
This poster presents some results of a multi-disciplinary

research program sponsored by the SANREM-CRSP that is

examining ways that Andean farmers can adapt to climate

change. Its focus is on the reasons for the decline in the use

of manures in potato production in the Altiplano of Bolivia.

Traditional Andean potato production systems rely on long

fallow periods and the application of manure to maintain soil

fertility. Organic fertilizers like manure can help mitigate the

impacts of climate change by increasing water retention and

by buffering temperature changes. Manure use has been

declining in parts of the Altiplano however. Twenty years ago

nearly all farmers in the region used manure for potato

production but now there are some communities where less

than 25% of households use manure. The research

presented here examines how the relationship between

family resources, income, labor availability and livestock

ownership are related to a decline in the use of manure

among Andean producers.

One of the activities that was part of this research was a

survey of 330 households via a detailed questionnaire.

These households are found throughout the nine

communities in the region shown in Figure 1 and described

in the Research Context section of this poster. The number

of households that participated in each community can be

found in Table 1 along with a summary of some of the

descriptive statistics taken from the questionnaire data.

The variables selected for analysis include indicators (coded

0, 1) of the use of chemical fertilizer (Fertilizer) and organic

fertilizer (Manure) in crop production. Indicators were also

selected to account for the gender of the head of the

household and the participation of the head of the household

in off-farm work. The remaining indicator variables consider

the use of labor, both shared with neighbors and hired, and

the application of different types of technology, such as a

tractor or irrigation, for crop production.

Diffusion of innovation research would suggest that the

abandonment of traditional practices (manure) and the

adoption of modern practices would be associated with the

age and education of the head of the household. That is, we

would expect that elderly, less educated persons would be

more likely to use traditional practices. We did not find this

to be the case. Instead, we found that labor availability,

income and criollo sheep numbers were positively

associated with manure use. This relationship between

manure use and labor is supported by farmers' testimony

that manure application requires more labor because it is

bulkier than chemical fertilizers and it requires labor to

collect it as well as bring it to the fields and apply it. The lack

of a significant association between numbers of improved

(dairy) cattle and manure use is puzzling. Research trials

show that cattle manure is as good a fertilizer as sheep

manure, but communities with abundant supplies of cattle

manure are not using it. It may be that cattle manure is used

for fuel instead or that its lack of use as a fertilizer may be

due to the fact that its use requires more labor to prepare it

for field use than does sheep manure.

Richer families and families that receive remittances also

may have more labor available for manure application than

other families because children may not have to resort to

temporary migration in order to supplement family income.

Although we do not find a direct relationship between the off-

farm employment of the head of the household and

household use of organic fertilizer, the resulting significance

of the overall availability of labor seems to support

Zimmerer’s (1993) argument that wage labor has the

potential to undermine sustainable agricultural practices in
the region.
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Table 1. Descriptive Statistics taken from Household Questionnaire Data  

As shown in Table 1, manure and chemical fertilizer use

varies considerably across communities. Farmers in

Ancoraimes were more likely to use manure than farmers in

Umala; and, in one Umala community, San Jose Llanga,

almost every producer used chemical fertilizers. According

to the results of the binary logistic regression shown in Table

2, the characteristics of the head of the household that were

examined, such as age, education, gender, and participation

in off-farm work were not associated with manure use. The

factors that were positively associated with manure use were

labor availability, participation in household labor exchanges,

and higher amounts of income, alfalfa production,

remittances received, and holding of a local variety of sheep.

These results, along with the significance of the quadratic

relationship between farm size and manure use and the

negative associations of both tractor and fertilizer use

with manure use, suggest there to be at least a few different

scenarios contributing to the decline in organic fertilizer use

in the region.
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Research Context

The Alitplano of Bolivia is a high plateau, the elevation of the

Northern and Central Altiplano range from 11,800 to 14,100

feet above sea level. It is a semi-arid environment with

annual rainfall ranging from around 20-24 inches near Lake

Titicaca to around 16 inches in the Central Altiplano. (See

Figure 1). The area is populated by self governing

communities of Aymara speaking farmers. The staple crop is

the potato which is raised for home consumption with any

surplus marketed. In addition to potatoes, farmers have

cattle and sheep and may also grow small grains, field peas

and onions– mostly for sale in the market (See Table 1). The

area is highly vulnerable to climate risks such as drought

and frost. These risks are increasing because of global

climate changes. The polar regions and high mountain

regions will experience much larger temperature increases

than the global average. Climate models predict higher

temperatures and a later onset of the rainy season. The

Altiplano region has a high level of food insecurity and has a

large population vulnerable to climate change.

Increasing soil organic matter is one way to mitigate climate

change and to increase agricultural production. Project

researchers have demonstrated that not only does the use

of manure in combination with chemical fertilizers increase

soil moisture retention, reduce soil compaction, and increase

organic matter content (see Figure 2), but it produces the

highest potato yields as well (see Figure 3).

Figure 2.  Changes in soil characteristics due to organic and inorganic amendments 
added during field trials in Umala in 2007. 

CM – Cow Manure, SM – Sheep Manure, DAP – Diammonium Phosphate, Biofert – a 
microbial activator, Urea – a source of nitrogen, Compost – composted organic matter

Figure 3. 2007 and 2008 potato tuber yields averaged over all trials 
in Umala.  

T1= Control T5= CM+SM T9= CM+SM+DAP+Urea

T2= DAP+Urea T6= Compost T10= CM+Biofert

T3= Cow Manure T7= CM+DAP+Urea T11= SM+Biofert

T4= Sheep Manure T8= SM+DAP+Urea T12= CM+SM+Biofert
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Table 2.  Binary Logistic Regression of Indicator for Manure Use 
on Household Characteristics 

Variables in the equation B S.E. Sig. Exp(B)

Age of household head -0.01 0.017 0.41 0.99

Education of household head -0.31 0.413 0.45 0.73

Available labor 0.44 0.173 0.01 1.56

Farm size -0.25 0.106 0.02 0.78

Farm size2 0.01 0.003 0.01 1.01

Alfalfa 2.90 0.983 0.00 18.15

Criollo sheep 0.03 0.015 0.05 1.03

Improved cattle -0.09 0.065 0.16 0.91

Income 0.03 0.013 0.01 1.03

Time to marketplace 0.20 0.274 0.46 1.23

Remittances 1.38 0.542 0.01 3.97

Male household head 0.66 0.624 0.29 1.93

Shared labor 0.89 0.510 0.08 2.44

Hired labor 0.12 0.448 0.78 1.13

Off farm work household head 0.55 0.464 0.23 1.74

Tractor -2.39 0.678 0.00 0.09

Irrigation -0.92 0.771 0.23 0.40

Fertilizer -1.64 0.570 0.00 0.19

Municipio 2.25 0.893 0.01 9.49

Constant 1.05 1.413 0.46 2.85

Municipio Ancoraimes Umala

Total
Community Chinchaya Karcapata Calahuancani Cohani Chojñapata

San Jose 
Llanga

San Juan 
Circa

Vinto 
Coopani

Kellhuiri

Number of households 57 15 23 27 27 96 31 29 25 330

Percentage of positive responses to indicator variables

Manure 94.7% 100.0% 100.0% 92.6% 100.0% 24.0% 9.7% 96.6% 92.0% 67.0%

Fertilizer 47.4% 26.7% 13.0% 18.5% 11.1% 99.0% .0% 6.9% 8.0% 42.7%

Manure + Fertilizer 64.9% 26.7% 13.0% 11.1% 11.1% 22.9% .0% 3.4% .0% 22.1%

Male household head 91.2% 60.0% 73.9% 59.3% 77.8% 85.4% 74.2% 72.4% 80.0% 79.1%

Off farm work household head 35.1% 33.3% 47.8% 37.0% 29.6% 43.8% 25.8% 34.5% 36.0% 37.3%

Shared labor 100.0% 100.0% 100.0% 100.0% 100.0% 30.2% 22.6% 86.2% 68.0% 68.8%

Hired labor 56.1% 13.3% 4.3% 3.7% 29.6% 69.8% 51.6% 20.7% 52.0% 44.2%

Tractor 77.2% .0% 21.7% .0% 22.2% 100.0% 100.0% 13.8% 4.0% 56.7%

Irrigation 31.6% 40.0% 26.1% 33.3% .0% 6.3% 3.2% .0% 32.0% 16.4%

Mean Values of Continuous Variables

Age household head 49.26 48.07 45.83 44.48 50.41 49.33 48.61 50.41 52.44 48.97

Education household head 1.39 .93 .87 .93 .93 1.44 1.10 .97 1.12 1.18

Available labor 3.02 2.82 2.59 2.79 2.54 2.67 2.66 3.06 2.54 2.76

Farm size 2.30 2.59 .83 .45 .74 8.91 12.80 5.23 7.72 5.51

Alfalfa .01 .00 .00 .00 .00 .08 .00 .04 .04 .03

Criollo sheep 13.14 15.60 18.52 9.30 38.04 3.69 5.26 25.41 34.44 14.55

Improved cattle .16 .20 .00 .00 .11 5.09 3.58 .83 .44 1.97

Time to marketplace 2.16 2.33 1.60 1.37 1.70 .87 .99 .64 .66 1.29

Income (1000 Bs) 22.49 34.33 7.31 14.58 38.89 36.02 13.43 14.33 13.22 24.33

Remittances (1000 Bs) .19 .15 .31 .05 .45 .18 .07 .18 .36 .20

Other variables selected for analysis were treated as

continuous variables, and they include: descriptors of

household demographics, such as the age and level of

education of the head of the household and the amount of

age-adjusted labor units available to each household;

measures of several key agricultural assets, such as the size

of the household farm, the amount of land cultivated in

alfalfa, the number of a local variety of sheep, and the

number of an improved variety of cattle. In an attempt to

measure the connectedness of the household to the market,

a variable was created to represent the amount of time that it

takes for the household to travel to market to sell its most

important product. Measures of income and remittances

received annually are also included.

Following a review of this descriptive information, a binary

logistic regression model was applied to the data to analyze

the relationships between household characteristics and the

use of organic fertilizer. This analysis included an additional

variable indicating the municipality of the household, where
0 = Umala and 1 = Ancoraimes.

presence of poorer households using diversification as a

rural livelihood strategy to mitigate risk. Cumulatively, these

findings show evidence that, despite an apparent trend

toward extensive land use practices, larger and wealthier

households are similar to poorer households in that they

both show an increased likelihood for using organic fertilizer

in potato production.

Interestingly, when we compare communities in terms of

livestock owned (see Table 1) the two communities with the

highest average number of improved cattle, San Jose

Llanga and San Juan Circa, are also the two communities

with the lowest average number of criollo sheep. In addition,

we find that households in these two communities appear

less likely than households in other communities to use

manure in potato production. The results of the logistic

regression also show a significant positive relationship

between criollo sheep numbers and manure use. Although in

the results we do find the expected negative relationship

between improved cattle numbers and manure use, it

appears as less significant than the number of criollo sheep.

Households with greater access to labor appear as more

likely to be using manure. However, the application of labor

saving technologies such as the use of a tractor for land

preparation and chemical fertilizer indicate a reduced

likelihood that a household will use organic fertilizer. These

effects might be associated with the general trend of larger

farms having a reduced likelihood of using organic fertilizer

to conclude that smaller households accumulate more land

and use labor saving technology to increase production for

the market.

Other results, however, indicate that this is not the best

possible interpretation of our case. Increased incomes are

positively associated with manure use, and our variable used

to represent market integration does not appear to be

significant. Further, the positive quadratic relationship of farm

size with the use of manure and the significance of the

cultivation of alfalfa, a diversification strategy of wealthy

households, indicate that the likelihood of using manure in

crop production increases among the largest and wealthiest

households. We also find that the significant positive

relationships of variables such as shared labor, receiving

remittances, and the maintenance of sheep, often used as a

buffer against risk, with manure are indicative of the
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Gravimetric Soil Water Content

At Harvesting Duncan

Amendment (%) α = 0.01

SM 11.62 a

SM+Biofert 11.29 a

SM+DAP+Urea 11.27 a

CM+SM 10.39 ab

Compost 10.19 ab

CM+DAP+Urea 10.09 ab

CM+SM+Biofert 10.02 ab

CM+Biofert 10.00 ab

CM 9.32 ab

CM+SM+DAP+Urea 9.29 ab

DAP+Urea 8.29 ab

Control 7.75 b

Organic Matter Content

At Harvesting Duncan

Amendment (%) α = 0.01

CM+Biofert 1.42 a

CM+SM+Biofert 1.38 ab

CM 1.36 ab

SM+Biofert 1.35 ab

CM+DAP+Urea 1.34 ab

CM+SM 1.28 abc

Compost 1.28 abc

SM+DAP+Urea 1.25 abc

CM+SM+DAP+Urea 1.23 bc

SM 1.22 bc

DAP+Urea 1.19 c

Control 1.15 c

Bulk Density

At Harvesting Duncan

Amendment (g/cm3) α = 0.01

Control 1.30 a

SM 1.26 ab

SM+DAP+Urea 1.26 ab

DAP+Urea 1.22 ab

CM+SM+DAP+Urea 1.22 ab

CM 1.22 ab

CM+SM 1.22 ab

SM+Biofert 1.22 ab

Compost 1.20 b 

CM+Biofert 1.19 b 

CM+SM+Biofert 1.18 b 

CM+DAP+Urea 1.18 b 


