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ABSTRACT

Manual static chamber is one of the most widespread methods for the quantification of greenhouse gases
(GHGs) emission from agricultural systems. But there are concerns about the reliability of measurements and
a necessity to assess the static chambers used in the studies performed in the countries of Latin America. Thus,
this study aims to investigate the quality of static chambers used for GHGs measurement in scientific articles
following international recommendations and assess the confidence level of static chambers. A systematic
review of databases was conducted to identify peer-reviewed articles that used the static chamber method in
Latin América. A total of 90 articles were analyzed and separated according to the publication year (2000-
2008, 2009-2015, 2016-2020). This time interval was selected to assess the influence of key publications with
guidelines and criteria for the method published in 2008 and 2015. Six design and deployment chamber
characteristics were evaluated. The chambers received a global score for a confidence level according to their
characteristics scores and the weight of each one. The percentage of articles with high confidence level
increased within the time, and the number of articles with low confidence level reduced. Researchers should
continue to follow the Global Research Alliance protocols, especially the most updated ones.
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INTRODUCTION

Most of the understanding of soil greenhouse gases (GHGs) emission dynamics and emission factors
(EF) are based on measurements using manual static chambers in which the gases are collected and
transferred manually, or pumped directly, to glass vials with a vacuum, and then analyzed using the
gas chromatography technique (CARDOSO et al., 2019; CHADWICK et al., 2018; HARVEY et al.,
2020; PARKIN; VENTEREA, 2010; SHANG et al., 2020).

Different materials and designs of static chambers have been used together with different
methodological procedures, which have implications and concerns on the reliability of measurements
and the comparison between data in the literature (ALVES et al., 2017; BUCKINGHAM et al., 2014;
LOPEZ-AIZPUN et al., 2020; ROCHETTE; ERIKSEN-HAMEL, 2008). Attentive to this, Rochette
and Ericksen-Hamel (2008) proposed a set of sixteen criteria based on experimental data and
considerations based on theories of gas dynamics to classify how reliable were the published
measurements of N2O emissions. They observed that 60% of the 356 studies from 1978 to 2007 all
over the world generated results that could be characterized as very low and low confidence, which
were the classification of 67% of the 27 studies from South America. Moreover, none of the chamber
from studies of South America were considered of high confidence. The insertion depth of the
chamber base, chamber height and the deployment period were characteristics related to chamber
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design highlighted as of concern according to Rochette and Ericksen-Hamel (2008). In more than
50% of the studies from South America, the index "chamber base insertion into the soil” was <5 cm
h! and the chamber area/perimeter ratio was only satisfactory (good or very good rates) in less than
40% of the studies.

From the above, a reassessment of protocols adopted in Latin America for soil N2O measurements
based on the static chamber is desirable given the increasing importance and intensity of studies on
GHGs in this century and to evaluate how effective were the efforts to establish standard practices
for using static chambers.

Therefore, it is necessary to reassess the reliability of the static chambers used in the studies
performed in the countries of Latin America following the standard criterion recommended by
reference researchers in this area (Rochette & Eriksen-Hamel 2008) and by the Global Research
Alliance on Agricultural Greenhouse Gases (GRA) (DE KLEIN et al., 2020; DE KLEIN; HARVEY,
2015). Latin America is an emerging continent for global food supply, and this role can be even
greater in the future depending on improvements in technology and land use (FLACHSBARTH et
al., 2015; SA et al., 2017), to which potential impacts on GHGs emissions and the development of
mitigation practices must be reported accurately.

Thus, the objective of this study was to assess the confidence level of static chambers, according to
their characteristics.

MATERIAL AND METHODS

We performed a systematic literature review (BUCKINGHAM et al., 2014) to compile scientific
articles that quantify soil GHGs using the manual static chambers methods in agricultural systems in
Latin America. The searches were made using the Web of Science, Science Direct, and Google
Scholar web-platforms databases. A set of criteria was devised to screen scientific studies for
relevance to our objectives in a standardized, systematic manner, that were: (i) studies quantifying
N20 or CH4 emissions from soil/plant residues, from fertilizers and excreta (feces and urine) from
livestock in the field conditions; (ii) only to consider studies that were carried out in Latin American
(i.e., Central and South America) countries; and (iii) to include field studies performed in one of the
three types of agricultural systems: pastures, crops or in Integrated Crop-Livestock-Forest (ICLF)
systems.

The articles were selected according to the screening criteria cited above. Thus, articles were
separated into three-date intervals, e.g., those published between 2000 and 2008, 2009 and 2015, and
between 2016 and 2020. We decided to evaluate these time intervals due to two main reasons: i) in
2008 was published a milestone study taken as a reference with several recommendations and criteria
related to the static chamber method (ROCHETTE & ERIKSEN-HAMEL, 2008); ii) in 2015, a
guideline protocol was published by the Global Research Alliance on Agricultural Greenhouse Gases
(GRA), a global alliance between countries to find ways to produce more food without increasing
GHG emissions (SHAFER et al., 2011). Therefore, the division of the selected articles in these three-
time intervals aims to verify the influence of these key publications on the confidence level of the
chambers used on studies in Latin America.

The six characteristics of the chambers evaluated in this work were related to the details of the
chambers design and deployment procedures, that were: height, area, and perimeter of the chamber,
insertion depth of the chamber base into the soil, duration of deployment, and the number of samples
taken during the deployment time. To verify the quality of the chamber method, its characteristics
were evaluated according to the criteria developed by Rochette and Eriksen-Hamel (2008), which
indicate the values or ranges of values to qualify each one as very good, good, poor, and very poor
(Table 1).
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Table 1. Criteria used for the evaluation of chamber quality

Qualification
Chamber Characteristics Unit Very Poor (0) Poor (1) Good (2) Very Good (3)
Criteria
Chamber height index cmht <10 10to <20 20 to < 40 >40
Base insertion index cm ht <5 5to<8 8to<12 >12
Area/perimeter ratio cm <25 261t0<6.25 6.26 to < 10 >10
Duration of deployment min > 60 >40 - 60 >20-40 <20
Number of samples Ne 1 2 3 >3

Chamber height index: ratio of height (cm) to duration of deployment (h); base insertion index: ratio between
insertion into the soil (cm) by duration of deployment (h). area/perimeter ratio: ratio of the area of the chamber
(cm?) to the perimeter (cm) (if the shape is cylindrical, the diameter is used; with the rectangular shape, the
length and width are used). For the deployment duration and number of samples per deployment period, the
exact numbers described in the study were used. The numbers between parenthesis are the score for each
gualification class. Source: Rochette and Eriksen-Hamel (2008).

Therefore, each characteristic received a score that was linked to its quality according to Table 1,
which was: very good = 3; good = 2; poor = 1; and very poor = 0. From that, the scores were averaged
for all studies found in each time interval to release a general score for each characteristic from the
measurement protocol, which where: 0-0.74 = very poor; 0.75-1.49 = poor, 1.50-2.24 = good; and
2.25-3.0 = very good.

Besides evaluating the characteristics individually, weight was also placed on each of them according
to the importance of each characteristic for the confidence level of the chamber. For instance, the
base insertion into the soil (cm ht) is classified as a "primary" characteristic, so received the highest
weight (0.3 - Table 2), due to this characteristic having a more significant impact on soil gas leaks,
depending on the soil type (ROCHETTE & ERIKSEN-HAMEL, 2008). The "secondary"
characteristics as the number of samples, area/perimeter ratio, and chamber height index received the
weight of 0.2, and the duration of deployment received the weight of 0.1.

It was possible to obtain a global score for each chamber used in each study, by multiplying the score
received by the numerical characteristic to the weight referring to it. Therefore, static chambers had
their reliability classified into four levels: very low (0-0.74), low (0.75-1.49), medium (1.50-2.24),
and high (2.25 -3.0). It was possible to obtain the percentage of studies that were classified in each
level for all three-time intervals.

RESULTS AND DISCUSSIONS

A total of 90 studies passed through the screening criteria and were selected for the chamber
evaluation. For all the analyzed periods (2000-2008, 2009-2015, and 2015-2020) it was possible to
observe the highest concentration of studies at the medium confidence level. Also, it was possible to
notice the number of studies with low-confidence decreasing and the percentage of high-confidence
studies increasing with time.

Considering the publications from 2000 to 2008, 62.5% of the studies presented a medium level of
confidence, 37.5% a low level, whereas no studies obtained a high level. For the time interval between
2009 and 2015, 8.3% of the studies were classified as of high confidence level, 75.0% medium level,
and 16.7% low level. For the 2016 and 2020 studies, this proportion was 17.4% with high levels of
confidence, 71.7% with medium level, and only 10.9% with low level (Figure 1).
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Figure 1. Proportion of studies associated with each level of confidence for each time interval.

From an analysis of studies from all over the world, Rochette and Eriksen-Ramel (2008) concluded
that the level of confidence of the GHGs flows in 60% of these studies was low or very low due to
the low scores of the characteristics or lack of reporting of methodological details. Thus, in that study,
the confidence level increased with time, as the proportion of studies with high or medium confidence
increased from 29% of the studies in 1990 to 50% after 2005. Besides that, the number of studies
with very low confidence levels decreased from 46 to 9% between 1990 and 2005, respectively.
Around 57% of all studies, they considered received very poor or poor scores for more than half of
the characteristics. The characteristics that have slightly improved were chamber height and number
of samples taken, from 1980 to 2007. But Latin American studies were considered weaker when
compared to other regions, and this situation motivated the present work to evaluate what happened
with chamber studies after 2008. Latin America is a key continent for food production in the world,
making the characterization of production systems necessary with reliable analyzes of the impacts
and development of mitigation strategies (CLARKE et al., 2016; SA et al., 2017).

was also observed that over the years, the proportion of Latin American studies about GHGs using
static chambers with a high confidence level has increased while the proportion with a low confidence
level has decreased. This indicates the improvement of the chambers used in the studies after the
publications of standard protocols that clarify the best conduct of this methodology (ROCHETTE &
ERIKSEN-HAMEL, 2008; DE KLEIN & HARVEY, 2015). The continuous improvement of the
confidence level in the studies carried out after 2008 and after 2015 is a strong indication that these
publications and international recommendations had contributed to improving the researches with
static chambers in Latin America.

CONCLUSIONS

The evaluation made by this paper was only about the design and deployment chamber characteristics,
and to determine the confidence of the complete method (storage, analytical technique, and flux
calculation) it is necessary to evaluate characteristics from other important practices too. In general,
there was an increase in the number of studies that had a high confidence level over the three periods
evaluated. Besides, the number of studies with low confidence levels had been reduced, evidence of
gain in data quality. It is recommended that researchers continue to follow the GRA protocols when
working with static chambers, especially the most updated ones.
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