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Abstract

Stubble burning in Chile is a common practice used for the farmers but it causes nutrient
losses , erosion and environmental pollution. An alternative to change this situation is the
incorporation of crop residue to improve the soil quality. The objective of this research
was to compare the effects of the incorporation of oat stubble and stubble burning on
the chemical and physical properties in an Humic Haploxerands soil with crop rotation
oat-wheat. A completely randomized experimental design was used by two treatments of
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incorporation and stubble burning with soil sampling at depths of 0-5, 5-10 and 10-20cm,

with three replicates. The results showed that stubble incorporationrepresents an sustainable
management alternative for the ash volcanic soils, that improve the soil pH, organic matter ,

potassium exchangeable , aggregates stability and soil porosity.
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Introduction

The stubble incorporation is a beneficial practice to avoid soil
degradation, maintain fertility, increase crop yield, improve soil
physical properties,and enrich the microbiota.!? Stubble burning is
the physical removal of crop residue that it is easier for the farmer
to burn the stubble after harvest and prepare the soil quickly for the
next sowing, but emitting a large amount of dangerous pollutants,>*
causing serious damage to human health and the environment.>”’
Besides, it affects the productivity of the soil by eliminating essential
macronutrients such as N, P, K and micronutrients,® raises the soil
temperature up to 42°C and eliminates soil microorganisms until
2.5cm soil depth.’ In Chile, the stubble burning is aused by farmers,
to control diseases and weeds, eliminate the high volumes of straw
produced by cereals, and to facilitate the sowing of the next crop.'® It
has been used for centuries by farmers to clear agricultural land, but
it is necessary to strengthen policies to limit the stubble burning.'"!?

This practice is not sustainable in the next years and the pressure
to eliminate it will become evident, as it happened in developed
countries. In this regard, in the Kingdom United, the law states that
no person engaged in agriculture shall, on agricultural land,burn any
crop residues, unless the burning is for the purposes of education or
research, disease control or the elimination of plant pests.'* Therefore,
it is necessary to implement stubble incorporation , as a sustainable
practice to improve soil quality, since it generates positive effects
on infiltration, water holding capacity , less weed germination,
protection against erosion, improving the structure and stability of
soil aggregates.'

The aim of this research was a comparison between the effects of
the incorporation and stubble burning on the chemical and physical
properties of an Andisol in the Andean foothills of Nuble Region,
Chile.

Materials and methods

The experiment was conducted in the El Carmen commune (18.36
°54°43”S, 71 °54°13” W, altitude 314m.), Nuble Region, Chile. The
soil is classifiedas Humic Haploxerands (Mayulermo Series). The
climate is warm mediterranean, maximum temperature of 28.7°C in
January, and minimum in July of 3.4°C, average annual temperature

was 12.7°C, average annual rainfall was 1,393mm, the annual mean
evaporation was 1,386mm, the annual relative humidity was 72%,
with a frost-free period of 196days and a dry period of Smonths with a
water deficit of 693.3 mm between October and March.'®

The field experiment was carried out during 2016-2017 growing
season using a completely randomized design with two treatments of
lha (10,000m?) each one. These were: T1: sowing of ‘Pantera’ wheat
on incorporated oat stubble (10t ha'); T 2: sowing ‘Lleuque’ wheat on
burnt oat stubble. Soil samples were collected at three depths, 0-5cm,
5-10cm and 10-20cm, for each treatment. Soil samples were dried
at room temperature and sieved <2mm, determining : pH, organic
matter (OM), nitrogen (N), phosphorus (P), potassium (K), calcium
(Ca), magnesium (Mg), and sodium (Na) by analytical techniques.!®

The physical soil properties determined were: bulk density by the
cylinder method,'” water availability by the water chamber method,'®
hydraulic conductivity by the constant height permeameter method"
and soil aggregate stability.® In addition, it was determined total
porosity macroaggregates, microaggregates and mean weight diameter
(MWD)."” The analysis was carried out in the Soil Laboratory of the
University of Concepcion, Chillan (Chile).

The results of the chemical and soil physical properties were
subjected to an analysis of variance (ANOVA). The assumption of
normality was verified with the Shapiro-Wilks test. Differences
between means were verified by test LCD with a confidence level
0<0.05%. Data analysis was performed using SAS software (Statiscal
Analysis System).”!

Results and discussion

The chemical evaluation of the different treatments (Table 1)
shows that OM content in the stubble incorporation for depth 0-5cm
(T1.5) was higher (P<0.05) in the OM content, as compared with
other treatments. This is due to the straw decomposing more quickly
if it is kept in contact with the surface layer of the soil depth Scm,
where aerobic bacteria are more active and promote the activity of
soil enzymes®?. Therefore, the mixture of straw with the soil and other
crop residues in the upper part of the soil, immediately after harvest,
produces the release of nutrients in the soil."!
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The OM contents in the three depths were always higher in the
treatment with stubble incorporation, especially in 0-5 cm soil depth,
which improves the quality of the soil and its productivity, increasing
the soil sustainability and productive process. The straw, decomposed
by soil microorganisms, improves the availability of nutrients, on the
other hand, with burning important amounts of nutrients are lost to
the atmosphere, almost all of the carbon, sulfur and organic nitrogen,
and part of the phosphorus and potassium remains in the ashes, that
is carried by the wind or water runoff." In this regard,'® established
that with the stubble burning, all the organic carbon, 90% N, 25% K
and 50% S, is lost in the form of various gases and particulate matter.

The soil shows normal acidity for soils derived from volcanic ash,
however, the treatment with stubble incorporation in the first 10cm
was significantly (P<0.05) more basic than the treatment with stubble
burning (Figure 1), highlighting the increase in pH by 0.24units in
the first 5cm, this would be equivalent to an application of 2.18t ha™!
of calcium,? a situation that is reversed at 20cm soil depth. Some of
the factors that influence soil acidity are the decomposition of OM,
however, the most significant source of acidification is the use of N
ammoniacal sources, mainly urea,' which is applied by farmers with
a dose of 200kg ha'.

The levels of N, P and K (Table 1) for both treatments with
burning and stubble incorporation were high to medium in all depths
analyzed, however, phosphorus in the 10-20cm soil layer reduced
its concentration significantly (P<0.05) in the burning treatment. In
relation to inorganic nitrogen, the burning treatment presented higher
values (P<0.05) than the treatment with incorporation of stubble,
especially in the depth 0-5cm with 85.05mg kg™!, which is considered
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high if is greater than 60mg kg™, probably due to the fertilization of
200kg ha™' of urea carried out by farmers in the treatment with burning,
hence the levels found in this treatment may favor losses and decrease
the N use efficiency , with environmental and economic negative
consequences.” Treatment withstubble incorporation presents lower
nitrogen levels, 43.07mg kg'at 0-5cm: 35.83mg kg'at 5 -10cm
and 27.43mg kg'at 10-20cm soil layer, but with ahomogeneous
distribution in depth, which would reduce losses and improve the use
623

nitrogen efficiency.
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Figure | Effect of incorporation and stubble burning on the soil pH at three
depths in an HumicHaploxerands of Andean foothills at the Nuble Region,
Chile.T1.5: Incorporation 0-5 cm; T2.5: Burning 0 -5 cm; T 1.10: Incorporation
5-10 cm; T2.10:  Burning 5-10 cm; T1.20: Incorporation 10-20cm; T2.20:
Burning 10- 20 cm.

Table 1 Soil chemical properties of an HumicHaploxerands with incorporating vs stubble burning at Andean Nuble foothills, Chile

T OM pH N P K Ca Mg Na C:N
TI.5 16,03a 62a 4307b 2907b 457 a 799 08lab 024b 11,67b
T2.5 1397b  596c 8505a 3443a 391 b 844a 0,59 0,17c 9,73 f
TI.IO  13,72b 6,172 3583c 29l b 2377c 563e 08b 03la 12,532
T2.10  12,77¢  6,09b 353 ¢ 222 c¢ 233,3c 746c 0,57c 0,24b  10,63d
TI20 11,22d  6,09b 2743e 12,17d 110,3e 4,88 08lab 03 a 11,03
T220 10,27e 6,172 2933d 857 e 127,7d 6,28d 0,84a 0,17c  10,23e
cv 1,60 0,43 2,05 1,13 1,22 2,43 2,70 7,31 1.31
LSD 0,39 0,04 1,59 0,46 5,00 0,3 0,04 0,03 0,26

T: treatment; OM: organic matter (%); N: nitrégen (mg kg -1); P: phosporus (mg kg-1); K: potassium (mg kg-1); Ca: calcium (cmol(c) kg-1); Mg: magnesium (cmol(c)
kg-1); Na: sodio (cmol(c) kg-1); C/N: Carbon/Nitrogen ratio.T 1.5: Incorporation 0 a 5 cm;T2.5: Burning 0 a 5 cm;T1.10: Incorporaction 5-10cm; T2.10: Burning
5-10 cm; T1.20: Incorporation 10-20cm; T2.20: Burning 10 a 20cm. CV (%):Variation coefficient. LSD: least significative difference. Different letters in the same

column indicate significative according Student test (P<0,05).

The phosphorus levels in the soil for both treatments presented
high to medium levels. In the 0-5 cm soil depth, the treatment with
stubble burning presented a significantly higher phosphorus content
(P<0.05) than the treatment with stubble incorporation, this situation
is reversed from 10-20cm soil depth, a fact that results favorable since
it has a medium and homogeneous concentration at 20 cm depth.
Potassium presented average levels for both treatments, favoring
significantly (P<0.05) the levels of the treatment with incorporation
of residues in the first 10cm of depth (Table 1).

The levels of Ca, Mg and Nawere adequate, calcium in both
treatments presented high levels for the first 5 cm, and then moderate
at a greater depth; the magnesium, levels were medium. Regarding
sodium, the levels were low for both treatments and all the depths
analyzed.

The C: N ratio was low, which favors the OM mineralization,
however, the treatment with stubble incorporation always significantly

(P<0.05) greater than the treatment with burning in all the depths
studied, since is incorporated organic matter with high ratio C:N.
In this regard®, determined that a C:N = 18 ratio is optimal for the
decomposition of stubble, and in this research they varied in the range
0f 9.73 (T2.5) to 12.53 (T1.10).

The soil physical properties showed low values of bulk density (Bd)
(Table 2). In both treatments at 20 cm depth the bulk density values
were significantly (P<0.05) higher than the other depths, and this
coincides with the lower OM contents, that another researchers found
that by increasing the OM of the soil, Bd should decrease and thereby
increase porosity and decrease resistance to penetration, improving
soil structure, aggregate stability and significantly increasing the soil
quality index.?

Regarding aggregation, this was lower, similar to the stability of
the aggregates. The MWD at 10cm depth, presented greater stability
for the treatment with stubble incorporation (Figure 2), resulting
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significantly (P<0.05) better than the rest of the treatments with
0.89mm that indicates a better stability of the aggregates at this depth,
unlike the rest of the depths and treatments that showed low values
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<0.4mm, which would correspond to a very unstable structural state,”’
that the stubble incorporation is an effective practice to improve the
content of aggregates >0.25mm and its stability.'*

Table 2 Physical parameters with stubble incorporationvs stubble burning at three depths in an HumicHaplerands of Andean foothills at the Nuble Region,

Chile
T oM Bd Macro. Micro. MWD Ks WA
TI5 16,03 a 073 c 2677 f 057 e 023 c 78 b 577 de
T2.5 13,97 b 074 c 1536 b 3,14 b 033 b 1325 d 548 e
TI.10 13,72 b 08l b 5207 a 1,02 d 089 a 966 a 298 b
T2.10 12,77 c 083 b 1874 e 3,17 b 05 e 422 c 287 d
TI1.20 11,22 d 089 a 2036 d 248 c 020 d 435 dc 1,63 a
T2.20 10,27 e 088 a 23,15 ¢ 3,63 a 024 de 43 dc 1,45 c
CV(%) 1,68 2,02 0,525 2,51 6,91 471 0,29
LSD 0,28 0,02 0,17 0,07 0,03 0,00 0,11

T: tratamiento; OM: organic matter(%); Bd: bulk density(g cm-3); Macro: macroaggregates (%); Micro:micoaggregates (%); MWD: mean weight diameter (mm);
Ks: hydraulic conductivity (cm h-1); WA: water availability (cm);T1.5: Stubble incorporation 0-5 cm;T2.5: Burning 0-5 cm; T1.10: Incorporation 5-10 cm;T2.10:

Burning 5-10 ¢cm;T1.20: Stubble incorporation 10-20cm;T2.20: Burning.

The effects of the stubble management treatments were limited
mainly in the depth of 0-5cm, and the indicator of water retention was
lower with stubble burning , due to the increase in water repellency
on the soil surface’.

The indicators of the porous soil matrix (drainage, water-
holding capacity, total porosity, bulk density) it were adequate, on
the contrary, the soil structural characteristicsshowed low stability
(macroaggregate and MWD), due to the hierarchical organization of
the soil system is in a very active and variable dynamic evolution over
time, which makes the system susceptible to degradation.”® This is
consistent with another researchers? who determined changes in soil
quality associated with stubble burning associated with a reduction
in the stability of macroaggregates and an increase in pH and
exchangeable K.Our results suggest that stubble incorporating is an
effective practice to improve the soil aggregate structural and stability,
especially in the 5-10cm soil depth where it obtained the best MWD
value with 0.89mm (Figure 2).
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Figure2 Effect of incorporation and stubble burning on the average weight
diameter at three depths at three depths in anHumicHaplerands of Andean
foothills at the Nuble Region, Chile.T1.5: Stubble incorporation 0-5cm; T2.5:
Burning 0 -5cm; T1.10: Incorporatipn 5-10cm; T2.10:Burning 5-10cm; T1.20:
Incorporation 10-20cm;T2.20: Burning 10- 20cm.

Conclusion

The stubble incorporation is the best management strategy for
volcanic soils, improving the levels of organic matter, bulk density,
macroaggregate, moisture availability, stability of aggregates, levels
of exchangeable K, nitrogen content and the soil pH in the 0- 5cm
depth.

Acknowledgments

None.

Conflicts of interest

The authors declare no conflicts of interest regarding the
publication of this paper.

References

1. Chivenge PF, Rubianes FD, Van Chin, et al. Rice straw incorporation
influences nutrient cycling and soil organic matter. In: Gummert M,
Nguyen Van Hung, Chivenge P, Douthwaite B, editors. (Switzerland,
Cham): Springer). Sustainable rice straw management. 2019;131-144.

Lohan S, Jat H, Yadav A, et al. Burning issues of paddy residue man-
agement in north-west states of India. Renew Sustain Energy Rev.
2018;81:693-706.

3. Guo T, Zhang Q, Ai Ch, et al. Nitrogen enrichment regulates straw
incorporation and its associated microbial community in a double-rice
cropping system. Scientific Reports. 2018;8:1847.

>

Chawala P, Sandhr HAS. Stubble burn area estimation and its impact
on ambiental air quality of Patriala&Ludhiana district, Punjab, India.
Helyton. 2020;6(1):1-10.

5. Krishna V, Ellicott E, Badarinath KVS, et al. MODIS derived fire cha-
racteristics and aerosol optical depth variations during the agricultural
residue burning season, North India. Environ Pollut. 2011;159(6):1560-
1569.

Keil A, Krishnapriya PP, Mitra A, et al. Changing agricultural stubble
burning practices in the Indo-Gangetic plains: Is the Happy Seeder a
profitable alternative? International Journal of Agricultural Sustainabil-
ity. 2021;19(2):128-151.

Citation: Marco SE, Carlos RS, Celerino QL, et al. Comparison between incorporation and stubble burning in an Humic Haploxerands Soil, Central Southern,

Chile. Horticult Int J. 2022;6(2):101-104. DOI: 10.15406/hij).2022.06.00249


https://doi.org/10.15406/hij.2022.06.00249
https://link.springer.com/chapter/10.1007/978-3-030-32373-8_8
https://link.springer.com/chapter/10.1007/978-3-030-32373-8_8
https://link.springer.com/chapter/10.1007/978-3-030-32373-8_8
https://link.springer.com/chapter/10.1007/978-3-030-32373-8_8
https://www.academia.edu/35097373/Burning_issues_of_paddy_residue_management_in_north_west_states_of_India
https://www.academia.edu/35097373/Burning_issues_of_paddy_residue_management_in_north_west_states_of_India
https://www.academia.edu/35097373/Burning_issues_of_paddy_residue_management_in_north_west_states_of_India
https://www.nature.com/articles/s41598-018-20293-5
https://www.nature.com/articles/s41598-018-20293-5
https://www.nature.com/articles/s41598-018-20293-5
https://www.sciencedirect.com/science/article/pii/S0269749111001254
https://www.sciencedirect.com/science/article/pii/S0269749111001254
https://www.sciencedirect.com/science/article/pii/S0269749111001254
https://www.sciencedirect.com/science/article/pii/S0269749111001254
https://www.tandfonline.com/doi/full/10.1080/14735903.2020.1834277
https://www.tandfonline.com/doi/full/10.1080/14735903.2020.1834277
https://www.tandfonline.com/doi/full/10.1080/14735903.2020.1834277
https://www.tandfonline.com/doi/full/10.1080/14735903.2020.1834277

Comparison between incorporation and stubble burning in an Humic Haploxerands Soil, Central Southern,
Chile

7. Grover P, Chaudhry S. Ambient air quality changes after stubble burning

10.

11.

12.

13.

14.

15.

16.

17.

18.

inrice-wheet system in an agricultural state of India. Envrom Sci Poll
Res Int. 2019;26(20):20550-20559.

. Abdurrahman MI, Chaki S, Saini G. Stubble burning: Effects on health

and environment, regulations and management practices. Environmental
Advances. 2020;2(2020):100011.

. Singh N, Singhal S, Singhal M, et al. Environmental implications of rice

and wheat stubble burning in north-western states of India. In: Siddiqui
NA, Tauseef SM, Kamal Bansal, Editors. Advances in Health and Envi-
ronment Safety, Springer, Singapore. 2018:47-55.

Jain N, Bathi, Patiak. Emissions of air pollutants from crop residue burn-
ing in India. Aerosol and Air Quality Research. 2014;14:422-430.

Ruiz CM, Wolff, M Claret. Rastrojos de cultivos anuales y residuos fo-
restales. N° 1. Boletin N°308. Instituto Nacional de Investigacion Agro-
pecuaria, Chillan, Chile. 2015.

Usmani M, Kondal, Wang A, Jutla. Environmental associstion of
burning agricultural biomass in the Indus River Basi. Geo Health.
2020;4(11):1-9.

Statuory Instruments. The crop residues (burning) regulations. Minister
of Agriculture, Fishers and Food and the Secretary of State of Wales.
1993.

Zhang P, Wei T, Jia Z, et al. Effects of straw incroporationom soil organ-
ic matter and soil water-stable aggregates content in semiarid regions of
Northwest China. Plos One. 2014;9(3).

AGRIMED. Atlas Agroclimatico de Chile. Estado actual y tendencias
del clima. Tomo II. Regiones del Biobio y La Araucania. 72 p. Facultad
de Ciencias Agronomicas, Universidad de Chile, Santiago, Chile. 2017.

Sadzawka A, Carrasco MA, Grez R, et al. Métodos de andlisis recomen-
dados para los suelos de Chile: revision 2006. INIA La Platina. Santi-
ago, Chile. 2006.

Sandoval M, Dérner, Seguel J. et al. Métodos de andlisis fisicos de sue-
los. Publicaciones Departamento de Suelos y Recursos Naturales N° 5,
Universidad de Concepcion. Chillan, Chile. 2012.

Kemper WD, Rosenau RC. Aggregate stability and size distribution.
In: Klute A, Editors. Methods of Soil Analysis. Part 1. ASA and SSSA,
Madison, WI, USA, pp. 42. Krishna, In: Ellicott, et al, Editors. 2011.
MODIS derived fire characteristics and aerosol optical depth variations
during the agricultural residue burning season, North India. Environ Pol-
lut. 1986;159(6):1560-1569.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Copyright:

©2022 Marco etal. 104

Goicoechea J. Ingenieria de drenaje. Universidad Nacional Agraria La
Molina, Lima. Peru. 2012.

Yoder RE. A direct method of aggregate analysis of soils and a study of
the physical nature of erosion losses. J Am Soc Agron. 1936;28(5):337-
351.

SAS Institute. The SAS system for Windows [cd-rom]. Ver. 8. Cary, USA:
SAS Institute. 1 cd-rom. 1999.

Tian P, H Lin, Z Wang, et al. Effects of depth and sahallow tillage with
straw incorporation on soil organic carbo, total nitrogenand enzyme ac-
tivities in Northeast China. Sustainability. 2020;12:1-14.

Bernier R, Alfaro M. Acidez de los suelos y efectos del encalado. Boletin
INIA N° 151. Instituto de Investigaciones Agropecuarias, INIA, Osorno,
Chile. 2006. 46 p.

Vidal 1, Troncoso H. Quema y manejo de rastrojos en cultivos de la
Precordillera de la VIII Region de Chile. Revista Tecnologia de suelos.
2010;1(1):237-263.

Kalkhajeh YK, Z He, X Yang, et al. Co-application of nitrogen and
straw-decomposition microbial inoculant enhanced wheat straw decom-
position and rice yield in a paddy soil. Journal of Agriculture and Food
Research. 2021;4:100-134.

Fan W, ] Wu, S Ahmed, et al. Short-term effects of different Straw re-
turning methods on the soil physico chemical properties and quality in-
dex in dry land farming in NE China. Sustainability. 2020;12:1-2.

Le Bissonnais Y. Aggregate stability and assessment of soil crustabil-
ity and erodability. I. Theory and methodology. European J Soil Sci.
1996;47:425-437.

Guajardo C, Recio-Espejo J, Sandoval M, et al. Anthropogenic alteration
of available, amorphous, and total iron in an Andisol from dairy slurry
applications over a 12-year period. Chil J Agric Res. 2020;80(1):108-
117.

Chan KY, Heenan DP. The effects of stubble burning and tillage on soil
carbon secuestration and crop productivity in southeastern Australia.

Soil and Use Management. 2006;21(4):427-431.

Citation: Marco SE, Carlos RS, Celerino QL, et al. Comparison between incorporation and stubble burning in an Humic Haploxerands Soil, Central Southern,
Chile. Horticult Int J. 2022;6(2):101-104. DOI: 10.15406/hij).2022.06.00249


https://doi.org/10.15406/hij.2022.06.00249
https://pubmed.ncbi.nlm.nih.gov/31102215/
https://pubmed.ncbi.nlm.nih.gov/31102215/
https://pubmed.ncbi.nlm.nih.gov/31102215/
https://www.sciencedirect.com/science/article/pii/S2666765720300119
https://www.sciencedirect.com/science/article/pii/S2666765720300119
https://www.sciencedirect.com/science/article/pii/S2666765720300119
https://biblioteca.inia.cl/handle/20.500.14001/7856
https://biblioteca.inia.cl/handle/20.500.14001/7856
https://biblioteca.inia.cl/handle/20.500.14001/7856
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2020GH000281
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2020GH000281
https://agupubs.onlinelibrary.wiley.com/doi/abs/10.1029/2020GH000281
https://www.legislation.gov.uk/uksi/1993/1366/schedule/2/made
https://www.legislation.gov.uk/uksi/1993/1366/schedule/2/made
https://www.legislation.gov.uk/uksi/1993/1366/schedule/2/made
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0092839
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0092839
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0092839
https://biblioteca.inia.cl/handle/123456789/62376
https://biblioteca.inia.cl/handle/123456789/62376
https://biblioteca.inia.cl/handle/123456789/62376
http://www.schcs.cl/doc/libros/An%C3%A1lisis%20de%20suelos.pdf
http://www.schcs.cl/doc/libros/An%C3%A1lisis%20de%20suelos.pdf
http://www.schcs.cl/doc/libros/An%C3%A1lisis%20de%20suelos.pdf
https://inta.gob.ar/sites/default/files/script-tmp-protocolo_de_analisis_fisicos.pdf
https://inta.gob.ar/sites/default/files/script-tmp-protocolo_de_analisis_fisicos.pdf
https://inta.gob.ar/sites/default/files/script-tmp-protocolo_de_analisis_fisicos.pdf
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2136/sssabookser5.1.2ed.c17
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2136/sssabookser5.1.2ed.c17
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2136/sssabookser5.1.2ed.c17
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2136/sssabookser5.1.2ed.c17
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2136/sssabookser5.1.2ed.c17
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2136/sssabookser5.1.2ed.c17
http://www.fondoeditorialunalm.com/wp-content/uploads/2020/09/INGENIERIA-DE-DRENAJE.pdf
http://www.fondoeditorialunalm.com/wp-content/uploads/2020/09/INGENIERIA-DE-DRENAJE.pdf
https://acsess.onlinelibrary.wiley.com/doi/10.2134/agronj1936.00021962002800050001x
https://acsess.onlinelibrary.wiley.com/doi/10.2134/agronj1936.00021962002800050001x
https://acsess.onlinelibrary.wiley.com/doi/10.2134/agronj1936.00021962002800050001x
https://www.mdpi.com/2071-1050/12/20/8679
https://www.mdpi.com/2071-1050/12/20/8679
https://www.mdpi.com/2071-1050/12/20/8679
https://biblioteca.inia.cl/handle/123456789/7075
https://biblioteca.inia.cl/handle/123456789/7075
https://biblioteca.inia.cl/handle/123456789/7075
https://dialnet.unirioja.es/servlet/articulo?codigo=3203154
https://dialnet.unirioja.es/servlet/articulo?codigo=3203154
https://dialnet.unirioja.es/servlet/articulo?codigo=3203154
https://www.sciencedirect.com/science/article/pii/S2666154321000363
https://www.sciencedirect.com/science/article/pii/S2666154321000363
https://www.sciencedirect.com/science/article/pii/S2666154321000363
https://www.sciencedirect.com/science/article/pii/S2666154321000363
https://www.mdpi.com/2071-1050/12/7/2631
https://www.mdpi.com/2071-1050/12/7/2631
https://www.mdpi.com/2071-1050/12/7/2631
https://onlinelibrary.wiley.com/doi/10.1111/ejss.4_12311
https://onlinelibrary.wiley.com/doi/10.1111/ejss.4_12311
https://onlinelibrary.wiley.com/doi/10.1111/ejss.4_12311
https://www.scielo.cl/scielo.php?script=sci_abstract&pid=S0718-58392020000100108&lng=es&nrm=iso&tlng=en
https://www.scielo.cl/scielo.php?script=sci_abstract&pid=S0718-58392020000100108&lng=es&nrm=iso&tlng=en
https://www.scielo.cl/scielo.php?script=sci_abstract&pid=S0718-58392020000100108&lng=es&nrm=iso&tlng=en
https://www.scielo.cl/scielo.php?script=sci_abstract&pid=S0718-58392020000100108&lng=es&nrm=iso&tlng=en
https://onlinelibrary.wiley.com/doi/pdf/10.1079/SUM2005357
https://onlinelibrary.wiley.com/doi/pdf/10.1079/SUM2005357
https://onlinelibrary.wiley.com/doi/pdf/10.1079/SUM2005357

	Title
	Abstract 
	Keywords
	Introduction
	Materials and methods 
	Results and discussion 
	Conclusion 
	Acknowledgments 
	Conflicts of interest 
	References 
	Figure 1
	Figure2
	Table 1
	Table 2

