each year (IT;;;) multiplied by their respective acreage (X;). The
profit (IT;;;) was calculated by multiplying total crop production (acreage multiplied by crop

yield) by the market price (Table 4.7) minus the cost of production. This study used 2012 market
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prices derived from a rapid market appraisal (RMA)? in Mugling, a common market for all three
villages. Costs of production include labor, fertilizer, seed, and pesticide costs. The wage rate for
farm labor was derived from a baseline survey conducted in 2011. Mathematically, the profit

maximization function is represented as follows:

T
1
Max 04 = z (1+—I‘)t'lz Hijt X Xijt
t=1

O1 = net present value of profit using end-of year discounting convention ($)

t = year (T=20 for 20-year horizon, T=3 for 3-year horizon)

r = real discount rate (exponential)

i = crops: maize, millet, cowpea and black gram

j = production systems: the traditional practice, full tillage sole cropping, full tillage
intercropping, strip tillage intercropping

Iijt = profit (US $ m2) from i crop grown under j™ production system in t year
Xij= area (m?) under i crop under j™ production system in t year,

The coefficients for crop yield, labor, and cost of production (Table 4.6) were based on
averages derived from 4-year on-farm CA trial data and baseline survey data. The baseline
survey provided data for crop yields, labor, and cost of production for the traditional and CA1
system. The on-farm CA evaluation data were used to calculate the percent yield changes for

millet and black gram under CA2 and CAS3 (Table 4.3). The percentages were then multiplied by

2 Rapid market appraisal (RMA) is a study of market study using tools of participatory rural appraisal.
RMA follows a commodity market chain to investigate 4 Ps of marketing: Product, Price, Place and

Promotion (Wandschneider et al., 2012).
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baseline yields to determine the millet yield and black gram yield for CA2 and CA3 as shown in

Table 4.6.

4.3.4.2 Soil conservation maximization
The soil conservation maximization objective function (O.) includes maximizing the sum

of the soil conservation for each production system in each year (SC;) multiplied by their

respective acreages (X,).

T
Max 0, = Z SC; x X,
t=1

where, O = total soil conservation (kg)
SC;ji= Soil conservation (tons) from j™ production system in t year
Xjt= area (m?) under j"" production system in t" year,

The value for the amount of soil conservation by CA was calculated as the difference
between annual soil loss from the traditional system and soil loss from CA systems. The values
for annual soil loss (SEj) for each CA system, as well as the traditional system, were estimated
by using the universal soil loss equation (USLE) based on the baseline soil data. The USLE
equation calculates annual soil loss (A) with the following formula (Wischmeier and Smith,

1978):

A=RXKxLSxCxP
where, A= annual soil loss, R=rainfall erosivity, K=soil erodibility, L and S = topographic
factors and C and P = land management factors

For this study, the values of R, K, L and S are equal for all production systems but vary
among villages. The R values for Hyakrang, Kholagaun, and Thumka (3,405, 3,237 and 3,237
mj.mm ha* hour? year?, respectively) were calculated using monthly average rainfall formula
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(Renard and Freimund, 1994) based on secondary data. The K-factor values in Sl unit (0.027,
0.021 and 0.047 for Hyakrang, Kholagaun, and Thumka) were calculated using soil texture,
organic matter and permeability (Wischmeier and Smith, 1978) based on baseline soil data. The
L values (0.56, 0.56 and 0.73 for Hyakrang, Kholagaun and Thumka), and S values (0.84, 0.84
and 0.46 for Hyakrang, Kholagaun and Thumka) were calculated based on slope observation in
villages (Wischmeier et al., 1971). The C and P values in USLE equation are not dependent on
the village but dependent on land management. Therefore, C and P values were assumed equally
for all villages. However, C and P values vary among production systems. The values of C and P
were assumed based on Wischmeier and Smith (1978) and Kariaga (2004). Thus, the annual soil
loss calculated for the traditional production system at Hyakrang, Kholagaun and Thumka are
11.95, 8.6, and 13.6 tons ha™ year™ respectively (Table 4.6). These soil loss rates are within the
range predicted by earlier soil erosion studies in Nepal (MEST, 2006; Acharya et al., 2007). The
annual soil losses for CA3 in Hyakrang, Kholagaun and Thumka are 1.3, 0.9 and 1.4 tons ha
year*, which are slightly higher than previously reported value of 0.865 tons ha* year under a

maize-legume strip-cropping system (Acharya et al., 2005).

4.3.4.3 Analyzing the trade-off between profit and soil conservation objectives

The production system that has highest profitability (CA1) does not have highest soil
conservation, suggesting that there is possible trade-off between profit and soil conservation
objectives. The trade-off analysis is conducted to evaluate the extent to which 2 objectives
conflict with each other. For the purpose, firstly, the individual objective functions were solved
under similar resource and production constraints as single objective LP models. The profit
maximizing models (O1) determine the optimal land allocation, which provide highest NPV of

profits over planning horizon. In contrast, the soil conservation maximizing models (O2)
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determine the optimal land allocation, which provide highest level of soil conservation. In trade-
off analysis, the results (i.e. NPV (US $) and soil conservation (tons)) derived by soil
conservation maximizing models were compared with results derived by profit maximizing
model. The highest possible NPV derived by profit maximizing models, and highest soil
conservation derived by soil conservation maximizing models for each village, and farm types

were used as target values for respective MOLP models (Ragsdale, 2007).

4.3.4.4 MINIMAX objective function

The MINIMAX formulations under MOLP find the optimal solution by minimizing
‘maximum normalized of deviations’ for each objective. The deviations are calculated as the
difference between target value and actual value. MINIMAX function is chosen for this study
because it can explicitly accommodate the trade-offs (if any) between the 2 objectives, and
generate solutions that meet Pareto optimality condition. The Pareto optimality condition means
no other solutions can improve level of attainment of one objective without reducing the level of
attainment for other objective; hence the solution is the most desirable considering both
objectives (Ragsdale, 2007). In MINIMAX model, two single objective functions (O1and O>) are
converted to the same scale by using a scaling function. In general, the functions are converted to

a ‘normalized deviational variable’ scaled between 0-1 by using following equations:

Normalized deviational variable for profit (0,):

6 _ OT(T[) - 01
! Orem

where,
O = target value for NPV of profit over the planning horizon

The target values for profit [O1)] are the maximum attainable profits over the planning horizon

(here 3-year and 20-year). In this study, the values were derived by maximizing profit without
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considering soil conservation (i.e. solving Oz under resource and production constraints of
farmers). Each farm types and representative households had its own profit target based on land
area, crop yields and profitability.

Normalized deviational variable for soil conservation (0,):

5. — Orscy — 02
2 Or(soy

where,

Or(sc) = target for maximum soil conservation over the planning horizon

The target value for soil conservation [Orsc)] is the maximum possible soil conservation
that can be attained over the planning horizon. In this study, the values were determined by
maximizing soil conservation for 20-years horizon and over 3-years horizon, without considering
profit objective. Each farm types or representative farms in villages had a different soil

conservation target based on land area and rate of soil loss.

Farmers have varied levels of importance for different objectives. The relative importance
of the each objective in MOLP model can be represented by weights. The weights reflect the
relative importance of profit and soil loss for the farmers when considering CA for adoption. In
MINIMAX model, the normalized deviational variables (i.e O, and 0,) are multiplied by the
weights of the objective (i.e. w1 and w) to accommodate the relative importance. For this
analysis, the weights for NPV (wz) and soil conservation (wz) were 2.92 and 1, respectively,
which were derived from weighted farmers’ preferences for profit and soil quality using AHP

survey in the study villages.

4.2.4.5 Mathematical problem formulation
Once the two objective functions are scaled and multiplied with respective weights, the

multiobjective model is solved as MINIMAX objective, which is to “minimize the maximum
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weighted deviation” (Ragsdale, 2007). In the MINIMAX model formulation, a MINIMAX
variable (Q) is minimized, such that ‘weighted normalized deviations’ for each objective is less
than or equal to Q. The mathematical representation of the MINIMAX model for this study is

presented below.

MIN Q

Subject to,

w;0; <0 (0

w,0, <Q (2)

3 4
z.inj <X forvVset 3)

3 4
ZZXU X Ll]m <L for Vmet (4)
3 4

> ) Xy xcysc forvs € t (5)

z Xi(s=1) - z Xis=2) =0 forvj,t (6)

3 4
z.zxij X Y =Yg for i = millet, ¥ t @)

ZXj(t—l) - Zth =0 forj= CA;V t (8)

where,
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w1= weight for profit maximizing objectives

w2 = weights for soil conservation maximizing objective

i=crops (3 crops: maize, millet and black gram)

j=production systems (4 production systems: traditional, CA1, CA2 and CA3)
s=season (si=spring-summer, S,=post-rainy season)

t=years (20 years: ti=yearl, to=year 2, ...... tao=year 20)

m=months (1-12)

Xij=area (m?) of i crop under j" production system

X = total land area constraint (m?)

Lijm= labor required for it crop under j* production system during m™ month (person hours m2)
Lm = monthly labor constraint (person hours)

Cij= cash required for i crop under j™ production system ($)

C=seasonal cash constraint ($)

Yr=yield requirements (millet) for household consumption

Model constraints

The first two constraints (equation 1 and equation 2) are MINIMAX constraints for each
objective. The first constraint (equation 1) ensures that the weighted normalized deviation of
actual profit from target profit must be less than or equal to Q. The second constraint (equation
2) ensures that the weighted normalized deviation for actual amount of soil conservation from
the target level of soil conservation must be less than or equal to Q.

The rest of constraints in the model ensure that model solution meets the resource and
production constraints of the representative farm. The third constraint in the model is for land

constraints of farms (equation 3). Lands allocated to all crops under different production systems
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are assumed to not be higher than available land for a farm in any single season of any year. Next
set of constraints is for household labor (equation 4). Total labor required for all crops under all
systems in a month is assumed to not be higher than available monthly household labor. Next is
the set of constraints for household cash (equation 5). The total cash required to purchase
agriculture inputs is assumed to not be higher than the average cash available to households for a
season. The average seasonal cash availabilities were determined from the baseline survey. The
next set of constraints is crop rotation constraints for a year (equation 6). There are two seasons
in each year in the system; hence these constraints ensure that area allocated to one production
system in the first season remains for the same system in the second season. The next set of
constraints is for minimum consumption requirements of millet per farm household (equation 7).
The minimum amount of millet needed for household alcoholic consumption (to make the local
beverage raksi, an integral part of Chepang culture) is included as a constraint. Next set of
constraints is only for ST systems (equation 8). The constraint is included to ensure continuous
practice of ST over the years. The ST constraint ensures that once farmers adopt the ST practice,
they have to continue ST for rest of the years in planning horizon. Finally, there is a set of

constraints for non-negativity of land allocation in any system.

4.2.4.6 MOLP model constraints for the representative farms by villages

The land constraint (X) for different types of farm households was determined by taking
the average land area under a maize-based system based on baseline survey data. The monthly
labor constraints were determined by multiplying the total labor by 7 (assuming a person works
seven hours in a day) and 24 (assuming a person works for 24 days in a month). The average
amount of cash received by farmers from selling agriculture and livestock products was used as

the cash constraint. Table 4.4 shows that land, labor, and cash constraints vary by study villages.
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4.3.4.7 MOLP model constraints by farm types

Model constraints are also explored by defining six different farm types (I, I1, 1, IV, V
and V1) based on land holding and labor availability (Table 4.5). Firstly, the land availability was
categorized into small (<0.05 ha), medium (0.5-1.0 ha) and large (>1 ha) holdings. This
categorization was based on land holding classification adopted by government extension (CBS,
2008b). Household labor availability was categorized as few labor (<4 person per household) and
many labor (>4 person per household). Finally, six farm types were defined by combining land
and labor categories. The study villages are dominated by smallholder farming families as
indicated by the highest percentage of type | and type IV farm (27 and 21.6 percent,
respectively). The type Il and type V farms are respectively 16.2% and 18.9%. The least

dominant farm type is type Il (2.7%).

4.3.5 Assumptions

A number of assumptions were required for the MOLP model in this analysis. The crop
yield growth rates up to 20 years from different CA were required for estimating future cash
flow. Assumption of discount rates was necessary to discount the future profit. Similarly, few

parameters were assumed for calculation of annual soil loss under different CA systems.

4.3.5.1 Yield projection

Studies by Das and Bauer (2012) and Matthews and Pilbeam et al. (2005) showed a
downward yield trend for crop yields under full tillage system in the hill region of Nepal.
Therefore, a 1% annual yield reduction is assumed for crops cultivated under full tillage systems.
Previous studies show wide variation in long-term trend of crop yield under CA systems. Strip
tillage generally leads to a drop in yield in the initial years, but by the fifth year, the yield begins

to show an increase (Quinton and Catt, 2004; Thierfelder et al., 2013). Therefore, a drop of 10 %
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for the first four years (-2.5% annually) is assumed for minimum tillage system. After fifth year,
an increase of yields by 5% annually is assumed. No change in yield growth is expected once a
20% yield increase is achieved. The assumption is similar to generally accepted yield trends

under minimum tillage system (Pannell et al., 2014).

4.3.5.2 Discount rates

For NPV analysis, a discount rate has to be assumed for the duration of the planning
horizon. The discount rate reflects time preferences given to investments. For developing
countries, the discount rates are generally thought to be higher than for developed countries, as
opportunity costs of capital are higher in developing countries due to higher capital scarcity and
weaker financial sector, and lesser integration into the global capital markets (Zhuang et al.,
2007). In this study, a 10% real discount rate is assumed to reflect farmers’ discount rate and a
3% real rate is assumed to reflect the social discount rate. The 10% real discount rate as farmers’
cost of capital is reasonable in Nepal, as the most common interest rates (nominal) for bank loans
are 16-17% (yearly). If the nominal interest rates are adjusted with 7.5% annual inflation (MOF,
2013), the 10% real discount rate is reasonable for farmers’ cost of capital (Das and Beur, 2012).
A 3% real social discount rate is assumed to provide high preference to future benefits of CA for
long-term analysis. Considering a less than 3% real growth rate of agriculture sector, and a high
(7.5%) inflation rate in Nepal for last decade (MOF, 2013), the assumption of 3% discount rate is

reasonable for social cost of capital.

4.3.5.3 C and P values, and terrace slope in universal soil loss equation
The C value for the traditional system is assumed to be 0.35 whereas for CA1, CA2 and
CAS3 they are assumed to be 0.31. The C values for the traditional system is the value suggested

for the ‘two-cereal rotation” system by Wischmeier and Smith (1978). Since legume crops have
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about 25% higher soil cover than cereal crops (Kariaga, 2004), a 25% lesser C value is assumed
for all CA systems with legumes. Management factors of 1 and 0.25 are assumed for full and
strip tillage, respectively, as suggested by Wischmeier and Smith (1978). For the soil
conservation factor (P), 0.5 and 0.37 are assumed respectively for full and strip tillage system
(Wischmeier and Smith, 1978). To calculate LS values, slope length of 7 m with 8% slope is
assumed for Hyakrang and Kholagaun while slope length of 12 m with 5% slope is assumed for
Thumka. These assumptions are based on the personal observations of the study sites. Because of
geographical conditions, the agriculture lands in Thumka have less slope and wider terraces

compared to Hyakrang and Kholagaun.

The validation of MOLP models were conducted by “prediction experiment” and
“feasibility experiment”. Under the “prediction experiment”, LP models are solved by fixing the
model parameters to baseline levels, and the solutions are compared with the baseline values
assuming that model replicates the observed system behavior (McCarl and Apland, 1986). In
this study, the optimal land allocation from the MOLP model in year 1 (base year) were
compared with the baseline land allocation. The MOLP models had strong “prediction
validation” since the optimal land allocations by the MOLP model for traditional system and
CA1 were within £10% of the baseline land allocation in all villages. Under the “feasibility
validation”, the decision variables (here land allocation) are set to its observed levels and the
models are solved to evaluate its feasibility under that condition (Kaiser and Messer, 2011). The

‘feasibility’ test for this study also indicated that all models had the feasibility validation.
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4.4 RESULTS AND DISCUSSION

4.4.1 Comparing of crop yield by CA systems and villages

The effects of different factors to crop yields have been extensively described in Chapter 3.
Here, the difference in crop yields from different CA systems is compared within each village.
Maize grain yields in two out of three villages (Hyakrang and Thumka) are significantly
differences between CA treatments (Table 4.2). Maize yields from CAL are highest in these
villages. The maize yield from CA3 is lower than CAL, but it is not significantly different than
the traditional system. Contrary to the other two villages, maize yields from all the CA
treatments were comparable to the traditional system in Kholagaun. Millet yield was higher
under the traditional system compared to CA2 and CA3 since traditional system produces millet
as the sole crop, but CA2 and CA3 produce the millet as intercrops. The results of the black gram
yield also show the similar pattern to millet. The black gram yield from CAL is significantly
higher than CA2 and CA3 because black gram is the sole crop in CA1 whereas it is intercropped

with millet in CA2 and CAS3.

4.4.2 Comparing NPV of profit from CA systems with the traditional system

The analysis of NPV of profit from systems showed that the minimum tillage-based CA is
economically more attractive at lower discount rate due to the pattern of yield changes. Although
the expected profit is highest from CAL, it is not the most desirable system due to the lack of
minimum tillage component. CA3, which is the most desirable system, is consistently second to
CALl in term of profit over 20 year period at both discount rates. The profit from from the
traditional system is the lowest at both discount rates. Although the profit of CA3 is not
sufficient to outweigh CAL1 at any discount rate, CA3 is more competitive at 3% discount rate

compared to 10% discount rate. The profit from CA3 is 13% lower than CAL at higher (10%)
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discount rate (US$ 11,097 vs. US$ 12,807 hal), but the difference is down to 5% at lower (3%)
discount rate (US$ 20,561 vs. US$ 21,727) (Figure 4.1a,b). In other hand, the average profit
from CA3 over 20 year is 101% greater than traditional system at 10% discount rate, which
increased to 123% higher at lower (3%) discount rates. Similarly, the profit from CA3 is only
26% greater than CAZ2 at higher (10%) discount rate, but it is 36% greater at lower (3%) discount
rate. In every comparison, results indicate that minimum tillage system is more attractive over

full tillage systems when the discount rate is lowered.

4.4.3 Trade-off between profit maximization and soil conservation objectives

Comparisons of NPV and soil conservation between the profit maximizing combination
and soil conservation maximizing combination show that objectives of maximizing profit
conflicts with the objectives of maximizing soil conservation (except in Hyakrang at 3%
discount rate) (Table 4.8). Results suggest that when farmers increase amount of soil
conservation (or reduce soil loss) by adopting CA, the amount of profits decrease and vice-versa.
Therefore, there is a trade-off between soil conservation and farm profit. The magnitude of
trade-off between soil conservation and profit, however, is dependent on length of planning
horizon, discount rates and villages. In fact, soil conservation and profit objectives do not
conflict for a 20-year horizon and at 3% discount rate in Hyakrang (Table 4.8). In other two
villages (Kholagaun and Thumka), the trade-off between two objectives are higher for long-term
horizon compared to short-term; and greater for higher discount rates (10%) compared to lower
discount rates (3%). For a 20-year horizon and 3% discount rate, the NPVs derived by soil
conservation maximizing models (solving objective function O2) are about 7.7% and 8.8% lower
than NPVs derived by profit maximization models (solving objective function O1) in Kholagaun

and Thumka, respectively. The differences between NPVs from two models are higher at 10%
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discount rate (11.2%-18.3% lower) compared to 3% discount rate. The percentage differences on
NPVs of profit from these two models are also higher for 3-year model than 20-year model,

indicating the trade-off between two objectives are greater at short-term planning horizon.

Possible decline in crop yields under minimum tillage practice in the early years of
adoption is likely to dampen profits resulting greater reduction in short-term profits and greater
trade-off between profit and soil conservation objectives in short-term. A greater trade-off
between profits and soil conservation for short-term planning horizon is a challenge for
autonomous adoption of minimum tillage system by subsistence farmers because subsistence
farmers do not plan beyond a few years (Pannell et al., 2014). A greater trade-off between profits
and soil conservation objective suggests that farmers have to sacrifice higher amount of profit for
adoption of conservation practices. The short-term planning is not sufficient to account full
benefits of minimum tillage system over years, hence policy makers should consider the long-
term planning horizon to provide sufficient time so that full potential of CA can be evaluated in

the analysis.

The results also show that trade-off between profits and soil conservation varies by farm
types. For a 20-year period and 3% discount rate, the NPVs determined by soil conservation
maximizing models (O2) are 5.7%-6.5% lower the NPVs determined by profit maximizing
models (Table 4.9) for farm type I, I, IV and V (with small to medium land holding). The
percent differences in the NPVs from two models are slightly higher (12.3%-31.6%) for farm
types 111 and VI (with large land holding) indicating a higher trade-off between two objectives
for large land holding farms. The percentage differences in the NPV from profit maximization

models and soil conservation maximization models are also higher at 10% discount rate
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compared to 3% discount rate, and higher for short-term planning horizon compared to long-term

planning horizon regardless of farm types.

4.4.4 Optimal land allocation for minimum tillage by representative farms in study villages
The next set of results is for the optimal amount (%) of land that should be allocated to
different production system by villages. Here, the models assign optimum amount of lands for
various production systems subjected to the production constraints of representative farm from
the study villages. This analysis was conducted to evaluate the feasibility and economic potential

of CA system by villages for local extension implication.

Looking at the percent land allocation among production system by 3-year and 20-year
model for representative farms, it is observed that land allocation to minimum tillage based CA
is dependent on village context, length of planning horizon and discount rate. Figure 4.2 shows
optimum land allocation among CA systems by a 3-year and 20-year planning horizon at a 3%
and 10% discount rate by villages. The optimal amounts (%) of land assigned to minimum tillage
system are higher for 20-year planning horizon than 3-year planning horizon regardless of
village. The results from the 20-year model show that all lands should be allocated to minimum
tillage. For a 3-year horizon, the optimal amounts (%) of land assigned to minimum tillage vary
in range of 53.33% to 88.5%. Thus, results suggest that a long-term planning horizon is

favorable for allocation of greater amount (%) of lands to minimum tillage based CA.

The results also show that a lower discount rate (3%) encourage earlier adoption of
minimum tillage while a higher (10%) discount rate favor delayed adoption. For the 20-year
planning horizon and at 3% discount rate, highest amounts (%) of land allocation to minimum
tillage reached within 2-4 years varying by villages. However, at 10% discount rate, the highest

amounts (%) of land allocation to minimum tillage reached after 4-6 years. The effects of
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discount rate to percentage land allocation to minimum tillage are lesser for a 3-year planning
horizon. Thus, results verify that lower discount rates encourage the adoption of minimum tillage
practices. This result is consistent with the theory that a lower discount rate favors selection of

conservation practices in planning (Weitzman, 1994).

4.4.5 Optimal land allocation for minimum tillage by farm types

Results for amount of land allocation among production systems by a 3- and 20-year model
in Table 4.10 show that land allocation to the minimum tillage is dependent on farm type. There
are small difference in the amount of land allocated to minimum tillage for farm types I, II, IV,
and V. For these four farm types (i.e. I, 11, 1V, and V), 100% of the land should be assigned to
minimum tillage within 2-5 years for a 20-year horizon at 3% discount rate while 63.9%-83.9%
of the lands should be assigned to minimum tillage for a 3-year horizon at 3% discount rate.
These four types of farms constitute about 86% of the farms in villages (Table 4.5), hence it can
be concluded that CA is feasible for vast majority of farming households in the region. For farm
type 11l and VI, 47.6-89.9% of lands should be assigned to minimum tillage for a 20-year
horizon while negligible area of lands should be assigned to minimum tillage for a 3-year
horizon. Although the amount of land assigned to minimum tillage are small for type 11l and VI
farms, this is of a less concern because these two types represent only 14% households in the
villages. Less amount of land allocation to minimum tillage for farm type 111 and V1 are due to
household’s labor constraints. Therefore, results indicate that higher amount of land should be
allocated to minimum tillage when there is sufficient household labor. At first, this result seems
contradictory to previous results claiming that minimum tillage is a labor saving technology
(Sidhu et al., 2010). However, studies have also reported that significant labor saving is not

possible in subsistence farming systems, where agriculture operations are performed by manual

132



labor (Haggblade and Tembo, 2003). Hence, this study supports that reliable labor supply is a

critical factor for feasibility of minimum tillage practice in subsistence farming systems.

4.4.6 Comparing NPV of profit from optimal CA combinations vs. traditional system by
villages

The comparisons of NPV of profits from optimal CA combinations and traditional system
in Figure 4.3 show that all production systems have similar profits for the first 5-6 years with
small variations among villages. After that, the type of production system and discount rate make
a difference in the profits. Differences in profit between the optimal CA combinations versus the
traditional system show increasing trends after 8, 5, and 6 years respectively in Hyakrang,
Kholagaun and Thumka. The results indicate that CA gives the best economic return in the long
run. In 2 out of the 3 villages, the optimal CA combination more than doubles the profit of the
traditional system. Therefore, results show that there are opportunity costs for not adopting CA,
which is the difference in the NPV of profit between the optimal CA combination and the
traditional production system. The opportunity costs of not adopting CA at 10% discount rate are
almost half compared to 3% discount rates. Over a 20-year period and lower (3%) discount rate,
the opportunity costs of not adopting CA are US$ 4,266, US$ 11,145 and US$ 7,633 per hectare,
respectively for Hyakrang, Kholagaun and Thumka (Table 4.11). For the same duration and at
10% discount rate, the opportunity costs are US$ 1,917, US$ 5,842 and US$ 3,906 per hectare

for Hyakrang, Kholagaun, and Thumka, respectively (Table 4.12).

Opportunity cost of not adopting CA also varies considerably by villages, as shown in
Table 4.11 and Table 4.12. The opportunity cost is highest in Kholagaun followed by Thumka
and Hyakrang. The high profit differential in Kholagaun compared to the other villages is due to:

(i) the dominance of farms with small farm holdings and abundance labor supply in Kholagaun
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in contrast to other villages where representative farms have medium land holding; (ii)
Kholagaun has lower soil erosion rates compared to the other two villages, hence farmers has to

suffer smaller profit relapse for adoption of CA practices.

4.4.7 Comparing soil conservation from optimal CA combination vs. the traditional system
by villages

Table 4.11 and Table 4.12 also show that the changes in the amount of soil erosion also
vary by villages and discount rates. For all three villages, continuing with the traditional
production system is the worst scenario regarding soil conservation. In contrast, practicing
optimum CA combination would contribute to reaching the sustainable threshold of 1 ton ha*
annual soil loss. Over a 20-year period at 3% discount rate, the optimal CA combinations reduce
the amount of soil loss by 85.1%, 76.4%, and 82.0% respectively in Hyakrang, Kholagaun and
Thumka. The reductions in amount of soil loss from optimal CA combination are lower at 10%
discount rate (76.4%, 75% and 79.6% respectively in Hyakrang, Kholagaun and Thumka)
compared to 3% discount rate. The practice of minimum tillage-based CA, as recommended by
the model at 3%, reduces the rate of average annual soil loss to 1.9, 1.8 and 1.8 tons ha* year in
Hyakrang, Kholagaun, and Thumka respectively. This low rate of soil loss is combined with the
NPV of farm profits being double in most cases. Therefore, CA systems show great potential for

increasing soil conservation as well as increasing profits in study villages under long run.

4.4.8 Sensitivity analysis

The sensitivity of the changes of price, yield and wage to the percentage change in land
allocation to a minimum tillage and profits are shown in Table 4.13 and Table 4.14. A + 2%
change is used for sensitivity analysis for price, which is reasonable considering that the model

uses real price and the price trends for grains (after adjusting for inflation) in rural areas in Nepal
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have remained somewhat stable over time. The percent change of £5% is considered for
sensitivity analysis of model by wage, which is reasonable for Nepal considering a stable 4%
growth rate in real wage rate for last decade, and wage rate is expected increase in future due to
high labor migration (ILO, 2012). For sensitivity analysis for yield changes, a £3% change in
yields is considered, which is reasonable considering a stable, low crop yield change in the hill
regions (Gharti et al., 2014). In addition to change in these parameters, the sensitivity analyses
also present model results for two scenarios of future yield projection (pessimistic and
optimistic). Two scenarios for future yield projections are defined by changing the rates of crop
yield decline under minimum tillage system. A “pessimistic scenario” doubles the rate of yield
decline under minimum tillage for year 2 to year 5 (5% annual yield decline vs. 2.5% for base
model). This scenario is considered pessimistic because it require 9 years to restore the levels of
crop yields to initial level, while most often, crop yields under minimum tillage are restored after
5-7 years (Quinton and Catt, 2004; Thierfelder et al., 2013). In other hand, an “optimistic
scenario” indicates a condition for a no decline in crop yield under minimum tillage system
(compared to assumption of annual 2.5% yield decline for year 2-5 in base model). This
optimistic scenario is reasonable because several researchers have claimed that there are no
significant yield reductions under minimum tillage system in hill region of Nepal (Atreya et al.,

2006; BK et al., 2014).

The results of sensitivity analysis show that the MOLP models are robust against the
changes in price, wages, and crop yield. For a 20-year planning horizon, none of the changes in
the price, wage and crop yield change the percent of land allocation to the minimum tillage by
greater than 3% (Table 4.13). In Nepal, increase in prices and wages and increase in crop yield

(assuming adoption of new technologies) are the most probable changes in future. The results of
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sensitivity analysis indicate that an increase in prices and increase in crop yields are associated
with higher amount (%) of land area assigned to minimum tillage while increase in wage rate is
associated with the lower land area assigned to minimum tillage. Thus, the results further
emphasizes on the need for reducing the labor under minimum tillage so that its feasibility is not
impeded by future wage increase. The amount of land allocation to minimum tillage (%) is also
affected by changes in assumption on future yield projection. The “pessimistic scenario” for
future yield reduces the amount of land assigned to minimum tillage by 6.0-8.0% at 3% discount
rate, and 10-16% at 10% discount rate. In other hand, the “optimistic scenario” for future yield
increases the amount (%) of land assigned to minimum tillage in range of 0-4.3% at 3% discount

rate and 7.9-12.7% at 10% discount rate.

The changes in price, wage, and crop Yyield also affect the NPV of farm profit. Table 4.14
shows that with a 2% change in price, the NPV of farm profit changes in the range of 3.4-3.8%,
vary by villages and discount rates. Similarly, with a 5% increase or decrease in wage rate, the
NPV of profits increases or decreases in the range of 2.7-3.8%. In the case of change in crop
yields, a 3% increase or decrease in base year crop yields changes the farm profits in range of
5.2-5.7%. All of these changes are under 6% level, regardless of whether it is positive or
negative. Therefore, it is concluded that the MOLP models results for NPV of profit are not
highly sensitive to price change, wage rate change and crop yield change. The sensitivity
analyses by changing the future yield projection also show robustness of the models. Under the
“pessimistic scenario”, the NPVs of farm profit reduce in range of 6.7-8.1% at 3% discount rate,
and 2.4-5.2% at 10% discount rate. In other hand, under the “optimistic scenario”, the NPVs of
farm profit increase in range of 5.3-7.4% at 3% discount rate and 4.8-6.3% at 10% discount rate,

varied by villages.
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Overall, there is convincing environmental reasons and economic grounds for promotion of
minimum tillage-based CA in hill region of Nepal, as evidently shown by the high opportunity
costs for not adopting CA. However, rapid adoption of CA may not occur for several reasons.
First, the levels of economic gain in the initial years of practicing CA might not be enough to
attract farmer for adoption. As farmers generally discount future returns compared to immediate
benefits, they see less value from CA as compared to their traditional system in short-term. In
addition, there are few other alternatives to the traditional system that provide higher returns than
minimum tillage-based CA from early year of adoption (such as CA1). Farmers in the study
villages understand the importance of soil health (Reed et al., 2014). However, it is to be
expected that farmers would place lower importance on soil conservation than profit in their
decision-making due to extreme poverty, malnutrition and lower capacity to withstand profit
relapse. In addition, experience and learned knowledge are important for farmers’ decision-
making in the villages (Halbrendt et al., 2014a). Hence, a lack or limited experience of farmers’
with CA systems may also be a problem for rapid adoption. When there are lower private
incentives for adoption and, a high social opportunity cost for not adopting, public intervention

should be targeted to facilitate adoption of the technology (Shiferaw and Holden, 1999).
4.5 SUMMARY AND CONCLUSION

This study used a discounted cash flow analysis and a normative MOLP model to analyze
the economic potential of CA production systems for smallholder farmers in the hill region of
Nepal. Using a normative approach to allocating optimal amount of lands, this study provided
critical insights on feasibility of CA systems under farming objectives and the resource and
production constraints of smallholder farmers in the region, which was never done before. The

results showed that CA with minimum tillage and intercropping practice is appropriate to
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reconcile farmers multiple objectives of increasing profit and enhancing soil conservation.
Specifically, this study concluded that, 1) CA systems with minimum tillage plus intercropping
provides the best return at a low discount rate and long-term planning horizon; 2) provided
sufficient labor, all land should be allocated to minimum tillage-based CA within 2-5 years for
optimal attainment of profit and soil conservation objectives in 20 year horizon; 3) lack of
reliable labor supply can be a limiting factor for feasibility of minimum tillage based CA in
subsistence farming systems; 4) CA takes about 6 to 7 years to start exhibiting economic gains
compared to traditional system; and 5) there is high social and private opportunity costs for not
adopting CA because in most cases it doubles the NPV of profit compared to the traditional

system.

Based on these findings, a few recommendations can be made for local policy makers. CA
systems provide long-term net gains for farmers and society due to higher profit as well as soil
conservation. However, most farmers in subsistence farming have a much shorter planning
horizon. Therefore, with rising food insecurity and lower crop productivity, government
interventions may be appropriate to increase short-term incentives for adopting CA practices for
greater societal benefit. The government should consider implementing one or more of the
following interventions: 1) Inform and train local farmers about the long-term economic and
environmental benefits of CA systems via on-farm trials; 2) Introduce more efficient farming
methods that reduce labor during the peak months, and explore the use of more economical
methods (including use of affordable machines) for minimum tillage; 3) Provide payment for
environmental services, possibly as input subsidies, for 5 to 6 years so that the economic returns
from adopting CA are equivalent to the traditional production system in the short-term until CA

benefits are fully realized by farmers; 4) Continue localized research on CA to monitor and adapt
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changes required to make CA systems more desirable and acceptable to farmers without long-
term subsidies; 5) Provide affordable long-term credits to farmers for adoption of minimum
tillage practices; and, 6) Raise policymakers’ awareness on opportunity costs for non-adoption of

CA system, and on the need to invest in CA research and extension.

There are convincing economic rationale and environmental reasons for promotion of CA
systems in the hill region. However, due to limited short-term gains for smallholder farmers to
switch to CA systems, governments should invest in research, education and extension for

improvement and promotion of CA for a greater societal welfare.
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List of Tables

Table 4.1 MOLP Model data, sources and type for the analysis

Data Sources Source Type
1. Farm household data (2011)
— Land availability Socio-economic
— Labor availability baseline survey (n=37
— Cash availability which is 37% of total Primary
— Consumption needs of millet households in 3
— Crop yields villages), collected in
— Labor requirements by crops 2012
— Production costs by crops
2. CA on-farm trial performance data
— Crop yield .
- Labzryrequirements by crop by month On-farm trial data from Primary
i o 2011-2013 (n=25)
— Cost of inputs (seed, fertilizer,
insecticides and pesticides)
3. Price Rapid market appraisal
— Crops in Muglin (a common Primary
— Wage rates market for all villages)
— Inputs (in 2012)
6. Soil data (% sand, % silt, % clay, % Baseline soil data .
. . Primary
organic matter) (n=27) (in 2011)
7. Average monthly average rainfall (mm)  Worldweatheronline Secondary
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Table 4.2 Agricultural production systems used in the multi-objective linear programming model

Cropping pattern

Systems' Ttlllage

ype 1t season 2"d season
Traditional (No CA) Full Maize Millet
FT maize/legume (CA1) Full Maize Black gram
FT maize/millet+legume (CA2) Full Maize Millet+black gram
ST maize/millet+legume (CA3) Strip Maize Millet+black gram

Notes: 'Symbols ¢/> indicates crop rotation within a cropping year, ‘+ indicates intercropping
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Table 4.3 Comparison of average crop yields in on-farm CA evaluation trials by village (2011-

2013)
Year Systems Maize Millet % of sole Black gram % of sole
(Ton hal) (Tonhal) crop  (Tonha?) crop
Traditional 2.1710bcf 1.232 100 - -
Hvak CAl 2.47° - - 0.35° 100
yarang - cao 2.17° 0.75° 608 0.24 67.8
CA3 2.02¢ 0.64° 51.9 0.20° 57.5
LSD (p<0.05)  0.14 0.1 +0.06
Traditional 1.762 1.032 100 - -
Khol CAl 1.86° - - 0.35° 100
olagaun o ao 1.75° 0.77° 748 0.28" 80.2
CA3 1.732 0.72° 69.7 0.27° 775
LSD (p<0.05)  0.16 0.11 +0.07
Traditional 1.93% 0.53? 100 - -
Uk CAl 2.052 - - 0.38° 100
Thumka CA2 1.90% 0.29 54 0.26" 67.7
CA3 1.78° 0.30° 55.7 0.22° 57.2
LSD (p<0.05)  0.16 0.11 +0.07

Note: ns,*** ** and * indicate non-significant, or significant at p<0.001, <0.01 and <0.05
"Different letters in superscript show the values are significantly different at p<0.05

Source: On-farm CA evaluation data
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Table 4.4 MOLP Model constraints for representative farm households by villages

Production constraints

Villages

Hyakrang Kholagaun Thumka
Land (m?) 7,120 4,559 7,138
Monthly Labor (Person hour per 728 609 928
month)
Cash ($) 161 194 133
Millet consumption (kg) 40 40 40

Source: Primary data (baseline survey, 2011)
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Table 4.5 Farm types, characteristics and MOLP model constraints by farm types

% HH in Monthly

sgen; Characterization study Labor (Person Izr?]r;? $C:::S((JL:_?)
village hrs/ month)
I Few laborer, small land 27.0 582.4 3,334.4 119.4
1 Few laborer, medium land 16.2 591.5 7,250.6 132.8
I Few laborer, large land 2.7 592.0 13,450.0 302.0
v Many laborer, small land 21.6 1,039.2 3,516.6 129.4
\Y Many laborer, medium land 18.9 1,061.1 6,624.1 217.6
Vi Many laborer, large land 135 1,183.0 15,326.1 302.8

Source: Primary data (baseline survey, 2011)
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Table 4.6 MOLP model coefficients for the base year by production systems and villages (all

values are for a square meter)

Production Systems

Villages Traditional CAL CA2 CA3
Hyakrang

Cost of production ($) 0.010 0.016 0.018 0.017
Labor (person hours) 0.300 0.182 0.343 0.332
Maize Yield (kg) 0.263 0.263 0.263 0.263
Millet Yield (kg) 0.123 - 0.088 0.083
Black gram (kg) - 0.042 0.028 0.024
Annual soil loss (kg) 1.195 1.067 1.067 0.131
Kholagaun

Cost of production ($) 0.009 0.017 0.019 0.018
Labor (person hours) 0.264 0.186 0.299 0.306
Maize Yield (kg) 0.211 0.211 0.211 0.211
Millet Yield (kg) 0.045 - 0.034 0.036
Black gram (kg) - 0.072 0.058 0.056
Annual soil loss (kg) 0.858 0.766 0.766 0.094
Thumka

Cost of production ($) 0.009 0.017 0.018 0.017
Labor (person hours) 0.260 0.182 0.295 0.266
Maize Yield (kg) 0.208 0.208 0.208 0.208
Millet Yield (kg) 0.053 - 0.031 0.031
Black gram (kg) - 0.052 0.035 0.03
Annual soil loss (kg) 1.358 1.212 1.212 0.149
Overall

Cost of production ($) 0.010 0.016 0.018 0.017
Labor (person hours) 0.275 0.184 0.313 0.301
Maize Yield (kg) 0.097 0.064 0.063
Millet Yield (kg) 0.053 - 0.031 0.031
Black gram (kg) 0.085 0.055 0.057
Annual soil loss (kg) 0.900 0.790 0.790 0.150

Source: Primary data (baseline survey 2011, on-farm CA evaluation data, 2011-2014))
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Table 4.7 MOLP model coefficients for grain prices and wage rates

Grain Price (USD)
Maize ($ kg 0.471
Millet ($ kg?) 0.412
Cowpea ($ kg™ 1.082
Black gram ($ kg% 1.435
Wage rate ($ person hour™) 0.250

Source: Primary data (rapid market appraisal, 2012)
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Table 4.8 Comparing NPV of profits and amount of soil conservation determined by profit maximization models (O1), soil

conservation maximization models (O.) and MOLP models by village, planning horizon and discount rate

Long term horizon Short term horizon
(20-year model) (3-year model)
Village Model DR=3% DR=10% DR=3% DR=10%
NPV SC NPV SC NPV SC NPV SC

(US$) (Tons) (US$) (Tons) (US$) (Tons) (USS9) (Tons)
Max Profit (O1) 11,3977 1448 6,680  27.0 2353 261 2217 261
Hyakrang Max SC (O2) 11,397  144.8 6,007 151.5 1,845 15.15 1,718  15.15
(7,120 m?)  Trade-off (%) (=0.0)" (+0.0) (-11.2) (+82.2) (=27.6) (+82.8) (-29.1) (+82.8)
MOLP 11,397 1448 6,354 130.0 2,137 11.10 2,004 10.91
Max Profit (O1) 7,869 234 4527 227 1684 193 1569 126
Kholagaun Max SC (O2) 7,310 69.7 3,928 69.7 968 6.97 887 6.97
(4,559 m?) Trade-off (%) (-7.7) (+66.4) (-15.3) (+67.4) (-73.9) (+72.3) (-76.8) (+81.9)
MOLP 7,473 59.4 4,114 51.2 1,455 4,22 1,369 4.39
Max Profit (O1) 9,958  40.1 5812  39.2 2116 314 1971  4.00
Thumka Max SC (O,) 9,179 1734 4914 1734 1291 1591 1,191 15091
(7,138 m?) Trade-off (%) (-8.5) (+76.9) (-18.3) (+77.4) (-63.8) (+80.3) (-65.5) (+74.9)
MOLP 9,550 159.9 5,269 142.5 1,880 10.75 1,774 11.27

TFigures in bold and underline are the target values for maximizing profit and maximizing soil conservation functions
T Figures in parenthesis indicate the % difference between soil conservation maximizing model (O,) and profit maximizing model (Os)

Source: Profit maximization, soil conservation maximization and MOLP model
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Table 4.9 Comparing of NPV of profits (US $) and amount of soil conservation (tons)

determined by profit maximization models (O1), soil conservation maximization models

(O2) and MOLP models by farm type, planning horizon and discount rate

Long term horizon

(20-year model)

Short term horizon

(3-year model)

TF%F:S Model 3% 10% 3% 10%
NPV SC NPV SC NPV SC NPV SC
(US$) (Tons) (USS$) (Tons) (US$) (Tons) (US$) (Tons)
Max Profit (O;) 7,135" 154 4270 154 1483 1.9 1399 1.9
| MaxSC(0) 6748 500 3655 500 965 3.7 889 3.7
Trade-off (%) (-5.7)"" (+69.2) (-16.8) (+69.3) (-53.7) (+49.1) (-57.4) (+49.1)
MOLP 6,874 44.7 3,953 39.2 1,355 3.2 1,284 2.8
Max Profit (O1) 15,643 240 9153 240 3,188 3.2 3045 32
y MaxSC(0) 14673 1088 7948 1088 2098 8.0 1,933 80
Trade-off (%) (-6.6) (+77.9) (-15.2) (+77.9) (-52.0) (+60.4) (-57.6) (+60.4)
MOLP 15,014 96.1 8,595 89.5 3,006 6.6 2,827 6.3
Max Profit (O1) 19,445 194 11461 194 4,036 2.9 3831 29
g MaxsSC(0) 14773 1095 8002 1095 2117 8.0 1,951 8.0
Trade-off (%) (-31.6) (+82.3) (-43.2) (+82.3) (-90.6) (+64.0) (-96.4) (+64.0)
MOLP 17,083 70.8 11,461 194 3,700 6.1 3,719 5.9
Max Profit (O)) 7,531 158 4371 158 1505 1.9 1477 1.9
y MaxsC(0) 7117 528 385 528 1018 3.9 937 3.9
Trade-off (%) (-5.8) (+70) (-13.4) (+70.1) (-47.9) (+50.2) (-57.6) (+50.2)
MOLP 7,248 47.0 4,129 44.2 1,414 3.2 1,337 2.8
Max Profit (O;) 14282 226 8351 226 2856 3.4 2800 3.4
y MaxSC(0;) 13405 994 7261 994 1917 7.3 1766 7.3
Trade-off (%) (-6.5) (+77.2) (-15.0) (+77.2) (-49.0) (+52.9) (-58.6) (+52.9)
MOLP 13,702  95.1 7,842 87.8 2,710 6.2 2,561 5.6
Max Profit (O1) 33,189 41.8 10627 417 6828 58 6536 5.8
Max SC (0;) 29,547 219.0 16,004 219.0 4,225 161 3,892 161
Trade-off (%) (-12.3) (+80.9) (-22.6) (+80.9) (-61.6) (+63.7) (-68.0) (+63.7)
MOLP 30,775 1986 18,126 170.3 6,426 13.3 6,035 12,5

TFigures in bold and underline are the target values for maximizing profit and maximizing soil

conservation functions; " Figure in parenthesis indicate the % difference between soil

conservation maximizing model (O,) and profit maximizing model (O.)

Source: Profit maximization, soil conservation maximization and MOLP model
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Table 4.10 Optimal amount of land (%) that should be allocated to minimum tillage by a

long-term (20-year) and short-term (3-year) MOLP by discount rate and farm type

Long term horizon

Short term horizon

(3-year model)

Farm types Year (20-year model)
DR=3% DR=10% DR=3% DR=10%

I 3 92.3 19.0 79.5 61.7
20 100 100 NR NR

1 3 100 9.0 83.9 76.8
20 100 100 NR NR

i 3 0 0 0.3 0.3
20 47.6 0.0 NR NR

v 3 93.3 18.5 63.9 46.6
20 100 100 NR NR

\Y/ 3 90.7 9.8 81.0 66.7
20 100 100 NR NR
VI 3 4.4 4.4 0.75 0.69
20 89.9 74.6 NR NR

Note: NR= indicate not relevant (because 3-year model does not provide area for year 20)

Source: MOLP model
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Table 4.11 Comparison of the profits (NPV $ ha) and soil erosion from optimal CA

combination vs. traditional production system at 3% discount rate by the end of 3, 10 and

20 year period by villages

NPV of profit Average annual soil loss
Villages (US $ hat year?) (Ton halyear?)
Traditional Model A (%) Traditional Model A (%)
Hyakrang
3 2,542 2,809 +267 (+10.5) 11.95 4 —-75 (-62.8)
10 6,911 7,768 +857  (+12.4) 11.95 23 9.7 (-81.2)
20 11,741 16,007 +4,266 (+36.3) 11.95 1.9 -10.2 (-85.1)
Kholagaun
3 1,203 2,900 +1,697 (+141.1) 8.60 3.7 —4.84 (-56.3)
10 3,291 8,198 +4,907 (+149.1) 8.60 22 —6.27 (-72.9)
20 5,246 16,391 +11,145 (+212.5) 8.60 1.8 —6.57 (-76.4)
Thumka
3 1,304 2,277 +973  (+74.7) 13.65 3.7 -8.2 (-60.4)
10 3,586 6,615 +3,029 (+84.5) 13.65 22 -10.7 (-78.2)
20 5,746 13,379 +7,633 (+132.8) 13.65 1.8 -11.2 (-82.0)

Note: Aindicate MOLP model minus traditional system

Source: MOLP model
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Table 4.12 Comparison of the profits (NPV $ ha) and soil erosion (ton ha* year?) from

optimal CA combination vs. traditional production system at 10% discount rate by the

end of 3, 10 and 20 year by villages

NPV of profit Average annual soil loss
Villages (US $ hat year?) (Ton hatyear?)
Traditional Model A (%) Traditional Model A (%)
Hyakrang
3 2,369 3,069 +700 (+29.6) 12.0 10.3 -1.7 (-14.1)
10 5,395 6,239 +844 (+15.7) 12.0 43 —7.6 (-63.7)
20 7,008 8,924 +1,917 (+27.4) 12.0 28 -9.1 (-76.4)
Kholagaun
3 1,122 2,975 +1,853 (+165.2) 8.6 58 -2.8 (-32.5)
10 2,494 6,176 +3,683 (+147.7) 8.6 28 5.8 (-67.5)
20 3,182 9,025 +5,842 (+183.6) 8.6 21 -6.5 (-75.0)
Thumka
3 1,215 2,522 +1,307 (+107.5) 13.6 10.0 -3.6 (-26.4)
10 2,714 5103 +2,389 (+88.0) 13.6 41 -9.6 (-70.2)
20 3,475 7,381 +3,906 (+112.4) 13.6 2.8 -10.9 (-79.6)

Note: Aindicate MOLP model minus traditional system

Source: MOLP model
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Table 4.13 Sensitivity analysis of model results for optimal land allocated to minimum
tillage (%) with changes in price, yield and wage rate and future yield scenarios by

discount rate and village

Hyakrang Kholagaun Thumka

Variables Condition
DR=3% DR=10% DR=3% DR=10% DR=3% DR=10%

Areir‘;‘;)CAS Base Model 135280 110444 76,548 82,128 130,659 126,342
Price —2% 0 -14 -1.2 -0.8 -0.9 -0.7
+2% 0 +1.4 +1.2 +0.8 +0.9 +0.7
Wage -3% 0 +3.2 +2.8 +1.8 +2.1 +1.6
+3% 0 -3.1 =2.7 -1.8 -2.1 -1.6
Base crop -3% 0 -2.0 -1.7 -1.0 -1.3 -1.0
yield +3% 0 +2.0 +1.6 +1.0 +1.3 +1.0
Yield Pessimistic  —8.0 -10.1 -5.3 -12.0 —6.4 -16.6
projection  Optimistic 0 +11.1 +4.0 +12.7 +4.3 +7.9

Note: DR= discount rate

Source: MOLP model
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Table 4.14 Sensitivity analysis of model results in NPVs of profit with changes in price,

yield, wage rate and future yield scenarios by discount rate and village

Hyakrang Kholagaun Thumka
Variable Condition
DR=3% DR=10% DR=3% DR=10% DR=3% DR=10%
me;;(el;rs_lf "% BaseModel 16007 8924 16391 9025 13379 7,381
Price —2% -385 355 357 343 -3.81 -3.69
+2% +3.85 +3.57 +3.58 +3.44 +3.82 +3.70
Wage -3% +3.83 +3.13 +3.15 +2381 +3.59 +3.30
+3% -383 -3.05 -3.08 -2.77 -3.55 -3.24
Base crop yield -3% —5.78 -5.33 -539 527 —5.73 —5.57
+3% +5.78 +5.38 +5.41  +5.28 +5.74 +5.59
: - Pessimistic -8.16 -5.02 —-6.74 -3.34 —7.80 —2.45
Yield projection o
Optimistic ~ +7.48 +5.92 +6.28  +6.18 +5.39 +4.88

Source; MOLP model
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List of Figures

Figure 4.1 The NPVs of profit (US $ ha) of different CA systems and traditional system

over 20 years period by discount rates
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Figure 4.2 Results from MOLP model for the optimal amount (%) of land that should be

allocated to minimum tillage for different planning horizon and discount rate by village
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Figure 4.3 NPV of profits from optimal CA combination vs. traditional systems for

representative farms by discount rates and villages
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CHAPTER 5

CONSERVATION AGRICULTURE INFORMATION NETWORKS OF

SMALLHOLDER FARMERS IN THE HILL REGION OF NEPAL

5.1 ABSTRACT

New agricultural technologies provides a critical direction out of poverty and food
insecurity for subsistence farmers in the developing world. Conservation agriculture (CA),
defined as the combined practice of reduced tillage, continuous soil cover, and crop rotation, is
considered a sustainable intensificatiion method that can concomitantly increase and sustain
productivity, enhance food security and conserve natural resource and environment. The farmers
in the hill region of Nepal struggle with high food insecurity and soil erosion. Despite the stated
benefits of CA, there are no reported cases of its adoption by smallholder farmers in the region.
Social network has been considered as a source of information for smallholder farmers.
Therefore, this study examined CA information sharing networks of three Chepang villages by
using social network analysis method and compared this with the general agriculture information
network. Further, this study also investigated how farmers’ attributes regarding gender, status of
prior agricultural training, status of membership in farmers’ group and education influence
network centralities of the CA information network by using general linear models. This study
found that neighboring farmers and extension personnel from non-governmental organizations
are the primary sources of agricultural information for a majority of farmers in all villages, and
that traditional agriculture information sources, notably market-based sources, do not provide
information about CA. The CA information network, comprised of all CA information sharing

ties, is highly fragmented and disconnected compared to the general agriculture information
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network. Among CA practices, information about ‘cover crop’ and ‘reduced tillage’ are weaker
compared to information network of ‘crop rotation’. Female farmers’ have a significantly lower
network centrality (numbers of connections) than male farmers, indicating unequal access to CA
information for women. Farmers’ with prior agriculture training and membership in farmers’
groups are associated with higher numbers of network centrality, but levels of education are not
found to be significantly associated. Finally, it is recommended that inclusion of market
stakeholders, engagement of government agencies and implementation of female-focused
farmers’ group mobilization and trainings would improve the CA information network leading to
higher adoption of CA, which would contribute to improved food security and sustainable

development of the region.

Key words: conservation agriculture, information exchange, social network analysis,

smallholder, gender, Nepal
5.2 INTRODUCTION

Modern agricultural technologies have been crucial for achieving the considerable
progress toward reducing worldwide hunger and poverty in last few decades (Godfray and
Garnett, 2014; Yoshida et al., 2014). Yet there remains a substantial regional disparity in
achieving global food security. With steady increases in population, limited land availability, and
stagnating growth in crop yields (Godfray et al., 2010), many countries in Africa and Asia
continue to face persistent poverty and high food insecurity. One of the various reasons for slow
progress toward reducing hunger and poverty in these region is underutilization of improved

agricultural technologies by smallholder farmers (Aker, 2011).

The hill region of Nepal is a prime example of the convergence of these issues. The region
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covers 40% of Nepal’s total arable land and constitutes 44% of the country’s population (CBS,
2012). Being one of the poorest countries in world, Nepal is highly dependent on hill agriculture
(i.e. 63% of cropping is on sloping lands) for food security (Partap, 1999). The hill region has
not been able to meet rising food demands due to rapid population growth and stagnating crop
yields (MoAC et al., 2011). In one hand, high rates of soil erosion (as high as 5 to 15 tons ha™
yeart) and unsustainable farming practices have caused substantial degradation of agriculture
land (Neupane et al., 2002; MEST, 2006; Tiwari et al., 2009). The farmers in the region have
adopted cropping intensification (more crops) as an alternative strategy for subsistence-based
farming system to increase food production (Paudel and Thapa, 2004; Brown and Kennedy,
2005), but cropping intensification without conservation practices further accelerates soil erosion
and land degradation (Brown and Shrestha, 2000). Therefore, achieving food security in the hill
region is incredibly challenging due to the concurrent but conflicting needs to conserve soil

fertility.

Conservation agriculture (CA) has been actively researched and promoted as a sustainable
intensification technology that can simultaneously raise productivity and maintain environmental
sustainability (FAO, 2015). CA system is defined as the set of 3 conservation principles in
agriculture, namely, reduced tillage, continuous soil cover, and optimal crop rotation. Despite
concerns about the practicality of CA systems for the food insecure, smallholder subsistence
farmers (Giller et al., 2009; Grabowski and Kerr, 2013), experiments in Nepal have indicated
that CA has the potential for increasing yield and sustaining productivity in the hill region.
Specifically, minimum tillage has been found to reduce soil erosion, simultaneously maintaining
or the crop yields (Atreya et al., 2006; Atreya et al., 2008; Tiwari et al., 2009; Das and Bauer,

2012). Similarly, cereal and legume intercropping has been found to increase soil fertility
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through nitrogen fixation, increase soil organic matter, and better physical protection due to
added soil cover (Thapa, 1996; Neupane et al., 2002). These practices are also reported as ideal
for resource-poor farmers due to little capital requirement for implementation (Halbrendt et al.,
2014a). Yet, there is no recorded case of farmers’ adoption of CA in the region. Though a
handful of traditional farming practices (e.g. planting seed by dipping on unplowed sloping land,
following crop rotations, and mulching) resemble CA practices, it is unclear whether farmers in
the hill region of Nepal are aware of the improved CA practices that have been promoted
worldwide in recent years. Rogers (1962), in his famous innovation-diffusion model, stressed
that receiving information is the first step in the adoption process of new agriculture
technologies. Although the innovation-diffusion model is criticized for being technology biased,
access to information is still regarded as a critical constraint for transfer of new agriculture
technology in developing the world (Zhao, 2005; Aker, 2011). Evidence shows that farmers’
adoption of conservation technologies is also positively influenced by farmers’ access to
information (Bekele and Drake, 2003; Bandiera and Rasul, 2006). Locally, lack of information
has been documented as a cause for slower adoption of other soil conservation practices in
Nepal’s hill region (Floyd et al., 2003; Paudel and Thapa, 2004). Hence, considering the
potential of CA to enhance food security and sustainable development through sustainable
intensification, there is urgent need to transfer the information about CA to smallholder farmers

in hill region of Nepal.

Valuable information on new agriculture practices and sustainable technologies often
moves through informal social ties (Warriner and Moul, 1992; Isaac et al., 2007). Collectively,
all of individual members and the social ties among them can be defined as social network

(Maertens and Barrett, 2013). Social networks are often considered a form of capital for
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smallholder farmers (Hoang et al., 2006) because they not only expose farmers to new ideas and
provide them with access to information (Bandiera and Rasul, 2006; Bodin and Crona, 2009),
but can also facilitate collaborative learning, evaluation, and adoption of new agriculture
technologies (Matuschke and Qaim, 2009; Abebaw and Haile, 2013; Dessie et al., 2013). Often,
informal social connections are the most trusted and reliable source of information regarding
suitability and profitability of conservation technologies (Bodin et al., 2006; Birner et al., 2009).
Informal information networks can also reduce the cost of new technology transfer among
scattered smallholder farmers because having early adopter farmers in information network have
been found to increase demand for new technology, and increase farmers’ willingness to pay for

new technology (Magnan et al., 2013).

Though a handful of studies have found that ‘farmer — to— farmer’ transfer was successful
in promoting conservation technologies in rural areas of Nepal (Shrestha, 2013; Ghimire, 2013),
to the best of available knowledge, the status, access and channels of agriculture information is
yet to be systematically investigated in Nepal. Hence, understanding the existing agriculture
information sharing networks would provide critical insight into the potential for using these
networks to bolster the dissemination of CA information to rural farmers. The purpose of this
study was, therefore, to assess existing agricultural information sharing networks (general
agriculture, or GA information networks) among rural farmers in the hill region of Nepal, and to
evaluate the extent to which these networks are currently being used to distribute information
about CA practices (CA information networks). Additionally, it is important to assess presence
and dominance of different types of stakeholders in the CA information networks so that relevant
stakeholder groups are invited and engaged in generation and transfer of CA information (Prell et

al., 2009). Hence, this study assessed the presence and dominance of key stakeholder in CA
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networks and compared them with GA networks. The strength of the ties is another important
aspect of information sharing network because it is related with a capacity of one person to
influence decision of others (Prell et al., 2009). Therefore, this study intended to evaluate
farmers’ self-reported strength of existing ties in CA information network. Additionally, it is also
important to individually evaluate information network of each CA practices to find out the
weakest links of CA information network, so that a focused strategies can be identified for
strengthening CA information network in the region. Therefore, another purpose of this study is

to determine and compare the information networks of different CA practices in study villages.

Finally, it is also important to see the role of farmers’ attributes to his/her position in CA
information network. Particularly, while women consist of approximately half of the population
in rural subsistence farming communities and increasingly being central to agriculture decision
making (Halbrendt et al., 2014b), it is important to assess the difference of CA information
networks by gender. Similarly, farmers’ trainings and group mobilizations are primary activities
included in ‘group approach’ of extension delivery method adopted by government of Nepal for
transfer of new agriculture technology since late 1990’s (FAO, 2010). Hence, influence of
farmers’ prior trainings and group membership status to CA information network needs to be
evaluated to measure how existing extension services transfer information about CA practices.
Therefore, this study also examines the role of farmers’ attributes (i.e. gender, prior training
status, group membership status, education) on three different measures of network centrality.
Network centrality can be broadly understood as number of connections an actor has in the
network (Borgatti et al., 2013), hence this study intends to investigate farmers’ attributes that

contribute or inhibit to be connected in CA network.
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Specifically, the objectives of this study are to:

1) Determine the structure of the CA information network and compares with the GA
information network;

2) Assess sources of information, and strength of ties in CA information network;

3) Determine and compare the information network for each CA practices; and

4) To analyze the role of gender, prior training, group membership status, and education on

network centrality of the CA information network.

5.3 METERIALS AND METHODS

5.3.1 Study areas

Three villages were selected for this study, including Hyakrang, Thumka, and Kholagaun,
all of which are primarily comprised of Chepang tribal farmers. The Chepang are a poor and
socially marginalized tribal group in Nepal. The villages included in this study have lower land
availability per household compared to the national average (0.63 ha vs. 0.73 ha), a lower
literacy rate (about 20% compared to the national average of 65%), a larger average household
size (8.13 person vs. 4.88 person), and a lower average annual cash income (ranging from 401—
$584 USD in 2011, compared to the national per household average of $656.2 USD in 2012)
(Table 5.1). Within these villages, the Chepang are dependent on agriculture to support their
livelihoods, which provides more than two third of all cash earnings. The farms experience two
growing seasons annually, where maize (Zea mays) is typically the primary crop for the first
season (March—July) and legumes or millet dominate the second season (July—November).
The typical agriculture production systems are maize/millet (Eleusine coracana), maize/cowpea

(Vigna sinensis), maize/black gram (Vigna mungo) maize/rice bean (Vigna umbellata), or
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maize/soybean (Glycine max).

5.3.2 Social network analysis

The data for this study was collected through the household survey. Following standard
social network analysis (SNA) protocol, a structured survey was administered to capture
agricultural information sharing networks in the three rural villages during 2013. SNA was
selected because of its” usefulness in the identification, diagnosis, and active modification of
information routes (Haythornthwaite, 1996). In addition, the SNA method consider each
members in social network as the source as well as receiver of information, unlike the traditional
information flow studies which consider farmers as receivers of information (Floyd et al., 2003).
SNA employs graph theory and sociograms to visualize and analyze social relationships
(Wasserman and Faust, 1994). The relationships among people is visualized by graphs made of
nodes and ties, where actors (person, or group of individuals with a common trait, organization
etc.) are shown as nodes, and the relationship between the actors are represented by connecting
lines between the nodes. For this study, each farmer and sources of information (all individuals)
were represented by nodes/actors and information exchange between actors (presence) were

treated as ties.

Selection of appropriate measures for information sharing network is a challenging task
because several measures exist to describe social networks (Borgatti et al., 2013). Because there
are several ways that being in the network can be beneficial to a person, applicability of a
particular network measure is context specific and subject to the nature of the inquiry (Barnes-
Mauthe et al., 2014). Broadly there are two types of network measures commonly used in

network studies, 1) ‘whole network’ measures, and 2) ‘individual network’ measures (Borgatti et
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al., 2013). Whole network measures (e.g. component, density) provide information about the
network as a whole (or in graph level), while individual network measures (e.g. centralities)
provide information about how an individual is placed in the network. Although there are
disagreements among social network scholars about superiority of ‘individual’ level measures
over ‘network’ level measures and vice versa, Borgatti et al. (2013) suggested that both types of
measures are important to understand the structure of an information-flow network. Therefore, a
combination of ‘individual network’ measures and ‘whole network’ measures that are required to
investigate important aspects of information-sharing networks were selected for this study. The
network measures chosen for this study and the rationale for selection of the measures are briefly

described in following section.

5.3.2.1 Individual network measures

Centrality

Centrality can be broadly understood as number of connections an actor has in the network.
Therefore, centrality shows how central an actor (thereof node) is in the network. Centrality
measures also provide a proxy of the advantage that accrues to an actor by virtue of his/her
position in the information flow network (Borgatti, 2005). Though many centrality measures are
in practice (e.g. eigenvector, beta, k-step reach) degree centrality and betweenness centrality are
the commonly investigated measures for information sharing networks (Bodin et al., 2006;

Bodin and Crona, 2009; Barnes-Mauthe et al., 2013; Barnes-Mauthe et al., 2014).

Degree centrality is numbers of existing connections an actor has in a network (Borgatti et
al., 2013). Generally, actors with a high degree centrality are in a better position to receive

information and share among others (Freeman, 1979; Hanneman and Riddle, 2005). Higher
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degree centrality has often been associated with pro-active technology adoption (Vilpponen et
al., 2006; Mikhail et al., 2010). Therefore, investigation of degree centrality is necessary for
information-sharing network. The degree centralities can be of two types depending on direction
of information flow, i) outdegree (i.e. number of outgoing ties from each actor) and, ii) indegree
centrality (i.e. number of incoming ties to actor). Here, outdegree and indegree centralities were
separately calculated because of their different role in information sharing network. The
outdegree centrality of farmer shows how many sources of information a farmer has in a CA
network while the indegree centrality shows the importance of the farmer for other farmers in the

network.

Betweenness centrality is defined as number of times an actor falls on the shortest path
between two other actors (Freeman, 1979). Unlike degree centrality, betweenness centrality is
not only associated with higher access to diverse information, but also to a superior ability to
control the flow of information as a gatekeeper (Bodin et al., 2006; Borgatti et al., 2013) and
information broker (Barnes-Mauthe et al., 2014). An actor with high betweenness centrality
essentially acts as a bridge for information-exchange (Bodin and Crona, 2009). Therefore,

evaluation of betweenness centrality was necessary for this study.

In addition to these two types of centrality, the eigenvector centrality was also considered,
which is sometimes regarded as a better measure of indirect connections. However, as per
suggestion of Borgatti et al. (2013) that eigenvector centrality is less clear and less useful in case

of directional network, it was dropped from the analysis.
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5.3.2.2 Whole network measures

Component

Components are described as number of disjoint subgroups (or actors) in a network
(Hanneman and Riddle, 2005). Each actor in a component can reach each other by some path,
but they cannot reach other components or disjoint actors. If every actor in the network can reach
another actor by some path, the component of the network will be one (Borgatti et al., 2013).
Thus higher number of components indicates more disjoint subgroups in the network meaning

more people are not connected with the CA information network.

Density

Network density is the simplest, but most popular, ‘network’ level measure for network
cohesion (or connectedness among the actors). Density is simply the number of ties in the
network, expressed as a proportion of total number of possible ties (Borgatti et al., 2013). Thus,
density is a ratio, which is unitless number ranging between 0 and 1 (Hanneman and Riddle,
2005). The density is also reported in percentage where a score of 100% indicates that every
actor in the network is directly connected to one another, and a score of 0% indicates all the

actors are isolated.

5.3.3 Data collection

Both male and female decision-makers in each farming household were asked to nominate
at least 3, but up to 10 individuals with whom they discus useful information regarding any new
agriculture technology. Next, respondents were asked to identify whether or not they discuss
about CA practices with each nominated person. The specific questions asked in the SNA survey

were as follows:
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Question 1: Can you name the people (including other farmers) whom you go to for information
about new agriculture technology?

Question 2: Do you seek advice for any of the CA practices (i.e. minimum tillage, crop rotation
and cover crop) with the person you mentioned in question 1?

Question 3: How often you contact/meet the person in a year?

5.3.4 Analytical methods by objectives

For objective 1, to determine the structures of CA information networks and GA
information networks, series of analysis were conducted. Firstly, ‘adjacency’ matrices were
created from survey data and were analyzed to calculate network measures. Afterward, follow up

analysis of the network measures were conducted to test statistical significance.

The first step in the analysis was to create separate ‘adjacency’ matrices for GA and CA
networks. An ‘adjacency’ matrix (A) is a square matrix, where number of rows (i) and columns
(j) are equal to number of actors (vertex or nodes) and entry in each cell (ajj) represents social
relationship between i and j™ actors (Hanneman and Riddle, 2005). For this study, the
adjacency matrix (A) was defined as a matrix in which ajj = 1 if there is a tie from i to j (hence
presence of information exchange), and aj; 0 otherwise. The adjacency matrices of GA networks
(Aca) and adjacency matrices CA networks (Aca) were defined separately for each village. All
Acas Were created by putting aij=1 if i actor and j™ actor exchange information about any
agriculture technology, and a;j=0 otherwise. Taken together, these routes comprise what is
referred to as the general agriculture information network (GA information network). Similarly,
Acas Were created by entering aij = 1 if i actor and j™ actor exchange information about at least

one CA practices (i.e. reduced tillage, permanent soil cover or crop rotation) determined by
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question 2 mentioned above. Thus, both Acaand Aca in each village had equal number of nodes
(actors) but the entries were different based on the type of information being exchanged. If i*"
actor and j™ actor exchange general agriculture information but do not exchange information

about any of three CA practices, all = 1 for Aga but aj; = 0 for Aca.

The next step in the analysis was visualization of networks and calculation of GA and CA
networks measures. The network was visualized in NetDraw software (Borgatti et al., 2002). The
calculation of network measures was conducted by standard methods in UCINET software

version 6, taking one village data at a time.

The next set of analysis for the first objective was to compare the network densities of GA
and CA information networks. A bootstrap probability test function [Network/Compare
densities/Paired (same node) function in UCINET] was used to compare network densities of CA
information networks and GA information networks. The bootstrap test iteratively calculates
estimated differences and standard errors of differences to compare two network densities
(Hanneman and Riddle, 2005). A conventional t-test could have been also used to compare
network densities, but the bootstrap method was preferred because the t-test is believed to result
in an increased type | errors (i.e., rejecting the null hypothesis when it is, in fact, true)
(Hanneman and Riddle, 2005). The next part was to compare the centralities of GA and CA
network. The paired t-test was used to test the statistical significance of the difference between
centralities of GA and CA networks by village. All t value with p<0.05 were determined as

significant.

For objective 2, to assess information sources in Ga and CA information networks, the

actors were grouped in different stakeholder categories, and frequency and percentage values
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were calculated to describe presence, absence and dominance of different types of stakeholders
in the information networks. To evaluate the strength of ties in CA information network,
farmers’ self-reported frequency of the contacts (for each tie in CA network) were taken as proxy
for the tie strength of CA information network (Prell et al., 2009; Barnes-Mauthe et al., 2014).
The analysis was done by calculating percentages of ties for different levels of ‘frequency of

contacts’.

For objective 3, to determine and compare the information network for each CA practices,
separate adjacency matrices were created for each CA practices in each village using a similar
process mentioned above. For example, the adjacency matrices for ‘minimum tillage’ (Amts)
were created by putting a’ = 1 if i actor and j" actor exchange information about minimum
tillage and ajj = 0 otherwise. After forming adjacency matrices for each CA practices, the
densities for information network of each CA practices were calculated. To test the statistical
significance of the differences, pairwise comparisons of the densities were conducted through

bootstrap probability test [Network/Compare densities/Paired (same node) function in UCINET].

For objective 4, this study employed a General Linear Models (GLMs) approach following
Barnes-Mauthe et al. (2014) to test the main effects of farmer attributes on three different
network centrality measures: outdegree centrality, indegree centrality, and betweenness
centrality were taken as dependent (explained) variable in GLM. Four farmer attributes were
used as independent (explanatory) variables, including gender, prior training, group membership
status and education. Since social network variables (such as centralities) are the results of social
interactions within large social network, the assumption of independence do not hold for social

network variables (Hanneman and Riddle, 2005). Therefore, standard GLM methods are

170



inadequate to test the significance of the explanatory variables for social network measures.
Therefore, this study reported the significance of social network variables generated by standard
errors calculated from bootstrap GLM with 1,000 random samples as suggested by Barnes-
Mauthe et al. (2014). The bootstrap random samples were applied in GLM in the SPSS (version

21). Separate GLMs on each individual centrality measure were run for each village.

5.3.4.1 Specification of the explanatory variables for GLM

A summary of respondent’s attributes regarding gender, prior training, group membership
status and education are summarized in Table 5.2. Altogether, 71 (52%) of respondents were
male farmers while 66 (48%) were females. Prior training is a binary variable (“trained” = 1 for
farmers who had taken at least one organized training to learn about new agriculture
technologies; “non-trained” = 0 for farmers who had not participated in an organized training).
There was a high level of variation in the prior training status of respondents across villages.
Thumka has the highest percent of trained farmers (50%) followed by Kholagaun (40%) and

Hykarang (24%).

Group membership status is a binary variable (“member” = 1 indicating membership in at
least one community group; “non-member” = 0 for those who were not a member of any
community group). Group membership status primarily captures access to agriculture extension
in Nepal, where government extension as well as other rural development activities are
implemented through establishing and mobilizing different types of groups, such as agriculture
producer groups (e.g. fresh vegetable production group), women’s groups, savings and credit
groups, agriculture marketing cooperatives, etc. Membership in such groups is often self-

selected. Group membership status was similar across all three villages. In both Thumka and
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Hyakrang, 43% of respondents identified themselves as a member of at least one group while

40% did in Kholagaun.

Although level of education was initially recorded in seven categories, it was reduced to a
three-level variable (“illiterate” = 0 for those who are unable to read or write; “informal
education” = 1 for those who can read and write but never attended school; and “primary and
higher” = 2 for those who had primary or a higher formal school education) due to low frequency

in higher education categories.
5.4 RESULTS AND DISCUSSION
5.4.1 Comparisons of CA information networks and GA information network by villages

5.4.1.1 Visual comparisons of CA information network and GA information network

The black lines in figure 5.1, figure 5.2 and figure 5.3 represent the CA information
network for Hyakrang, Kholagaun, and Thumka, respectively. All the lighter gray lines in figure
5.1, 5.2 and 5.3 represent ties that provide information about other, general agriculture
technologies, but not about CA practices. Thus all ties present represent the GA information
network in each village. The direction of the arrow shows to whom farmers sought advice about
CA practices. Observations of the figures 5.1, 5.2 and 5.3 show that about half of the ties in GA

information network do not provide information about CA practices.

5.4.1.2 Comparing network measures of CA information network with GA information network
Reaffirming the visual observation of the differences between CA and GA information

networks in figure 5.1, 5.2 and 5.3, the average of all types of centralities of CA network were

significantly lower than those of GA network in all villages (p<0.001 for pairwise t-tests) (Table

5.3). Comparisons of the whole network measures also verified that CA information networks
172



were loosely connected than GA networks in all villages. CA information network had higher
numbers of components than GA information network (20 vs. 2; 7 vs. 1 and 31 vs. 3 in
Hyakrang, Kholagaun, and Thumka respectively). Similarly, densities of the CA information
networks were also significantly lower than the GA information networks in all study villages.
Specifically, the network density of the CA information network in Hyakrang, Kholagaun and
Thumka (1.9%, 3.7% and 1.4%, respectively) were approximately 52—60% of the GA
information network densities in the same villages (3.6%, 6.1% and 2.3%, respectively). The CA
information networks are essentially a subset of the GA information networks, as shown in
Figures 5.1, 5.2 and 5.3; hence, a lower density was expected. However, high differences
between the densities of the CA information networks and the GA information networks indicate
that CA information networks are still nascent. High network density has been associated with
the potential for collective action and learning and greater reciprocity in transmission of
information across individuals (Bodin and Crona, 2009). Collective learning is vital for adoption
of sustainable agriculture by farmers because farmer’s every sustainable agriculture practices
need to be locally adapted through their own awareness of what does and does not work i.e.
learning by doing (Pretty and Ward, 2001). Hence, weak network densities of CA information
network suggests a limitation of existing information network to facilitate the collective learning
and evaluation of CA in the hill region of Nepal. However, since higher network density is
sometimes associated with greater capacity to inhibit technology changes (Bodin and Norberg,
2005; Little and McDonald, 2007; van Rijn et al., 2012), the lower density of existing CA
network shows opportunities for building CA information network for promotion of CA

practices.
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5.4.2 Comparing of sources of information and tie strengths in GA and CA information

networks

5.4.2.1 Sources of information in GA and CA information network

CA information networks were also different than GA information networks with respect to
the sources of information. Table 5.4 shows the summary of the ties according to the stakeholder
groups. In general, other farmers from the village and NGOs were the primary sources of
information for both GA and CA networks. However, CA networks were more dependent on
farmers—to—NGO ties than GA network. The percentages of farmers—to—NGO ties were always
higher in CA networks than in GA networks (comprised 56% vs. 38% in Hyakrang, 66% vs.
53% in Kholagaun, and 41% vs. 33% in Thumka). In contrast, the percentages of farmers—to—
farmers ties in CA networks were lower than GA network in two out of three villages (comprised

37% vs. 51% in Hyakrang, 19% vs. 13% in Kholagaun).

Findings indicate that farmers are heavily reliant on NGOs for information about CA
practices. Since NGOs work on a project model, the long-term stability of this information
source is questionable; suggesting a higher reliance on NGOs is not entirely risk-free for
smallholder farmers (Dhakal, 2002). Additionally, fewer numbers of farmer—to—farmer ties also
indicate a lower potential for farmer—to—farmer transfer of information and less likelihood of
collective learning among farmers. This could be a challenge for transfer of CA practices,
considering collective learning has been found to be important for adoption of conservation
practices by smallholder farmers (Bodin and Crona, 2009). However, lower dependency on
information from other farmers can also be a positive for promotion of new practices because it

has been reported that farmers with higher external contacts are more likely to be potential
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adopters of conservation technologies mainly because of less chance of redundancy of the

information (Mathijs, 2003; Ingram and Morris, 2007; van Rijn et al., 2012).

Other major difference in CA and GA networks were observed in the presence of market-
based stakeholders. Farmers—to—market stakeholders (input seller or output buyer) ties were
absent in the CA information networks in two villages (although comprised 7% ties in Thumka),
despite their strong presence in the GA information networks (comprised 5%, 10% and 14% ties
in Hyakrang, Kholagaun and Thumka; respectively). The absence of market stakeholders in the
CA information networks is therefore a strong challenge for promotion of CA practices among
smallholder farmers, especially when market is regarded as a key driver of unsustainable
cropping intensification that is happening in the hill regions of Nepal (Brown and Shrestha,

2000).

The result showed that the role of local leaders (religious or political leaders, school
teachers) was small irrespective of the villages, and similar for both the GA and CA information
networks. Similarly, result also indicated that the presence of government or university extension
personnel was highly varied among villages. Government extension staffs were important
sources of information for both GA (15% ties) and CA (comprised 18% ties) information
network in Kholagaun but they did not have a strong presence in the other two villages. Upon
further investigation of this evidence, it was found that Livestock Development Office of the
district had implemented a leasehold forestry program in Kholagaun that promoted conservation

technologies such as hedgerow management and zero-tillage.

In addition to higher presence of government stakeholders, there was greater presence of

NGOs in both GA and CA network in Kholagaun than other two villages. Farmer—to—NGO ties
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consisted higher percentage of ties compared to farmers—to—farmers ties (53% vs. 19%) in GA
network that was not the case for other two villages. Upon further inquiry, it was found that
Kholagaun has higher numbers of NGOs working in diverse areas (such as health, sanitation,
agriculture, rural development); hence, a higher reliance of farmers on NGOs in this village is

reasonable.

5.4.2.2 Strength of ties in CA information network

Regular contacts are needed to facilitate consistent information flow about CA practices.
Farmers reported that 76% of all ties in the CA information network were used to make contact
at least once a season (3—4 month), while 34% were used to make contact at least once a week.
Frequencies of contacts were higher for local stakeholders, such as other farmers (22% in
‘always’ and 32% in ‘often’ category), market stakeholders (7% in ‘always’ and 33% in ‘often’
category) and local leaders (56% in often category) (Figure 5.4). Respondents reported the
majority of farmer—to—NGO ties were used to make contact frequently, indicating farmers
typically reach out to NGO personnel for information and advice at least once a season. The
frequency of contacts can be taken as a measure of tie strength where a weak tie is often
characterized by less frequent communication (Prell et al., 2009; Barnes-Mauthe et al., 2014).
Thus, the results indicate that farmers—to—farmer, farmer—to—local leader, and farmer—to—market
agent ties are stronger than farmer—to—NGO ties. In general, strong network connections are
associated with higher capacity to influence the decision of another person in network (Crona
and Bodin, 2006) but weak ties are also important because new ideas and information have been
found to travel best through weak ties (Prell et al., 2009). Therefore, local leaders and market
agents emerge as the target group to focus on in terms of capacity building because of their

higher capacity to affect farmers’ decision regarding adoption of CA practices.
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5.4.3 Comparing information networks of individual CA practices

Among CA practices, crop rotation had the strongest information-sharing network in all
study villages as indicated by significantly higher densities of information networks for ‘crop
rotation’ (1.3%, 2.3% and 0.9% in Hyakrang, Kholagaun and Thumka; respectively) compared
to information networks of conservation tillage (0.7%, 1.7% and 0.4% in Hyakrang, Kholagaun
and Thumka,; respectively) and cover crop (0.7, 1.5 and 0.6% in Hyakrang, Kholagaun and
Thumka, respectively) (Table 5.5). The lower density of ‘minimum tillage’ and ‘cover crop’
practices than ‘crop rotation’ across all study villages is likely due to the fact that farmers in the
mid-hill region of Nepal traditionally practiced crop rotation and intercropping, yet seldom
practiced ‘cover crop’ and ‘minimum tillage’ systems (Paudyal, 2001; Prasad and Brook, 2005;
Manandhar et al., 2009). Farmers used to leave crop stalks and crop residue in fields as mulch,
which would then serve as beneficial land cover, but such practice has been gradually decreasing
due to increased demand to use crop residue as fodder and forage (Pilbeam et al., 2000; Thapa

and Paudel, 2000).

5.4.4 Effect of farmers’ attributes to centralities of CA information network

Results show that gender is a significant predictor for network centrality in most villages.
Specifically, gender was a significant determinant for outdegree centrality in all study villages,
where female respondents had significantly lower outdegree centrality scores than their male
counterparts, i.e., Thumka (8 = -1.04, p = 0.065), Kholagaun (5 = -1.03, p = 0.056) and
Hyakrang (8 = —1.66, p = 0.047) (Table 5.6). The effect of gender on indegree centrality was not
consistent throughout study villages. Although on average females had a significantly lower
indegree centrality and betweenness centrality than males in Thumka (6 = -1.22, p = 0.024 and g

=-10.04, p = 0.051, respectively), gender was not a significant determinant of indegree or
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betweenness centrality in the other two villages.

Across all villages, there appears to be an apparent gender difference regarding outside
access to CA information. General observations of CA information network in figures 1, 2 and 3
suggest that while females had more frequent connections with neighboring farmers from the
same villages, males had more connections with information sources from outside the village.
Thus, women farmers appear to be at a disadvantaged position to receive new information about
CA practices. Moreover, there were very few females that acted as information sources in the
CA information network, which may be due to the norm of a patriarchal society where males
assume the role for information seeking. In global context, the findings from this study
complement the previous findings suggesting that women farmers in developing countries
generally have weaker information network of new technologies than men (de Haan, 2001,
Bantilan and Padmaja, 2008; Katungi et al., 2008; Meinzen-Dick et al., 2011). Similarly, this
finding is also aligned with few previous studies who reported that women farmers in Nepal
receive little or no information on technological innovations in agriculture due to highly male
dominated extension system (Upadhyay, 2004). However, the finding from this study is in
contrast with few other studies, such as Subedi and Garforth (1996) who reported that, in hill
region of Nepal, female farmers are more active seekers of information due to more frequent
horizontal and vertical communications while male farmers only depended on horizontal
communications. These contradictory findings suggest that the effect of gender on information
network is probably not independent because many other social and economic factors

simultaneously work to expose the gender differential in social network.

Respondents’ prior training status was also related to prominence in the CA network, but
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there were variations in the effect by villages. The impact of agriculture training was
significantly positive on both outdegree centrality and indegree centrality in Kholagaun (5 =
+0.99, p = 0.058; = +1.04, p = 0.017 for outdegree and indegree, respectively) and Hyakrang (5
=+0.05, p = 0.055; g = +1.04, p = 0.017 for outdegree and indegree, respectively), but was
negligible in Thumka. A potential explanation for such a contrasting effect of prior training on
network centrality may be due to the nature of the trainings. The most common type of
agriculture training in Nepal seldom covers conservation concepts due to the government’s focus
on promoting input-oriented commercial farming. However, unlike most villages, such as
Thumka, Kholagaun and Hyakrang has been the site of a unique government led leasehold
forestry project, which provides training and extension support related to soil and water
conservation technologies for farmers. The study results, therefore, suggest that the positive role
of agriculture training on network prominence in CA networks is likely governed by the nature
and content of the training. In contrast to indegree and outdegree centrality, respondents’ prior
training status was a significant determinant for betweenness centrality in Thumka (8 = +9.91, p
=0.075) and Hyakrang (# = +12.39, p = 0.001), indicating that trained farmers tend to bridge

disjoint actors in the CA information network.

Group membership status is a significant determinant for network centrality, suggesting
engagement in local community groups increases farmers’ access to information in all villages.
Specifically, results showed that group membership had significant positive effects on outdegree
centrality in Thumka (5 = +1.35, p = 0.024), Kholagaun (5 = +0.92, p = 0.074) and Hyakrang (
=+0.98, p = 0.063). Group membership also had significant positive effects on indegree
centrality in all villages (5 = +1.28, p = 0.021; p = +1.75, p = 0.003; and f = +1.17, p = 0.012 in

Thumka, Kholagaun and Hyakrang respectively). Farmers’ membership status was not found to
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be a significant predictor for betweenness centrality in two villages (Thumka and Hyakrang).
Although farmers” membership had significant positive effects on betweenness centrality in
Kholagaun ( = +5.47, p = 0.088), the confidence level was low (91.2%). Largely, these results
reaffirm previous findings regarding role of activities in local organizations. Being in
groups/organizations catalyze repeated interactions among farmers in closed circle, which is
essential to build trust and stable ties between farmers (Borgatti and Cross, 2003), which
eventually strengthen the bonding social capital (e.g. indegree and outdegree centralities) in
villages (de Haan, 2001). Evidently, the previous study in Nepal has also showed that group
mobilizations promote mutual collaboration and increase farmers’ access to information about
new agriculture technology (ABTRCO, 2007). Thus, the result suggests that a farmer-group
approach could be an effective means of transferring CA information to rural farmers. Thus, the
results indicate that farmers’ engagement in community groups may be effective in improving

network prominence, rather than bridging ties.

Contrary to the initial hypothesis, this study found that education status was only
marginally related to network centrality. The level of respondents’ education did not have a
significant effect on outdegree centrality, irrespective of the study village. Similarly,
respondents’ education status was also not a significant predictor for indegree centrality in
Kholagaun and Hyakrang, except in Thumka, where farmers who had attended at least few years
of formal schooling (i.e. primary and higher category) had a significantly higher indegree
centrality compared to ‘illiterate’ farmers (f = +1.22, p = 0.030). This study could not find
literatures on effect of education level on measures of information network or access to
information in Nepal. Contrary to outdegree and indegree centralities, education was a

significant predictor for betweenness centrality in majority of villages. In Thumka, farmers with
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‘primary and higher’ education were associated with higher levels of betweenness centrality (5 =
+9.07, p = 0.089). Similarly, in Kholagaun, farmers with both ‘primary and higher’ education
and ‘informal’ education were associated with higher levels of betweenness centrality than
‘illiterate’ farmers (f = +7.64, p = 0.080; and S = +11.41, p = 0.034; respectively). However the
effect of education was not similar across study villages, as it was not a significant predictor for
indegree centrality in Kholagaun and Hyakrang, or for betweenness centrality in Hyakrang.
These findings slightly deviate from generally claimed positive association between farmers’
education level and information access. Globally, farmers with higher education are generally
claimed to have larger network size (La Due Lake and Huckfeldt, 1998), greater tendency to
seek new information (Olajide, 2011; Babu et al., 2012; Uddin et al., 2014); and greater access
to information (Deressa et al., 2009; Zhou et al., 2010; Mittal and Mehar, 2013). The most
probable reason for the deviation in the finding is because of extremely lower level of farmers’
education in the study villages, where even the farmers with primary education are counted as

educated farmers.
5.5 SUMMARY AND CONCLUSION

This study helps to fill the critical gap in understanding about existing networks of
agriculture information flow in Nepal and concluded that the networks used to access and spread
information about CA practices is not strong enough to transfer CA information to smallholder
farmers and lack collaboration of relevant stakeholders such as market and public extension
agencies. Study also helped to verify that women farmers are in disadvantaged positions to
receive information, and activities like ‘agriculture trainings’ and ‘farmers’ group facilitation’

would improve CA information network. Finally, based on the findings, some policy
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recommendations are made for capacity building of key stakeholders and execution of focused
CA interventions that would improve information delivery and adoption of CA practices by

smallholder farmers.

Policy Implications

The existing network is not strong enough to transfer CA information to smallholder
farmers and facilitate the collective action and learning which is vital for adaptation and adoption
of CA practices by smallholder farmers. However, the CA information networks are still nascent
hence there is potential for establishing new information nodes in the network. In order to do
this, efforts should be laid out to engage the market-based stakeholders in the evaluation and
promotion of the CA practices. It is important to establish mechanisms for training market
stakeholders (input seller/output buyer) and establish an incentive mechanism to promote CA
information to farmers. Additionally, the CA practices should be promoted through long-term
programs under cooperation of government stakeholders. Therefore, it is vital that the

government agriculture extension of the country integrates CA practices in their regular plans.

Additionally, considering the increasing role of women in decision-making regarding the
adoption of new technologies, women’s weak information network is a challenge for
encouraging the adoption of CA practices. Therefore, capacity-building programs should focus
on female farmers and female extension workers so that female farmers equitably receive
information about CA practices. This can be achieved by tapping into females’ traditional
networks (e.g. social, religious, cultural networks), which are believed to be as strong as male’s
networks (Purkayastha and Subramaniam, 2004). Similarly, provision of agriculture training

(with the inclusion of conservation concepts) and engagement in local community groups found
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to strengthen CA information network of rural farmers. Hence, establishment or mobilizations of
women farmers’ groups and training of women farmers would be crucial for strengthening the
information network of CA. The farmer-group approach of extension delivery system can still be
an effective means of transferring CA information to rural farmers provided the trainings include
new concepts of CA practices. Finally, educated farmers in villages can be used to bridge the CA
network. Hence, it is also important to inform about CA practices to educated farmers so that

they can share the information with illiterate farmers.
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Table 5.1 Socio-economic characteristics of the study sites by villages

Village' Overall  National

Household characteristics Hyakrang  Kholagaun Thumka average  Average

Average household size y 5.75 9.6 8.13 4.881"

(person)

Average land holding (ha) 0.68 0.44 0.68 0.63 0.722717

Household cash income ($/year) 401 584 500 NA
0 : .

(% Of income from agriculture 60.6 66.9 6.8 NA

sources)

Source: haseline survey data (2011), 'CBS (2012); *CBS (2011)
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Table 5.2. Distribution of the total respondent according to their attributes by villages

Description Thumka Kholagaun Hyakrang Total
nf 61 40 37 138
Sex
Female 31(50.8)" 18 (45) 17 (45.9) 66 (47.8)
Male 30 (49.2) 22 (55) 20 (54.1) 72 (52.2)
Training status
Non-trained 33 (54.1) 24 (60) 28 (75.7) 85 (61.6)
Trained 28 (45.9) 16 (40) 9 (24.3) 53 (38.4)
Group membership status
Non-member 35 (57.4) 24 (60) 21 (56.8) 80 (58.0)
Member 26 (42.6) 16 (40) 16 (43.2) 58 (42.0)
Education
Iliterate 25 (41.0) 28 (70) 26 (70.3) 79 (57.2)
Informal education 8 (13.1) 4 (10) 3 (8.1) 15 (10.9)
Primary and higher 28 (45.9) 8 (20) 8 (21.6) 44 (31.9)

Note: fsample size, T'Tnumber in parenthesis indicate % of total respondents in each village

Source: SNA survey data
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Table 5.3 Selected network measures of CA information network compared with general agriculture information network by study

villages

Network measures Hyakrang Kholagaun Thumka

GA CA A GA CA A GA CA A
Individual network
measures
Centrality (mean)
Outdegree 6.19+0.29 3.41+0.34 2.78"" 430 +0.36 2.35+0.28 1.95™ 5.33+0.22 3.11+0.26 2.21™"
Indegree 1.78+0.57 0.73#0.26 1.05™" 1.80 +0.44 0.93+0.27 0.86™" 1.84+0.40 1.15+0.27 0.69™
Betweenness 20.5+7.34 4.41+1.72 16.18™" 13.0 #3.47 4.89+1.76 8.117" 52.9+ 16.5 7.49+2.65 454"
Whole network
measures
Component (count) 2 20 18 1 7 6 3 31 27
Density (%) 5.37 1.92 3.3™ 8.43 3.73 459" 3.18 1.44 1.717

Note: * p<0.05, ** p<0.01, *** p<0.001 according to paired t-test (for centralities) and bootstrap test of difference (for density)

/\ indicate the difference between GA and CA network

Source: SNA results
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Table 5.4 Sources of information for GA information and CA information network by villages

and stakeholder

Sources of Hyakrang Kholagaun Thumka
information GA CA GA CA GA CA
Farmers 89(51.4)"  34(37.4) 83(18.9) 36(12.7) 163(49.8) 101(50.0)
NGO 67(38.7) 51(56.0) 234(53.2) 186(65.5) 108(33.0) 82(40.6)
Market

(buyers/sellers) 9(5.2) 0(0.0) 42(9.5) (0.0) 44(13.5) 15(7.4)
Local leaders 2(1.2) 2(2.2) 16(3.6) 12(4.2) 7(2.1) 4(2.0)
Others (GOs,

universities) 5(2.9) 4(4.4) 65(14.8)  50(17.6) 2(0.6) (0.0)
Overall 173 91 440 284 327 202

Note: Tnumber indicate the frequency of information seeking ties and figures in parenthesis indicate the %
of respective column total

Source: SNA results
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Table 5.5 Comparison of densities (%) of information networks among three CA practices by

villages
CA practice
Village Crop rotation Reduced tillage Permanent soil cover
Thumka 0.9% 0.4° 0.6
Hyakrang 1.3 0.7° 0.7
Kholagaun 2.3 1.7% 1.5°

Note: The comparisons were made within a village (row in the table). Same letter in superscripts show
densities were not significantly different according to pairwise bootstrap test at p<0.05

Source: SNA results
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Table 5.6 GLM parameter estimates from three individually modeled CA information network measures

CA outdegree CA indegree CA betweenness
Thumka Kholagaun Hyakrang Thumka Kholagaun Hyakrang Thumka Kholagaun Hyakrang

Intercept 310" 1917 3.63™ 054 -0.22 0.23 1.49 -0.41 0.64
Gender

Female -1.04°  -1.03° -1.66" -1.22"  -0.45 -0.69  -10.04°  -3.07 -3.20

Male 02 02 02 0? 02 02 02 0? 0?
Training Status

Trained 0.56 0.99" 0.05 0.07 1.04™ 0.96 9.91" 4.56 12.39"

Non trained 02 02 02 0? 02 02 02 0? 0?
Group membership
status

Member 1.357 092" 0.98* 128" 1757 1177 3.91 5.47" 4.95

Non-member 0? 0? 0? 0? 0? 02 0? 0? 02
Education

Primary and higher  0.43 0.77 0.61 1.22" 1.3 -0.01 9.07" 7.64" 0.84

Informal 0.18 -0.13 -0.41 0.68 0.13 0.94 5.54 11.417 -1.22

Iliterate 02 02 02 0? 02 0? 02 0? 0?
R-Square (%) 22.8 42.2 26.7 34.3 59.6 335 26.1 38.6 42.8

Note: *** ** and * indicates significance p< 0.01, 0.05 and 0.10; a category was used as the reference group

Source: GLM results
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Figure 5.1 The GA and CA information network at Hyakrang village of Nepal
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Note: The ties shown by dark lines provide information about one or more conservation practices. The ties shown by lighter lines provide

information about other agriculture technologies but not CA practices.
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Figure 5.2 The GA and CA information network at Kholagaun village of Nepal
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Note: The ties shown by dark lines provide information about one or more conservation practices. The ties shown by lighter lines provide

information about other agriculture technologies but not CA practices
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Figure 5.3 The GA and CA information network at Kholagaun village of Nepal
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Figure 5.4 Distribution (%) of ties in CA information network by sources of information

classified by frequency of contact in a year
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Note: rarely= at most once in a year, sometimes= at least once in a year, frequently=once in a
season, often=once in a week, always=many times in a week

Source: SNA results
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CHAPTER 6

SUMMARY AND CONCLUSION
6.1 INTRODUCTION

Despite substantial progress on reduction of hunger and poverty on the global scale, a large
population in Africa and Asia are still living with extreme chronic hunger and under extreme
poverty. The problems of food shortage and poverty condition also coincide with a high rate of
soil degradation, and vulnerability to climate change in these regions. Therefore, farmers in
Africa and Asia are in dire need for sustainable intensification technology that can increase and
sustain productivity, improve soil health and support adaptation to the global climate change.
Conservation agriculture (CA) has been promoted as the technology for sustainable
intensification in various parts of the world. Recently, CA research and development activities
have focused Africa and South Asia with the promise to concomitantly enhance and sustain food
security as well as the conservation of natural resource base. The problems of high food
shortage, poverty and soil degradation also overlaps in the hill region of Nepal. In this regards,

CA appears a possible solution, worthy for further evaluation (Chapter 1).

The economic potential from CA adoption to smallholder farmers is not universal. Hence,
more evaluations of CA at diverse biophysical and socio-economic conditions are desirable.
Only handful studies have evaluated CA in the hill region of Nepal. Before this study, many
important aspects of CA evaluation were incomplete in the region. Firstly, there was dearth
knowledge on performance of CA in farmers’ fields as most of the studies have evaluated CA in
research stations. Secondly, previous studies have seldom evaluated CA systems for more than

couple of years, which are not enough time frames for evaluation of CA systems. Thirdly,
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previous studies have evaluated the effects of CA practices in components. Studies have seldom
taken all CA components together in evaluation. Fourthly, the economic and social aspects of
CA has ben largely neglected until recently. Besides, the existing economic evaluations do not
provide enough attention to smallholder farmers' resource and production constraints. Fifthly,
there is hardly any study investigating the transfer CA information in Nepal (Chapter 2). The
previous models of technology transfer may be inadequate for CA research and evaluation due
CA being a knowledge-intensive technology. Therefore, emphasis on collaborative research and
collective adaption may be needed for increasing adoption potential of CA among smallholder
farmers.

In this dissertation research, multiple analyses were conducted with the unifying theme of
examining economic feasibility and technology transfer challenges of CA in the hill region of
Nepal. The purposes of this chapter are, (i) to summarize and conclude result on benefits of CA
systems in term of crop yields, profits, and soil quality; (ii) summarize and conclude results on
economic feasibility and economic potential of CA,; (iv) summarize and conclude results on
evaluation of CA information network for smallholder farmers, v) provide overall policy

recommendations for promotion of CA in Nepal; and vi) suggest future research areas.
6.2 RESULTS AND CONCLUSION

6.2.1 Crop yield, profit, return to labor and soil quality benefits of CA

There was a paucity of on-farm studies on benefits of CA to crop yield, system
productivity, profit and soil quality before this study. After a 4-years long on-farm evaluation in
three villages in the hill region of Nepal, this study verified that CA could be the suitable
technology to cope with food insecurity and soil degradation challenges in the region. Unlike

literatures suggesting a significant reduction in crop yields in reduced tillage system, this study
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showed that there was no significant yield reduction from reduced tillage system (Chapter 3).
Further, this study also concluded that CA enhanced system productivity in term of maize yield
equivalent compared to the traditional system. Overall, maize/legume rotation under full tillage
system was concluded the best in term of cost saving, profit. CA with reduced tillage plus
legume intercropping generated higher gross receipts than the traditional system. However, due
to a simultaneous increase in labor costs in intercropping practice, it failed to outweigh the profit
of the traditional system. This study also concluded that maize/millet+legume rotation under

strip tillage system significantly improved nitrogen content and soil quality index after 4 year.

6.2.2 Economic feasibility of CA under the objectives, resource, and production constraints
of smallholder farmers

Previous CA evaluations in Nepal have seldom analyzed the feasibility of CA systems
under farming objectives, resource, and production constraints of smallholder farmers. The
question for this investigation was how much percent of the land should be allocated to CA with
minimum tillage and intercropping principle for optimal achievements in profit and soil
conservation. Using a normative approach to assign amount of lands for different systems under
multiple objectives, the study concluded that minimum tillage plus intercropping system was
suitable for achieving profit and soil conservation objectives of farmers in long-term (Chapter 4).
This study concluded that the lack of reliable labor supply could be a limiting factor for
feasibility of CA in subsistence farming systems. Study further supported that CA were
economically more attractive at longer planning horizon, and at lower discount rates. After
comparing potential profit from optimal CA combination and profit from the traditional system,
study concluded that the opportunity cost of not adopting CA were almost equal to the current

profits from the traditional system. Finally, recommendations were made for government
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supports in earlier years of CA adoption, as the economic gains from switching to CA was found

to be limited in beginning.

6.2.3 Technology transfer challenges and CA information network for smallholder farmers
This study also filled the critical gap in understanding of existing agriculture information
flow in Nepal and concluded that existing network is not is not capable of transferring CA
information to smallholder farmers. Specifically, the study found that current CA information
network is highly dominated by non-governmental organizations and lack collaboration of
relevant stakeholders such as market and public extension agencies. The study also concluded
that, despite increasing role of women farmers in agriculture decision-making, they were in
disadvantaged positions to receive CA information. However, this study concluded that existing
extension modalities - such as group mobilizations and trainings could be used to improve

exchange of CA information in the villages (Chapter 5).
6.3 POLICY RECOMMENDATIONS

The specific policy recommendations for improving crop yields, reducing cost of
production, increasing economic returns and improving information network of CA systems have
been presented in the respective chapters. However, few recommendations that are crosscutting
across objectives and few other general recommendations for improving adoption of CA in

Nepal are listed below:

1. The evaluation and promotion of CA system in Nepal is led by non-governmental
organizations. Government research, extension, and public agriculture universities have
not fully integrated CA research and development activities. Therefore, there is the great
need for integration of CA research and development within government and university

system.
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2. There is limited government support for adoption of conservation practices in agriculture
in general and CA practices in particular. Besides, Nepalese government still promote
green-revolution model (high input based agriculture intensification) of agriculture
development. So, there is a great need for increasing awareness among the policy makers.
This should be done with frequent on-farm tastings, demonstration visits, workshops, and
trainings.

3. CA should be promoted as a part of an integrated approach for sustainable agriculture
development. Adoption of CA can affect several other aspects of subsistent farmers'
livelihood such as livestock management, labor supply and burden, household nutrition,
household fuel supply and agriculture marketing. Similarly, the feasibility of CA are
enhanced by adoption of other agriculture technologies such as improved cultivars,
integrated soil nutrient management, integrated weed control, integrated hedgerow
management, agro-forestry. Therefore, promotion of CA without due attention to other
factors and other improved technologies would not generate anticipated benefits to the
system.

4. There is still a huge capacity gap in Nepal to plan and conduct the systematic evaluation
of CA. Therefore, local government and international development communities should
provide due attention to building collaborative research and development project for
building local capacity in CA research and development.

5. International assistances are a valuable resource for evaluation and improvement of CA
systems in developing countries. However, the effectiveness of aids in the field of CA

research is sometimes limited by discontinuity of the funding. Therefore, international
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donors community should allow a long time frame for evaluation of CA systems in

developing countries.
6.4 FUTURE RESEARCH AREAS

The site-specific research needs for improvement of CA system in the hill region of Nepal
has been mentioned in previous chapters. However, following are globally significant CA areas,

which are also important for Nepal:

1. CA practices such as minimum tillage and cover crop management take time to exhibit full
benefits on soil quality, yields, and profit. CA practices have been evaluated for longer than
10 to 30 years in other areas of the world (Hernanz et al., 2002; Thierfelder et al., 2013;
Gerber et al., 2014). This study evaluated CA for four seasons, yet the duration is felt
shorter than required. Therefore, there is still a need for long-term (at least 7 to 8 years)
evaluation of CA system in Nepal.

2. CA systems need to be locally customized and adapted to collaborative evaluation and
tastings. Therefore, future research in should focus on evaluation of CA systems in diverse
locations, crops, and farming communities. Emphasis should be given to on-farm testing
and improvement of CA systems.

3. Optimum CA system aims to bring synergistic results from the simultaneous
implementation of three CA principles. However, that type of CA system has been seldom
evaluated in the hill region of Nepal. This study also lacked ‘permanent soil cover’
principle of CA. Future research should aim to integrate all components of CA to evaluate
the synergistic effects.

4. CA has several environmental benefits such as reducing sedimentation in watershed,

carbon sequestration, soil water recharge and soil nutrient regulation and restoration (Lal et
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al., 2007; Thierfelder and Wall, 2009). However, several of these environmental benefits
attributed to CA system are questionable, and require further validation (Govaerts et al.,
2009; Palm et al., 2014). There is hardly any study that has evaluated environmental
benefits of CA in Nepal, hence future studies should provide due attention to validate the
stated environmental benefits.

Majority of farm level economic evaluation of CA includes only private benefits and costs
arguing that indirect environmental benefits are not necessary for farmers’ adoption
decision (Pannell et al., 2014). However, conservation practices also have indirect
economic benefits for society that can be valued and included in economic analysis
(Pimentel et al., 1995). This is one important area for research that requires greater global
attention in future.

Globally, higher emphasis has been given to technical and economic aspects of CA
evaluation. However, social aspects and acceptability are equally important for adoption of
CA system hence require higher attention in future.

The role of CA practices to climate change mitigation and adaptation is a matter of recent
discussion (Delgado et al., 2011). Nepalese farmers are considered to be highly vulnerable
to climate change, and there is a great need for finding adaptation strategies. Therefore,
future research should aim for systematic evaluation of the effectiveness of CA for climate

change adaptation in Nepal.
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