SOIL PRESSURES: AN ECONOMIC AND ECOLOGICAL OVERVIEW OF THE AGRICULTURAL SECTOR IN PERU
(2000-2015) / G. MINAYA FLOREZ

Soil pressures: an economic and ecological overview of
the agricultural sector in Peru (2000-2015)

Gretell Aurora Minaya Fldorez
Pontificia Universidad Catélica del Peru
ORCID: 0000-0003-1542-3068

Abstract: Given the development of the different streams of
innovation in the agricultural sector worldwide, it is relevant to
contrast the progressive vision of economic growth and increase
in agricultural productivity with other holistic visions. These
integral visions propose increasingly better tools to emphasize
human relationships with nature, while measuring their socio-
environmental effects and put forward new forms of interaction. The
following study presents innovation perspectives for the Peruvian
agricultural sector and applies the Multi-Scale Integrated Analysis
of Societal and Ecosystem Metabolism (MuSIASEM), which results
show its sustainability, particularly an overview of soil degradation.
This tool will provide a quantitative description of pesticide and
insecticide flows generated by agriculture in Peru and propose an
explanation of their effects on the environment.
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Presiones sobre el suelo: un panorama ecolégico
econdmico del sector agropecuario en Peru, 2000-2015

Resumen: Dado el desarrollo de las diferentes ramas de innovacién
en el sector agricola a nivel mundial, es relevante contrastar la
visién progresista de crecimiento econdémico y el crecimiento
de la productividad agricola con otras visiones holisticas. Estas
visiones integrales proponen cada vez mejores herramientas que
buscan enfatizar las relaciones humanas con la naturaleza y, de
esta forma, medir sus efectos socioambientales y proponer nuevas
formas de relacion. El siguiente estudio presenta las perspectivas
de innovacién para el sector agricola peruano y aplica el Anélisis
Integrado Multiescala del Metabolismo Societal y Ecosistémico
(MuSIASEM) cuyos resultados muestran la sostenibilidad del sector,
particularmente una vision general de la degradacién del suelo.
Esta herramienta proporcionara una descripcién cuantitativa de
los flujos de plaguicidas e insecticidas generados por la agricultura
en el Pert y, asi como, se propondra una explicacion de sus efectos
sobre el medio ambiente.

Palabras clave: MusIASEM. Sector Agricola. Economia Ecolégica.
Pert. Cultivos Relevantes.
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1. Global perspectives of agriculture

Agriculture has allowed the large-scale development of society
since the Neolithic. It has permanently increased its scale and
complexity by incorporating new technologies and responding to
world demands.

According to Trigo, Mateo & Falconi (2011), since the nineties,
after a long period of separatist policies on agriculture and few
incentives for research worldwide, it has been possible to start
reassessing it as a source of economic contribution and its relation
to environmental and social problems (such as those related to food
security) that arise from its development. According to IADB (Trigo,
Mateo & Falconi, 2011) there are three medium-term challenges: a
70% increase of food demand, detriment of natural resources, as
well as climate change effects and high prices of fossil fuels.

Different tools, derived from conventional to holistic approaches,
are used to solve agricultural problems of the twenty-first century.
Those approaches could be divided into two relevant strands: the
systemic and the holistic strands.
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Table 1. Agricultural sector perspectives

Systemic strand Holistic strand
Comprehensive approach that seeks to
Anthropocentric T ere humans investigate and propose solutions considering

determine and understand nature by
laws derived from the scientific method.
Likewise, based on their findings,
humans manipulate nature and take
ownership of natural resources in order
to achieve their social and economic
objectives (Gudynas, 1999).

nature and society as a whole. Thus, it aims
at reducing environmental impacts. From
the social metabolism perspective, air, soil
and water are the «funds» that capture all
pollution. Air pollution has a global impact,
while water and soil pollution only has local
impacts  (Georgescu-Roegen, 1979). The
other environmental impact that has local

Description It is unsustainable in the long term. repercussions is the loss of biological resources.
In order to gain productivity, it uses - . N
chemical fergtilizexl-js and gesticides The holistic strand focuses mainly on applying
adversely affects the fertility and perspectives and technics that reduce impacts
biodiverZity of an ecosystem, yallows on natural resources and biological resources
the use of Living Modified Or’ganisms without ne%lectmg food security (even on a
(LMO) and generally favors monoculture massive/scale) (PNUMA, 2008).

(Government of Spain, 2012). It remarks that social and economic growth
cannot be infinite, since natural resources are
finite (Meadows et al., 1972).
Sustainable agriculture (FAO n.d.)
Traditional agriculture (Trigo, Mateo Ecological agriculture (Elliot, n.d.;
& Falconi, 2011) CARE, 2006; Government of Spain, 2012;
CIE Huerto Alegre, 2006)
Specifics - Industrial agriculture
approaches - Agroecology

Biotechnology (United Nations,
1992) Agriculture in socio-ecosystems
(Ostrom, 2009; Schianetz & Kavanagh,
2008; Charles, 2001; CCRN, 2016)

Note: Prepared by the author.

2.  MuSIASEM Methodology

The Multi-Scale Integrated Analysis of Societal and Ecosystem Metabolism
(MuSIASEM) allows underlining the system patterns of socioeconomic
metabolism, characterizing them in different stages. In particular, it focuses
on performance characterization of economic activities (for households,
enterprises, economic sectors and national economies) and associated
ecological restrictions (Giampetro etal., 2009). In few words, this methodology
allows analyzing sustainability of economic activities organized in a multi-
level structure and scales, and it represents this hierarchical structure. First,
it is society as a whole, at «n» level of analysis. Second, at n-1 level, society is
divided into paid labor and households. Since households are only consumers,
there is not another level of analysis for this compartment. However, at n-2
level paid labor is divided into labor in the primary and secondary sectors,
and the government and service sector. At the n-3 level of analysis, the
productive sectors are divided into primary flows sector and construction /
manufacturing. The n-4 level of analysis focuses only on extractive activities of
natural resources, such as agriculture, mining and energy. Thus, the agriculture
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Figurel. MuSIASEM levels

n+1 level Incrusted ecosystems
Whole
society

n-1 level Paid work Households

Primary and Services and

secondary government
sector

Pri fl Construction /
rimary tows manufacturing
n-4 level Agricultural Energy and
sector mining
)\

Resources analysis

Land Water Energy Labor force

Note: based in Giampetro, Mayumi & Ramos-Martin (2009).

sector is conceived as part of a hierarchical structure of society. Transformed
resources could be analyzed per sector, at every level, or as a whole.

Based on the Flow and Fund model of applied economics (Georgescu-Roegen,
1979) and social metabolism, agricultural production is classified into two
categories: flow elements, which could be transformed into a system; and fund
elements, which are stable and transform flow elements!.

According to Cadillo (2015), to estimate the use of fertilizers and pesticides,
it is necessary to select 8 types of crops?, as described in the following table.
Afterwards, once we have measured production and land use, we use specific
coefficients® to quantify the amount of fertilizers and pesticides.

! For this research, analysis is land oriented.
2 http://frenteweb.minagri.gob.pe/sisca/?mod=consulta_cult

3 Annex A.
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Table 2. Agricultural sector categories

Element categories Particular category Measure
Food agricultural products Tones
Flow elements of agricultural n
sector Fertilizers Kg per ha.
Pesticides Kg per ha.

Fund elements of agricultural
sector

Land

Ha.

Note: prepared by the author based on Cadillo (2015).

Table 3. Selected product types of food for MuSIASEM

Product type

Sugar

Sugar cane

Grains

Hard yellow corn, starch corn, rice, wheat

Stimulants

Coffee

Fruits

Banana, lemon, orange, apple, pineapple, mango, watermelon, papaya

Legumes and roots

Lentils, beans, potato, sweet potato, cassava/yucca

Vegetables Onion, tomatoes, asparagus
Oilseeds Palm oil
Bushes Cotton
Note: based on Cadillo (2015).
3. Results

From 2000 to 2015 agricultural production grew 2% and the use of
the land 1% (Minagri, 2018). In 2015, total production of agricultural
products reached 19 373 tons, for which 2 444 827 hectares of land
were used. The main products were grains, legumes and roots, fruits and

stimulants over this period.

In 2015, total chemical fertilizer used reached 1261 kilotons and pesticides
amounted to 15.7 kilotons. They grew 1% and 0.7%, respectively, from 2000
to 2015. Over 70% of fertilizers and pesticides were used for grains, legumes
and roots. Stimulants, such as coffee, used a larger share of chemical fertilizers

than of pesticides.
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Figure 2. Agricultural production in Peru, 2000-2015
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Note: Prepared by the owner based on Minagri (2018), INEI (2022).

Itisimportantto analyze these two new indicators against other measures
related to economic activity. The next figure shows the evolution of GDP
per capita and the total use of chemical fertilizers and pesticides. Their
growth rate was 8% and 1%, respectively, and the first had more variance
than the other.

Figure 3. Use of chemical fertilizers and pesticides in Peru,

2000-2015 (%)
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Note: Prepared by the author, based on Minagri (2018), INEI (2022).

Estimations

Finally, in this section, I present several estimations to recognize these
new indicator relations. The following figure collects 6 equations where
the total amount of chemical products on the soil, i.e. chemical fertilizers
and chemical pesticides, are dependent variables. Other indicators such
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Figure 4. GDP per capita (current US$) and chemical products
on soil (kilotons), 2000 - 2015
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Note: Prepared by the author based on Minagri (2018), World Bank data (2021).

GDP, square of GDP, GDP per capita and its square are independent. The
estimation method was by least squares with robust standard errors to
fix heteroscedasticity.

Pollution and economic activity are directly related with 99% confidence
(equations 1,3,5). This result shows that the more the economy grows, the
higher the amount of soil pollutants there will be. The chemical fertilizer
indicator and GDP per capita were closely associated (equations 5 and 3).
Use of chemical fertilizers grows 0.038 per every percentual point of GDP
per capita.

Equations 2 and 4 were estimated to verify an inverted-U relation. Even if the
estimators are significant, their value does not provide relevant information
that reassures the inverted-U form.

This linear correlation coefficient allowed us to know how data relate over
time. The values vary between 1 and -1, values near 1 mean that the relation
is positive and values near -1 mean that the relation is negative. Results show
that the relation between GDP and total use of fertilizers is strongly positive;
the same occurs with the total amount of chemicals on soil. The relation
between pesticides and GDP is less strong, but it is positive.
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Table 4. Estimations between soil pollution and GDP

o (2) B) ( . . 6)
Chem_onsoil Chem_onsoil Chem_onsoil Chem_onsoil Chem_onsoil Chem_onsoil

0.000%** 0.000%**
GDP
(0.000) (0.000)
-0.000*
GDP~2
(0.000)
0.038*** 0.077%** 0.038*** 0.000%**
GDP_percap
(0.003) (0.021) (0.003) (0.000)
GDP_ -0.000*
percap”2 (0.000)
1030.263*** 967.172%+* 1018.900*** 949.533%** 1005.384*** RIS 7
Constant
(14.260) (38.465) (14.882) (42.500) (14.461) (0.224)
R-squared 0.890 0.910 0.892 0.910 0.894 0.692
Prob > chi2 5 . 0.0000 0.0000 0.0000 0.0000
Observations 16 16 16 16 16 16

Notes: * p<0.10, ** p<0.05, *** p<0.01, standard errors in parentheses. Source: Prepared by the author
based on Minagri (2018), World Bank data (2021).

Table 5. Linear correlation coefficient

Relations between 2000-2015 Coefficient obtained
GDP- Fertilizers 0.951177842
GDP - Pesticides 0.85285496
GDP - Total chemicals on soil 0.95003249

Source: Prepared by the author, based on Minagri (2018), World Bank data (2021).

5. Final conclusions

It is important to point out the impacts of chemical products on the soil. On
the one hand, fertilizers generate impacts like infertility, acidity, increasing
microorganisms and groundwater pollution.

On the other hand, pesticides are the most harmful chemical product. They are
available in different presentations depending on the pests to be eliminated.
There are insecticides, acaricides, rodenticides, fungicides, bactericides,
nematicides, herbicides and molluscicides that even control the population
of mollusks (FAO, n.d.). All of these also have negative effects on ecosystems.
Environmental contamination by these chemicals is highly toxic. If handled
poorly, harvested products could even have residual toxins. In addition, they
raise the costs of phytosanitary control (Cisneros, n.d.).
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Regarding their persistence, pesticides have a half-life of decades; pesticides
with moderate persistence have a half-life of 6-12 months; and pesticides
with low persistence have a half-life of 6 months (CARE, 2006). Toxic
components break down slowly and accumulate in groundwater, soil, and
animal and human tissues. Pesticides with low persistence can pollute
surface and groundwater. Therefore, flows that directly move to larger bodies
of water can cause the death of fish, as it is the case of soybean planting in
Argentina (Contrapoder, 2018).

Nevertheless, it is important to recognize that the use of agrochemicals can be
moderate by the minimum law of Von Liebeg, which, states that that the local
yield of terrestrial plants should be limited by the nutrient that is present in
the environment in the least quantity relative to its demands for plant growth
(Morris & Blackwood, 2007). This represent a method that cares about soil
pollution and should be applied even in industrial agriculture.

Recognizing these two strands, the systemic strand and the holistic strand,
drives accountability for food production and consumption. From the
government perspective, the promotion of holistic agriculture is the key to
ensure food security and reduce land degradation in the mid- and long term.
Changing production methods of the private sector is the most difficult, but
the government must reorient them through updated policies that consider
environmental pressures. From the point of view of consumers, we must
demand - collectively or individually- food security taking into account the
excess of population growth in the next few years as hunger increases in
different ratios in several countries. As a society, we need to reformulate our
ways to conceive and engage with nature. This study shows soil pressures,
but with climate change, all family farming and rainfed agriculture will be
affected and, thus, food security. In Peru, 70% food production is generated
by family farming.
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Annex A: Fertilizer and pesticide coefficients

Fert. Coef (kg/ha)

Pest. Coef. (kg/Ha)

Sugar cane 397 12
Hard yellow Corn 850 14.25
Starch corn 425 2

Rice 265 3
Wheat 201 8
Coffee 509 0
Banana 375 7
Lemon 450 4
Orange 265 4
Apple 1000 11

Pineapple 217 2
Mango 259 5]
Papaya 300 -
Watermelon 499 24
Lentils 205 6
Beans 108 7
Potato 773 3
Sweet potato 1000 30
Cassava/yucca 161 3
Onion 500 -
Tomatoes 471 4
Asparagus 1002 10
Palm oil 370 9
Cotton 473 13

Note: Prepared by the author based on Cadillo (2015), Minagri, Infoagro (n.d.).

11
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