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b'O zAb

afnL lj?jfnfO{ kmNg, km'Ng, x's{g / /fd|f] pTkfbg sf] nfuL ljleGg lsl;dsf !^ j6f kf]ifs 
tTjx?sf]  h?/L kb{5 . !^ j6f kf]ifs tTjx? dWo] sfj{g, xfO8«f]hg / clS;hg k|fs[lts ?kdf 
xfjf / kfgL af6 k|fKt x'G5 eg] afsL !# j6f tTjx? Dff6f]af6 lj?jfnfO{ k|fKt x'G5 . oL !# j6} 
tTjx?sf] afnL pTkfbgdf cxd e"ldsf x'G5 . xfd|f] b]zdf k|d'v tTjx?sf] k|of]u a9L dfqfdf x'G5 
eg] z'Id tTjx? Aff]/g, df]nLaA8]gd, lh°, cfO/g, sk/, DofUgLh, sf]nf]/Lg sf] k|of]u Go"g 5 . oL 
z'Id tTjx?sf] k|of]udf Go"gtfsf sf/0f ljleGg jfnL -kmnkm"n, t/sf/L /  cGgafnL_x?n] sdLsf] 
nIf0f b]vfO{ s[lif pTkfbgdf Åf; cfPsf] k|z:t pbfx/0fx? 5g\ .

b]zsf] ef}uf]lns kl/j]zn] pknAw u/fPsf] ca;/ / s[ifsx?sf] cg'ej tyf cfw'lgs s[lif 
k|ljlwx?sf] ;b'kof]uaf6 lbuf] cfly{s j[l4 tyf vfB ;'/Iff ;'lglZrt ug{ ;lsg] ;+efjgf /x]sf] 5 
elg s[lif lgtL @)^! n] cjnDag u/]sf] dfu{ bz{gnfO{ kl/k"lt{ ug{ cxd e"ldsf v]Ng] k|d'v xf+uf 
df6f] Aoj:yfkg klg xf] . /;folgs dnsf] hyfefjL k|of]u, u'0f:t/Lo k|fËfl/s dnsf] sd k|of]u, 
clDno df6f] ;'wf/ gug'{, afnL k|0ffnLdf ;'wf/ gx'g', e"Ifo lgoGq0f gug'{, sDkf]i6 dn agfpg] / 
k|of]u ug}{ tl/sfdf ;'wf/ gx'g', Plss[t vfB tTj Joa:yfkg lalw gckgfpg', ag ;+/If0fdf Wofg 
gk'Ug' / s[lif agsf] cjwf/f0ff gckgfpg'' cflb sf/0faf6 x/]s aif{ df6f]sf] pj{/fzlQmdf lbgfg'lbg 
X\f; cfPsf] 5 . 

lbuf] tyf pRr s[lif pTkfbgsf] nflu df6f] / dnvfbsf] j}1flgs Joj:yfkg ug{' kb{5 / o;sf] 
nflu df6f]sf] ef}lts, /f;folgs / h}ljs u'0fsf] kl/If0f -df6f] hfFr_ u/L hfgsf/L lng'kg]{ x'G5 . 
o;} ul/ df6f] tyf dnvfb kl/If0f ug]{ tl/sf ;DaGwL of] k:tLsf k|sf;g ul/ df6f] tyf dnvfb 
kl/If0f ug]{ k|lalwsx?nfO ;xh xg] cfzf Pad laZjf; /flvPsf] 5 . of] df6f] tyf dnvfb kl/If0f 
ug]{ tl/sf ;DaGwL k':tLsf tofl/df ;+nUg x'g] df6f] Aoa:yfkg lgb]{zgfnsf al/i7 df6f] la1, df6f] 
la1 nufPt ;Dk"0f{ sd{rf/Lx?nfO wGoafb lbg rfxfG5' .

o; df6f] tyf dnvfb kl/If0f ug]{ tl/sf ;DaGwL k':tLsf ;se/ ;/n, :ki6 / ;j{ ;fwf/0fnfO{ ;d]t 
pkof]uL jgfpg s]flz; ul/Psf] 5 . t/ klg o;df ;'wf/sf k|z:t ;++efjgfx? x'g ;S5g . t;y{  
cfufdL jif{df o;nfO{ c? pkof]uL agfpg kf7sa[Gbaf6 ;Nnfx / ;'emfjsf] ck]Iff ul/Ps]f 5 . 

	 >L OGb|axfb'/ cf]nL
	 lg= k|d'v df6f] lj1
	 df6f] Aoa:yfkg lgb]{zgfno 

kmf]6f]
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SOIL ANALYSIS- PHYSICAL
Preparation of Soil Samples
The soil sample arrived at the laboratory should first be labeled with the laboratory 
number on the laboratory register book. The sample container usually a plastic bag should 
also be marked with same number. The soil sample is then spread on tray, the stones 
and undecomposed organic material are discarded and large aggregates are broken. 
Labelled tag should be with the sample and the plastic bag underneath the tray to ensure 
the identification of sample after drying. Sample tray is left in the room or shade to air dry 
the soil.

Soil Moisture (Gravimetric method)
Principle
Direct or indirect measures of soil water content are needed in practically every type of 
soil study. In the laboratory, determination and reporting of many physical and chemical 
properties of soil necessitates knowledge of water content because the soil water content 
varies according to humidity and therefore, the calculation of data should be on the basis 
of oven dry soil. In soil work, water content traditionally has been expressed as the ratio 
of the mass of water present in a sample to the mass of the sample after it has been dried 
to constant weight or as the volume of water present in a unit volume of the sample. Oven 
drying method of evaporating water has been accepted for the water content.

Apparatus
1.	 Oven with means for controlling temperature to 100-1100C.
2.	 Dessicator ( Mg- perchlorate or calcium sulphate)
3.	 Spatula
4.	 Aluminium can with lid or weighing bottle
5.	 Balance, (Analytical)

Procedure:
Weigh about 100 gm. of soil in dry, cool aluminum can or weighing bottle with lid. Place 
it with lid half open in the oven. Adjust the temperature of the oven at 1050C and heat it 
overnight at constant temperature. Let it cool in desiccator with lid slightly open for an 
hour and weigh in analytical balance. Heat it again in the oven at 1050C for 2 hr. Cool in the 
desiccator for an hour and weigh as before. Repeat the heating, cooling and weighing till 
the weight is constant.
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Calculation:
Hygroscopic moisture%= X 100weight of fresh soil-oven dry wt of soil

oven dry wt of soil

Particle Size Distribution ( Mechanical Analysis)
Principle
Mechanical analysis separate the inorganic mineral portion of soil into classified grades 
according to particle size and determine their relative proportions by weight. In full 
anlaysis, the whole sample of soil and gravel would be examined, but in the procedures 
given below only material less than 2 mm diameter is considered. Two main systems 
of classification of the particle size, namely USDA system and International system are 
common, out of which USDA system procedure is described here.

United States Department of Agriculture (USDA) System.
Classification Particle Size (mm)
Very coarse sand 2-1.0
Coarse sand 1-0.5
Medium sand 0.5-0.25
Fine sand 0.25-0.10
Very fine sand 0.10-0.05
Silt 0.05-0.002
Clay <0.002

For routine analysis Hydrometer method is convenient, rapid and accurate enough. In 
this method, soil samples, after treating with dispersing agent is allowed to settle freely.  
According to Stroke's law, settling rate for the soil particle is proportional to the square 
of the diameter of particles at a particular temperature, at a particular place. Therefore, 
special soil hydrometer, calibrated to read the percent of solid gives silt and clay in 40 
sec. reading and clay 2 hrs**1. Organic matter, calcium carbonate and soluble salt, if 
present in appreciable amount, should be removed by treating with hydrogen peroxide 
and hydrochloric acid before dispersing soil for analysis.

Apparatus
1.	 Soil hydrometer ASTM graduated (-5 to 60)
2.	 Hydrometer jar
3.	 Mechanical stirrer
4.	 Dispersion cup
1 Modified from S.B.Pradhan, 1996  by the Technical Session of world soil day on 2017.
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5.	 Beaker 250 ml
6.	 Pipette, 10 ml

Reagents: 
1.	 Sodium Hexametaphosphate: Dissolve 101 gm. of Sodium Hexametaphosphate in 1 L 

water.

Procedure:
Weigh 50 gm**2 of soil in a 250 ml beaker and add sufficient water to cover the soil. Then 
add 10 ml**3 of sodium hexametaphosphate solution, stir well with a glass rod and leave 
overnight. Transfer it in a dispersion cup and add sufficient water to fill two- third of the 
cup. Stir for 10 minutes in the mechanical stirrer, transfer in the hydrometer jar and make 
up the volume to the mark with the hydrometer in it. Remove the hydrometer and shake the 
jar upside down several times closing the mouth either by hand or cork. When the soil is 
well dispersed keep it in the table and note the time immediately. Immerse the hydrometer 
in the jar and read it at 40 sec and 2 hours**4.

(Once in the table it should not be disturbed throughout the experiment). Note the 
temperature of the suspension at the time of taking hydrometer readings. Correct 
the hydrometer reading by subtracting 0.3 for every oC below 20oC or by adding if the 
temperature is above 20oC.

Calculation
(Silt + Clay)%= {Hydrometer reading at 40 sec + 0.3x (t-20)oC}×2
Clay %= {Reading at 2 hr. + 0.3x (t-20)oC}×2
Sand%= 100-(Clay + Silt)%
Silt% = (Clay + Silt)%-Clay%
Determine the texture from the triangular chart.

2 Modified from S.B.Pradhan, 1996  by the Technical Session of world soil day on 2017.

3 Modified from S.B.Pradhan, 1996  by the Technical Session of world soil day on 2017.

4 Modified from S.B.Pradhan, 1996  by the Technical Session of world soil day on 2017.
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Figure: Textural Triangle
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SOIL ANALYSIS-CHEMICAL

pH DETERMINATION
Principle
The pH value of the solution surrounding soil particles in the natural state fluctuates 
because of changing soil-solution relationship brought about by climate, cultivation, crop 
growth and other factors. A sample of soil may have a particular pH value at the time it is 
taken in the field but this change in the sample as it is dried and prepared for analysis. In 
the laboratory, the soil is subjected to re-wetting processes with water and with certain 
salt solution to establish the probable range of pH values it would have in its natural state.

A measured quantity of soil is shaken with a convenient volume of water of salt solution 
under consistent conditions and the pH of the suspension is determined electronically on 
a direct- reading pH meter, using a glass electrode with a saturated potassium chloride-
calomel reference electrode. Almost any soil: water ration and conditions can be employed 
but some ratios have been found suitable for this work and the pH values so obtained can 
be utilized for useful interpretation. For this 1:2.5 soil: water**5 is being used in most of the 
laboratories.

Standard Buffer:
1.	 pH 4.0: Dry potassium biphthalate (KHC8H4O4) for 2 hours at 105oC and dissolve 10.21 

gm. of it in hot distilled water and dilute the solution to 1 L with distilled water. As a 
preservative, add 1.0 ml of chloroform of toluene. This solution has a pH value of 4.0 at 
temperature from 15-30oC.

2.	 pH 6.86: Dry the two salts KH2PO4 and Na2HPO4 for 2 hr. at 105oCand dissolve 3.44 gm.of 
KH2PO4 and 3.55 gm. of Na2HPO4 in distilled water and dilute to 1 L. As a preservative 
add 1.0 ml of chloroform or toluene. This solution has pH 6.90 at 15oC, 6.88 at 20oC and 
6.85 at 30oC.

Apparatus:
1.	 pH meter
2.	 Beaker 50 ml
3.	 Mechanical stirrer
4.	 Glass rod

5 Modified from S.B.Pradhan, 1996  by the Technical Session of world soil day on 2017.
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Procedure:
Weigh 10 gm**6 of air dried soil samples (<2 mm) in 50 ml beaker and add 25 ml**7 of 
distilled water. Shake for about 1 minute in a mechanical stirrer and leave for about an 
hour. The pHmeter is calibrated by using standard buffer solution of pH 4.0 and 6.86. The 
pH of soil water suspension is then measured with the calibrated pH meter. For the peat 
and muck soil, volume of water may be increased 

Table: Rating of soil according to pH
Soil Reaction (pH) pH range
extremely acidic <4.5
very strongly acidic 4.5-5.0
strongly acidic 5.0-5.5
moderately acidic 5.5-6.0
slightly acidic 6.0-6.5
nearly neutral 6.6-7.5
slightly alkaline 7.5-8.0
moderately alkaline 8.0-8.5
strongly alkaline 8.5-9.0
very strongly alkaline 9.5-10.0
extremely alkaline >10.0

ORGANIC MATTER DETERMINATION (WALKLEY- BLACK METHOD)
Principle
Oxidizable organic matter in the soil is oxidized by chromic acid in the presence of 
sulphuric acid, the reaction being facilitated by the heat of dilution when 2 volumes of 
concentrated H2SO4 are mixed with 1 volume of 1N K2Cr2O7 solution. The excess chromic 
acid is determined by titration with ferrous ammonium sulphate solution and quantity of 
the substance oxidized is calculated from the amount of dichromate reduced.

The highest temperature attained by heat of dilution of sulphuric acid is about 120oC which 
is sufficient to oxidize the active form of soil organic C, but not the more inert forms of C 
that may be present. From the experiments, 77 percent carbon was found to be recovered 
and same figure was used in calculation. Also, the organic matter is considered to contain 
58 percent carbon, and therefore multiplying factor 1.72 was used to convert organic 
6 Modified from S.B.Pradhan, 1996  by the Technical Session of world soil day on 2017.
7 Modified from S.B.Pradhan, 1996  by the Technical Session of world soil day on 2017.
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carbon to organic matter. Since no external heat is being utilized soils passing through 0.2 
m sieve is taken for the analysis. 

This determination is affected by the presence of easily oxidizable substance like chloride, 
higher oxides of manganese and ferrous compounds. Whereas Fe+2 and cl- give positive 
or high value, the oxides of manganese give negative or low value. Soil samples air dried 
for 1-2 days contain significant amount of soluble ferrous compound and chloride can be 
easily eliminated by adding silver sulphate.

According to Walkley-Black normal soil contains invariably small quantity of reduced 
oxides of Mn. Only in highly maganeferous soils, small fraction of all oxides is present in 
the active state capable of competing with chromic acid.

Apparatus:
1.	 50 ml. Burette
2.	 10 ml. bulb pipette
3.	 Measuring cylinder 25 ml. or Acid Dispenser or pipette 20 ml. capacity
4.	 Conical flask 500 ml. capacity

Reagents for Organic Matter
1.	 Sodium fluoride
2.	 1 N Potassium Dichromate (K2Cr2O7): Dry K2Cr2O7 in the temperature of 105oC. Weight 

49.04 gram of it and dissolve it in distilled water to make the volume of 1 liter.
3.	 0.5 N Ferrous ammonium sulphate (FAS): Dissolve196 gm. of FAS in 800 ml of distilled 

water. Add 20 ml of conc.sulphuric acid and make volume to 1 liter.
4.	 Ferroin indicator: Dissolve 1.5 gm. of 1-10 Phenanthroline monohydrate (C12H8N2H2O) 

and 0.7 gm ferrous sulphate heptahydrate (FeSO4.7H2O) in 100 ml of distilled water.

Procedure 
Weigh 0.5gm**8 soil sample, passing through 0.2 mm sieve and add exactly 10 ml. of 1 N 
K2Cr2O7 solution to it, in a 500 ml. conical flask. Add 20 ml. of concentrated sulphuric acid 
and mix by gentle rotation for 1 minute, to insure complete contact of the reagent with the 
soil, but with care to avoid throwing up soil to the sides of the flask. The mixture is allowed 
to stand for 30 minutes. A standardization blank (without soil) is run in the same way. After 
half an hour, add about 200 ml of distilled water, 10 drops of ferroin indicator and about 0.2 
gm. of sodium fluoride. Back titrate the solution with ferrous ammonium sulphate solution. 

8 Modified from S.B.Pradhan, 1996  by the Technical Session of world soil day on 2017.
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The color is dull green with chromic ion in the beginning, and then shifts to green as the 
titration proceeds. At the end point the color sharply shifts to brick red. If over 8 ml of 10 
ml. chromic acid has been consumed during the titration, the determination is repeated 
with a small quantity of soil or by adding double or treble amount of K2Cr2O7 and H2SO4.

OM%

   (B-S)×N×3×100×100×100)                       (B-S)N

(wt of soil(gm)×1000×77×58)           (wt of soil (gm)
=                                      ×0.67

Where, 
B=Volume of FAS used up for blank titration
S= Volume of FAS used up for sample titration
N= Normality of FAS from blank titration

Normality of FAS =   
   Vol. of K2Cr207 in Blank

Vol. of FAS in Blank
Note:  
i)  Organic matter contains 58 percent carbon.
    Recovery factor for this method is 77 percent.
ii) Equivalent weight of carbon is 3.
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TOTAL NITROGEN
Most of the nitrogen in the soil is in organic form. Relatively small amounts ordinarily 
occur in ammonium and nitrate form. Most widely used procedure for N determination is 
Kjeldhal method in which organic N compounds are converted into ammonium sulphate by 
digestion with concentrated H2SO4. The ammonium ions in the soil also react with acid but 
nitrate and nitrate ions are lost. To include nitrate, salicylic acid and sodium thiosulphate 
must be added. The digestion of the soil with sulphuric acid is facilitated by using sodium 
or potassium sulphate (raises boiling point) and copper sulphate(catalyses the reaction). 
The digested solution liberates the ammonium on treating with alkali, which collected in 
the boric acid solution and titrated with standardized dilute acid using mixed indicator.

Apparatus:
1.	 Kjeldhal digestion flask – 50 ml or block digester tubes
2.	 N- Digestion apparatus
3.	 Distilling apparatus
4.	 Volumetric flask – 100 ml.
5.	 Conical flask – 125 ml.
6.	 Acid dispenser or measuring cylinder
7.	 Pipettes, - 10 and 20 ml.
8.	 Burette – 25 ml.
9.	 Kjeldhal flask holder
10.	 Asbestos Glove

Reagents
1.	 Digestion Mixture (Catalyst): Grind and mix 10 gm. of copper sulphate with 200 gm of 

sodium sulphate.
2.	 Concentrated sulphuric acid – L.R.
3.	 Sodium hydroxide: Dissolve 400 gm of sodium hydroxide (flakes or pellets L.R.) in one 

liter of distilled water and cool.
4.	 Mixed indicator:  Dissolve 0.5 gm bromo-cresol green and 0.1 gm methyl red in 100 ml. 

of 95 percent ethanol.
5.	 Boric acid 4%: Dissolve 40 gm. boric acid crystal ( H3BO3) in one liter distilled water.
6.	 0.01N HCl: Dilute 17 ml. conc. HCl with distilled water to 2L-(A) Standardize 20 ml of 

solution (A) with Na2CO3 and calculate its normality. Dilute the solution (A) according 
to its strength to give 0.01 N HCl. [or- Dilute 100 ml. of solution (A) to 1L and calculate 
its strength from the above normality of (A)]

Procedure:
Weigh 1 gm. soil in 50 ml Kjeldhal digestion flask and add 2 gm. catalyst digestion mixture 
followed by 10 ml conc. H2SO4 and few pieces of broken porcelain. For a fine textured soil 
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add 10 ml. of distilled water and leave it for 30 minutes before adding digestion mixture 
and sulphuric acid. Mix the soil with sulphuric acid by swirling the flask and heat in the 
low heat until frothing stops. Gradually increase the heat until the acid boils. Swirl the 
flask at intervals and digest until the color of the mixture changes to green- blue or grey 
color and continue it for 1- 1.5 hours more. Care should be taken during digestion not to 
allow the flame to touch the flask above the part occupied by the liquid.

With Block Digester Decator, add 10 ml concentrated sulphuric acid to 1 gm. soil and 2 gm. 
digestion mixture in 250 ml digestion tube and heat in preheated Block Digester at 410oC for 45 
minutes. If exhaust system is used, adjust its rate to maximum in the beginning of the digestion 
and reduce it after about 10 minutes (when the evolution of dense fumes of sulphuric acid 
decrease) so that the acid fume will be condensed at about two- third of the digestion tube.

Cool the flask and add about 20 ml. of distilled water before the solution starts crystallizing. 
Transfer the solution in a 100 ml. volumetric flask, leaving the sand in the digestion flask 
and make up the volume. Take 20 ml. aliquot in the distilling flask and add 20 ml. of 40% 
NaOH and distil it, collecting the liberated NH3 in 10 ml 4% boric acid solution containing 2 
drops of mixed indicator in 125 ml. conical flask. Titrate it with 0.01 N HCl. Run a blank for 
each batch of 12 samples.

Calculation

(7×n×(T-B))
S

%N=     

Where, n= Normality of acid
	 T= vol. of acid used in titration
	 B= vol. of acid used in blank
	 S= Sample wt.

Interpretation
a) Terai
Low…………………………………..<0.075%N
Medium…………………………………..<0.075- 0.150%N
High…………………………………..>0.150%N

b) Hills
Low…………………………………..<0.1%N
Medium…………………………………..<0.1- 0.3%N
High…………………………………..>0.3%N
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AVAILABLE PHOSPHORUS
Principle
Many different solutions have been proposed for the extraction of the available phosphorus 
that can be correlated with the field crop response. As the phosphate ions in the soil 
solution are present in small amount, the plant available phosphorus includes some of the 
insoluble soil phosphorus also. The insoluble soil phosphorus present is mainly di and tri 
calcium phosphates in neutral and alkaline soils and aluminum and ferric phosphates in 
acid soils. Three of those extracting methods to include insoluble phosphates have been 
described in this manual.

Modified Olsen's Bicarbonate (pH 8.5) extracting solution is best suited for calcareous 
and alkaline soil but also recommended for the moderately acid soils.

The extraction of available phosphorus from the soil is affected by:
1.	 fineness of the particles
2.	 soil: extraction ration
3.	 shaking period
Several methods are available for color development. The choice of the method for 
determining P depends upon the concentration of P, concentration of interfering 
substances and the acid system involved in the procedure.

]The molybdenum blue methods are the most sensitive and as a result, they are widely 
used for the soil extracts containing small amount of P as well as total P determination 
in soils. These methods are based on the principle that in an acid molybdate solution 
containing orthophosphate ions, phosphomolybdate complex forms that can be reduced 
by stannous chloride or other reducing agents to a molybdenum blue color. The intensity 
of blue color varies with the P concentration (follows Beer Law) but is affected by other 
factors such as acidity, arsenates, silicates and substances which influence the oxidation 
reduction conditions of the system.

Modified Olsen's bicarbonate method

Principle
This method uses 0.5 N NaHCO3 solution of pH 8.5 as an extractant which controls the 
activity of Ca, Al and Fe by precipitating calcium as carbonate and aluminum and iron as 
hydroxides. The organic matter dissolved by the extractant must be removed by the use 
of activated charcoal.
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Apparatus
1.	 100 ml polythene bottles
2.	 shaker
3.	 funnel
4.	 what man no 42 filter paper
5.	 volumetric flask 50 ml
6.	 pipettes 5 and 10 ml
7.	 beaker 50 ml

Reagents
1.	 Extracting solution (0.5 N NaHCO3, pH 8.5): Dissolve 210 gm of CP NaHCO3 in 5L distilled 

water. Adjust the pH to 8.5 with 0.5 N NaOH or H2SO4. As the pH of the solution tends to 
increase on exposed to atmosphere, few drops of liquid paraffin should be added and 
the pH should be checked monthly.

2.	 5N H2SO4: Dilute 35 ml concentrated A.R. H2SO4 to 250 ml.
3.	 Ammonium Molybdate:

a)	 Dissolve 12 gm. A.R. ammonium molybdate in 250 ml distilled water. In 100 ml 
distilled water dissolve 0.2908 gm. of antimony potassium tartarate. Add both the 
solutions in 1000 ml of 5N H2SO4 (141 ml of concentrated H2SO4 per liter water), mix 
thoroughly and make to2L. Store in a Pyrex glass bottle and keep it in a dark and 
cool temperature.

a)	 Dissolve 1.056 gm. of ascorbic acid in 200 ml of ammonium molybdate solution 
(Reagent 3a). This reagent should be prepared as required since it cannot be kept 
for more than 24 hours.

4.	 Activated Charcoal (Darco G- 60)
5.	 Standard P solution

Primary standard 50 ppm P: 0.2195 gm. of A.R. KH2PO4 dried at 400C is dissolved in 
about 400ml of distilled water in one liter volumetric flask. Add 25 ml of 7N H2SO4 to it 
and make the volume to 1 L. Thus preserved with H2SO4, the solution keeps indefinitely 
but it should be stored in a weathered soft glass bottle (rather than one of Pyrex) to 
minimize contamination with arsenate.
Secondary standard 5 ppm P: Dilute 5 ml of 50 ppm P stock solution to 50ml in a 
volumetric flask for the 5 ppm P. It must be made up if fungus growth in the solution in 
noticed.

6.	 p-nitrophenol indicator 0.25: Dissolve 0.25 gm. indicator in 100 ml of distilled water.

Procedure
Weigh 2 gm. soil sample (air dried < 2 mm) in a 100 ml polyethylene bottle. Add one teaspoon 
of activated charcoal and 40 ml of 0.5 N NaHCO3, extracting solution. Shake for 30 minute 
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in a shaker and filter through Whatman no 42 filter paper.  Pipette 10 ml aliquot of the 
filtrate in a 50 ml volumetric flask and acidify with 5N H2SO4 to pH 5.0 using p-nitrophenol 
indicators till the yellow color just disappeared. Shake gently after each addition of acid. 
Further add acid, drop wise this time until the color changes from yellow to colorless. 
Add distilled water washing down the sides of volumetric flask to 40 ml followed by 8 
ml of reagent (ammonium molybdate). Make up the volume to the mark and shake well. 
Maximum intensity of the blue color is obtained in 10 minutes and remains stable up to 24 
hrs. Include a blank in every batch by shaking the extracting solution without soil. It should 
include all the reagents added in every step. Measure color intensity in a colorimeter 
after 10 minutes using red filter (660 nm). Prepare the standard curve by taking 0, 0.5, 1, 2, 
4,6,8, and 10 ml of 5 ppm standard solution 50 ml volumetric flask, and NaHCO3 extracting 
solution and proceed exactly like in the solution.

Calculation
P2O5 (kg/ha) = ppm P in solution X 2.29 X 100 X 2**9

Where,
100 =dilution factor
2 = conversion factor for ppm in soil to kg/ha in soil
2.29= conversion factor for P to P2O5

Interpretation
Low	 < 31 kg/ha P2O5
Medium	  31-55 kg/ha P2O5
High	 >55 kg/ha P2O5

9 Modified from S.B.Pradhan, 1996  by the Technical Session of world soil day on 2017.
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AVAILABLE POTASSIUM
Principle:
The potassium extracted by normal neutral ammonium acetate is considered to be 
available to plants. For most soil the potassium removed is largely that associated with 
the clay and humus complex as exchangeable ions but in some saline soil, there may be 
a fair amount of water soluble potassium. In the assessment of availability, exchangeable 
and water soluble potassium ions are not differentiated, but measured together in the soil 
extract, usually by flame photometer.

In routine analysis it is accurate enough to shake soil with ammonium acetate solution 
in 1:10 soil: extractant ratio, a procedure which normally removes 90-95 percent of the 
exchangeable potassium and all the water-soluble potassium. Alternatively, soil may be 
leached with ammonium acetate solution.

Although exchangeable and water soluble potassium values are usually reported in meq/ 
100gms, available values are always reported in ppm or kg/ha in soil.

a) flame photometer method:

Apparatus
1.	 flame photometer
2.	 shaking apparatus
3.	 100 ml. Erlenmeyer flask

Reagents
1.	 1 N Ammonium acetate pH 7.0: Dissolve 77 gm. of ammonium acetate in 1L of distilled 

water.
Or 

To 58 ml of glacial acetic acid add 500 ml. of distilled water followed by 65 ml of liquor 
ammonium and dilute to 1L. Adjust the pH to 7.0±0.02 with dilute NH4OH or acetic acid.

2.	 K standards ( stock solution):  Dissolve 0.1905 gm. dried KCl in 1L volumetric flask and 
make up the volume- 100 ppm K
Take 0, 5, 10, 15, 20 and 25 ml of 100 ppm K solution in 100 ml volumetric flask and dilute 
with 1N ammonium acetated pH 7.0 solution to the mark- 0, 5, 10, 15, 20 and 25 ppm K.

Procedure
Weight 2 gm. of air dried soil in a 125 ml conical flask (or 100 ml polyethylene bottle with 
leak proof cap), add 20 ml normal neutral ammonium acetate, shake for 5 minutes in a 
mechanical shaker and filter through Whatman No. 42, 12.5 cm filter paper. Prepare a 
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standard curve of K by aspirating 0, 5, 10, 15, 20 and 25 ppm K after adjusting full scale 
deflection of flame photometer with 25 ppm K. Note the reading and draw graph. Aspire 
the soil solution, note its reading and determine K in the soil solution from the graph.

Calculation
K2O (kg/ha) = R X 20/2 X 1.2 X 2 **10

Where,
R= potassium of soil extract in ppm, from the standard curve
1.2= conversion factor for K to K2O
2 = conversion factor for ppm to kg/ha
20/2= dilution factor

Interpretation
Low	 - <110 kg/haK2O
Medium	 - 110-280 kg/haK2O
High	 - >280 kg/haK2O

10 Modified from S.B.Pradhan, 1996,  by the Technical Session of world soil day on 2017.
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MICRONUTRIENTS
Principle:
The major categories of micronutrient extractants presently in use are dilute acids and 
solutions containing chelating agents like DTPA or EDTA. Other less commonly used or 
specific extractants includes hot water (B), acidic ammonium or sodium acetate (Zn), Na-
citrate or Na-dithionate (Fe) and ammonium oxalate (Mo).

1.	 Dilute acid extractants:
Dilute acids (0.025 – 0.1 M) have been used as extractants for micronutrients Zn, Cu, 
Fe and Mn for many years (primarily on acidic soils). However, their applicability is 
confined to acidic soils because they generally are not sufficiently buffered to extract 
meaningful levels of micronutrients from calcareous soils. Acidic extractants do not 
have a particular sound, theoretical basis, but, due to their extensive use in field and 
laboratory studies, a well-developed database exists, relating extractable levels of 
most micronutrient to crop response.

2.	 Extractants that use chelating agents:
One of the major advances in micronutrients soil testing has been the developing 
of extracting solutions containing the chelating agents, primarily DTPA and EDTA.  
These chelates reduce the activity of free metal ions in solution through the formation 
of soluble metal-chelate complexes. The quantity of metal ions extracted by a chelate 
reflects both the initial concentration in the soil solution and the ability of the soil 
to maintain this concentration. Thus, chelating agents simulate nutrient removal by 
plant roots and replenishment from labile solid phase in the soil. The DTPA soil test, 
developed for near- neutral and calcareous soils by Lindsay and Norvell, illustrates 
the evolution of a soil test extractant from theoretical principles derived from soil 
chemistry for verification through greenhouse and field calibration studies. The DTPA 
extractant was selected because it offered the most favorable combination of stability 
constant necessary for simultaneously extracting four macronutrientcations (Fe, Na, 
Cu and Zn). Results such as those obtained in the FAO study, and those reported by 
others on acidic soils reduced soils, and metal contaminated soils, have intensified 
the interest in DTPA as a universal micronutrient extractant.
Because of the three factors 

(a) 	Usefulness as single extractant for multi-elements (micro) 
(b) 	The only good extractant for calcareous soil and
(c) 	Almost equally good extractant for acidic soil, the DTPA method is getting great 

popularity among the soil testing laboratories.
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Apparatus:
1.	 Atomic Absorption Spectrophotometer
2.	 Acetylene gas cylinder
3.	 Paraffin wax paper
4.	 Shaker
5.	 Pipette 20 ml
6.	 Conical flask 125 ml

Reagents: 
1. Diethylenetriaminepeta acidic acid (DTPA) extracting solution:
Dissolve 149.2 gm of reagent grade triethanolamine (TEA), 19.67 gm. of DTPA and 14.7 gm. 
of Cacl22H2O in deionized distilled water (Glass double distilled). Since DTPA is not very 
soluble in water, place it in a small amount of water and then dissolve in the TEA solution.) 
When the DTPA has dissolved, dilute to approximately 9 liters. Adjust the pH to 7.3± 0.05 
with 1:1 HCl (approximately 8.3 ml of 1:1 HCl are required).

Make to 10L final volume. The pH should be checked periodically, because a pH of 7.3 
is critically for the extraction. Thus prepared 0.005 M DTPA, 0.01 M CaCl2 and 0.1 M TEA 
solution is stable for several months.

2. Glass double distilled water or deionized distilled water (DDW).
3. Standard Zinc solution:

i.	 Stock Solution: Dissolve exactly 0.4399 gm. AR ZnSO4.7 H2O in glass double distilled 
water, add 25 ml 1 N HCl and dilute to 1 L volumetric flask – 100 ppm Zn.

ii.	 Working Standard: They are prepared bydiluting 50 ml of 100 ppm Zn to 250 ml (20 
ppm Zn) and then further dilution of 0, 2.2, 5, 10, 15 and 25 ml of this 20 ppm Zn to 250 
ml with DTPA extracting solution to give 0, 0.2, 0.4, 0.8, 1.2 and 2 ppm of Zn.

4. Standard Fe solution
i.	 Stock solution: Dissolve 0.7023 gm. AR Fe(NH4)2(SO4)2.6H2O in deionized distilled 

water (DDW) and add 20 ml of 1 N H2SO4. Oxidize it by adding 25 ml 1% KMnO4 slowly 
and then drop wise till the pink color just stays. Dilute to exactly 1L -100 ppm Fe.

ii.	 Working Standards: They are prepared by diluting 0, 5, 10, 15, 20 and 25 ml of 100 ppm 
Fe to 100 ml with DTPA extracting solution to give 0, 5, 10, 15, 20 and 25 ppm Fe.

5. Standard Copper Solution
i. 	 Stock Solution: Dissolve 0.3929 gm. AR CuSO4.5H2O in 500 ml DD water, add 20 ml 1N 

H2SO4 and dilute to 1 L in volumetric flask – 100 ppm Cu.
ii.	 Working Standards : They are prepared by diluting 50 ml of 100 ppm Cu to 250 ml (20 ppm 

Cu) and then further dilution of 0, 2.5, 5, 10, 15 and 25 ml of this diluted (20 ppm Cu) to 250 
ml with DTPA extracting solution to give 0, 0.2, 0.4, 0.8, 1.2 and 2.0 ppm of Cu.
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6. Standard Mn Solution
i.	 Stock Solution: Dissolve 0.2877 gm. potassium permanganate in 500ml DD water and 

add 25 ml 1N H2SO4. Boil for few minutes and carefully add 1.2 gm sodium sulphate 
crystal (Na2SO4.7H2O). Boil again to remove SO2, cool and make up the volume to 1L- 
100 ppm Mn.

ii.	 Working Standards: They are prepared by diluting 0, 5, 10, 15, 20 and 25 ml of 100 ppm 
Mn solution to 100 ml with DTPA extracting solution to give 0, 5, 10, 15, 20 and 25 ppm 
Mn.

Extraction Procedure:
Weigh 10 gm. of air dried soil in a 125 ml Erlenmeyer flask and add 20 ml of the DTPA 
extracting solution.  Cover the flask with paraffin or polyethylene stopper and secure 
upright on a horizontal shaker with a stroke of 8.0 cm and a speed of 120 cycles per min. 
After exactly 2 hours of shaking, filter the suspension by gravity through Whatman No.42 
filter paper. The shaking time is very important because extracting is not complete in 2 
hours. (The labile and non-labile quantities of the trace elements will continue to dissolve 
even after 2 hours). The filtrate may be used to analyze for the trace elements Fe, Cu, Mn 
and Zn with AAS after standardization for particular element.

a) Available Zinc
Place Zinc Hollow Cathode Lamp in the working lamp turret and let it warm for specified 
period as per the instruction of the manufacturer. Light the burner using air and 
acetylene gas, adjust the slit, wavelength and burner height as per the instruction of 
AAS manufacturer. Let it warm for 5 minutes and standardize AAS using 0 and 2 ppm Zn 
standard. Run series of Zinc standards, note the absorbance reading and draw graph.

Aspirate the soil extract, note the absorbance reading and determine zinc in solution 
from the graph.

Calculation:
ppm Zn in soil = 2 X(R-B)
Where, 
R is the ppm Zn in soil extract from the graph.
B is the ppm Zn in Blank extract from the graph.

Interpretation
Factors affecting the interpretation of the soil test data are pH, CaCO3 percent, phosphorus, 
organic matter, clay percent, CEC.
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Typical range is critical level for DTPA extractable Zn is reported to be 0.2 to 2.0 Zn (ppm) 
and average critical value is 0.8 Zn mg/kg.

b) Available Copper
Place copper Hollow Cathode Lamp in the working turret, proceed as in the Zinc 
determination, note the absorbance reading of copper standards and draw graph.
Aspirate the soil extract, note the absorbance reading and determine Cu in solution 
from the graph.

Calculation
ppm Cu in soil = 2 X(R-B)
Where, 
R is the ppm Cu in soil extract from the graph.
B is the ppm Cu in Blank extract from the graph.

Interpretation
Factors affecting the interpretation of the soil test data are pH, CaCO3percent and crop.
Typical range is critical level for DTPA extractable Cu is reported to be 0.12 to 0.25 Cu 
(ppm).

c) Available Iron
Place copper Hollow Cathode Lamp in the working turret, proceed as in the Zinc 
determination, note the absorbance reading of Iron standards and draw graph.

Aspirate the soil extract, note the absorbance reading and determine Fe in solution from 
the graph.

Calculation
ppm Cu in soil = 2 X(R-B)
Where, 
R is the ppm Fe in soil extract from the graph.
B is the ppm Fe in Blank extract from the graph.

Interpretation
Factors affecting the interpretation of the soil test data are pH, CaCO3 percent, organic 
matter, aeration, soil moisture and CEC.

Typical range is critical level for DTPA extractable Fe in USA and Tropics is reported to 
be 2.5 to 5.0 Fe (ppm).



Soil Analysis book20

d) Available Manganese
Place copper Hollow Cathode Lamp in the working turret, proceed as in the Zinc 
determination, note the absorbance reading of copper standards and draw graph.

Aspirate the soil extract, note the absorbance reading and determine Mn in solution from 
the graph.

Calculation
ppm Cu in soil = 2 X(R-B)

Where, 
R is the ppm Mn in soil extract from the graph.
B is the ppm Mn in Blank extract from the graph.

Interpretation
Factors affecting the interpretation of the soil test data are pH, organic matter, 
CaCO3percent and texture.
Typical range is critical level for DTPA extractable Mn is reported to be 1.0 to 5.0 ppm and 
average critical value is 1.4 ppm.

d) Available Boron (hot water extraction method)**11

Chemical and reagents
1) Buffer

35 g ammonium acetate
+

2.5g potassium acetate
+

1g nitrilotriacetic acid
+

Dissolve in 100ml of DH2O
+

Slowly add 13.25 ml of glacial acetic acid and make volume to 250ml.

2) Extraction solution (calcium chloride 0.02N)
Dissolve 1.11gm of anhydrous [Cacl2] in 500 ml of distilled water and dilute to exact 1000 
ml.

11 Modified from S.B. Pradhan, 1996.
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3) Azomethine (H)
0.3 g azomethine H

+
2g ascorbic acid

+
Dissolve in 60 ml DDH2O and make volume to 100ml.

+
it should be prepared at least 24 hours before use and store in polypropylene bottle 

wrapped in a foil and place in refrigerator.

4) Standard boron solution - 100ppm
0.5716 g AR boric acid in 1 liter DDH2O gives 100 ppm B.

Take 0, 1, 2, 3, 4 and 5 ml of 100 ppm B in 100 ml volumetric flask and make volume by 
DDH2O. It gives 0, 1, 2, 3, 4 and 5 ppm B.

Boron analysis procedure

10g soil
+

20 ml extraction solution
+

5 minute heating in boiling hot water
+

Cool in a running tap and filter
+

Cut the sealing of the polypropylene plastic paper
+

Pour the solution to
Filter through Whatman 42 filter paper

+
Take 1ml aliquot in PVC tube

+
Add 2ml buffer solution

+
2ml azomethine H reagent

+

Put in the packet of 
sealed polypropylene 
plastic paper
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Mix well and take reading in spectrophotometer at 420nm after 30 minutes
+

Prepare standard with 0, 1, 2, 3, 4, and 5 ppm B and develop color as above and take 
readings.

Calculation
ppm B in soil 	 = ppm of B in solution X dilution factor
	 = ppm of B in solution X (2 X 5)
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ORGANIC MANURE
MOISTURE CONTENT:
Oven Dry method:
This method is not applicable for the samples such as DAP, urea, Super phosphates etc 
that yield volatile substances other than water at drying temperature.

Apparatus Required
a. Oven with means for controlling the temperature up to 150 ºC
b. Spatula 
c. Aluminum can 
d. Balance (Analytical )

Procedure
1.	 Take the oven dried Crucible/Aluminum can and note down the weight of oven dried 

crucible (A).
2.	 Place fertilizer sample in the crucible and note down the combined the weight of 

crucible and fertilizer (B)
3.	  Place the fertilizer sample containing crucible in the oven and adjust the temperature 

of the oven at 105 ºC and keep in the oven for 24 hrs.
4.	   Note down the combined weight of the oven dried fertilizer sample and crucible (C).
5.	 Repeat the step 3 and 4 till the constant combined weight of the oven dried fertilizer 

sample and crucible (C)is observed.

Calculation

Moisture % = 
(Weight of Fresh Sample  (B-A)–Oven dried weight of sample (C-A )× 100)

(Weight of Fresh sample  (B-A)

pH DETERMINATION OF ORGANIC FERTILIZER:
1.	 Weigh 20 gm of the fertilizer sample in the beaker.
2.	 Add 50 ml of the distilled water to each sample.
3.	 Stir the sample with the help of stirrer or glass rod.
4.	 Calibrate the pH meter with the help of buffer pH 7 and pH 4.
5.	 Take the reading from the supernatant after 30 min of stirring.

NUTRIENT CONTENT ANALYSIS OF FERTILIZER
Chemicals required:

1.	 Digestion mixture catalyst
Mix 10 gm of the Copper Sulphate with 200 gm of the Sodium Sulphate (1:20 ratio) 
with proper grinding.
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2.	 Concentrated Sulphuric acid
3.	 Sodium Hydroxide: 400 gm of Sodium Hydroxide is dissolved in 800 ml of distilled 

water. After cooling make the final volume 1 lit. 
4.	 Mixed indicator: Dissolve the 0.5 gm of the Bromo-cresol green and 0.1 gm of 

methyl red in the 100 ml 95% ethanol.
5.	 4% Boric acid: 40 gm boric acid is dissolved in the 800 ml of distilled water to 

make final volume to 1 lit.
6.	  0.1 N HCl and 0.05 N HCl: For 0.1 N HCL solutions take about one litre of distilled 

water and add 17.2413 ml of the Concentrated HCl and make final volume 2 lit. For 
0.05 N HCL solution,  take about one litre of distilled water and add 8.62068  ml of 
the Concentrated HCl and make the final volume 2 lit

Digestion procedure for the organic fertilizer
1.	 Note down the lab number of fertilizer samples and tube number in the analysis 

register.
2.	 Weight about 2 gm of fertilizer sample and keep in the respective tubes assigned. For 

the standard check, take near about 0.15 gm of AR.DAP and 0.10 gm of AR. KCl
3.	 Add 15 gm of the digestion mixture in each tube. 
4.	 Add 20 ml of the concentrated sulphuric acid to each tube.
5.	 Block digester is turn on and  set the program for gradual increase in the the 

temperature upto 410 ºC as below 
a. 100 ºC-1 hr
b. 150 ºC-30 min
c. 200 ºC-30 min
d. 250 ºC-1 hr

6.	 410 ºC-30 min and completed digestion is allowed by repeating digestion process.
7.	 Add about 50 ml of the distilled water after complete digestion of fertilizer but before 

crystallizing the solution.
8.	 Make final volume 250 ml in the volumetric flask with the help of distilled water after 

through washing of the tubes.
9.	 Filter the final solution through Whatmans no-42 filter paper. 

7.3.1. TOTAL NITROGEN DETERMINATION
1.	 Take 50 ml of the solution in the digestion tube from the filtrate.
2.	  Take 25 ml of the 4 % boric acid solution in the 250 ml conical flask and add 4 drops 

of mixed indicator.
3.	 Switch on the Distillation unit and with proper setting, run for the wash down operation.
4.	 Add NaOH and Distilled water in the respective container.
5.	 Set the conical flask containing boric acid with mixed indicator in the receiving 
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chamber and digestion tube containing solution to be distilled in the other chamber.
6.	 Run the Distillation operation about 4 minutes. After distillation remove the digestion 

tube first and then conical flask.
7.	 Titrate the solution with the 0.05 N HCL and note down the volume of HCl consumed.

Calculation

N% = 
(TV-Blank)XNormality of HClX1.4007X250)

(Oven dry weight of sample X50)

TV= volume of HCl used for sample
Blank= volume of HCl used for blank
Note: Normality of HCl should be approximately 0.05

7.3.2. TOTAL PHOSPHOROUS DETERMINATION
Chemicals required:
1.	 Molybdovanadate reagent:

a. Dissolve 40 gm of the ammonium molybdate tetrahydrate in 400 ml of hot water and 
cool the solution.

b. Dissolve  2 gm of ammonium metavanadate in 250 ml of hot water, cool and add 450 
ml of perchloric acid (70 %) or 450 ml of concentrated nitric acid (Sp gr 1.42). 

c. Gradually add molybdate solution to vanadate solution with constant stirring and 
when cool, dilute to make volume 2 lit.

2.	 Standard phosphorous solution :
a. Dry pure potassium dihydrogen phosphate (KH2PO4 containing 52.15 % of P2O5) for 

two hours at 105 ºC. Cool in the dessicator
b. Dissolve 0.9588 gm of dry potassium dihydrogen phosphate (KH2PO4) in the distilled 

water and make final volume 500 ml. This contains 1.0 mg P2O5/ml (1000 ppm)
c. Take 25 ml of 1.0 mg P2O5/ml and make final volume 250 ml this contains 0.1 mg P2O5/

ml (100 ppm. From this 0.1 mg P2O5/ml (100 ppm solution) we can make standard in 
the ranges as per required 

Procedure
1.	 Take the 10 ml of the filtrate in the 100 ml volumetric flask.
2.	 Add the 20 ml of the Molybdovanadate reagent to each flask.
3.	 Make the final volume100 ml by adding distilled water up to marks.
4.	 Similarly for the standards take 0, 1, 2, 5, 10, 15, 20, 25, 30 ml of the 0.1 mg P2O5/ml (100 

ppm solution) in the 100 ml volumetric flask, add the 20 ml of the Molybdovanadate 
reagent to each flask and make final volume 100 ml.

5.	 After 30 minutes take the reading with the help of UV-Visible Spectrophotometer at 400 nm.
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Calculation

P2O5%= 
(ppm P in Solution X 250 X100)
(dry wt of sample X10X10000)

7.3.3.TOTAL POTASH DETERMINATION
Chemicals required:
1.	 Weigh 0.1905 gm of the dried potassium chloride (KCl) and dissolve in distilled water 

and make final volume 1 lit, this will give the stock solution of 100 ppm-K.
2.	 Pipette 0, 5, 10, 15, 20, 25, 30, 50 ml of 100 ppm-K in 100 ml volumetric flask and make 

final volume 100 ml by adding distilled water, this will give 0, 5, 10, 15, 20, 25, 30,50 ppm 
K respectively .

Procedure
1.	 Take the 10 ml of the filtrate in the 100 ml volumetric flask.
2.	 Make the final volume 100 ml by adding distilled water up to mark.
3.	 Take the reading from the Flame photometer keeping the standard range of 0, 5, 10, 15, 

20, 25, 30 ppm K. Adjusting 0 FPR for 0 ppm and 100 FPR for 30 ppm.

Calculation

K2O% = 
(ppm K in solution X250 X100X1.2)
(dry weight of sampleX10X10000)
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8. CHEMICAL FERTILIZERS
8.1. TOTAL NITROGEN DETERMINATION OF CHEMICAL FERTILIZERS
Digestion
1.	 Note down the lab number of fertilizer samples and tube number in the register.
2.	 Weigh the fertilizer sample and keep in the respective tube number assigned 

accordingly to lab number and note down the weight in register. keep in the mind that 
weight to be taken is as follow;
a. Urea-near about 0.2500 gm
b. Other fertilizers - near about 0.5000 gm.

3.	 Add 7 gm of digestion mixture in each digestion tube.
4.	 Add 10 ml of concentrated Sulphuric acid in each Digestion tube.
5.	 Block Digester is switched on and digestion is carried out at 410 ºC for the 30 minutes.
6.	 After 30 minutes cooling, add 50 ml of Distilled water in each tube before crystallization.

Distillation
1.	 Take 25 ml of the 4 % boric acid solution in the 250 ml conical flask and add 4 drops of 

mixed indicator.
2.	 Switch on the distillation unit after proper setting, run for the wash down operation.
3.	 Check the NaOH and Distilled water in the respective container.
4.	 Set the conical flask containing boric acid with mixed indicator in the receiving 

chamber and digestion tube containing solution to be distilled in other chamber.
5.	 Run the distillation operation about 4 minutes.
6.	 Titrate the solution with approx. 0.1 N HCL.

Standardization of HCl is done as follow.
i)	 Weigh about 0.2100 gm of the oven dried (2 hr at 120 ºC ) Sodium carbonate in 250 

ml of the conical flask (3 conical flasks) and one reference conical flask  is taken 
ii)	 Dissolve the sodium carbonate by adding 40 ml of distilled water and 80 ml distilled 

water is added in reference flask for color compare.
iii)	Add 4 drops of Methyl orange indicator in each flask.
iv)	Titrate with HCl and find the end point.

Calculation

N% = 
(TV-Blank)XNormality of HClX1.4007)

(weight of sample)

TV= volume of HCl used for sample
Blank= volume of HCl used for blank
Note: Normality of HCl should be approximately 0.01
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8.2. TOTAL PHOSPHOROUS DETERMINATION OF CHEMICAL FERTILIZERS
Digestion
1.	 Note down the lab number and digestion tube number in the analysis register.
2.	 Weigh about 1.000 gm (DAP and other) fertilizer and keep in the respective tube 

assigned accordingly to lab number and note down the weight of sample in register.
3.	 Assign two tube for the blank another two for AR. Weigh about 1.000 gm of  AR.KH2PO  

in two  tubes and note down the weight .
4.	 Add 20 ml of Nitric acid in each tube.
5.	 Heat the tubes containing samples in the block digester at 170 ºC for about 30 minutes. 
6.	 Leave the digestion tubes for cooling for about 30 minutes.
7.	 After cooling add 10 ml of perchloric acid (70-72%) in each tube.
8.	 Again heat the digestion tubes for 20-30 min at 170 ºC in the block digester.
9.	 Leave the tubes for cooling (till the white fumes ceases to evolve).
10.	 Add 50 ml of the Distilled water in each tube after cooling.
11.	 Again heat the tubes at 170 ºC for 20-30 min.
12.	 After cooling make the final volumes 250 ml in the volumetric flask with the help of 

distilled water after through washing of each tube.

Testing method (Spectrophotometric vanadomolybdophosphate method)
1.	 Filter the final volume made sample through the whatman no 42 filter paper.
2.	 Take 100 ml volumetric flask and pipette  out the amount of aliquot as per follow

i.	 DAP and TSP: 2.5 ml (above 35% P2O5)
ii.	 DSP: 3.5 ml (20-35%  P2O5)
iii.	Other fertilizer: 5 ml (below 20 %  P2O5)

3.	 Add about 45 ml of distilled water in each tube and add 20 ml of molybdovanadate 
reagent.

4.	 Make final volume 100 ml by adding distilled water up to marks.
5.	 Similarly prepare standards by taking 0, 5, 10, 20, 30, 40, 50, 60 and 70 ml of the 0.1mg 

P2O5/ml in the 100 ml volumetric flask and add 20 ml of the molybdovanate reagents to 
each standard and make final volumes 100 ml.

6.	 Take the reading after 30 minutes at 400 nm in the UV visible Spectrophotometer.

Calculation

P2O5%= 
(P2O5% in sample X 250 X100)

(wt of sample X5X10000)
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8.3. POTASH DETERMINATION OF THE CHEMICAL FERTILIZERS
1.	 Weigh about the 0.75 gm of the potassic fertilizer to be analyzed and keep in the 250 

ml volumetric flask.
2.	 Add the water and after dissolving make the final volume 250 ml.
3.	 Filter the sample through Whatman no 42 filter paper.
4.	 Take 10 ml of the aliquot in 250 ml volumetric flask and make final volume 250 ml
5.	 Take the reading with the help of  flame photometer  with the standard range of 0, 10, 

20, 30, 40, 50, 60 and 70 ppm K. Adjusting 0 FPR for 0 ppm and 100 FPR for 70 ppm.

Calculation

K2O% = (ppm K in solution X250 X250X1.2)
(weight of sampleX10X10000)
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hf+rx?ug{ ;lsG5 h:t} df6f]sf] lk=Pr=,df6f]df gfO6«f]hg, kmf]:kmf]/;, kf]6f;sf] dfqf cflb . ;f] sf] 
cfwf/df afnLgfnLx?sf] nfuL cfjZos kg]{ tTjx? -dnvfb_ sf] cfjZos dfqfx?sf] l;kmfl/; / 
;"emfj lbg ;lsG5 .

ls6jS;sf ;fdu|Lx?
;fdfGotof ls6jS;df lgDglnlvt ;fdu|Lx? /x]sf] x'G5 .
lg:;f/0f emf]n -Extraction Solution_, ;]tf] rfOgf Kn]6, gfO6«f]hg l/Ph]G6, km:kmf]/; l/Ph]G6 g+=!, 
l6g d]6n, kf]6f; l/Ph]G6 gDa/–!, kf]6f; l/Ph]G6 gDj/–@, sn/ rf6{, lk=Pr O{lG8s]6/, a]l/od 
;Nkm]6,8«k/, 6]:6 6o'j :6}08, 6]:6 6o'j, KNffl:6s ljs/ %) ld=ln=, l;l/Gh !) ld=ln=, l6:o' k]k/, 
lkmN6/ k]k/, l8:6Ln jf6/ , jf; jf]tn, ;f]nL ,rDrf, ?dfn cflb .

df6f]sf] k|ltlqmof -lk=Pr=_ hf+Rg] tl/sf
   Pp6f;kmf !% b]lv @) ld=ln= Ifdtf ePsf]] 6]i6 6o"j lng"xf]; .
   6]i6 6o"jdf hf+Rg" kg]{ df6f]sf] gd"gfaf6cffwf lrof rDrf 
df6f] lng"xf]; .

   6]i6 6o"jdf % ld=ln= l8li6n jf6/ gfk]/ /fVg"xf];.
   nueu cffwf u|fd a]l/od ;Nkm]6/fVg'xf]; .
   ca 6]i6 6o"j nfO{ ltg ldg]6 ;Dd rnfP/ /fd|/L 
ldnfpg'xf]; .

   @) ldg]6 kl5 kL=Pr= O{08Ls]6/ kf+r yf]kf /fVg'xf]; .
   Ps ldg]6;Dd 6]i6 6o"j nfO{ k'g M rnfP/ @) ldg]6 
;Ddsf] nflu lj>fd cj:yfdf /fvL 5f]8g'xf]; .

   ca 6]i6 6o"j emf]ndf ePsf]] kfgLsf] /u+nfO{ lk= Pr= 
hf+rsf] sn/rf6{ g+= ! ;+u bfh]/ kL= Pr= sf] dfg 
kQfnufpg' xf]; .

lk= Pr= hf+rsf] sn/rf6{

df6f]sf]] lg:;fl/t emf]n -Soil  Extraction Solution_ tof/L 
df6f]df gfO6«f]hg, kmf]:kmf]/; / kf]6f; hFr ug{nfO{ ;aeGbf klxnf df6f]sf] lg:;fl/t emf]n tof/ ug'{ 
k5{ . ;f]lxlg:;fl/t emf]n af6gfO6«f]hg, kmf]:kmf]/; / kf]6f;hFr ug{;lsG5.lg:;fl/t emf]n tof/ 
ug{ tnsf] k|lqmof cg';f/ ug'{xf];\ .

   %) ld=ln=sf] Knfl:6ssf] ljs/ lng'xf];\ . 
   ljs/df ;f]nL /fVg'xf]; of ;f]nLsf] ;§f ;f]nL cfsf/sf] ?kdf lkmN6/ k]k/ bf]a|fP/ /fVg ;lsG5 . 
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   lkmN6/ k]k/sf] ;f]nLdf df6f]sf] gd'gfaf6 Ps lrof rDrf df6f] /fVg'xf];\ . 
   pQm df6f]df !) ld=ln= lg:;f/0f emf]n /fVg'xf];\ . 
   ca lkmN6/ k]k/ af6 df6f]sf] lg:;f/Lt emf]n las/df hDdf x''G5 . h:nfO{ gfO6«f]hg, kmf]:kmf]/; 
/ kf]6f; hFr ug{ k|of]u ul/G5 .

gfO6«f]hg hf“Rg] t/Lsf
   Pp6f ;]tf] rfOgf Kn]6 lng'xf];\ . 
   pQm rfOgf Kn]6 dfyL 8«k/n] $ yf]kf gfO6«f]hg l/Ph]G6 Ps} 7fpdf kg{] u/L /fVg'xf];\ . 
   To;kl5 dfyL tof/ ul/Psf] df6f]sf] gd'gfsf] lg:;f/0f emf]n csf{] 8«k/n] ! yf]kf $ yf]kf dfyL 
kg]{ u/L /fVg'xf];\ . 

   lgnf] /+u b]vf k5{ h:nfO{ gfO6«f]hg sn/rf6{df bfHg'xf];\ . 
   rf6{ cg';f/ gfO6«f]hgsf] dfqf sd, dWod, cl3s l6kf]6 ug'{xf];\ . 

gfO6«f]hgsn/rf6{

kmf]:kmf]/; hf“Rg] t/Lsf
   6]:6 6o'j :6f08 lng'xf];\ . 
   To;df ;kmf 6]:6 6o'j /fVg'xf];\ . 
   pQm 6]:6 6o'jdf lkk]6 jf l;l/Ghsf] ;xfotfn] tof/ ul/Psf] df6f]sf] gd'gfsf] lg:;f/0f emf]n 
@ ld=ln=/fVg] . 

   To; kl5 To;} 6]:6 6o'jdf kmf]:kmf]/; l/Ph]G6 g+= ! af6 la:tf/} @ ld=ln= /fVg'xf];\ . 
   clg To;}df @ u]8f l6g d]6n jf :6fG; Snf]/fO8 kfp8/ jf :6fG; cShfn]6 kfp8/ cln 
slt /fVg';\ / xNofpg'; / /+u ljsl;t x'g lbg';\ .\ 

   6]:6 6o'jdf lgnf] /+u b]vf k5{ .
   !–@ ldg]6 kl5 kmf]:kmf]/; sn/ rf6{df bfHg';\ . 
   sn/ rf6{df b]vfP em} sd lgnf] b]lvg] sd kmf]:kmf]/;, dWod lgnf] b]lvg] dWod 	
kmf]:kmf]/; / j9L lgnf] b]lvg] clws kmf]:kmf]/; 5 eGg] a'emg'xf];\  .
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kmf]:kmf]/; sn/ rf6{

kf]6f; hf“Rg] t/Lsf
   6]:6 6o'j :6f08 lng'xf];\ . 
   pQm :6f08df ;kmf 6]:6 6o'j /fVg'xf];\ . 
   To;} 6]:6 6o'jdf df6f]sf] gd'gfsf] lg:;f/0f emf]n lkk]6 jf l;/]Ghn] @ ld=ln= /fVg] . 
   To;} 6]:6 6o'jdf kf]6f; l/Ph]G6 gDj/ ! jf6 ^ yf]kf lj:tf/} 5}pdf gkl/sg /fVg'xf];\ . 
   To; kl5 kf]6f; l/Ph]G6 gDj/ @ af6 @ ld=ln= lj:tf/}  /fVg';\ / /fd|f];Fu xNNffpg'xf];\ 
   s]xL ldg]6-! ldg]6_ lyu|Lg lbg'xf];\ . 
   dflysf] emf]n df ag]sf] 3ldnf kgfnfO{kf]6f; sf] sn/ rf6{df bfHg'xf];\ .



Soil Analysis book 33

kf]6f;sf] sn/ rf6{

hlt jfSnf] 3ldnf] 5 Tolt kf]6f;sf] dfqf j9L 5 eGGf] a'emg'k5{ . /+unfO{ bFFHbf sn/ rf6{sf] 
/+u;+u geP/ sfnf] nfO{g;+u bfHg'k5{ . ;j} sfnf] nfOg b]lvg]df kf]6f;sf] dfqf sd 5 . ljrsf] 
jf dflynf] nfOg gb]lvg]t/ tnsf] nfOg dfq b]lvg] 5 eg] dWod 5 . s'g} klg nfO{g gb]lvg] 
5 eg] kf]6f;sf] dfqf clws 5 eGg] a'emg'xf];\  .

df6f] hf“r ug]{ls6jS; sf] l/Ph]G6x? agfpg] tl/sf
! lg:;f/0fdmf]n agfpg] tl/sf

   !))) Pd Pnsf] eNo"d]l6«s kmnf:slng'xf]; .
   !)) u|fd ;f]l8od Pl;6]6/fVg'xf]; .
   ^))–&)) Pd Pn l8:6Ln kfgL /fVg'xf]; .
   @) Pd Pn Unfl;on Pl;l6s Pl;8 /fVg'xf]; .
   l8:6Ln kfgLn] cfotg agfpg'xf];
   ;f] dmf]nsf]lk Pr $=* x'g' k5{geP Unfl;on Pl;l6s Pl;8n] ldnfpgxf];' .

@ gfO6«f]hg l/Ph]G6 agfpg] tl/sf
   Pp6f @%) ld=ln=sf] ljs/ lng'xf]; .
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   )=!@ u|fd 8fOlkmgfOn PdfOg /fVg'xf]; .
   !)) ld=ln= z'4 t]hfj -;Nkm\o"/Ls Pl;8_ /fvL 3]fNg'; .

#	 km:kmf]/; g+= !  l/Ph]G6 agfpg] tl/sf
   ! ln6/sf] las/ lng'xf]; .
   #)) ld=ln= z'4 kfgL /fVg'xf]; .
   !% u|fd cdf]lgod df]lnA8]6 hf]lv /fVg'xf]; .
   %) l8=;]= ;Dd ttfpg'; .
   cfjZos k/] 5fGg'; .
   csf]{ Pp6f las/ lng'; / %*=# ld=ln= l8:6Ln kfgL /fVg''xf]; / @(!=& ld=ln= z'4 xfO8«f] 
Snf]/Ls Pl;8 l8:6Ln kfgL]df ld;fpg''xf]; .

   dflysf] 3f]ndf cdf]lgod df]lnA8]6sf] 3f]n ldnfpg''xf]; .
   eNo"d]l6«s kmnf:sdf pQm 3f]nnfO{ /fv]/ ! ln= ;Dd cfotg l8:6Ln kfgLn] agfpg''xf]; .
   of] 3f]nnfO{ cDj/ /+u ePsf] /+lug af]tn df e08f/0f ug'{; . o; nfO{ :6s 3f]n (Stock 

solution) elgG5 . of] :6s 3f]nnfO{ !M@ sf] cg'kftdf -!efu 3f]ndf @ efu l8:6Ln 
kfgL_ ld;fP/ kftnf] agfpg' kb{5 . of] kftnf] agfPsf] 3f]nnfO{ sfd ug]{ 3f]n (Working 
solution) elgG5 .

$ l6g d]6n km:kmf]/; /;fog g+= @
o;sf nflu l6g sf 6'qmf jf :6fg; Nsf]/fO{8 kfp8/ jf :6fg; cshfn]6 kfp8/ dWo] s'g} Pssf] 
k|of]u ug{ ;lsG5 . l6gsf 6'qmfx? w]/} k6s k|of]u ug{ ;lsG5 eg] kfp8/ x? k|of]u kl5 k'g M 
k|of]udf cfpFb}g\ .

% kf]6f; g+= ! l/Ph]G6 agfpg] tl/sf
   Pp6f !)) ld=ln=sf] las/ lng'; 
   % u|fd sf]afN6 gfO6«]6 /fVg'; 
   #) u|fd ;f]l8od gfO6«fO6klg Tolx ljs/df /fVg';
   %)–&) ld=ln= l8:6Ln kfgLdf 3f]Ng';
   @=% Pd Pn Unfl;on Pl;l6s Pl;8 yKg';
   eNo"d]l6«s kmnf:sdf pQm 3f]nnfO{ /fv]/ !))ld=ln= ;Dd cfotg l8:6Ln kfgLn] agfpg';
   Ps /ft 5f8g] / lkmN6/ ug{'; / /lªug af]6ndf /fVg'; 

^ kf]6f; g+= @ l/Ph]G6 agfpg] tl/sf
   Pp6f ljs/ lng';
   Ps efu d]yfgf]n / Ps efu k|f]kfgf]n-cfO;f]k|f]kfOn cNsf]n_ a/fa/ /fv]/ ldnfpg'; /af]6ndf 
/fVg';
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Determination of Organic Matter (Mobile-Van)

Method: Colorimeter
Procedure

2 g soil

2 ml 2.5N K2Cr2O7(122.6 g K2Cr2O7 in 1 L DH2O)

2.5 ml conc. H2SO4

4 drop of H3PO4

Wait for 30 minutes

Make volume 50 ml

Wait for 3 hours

Take reading (using only upper clear solution at 660 nm filter)
Calculation
OM% = colorimeter reading X 14.47
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df6f]sf] pa{/fzlQm Aoa:yfkgsf nflu df6f] kl/If0f
v]tLsf] d'Vo cfwf/ g} df6f] xf] . afnL, la?jf df6f]d} pd|G5g\, a9\5g\ / cf+k"mnfO{ cfjZos kg]{ 
vfBtTj klg df6f]af6} lnG5g\ . t;y{ ;kmn tyf lbuf] s[lif pTkfbgsf] nflu df6f]sf] ef}lts 
/f;folgs tyf h}ljs u'0fx? w]/} dxTjk"0f{ x'G5 . k/Dk/fut v]lt k|0ffnLdf afnL ;3gtf sd x'g', 
afnLsf] pTkfbg Ifdtf / pTkfbsTj klg sd x'g] x'+bf uf]7]dn -sDkf]i6_ sf] k|of]u af6 dfq klg s[lif 
pTkfbg lbuf] lyof] . t/ laut s]xL bzsaf6 afnL ;3gtfdf a[4L, a9L pTkfbg lbg] hftx?sf] 
v]tL, k|f+ufl/sdnsf] sdL tyf /f;folgsdnsf] c;Gt'lnt k|of]usf sf/0f df6f]sf] pa{/fzlQm 36\b} 
hfg], / pTkfbg klg 36\b} uPsf] s'/f s[ifs bfh'efO{ tyf k|flalwsx?n] klg dxz'; u/]sf 5g\ . 
t;y{ ;kmn / lbuf] s[lif pTkfbgsf] nflu df6f]sf] plrt Joj:yfkg u/L pa{/fzlQm sfod /fVg jf 
;'wf/ ug{ g;s] elaiodf s[lif pTkfbg / pTkfbsTj 36\b} hfg] lglZrt 5 . 

df6f]sf] gd"gf lng] tl/sf  
xfdL sxf+ df6f]sf] pj/f{zlQm s] slt 5 / To;sf] ;'wf/ jf Joj:yfkg ug{ s] ug'{ kb{5 eGg] yfxf 
kfpgsf] nfuL df6f] kl/If0f u/fpg] k/Dk/f al; ;s]sf] 5}g . obf sbf df6f]sf clDnokgf yfxf 
kfpgsf] nfuL clDnokgfsf] hf+r / clDnokgfsf] ;'wf/ ug'{sf] nfuL s[lif r'gsf] k|of]u ug{ s[lif 
k|flalws tyf  s[lif r'g pwf]u ;d]tn] k|of; ub}{ cfP klg  ;f] sf] k|efjsf/L  pkof]u ePsf] eg] 
kfO{b}g  t/ laut s]xL bzsaf6 a9L pTkfbg lbg] gof+ hftsf] v]tL ul/g', gfO{6«f]hg o"Qm dnsf] 
a9\bf] k|of]u, e'–Ifo cfbL sf/0fn]  ubf{ df6f]sf] pj{/fzlQmdf k|lts'n k|efj k/L pTkfbg 36\b} uPsf] 
s'/f s[ifsx?n] ;d]t dx;'z ug{ nfu]sf] kfO{G5 . t;y{ df6f]sf] pj{/fzlQm sfod /fvL pTkfbgnfO{ 
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sfod /fVg ;do ;dodf cfk\mgf] v]taf/Lsf] df6f] kl/If0f u/fO{ df6f]sf] clDnokgf tyf pj{/fzlQm 
af/] hfgsf/L /fvL df6f] Joj:yfkg sfo{ ug'{ kb{5 .
df6f]sf] gd'gf ;°ng laleGg p4]Zo /fvL ;°ng ug{ ;lsG5 .

cGg afnL tyf t/sf/L afnLsf] nfuL gd'gf ;°ng ug]{ tl/sf
-s_ df6f]df lglxt vfBtTj tyf clDnokgfsf] hfgsf/L lng ;fwf/0ftof cGg afnL tyf t/sf/L 
la?jfsf] klg vfgf ;f]:g] h/fx? hldgsf] dflyNnf] ;tx d} 5l/P/  /x]sf x'G5g\ . To;}n] s'g} 
klg df6f]sf] clDnokgf yfxf kfpg / la?jfsf] kf]ifs tTjx? df6f]df slt 5 eGg] yfxf kfpg 
;fwf/0ftof hldgsf] ;tx b]lv !%–@) ;]=dL= tn ;Ddsf] df6f] dfq ;°ng u/] x'G5 . 



Soil Analysis book38

kmnkm'n afnLsf] nfuL gd'gf ;°ng ug]{ tl/sf
-v_ ulx/f] h/f hfg] la?jfx? h:t} M  kmnkm'n af]6 la?jf nufpgsf] nfuL hldgsf] dflyNNf] df6f] 
dfq  /fd|f] eP/ k'Ub}g . pQm df6f]df la?jfsf] h/f /fd|f];+u a9\g ;S5 jf ;Sb}g . lgsf;sf] /fd|f] 
Joj:yf 5 5}g jf tNnf] ;txsf] df6f]sf] ef}lts cj:yf s:tf] 5 eGg] klg yfxf kfpg' cfjZos 
x'G5 .  t;y{ kmnkm'n af]6 la?jf jf cGo ulx/fO{ ;Dd h/f hfg] la?jf nufp+g' cl3 pQm hldgdf 
# lkm6 ulx/f] vf8n vlg ;tx b]vL !% ;]=dL= ;Ddsf] 5'§}, !%–#) ;]=dL= ;Ddsf] 5'§}, #)–^) 
;]=dL=;Ddsf] 5'§} / ^)–() ;]=dL= ;Ddsf] 5'§} gd'gf ;°ng ug'{ kb{5 .

df6f]sf] gd"gf lngsf] nflu cfjZos ;fdlu|x?
   Gfd"gf lng] cu/ jf v'lk{ jf sf]bfnL 
   gd"gf ;+sng ug]{ emf]nf jf afN6L / y}nf]
   df6f] lkmhfpg sfuh jf sk8f jf gfËnf]
   6\ofu jf n]jn
   dfs{/ k]g / sfuh
   rSs"
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slt j6f gd'gf lng] 

e" –agf}6 cg';f/

/Ë cg';f/

lrq g+= !

df6f]sf] gd'gf sltj6f lng] eGg] hUufsf] ag]f6, df6f]sf]] /+u, df6f]sf] pj{/f zlQm cflb cg';f/ lrq 
g+= ! df b]vfP cg';f/sf] x'g' k5{ .

gd'gf s;/L lng]
df6f]sf] gd'gf sf]bfnf]n] jf cu/ s] n] lng] xf] lrq g== @ df b]vfP adf]lhd lng' k5{ / gd'gf 
lnbf hUufdf s;l/ lx8g]xf] ;f] lrq g++= # cg';f/sf] cu|]hL cIf/ S, W / Z cg';f/df lxl8 gd'gf 
;+sng ug{' k5{ .

lrq @ M df6f]sf] gd'gfsf] ulx/fO

sfnf] df6f]
cu/ gePdf v'lk{, 
s'6f] cyjfsf]bfnf]sf] 

k|of]u ug]{
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lrq # M df6f]sf] gd'gf lnbf lkmN8df lx8\g] tl/sf

gd'gf tof/ s;/L ug]{ 
hUufaf6 hDdf u/]sf] df6f] vf; u/]/ sf]bfnf] / v'lk{sf] ;xfotfn] u/]df w]/} df6f] x'g hfG5 . pQm 
df6f] nfO{lrq g+= $ df pNn]lvt tl/sf cg';f/ )=%–! s]=hL=sf] gd'gf agfO elgPsf] ljj/0f cg';f/ 
df6f] hfrsf] nflu k|of]uzfnfdf k7fpg' k5{ . laa/0fdf s[ifssf] gfd, 7]ufgf, df6f] ;+sng u/]sf] 
ldlt, nufpg rfx]sf] afnL cflb clgafo{ pNn]v ug'{ kb{5 .

lrq g+= $
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df6f] laZn]if0fsf] e/kbf]{ k|ltj]bg k|fKt ug{sf] nfuL gd'gf ;°ng ubf{ /fd|f] Wofg lbg' h?/L x'G5 . 
gd'gf ;°ng ubf{ Wofg glbO{ hyfefjL gd'gf ;°ng u/]df df6f] laZn]if0fsf] k|ltj]bg e/kbf]{ gx'g 
;Sg] x'+bf tkl;nsf s'/fx?df Wofg lbg' kb{5 .

df6f]sf] gd"gf ;+sng ubf{ Wofg lbg'kg]{ s'/fx?
w]/} 7'nf] hldgaf6 g'dgf ;°ng ubf{ Ps 7fp+af6 dfq gd'gf ;°ng gu/L w]/} 7fp+af6 ;°ng 
ug'{ /fd|f] x'G5 .

df6f]sf gd'gf ;°ng u/L ;s]kl5 ?vd'gL 5xf/Ldf jf cGo 3fd gkg]{ 7fp+df ;'sfO{ cf]efgf]  x'g 
lbg' kb{5 / 9'·f, emf/kft x6fpg' kb{5 .

/fd|f];+u ;'s]kl5 df6f] w'nf] kf/L ld;fpg' kb{5 / cfwf lsnf] df6f] Knfli6s jf sk8fsf] y}nf]df 
/fVg' kb{5 . w]/} 7fp+af6 gd'gf ;°ng u/L ld;fp+bf w]/} df6f] ePdf To;nfO{ sd u/L cfwf 
agfp+g' kb{5 .

df6f]sf] gd'gf lnO{ ;s]kl5 gd'gfdf s[ifssf] gfd, v]taf/Lsf] lsl;d, o; cl3 k|of]u u/]sf] 
dnvfbsf] dfqf, o; cl3 nufPsf] afnLsf] cj:yf, kl5 nufpg] afnLsf] lsl;d cfbL /fd|f];+u 
n] vL 6f+:g' kb{5 . 

gd'gf ;°ng ug]{ hldgsf] df6f]sf] /·,  jgfj6 cfbL km/s km/s 5 eg] km/s km/s /· jf jgf]6 
ePsf] df6f]sf] g'dgf 5'§f 5'§} ;°ng ug'{ kb{5 . 

gd'gf ;°ng ubf{ cfnL, sfGnf cfbLsf]  glhsaf6 ;°ng ug'{ x'+b}g .

kfgLsf] d'xfg jf lgsf;sf] glhsaf6 klg gd'gf ;°ng  ug'{ x'+b}g . 

e/v/} dfq dnvfb k|of]u u/]sf] 7fp+af6 klg gd'gf ;°ng ug'{ x'+b}g . ;se/ afnL lnO{ ;s]kl5 
gd'gf ;°ng ug'{ kb{5 .

7'nf] aiff{ jf kfgL k/]sf] nuQ} gd'gf ;°ng ug'{ x'+b}g . ;se/ aiff{ z'? x'g' cl3 gd'gf ;°ng 
ubf{ /fd|f] x'G5 t/  w]/} ;'Vvf df6f]df gd'gf ;°ng ug{ ufx|f] kg]{ x'+bf s]xL lr;f] ePsf] a]nf gd'gf 
;°ng ug'{ kb{5 . 

dn y'kf/]sf] 7fp+ jf ufO{ a:t' af+w]sf] 7fp+af6 gd'gf ;°ng ug'{ x'+b}g .
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/;folgs dnsf] gd"gf ;°ng ug]{ tl/sf
-of] tl/sf /;folgs dn lgoGq0f cfb]z, @)%% sf] bkmf @^ sf] pkbkmf ! ;Fu ;DalGwt 5 / 
o;nfO{ pQm cfb]zsf] cg';"rL ( df pNn]v ul/Psf] 5_

!= /f;folgs dn k/LIf0f ug{ lg/LIfsn] gd"gf lnbf ug'{kg]{ ;fdfGo sfo{ljlw b]xfo adf]
lhd 5 M
-s_	3fd÷kfgL ePsf] 7fpFsf] gd"gf lng' x'Fb}g .
-v_	gd"gf lng] ;fdu|L÷cf}hf/ (Sampling Instrument) ;kmf / ;'Vvf x'g' k5{ .
-u_	 gd"gf lnOPsf] j:t', gd"gf /fVg] efF8f jf af]/f -Jofu_ df cGo s'g} aflx/L j:t' x'g'x'Fb}+g .
-3_	 k|ltlglw (Representative) gd"gf lnFbf gd"gf lgsfNg 5flgPsf k|To]s af]/fsf] ;fdfg 

pko'Qm tl/sfn] /fd|/L ldnfO{ gd"gf lng' kb{5 .
-ª_	sl/a $)) u|fd c6fpg] sl:;Psf] lasf]{ nufpg ;lsg] xfjf gl5g]{ kf]lnlygsf] a§f jf 

kf]lnlygsf] afSnf] y}nf]df gd"gf /fVg' k5{ . gd"gf /fv]sf] a§f jf y}nf]df lg/LIfsn] l;naGbL 
u/]sf] a§f jf y}nf]nfO{ 5'§} kf]sf kfg'{ k5{ .

-r_	 k|s/0f -ª_ adf]lhdsf] kf]sfnfO{ dnsf] lsl;d / a|f08, laq]mtf÷pTkfbs÷lgsf;Lstf{ / gd"gf 
lng] lg/LIfssf] gfd ;d]t pNn]v u/L gd"gf ;DaGwL ljj/0f ;lxt xfjf gl5g]{ u/L l;naGbL 
u/L cfk\mgf] gDa/ /fvL cg';"rL !) adf]lhd ljj/0f e/L ;f] sf] ljj/0f ;fy l;naGbL u/]sf] 
a§f jf y}nf]nfO{ 5'§} kf]sf kfg'{ kb{5 . / hfFrfsf] nflu ;fjwfgL k"j{s ;DjlGwt k|of]uzfnfdf 
k7fpg' kb{5 .

@= af]/f -Aofu_ af6 gd"gf lng] ljlw
-c_ gd"gfsf] cfsf/ -;fOh_
-s_ n6 sfod ug'{ kg]{ -l8n/sf] nflu dfq_M–
	 o; cg';"rLsf] k|of]hgsf nflu Æn6Æ eGgfn] s'g} lglZrt 7fpFdf Ps;o 6g;Ddsf] kl/df0fdf 

/flvPsf Ps} lsl;dsf] /;folgs dnsf] s'g} vf; kl/df0f ;Demg' k5{ . aGb u/]sf] af]/fsf] 
b]lvg] efu, To;sf] KoflsË tyf /fv]sf] 7fpFdf cj:yfsf] cfwf/df lg/LIfsn] æn6Æ lgwf{/0f 
ug'{ k5{ . s'g} l8n/n] Ps;o 6geGbf sd kl/df0fdf s'g} /;folgs dn /fv]sf] eP To:tf] 
dn ljleGg ;|f]t / a|f08sf ePdf ;f]sf] kl/df0fnfO{ klg Ps jf PseGbf a9L n6 dflgg]5 . 
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-v_ gd"gfsf] nflu af]/f 5gf}6 ug]{ ljlw
	 s'g} gd"gfsf] nflu af]/fsf] ;+Vof 5fGg' kbf{ n6sf] cfsf/sf] cfwf/df b]xfo adf]lhd 5fGg' 

kb{5M

n6sf] cfsf/ -af]/fsf] ;ª\Vof_ gd"gfsf] nflu 5gf}6 ug'{ kg]{ af]/fsf] ;ª\Vof

!) yfg;Dd !

!! b]lv !)) yfg;Dd @

!)! b]lv @)) yfg;Dd #

@)! b]lv $)) yfg;Dd $

$)! b]lv ^)) yfg;Dd %

^)! b]lv *)) yfg;Dd ^

*)! b]lv !))) yfg;Dd &

!))! b]lv !#)) yfg;Dd *

!#)! b]lv !^)) yfg;Dd (

!^)! b]lv @))) yfg;Dd !)

Ps n6sf ;Dk"0f{ af]/fx¿ l;nl;nf ldnfP/ /fVg' k5{ . s'g} af]/faf6 !,@,#,==== ub}{ z'¿ u/L clGtd 
af]/f a/fa/ x'g] af]/f ÆsÆ sfod u/L uGb} hfg' k5{ . k|To]s ÆsÆ af]/f 5fGg' k5{ / To;}af6 gd"gf 
lng' k5{ . pbfx/0fM s'g} n6df #) j6f af]/fx¿ ePdf To;nfO{ b'O{n] efu ubf{ !% x'G5 . t;y{, 
gd"gfsf] nflu k|To]s !% cf}F af]/f 5fGg' k5{ / To;}af6 gd"gf lemSg' k5{ . 

-cf_ ;fgf] uf]bfdaf6 gd"gf lng]
k|To]s pTkfbgstf{af6 leGg–leGg ldltdf ePsf Ps} vfnsf Ps} lsld;sf ;Dk"0f{ af]/fx¿nfO{ cnu–
cnu 5'§ofO{ y'kfg'{ k5{ . leGg–leGg sf/vfgfaf6 pTkfbg ePsf Ps} vfnsf / Ps} lsl;dsf 
/;folgs dnsf ;Dk"0f{ af]/fnfO{ To:tf af]/fsf] ef}lts cj:yfsf] cfwf/df 5'§f–5'§} n6 dfGg ;lsg] 
5 . k|s/0f @-!_ sf] -v_ -n6sfod ug]{ slt af]/f 5_ / $ cg';f/ -;'O/f]åf/f cyjf vGofP/_ 
gd"gf lemSg' k5{ .

-O_ IftL ePsf] af]/faf6 gd"gf lng] ljlw
-s_ 	RofltPsf, 8Nnf k/]sf, IftL ePsf] jf w'nf]d"nf] ePsf] /;folgs dn ePsf] af]/faf6 gd"gf 

lnFbf /;folgs dnsf] df}HbftnfO{ lgwf{l/t n6sf] cfwf/df /fVg' k5{ . k|To]s n6sf] af]/fsf] 
;ª\Vofaf6 k|s/0f @ -!_ sf] -v_ adf]lhd gd"gf lng' k5{ . ;'O/f] 3';fO{ af]/faf6 gd"gf lng] 
ljlw ckgfpg ;lsg] ePdf ;'O/f] 3';fP/ gd"gf lng' k5{ . 

-v_ 	;'O/f] 3';fP/ gd"gf lng] ljlw ckgfpg ;Dej gePdf af]/f vf]Ng ;lsg] 5 / /;folgs dn 
8Nnf kmf]/L pko'Qm pks/0f k|of]u u/L gd"gf lng' k5{ . 
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#= ;'O/f]åf/f gd"gf lng] ljlw
-s_	gd"gf ;°ng ug{sf] nflu lg/LIfsn] k|of]u ug]{ gd"gf lng] pko'Qm ;fwgnfO{ ;'O/f]åf/f gd"gf 

lng] ljlw elgG5 . Pp6f gnLdf :6]gn]z :6Ln jf kLtnaf6 ag]sf] vFlbnf] Psflt/ 9Ns]sf] 
6'Kkf] ePsf] gnLaf6 of] ljlw k|of]u ug'{ k5{ . ;'O/f]sf] nDafO{ sl/a $) b]lv ^% ;]=dL= ;Dd 
/ To;sf] Aof; sl/a !=% ;]=dL= x'g' k5{ . /;folgs dn /fv]sf] 7fpFsf] l:ylt tyf KoflsË 
ul/Psf] a:t' ;f] cg's'n ePdf ;'O/f]af6 gd"gf lgsfNg] ljlw ckgfpg' k5{ . 

-v_	xfO8]lG;6Lsf] kf]lnlygaf6 KoflsË ul/Psf] tyf /;folgs dn ;lhn};Fu gemg]{ cj:yfdf 
;'O/f]af6 gd"gf lgsfNg] ljlw k|of]u ug'{ x'Fb}g . To:tf] cj:Yffdf 5flgPsf af]/fx¿ vf]nL gd"gf 
lng' k5{ / ;kmf tyf ;'Vvf 7fpFdf lkmhfpg' k5{ . o;/L gd"gf lnFbf gd"gf lgsfNg] pko'Qm 
pks/0fsf] ;xfotf lng'k5{ / pks/0f :6]gn]z :6Ln jf kLtnsf] srf}/f h:t} efF8f] x'g'k5{ .

$= af]/faf6 gd"gf lng] ljlw
-!_	 /;folgs dn emg]{ u/L af]/fsf] Pp6f s'gfaf6 58\s] kf/]/ csf]{ s'gf;Dd ;'O/f] 3';fg]{ / 

af]/faf6 Knfli6ssf] srf}/f h:tf] efF8f]df dn hDdf u/L vfnL efF8f]df jf kf]lnlyg ;L6df jf 
;kmf e"OFdf /fvL gd"gfsf] ld>0f agfpg' k5{ . 

-@_	 ;'O{/fsf] k|of]uaf6 af]/faf6 gd"gf lng g;lsg] ePdf af]/faf6 /;folgs dn ;kmf kf]lnlyg 
;L6 jf e"OFdf v;fNg k5{ / k|s/0f % df pNn]v eP -ldl>t gd"gf t}of/ kfg]{_ adf]lhdsf] 
k|lqmofaf6 rf/ efu nufO{ ldl>t gd"gf lemSg' k5{ . 

%= ldl>t gd"gf tof/ ug]{ ljlw
-s_	5flgPsf ljleGg af]/fx¿af6 lgsflnPsf] ldl>t gd"gfsf] tf}n !=% lsnf] u|fdeGbf a9L ePdf, 

v08 -v_ sf] ljlw ckgfO{ rf/ efu nufO{ o;sf] kl/df0f 36fpg k5{ . 
-v_	;kmf tyf s8f efu e"OFdf ldl>t gd"gf lkmFhfO{ To;nfO{ rf/ af/fa/ efu nufpg' k5{ / 58\s] 

k/]sf b'O{ efu x6fO{ afFsL /x]sf b'O{ 5]paf6 b'O{ efu ld;fpg' k5{ . oxL ljlw ckgfpFb} ldl>t 
gd"gfsf] dfqf !=% lsnf]u|fd sfod ug'{ k5{ . 

^= k/LIf0f jf ;fGble{s gd"gfsf] tof/L
-!_	 k|s/0f % -ldl>t gd"gf agfpg] tl/sf_ adf]lhd k|fKt ePsf ldl>t gd"gfnfO{ ;kmf dl;gf] tyf 

s8f ;tx ePsf] e"OF jf s'g} j:t'dfly lkmFhfO{ sl/a $)) u|fdsf # j6f a/fa/ efu nufpg' 
k5{ . o;/L # efu nufOPsf k|To]s gd"gfnfO{ k/LIf0f gd"gf elgG5 .

-@_	 k|To]s gd"gfnfO{ tTsfn} k|s/0f ! -3_ df pNn]v ul/Psf] -k|ltlglw gd"gfnfO{ xfjf gk:g] 
u/L_ pko'Qm efF8f]df /fVg' kb{5 . l8n/nfO{ ;f] s'/fsf] hfgsf/L u/fO{ lghn] a'e]msf] e/kfO{ 
;fy /fVg' k5{ . 

-#_	 gd"gf /fv]sf] efF8f] cflwsfl/s ¿kdf l;naGbL ug'{ k5{ . 
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k/LIf0fsf nflu k7fpg] gd"gf;“u ;+nUg /xg] ljj/0fsf] 9f+rf
-of] 9fFrf /;folgs dn lgoGq0f cfb]z, @)%% sf] bkmf @& sf] pkbkmf @ ;Fu  

;DalGwt 5 / o;nfO{ pQm cfb]zsf] cg';"rL !) df pNn]v ul/Psf] 5_

>L cflwsfl/s ljZn]ifs,
/;folgs dn ljZn]if0f k|of]uzfnf
===============================================

	 b]xfosf] ljj/0f ePsf] /;folgs dnsf] gd"gf k/LIf0fsf] nflu To; k|of]uzfnfdf k7fOPsf] 5 . 
;f] gd"gf oyfzL3| k/LIf0f u/L ;f] sf] b'O{ k|lt k|ltj]bg k7fpg' x'g cg'/f]w ub{5' . 

!=	 kbfy{, u|]8 / a|f08sf] gfd M	
@=	 gd"gf lnOPsf] ldlt M
#=	 gd"gf lnOPsf] 7fpFsf] gfd / 7]ufgf M
$=	 sf/f]af/sf] lsl;d M
%=	 gd"gf lnFbfsf] kbfy{sf] ef}lts l:ylt M	
^=	 gd"gfsf] sf]8 gDa/ M
&=	 cGo s'g} s'/f eP ;f] sf] ljj/0f M

lg/LIfssf] gfd	 M
;xL M
ldlt M
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afof] kml6{nfO{h/ - lhjf0f' dn_ Ps 
kl/ro
afo'd08nsf] &( k|ltzt efu gfO6«f]hg n] cf]u6]sf] 
x'G5 . afo'd08ndf olt k|r'/ dfqfdf gfO6«f]hg eP 
klg of] la?jfn] ;f]em} lng ;Sb}g . t/ la?jfsf] 
Pp6f ;d'x, h;nfO{ xfdL sf]z]afnL eg]/ lrG5f}+, 
df o:tf] Ifdtf x'G5 h;n] xfjfdf ePsf] gfO6«f]hg 
nfO{ Ps lsl;dsf] lhjf0f'sf] ;xfotfn] k|of]u ug{ 
;S5g\ . 

sf]z] afnLn] xfjfjf6 hDdf u/]sf] gfO6«f]hg sf] 
s]xL efu cf+km"n] pkef]u ub{5g\ eg] s]lx efu 
df6f]df hDdf ub{5g\ h'g kl5 nufpg] afnLn] 
k|fKt ub{5 . o;sf] ;fy} sf]z] jfnLsf] h/f cGg 
afnLsf] t'ngfdf a9L ulx/f] ;Dd hfg] x'+bf, cGg 
afnL n] lng g;Sg] tNnf] txsf] vfBtTj klg 
sf]z]afnLn] tfg]/ dflyNnf] txdf NofO{ df6f] dlnnf] 
agfO{ lbG5 . s]xL sf]z]afnLx?n] xfjfaf6 hDdf 
ug]{ gfO6«f]hg sf] dfqf tn lbOPsf] 5 . 

afnLsf] gfd gfO6«f]hg l:yl/s/0f s]=hL=. x]=

uxt $%–%@

s]/fp  %@–&&

e6df; ^)–!^*

rgf !)#

af]8L &#–#%$

l;dL  $)–&)

d;'/f] **–!!$

c/x/ !^*–@*)

afof] kml6{nfO{h/÷ lhjf0f' dnsf k|sf/x?
!=	 k|efjsf/L ;'Id hLjf0f'M of] laleGg ;'Id hLjf0f'sf] ld>0f xf] . o;sf] k|of]u sDkf]6 dn tof/ 

ug{ hf]/gsf] ?kdf k|of]u ul/G5 . o;sf] k|of]u af6 dn l56f] tof/ x'g'sf] ;fy} pTkfbLt dnn] 
afnL la?jfsf] a[4L lasf;df klg ;sf/fTds e'ldsf v]Ng] s'/f o;sf] k|of]u ug]{ s[ifsx? 
atfpF5g .
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@=	 /fO{hf]laodM sf]z]jfnLn] /fOhf]laod gfds AofS6]l/ofsf] ;xfotf jf6 gfO6«f]hg hDdf ub{5 . 
klxn] sf]z] afnL nufpg] 7fp+df lo lhjf0f'x? df6f] d} x'G5g\ t/ gof+ 7fp+df sf]z] afnL 
nufp+bf lo lhaf0f' dnn] jLp pkrf/ u/L nufpbf a9L kmfobf x'G5 .

#=	 Phf]6f]AofS6/M of] Ps lsl;dsf] AofS6]l/of xf] . kfs]sf] sDkf]i6df o;sf] k|of]u ubf{ o;sf] 
;FVof l56} a9\b5 / sDkf]i6 ;Fu} ld;fO @ xKtf htL /fvL df6f]df k|of]u ubf{ o;n] :jtGq 
?kdf gfO{6«f]hg l:y/Ls/0f u/L gfO{6«f]hg dnsf] @) k|lt;t ;Dd s6f}tL ug{ ;lsG5 . 
gfO{6«f]hg l:y/Ls/0f ;Fu} o;n] af]6 la?jfsf] a[4Ljb{s tyf /f]u lg/f]ws /;fog klg pTkfbg 
u/L pTkfbg a9fpF5 .o;sf] k|of]u af6 !) b]lv @) k|lt;t ;Dd afnL pTkfbg a9\g] l/kf]6{ 
5 . o;sf] k|of]u aLp ;Fu ld;fP/ jf la?jf /f]Kg' cl3 o;sf] emf]ndf h/f 8'afP/ klg /f]Kg 
;lsG5 . 

$=	 kmf]:kmf]AofS6]l/ofM of] Ps lsl;dsf] AofS6]l/of xf] . o;n] df6f]df /x]sf] c3'ngl;n km:kmf]/;nfO{ 
3'ngl;n agfO{ la?jfnfO{ pknAw u/fpF5 . of] ahf/df laleGg gfdn] pknAw 5 . o;sf] 
k|of]u af6 km:kmf]/; dnsf] !% b]lv @% k|lt;t ;Dd s6f}tL ug{ ;lsG5 . o;sf] k|of]u klg 
Phf]6f]AofS6/ h:t} ug{ ;lsG5 .

%=	 6«fO{sf]8df{M of] Ps lsl;dsf] 9';L xf] . o;n] g;{/L Aof8df nfUg] la?jf 9Ng] tyf h/f s'lxg] 
/f]u lgoGq0f ug{ d4t ub{5 . uf]7]dn÷sDkf]i6df of] hLjf0f'sf] l56f] lasf; x'G5 . t;y{ 
sDkf]i6 dndf of] hLjf0f ld;fP/ k|of]u ubf{ laleGg /f]u lgoGq0f x'g] ePsf]n] h}ljs /f]u 
lgoGq0f tyf k|fFufl/s v]tLdf of] lgs} pkof]lu x'G5 .

lhjf0f' dn jLp pkrf/ ug{sf] nflu ! ln6/ kfgLdf !) u|fd lrlg jf ;Vv/ /fd|f] ;+u 3'Ng] u/L 
pdfNg' kb{5 / pQm 3f]n ;]nfP kl5 ! Kofs]6 -@)) u|fd_ lhjf0f' dn /fVg' kb{5 . To;kl5 
lhjf0f' dnsf] 3f]nnfO{ aLpdf 5/L /fd|/L ldnfpg' kb{5 . hLjf0f' dn / aLp ld;fpFbf hLjf0f' dn 
;a} aLpsf] ;txdf nfUg] t/ clws emf]n -r'lxg] lsl;dn]_ g/xg] u/L ld;fpg' kb{5 . o;f] ubf{ 
lhjf0f'dn aLpsf] ;txdf 6f+l;P/ /xG5g\ . o;/L pkrfl/t aLpnfO{ s]xL a]/ 5fof+df ;'sfOG5 / 
af/Ldf /f]Kg tof/ x'G5 . lhjf0f' dnn] pkrf/ u/]sf] jLpnfO{ ljiffbLn] pkrf/ ug'{ x'b}g .

uf]7] dn Aoa:yfkg
ufO{{j:t'sf] dnd"q, 3fF;kftsf cjz]ifx¿ / ;f]Q/nfO{ uf]7sf] glhs} /fv]/ tof/ kfl/Psf]] dnnfO{ 
uf]7]dn elgG5 . g]kfnsf] sltko 7fpFx¿df ;f]Q/ tyf 3fF;kft k|z:t gkfOg] x'Fbf ufO{e}F;Laf6 
lg:sg] uf]a/ / d"qaf6 dfq klg dn agfOPsf] kfOG5 eg] k|z:t :ofpnf, ;f]t/ kfO{g] 7fpFdf 
:ofpnf ;f]t/ ;d]t Ps} 7fpFdf la36g u/fO{ dn tof/ ul/G5 . h] xf]; ufO{ a:t'sf] uf]a/, d'q tyf 
;f]t/ nfO{ d'Vo >f]tsf] ?kdf lnP/ ;f]t/ :ofpnf ld;fO{ jf gld;fO{ uf]7 ghLs tof/ ul/Psf] 
dnnfO{ uf]7]dn eGg ;lsG5 . of] g]kfndf k|of]u ul/g] d'Vo k|fËfl/s dn xf] .
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Pp6f ufO{{ jf e}+;Laf6 k|fKt x'g] gfO6«f]hg dWo] d"qdf uf]a/sf] eGbf em08} b'O{ u'0ff x'G5 . 
pbfx/0fsfnflu Pp6f ufO{{nfO{ !)) efu gfO6«f]hg v'jfOof] eg] @) efu To;sf] z/L/sf] kf]if0fdf 
k|of]u x'G5, *) efu d"q / uf]a/af6 aflx/ lgl:sG5 . uf]a/ / lk;fadf lg:sg] *) efudWo] %@ 
efu d"qdf / afFls @* efu uf]a/df /xG5 .

uf]j/ / d"qg} uf]7]dnsf k|fylds ;|f]t ePsfn] logsf] ;+/If0fsf]nflu Wofg lbg'kb{5 . uf]j/ dfq 
xf]Og d"q klg hf]ufpg' kb{5 . o;sf]nflu d"q ;f]:g] vfnsf ;fdu|Lx¿ ;f]Q/sf] ¿kdf k|of]u 
ug'{kb{5 . xfd|f] b]zsf] kl/k|]Iodf x]bf{ uf]7x¿ /fd|f];Fu tof/ kfl/Psf xF'b}gg\ . uf]j/sf] k|of]u u/]klg 
d"q e"OFdf g} v]/hfG5 . t/ vfBtTjsf] ¿kdf x]bf{ uf]j/ / d"qsf] a/fa/ dxTj x'G5 . uf]7]dn 
agfpFbf ufO{{a:t'sf] uf]a/, d"q / ;f]Q/nfO{ /fd|f] / ;'/lIft tl/sfn] lj3l6t u/fpg h?/L x'G5 . 
o;sfnflu uf]7 tyf vf8nsf] /fd|f] Joj:yf x'g'kb{5 . /fd|f] uf]7]dn agfpgsf]nflu lgDg s'/fx¿df 
Wofg lbg' kb{5 .

   ufO{{a:t'sf] d"q k"0f{¿kn] ;b'kof]u x'g'kb{5 . o;sfnflu clwstd\ dfqfdf ;f]Q/sf] Joj:yf 
ug{'kb{5 . ;f]Q/ kof{Kt geP esf/fsf] glhs d"q ;ª\sng ug]{ ;fgf] vf8n jf 6°L agfO 
s'n];f]åf/f d"q ;ª\sng u/L l;w} la?jfdf k|of]u ug{ klg ;lsG5 . cyjf ;ª\slnt d"qnfO{ 
uf]7]dndf nu]/ ld;fpg klg ;lsG5 .

   vf8n vGg gldNg] cyjf g;Sg] cj:yfdf dnnfO{ hldgd} y'kf/]/ /fVg ;lsG5 . o;tf] 
cj:yfdf dnsf] jl/kl/ 9'Ëfsf] kvf{n jf sf7kft / :ofpnfn] afg{ klg ;lsG5 . o;f] 
ubf{ dnnfO{ 3fd–kfgLaf6 hf]ufpg ;lsG5 . 3fd kfgLaf6 dnnfO{ hf]ufpg' eg]sf] ;a eGbf 
dxTjk"0f{ s'/f xf] . 

   dn /fd|f];Fu lj3l6t gx'g' Pp6f k|d'v ;d:of ePsf] xF'bf uf]a/dnnfO{ vf8n jf y'k|f]df /fd|f];Fu 
ldnfO /fVg' kb{5 . 
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   vf8n of y'k|f]df kfgL cyjf en k:g lbg' xF'b}g . 
   vf8n jf y'k|f]df uf]7]dn y'kfb{} hfg'kb{5 . x/]s xKtf r'nL nfu]sf] dnnfO{ lkmFhfP/ ldnfpg' kb{5
   dnnfO{ 5fgf] lbP/ 3fdkfgLaf6 hf]ufpFbf /fd|f] x'G5 . 5fgf] lbg g;Sg] cj:yfdf vf8n jf 
y'k|f] k'/} el/P kl5 ;s];Dd Knfl:6s jf :ofpnf jf emf/kftn] eP klg dnnfO{ 5f]k]/ /fVg' 
clgjfo{ x'G5 . uf]7]dnnfO{ kN6fpg h?/t kb{}{g .

   lxpFb ofddf k|foMh;f] s[ifsx¿n] af/Ldf uf]7 ;fg]{ ub{5g\ . ufO{{a:t'nfO{ 3fd tkfpg -Gofgf] 
kfg{_ / gn–k/fn af/Ld} v'jfpg o;f] ul/G5 . o;f] ubf{ dn a9L ;'s]/ gf]S;fg x'G5 . a9L 
dfqfdf ;f]Q/sf] k|of]u u/L d"q ;f]:g] Joj:yf ldnfO{ dnnfO{ vf8ndf /fVg'kb{5 . vf8ndf 
/fVg g;Sg] cj:yfdf emf/kftn] g} eP klg dnsf] y'k|f]nfO{ 5f]Kg'kb{5 jf df6f]n] rf/}lt/ 
lnlklbg klg ;lsG5 . ynf] dNbf, Ps} 7fpFdf w]/} lbg;Dd kz'x¿ /fVbf dnd"q /fd|f] lat/0f 
x'g kfpFb}g . Pp6} ux|fdf klg ufO{e}+;L afFw]sf] 7fpFdf dn a9\tf eP/ pTkfbgdf c;/ kfg{ 
;S5 eg] gafFw]sf] 7fpFdf dn gk'Ug] x'g uO{ pTkfbg 36\g ;S5 . To:t}, ynf] dNg] 7fpFdf 
v'd|] sL/fsf] ;d:of klg a9\tf ePsf] kfOPsf] 5 . 

uf]7]dnsf] u'0f:t/df c;/ kfg]{ s'/fx¿
   ufO{{e};Lsf] vfgfsf] u'0f:t/ M h:t}M k|f]l6g a9L ePsf] 
bfgf v'jfOPsf] 5 eg] dn–d"qdf gfO6«f]hgsf] dfqf 
klg a9L x'G5 . To;f] x'Fbf slDtdf @% k|ltzt 
sf]z]afnLsf] 3fF; v'jfpg' /fd|f] x'g5 . To:t} afx|} 
dlxgf xl/of] 3fF;sf] Joj:yf ldnfpg' kb{5 .

   ufO{{e};Lsf] pd]/ M aRrf tyf 7"nf] hgfj/n] klg 
gfO6«f]hgsf] dfqfdf km/s kfb{5 .

   hgfj/x¿sf] k|sf/ Mhlt ;fgf]  hgfj/ eof] To;sf] 
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dnsf] u'0f:t/ Toltg} /fd|f] x'G5 . h:t}, e}+;Lsf] eGbf e]+8fsf] dn dlnnf] x'G5 eg] e]+8fsf] eGbf 
v/fof]sf] dn a9L dlnnf] x'G5 .

   ufO{{e};Lsf] sfdsf] k|s[lt M h:t} b"w lbg] cyjf sfd ug]{ .
   dn agfpg k|of]u ul/g] ;f]Q/sf] u'0f:t/ M h:t} bnxgafnL, c¿afnLx¿ / ljleGg k|hfltsf 
¿vsf kftx¿ .

xl/of] dn s] xf] <
xl/of] af]6 la?jfx? ToxL ux«fdf  pdf/]/ km'n km'Ng' cufj} df6f]df k'l/ sxfP/ agfpg] jf jg:kltnfO{ 
aflx/af6 NofO{ xl/of] cj:yfdf g} u¥xfdf k'/L s'xfP/ agfpg] dnnfO{ xl/of] dn elgG5 .  xl/of] 
dnsf] k|of]u b'O{ lsl;daf6 u/]sf] kfO{G5 .

:ynut xl/of] dnsf] k|of]u
o; tl/sf cg';f/ xnSs} a9\g] vfnsf] / df6f]df ld;fPkl5 l56f] s'lxg ;Sg], vf; u/]/ bnxg 
hflto jfnL nfO{ xl/of]dn k|of]u ul/g] hUufdf nufP/ jg:klts a[l4 u/fO{G5 / plrt cj:yfdf 
df6f]df ld;fOG5 . o; ljlw cg';f/ xl/of] dnsf] ?kdf k|of]u ubf{ lgDg jfnLx?nfO{ pkof]udf 
Nofpg ;lsG5 .

JffnL nufpg] ;do xl/of] kbfy{df gfO{6|f]hg k|ltzt gfO{6|f]hg l:yls/0f ls=u|f= k|lt x]S6/

9}+rf jiff{ ofd )=$@–)=%# &)–!))

;gO{ jiff{ ofd )=^ &)

d'+u jiff{ ofd )=%# #%

af]8L jiff{ ofd )=$( %)

HjfOG6 e]r jiff{ ofd )=^ ()

al;{d lxp+b ofd )=$# %$
	

/fOhf]laod lhjf0f'n] sf]z]aflnsf] h/fdf luvf{ agfO{ xfjfdf /x]sf] gfO6|f]hg l:yl/s/0f u/L la?jfn] 
lng ;Sg] Pdf]lgof agfO{ la?jf tyf df6f]df pknAw u/fpF5 .
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JffnL k|0ffnL cg';f/ pko'St ;dodf hUuf vfnL 
x'g] ePdf Psn jfnL jf cGo jfnL nufO /x]sf] 
j]nf cGt/jfln, 3';'jf jfnL cflbsf] ?kdf xl/of]dn 
jfnL sf] v]lt ul/ xl/of] dn agfpg ;lsG5 . 
Psn jfnL nufpg] wfg v]tdf  :ynut xl/of]dnsf] 
?kdf 9}+rf, ;gO{ cflbsf] k|of]u pko'St x'g ;S5 
t/ ;3g jfnL k|0ffnL hxf+ jif{df wfg jfx]s csf]{ 
Ps cyjf b'O{ jfnL lng] k|rng 5, To:tf] cj:yfdf 
jfnL k|0ffnL nfO{ ;'xfpbf] b'O{ jfnL larsf] ;fgf] 
cjlw nfO{ pkof]u ug]{ ul/ 9}+rfsf] ;6f d'+u nufpg 
al9 pko'St x'g;S5 . aiff{tsf] z'? jf ;f] eGbf clns cufl8 df6f]df ePsf] lr:ofgsf] pkof]u 
x'g] ul/ xl/of]dn jfnL sf] ljp 5g'{ k5{ / wfg /f]kfO{sf] nflu hUuf tof/L x'+bf slnnf] cj:yfsf] 
jf]6 df6f]df ldnfO{G5 . xl/of] dnsf] k|of]hgsf] nflu ljp afSn} u/L 5g'{ kb{5 . jfnL cg';f/ 
ljp b/ km/s km/s x'G5 . 9}+rf sf] xsdf ;dfGot $) ls=u|f= k|lt x]S6/ l;kmfl/; u/]sf] kfOG5 .

aflx/af6 NofO{ k|of]u ul/g] xl/of] dn
o; tl/sf cg';f/ aflx/af6 xl/o} cj:yfdf NofPsf] ljleGg lj?jfx?sf] kft / xf+uf dnsf] ?kdf 
v]lt ul/g] hUufdf vghf]t ;lxt df6f]df ldnfpg] ul/G5 . c;'/f], ltt]kflt, agdf/f, plt;, l;l/;, 
Phf]nf cflbnfO{ o;/L k|of]u ul/ cfPsf] kfOG5 . o; tl/sf cg';f/ g]kfndf k|of]u ug{ ;lsg] 
ljleGg xl/of]dn jfnL / To;df ePsf] vfwtTjsf] dfqf o; k|sf/ 5g\ .

xl/of]dn jfnL gfO{6|f]hg -%_ km:kmf]/; -%_ Kff]6f; -%_

ltt]kflt (Artemesia  vulgaris ) @=$ )=$@ $=(

c;'/f] (Adhatoda  vasica) $=# )=** $=$(

Jfgdf/f (Eupatorium  gladios) @=#% )=&! #=(*

Olkn Olkn (Leucaena  spp) @=)–$=# )=@–)=$ !=#–$

Phf]nf (Azolla  spp) #=)–%=) !=) @=)–#=)

l;l/; (Albizzia  lebbek) @=( )=^% @=%(

Tff/fd08n (Helianthus  annus) $=(^ )=*& %=@#

lv/f]{ (Holarrhwa  spp) @=* )=&( @=*(
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xl/of]dn jfnL s:tf] x'g' kb{5 <
   xnSs} a9\g] vfnsf], 
   yf]/} ;dodf w]/} xl/of] kbfy{ kfpg] vfnsf], 
   hldgnfO{ rfF8} 9fSg] vfnsf], 
   sdnf], 
   emf/nfO{ pl5Gg] / emf/sf] k|sf]k sd u/fpg] vfnsf], 
   ulx/f] h/f hfg] vfnsf], 
   jfo'd08nLo gfO{6«f]hg l:yl/s[t ug{ ;Sg] / 
   ljifd xfjfkfgLdf klg a9\g ;Sg] vfnsf] x'g' kb{5 .

xl/of]dn k|of]u ubf{ Wofg lbg' kg]{ s'/fx?
   :ynut xl/of] dnsf] ?kdf k|of]u ul/g] jfnL ulx/f] h/] jfnL x'g' pko'St x'G5 .
   jfnL k|0ffnLdf g} xl/of] dn jfnL ;dfj]z ug{ /fd|f] x'G5, t/ xl/of]dn eGbf cGo jfnL af6 
al9 kmfobf x'g] cj:yfdf aflx/af6 NofO{ xl/of] dn k|of]u ul/bf nfek|b x'g;S5 .

   l;+rfO{ ;'ljwf gePsf] cj:yfdf, hldgdf pko'St lr:ofg ePsf] ;dodf cyjf xn'sf l;+rfO{ 
u/]/ xl/of] dn jfnL nufpg' k5{ / k|z:t lr:ofg ePsf] j]nfdf dfq xl/of] dn df6f]df 
ldnfpg' k5{ .

   d'Vo jfnL df jfg:klts a[l4 x'g] cj:yf / al9 gfO{6|f]hg rflxg] cj:yfdf s'lxg] k|s[of rfn' 
/xg] ul/ xl/of] dn df6f]df ldnfpg' Tolt pko'St x'b}g, To:tf] cj:yf cfO{k/]df aflx/ af6 
gfO{6|f]hg o'St dn /fVg' kg]{ cfjZos x'G5 . 

xl/of] dnsf] k|of]un] s] u5{ <
   df6f]df k|fFufl/s kbfy{ yKg' sf] ;fy} la?jfnfO{ cfjZos kg]{ ;a} vfBtTj pknAw u/fp5 .
   df6f]df ;"Idh}ljs s[ofsnfk a9fO p;sf] pTkfbg Ifdtf a9fp5 .
   e"–Ifo lgo+q0fdf ;xof]u ub5{ . 
   df6f]af6 r'lxP/ uPsf vfBtTjx?sf] arfj6 ub5{ . 
   dxuf] /f;folgs dnsf] cfjZostf s6f}lt ub5{ .
   l;dfGt e"ld tyf jfnL rs|df vfnL /x]sf] hUufsf] ;b'kof]u ub5{ .
   bnxg hftLo xl/of] dn ePdf xfjfsf] gfO{6|f]hgnfO{ df6f]df l:yl/s/0f ub5{ .
   df6f]sf] ef}lts, /;folgs / h}ljs u'0fdf ;'wf/ Nofp5 .
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Uf8\of}n] sDkf]li6· k|ljlw
									       
!= u8\of}n] dn
Uf8\of}n] dn eg]sf] k|fËfl/s kmf]x/nfO{ 
+-;fu;AhL, 3fF;kft,kmnk"mn cflbsf kmf]x/_ 
laif]z vfnsf] u8\of}nfn] vfP/ krfP/ lai6fsf] 
?kdf kmfNg] sfnf] ;–;fgf kf]t]sf] bfgf h:tf] 
Æsfi6Æ / o;;+u un]/ ;8]/ ag]sf] sDkf]i6 
dnsf] ;ld>0f g} Uf8\of}n] dn elgG5 . o;/L] 
u8\of}nfnfO{ kmf]x/ v"jfP/ dn agfpg] 
k|ljlwnfO{ g}  Uf8\of}n] sDkf]li6Ë elgG5 . w]/} 
jif{ klxn]b]lv g} u8\of}nfnfO{ s[lqd tl/sfn] 
kfNg] / To;sf] pkof]u ul/ Uf8\of}n] dn pTkfbg ug]{ sfd eO/x]sf] 5 . o;/L u8\of}nf kfn]/ dn 
pTkfbg ug{] sfdnfO{ edL{ sNr/ elgG5 . ef/t nufot cGo d'n'sx?df edL{ sNr/sf] yfngL w]/} 
jif{ klxn] b]lv z'? ePsf] xf] . xfn g]kfndf klg sf7df08f} nufot b]zsf s]lx zx/L tyf u|fdL0f 
If]qx? ldy]gsf]6, ufunkmlb h:tf u|fdL0f / t/fO{sf s]xL If]qx?df edL{ sNr/ k|ljlw ckgfP/ 
edL{ sDkf]i6 pTkfbg eO/x]sf] 5 .

u8\of}nf ljleÌ k|hfltsf x'G5g\ / ;+;f/df sl/a $))) k|hfltsf u8\of}nfx? kfOG5g\ . oL u8\
of}nfnfO{  b'O{ efudf laefhg ug{ ;lsG5 .

-s_ 	P08f]h]Os
	 oL k|hfltsf] u8\of}nf hdLgsf] leqL efudf kfOG5 / df6f] dfq vfg] ub{5 . t;y{ oL k|hfltsf] 

u8\of}nf edL{ sNr/df k|of]u ul/b}g . df6f]df b]lvg] hlt klg u8|of}nfx? 5g\ tL ;a} oxL 
k|hfLtsf x'g\ .

-v_ 	OkLh]Os
	 oL k|hfltsf] u8\of}nf hdLgsf] ;txdf a:5g\ / h}las kbfy{ dfq vfG5g\ . t;y{ edL{ 

sNr/sf] nflu oxL k|hfltsf] u8\of}nfsf] k|of]u ul/G5 . edL{ sNr/sf] nflu k|of]u x'g] u8\
of}nfx? lgDg k|sf/sf 5g\ .

	 != Ol:gof kmf]Ol68f -Eisenia foetida_
	 @= o'l8«n; o'lhlgon -Eudrillus eugineal_ 
	 #= k]l/of]gS; PS:ofe]6;\ -Perionyx excavatus_
	 $= n'la|s; /]a]n;\ -Lumbricus rebellus+_
	 %= Nofdlk6f] Dofpl/6L -Lampito mauritti_
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OkLh]Os k|hfltsf u8\of}nfsf] laz]iftfx? M
oL k|hfltsf u8\of}nfx? sl/a @÷# O{Gr 
nfdf], dl;gf]. /ftf] / km';|f] kx]+nf] /+u 
/ zfGt :jfefasf] x'G5 . o;sf] nflu 
!))–#@) ;]lG6u|]8 tfks|d tyf @)–^)
Ü cf]l;nf]kgf ePsf] 7fFp pko'St x'G5 . 
o;n] hlGdPsf] $)–$% lbgkl5 ;Gtfg 
pTkfbg ug{ z'? u5{ . u8\of}nfdf c? 
k|f0fL h:t} efn]kf]yL 5'l§b}g . Pp6} u8\
of}nfdf efn]kf]yL x'G5 / ;++;u{ kZrft 
b'a}n] km'n kf5{g\ . +;+;u{ ePkl5 k|To]s 
@÷# lbgsf] lardf Pp6f km'n -sf]sf]g_ kf5{ . of] km'n kfg]{ k|lsof $÷^ xKtf;Dd nuftf/ rln/xG5 . 
Pp6f c08faf6 #–% j6f aRrf lg:s5 t/ afFRg] k|ltzt w]/} sd x'G5 . o;sf] hLjg rqm !%)–!*) 
lbgdf k'/f x'G5 . Pp6f jo:s u8\of}nfsf] tf}n !–!=% u|fd ;Dd x'G5 . plrt jftfj/0f, af;:yfg 
/ vfgfsf] /fd|f] aGbf]a:t ePdf Pp6f jo:s u8\of}nfn] ! lbgdf ;fnfvfnf !–& u|fd vfG5 / 
)=*–^ u|fd ;Dd dn pTkfbg u5{ . t;y{ ! lsnf]u|fd u8\of}nfn] k|ltlbg sl/a )=*–^ s]=hL ;Dd 
dn [pTkfbg u5{ .

@= u8\of}n] dn pTkfbg ug]{ tl/sf
@=! 	:yfg
	 Uf8\of}n] dn pTkfbg ug{ ;aeGbf 

klxn] u8\of}nf kfNgsf] nflu :yfgsf] 
Joj:yf x'g'kb{5 .  Uf8\of}nfnfO{ 
3/ leq jf v'Nnf 7fFp b'a}df kfNg 
;lsG5 . 3/ leq u8\of}nf kfNbf s'g} 
klg efF8f h:t} sf7sf] afs;, afF;sf] 
6f]s/L, af6f, l;d]G6sf] 6k, 8fnf] 
cfbLdf k|of]u ug{ ;lsG5 . u8\of}nf 
kfNg] efF8f ljleÌ cfsf/ / Ifdtfsf] 
ePtfklg efF8fsf] rf}8fO{÷prfO{ !÷! lkm6 ePsf] / lkwFdf kfgL r'lxg] Joj:yf ePsf] x'g'kb{5 .  
3/ aflx/ v'Nnf 7fFpdf u8\of}nf kfNbf 5fFof ePsf] 7fFp jf 5fgfsf] Joj:yf ePsf] 7fFpsf] 
k|of]u ug{ ;lsG5 . Joj;flos ?kdf u8\of}n] dn pTkfbg ug{ kfgLsf] lgsf;f ePsf] sl/a 
# lkm6 nDafO{, @ lkm6 rf}8fO{ / !=% lkm6 prfO{ ePsf] 6+Øfl°sf] Joj:yf ug'{k5{ .

@=@ 	cf]5\ofgsf] Joj:yf
	 Uf8\of}nf kfNg] efF8fdf cf]5\ofgsf] Joj:yf x'g'kb{5 . cf]5\ofg jf ;f]Tt/sf] nflu #÷$ OGr hlt 
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afSnf] h'6, k/fn,gl/jnsf] h§f, ;'tLsf] sk8f,sf7sf] w"nf] h:tf a:t'sf] k|of]u ul/ g/d 
cf]5\ofg nufO{ lbg' kb{5 . 

@=# 	Uff]a/÷k'/fgf] dnsf] k|of]u
	 Uff]a/ cyjf k'/fgf] dn @÷# d'¶L 5sL{ lbg' kb{5 . uf]a/ lzz' u8\of}nfsf] cfxf/f xf] eg] k'/fgf] 

dndf ePsf] ;'Id lhjf0f'n] kmf]x/nfO{ l56f] s'xfpg ;xof]u ub{5 .

@=$ lr:ofg agfpg]
	 cf]5\ofg jf ;f]Tt/ / uf]j/nfO{ kfgLn] /fd|/L lehfpg' kb{5 . ;'Vvf jf a9L kfgL ePsf] 7fpFdf 

u8\of}nf afFRg ;Sb}g . a9L kfgL ePsf] v08df u8\of}nf kfgLdf 8'a]/ dg{ ;Sb5 lsgeg] u8\
of}nfn] cfk\mgf] 5fnfaf6 ;f; km]b{5 . a9L ;'Vvf ePdf klg u8\of}nf ;'s]/ dg ;Sb5{ lsgls 
u8\of}nfsf] zl//df nueu *)Ü kfgL g} 5 .

@=% h}ljs kmf]x/ /fVg]
	 o;/L agfPsf] cf]5\ofg jf ;f]Tt/ dfly Ps xft prfO{ ;Dd h}ljs kmf]x/ xfNg' kb{5 . Ps 

xft prfO{ eGbf a9L kmf]x/ xfNg' x'Fb}g . a9L kmf]x/ xfNbf kmf]x/ s'lxg] j|mddf tfkj|md a9\g 
uO{ u8\of}nf pSt kmf]x/df hfg ;Sb}g / dn aGg klg l9nf] x'G5 . u8\of}nfnfO{ h}ljs kmf]x/ 
xfNg' eGbf klxn]] kmf]x/nfO{ s]lx lbg To;} aflx/ /flv clnslt s'xfpg] / kfgLsf] dfqf sd 
x'g lbO{ k|of]u ubf{ u8\of}nf dg]{ vt/f sd x'G5 . ;a}eGbf /fd|f] h}ljs kmf]x/nfO{ @ xKtf hlt 
s'xfP/ kmf]x/ u8\of}nfnfO{ k|of]u ubf{ /fd|f] x'G5 .

	 kmf]x/ leqsf] jftfj/0f l7s 5 ls 5}g elg hfFRgsf] nflu yf]/} u8\of}nf / dn Ps 5]pdf 
/flvlbg], olb jftfj/0f cg's'n ePdf !)÷!% ldg]6df u8\of}nf kmf]x/ leq hfG5 . olb u8\
of}nf leq uPg eg] To; leqsf] jftfj/0f u8\of}nfsf] nflu cg's'n gePsf] s'/f a'‰g ;lsG5 
/ To; kmf]x/nfO{ k|of]u gul/ s]lx lbg To;} /flv5f]8\g' kb{5 . 

@=^ edL{ sNr/df Ol:gof kmf]Ol68fsf] -Eisenia fotida_ k|of]u
	 Ol:gof kmf]Ol68f edL{ sNr/sf] nflu ;a}eGbf a9L k|of]u x'g] k|hfltsf] u8\of}nf xf] . of] 

k|hfltsf] u8\of}nf c? k|hfltsf] u8\of}nfx? eGbf l56f] vfgf vfg], kfrg l56f] ug]{ Ifdtf 
ePsf] / l56f] dn pTkfbg ug]{ ePsf]n] edL{ sNr/df o; hfltsf] a9L k|of]u ePsf] b]lvG5 . 
!) lkm6 nDafO{ / ! xft prfO{ ePsf] edL{ sDkf]i6sf] a]8df cf};t $)) b]lv %)) s]hL kmf]x/ 
x'G5 . pSt kmf]x/nfO{ $)–%) lbgdf u8\of}nfnfO{ v'jfpg' 5 eg] sl/a % lsnf] u8\of}nf 
rflxG5 . yf]/} u8\of}nf eof] eg] dn aGg w]/} ;do nfU5 / w]/} u8\of}nf eof] eg] klg ljz]if 
s]lx kmfO{bf x'Fb}g .
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@=& 5f]Kg]sf] Joj:yf ug]{
	 Uf8\of}nf /fvL ;s]kl5 h'6sf] af]/f jf k/fnn] 5f]Kg] Joj:yf ldnfpg' kb{5 . Uf8\of}nf 5f]8]kl5 

dl;gf] ul/ sf6]sf] h}ljs kmf]x/n] sl/a $ O{Gr afSnf] ul/ 5f]kL lbg' kb{5 . u8\of}nfn] vfg] 
sfd a]8df ub{5 eg] sfli6Ë a]8sf] dflyNnf] ;txdf cfP/ ub{5 . ;fy} u8\of}nf cWof/f]df 
dfq a:g] x'Fbf k|sfz l5/]df jf pHofnf] ePdf aflx/ cfpFb}g . t;y{ edL{ sNr/ u/]sf] efF8f 
5f]lklbgfn] u8\of}nf Tolx kmf]x/df /x]/ nuftf/ vfg kfpF5 / dfly cfP/ dn pTkfbg jf 
sfli6Ë ub{5 .
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#= u8\of}n] dn ;+sng ug]{ tl/sf
Uf8\of}nfn] kmf]x/ vfP/ lb;f ub{5 / Tof] lb;f g} u8\of}n] dn xf] . ;fdfGotof Uf8\of}nf kfn]sf] 
#÷$ dlxgf kl5 o:tf] dn ;+sng ug{ ;lsG5 . ev{/ lgsfn]sf] dn sfnf], lrKnf] vfnsf] / ;fgf] 
kf]t]sf] bfgf h:tf] b]lvG5 . u8\of}n] dn b'O{ tl/sfaf6 ;+sng ug{ ;lsG5 .

-s_ 3f]K6\ofpg] / 5'6\ofpg] tl/sf
	 dn ;++sng ug]{ a]nf ;a}eGbf klxn] 9sgL x6fP/ ;txsf] vfg]s'/f ;a} lgsfNg' kb{5 . 

vfg]s'/f ;a} l´ls;s]kl5 Knfli6s jf sk8f jf sfuh s]xL la5\ofO{ To; dfly efF8fdf ePsf] 
u8\of}nf ;lxtsf] dn 3f]K6\ofpg] / To;nfO{ r'nL kf/]/ y'kfg'[{ kb{5 . y'k|f]nfO{ % ldg]6 hlt 
k|sfzdf To;} 5f]8\g] h;n] ubf{ Uf8\of}nf tNnf] efudf hDdf x'g hfG5 . dflyaf6 dn c+h'nLn] 
l´s]/ Pp6f cnu efF8fdf /fVg ;lsG5 . o;/L dn ;a} lemSb} hfg] / cGtdf u8\of}nfsf] 
em'Kkf dfq ePsf] y'k|f] afFsL /xG5 . Uf8\of}nfnfO{ klxn] h:t} ul/ efF8fdf /fvL kfNg ;lsG5 .

-v_ u8\of}nf cfkm} 5'l§g] tl/sf
	 Dfly n]lvP h:t} 9sgL x6fP/ ;txsf] vfg]s'/f ;a} kG5fpg] . To;kl5 u8\of}nf ;lxtsf] 

dn efF8fsf] Ps 5]paf6 ;f/]/ csf]{lt/ y'kf{g] / afFsL efu vfnL ug'{ kb{5 . vfnL 7fpFdf 
k'/fgf] jf gofF la5\of}gf /fv]/ To;dfly uf]a/ / h}las kmf]x/ ld;fO{ Ps xft prfO{ ;Dd 
/fVg' kb{5 . k'/fgf] y'k|f]df vfg]s'/f gkfP/ u8\of}nfx? gofF y'k|f]lt/cfFpb5 . !)÷!%lbgkl5 
k'/fgf] y'k|f]lt/ dn dfq afFsL /xG5 . To;kl5 dn lems]/ u8\of}nfsf] km'n -sf]sf]g_ af6 aRrf 
lgsfNg csf]{ efF8fdf ;+sng ug'{ kb{5 . dn tof/ ePsf] !–@ dlxgf kl5 dfq k|of]u u/]df 
u8\of}nfsf] sf]sf]g af6 aRrf u8\of}nf ;+sng ul/ kmfO{bf lng ;lsG5 .

$= dnaf6 aRrf u8\of}nf lgsfNg] tl/sf
u8\of}nfsf] dn;u+ y'k|} u8\of}nfx? / sf]sf]gx? X'G5g\ . t;y{ dn t'?Gt} k|of]u ug'{ x'Fb}g lsgls 
o; k|ljlwdf u8\of}nfx?sf] pTkfbg / a[l4 ug{ plQs} cfjZos ePsf]n] ;+slnt dnnfO{ Pp6f 
cnUu} efF8fdf /fVg' kb{5 . $–^ xKtf leq sf]sf]g af6 aRrf u8\of}nf lg:sg yfNb5 / lzz' u8\
of}nfx? 7'nf eO;s]sf x'G5g\ .ca oL u8\of}nfx?nfO{ 5fg]/ dn k|of]u ug{ ;lsG5 .

%= u8\of}nf kfngdf Wofg lbg'kg]{ s'/fx?
-s_ 	cldnf] k|hfltsf] kmnx? /fVg' x'Fb}g .
-v_ 	sldnf -/ftf] sldnf_ u8\of}nfsf] zq' ePsf]n] e/;s u'lnof] vfg]s'/f /fVg' x'Fb}g .
-u_ 	df;'÷df5fhGo vfg]s'/f jf ltgaf6 lgl:sPsf] kmf]x/ k|of]u ug'{ x'Fb}g .
-3_ 	t]nhGo vfg]s'/f k|of]u ug'{ x'Fb}g .
-ª_ 	kmf]x/ xfNbf ;s];Dd 6'qmofP/ jf sf6]/ k|of]u ug'{kb{5 .
-r_ 	u8\of}nfx? w]/} ;'Vvf jf w]/} lr:ofg ePsf] 7fFpdf a:g g;Sg] ePsf]n ;s];Dd cf]l;nf] x'g] 

ul/ kmf]x/ /fVg' kb{5 .
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-5_ 	u8\of}nf !)–#@ l8u|L ;]lN;o; ePsf] tfkqmddf dfq a:g ;Sg] ePsf]n] tfkqmdsf] ljz]if 
Vofn /fVg' kb{5 .

-h_ d';f, 5]kf/f], sldnf, kfNt' hgfj/af6 u8\of}nfnfO{ gf]S;fg ug]{ ePsf] x'Fbf To;af6 arfpg' 
kb{5 .  

^= u8\of}n] dnsf kmfO{bfx?
edL{ sDkf]li6Ë ubf{ kmf]x/df ePsf] kf}li6s tTj %–!)Ü dfq u8\of}nfn] lnG5 afFls ;a} sfi6 -u8\
of}n] dn_ ;+u lg:sG5 . t;y{ dndf ()–(%Ü vfB tTjn] el/k"0f{ x'G5 . ;fy} dnl;t Ps k|sf/sf] 
lrNnf] Do"s; klg lg:sG5 h;df c;+Vo nfebflos ;"Id lhjf0f' x'G5 . o;/L dndf ePsf] ;a} 
k|sf/sf] vfBtTj / Do"s;n] ubf{ u8\of}n] dn df6f] / af]6la?jfsf] nflu Hofb} pkof]lu x'G5 .

^=! 	Eff}lts u'0f
	 Uf8\of}n] dn bfg]bf/ -;fgf] kf]t]sf] bfgf h:t}_ sfnf] /+usf] g/d x'G5 . of] dn uGw /lxt 

x'G5 . Uf8\of}n] dndf ePsf] Do"s;n] df6f]df xfjfsf] cfudg / kfgL ;f]:g] zlSt a9fOlbG5 . 
s8f vfnsf] df6f]nfO{ xn'sf agfO{ xfjfsf] cfudgdf ;xof]u ub{5 . tof/L Uf8\of}n] dnsf] 
cf]l;nf]kgf @)–#)Ü x'G5 . o;n] df6f]df ;'Id lhjf0f'sf] ultljlw a9fO{ af]6lj?jfnfO{ cfjZos 
vfBtTj lng ;xof]u ub{5 .

^=@ 	/;folgs u'0f
	 o;df af]6lj?jfsf] nflu cfjZos kg]{ ljleÌ vfB tTjx? kfO{G5 .
	 gfO{6«f]hg M !=&%–@=%) Ü
	 kmf]:km/; M !=%)–@=)) Ü
	 kf]6fl;od M !=@%–!=&% Ü
	 sfj{g gfO{6«f]hg cg'kft M !@–!%M!
	 kL=Pr M &=)–&=%
	 SoflN;od,DofUg]l;od / uGws M #–%Ü
	 kmnfd, DofGufg]h, tfFjf / h:tf M @))–&)) lk=lk=Pd=
	 Df]lnj8]gd, ;'xfu,/ sf]jfN6 M kof{Kt dfqfdf 3'ngzLn cj:yfdf pknAw x'G5 .

^=# 	h}ljs u'0f
	 Uf8\of}n] dndf ljleÌ lsl;dsf ;'Id hLjf0f' kfO{G5 .
	 JofS6]l/ofsf] ;+Vvf M !)!)eGbf a9L 
	 PlS6gf] dfO{l;6, Phf]6f] AofS6/, /fO{hf]ljod, kmf]:km]6 ;f]n'lj/fO{h/ / gfO{6«f] AofS6/sf]  

;+Vof M nueu !)%–!)&;Dd
	 lha/lng, clS;gf]S;, / ;fO{6f]sfOlgg M k|ofKt dfqfdf
	 kmªu;\ -9'l;_ M w]/} k|sf/sf] nfebflos
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Pp6f ufO{{ jf e}+;Laf6 k|fKt x'g] gfO6«f]hg dWo] d"qdf uf]a/sf] eGbf em08} b'O{ u'0ff x'G5 . 
pbfx/0fsfnflu Pp6f ufO{{nfO{ !)) efu gfO6«f]hg v'jfOof] eg] @) efu To;sf] z/L/sf] kf]if0fdf 
k|of]u x'G5, *) efu d"q / uf]a/af6 aflx/ lgl:sG5 . uf]a/ / lk;fadf lg:sg] *) efudWo] 
%@ efu d"qdf / afFls @* efu uf]a/df /xG5 . 

u8\of}n] dndf ePsf] Do"s;n] ubf{ v's'nf] df6f]sf] s0fnfO{ hf]8]/ /fVg ;fy} lrD6fO{nf] df6f]nfO{ 
v's'nf] agfpg ;Sg] x'Fbf df6f]df h}ljs ultljlw a9fpg d2t ub{5 . edL{ sDkf]i6 df6f];+u ldn]/ 
df6f]df kfgL ;f]:g] Ifdtf a9fO{lbG5 . df6f]df kof{Kt dfqfdf cf]l;nf]kg /xg] x'Fbf h}ljs ultljlw 
;'rf? ?kn] ;+rfng x'G5 .

&= dnsf] k|of]u
Ufx'F, hf}, ds}, tf]/L, rgf / kmfk/ h:tf cÌ afnLsf] nflu k|lt x]S6/ @–# d]= 6g k|of]u ug{ ;lsG5 . 
t/sf/L afnLsf] nflu #–% 6g k|lt x]S6/ / kmnkm'n af]6sf] nflu %–!) s]hL k|lt af]6sf b/n] 
k|of]u ug{ ;lsG5 . s/];faf/L, 3/]n' au}rf tyf udnfdf !))–@)) s]hL k|lt ju{ lsnf]ld6/sf b/n] 
k|of]u ug{ ;lsG5 . dlnnf] df6f] / l;+lrt hUufdf !–@  6g k|lt x]S6/ / ;'Vvf hUufsf] nflu 
@–# 6g k|lt x]S6/sf b/n] k|of]u ug{ ;lsG5 . 

esf/f] ;'wf/ / kz' d'qsf] k|of]u
!= k[i7e"ldM
ufO{{j:t'sf] dnd"q, 3fF;kftsf cjz]ifx¿ / ;f]Q/nfO{ uf]7sf] glhs} /fv]/ tof/ kfl/Psf]] dnnfO{ 
uf]7]dn elgG5 . g]kfnsf] sltko 7fpFx¿df ;f]Q/ tyf 3fF;kft k|z:t gkfOg] x'Fbf ufO{e}F;Laf6 
lg:sg] uf]a/ / d"qaf6 dfq klg dn agfOPsf] kfOG5 eg] k|z:t :ofpnf, ;f]t/ kfO{g] 7fpFdf 
:ofpnf ;f]t/ ;d]t Ps} 7fpFdf la36g u/fO{ dn tof/ ul/G5 . h] xf]; ufO{ a:t'sf] uf]a/, d'q tyf 
;f]t/ nfO{ d'Vo >f]tsf] ?kdf lnP/ ;f]t/ :ofpnf ld;fO{ jf gld;fO{ uf]7 ghLs tof/ ul/Psf] 
dnnfO{ uf]7]dn eGg ;lsG5 . of] g]kfndf k|of]u ul/g] d'Vo k|fËfl/s dn xf] .
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uf]j/ / d"qg} uf]7]dnsf k|fylds ;|f]t ePsfn] logsf] ;+/If0fsf]nflu Wofg lbg'kb{5 . uf]j/ dfq 
xf]Og d"q klg hf]ufpg' kb{5 . o;sf]nflu d"q ;f]:g] vfnsf ;fdu|Lx¿ ;f]Q/sf] ¿kdf k|of]u 
ug'{kb{5 . xfd|f] b]zsf] kl/k|]Iodf x]bf{ uf]7x¿ /fd|f];Fu tof/ kfl/Psf xF'b}gg\ . uf]j/sf] k|of]u u/]klg 
d"q e"OFdf g} v]/hfG5 . t/ vfBtTjsf] ¿kdf x]bf{ uf]j/ / d"qsf] a/fa/ dxTj x'G5 . uf]7]dn 
agfpFbf ufO{{a:t'sf] uf]a/, d"q / ;f]Q/nfO{ /fd|f] / ;'/lIft tl/sfn] lj3l6t u/fpg h?/L x'G5 . 
o;sfnflu uf]7 tyf vf8nsf] /fd|f] Joj:yf x'g'kb{5 . /fd|f] uf]7]dn agfpgsf]nflu lgDg s'/fx¿df 
Wofg lbg' kb{5 .

   ufO{{a:t'sf] d"q k"0f{¿kn] ;b'kof]u x'g'kb{5 . o;sfnflu clwstd\ dfqfdf ;f]Q/sf] Joj:yf 
ug{'kb{5 . ;f]Q/ kof{Kt geP esf/fsf] glhs d"q ;ª\sng ug]{ ;fgf] vf8n jf 6°L agfO 
s'n];f]åf/f d"q ;ª\sng u/L l;w} la?jfdf k|of]u ug{ klg ;lsG5 . cyjf ;ª\slnt d"qnfO{ 
uf]7]dndf nu]/ ld;fpg klg ;lsG5 .

   vf8n vGg gldNg] cyjf g;Sg] cj:yfdf dnnfO{ hldgd} y'kf/]/ /fVg ;lsG5 . o;tf] 
cj:yfdf dnsf] jl/kl/ 9'Ëfsf] kvf{n jf sf7kft / :ofpnfn] afg{ klg ;lsG5 . o;f] 
ubf{ dnnfO{ 3fd–kfgLaf6 hf]ufpg ;lsG5 . 3fd kfgLaf6 dnnfO{ hf]ufpg' eg]sf] ;a eGbf 
dxTjk"0f{ s'/f xf] . 

   dn /fd|f];Fu lj3l6t gx'g' Pp6f k|d'v ;d:of ePsf] xF'bf uf]a/dnnfO{ vf8n jf y'k|f]df /fd|f];Fu 
ldnfO /fVg' kb{5 . 

   vf8n of y'k|f]df kfgL cyjf en k:g lbg' xF'b}g . 
   vf8n jf y'k|f]df uf]7]dn y'kfb{} hfg'kb{5 . x/]s xKtf r'nL nfu]sf] dnnfO{ lkmFhfP/ ldnfpg' kb{5
   dnnfO{ 5fgf] lbP/ 3fdkfgLaf6 hf]ufpFbf /fd|f] x'G5 . 5fgf] lbg g;Sg] cj:yfdf vf8n jf 
y'k|f] k'/} el/P kl5 ;s];Dd Knfl:6s jf :ofpnf jf emf/kftn] eP klg dnnfO{ 5f]k]/ /fVg' 
clgjfo{ x'G5 . uf]7]dnnfO{ kN6fpg h?/t kb{}{g .

   lxpFb ofddf k|foMh;f] s[ifsx¿n] af/Ldf uf]7 ;fg]{ ub{5g\ . ufO{{a:t'nfO{ 3fd tkfpg -Gofgf] 
kfg{_ / gn–k/fn af/Ld} v'jfpg o;f] ul/G5 . o;f] ubf{ dn a9L ;'s]/ gf]S;fg x'G5 . a9L 
dfqfdf ;f]Q/sf] k|of]u u/L d"q ;f]:g] Joj:yf ldnfO{ dnnfO{ vf8ndf /fVg'kb{5 . vf8ndf 
/fVg g;Sg] cj:yfdf emf/kftn] g} eP klg dnsf] y'k|f]nfO{ 5f]Kg'kb{5 jf df6f]n] rf/}lt/ 
lnlklbg klg ;lsG5 .

@= kz'd"qsf] k|of]uaf6 x'g] kmfO{bf
s_ 	o'l/of dndf kfOg] gfO6«f]hg tyf Do'/]6 ckm kf]6f;df kfOg] kf]6f;  ;lhn} kl/k"lt{ u/L 7"nf] 

/sd lab]lzgaf6 hf]ufpg ;lsg],
v_ 	kz'd"qaf6 jfg:klts ljiffbL agfP/ afnLgfnLsf] /f]u sL/f Joj:yfkg tyf ;'IdtTjsf] k"lt{ 

ug{ ;lsg], 
u_ 	/f;folgs dn tyf ljiffbLsf] dfqf 36fO{ pTkfbg nfut 36fpg ;lsg],
3_ 	ufO{j:t'sf] esf/f] ;kmf eO{ /f]uJoflw sd x'g] / b"wsf] pTkfbg a9g],
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ª_ 	afnLlj?jfdf k|of]u ubf{ lk;fa;Fu} l;+rfO klg x'g] 
r_ 	uf]a/ UofF;df k|of]u ubf{ ldy]g Uof; a9L pTkfbg x'g],
5_ 	uf]7]dnsf] u'0f:t/ a9fpg ;lsg] .

#= kz'd"qsf] lx;fj
kfFrj6f ufO{j:t' -jo:s / aRrf_ ufO{j:t'sf] lx;fj ubf{, pQm ufO{j:t'af6 k|fKt x'g] kz'd"qdf kfOg] 
gfO6«f]hgsf] dfqfM

lk;fa ;+sng -ln6/_ k|fKt gfO6«f]hg -lsnf]_ a/fa/ o'l/of lsnf]

k|lt lbg k|lt dlxgf k|lt lbg k|lt dlxgf k|lt lbg k|lt dlxgf

@) ^)) )=# ( )=^% !(=%
!)) ln6/ lk;fjaf6 !=%lsnf] gfO6«f]hg kfOG5 / ! lsnf] o'l/ofdf $^ k|ltzt gfO6«f]hg kfOG5 
eg], ! lsnf] o'l/ofsf] nflu #! ln6/ lk;fa hDdf ug'{ kg]{ x'G5 .

t/sf/L] If]=km= -/f]kgL_ cfjZos o'l/of -lsnf]_ cfjZos lk;fa -ln6/_
nfUg] lbg

! ufO{j:t' % ufO{j:t'

! !!=% #%^=% !%@ !&
! af]/f o'l/ofsf]nflu !%## ln6/ lk;fj ;+sng ug'{kb{5 . h'g % j6f ufO{j:t'af6 &^ lbg 
-@=%dlxgf_ df k|fKt x'G5.

$= ufO{j:t'sf] lk;fa ;+sng / ;+/If0f 
ug]{ tl/sfM

   esf/f]sf] e'O{+nfO{ l;d]G6åf/f kSsL agfO{ 
d"q ;+sng 6\of+sLagfP/

   kfOkaf6 Knfli6s 6\of+sLdf hDdf u/]/, 
   uf]7leq s'gfdf ;fgf] vfN6f] agfP/,
   uf]7df afSnf] ;f]:g] ;f]t/ k|of]u u/L d"qsf] 
;+/If0f u/]/ .
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%= ufO{j:t'sf] ux'Ft k|of]u ug]{ tl/sfM
s_	 ! efuufO{j:t'sf] d"qnfO{ lj?jfsf] cj:yfg';f/ $ b]lv * efu kfgLdf ld;fP/ afnL lj?jfdf 

o'l/ofdnsf] ;§f k|of]u ug]{ .
v_	 kz'd"qnfO{ uf]a/UofF; Knf06df k|of]u ubf{ UofF; pTkfbg a9\g'sf ;fy} dnsf] u'0f:t/ ;d]t 

a9\g] .
u_	 ;+slnt kz'd"qnfO{ Knfli6s efF8f]df /fvL cldnf], 6/f]{, tLtf], lk/f] jg:kltx¿ -c;'/f], ltt]kftL, 

gLd, asfOgf], af]emf], s]t'sL, l;:g', ;okqL, agdf/f, cflb_ @% b]lv #% lbg s'xfO{ agfOPsf] 
emf]nnfO{ lj?jfsf] cj:yf cg';f/ ! efudf %–!) efu kfgL ld;fO{ jfg:klts ljiffbLsf] ?kdf 
k|of]u ug{ ;lsg] h;af6 /f]u sL/f Joj:yfkg x'g'sf ;fy} lj?jfnfO{ rflxg] s]xL kf]ifs tTj 
klg k|fKt x'g ;Sg] .

3_	 kz'd"qnfO{ kfgLdf ld;fO{ yf]kf l;FrfOsf] ?kdf o''l/of dnsf] ;§f 6k8«]; ug{ ;lsg].
ª_	 6+sL jf 8«ddf kfgL / lk;fa ld;fP/ kfOkåf/f l;FrfO ubf{ /fd|f] x'g] .
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s[lif r'gsf] k|of]u slt ug]{ M –
df6f]df slt r'g k|of]u ug]{ eGg] s'/f df6f]sf] lk=Pr=, k|f+ufl/s kbfy{sf] dfqf, / df6f]sf] agf}6 cflb 
s'/fx?df e/ kb{5 . ;fwf/0ftof tn tflnsfdf lbOP cg';f/ s[lif r'gsf] k|of]u ug{ lzkmfl/; ul/G5 . 

Dff6f]sf] lk=Pr
   kxf8sf] nflu s]=hL÷/f]=  t/fOsf] nflu s]=hL÷/f]=

anf}6] bf]d6 bf]d6 lrD6fOnf] bf]d6 anf}6] bf]d6 bf]d6 lrD6fOnf] bf]d6

^=$ !% @) @$     * !$ @@

^=# @( $) $*     !% @$ $$

^=@ $# ^) &@     @# #$ ^$

^=) &! (@ !@)     #* %@ !)^ 

%=( *% !!) !$^     $% ^@ !@*

%=* (& !@* !^^     %@ &@ !$^

%=& !)* !$@ !**     %* *@ !^^

%=^ !!( !%* @)*     ^$ () !*$ 

%=% !#) !&) @#)  &) !)) @)) 

%=$ !$) !** @%@  &^ !!) @@) 

%=# !%) @)$ @&$      *! !!* @#*

%=@ !^) @!* @($     *^ !@^ @%$ 

%=! !^( @@* #!$     (! !#^ @&)

%=) !&^ @$) ##$                (^ !$@ @*^

$=( !*$ @%@ #%$             !)! !%) #)@ 

$=* !(! @^@ #&$     !)^ !%* #!^ 

$=& !(( @&@ #()     !!! !^^ ##)

$=^ @)% @*) $)^     !!% !&$ #$)

$=% @!) @() $@)                 !@) !*) #%)  

r'g k|of]u ubf{ Wofg lbg' kg]{ s'/fx? M 
   s[lif r'g jfnL nufpg' eGbf @–# xKtf klxNo} df6f]df ldnfpg' kb{5 . 
   w]/} clDno df6f] (lk= Pr= %=% eGbf sd_ df s[lif r'g k|of]u ubf{ Ps]rf]6L k|of]u gu/L @ k6s 
k|of]u ug'{ kb{5 . 

   s[lif r'gsf] k|of]u df6f] kl/If0f kl5 dfq ug'{ kb{5 .
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Recommendation of nutrient according to the soil test and crop to be grown

S. 
N

Crop

Nitrogen
 Kg/ropani

Phosphorus Kg/
ropani

Potash 
Kg/ropani

Nutrient Status Nutrient Status Nutrient Status
low Medium High low Medium High low Medium High 

1 Rice (irrigated) 5.00 2.50 1.25 1.50 0.75 0.38 1.50 0.75 0.38
2 Rice (unirrigated) 3.00 1.50 0.75 1.00 0.50 0.25 1.00 0.50 0.25

3 Rainy season 
maize 3.00 1.50 0.75 1.50 0.75 0.38 1.50 0.75 0.38

4 Winter maize 4.50 2.25 1.13 2.25 1.13 0.56 2.25 1.13 0.56
5 Potato 11.00 5.50 2.75 7.00 3.50 1.75 5.00 2.50 1.25
6 Vegetables (leafy ) 10.00 5.00 2.50 9.00 4.50 2.25 4.00 2.00 1.00
7 Vegetables (root ) 10.00 5.00 2.50 9.00 4.50 2.25 4.00 2.00 1.00
8 Green pea 0.75 0.38 0.19 2.00 1.00 0.50 6.00 3.00 1.50
9 Cucumber 7.00 3.50 1.75 2.00 1.00 0.50 5.00 2.50 1.25

10 Summer squash 12.00 6.00 3.00 9.00 4.50 2.25 3.00 1.50 0.75

11 Tomato  (Srijana 
variety) 10.00 5.00 2.50 9.00 4.50 2.25 4.00 2.00 1.00

12 Tomato  (dwarf 
variety) 10.00 5.00 2.50 10.00 5.00 2.50 7.50 3.75 1.88

13 Brinjal 10.00 5.00 2.50 9.00 4.50 2.25 4.00 2.00 1.00
14 Ladys finger (okra) 10.00 5.00 2.50 9.00 4.50 2.25 3.00 1.50 0.75
15 Caluliflower (local) 10.00 5.00 2.50 6.00 3.00 1.50 4.00 2.00 1.00

16 Caluliflower 
(hybrid) 10.00 5.00 2.50 6.00 3.00 1.50 5.00 2.50 1.25

17 Cabbage 12.00 6.00 3.00 9.00 4.50 2.25 4.00 2.00 1.00
18 Bean 4.00 2.00 1.00 6.00 3.00 1.50 3.00 1.50 0.75
19 Bitter gourd 10.00 5.00 2.50 6.00 3.00 1.50 3.00 1.50 0.75
20 Cowpea 4.00 2.00 1.00 6.00 3.00 1.50 2.00 1.00 0.50
21 Bell pepper 10.00 5.00 2.50 5.00 2.50 1.25 5.00 2.50 1.25
22 Onion 12.00 6.00 3.00 9.00 4.50 2.25 4.00 2.00 1.00
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Recommendation for micronutrients

For Zinc
Zinc sulphate heptahydrate (Zn 21%) @ 20 kg/ha

For Copper
Copper sulphate @ 1.5 – 2 kg/ha

For Iron
Ferrous sulphate @ 15 kg/ha

For Manganese
Foliar spray of 0.5% Manganese sulphate solution

For Boron
Borax (sodium tetraborate) @ 10 kg/ha

For Molybdenum
Sodium Molybdate @ 2- 4 kg/ha
or
Ammonium Molybdate @ 2 – 3 kg/ha
Note: If the micronutrients content in the soil is high there is no need of application of 
the nutrients. If it is medium the application of the micronutrients should be ¼ of the 
recommendation and if it is low the full of recommended dose of the nutrients should be 
recommended.

cGt/fli6«o wfg afnL cg';Gwfg s]Gb| lkmlnlkG;af6 k|sflzt k':ts Nutrient Disorder and 
Nutrient Management in Rice eGg] k':tsdf wfg afnLsf] nflu laleGg ;'Id tTjsf] qmlGts 
l;df o; k|sf/ lbO{Psf] 5 M

ljj/0f df6f]df vfBtTjsf] dfqf -ld=u|f=÷s]=hL=_
lh+s  tfdf af]/f]g kmnfd

qmflGts l;df < 0.80 0.20-0.30 0.50 5.0-25.0
hfFr tl/sf DTPA DTPA Hot water extraction DTPA
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dnvfbsf] dfqf lx;fa ug]{ t/Lsf
kl/ro
cfw'gLs s[lif k|0ffnLdf df6f] kl/If0f kl5 dfq s'g dn slt dfqfdf v]t af/Ldf /fvg] eGg] yfxf 
kfOG5 . df6f] kl/If0f kZrft df6f] kl/If0f k|of]uzfnfn] dnvfb l;kmf/L; ug{ gfO{6«f]hg km:kmf]; 
/ kf]6f; tTjsf] ?kdf l;kmf/L; u/]sf] x'G5 . To;k5L ;f] dfqf k'/f ug{ ahf/df pknAw dnx? 
h:t} o'/Lof, l8=P=kL=, Do'/]6 ckm kf]6f;, ;f]gf, ;u/dfyf, Pdf]gLod ;Nkm]6 dn slt /fVg' k5{ eg]/ 
lx;fa u/]/ lgsfNg' k5{ . o; qmddf stL hUufdf dn k|of]uug]{, s'g dn k|of]u ug]{ eGg] s'/f 
dnvfbsf] dfqf lgsfNg] ;fwf/0f lx;fa u/]/ kQf nufpg ;lsG5 . o;sf] nfuL s]xL ?kfGt/ nfO{ 
;d]t 1fg x'g cfjZos 5 .

! x]S6/ Ö !)))) a=dL=
! x]S6/ Ö #) s7\7f, @) /f]kgL
! /f]kgLÖ %)) a=dL=
! s7\7f Ö ###=## a=dL=

/;folgs dndf x'g] vfBtTjsf] dfqf
o'/Lof Ö $^ Ü gfO6«f]hg
l8=P=kL= Ö !* Ü gfO6«f]hg / $^Ü km:kmf]/;
Do'/]6 ckm kf]6f; Ö ^) Ü kf]6f;
Pdf]gLod ;Nkm]6 Ö @!Ü  gfO6«f]hg
;f]gf Ö @) Ü gfO6«f]hg / @)Ü km:kmf]/;
;u/dfyf Ö @) Ü gfO6«f]hg / @) Ü km:kmf]/;
l6=P;=kL=Ö $* Ü km:kmf]/;
dnvfbsf] dfqf PsLs lgod jf ;'q b'a} k|of]u u/]/ lgsfNg ;lsG5 . Psdfq tTj ePsf] dn h:t} 
o'/Lof sf] lx;fa lgsfNg s]xL ;hLnf] x'G5 eg] b'O{ j6f tTj ePsf] h:t} l8=P=lk= dnsf] lx;fa 
lgsfNg s]xL sl7g x'G5 . o:tf] cj:yfdf l8=P=kL= af6 km:kmf]/;sf] k'/} dfqf lgsfnLG5 / o; 
af6 k|fKt x'g] gfO6«f]hgnfO{ k|of]u ug'{ kg]{ k'/f gfO{6«f]hg af6 36fO{ af+sL  gfO{6«f]hg lgsfnLG5 . 

k|of]uzfnfdf dnvfb l;kmf/L; ubf{ gfO{6«f]hg , km:kmf]/; / kf]6f; ls=u|f=÷ x]S6/sf b/n] u/LG5 . 
o:tf] ca:yfdf klxn] cfjZos dnsf] dfqf x]S6/df lgsfnL slt hUufsf] nfuL rfxLg] xf] kl5 
xL;fa u/L lgsfNbf /fd|f] x'G5 . 

pbfx/0f
!= 	 wfg afnLsf] nfuL !))– #)– #) ls=u|f= gf=km=kf] ÷ x]= sf b/n] l;km/L; u/LPsf] 5 , ! /f]kgL 

hUufsf] nfuL slt o'/Lof, l6=P;=lk= / Do'/]6 ckm kf]6f; k|of]u ug'{ k5{ .
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;'q 
cfa:os dnsf] dfqf = !))xl;kmf/L; If]=km=xl;km/L; dfqf

dnvfbdf ePsf] dnsf] Ü

cfjZos o'/Lofsf] dfqf  = !))x!x!))
$^

= @!&=$ sL=u|f o'/Lof÷x]
= @!&=$÷@)   = !)=( sL=u|f o'/Lof÷/f]

PsLs lgod
cj,
$^  ls=u|f gfO6«f]hg kfpg = !)) ls=u|f=o'/Lof cfjZostf kb{5

! ls=u|f gfO6«f]hg kfpg = 
!))ls=u|f=o'/Lof cfjZostf kb{5

$^

!)) ls=u|f gfO6«f]hg kfpg = 
!))x!))  ls=u|f=o'/Lof cfjZostf kb{5

$^

= @!&=$ sL=u|f o'/Lof÷x]
= @!&=$ ÷@)  = !)=( sL=u|f o'/Lof÷/f]

cfaZos l6=P;=lk= sf] dfqf

cfaZos l6=P;=lk= = !))x!x#)
$*

= ^@=% ls=u|f l6=P;=lk= ÷x] 
= ^@=% ÷@) = #=! ls=u|f l6=P;=lk= ÷/f]kgL

cfaZos Do'/]6 ckm kf]6f; = 
!))x!x#)

^)

= %) ls=u|f Do'/]6 ckm kf]6f; ÷x] 
= %)÷@) = @=% ls=u|f Do'/]6 ckm kf]6f; ÷/f]kgL
To;}n] cfjZos dnsf] dfqf
o'/Lof  Ö!)=(
l6=P;=kL= Ö #=! ls=u|f=

Do'/]6 ckm kf]6f;Ö @=% ls=u|f=
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ljleGg /;folgs dnx?df x'g] vfBtTjsf] dfqfM

dnsf] gfd
;Dk"0f{ 

gfO6«f]hg 
-%_

;Dk"0f{ 
km:kmf]/; -%_

;Dk"0f{ 
kf]6fl;od 

-%_

lr:ofg 
-%_

lk=Pr=
lh°
-%_

;Nkm/
-%_

o'l/of 46 – – – – – –
Pdf]lgod 
;Nkm]6

21 – – – – – 20 b]lv25

sDKn];n 20 20 – – – – –
slDKn6 19 19 10 – – – –
l8=P=lk= 18 46 – – – – –
Pd=cf]=lk= – – 60 – – – –
P;=cf]=lk= – – 50 – – – –
P;=P;=lk= – 16 – – – – –
l8=P;=lk= – 32 – – – – –
l6=P;=lk= – 48 – – – – –
lh° ;Nkm]6 – – – – – 22 b]lv 25 –
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k|f·fl/s dnsf] dfkb08
    Vermicompost Others Grannular

1 Go"gtd hDdf gfO6«f]hg (N) % 
(oven dry basis)

2=0  1=5  1=5

2 Go"gtd hDdf kmf]:kmf]/; (P205)%  
(oven dry basis)

0=75  0=5  0=5

3 Go"gtd hDdf kf]6f; (K20)% 
(oven dry basis)

2=0  1=5  1=5

4 lr:ofg %  (oven dry basis)  20 —40 ≤30 ≤20

5 k|fËfl/s sfj{g (Organic Carbon 
Ü_ (oven dry basis)

10—20 10–20 10—20

6 sfj{g M gfO6«f]hg (C:N ratio) 
cg'kft

clwstd @)M! clwstd @)M! clwstd @)M!

7 lk= Pr= (pH) ^=% —&=% ^=% —&=% ^=% —&=%

8 /Ë (color) sfnf]—v}/f] sfnf]—v}/f] sfnf]—v}/f]

9 uGw odour (smell)
cGo uGw /lxt, 
df6f] h:tf] ugfpg]

cGo uGw /lxt, 
df6f] h:tf] ugfpg]

cGo uGw /lxt, 
df6f] h:tf] 
ugfpg]

10 /f]usf hLjf0f'x? pathogens z'Go z'Go z'Go

11 d]z cfsf/ :Sjfo/ ldlnld6/ 
(Mesh Size, mm)

!@=% ld=ld × !@=% 
ld=ld

!@=% ld=ld × !@=% 
ld=ld

!@=% ld=ld × 
!@=% ld=ld

  ux|f}+ wft'x? ljz]ift      

12 cf;{lgs Arsenic (As) mg/kg clwstd !) clwstd !) clwstd !)

13 Sofl8od Cadmium (Cd) mg/kg %—!) %—!) %—!)

14 s|f]ldod Chromium (Cr) mg/kg clwstd %) clwstd %) clwstd %)

15 lzzf Lead (Pb) mg/kg clwstd !)) clwstd !)) clwstd !))

16 kf/f] Mercury (Hg) mg/kg clwstd @ clwstd @ clwstd @
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df6f] tyf dn laZn]if0f ubf{ k|lt gd'gf nfUg] z'Ns
df6f] gd'gf laZn]if0f /;folgs dn laZn]if0f k|f·fl/s dn laZn]if0f
df6f]sf] lk=Pr= ? !)÷– s"n gfO{6«f]hg ? #))÷– lk=Pr= ? !@÷– 
gfO{6«f]hg ? *)÷– gfO{6«]6 gfO{6«f]hg ? #))÷– s"n gfO{6«f]hg ? $%)÷– 
km:kmf]/; ? !))÷– Pdf]lgsn gfO{6«f]hg ? !%)÷– s"n km:kmf]/; ? %))÷– 
kf]6f; ? *)÷– s"n km:kmf]/; ? #))÷– kf]6f; ? $))÷– 
k|f+ufl/s kbfy{ ? !))÷– k\mofS;gn km:kmf]/; kfgLdf 3'ngzLn ? !@))÷– lr:ofg ? @)÷– 
af]/g ? $))÷– kf]6f; STTB ? @%@÷– k|f+ufl/s sfa{g ? !@)÷– 
lh+s ? @%)÷– kf]6f; km\n]d kmf]6f]ld6/ ? $))÷– 
cfO{/g ? @%)÷– 
sk/ ? @%)÷– 
DofugLh ? @%)÷– 
df]lnA8]gd ? $))÷– 
df6f]sf] 6]S;r/ ? #)÷– 
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PHOTOS FOR VISULAL SYMPTOMS OF NURTIENTS DEFICIENCY

B deficiency in cauliflower

Cu deficiency Fe deficiency on lemon - citrus

Mg deficiencyK  deficiency in apple

Ca deficiency in tomato 
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PHOTOS FOR VISULAL SYMPTOMS OF NURTIENTS DEFICIENCY

Mn deficiency-in pea-leaf

N deficiency in maize

S deficiency Zn -deficiency in rice

Mo deficiency - cauliflower

P deficiency
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PHOTOS TO SHOW SOIL MANAGEMENT ACTIVITIES BY SMD

Soil analysis in lab

Soil analysis in mobile van

Monitoring of vermicompostSoil registration in soil campaign
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PHOTOS TO SHOW SOIL MANAGEMENT ACTIVITIES BY SMD

Agricultural State Minister inspecting the mobile van

Lab Training First Soil Day in Kavre

Monitoring of regional soil lab
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