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Could cattle ranching and soybean cultivation be sustainable? A 
systematic review and a meta-analysis for the Amazon
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Claudia Cocozza (2), 
Marco Marchetti (3), 
Fabio Salbitano (2)

Tropical forests are being destroyed to make space for agricultural activities
with the assumption that they are required to feed the growing global popula-
tion. Consequently, more sustainable practices are needed to guarantee food
security and environmental protection of highly threatened natural biodiver-
sity hotspots like the Amazon rainforest. Cattle ranching and soybean cultiva-
tion are by far the greater drivers of land use change and deforestation in the
Amazon region. We performed a systematic review of papers related to these
two main drivers and a meta-analysis on the effects of sustainable practices on
different ecosystem services. The results of the review highlight a large con-
cern about the negative impacts of cattle ranching and soybean crops on the
ecosystem dynamics and functionality of the Amazon biome, in addition to the
clear relationship with deforestation. Another relevant finding is the large gap
in empirical research concerning the effects of sustainable practices on differ-
ent ecosystem services. Such a gap is evident since only 13 studies from the
initial database met the requirements for a meta-analysis. Of the 171 compar-
isons between the ecosystem services provided in conventional land-uses and
those adopting sustainable practices, the overall model indicated a non-signifi-
cant effect, although the results were heterogeneous. Crop yield and herbage
biomass  were negatively  affected,  while  livestock productivity,  soil  organic
carbon, soil fertility and woody biomass were positively affected. Also, the six
sustainable practices evaluated showed different outcomes, from a predomi-
nance of positive effects in silvopastoral systems, to a predominance of nega-
tive effects on agrosilvicultural systems. Our systematic review and meta-anal-
ysis indicate that cattle ranching and soybean cultivation can indeed be con-
ducted in a more sustainable way, enhancing the provision of ecosystem ser-
vices while avoiding deforestation. In turn, our results also highlight the lack
of  empirical  data  and  the  need to  standardize  the  methodologies  used  to
deeply assess the effects of such practices. In conclusion, we suggest a way to
advance research into the real effects of sustainable practices aimed at reduc-
ing the negative impacts of cattle ranching and soybean crops in the Amazon.

Keywords: Tropical Forest, Agroforestry, Ecosystem Services, Silvopastoral Sys-
tems, Sustainable Practices, Cattle, Soybean

Introduction
Tropical forests harbor most of global ter-

restrial  biodiversity  and  provide  essential
ecosystem services (ES), such as carbon se-
questration (Sullivan et al. 2017), flood and
drought control (Marengo 2006), influence
on pluviometric  regime (FAO/CIFOR 2019)
with  resulting  effects  on  climate  at  the

global  level  (Lovejoy  & Nobre 2019).  Cur-
rently, the major pressure on native global
forests burdens the tropical region, mainly
in  the  Amazon  biome  (Marchetti  2005),
where high rates of forest losses are often
related to two main indirect factors: urban
growth (rural-urban migration, urban food
market)  within  countries  (DeFries  et  al.

2010) and growth of agricultural exports to
other countries (Henders et al. 2015, Pette-
nella & Masiero 2020). Changes in dietary
preferences of the growing global popula-
tion  and  the  consequent  increasing  food
demand  determine  an  unprecedented
need  for  agricultural  products,  which,  in
turn,  drives  deforestation,  land  degrada-
tion and overall loss of biodiversity (Kehoe
et al.  2017,  FAO/UNEP 2020).  This  is  even
more  evident  when  crop  and  livestock
management is not sustainable and when
the  expansion  of  the  agriculture  frontier
causes conflicts with detrimental effects on
natural  forests.  The  production  of  two
commodities  is  pinpointed  as  the  main
driver of Amazon deforestation: beef cat-
tle (Barona et al. 2010) and soybean cultiva-
tion  (Fearnside  2001,  Domingues  &  Ber-
mann 2012,  Gollnow et  al.  2018,  Celidonio
et al. 2019).

Sustainable agricultural practices are pos-
ited as the main alternative to counteract
land degradation and deforestation while
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producing food resources. These practices
in  the  Amazon  include  different  types  of
agro-silvopastoral  systems,  agroforestry,
crop  rotation  and  pasture  improvement
(Cerri  et  al.  2005,  Murgueitio  et  al.  2011,
Martorano et al. 2016, Soares et al. 2020).

This paper has the overall objective to re-
view the available literature on the adop-
tion of sustainable practices (SP) in cattle
ranching  and  soybean  cultivation  in  the
Amazon  region.  Initially,  this  will  paint  a
broad  picture  of  the  diversity,  typologies
and geographical distribution of such prac-
tices and, then, enables a meta-analysis to
calculate the effects  of  such practices  on
the ES. The aim is to increase the aware-
ness of  people and the scientific commu-
nity about the existence of alternatives to
the conventional  and often unsustainable
agricultural model, as developed in the last
decades in the Amazon region, as well as
to encourage the subsidizing of SP by pub-
lic policies and initiatives. The above-men-
tioned need emerges as a response to cli-
mate change and biodiversity crises and, in
parallel,  the application of  new pathways
in  agriculture  and  food  systems  are  a
stronger concern in the post Covid-19 sce-
nario,  where  preventive  sustainable  ap-
proaches are expected to contribute to re-
ducing the risk  of  new epidemic diseases
(Dobson et al. 2020, Galimberti et al. 2020).

Materials and methods
This paper has been based on an exten-

sive literature review followed by (i) a re-
view analysis and (ii)  a meta-analysis.  The
literature  search  was  performed  on  in-
dexed documents within the Scopus® plat-
form based on a progressive combination
of  keywords  in  the string  “Title,  abstract
and  keywords”,  then  refined  by  “Key-
words”, on 3 and 4 September 2020. The
search included research articles, reviews,
conference papers and book chapters pub-
lished  in  English,  French,  Portuguese and
Spanish from 1989 to 2020, that were fo-
cused on the Amazon region.  The follow-
ing  keywords  have  been  used  and com-
bined with the keyword “Amazon” or “Am-
azon  region”:  “sustainable  cattle  breed-
ing”,  “sustainable  cattle  farming”,  “sus-
tainable livestock”, “sustainable beef”, “in-
tegrated  crop-livestock”,  “sustainable  in-
tensification”,  “silvopastoral  systems”,
“sustainable soy”,  “sustainable soybean”,
“soybean sustainability”,  “soy zero defor-
estation”. The results of the first phase of
literature search consisted of a large num-
ber of papers, so the second step of selec-
tion was done by  filtering the papers  ac-
cording to the inclusion criteria of SP (sus-
tainable  management,  silvopastoral  sys-
tems and agroforestry)  and  sectoral  poli-
cies  (commodity  chains  and  certification
policies).  The  final  database  included  274
papers: 167 for cattle and 107 for soybean.
We  checked  the  full  text  of  88%  of  the
available  papers.  The  documents  without
available full text (the remaining 12%) were
classified by using the abstracts so as to an-

notate  full  reference,  year  of  publication,
research  location,  and  self-reported  key-
words (SRK from here on).

The  review  analysis  was  performed
through three subsequent steps.
1. Qualitative evaluation to discriminate the

general  characteristics  of  papers  and
their contents. The papers were grouped
in  4  “topic”  categories  (TAA:  Topic  As-
signed by the Authors): sustainable prac-
tices, sustainable management, certifica-
tion policies, supply chain initiatives. We
define  as  “sustainable  practices”  the
concrete  actions  and  experiments  re-
ported by the papers, while “sustainable
management” refers to papers address-
ing  general  topics  oriented  to  identify
processes  and  procedures  of  managing
more  than  the  specific  actions  under-
taken.

2. SRK were extracted and those address-
ing the same concept were grouped to
obtain a major conceptual understanding
and to avoid excessive dispersion of ter-
minology.  We set a threshold of  6 key-
words with converging meaning to gen-
erate a SKR group.

3. The content of papers addressing SP for
both  drivers  has  been  analyzed,  with
both  quantitative  and  qualitative  ap-
proach, in order to check the data suit-
ability towards performing a meta-analy-
sis.

The first search step for papers suitable
for the meta-analysis resulted in 144 papers
referring  to  the  following  topics:  “inte-
grated  crop-livestock-forestry  systems”
(cattle),  “livestock  sustainable  manage-
ment” (cattle) and “integrated production
systems” (soybean).  The papers  referring
to the other topic categories (policies, sup-
ply  chain  initiatives)  were  excluded  be-
cause the data reported were not consis-
tent to apply the meta-analytic process. Af-
terward, we selected all papers related to
the Amazon region (93 papers).  The next
selection  excluded  papers  not  including
quantitative primary data (i.e.,  authors di-
rect measurements in the field) so reduc-
ing the database to  40 papers.  Later  on,
papers  reporting  extractable  quantitative
data suitable for performing the meta-anal-
ysis (mean values, standard deviation and
sample size) were selected. The final selec-
tion consisted of  13  papers,  comprising 6
SP (agropastoral,  agrosilvicultural,  agrosil-
vopastoral, crop rotation, pasture improve-
ment and silvopastoral – see Tab. S1 in Sup-
plementary material), whose ES were com-
pared  against  conventional  systems,  de-
fined  and  identified  exclusively  based  on
the  information  present  in  analyzed  pa-
pers, with data usually shown as a specific
column in a table. The studies usually refer
to  monoculture  (e.g.,  soybean)  or  a  pas-
tureland without trees or crop rotation as a
conventional system. Due to a high hetero-
geneity  of  the  ES  variables  assessed  in
these studies, we reclassified the reported
data according to 6 categories so as to al-
low a more robust comparison: animal pro-

ductivity,  herbage  biomass,  soil  organic
carbon (SOC), soil fertility, woody biomass
and  crop  yield.  Most  studies  compared
more than one ES and more than one SP
type. Furthermore, the timing of sampling
(e.g.,  different  years),  the  type  of  indica-
tors, and the different depths in soil  sam-
pling are variables expressed by the data-
sets reported in the papers. We considered
each comparison (i.e., a specific ES variable
in  a  specific  type  of  conventional  system
against  a  specific  type  of  SP)  inside  the
same  study  as  an  independent  observa-
tion. As a complementary explanatory vari-
able,  we also extracted mean annual pre-
cipitation and temperature from the stud-
ies,  and  in  the  few  cases  in  which  they
were not specified we used study location
to  get  information  from  other  published
studies in the same area.  Of these 13 pa-
pers, 7 presented data also comparing the
SP systems against natural vegetation. The
natural vegetation status or physiognomy
definition  varied  across  studies  and  was
not  always  clear,  but  it  comprehended
mainly  primary  and  late-successional  for-
ests (Tab. S1). With these 7 papers we per-
formed a separate analysis to calculate the
effect sizes of natural vegetation.

To investigate the effects of the adoption
of  SP  on  ES,  the  effect  size  was  derived
from the response ratio, obtained by sub-
tracting the specific value of an ES variable
(e.g.,  crop  yield)  in  the  reference  system
(e.g.,  monoculture  cropland)  from  the
value  obtained  in  the  SP,  both  log-trans-
formed.  This  procedure  is  widely  used  in
meta-analyses  where  the  source  data  is
heterogeneous  (Torralba  et  al.  2016,  De
Stefano  &  Jacobson  2018).  Generally,  a
positive ratio indicates a positive effect of
the SP, while negative values indicate neg-
ative influence. When this was not true for
some  specific  variable,  the  signal  was  in-
verted  to  standardize  the  interpretation.
Mean effect sizes, Z and p values and 95%
confidence intervals were obtained by ran-
dom  effect  models,  and  heterogeneity,
both overall and within groups, was check-
ed  using a  Q-test.  We first  performed an
overall random effect model with all data,
and then separated models for  each vari-
able  group,  SP  type  and  their  combina-
tions. Study bias was checked with fail safe
analysis,  where a number  larger than the
number of studies indicates lack of bias. All
analyses were performed using the “meta-
for” package in R ver. 3.6.1 (R Core Team
2019).

Results
Results concerning the research location

and  the  keywords  analysis  are  presented
first,  for  a  better  understanding.  The  re-
sults of the meta-analysis are presented im-
mediately after, and in this case the evalua-
tion has been performed jointly for the two
drivers.

With  regards  to cattle  ranching,  167  pa-
pers  have  been  collected.  Most  of  them
were directly related to the Amazon region
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(70.7%),  with  a  different  distribution  be-
tween countries (Fig. 1).

The other papers considered valid for the
analysis  (39.3%)  regarded  Latin  American
countries outside the Amazon basin and a
global  view  about  commodity  chains  and
international policies and trade.

With regards to soybean, 107 papers have
been collected. Most of them were directly
related to the Amazon region (63.5%), pre-
dominantly in Brazil and to a lesser extent
in Bolivia (Fig. 2).

The other papers considered valid for the
analysis  (36.5%)  regarded the  Amazon re-
gion in a broader sense, mainly related to

commodity  chains  and  international  poli-
cies and trade, and some examples of SP
carried  out  in  other  Latin  American  re-
gions, outside the Amazon basin.

In the selected studies about cattle ranch-
ing,  the TAA with  the highest  number  of
studies was “livestock sustainable manage-
ment” (46%), which includes a general ap-
proach to sustainability in the cattle sector,
including the so called “sustainable intensi-
fication” (SI), followed by the topic “inte-
grated  crop-livestock-forestry  systems”
(28%), concerning mainly silvopastoral sys-
tems. Differently from cattle, the predomi-
nant categories of TAA for soybean regard

papers related to policies (48%) and supply
chain initiatives (39%). Papers dealing with
sustainable agricultural practices represent
only the 13% of the total, and mainly refer
to crop rotation.

Regarding the most abundant SRK (N > 6)
for cattle ranching, deforestation, silvopas-
toral  systems  and  sustainability  were  the
most cited, indicating that both the nega-
tive and positive aspects of cattle ranching
and soybean cultivation were assessed in
the studies (Fig. 3). For soybean, SRK refer-
ring to deforestation and land use change
are largely predominant, and a lack of SRK
addressing SP was noticed (Fig. 3).
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Fig.  1 -  Number of  livestock and proportion of  papers in the
Amazon region by country. Author’s elaboration based on FAO-
STAT data (2019) and IBGE (Instituto Brasileiro de Geografia e
Estatistica) – Censo Agropecuário 2017. Guyana, French Guyana
and Suriname have not been considered for this figure, since
data were not significant.

Fig. 2 - Soybean harvested area (ha), production (tonnes) and
proportion  of  papers  in  the  Amazon  region  by  country.  Au-
thor’s  elaboration  based  on  FAOSTAT  data  (2019)  and  IBGE
(Instituto Brasileiro de Geografia e Estatistica) - Censo Agropec-
uário  2017.  Guyana,  French  Guyana  and  Suriname  have  not
been considered for this figure, since data were not significant.

Fig. 3 - Frequency of self-
reported keywords (SRK) 
for cattle ranching (right) 
and soybean (left) studies.
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In  Tab.  1,  a  summary  of  SP  for  cattle
ranching extracted from the analyzed pa-
pers, and their self-reported contributions
to ES improvements are presented. The ta-
ble is divided in two parts. The first part in-
cludes agroforestry, agrosilvopastoral and
silvopastoral systems, which comprise a va-

riety of combinations between shrubs and
trees,  forage  plants  (grasses  and  legumi-
nous  herbs)  and  livestock.  All  of  these
practices  are  indicated  by  the  authors  as
strategies  to  achieve  a  more  sustainable
livestock production and to limit  its  pres-
sure on tropical  forests.  The second part

reports  on  the  SI  approach,  intended  as
the  implementation  of  practices  oriented
to increase crop and fodder production per
area thanks to a more efficient use of in-
puts, so as to reduce pressure and impacts
on land.

288 iForest 14: 285-298

Tab. 1 - Sustainable practices in cattle-ranching and their role in improving ecosystem services. Qualitative aspect as self-reported by
the authors of the reviewed papers or re-assigned during the analysis. (*): According to MEA (2005): (S) Support; (P) Provisioning;
(R) Regulating; (C) Cultural.

- Proposed practice Ecosystem services improvements*/
environmental positive effects (self-reported)
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Eucalyptus + soybean/corn 
intercropped with pasture in the 
interrow

S: increase of SOM; increased soil fertility and porosity; 
P: improved forage and meat yield; R: mitigation of 
tropical heat; C: alternatives to increase property 
revenues

Domiciano et al. (2020), 
Magalhães et al. (2019), Borges 
et al. (2019), Moreira et al. 
(2018)

Eucalyptus, pine, teak, balsa + 
crops + livestock grazing

S: increase of soil porosity Oliveira et al. (2017)

Trees, maize, grass, forage legumes 
and kudzu + natural forest 
regeneration + livestock grazing

S: enhanced species diversity; complete use of 
resources; pest protection; nutrients recycling; 
maintenance of soil structure; P: production 
diversification; C: adoptability for smallholders

Loker (1994)

Trees (for timber, firewood and 
fruit) + forages + livestock grazing

S: diversity of tree species and forage species; multiple 
purpose of trees

Pizarro et al. (2020)

Eucalyptus + livestock grazing 
(palisadegrass)

P: improved forage-based system; greater herbage 
accumulation; R: enhanced microclimate (mitigation); 
mitigation of cattle enteric emissions; increased soil C 
sequestration

Gomes et al. (2020), Domiciano 
et al. (2020), De Carvalho et al. 
(2019), De Oliveira Resende et al.
(2019), Oliveira et al. (2018)

African mahogany, eucalyptus and 
paricá (native species) + livestock

P: satisfactory tree performances; production 
diversification; C: alternatives to increase property 
revenues

Silva & Schwartz (2019)

African mahogany and cumaru + 
livestock grazing

P: production diversification; R: increased soil C 
sequestration

Silva et al. (2018)

Teak + livestock grazing P: high quality products; production diversification; C 
credits; R: mitigation of erosion and desertification

Ansolin et al. (2020)

ISPSs (Intensive Silvopastoral 
Systems) - high-density cultivation 
of fodder shrubs with improved 
tropical grasses and trees

S: enhanced biodiversity; soil conservation; P: 
production diversification; improved tree cover; R: 
climate change mitigation; increased soil C 
sequestration; water regulation; C: suitable for all farm 
scales, landscape restoration

Murgueitio et al. (2013), Calle et 
al. (2012), Murgueitio et al. 
(2011)

Leucaena leucocephala + livestock 
grazing

S: enhanced biodiversity; N fixation (soil improvement); 
P: improved fodder resources; R: soil C sequestration; 
climate change mitigation

Chará et al. (2019), Murgueitio et
al. (2011)

Mixed forage bank from different 
tree species

R: climate change mitigation; increased soil C 
sequestration; C: improved socio-economic conditions of 
farmers

Amézquita et al. (2005)

Different tree species in rows + 
improved pasture with fodder bank

R: GHG emissions reduction; increased soil C 
sequestration

Landholm et al. (2019)

Native trees and shrubs + rotational 
grazing systems

S: biodiversity conservation; R: water regulation, 
improved C stocks

Murgueitio et al. (2011), Lerner 
et al. (2015)
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Crop-livestock integration: crop 
rotation (soybean/corn/cotton) + 
livestock grazing

S: soil conservation and improvement; P: higher annual 
net present value; R: C sequestration; reduction of soil 
greenhouse gases; lower GHG emissions; mitigation of 
climate change;

Soares et al. (2020), Dos Reis et 
al. (2019), Carvalho et al. (2018),
Gil et al. (2018), Carvalho et al. 
(2014)

Rotational grazing R: recovery of degraded pasture; low energy and water 
use; C: alternatives to increase property revenues

Pedrosa et al. (2019), zu Erm-
gassen et al. (2018), Gil et al. 
(2018)

Pasture improvement (fertilization, 
irrigation, re-seeding)

S: increased pasture productivity; P: use of forage 
legumes; R: recovery of degraded pasture; C: low cost 
per ha

Pedrosa et al. (2019), Latawiec 
et al. (2014)

Introduction of forage legumes S: soil conservation; soil properties improvement; 
functional biodiversity; R: water balance; mitigation of 
global warming and of groundwater contamination; 
rehabilitation of degraded land; C: saving of fossil energy

Schultze-Kraft (2018), zu Erm-
gassen et al. (2018), Dubeux-
Junior et al. (2017), Hohnwald et
al. (2006)

Feedlot based intensification R: decrease of on-property deforestation Vale et al. (2019)
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Tab. 2 - Summary of the meta-analysis. Q represents the coefficient of the Q-test for heterogeneity and P its significance level. SP1
dataset included conventional cropland and pastureland as comparator; SP2 dataset included natural vegetation. (*): p < 0.05; (**):
p <0.01; (***): p< 0.001; (ns): non significant.

Dataset
Moderator 
(Q, P) Ecosystem service Effect size SE Z p

95% CI
lower

95% CI
upper N

SP1 Overall RE model - -0.025 0.017 -1.429 ns -0.058 0.009 171

Ecosystem service
(82.61; <0.001)

Crop yield -0.192 0.028 -6.958 *** -0.246 -0.138 35

Herbage biomass -0.152 0.03 -5.101 *** -0.211 -0.094 29

Livestock productivity 0.194 0.096 2.027 * 0.006 0.381 9

SOC 0.084 0.028 2.971 ** 0.029 0.14 49

Soil fertility 0.029 0.032 0.922 ns -0.033 0.091 28

Woody biomass 0.103 0.044 2.319 * 0.016 0.19 21

SP type
(21.24; <0.001)

Agropastoral -0.088 0.048 -1.822 ns -0.183 0.007 14

Agrosilvicultural -0.235 0.064 -3.639 *** -0.361 -0.108 13

Agrosilvopastoral -0.085 0.046 -1.855 ns -0.175 0.005 30

Crop rotation 0.066 0.066 1.006 ns -0.063 0.195 9

Pasture improvement 0.063 0.037 1.72 ns -0.009 0.135 32

Silvopastoral -0.017 0.024 -0.684 ns -0.064 0.031 73

SP2 Overall RE model - 0.008 0.022 0.369 ns -0.036 0.052 89

Ecosystem service
(2.39; 0.495)

Herbage biomass 0.019 0.225 0.086 ns -0.421 0.46 5

SOC 0.011 0.036 0.318 ns -0.058 0.081 49

Soil fertility 0.049 0.027 1.784 ns -0.005 0.102 20

Woody biomass -0.058 0.02 -2.954 ** -0.096 -0.019 15

SP type
(0.75; 0.685)

Crop rotation -0.046 0.04 -1.144 ns -0.124 0.033 9

Pasture improvement 0.014 0.052 0.272 ns -0.088 0.116 32

Silvopastoral 0.013 0.022 0.587 ns -0.03 0.056 48

Tab. 3 - Summary of the meta-analysis. (*): p < 0.05; (**): p <0.01; (***): p< 0.001; (ns): non significant.

Dataset
Sustainable
practice Ecosystem service Effect size SE Z p

95% CI
lower

95% CI
upper N

SP1 Agropastoral Crop yield -0.166 0.054 -3.078 ** -0.271 -0.06 8

Herbage biomass 0.076 0.042 1.791 ns -0.007 0.159 3

Livestock productivity 0.112 0.166 0.67 ns -0.215 0.438 3

Agrosilvocultural Crop yield -0.233 0.065 -3.563 *** -0.361 -0.105 9

Soil fertility -0.313 0.498 -0.629 ns -1.288 0.662 4

Agrosilvopastoral Crop yield -0.178 0.035 -5.063 *** -0.247 -0.109 18

Herbage biomass -0.031 0.039 -0.778 ns -0.108 0.047 3

Livestock productivity 0.271 0.178 1.523 ns -0.078 0.619 3

Woody biomass 0.14 0.148 0.945 ns -0.15 0.43 6

Crop rotation SOC 0.153 0.053 2.879 ** 0.049 0.257 6

Soil fertility -0.105 0.129 -0.815 ns -0.357 0.147 3

Pasture improvement SOC 0.063 0.037 1.72 ns -0.009 0.135 32

Silvopastoral Herbage biomass -0.195 0.029 -6.643 *** -0.253 -0.138 23

Livestock productivity 0.206 0.154 1.334 ns -0.097 0.508 3

SOC 0.134 0.049 2.769 ** 0.039 0.23 11

Soil fertility 0.055 0.029 1.903 ns -0.002 0.111 21

Woody biomass 0.1 0.03 3.359 *** 0.041 0.158 15

SP2 Crop rotation SOC -0.104 0.04 -2.612 ** -0.182 -0.026 6

Soil fertility 0.067 0.041 1.629 ns -0.014 0.147 3

Pasture improvement SOC 0.014 0.052 0.272 ns -0.088 0.116 32

Silvopastoral Herbage biomass 0.019 0.225 0.086 ns -0.421 0.46 5

SOC 0.066 0.039 1.698 ns -0.01 0.142 11

Soil fertility 0.047 0.032 1.448 ns -0.017 0.11 17

Woody biomass -0.058 0.02 -2.954 ** -0.096 -0.019 15

iF
or

es
t 

– 
B

io
ge

os
ci

en
ce

s 
an

d 
Fo

re
st

ry



Da Silveira Bueno R et al. - iForest 14: 285-298

Meta-analysis on sustainable practices
From our initial database, only 13 publica-

tions comparing 6 types of SP against crop-
land  and  pasturelands  met  the  require-
ments to be included in the meta-analysis,
representing a total of 171 comparisons of
ES  variables  between  conventional  sys-
tems  and  sustainable  practices  derived
from the papers  (hereafter  SP1 dataset  –
Tab. 2).  Although a minimum of 2 studies
are recommended for a meta-analysis (Val-
entine et al.  2010), we decided to include
crop yield (only one study) due to its eco-
nomical relevance in the Amazon, and also
because it was evaluated in 3 different SP
systems for a total of 35 comparisons. Six
of the 13 publications also compared the SP
against natural vegetation, for a total of 89
comparisons  (hereafter  SP2  dataset).  In
both SP1  and SP2  datasets  most  compar-
isons were made against silvopastoral sys-
tems (42.9%  and 53.6%,  respectively),  and
soil organic carbon (SOC) was the most re-
presentative variable assessed (28.6% and
55.1% of the comparisons, respectively).

The  random  effect  model  including  all
studies in the SP1 dataset indicated a slight-
ly negative, albeit non-significant, mean re-
sponse  ratio  (RR)  of  the  ES  in  the  areas
adopting SP (mean effect size = -0.024, p =
0.153 –  Tab. 2, Fig. 4).

However, highly variable outcomes were
found, as indicated by the significant het-
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Fig. 5 - Mean effect size and confidence interval of SP in comparison with conventional cropland and pastureland. Mean effect size
(dots) and 95% confidence interval (lines) of SP on the ES categories in comparison with conventional cropland and pastureland.
95% CI lines that do not overlap the dashed lines are significant.
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erogeneity index (Q = 9132, p < 0.001), al-
though  the  fail  safe  analysis  results
showed no bias in the study (N = 26136).
The overall random effect model in the SP2
dataset indicated a slightly positive, albeit
non-significant,  mean response ratio (RR)
of the ES in the areas adopting SP (mean
effect size = 0.008, p = 0.73  –  Tab. 2,  Fig.
4),  also  with  high  and  significant  hetero-
geneity (Q = 909, p < 0.001) but no sign of
study bias (fail safe N = 1133).

Despite a positive trend, we found a mar-
ginal  significant  relationship  between  ef-
fect  size and average annual  rainfall  (F  =
3.50,  p  =  0.062)  but  no relationship with
temperature (F = 0.33, p = 0.56; see Fig. S1
and Fig. S2 in the Supplementary material).

Comparison of ES and SP types
In the SP1 dataset, the mean effect size of

the random effect models for the ES was
positive  (0.018),  with  SOC,  livestock  pro-
ductivity and woody biomass positively af-
fected by SP,  while herbage biomass and
crop yield were negatively influenced. The
coefficient  for  soil  fertility  was  also  posi-
tive,  although  no  significant  differences
were detected (Tab. 2,  Fig.  4).  In the SP2
dataset,  woody  biomass  was  negatively
affected by SP, while no significant differ-
ences were found for the other variables
(Tab. 2, Fig. 4). In the overall random effect
models  of  the  SP1  for  each  SP,  only  the
agrosilvicultural  model  was  significant,
with negative effect sizes on the ES (Tab. 2,
Fig. 4).

Comparison of ES by SP types
In the SP1 dataset random effect models

testing the influences of  SP on each eco-
system service, 7 combinations were signif-
icant. Among the significant combinations,
crop yield was the only service negatively
affected in all comparisons, while livestock
productivity,  SOC  and  woody  biomass
were positively affected in all comparisons
(Tab. 3, Fig. 5).

Herbage biomass and soil fertility in turn
were  both  positively  and  negatively  af-
fected. Regarding the SP types, only agro-
silvicultural  systems  presented  negative
effects on the ES evaluated (crop yield and
soil  fertility).  In  the  SP2  dataset,  only  2
combinations  were  significant,  SOC  on
crop  rotation  and  woody  biomass  on  sil-
vopastoral systems, both with negative ef-
fect  sizes.  The  other  variables  present  in
more than one SP presented both positive
and negative effects (Tab. 3, Fig. 6).

Discussion
The  review  highlights  that  studies  ad-

dressing SP in cattle ranching and soybean
cultivation in the Amazon region are by far
prevailing  in  Brazil  (78.8%  of  total  papers
for  cattle  and  92.6%  for  soybean,  respec-
tively). This is firstly explained by the fact
that almost 60% of the entire Amazon for-
est is located in Brazil. Secondly, the recent
upturn  in  Amazon  deforestation  (Amigo
2020)  has  dramatically  drawn  attention

again  to  the  impact  of  permanent  land
cover changes and environmental degrada-
tion in  the  Brazilian  Amazon.  A  third  key
factor is that Brazil is by far the largest soy-
bean  and  livestock  producer  and  trader
among countries within the Amazon region
(Chung et al. 2020,  Voora et al. 2020). Fur-
thermore, as shown in Fig. 1 and Fig. 2, the
geographical  distribution  of  studies  re-
flects quite well  how the two drivers  are
actually spread within the region. The only
exception  regards  cattle  ranching  in  Ven-
ezuela:  according  to  FAOSTAT  (Fig.  1),  it
has  the  third  livestock  number  among
Amazon  countries,  but,  regrettably,  no
studies  about this  country  were found in
the literature.

Concerning the geographical distribution
of SP, Brazil dominates, confirming trends.
An interesting outcome of SP-country rela-
tions is that studies found in Brazil show a
clear pattern in proposing practices which
apply  to  the  large-scale/industrial  model,
that characterize the Brazilian territory. In
fact,  Eucalyptus spp.  or  timber  rentable
species  are  dominant  as  tree  species  in
agroforestry  and  silvopastoral  systems,
while the enhancement of tree species di-
versity  appears  rare in  the  proposed sys-
tems. This is in contrast with SP proposed
for the  other  Amazonian  countries.  For
Colombia, Peru, and Ecuador the proposed
SP  regarding  diversified  and  complex  sil-
vopasture practices, which can be applied
also at the small-scale, include native tree
species and nitrogen-fixing plants, and con-
sider a natural succession-based approach.
Interestingly, self-reported ES do not differ
so much between countries and type of SP.
This  suggests  to  take  into  consideration
trade-offs  among  such  diverse  practices
(e.g., the frequently cited C sequestration

is  often  not  correlated  with  biodiversity
conservation).

SP in cattle ranching and soybean 
cultivation

The transformation of primary/secondary
forest for agriculture, industrial legal/illegal
logging,  and pasture has  been and is  the
main direct driver of tropical deforestation
(Armenteras  et  al.  2019).  Furthermore,  a
relevant part (the 50% of total pastures in
Brazil, according to Dias-Filho 2015) of Am-
azon  pasturelands  is  classified  as  “de-
graded” and,  consequently,  shows a  sub-
stantial decrease in productivity. SP for cat-
tle  ranching  should  address  primarily  the
restoration of the productive potential  of
already  existing  degraded  pastures  (Cerri
et al. 2005, Montagnini 2008, Murgueitio et
al. 2011,  Calle et al. 2012,  Montagnini et al.
2013, Hohnwald et al. 2015, Landholm et al.
2019, Carvalho et al. 2020). In this perspec-
tive,  Strassburg et al.  (2014) and  Brandão
et al. (2020) estimated that increasing effi-
ciency  and  productivity  of  Brazil’s  grass-
lands and pasturelands could cover the cur-
rent  production  of  meat,  crops,  wood
products and biofuels  until  2040,  without
further conversion of natural ecosystems.
As indicated by our review, different types
of SP are available to contribute to pasture
improvement and restoration.

The SI approach (Tab. 1) aims to achieve a
best performing use of land in the livestock
sector  while  restoring  unproductive  and
degraded  pastures.  A  first  set  of  tech-
niques includes rotational grazing (Gil et al.
2018,  zu Ermgassen et al. 2018,  Pedrosa et
al.  2019),  improved pasture diversification
using  forage  legumes  (Hohnwald  et  al.
2006,  Dubeux-Junior et al.  2017,  Schultze-
Kraft et al. 2018, zu Ermgassen et al. 2018),
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Fig. 6 - Mean 
effect size and 
confidence inter-
val of SP in com-
parison with natu-
ral vegetation. 
Mean effect size 
(dots) and 95% 
confidence inter-
val (lines) of SP on 
the ES categories 
in comparison with
natural vegetation.
95% CI lines that do
not overlap the 
dashed line are sig-
nificant.
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and crop rotation and crop-livestock inte-
gration (Gil et al. 2015, Dos Reis et al. 2019,
Soares et al. 2020). A second SI approach
includes pasture improvement through fer-
tilization, irrigation and/or re-seeding,  cat-
tle nutritional feed supplements, improved
animal breeding, and feed-lot based inten-
sification with confinement. The review re-
vealed contradictions  and  trade-offs in  SI
application. The idea of SI proposes to pro-
duce  more  on  increasingly  smaller  land.
This  could  slow  deforestation  and  free
space for other food crops. However, con-
troversial  examples  are  reported:  (i)  the
risk of “rebound effects”, related to inten-
sification  in  agricultural  frontiers,  which
can itself induce agricultural expansion by
making the activity more rentable and at-
tractive (Latawiec et al. 2014, zu Ermgassen
et al. 2018); (ii) the connection between in-
tensification  and  infrastructure  develop-
ment (road construction, slaughterhouses,
etc.) which can increase deforestation (La-
tawiec  et  al.  2014,  Müller-Hansen  et  al.
2019); (iii) the negative effects of confine-
ment and feedlots on animal  welfare and
environment (Vale et al. 2019); (iv) the envi-
ronmental  trade-offs  between  intensified
and  extensive  cattle  production;  (v)  in-
creasing demand for water associated with
a  growing  cattle  herd  and  additional  re-
sources for feed in feedlot finishing (Lath-
uillière et al. 2019). Moreover, several prac-
tices behind SI can be capital intensive or
require high use of  resources  and invest-
ment capacity, thus creating barriers and a
possible  divide  between farmers,  increas-
ing leakage effects.

On the other hand, agroforestry, agrosil-
vopastoral and silvopastoral systems (Tab.
1) benefit from the functional and biologi-
cal  synergies  of  Soil-Plant-Animal-Atmos-
phere Metabolic Interactions (sensu Magd-
off 2011) well reported in the large mosaic
of agrosilvopastoral solutions (Carvalho et
al. 2018). Loker (1994) proposed a model of
a low external input agrosilvopastoral sys-
tem  for  the  tropics.  This  model  includes
well-adapted grass-legume pastures,  rota-
tional grazing and the management of nat-
ural  forest  regeneration.  Hohnwald  et  al.
(2015) tested  this  model  in  practice  and
found that  it  represents  a  promising and
ecologically  sustainable  alternative  for
smallholders.  De facto,  the  importance of
diversified  farming  systems  incorporating
farmer preferences and knowledge are cur-
rently  increasing  (Marchetti  et  al.  2020).
Amézquita et al.  (2005), comparing differ-
ent  silvopastoral  systems with  native for-
est and degraded pasture, reported higher
levels of SOC and concluded that they can
constitute a viable economic alternative to
farmers.  Also,  intensive  silvopastoral  sys-
tems, characterized by the high-density cul-
tivation  of  fodder  shrubs  and  trees  com-
bined with livestock grazing, are reported
as successful alternatives for tropical coun-
tries (Murgueitio et al. 2013). This approach
proposes a  “natural  intensification” strat-
egy (Calle et al.  2012),  contributing to de-

construct the dichotomy between agricul-
tural  intensification and land sparing.  The
introduction of Leucaena leucocephala is re-
ferred  as  a  useful  practice  (Chará  et  al.
2019). The inclusion of commercial  timber
species  can constitute  an interesting per-
spective  for  farmer  income  integration
(Silva et al. 2018, Ansolin et al. 2020, Pizarro
et al. 2020). The use of Eucalyptus spp. has
a notable importance, mainly in recent pa-
pers referring to silvopastoral  experimen-
tal  practices  in  large  properties  (De  Car-
valho  et  al.  2019,  Magalhães  et  al.  2019,
Domiciano et al. 2020,  Gomes et al. 2020).
Often,  the use of  Eucalyptus is  related to
the limitation of GHG emission intensity of
cattle production (Havlík et al. 2014,  De Fi-
gueiredo et al. 2017, De Oliveira Silva et al.
2018, Landholm et al. 2019, Eri et al. 2020),
one  of  the  reported  benefits  of  silvopas-
toral systems.

Regarding SP and their adoption, though,
cattle ranchers in the Amazon region gen-
erally show scarce interest. This lack of in-
terest  can  be  explained  by  the  so  called
“Amazonian cattle culture” (Hoelle 2014).
Landowners choose to adopt more SP only
when  the  marginal  return  of  extensive
ranching is lower than the intensifying one,
and/or land becomes a scarce resource (La-
tawiec et al. 2014). Additionally, land specu-
lation,  which  determines  directly  unpro-
ductive  profit-seeking  mechanisms,  influ-
ences the low adoption of SP since the real
objective is to maintain control over large
areas  while  awaiting  infrastructure  devel-
opment and higher land prices (Garrett et
al.  2017,  Sauer  2018).  Other  reasons  that
limit the adoption of SP include the lack of
validation  regarding  economic  viability
(Oliveira et al.  2017),  high implementation
costs  (Latawiec  et  al.  2017,  Lerner  et  al.
2017, zu Ermgassen et al. 2018) – in a sector
in which no-one is really willing to pay for
improvements –, difficulties to access cred-
its (Cortner et al. 2019) and lack of incen-
tives from public policies (zu Ermgassen et
al. 2018). However, the very limited adop-
tion of sustainable agricultural practices is
slowly changing, mainly because of the ex-
pected improvements  in  productivity  and
profitability, while the environmental con-
cern is not a priority for cattle ranchers (La-
tawiec et al. 2017).

With regard to SP in soybean production,
the  overview  differs  from  the  performed
analysis about cattle ranching. In fact,  we
have found a limited number of papers (13%
– see  Fig.  5)  addressing  sustainable  soy-
bean  productive  systems.  Soybean  is  a
large scale open-field crop, and this could
explain the lower suitability in adopting in-
tegrated  agriculture  and/or  agroforestry
practices,  perceived  as  small-scale  prac-
tices.  Consequently,  some  proposed  op-
tions in this direction resulting from our re-
view are: double-cropping systems (Hampf
et  al.  2020);  planting of  soybean  in  crop-
livestock  integrated  systems  (Gil  et  al.
2016); and/or inclusion of tree species in in-
tegrated systems (Martorano et al.  2016).

These systems appear  economically  more
sustainable (Dos Reis et al. 2019), can con-
tribute  to  mitigate  GHG  emissions  (Car-
valho et al. 2014) and to increase soil car-
bon stocks (Soares et al. 2020). Neverthe-
less, their success largely depends on suc-
cessfully  applied  good management prac-
tices and technical support, and are still far
from  a  broad  application  (Gil  et  al.  2016,
Oliveira  et  al.  2018).  Furthermore,  a  re-
ported factor  of  sustainability  in  soybean
cultivation in the Amazon region is its es-
tablishment  on  previously  cleared  and/or
abandoned  pastures,  addressing  the  po-
tential restoration of degraded land. How-
ever, a strong side effect is the consequent
displacement of cattle ranching to the for-
est frontier (Barona et al. 2010, Domingues
&  Bermann  2012,  Gollnow  &  Lakes  2014,
Maranhão et al. 2019, Picoli et al. 2020). In
conclusion, as evidenced from the review-
ed papers,  it  appears  that  the actual  sus-
tainability of soy refers essentially to public
policies and supply chain initiatives that are
supposed to reduce deforestation and miti-
gate soy negative impacts.

Meta-analysis of the effects of SP on ES
The  first  relevant  finding  of  our  meta-

analysis was the low number of studies fit-
ting the inclusion criteria, revealing a criti-
cal gap in the scientific knowledge of the
use of SP in the Amazon. In a meta-analysis
on the effects of agroforestry systems on
biodiversity and ES in Europe (Torralba et
al.  2016),  53  studies  were  assessed,  but
with a clear geographical concentration, in-
dicating  that  also  in  Europe  there  is  an
overall lack of empirical information.

Despite the relative low number of stud-
ies, the performed meta-analysis indicates
that SP promoted an increase in four on six
ESs as compared to conventional cropland
and pastures and only woody biomass was
lower as compared to natural  vegetation.
In  the  SP1  dataset,  the two services  that
were  negatively  affected  were  crop  yield
and herbage biomass. Crop yield was nega-
tively affected in all SP, and was responsi-
ble for the negative coefficient of the over-
all model. Such negative effect could be at-
tributable  to  the  shading  effect  of  trees,
and it was much higher in the corn crop (a
C4 plant) than in soybeans (a C3 plant), the
latter being significant only after the fourth
year of SP implementation (Magalhães et
al. 2019). The negative effects of SP on her-
bage  biomass  were  somehow  expected
due to two major reasons: firstly, this vari-
able was not measured in the pasture im-
provement  studies;  furthermore,  as  for
crop yield, shading is known to reduce the
productivity  of  grasses  (C4 plants).  How-
ever, studies indicating a negative effect on
herbage biomass  detected a  positive and
significant effect on livestock productivity.
This result suggests that herbage biomass
is not always a good predictor, as for ex-
ample  the  thermal  comfort  (shade)  pro-
vided  by  trees,  or  food  production  pro-
vided by woody species,  may be relevant
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for  livestock  productivity  (Junior  et  al.
2019). A similar trend was found in the Eu-
ropean meta-analysis, with a negative rela-
tionship detected for biomass production,
while  food  production  was  positively  af-
fected  by  agroforestry  (Torralba  et  al.
2016).

Soil  organic carbon (SOC)  was higher in
all  SP as compared to conventional  crop-
land and pastures. In the silvopasture sys-
tems,  the  presence  of  trees  directly  im-
prove  the  carbon  translocation  from  the
sub-soil, both as foliage decay and as depo-
sition of  woody material  (e.g.,  branches).
Additionally,  trees  increase  soil  humidity
and protection from erosion, as well as en-
hance the abundance and diversity of soil
organisms  (fungi,  bacteria,  micro-arthro-
pods), facilitate decomposition and, conse-
quently,  carbon accumulation (Cruz  et  al.
2019, Petter et al. 2017). Crop rotation and
pasture  improvement  also  enhanced  the
SOC content, indicating that even in the ab-
sence of trees these practices are benefi-
cial for soil quality (Mosquera et al. 2012).
In  accordance  with  our  findings,  a  meta-
analysis  of  the effects  of  agroforestry  on
SOC stocks found positive effects for agro-
forestry  systems  in  relation  to  conven-
tional croplands, pasturelands and unculti-
vated  areas  in  various  soil  horizons  and
depths (De Stefano & Jacobson 2018). Nev-
ertheless,  these  authors  found  that  the
conversion  of  forests  to  agroforestry  de-
creased  SOC  amount,  while  in  our  case
there  was  a  positive,  though  non-signifi-
cant, relationship. Such a result was an out-
come  of  the  comparison  against  pasture
improvement systems, once well managed
pasturelands  are  known  to  present  high
levels of SOC, although a relevant fraction
was accumulated by the pre-existing forest
before  the  pasture  establishment  (Mos-
quera et al. 2012, Rittl et al. 2017).

Soil  fertility  was  positively  affected  by
crop  rotation,  agrosilvicultural  and  silvo-
pastoral  practices  in  both  SP1  and  SP2
datasets. Due to a higher input of organic
matter and a higher protection against en-
vironmental  agents  (rain,  wind,  sunlight),
such  practices  enhance  the  accumulation
and  transformation  of  most  nutrients
(Hohnwald et al. 2015, Silva et al. 2018). The
improvement  of  soil  fertility  and nutrient
cycling  in  agroforestry  systems  has  also
been  observed  in  Europe (Torralba  et  al.
2016). In addition to the chemical compo-
nents  (nitrogen,  phosphorous  and  sodi-
um), our results indicated that SP practices
also  enhanced  soil  microbial  and  macro
fauna abundance and diversity, a very im-
portant though often overlooked indicator
of soil fertility (Barros et al. 2003,  Cruz et
al. 2019). Additionally, SP practices also re-
duced the potential of nitrification, a criti-
cal process in many agricultural fields (Cu-
billos et al. 2016).

As expected, woody biomass was higher
in  the  silvopastoral  and  agrosilvopastoral
systems evaluated.  Besides  producing im-
portant  ES  and  improving  biodiversity,

woody biomass is an important source of
income diversification (Ansolin et al. 2020,
Domiciano  et  al.  2020,  Silva  &  Schwartz
2019),  counterbalancing  the  reduction  of
crop  yield  and herbage biomass  found in
our  results,  although such direct  compar-
isons  are surprisingly  poorly  quantified in
the literature (Torralba et al. 2016).

Limitations of the meta-analysis
For a correct interpretation of our results,

some considerations must be taken into ac-
count. The first limitation of our meta-anal-
ysis is the reduced number of studies meet-
ing  the  selection  criteria  (only  13  out  of
144). The studies were discarded because
they lack primary  quantitative data,  com-
parisons against a reference system or re-
quired information (means, standard devia-
tions and sample sizes), strongly reducing
the spectrum of ES provided by SP in the
Amazon. Such narrow filtering, however, is
a common issue in meta-analysis,  particu-
larly  those  targeting  complex  agricultural
practices  such  as  agroforestry  and  vari-
ables related to ES or biodiversity (Pliening-
er et al. 2014,  Torralba et al. 2016,  De Ste-
fano & Jacobson 2018). Another constraint
for interpretation is the lack of standardiza-
tion of the sampling protocols,  as well  as
the high heterogeneity of the variables as-
sessed, as mentioned in other meta-analy-
sis (De Stefano & Jacobson 2018).

Public policies and supply chain 
initiatives

The promotion of public policies, civil so-
ciety actions and/or private arrangements
on the meat and soy supply chain result as
strategic assessments to mitigate the cat-
tle and soybean sector’s negative impacts
and to foster their sustainability. These ini-
tiatives include,  on one side,  government
conservation interventions,  such as incen-
tive-based  regulations,  establishment  of
protected  areas  and expansion of  indige-
nous lands, land regulations, and police op-
erations  against  environmental  crimes
(Müller et al. 2013, Le Polain De Waroux et
al.  2019,  Picoli  et  al.  2020).  On the  other
hand, interventions in the supply chain in-
clude  the  non-state  market-driven  gover-
nance  systems (Buckley  et  al.  2019),  that
should  consider  compulsory  public-driven
initiatives,  policies  and  regulations  and
combine  private  sector,  civil  society  and
government  interventions.  They  include
roundtables, steering councils, zero defor-
estation agreements and other multi-stake-
holder initiatives based on voluntary certifi-
cation and market exclusion mechanisms,
to create sustainable production standards
(De Souza et al. 2017).

With regards to cattle ranching, the TAA
“certification  policies”  and  “supply  chain
initiatives” were addressed by 26% of the
papers reviewed (Fig. 2). Early measures to
combat deforestation determined by cattle
ranching (started in the early 2000s) were
represented  by  public  policies,  primarily
based  on  command-and-control  instru-

ments.  Later  on,  pressure  on  the  main
meat distribution chains has increased, and
this has determined the implementation of
different  initiatives.  Representative  exam-
ples, in the case of Brazil, are the TAC (liter-
ally:  Term of Adjustment of Conduct) and
the “zero-deforestation agreement”, sign-
ed  in  2009.  In  both  cases,  meatpacking
companies have committed to block acqui-
sition  from  farms  performing  any  defor-
estation after  the agreement date (Gibbs
et  al.  2016,  Guéneau  2018).  Furthermore,
the  Brazilian  Roundtable  on  Sustainable
Livestock (GTPS), activated in 2009, based
on  a  system  of  multi-stakeholder  gover-
nance and claiming for a global/local large
partnership,  declares  the  commitment  to
zero  deforestation,  with  the  creation  of
the conditions and forms of compensation
to make it viable (De Souza et al. 2017). The
stated goal of GTPS  is to drive the transi-
tion towards the sustainability  of the sec-
tor, thanks to certification standards, veri-
fying  that  producers  comply  with  estab-
lished criteria and supporting firms to pur-
chase  certified  products  (Buckley  et  al.
2019). A reported limit of these approaches
is that they are hardly able to be widely ap-
plied, and generally they include only large-
scale  farmers/companies  (Silva  &  Lima
2018), reinforcing the cattle (and soybean)
typical  “productive  exclusion”  of  small
farmers  (McKay  &  Colque  2015).  In  fact,
large farmers connected to global agribusi-
ness  are  considered  key  players  due  to
their scale of production; while in contrast,
diversified systems of family farmers could
have greater  potential  for  sustainable de-
velopment  (Medina  &  Dos  Santos  2017),
but are hardly considered. Other limits re-
ported are related to the fact  that  cattle
are  often  raised  on  multiple  properties
prior to slaughter, fattened on noncompli-
ant ranches, and then moved to a compli-
ant property before sale to the slaughter-
houses  (so-called  “laundering”),  or  even
moved to regions not yet monitored by the
agreements (so-called “leakage” – Gibbs et
al. 2016, Brandão et al. 2020). This is mainly
due to inadequate monitoring approaches
and  large  segments  of  the  cattle  supply
chain  that  are  not  tracked,  meaning that
such agreements do not necessarily trans-
late into effective changes in sustainability
(Buckley et al. 2019).

Regarding soybean, many specific efforts
to control deforestation emerged from the
government,  the  private  sector  and  the
civil society. These topics are addressed by
87% of the collected papers (Fig. 5). In fact,
at  the  global  level,  there  is  a  growing
recognition and awareness of the remote
environmental  damages  driven  by  global
food  consumption,  which  encouraged
many  private-  and  public-sector  commit-
ments  to  reduce  impacts  (Green  et  al.
2019).  Besides  the  well-established  effec-
tiveness  at  reducing  deforestation  rates,
the success of these interventions suffers
numerous  shortcomings.  As  an  example,
the  Soy  Moratorium,  highly  promoted  in
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the last 15 years, represents the first large
scale,  voluntary  zero-deforestation  agree-
ment created in collaboration between civil
society, agribusiness industry and the Bra-
zilian government, first signed in 2006 and
extended to date. It is widely reported by
the literature that, just after launching the
moratorium,  deforestation  linked  to  soy-
bean plantation in the Brazilian Amazon ex-
perienced a consistent decline (Rudorff et
al. 2011, Nepstad et al. 2014, Azevedo et al.
2015, Gibbs et al. 2015, Kastens et al. 2017).
Nevertheless, the reduction of direct pres-
sure of soybean on the Amazon forest indi-
rectly displaced other activities, mainly cat-
tle ranching, impacting again on the forest
frontier (Maranhão et al. 2019,  Nepstad et
al.  2019,  Picoli  et  al.  2020).  Furthermore,
such reduction in the Amazon determined
a displacement of soybean environmental
pressure to other biomes, such as the Bra-
zilian  Cerrado (the current major soybean
expansion frontier), concretely limiting the
effectiveness of the moratorium (Dou et al.
2018,  Gollnow  et  al.  2018,  Rausch  et  al.
2019,  zu  Ermgassen  et  al.  2020).  Finally,
most  of  the  actual  soy  production  is  not
monitored  by  the  moratorium,  making
monitoring and cross checking impossible
(Lima  et  al.  2019).  Soterroni  et  al.  (2019)
and Nepstad et al. (2019) have proposed to
expand the Soy Moratorium to the Brazil-
ian  Cerrado,  taking  into  account  that  the
Brazilian legislation is much less restrictive
in  terms  of  permitted  clearings  in  this
biome, compared to the norms applied in
the  Amazon.  Another  example  of  multi-
stakeholder voluntary governance mecha-
nism  is  the  Roundtable  on  Responsible
Soy,  which creates  certification standards
to verify that producers comply with estab-
lished  criteria  and  to  support  firms  pur-
chasing  certified  products.  Nevertheless,
its actual extremely low adoption rate and
the small area of application compared to
global soy area is a limitation to its effec-
tiveness (Garrett et al. 2016). Furthermore,
the soybean supply chain suffers from lim-
ited  traceability.  Leakage  and  laundering,
processes through which soy grown on re-
cently deforested area is included into the
supply chain using tangled loopholes (Silva
& Lima 2018, zu Ermgassen et al. 2020), and
noncompliance  with  legal  requirements
have  been  detected  in  properties  that
were  “respecting”  the  moratorium  crite-
rion (Azevedo et al. 2015).

Conclusions
The  results  of  the  present  review  high-

lights a wide concern around the impacts
of  soybean  crops  and  cattle  ranching  on
the expansion of the agricultural frontier in
the  Amazon  rainforest.  The  implementa-
tion of SP in their production chains is cru-
cial. Nevertheless, research activities on in-
dicators quantifying the benefits of apply-
ing  SP need to be implemented,  as  high-
lighted by the meta-analysis. For example,
despite  the  importance  of  crops  in  the
Amazon region, also as deforestation driv-

ers, crop-yield comparisons were found in
only one study. This fact represents a very
considerable gap and reflects a critical re-
search weakness. 

As a general conclusion, we should state
that most of the papers are based on proc-
ess- and discourses-oriented analysis more
than deepening the robustness of claimed
solutions.  They  draw  a  vivid  picture  of
problems and statements, driving to gover-
nance approaches, but data on the effec-
tiveness of SP, their comparability and re-
plicability  in  research  programs,  are  still
very poor.

Nevertheless,  some  possible  solutions
stand out from our analysis. Regarding cat-
tle ranching, it should be necessary to im-
prove:  the  study  and  implementation  of
best practices; the incentive for increased
productivity  through  technical  assistance;
and the decentralization of livestock keep-
ing,  instead  of  reinforcing  the  current
trend toward larger landless livestock hold-
ings.  However,  with  regards  to  soybean
cultivation,  it  seems  that  limited  sustain-
able solutions, both for practices and poli-
cies, are available.

There  remains  an  open  question  about
how cattle  ranching  and soybean  cultiva-
tion  in  the  Amazon  will  become environ-
mentally  and  socially  sustainable  in  the
long  term.  First  of  all,  forests  should  no
longer be reconverted to agricultural use.
The reduction of soybean and cattle farm-
ing in the Amazon and the application of
SP to increase efficiency and production of
already existing productions appears to be
crucial.  The restoration and ecological im-
provement of degraded pastures, the use
of  agroforestry  and  silvopastoral  systems
should be supported, rather than industrial
SI,  whose  numerous  shortcomings  have
been demonstrated.

Profound changes in consumer behavior
and diet are crucial,  too: global reduction
of  meat  consumption;  fostering  of  food
traceability; inclusion of the environmental
costs of agricultural production in the price
of  food,  to  build  a  growing  awareness
among  consumers;  eating  quality,  not
quantity.  A  comprehensive  approach  to
achieving sustainability through a combina-
tion of solutions should be performed, to
achieve social, economic and environmen-
tal objectives. In fact,  the current focuses
tend  to  ignore  the  negative  externalities
with  respect  to biodiversity  conservation,
social  equality,  land  rights  and  climate
change.

Furthermore,  the pressure of  deforesta-
tion in the Amazon might stimulate policies
and their assessment should take into ac-
count  the  increasing  coupling  between
production  sectors  and  geographic  loca-
tions and, at the same time, must be thor-
oughly  grounded  in  an  understanding  of
the  region’s  agriculture  and  social  pro-
cesses, including the land tenure issue.

A  possible  input  for  further  research
should be the broadening of  research fo-
cus to other biomes under risk caused by

the two drivers investigated in this study.
In Latin America, this may be the case for
the Chaco, a cross-country area (Argentina,
Brazil,  Bolivia  and  Paraguay)  seriously
threatened  by  degradation  dynamics,  or
for  the  Brazilian  Cerrado,  highly  endan-
gered by soybean and cattle ranching ex-
pansion.
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