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1. Introduction

The environment of the Titicaca basin has been trans-
formed over centuries into a highly sculpted artificial landscape 
with the presence of constructions of stone-covered terraces (an-
denes), sunken gardens (q’ochas), wetlands extensive pastures, 
and raised fields (Waru Waru). Waru Waru (Quechua term) are 
pre-Inca agricultural systems found in the Peruvian highlands, 
which has been used widely since 2000 BP. This variety of agri-
cultural infrastructure and the population land use has created 
an anthropogenic landscape (Erickson et al., 2000). Waru Waru 
carry ancestral agricultural practices of the pre-Inca, based on 
raised fields by means of furrows (Gondard, 2008), located in the 
Titicaca Lake cirumlacustrine zone (Fig. 2, Fig. 3 and Fig. 4), used 
by the inhabitants of the Peruvian and Bolivian high plateau to 

cultivate. These ancestral agricultural practices started to be re-
placed between the years 1,100 and 1,500 (Erickson, 2006).

Since the 1960s, archeologists, agronomists, and geogra-
phers in South and Central America have studied ridged fields, 
with a detailed description provided by Gondard (2008). There 
are evidences that ridges were used in Hertenrits (Surinam), 
Makuxi and Guato (Brazil), Barinas, Karinya and Cańo Guana-
paro (Venezuela), San Jorge Valley, Tumaco, La Depresión Mom-
posina, Orinoco Valley and Bogotá Savanna (Colombia), Guayas 
in the Northern Andes in Ecuador, San Pablo Lake and La Tol-
ita (Ecuador), the circumlacustrine ring of Lake Titicaca (Peru), 
Llanos de Moxos (Bolivia), Guyana Plain (French Guyana), Ler-
ma Valley (Argentina), Nacajuca–Tabasco, and the Mexico City 
Valley in Mexico (Gondard, 2006, 2008; Pérez, J., 2007; Caillavet, 
2008; GIAHS, 2017). 
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Abstract

The Puno-Peruvian high plateau have been shaped by humans over the last 8000 years. The Waru 
Waru system is a direct result of the agricultural activities of the pre-Inca in the last 2000 years. The 
present study was conducted in the circumlacustrine zone of Titicaca (445,532 ha) near the city of 
Puno, Peru. The parent material of the soils originates from the Quaternary alluvial and lacustrine 
deposits within the high plateau with fl at landscapes, and the land is used for temporary and peren-
nial cultivation as well as extensive natural pasture. The entire region was assessed through a pre-
liminary soil survey, based on which three soil profi les were selected as representative Waru Waru 
soil structures. The soil samples were subjected to morphological and physicochemical analyses and 
the genesis in relation to historical use was investigated. The results showed that sandy loam and 
clay loam textures dominate and the average sand content is 52%, giving the parent material acidic 
characteristics. The soils are typically covered by natural grassland, with adequate drainage condi-
tions and the presence of a hydrological discontinuity at a depth of 60 cm. The stagnic properties of 
the soils are related to the seasonally wet and paleohydromorphic conditions originating from paleo-
lacustrine conditions and fl ooding. The soils exhibited high variability in base content, with pH rang-
ing from acidic to neutral and evidence of ion leaching processes and incipient concentration of salts 
at depth. The predominant soils were Stagnosols, Cambisols and Phaeozems in the same order (IUSS 
Working Group WRB, 2022), corresponding to Inceptisols and Mollisols (Soil Survey Staff, 2022a). 
The Waru Waru agricultural system covers an area of approximately 123,000 ha, with 5% of this 
area consisting of natural grasslands. The degradation of the traditional agriculture system (Waru 
Waru) is infl uenced by the socio-cultural dynamics and modernization of the agricultural sector.
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Row planting in wetland regions and their use as agricul-
tural systems represent a key element in the culture and ecology 
of pre-Hispanic societies, although these have been studied spar-
ingly in South America (Caillavet, 2008). These systems enabled 
the control of excess water during the rainy season (water reg-
ulation), created better microclimatic conditions, and reduced 
water erosion along wavy and steep surfaces (GIAHS, 2017). 

Several studies have highlighted the benefits of using stag-
nant waters for combating cold weather conditions, with tem-
perature increases of up to 2°C achieved in the regions with 
ridges fields close to Lake Titicaca. Waru Waru reduced the an-
nual frost, improved soil water management, the capture, pro-
duction, and recycling of soil nutrients, thereby enhancing the 
microclimate and aquaculture (Erickson, 2000; Gondard, 2008). 
The water held in the water table is absorbed by plant roots, and 
from there, it rises to a moisture zone that is within the reach of 
the roots, allowing for the infiltration of excess water in rainy 
periods. Plant growth is conditioned by the balance of water 
supply and demand in the soil-plant-atmosphere-continuum, 
which can be optimally regulated by sub-irrigation systems such 
as Waru Waru (Martínez-Ruiz, 2014; Robles et al., 2019).

The technological expertise of past cultures and systems is 
being used until nowadays to improve the productivity of the 
Andes highlands (Erickson et al., 1988). Pre-Hispanic agriculture 
systems used flood and water table rise as irrigation strategies 
for crop production, rendering it necessary to construct efficient 
drainage structures for improved salt contents, fertilization, 
and physical management of the soil (Erickson, 2000; Robles et 
al., 2019). Several studies have explored the spatial distribution 
of ridge fields in pre-Hispanic agricultural regions using vari-
ous geoarchaeological techniques, such as imaging, landscape 
analysis, magnetic gradients, ground-penetrating radar, electri-
cal resistivity, classical soil survey, and archaeobotanical and cer-
tain chemical characterizations (Herrera et al., 2001; Gondard, 
2008; Perez-Perez et al., 2012; Rodrigues et al., 2018; Boixadera 
et al., 2019; Rojas-Mora and Montejo-Gaitán, 2021). The studies 
on the Amerindian agricultural systems have focused mostly on 
historical and anthropological characterization, while the associ-
ated soil characteristics remained poorly studied (Erickson, 2000; 
Caillavet, 2008; Boixadera et al., 2019). In this context, the aim of 
the present study is to quantify the area under Waru Waru struc-
tures abandoned and in-use in the Puno region, and reveal the 
soil characteristics of these agricultural system, causes of their 
destruction and current state of conservation. The findings of this 
characterization will enable an effective assessment of the cur-
rent state of these high Andean ancestral systems and will facili-
tate the subsequent reconstruction and conservation measures.

2. Materials and Methods 

2.1. Study site

This study was conducted in the circumlacustrine ring of 
Lake Titicaca, located between the western and eastern cordill-
eras of the Peruvian Andes, Department of Puno, Peru (Fig. 1). 
The studied area lies between 3800 m. a.s.l and 3900 m. a.s.l., and 

has a mean annual temperature of 8°C and receives an annual 
precipitation of 600 to 800 mm, with temperate climate to cold 
and a moderately rainy. The winters are dry, with strong frosts, 
while the summers are rainy (SENAMHI, 2021). The cropping pe-
riod in the Peruvian highlands is during the summer season and 
coincides with the greatest quantity of rainfall, with temperatures 
reaching – 4°C (Díaz Aguilar, 2013). Geomorphologically, the re-
gion corresponds to a high plateau, with the landforms comprising 
a combination of flat surfaces with concavities and convexities. 

The parent material are alluvial and lacustrine deposits 
composed by sandstones, red limestone, conglomerates, and 
volcanic materials sediments (Rodriguez et al., 2020) and in-
cludes gravels, sands, and cobbles. The predominant soils in the 
studied region are Stagnosols, Cambisols, and Phaeozems (IUSS 
Working Group WRB, 2022), which correspond to Inceptisols 
and Mollisols (Soil Survey Staff, 2022a). Soils are relatively thick, 
with dark colors and a variable high base content. Low soil pH is 
associated with materials of alluvial and lacustrine origin, both 
potentially affected by salts (unpublished data).

2.2. Soil mapping

The mapping of the Waru Waru systems was conducted in 
three stages. The first stage involved the review of the Andean 
agricultural infrastructure provided in the inventory maps at 
the Department of Puno - Peru, by the interinstitutional research 
project PIWA (“Proyecto Interinstitucional de los Waru Waru”, 
in spanish) (1992, 1994). The original inventory maps from 1994 
were digitized using the QGIS software and the regions with a high 
probability of Waru Waru presence were identified by means of 
an intensive soil campaign at a 1:25,000 scale. The second stage 
comprised field work, which involved georeferencing Waru Waru 
systems using a GARMIN 62S GPS navigator and capturing aerial 
optical images of the region using a Phantom 4RTK drone for bet-
ter visualization of shape variability. The different systems were 
then classified, according to PIWA (1994), into fluvial, pluvial, and 
phreatic systems. The soils at the studied points (Fig. 1) were sam-
pled using a manual soil auger and preliminary characterized

The final stage comprised field information processing us-
ing the satellite images updated until 2022, and a manual digi-
tization of polygons by means of Google Earth version 7.3 and 
QGIS software.

2.3. Soil survey and characterization

Three soil profiles were selected as representative soils ac-
cording to the auger sampled field information (paragraph 2.2) 
and subjected to complete soil survey and characterization ac-
cording to the parameters established by Soil Science Division 
Staff (2017) and FAO (2006). The classification of the soil profiles 
was conducted according to IUSS Working Group WRB (2022) 
and Soil Survey Staff (2022a). Eleven soil samples and three 
representative soils profiles were evaluated for pH (water 1:1) 
and electric conductivity (saturated extract) U.S. Salinity Labora-
tory Staff. (1954) methodology, organic matter Walkley and Black 
method (Nelson and Sommers, 1982), available phosphorous 
Olsen method (FAO, 2021), available potassium, Ca2+, Mg2+, K+, and 
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Na+ (ammonium acetate pH 7), and Al3+ (1M KCl) according to Soil 
Survey Staff (2022b) methodologies, sand %, clay %, silt %, and 
texture (Bouyoucos, 1962), and bulk density (FAO, 2023) at the 
Soils Sciences Laboratory, Universidad Nacional de Colombia, 
Campus Medellin. The degradation state of the Waru Waru struc-
tures was determined according to PIWA (1992, 1994) system.

3. Results

3.1. Waru Waru spatial distribution

Waru Waru systems are located in the Yunguyo, Chucuito, 
El Collao, Puno, San Román, Lampa, Azángaro, and Huancané 
provinces in the department of Puno, Peru (Fig. 1) and covers 
an area of 3,899 ha (Table 1). Ridge systems distribution was de-

termined according to PIWA (1994) methodology and is shown 
in Table 3. The maximum distance of Waru Waru sytems to the 
lake is 50 km, and the mean slope is < 2%, which favored an ef-
ficient water use and runoff, flood and phreatic water control. 
The fluvial system covers 14.5% of the study area, and its source 
are the rivers Coata, Lampa, Cabanillas, Illpa and Río Grande. 
The water is supplied to the Waru Waru system through the inlet 
and outlet channels that are regulated through dams constructed 
for the storage of water within the channels (Fig. 2a). The pluvial 
system covers 70.2% of the study area and uses rainwater accu-
mulation at the foot of the slopes and is designed to collect water 
from the slopes or mountains, while in certain cases this system 
uses the drainage network (Fig. 2b). The phreatic systems, which 
covers 15.3% of the study area, are located on the shores of the 
lake and surrounding lagoons and are subjected to groundwater 
table seasonal variations and floods occurrence (Fig. 2c and 2d). 

Fig. 1. Total area of the study site and spatial distribu-
tion of Waru Waru systems.
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Table 1.
Estimate area of Waru Waru around Lake Titicaca

Year Measured Surface (ha) Metodology References

Prehispanic time 82,000 Archaeological reconstruction Erickson, 1988

1968 78,104 Aerial photos and fi eld
Aerial photos and fi eld

Smith et al., 1968

1992 122,882 Díaz and Velásquez, 1992

2023 3,899 Mapping on satellite image and fi eld Study results

Fig. 2. The Waru Waru system examples. a. Fluvial system, b. Pluvial system, c. Phreatic system, d. Wave image of 
phreatic system acquired from a drone in the town of Chatuma, district of Pomata.
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3.2. Current situation of the Waru Waru systems

A high percentage of Waru Waru structures used in the tra-
ditional agricultural regions (99.44%) have been transformed 
into grasslands or croplands using tractors. A transformation 
of the ridge areas into natural pastures began during Spanish 
colonization and was intensified during the 1960s with the in-
troduction of agricultural cooperatives. This effect has been in-
tensified in recent years due to land abandonment (migration 
of young people to the cities), drought, and the introduction of 
machinery (PIWA, 1992). These dynamics together favored the 
establishment of extensive cattle farms and land abandonment, 
thereby affecting the percentage of ridge lands. Currently, Waru 
Waru structures have varied dimensions for channel width, as 
well as different spacing between channels, ridge height, and fill 
height, with an east-west and north-south orientation. The dis-
tribution patterns, despite being varied and difficult to classify, 
follow the drainage network. Authors such as Smith et al. (1968), 
Earls et al. (1986) and Gondard, 2008 have reported approaches 
to pattern the classification of Waru Waru systems. Recent inter-
national projects have attempted to bring back the traditional 
Waru Waru systems for regenerative agriculture, for which so-
lar disc shape structures have been introduced in the Acora and 
Illpa communities (Fig. 4).

Land use in the evaluated region comprises transitory and 
perennial crops, such as potatoes (Solanum tuberosum), alfalfa 
(Medicago sativa), barley (Hodeum vulgare), oat (Avena sativa), 
and quinoa (Chenopodium quinoa). The studied region has pres-
ence of grasslands with natural grasses, such as crespillo (De-
yeuxia vicunarum Wedd.), chilligua (Festuca dolichophylla J. 
Presl), sillu sillu (Alchemilla achilleifolia J. Rémy), chiji (Muhlen-
bergia peruviana (P. Beauv.) Steud.), and ichu (Jarava ichu Ruiz 
and Pav.).

3.3. Characteristics of Waru Waru soils

In the studied Waru Waru, soils were classified according 
the following profiles: profile 1 and profile 2, which were de-
fined as Fluvaquentic Eutrudepts Coarse-loamy, Spolic, Mixed, 
Active, Non-acid Isothermic, and profile 3 which was defined 
as Fluventic Hapludolls, Fine-loamy, Spolic, Mixed, Active, Non-
Acid Isothermic (Soil Survey Staff, 2022a). According to IUSS 
Working Group WRB classification (2022), profile 1 is defined 
as Eutric Fluvic Stagnosol (Epiabruptic, Aric, Cambic, Capillaric, 
Drainic, Ochric, Transportic), profile 2 is defined as Eutric Flu-
vic Cambisol (Aric, Drainic, Ochric, Transportic), and profile 3 is 
defined as Cambic Fluvic, Stagnic Phaeozem (Pachic, Transpor-

Table 2.
State of conservation of the Waru Waru systems

State 
of conservation

Measured Surface 
(ha)

Measured Surface
(%)

Preserved structures 21.87 0.56
Incipient state 3,877.00 99.44

Table 3.
Waru Waru systems according to water source

Waru Waru systems Measured Surface 
(ha)

Measured Surface 
(%)

Fluvial systems 566.85 14.54

Pluvial systems 2,735.84 70.17

Phreatic systems 596.18 15.29

tic). Fig. 3 shows the soil profiles and landscape studied in the 
present research. These soils had loam to sandy-loam textures 
and were a product of low-energy fluvial sedimentation. Similar 
results were reported by Boixadera et al. (2019) for hydromor-
phic soils in the Llanos de Moxos – Bolivia. Ap horizons < 20 cm 
in thickness have a higher organic matter content, granular 
structure, and abundant root channels. The subsurface Bw ho-
rizons have a thickness between 20 and 40 cm and a subangu-
lar blocky structure. The boundaries between the horizons are 
clear and smooth. All horizons of the soil profile up to 60 cm or 
80 cm in depth, which have good structure and presence of root 
channels (Table 4). These structures had a maximum thickness 
of 80 cm and tended to be sandy toward the base with a gravel 
content of 5% to 10%, which facilitated drainage. Certain ho-
rizons present stagnic properties at depth, which were associ-
ated with seasonal oxidation-reduction and palaeohydrological 
processes. According to Boixadera et al. (2019), epi-saturation 
was responsible for the presence of redoximorphic features. 
Ridge (Waru Waru) structures assist in resolving both perma-
nent and seasonal problems of water excess in the marshes and 
water management during drought and flood periods (Caival-
let, 2008). The bulk density was low in Ap horizons due to its 
higher organic matter content and root activity. Bulk density 
increased slightly with depth, although with no evidence of de-
terioration due to soil compaction (USDA, 2001). The soil profile 
1 comprised a slightly saline in-depth horizon (Bw3) due to the 
leaching of ions during rainy periods. The alkalinity values in 
Lake Titicaca are high (75–150 mg/l) and very high (> 150 mg/l),
the content of carbonates and bicarbonates is high (Betran et al., 
2015); favors the entry of salts in the soil profile from ground-
water in phreatic Waru Waru systems, and in soils near the 
lake. The Ap horizons were strongly acidic to slightly alkaline. 
The presence of salts on the surface is associated with the use 
of irrigation water, and in flooding areas with drainage limita-
tions (OEA, 1996). The pH conditions favor the availability of 
nutrients and the action of bacteria and actinomycetes (USDA, 
2001), with good conditions for plant growth (Table 5). The pres-
ence of carbonates was not evident, the pH varied highly be-
tween the horizons in the same soil profile, with a tendency to 
be moderately acidic. Two horizons in profile 2 and profile 3 
were strongly acidic, which was attributed to the nature of the 
parent material, which was siliceous. Merdy et al. (2022) report-
ed that changes in the alkaline nature of wetlands could rapidly 
disappear upon altering the drainage conditions. The reworked 
materials from sandstones, red limestone, and conglomerates 
(Rodriguez et al., 2020) in lacustrine conditions favor the devel-
opment of moderate to slightly acidic soils (Merly et al., 2022). 
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Fig. 3. Anthropic soil profiles in the Waru Waru systems. 
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Fig. 4. Waru Waru system with a solar disk with irradiance shape.

Table 4.
Morphology of Anthropic soils in the Waru Waru

Profi le 1

Hz Depth Munsell color Structure pedofeatures Limit HCl
reaction

(cm) (moist)

Ap 0–11 7.5YR3/3 GR, M, ME Medium and coarse roots C, S N

Bw1 11–36 10YR4/2 (90%), 10YR2/1 (10%) SB, M, ME Few medium roots A, S N

Bw2g 36–54 Gley 5/1 (80%), 5YR 5/8 (20%) SB, M, ME Stagnic properties, few medium roots C, S N

Bw3 54–(65) 10YR 2/2 SB, M, ME Cambic horizon, few medium roots – N

Profi le 2

Ap 0–12 7.5YR 4/2 GR, M, ME Common fi ne and medium roots C, S SL

Bw1 12–56 7.5YR 4/3 SB, M, ME Common medium roots G, S N

Bw2 56–(80) 10YR 3/2 SB, M, ME Few fi ne roots, medium gravel (5%) – N

Profi le 3

Ap 0–20 10YR3/3 GR, M, ME Abundant fi ne and medium roots G, S N

Bw 20–63 10YR 5/3 (60%), 7.5YR 4/6 (40%) SB, M, ME common fi ne and medium roots G, S SL

BC 63–84 10YR 5/4 SB, WE, FI Few fi ne roots C, S N

2Cg 84–(130) 2.5Y 4/2 MA Stagnic properties, few fi ne roots, medium 
gravel (10%)

– NC

SB: subangular blocky, GR: Granular, MA: Massive, WE: Weak, ME: Medium, FI: fi ne, A: abrupt, C: clear, G: Gradual, S: smooth; N: Non-calcareous; SL: 
Slightly calcareous (FAO, 2006)
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The presence of horizons slightly saline and alkaline is related 
to soil management during drought and flooding periods, and 
the presence of Waru Waru maintain  fertile layers in situ and 
prevent soil erosion (Caillavet, 2008). The base content com-
prised high differentiated horizons, increasing in depth and ion 
content, which evidenced leaching phenomena occurring with-
in the soil profile and the movement of salts according to depth. 
The average proportion of ions (mean content) in the profile 
was as follows: Ca+2 > Mg+2 > K+ > Na+, and P. In certain horizons 
of profile 1, Na > K, which evidenced a low rate of salinization 
under flooding conditions. The high content of different ions 
was associated with the agricultural management of these soils. 
Most of the wetlands have archaeological evidence of intensive 
farming and their use as raised fields, canals, and occupation 
mounds (Erickson, 2000).

4. Discussion

Remini and Achour (2014) report a degradation of 50% for 
old traditional phreatic and pluvial water management sys-
tems, which the authors attribute to the adoption of unconven-
tional water table management techniques. The use of tractors 
increases the incidence of degradation due to erosion. In Waru 
Waru systems, it is possible to use traditional technologies such 
Andean foot plow (chaquitaclla) or soil manual scarification 
(rawk’ana) which are efficient soil tillage practices that ensures 
soil conservation (Smith et al., 1968). Waru Waru presence evo-
lution at the surrounding Lake Titicaca along time from Pre-
hispanic period until nowadays is shown in table 1. According 
to Smith et. al, (1968) data, Waru Waru existence was reduced 
in 5% of abundance in 1968 referring pre-Hispanic period. Pos-
teriorly in 1992 the Peruvian government policies favored the 
agricultural traditional systems and Waru Waru presence in-
creased a 49% (Díaz and Velásquez, 1992). This increase in the 
1990s was because of the interest of the government, which led 
to PIWA initiating projects for the reconstruction of ancestral 
systems within the communities (1994). After this positive evo-
lution, there was a demographic migration process, changes on 
land distribution as well as the abandonment of traditional ag-
ricultural practices, which implied that currently there are only 
a 5% of the amount of Waru Waru reported in the Prehispanic 
period. 

The systems were mostly located on the northern side of 
Puno city, toward the Plain of Illpa, between the towns of Cara-
coto, Huata, Paucarcolla, Lampa, Juliaca, Vilque, and Tiquillaca, 
occupying 89.9% of the area (3,717 ha). The remaining 10.1% of 
the area (417 ha) was located in the south of Puno city, at the 
Plateria, Acora, Ilave, Pilcuyo, Juli, Pomata, Yunguyo, and Copani 
towns. The high density of Waru Waru in the north was attrib-
uted to the predominance of extensive agricultural models, used 
by large livestock companies, with natural grasslands. The area 
was used for extensive cattle raising, which could have helped 
to preserve the ancient Waru Waru systems. The demographic 
migration and destruction of the ancestral agricultural systems 
due to modern plow farming, urbanization, and road building 
are reported as reasons for the reduced use of ridge agricultur-

al systems around Lake Titicaca, to an area of just 3899 ha. In 
other regions, high population density and land parceling (land 
pressure) deteriorated the Waru Waru systems due to the intro-
duction of mechanization through intensive agricultural sys-
tems. Fig. 1 presents the distribution of the Waru Waru systems 
around Lake Titicaca.

In this research by means of drone images and field work, 
the current Waru Waru have ridges with an advanced state of 
deterioration (70% to 90% damaged) due to the abandonment 
of agricultural activities and grazing and the implementation 
of modern agricultural technologies, which accelerates water 
erosion over these structures. While the oldest structures have 
practically disappeared, a few old structures remain, with par-
tial degradation due to livestock activity. Currently, the ridges 
have been abandoned, degraded by water erosion, and affected 
by salt concentrations, with a few currently devoid of vegeta-
tion or covered with native grasses with low levels of techno-
logical intervention (Fig. 2e). Authors such as Erickson (1988), 
Caillavet (2008), Martínez-Ruiz (2014), and GIAHS (2017) have 
highlighted the greater productivity, root development, soil aer-
ation improvement, and efficiency in distribution, water stor-
age, drainage, and soil conservation achieved through Waru 
Waru systems.

5. Conclusions

In the pre-Hispanic period and in the 1990s, the area cov-
ered by ridge structures, the latter being encouraged by govern-
ment measures to restore traditional agricultural systems. In the 
last 50 years, the area under Waru Waru has decreased by 95%, 
due to the migration phenomenon, modernization of the agri-
cultural sector and the high cost of labor, which has ultimately 
led to the expansion of grasslands and the degradation of Waru 
Waru. Currently, only 0.56% of the original area of Waru Waru 
remains. In the studied site, the main area was occupied by a plu-
vial system, with phreatic and fluvial systems occupying similar 
areas. The formation of the studied soils showed a pronounced 
variability, which was controlled by the seasonal oxidation-re-
duction processes under palaeohydrological conditions. Under 
fluvial-lacustrine conditions, the soils showed high organic mat-
ter contents related to grassland cover and the contribution of 
fluvial-lacustrine material. The process of organic matter accu-
mulation favored the development of granular structures at the 
surface and improved soil fertility. Under conditions of low-en-
ergy sedimentation associated with fluvial systems, soils showed 
little pedogenetic development due to the continuous deposition 
of sediments. In the context of human influence, Waru Waru 
systems have been preserved through direct intervention by the 
state and communities, supporting research and development to 
adapt these systems to modern times. 
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