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Abstract

Using the uniquely detailed data from a rural famgkcure agrarian setting of Nepal, this
study examined the relationships between familpidadvailability and use of modern
labor-saving mechanical and bio-chemical technel®@gn agriculture among smallholder
farmers. | use the labor demand framework to exarttre relationships. Results from
multi-nominal logistic regression revealed that élvailability of family labor, both males
and females, discouraged the use of such techrslagcrop production net of household-
and neighborhood-level factors. These findings pl@ymportant insights in leveraging
problems of food insecurity through smallholder@agtural transformation in developing
countries.
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1. Introduction

UN World Food Programme (WFP) reports that 110ad@10 countries—primarily poor
countries with subsistence agriculture—are facowfsecurity problems and this number
is expected to continue growing (FAO et al., 20C&)spite the report of significant decline
in the number of undernourished worldwide, stilbab842 million people are estimated
to have been in chronic hunger in the period 200132 About 12 percent of the global
population or one in eight persons are estimatdxtoot receiving enough food regularly
to run active life. The vast majority of these umdrirished people (827 million) live in
developing countries. South Asia alone hosts 29komi(35 percent of the total) of them.
Nepal is one of the most food insecure countrigbénworld with about 25 percent of the
population below poverty with a ranking of 157 amgd87 countries(UNDP, 2011; Joshi
et al., 2012).0f the Nepal’'s 75 districts, 38 dit&r are characterized as food insecure
(Ministry of Agriculture and Cooperatives, 2012ulSistence nature of agriculture with
low level of agricultural production and productjvassociated with low labor productivity
is considered one of the main reasons behind fesecurity (World Bank, 2013; FAO et
al., 2013).

World agriculture has made a dramatic shift awaynftraditional farming systems
toward increasingly mechanized, commercial farmsggtems during the second half of
the 20" century (Mamdani, 1972; Self, 2008. This shifttanmercial farming in peasant
economies has many socio-economic, environmental paritical implications. Some
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scholars argued negative consequences such asaligegjtibution of economic benefits
(Griffin, 1974; Jacoby, 1972), unemployment effe¢@riffin, 1974; Jacoby, 1972),
environmental effects (Biswas, 1994; Pimentel amdeRtel, 1991) and possible peasant
revolutions (Scott, 1977; Paige, 1975; Skocpol,2)98ontrarily, others advocate for the
important role agriculture plays in reducing wdnleghger and food insecurity(World Bank,
2008; FAO et al.,, 2013; APP, 1995).Proponents @& tlchnological revolution in
agriculture—including agricultural modernization—eagreatly emphasized the positive
aspects of transitioning away from traditional, sstence farming to mechanized,
commercial farming. These positive aspects inclueeases in food production and
productivity, declines in food prices, and overaticio-economic development (for
example, Hazell and Ramaswamy, 1991; Mellor, 1976).

In developing countries, farm sizes are small §h@ 1.8 hectares in Asia and Sub-
Saharan Africa, respectively) and family labor anenonly used to perform almost all
types of agricultural operations such as land pegfma, water management, fertilizer
application, harvesting and post-harvest procesaiagstorage (World Bank, 2008; 2013).
It is reported that, in South Asia, the labor pratduty is much lower in agriculture sector
compared to other sectors. For instance, in Néjpalproductivity of agricultural labor is
Nepali Rupees 700 (approximately US $ 7) per pecsonmpared to the labor productivity
of NRs 2,817 (approximately US $ 28) per personadn-agriculture sector (ADB 7762-
NEP, 2011). Thus, enhancing agricultural produgtiyhence labor productivity) needs
improvement in the use of modern farm technolodgre®ugh investment in areas such as
of irrigation, farm roads, land improvement, aglictal mechanization, and the use of
fertilizers and pesticides (Joshi et al., 2012).

Previous studies have primarily examined variousemic factors such as prices,
land size, and incomes contributing to technologg (Feder and O’Mara, 1981). Other
researchers focused on micro-level explanationkidinty household demographic and
socio-economic characteristics on the use of faramriologies (Schutjer and Van der
Veen, 1977; Feder and Umali, 1993; Rauniyar anddép®992). This study, however,
contributes to the existing literature by examinitige relationships between labor
availability and the use of modern labor-savinghtedogies among smallholder farmers
in a rural agricultural setting. By examining thisk, this study offers important insights
in leveraging the transformation of smallholderiaglture in developing countries.

2. Background and Resear ch Questions

Agriculture sector remains the major source of mecand employment for the majority
of Nepalese. It absorbs about 60 percent of therlédyce for employment but has very
low labor productivity (Upreti et al., 2008; ADB 8Z-NEP, 2011). Farm sizes are very
small, which declined to 0.7 hectares in 2010 fdoinhectares in 1995. In 2010, 52 percent
of the holdings operated less than 0.5 hectaréndf

Agricultural productivity or yield (production peaunit of land) in Nepal has
remained stagnant or in some years declined dthm¢pst three decades. There is a wide
gap in potential and actual agricultural produty{ADB 7762-NEP, 2011). One of the
main reasons for low agricultural yield is the lavge of modern farm inputs and
technologies (APP, 1995; ADB 7762-NEP, 2011; Wdkhk, 2008). In 2010, only 54
percent of the arable land was provided with itiga Most land is irrigable during rainy



season only. Use of fertilizers islow, at 31 kgthee, one of the lowest among the
neighboring countries in 1990 (APP, 1995). In fads reported that the use of chemical
fertilizers has actually declined to 19.6 kg/h&000 (Leclerc and Hall, 2007). The level
of mechanization is also low (APP, 1995; ADB 7762 2011; Pariyar et al., 2001).
Therefore, modernization of agriculture by provglifarmers with new technologies is
essential to reduce ever increasing food insecuriNepal (APP 1995). With this view in
mind, the Nepalese government formulated and imeiged a 20-year Agricultural
Perspective Plan (APP) in 1995 with a strong fomugieveloping agriculture sector by
encouraging farmers to use green revolution tedgmes such as mechanization,
irrigation, fertilizers, and high-yielding variefieof seeds. More recently, Nepal’s
Government has planned to invest Rs 65.77 billiothe agriculture sector over a period
of three years (2013-14 to 2015-16) to boost prodtye and spur economic growth
particularly through improving land and labor protivty (The Kathmandu Post, 2014).

Inadequate and untimely supply of quality inputs lb&en considered a major
impediment behind low use of modern inputs in N&gRP, 1995; Parajuli, 2007; ADB
7762-NEP, 2011). Moreover, studies also reportedrosaconomic factors such as the
demand and supply of fertilizers (ESCAP/FAO/UNIDT®97), fertilizer policy issues
(Joshi, 1998; Tamrakar, 1998) and fertilizer tréiberalization issues (Basnyat, 1999).
These studies primarily focused on issues of fegtilacquisition, pricing mechanisms, and
the distribution systems in the country. Studie$astors affecting modern inputs use at
the micro-level are limited, however. In 2003, adst conducted by the Ministry of
Agriculture and Cooperatives (2003) examined facsorich as the price of fertilizer, prices
of major agricultural outputs, wealth of househaide of cultivated land, and irrigation as
some of the important determinants of fertilizez.URegarding agricultural mechanization,
very little research has examined the impact of hamzation on crop production,
employment and income (Pudasaini, 1979) and thelseechanization in the Nepalese
agriculture (Salokhe and Ramalingham, 1998; Shae41998).

Interestingly, however, it is reported that 75 patdarmers were well aware of the
modern inputs and their value even in early 19R@s4djuli, 2007). Despite the fact, their
use in Nepali agriculture up till now is still velgw. It is further reported that farmers
were hesitant to take risks due to the high codaoh machinery, fuel, fertilizers, and
pesticides. While aforementioned findings may beadly relevant, there is a paucity of
studies that examine the role household-level |awailability may have on the use of
various labor-saving modern inputs in crop produttiBecause the modern agricultural
technologies such as mechanization, fertilizerd, ggsticides are labor-saving in nature
(Boserup, 1965), | argue that none- or low-usénesé inputs may be associated with the
availability of household labor in a context whé&mily labor is the major source of farm
labor. If cheap labor is already available to camyfarm activities, it is expected that the
household might be reluctant to use labor-savingleno inputs. With this background,
this study attempts to answer) to what extent does the availability of famiabor
influence the use of technologies in crop produxtimet of socioeconomic and
neighborhood contextual factord®oreover, some of the agricultural operations iraru
agrarian countries are gender specific (AcharyaBeihet, 1981; Agarwal, 1992; Sachs,
1996; Boserup, 1990; Kazinga and Wahha, 2013).€fbee, it is likely that the use of
technology may replace gender-specific labor reguénts in some specific sorts of
operations and the presence of gender-specific lalaochousehold is expected to influence



the use of labor-saving technology in farming. Efere, this paper also attempts to answer
(i) does the extent to which labor availabilitycatechnology use correlate differ by type
of labor—males and females— net of socioeconondan@ighborhood contextual factors?

3. The Setting

The Western Chitwan valley, situated in the south®#ain of central Nepal, is the study
setting. Before the 1950s, the valley was coverigd @ense forests and was infamous for
malarial infestation. With U.S. assistance, howgetlee Nepalese government initiated a
rehabilitation program in the valley during the 08%y clearing the forest. Since then, the
area has witnessed a rapid inflow of migrants etiécaby the free distribution of land for
agricultural purposes at the beginning of the eetéint, and by the subsequent growth of
modernamenities and services in recent decadeser@iyr the valley is inhabitedmostly
by in-migrants. Chitwan’s central location and tiekely well-developed transportation
network have been the catalytic forces for tramafng it into a hub for business and
tourism. This has resulted in a rapid proliferattdrgovernment services, businesses, and
wage labor opportunities in the district (Shivalettal., 1999).

Population in the valley is an admixture of IndoyAn and Tibeto-Mongoloid
origins. The household economy is primarily subsistencetdarming. A large majority
of farmers practice crop-livestock integrated mifauning production systems (Bhandari,
2004, 2013; Bhandari and Ghimire, 2013). Land reegelly used to produce food. Animals
are kept for milk, meat, eggs, draft power and mantio a large extent, the labor needed
for performing farm and other household activitemes from within the household. More
recently, however, agriculture is experiencing modmtion and the family mode of
agricultural production has been rapidly changimgoighout Nepal (Ministry of
Agriculture and Cooperatives, 2003; Pariyar e2@0}).

4. Theoretical Background

Everett M. Rogers (1960) offered the theory of fbn of new ideas and subsequent
adoption behaviors of farmers. According to Rogdiffusion and adoption of new ideas

takes place through five different stages: awargnieserest, evaluation, trial and final

adoption of a new technology. He also pointed dbeiofactors affecting the rate of

adoption. For Rogers, if a new idea is affordabieple, divisible (can be tried in a small

amount), visible (outputs can be seen) and compatithe farmer’s condition, the rate of

adoption is faster. Although many other factorsehéeen studied to explain modern
technology use in agriculture (Feder and O’Mara8119Rauniyar and Goode, 1992;

Schutjer and Van der Veen, 1977), Godoy et al. §1@8ncluded that there is no single

micro-level theory to explain technology use bynanouseholds and therefore, pointed
towards a need to develop a theory of adoption.

| utilize the household labor demand frameworkalihis derived from the ‘new
home economics,’ that originates from Gary S. Be¢k891) to assess the relationship
between family labor availability and use of lalsaring technologies in agriculture. In
many developing countries, a household is botlodymrer as well as a consumer and farm
households are the primary units of decision makeggrding farming practices (Becker,
1991; Ellis, 1993; Feder and Umali, 1993). The oktechnologies —particularly those
designed to perform labor intensive jobs—replad®ia/Agarwal, 1983; Binswanger,
1978; Schutjer and Van der Veen, 1977; Boserupb;18amdani, 1972). Therefore, |



expect that the availability of family labor mayweamportant implications in the decision
to use such labor-saving modern farm technologies.

Modern farm technologies are broadly grouped asham@cal (tractors, pump sets
and farm implements) and bio-chemical (chemicdllizers and pesticides) technologies
(Bartsch, 1977). Biologically, the effects of thése technology packages on agricultural
production differ. While the use of mechanical tealogy increases labor productivity and
agricultural production by improving the physicabndition of soil and by timely
completion of agronomic operations, the use of diiemical technologies increases
production by directly affecting plant physiologyherefore, the factors contributing to the
use of these two technological packages may difgohutjer and Van der Veen,
1977).More importantly, some of the agriculturakmgtions are gender-specific (Acharya
and Bennet, 1981; Agarwal, 1992; Sachs, 1996; Bpsé&i990). Boserup (1990) indicated
that in Africa, plowing of fields is primarily dorgy males and hoeing or weeding is done
by females. This situation is not an exceptionhite Nepalese agriculture. Moreover,
application of farmyard manure, weeding, and tmgrout of disease and insect infested
plants are primarily carried out by women. It keely that use of technology may replace
either male or female labor depending upon thereatiagricultural operations performed.
Therefore, the presence of gender-specific labarhinusehold may affect the use of labor-
saving technologies differently. Below, | discue& tmechanisms the household labor
availability may influence the use of labor-savimgdern mechanical and bio-chemical
technologies in a poor rural agrarian settings.

4.1 Linkages between Labor Availability and the Use of Mechanical Technologies. In
Nepal, land preparation for crop cultivation is gely performed by using human and
animal labor. Men are responsible for plowing laifidhere is a shortage of male labor in
a household, alternatives are either to hire bkd@nd a man or to hire a tractor Tierai,
the flat plain area). The use of tractors and potilers for plowing land is gradually
increasing. It is reported that the use of a tractquires only one-fifth the labor that was
needed to plow land compared to using a bullockafgl, 1992; Bartsch, 1977). Since,
a shift from human and bullock labor to a tractplaces male labor, it is hypothesized
that a household with more working-age males péraficultivated land is expected to be
less likely to use a tractor. Farmers also usen famplements such as corn shellers,
threshers, sprayers, and chaff cutters (Pariyal,e2001). Corn shellers are used for
loosening grains from corn and sprayers are usespfaying chemicals such as pesticides
and herbicides. A chaff cutter is used for cutstrgw or fodder into small pieces. Although
male labor is also used, females typically loosan grains. Similarly, a chaff cutter saves
men’s time compared to women. The use of a spiggeerally increases male labor and
saves female labor by reducing their time for wegdr removing diseased plants from
the field. Altogether, these farm implements replde need for human labor (Binswanger,
1978; Tunisia et al., 1990).

Use of rainfall and canal water is the common metlsed in irrigating crop fields
in Asia. Nepal’s agriculture is no exception. lie @@hitwan Valley, irrigation is provided
by canal water during the monsoon season. Howgwveplands a pump set is used. During
dry seasons, canals are generally dry and purmip g8& only source for regular supply of
water. These days deep tube wells are also inipeaéividence is limited whether the use
of a pump set is a labor-saving or a labor-usifntelogy. However, there are findings



that traditional methods such as the use of theidewheel (an animal powered wheel
with pots) andcharsa(use of bullocks for lifting water from the welgpmmonly used
methods in India, are labor-intensive as compavgulimp set irrigation (Bartsch, 1977).
Billings and Singh (Agarwal, 1983) in India repatthat the substitution of a pump set for
Persian wheels reduced human labor requiremennésfaurth of the previous level.
Bartsch further reported that manual labor is dyeaduced when a pump set is used as
compared to gravity flow. It is therefore hypotlzesl that: (apvailability of working-age
family members per unit of cultivated land reduttes likelihood of using labor-saving
mechanical technologies; and (b)altogether, avallgbof working-age males per unit of
cultivated land will have much stronger effect canggl to females to reduce the likelihood
of using labor-saving mechanical technologies.

4.2 Linkages between Labor Availability and the Uses of Bio-chemical Technologies.
Bio-chemical technologies refer to chemical fezélis and pesticides (insecticides and
herbicides). In Nepal, farmyard manure (FYM) or @ast is the commonly used material
to replenish soil nutrients. Recently, the use ledroical fertilizer is also increasing. In
Swaziland, the use of chemical fertilizer is coesédl to be a labor-intensive technology,
where it is frequently used as basal-dose and tegsthg (Rauniyar and Goode, 1992).
Arnon (1987) also reported that the applicatiorfesfilizers may increase labor demand
due to the need for more frequent and intensivealimgeIn India, Bartsch (1977) indicated
similar findings. In Nepal, anecdotal evidence ®sgjg that the application of FYM
demands a much higher level of human labor as coedpa the use of chemical fertilizers.
Labor is required to raise animals, prepare comasty out and apply the compost to the
field. It requires a significant amount of labor esmpared to buying, storing, and
application of chemical fertilizer. FYM is primayibpplied by women, although men and
children also perform this task. Chemical fertitieapplied primarily by men.

Similarly, manual weeding of unwanted plants coenmon practice in Nepal and
the task of weeding is performed by women. Althotigl application of pesticides is
minimal in Nepal, their use tends to replace ferfeder. Rani and Malavia (1992) reported
that one acre of land required 12.42 days for wegehy women in India. When herbicides
were applied, the time required decreased to 04y ¢per acre. Therefore, it is
hypothesized that (cyailability of family labor in a household reducie likelihood of
using chemical fertilizers and pesticides; and dttpgether, availability of working-age
females per unit of cultivated land will have mttonger effect compared to males to
reduce the likelihood of using chemical fertilizarsd pesticides in agriculture.

5. Data

This study used the Chitwan Valley Family Study &3) household- and neighborhood-
level data collected in 1996.The data was colleasdpart of the Population and
Environment Study (PopErd) The CVFS was primarily designed to examine the
influence of rapidly changing social contexts omdgraphic processes including timing
of marriage, childbearing and contraceptive usee Ttccus of the Population and
Environment Study was to investigate the recipraedhtionships between marriage,

1Both the Chitwan Valley Family Study and the Pofialaand Environment Study were supported by the
National Institute of Child Health and Human Deystent (NICHD). W.G. Axinn, Professor of
Sociology, University of Michigan is the Princidalestigator.



childbearing, migration and other demographic \#es, and environmental outcomes
such as changes in land use, flora diversity, amgmguality and vice versa. The data was
collected at three different levels — neighborhdmaoljsehold, individual. The data were
collected from households in 151 neighborhoodstaeat throughout the valley. A
neighborhood was defined as a geographic clustévefto fifteen households. These
neighborhoods were chosen as an equal probalsiisgematic sample of neighborhoods
in western Chitwan, and the characteristics of th@émple closely resemble the
characteristics of the entire Chitwan Valley popiola (Barber et al., 1997). Of particular
interest, the access to non-family community se@wicame from this neighborhood-level
data. Next, the household-level information waseotéd through household census and
household agriculture and consumption surveys B619This study utilized data from
1,225 farm households within the neighborhoods.camsus collected information on age,
sex, marital status and individual relationshipgimi the household. The agriculture and
consumption survey collected information on housthesources and assets, consumption
and agricultural practices. Of particular interésg survey collected information on the
use of various farm technologies such as tracttiamical fertilizers, pesticides, and farm
implements in crop production, the size of cultacatand, land ownership, and livestock
holdings. The data was collected through paperipbased face-to-face interviews with
99 percent response rate. Individual-level measags and education of the household
head come from the individual-level data.

6. M easur es

Outcome meases. There are two outcome measures—use of meahani
technologies and bio-chemical technologMechanical technologincluded the use of a
tractor, pump set and farm implemerifsactor use was measured by asking “Did your
household use a tractor to plough the land fortpigrerop?” Similarly, the ownership of
a pump set and farm implements such as a threstnedf,cutter, sprayer, corn sheller, and
other implements was measured as a dichotomy. &hponses are coded “1” if a
household used a technology and “0” otherwise. rdeflcategory summated index was
created: (a) a household used none of them; (busdhold used any one of them; and (c)
a household used any two or more of th&m-chemical technologiyncluded the use of
chemical fertilizers and pesticides. Use of chehiardilizers and pesticides was measured
by asking whether a household used any chemicéliZers and pesticides in crop
production in the past three years. The responses eoded “1” if used and “0” otherwise.
A three category summated index was created (auadhold used none of them; (b) a
household used any one of them; and (c) a houseiseld both of them.

Explanatory measureBresence of working-age labor per unit of cultiddend is
the major explanatory measure. Data on the nunfbsorking-age men and women 15-
64 years of age living in a household at the tirfnguovey was collected in 1996. As used
by Rauniyar and Goode (1992) in their study of Slaad, a household level measure of
family labor availability, total, men, and womerr pectare of cultivated land was credted
Because majority of farmers have small land stze availability of family labor per unit
of land isan appropriate factor in the decisionge labor-saving technologies. Therefore,
labor availability is adjusted for land size.

Controls.The models of relationships between family labailability and labor-
saving technology use also included a series otralsnknown to influence these



relationships. The controls included: (i) age d& #iderly person or the household head;
(b) migration of family member(s) (coded as “1’amy member is away from home for
work reason, and “0” otherwise); (iii) quality ofiltivated land as (a) cultivated orihet
land, (b) cultivated botkhetandbari land, and (c) cultivate onllgari land (percent of
irrigated land was also used in the models of bierdaical technology use); (iv) land
ownerships; (v) land fragmentation (humber of lpactels); (vi) livestock ownership; (vii)
education of the household head or the elderlygper&iii) ownership of a radio and/or
television; (ix) caste/ethnicity (grouped as Brahnand Chhetri, Dalit, Newar, Hill
Janajati and TeraiJanajat); (xX) access to community services (such as banks,
cooperatives, markets, and transportation); (x@spnce of Small Farmers Development
Program (SFDP)and (xii) proximity to the largedtam center of Narayangarh.

7. Analytic Strategy

First, descriptive statistics of all the measurssduin the analysis are presented (Table 1).
Second, bivariate relationships were examined lieswt shown). Finally, as both the
outcome measures, the use of mechanical and biaichketechnologies have more than
two nominal categories, multinomial logistic reggies models were estimated to examine
the relationships between farm technology use amdly labor availability adjusting for

all other factors (Hosmer and Lemeshow, 200®ccording to Hosmer and Lemeshow
(2000), the multinomial logit equation is:

g.(0= In[%} =@+ B+ B+t B,

Where, g(x) is the logit function, Pr(y=j) is the probalbyiof theith category of
the dependent variable,is the intercepts are the regression (slope) coefficients, and
are the covariates. Models are estimated separ&delynechanical and bio-chemical
technologies and are presented as unstandar@izmgefficients and odds ratios (in
parentheses).For simplicity, results are interprete odds ratios which are “the odds of
having an event occurring versus not occurringupgrchange in an explanatory variable,
other thing being equal” (Liao, 1994:16).Results the association between labor
availability and mechanical technology use anddbiemical technology use (total: model
la and 1b; male: model 2a and 2b; and female: n@alend 3b), net of controls are
provided in Tables 2 and 3, respectively. Withichegroup, the results in the first model
(e.g. model 1a) is the relationships between labailability and any one technology use
vS. no use and the results in the second modelr@mdel 1b) is the relationship between
labor availability and two or more technology use no usk.

8. Results and Discussion

Seventy seven percent of the households reporégdhby used a tractor for plowing of
crop fields, 14 percent reported they owned impdofggm implements, and only four
percent owned a pump set (Table 1). Of the tofapetcent households used none of these
three technologies, 66 percent households usedm=ayf them and 14 percent of them
used any two or more of them. Similarly, 83 perdemiseholds reported using chemical
fertilizers and 23 percent reported using pestgfidesrbicides. Altogether, 16 percent
households used none of these two chemicals, & mteof them used any one of them
and 21percent used both of them.



Table 1: Descriptive Statistics of M easur es, 1996 (N=1,225).

Measures Descriptive statistics

Mean Std. dev. Minimum Maximum

Technology use
Package I: Bio-chemical technology use

Fertilizer (used = 1) 0.83 0.38 0.00 1.00
Pesticides/ herbicides (used = 1) 0.23 0.42 0.00 1.00
Index
Used both 0.21 0.41 0.00 1.00
Used any one 0.63 0.48 0.00 1.00
Package Il: Mechanical technology use
Tractor (used = 1) 0.77 0.42 0.00 1.00
Pumpset (own = 1) 0.04 0.19 0.00 1.00
Improved farm implements (own = 1) 0.14 0.35 0.00 1.00
Index
Used any two or more 0.14 0.35 0.00 1.00
Used any one 0.66 0.48 0.00 1.00
Household labor availability
Number of working age females/household 1.67 0.99 0.00 8.00
Number of working age males/household 1.72 0.96 0.00 10.00
Number of working age males and females/houdeho 3.39 1.66 1.00 15.00
Household size 5.76 2.54 1.00 26.00
Household-level controls
Age of head of the household (years) 41.78 12.52 15.00 80.00
Migration of individual from household (yes = 1) 0.25 0.43 0.00 1.00
Total cultivated landkattha) 25.04 2344 1.00 200.00
Land fragmentation (number of parcels) 2.12 1.23 1.00 6.00
Irrigated land (percent) 58.14 41.46 0.00 100.00
Type (quality) of cultivated land
Khetonly (yes = 1) 0.31 0.46 0.00 1.00
Bari only (yes = 1) 0.22 0.41 0.00 1.00
KhetandBari both (yes = 1) 0.47 0.50 0.00 1.00
Land ownership: Full-owners (yes = 1) 0.72 0.45 0.00 1.00
Part-owners (yes = 1) 0.20 0.40 0.00 1.00
Sharecroppers (yes = 1) 0.08 0.27 0.00 1.00
Livestock ownership (yes = 1) 0.90 0.30 0.00 1.00
Education of head of the household (years) 4.18 453 0.00 16.00
Exposure to media (yes = 1) 0.54 0.50 0.00 1.00
Ethnicity: Bahun/Chhetri 0.49 0.50 0.00 1.00
Dalit 0.11 0.32 0.00 1.00
Hill Indigenous 0.16 0.37 0.00 1.00
Newar 0.06 0.24 0.00 1.00
Terai Indigenous 0.18 0.39 0.00 1.00
Neighborhood-level controls
Number of services within a 10-minute walk 0.77 0.70 0.00 3.00
Presence of Small Farmer Group (yes = 1) 0.20 0.40 0.00 1.00
Proximity to urban center
Strata 1 (close to urban center) 0.23 0.42 0.00 1.00
Strata 2 (between strata 1 and 3) 0.33 0.47 0.00 1.00
Strata 3 (farthest from the urban center) 0.44 0.50 0.00 1.00

1 hectare = 1.bigha= 30kattha



A household, on average, consisted of about siivituals (mean = 5.76) (an average
of 5.38 for Nepal and 5.79 for the central Tera2@001). On average, a household had about
3.39 working-age individuals:1.67 men and 1.72 woi{@e06 working age persons per hectare
of cultivated land). A typical household head vedmut 42 years old. One in every four
households had at least one member away from homedrk reasons. A typical household
had 25.04atthg0.83 hectare; 1 hectare=Ratthg of cultivated land. About 58 percent of the
total cultivated land was irrigated and a largeangj of the households reported that most of
their land was irrigated during the monsoon seasuy. About 72 percent households were
full owners, about one-fifth (20 percent) of therarev part-owners and 8 percent of them were
sharecroppers. The average number of parcels pesehold was 2.12. Ninety percent of the
households reported that they kept animals (alm@xy of bullock ownership) such as cattle,
buffalo, sheep, and goats. On average, a typic bé the household had slightly over four
(4.18) years of schooling. Slightly over one-i{&H percent) of the households owned either
a radio or a television or both. One-half of thei$eholds belonged to Brahmin/Chhetri, 18
percent belonged to the Tertknajat, 16 percent belonged to the Hitnajati 11 percent
were fromDalit and only 6 percent of them were Newar. Less timnservice (mean = 0.77)
was available within a 10-minute walk from the rfdigrhood. About 20 percent of the
households belonged to a neighborhood where atdeasmember of the SFDP was present.
About 23 percent of the households were in the el@se to the urban center (strata 1), 44
percent of them were farthest from the urban cesteata 3) and the rest (33 percent) of them
were in between these two areas. Below | desdnbedsults of multivariate analysis.

8.1 Labor Availability and the Uses of Mechanical Technologies. The associations
between family labor availability and the use otcimenical technologies (tractor, pumpset, and
farm implements)are provided in Table 2. The resuttm the first set of models for total labor
availability (model 1a and 1b) reveal that the @ase in family labor availability per unit of
cultivated land is negatively and statisticallyrsfigantly associated with the use of mechanical
technologies. For example, net of household- amdneonity-level controls, a one person
increases in total family labor per hectare ofigated land reduced the odds of using any one
item of mechanical technology by about 5 percedt¢aratio = 0.948; p<.001; model 1a) and
two or more items of mechanical technologies bpé&@ent (odds ratio = 0.812; p<.001, model
1b). Moreover, when the results are compared betwsers of any one mechanical technology
vs. non- users (model 1a) and users of two or maehanical technologies vs. none (model
1b), the magnitude of the associations was higbertvio or more units. This finding is
consistent with the hypothesis that increased famaibor availability may be negatively
associated with the likelihood of using labor-sgvmechanical technologies in farming.



Table 2: Multinomial L ogistic Regression Models of the Relationships between Household Labor Availability and M echanical

Technology Use (N=1,225).

Measures Total models Gender disaggregated models
Total labor Male labor Female labor
Used any one Used both inputs Used any one Used both inputs Used any one Used both inputs
input vs. None vs. None input vs. None vs. None input vs. None vs. None
(Model 1a) (Model 1b) (Model 2a) (Model 2b) (Model 3a) (Model 3b)

Household labor availability
Number of working-age labbwctare
Number of working-age labdctaresquared

Household-level controls
Age of head of the household (years)
Migration of individual from household (yes=1)
Quality of land (RefBari only)
Khetonly
KhetandBari only
Land ownership (Ref= Sharecroppers)
Full owners (yes=1)
Part-owners (yes=1)
Fragmentation of holding (no. of land parcels)
Livestock ownership (yes=1)
Education of head of the household (years)
Exposure to medigyes=1)
Ethnicity (Ref=Bahun/Chhetri)
Dalit
Hill Indigenous
Newar
Terai Indigenous
Neighborhood-level controls
No. of services within a 10-minute walk
Presence of Small Farmer Group (yes=1)
Proximity to urban center (Ref=strata 1)
Strata 2 (between strata 1 and 3)
Strata 3 (farthest from the urban center)

-0.007 (0.993)
0.461 (1.586)*

0.176 (1.192)
-0.063 (0.939)

0.235 (1.264)
0.124 (1.132)
0.211 (1.234)*
0.150 (1.162)
0.044 (1.045)+
-0.078 (0.925)

-0.483 (0.617)+
-0.012 (0.988)
-0.050 (0.951)
-0.384 (0.681)+

0.257 (1.293)*
-0.739 (0.477)*

-0.381 (0.683)+
0.172 (1.188)

0.018 (1.019)+
0.546 (1.727)+

1.299 (3.667)**
0.671 (1.956)

1.899 (6.676)*
1.097 (2.996)
0.488 (1.628)***
0.075 (1.078)
0.101 (1.106)***
0.731 (2.076)*

-1.758 (0.172)**
-0.234 (0.791)
0.033 (1.033)
-0.703 (0.495)+

0.073 (1.075)
-1.361 (0.256)**

0.183 (1.201)
1.622 (5.065)**

-0.007 (0.993)
0.442 (1.556)*

0.224 (1.251)
0.021 (1.021)

0.176 (1.192)
0.108 (1.114)
0.244 (1.276)*
0.240 (1.272)
0.048 (1.049)*
-0.078 (0.925)

-0.493 (0.611)*
-0.006 (0.994)
-0.057 (0.945)
-0.430 (0.650)+

0.253 (1.288)*
-0.733 (0.481)*

-0.384 (0.681)+
0.176 (1.192)

-0.054 (0.948)**  -0.209 (0.812)** -0.081 (0.922)**  -0.301 (0.740)**

0.017 (1.017)
0.491 (1.635)+

1.493 (4.450)*
0.932 (2.538)*

1.828 (6.220)*
1.097 (2.994)
0.554 (1.741)%*
0.247 (1.281)
0.106 (1.112)**
0.751 (2.120)*

-1.772 (0.170)**
-0.191 (0.826)
0.008 (1.008)
-0.798 (0.450)*

0.055 (1.056)
-1.343 (0.261)%*

0.202 (1.224)
1.639 (5.149)**

-0.007 (0.993)
0.448 (1.566)*

0.170 (1.186)
-0.073 (0.930)

0.274 (1.315)
0.158 (1.171)
0.212 (1.236)*
0.122 (1.130)
0.042 (1.043)+
-0.073 (0.930)

-0.544 (0.580)*
-0.031 (0.969)
-0.071 (0.932)
-0.405 (0.667)+

0.255 (1.291)*
-0.743 (0.476)*

-0.361 (0.697)+
0.199 (1.220)

-0.105 (0.900)**  -0.357 (0.700)***

0.020 (1.020)+
0.486 (1.625)+

1.361 (3.900)*
0.755 (2.128)+

1.918 (6.809)*
1.117 (3.057)
0.500 (1.648)***
0.176 (1.192)
0.100 (1.105)**
0.748 (2.112)*

-1.888 (0.151)*
-0.273 (0.761)
0.058 (1.059)
-0.763 (0.466)*

0.064 (1.066)
-1.380 (0.252)***

0.252 (1.286)
1.734 (5.665)**

Intercept

Chi-Square

-2 Log likelihood

Degrees of freedom
McFadden Pseudo R-square

1.162
341.146%**
1804.761
38
0.159

4,928

0.886
326.079***
1819.828

38
0.152

-5.685***

1.155*
337.689***
1808.218
38
0.157

-5.359***

t-statistic *** = p<.001; ** = p<.01; * = p<.05; £ <.10

1 hectare = 1l5igha= 30kattha

Figures in parentheses are odds ratios.



The relationships between gender disaggregatedyfdaior availability and the use
or non-use of mechanical technologies in farmingewfarther examined. The associations
between the presence of working-age males (mo@eds@ 2b; Table 2) and females (models
3a and 3b; Table 2) per hectare of cultivated Emtithe use of mechanical technologies reveal
that, adjusting for all other factors, a one persuamease in the availability of working-age
male or female per hectare of cultivated land sicgmtly reduced the odds of using either one
or both items of mechanical technologies. For eXxapgone person increase in male laborer
per hectare of cultivated land decreased the ofidsilng any one input (vs. using none) by 8
percent (odds ratio = 0.922; p<.001; model 2a)l@ott inputs (vs. using none) by 26 percent
(odds ratio= 0.740; p<.001; model 2b). Similar were results for female labor availability
(models 3a and 3b). However interestingly, conttarthe expectation, the magnitudes of the
associations for females were slightly strongenftimse of males in both models.

8.2  Labor Availability and the Uses of Bio-chemical Technologies. Associations between
family labor availability and bio-chemical techngiouse net of household- and neighborhood-
level controls are provided in Table 3 (models fid &b).Results revealed that increases in
working-age family labor per hectare of cultivatadd significantly decreased the likelihood
of using bio-chemical inputs in crop production.r Bxample, a one person increase in
working-age family labor per hectare of cultivatedd significantly decreased the odds of
using any one item of bio-chemical input, eitheerircal fertilizer or pesticide, by about 3
percent (odds ratio = 0.975; p<.05, model 1a)oheall other factors. Similarly, a one person
increase in family labor per hectare of cultival@ad decreased the odds of using both items
of bio-chemical inputs by over 5 percent (oddsorati0.949; p<.01), net of all other factors.



Table 3: Multinomial L ogistic Regression Models of the Relationships between Household Labor Availability and Bio-chemical

Technology Use (N=1,225).

Measures Total models Gender disaggregated models
Total labor Male labor Female labor
Used any one Used both inputs Used any one Used both inputs Used any one Used both inputs
input vs. None vs. None input vs. None vs. None input vs. None vs. None
(Model 1a) (Model 1b) (Model 2a) (Model 2b) (Model 3a) (Model 3b)

Household labor availability
Number of working-age labbwctare

Household-level controls
Age of head of the household (years)
Migration of individual from household (yes=1)
Irrigated land (percent)
Land ownership (Ref= Sharecroppers)
Full owners (yes=1)
Part-owners (yes=1)
Fragmentation of holding (no. of land parcels)
Livestock ownership (yes=1)
Education of head of the household (years)
Ownership of radio and television (yes=1)
Ethnicity (Ref=Bahun/Chhetri)
Dalit
Hill Indigenous
Newar
Terai Indigenous
Neighborhood-level controls
No. of services within a 10-minute walk
Presence of Small Farmer Group (yes=1)
Proximity to urban center (Ref=strata 1)
Strata 2 (between strata 1 and 3)
Strata 3 (farthest from the urban center)

-0.026 (0.975)*

0.004 (1.004)
-0.086 (0.918)
0.002 (1.002)

0.293 (1.340)
-0.056 (0.945)
0.449 (1.567)*+
0.102 (1.108)
0.051 (1.052)+
0.130 (1.139)

-0.801 (0.449)**
-0.200 (0.818)
0.011 (1.011)
-1.437 (0.238)**

-0.160 (0.852)
-0.516 (0.597)+

-0.860 (0.423)**
0.552 (1.737)+

-0.052 (0.949)*

0.013 (1.014)
-0.075 (0.928)
0.004 (1.004)

0.850 (2.340)*
0.189 (1.208)
0.493 (1.638)**
-0.010 (0.990)
0.106 (1.111)*+
0.335 (1.399)

-0.777 (0.460)*
-0.025 (0.975)
-0.582 (0.559)
-1.480 (0.228)**

-0.316 (0.729)+
-0.642 (0.526)+

-0.443 (0.642)
0.739 (2.095)*

-0.046 (0.955)*

0.004 (1.004)
-0.083 (0.920)
0.002 (1.002)

0.268 (1.307)
-0.066 (0.936)
0.466 (1.593)**
0.138 (1.148)
0.052 (1.054)+
0.127 (1.135)

-0.798 (0.450)**
-0.202 (0.817)
0.011 (1.011)
-1.450 (0.235)**

-0.158 (0.853)
-0.515 (0.597)

-0.861 (0.423)**
0.554 (1.740)+

-0.084 (0.919)*

0.013 (1.013)
-0.076 (0.926)
0.004 (1.004)

0.814 (2.257)+
0.182 (1.199)
0.524 (1.688)**
0.069 (1.072)
0.108 (1.115)*+
0.335 (1.397)

-0.785 (0.456)*
-0.026 (0.975)
-0.581 (0.559)
-1.509 (0.221)**

-0.317 (0.729)+
-0.639 (0.528)+

-0.441 (0.643)
0.746 (2.108)*

-0.052 (0.949)*

0.004 (1.004)
-0.090 (0.914)
0.002 (1.002)

0.318 (1.374)
-0.038 (0.963)
0.446 (1.563)**
0.080 (1.083)
0.049 (1.050)+
0.132 (1.141)

-0.832 (0.435)**
-0.211 (0.809)
-0.005 (0.995)
-1.449 (0.235)**

-0.160 (0.852)
-0.520 (0.595)+

-0.853 (0.426)**
0.563 (1.756)+

-0.108 (0.898)***

0.013 (1.013)
-0.081 (0.922)
0.004 (1.004)

0.884 (2.421)*
0.211 (1.234)
0.487 (1.627)%*
-0.040 (0.960)
0.103 (1.108)**
0.338 (1.402)

-0.819 (0.441)*
-0.042 (0.959)
-0.597 (0.550)
-1.494 (0.225)%*

-0.315 (0.730)+
-0.648 (0.523)+

-0.431 (0.650)
0.758 (2.133)*

Intercept

Chi-Square

-2 Log likelihood

Degrees of freedom
McFadden Pseudo R-square

0.928
226.869***
1989.992
36
0.102

-1.377+

0.850
224.617*%*
1992.244
36
0.101

-1.575*

0.950
227.953***
1988.908

36
0.103

-1.338+

t-statistic *** = p<.001; ** = p<.01; * = p<.05; £<.10

1 hectare = 1l5igha= 30kattha

Figures in parentheses are odds ratios.



Table 3 also presents the results of the assoegahetween the presence of working-
age male (models 2a and 2b) and female (3a an@Biily members per hectare of cultivated
land and the use of one or more units of bio-chahimputs. Adjusting for all other factors, a
one person increase in the availability of workage members—either male or female—per
hectare of cultivated land significantly reduced tidds of using any one or both items of bio-
chemical inputs. For example, a one person increas®le laborer per hectare of cultivated
land decreased the odds of using any one inputd®sréent (odds ratio = 0.955; p<.05; model
2a) and both inputs by 8 percent (odds ratio= Q.p¥91; model 2b). Similar were the results
for female labor availability, with slightly stroeg associations with female laborers than
males. Interestingly, the magnitude of the assiriatbetween labor-saving technology use
and female labor availability per unit of land isnginally but consistently greater across all
models than the magnitude of the associations fale mabor availability suggesting the
significance of the availability of women labor ¢erin the decision to use labor-saving
technologies in agriculture.

8.3 Other Relationships. The findings also reveal the importance of otheusetold- and
neighborhood-level factors in the decision to usmodern technologies. The findings in the
expected direction of these theoretically importargasures suggest internal validity thus
providing confidence in our results. As expectetlication was positively associated with the
use of modern technologies. Similarly, access toroanication or a proxy measure for wealth
or income - ownership of a radio and/or a televisio positively influenced the use of
mechanical technologies suggesting their importaes in technology use decisions.
Migration of individuals was also positively assded with the use of mechanical
technologies. Land ownership was significantly agged with the use of both technologies.
Full land owners were more likely than sharecropperuse them. This evidence is important
in the context where land ownership has always beassue for the development of Nepalese
agriculture (NPC, 2003). In Nepal, dual land owhgrrevails and emphasis is provided to
abolish this system. The use of mechanical teclyredaalso differed by quality of land. Those
who cultivatedkhetland were more likely to use two or more items ethianical technologies
than those who cultivated oribari land. Although availability of irrigated land waestively
associated with the use of bio-chemical inputsagsociation was not statistically significant.
The number of parcels cultivated by a farm housklaas found to increase the use of both
technologies in crop production. This result ispsising, however. It could be due to the
difficulty in transporting and applying farmyard mae in the distant fields as reported in
Ethiopia (Gebeyehu, 1995). By caste/ethnicity )geeeted, the findings revealed that the Terai
Janajati and Dalit households were relatively disadvantaged in terissing both bio-
chemical and mechanical technologies comparedet@tahmin/Chhetri.

Despite the belief that no or low use of modernutspis primarily due to their
inadequate and untimely supply (APP, 1995; ANZDHited, 2002; NPC, 2003), the results
revealed, at least in the valley, that the assiociatbetween the use of farm technologies and
the access to services (such as banks, cooperanegdus services), the presence of the SFD
Program, and rural-urban location of farm householbwever, were not clear. While the
increased access to services increased the usedatfamical inputs, which is expected but
decreased the likelihood of using chemical feeilzand pesticides, which is in contrary to
expectation. Rural-urban location of farm houseba@tso has a mixed effect on the use of
various farm inputs. Households living in remoteaa were more likely to use both of these
farm inputs compared to those who are living invioénity of urban areas. It could be because
of the fact that the households near the urbarecemay have other alternative income sources
than farming and agriculture may not have receattehtion from the farmers.



0. Conclusion and Implications

Food insecurity is a global challenge. Most undarished people live in developing
countries and are mostly the subsistence basedheiaar farmers. Although controversies
abound about the roles of green revolution techmetoworldwide, their roles can not be
underestimated in increasing food production ardstiore, in reducing world hunger and food
insecurity. It is well recognized that many farmerdAsia and Africa are smallholders. Low
use of production enhancing modern technologiethém and associated market access have
been the major challenges in increasing agricdljpraduction and thus, in alleviating the
problem of food insecurity in those countries. @esults revealed that one of the reasons
behind low use of modern inputs is due to the abdity of family labor and their use among
smallholder farmers. Previously, however, this emogl support was limited. This study
contributes to the existing literature by examiningse relationships between household labor
availability and the use of modern labor-saving n@edcal and bio-chemical technologies
among smallholder farmers in a rural subsistendewtural setting that is experiencing rapid
commercialization more recently.

The findings provide evidence that the availabitityvorking-age family members per
unit of cultivated land discourage the use of bethechanical and bio-chemical labor-saving
technologies in agriculture. This could be the oeasbehind low labor productivity in
agriculture in Asia (World Bank, 2013; Ministry éfgriculture and Cooperatives, 2012). In
addition, households having larger number of liwektmay be more likely to reduce the use
of chemical fertilizers because FYM can be a sulistiof chemical fertilizer. Thus, the
relationship between household labor availabilitgl &arm mechanization e.g. using tractor
and other machines seems more salient as mechanizzn be a substitute of labor
availability mainly male. Moreover, from a gendergpective, the presence of both working-
age men and women labor force per unit of landjisty important in the decision to use both
of these technologies. Interestingly, the magnitofiéhe associations between labor-saving
technology use and female labor availability peit ofland is marginally but consistently
greater across all models than the magnitude oh#iseciations for male labor availability.
This is an important finding in the context wheremen’s role in the economy is still
neglected. Although the actual mechanism is narclis could be because women spend
more time in household work including farming thaan (FAO, 2000; Kumar and Hotchkiss,
1988; NESAC, 1998) and replace men’s work wherpessible, for example, digging of crop
fields, manual threshing and loosening of cornrggamstead of using machines (corn sheller),
etc. For example, FAO (2000) reported that womesndpl0.8 hours per day in agriculture
compared to 7.5 hours per day for men. This studyiges important insights on the role of
family labor availability on technology use whichght be important for leveraging persistent
food insecurity problem facing rural agrarian sejsi of developing countries.

This evidence is salient in the present contexter&hthe country is experiencing
unprecedented levels of out-migration, shortagealle labor, and increasing dependence on
remittances. This shortage of labor due to out-atign may have been the main reasons
behind increasing use of technologies by farmedsditfonally, both the large gender gap in
out-migration and the low status of women in ruagkicultural settings may also have
important consequences in rural agriculture. Feratmon of Nepali agriculture is another
recent phenomenon. Due to unbalanced male out-timgrawomen are increasingly
overburdened and are performing not only theiriti@uhl activities, but also the activities that
were previously performed only by males (CBS, 2(Maharjan et al., 2012; Gartaula et al.,
2010). Given the gendered nature of farming opamatiimportant consequences on women
including changes in their roles, their time allkb@as, and health status can be expected,
requiring further understanding.



Moreover, the existing agricultural developmentiget in Nepal basically focus on
ensuring distribution of agricultural inputs whileglecting the role the availability of family
labor that may play in agricultural modernizatikNZDEC Ltd., 2000). For example, thus
far, the Ministry of Agriculture and Cooperativesstemphasized the distribution of inputs and
their prices with the assumption that assured supipihputs would encourage farmers to use
them. This is reflected in the national policy domnts. Obviously, the availability of inputs
may be a constraint in the Hills and the high Haiel other remote districts of the country
where the distribution of inputs is obstructed bgged geographic terrain and transportation
difficulties. However, such problems are not proemtin the Terali, particularly in the Chitwan
Valley. Therefore, in a country where the familythe major source of labor and almost all
activities including plowing, irrigating, weedingnd roughing of infested plants are performed
by household labor, the provision of modern inpoigy not be the primary solution to
increasing their use.

The transition from subsistence, family-based fagrio commercial farming is not
without cost. Experience from the green revolutias already raised genuine concerns about
its unintended negative consequences beyond immegsoduction such as unequal
distribution of economic benefits, unemploymenyeade health effects, and possible peasant
revolutions (Griffin, 1974; Jacoby, 1972; ScottyI9Paige, 1975; Skocpol, 1982); and health
and environmental effects (Pimentel and Pimen881). Therefore, itis crucial to gain a better
understanding of the environmental and health effegused by the use of chemical fertilizers
and pesticides, along with the potential unemplaynedéfects on both men and women.

Finally, 1 acknowledge various limitations of thetudy. First, despite the uniqueness
and richness of the data used here, it is croggeatand was collected in one point in time
in 1996. Therefore, these findings are rather agBons than cause-effect relationships.
Second, the data is collected from only one para district in the Terai plain. Therefore,
findings will have to be used rather cautiously: &mample, the findings related to mechanical
technology use may not be appropriate for policyppses for the Hill and Mountain districts
of Nepal, where large machines (e.g. large trartoasnot be used due to the topography.
Third, the findings revealed a strong negative @ssion between female labor pool in a
household and the use of mechanical inputs. A duargkudy is needed to explore mechanisms
and changes in gender roles at this critical jurecthen Nepali agriculture is rapidly being
feminized.
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Notes

'In general, the local indigenous (Terai Janjatinet groups such as Tharu, Darai, Kumal
and Chepang people follow traditional agricultypedctices compared to Bahun/Chhetri,
Dalit, Hill Janjati and Newar. The local ethnic conmities raise animals in large numbers
compared to other communities (Karan and Ishii,6)99

iSquared-term of labor availability is used to exaanif any curvilinear effect of labor
availability on modern inputs use exists. Howevesults are not shown.

liFjrst, as the technology use is measured in ordiata@igories, | used the ordinal logistic
regression. The test of parallel lines turned outd statistically significant in all the models
for both technological packages. This providedisigfit justification to reject the
assumption of parallel lines. These results implied at least one of the explanatory
variables may have a differential effect acrossailiieome levels (O’Connel, 2006).
Therefore, | used the multinomial regression asatredysis technique (Norusis, 2004).

vOnly models without squared terms of labor avaligbare presented.



