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SUMMARY 

S.1 Background 

 

This is the Technical Report of a detailed soil survey of the Nangkor RNR sub-centre under 

Pemagatshel Dzongkhag.  In the past the Soil Survey Unit (SSU) use to produce a General 

Report for such studies but the present intention is to compile a larger summary that can be, 

more or less, an independent free-standing document for use by non-technical staff. 

 

The survey was completed over five days in March 2004. All data from the field survey were 

entered into the SSU database – BHUSOD (Bhutan Soil Databank) and the soil and crop 

suitability maps were digitised and stored in digital form which will be made available to the 

clients on request. 

 

Nangkor RNR sub-centre, which is administered by Wengkhar RNR-RC, is mandated to 

carryout researches on horticultural crops and vegetables for sub-tropical and tropical regions. 

Wengkhar RNR-RC is located at Wengkhar under Mongar Dzongkhag and its regional mandate 

is to research on horticultural crops along with other minor researches.  

S.2 Location and Environment 

 

The Nangkor RNR sub-centre is located in Shumar geog under Pemagatshel Dzongkhag (refer 

figure 2.1).  It is about 50m northeast of Nangkor Higher Secondary School.  The Sub-centre is 

located at 27
o 

02’ 13.5” to 27
o 

02’ 15.3” N and between 91
o
 23’ 54.6” and 91

o
 23’ 57.2” E. The 

soil survey area covers about 0.98 ha (ca 2.42 acres).   

 

The survey area stretches from an altitude of about 1040 to 1070m asl and is in the provisionally 

defined sub-tropical climatic zone, with broadleaf forest as the dominant natural vegetation. The 

survey area has predominantly north northwesterly aspect. 

 

The mean maximum temperature rises from about 4.1
o
 C in January to 13.5

o 
C during June. The 

mean air temperature is just over 17
o 

C and the difference between winter and summer means is 

greater than 8
o 

C, so the soil temperature regime is almost certainly mesic in USDA Soil 

Taxonomy terms. 

 

The mean annual rainfall at Pemagatshel is about 2000mm.  About 1500mm (75%) falls in the 

months of May to September. 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.   

 

The survey area falls within the Shumar Formation as determined from the geological map 

contained in the publication “The Bhutan Himalaya: A Geological Account” 1995. The main 

rock types, which fall under this formation, include phyllite, schist, limestone and flaggy 

quartzite with granitic gneiss. Broadly the Shumar formation comprises an alternating sequence 

of quartzite and phyllite/mica schist with inpersistent bands of carbonate and lenses of gypsum at 

some places. The phyllite/mica schist which forms the main bulk of the sequence is fine grained, 

commonly grey to greenish and well foliated. The quartzite is commonly fine grained, white to 

greyish white, thin to medium bedded and well jointed. Carbonate unit in the formation is mainly 

represented by fine-grained, thinly bedded grey to greyish white coloured limestone. However in 

some sections well-crystallised marble is also present.  
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The drift parent materials of the soils are mainly colluvial deposits as evidenced by angular and 

subangular stones found in the described profile pits. Soils on colluvial deposits are usually 

moderately deep to deep with moderately coarse textures. 

         

Topographically, the survey area is located on a single colluvial slope and the landform mapping 

was therefore not attempted. Slope shapes are variable i.e rectilinear, convex, concave etc. with 

slope gradients ranging from 20 - 35%. The soils are generally well drained. 

 

There are mainly three categories of land use systems adopted at the sub-centre and they are: 

o Citrus and Mango 

o Sugar cane and 

o Vegetables 

 

The western part of the sub-centre is under mango trial and the north western part is under citrus 

trial. Sugar cane trial is established at the northern corner of the sub-centre. Vegetable trails are 

located towards south western part of the survey site. Vegetables like tomato, cabbage, broccoli 

etc. are being grown.  

S.3 Soils 

 

The Nangkor RNR sub-centre has a limited range of soils, on account of the small size of the 

centre and homogeneous geology.  All of the soils are moderately deep to deep and slightly 

acidic with pH values less than 6.5. Overall fertility potential / inherent fertility can be classified 

as slightly poor. 

 

There are mainly two types of soils – Nangkor & Shumar series at the sub-centre. The two soil 

series were differentiated based on the stone and gravel content in the subsoil.  The Nangkor 

series is deep with less content of stones and gravels and high water holding capacity. However, 

the Shumar series is moderately deep with high content of moderately weathered phyllite stones 

and gravels which reduces the water holding capacity of the soil. The potential or inherent 

fertility status of both the series is slightly poor.  

 

The distribution of the soils can be seen in Figure S.1 and details in Table S.1. 

S.4 Land Suitability 

 

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.  SSU has developed a provisional system for the 

physical evaluation of land (SSU Working Paper WP9, 2000) and the system works on the 

principle of limiting factors, with land assessed according to its worst features (refer Chapter 7). 

 

The physical land suitability evaluation results indicate that Nangkor series is better than Shumar 

series on account of soil depth, stone content and water holding capacity.  Figure S.1 depicts the 

suitability map of the Nangkor RNR sub-centre.  
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Figure S.1 Nangkor RNR sub-centre soil map 

 

 
 

 

Table S.1 Legend for Nangkor RNR sub-centre Soil Map 

 

Map 

Unit 

Soil  

Series 

Land  

Use 

Brief Description 

 

Ha % 

Na Nangkor Dryland Deep colluvial soil with brown clay loam topsoil 

underlain with dark yellowish brown clay loam 

subsoil, few slightly hard flat phyllite stones & 

gravels, moderate medium subangular blocky, nil 

reaction to HCl, pH slightly acid (5.9) with low 

CEC (10.26 me/100g) and very low base saturation 

(23%). 

0.80 81.8 

Sh Shumar Dryland  

 

Moderately deep colluvial soil with yellowish 

brown to dark yellowish brown sandy clay loam 

topsoil underlain with dark yellowish brown to 

strong brown sandy clay loam to gravely sandy 

clay loam subsoil, few to many hard angular 

phyllite gravels and moderately weathered 

phyllites stones, moderate medium subangular 

blocky and weathered rock structures, nil reaction 

to HCl, pH slightly acid (5.44–5.92) with low CEC 

(4.44- 8.74 me/100g) and base saturation (49%) 

0.18 18.2 

   Total 0.98 100 
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Figure S.2 Nangkor RNR sub-centre Land Suitability Map 

 

 
 

Table S.2 Legend for suitability map of Nangkor RNR sub-centre 

 

Best 

Suitability 

Class 

Map 

Unit 

Area 

(Ha) 

Crop suitability description 

 

 

 

 

S3 

 

 

 

Na 

 

 

 

0.80 

Marginally suitable for growing potato, buckwheat, wheat, millet, 

cassava, walnut, mango, brassicas, pulses and mustard,  unsuitable 

for growing rice, maize, stone fruit, citrus, papaya,  egg plant, 

tomato, chilli, onion, soybean, ginger, banana, pineapple and 

sugarcane due to unfavourable subsoil texture, aspect and low 

base saturation.  However rice, citrus, papaya and tomato are 

unsuitable due to lack of irrigation facility, unsuitable aspect and 

steep slope 

 

 

 

 

S3 

 

 

 

Sh 

 

 

 

0.18 

Marginally suitable for growing potato, buckwheat, wheat, millet, 

cassava, stone fruit, mango, onion, chilli, egg plant, tomato, 

brassicas, pulses, mustard, ginger and banana, not suitable for 

growing maize,  soybean, pineapple and sugarcane due to low 

CEC.  However rice, citrus, walnut, papaya, groundnuts, soybean, 

pineapple, strawberry & sugarcane are unsuitable due to lack of 

irrigation facility, unfavourable aspect & topography etc.  
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S.5 Implications of results  

 

The Nangkor RNR sub-centre has a limited range of soils, on account of the small size of the 

centre and homogeneous geology.  The soils are slightly acid with all the pH values less than pH 

6.5 with low organic carbon (OC) and moderate total nitrogen.  Overall fertility potential of the 

soil can be classified as slightly poor. 

 

There are mainly two types of soils – Nangkor & Shumar series at the sub-centre. The two soil 

series were differentiated based on the stone and gravel content in the subsoil.  The Nangkor 

series is deep with little content of stones and gravels and high water holding capacity. However, 

the Shumar series is moderately deep with high content of moderately weathered phyllite stones 

and gravels which reduces the water holding capacity of the soil. The potential or inherent 

fertility status of both the series is slightly poor. The physical land suitability evaluation result 

indicates that Nangkor series is better than Shumar series on account of soil depth, stone content 

and water holding capacity.  

9.2 Implications of results  

  

The sub-centre is mandated to undertake a range of activities, including on-station trials, the 

coordination of off-station trials, and the integration and dissemination of the technical 

information for extension staff in the sub region.  

 

The kind of soils present at the sub-centre and their land suitability evaluation results raise the 

following questions: 

 

o Are the soils at the sub-centre suitable for research?  

o Are the soils typical of large areas of agricultural land in the region? 

o Can the RNR sub-centre extrapolate its on-station findings over the region? 

o Are the criteria used for land suitability evaluation correct?  

o Should other crops be considered? etc. 

 

First three points can be taken together. For useful research it is not required that the site should 

be rated as highly suitable for the enterprise, and the soils of Nangkor RNR sub-centre are far 

from being classed as highly suitable.  In fact, if the soils were Class S1, this would be a 

disadvantage, as the researchers may achieve production levels that cannot be reached off-

station.  Research findings might also under-estimate some of the management problems 

encountered by farmers on less favourable soils in the area.  On the assumption that similar soils 

are found in the region then on-station trials would be relevant. 

 

Soils that are typical, rather than excellent, are required for useful research. All the soils that are 

present in the region are quite same to the soils of Nangkor.  From this prospective, whatever 

research findings the RNR sub-centre may come up, would be extrapolated to the other areas of 

the region.  

 

This is the fourth time that SSU has attempted to produce a suitability map based on survey data 

and it must be understood that this is still a test of the SSU system as much as a report on the 

soils of the area.  If the criteria used in the SSU evaluations are incorrect in any way then they 

will not give a true reflection of the suitability of the site.  Points 4 and 5 in the above list must 

be carefully considered and feedback supplied to SSU for future development and use.  SSU will 

welcome any feedback and constructive criticism this report and mapping may generate.  
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ABBREVIATIONS & GLOSSARY 

 

(Simple metric units and chemical element symbols not included) 

 

AAS   Atomic absorption spectrophotometer 

Acre   Area of measurement, = 0.405 ha 

asl   Above sea level 

ASP   Aluminium Saturation Percentage 

AvP, AP  Available Phosphate 

AWC Available water capacity (amount of water held in soil at suctions low 

enough for root uptake, = MC% FC – MC% WP) 

BHUSOD  Bhutan Soil Databank 

BS%   Base saturation percentage 

C Clay (finest mineral particles in soils, > 2um in diameter, important store 

for some nutrients and water, make soils sticky & heavy to work)  

ca   Approximately   

CEC   Cation exchange capacity 

CL   Clay loam 

cm   Centimetre 

Colluvium Local hillwash, moved by surface erosion and slow non-glacial creep 

processes. 

Concave Slope form of dip on slope, with steep gradient upslope and gentle 

gradient downslope. Tends to accumulate water & be imperfectly or 

poorly drained. 

Consociation Soil mapping unit with one soil class dominant but others as minor 

constituents. 

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

steep gradient downslope. Tends to shed water & be droughty. 

Creep   Slow gravitational mass movement of colluvium downslope. 

Ccv   Concave 

Cvx   Convex 

DBMS   Database management system (Database) 

DoA   Department of Agriculture 

DSLR   Department of Survey and Land Reecord 

EBS%   Effective base saturation (= TEB/ECEC) 

EC   Electrical conductivity 

ECEC   Effective cation exchange capacity (=TEB + Extr Al + Extr H) 

Eluvial   Soil horizon formed by the washing out of some components 

Exch   Exchangeable (for cations) 

Extr   Extractable (for soil nutrients) 

FC   Field capacity (MC% at suction of 0.1 atmospheres) 

Fine earth  Soil particle size < 2mm 

FeMn Ferri-manganiferous, dark red - reddish brown - black stains and soft 

concretions with high contents of ferric iron and manganese in horizons 

with seasonally impeded drainage 

Freely drained Soils in which most large pores drain their water soon after rain or 

irrigation at all times of the year.  Identified by moist or dry feel, and 

warm brown, reddish or yellowish colours and absence or grey, rust or 

orange mottles 

FYM   Farmyard manure 

GIS   Geographical information system 
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Gley Soil that is permanently wet, poorly aerated and has predominantly 

greyish colours, due to reduction of free iron to ferrous valency state.  

May have local oxidising conditions giving rust - coloured mottles, 

especially around root channels. 

GLCE   General land capability evaluation 

GPS   Global positioning system 

GSI   Geological Survey of India 

ha    Hectare 

HCl    Hydrochloric acid 

Horizon  Soil layer  

ID   Imperfectly drained (soil) 

Imperfectly drained Soils in which most large pores drain their water soon after rain or 

irrigation for much of the year, but remain filled for long spells in 

summer. Identified by moist or wet feel, and grey or brown colours and 

many grey, rust or orange mottles. 

In situ   In original position or place (Latin) 

Kamzhing  Rainfed agriculture 

L Loam (Mixed soil with substantial quantities of all three particle size 

classes, i.e. clay, silt and sand) 

LS   Land Suitability 

MD / MWD  Moderately well drained (soil) 

MC%   Moisture content % (w/w) 

Mesic   A soil temperature regime that has mean annual soil temperatures of 8
0
 C 

   or more but < 15
0
 C, and >5

0
 C difference between mean summer and 

   mean winter soil temperature at 50 cm below the surface. 

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) 

NA   Not applicable / Not applied 

ND   No data / Not Determined 

NS   Not sampled (in soil profile descriptions) 

NSSC   National Soil Services Centre, DRDS, Semtokha 

OC   Organic carbon 

OM   Organic matter 

P   Phosphate 

PD   Program Director 

PM   (Soil) Parent Material 

Pptn   Precipitation, rainfall 

pH   Measure of acidity - alkalinity 

Profile   Sequence of horizons from surface down to unaltered parent material  

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

Ri   Stream or river (Sharchop) 

RNR-RC  Renewable Natural Resource – Research Centre 

SCB   Soil classification of Bhutan 

Series Main group of soil classes in Bhutan. Also sixth highest level of 

subdivision in USDA Soil Taxonomy 

SMR   Soil Moisture Regime, defined in Soil Taxonomy 

SMU   Soil mapping unit 

Solum True soil, in which soil processes have removed many traces of parent 

material structures 

sp, spp   Species (singular & plural) 
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SPAL   Soils and Plant Analysis Laboratory, NSSC, DRDS, Semtokha. 

Spur Plunging ridge off side of mountain or main ridge down to valley, 

alternates with re-entrants 

SS   Soil Surveyor 

ST   Soil Taxonomy (USDA system of soil classification) 

STR   Soil temperature regime, defined in Soil Taxonomy 

SSU   Soil Survey Unit 

Surface wash  Movement of individual surface soil particles by running surface water.  

SWXD / SXD  Some what excessively well drained (soil) 

Tr   Trace 

TEB   Total exchangeable bases (= exchangeable Ca + Mg + Na + K) 

TN   Total nitrogen 

USDA   United States Department of Agriculture 

Ustic   A soil moisture regime that is intermediate between the aridic and udic 

   regimes and common in temperate subhumid or semiarid, or in tropical 

   and subtropical regions with a monsoon climate. A limited amount of 

   water is available for plants but occurs at times when the soil temperature 

   is optimum for plant growth. 

VPD   Very poorly drained (soil) 

WD   Well drained (soil) 

WRB   World Reference Base  

WT   Water table 

XD / XWD  Excessively well drained (soil) 

Zi Silt (intermediate sized mineral particles in soils, 2 - 50 um in diameter, 

important store for plant available water, make soils feel slippery & 

vulnerable to surface erosion and capping, aka Si) 
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1. INTRODUCTION 

 

This is the technical report of the detailed soil survey of Nangkor RNR sub-centre. It is intended 

for those who wish to know about the soils in detail, and includes soil profile descriptions, 

chemical (fertility) and soil physical (soil stability) analyses plus assessment of the physical 

suitability of the soils for a certain range of crops in the appendices.  

1.1 Background  

 

Wengkhar is one of the four main RNR Research Centres (RNR-RC) within the Council for 

RNR Research of Bhutan (CoRRB) of the Ministry of Agriculture and is located in Mongar 

Dzongkhag and has a national mandate to research into horticulture crops but also in other fields 

like field-crops, livestock etc. The Nangkor RNR sub-centre is under the Wengkhar RNR-RC 

and is located about 50m northeast of Nangkor Higher Secondary School under Pemagatshel 

Dzongkhag.   

1.2 Aims of the Soil Survey  

 

The survey was undertaken with the objectives of: 

 

o Providing detailed information on the nature and distribution of soils  

o Indicating the typicality of the soils for research trials and the extent to which the 

findings can be extrapolated to other parts of the region 

o Providing RNR management with soils data on their production area 

o Providing SSU with data for the further development of the national soil classification 

system and to build up the database of national and regional soil maps. 

o Provide a soil map at a scale suitable for use by the RNR management 

o Provide a provisional  land suitability map to enable the station to plan their usage of the 

site 
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2. THE SURVEY AREA 

2.1 Location and extent 

 

The Nangkor RNR sub-centre is located in Shumar geog under Pemagatshel Dzongkhag (refer 

figure 2.1).  It is about 50m northeast of Nangkor Higher Secondary School. The sub-centre is 

located between 27
o 

02’ 13.5” and 27
o 

02’ 15.3” N and between 91
o
 23’ 54.6” and 91

o
 23’ 57.2” 

E . The soil survey area covers about 0.98 ha (ca 2.42 acres).   

 

The survey area lies on the deep colluvial deposit, which is evidenced by the presence of angular 

and highly weathered phyllite stones and gravels. The site has predominantly north northwesterly 

aspect with a slope gradient of about 15 to 35%.   

2.2 Climate 

 

The survey area stretches from an altitude of 1040 to 1070m asl (above mean sea level), and is in 

the provisionally defined sub-tropical climatic zone, with broadleaf forest as the dominant 

natural vegetation. The survey area has a predominantly north northwesterly aspect. 

 

There is no meteorological data for Nangkor RNR sub-centre. However, the climatic data for 

Pemagatshel has been taken as near equivalent as Nangkor RNR sub-centre is about 5 km away 

from Pemagatshel. Nangkor RNR sub-centre is slightly lower than Pemagatshel and will be 

slightly warmer. 

 

Table 2.1 summarises the main features of the climate of Pemagatshel for the period 1991 - 2003 

and shows that the mean minimum temperature drops to about 11.3
o  

C in January, and rise to 

about 21.6
o 

C in July. The mean maximum rises from about 4.1
o 

C in January to 13.5
o 

C during 

June. The mean air temperature is just over 17
o 

C and the difference between winter and summer 

means is greater than 8
o 

C, so the soil temperature regime is almost certainly mesic in USDA Soil 

Taxonomy terms.       

 
Figure 2.1 Location of the Survey Site 
 

 

 

 

 

Survey 

Area 

/ 

1:50,000 
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Table 2.1 Climatic summary for Pemagatshel 1991 - 2003 

 

Months J F M A M J J A S O N D Year mean or total 

 

 

Temperature 
o
C 

 

n (number of complete 

records) 

13 13 13 13 13 13 13 13 13 13 13 13 13 

(Years with complete data 

Mean  

 

11.3 12.4 15.1 17.3 19.2 20.7 21.6 21.2 20.2 18.1 15.1 12.3 17.04 

(Average of monthly means) 

Mean minimum 

 

4.1 4.2 5.6 7.1 5.6 13.5 12.4 14.0 13.0 10.0 2.8 5.7 8.2 

(Average of monthly minima) 

Mean maximum 

 

24.5 25.0 25.3 24.7 25.5 28.4 30.6 30.0 28.9 27.5 26.1 23.4 26.7 

(Average of monthly maxima) 

 

Rainfall (mm) 
 

Months J F M A M J J A S O N D Year mean or total 

 

n (number of complete 

records) 

12 12 12 12 12 12 12 12 12 12 12 12 Total 

Mean  15.3 
 

33.7 
 

118.1 
 

131.3 
 

178.0 
 

345.3 
 

474.1 
 

322.5 
 

167.8 
 

127.9 
 

34.1 
 

17.4 
 

1965.6 
 

Monthly maximum 

 

77.5 

 

84 

 

430.9 

 

273 

 

430.9 

 

729.8 

 

853.9 

 

508.1 

 

553.6 

 

306.0 

 

150.0 

 

87.8 

 

 

Monthly minimum 

 

0.0 

 

0.0 

 

6.2 

 

9.0 

 

40.3 

 

120.0 

 

148.8 

 

161.2 

 

30.0 

 

12.4 

 

0.0 

 

0.0 

 

 

 

Source data from Meteorological Section, CoRRB, MoA 
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The summation of monthly mean in Table 2.1 indicates that the mean annual rainfall at Nangkor 

is about 2000mm.  About 1500mm (75%) falls in the months of May to September. Humidity 

and cloud cover are high during the monsoon but clear skies and dry winds prevail in the winter 

months.   

2.3 Geology and soil parent materials  

 

The survey area falls within the Shumar Formation as determined from the geological map 

contained in the publication “The Bhutan Himalaya: A Geological Account” 1995. The main 

rock types, which fall under this formation, include phyllite, schist, limestone and flaggy 

quartzite with granite gneiss. Broadly the Shumar formation comprises an alternating sequence 

of quartize and phyllite/mica schist with inpersistent bands of carbonate and lenses of gypsum at 

some places. The phyllite/mica schist which forms the main bulk of the sequence is fine grained, 

commonly grey to greenish and well foliated. The quartzite is commonly fine grained, white to 

greyish white, thin to medium bedded and well jointed. Carbonate unit in the formation is mainly 

represented by fine grained, thinly bedded grey to greyish white coloured limestone. However in 

some sections well crystallized marble is also present.  

 

The drift parent materials of the soils are mainly colluvial deposits as evidenced by angular and 

subangular stones found in the described profile pits. Soils on colluvial deposits are usually 

moderately deep to deep with moderately coarse textures. 

2.4  Topography and drainage 

         

Topographically, the survey area is located on a single colluvial slope and the landform mapping 

was therefore not attempted. Slope shapes are variable i.e rectilinear, convex, concave etc. with 

slope gradients ranging from 20 - 35%. The soils are generally well drained. 

2.5 Land use and vegetation 

 

There are mainly three categories of land use systems adopted at the RNR sub-centre and they 

are: 

o Citrus and Mango 

o Sugar cane and 

o Vegetables 

 

The western part of the RNR sub-centre is under mango trial and the north western part is under 

citrus trial. Sugar cane trial is established at the northern corner of the sub-centre. Vegetable 

trails are located towards south western part of the survey site. Vegetables like tomato, cabbage, 

broccoli etc. are being grown.  

 

The survey area has a sub-tropical type of climate with broadleaf forest as the dominant 

vegetation.  
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3. PREVIOUS SOILS INFORMATION 

 

As far as is known, there have been no previous soil surveys done at the RNR sub-centre or 

elsewhere in the area.  
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4. METHODS 

4.1  Pre-field Work 

 

The topographic map (1:50,000) from the Department of Survey and Land Records had to be 

used to prepare  the base map of the survey area as no other maps at larger scales were available 

during the time of fieldwork. It was in fact, virtually impossible to locate the Nangkor RNR sub-

centre on the 1:50000 topographic map using visual techniques because the survey area is very 

small. However, GPS technique was used to overcome this problem. Information like survey 

boundary, foot path, infrastructure etc. were collected and down loaded onto the 1:50000 

topographic map by using Ozi-explorer software to produce the base map at an appropriate scale.  

 

Sufficient field data recording cards were made available before travelling to Nangkor RNR sub-

centre and all necessary field, camping and high-tech instruments – GPS units, laptop computer 

etc. were all checked and prepared for use. 

 

 4.2  Field  

 

4.2.1 General 
 

On arrival at the survey site the following actions were under taken: 

 

o Courtesy call to the officer-in-charge of the Nangkor RNR sub-centre and other RNR 

staff 

o Arranged field labour for augering and profile pit digging 

o Arranged accommodation for the survey team (NSSC staff) 

 

The soil survey of the Nangkor RNR sub-centre was done over five days in March 2004.  

  

The soils were examined on a routine basis at 5 sites, mainly with a 1.2m Edelman auger, fitted 

with a 7cm combination head where possible, but switching to a 7cm stony soil head where 

necessary.  Soil profile pits were excavated based on the soils encountered during augering – in 

total, 3 soil profile pits were dug, described and sampled.  All the routine observations were 

located based on the differences in the landforms along transects running north-south and 

approximately 50 metres apart.  Basically, a variable grid system was followed with surveyors 

choosing the exact site on a grid in order that the site would land in either what looked typical for 

the land unit or, in a typical areas, to prove that the soil at that site was different from 

surrounding soils. 

 

Under FAO, this survey would be classified as very detailed with mapping scale of 1:1000 and 

the density of sites falling mid-way on the FAO recommended scale (FAO includes “Minimum”, 

“Low”, “Mid” and “High” site density classes). 

 

Table 4.1 Soil Survey Class and Site Density 

 

Auger 

sites 

Profile 

Pits 

Total 

Sites 

Area of centre  

(ha) 

Density of 

Sites /ha 

FAO Recommended Density /ha 

5 3 8 0.98 8.24 4 – 8 

     Very detailed survey: “low to mid” class  
FAO Bulletin 42, 1986 
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The distribution of the soil survey sites is depicted in Figure 4.1. 

 

Figure 4.1 Distribution of Soil Survey Sites in Nangkor RNR sub-centre 

 

 
 

4.2.2 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 into the Bhutan Soil Databank 

(BHUSOD) system.  For all soil observations the following site data were collected and noted 

along with several other features: 

 

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

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

o Solid, or mapped geology and drift cover or parent material 

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

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

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

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

(organic) 

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

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

 

Auger samples were collected by withdrawing the auger each time the “head” was full of soil.  

Each sample was then laid in the ground next to the auger hole in order – each sample 

accounting for approximately 10cm depth of the excavation.  Surveyors could then easily 

determine the depths at which changes in the soil occurred.  The soils were described according 

to their natural layering (horizons), throughout the depth to which the auger reached which, at 

best, is just over 1 metre, and not at fixed depths.  The following data were collected for each 

horizon of auger samples:  

 

o Horizon number, depth and type 

o Munsell colour of matrix – dry and moist when conditions permit 

o Number, size, contrast and colour of mottles 

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

o Number, size, shape, hardness and type of stones 

o Reaction to dilute hydrochloric acid (HCl) (to test for presence of free carbonate 

minerals) 

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

o Field moisture status of the soil and, when possible, consistency and plasticity of each 

horizon in dry, moist and wet condition. 

 

Soil samples were not collected from auger sites. 

 

(b) Profile Pit Sites 

 

The soils were described in more detail at three sites. All the detailed descriptions were done in 

purpose-dug profile pits, pits normally excavated to 150cm depth or to a limiting layer such as 

solid rock or boulders. The site data were exactly the same as for the auger sites. The soils were 

described by horizons according to international conventions (FAO 1990). The data collected for 

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

 

o Whether the horizon was sampled for analyses 

o Lithologic layers if recognizable 

o Clarity and shape of horizon boundaries 

o Presence of any minerals 

o Strength, size and type of soil structure 

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

on surfaces of soil structural units) 

o Number, size and type or shape of pores, 

o Consistence in situ and in hand; 

o Number size and type of roots 

o Frequency and size of cracks 

o Presence and artifacts or effects of fauna (worm casts etc.); 

o Frequency, size type and orientation of roots. 
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All data were collected on purpose designed proforma which are computer compatible and allow 

easy entry of the collected data into the BHUSOD system. 

 

The main horizons of all of the profiles described in detail were sampled for chemical analysis  

4.3  Mapping 

 

The survey site falls within the 1:50,000 topographic map sheet No. 78 M 8 of 1963 of the 

Department of Survey and Land Record.  This map scale is very small and is not suitable for 

detailed site planning and also to use as a base map.  Therefore, the soil survey team prepared a 

base map at 1:1,000 scale using GPS and Ozi Explorer software.  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 DSLR Map sheet 78 M 8 by 

the survey team and used or compiled during the survey.  

 

Table 4.2 Maps compiled and used during the survey 

 

Map Scale Content and Use 

 

Base map 1:1,000 Geographic registration coordinates, foot path, farm boundary and 

infrastructural detail.  

Soil Survey Sites 1:1,000 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 1:1,000 Shows the soil series number code for each site. Used for the 

construction of the actual soil map 

Soil Map 1:1,000 Shows the boundaries between the various soil mapping units 

defined and mapped.  Compiled by interpretation and integration of 

the soil series and land units 

Suitability Map 1:1,000 Shows the boundaries between various suitability classes within soil 

mapping unit. Compiled by integration of data from soil map and 

crop requirement data furnished by various RNR-RC’s. 

  

 

4.3.2 Final Map Presentations 
  

Once all the draft maps were compiled and checked then the “fair” maps were finally digitized 

into the BHUSOD GIS system.  The following layers were appended: 

 

o Base map 

o Land units 

o Survey sites 

o Soil map 

o Physical land suitability map (selected crops only) 

 

The final maps were produced at a scale of 1:1000 and copies are appended to this report. 

 



SSU: Detailed Soil Survey of Nangkor RNR sub-centre  Soil Survey Unit, NSSC 

 

Report no.: SS-19  Page 21 of 55 

4.4  Laboratory 

 

A total of 8 soil samples were collected from the main horizons of the three detailed profile pits 

and were analysed by the Soil and Plant Analytical Laboratory (SPAL), NSSC at Semtokha.  The 

methods of analysis used by SPAL are summarised in Appendix D. 

4.5  Data Storage 

 

As stated above all the data were collected on the SSU computer compatible field data cards and 

subsequently all the data were entered into the BHUSOD system for storage and data 

manipulation. 
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5. SOIL CLASSIFICATION, CHARACTERISTICS & CORRELATION 

5.1 Soil classification 

 

The soils of the Nangkor RNR sub-centre are derived from colluvial deposits. The soils have a 

limited range of colours. They are grouped into two provisional soil series, on criteria of stone 

contents, particle size class and rooting depth, as summarised in Table 5.1. In the descriptions of 

each soil series in section 5.2, the main features of the soil profiles are described. More details of 

the morphologies for individual profiles are given in Appendix B. 

 

Table 5.1 below summarises the soil series of Nangkor RNR sub-centre.  The table is intended to 

show the soil characteristics and the typical profile. 

 

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

Appendix A. 

 

Table 5.1 Summary of Soil Series at Nangkor RNR sub-centre 

 

Series 

no. 

Soil  

Series 

Brief description Representative 

profile/s 

No. of 

Samples 

 

 

1 

 

Nangkor 

 

Deep soil with brown clay loam topsoil underlain with 

dark yellowish brown clay loam subsoil, few slightly 

hard flat phyllite stones & gravels, moderate medium 

subangular blocky, no reaction to HCl. 

 

 

PT077 

 

3 

 

 

 

2 

 

 

 

Shumar 

Moderately deep soil with yellowish brown to dark 

yellowish brown sandy clay loam topsoil underlain 

with dark yellowish brown to strong brown sandy clay 

loam to gravelly sandy clay loam subsoil, few to many 

hard angular phyllites stones and moderately  

weathered phyllites stones & gravels, moderate 

medium subangular blocky and weathered rock 

structures, no reaction to HCl. 

 

 

 

 

PT076 

PT078 

 

 

 

 

5 

  Total 3 profiles 8 
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Figure 5.1 Soil Series Distribution / Sites 
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Table 5.2 Characteristics of soil series at Nangkor RNR sub-centre 

 
Series 

No. 

Series 

Name 

Process / 

Drift PM 

Land 

use 

Geology Climate 

Class 

Depth 

(cm) 

PSC Colour Group Drainage 

Class 

HCl Mineralogy 

Class 

Temp 

Class 

Moisture 

Class 

1 Nangkor Colluvium Dryland Shumar Sub tropical 100 H 10YR 4/6 (Dark) WD -ve Mixed Mesic Ustic 

2 Shumar Colluvium Dryland Shumar Sub tropical 30-100 H 10YR4/6-7.5YR 

4/6 (Dark-Bright) 

WD -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 at Nangkor RNR sub-centre 

 

Sl. 

no. 

Soil  

Series 

Topsoil Description Subsoil Description Soil pH CEC BS 

 

1 Nangkor 0-34 cm deep, brown topsoil with clay loam 

texture, common medium  slightly hard 

angular schist gravels, moderate medium 

subangular blocky structure, few fine 

tubular pores, common fine fibrous roots 

and no reaction to HCl 

34-145 cm deep, dark yellowish brown with clay 

loam texture, few slightly hard angular quartzite 

phyllite gravels, moderate medium subangular 

blocky structure, many fine tubular pores, rare 

fine fibrous roots and no reaction to HCl 

5.80/ 5.96 9.41 / 10.26 36/23 

2 Shumar 0- 24 cm deep, yellowish brown to dark 

yellowish brown sandy clay loam topsoil 

texture, few hard angular fine to medium 

phyllite and quartzite gravels, moderate 

medium subangular blocky structure, many 

fine to coarse tubular pores, rare to common 

fibrous roots and no reaction to HCl 

24-100 cm deep dark yellowish brown to strong 

brown sandy clay loam to gravelly sandy clay 

loam textures, few to many hard angular phyllite 

stones and highly weathered phyllites stones & 

gravels, moderate medium subangular blocky 

and weathered rock structures, few to many fine 

tubular pores, rare fine fibrous roots and  no 

reaction to HCl. 
 

5.55/5.60 8.49/7.64 35.40/48.79 
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Table 5.4 Description of soil chemistry / fertility at Nangkor RNR sub-centre 

 

Series pH (H2O) CEC BS Deficiencies Ameliorative 

inputs 

 Value Class Me/100g Rating % Class Topsoil Subsoil 

 

 

Nangkor 5.80/ 

5.96 

Slightly acid 9.41/10.26 Low 36/23 Low /  

V. Low 

Mg deficient 

with P 

inhibition 

Mg deficient with P 

inhibition 

FYM application to improve 

CEC 

 

 

Shumar 5.55/6.0 

 

Very acid/ 

slightly acid 

8.49/7.64 Low 35/49 Low Mg slight 

deficient 

Mg slight deficient 

& 

Ca slight deficient 

 

Lime to neutralise soil pH 

plus FYM application to 

improve CEC 

 

 
Note: Both the top and subsoils’ chemical data are presented –e.g. 6.24 / 6.32 (Topsoil / Subsoil) 
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5.2  Description of Soil Series 

 

5.2.1 Nangkor Series  
 

The site is located on the mid slope and is located almost on the slightly steep slope with a 

gradient of 35% and has NNW aspect. The soil is very deep, well-drained, dark yellowish brown 

clay loam with no mottles. It has few quartzite and phyllite gravels.  

 

Both the topsoil and subsoil are slightly acid 

(pH 5.80 and 5.96).  

 

The normal yardsticks for inherent fertility 

(TEB & BS) are very low with subsoil TEB 

averaging 2.34me/100g and BS averaging 23%. 

Available subsoil phosphorus is also very low 

(average 0.38ppm).  The individual nutrient 

elements in the subsoil are rated as “very low” 

for calcium, magnesium, sodium and “low” for 

potassium. Level of organic carbon in the 

topsoil is moderate (1.04%) but low (0.95%) in 

the subsoil. Total-N is low in the topsoil 

(0.16%) and very low in the subsoil (0.09%). 

There is an indicated deficiency of magnesium 

(Mg) in the whole solum with P inhibition – 

refer Appendix I for details. 

 

The fertility potential of the soil as reflected by 

the Cation Exchange Capacity (CEC) is low in 

both the topsoil (9.41me/100g) and subsoil 

(10.26 me/100g) and might not fully retain the 

mineral fertilizers when applied to the soil.  

 

Fig 5.2.1     Profile PT077 

 

 
 

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. This is mainly attributed to organic binding. However the 

lower horizons are found to be slightly unstable to moderately unstable probably due to presence 

of phyllite stones in the solum. 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 

PT077/1 √ - - - - - Stable 

 

PT077/2 - √ - - - - Moderately 
unstable 

PT077/3 - - √ - - - Slightly 

Unstable 
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5.2.2 Shumar Series  

 

The site is located on the mid - upper colluvial hill slope with NNW aspect. The soil is 

developed from highly weathered phyllite. The soil is moderately deep, well drained with 

paralithic contact at 30cm and 50 cm.  

 

The topsoil is dark yellowish brown to yellowish brown sandy clay loam with moderate medium 

subangular blocky structure underlain by dark yellowish brown to brown sandy clay loam to 

gravelly sandy clay loam subsoil with moderate medium subangular structure underlain by 

weathered phyllite. 

 

The topsoil is very acid with pH of 5.55 

and the subsoil is slightly acid with average 

pH of 6.00.  

 

The normal yardsticks for inherent fertility 

(TEB & BS) are both low with subsoil 

TEB averaging 3.72me/100g and BS 

averaging 48.79%. Available subsoil 

phosphorus is very low with average value 

of 0.23ppm.  The individual nutrient 

elements in the subsoil are rated as “low” 

for calcium, magnesium, potassium and 

very low for sodium. The level of organic 

carbon in the topsoil is moderate (1.30%) 

and very low (0.80%) in the subsoil. Total-

N is low (0.14%) for both the topsoil and 

the subsoil (0.10%). There is an indicated 

slight deficiency of magnesium (Mg) in the 

topsoil – Refer Appendix I for details.  

 

The fertility potential of this soil as 

reflected by the Cation Exchange Capacity 

(CEC) are low in both the topsoil 

(8.49me/100g) and subsoil (7.64me/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.  

  

Fig 5.2.2 Profile PT078 

 

 
Paralithic contact at 30 cm 

 

Fig 5.2.3 Profile PT076 

 

 
 

 

Paralithic contact at 50 cm 
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The soil structural stability tests indicate that the topsoil is stable probably due to moderate 

content of organic carbon (1.40%). The subsoil is slightly unstable as they slightly slake 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 

PT076/1 √ - - - - - Stable 

 

PT076/2 - - √ - - - Slightly 

unstable 

PT076/3 - - √ - - - Slightly 

unstable 

 

Sample No 

reaction 

Swell 

only 

Slight 

slaking 

Slaking/ No 

dispersion 

Slake/Sli - 

Mod slaking 

Slake + 

dispersion 

Stability 

class 

PT078/1 √ - - - - - Stable 

 

PT078/2 - - √ - - - Slightly 

unstable 

 

5.4  Soil correlation 

 

5.4.1 Previous Survey 

 

In order to see how the Nangkor 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 survey at Lingmethang (RNR sub-centre), which is situated at slightly lower altitude 

than Nangkor RNR sub-centre.  

 

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

characterised by dominance of banded quartzite, schist, phyllite and limestones. However the 

actual drift parent materials from where the soils have been derived are quite different. At 

Lingmethang, soils are formed mainly from alluvial deposits while at Nangkor the soils are 

formed from colluvial deposits.  

 

The soils are quite different despite of being under the same geology. The difference in soils is 

attributed to different drift parent materials. Furthermore, the difference could be related to 

altitudinal difference as Lingmethang is situated at lower altitude than Nangkor. The soils at 

Lingmethang are mostly shallow, limited by boulders, stones and gravels. They are dominantly 

formed from alluvial deposits except the Yongkola and Thridangbi series which have much 

coarser texture. They are well to excessively well drained. At Nangkor, the soils are generally 

deep, well drained with high clay content.  In places the soils are moderately deep, limited by 

soft, highly weathered phyllites. However this will not effect root penetration as the paralithic 

layer are composed of highly weathered soft phyllites 

 

5.4.2 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 FAO and the US Department of Agriculture.  Table 5.5 correlates 
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the Nangkor soil series with the 1998 version of the FAO World Reference Base for Soil 

Resources, and with the 2nd edition (1999) 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 Nangkor soils, the correlations in Table 5.5 

are approximate.  The Soil Moisture Regime (SMR) is assigned as ustic and the Soil 

Temperature Regime (STR) as mesic as the mean annual temperature is above 17
o
 C but lower 

than 22
o
 C. The Particle Size Classes (PSC) is H and Qmh. 

 

All the Nangkor RNR sub-centre soils are classified as Cambisols (WRB) and Inceptisols 

(USDA) since there is very limited soil development as the soils are relatively young compared 

to other soils around the world. 

 

 Table 5.5 Correlation with International Systems of Soil Classification 

 

 
Series 

No. 

Series 

Name 

Brief series description Subunit in FAO 

World 

Reference Base 

for Soil Resources 

(FAO 1998) 

Subgroup in 

USDA Soil 

Taxonomy (Soil 

Survey Staff 

1999) 

 

1 Nangkor 

 

 

 

Very deep colluvial soil with brown clay loam 

topsoil underlain with dark yellowish brown 

clay loam subsoil, few slightly hard flat phyllite 

stones, moderate medium subangular blocky, 

no reaction to HCl, pH slightly acid (5.96) with 

low CEC (10.26 me/100g) and very low base 

saturation (23%). 

 

            Dystic   

Cambisol 

Typic 

Dystrustepts 

2 Shumar 

 

 

 

 

Moderately deep colluvial soil with yellowish 

brown to dark yellowish brown sandy clay loam 

topsoil underlain with dark yellowish brown to 

strong brown sandy clay loam to gravelly sandy 

clay loam subsoil, few to many hard angular 

phyllites stones and moderately weathered 

phyllite stones & gravels, moderate medium 

subangular blocky and weathered rock 

structures, no reaction to HCl, pH slightly acid 

to acid (5.44-5.92) with low CEC (5.44 – 8.74 

me/100/g) and base saturation (49%). 

 

Dystic 

Regosol 

Typic 

Dystrustepts 
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6. SOIL DISTRIBUTION AND MAPPING 

6.1 Soil distribution. 

   

The Nangkor series occur mostly on the east and western parts of the survey area whereas the   

Shumar series dominates in the southern part of the survey area as depicted in Figure 6.1.    

 

Figure 6.1 Soil Map of Nangkor RNR sub-centre 

 

 

6.2 Soil mapping units 

 

All the soils of Nangkor RNR-sub-centre are mapped as consociation i.e. each mapping unit with 

one dominant soil series. Table 6.1 depicts the types of soil mapping units at the RNR sub-centre 

along with their area of coverage. 

 

Table 6.1 Composition and Extent of Soil Mapping Units at the sub-centre 

 

Map unit 

 

Type Main soil series Minor soil series Extents 

    Ha Acres % 

Na Consociation Nangkor - 0.80 1.98 81.8 

Sh Consociation Shumar - 0.18 0.44 18.2 
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Table 6.2 Brief description of the soil mapping units at the RNR sub-centre 

 

Map 

Unit 

Soil Series Land  

Use 

Brief Description 

 

Ha % 

Na Nangkor Dryland Deep colluvial soil with brown clay loam 

topsoil underlain with dark yellowish brown 
clay loam subsoil, few slightly hard flat 

phyllite stones, moderate medium 

subangular blocky, no reaction to HCl, pH 

slightly acid (5.96) with low CEC (10.26 

me/100g) and very low base saturation 

(23%). 

0.80 81.8 

Sh Shumar Dryland Moderately deep soil with yellowish brown 

to dark yellowish brown sandy clay loam 

topsoil underlain with dark yellowish brown 

to strong brown sandy clay loam to gravelly 

sandy clay loam subsoil, few to many hard 

angular phyllites stones and moderately 
weathered phyllite stones & gravels, 

moderate medium subangular blocky and 

weathered rock structures, no reaction to 

HCl, pH slightly acid to acid (5.44-5.92) 

with low CEC (5.44 – 8.74 me/100/g) and 

base saturation (49%). 

0.18 18.2 

   Total 0.98 100 

 

6.2.1 “Na” map unit 

 

The “Na” mapping unit covers the mid slope and occurs on the west and eastern parts of the 

RNR sub-centre. It is mapped as a consociation and covers 0.08 ha (1.98 acre) or 81.8% area of 

the sub-centre. The mapping unit is located on slightly steep slope of 35% with NNW aspect. 

The site has common medium sub-rounded surface stones and gravels. The mapping unit is 

under research trial for mango.   

 

6.2.2 “Sh” map unit 
 

The “Sh” mapping unit occurs on the mid and upper slope and occurs generally on the north to 

southern parts of the sub-centre. It is mapped as a consociation and covers 0.18 ha (0.44 acre) or 

18.2% area of the sub-centre. The mapping unit is located on moderate to slightly steep slopes of 

(20 - 35%) with NNW aspect. It has common medium surface stones and gravels.  The site is 

used for conducting research trials for vegetables and citrus.  
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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 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 Can be mitigated at early 

stage 

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  

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. 
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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-

off. 

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. 

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) 
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An example of the criteria compiled and currently used for land suitability classification for rice 

is presented in Table 7.3.  Data on the criteria of all the other crops considered are available in a 

similar format. 

 

Table 7.3 Criteria for Irrigated Rice (Chhuzhing) 

 
 NEW LAND EXISTING LAND 

Class 

Suitability 

S1 

High 

S2 

Moderate 

S3 

Marginal 

N 

Unsuitable 

S1 & S2 

High/Mod 

S3c 

Marginal 

N 

Unsuitable 

Parameter 1/ Unit        

Altitude c masl <1900 1901 – 2000 
 

2001 – 2500 
 

>2500 
 

As new land 2001 – 
2600 

 

>2600 
 

Aspect 

 

 

c Compass E to SSE & 

SSW to W 

NNE to E & 

W to NNW 

NNW to 

NNE & SSE 

to SW 

N/A As new land NA N/A 

Slope 

 

 

t % <10 11 - 30 31 - 40 >40 As new land 31 - 60 >60 

Previous 

Erosion 

 

t Class Nil Nil - Slight Slight - Mod Severe As new land Slight - 

Mod 

Severe 

Erodibility 

 
 

t Class Low Low - Slight Slight - Mod High As new land Slight - 

Mod 

High 

Flood hazard 

 
 

f m above 

river 

>10 10 – 5 4.9 - 3 <3 As new land >2.5 <2.5 

Surface 

stones 
 

 

w % <2% 2 – 5% 5.1 – 20% >20% As new land 5.1 – 35% >35% 

Topsoil 

stones 

 

w % 0 – 5% 5.1 – 20% 20.1 – 35% >35% As new land 20.1 – 

40% 

>40% 

Water supply 

Note 2/ 

 

m 

 

reliability 100 - 85% 84 – 75% 

 

74 – 60% 

 

<60% As new land >50 

 

<50 

 

Rooting 

Depth 

 

 

m cm >60 59 - 50 49 - 30 <30 As new land >25 <25 

Subsoil 
texture 

m texture C(h), C, SC, 
ZC, CL(h) 

CL, SCl, 
ZCl, Zl, L 

SL, fSL, 
vfSL, LvfS 

LfS, Lms, 
Lcs, LvcS, 

fS, mS, 

cS,vcS 

As new land Any but 
Lms, 

LvcS, mS, 

cS or vcS 

Lms, 
LvcS, 

mS,cS, vcS 

Subsoil 

stones 

 

 

m % <20% 20 – 30% 31 – 40% >40% As new land 31 – 50% >50% 

Slope form 

 

 

m Shape 

 

Rectilinear Concave Convex or 

Irregular 

NA 

Note 3/ 

As new land Any NA 

Profile 

drainage 

 

d Class Very poor to 

poor 

Imperfect – 

mod well 

Well Somewhat 

excessive or 

Excessive 

As new land Somewhat 

Excessive 

Excessive 

CEC 

 

 

y me/100g 

 

>15 15 - 5 NA NA As new land NA NA 

BS 
 

 

y % 
 

>60 59 - 45 <45 NA As new land NA NA 

pH 

 

 

y  6.5 – 5.0 5.1 – 4.5 

6.6 –7.0 

4.4 – 4.0 

7.1 – 8.0 

<4.0 

>8.0 

As new land 4.4 – 3.8 

7.1 – 8.0 

<3.8 

>8.2 

 

Notes 1 c = climate; t = topography; m = soil moisture; w = workability; d = soil drainage; y = soil 

chemistry 

 2 For wetland rice rainfall is not used but some measure of reliability of the water supply is required 

 3 Criteria Not Applied to this crop 
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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 (eg 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; 

 

o Class S1 (everything falls in the Class S1 column)    

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

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

o 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 Utilisation Types 

 

When dealing with more than one crop the volume of data can become vast and confusing.  To 

help simplify the situation the crops have provisionally been placed into the following broad 

groups or categories known as Land Utilisation Types (LUTs): 
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Table 7.4 Land Utilisation Types 

 

LUT No. Name Inclusions 

 

1 Chhushing Wetland rice 

2 Staple food crops Maize, buckwheat, wheat, cassava 

3 Cash crops - trees Citrus, cashew, betel nut, mango, papaya 

4 Cash crops - vegetables Chilli, eggplant, tomato, cucumber, brassicas 

5 Cash crops - other Groundnut, ginger, banana, pine apple, sugarcane 

 

As knowledge grows and the system develops it may be possible to re-define the Land Use 

Types (LUTs) where the crops in each LUT have basically the same requirements and criteria for 

growth.  The SSU spreadsheets designed for automatic classification of the land into suitability 

for the various crops have been set up with one sheet for each of the above LUTs. 

7.5 Land Suitability Classification for Nangkor RNR sub-centre 

 

7.5.1 Basic Data 

 

The basic data, extracted from the database, and used for land suitability classification in 

Nangkor RNR sub-centre presented in Table 7.5.  These data were inserted into the SSU look-up 

tables and the summary of the output from this operation is presented in Section 7.5.2. 

 

Table 7.5.1 Basic Data used for Land Suitability Evaluation 

 

 
 

7.5.2 Output from Automatic Classification 

 

The summary information from the various LUT spreadsheets are given below –the full data are 

not shown due to excessive volume and size.  The order of presentation in the following sections 

is the same for each LUT to aid correlation with the names of the units as shown in Table 6.1. 
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a. LUT 1 – Paddy  

 
Table 7.5.2 depicts that all the map units at Nangkor RNR sub-centre are classified as being 

unsuitable for cultivation of wetland rice due to lack of irrigation facilities in the area. 
 

Table 7.5.2 Land suitability evaluation results for Paddy 

 

 
 

b. LUT 2 – Staple Food Crops  

 

Table 7.5.3 shows that mapping unit “Na” is marginally suitable for growing potato, buckwheat, 

wheat, millet and cassava with aspect, slope, subsoil texture and base saturation being the major 

limitations. However, maize is conditionally suitable due to unfavourable aspect, which has 

adverse effect on solar radiation. 

 

Table 7.5.3 Land suitability evaluation results for Staple food crops 

 

 
 

“Sh” is marginally suitable for growing potato, buckwheat, millet, wheat and cassava which are 

mainly due to unsuitable aspect, subsoil texture and low fertility status of the soil. However, 

maize is also classified as conditionally suitable with aspect being the major limitation. 

 

Of all the staple food crops been evaluated, most of them came out to be marginally suitable 

except for maize. This infers that cultivation of staple crops at Nangkor RNR sub-centre would 

be unprofitable if some of the main constraints are not ameliorated. 
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c. LUT 3 – Cash Crops, Trees 

 

Table 7.5.4 shows that both the mapping units (“Na” and “Sh”) are not suitable for growing 

citrus and papaya due to unfavourable (NNW) aspect which has adverse effect on solar radiation. 

Although it has been noted that the citrus are being grown at the sub-centre, the quality of the 

fruits may not be good due to less solar radiation. 

 

Table 7.5.4 Land suitability evaluation results for fruit trees 

 

 
 

“Na” is evaluated as conditionally suitable for growing stone fruits due to low base saturation.  

However, it is marginally suitable for growing mango and walnut due to low altitude, 

unfavourable aspect, low base status and limited soil depth (for mango only).  Rainfall is another 

limiting factor for growing walnut at the centre. 

 

Mapping unit “Sh” is not suitable for growing walnut due to limited soil depth, marginally 

suitable for stone fruits and mango due to unfavourable aspect, high subsoil stones, limited soil 

depth (for mango only) and low base saturation.  

 

d. LUT 4 – Cash Crops, Vegetables 
 

Table 7.5.5 depicts that the ‘Na’ mapping unit is not suitable for growing tomatoes due to steep 

slopes but conditionally suitable for growing eggplant and onion due to unfavourable aspect and 

altitude (for egg plant) and near neutral pH for onion. However, it is marginally suitable for 

growing brassicas, chilli and beans with main limiting factors being unfavourable slope form, 

aspect and low base saturation. 

 

Table 7.5.5 Land suitability evaluation results for Vegetables 
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The mapping unit “Sh” is marginally suitable for growing chilli, tomato, onion and brassicas but 

conditionally suitable for eggplant.  

 

e. LUT 5 – Other Cash Crops 

 

Table 7.5.6 shows that “Na” is marginally suitable for growing mustard, conditionally suitable 

soyabean, ginger, banana and sugarcane and unsuitable for groundnut and strawberry due to 

unfavourable aspect, altitude and low base saturation.   

 

“Sh” mapping unit is marginally suitable for mustard and ginger but conditionally suitable for 

soybean, pineapple and sugarcane. However, groundnut and strawberry are completely 

unsuitable. The main limiting factors are unfavourable aspect, altitude and low soil fertility 

status. 

 

Table 7.5.6 Land suitability evaluation results for other cash crops 

 

 
 

7.6 Suitability Mapping 

 

Since no specific indication was given as to the crop or crops planned to be grown at Nangkor 

RNR sub-centre, only important crops for which SSU had criteria - had to be considered.  

However, it is not possible to produce a separate map for each and every crop that might prove 

suitable for growth at the centre. Therefore, different soil mapping units are evaluated for five 

different LUTs and suitability units compiled based on the best or most suitable ratings found.   

 

As shown in Table 7.7 the level of suitability of crops (different LUTs) are listed against the 

different mapping units. Under each suitability class, type of LUT with specific crop/s and their 

suitability classes are mentioned. The limiting factors are suffixed with the main suitability class 

e.g. S3my which means the land is marginally suitable due to low soil moisture and inherent soil 

fertility. For more information on limiting factors – refer Table 7.1. 

 

A suitability map of Nangkor RNR sub-centre is shown in Figure 7.1. 
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Figure 7.1 Land suitability evaluation map of Nangkor RNR sub-centre 
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Table 7.7 Extent of Suitability Map Units at Nangkor RNR sub-centre 

 

Map  

Unit 

Land suitability Classes 

 

S1 S2 S3 SC3/NS NS 

Na   LUT2 - S3cmty (potatoes), S3cy (buck 

wheat) & S3cty (wheat, millet & 

cassava)  

LUT3 - S3cmy (walnut) & S3cmty 

(mango) 

LUT4 - S3cmty (brassicas & pulses) 

LUT5 - S3cy (mustard) 

LUT2 - SC3/Nc (maize) 

LUT3 – SC3/Ny (stone fruits) 

LUT4 – SC3/Ny (onion) & SC3/Nc 

(Egg plant& chilli) 

LUT5 – SC3/Nc (ginger & pine 

apple), SC3/Nct (sugarcane) & 

SC3/Nt ( banana) 

LUT1 – Nm (rice) 

LUT3 – Nc (citrus & papaya) 

LUT4 – Nt (tomato) 

LUT5 – Nc (groundnut & strawberry) 

Sh   LUT2 - S3cm (potatoes & cassava), 

S3cmy (buckwheat) & S3cmty (wheat 

& millet)  

LUT3 - S3cmy (stone fruits) & S3cm 

(mango) 

LUT4 - S3cm (chilli, brassica & 

pulses) & S3c (tomato) 

LUT5 -  S3cy (mustard), S3c (ginger) 

& S3cm (banana) 

LUT2 – SC3/Nc (maize) 

LUT4 – SC3/Ny (onion0 & SC3/Nc 

(egg plant) 

LUT5 – SC3/Nc (pine apple, 

soybean & sugarcane) 

LUT1 – Nm (rice) 

LUT3 – Nc (citrus & papaya) 

LUT5 – Nc (groundnut & strawberry) 

 
Note:  

 

LUTs CROPS CONSIDERED 

LUT1 Rice 

LUT2 Potato, maize, buckwheat, wheat ,millet & cassava 

LUT3 Citrus, stone fruit, walnut, mango & papaya  

LUT4 Chilli, egg plant, tomato, onion, brassicas & pulses 

LUT5 Mustard, soybean, ginger, banana, pineapple & sugarcane 
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Table 7.7 Legend for suitability map of Nangor RNR sub-centre 

 

Best 

Suitability 

Class 

Map 

Unit 

Area 

(Ha) 

Crop suitability description 

 

 
 

 

S3 

 
 

 

Na 

 
 

 

0.80 

Marginally suitable for growing potato, buckwheat, wheat, millet, 
cassava, walnut, mango, brassicas, pulses and mustard,  unsuitable 

for growing rice, maize, stone fruit, citrus, papaya,  egg plant, 

tomato, chilli, onion, soybean, ginger, banana, pineapple and 

sugarcane due to unfavourable subsoil texture, aspect and low base 

saturation.  However rice, citrus, papaya and tomato are unsuitable 

due to lack of irrigation facility, unsuitable aspect and steep slope 

 

 

 

 

S3 

 

 

 

Sh 

 

 

 

0.18 

Marginally suitable for growing potato, buckwheat, wheat, millet, 

cassava, stone fruit, mango, onion, chilli, egg plant, tomato, 

brassicas, pulses, mustard, ginger and banana, not suitable for 

growing maize,  soybean, pineapple and sugarcane due to low CEC.  

However rice, citrus, walnut, papaya, groundnuts, soybean, 
pineapple, strawberry and sugarcane are unsuitable due to lack of 

irrigation facility, unfavourable aspect and topography etc.  

 

 

7.7 Suitability of Nangkor RNR Sub-centre 

 

7.7.1 General 
 

As shown in Table 7.7, the best suitability class for the all the soil series of Nangkor RNR sub-

centre is S3 and the main limitations are: 

 

o Poor soil moisture reserves – due to high content of stones and gravels in the subsoil - 

especially attributed to Shumar series; 

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

Capacity (CEC) and low Base Saturation (BS) – and large inputs of fertilisers and / or 

FYM would be required. 

o Altitude and aspect – too low or too high in altitude & unfavourable aspect which affects 

the solar radiation and length of the growing period. 

o Topography – affects the ease of workability & may cause runoff. 

 

7.7.2 Best Suitability for the Crops of the LUTs 
 

In the following sections, the suitability of individual crops under five different LUTs on 

different land units are depicted. 

 

A. LUT 1 – Wetland Rice 

 

Crops S1 S2 S3 SC3/N NS 

 

Rice     “Na” & “Sh” 
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B. LUT 2 – Dryland Staple Crops 

 

Crops S1 S2 S3 SC3/N NS 

 

Potato   “Na” & “Sh   

Maize    “Na” & “Sh  

Buckwheat   Na” & “Sh   

Wheat   Na” & “Sh   

Millet   Na” & “Sh   

Cassava   Na” & “Sh   

 

C. LUT 3 - Tree Cash Crops 
 

Crops S1 S2 S3 SC3/N NS 

 

Citrus     “Na” & “Sh” 

Stone fruit   “Sh” “Na”  

Walnut   “Na”  “Sh” 

Mango   “Na” & “ Sh”   

Papaya     “Na” & “ Sh” 

 

D. LUT 4 – Vegetables 
 

Crops S1 S2 S3 SC3/N NS 

 

Chilli   “Sh” “Na”  

Egg plant   “Sh” “Na”  

Tomato   “Sh”  “Na” 

Onion    “Na” & “Sh”   

Brassicas   “Na” &  “Sh”   

Pulses (beans)   “Na” &  “Sh”   

 

E. LUT 5 – Other Cash Crops 

 

Crops S1 S2 S3 SC3/N NS 

 

Mustard   “Na” &  “Sh”   

Soybean    “Na” & “Sh”  

Ginger   “Sh” “Na”   

Banana   “Sh” “Na”   

Pineapple    “Na”, “Sh”  

Sugarcane    “Na” &  “Sh”  

Strawberry     “Na” &  “Sh” 
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7.7.3 Ameliorative Measures to be considered 

 

The land suitability evaluation results indicate that the soils of Nangkor RNR sub-centre are 

marginally suited for agricultural use with the best suitability rating noted as Class S3cmty – due 

to unfavourable altitude, aspect, topography and low inherent soil fertility.  Agriculture practice 

at Nangkor RNR sub-centre will be profitable unless the main limiting factors are ameliorated. 

The natural limiting factors like unfavourable altitude, aspect etc. can not be ameliorated unless 

there is a change in land use or the other suitable crops are being considered. However, limiting 

factors like soil fertility, moisture stress etc. can be improved with improve in land management 

practices. The following inputs or ameliorative measures are suggested for consideration. 

 

Altitude Since the sub-centre is located in the lower altitude, most of the plants may 

suffer from heat stress.  

 

However this problem will be overcome by growing different varieties that are 

well suited for the low altitude areas. 

 

Aspect The site predominantly has NNW aspect which may subject the plants to too 

little sunshine (solar radiation) and infections such as moulds etc can develop.  

This can be overcome by growing the crops that likes too little sunshine. 

 

Soil moisture: A soil moisture reserve may be low for the Shumar series due to the presence of 

high content of stones and gravels (Shumar series) within the depth of one 

metre. However, the soil moisture situation can be improved for all crops by 

careful monitoring of the crop and applying supplementary irrigation when any 

moisture stress is seen and rainfall is not imminent. 

 

However, land shaping needs to be done for effective irrigation – but this would 

add considerably to production costs and possibly outweigh the economics of 

the farm 

 

For tree crops, water-harvesting interventions could be installed and the most 

likely intervention would be the installation of micro-catchments for each tree. 

 

Slope: Some of the plants or crops are not suited for cultivation on the centre due to 

steep slopes. This may be overcome by land shaping but may results in heavy 

intervention. 

 

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 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 that the soil can retain the added fertilisers and not allow them to be 

immediately leached out by rainfall. 

 

Excessive acidity (low pH) and possible high levels of aluminium in the soil can 

be addressed by addition of FYM, lime and possibly gypsum. 
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9. OVERVIEW AND IMPLICATIONS 

9.1 Overview of soils 

 

The Nangkor RNR sub-centre has a limited range of soils, on account of the small size of the 

centre and homogeneous geology.  The soils are slightly acid with all the pH values less than pH 

6.5 with low organic carbon and moderate total nitrogen.  Overall fertility potential of the soil 

can be classified as slightly poor. 

 

There are mainly two types of soils – Nangkor & Shumar series at the sub-centre. The two soil 

series were differentiated based on the stone and gravel content in the subsoil.  The Nangkor 

series is deep with little content of stones and gravels and high water holding capacity. However, 

the Shumar series is moderately deep with high content of moderately weathered phyllite stones 

and gravels which reduces the water holding capacity of the soil. The potential or inherent 

fertility status of both the series is slightly poor. The physical land suitability evaluation result 

indicates that Nangkor series is better than Shumar series on account of soil depth, stone content 

and water holding capacity. 

9.2 Implications of results  

  

The sub-centre is mandated to undertake a range of activities, including on-station trials, the 

coordination of off-station trials, and the integration and dissemination of the technical 

information for extension staff in the sub region.  

 

The kind of soils present at the sub-centre and their land suitability evaluation results raise the 

following questions: 

o Are the soils at the sub-centre suitable for research?  

o Are the soils typical of large areas of agricultural land in the region? 

o Can the RNR sub-centre extrapolate its on-station findings over the region? 

o Are the criteria used for land suitability evaluation correct?  

o Should other crops be considered? etc. 

 

First three points can be taken together. For useful research it is not required that the site should 

be rated as highly suitable for the enterprise, and the soils of Nangkor RNR sub-centre are far 

from being classed as highly suitable.  In fact, if the soils were Class S1, this would be a 

disadvantage, as the researchers may achieve production levels that cannot be reached off-

station.  Research findings might also under-estimate some of the management problems 

encountered by farmers on less favourable soils in the area.  On the assumption that similar soils 

are found in the region then on-station trials would be relevant. 

 

Soils that are typical, rather than excellent, are required for useful research. All the soils that are 

present in the region are quite same to the soils of Nangkor.  From this prospective, whatever 

research findings the RNR sub-centre may come up, would be extrapolated to the other areas of 

the region.  

 

This is the fourth time that SSU has attempted to produce a suitability map based on survey data 

and it must be understood that this is still a test of the SSU system as much as a report on the 

soils of the area.  If the criteria used in the SSU evaluations are incorrect in any way then they 

will not give a true reflection of the suitability of the site.  Points 4 and 5 in the above list must 

be carefully considered and feedback supplied to SSU for future development and use.  SSU will 

welcome any feedback and constructive criticism this report and mapping may generate.  
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APPENDIX A. Chemical Characteristics of Nangkor Soils 
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Profile:    PT076 

Described & sampled:   Tshering Dorji  

Survey area:   RNR subcentre Nangkor, Pemagatshel 

Map unit:    “Sh” 

Soil Classification 

 SSU Soil Series:  Shumar 
 Soil Taxonomy:  Typic Dystrustepts 

 WRB:   Dystic Cambisol 

Coordinates:   27º 2' 13.8" N and 91º 23' 55.7" E 

Topographic Map:   No. 78M 08, Scale 50000, Date 1963 

Location:    Ca 50 m west from the RNR office 
Altitude:    1063 masl 

Climate 

 General:   Sub tropical 

 Recent Weather:  Cloudy 

Parent material 

 Solid:   Shumar, phyllite,   
 Drift:   Colluvium 

Topography 

 Landform:   Low mountain 

 Site position:  Upper slope 

 Aspect:   NNW (330 deg) 

 Slope:   20% (strongly sloping), convex 
 Erosion:   Slight  

 Run-off:   Slow 

 Site drainage:  Good 

 Microrelief:  None 

Surface 

 Surface condition:  Dry, loose 

 

 Surface cracks:  None 

 Surface capping:  None 
 Lichen/Algae:  None 

 

 Surface litter:  Sparse, raw decomposed dry grass about 1 cm deep.  

 Surface outcrops:  None 

 Surface stone:  Common (15 %) Fine hard angular,phyllite,    

Land category:   Dryland 
Landuse:    Kamshing 

Soil Depth Limit:   Parlithic contact at 90 cm 

Soil Drainage Class:   Well drained 

 

Notes / Comments:   Stone layer in 3
rd

 horizon (ca 50-120cm) 

 

Cm Horizon Type    Description 

 
0-18  Ap 

Dark yellowish brown (10YR 5/4) moist; fine sandy clay loam  with no mottles;  few fine hard 

subangular gneiss; moist & friable; sticky and plastic;  moderate medium subangular blocky 

structure;  many fine tubular pores; common worm cast & few ants seen;  common irregular fine 

fibrous roots; no reaction to dilute HCl; clear Smooth boundary to:[Sample No. PT076/1] 

18-50  Bw1 

Strong brown (7.5YR 4/6) moist; fine sandy clay loam  with no mottles;  few hard angular quartzite 
fine;moist & friable; sticky and plastic;  moderate medium subangular blocky structure;  many fine 

tubular pores;  rare irregular very fine fibrous roots; no reaction to dilute HCl; diffuse boundary to:  

      [Sample No. PT076/2] 

 

50-120  Bc 

Strong brown (7.5YR 5/6) moist; fine sandy clay loam  with no mottles;  many soft flat phyllite 
boulders & few hard subangular quartzite stones; moist & friable; sticky and plastic;  moderate 

medium subangular blocky structure;  many fine tubular pores;  rare irregular fine fibrous roots; no 

reaction to dilute HCl;      [Sample No. PT076/3] 
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Laboratory Analyses 

 
Analytical Result for Profile: PT076  Survey Area: RNR sub-centre Nangkor 

 

Reaction + Nutrients 

 

SSU No. Depth 

cm 

Lab No. pH 

Water 

pH KCL pH Diff Fe ppm Avail-P 

ppm 

OC % Total-N C:N 

Ratio 

Avail-K 

ppm 

PT076/1 0-18 17974 5.43 4.1 1.33 ND ND 1.3 0.14 9.285 ND 

PT076/2 18-50 17975 5.42 4.61 0.81 ND ND 0.7 0.1 7 ND 

pt076/3 50-120 17976 6.41 4.77 1.64 ND ND 0.4 0.07 5.714 ND 

 

 

Exchangeables 
 

SSU No. Exch Ca 

Me/100g 

Exch-Mg 

Me/100g 

Exch-K 

Me/100g 

Exch-Na 

Me/100g 

TEB 

Me/100g 

Exch-Al 

Me/100g 

Extr-H 

Me/100g 

CEC 

AmOAc 

Me/100g 

ECEC 

Me/100g 

BS 

% 

ASP 

% 

PT076/1 2.42 0.47 0.46 0.06 3.41 ND ND 8.59 ND 39.69 ND 

PT076/2 3.34 0.81 0.14 0.06 4.35 ND ND 9.26 ND 46.97 ND 

PT076/3 2.84 1.14 0.14 1.06 5.18 ND ND 8.22 ND 63.01 ND 

 

Particle Size Distribution 

 |  SAND%                   | SILT%       |  CLAY% |         LAB 

SSU.No. >1000 

micron 

1000-

425 
micron 

425-

212 
micron 

212-

106 
micron 

106-50 

micron 

Total 

Sand 

50-20 

micron 

20-2 

micron 

Total 

silt 

Total 

clay 

Texture USDA 

PSC 

PT076/1 ND ND ND ND ND 14.80 17.00 36.00 53.00 32.20 ZCL ND 

PT076/2 ND ND ND ND ND 8.90 1.20 41.30 42.50 48.60 ZC ND 

pt076/3 ND ND ND ND ND 8.30 29.10 30.30 59.40 32.30 ZCL ND 

 

Available Moisture and Emerson Stability Class 

 

   |   SOIL WATER CONTENT   | Water Holding Capacity  | Emerson  

SSU No. BD 

g/cm 

0.1 bar 

vol% 

0.2 bar 

vol% 

0.3 bar 

vol% 

0.4 bar 

vol% 

5 bar 

vol5 

15 bar 

vol% 

AWHC 

vol% 

RAWHC 

vol% 

Stability 

Class 

PT076/1 ND ND ND ND ND ND ND ND ND 1 

PT076/2 ND ND ND ND ND ND ND ND ND 3 

pt076/3 ND ND ND ND ND ND ND ND ND 3 
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Profile:   PT077 

Described & sampled:   TsheringDorji  

Survey area:   RNR  sub-centre Nangkor, Pemagatshel 

Map unit:    “Na” 

Soil Classification 

 SSU Soil Series:  Nangkor 
 Soil Taxonomy:  Typic Dystrustepts 

 WRB:   Dystic Cambisol 

Coordinates:   27º 2' 15.1" N and 91º 23' 54.6" E 

Topographic Map:   No. 78M 08, Scale 50000, Date 1963 

Location:    Ca 120 m WNW from RNR office 
Altitude:    1044 masl 

Climate 

 General:   Sub tropical 

 Recent Weather:  Cloudy 

Parent material 

 Solid:   Shumar, phyllite,   
 Drift:   Colluvium 

Topography 

 Landform:   Low mountain 

 Site position:  Mid slope 

 Aspect:   NNW (330 deg) 

 Slope:   35% (steep), convex 
 Erosion:   Slight, undifferentiated 

 Run-off:   Slow 

 Site drainage:  Good 

 Microrelief:  

Surface 

 Surface condition:  Dry, slighty hard 

 

 Surface cracks:  None 

 Surface capping:  None 
 Lichen/Algae:  None 

 

 Surface litter:  Overall, raw decomposed dry grass about 2 cm deep.  

 Surface outcrops:  None 

 Surface stone:  None      

    
Land category:   Dryland 

Landuse:    Kamshing 

Soil Depth Limit:   None 

Soil Drainage Class:   Well drained 

 

Notes / Comments:   ND 

 

Cm Horizon Type    Description 

 
0-34  Ap 

Brown (10YR 4/3) moist; clay loam with no mottles; common medium slightly hard flat schist & 

few fine hard angular quartzite; moist & very firm; sticky and plastic; moderate medium subangula 

rblocky structure; moderate thin continuous organic matter on ped faces; many fine tubular pores; 

few krotovinas; common irregular fine fibrous roots; no reaction to dilute HCl; clear smooth 

boundary to:      [Sample No. PT077/1] 
62-145  Bw2 

Dark yellowish brown (10YR 4/6) moist; clay loam  with no mottles;  few fine slightly hard flat 

phyllite & fine few Charcoal; moist & very friable; very sticky and very plastic;  moderate medium 

subangular blocky structure;  many fine tubular pores;  no roots; no reaction to dilute HCl;  diffuse 

boundary  to:     [Sample No. PT077/3] 

34-62  Bw1 
Dark yellowish brown (10YR 4/4) moist; clay loam  with no mottles;  few fine slightly hard flat 

phyllite & few fine angular quartzite; moist & firm; sticky and plastic;  moderate medium 

subangular blocky structure;  many fine tubular pores; few krotovinas;  rare irregular fine fibrous 

roots; no reaction to dilute HCl:     [Sample No. PT077/2] 
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Laboratory Analyses 

 
Analytical Result for Profile: PT077  Survey Area: RNR sub-centre Nangkor 

 

Reaction + Nutrients 

 

SSU No. Depth 

cm 

Lab No. pH 

Water 

pH KCL pH Diff Fe ppm Avail-P 

ppm 

OC % Total-N C:N 

Ratio 

Avail-K 

ppm 

PT077/1 0-34 17977 5.8 4.14 1.66 ND ND 1.4 0.16 8.75 ND 

PT077/2 34-62 17978 5.87 4.13 1.74 ND ND 1.1 0.1 11 ND 

PT077/3 62-145 17979 6.05 4.18 1.87 ND ND 0.80 0.08 9.50 ND 

 

Exchangeables 

 

SSU No. Exch Ca 

Me/100g 

Exch-Mg 

Me/100g 

Exch-K 

Me/100g 

Exch-Na 

Me/100g 

TEB 

Me/100g 

Exch-Al 

Me/100g 

Extr-H 

Me/100g 

CEC 

AmOAc 

Me/100g 

ECEC 

Me/100g 

BS 

% 

ASP 

% 

PT077/1 2.78 0.38 0.16 0.06 3.38 ND ND 9.41 ND 35.91 ND 

PT077/2 2.20 0.23 0.10 0.00 ND ND ND 10.58 ND ND ND 

PT077/3 1.63 0.41 0.10 0.00 ND 0.00 0.00 9.94 ND ND ND 

 

Particle Size Distribution 

 

 | SAND%                   | SILT%       |  CLAY% |         LAB 

SSU.No. >1000 

micron 

1000-

425 
micron 

425-

212 
micron 

212-

106 
micron 

106-50 

micron 

Total 

Sand 

50-20 

micron 

20-2 

micron 

Total 

silt 

Total 

clay 

Texture USDA 

PSC 

PT077/1 ND ND ND ND ND 13.70 20.80 35.30 56.10 30.20 ZCL ND 

PT077/2 ND ND ND ND ND 11.80 5.20 40.40 45.60 42.60 ZC ND 

PT077/3 ND ND ND ND ND 8.50 9.60 37.70 47.30 44.20 ZC ND 

 

Available Moisture and Emerson Stability Class 

 

   |   SOIL WATER CONTENT    | Water Holding Capacity  | Emerson  

SSU No. BD 

g/cm 

0.1 bar 

vol% 

0.2 bar 

vol% 

0.3 bar 

vol% 

0.4 bar 

vol% 

5 bar 

vol5 

15 bar 

vol% 

AWHC 

vol% 

RAWHC 

vol% 

Stability 

Class 

PT077/1 ND ND ND ND ND ND ND ND ND 1 

PT077/2 ND ND ND ND ND ND ND ND ND 2 

PT077/3 ND ND ND ND ND ND ND ND ND 3 
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Profile:    PT078 
Described & sampled:   Tshering Dorji 

Survey area:   RNR subcentre Nangkor, Pemagatshel 

Map unit:    “Sh” 

Soil Classification 

 SSU Soil Series:  Shumar 
 Soil Taxonomy:  Typic Dystrustepts 

 WRB:   Dystic Cambisol 

Coordinates:   27º 2' 15.3" N and 91º 23' 56.3" E 

Topographic Map:   No. 78M 08, Scale 50000, Date 19963 

Location:    Ca 80 m WNW from RNR office 
Altitude:    1050 masl 

Climate 

 General:   Sub tropical 

 Recent Weather:  Cloudy  

Parent material 

 Solid:   Shumar, phyllite,   
 Drift:   Colluvium 

Topography 

 Landform:   Low mountain 

 Site position:  Mid slope 

 Aspect:   NNW (345 deg) 

 Slope:   35% (steep), rectilinear 
 Erosion:   Slight, undifferentiated 

 Run-off:   Slow 

 Site drainage:  Good 

 Microrelief:  

Surface 

 Surface condition:  Dry, slighty hard 

 

 Surface cracks:  None 

 Surface capping:  None 
 Lichen/Algae:  None 

 

 Surface litter:  Sparse, raw decomposed dry grasses about 2 cm deep.  

 Surface outcrops:  None 

 Surface stone:  Few angular phyllite 

    
Land category:   Dryland 

Landuse:    Kamshing 

Soil Depth Limit:   Parlithic contact at 30 cm 

Soil Drainage Class:   Well drained 

 

Notes / Comments:   ND 

 

 

Cm Horizon Type    Description 

 

0-30  Ap 

Dark yellowish brown (10YR 4/4) moist; sandy clay loam with no mottles; few medium slightly 

hard flat phyllite & common fine hard subangular quartzite; moist & slightly friable; sticky and 

plastic; moderate medium subangular blocky structure; weak thin discontinuous organic matter on 

ped faces; many fine tubular pores; few worms; common irregular fine fibrous roots; no reaction to 
dilute HCl; clear smooth boundary to:     [Sample No. PT078/1] 

30-140  Bc 

Dark yellowish brown (10YR 4/6) moist; sandy clay loam  with no mottles; moist & firm; sticky and 

plastic;  weathered rock structure  few fine tubular pores;  rare irregular fine fibrous roots; no 

reaction to dilute HCl;      [Sample No. PT078/2] 
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Laboratory Analyses 

 
Analytical Result for Profile: PT078  Survey Area: RNR sub-centre Nangkor 

 

Reaction + Nutrients 

 

SSU No. Depth 

cm 

Lab No. pH 

Water 

pH KCL pH Diff Fe ppm Avail-P 

ppm 

OC % Total-N C:N 

Ratio 

Avail-K 

ppm 

PT078/1 0-30 17980 5.67 4.05 1.62 ND ND 1.3 0.13 10 ND 

PT078/2 30-140 17981 6.18 4.45 1.73 ND ND 0.4 0.06 6.666 ND 

 
Exchangeables 

 

SSU No. Exch Ca 
Me/100g 

Exch-Mg 
Me/100g 

Exch-K 
Me/100g 

Exch-Na 
Me/100g 

TEB 
Me/100g 

Exch-Al 
Me/100g 

Extr-H 
Me/100g 

CEC 
AmOAc 

Me/100g 

ECEC 
Me/100g 

BS 
% 

ASP 
% 

PT078/1 1.95 0.37 0.23 0.06 2.61 ND ND 8.39 ND 31.10 ND 

PT078/2 2.11 0.38 0.09 0.06 2.64 0.00 0.00 5.44 ND 48.52 ND 

 

Particle Size Distribution 

 
 | SAND%                   | SILT%       |  CLAY% |         LAB 

SSU.No. >1000 

micron 

1000-

425 

micron 

425-

212 

micron 

212-

106 

micron 

106-50 

micron 

Total 

Sand 

50-20 

micron 

20-2 

micron 

Total 

silt 

Total 

clay 

Texture USDA 

PSC 

PT078/1 ND ND ND ND ND 23.80 11.20 38.80 50.00 26.20 ZL ND 

PT078/2 ND ND ND ND ND 40.20 10.40 19.70 30.10 29.70 CL ND 

 

Available Moisture and Emerson Stability Class 

 

   |SOIL WATER CONTENT               | Water Holding Capacity  | Emerson  

SSU No. BD 

g/cm 

0.1 bar 

vol% 

0.2 bar 

vol% 

0.3 bar 

vol% 

0.4 bar 

vol% 

5 bar 

vol5 

15 bar 

vol% 

AWHC 

vol% 

RAWHC 

vol% 

Stability 

Class 

PT078/1 ND ND ND ND ND ND ND ND ND 1 

PT078/2 ND ND ND ND ND ND ND ND ND 3 

 

 



SSU: Detailed Soil Survey of Nangkor RNR sub centre  Soil Survey Unit, NSSC 

 

Report no.: SS-19  Page 54 of 55 

APPENDIX D. LABORATORY METHOD 

 

The eight soil samples collected from the main horizons of the twelve detailed profiles were 

analysed by the Soil and Plant Analytical Laboratory (SPAL) of the NSSC under Ministry of 

Agriculture at Semtokha.   

 

The full details of the methods used at SPAL are given in ‘Soil Analysis’ (SPAL 1993). 

 

The SPAL methods vary slightly according to soil pH.  The methods summarized below are 

those for soils of pH (water) both > 7 and < 7, as samples of both types were collected during 

this survey.  However there are no samples with pH (water) < 5.5, so the methods for acid soils 

are not given. 

  

Sample preparation 

  

Samples are air - dried, aggregates are hand crushed, and the soil is sieved to 2 mm. 

  

pH 

 

Soil pH is measured in suspensions of the soil in distilled water and 1 M KCL (both 1:2.5) using 

a PHM 83 automatic pH meter.   

 

Soil extracts 

 

The fine earth fraction is subject to a number of extraction procedures: 

   

Total N is extracted and converted into ammonium form by micro-Kjeldahl digestion with 

H2SO4 and a Se-based catalyst.  

 

Ammonium – N and nitrate – N are extracted by shaking with 0.01 M CaCl2 for two hours. 

 

For soils with pH (water) < 7, available P is extracted by shaking 5 g of fine earth with 35 ml of 

the Bray and Kurtz extractant of 0.5 M HCl and 1 M NH4F for 1 minute.  For soils with pH > 7, 

available P is extracted by shaking 5 g of fine earth with 35 ml of the Olsen extractant of 0.5 M 

Na HCO3 and 1 M NaOH for 1 minute. 

 

Available K is extracted by shaking 5 g of fine earth with 50 ml of 0.01 M CaCl2 for 2 hours.  

 

Exchangeable Ca, Mg, K and Na are extracted by leaching 5 g of fine earth with 100 ml of 1M 

ammonium acetate (NH4OAc). 

 

For the soils with pH (water) < 7.5, the ammonium is extracted by leaching the soil with excess 1 

M KCl, and measured to give the Cation Exchange Capacity.  For the soil with pH (water) > 7.5, 

the ammonium is extracted by leaching with excess 1 M sodium acetate. 

 

Assays of extracts 

 

The NH4 in the extracts from the Total N digestion, the KCl leaching for CEC determination, 

and from NH4 – N; NO3 – N; available P; available K; and exchangeable K and Na in the 

different extracts are measured with the Skalar Segmented Flow Analyser system, which 

includes colorimeters for NH4, NO3 and P, and a flame spectrophotometer for K and Na. 
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Exchangeable Ca and Mg in the NH4OAc leachate are measured with a Unicam Atomic 

Adsorption Spectrophotometer.   

 

Organic carbon (OC) 

 

OC is measured by the Walkley – Black method of low temperature oxidation with acidified 

K2Cr2O7 and titration of the excess dichromate.   

 

TEB, BS and C:N 

 

Total exchangeable bases, effective cation exchange capacity, base saturation, and C:N ratios are 

derived by computation, i.e.;  

 

TEB   = Exchangeable Ca + Mg + K + Na. 

 

BS (NH4OAc) = TEB / CEC (NH4OAc). 

 

C:N   = Organic C / Total N. 


