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APPENDIX -]

Benchmarking options for the selected parameters

CSoil quality - soil texture, soil nutrients, soil PH. soil organic matter, soil biotza

The conventional thing is to take a soil sample and get it analysed from a laboratory ona
professional basis. In the simplest scheme of things, the entire job is entrusted to a lab.
However, if we take into account the participative and capability building aspects, then it
may be more useful and more cost-effective to handle as much of it as possible in a
participative manner. The following activities describe some of the characteristic testing,
methods, giving greater weight to participative methods that can be applied in the field

with simpler apparatus with a good deal of accuracy. though some of the results may not
be as accurate as a lab test,

Activity 1: Soil Sampling

Soil sampling is an activity that should be carried out in a participative manner since it is
. easy to understand and follow. The method described here assumes that we need an

- aggregate sample and aggregate properties to be determined. Test in which soil horizons
need to keep separate would require different kind of sampling.
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Teve 1 pit of anout 30 cm depth and
approximately 15 cmin diameter by manual
digging or augering (Fig. 4.2).
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Pizpare the sample by coning and
guartering as described below.

L In the crop area the root zone depth is
generally limited 1o 25 to 30 cms and L
therefore soil samples are routinely
collected from up to a depth of 30 cms only. .
A few selective samples from depths a} Pit size and shape for crop 2723
beyond 30 cms may be collected if required.
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Take the pit by step method as shown (Fig. 0.5 m wide |
4.3). Collect the soil together, mix it step !
thoroughly and prepare the final sampie by ;

coning and quartering as described below.
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In the non-crop biomass area the rcots Yoo View
extend often up 12 2 depth of 1 mor beyond.
The scii sampics are therefore collected

Jrom at least this depth. -—,,m} S *rza
. Inthe non-crop biomass area there are often

no defined field boundaries and in such Iy
cases the soil samples should be collected
by grouping together strips which show

similarities when visually examined ol the _
area for soil colour, texture, slope, elc. Front View
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ix. The sample is now ready for packing =z labelling for identitication as drsonbed below.

3. Packing the Sample

Pack the sample in a good quality, transparent, plastic bag of 1 kg capacity. Seal the plasﬂc‘hﬂ
using a stapler or by sewing.

1
4. Sample Identification and Number
i. Take= i2cnixSem samplir-G paper of good quality.

ii. On the sampling paper, with a goes tull point pen note down the followinz .
Location, Sample No., Weight cf caiigle, Date, Depth, Survey No. of plot, 19ar of t |
owner. A neatly tabulated example weuld be as shown on the next page.

il Attach this paper to sample bag and szal the sample bag carefuilv. Samnhss sre v rendyies
testing!





Activity 2:  Soil Gradation by West Sieving Method

The following method describes a wet sieving method that only needs the appropriate sieves as specialized equipment.  The rest of it, in principle, could be handled by sample kitchen equipment and a balance as well!

i. Collect the soil sample, by coning and quartering method as described earlier.

ii. Collect approximately 1 kg of soil sample.

iii. Allow the sample to dry completely by sun drying or by air drying.

iv. After the sample has cooled, take a known weight of dry soil sample (first weight, W1 say 500 gm).

v. Soak the soil sample for 24 hours.

vi. After soaking it for 24 hours, wash the wet soil sample through 0.05 mm sieve size (or the nearest size to it that you can get in the market but not more than 0.075 mm).  Collect whatever soil remains on the sieve and allow it to dry completely, either by sun drying, air drying or in a sand bath.

vii. After the sample has cooled, take the weight of the dry soil which has not passed the .05 mm sieve (second weight, W2.

viii. Now sieve this dry soil through the 2 mm sieve size.  Now collect separately both soil portions, whatever soil passes through the sieve as well as whatever remains on this sieve.

ix. Take the weight of both portions, the one that has passed the 2 mm sieve (third weight, W3) and the one that has remained on the sieve (fourth weight, W4).

Example:

Suppose 500 gm of soil sample is taken.

The following are the weight noted in the various steps described before

W1 = 500 gm.  W2 = 195 gm.  W3 = 125 gm.  W4 = 70 gm.

Then,

Gravel = W4 = 70 gm and 70/500x100 = 14%

Sand    = W3 = 125 gm and 125/500x100 = 25%

Silt and Clay = W1 – W2 = 500-195 = 305 mg and 305/500x100 = 61%

Activity 3:  Determining Soil Textural Class Based on Soil Properties

A sample of soil was screened and had the size separates in material smaller than 2 mm determined by particle-size (mechanical) analysis, with the following results:

Sand content (2-0.05 mm) – 140g   Silt content (0.05 – 0.002 mm) = 38g,

Clay content (less than 0.002 mm) = 22 g and Total dry soil weight: = 200g

Determine the textural class name

Solution

Textural names consider only the less than 2 mm portion

Sand = 140 gm/200 gm = 70 percent sand

Silt    = 38 gm/200 gm  = 19 percent silt

Clay   = 22 gm200 gm   = 11 percent clay

Using the textural triangle given earlier, place the triangle with 100 percent clay at the top and read across parallel with the base along the 11 percent line.  Keeping this line in mind, turn the triangle so 100 percent silt is now at the top, and read across parallel to the new base of the triangle along the 19 percent line. The 11 percent clay and 19 percent silt lines intersect in the sandy loam.  The percentage sand value could have been used as easily as either clay or silt values, because the lines for all the three size fractions intersect at the same point.  The content of organic matter is ignored.  If the soil contains more that 15 percent (by volume) of particles larger than sand a “coarse fragment” adjective is added to the textural name (i.e., gravelly sandy loam).

The correct complete name for the textural class of the soil sample is Sandy Loam.

Activity 4:  Field Classification and Gradation of Soils Based on Physical Behaviour

Preparation of Soil Sample

i. Soak the soil sample for 24 hours.  This is a must for every type of soil.

ii. Sieve the soil sample through a standard sieve of 0.425 mm size.

iii. Collect the portion that passes through the 0.425 mm sieve and test it for (1) Dilatancy, (2) Dry strength and (3) Toughness as described below.

Testing for Dilatancy (Reaction to Shaking)

i. Remove particles larger than 0.425 mm sieve size.

ii. Prepare a pat of moist soil with a volume of about one-half cubic inch.  Add enough water if necessary to make the soil soft but not sticky.

iii. Place the pat in the open palm of one hand and shake horizontally, striking vigorously against the other hand several times.

A positive reaction consists of the appearance of water on the surface of the pat which changes to a livery consistency and becomes glossy.  When the sample is squeezed between the fingers, the water and gloss disappear from the surface, the pat stiffens, and finally it cracks or crumbles.

The raplaity of appearance of water during shaking and of its disappearance during squeezing assist in identifying the character of the fines in a soil.

· Very fine clean sands give the quickest and most distinct reaction.

· A plastic clay has no reaction.

· Inorganic silts such as a typical rock flour, show a moderately quick reaction.

Testing for Dry Strength (Crushing Characteristics)

i. Remove particles larger than 0.425 mm sieve size.

ii. Mould a pat of soil to the consistency of putty, adding water if necessary.

iii. Allow the pat to dry completely by oven, sun or air drying.

iv. Then test its strength by breaking and crumbling between the fingers.

This strength is a measure of the character and quantity of the colloidal fraction contained in the soil.  The dry strength increases with increasing plasticity.

· High dry strength is characteristics for clay of the CH group.

· A typical inorganic silt possesses only very slight dry strength.

· Silty fine stands and silts have about the same slight dry strength, but cal be distinguished by the feel when powering the dried specimen.

· Fine sand feels gritty whereas a typical silt has the smooth feel of flour.

Testing for Toughness

i. Remove particles larger than the 0.425 mm sieve size.

ii. A specimen of soil about one-half inch cube in size is moulded to the consistency of putty.  If too dry, water must be added and if sticky, the specimen should be spread out in a thin layer and allowed to lose some moisture by evaporation.

iii. The specimen is rolled out by hand on a smooth surface or between the palms into a thread about one-eighth inch in diameter.

iv. The thread is then folded and re-rolled repeatedly.  During the manipulation the moisture content is gradually reduced and the specimen stiffens, finally loses its plasticity, and crumbles.

-
Tough and stiff threads show presence of clay.

-
Weak threads show presence of silt and stands

-
Highly organic clays have a very weak and spongy feel.

v. Observe the results of above test and from the Casagrande’s chart note down the group of soil e.g. CH, Cl, ML etc.

The relation between the unified soil classification from Casagrande’s chart and soil texture classes as given be Israelsen is given below:

	No.
	Isrealsen’s Texture Class
	Unified Soil Classification (Casagrande’s Chart)


	1
	Sandy
	SP-SW


	2
	Sandy Loam
	SM-SC


	3
	Loam
	Sand, silt and clay in equal proportions and the behaviour would largely depend on the activity of clay and silt fraction


	4
	Clay Loam
	CL


	5
	Silty Loam
	ML or CL


	6
	Clay
	CH
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The quantity of soil sample taken for determination of moisture content varies with the soil type.
= For homogeneous clays and sill take a sample of about 30 gms;
*  For medium grained soils take a sample of about 300 gm;
* For coarse grained soils take a sample of about 3 kg.
i. Take the sample, weigh it in the field itself (with an accuracy of the order of 1 gm) (W1).
il. Pack the sample properly.
iii. Heat the sample by sand bath method (Fig. 4.5)
. Cooling of tha soil sampie shouldbe done:
carefully.
Put the sample in a air tight containar [or¢
dessicator). Put some silica gel in ihe:
container o absorb the moisture presant:

in the container's open space. Allow o’
cool slowly.

v. After the sampla has cooled 1ake the.dny
wt of tha-sample (W,).

vi. Subtract the dry wt (W,) from the:inj
wet weight (W ).

The difference (W, - W,) gives the ami g
of moisture in the soil sampie. Tl
moisture content is then given by:

Vi

Fig. 4.5: The sand bath is a simple method of
drying and can be set up with the most ‘primitive’

equipment. Dry wt of sample

Initial w - Dry wt of sample
x 100





Activity 6:  Determining Field Capacity and Wilting Point of Soils

Field Capacity

i. Saturate the field location from which the sample is to be taken.

ii. Take the soil sample from the field 2 days after the saturation to allow all gravitational water to drain off.

iii. Take the weight of the wet soil sample in the field itself (W1).

iv. Dry the sample by sand bath method as described earlier.

v. Take the dry wt of the sample after it has cooled (W2).  Then,

Initial weight (W1) – Final weight (W2)


      Field Capacity =                                                                      x 100

Final weight (W2)

Permanent Wilting Point

i. As an approximation, the permanent wilting percentage can be estimated by dividing the field capacity by a factor varying from 2.0 to 2.4 depending up on the amount of silt in the soil.  For soils of high silt content 2.4 should be used and for soils with low silt content the factor of 2 is used.

Activity 7: Determining Infiltration Rate of Soils
a) Stand pipe method for determining infiltration rate of soils
Apparatus needed
i.    One PVC pipe of 100 mm diameter and 1 m height;
ii.   One end cap of 110 mm diameter;
iii.  One nozzle with check nut of 1/2 diameter;
  iv.  One adjustable pinch cock, one meter long flexible rubber pipe of 1/2" diameter;
v.   M-seal;
vi.  Stop watch;
vit. Measuring cylinder of 1000 cc (1 liter) capacity.
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Fig. 4.6 The apparatus to be used in the stany pipe tes:




The following steps are followed to set up the test rig (Fig. 4.6)
I.
Seal the pipe at one end with end cap.
ii.
Make the hole just above end cap of 1/2 inch diameter.
iii.
Fix the nozzle with check nut in the hole.
iv.
Fix one end of the rubber pipe in nozzle.
v.
Apply M-seal at connection of PVC pipe and nozzle and ensure that there is no                   leakage.
vi.
Fix the pinch cock at other end of the rubber pipe.
Conducting the infiltration test
i.   Make the pit as shown.
ii.  Saturate the pit (or 24 hours by pouring water in it till it is full, and adding water two to three times in the day if required.
iii. The next day put up the test set up.
iv. Fill the stand pipe with water.
v.  Before starting the test first pour some water in the pit taking care that water should not overflow from it.
vi. Then with help of pinch cock control the water flow from the PVC pipe into the pit so that the water level in the pit does not change.
vii. While stabilising the water level in the pit, also keep the water level in the stand pipe  constant by adding water to it.
viii. Continue this process for 15 to 20 min.
ix. Measure the flow of water in a measuring cylinder for a fixed time, noting the volume of water collected in cc (V) in a given time in seconds (I).
Then the permeability of the soil is given by
(V/t)
K = ————————
5.5 x r x h
K = Permeability cm/sec.
V = Volume of water collected in given time t (cc)
t = time taken for collecting the volume of water V (seconds)
r = Radius of the pit (cm)
h = Wetted height of the pit (cm)
b) Twin ring method for determining infiltration rate of soils
Apparatus needed
i.    Two rings made from MS sheet {about 3 mm thick) with diameters of 60 cm and 30 cm respectively and a height of 15 cm.
ii.   The apparatus and set up described above for the stand pipe method
iii.   Scale
iv.   Stop watch or ordinary wrist watch

Conducting the test
i.   The top 5 cm soil is scraped to remove the loose soil from a 3 m x 3 m test area at site and it is saturated for 24 hours by filling it and adding water 2 to 3 times in a day if needed.
ii.  Drive both the rings vertically into the soil (see Fig. 4.7).
iii. The soil that is disturbed along the walls of the inner ring is sealed by local clays and outer ring is sealed by bentonite slurry or sticky clay..
iv.  A scale is fixed inside the inner ring and another one in the annular space between 

     the rings to check water level in the rings,
v.  Add water to the inner ring and also to the annular space between the rings.
vi.  Now add water from the stand pipe and adjust the flow so that it maintains the same water level in the rings while maintaining a constant head in the stand pipe.
[image: image5.png]Stand pipe

Outer ring

Fig. 4.7: The set up and apparatus for the twin ring infiltration test.




viii .Once the level is maintained constant in the rings, collect the water flowing out of the stand pipe (V, in cc) in a graduated jar of 1000 ml in a given time (t. in seconds). The time interval, t, depends on the rate of flow from the stand pipe. Collect appreciable flow volume of between 250 to 750 cc.
Permeability of soil is now calculated as:
V (cc) x 4.57 x 10-4 (cm/cc)
K (cm/sec) =         ————————————————
t (seconds)
(From Soil and Water Training Notes by V. N. Gore)
Activity 8:  Determining Dry Density or Apparent Specific Gravity and Pore Space

Sand Replacement Method for Finding Bulk Density

i. Keep ready a volume of dry, free flowing sand which should pass through 1000 micron sieve and be retained on 600 micron sieve.

ii. Take a 30 cm deep and 15 cm diameter pit at site from where the sample is to be drawn.  Carefully collect all the soil, this is important, without losing a single particle.

iii. Take the weight of the collected soil in the field itself (W in gm).

iv. Pour sand in the pit measure by measure and note the amount of sand required to fill the pit (V in cc).

Then bulk density is given by WN gms/cc

Finding Dry Density from Bulk Density and Moisture Content

Once we know the bulk density (method of determination described above) we can determine the dry density if we determine the moisture content (method of determination described earlier).

Dry density is given by

      100 x Bulk Density


      Dry Density    =                                                 

100 + Moisture Content (%)

Determining Pore Space

i. Pore space is space occupied by air or water in soil, Pore space can be computed if the value of bulk density, that is, apparent specific gravity (Sa) and the true particle density (Sr) are known.

ii. True particle density is taken as 2.65 gm/cc for most soils.

Pore space (n) in % is then given by 

n  =  (1 – Sa / Sr)  x 100

Activity 9:  Determining CEC and Exchangeable Cations

One of the simple methods of estimating CEC is based on making use of known composition of the soil and known values of CEC for different soil colloids.  First, estimate or measure the clay and humus percentage.  Then assign an average CEC value to each per cent of clay or humus.  Next, add all the CEC contributions.

For example, consider (a) a soil with a montmorillinite clay percentage of 13% and a humus percentage of 1.7% and (b) a soil with 24% of kaolinite clay and 85% humus.

Using the values from the table below work out an average value for each per cent of humus, 200/100 = 2 centimoles per kg of soil; and similarly for montmorillinite 100/100 = 1 centimole, and 8/100 – 0.08 centimole.

Then for soil (a), we have CEC = 36 x 1 + 1.7 x 2 – 39.4 centimoles/kg of soil.

And for (b), CEC =  24 x 0.08 + 85 x 2 – 171.92.

	Soil Colloid Fraction
	Cation Exchange Capacity 

(Normal Range)

	Humus
	100 to 300

	Vermiculite (similar to hydrous mica)
	80 to 150

	Smectites (montmorillonite)
	60 to 100

	Hydrous mica
	25 to 40

	Kaolinite
	3 to 15

	Sesquioxides
	0 to 3


