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Diagnostics of Irrigated Soils in the Dry Steppe and
Semi—Desert Zones of Azerbaijan

Firoza Ramazanova'* "/, Sultan Huseynova' "“/, Vusala Isagova' “/, Gunel Jafarova?

Abstract. Research has established that soil formation in irrigated soils in the dry steppe and semi—
desert zones of Azerbaijan occurs under conditions of a prolonged warm period (mild winters and
hot, dry summers). The most characteristic diagnostic indicators of irrigated, rainfed, and virgin soils
in this zone have been determined. It has been established that, depending on the duration of
irrigation, the particle size distribution of gray-brown soils varies from heavy to light loams. The size
of water-stable aggregates > 0.25 mm is 46—56%, and humus is 2—3%. Humus has a humate-fulvate
composition, basic water absorption capacity, and pH values in aqueous suspension of 7.4-8.6. Gray
soils have a light clay texture, contain 1.4—2.3% humus, have a humate-fulvate composition, and an
alkaline pH of 21-36 mg-eq per 100 g of soil. Meadow gray soils have a heavy clay texture, contain
1.4-2.9% humus, and have a humate-fulvate humus composition. They have high absorption capacity
and an alkaline pH.
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Introduction

Soil diagnostics for irrigated areas in dry steppe and semi-arid zones aims to identify changes in soil
properties under the influence of agricultural use, leading to processes such as gleying, salinization,
and compaction. The main diagnostic indicators and processes occurring in irrigated soils include
changes in morphogenetic parameters (Gurbanov et al.,, 2021; Mammadova et al.,, 2022;
Gahramanova et al., 2026). This leads to the transformation of irrigated soils within the soil profile
in dry steppe and semi—desert zones. The formation of the main properties of irrigated soils is
influenced by the composition of irrigation water, which determines the degree of fertility and the
possibility of secondary salinization (Babayev et al., 2020a; Ismayilova et al., 2025). Deterioration
of physical properties is diagnosed, especially in long-irrigated soils. For diagnostics, a
comprehensive analysis is used, including a description of the soil profile in the field, as well as
physicochemical analyses (humus, carbonates, absorbed bases) (Babayev et al., 2023; Mammadova
et al., 2024). Soil processes can be assessed by various indicators: morphological, physicochemical,
and biological (Ganieva et al., 2019; Babayev et al., 2020b).

The intensity of soil processes, fertility, and the type of soil formed here directly depend on the nature
of the vegetation growing in a given area (Babayev et al., 2020b; Mirzezadeh et al., 2025).
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Soil formation in these zones occurs in dry steppe and semi-desert climates, characterized by long
hot periods, winters with little precipitation, and hot, dry summers (Gurbanov et al., 2021;
Mirzezadeh et al., 2025).

Much heat, long vegetation period, absence of salinization and natural drainage create a chance for
growing of the valuable subtropic plants in irrigation (Akhundova et al., 2019; John et al., 2021;
Akhundova et al., 2025).

In this regard, it is important to study the current state of such types of soils in the dry steppe and
semi—arid zones of Azerbaijan.

Aim of the research. The aim of the research is to study the current state of morphogenetic
characteristics of virgin and irrigated soils in the dry steppe and semi-arid zones of Azerbaijan.

Materials and Methods
He research was conducted in 2019-2023. The object of the study is gray—brown (dry steppe zone,

Ganja—Kazakh massif, Aghstafa region), gray and meadow-gray soil (semi-arid zone, Kura—Araks
lowland, Kurdamir region) soils (Fig. 1, 2).

Figure 1 Figure 2
Detailed soil map of the Aghstafa region Detailed soil map of the Kurdamir region

Aghstafa region (Fig. 1.) is situated in the western part of the little Caucasus (in the settlement named
after S. Vurghun of the Aghstafa district). Its absoulute altitude is 351 m above sea level, it has
coordinates; 41°06'11,17"N, 45°28'07,33" E. The zone is characteristic with mild-hot, dry and hot
summer subgroup climate and softer winter. An averagely annual temperature is 13,49 °C, minimum
13,20 °C, maximum 38 °C. A sum of the active temperature is 3900—4000 °C.

General doughtiness and low humidity coefficient are a reason for collection of gypsum in virgin
ordinary grey-brown soils and collection of easily soluble carbonate salts in the irrigative water
regime condition. There is a human’s great effect on formation of soil structure. Grey-brown irrigated
soils spread in the plain part of the relief, at a height of 152-252 m from sea level (Sala yev et al.,
2004).

The water source, limpid ganat and artesian waters humditiy regime create condition for weak
movement of the soluble combinations. The granulometric composition of the cultivated layer (41—
46 cm) changes from gradually weakly cultivated, newly irrigated soils to highly cultivated irrigated
ones. C:N ratio (9-12) is larger than virgin soils (9—-10). Composition of humus is humate type. A
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sum of the absorbed bases is high — 29-36 mg-eq in 100 g of soil and pH indicators rise in water
suspension (7.6—8.6) (Salayev et al., 2004). Irrigated arid field soils spread in the oldest agricultural
zones and develop with the accompaniment of dependent floats and nutrients brought by turbid waters
in the leached irrigation automorph regime. This is constant renewal of its cultured layer and the
formation of agro-irrigation layer with a thickness of 91-101 cm and more, which determines the
diagnostic of the soil) (Salayev et al., 2004; Shukurov et al., 2025).

Kurdamir region. The region occupies an area of the Kurdamir state soils (Fig. 2). It surrounds an
east circle of the Shirvan plain (40°20'18"N; 48°09'39" E). The soils are gray and meadow (Sala yev
et al., 2004). An absolute height is 69,4-70,5 m above sea level. Smoothing perverts the first relief.
Groundwater is at a depth of 2,7-3,0 m, an average mineralization degree is 5,2—7,6 g/, but a type is
sulfate chloride—natrium. The noticeable deep layers of the soil profile affect the level of groundwater,
sometimes absorption of water into the upper layers weakens, filtration of irrigative waters increases.
The presence of historical information of anthropogenic origin in the soil profile indicates its
antiquity. Soil-forming rocks are adopted as aluvial and alluvial-proluvial sediments (Salayev et al.,
2004).

The physical and chemical properties of soils were determined using generally accepted methods
(Arinushkina, 1970; Methodological Recommendations for the Study of Soil Fertility Indicators,
Humus and Nutrient Balance in Long—Term Experiments, 1987).

Results and Discussion

Soils of the dry steppe zone

Human economic activity has significantly influenced the formation of the soil cover structure of the
gray—brown soils of the dry steppe zone. Depending on the nature and duration of development, the
degree of change in the morphological and genetic structure and physicochemical properties of soils,
a number of irrigated soil types are also proposed, along with virgin zonal soils. Let's compare the
most characteristic diagnostic indicators of virgin, rainfed, and irrigated soils in the zone (Table 1).

Irrigated dry steppe soils spread in the oldest agricultural zones and develop with the accompaniment
of dependent floats and nutrients brought by turbid waters in the leached irrigation automorph regime.
This is constant renewal of its cultured layer and the formation of agro-irrigation layer with a
thickness of 91-101 cm and more, which determines the diagnostic of the soil.
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Table 1
Diagnostic indicators of gray—brown soils of the dry steppe zone

Boharic Irrigated Anciently irrigated

Indicators Virgin Plowed Sowing .N.ewly Irrigated | Irrigated Anglently
irrigated irrigated

Thickness of
cultivated layer 31-36 3641 31-36 41-46 46-51 57-61 61-71
or humus layer,
cm
Depth, cm: 36-41 41-51 3641 61-91 91-101 - -
maximum 91-111 | 101-111 | 91-101 | 101-131 | 131-161 - -
collection of
carbonate
gypsum layer 151-161 | 156-166 | 151-161 | 161-201 - - -
salt layer
A rate of silt, % 3641 31-36 — 41-51 1-51
A quantity of
water-resistant 51-59 | 3646 | 4656 | 4151 | 5156 | 5666 66-76
aggregate (>0.25
mm), %
Density, g/cm’ 12-1,3 12-1,3 — 1,1-1,3 1,3-1,4 1,1-1,4 1,1-1,3
Total humus, % 1,6-3,6 1,1-2,6 2,6-3,1 2,1-2,6 2,6-3,1 34 4-5
CN 7-10 67 7-8 7-12 811 9-12 10-14
Ch:Cf 0,9-1,1 — 0,9-1,4 1,1-1,9
A sum of absorbed
bases, mg/eq in 31-36 31-33 31-36 3141
100g soil
Ca:Mg 4-6 2656 | 1621 36 | 2651 3-5 4-6
Suspension of pH 7,1-8,1 8,2-9.3 7,6-8.,6 8,1-9,1
CO: filthiness in 02-0,3 0,08-0.22 03-0.4 04-0,6
soil air, %

Most gray—brown faience’s are found at a depth of 70—100 cm, the clay pots, cinnamonic and dark
brown bricks are at a depth of 150-200 cm. A cultivated layer with a depth of 61-71 cm consists of
bured — ancient virgin and cultivated soils. Quick—dissolved dusty — siltation is superior in
granulometric composition and its profile is homogenous, siltation rate is 41-51%.

A size of water — resistant aggregates is > 25 mm, high 66—76%. Humus in the cultivated layer is 4—
5% (4-5% — high, 1.4-5% — average, 2.6-3.1— weakly cultivated). C:N — humus is more than the
irrigation and virgin soils (10-14). A composition of humus is fulvate — humate or humate.

The uniform distribution of calcium carbonate across the profile is 7-11%. The amount of absorbed
bases is higher — 31-41 mg-eq per 100 g of soil.

Soils of the semi — desert zone

Such soils are formed in the subtropic climatic condition i.e.dry, long hot period, soft winter with
little rain, hot dry summer condition, they have high assimilation in the irrigation condition. Some
irrigated soils differ depending on antiquity of irrigation and change of perennial cultivation process.
A special ecological development condition, morphogenetic and physco-chemical diagnostic
indicators are characteristic for one of them (Table 2, 3).
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Irrigated sierozem soils occupy a high foothill zone (from 51-61 m to 151-161m above sea level)
with natural drainage and develop in the irrigation regime condition of humidity. A source of
humidity is atmospheric sediments and limpid irrigative waters are mainly ganat and artesian waters.

Table 2
The main diagnostic indicators of sierozem soils of the semi-desert zone

Irrigated Anciently irrigated

Indicators Virgin Newly irrigated Irrigated Irrigated ?;:;?;g
Thickness of cultivated 26-31 31-36 36-46 41-51 51-61

ayer or humus layer, cm

Depth, cm: 26-31 51-71 71-91 — —
maximum collection of 101-201 71-131 131-151 — —
carbonate

gypsum layer 131-121 111-151 - - —
salt layer
A rate of'silt, % 31-41 31-41 41-46 41-46 4661
A quantity of water—
resistant aggregate (>0,25 26-36 - - 51-61 61-71
mm), %
Density, g/cm3 1,4-1,5 — — 1,4-15 1,2-14
Total humus, % 1,6-2,1 1,4-1.8 1,823 1,6-2,6 2,6-3,1
CN 6-9 9-10 10-11 9-11 11-16
Cht:Cft 0,6-0,7 1,2-13 — 1,2-1,6
A sum pf absorbed bglses, 19-29 2131 26-36
mg/eq in 100 g of soil

Suspension of pH 7,6-8,6 8,1-9,6 8,1-9,6 9,0-9.9 9,0-9,9
CO: filthiness in soil air, % - 0,23-0,31 0,23-0,31 0,18-0,44 0,18-0,44

The cultural soilforming process is created, the cultivated layer with thickness of 31-46 cm, fine
structure, subsoil hardening are observed while the assimilation period increases. The initial signs of
sierozem soils: the profile monotony, carbonates separation, etc. remain. The irrigated sierozem soils
have 1.4-2.3% in the plow layer (1.4-1.8% weak, 1.8-2.1% average, 2.1-2.3% high). C:N is more
larger (9—11), but 69 in virgin soils. CaCO3 quantity is high (6—11%) in the plow layer, distribution
is the same along the profile.

Light, loamy, dusty particles are superior in granulometric composition: a silty degree is 36—46%. An
amount of the absorved bases is 21-36 mg-eq in 100g soil, (21-26 mg-eq weak, 26-31 mg-eq —
average and 31-36 mg-eq — high cultivation). Ca:Mg ratio is 1.1-1.8, (according to cultivation degree
1.1-1.3; 1.3-1.6; and 1.6—1.8). An inclination of profile to saltness is noted in the weak cultivated
variants (formation depth — 111-151 c¢m) and solonetzification (pH — 9.6-9.8 quantity N3—11-16%,
31-51 cm).

Irrigated semi—desert soils spread in the anciently irrigated regions and develop in the zones with
deep subsoil waters. Creat changes occur in grey soils under an influence of prolonged irrigation with
turbid waters and yearly cultivation.

Agro-irrigation layers with the depth of 91-101 cm are created. The upper layer of 41-51 cm is dark-
grey, humic, well-used and modern cultivation. The lower transition (41-51cm) is grey, calcareous,
non-gypsum, the skull bones, red brick fragments and coals are often found. Agro-irrigation layer is
covered with the ancient buried soils. The granulometric composition of the cultivated layer is mainly
light loamy dusty silty. The water — resistant aggregates with the size > 0.25 mm are higher — 51-71
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%. 1.6-3.1% of humus is in the cultivated layer, (1.6-2.1% — weak, 2.1-2.6% — average, 2.6-3.1% —
highly cultivated). A composition of humus is Cht:Cft — 1.3—1.6, 11-18% alkalinized carbonates of
the plowed layers, CaCO3 is distributed along the profile. A quantity of the absorbed bases is high —
26-36 mg-eq in 100 g of soil and highly alkalinization of the quick — dissolved salts is available.

Table 3
The main diagnostic indicators of meadow-gray soils in the semi-desert zone

‘ Virgin Irrigated meadow-gray soils Il?quil?vt\}yglg;g:éﬁi Boharic

Indicators meadow . . meadow-
- .N.ewly Irrigated Anle ently Irrigated Anglently ray soils
sy irrigated & irrigated & irrigated gray

Thickness of cultivated
layer or humus layer, cm 31-36 3646 46-56 56-66 46-61 46-61 41-51
Depth, cm: 3646 41-51 71-81 — — — -
maximum collection of 61-81 91-131 | 131-171| 141-171 41-51 41-51 16-26
carbonate
gypsum layer 41-51 3646 51-53 51 46-51 46-51 41-46
salt layer
A quantity of water— ~ | 1314 4656 | 5171 | 5666 | 5666 | 31-51
resistant aggregate (> 0,25
mm), %
Density, g/cm’ 1,626 | 1419 | 12-13 1,3-1,4 1,2-1,4 1,2-1,4 —
Total humus, % 7-13 10-11 1,9-2.4 2429 1,6-3,1 1,6-3,1 1,523
CN 0,5-0,9 — 11-13 13-16 9-13 9-13 11-16
Cht:Cft 21-26 — 1,3-1,6 — 1,2-1,3 1,2-1,3 0,5-0,6
g;}gg &ffggogr%efigﬁses’ 16-3.1 - 2636 - 2136 | 2136 2123
Ca:Mg 8,1-8,6 — 1-2 — 1,3-2,1 1,3-2,1 2,1-2,6
Suspension of pH 0,09-0,16| 0,16-0,41| 84-9,1 — 8,1-8,6 8,1-8,6 8,6-9,3
CO:filthiness in soil air, % - - - — - - 0,12-0,21
Depth of gleyey layer, cm 151-171 | 141-171| 161-191| 151-181 | 101-151| 101-151 5666

Meadow-gray soils — combine various irrigation stages and the soils with weak ground humidity and
involive aluvial — proluvial plains. The irrigative waters fulfil a main role as moisturizer, but a low
part of the profile is provided with groundwaters. The modern cultivated layer — thickness is 3666
cm (36—46 cm — weak, 4656 cm, average, 56—66 cm — high cultivation), layered — fragmented (Ala)
and fragmented — granular (Al'i.a) structur. Salting and claying signs are found in the profile. The
granulometric composition is heavy (a quantity <0.001 mm 66—71%), a silty degree is more than
51%. An amount of water — resistant aggregates with a size more than > 0.25 mm. (36-56%).

1.4-2.9% humus is in composition of the plow layer, and this is an increase of its amount from
irrigated weak cultivation to irrigated high cultivation. C:N ratio is much more — 11-16. Calcareous
of the whole soil profile changes in a large limit — 6—16%. An amount of absorbed bases is very high
(26-31 mg eq/100 g soil), Ca:Mg ratio (1:2) (1.6-3 in the virgin meadow-grey soils). A quantity of
Na at a depth of 3141 cm rises in the weakly cultivated variants and alkalinity increases.

Irrigated meadow gray soils mainly spread in the river debris cone and are formed in the condition
of the leaching irrigation — hydromorph regime of humidity. The meadow gray soil zones have been
irrigated since ancient time and reserved ancient agricultural signs. Diagnostic sign: depth (till 76
cm), cultivated layer (31-46 cm weak, 46—61 cm average and 61-76 cm high cultivation) is formed
from agro-irrigation floats, high composition (51-765%), size > 0,25 mm a composition of humus
changes by 1.6-4.6% (1.6-2.6 weak; 2.6-3.65% — average and 3.6—4.6% — high cultivation), humus
content is fulvat-humate, ratio of Cht:Cft — 1.2—1.3; the whole soil profile is calcareous, the cultural
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layers are homogeneous in comparison with CaCO3 — 12-14%, a deposit depth of the quick —
dissolved salts changes depending on cultivation degree of soils; soda salting is noted in the 2" meter.

Boharic soils are formed in the zone with weak drainage, are moistened by ground waters of which
level is rather near the surface (1-2.6 m). They were irrigated before and the indications of the
agricultural culture were remained. A level of ground waters rose because of absence of collector—
drainage network in the irrigation process; this is a reason for resalinization and the soil was removed
from intensive assimilation.

Diagnostic indicators: density of upper soddy layer — 5—11 cm, thin crust on top 2—4 cm; humus layer
is cinnamonic; depth is 41-51 cm; with salting and alkalization indicator, the upper—meter layer
consists of agro-irrigation sediments and paleohydromorph original, buried soils; a granulametric
content is heavy, clayey — dusty, siltness rate is 41-66%, humus quantity is little — 1.5-2.8%, humus
content is fulvat, Cht:Cfk — 0.5-0.6; CaCOs3 is 11-15% in the upper layer of 51 cm, a quantity of
absorbed bases is slight, totally — 21-22 mg/eq in 100 g of soil, it strongly rises in the anciently buried
soils (31-51mg-eq/in 100 g of soil); Ca:Mg ratio is 2.1-2.6 in the upper layers; 3—4 in the buried
layers; pH — indicators of water suspension are high — 8.6-9.3. Density of quick — dissolved salts is
2—4% along the whole profile.

Conclusion

It has been established that soil processes on target and irrigated soils, depending on the duration of
irrigation, occur in arid steppe (gray-brown) and semi-desert (gray soils, meadow-gray soils) zones
of the farm under conditions of a prolonged warm period. Research has identified the most
characteristic diagnostic indicators of irrigated, non—irrigated, and target soils in this zone. It has been
established that, depending on the duration of irrigation, the particle size distribution of gray—brown
soils varies from heavy to light loams. The size of water—stable aggregates > 0.25 mm is 46—-56%,
and humus is 2—-3%. Humus has a humate—fulvate composition, basic water absorption capacity, and
pH values in aqueous suspension of 7.4-8.6. Gray soils have a light clay texture, contain 1.4-2.3%
humus, have a humate—fulvate composition, and an alkaline pH of 21-36 mg-eq per 100 g of soil.
Meadow gray soils have a heavy clay texture, contain 1.4-2.9% humus, and have a humate-fulvate
humus composition. They have high absorption capacity and an alkaline pH.

Declaration of Competing Interests

The authors declare that they have no known competing financial interests or personal relationships
that could have appeared to influence the work reported in this paper.

References

1. Akhundova, A. B., Salimova, Sh. C., & Ahmadova, A. Sh. (2019). Microelements in the soil and
plants of the southeastern part of the Greater Caucasus. Collected Works of the Azerbaijan Society
of Soil Scientists, XV, 449—-453. Elm (in Azerbaijani).

2. Akhundova, S., Mammadova, G., Bunyatova, L., Alakbarli, G., Ahmadova, A., Aliyev, F.,
Bagirova, C., & Shammadova, I. (2025). Study of the modern bio-ecological state of Absheron
coastlines. Advances in Biology and Earth Sciences, 10(1), 168—176.
https://doi.org/10.62476/abes. 101168

3. Arinushkina, E. V. (1970). Guide to chemical analysis of soils. Moscow State University
Publishing House.

4. Babayev, M. P., Ismailov, N. M., Nadzhafova, S. ., Keiserukhskaya, F. Sh., & Orudzheva, N. L.
(2020a). Approaches to determining maximum permissible concentrations of oil and oil products

18


https://doi.org/10.62476/abes.101168

Firoza Ramazanova et al.

10.

1.

12.

13.

14.

15.

for different soil types on the basis of the assimilation potential (by the example of Azerbaijan
soils). Eurasian Soil Science, 53(11), 1629—1634.

Babayev, M. P., Ramazanova, F. M., & Gurbanov, E. A. (2020b). The influence of intermediate
crops of forage crops on the granulometric composition of genetically different soils of the dry
subtropical zone of Azerbaijan. Agrochemistry, 3, 11-23.
https://nauch-journal.ru/journal/agrohimiya

Babayev, M. P., Ramazanova, F. M., & Mirzezade, R. I. (2023). Impact of development and
irrigation on the soil of the dry steppe zone of Azerbaijan and the classification system. Journal
of Soil Science and Agrochemistry, 2, 5—12. https://doi.org/10.51886/1999-740X202325
Gahramanova, A. Y., Mammadova, R. N., Hasanova, T. A., Alakbarli, G. Y., Mammadova, G. I.,
& Asgarova, G. F. (2026). Studies on gray-brown soils with rapeseed (Brassica napus L.) as a
forage crop in the Sheki region of the Greater Caucasus. SABRAO Journal of Breeding and
Genetics, 58(1), 432—-441. https://doi.org/10.54910/sabrao2026.58.1.40

Ganieva, S., Ramazanova, F., & Dyunyamalieva, N. (2019). Grazing effect on soil properties in
dry subtropic steppes of Azerbaijan. Arid Ecosystems, 9(3), 174—178.

Gurbanov, E. A., Ramazanova, F. M., Huseynova, S. M., & Gurbanova, Z. R. (2021). Changes in
anti-erosion resistance of irrigated grey cinnomanic soils of the dry subtropical zone of Azerbaijan
depending on the age of irrigation. Tomsk State University Journal of Biology, 56, 33-59.
https://doi.org/10.17223/19988591/56/2

Ismayilova, A. A., Mirzezadeh, R. 1., Bunyatova, L. N., Mammadova, G. 1., Hasanova, T. A.,
Asgarova, G. F., & Madnee, M. (2025). Biomass and enzymatic activity assessment of the
coniferous-deciduous forests in Azerbaijan. SABRAO Journal of Breeding and Genetics, 57(6),
2584-2595. https://doi.org/10.54910/sabrao2025.57.6.3

Mammadova, G. I., Gahramanova, A. Y., Bunyatova, L. N., Babayeva, T. M., & Huseynova, L.
A. (2024). Determination of main properties and fertility capacity of soils under hazelnut
cultivation in Azerbaijan. Comptes Rendus de I’Académie Bulgare des Sciences, 77(4), 618—626.
https://doi.org/10.7546/CRABS.2024.04.18

Methodological recommendations for the study of soil fertility indicators, humus and nutrient
balance in long-term experiments. (1987). V. V. Dokuchaev Soil Science Institute.

Mirzezadeh, R. 1., Ramazanova, F. M., Hasanova, T. A., Mammadova, G. 1., & Asgarova, G. F.
(2025). Assessment of variations caused by biological activities in the Greater Caucasus forest
soils used for agriculture. SABRAO Journal of Breeding and Genetics, 57(4), 1634—1643.
https://doi.org/10.54910/sabrao2025.57.4.29

Salayev, M. E., Babaev, M. P., Jafarova, Ch. M., & Gasanov, V. G. (2004). Morphogenetic
profiles of soils of Azerbaijan. Elm Publishing House.

Shukurov, S., Mammadova, G. 1., Aliyeva, M. M., Nasirova, A. I., & Babazade, R. H. (2025).
Ecological state of soil-landscape complexes in Azerbaijan Republic. SABRAO Journal of
Breeding and Genetics, 57(3), 1136—1147. https://doi.org/10.54910/sabrao2025.57.3.25

19


https://nauch-journal.ru/journal/agrohimiya
https://doi.org/10.51886/1999-740X202325
https://doi.org/10.54910/sabrao2026.58.1.40
https://doi.org/10.17223/19988591/56/2
https://doi.org/10.54910/sabrao2025.57.6.3
https://doi.org/10.7546/CRABS.2024.04.18
https://doi.org/10.54910/sabrao2025.57.4.29
https://doi.org/10.54910/sabrao2025.57.3.25

