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other observations, are filled up. 

5. The glass sample containers must be placed in sealed plastic bags and packed into an iced shipping 

container. Samples must be compulsorily cooled and maintained at 4°C as soon as possible. 

6. The cycle of custody and shipping must be finish as fast as possible to reduce its holding time. When the 
[9]

sample arrives at laboratory, it should be within the holding time. 

4.3.4 Soil Sampling Procedures with Split Spoon (Barrel) Sampler:

The steps for the collection of samples are as follows:-

1. The sampler is assembled by aligning both the sides of barrel and screwing the drive shoe to the bottom 

and the head piece on top.

2. The sampler is then placed in a perpendicular position to the sample material.

3. The well ring should be good to drive the tube. However, it should not drive past the bottom of the head 

piece; otherwise it may result in compression of the sample.

4. The length of the tube is then penetrated into the material to be sampled, and the number of blows 

recorded to get to this depth. 

5. The sampler is then withdrawn and opened by unscrewing the bit and head and splitting the barrel. The 

amount of recovery and soil type is recorded on the boring log. In case a split sample is required, cleaned, 

stainless steel knife is used to divide the tube contents in half, longitudinally. 

6. The core is transferred without disturbing to an appropriate labeled sample container(s) and sealed 

tightly. 

4.3.5 Soil Sampling at Depth with Augers and Thin Wall Tube Samplers

The following steps shall be kept in mind while sampling at depth with Augers and Thin Wall Tube Samplers

1. It employs use of an auger, or a thin-wall tube sampler, a series of extensions, and “T" handles. The auger 

is used to bore a hole to a desired sampling depth, and then withdrawn. The sample can be collected 

directly from the auger.

2. The core of sample can be collected by replacing the auger tip with a thin wall tube sampler. It is then 

lowered down the system into the borehole, and driven into the soil to the completion depth. 

3. There are several types of augers available; which includes bucket type, continuous flight (screw), and 

post-hole augers. Bucket type augers are better for direct sample recovery as they provide a large 

volume of sample in lesser time.

4. The continuous flight augers are useful in collecting the sample directly from the flights. Their use is 

satisfactory when a composite of the complete soil column is required. Post-hole augers have limited 

utility for sample collection as they are designed to cut through fibrous, rooted, swampy soil and cannot 

be used below a depth of approximately three feet.[10]

Chapter : 5
Location wise Sampling

This chapter deals with sampling of soil at different locations.

5.1 Soil Sampling in Agriculture

Soil Sampling for High Yield Agriculture is done to estimate the capacity of the soil to provide adequate 

amounts of the necessary nutrients to meet the needs of the crop to be grown.

It should clearly be understood that soil testing does not measure the amount of nutrients in the soil. 

The test results can only be used in conjunction with a calibration curve that relates the laboratory analysis 

results to a set of crop response data.

Without the response (calibration) data, the laboratory results are meaningless.

The samples should be collected in such a way as to best meet that goal.

The sampling pattern should be set to best characterize the variability within the field.[11]
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5.1.1 Soil Sampling Depth

Table: 5.1 Soil Sampling Depths w.r.t. Crops

Sr No. Crops                            Soil sampling depth
Inches cm

1 Grasses and grasslands 2 5

2 Rice, finger millet, groundnut, pearl millet, small millets etc.
(shallow rooted crops) 6 15

3 Cotton, sugarcane, banana, tapioca, vegetables etc. 
(deep rooted crops) 9 22

4 Perennial crops, plantations and orchard crops Three soil Three soil 
samples at samples
12, 24 and  at 30, 60 
36 inches and 90 cm
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Most soil test calibrations are based upon a 6 to 8 inch depth, most commonly 6 and 2/3 inches. In dry years, 

when it is difficult to push the probe into the ground, there is a danger of not getting the proper depth. 

Sampling too shallow will often lead to unusually high soil tests, because of the tendency for nutrients to 

become concentrated near the surface.

Shallow sampling will thus over-estimate the actual soil nutrient status and lead to under-estimating fertilizer 

rates needed. This problem is even greater in reduced tillage systems. 

n Before carrying out sampling, one should check with the laboratory that will conduct the analysis to get the 

recommended sampling depth. Sampling depth should be determined to represent the root zone that the 

plant will draw from, but should also be consistent with the sampling depth used in developing the calibration 

data set to be used for interpreting the soil tests



n
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Uniformity of soil sampling depth is one of the most critical parts of soil testing, yet it is one of the most 

common sources of error. 

Though the numbers are not as dramatic, similar variation is common in any field, and is even more 

pronounced in reduced-tillage and no-till fields where stratification of nutrients is common. 
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Figure 5.2 Soil Sampling Vines on Furrow/ Flood Rows

Figure 5.2 Sampling Depth

Figure 5.3 Sample each crop area separately.

Figure 5.4 Sampling Patterns on 40 acre field

Source: Soil Survey Manual
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5.1.2 About Sampling Pattern Selection

The sampling pattern should be selected to best represent the field, accounting for known sources of 

variability such as major soil type changes, past cropping patterns, etc.

A grid pattern is usually the best way to be sure the entire field is represented, but with the possibility of 

patterns developing from past nutrient applications, cropping effects and other uniform patterns, it is 

advisable to use a sampling scheme that avoids arranging sampling points in a straight line. 

For conventional sampling, a common approach is to divide the field into cells of about 2 ½ to 5 acres, and 

collect 5 cores in a zigzag pattern within each cell to make up the sample. This area sampling method provides 

for fairly complete sampling of the field and a good estimate of the needs for a single uniform application rate 

to be applied to the entire field.

n

n

n

Figure 5.5 Grid Point Sampling Technique - Soil Test Values Represent a 
Point (Stratified Systematic Square Grid)

5.2 Soil Sampling in Forest:- 

The Soil Sampling from the forest follows 

three general rules such as, i) the sampling 

points should be 1 m distant from tree 

stems, ii) it should avoid animal holes and 

iii) also avoid from disturbances like wind-

thrown trees and trails etc.

The above strategy indicates standardized 

protocol for large and small units to 

determine that how many activity areas 

should be monitor; and also decide how to 

count rocks, roots, downed wood, stumps, 

fallen trees, slash piles that contains tree 

tops, branches, brush, etc. and so on which 

can be counted as a sample point. 

n

n

Figure 5.6 Principal structures and 
the scheme of soil profile sampling
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As demonstrated in the Figure, the organic topsoil i.e. litter is sampled as a whole and accompanied by an 

indication of the total thickness of the layer while sampling soil from the forest.

For collecting forest litter, a frame of 25 cm by 25 cm is suggested. In the field, total fresh weight of the forest 

litter should be determined. A sub-sample is collected for the determination of moisture content (% weight) in 

the laboratory to calculate total dry weight (kg/m2).  The location of Sampling Mineral Layers should be 

exactly the same locations i.e. underneath the litter that has already been removed for sampling.

The depth of Sampling should be fixed. The top of the mineral soil corresponds to the zero level for depth 

measurements.

Not only the central part of the layer should be sampled but, the entire thickness of the predetermined depth 

should also be sampled.

Forest Soil Sampling is mostly done by Auguring but, also by pit method, especially in case of stony soil where 

auguring is mostly difficult and sometimes impossible.  

In Non-stony areas, a mass of cylinder of undisturbed samples should be taken to determine the bulk density 
[12]of each mineral layer i.e., 0-10 and 10-20 cm.

5.2.1 Monitoring Point

The monitoring point is defined as a 15-cm (6-in) diameter circular area around the end of one's toe. 

The presence or absence of each disturbance indicator at the point is noted. The visual disturbance class of 

each sample point is determined using the most limiting visual indicator at the point (table 2). 

The areas outside the monitoring point can be used for determining the general context of the disturbance 

but should not be used to decide the class of the point. Using the surrounding areas to determine the 

disturbance class would bias the sample system, especially if applied differently to different visual attributes

Source: Soil Survey Manual

Source: Soil Survey Manual
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Soil disturbance class 0 

Soil surface: 

 No evidence of compaction; i.e., past 
equipment operation, ruts, skid trails. 

 No depressions or wheel tracks evident. 
 Forest floor layers present and intact. 
 No soil displacement evident. 
 No management-generated soil erosion. 
 Litter and duff layers not burned. 
 No soil char.  
  Water repellency may be present. 

Soil disturbance class 1 

Soil surface: 

 Faint wheel tracks or slight depressions 
evident and are <5 cm deep. 

 Forest floor layers present and intact. 
 Surface soil has not been displaced and 

shows minimal mixing with subsoil. 
 Burning light: Depth of char <1 cm. 

Accessory*: Litter charred or consumed. 
Duff largely intact. Water repellency is 
similar to previous conditions Enter. 

Soil compaction: 

 Compaction in the surface soil is slightly 
greater than observed under natural 
conditions. 

 Concentrated from 0 to 10 cm deep.  
 Observations of soil physical conditions: 

a) Change in soil structure from crumb or 

granular structure to massive or platy 

structure; restricted to the surface 0 to 10 

cm. 

b) Platy structure is noncontiguous. 

c) Fine, medium, and large roots can 

penetrate or grow around the platy 

structure. No “J” rooting observed. 

d) Erosion is slight. 

 

Table 5.1 Soil disturbance classes used in the Forest Soil Disturbance Monitoring Protocol. 
[12]Soil disturbance classes increase in severity of impact from class 0 to class 3.

Table 5.2 Soil disturbance classes used in the Forest Soil Disturbance Monitoring Protocol. 
Soil disturbance classes increase in severity of impact from class 0 to class 3.[12]

Soil disturbance class 2 

Soil surface: 

 Wheel tracks or depressions are 5 to 10 
cm deep. 

 Accessory*: Forest floor layers partially 
intact or missing. 

 Surface soil partially intact and may be 
mixed with subsoil. 

 Burning moderate: Depth of char is 1 to 5 
cm. Accessory*: Duff deeply charred or 
consumed. Surface soil water repellency 
increased compared with the pre-burn 
condition. 

Soil compaction: 

 Increased compaction is present from 10 
to 30 cm deep.  

 Observation of soil physical condition: 
a) Change in soil structure from crumb or 

granular structure to massive or platy 

structure; restricted to the surface, 10 

to 30 cm. 

  b) Platy structure is generally continuous. 

c)  Accessory*: Large roots may 

penetrate the platy structure, but fine 

and medium roots may not. 

d) Erosion is moderate. 

Soil disturbance class 3 

Soil surface: 

 Wheel tracks and depressions highly 
evident with depth >10 cm. 

 Accessory*: Forest floor layers missing. 
 Evidence of surface soil removal, gouging, 

and piling. 
 Most surface soil displaced. Surface soil 

may be mixed with subsoil. Subsoil 
partially or totally exposed. 

 Burning severe: Depth of char is >5 cm. 
Accessory*: Duff and litter layer 
completely consumed. Surface soil is 
water repellent. 

 Surface is reddish or orange in places. 
Soil compaction: 

 Increased compaction is deep in the soil 
profile (>30 cm deep). 

 Observations of soil physical conditions: 
a) Change in soil structure from granular 

structure to massive or platy 

structure extends beyond 30 cm 

deep. 

b) Platy structure is continuous. 

c) Accessory*: Roots do not penetrate 

the platy structure. 

d) Erosion is severe and has produced 

deep gullies or rills. 
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5.2.2 Soil Disturbance Classes

Disturbance classes are defined primarily by morphological attributes, not quantitative measures. In this 

visual class system, an increased severity of soil surface disturbance indicates a change in the disturbance 

class.

Some changes such as compaction and rutting, however, are linked to an increase in that property at depth. 

Evidence of deep soil compaction is often present but not always.

For Forest Soils, call should be made based on local knowledge, research, and experience. 

5.2.3 Compaction 

The maximum extent of compaction is determined and a “1” (present) is recorded in the appropriate cell for 

that monitoring point.  A “0” in each of the other two rows is recorded. If compaction occurs throughout the 

profile (not at one depth), then a“1” in each cell is placed for compaction. 

Rod or shovel is inserted into the ground to determine changes in the compaction level of a monitoring point.

Although a change in compaction is often measured by pushing a rod or spade into the soil or taking a bulk 

density core, the visual attributes such as wheel tracks, equipment trails, etc. may be all that is necessary to 

determine a change in surface disturbance. 

Placing compaction into a soil disturbance class (classes 1, 2, or 3) is based on depth of compaction change 

into the mineral soil. Because of this depth relationship, it is important to know the undisturbed condition at 

depths of the soil pre-activity.

5.2.4 Rutting and/or Wheel Track Impressions

The maximum extent of the rut is determined and a “1” (present) in the cell for that monitoring point is 

recorded. A “0” is recorded in each of the other two rows. 

To measure the depth of the rut, one may need to determine where the approximate surface of the 

undisturbed soil is or was. 

Areal extent may be measured by multiplying length with the average width. This would give wheel tracks or 

ruts impressions in the soil caused by heavy equipment.

5.2.5 Soil Structure

Determination of a change in structure is by depth and can sometimes be linked to the change in compaction 

level at the same depth. The maximum extent of the change in structure is determined and a “1” (present) is 

recorded in the cell for that monitoring point. A “0” in each of the other two rows is recorded, unless these 

structural changes extend beyond one depth. In that case, a 1 is recorded in each field.

Massive, platy, and puddle structures are indicators of a change in soil structure and a reduction in pore sizes 

that will change pore size distribution. Massive soil can be naturally occurring or can be caused by 

management activities. Massive structure means structural units are not present and the soil is a coherent 

mass.

Platy structure can also be naturally occurring, but coarse platy structure that has flat or tabular-like (dinner 

plate) units within the profile is usually caused by harvesting equipment.

Puddle soils occur when equipment operates when the soil is too wet; soil is smeared along a wheel track or 

rut and causes water to pond on the surface. The change in soil physical conditions and their depth into the 

mineral soil profile will determine in which soil disturbance category (severity class) one will place it.
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5.2.6 Surface Organic Matter

Forest floor depth can be used to determine loss of nutrients from the organic layers. If the organic layers are 

piled and burned, nutrients are lost from the site.

The forest floor depth is measured with a pocket ruler.

5.3 Soil Sampling in Mines

Soil sampling is useful for carrying out mineral exploration. Cheaper than drilling, sampling can be used to quickly 
establish the existence and extent of hope for mineralisation.

While geophysical and other remote sensing methods are used to target a geological structure which may contain 
mineralization; soil sampling gives the green line for further expenditure including drilling.

5.4 Soil Sampling in Industrial Areas

The pollution of soil is a source of danger to the health of people, even to those living in cities. The anthropogenic 
pollution caused by heavy industries enters plants then goes through the food chain and ultimately endangers 
human health. In the context, the knowledge of the regional variability, the background values and anthropogenic 
vs. natural origin of potentially harmful elements in soils is of critical importance to assess human impact.

5.5 Soil Sampling in Wetlands

To know the presence or absence of wetlands, the existing soil conditions are a source of providing considerable 
information. Soils, developing or occurring under anaerobic conditions have unique morphological and chemical 
properties that result from the presence of water for extended periods of time. The occurrence of these unique 
properties within the landscape can be used as indicators of wetland conditions.

Hydric soils can be either organic or mineral soils. Organic hydric soils are commonly referred to as peat or muck. 
Organic soils formed in waterlogged situations, where decomposition is inhibited and plant debris slowly 
accumulates, are called Histosols. All histosols are hydric soils except Folists, which are freely drained soils 
occurring on dry slopes where excess litter accumulates over bedrock. Mineral hydric soils are those soils 
periodically saturated for sufficient duration to produce chemical and physical soil properties associated with a 
reducing or anaerobic environment.

5.5.1 Carbon Cycle

Rates of photosynthesis in wetlands are typically higher than other ecosystems, and rates of decomposition are 
typically lower due to anaerobic conditions, hence organic matter tends to accumulate. Up to 55% of organic 
matter contains variable amounts of nutrients N, P, S, O, and H. The dominant constituents of soil organic matter 
include cellulose, hemicellulose, and lignin. 

5.5.2 Nitrogen Cycle

Organic forms are present in dissolved and particulate fractions, while inorganic N (NH4-N, NO3-N and NO2-N) is 
present in dissolved fractions. 

5.5.3 Phosphorous Cycle

Wetlands regulate phosphorus (P) retention by physical mechanisms sedimentation and entrainment and 
biological mechanisms such as uptake and release by vegetation, periphyton and microorganisms. 
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pollution caused by heavy industries enters plants then goes through the food chain and ultimately endangers 
human health. In the context, the knowledge of the regional variability, the background values and anthropogenic 
vs. natural origin of potentially harmful elements in soils is of critical importance to assess human impact.

5.5 Soil Sampling in Wetlands

To know the presence or absence of wetlands, the existing soil conditions are a source of providing considerable 
information. Soils, developing or occurring under anaerobic conditions have unique morphological and chemical 
properties that result from the presence of water for extended periods of time. The occurrence of these unique 
properties within the landscape can be used as indicators of wetland conditions.

Hydric soils can be either organic or mineral soils. Organic hydric soils are commonly referred to as peat or muck. 
Organic soils formed in waterlogged situations, where decomposition is inhibited and plant debris slowly 
accumulates, are called Histosols. All histosols are hydric soils except Folists, which are freely drained soils 
occurring on dry slopes where excess litter accumulates over bedrock. Mineral hydric soils are those soils 
periodically saturated for sufficient duration to produce chemical and physical soil properties associated with a 
reducing or anaerobic environment.

5.5.1 Carbon Cycle

Rates of photosynthesis in wetlands are typically higher than other ecosystems, and rates of decomposition are 
typically lower due to anaerobic conditions, hence organic matter tends to accumulate. Up to 55% of organic 
matter contains variable amounts of nutrients N, P, S, O, and H. The dominant constituents of soil organic matter 
include cellulose, hemicellulose, and lignin. 

5.5.2 Nitrogen Cycle

Organic forms are present in dissolved and particulate fractions, while inorganic N (NH4-N, NO3-N and NO2-N) is 
present in dissolved fractions. 

5.5.3 Phosphorous Cycle

Wetlands regulate phosphorus (P) retention by physical mechanisms sedimentation and entrainment and 
biological mechanisms such as uptake and release by vegetation, periphyton and microorganisms. 

n
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5.7.3 Soil Sampling of Marine Sediments

A common use of grab samplers or corers is to collect recently deposited sediments in estuarine or coastal waters. 
The upper section of the sample which is of 0–1 or 0–3 cm should be collected carefully in order to assess the most 
recent contributions of contaminants to the surface.

Sediment collection Procedure

Grab samplers/Dredges are used for the collection of bottom sediment deposits, which are designed to recover 
sediment material from the top few centimeters of the lake/river bed. Grab samplers consist of either a set of jaws 
which are lowered to the surface of the bottom sediment or contain a bucket which rotates into the sediment 
upon reaching the bottom. The dredges usually have bevelled lips to scrap upper layers of the sediments. For 
special cases, the dredges may have teeth to plough the bottom and stir out burrowing molluscs, worms etc. The 
fine-grained bottom sediments are collected with Van Veen type of the sediment sampler. This device consists of 
two bowl-clamp shaped sections, which are held open by a catch. When the sampler touches the sediment, the 
catch is released and the bowl shape sections close together, trapping sediment from a penetration depth of 
about 20 cm.

For general operational suitability of Grab samplers, there are some properties needed for it, such as stability and 
capability to prevent sample loss from washout. Also sample volume must be considered while choosing a surface 
sediment sampler. The bottom sediment sampler devices are widely used variety which is designed for biological 
and geological studies mainly in marine environment. Other than this, they can also be used in pollution studies in 
the marine and freshwater environment.

The following type of Phosphorous exists in Phosphorous Cycle:

Inorganic P — content of wetland soils vary with soil type. Typically, mineral wetland     soils have a higher 
proportion of total soil P in inorganic fractions. Wastewater may contain a large proportion (>75%) as inorganic P 
in soluble forms.

Porewater P — Phosphorus present in dissolved form in soil interstitial water. 

Exchangeable P — Inorganic P ions adsorbed on positively charged soil or organic matter surfaces. 

Iron and Aluminum bound P — Iron and aluminum minerals can retain P by adsorbing on their surfaces or forming 
discrete minerals, such as ferric phosphate or aluminum phosphate. 

Calcium and Magnesium bound P — Inorganic P is typically bound to calcium or magnesium based minerals.

5.5.4 Sulfur Cycle

Sulfur (S) cycling was assumed to play a minimal role in regulating decomposition and nutrient release. 

5.6 Soil Sampling in Dumpsites

Heavy metals pollution represent serious problem for human health and for life in general. The disposal of heavy 
metals is a consequence of several activities like chemical manufacturing, painting and coating, mining, extractive 
metallurgy, nuclear and other industries. Those metals exert a deleterious effect on fauna and flora of lakes and 
streams and other water bodies. 

5.7 Soil Sampling in Mud Flats

Most hydrophobic organic contaminants, metal compounds, and nutrients, which enter the water, become 
associated with particulate matter. 

Analysis of sediments provides environmentally significant information. Their chemical characterization is 
needed to understand the natural and anthropogenic influence on the bodies of soil. Sample preparation includes 
separation of coarse material, homogenization and drying, and it is the first crucial step of sediment analysis.

Selecting sampling sites

Sampling sites are most efficiently selected when there is a prior information about the regional geology and the 
processes that influence the existing sediment distribution. The three processes which most completely 
characterize the bottom dynamics are erosion, transportation and accumulation. 

5.7.1 Soil Sampling of River Sediments

Monitoring can be done of recent sediments (accumulated over the last  6 months). Practically, at each depth), 
sample is collected with a flat hand shovel in order to obtain the finest-grained sediment. 

5.7.2 Soil Sampling of Lake Sediments

On the basis of thermal stratification, Lakes are classified as shallow (H<7m) and deep (H>7m). The stratification in 
a lake has profound consequences on the physical, chemical and biological phenomena. For example, aeration 
occurs in the epilimnion, while in the hypolimnion, anerobic conditions may occur. The vertical component of 
water transport is of great interest in the understanding of mass flux and mass balance. 
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