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SUMMARY 

S.1 Background 

 
This is the technical report of a detailed soil survey of the royal orchard at Ramtokto. The survey was 

requested by RNR-RC, Yusipang to find out the suitability of walnut in the orchard. The survey was 

completed over three days in October 2003. 

S.2 Location and Environment 

 
The orchard is located at Ramtokto under Chang Geog, Thimphu Dzongkhag. It is located about 6 km 

southwest from Semtokha. There is an access feeder road of about 2 km connecting from the Thimphu - 
Phuntsholing National Highway. The survey area is about 2.04 ha and extends between 27o 25’ 25.8” to 

27o 25’ 28.8” N latitude and 89o 38’ 1.0” to 89o 38 ’3.4” E longitude. The orchard lies on a deep alluvial 

fan deposit which is characterized by the presence of mixed angular boulders and gravels in the 
described profiles.  

 
The survey area has predominantly south easterly aspect with slope gradient of about 25%. The area lies 

between 2270 to 2303 m and falls within the cool temperate climatic zone. Although there is no rainfall 

data for Ramtokto, Semtokha data has been taken as near equivalent. The annual rainfall at Semtokha is 
about 623 mm. 

S.3 Soils 

 

The Ramtokto Royal orchard has a very limited range of soils, on account of the very small size of the 

orchard and homogenous landform and geology. All the soils are either developed from alluvial fan and / 
or colluvial deposits which are characterized by unsorted boulders, stones and gravels in the solum. The 

soils are generally deep, slightly gravely and alkaline (> pH 8 in the subsoil). The organic matter and 
total nitrogen contents are generally very low to low. Overall fertility potential and inherent fertility can 

be classified as slightly poor.  
 

The main differences between the soils of the orchard relate to their physical properties. Three soil series 

were formed based on the differences in soil colour, texture and gravel content. The orchard soils are 
quite deep to have good water holding capacity.    Figure S1 shows the distribution of different soil types 

in the orchard.  

S.4 Physical Land Suitability 

 

One of the purposes of soil survey is to allow land to be evaluated or classified as to its physical 
suitability for specific crops or enterprises.  During 1999 and 2000 BSS (now called as SSU) developed a 

provisional system for the physical evaluation of land (SSU Working Paper WP9c, 2000).  The system 
works on the principle of limiting factors, with land assessed according to its worst features. 

 
SSU has developed a series of spreadsheets incorporating “look-up tables” where all one has to do is 

insert the relevant physical data on altitude, aspect, slope etc. (these data being held in BHUSOD and 

easily extracted) into the spreadsheet table and classification is done automatically.  This process 
removes the possible effects of operator error – however it is dependent on the physical data being 

correct and the criteria being accurate.  As time progresses and knowledge of crops and crop 
requirement grows the criteria can and will be updated. The suitability classes used are shown in Table 

S2. 

 
It should be noted that the SSU system assesses only the physical attributes of the soil and site; no 

consideration is given to social or economic factors as this is beyond the ability of SSU.  Socio and agro-
economists would be expected to incorporate the SSU findings in any assessment they might make up 

the situation or locality. 
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Figure S1 Soil map 

 
Table S1 Brief description of the soil 
 

Map unit Soil Series Brief description Ha 
 

 
 

Ram 

 
 

Ramtokto 

Moderately deep to deep soil with very dark grayish brown sandy loam 
underlain by dark yellowish brown sandy loam subsoil; moderate medium 
crumb structure with pH of 7.28 and 9.34 of topsoil and subsoil 
respectively; nil reaction to HCl except on few calcite concretions in the 
subsoil. CEC 10.29me/100g & BS% 137 
 

0.39 

 
Ja 

 
Jazami 

Deep soil with dark grayish brown sandy loam underlain by brown sandy 
loam subsoil; crumb structure with pH 7.49 and 9.38 of the topsoil and 
subsoil respectively; nil reaction to HCl except on few calcite concretions in 
the subsoil. CEC 7.79me/100g & BS% 145 
 

0.80 

 
 

Ra 

 
 

Rama 

Deep soil with very dark grayish brown loam underlain by dark brown 
sandy loam with no mottles; weak, coarse, sub angular blocky structure 
with pH 7.45 and 8.68 of the topsoil and subsoil respectively; nil reaction to 
HCl except on few calcite concretions in the subsoil. CEC 10.06me/100g & 
BS% 207 
 

0.85 

  Total 2.04 
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Table S2 Suitability Classes 
 
Suitability Class 
 

Description Input Level Required for Acceptable Yields / Crops 

Class S1 Highly suitable Low 

Class S2 Moderately suitable Moderate inputs of land shaping, anti-erosion measures husbandry, 
nutrients, ameliorants or water required 

Class S3 Marginally suitable High levels of land shaping, anti-erosion measures, husbandry, 
nutrients, ameliorants or water required 

Class N Not suitable The crop would not grow in a satisfactory manner or the Inputs 
required would cost more than the returns from the crop. 

Class SC3 Conditionally 
suitable 

A more lax category applied to land already in use by the farmer – if 
new land this would be classified as unsuitable (Class N) 

 
The present survey was requested to allow detailed planning for planting walnut. However suitability 

evaluation of other tree crops, cereals and vegetables were also done to give a broader aspect of the 

suitability of the orchard. Figure S2 gives the suitability of various crops in the orchard.  
 
Figure S2 Land Suitability Map 
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Table S 3 Legend for suitability map of the Orchard 
 

Crops Best Suitability 
Class 

Map Unit Area (ha) Crop suitability description 
 

 
Walnut 

SC3 Ra 0.85 Conditionally suitable due to very 
high soil pH 

N Ram & Ja 1.19 Not suitable due to very high soil pH 
 

 
 

Pulses 

S3 Ra & Ja 1.65 Marginally suitable due to 
unfavourable landform shape and 
aspect 

SC3 Ram 0.39 Conditionally suitable due to steep 
slope 

Other tree crops N Ram, Ja & Ra 2.04 Not suitable due to high soil pH and / 
or high or low altitude and / or steep 
slope  

Cereals 
 

N Ram, Ja & Ra 2.04 Not suitable due to high soil pH and / 
or high or low altitude and / or steep 
slope 

Other Vegetables N Ram, Ja & Ra 2.04 Not suitable due to high soil pH  
 

S.5 Implications of results 

 
As noted in Table S3, most of the crops are unsuitable in the orchard. The “Ram” mapping unit is 

unsuitable for walnut, other tree crops, cereals and other vegetables. However it is conditionally suitable 

for pulses. The mapping unit “Ra” is marginally suitable for pulses and conditionally suitable for walnut 
but unsuitable for other tree crops, cereals and other vegetables. The mapping unit “Ja” is marginally 

suitable for pulses but unsuitable for walnut, other tree crops, cereals and other vegetables.  
 

The present assessment of physical land suitability may help the RNR-RC Yusipang in the selection of 
crops and inputs required to overcome the problems identified during this survey. The main limitations 

are high soil pH, steep slopes, low soil fertility and unfavourable altitude and aspect. Not much could be 

done to make the altitude and aspect more favourable but soil pH and soil fertility could be made 
favourable for growing crops.   

 
The following inputs or ameliorative measures are suggested for consideration. 

 

Necessary inputs could well include: 
 

 Application of FYM to increase the soil fertility and reduce the soil pH 

 
 Application of nitrogenous  fertilizers (e.g. Ammonium phosphate) to increase the soil fertility and 

reduce the soil pH 

 
 Application of sulphur into the soil to reduce the soil pH  

 

 Application of dolomite to address the apparent deficiency of magnesium  
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ABBREVIATIONS and GLOSSARY 

 

(Simple metric units and chemical element symbols not included) 
 

Acre Area of measurement, = 0.405 ha 

Alluvial fan  Poorly stratified and sorted material deposited on floor of side valley 
AvP, AP   Available Phosphate 

BHUSOD  Bhutan Soil Databank 
BS%   Base saturation percentage 

CoRRB   Council for RNR Research of Bhutan 
CEC   Cation exchange capacity 

SL         Sandy loam 

cm   Centimetre 
Colluvium  Local hill wash moved by surface erosion and slow non-glacial creep processes. 

Concave Slope form of dip on slope, with steep gradient upslope and gentle gradient 
down slope. Tends to accumulate water & be imperfectly or poorly drained. 

Convex Slope form of protuberance on slope, with gentle gradient upslope and steep 

gradient down slope. Tends to shed water & be droughty. 
FYM   Farmyard manure 

GPS   Global positioning system 
ha   Hectare 

HCl    Hydrochloric acid 

Horizon             Soil layer 
Geog                   Block or sub district, administrative subdivision of Dzongkhag 

MD / MWD  Moderately well drained (soil) 
MoA   Ministry of Agriculture 

Munsell System of standard soil colour notation, operated by matching soil against 
standard charts. Colour described by ‘hue’ (Spectral composition, red, yellow, 

blue, green); ‘value’ (dilution with white), & ‘chroma’ (darkness) 

NSSC   National Soil Services Centre, CoRRB, Semtokha 
OC   Organic carbon 

P   Phosphate 
pH   Measure of acidity - alkalinity 

Rectilinear  Straight slope with more or less similar gradients up- and downslope 

RNR-RC   Renewable Natural Resource – Research Centre 
SPAL   Soils and Plant Analysis Laboratory, NSSC, CoRRB, Semtokha. 

SS   Soil Surveyor 
SSU   Soil Survey Unit 

TEB   Total exchangeable bases (= exchangeable Ca + Mg + Na + K) 
Terrace Flat field created by leveling sloping land.  Used for wetland rice, & enclosed by 

bund to retain irrigation water. 

WD   Well drained (soil) 
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1. INTRODUCTION 

 

This is the technical report of the detailed soil survey of the Royal Orchard at Ramtokto. It is intended for 
those who wish to know about the soils in detail, and includes soil profile descriptions, chemical (fertility) 

and assessment of the physical suitability of the soils for walnut.  

1.1 Background 

The RNR-RC Yusipang has been instructed to do the feasibility study for growing walnuts in the orchard. 

Since soil is the major parameter in determining the suitability of walnuts, the National Soil Services 
Centre (NSSC) was call upon by the RNR-RC Yusipang to do a detailed soil survey of the orchard.  

 

1.2 Aims of the soil survey 

The survey was undertaken with objectives of: 

 To provide RNRRC, Yusipang with the information on the nature and distribution of the soils. 
 As a routine training exercise on soil survey techniques for the SSU staff 

 Gather more soil information to further develop the national soil classification system and to build 
the Bhutan Soil Databank (BHUSOD) 

 Provide a soil map at the scale of 1:1200 
 Provide a provisional physical land suitability assessment of the orchard for growing walnuts 
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2. THE SURVEY AREA 

2.1 Location and extent 

The Royal Orchard is located at Ramtokto under Chang Geog; Thimphu Dzongkhag. It is located about 6 
km southwest from Semtokha. There is a feeder road of about 2 km connecting from the Thimphu-

Phuntsholing National Highway to the Royal Orchard. The survey area extends between 27o 25’ 25.8” to 
27o 25’ 28.8” N and 89o 38’ 1.0” to 89o 38’ 3.4” E. The location of the survey site is shown in Figure 2.1. 

The survey area has an area of about 2.4 ha.  

 
Figure 2.1 Location map of the survey area 

 

2.2 Climate 

The survey area stretches from an altitude between 2270 m to 2303 m with predominantly southeasterly 

aspect and falls under the cool temperate climatic zone. Blue pine is the dominant vegetation around the 
survey area but there are other vegetations like oak, poplar sp. etc. as under story.  

 
There is no meteorological station at Ramtokto Royal Orchard and the meteorological station at 

Semtokha is taken as the nearest equivalent. Table 2.1 summarises the main features of the climate of 
Semtokha for the period 1996 – 2003.   
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Table 2.1 Climatic summary of Semtokha 1996 - 2003 
 

Months J F M A M J J A S O N D Total no.  
of years  

 

Temperature 0C 
 

n (number of complete records) 
 

8 8 8 8 8 8 8 8 8 8 8 8 8 

Mean  

 

7.37 8.56 11.69 15.23 18.44 20.85 21.80 21.70 20.31 16.60 12.10 7.92 8 

Mean minimum 
 

-2.79 -3.11 1.75 6.98 10.32 12.87 13.77 14.48 11.57 6.16 3.52 -2.70 8 

Mean maximum 

 

18.39 18.04 21.35 24.55 28.19 29.63 29.81 28.35 28.77 28.45 20.27 18.76 8 

 

Rainfall (mm) 

 

n (number of complete records) 
 

8 8 8 8 8 8 8 8 8 8 8 8 Total 

Mean  
 

7.60 8.40 20.68 30.15 38.49 113.66 157.12 131.86 68.82 37.52 1.20 7.42 622.89 

Monthly maximum 

 

31.30 31.30 57.00 91.30 100.60 161.40 253.70 214.40 121.40 106.60 5.60 52.40 - 

Monthly minimum 

 

0.00 0.00 0.00 12.93 3.80 54.40 129.10 53.00 8.50 8.00 0.00 0.00 - 

 
Source data: Meteorological Section, CoRRB, MoA 
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Table 2.1 shows that the mean minimum temperatures drop to about 7.40 C in January, and rises to 

about 21.80 C in July. The mean maximum rises to from about 18.10 C in February to 29.80 C in July. The 

mean air temperature is just over 150 C and the difference between winter and summer means is greater 
than 80 C, so the soil temperature regime is almost certainly mesic in USDA soil Taxonomy terms.  

 
The summation of monthly mean in Table 2.1 indicates that the mean annual rainfall at Semtokha is 

about 623 mm. The lowest monthly total rainfall is 5.60 mm recorded in November and the highest 

monthly total is about 253.7 mm recorded in July. Humidity and cloud cover are high during the monsoon 
but clear skies and dry winds prevail in the winter months.  The soil moisture regime appears to be ustic 

by USDA Soil Taxonomy terms.   
 

2.3 Geology and Soil parent materials 

 
The survey area falls within the Paro formation, which is mainly characterized by the presence of 

micaceous schist and quartzite. Limestone is also present in this formation but very sparsely. In the 
survey area, schist is the main rock type present.  

2.4 Topography and drainage 

 
The major survey area is on the alluvial fan with little on colluvial deposits towards the northern part of 

the survey area. Topographically the survey area is rather complicated with considerable micro-relief in 
parts, such as escarpment, man made terraces, excavated marks etc. Land units were recognized and 

mapped and are shown in Figure 2.2 and defined in Table 2.2. 

 
Slopes are concave in the excavated area, flat in the terraces and rectilinear in the colluvial slopes (15-

30%). However the survey area in general has a south easterly aspect. The soils are all well drained to 
excessively well drained with very low surface runoff due to thick ground cover by grasses. 

2.5 Land use and vegetation 

By looking at the landforms at the survey area, a major land shaping (terraces) was done in the past. 

The terraces indicate that paddy cultivation could have been done in the past but there is no source of 

irrigation water found at the site. Furthermore the soils also do not resemble like a paddy soils. Most 
probably the survey area was used for growing dryland and horticultural crops in the past.  

 
At present, few walnut trees are planted but they are heavily infested by weeds (grasses). No proper 

management is done and prior to doing the fieldwork, the whole survey area was covered with tall native 

grasses which were then cleared later. The huge and deep concave landforms indicate that some 
excavation works were done in the past in the area 
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Figure 2.2 Land Unit Map 
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Table 2.2 Description of the land units 
 

Unit 
Name Location / Position / Description 

Slope 
(%) Altitude (m) 

Aspect 
 

Rock cover 
(%) 

Current 
Land use 

Extent 
 

       Ha Ac (%) 

CHS Lower slope of low mountain, Ca 300m NW from 
the river 

26 
9 - 43 

2300 
2298 - 2303 

SSE 8 Grassland 0.33 0.77 16.10 

T9 Lower slope of low mountain, Ca 200 m NNE from 

ruined house 

3 

1 - 6 

2283 

2279 - 2288 

SSE 3 

 

Grassland 0.24 0.55 11.71 

T8 Lower slope of low mountain, Ca 150m NE from 

ruined house 

1 

 

2284 

 

SSE - 

 

Grassland 0.18 0.41 8.78 

T7 Lower slope, Ca 150m from ruined house 2 2281 SSE - 
 

Walnut and 
grass 

0.14 0.31 6.83 

T6 Mid slope of low mountain, Ca 1 km from the 

orchard farm house 

25 

15 - 35 

2277 

2275 - 2278 

SSE - 

 

Grassland 0.1 0.22 4.88 

T5 Lower slope of low mountain, Ca 150m from the 

ruined house 

8 

 

3220 

 

SSE 1 Grass & 

Walnut 

0.17 0.39 8.29 

T3&T4 Mid slope, Ca 1 km from the orchard farm house 15 2278 
 

SSE - 
 

Grassland 0.14 0.31 6.83 

T2 Lower slope, Ca 1 km NE of the ruined house 23 2282 ESE - Grassland 0.07 0.16 3.41 

T 1 Lower terrace, Ca 500m NW of the ruined house 12 2274 SSE 3 Grass & walnut 0.47 1.17 22.93 

Knoll Lower slope of the last terrace 35 2270 NE - Grass & pear 0.06 0.35 2.93 

Scarp Lower slope, Ca 1 km from the farmhouse. 33 2351 

2400 - 2303 

ESE - Grassland 0.15 0.41 7.31 

      Total 

 

2.04 5.06 100 



SSU: Soil Survey Report – Ramtokto Royal Orchard; Thimphu 

Report no. SS20 – Detailed Soil Survey Report of Ramtokto Royal Orchard Page 15 of 46 

3. PREVIOUS SOILS INFORMATION 
 
As far as is known, there has been no previous soil survey done in the survey area, or elsewhere in the 
area. However soil samples from the near by orchards were collected to determine the nutrient status of 

the soils. The nearest soil survey done by SSU in the same region is at Royal Botanic Garden, Serbithang. 

Even though both of the survey areas fall under same geological formation, the landform types are 
different and also the Ramtokto orchard lies at much lower altitude than the Royal Botanic Garden.  
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4. METHODS 

4.1 Pre-field Work 

 
Prior to doing the fieldwork, a base map of the survey area was prepared at a suitable scale (1:1000) and 

the following actions were taken: 
 

 Call to RNR-RC Yusipang for logistic support for the fieldwork  

 Arrangement of vehicle  

 Arranging labour for the fieldwork 

 Arranging field equipment  

4.2 Field 

The fieldwork for this survey was done over 4 days in October 2003.  The soils were examined by taking 
3 augering transects. Auger descriptions were done at regular intervals of about 10 m distance.  After 

completing the auger observations, soil profile pits and soil cuttings were located based on the soil 
information gathered from the auger observations.   

 

4.2.1 Site Data 

 
All data were collected on the SSU field description cards, which have been specifically designed to 
enable uniform data to be collected for easy entry to the Bhutan Soil Databank (BHUSOD) system.  For 

all soil observations the following site data were collected and noted along with several other features: 

 
 Site number, survey area name, topographic map and date of description 

 Location, GPS coordinates, altitude, general topographic and site position  

 Solid, or mapped geology and drift cover or parent material 

 The gradient (in %), aspect and form of the slope with estimated run-off and site drainage 

 Previous erosion and risk of flooding based on height above the nearest stream line 

 Micro-relief, hardness of the surface, presence of capping or cracks 

 Estimates (%) of outcropping rock plus stone or gravel cover and any surface litter (organic) 

 General land use and current crops/vegetation and any known previous land uses  

 Artificial land shaping features, irrigation type plus fertiliser use, if present and if known 

 

 
4.2.2 Soil Data 
 
All data were collected on the SSU field description cards, which have been specifically designed to 

enable uniform data to be collected for easy entry to the Bhutan Soil Databank (BHUSOD) system.  The 

cards for the auger descriptions are considerably smaller than those for the profile data since many soil 
features cannot be described using auger samples. 

 
(a) Auger sites 

A total of 16 auger observations were made during the fieldwork. While doing the auger description, soils 

were described every after 20 cm depth till it reaches to 100 cm if not stopped by stones and boulders 
before reaching to 100 cm depth. The following data were collected during auger description: 

 
 Horizon number, depth and type 

 Soil colour by Munsell colour chart 

 Number, size, contrast and colour of mottles 

 Field texture including coarse material and particle size class (PSC) 

 Number, size, shape, hardness and type of stones 

 Reaction to dilute hydrochloric acid (HCl: to test for the presence of free carbonates) 

 Number, size, shape, form type, hardness and colour of concentrations or concretions 

 Field moisture status of the soil, consistency and plasticity of each horizon in dry, moist and wet 

condition. 

Soil samples were not collected from auger sites 
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(b) Profile pit sites 

The soils were described in more detail at 5 sites. All the detailed descriptions were done in a purpose 
dug profile pits (1x1x1.5 m3) and 2 fresh cuttings. The site data were collected exactly the same as for 

the auger sites. The soils were described much in detail than augerings and basically, the data collected 

for each horizon were the same as in the auger descriptions, with just the addition of: 
 

 Whether the horizons were sampled for analyses 

 Lithological layers if recognizable 

 Clarity and shape of horizon boundaries 

 Presence of any minerals 

 Strength, size and type of soil structure 

 Development, size, type, continuity and location of any coatings or cutans (shiny coatings on 

surfaces of soil structural units) etc. 
 

All together, 20 samples were collected for analysis. 
 

4.3 Mapping 

The site is located on Survey of Bhutan/Survey of India 1:50 000 topographic sheet No. 78 E 11 dating 
from 1998 and has contours at 40 m vertical intervals. This scale is inadequate for detailed site planning 

and as a base map and accordingly the survey team prepared a base map at 1:1,000 scale using GPS 
techniques and the GPS software Ozi Explorer.  Routines are not detailed here but can be studied in the 

SSU Working Paper “Map Construction with GPS – WP 12”.   

 
4.3.1 Maps Produced and Used During the Survey 
 
The following maps were constructed in Ozi Explorer based on the SOB Map sheet 78 E 11 by the survey 

team and used or compiled during the survey.  
 

Table 4.3 Maps Compiled and Used During the Survey  
 

Map Scale Content and Use 

 

Base 1:1,000 Geographic registration coordinates highway, farm roads and tracks, farm 
boundary, river Thim Chhu, footpaths and infrastructural detail. 

Permatrace overlays used on this map for survey planning and recording 
soil survey sites and other data. 

 

Land Units 1:1,200 Land, or geomorphic units, as seen in the field with all boundaries 
determined and drawn. 

Used for survey planning and as a guide for drawing the soil map. 

 

Soil Survey Sites 1:1,200 Location of all sites described and located via GPS readings but checked as 

to locational accuracy in the field and via detail of the base and land unit 

maps 
 

Soil Series 1:1,200 Shows the soil series number code for each site. 
Used for the construction of the actual soil map 

 

Soil Map 1:1,200 Shows the boundaries between the various soil mapping units defined and 
mapped.  Compiled by interpretation and integration of the soil series and 

land units 
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4.3.2 Final Map Presentations 
 

Once all the draft maps were compiled and checked then “fair” drawn on fresh permatrace and they were 
digitized into the BHUSOD GIS system.  The following layers were appended: 

 
 Base map 

 Land units 

 Survey sites 

 Soil map 

 Physical land suitability map (walnut only) 

 

The final maps were produced at a scale of 1:1200 and copies are appended to this report. 

 
 
Figure 4.3 Distribution of soil survey sites 
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The main horizons of all of the profiles described in detail were sampled for analysis.  The overall 

observation density is 12 sites per hectare, which does exceed the FAO minimum number of sites per 

hectare for mapping at this scale and makes this a very detailed survey by international standards. 

4.3 Laboratory 

 
Twenty soil samples were collected from the main horizons of the five detailed profiles and were analyzed 
by the Soil and Plant Analytical Laboratory (SPAL) of the National Soil Services Centre (NSSC) of the 

Ministry of Agriculture at Semtokha. The laboratory analysis depicts that the soils are alkaline with pH 
value 7.2- 9.34. Contents of organic carbon are moderate in topsoil (1.80%) and low (0.80%) in subsoil 

while total nitrogen is low (0.12%) to very low (0.08%) in top and subsoil respectively.  Overall fertility 
potential and inherent fertility can be classified as poor and there is an indicated deficiency of 

magnesium, which can be ameliorated by adding dolomite limestone. 

4.4 Data Storage 

 
All field data were collected and entered into the Bhutan Soil Databank (BHUSOD) database system. 
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5. SOIL CLASSIFICATION, CHARACTERISTICS & CORRELATION 

5.1 Soil classification 

 

The soils of the Ramtokto Royal Orchard are derived from alluvial and colluvial fan deposits. The soils 

have a limited range of colours. They are grouped into three soil series on criteria of stone contents, 

particle size class and land use, as summarised in Table 5.1. In the descriptions of each soil class in Table 
5.2, the main features of the profiles are described. More details of the morphologies for individual 

profiles are given in Section 5.2. 
 

Table 5.1 below summarises the soil series of Royal Orchard, Ramtokto.  The table is intended to show 

the land use, soil characteristics, and the typical profile. 
 

The soil map, with soil class names, is shown in Figure 5.1. Soil fertility data are presented in Appendix I. 
 

 
Table 5.1 Summary of Soil Series at Ramtokto Royal Orchard 
 
Soil Series Brief description Representative 

Profiles 
No. of Samples 

 

 
 

Ramtokto 

 

Moderately deep to deep soil with very dark grayish brown 
sandy loam underlain by dark yellowish brown sandy loam 
subsoil; moderate medium crumb structure with pH of 7.28 
and 9.34 of topsoil and subsoil respectively; nil reaction to 
HCl except on few calcite concretions in the subsoil. CEC 
10.29me/100g & BS% 137 
 

 
 

PK209 

 
 
5 

 
Jazami 

Deep soil with dark grayish brown sandy loam underlain by 
brown sandy loam subsoil; crumb structure with pH 7.49 
and 9.38 of the topsoil and subsoil respectively; nil reaction 
to HCl except on few calcite concretions in the subsoil. CEC 
7.79me/100g & BS% 145 
 

 
PK211 

PK213 

 
7 

 

 
Rama 

Deep soil with very dark grayish brown loam underlain by 
dark brown sandy loam with no mottles; weak, coarse, sub 
angular blocky structure with pH 7.45 and 8.68 of the 
topsoil and subsoil respectively; nil reaction to HCl except 
on few calcite concretions in the subsoil. CEC 
10.06me/100g & BS% 207 
 

 

 
PK210 

PK212 

 
 
8 
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Table 5.2 Characteristics of soil classes at Royal Orcahrd, Ramtokto 
 
Sl.  
No. 

Soil Series Process / 
Drift PM 

Wet / 
 Dry 

Formation Climate 
Class 

Depth 
(cm) 

Avg. depth 
(cm) 

PSC Colour 
Group 

Drainage 
Class 

HCl Mineralogy 
Class 

Temp 
Class 

Moisture 
Class 

1 Ramtokto Colluvium Dryland Paro Cool 
temperate 

0-190 55 M 7.5YR4/4-
10YR4/2 

SWD -ve Mixed Mesic Ustic 

2 Jazami Alluvial fan Dryland Paro Cool 
temperate 

0-128 46 H 10YR3/2-
10Yr4/4 

SWD -ve Mixed Mesic Ustic 

3 Rama Alluvial fan Dryland Paro Cool 
temperate 

0-102 42 M 10YR3/2-
10yr4/3 

EWD -ve Mixed Mesic Ustic 

Note: PSC – Particle Size Class (Refer SSU WP No. 15) 
 Drainage Class WD – Well drained, EWD – Excessively Well Drained (Refer SSU WP No. 23) 

 

Table 5.3 Description of Soil Series of Royal Orchard, Ramtokto 
 

Sl. no Soil series Topsoil Description Subsoil Description pH CEC BS 

1 Ramtokto Ca 20 cm deep, dark grayish brown topsoil with sandy loam texture, few coarse 
hard angular quartzite stones, strong medium crumb structure, few fine 
interstitial pores, abundant fine fibrous roots and nil reaction to HCl. 

Ca 20-190 very deep, brown with sandy loam texture, few hard 
angular quartzite medium gravels, strong medium sub angular blocky 
structure, few fine interstitial pores, common medium fibrous roots; nil 
reaction to HCl except on few calcite concretions 

8.37 9.89 137 

2 Jazami Ca 0-20 cm deep, dark brown sandy loam texture, few hard angular quartzite 
medium gravels, moderate medium crumb blocky structure, common fine tubular 
pores, many fine fibrous roots and nil reaction to HCl. 

Ca  20-128 deep, brown with medium sandy clay loam texture, 
common angular schist stones, weak coarse sub angular blocky, many 
fine tubular pores, few fine fibrous roots; nil reaction to HCl except on 
few calcite concretions 

9.10 7.29 145 

3 Rama Ca 0-13 cm deep, very dark brown with loam texture, rare hard sub-angular 
quartzite gravels, strong fine crumb structure, common fine tubular pores, many 
fine fibrous roots and nil reaction to HCl. 

Ca 13-102 deep, dark brown with sandy loam texture, fine angular 
hard quartzite gravels, strong fine crumb structure, common fine 
tubular pores, few fine fibrous roots; nil reaction to HCl except on few 
calcite concretions 

8.17 9.67 209 

 
 

Table 5.4 Description of soil chemistry / fertility of Royal Orchard, Ramtokto 
 

Series pH (H2O) CEC BS Deficiencies Ameliorative 
inputs 

 Value * Class Me/100g Rating % Class Topsoil Subsoil  

Ramtokto 8.58-9.36 Alkaline 7.29 low 168.25 Very high 
 

Slight Mg deficient Mg deficient with P 
inhibition 

FYM application to improve CEC; apply sulphur and 
nitrogenous fertilizers to lower the soil pH and apply 
dolomite to address the apparent Mg deficiency 

Jazami 7.49-9.26 Neutral-alkaline 10.95 low 204.25 Very high Mg deficient with P 
inhibition 

Mg deficient with P 
inhibition 

FYM application to improve CEC; apply sulphur and 
nitrogenous fertilizers to lower the soil pH and apply 
dolomite to address the apparent Mg deficiency 

Rama 7.45-8.68 Neutral-alkaline 9.67 low 107.75 High Mg deficient Slight Mg deficient FYM application to improve CEC; apply sulphur and 
nitrogenous fertilizers to lower the soil pH and apply 
dolomite to address the apparent Mg deficiency 

* 8.58 - 9.36 (Topsoil and Subsoil pH respectively) 
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5.2  Description of Soil Series 

 
5.2.1 Ramtokto Series (PK209) 
 

Site PK209 was situated on the lower slope and is almost flat with slope gradient of 1% with south 
easterly aspect. The soil is very deep, well-drained, very dark greyish brown to dark yellowish brown 

sandy clay loam to coarse gravely sandy clay loam with no mottles. It has few to many quartzite gravels.  

 
The topsoil is neutral but the subsoil is alkaline (pH 

7.28 to 9.17). This could be due to presence of some 
calcite concretions in the subsoil. However, limestone 

and marble were not seen in the survey area. The 

sporadic presence of calcite concretions in the subsoil 
could be from leaching after heavy application of lime 

and / or calcium carbonate rich materials under 
natural condition. The very high pH in the subsoil 

could prove to be harmful as the main uptake zone 
for moisture and nutrients by the crop is the subsoil.  

 

The normal yardsticks for inherent fertility (TEB & 
BS) are medium with subsoil TEB averaging 

14.16me/100g and very high BS averaging 137%. 
Available subsoil phosphorus is high (average 70.06 

ppm).  The individual nutrient elements in the subsoil 

are rated as “high” for calcium, low magnesium, 
“moderate” for potassium and very low sodium. Level 

of organic carbon in the topsoil is moderate (2.6%) 
but very low (0.48%) in the subsoil. Total-N is very 

low both in the topsoil (0.06%) and subsoil (0.05%). 
There is an indicated deficiency of magnesium (Mg) 

in the whole solum with P inhibition – refer Appendix 

I for details. 
 

Profile PK0209 

 
 

The fertility potential of this soil (the ability of the soil to retain added nutrients) as reflected by the Cation 

Exchange Capacity (CEC) is moderate in the topsoil (16.26me/g) and low in subsoil (10.29 me/100g) and 
might not fully retain the mineral fertilisers when applied to the soil.  

 
The fertility potential of the soil could be improved by the addition of FYM since organic matter has relatively 

high ability to retain nutrients by increasing the CEC of the soil.  The difficulty would be in getting the FYM 

placed deep enough in the soil to have the desired effect. 
 

The first horizon is found to be stable. However the lower horizons are found to be unstable to 
moderately unstable probably due to increase in gravel content in the lower horizons. Not only they slake 

but also disperse when a dry soil is immersed in water. This indicates that the site is susceptible to soil 

erosion if exposed to rainwater or active water flow. However this will not pose any risk for landslide as 
long as the topsoil is kept intact.   

 
Sample No 

reaction 
Swell 
only 

Slight 
slaking 

Slaking/ No 
dispersion 

Slake/Sli - 
Mod slaking 

Slake + 
dispersion 

Stability class 

PK0209/1  - - - - - Stable 

PK0209/2 - - -  - - Unstable 

PK0209/3 - - - -  - Moderately unstable 

PK0209/4 - - - -  - Moderately unstable 
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5.2.2 Rama Series (PK210 & PK212) 
 

Both the Profiles (PK210 & PK212) were situated on the mid slope of the alluvial fan with south easterly 
aspect. The soil is deep, well drained with few fine to coarse quartz gravels. Very dark grayish brown 

loamy topsoil with strong fine crumb structure underlain by dark yellowish brown gravely sandy loam 
subsoil with few fine crumb structure and contains few to many sub angular quartz gravels. 

 

Profile PK 210 

 

Profile PK212 

 

Both the topsoil and subsoil are alkaline (pH 8.02 – 8.81). This could be due to presence of some calcite 

concretions in the subsoil. However, limestone and marble were not seen in the survey area. The sporadic 
presence of calcite concretions in the subsoil could be from leaching after heavy application of lime and / or 

calcium carbonate rich materials under natural condition. The very high pH in the subsoil could prove to be 

harmful as the main uptake zone for moisture and nutrients by the crop is the subsoil.  
 

The normal yardsticks for inherent fertility (TEB & BS) are moderate with subsoil TEB averaging 
10.81me/100g and very high BS averaging 145%. Available subsoil phosphorus is very low with average 

value of 2.54 ppm.  The individual nutrient elements in the subsoil are rated as “moderate” for calcium, very 
low for sodium and “low” for magnesium and potassium. The level of organic carbon in the topsoil is 

moderate (1.30%) and low (0.67%) in the subsoil. Total-N is low (0.15%) in the topsoil and very low 

(0.03%) in subsoil. There is an indicated slight deficiency of magnesium (Mg) in both the topsoil and subsoil 
with P inhibition – Refer Appendix I for details.  

 
The fertility potential of this soil (the ability of the soil to retain added nutrients and as reflected by the 

Cation Exchange Capacity (CEC) is low (11.81 – 7.79me/100g) both in the topsoil and subsoil respectively 

and might not fully retain the mineral fertilisers when applied to the soil.  
 

The fertility potential of the soil could be improved by the addition of FYM since organic matter has relatively 
high ability to retain nutrients by increasing the CEC of the soil.  The difficulty would be in getting the FYM 

placed deep enough in the soil to have the desired effect.  
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The soil structural stability tests indicate that the topsoil is stable probably due to moderate content of 

organic carbon (1.3%). The subsoil is moderately stable to very unstable as they slake and disperse 

when immersed in the water. As long as the topsoil is retained, there is not much of risk for land 
degradations. 

 
Sample No 

reaction 
Swell 
only 

Slight 
slaking 

Slaking/ No 
dispersion 

Slake/Sli - 
Mod slaking 

Slake + 
dispersion 

Stability class 

PK0210/1  - - - - - Stable 

PK0210/2 -  - - - - Moderately stable 

PK0210/3 - - - - -  Very unstable 

PK0210/4 - - - - -  Very unstable 

 
 
5.2.3 Jazami Series (PK211 & PK213) 
 
Both the sites were located on the lower slope of the alluvial fan with east south easterly aspect. The soil 

is deep and well drained. The topsoil is very dark grayish brown to grayish brown and has sandy loam 
texture with few, medium quartz gravels. The subsoil is dark yellowish brown to brown with sandy loam 

texture and contains few to abundant medium angular quartz gravels. 

 
                   Profile PK0211 

 

                    Profile PK0213 

 

The topsoil is neutral in soil pH (7.5) but the subsoil is alkaline (pH 8.94) - refer Appendix I. This could 

be due to presence of some calcite concretions in the subsoil. However, limestone and marble were not 
seen in the survey area. The sporadic presence of calcite concretions in the subsoil could be from 

leaching after heavy application of lime and / or calcium carbonate rich materials under natural 
condition. The very high pH in the subsoil could prove to be harmful as the main uptake zone for 

moisture and nutrients by the crop is the subsoil.  

 
The normal yardsticks for inherent fertility (TEB & BS) are high with subsoil TEB and very high BS 

averaging 21.27me/100g and 207% respectively. The individual nutrient elements in the subsoil are 
rated as “high” for calcium, very low for sodium, “low” for magnesium and moderate for potassium. 

Level of organic carbon in the topsoil is very low (0.30%) and low in subsoil (0.7%). Total-N is low 

(0.15%) in the topsoil but very low (0.04%) in the subsoil. There is indicated slight deficiency of 
magnesium in calcium and magnesium ration in the subsoil – Refer Appendix I for details. 
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The fertility potential of this soil (the ability of the soil to retain added nutrients) as reflected by the 

Cation Exchange Capacity (CEC) is low in both the topsoil and subsoil (11.81 and 10.06me/100g 
respectively) and might not fully retain the mineral fertilisers when applied to the soil. The fertility 

potential of the soil could be improved by the addition of FYM since organic matter has relatively high 
ability to retain nutrients. The difficulty would be in getting the FYM placed deep enough in the soil to 

have the desired effect. 

 
The soil structural stability tests indicate that the topsoil is moderately stable to stable. However the 

subsoil is moderately unstable to very unstable as they slake and disperse when immersed in the water. 
This indicates that soil is susceptible to erosion and proper erosion control measure needs to be taken 

up. 

 
Sample No 

reaction 
Swell 
only 

Slight 
slaking 

Slaking/ No 
dispersion 

Slake/Sli - 
Mod slaking 

Slake + 
dispersion 

Stability class 

PK0211/2 -  - - - - Moderately stable 

PK0211/3  - - - - - Stable 

PK0211/4 - - - - -  Very unstable 

  

5.3  Soil correlation 

 
5.3.1 Previous Survey 
 

In order to see how the Ramtokto soils fit into a wider context, it is necessary to correlate them with soils 

elsewhere in Bhutan and also with the international systems of soil classification. SSU has done a detailed 
soil survey at Royal Botanic Garden, Serbithang which is situated slightly at higher altitude from the 

Ramtokto Royal Orchard.  
 

Both the survey areas lie under same geological formation (i.e. Paro formation), which is mainly 

characterized by the presence of micaceous schist and quartzite. Limestone is also present in this 
formation but very sparsely. However the drift parent materials are slightly different. Ramtokto soils are 

mostly derived from the alluvial fan material while the soils at the Royal Botanic Garden are dominantly 
formed from colluvium. Therefore there is no direct correlation between the soils of Ramtokto and 

Serbithang.  
 

The difference in soils is attributed to different drift parent materials from where the soils are actually 

formed. Furthermore the difference could be related to altitudinal difference as RBG, Serbithang is 
situated at much higher altitude than Ramtokto. The soils at Ramtokto are generally deep, well to 

somewhat excessively well drained with sandy loam texture. However the soils at Serbithang are mostly 
shallow and gravely mainly limited by bedrock, boulders, stones and gravels.  Table 5.5 gives the 

descriptions of the different soil types. 

 
Table 5.5 Correlation with soils at Serbithang,Royal Botanic Garden 

 
Ramtokto soil series 

 
Brief description 

Ramtokto Moderately deep to deep soil with very dark grayish brown sandy loam 
underlain by dark yellowish brown sandy loam subsoil; moderate medium 

crumb structure with pH of 7.28 and 9.34 of topsoil and subsoil respectively; 

nil reaction to HCl except on few calcites in the subsoil. 
Jazami Deep soil with dark grayish brown sandy loam underlain by brown sandy 

loam subsoil; crumb structure with pH 7.49 and 9.38 of the topsoil and 
subsoil respectively; nil reaction to HCl except on few calcites in the subsoil. 

Rama Deep soil with very dark grayish brown loam underlain by dark brown sandy 

loam with no mottles; weak, coarse, sub angular blocky structure with pH 
7.45 and 8.68 of the topsoil and subsoil respectively; nil reaction to HCl 

except on few calcites in the subsoil. 
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Serbithang Soil types Brief Description 

 

Very shallow hill soil Dark brown sandy loam topsoil; over reddish yellow or strong brown sandy 
loam - sandy clay; over hard quartzite stones; ca 50cm of surface; mostly on 

spur crest  

Moderately shallow hill 
soil 

Dark brown sandy loam topsoil; over reddish yellow or strong brown sandy 
loam - sandy clay; over reddish soft weathered or hard gneiss stones < 

100cm of surface; mostly on upper slopes  & convexities  
Deep stony hill soil Dark brown sandy loam topsoil; over reddish yellow or strong brown stony 

sandy loam - sandy clay with no weathered or hard rock within 100 cm of 

surface; mostly in concavities  

Poorly drained hillside 
gley 

Dark or greyish brown moist - wet sandy loam; over wet grey variable loamy 
sand - sandy clay; over moist grey weathered gneiss stones; hillside 

depressions and drainage lines, channel & pipe leakage areas  

 
 
5.3.2 International Correlations 
 
The series names are not useful to soil scientists outside Bhutan.  For them it is necessary to give the 

equivalents in the international systems of soil classification. At present SSU correlates its soil series with 
the systems of WRB and the US Department of Agriculture.  Table 5.6 correlates the Ramtokto soil series 

with the 1998 version of the FAO World Reference Base for Soil Resources, and with the ninth edition 
(2003) of the USDA Soil Taxonomy. 

 
Because full and definite correlations require somewhat detailed and extensive laboratory and 

environmental data, which are not available for the Ramtokto soils, the correlations in Table 5.6 are 

approximate.  The Soil Moisture Regime (SMR) is assigned as ustic and the Soil Temperature Regimes 
(STR) are clearly mesic as the mean annual temperature is above 150C but lower than 220C. The Particle 

Size Classes are moderately dominated by the high contents of stones and gravel. 
 

Ramtokto soils have been classified as Cambisols (WRB) and Inceptisols (USDA) since it is considered 

that the development of soil structure, often also associated with colour changes, qualify as Cambic 
horizons or mollic horizon due to high organic matter content.  Similarly, the parent materials have all 

been described as consisting of colluvial and alluvial fan deposits on the foot slopes.   
 

Table 5.6 Correlation with International Systems of Soil Classification 
 

 
 

Soil Series 

 
 

Brief series description 

Subunit in FAO 
World Reference 

Base for Soil 
Resources (FAO 

1998) 

Subgroup in USDA 
Soil Taxonomy 

(Soil Survey Staff 
1999) 

 
 

Ramtokto 
 

Moderately deep to deep soil with very dark grayish 
brown sandy loam underlain by dark yellowish brown 
sandy loam subsoil; moderate medium crumb structure 
with pH of 7.28 and 9.34 of topsoil and subsoil 
respectively; nil reaction to HCl except on few calcites in 

the subsoil. CEC 10.29me/100g & BS% 137 
 

 
 
Hypereutric Cambisol 

 
 
Typic 
Haplustepts 

 
 

Rama 
 
 

Deep soil with dark grayish brown sandy loam underlain 
by brown sandy loam subsoil; crumb structure with pH 
7.49 and 9.38 of the topsoil and subsoil respectively; nil 
reaction to HCl except on few calcites in the subsoil. CEC 
7.79me/100g & BS% 145 
 

 
 
Hypereutric Cambisol 

 
 
Typic 
Haplustepts 

 
 

Jazami 
 
 

Deep soil with very dark grayish brown loam underlain by 
dark brown sandy loam with no mottles; weak, coarse, 
sub angular blocky structure with pH 7.45 and 8.68 of 
the topsoil and subsoil respectively; nil reaction to HCl 
except on few calcites in the subsoil. CEC 10.06me/100g 
& BS% 207 

 
 
Hypereutric Cambisol 

 
 
Typic 
Haplustepts 
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6. SOIL DISTRIBUTION AND MAPPING 

6.1 Soil distribution. 

   

The distribution of the soils in Ramtokto Royal Orchard is shown in Figure 6.1.   

 

Figure 6.1 Spatial distribution of soils  

 
Table 6.1 Brief descriptions of the soils  
 

Map unit Soil Series Land Use Brief Description 
 

Ha 

Ram 
 

Ramtokto 
 

Grassland & 
walnut 

Moderately deep to deep soil with very dark grayish brown sandy 
loam underlain by dark yellowish brown sandy loam subsoil; 
moderate medium crumb structure with pH of 7.28 and 9.34 of 
topsoil and subsoil respectively; nil reaction to HCl except on few 
calcites in the subsoil. CEC 10.29me/100g & BS% 137 
 

0.39 

Ja Jazami Grassland & 
walnut 

Deep soil with dark grayish brown sandy loam underlain by brown 
sandy loam subsoil; crumb structure with pH 7.49 and 9.38 of the 
topsoil and subsoil respectively; nil reaction to HCl except on few 
calcites in the subsoil. CEC 7.79me/100g & BS% 145 
 

0.80 

Ra Rama Grassland & 
walnut 

Deep soil with very dark grayish brown loam underlain by dark 
brown sandy loam with no mottles; weak, coarse, sub angular 
blocky structure with pH 7.45 and 8.68 of the topsoil and subsoil 
respectively; nil reaction to HCl except on few calcites in the 
subsoil. CEC 10.06me/100g & BS% 207 
 

0.85 

   Total 2.04 
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7. LAND EVALUATION & CLASSIFICATION 

7.1 Background 

One of the purposes of soil survey is to allow land to be evaluated or classified as to its suitability for 
specific crops or enterprises.  During 1999 and 2000 SSU developed a provisional system for the physical 

evaluation of land (SSU Working Paper WP9, 2000).  The system works on the principle of limiting 
factors, with land assessed according to its worst features. 

 

The process is to consider the factors that, by and large, have the most effect on the growth of the crop 
in question. The farmer or land user cannot change some of these features or factors whilst others, such 

as fertility, can be altered. All the factors considered are detailed in Table 7.1 below where it is noted if 
the feature can be altered or not.  Consideration of all these factors, singly and in combination, is used to 

assess if the land is generally suitable or unsuitable for the intended purpose.   
 

Table 7.1 Factors Considered for Land Evaluation 

 
Factor Limitation 

Code 
Permanent Feature or Not Notes 

Altitude c Permanent, can not be altered or 
influenced 

Too high and we get frosts or temperatures too low for economic 
growth. Too low and some plants suffer heat stress. Use of different 

varieties can overcome some of the effects of altitude. 

Aspect c Permanent, can not be altered or 

influenced 

With the wrong aspect crops can be subjected to too little sunshine 

(radiation) and infections such as moulds etc can develop.  
Similarly, some crops do not like too much sunshine. 

Slope t Can be altered if land shaping carried out An expensive intervention 
 

Existing erosion t In theory a non-permanent condition but 
in many situations very difficult to stop or 
control 

Best solution is to install anti-erosion measures and stay off such 
land and not even cultivate close to such land 

Potential 
erosion 

t Semi-permanent as amelioration is 
possible 

Best solution is to avoid using land with moderate or high potential 
for erosion 

Flood hazard f Semi-permanent as amelioration is 
possible 

Flood protection measures usually involve earth moving or civil 
engineering interventions and are expensive to install. The best 

policy is to avoid cultivation and use of land perceived to be at risk 

Surface stones w Non-permanent and can be cleared Surface stones make the soil more difficult to work and can damage 

agricultural implements and machinery, planting or transplanting of 
some crops can become very difficult. 

Topsoil stones w Semi-permanent and can be cleared or re-
arranged to some extent. 

Surface stones – within 25cm depth – can be removed by sieving or 
hand clearance but this is a very expensive / time consuming 

intervention. 
For wetland use, the situation can be ameliorated by puddling – 
that is ploughing the field whilst flooded and the stones selectively 

sink to the bottom of the plough layer 

Precipitation m Permanent, but the situation can be 

influenced and ameliorated 

Use of supplementary irrigation or water harvesting techniques can 

be used to ameliorate the situation when rainfall is too low. 
If rainfall is too high or too intense we can get fungal infections 

with crops rotting in the field and physical crop damage 
respectively. 

Soil depth – 
rooting depth 

m Permanent, can not be altered or 
influenced unless land shaping is done and 
extra soil is deposited on the site 

The reserves of moisture and nutrients in a shallow soil can be 
boosted by ameliorative measures such as application of FYM and 
use of water-harvesting techniques or supplementary irrigation. 

Subsoil texture m Permanent, can not be altered or 
influenced 

This is usually taken as 25cm and deeper and is normally the main 
moisture and nutrient uptake zone by most crops. 

Subsoil stones m Permanent, can not be altered or 
influenced 

Subsoil stones – 25cm and deeper – dilute the nutrient content and 
water holding capacity of the soil since stones are inert inclusions 

Slope form m Non-permanent and can be changed by 
landshaping – expensive intervention 

Concave sites collect extra water from run-off as it flows into the 
site, whilst convex shaped sites suffer more run-offs. 

Profile (soil) 
drainage 

d Non-permanent and can be changed by 
installation of soil drains – expensive 

intervention 

Different crops have different tolerance and requirement for well 
drained or poorly drained soils. 

Cation Exchange 

Capacity (CEC) 

y Non-permanent feature and can be altered 

by addition of various amendments – 
normally FYM 

A measure of fertility potential and the ability of the soil to retain 

added nutrients. 

Base Saturation 
(BS) 

y Non-permanent feature and can be 
improved by addition of FYM and or 

fertilisers 

A measure of inherent fertility and a measure of the nutrients 
readily available to the crop 

Soil Reaction 

(pH) 

y Non-permanent feature and can be altered 

by addition of amendments such as lime 
or FYM 

Some crops are very tolerant to soil acidity whilst others require a 

narrow range of pH. Liming not normally feasible in Bhutan. 

Aluminium 
Saturation (ASP) 

y Non-permanent feature and can be altered 
by addition of amendments such as lime, 
gypsum or FYM 

A relationship exists between ASP and pH and some crops are 
sensitive to aluminium. Addition of chemicals not normally feasible 
in Bhutan. 
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7.2 Crop Criteria and Suitability Classification 

 
Based on information supplied by the crop specialists at the RNR centres, personal knowledge of staff of 

SSU and the other sections of NSSC plus a literature search, criteria have been compiled for 32 various 
crops currently cultivated in Bhutan. No attempt has been made to establish criteria for all crops grown in 

the country – only the most prominent. 
 

The criteria include the upper and lower altitudes at which the crop will grow and gives the range for 

optimum growth.  Ranges are given for all the factors detailed in Table 7.1.  Finally, intermediate ranges 
between the optimum and totally unsuitable are given and the end result is that four classes are defined.  

The classes are as shown in Table 7.2. 

 
Table 7.2 Suitability Classes 

 
Suitability 

Class 

Description Input Level Required for Acceptable Yields / Crops 

Class S1 Highly suitable Low 

 

Class S2 Moderately suitable Moderate inputs of land shaping, anti-erosion measures 
husbandry, nutrients, ameliorants or water required 

Class S3 Marginally suitable High levels of land shaping, anti-erosion measures, husbandry, 

nutrients, ameliorants or water required 

Class N Not suitable The crop would not grow in a satisfactory manner or the Inputs 

required would cost more than the returns from the crop. 

Class SC3 Conditionally suitable A more lax category applied to land already in use by the farmer 
– if new land this would be classified as unsuitable (Class N) 

 

The criteria compiled and currently used for land suitability classification for walnut is presented in Table 
7.3.  Data on the criteria of all the other crops considered are available in a similar format. 
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Table 7.3 Land Evaluation / Land Suitability Classification criteria – Walnut 

 
 New Land Land Already in Use by Farmer  

Class 
Suitability 

S1 
High 

S2 
Moderate 

S3 
Marginal 

N 
Unsuitable 

S1 & S2 
High/Mod 

SC3 
Marginal 

N 
Unsuitable 

Required Inputs / Conditions Notes 

Parameter  Unit          

Altitude  c masl 1600 - 1900  1901 – 2300 
1599 – 1450 

2301 – 2700 
1449 - 1300 

>2700 
<1300 

As new land 2301 – 2700 
1449 - 1100 

>2800 
<1100 

 Too high = frost + reduced winter growth 
Too low=heat stress.Optimal 27-29 deg C 

Aspect c Compass 
degrees 

E to W NNE to E 
W to NNW 

NNW to NNE N/A As new land NA N/A  Wrong aspect = reduced radiation with 
fungal infections or too hot and burn 

Slope  
 

t % <30 31 – 45 46 – 60 >60 As new land 46 - 120 >120 Contoured / terraced Too steep = run off + risk of erosion 

Previous 
Erosion 

t Class Nil Nil - Slight Slight - Mod Severe As new land Slight - Mod Severe Contoured / terraced 
Erosion control 

 

Erodibility 
 

t Class Low Low - Slight Slight - Mod High As new land Slight - Mod High Contoured / terraced 
Erosion control 

Check rock type, phyllites can be very 
unstable and erodible 

Flood  
hazard 

m m above 
river bed 

>20 20 – 10 >5 <5 As new land >3.5 <3.5 Drainage channels or ditch to aid 
removal of flood water 

Trees do not like wet feet – flooding leads 
to anaerobic root zone 

Surface 
stones  

w %   <5% 5 – 20% 20.1 – 35% >35% As new land 20.1 – 60% >60%  Stones on the surface hinder workability  

Topsoil 
stones 

w %   <5% 5 – 20% 20.1 – 35% >35% As new land 20.1 – 60% >60% Water harvesting to increase moisture 
supply 

Workability hindered plus poor seedbed 
and low water holding capacity 

Rainfall m 
 

mm / yr 900 - 1200 1201 -1500 
899 - 800 

1501 – 2000 
799 - 700 

>2000 
<700 

As new land >1400 
 

>2200 
<600 

Use water harvesting techniques 
 

Too low pptn = moisture stress and fruit 
does not fill 

Rooting 
Depth 

m cm >120 120 - 90 89 - 75 <75 As new land >60 <60 Add FYM to increase AWHC + nutrient 
Water harvest to increase moisture 

If very shallow plus sandy downgrade due 
to even lower moisture / nutrient reserves 

Subsoil 
texture 

m  texture  ZC, CL, 
ZCl, SCl 

L, SL, ZL, C, 
SC 

LvfS ,LfS, 
LfS C(h),  

Loamy Sands 
& Sands  

As new land Any but LcsS, 
LvcS, cS and 
vcS  

LcS, LvcS,cS, 
vcS 

Add FYM to increase AWHC + nutrient 
Water harvest to increase moisture 

Sandy and gravelly / stony soils have 
poor water holding capacity and nutrients 

Subsoil 
stones 

m %  <20% 20 – 35% 35 – 60% >60% As new land 35 – 70% >70% Add FYM to increase AWHC + nutrient 
Water harvest to increase moisture 

High stone content reduces water holding 
capacity and nutrient reserves 

Slope form m Shape 
 

Concave Any Any NA As new land Any NA  Better infiltration of rain if slope is 
concave in form 

Profile 
drainage 

d Class Well  Mod  Imperfect  Poor, V Poor 
SW Exces & 
Excessive 

As new land Any but Very 
Poor or 
Excessive 

Very Poor or 
Excessive 

If poor drainage required Prefers well drained soils without contact 
to solid rock in root zone 

CEC y me/100g 
 

>15 15 - 5 <5 NA As new land NA NA Add FYM FYM greatly increases cation exchange 
capacity 

BS y % 
 

>80 80 - 40 <40 NA As new land NA NA Use FYM, fertilise FYM and or fertiliser increases nutrient 
levels 

pH y  6.0 – 6.5 5.9 – 5.5 
6.6 –7.0 

5.4 – 5.0 
7.1 - 8.0 

<5.0 
>8.0 

As new land > 4.5 
<8.5 

<4.5 
>8.5 

Add Liming material to reduce acidity 
Add FYM 

Liming probably not feasible due to cost 
and availability 

ASP y  
 

<20 21 - 40 41 – 50 >50 As new land 41 - 55 >55 Add source of Calcium 
Add FYM 

Too high Al =Toxicity / lime required 
FYM probably more feasible than lime 

 
  
Notes c = climate; t = topography; m = soil moisture; w = workability; d = soil drainage; y = soil chemistry 
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7.3 Application of the System 

 
The relevant data (altitude, aspect, slope etc) for each site or each map unit under study are stored in 
the SSU soil database – BHUSOD.  These data are extracted from BHUSOD and can be used in two ways: 

(a) manually 

(b) automatically 
In most cases of new survey the planned land use might be known before the survey is executed and, if 

so, only the land suitability classification for the planned crop would be done and this can easily be done 
manually.  However, in some cases it would be required to try and establish which would be the crop 

most suited to the land; in this case the suitability classification for all crops may have to be checked.  If 
the latter is the case then the automatic application of the system is essential. 

 
7.3.1 Manual Application 

 
In the manual application the user refers to the table of criteria (e.g. Table7.3) and matches the data to 

the class for each factor – one starts at the top of the table and works down through the rows.  As soon 

as any data item falls into a class below Class S1 the classification cannot return to Class S1, but it may 
fall further if any data item then falls in Class S3 or Class N.  When one reaches the bottom of the form 

the worst class or classes are taken as the suitability classification of the site or map unit in question. 
 

 Normally up to three limitation codes are given.  That is a final classification might be, for example; 
 Class S1 (everything falls in the Class S1 column)    

 Class S2c (perhaps the altitude falls in the Class S2 column) 

 Class S3cmy (perhaps aspect, subsoil texture and pH fall in the Class S3 column) 

 Class Nctw (perhaps the altitude, slope and surface stone cover all fall in the Class N column). 

 

7.3.2 Automatic Application 

 
SSU has developed a series of spreadsheets incorporating “look-up tables” where all one has to do is 

insert the relevant data on altitude, aspect, slope etc. into the spreadsheet table and classification is done 
automatically.  This process removes the possible effects of operator error – however it is dependent on 

the data being correct and the criteria being accurate.  As time progresses and knowledge of crops and 

crop requirements grows the criteria can and will be updated. 

7.4 Land Suitability Classification for Ramtokto Royal Orchard  

 

7.4.1 Basic Data 
The basic data, extracted from the database, and used for land suitability classification in Ramtokto Royal 

Orchard are presented in Table 7.4.  These data were inserted into the SSU look-up tables and the 
summary of the output from this operation is presented in Section 7.4.2. 

 
Table 7.4 Basic Data Ramtokto Royal Orchard 
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7.4.2 Output from Automatic Classification 

 
Even though RNR-RC Yusipang is planning to plant Walnut in the orchard, suitability of other tree crops 
are also done to give further options how to go about with the establishment of the orchard. The 

summary information from the LUT spreadsheet is given below – the full data are not shown due to 

excessive volume and size.  
  

Land Use Type 3 – Tree crops 

 

As can be seen from the above summary, only Rama mapping unit is conditionally suitable for growing 
Walnut and rest of the mapping units of the orchard are unsuitable due very high soil pH. Except cashew, 

other tree crops are unsuitable in the orchard either due to high altitude, low rainfall and very high soil 
pH. Cashew is conditionally suitable in the Rama Mapping unit due to very high soil pH.  

 
Furthermore the orchard is not suitable for growing most of dry land crops and vegetables either due to 
unfavourable climatic condition and very high soil pH or both – refer Summaries LUT-2 & LUT 4 
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However pulses seem to be marginally and conditionally suitable compared to other crops due to steep 

slope, irregular landform shape and unfavourable aspect. Figure 7.1 gives the distribution of suitability 

units of Royal Orchard for tree crops, cereals and vegetables.  
 
Figure 7.1 Distribution of Suitability Units of Ramtokto Royal Orchard 

 

 
 
Table 7.5 Legend for suitability map of Royal Orchard, Ramtokto 
 

Crops Best Suitability 
Class 

Map Unit Area (ha) Crop suitability description 
 

 
Walnut 

SC3 Ra 0.85 Conditionally suitable due to very high soil 
pH 

N Ram & Ja 1.19 Not suitable due to very high soil pH 
 

 
Pulses 

S3 Ra & Ja 1.65 Marginally suitable due to unfavourable 
landform shape and aspect 

SC3 Ram 0.39 Conditionally suitable due to steep slope 
 

Other tree 
crops 

N Ram, Ja & Ra 2.04 Not suitable due to high soil pH and / or 
high or low altitude and / or steep slope  

Cereals 
 

N Ram, Ja & Ra 2.04 Not suitable due to high soil pH and / or 
high or low altitude and / or steep slope 

Other 
Vegetables 

N Ram, Ja & Ra 2.04 Not suitable due to high soil pH  
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7.5 Suitability of Ramtokto Royal Orchard 

 
7.5.1 General 

 
As shown in Section 7.4.2 and Table 7.5, the orchard is not really suitable for most of the tree, cereal and 

vegetable crops. The main limiting factors which do not allow the land from being classified as suitable 

are as follows:  
 Very high soil pH – soils are alkaline and most of the crops do not favour this condition.  

 Poor fertility potential and poor inherent fertility – reflected by low Cation Exchange Capacity 

(CEC)  

 Altitude and aspect – Unfavourable altitude and aspect  

 
7.5.2 Ameliorative Measures to be considered 

 
The three mapping units of Ramtokto Royal Orchard are not really suitable for most of the crops.  

 

The “Ram” mapping unit is unsuitable for walnut, other tree crops, cereals and other vegetables. 
However it is conditionally suitable for pulses. The mapping unit “Ra” is marginally suitable for pulses and 

conditionally suitable for walnut but unsuitable for other tree crops, cereals and other vegetables. The 
mapping unit “Ja” is marginally suitable for pulses but unsuitable for walnut, other tree crops, cereals and 

other vegetables.  

 
As noted in Section 7.5.1 the main limitations are high soil pH, steep slopes, low soil fertility and 

unfavourable altitude and aspect and the following inputs or ameliorative measures are suggested for 
consideration. Not much could be done to make the altitude and aspect favourable but soil pH and soil 

fertility could be made favourable for growing crops.  
 

 

 
 

 

 
 

 
 

 

Soil pH 

Most of crops prefer near neutral soil pH because most of the soil nutrients are 

available to the plants within this pH range. However if the soil pH is either too low or 
too high then most of nutrients become unavailable to the plants and they do not 

thrive well. The soils of Ramtokto Royal Orchard are alkaline (> pH 8.0) probably due 

to excessive application of lime in the past. This is because no source calcium 
carbonate was found in the field like lime stone or marble. 

 
Soil pH can be reduced by adding organic matter. On average, soils with higher organic 

matter contents have lower pH. FYM from pine needles will lower the pH more than 

other organic compounds 
 

Add elemental sulphur annually at right quantity. Elemental sulphur slowly oxidises in 
soil to form sulphuric acid. Soils should be tested occasionally and stop adding sulphur 

once the pH has reached desirable levels. 
 

Use acidifying fertilizers such as ammonium sulphate and other products with label 

designations indicating an acidic reaction in the soil. With repeated use these materials 
may reduce the soil pH. 

 

 
 

 
 

Soil fertility / 
chemistry 

 

Fertility or soil chemistry problems can be ameliorated in almost all cases.  Low fertility 
potential, or the ability to retain any added nutrients in the form of fertilisers, can be 

improved by the addition of FYM, which adds considerably to the CEC (Cation Exchange 
Capacity) of the soil. 

 
Similarly inherent fertility, or the supply of nutrients in the soil, can be improved by the 

addition of appropriate fertilisers and / or FYM.  If adding fertilisers is planned the CEC 

of the soil should be carefully considered to ensure the soil could retain the added 
fertilisers and not allow them to be immediately leached out by rainfall. 

 
 

 



SSU: Soil Survey Report – Ramtokto Royal Orchard; Thimphu 

Report no. SS20 – Detailed Soil Survey Report of Ramtokto Royal Orchard Page 35 of 46 

APPENDIX A:  CHEMICAL CHARATERISTICS 

 

 
 

 



SSU: Soil Survey Report – Ramtokto Royal Orchard; Thimphu 

Report no. SS20 – Detailed Soil Survey Report of Ramtokto Royal Orchard Page 36 of 46 

APPENDIX B:  SOIL STABILITY TEST 

 
 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sample No  reaction Swell only Slight slaking Slaking/ 

No dispersion 

Slake/Sli-Mod 

slaking 

Slake + 

dispersion 

Stability class 

PK0209/1  - - - - - Stable 

PK0209/2 - - -  - - Unstable 

PK0209/3 - - - -  - Moderately unstable 

PK0209/4 - - - -  - Moderately unstable 

PK0210/1  - - - - - Stable 

PK0210/2 -  - - - - Moderately stable 

PK0210/3 - - - - -  Very unstable 

PK0210/4 - - - - -  Very unstable 

PK0211/1  - - - - - Stable 

PK0211/2 -  - - - - Moderately stable 

PK0211/3  - - - - - Stable 

PK0211/4 - - - - -  Very unstable 

PK0212/1  - - - - - Stable 

PK0212/2  - - - - - Stable 

PK0212/3 - -  - - - Slightly unstable 

PK0212/4 - - - - -  Very unstable 

PK0213/1  - - - - - Stable 

PK0213/2 -  - - - - Moderately stable 

PK0213/4 - - - - -  Very unstable 
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APPENDIX C: SOIL PROFILE DESCRIPTIONS 
 
Profile:    PK209 
Described & sampled:  Tsheten Dorji, 20/01/04 
Survey area:   Royal Orchard, Ramtokto, Thimphu 
Map unit:    “Ram” 
Soil Classification 
 SSU Soil Series:  Ramtokto 
 Soil Taxonomy:  Typic Haplustepts 
 WRB:   Eutric Arenosol 
Coordinates:   27º 25' 25.5" N and 89º 38' 1.2" E 
Topographic Map:   No. 78 E/11 Scale 50,000 Date: 1998 
Location:    Ca 150 m ENE from ruined house 
Altitude:    2400 masl 
Climate 
 General:   Cool temperate 
 Recent Weather:  Sunny 
Parent material 
 Solid:   Paro schist 
 Drift:   Colluvium 
Topography 
 Landform:  Lower mountain 
 Site position:  T1 
 Aspect:                  SE (140 deg) 
 Slope:   1% (gently sloping), flat 
 Erosion:   None  
 Run-off:   None 
 Site drainage:  Good 
 Micro relief:  ND 
Surface 
 Surface condition:  Slightly moist 
 Surface cracks:  None 
 Surface capping:  None 
 Lichen/Algae:  None, none 
 Surface litter:  Dense, raw decomposed grasses about 5 cm deep.  
 Surface outcrops:  rare (1 %), Hard, large boulder schist 
 Surface stone:  None 
Vegetation category:  Dry land 
Land use:    Kamshing 
Soil Depth Limit:   None 
Soil Drainage Class:   Well drained 
 
Notes / Comments: Highly disturbed soil, charcoal recorded, lime also noted. Buried topsoil with lots of charcoal 

(ca10cm thick) between 4th and 5th horizon     
 
Cm Horizon      Description 
 
0-30  Ap 

Very dark grayish brown (10YR 3/2) moist; sandy clay loam with no mottles; few (5%) hard 
medium angular quartzite gravels; friable moist; weak fine crumb structure; few fine tubular 
pores; abundant fine fibrous roots; nil reaction to dilute HCl; diffused boundary:  

[Sample No. Pk209/1 chemical] 
30-56  Bw1 

Dark brown (10YR 3/3) moist; sandy clay loam with no mottles; common (10%) hard angular 
quartzite gravels; friable, slightly sticky and non plastic moist; weak medium sub angular 
blocky structure; few medium & coarse tubular pores; many irregular fine fibrous roots; nil 
reaction to dilute HCl; diffused boundary:  [Sample No. Pk209/2 chemical] 

56-78 Bw2   
Dark yellowish brown (10YR3/4) moist; gravely sandy clay loam with no mottles; many coarse 
angular quartzite gravels; friable slightly sticky non plastic; weak medium sub angular blocky 
structure; few fine tubular pores; common fine fibrous roots; nil reaction to HCL; diffused 
boundary;    [Sample No 209/3 chemical] 

78-130 
Ab Very dark grayish brown (10YR3/2) moist; gravely sandy clay loam with no mottles; many 

coarse angular quartzite gravels; friable, slightly sticky and non plastic; weak medium sub 
angular blocky structure; few fine tubular pores; common irregular fine roots; nil reaction to 
HCl; diffused boundary;   [Sample No.Pk209/4] 

130-160 
BC Dark yellowish brown (10YR3/4) moist; gravely sandy clay loam with no mottles; many coarse 

angular quartzite gravels; friable non sticky non plastic; weak medium sub angular blocky 
structure; few fine tubular pores; few irregular fine roots; nil reaction to HCL;  

[Sample No. Pk209/5] 
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Reaction + Nutrients 
 

BSS No. Depth 
cm 

Lab 
No. 

pH 
Water 

pH KCL pH Diff Avail-P 
ppm 

OC % Total-N C:N Ratio Avail-K ppm 

Pk209/1 0-30 17445 7.28 6.39 0.89 29.80 2.60 0.06 42.90 153.41 

Pk209/2 30-56 17446 8.42 7.26 1.16 78.21 0.60 0.05 11.82 75.90 

Pk209/3 56-78 17447 8.85 7.54 1.31 72.77 0.40 0.04 9.86 63.73 

Pk209/4 78-130 17448 9.09 7.80 1.29 52.85 0.50 0.04 12.32 46.06 

Pk209/5 130-160 17449 9.17 7.76 1.41 76.41 0.40 0.05 7.87 31.85 

 
Exchangeable 
 

 

 
 
 
 

BSS No. 
 

Exch Ca 
Me/100g 

Exch- mg 
Me/100g 

Exch-K 
Me/100g 

Exch-Na 
Me/100g 

TEB 
Me/100g 

CEC AmOAc 
Me/100g 

ECEC 
Me/100g 

BS 
% 

Pk209/1 9.83 1.07 1.00 0.02 11.92 16.26 11.92 73.33 

Pk209/2 11.97 1.01 0.75 0.05 13.79 10.24 13.79 134.64 

Pk209/3 11.07 0.86 0.62 0.08 12.62 9.95 12.62 126.87 

Pk209/4 13.07 0.95 0.55 0.05 14.62 10.54 14.62 138.80 

Pk209/5 13.70 1.37 0.45 0.08 15.60 10.44 15.60 149.32 
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Profile:    PK210 
Described & sampled:  Kado Tshering, 20/01/04 
Survey area:   Royal Orchard, Ramtokto, Thimphu 
Map unit:    “Ra” 
Soil Classification 
 SSU Soil Series:  Rama 
 Soil Taxonomy:  Typic Haplustepts 
 WRB:   Eutric Arenosol 
Coordinates:   27º 25' 26.7" N and 89º 38' 1.1" E 
Topographic Map:   No. 78 E/11 Scale 50,000 Date: 1998 
Location:    Ca 150 m NE from ruined house 
Altitude:    2283 masl 
Climate 
 General:   Cool temperate 
 Recent Weather:  Sunny 
Parent material 
 Solid:   Paro schist 
 Drift:   Mudflow 
Topography 
 Landform:  Lower mountain 
 Site position:  T5 
 Aspect:                  SE (150 deg) 
 Slope:   1% (gently sloping), irregular 
 Erosion:   None  
 Run-off:   Slow 
 Site drainage:  Good 
 Micro relief:  >200cm, land shaping 
Surface 
 Surface condition:  Dry 
 Surface cracks:  None 
 Surface capping:  None 
 Lichen/Algae:  None, none 
 Surface litter:  Dense, raw decomposed grasses about 5 cm deep.  
 Surface outcrops:  None 
 Surface stone:  Few, coarse gravel, gneiss, schist and quartzite  
Vegetation category:  Dry land 
Land use:    Horticulture 
Soil Depth Limit:   None 
Soil Drainage Class:   Well drained 
 
Notes / Comments:      
 
Cm Horizon      Description 
 
0-13  Ap 

Very dark grayish brown (10YR 3/2) moist; loam with no mottles; rare (2%) hard fine angular 
quartz gravels; friable non sticky non plastic moist; strong fine crumb structure; common fine 
tubular pores; many fine fibrous roots; nil reaction to dilute HCl; gradual smooth boundary:  
     [Sample No. PK210/1 chemical] 

13-55  Bw1 
Dark brown (10YR 3/3) moist; coarse sandy loam with no mottles; few (5%) hard angular 
medium quartzite gravels; slightly friable, non sticky and non plastic moist; strong fine crumb 
structure; common fine tubular pores; few irregular fine fibrous roots; nil reaction to dilute HCl; 
clear and smooth boundary:   [Sample No. PK210/2 chemical] 

55-66   
BC1   

Brown (10YR4/3) moist; gravely sandy loam with no mottles; few (35%) coarse angular 
quartzite and schist gravels; slightly firm non sticky non plastic; weak medium sub angular 
blocky structure; few fine interstitial pores; rare irregular fine fibrous roots; nil reaction to HCL;
     [Sample No. PK210/3 chemical] 

66-102 
BC2 Very dark grayish brown (10YR3/2) moist; gravely sandy clay loam with no mottles; few coarse 

angular quartzite and schist gravels; slightly firm, slightly sticky and non plastic; weak coarse 
sub angular blocky structure; common fine tubular pores; rare irregular fine roots; nil reaction 
to HCl; diffused boundary;   [Sample No. PK210/4] 
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Reaction + Nutrients 
 

BSS No. Depth 
cm 

Lab 
No. 

pH 
Water 

pH KCL pH Diff Avail-P 
ppm 

OC % Total-N C:N Ratio Avail-K ppm 

Pk210/1 0-13 17450 7.45 6.27 1.18 6.65 2.40 0.22 11.16 96.20 

Pk210/2 13-55 17451 7.99 6.31 1.68 2.76 0.50 0.04 12.33 62.00 

Pk210/3 55-66 17452 8.57 6.66 1.91 2.03 0.20 0.03 6.56 41.78 

Pk210/4 66-102 17453 8.68 6.70 1.98 2.84 0.30 0.03 9.82 40.98 

 
Exchangeable 
 

BSS No. 
 

Exch Ca 
Me/100g 

Exch- mg 
Me/100g 

Exch-K 
Me/100g 

Exch-Na 
Me/100g 

TEB 
Me/100g 

CEC AmOAc 
Me/100g 

ECEC 
Me/100g 

BS 
% 

Pk210/1 9.46 1.67 0.69 0.03 11.85 11.53 11.85 102.75 

Pk210/2 6.98 1.37 0.47 0.03 8.85 10.00 8.85 88.51 

Pk210/3 7.59 1.31 0.35 0.04 9.29 7.99 9.29 116.31 

Pk210/4 9.51 1.33 0.40 0.01 11.25 9.15 11.25 122.92 
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Profile:    PK211 
Described & sampled:  Kado Tshering, 20/01/04 
Survey area:   Royal Orchard, Ramtokto, Thimphu 
Map unit:    “Ja” 
Soil Classification 
 SSU Soil Series:  Jazami 
 Soil Taxonomy:  Typic Haplustepts 
 WRB:   Eutric Arenosol 
Coordinates:   27º 25' 27.4" N and 89º 38' 2.1" E 
Topographic Map:   No. 78 E/11 Scale 50,000 Date: 1998 
Location:    Ca 1000 m to the NE of the ruined house 
Altitude:    2297 masl 
Climate 
 General:   Cool temperate 
 Recent Weather:  Sunny 
Parent material 
 Solid:   Paro schist 
 Drift:   Landslip debris 
Topography 
 Landform:  Lower mountain 
 Site position:  T6 
 Aspect:                  S (180 deg) 
 Slope:   1% (gently sloping), irregular 
 Erosion:   None  
 Run-off:   None 
 Site drainage:  Good 
 Micro relief:  50-100cm, land shaping 
Surface 
 Surface condition:  Dry 
 Surface cracks:  None 
 Surface capping:  None 
 Lichen/Algae:  None, none 
 Surface litter:  Dense, raw decomposed grasses about 10 cm deep.  
 Surface outcrops:  None 
 Surface stone:  Many, coarse gravel, gneiss, and schist  
Vegetation category:  Grassland 
Land use:    Fallow 
Soil Depth Limit:   None 
Soil Drainage Class:   Somewhat excessively 
 
Notes / Comments: Surface stones has been collected / heaped up in one side    

  
 
Cm Horizon      Description 
 
0-20 Ap 

Very dark grayish brown (10YR 3/2) moist; medium sandy loam with no mottles; few (2%) 
hard medium angular quartz gravels; friable non sticky non plastic moist; moderate medium 
crumb structure; common fine tubular pores; many irregular fine fibrous roots; nil reaction to 
dilute HCl; clear and smooth boundary:   [Sample No. PK211/1 chemical] 

 
20-50  Bw1 

Dark yellowish brown (10YR 3/4) moist; coarse sandy loam with no mottles; few (3%) hard 
angular medium quartzite gravels; slightly friable, non sticky and non plastic; weak coarse sub 
angular blocky structure; many fine tubular pores; few irregular fine fibrous roots; nil reaction 
to dilute HCl; gradual and smooth boundary: [Sample No. PK211/2 chemical] 

50-96  Bw2   
Brown (10YR4/3) moist; medium sandy clay loam with no mottles; common (20%) slightly 
hard schist stones; slightly firm slightly sticky non plastic; weak coarse sub angular blocky 
structure; many fine tubular pores; few irregular fine fibrous roots; nil reaction to HCL; 
     [Sample No. PK211/3 chemical] 

96-128 BC 
 Dark yellowish brown (10YR4/4) moist; extremely gravely sandy loam with no mottles; many 

(60%) quartzite and schist stones; slightly firm, non sticky non plastic; very weak medium sub 
angular blocky structure; common fine interstitial pores; rare irregular fine roots; nil reaction to 
HCl;     [Sample No. PK211/4] 
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Reaction + Nutrients 
 

BSS No. Depth 
cm 

Lab 
No. 

pH 
Water 

pH KCL pH Diff Avail-P 
ppm 

OC % Total-N C:N Ratio Avail-K ppm 

Pk211/1 0-20 17454 7.49 6.40 1.09 2.48 0.20 0.18 1.09 69.71 

Pk211/2 20-50 17455 8.65 7.10 1.55 1.09 0.20 0.05 3.94 24.22 

Pk211/3 50-96 17456 9.17 7.75 1.42 1.01 1.00 0.03 32.55 14.86 

Pk211/4 96-128 17457 9.26 7.77 1.49 2.03 0.20 0.02 9.74 7.84 

 
Exchangeable 
 

BSS No. 
 

Exch Ca 
Me/100g 

Exch- mg 
Me/100g 

Exch-K 
Me/100g 

Exch-Na 
Me/100g 

TEB 
Me/100g 

CEC AmOAc 
Me/100g 

ECEC 
Me/100g 

BS 
% 

Pk211/1 10.76 1.34 0.87 0.01 12.98 13.29 12.98 97.69 

Pk211/2 10.68 0.85 0.35 0.01 11.88 8.81 11.88 134.81 

Pk211/3 32.58 0.95 0.35 0.10 33.98 10.59 33.98 320.90 

Pk211/4 27.87 0.95 0.29 0.09 29.20 11.11 29.20 262.79 
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Profile:    PK212 
Described & sampled:  Kado Tshering, 20/01/04 
Survey area:   Royal Orchard, Ramtokto, Thimphu 
Map unit:    “Ra” 
Soil Classification 
 SSU Soil Series:  Rama 
 Soil Taxonomy:  Typic Haplustepts 
 WRB:   Eutric Arenosol 
Coordinates:   27º 25' 28.8" N and 89º 38' 0.7" E 
Topographic Map:   No. 78 E/11 Scale 50,000 Date: 1998 
Location:    Ca 1000 m NE of the ruined house 
Altitude:    2308 masl 
Climate 
 General:   Cool temperate 
 Recent Weather:  Sunny 
Parent material 
 Solid:   Paro schist 
 Drift:   Colluvium 
Topography 
 Landform:  Lower mountain 
 Site position:  Escarpment 
 Aspect:                  ESE (160 deg) 
 Slope:   43% (steeply sloping), irregular 
 Erosion:   Moderate 
 Run-off:   Rapid 
 Site drainage:  Good 
 Micro relief:  >200cm, terrace 
Surface 
 Surface condition:  Dry 
 Surface cracks:  None 
 Surface capping:  None 
 Lichen/Algae:  None, none 
 Surface litter:  Dense, raw decomposed grasses about 15 cm deep.  
 Surface outcrops:  None 
 Surface stone:  Rare, Boilplate, gneiss, and schist  
Vegetation category:  Dryland 
Land use:     Scrubland 
Soil Depth Limit:   None 
Soil Drainage Class:   Well 
 
Notes / Comments: Though there are lots of CaCo3   stains within 20 -110 cm depth, it doesn’t react to HCL  
 
Cm Horizon      Description 
 
0-20 Ap 

Dark grayish brown (10YR 4/2) moist; medium sandy loam with no mottles; few (5%) hard 
angular quartzite stones; friable non sticky non plastic slightly moist; strong moderate crumb 
structure; few fine interstitial pores; abundant irregular fine fibrous roots; nil reaction to dilute 
HCl; clear and smooth boundary:  [Sample No. PK212/1 chemical] 

 
20-61 Bw1 

Brown (7.5YR 4/4) moist; coarse sandy loam with no mottles; few (5%) hard angular medium 
quartzite gravels; few fine calcite concretions; friable, non sticky and non plastic; moderate 
medium sub angular blocky structure; common fine tubular pores; common irregular fine 
fibrous roots; nil reaction to dilute HCl; gradual and smooth boundary:   
     [Sample No. PK212/2 chemical] 

61-116  Bw2   
Dark brown (7.5YR 3/3) moist; coarse sandy loam with no mottles; few (5%) hard sub angular 
quartzite gravels; slightly friable non sticky non plastic; weak coarse sub angular blocky 
structure; common fine tubular pores; few irregular fine fibrous roots; nil reaction to HCL; 
     [Sample No. PK212/3 chemical] 

116-190 BC 
 Dark brown (10YR 3/3) moist; gravely sandy loam with no mottles; many (35%) coarse sub 

angular quartzite and schist gravels; slightly friable, non sticky non plastic; very weak medium 
sub angular blocky structure; few fine tubular pores; rare irregular fine roots; nil reaction to 
HCl;     [Sample No. PK212/4] 
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Reaction + Nutrients 
 

BSS No. Depth 
cm 

Lab 
No. 

pH 
Water 

pH KCL pH Diff Avail-P 
ppm 

OC % Total-N C:N Ratio Avail-K ppm 

Pk212/1 0-20 17458 8.58 7.31 1.27 0.52 0.20 0.07 2.81 0.75 

Pk212/2 20-61 17459 9.06 7.65 1.41 0.43 0.10 0.02 4.95 0.05 

Pk212/3 61-116 17460 9.24 8.15 1.09 0.58 2.20 0.02 108.80 0.05 

Pk212/4 116-190 17461 9.34 7.73 1.61 3.53 0.70 0.02 34.45 0.05 

 
Exchangeable 
 

BSS No. 
 

Exch Ca 
Me/100g 

Exch- mg 
Me/100g 

Exch-K 
Me/100g 

Exch-Na 
Me/100g 

TEB 
Me/100g 

CEC AmOAc 
Me/100g 

ECEC 
Me/100g 

BS 
% 

Pk212/1 12.09 0.44 0.22 0.02 12.77 9.55 12.77 133.72 

Pk212/2 9.05 0.35 0.15 0.03 9.58 5.79 9.58 165.38 

Pk212/3 13.62 0.61 0.17 0.03 14.43 7.00 14.43 206.19 

Pk212/4 10.09 1.14 0.18 0.05 11.46 6.82 11.46 168.14 

 
 
 
 
 
 
 

 



SSU: Soil Survey Report – Ramtokto Royal Orchard; Thimphu 

Report no. SS20 – Detailed Soil Survey Report of Ramtokto Royal Orchard Page 45 of 46 

Profile:    PK213 
Described & sampled:  Kado Tshering, 20/01/04 
Survey area:   Royal Orchard, Ramtokto, Thimphu 
Map unit:    “Ja” 
Soil Classification 
 SSU Soil Series:  Jazami 
 Soil Taxonomy:  Typic Haplustepts 
 WRB:   Eutric Arenosol 
Coordinates:   27º 25' 27.7" N and 89º 38' 2.0" E 
Topographic Map:   No. 78 E/11 Scale 50,000 Date: 1998 
Location:    Ca 1000 m NE of the ruined house 
Altitude:    2282 masl 
Climate 
 General:   Cool temperate 
 Recent Weather:  Sunny 
Parent material 
 Solid:   Paro schist 
 Drift:   Colluvium 
Topography 
 Landform:  Lower mountain 
 Site position:  T2 
 Aspect:                  ESE (160 deg) 
 Slope:   23% (moderately steep), Concavo Convex 
 Erosion:   Moderate 
 Run-off:   Moderate 
 Site drainage:  Good 
 Micro relief:  100-200 cm, terrace 
Surface 
 Surface condition:  Dry 
 Surface cracks:  None 
 Surface capping:  None 
 Lichen/Algae:  None, none 
 Surface litter:  Dense, raw decomposed grasses about 20 cm deep.  
 Surface outcrops:  None 
 Surface stone:  Many, coarse gravel gneiss, schist and quartzite 
Vegetation category:  Dry land 
Land use:    Kamshing 
Soil Depth Limit:   110 cm, Lithic 
Soil Drainage Class:   Somewhat excessively 
 
Notes / Comments: Though there are lots of CaCo3   stains, it doesn’t react to HCL  
 
Cm Horizon      Description 
 
0-22 Ap 

Brown (10YR 4/3) moist; fine sandy loam with no mottles; few (5%) hard angular coarse 
quartzite gravels; friable non sticky non plastic slightly moist; moderate coarse crumb 
structure; common fine tubular pores; abundant irregular fine fibrous roots; nil reaction to 
dilute HCl; gradual and smooth boundary:  [Sample No. PK213/1 chemical] 

22-78 AB 
Brown (10YR 4/3) moist; medium sandy loam with no mottles; common (15%) hard angular 
medium quartzite gravels; common fine calcite concretions; slightly firm non sticky and non 
plastic; moderate medium sub angular blocky structure; few fine tubular pores; common 
irregular fine fibrous roots; nil reaction to dilute HCl; gradual and smooth boundary: 

[Sample No. PK213/2 chemical] 
78-110  BC  

Brown (10YR4/3) moist; very gravely sandy loam with no mottles; abundant (65%) hard 
angular medium quartzite gravels; common medium calcite concretions; friable non sticky non 
plastic; very weak fine single grain; few fine interstitial pores; many irregular fine fibrous roots; 
nil reaction to HCL;    [Sample No. PK213/3 chemical] 
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Reaction + Nutrients 
 

BSS No. Depth 
cm 

Lab 
No. 

pH 
Water 

pH KCL pH Diff Avail-P 
ppm 

OC % Total-N C:N Ratio Avail-K ppm 

Pk213/1 0-22 17462 7.50 5.87 1.63 2.01 0.40 0.12 3.26 35.98 

Pk213/2 22-78 17463 8.38 6.55 1.83 1.31 0.10 0.05 1.97 28.74 

Pk213/3 78-110 17464 9.24 8.05 1.19 1.94 2.00 0.04 49.31 17.21 

 
Exchangeables 
 

BSS No. 
 

Exch Ca 
Me/100g 

Exch- mg 
Me/100g 

Exch-K 
Me/100g 

Exch-Na 
Me/100g 

TEB 
Me/100g 

CEC AmOAc 
Me/100g 

ECEC 
Me/100g 

BS 
% 

Pk213/1 10.66 1.88 0.44 0.04 13.02 ND 13.02 Error 

Pk213/2 9.49 1.29 0.31 0.07 11.17 9.87 11.17 113.21 

Pk213/3 18.94 0.83 0.27 0.10 20.14 9.90 20.14 203.49 

 
 


