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SOIL ANALYSIS ’ page i
INTRODUCTION

The procedures for soil analysis used in  the Seil Testing and
Plant Analysis Laboratory were established in the garly 19507sk,

Although the chemical principles have not changed, procedures have
been revised in recent years to utilize advances in instrumentation
which allow more accurate and rapid chemical determinations, The

revised procedures are reported in this publication,

A routine test consisting of S separate analyses is performed on
all samples, In addition, S special tests are offered on a request
basis, These tests are applicable only under certain conditions for
which research and calibration work have been conducted. The routine
and special tests consist of the following:

Individual
Routine Test : Special Tests
pH zing
phosphorous. manganese
petassiun ' soluble salts
calcium nitrate-nitrogen
Magnesium . srganic matter
SAMPLE PREPARATION
‘ Soil samples are received in i/2-pint paper cartons. Soil sample
" information sheets are generally packaged with the sample. In the
laberatery, the boexes are epened and placed in drying trays, Twenty~
nine reqular samples plus one control ‘sample are placed in each
drying tray. At this time, the sample is assigned a laboratoery number
which is stamped on the soil information sheet. Samples are numbarad

consecutively each calendar year, beginning with 4 on Januvary 1,

The trays of samples are placed in a drying cabinet through which
tiltered air at room Temperature is drawn. The air can be heated to
-8 C., above room temperature for drying extremely wet zamples,
Samples remain in the drying caobinet euarnight,

Dried samples are crushed with a hammermill-type crushing machine
und passed through a i0-mesh (2-mm opening? stainless steel sieve,
The crushed and sieved samples are placed in the original sample boxas
To await measuring sf subsamples for the variocus andalyses,

- vy a0 rene 4044 Ae nase Seds Ame Simy Sres s et memn avve Gowe Here et aupe

¥Rich, C. 1I. 1955, Rapid soil testing procedures used at Virginia
Polytechnic Institute, Virginia Agr, Exp. Sta. Bull. 475, 8 p.
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The Soil Testing and Plant Analysis Laberatory is certifisd by
the USDA to accept samples froem quarantined areas for analysis,
Samples from these areas are processed in accordance with USDa-
Virginia pest quarantine regulations. Sterilization of so0ll samples
from quarantined areaz is performed in a prescribed wmanner after the
necessary chemical analyses are performed.

ANALYSES-ROUTINE TEST

T —h 0 M S s dmom it oy S 404 S et St Saas ey ase

pH

From the prepared sample, one scoop (20 ml) of seil is measured
into a S0-ml beaker. Twenty milliliters of distilled water are ndded

[for a 4:4 (v/v) ratiol. The sslution is stirred and allowed to sit

for 45 minutes, but no longer than 2 hours. Immediately before
reading, the solution is stirred again. A& pH meter with a glass

electrode assembly is then used for the determination. The pH meter

is standardized with buffer solutions of pH 4.0 and 7.0 after each 15
determinations.

TS et S Mt G werw 2198 mere A b o e D G204 454 Seat PeS e et SR Ao s et ven e

vExTructihq Solution (0.05 N HC1 in 0.025 N H2S04): Heasure
approximately 30 liters of deionized water into a 40~-1iter bDottle.
Add 28.0 ml of concentrated HPS04 and 164,00 ml of concentrated HC
cand make to 40-liter volume with deionized water,

Extraction Proecedure: One scoop (4 ml) of so0il is measured into
@ &60-ml straight-walled plastic extraction beaker, and 20 ml of dilute
HC1-HZ2804 extracting soclution is added with an automatic pipetting

machine . The samples are shaken on a mechanical shaker with 4 =troks
length of 3.8 ¢m for S minutes at 480 oscillations per minute and
filtered through Whatman No. {1 filter paper, The P, K, Ca, and Mg in

solution are determined by the fellowing procedures,

P Determination

Prn e et e vee et e S Soans St et e e e vete

Reagent A: Complexing-stabilizing stock solution: Dissolve
completely 400 g of ammenium wmolybdate [((NH4)2 MeQ41 in
approximately S00 ml of deionized water in a 2-liter
volumetric flask. Dissolve 2,425 g of antimony potassium
tartrate [K(SbO)C4HA04,i/2H201 in the  molybdate salution.
Place the flask in a cold water bath and slowly add 1400
ml concentrated HR2S504., Mix well, cool, and make to volume
with deionized water, Store in a polyethylene battle in a



Reagent 8

‘Reagent C:

Rengent D
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dark, cool compartment,

Stock reducing solution: Diz=zolve 176.0 g of L-Ahserbic
acid powder in approximately S00 ml of deionized water in
o 2-liter wvolumetric flask. Tilute to wolume with
delonized water. Miz well and stoere in a dark bottle in o

cool comparitment,

Working solution: Dilute 20 m1 of Reagent A and i0 ml of
Reagent B to 1 liter with the extracting solution,
Prepare fresh daily., ~ allow to stand at ledst 2 hours
before adding to soil extracts, This =zelution 1z engugh
for approximately 25 determinations = (including excess

sclution for rinsing of diluter), For a greater number of
determinations mix reagents using the same ratio.

Phosphorous standard stock solution (1000 ppm P
Disselwe 4,394 g of potassium phosphate (KH2P04) to
agpproximataly 500 ml of deionized water in a i liter
volumetric flask, DEring te volume with deionized water.

P Working Standards S -

. et oomt 44t Sk ot At iy Tat Lot Sa S SRS S Srmt vbem S000 Smee oot

In i-liter volumetric flasks, place the following amounts
of Reagent D and dilute to wvolume with extracting
zglyfion: ’

Brd Reagent D, P in Soelution
Mo . ' ml , ppM™
i (0 P : 0 f
2 (506 P> 5.0 5.0
A4 (400 P ig9.0 ig.8
4 (150 P ' : 15,9 15,0
Procedure: 0One ml of standards and extracts is diluted with 24 ml of
Reagent C. After allowing 20 minutes  for color
development, the P in solution is determined with a
spectrophoetometer equipped with a direct concentration
readout mode, The instrument is adjusted to 0 ppm P (0
Abs, 100%Z T) with Standard i and te i5 ppm P with Standard
4, The slope of the line is automatically set in the
ingtrument (For instruments without this feature, a
standard curve of XT ws, "P, 1b/A is usually prepared).

Phosphorous in the soil extracts is read directly from the
inetrument,



Reagent A:

Reagent R:

Reagent C:

Reagent D:

Eecgeﬁt E:
Reagent F:

Procedure:

Reagent A:

Reagent R:

Reagent C:

Reagent D:
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K Determination

Potassium standard stock solution (1,000 ppm K): Dissolve

1.942 g of oven-dried KC!l in 4§ liter of exiracting
sglution,

Lithium stock <solution (41,500 meq/Ll): Instrumentation
Laboratories Standard No, 35000,

Lithium working solution (18.7% megs/L): Dilute i2.5 ml of
Reagent B to 41 liter with gxtracting solution, For a-
larger quantity, dilute 250 ml of Reagent B to 20 liters
with deionized water. )

Potassium 0 standard (0 ppm K): Extracting solution,

Potassium 50 standard (20 ppm K): Dilute 20 ml of Reagent
A to 41 liter with extracting sclution,

Potassium 100 standard (40 ppm K Dilute 40 ml of
Reagent & to 4 liter with gxtracting solution,

Two Ml aliguets of Reagents D, E, F and of the soil
gxtracts are diluted with 8 ml of Reagent C. The K in the
standards and extracts are determined with o flame
photometer, The instrument is adjusted to zero with the
diluted Reagent D, and to 100 with the diluted Reagent F.
The diluted Reagent E should read 50. A standard curve is
then prepared for scale reading versus 1b/acre of K.
Potassium in the so0il extracts is determined using this
standard curve, -

Ca, Mg Determinatien

o™ e Gn06 G00R twn smee Tee aat ute bate sos i e Sovt St et vmsw Ave s 100

Lanthanum chloride diluting solution: Mix 4161.0 g of
lanthanum oxide (99.99% La203) in appreximately 125 ml of
deionized water in-a i-liter volumetric flask. Miy well,
Place the flask in a cold water bath and SLOWLY add 250 ml
of concentrated HC1, Swirl constantly as small amounts of
ucld are added to the flask, Make the solution to volume
Wwith deienized water and mix well, Dilute 1o 20 liters
with deionized water for the woerking solution.

Calcium standard steck solution (10,000 ppm Cad: Fisher
10,000 ppm calcium solution.

Magnesium standard stock solution (40,000 ppm Mg): Flisher
i0,000 ppm magnesium soclution,

Calcium - magnesium standard solution (Ca-0 ppm; Mg—10
ppml) . Extracting selution.



Reagent E:

Feagent F:

Reagent (:

Procedure:

Reagent A:

Reagent ®:

Reagent C:
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Calciuvm -~ magnesium standard soclution (Ca-100 ppm} Mg~1i0
ppml: Dilute 40 ml of Reagent B and 41 ml of Reag=snt C to
1 liter with extracting solutien, .

Calcium ~ magnesium standard solution (Ca-200 ppra; Mg—20
ppm):  Dilute 20 ml of Reagent B and 2 Ml of Reagent T ta
i liter with extracting solution.

Calcium - magnesium standard solutien (Ca-300 ppm; Mg—-310
ppm): Dilute 30 ml of Reagent B and 3 ml of Reagent € to
i liter with extracting solution. ‘

Une ml aliquets of Reagents D, E, F and G and of the soil
extracts are dilvuted with 9 ml of Reagent A. The Ca and
Mg in the standards and extracts are determined with an
atomic absorption spectrophotometer, The instrument is
ad justed to zero with Reagent D and to 1080 with Reagent G,
Reagents E and F should read 33 and 67, respactively,

B8tandard curves are then prepared for scale reading versus

lb/acre of Ca and Mg, Calcium and Mg in the soil extracts
are determined using these standard curves,

ANALYBES-SPECIAL TESTS

s v e 0§00 G0t S e omes woe ks Setd Sere e vane wrwn Vyts Seve svmw snen

Zinc

. stot noat o

Extracting solution (EDTA~ammonium carbenate): Dissolve
2.922% g of EDTA and 114,40 g of ammonium carbonate in
approximately 800 ml of deionized water. Adjust the pH of
this solution to pH 8.6 with HC1 or NH40H as needed. Make
the solution to a i-liter wolume with deionized water.
Final solution is 0.04 M EDTA and 1.0M ammonium carbonate.
Keep covered as much as pessible,

For 20-liter gquantity dissolve 58.4%500 g of EDTA and
2,282.0 g of ammonium carbonate in approximately i6 liters
of water, Mix well, Remove 100 ml of this solution and
determine amount of HC1 or NH40H needed to ad just  the
solution to pH 8.6, Multiply this amount by 199 and add
the acid or base to the container, Mix well, resample and
check pH. HMake any correction needed and make solution to
volume with deionized water, :

Zinc standard stock zolution (1,000 ppm zinc): Dissolve
4.3478 g of ZIn804.7H20 in one liter of Reagent A.

Diluted zinc stock solution (108 ppm Zn): Dilute 10 ml of
Reagent B to 100 ml with Reagent A.
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Zn Working Standards

In S00-m1 wvolumetric flasks, place the fellowing amounts of
Eeagent C, and dilute to volume with Reugent A,
5td, ~ Reagent C, Zn in Sslution,
No, , Ml ' pp™M
8.0 0.0
2 2.0 0.4
3 2.5 8.5
4 - 3.0 8.6
5 5.0 i.0
& ig.o 2.0
7 is.o 3.8

Procedure:

Reagent 6

Reagent R:

Reagent C;

Measure ane scoop (10 ml) of soil into a 60-ml plastic
extraction beaker. Add 20 ml of Reagent A& with an
Uutomatic pipetting machine, Shake on a mechanical shaker
 Hith a stroke length of 3.8 cm for S wminutes at 4180
escillations per minute. Filter through Whatman Ne. 42
filter paper and determine Zn in the standards and
@xtrdacts with an atomic absorption spectrophotometer,
Report as ppm Zn in so0il.,

ppm Zn in solution x 2 = ppm Zn in soil.

ManganeseX

e e o aas o woon e e dvae sme

Extracting solution (0.05 N HC1 and 0.025 N H2504):
fleasure approximately iS5 liters of deionized water inte a
Z0~-liter hottle, Add  14.0 ml of concentrated H2S0% and
82.0 m1 of concentrated HC1 and make to 20~liter volume
Mith deionized water. -

Manganese standard stock solution (1,000 ppnm Mno):
Dissoive 3.076 g of MnS04.,H20 in one liter of Reagent A,

Diluted manganese stock solution (400 ppm Mn): Dilute 2.0
ml of Reagent B to 100 m1 with Reagent A,

¥The extraction procedure for Mn is identical to the extraction

procedure

for P, K, Ca, and Mg. For samples where all 3

determinations are requested, the same extraction can be used.
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RProcedure:

Reagent a:

Reagent K:

Procedure:
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in Working Standards

ml wvolumetric flasks, place the following amounts of
Reagent C, and dilute to volume with Reagent A,

51d. Reagent C, Mn in Solution,

No ., ml ppmMm

i g.00 0,090

2 2.50 8.5

e 5.00 1.00

4 i0.040 2.00

5 i2.50 ' 2.50

& 15,00 ' - 3.00

7 20.00 4.00

Measure one scoop (S ml) of so0il into a &0-ml extraction
beaker. Add 20 w#l of Reagent A Wwith an auvtomatic
pipetting machine, shake on a mechanical shaker with a
stroke length of 3.8 cm for . 5 minutes at 180 oscillatiens
per minute and filter through Whatman No, 41 filter paper.,
Determine Mn in the standards and extracts with an atoemic

absorption spectrophotometer, Report as ppm Mn in soil.

ppm Mn in solution x 4 = ppm Mn in soil

Organic Matter

e 100t s e adt i S Sy Lams Seen vtn ot o asor

Sodium dichromate solution (0.67M): Disselve 4,000 g of
redgent grade sodium dichromate in tap water and make to a
Unlume of 20 liters,

Te;hnical.grude sulfuric acid,

One scoop (i;S ml) of so0il is measured into a 200-Ml testT
tube. Under a hood, 20 ml of Reagent A is added to the

01l followed by 20 ml of Reagent &, The solution is
allowad to cool at least 40 minutes, After cooling, 1G4
ml of water is added and the solution is mixed and allowed
te stand oavernight f(or at least & hoursy, After

incubation, an aliquot of the sclution is withdrawn gsing
1 syringe-~type pipette and placed in a colorimeter vial,
Readings are taken using a colorimeter equipped with a red

filter. The percenTuge of orqganic matter is determined by
referance to Table 1.
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Table 1. Colerimeter readings and percent organic matter for Virginia
3011s5.%
Zolerimeter QOrganic ‘Colorimeter Organic Colorimeter Qrganic
keading Matter, % Reading Matter, X Readin Matter, %
100 g.0 &2 2.4 41 4.9
99-9%5 0.1 61 2.2 40 5.0
?4-20 0.2 &0 2.3 39 5.3
39-87 0.3 59 2.4 38 5.6
86 0.4 58 2.5 37 5.9
B5~-84 6.5 S7 2.6 6 6.2
83 0.6 56 2.7 35 6.5
82 8.7 55 2.9 34 6.8
Bi 8.8 54 3.0 332 7.1
8079 8.2 53 3.4 32 7.4
78 i.0 52 3.2 31 7.8
77-76 i.4 51 3.3 30 8.5
75 i.2 S0 3.4 29 ?.3
P?4-73 1.3 49 3.5 - 28 i0.4
72-71 1.4 43 Z.6 27 i0.9
7068 i.%5 47 3.8 26 11.7
67 i.6 46 4.0 25 i2.5
bé i.7 45 4,2 24-23 13.3
&5 i.8 44 4.4 22 i4.14
&4 i.2 43 4.4 21 ig.x%
63 2.0 42 4.8 20 i5.0

¥Prepared from a curve found between colorimeter readings and organic

matter determined by titration (Peach et. al, 1947) in many Virginia
soils,

Nitrate Nitrogen

Reagent A: Extracting selution (0.02 N CuS04): Dissolue 1.6 g of
Cu504 anhydrous in deionized water in a one-liter flask,
Dilute teo volume and mix well,

Reagent B: NO3-N stock solution (4,000 ppm N Dissolve 6,061 g of
NaNO3 in 4 liter of deionized water.
NO3-N Werking Standards

In 4 liter wolumetric flasks, place the following amounts of
Reagent B and dilute to volume with Reagent A:
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Brd, Reagent R, NO3-N in Solution,
No, ml Ppn

i 5 5

& 10 ig

3 25 2%

4 50 ‘ , 50

5 75 75

&

Procedure:

feagent A:

Procedure:

igo 100

One scoop (20 ml) of soil is measured intoe a i2%5 ml
Erlenmevyer flask, Fifty ml of Reagent A are added, the
solution is shaken for 40 minutes on a wrist-action shaker
{(at the fastest setting) and then filtered through Whatman
Ng, i filter paper. The NO3-N in the standards and
extracts is determined using an expanded scale pH/my meter
equipped with a nitrate specific ien electrode assembly,
The solutions are stirred at a constant rate while
readings are taken. A standard curve is prepared by

plotting millivolt readings versus pprm NO3-N in solution.

Hitrate-nitrogen in seolution is read from the standard
curve and ppm NO3-N in soil is calculated with the
following equation:

ppm NO3-N in solution x 2.5 = ppm NO3-N in soil.

Soluble Salts

s wavn 008 ot cres aamt e ot S St s

Potassium cholride standard soclution (0,04 N KC1):
Dissolve 0.7456 g of KC1 in 4 liter of deiqnizeq watar,

Add 20 ml1 of distilled water to the 41:4 s0il to water
solution used for pH determination. Stir the solution and
2llow to stand for at least i hour. The conductivity
meter is standardized with Reagent A. At 25 €, Reagent 4
has an electrical conductivity of 0.0014448 mho/cm. Tha

electrical conductivity (EC) of the sypernatant liquid of

the seil-water solution is determined and the ppm soluble
salts in soil are calculated from the following equation:

Ppm soluble salts in so0il = EC x 6.4 x 2

In this eguation, EC represents the conductivity reading
in mhos x 10 ee~5, 4.4 is the facter for converting the
tonductivity measurement to ppm  socluble salts, and 2
represents the water volume dilution facter,
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12777 Calibration of P, K, Ca, Mg Tests
Ext. P P - 1lbh/A P - ppm P20% - 1b/4
L- 0- 3 g- 2 p- 7
L 4~ 8 ‘ 2~ 4 ?- 18
L+ 9~ 44 5- & 2i- 2%
N i2- 20 6-10 28—~ 46
M - 24~ 30 1i-45 48~ &7
M+ 3i- 3% _ i6-1i8 74— 80
H~- b6~ 55 i8-28 82-126
H S6~- 8% 2843 : 128-19%.
H+ ‘ 86-1410 435 ' 127-252
VH ii0+ 55+ ' : 252+
Ext, K K —- 1b/4A K - ppm K20 .~ 1b/A
L- . 8- i% - 8 ‘ 0~ i8
L 16—~ 5% 8- 28 - 19~ 664
L+ 56— 7% 28~ 38 68~ 29
- , 76-408 ig—- %0 : 2124
M i0i-150 5i~ 7% 122-181
M+ i5i-417% 76~ 88 1i32-24i14
H- 176-210 88-40% 212-283
H 214i-28¢0 106—~140 254-337
H+ 281-3410 141-15% 339373
VH 3i0+ 155+ 373+
Ext, Ca Ca - 1b/A Ca - ppm v Cal - 1brsA
L~ g~ 240 0— 120 0~ 336
L 241i- 480 i2i- 240 337~ 472
L+ 4841- 720 241~ 340 673-1007
M- 724i- 9560 3&6i- 480 10091343
M 96i-1i200 481i—- 500 13441579
M-+ i20i-1440 68i~ 720 1680~2045S
4 i441i-1680 724- 840 2016-2350
H 1681-1920 - 844 950 2352-2688
H+ ‘ 1924-21610 2&1-1080 2688-3022
Wi , 2161-2400+ 1084-1200+ 3023~-3358+
Ext, Mg Mg - 1lb/éa Mg - pom Hgl — 1b/A
L~ 8- 24 g- i2 g~ 40
L 25— 48 13- 24 42— 84
L+ 49— 72 25— 36 8i-1i¢
M- 7E- 98 27— 48 i2i~4%9
M P7-420 42~ A0 161~-19%
M+ : i21-144 bi- 72 201-239
- H~- 145-148 73~ 34 240-279
H 169-192 B5— 96 288-318
H+ , 193216 97108 320-358
109-3120+ 360-398~+

YH 217-2410
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INTRODUCTION

R R e Ly pe—

Plant analysis capabilities were incorporated into the Soil
Testing and Plant Analysis Laberatory in August, 1979, Procedures
Loensist basically of dry ashing plant tissue followed by instrumental
determination except for nitrogen where wet ashing and micro-K jeldahl
procedures dre employed. The analyses performed by the Seoil Testing
and Plant Analysis Laboratory are as follows:

‘Analyses Performead

e et seme TIee vt ares Sree et it " S Ssb et b et S veve

Mitrogen Copper
Phosphorus Iron
Potassium Manganese
Calcium Zinc

Magnaesium

SAMPLE PREPARATION

e v pen Ted 4het G010 Hets e s Gt it At oo hrmp samt Shom S e

- Tissve samples are received in paper bags or envelopes, Plant
“analysis infoermation sheets are packaged with the samples. In the
laboratory plant tissuve samples are dried at 70C For 24 hours, After
drying, the samples are assigned a laboratery number. Samples are

numbered consecutively each calendar year, beginning with 1 on Januvary
L. :

Dried samples are ground in a stainless steel Wiley Mill to pass
2 20-mesh siave. Each sample is then mixed and stored in 3.8 q
(5~dram) glass vials with air-tight plastic stoppers. MNOTE Flant
samples awaiting grinding should either be left in the oven with heat
on or stored in  a dessicator wuntil ground, Thi=z is essential to
pra2vent absorption of moisture by the dried plant material,

DETERMINATION OF P, XK, Ca, Mg, Cu, Fe, Mn, AND Zn

T T TR T TR Sl 00 00 UL S et ) e o Sami 400w o St TS e e e 4he +4a% SHeS S04 SR Burs SE4n tete Sare oY Y mraw $0n8 St =m Sra +eve eese. Sm0s Seee et SHbm e PA8 Soae

Pry aAshing

v a00n hom st mrn et ohad ene wes 2w

Dissolwving Solution Preparation: 3.6 N (i0%Z) HCL solution: Add 1090
Ml of concentrated HCI to a 4 liter wolumetric flask containing
approximately 500 ml of deionized water, Dilute to volume, For
larger quantity, add 4200 @l of concentrated HCl to o 18 liter
carboy containing approximately 410 liters of deionized water.
Dilute to volume with deionized water,

Aashing Procedure:

IR Weigh 1.000g +/- i0mg of dried, ground plant tissue into a S0 ml
Kimax beaker., Record welight,
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Ash samples at 475 C for 5 hours by placing sampies in cool
muffle furnace with timer set to turn on at & PM and off at 14
PM, and temperature set at 475 C.

After ashing, remove beakers and allow to cool, Add 5.0 ml of
concentrated HCL, using an automatic dispenser, directly into
beakers containing the ash. Allow to stand for 30 minutes. Than

add 10.0 ml of delonized water and allow to stand for 20 minutes.
Finally add 35.0 w#l of deionized water to give a final volume of
50.0 1. Filter through a Whatman No. 42 filter paper., Extracts
are now ready for elemental determination.

Standard Seolution Preparation

I T S iy 048 ht e TN 2004 AP s S Shee S4PE Han s St VPSR TaS Ahme Sews Seo S1as Seur S S s P row

Add indicated amount of the reagent  from the following table to a

i-liter volumetric flask containing approximately 200 ml of 3.6 N HCL
for each stock solution., Dilute to volume ysing 3.6 N HC1.

-.-——..._._...-.-......—........__.-—_.-....................—....-.....—-.-............—n—.—_.——.__...._..-.-_...__........_.....__.__....._..—....—.—.._.......—_..__.-».—.

EElement Reagent g/1 Concentration
' ~ppm=-
P hotassium phosphate. 21,969 5,000
SKH2PO4) :
K potassium chloride. ?.533 5,008
(KC1ox%
Ca : Calcium carbonate 24,273 ig¢,a00
(Calg3)
Mg Magnesium sulfate i041.348 ig,000
{(MgSs04.7H20) '
Cu Cu metal i.00400 i,000
Fe Fe metal 7 i.0008 1,000
Mn Manganese sulfate 3.076 1,800

(Mn504,H20)

Zn Zinc suylfate 44,3478 1,000
(Zn S04 .7HZ2D) . ‘

T SASS S ST S SEn 4L mid e St Ve $10 S804 SIS M Slan Cve PES AT TN 4es Sed G St Bem S444 Soks ven S4en SeSK Tts Seme Mt Seve $4ta Fik Sues e Sobe Fes PPAD drad Seen e AMLS Sine Sat Sed ik $aed Seve o PeaE e TEM SEe Aave Maas Sivw ~ove vore ses® Sove md ombt soon vms

X KC1 should be dried at 10% C for two hours prior to welighing.
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P Determination
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Rzagent A: Complexing - stabilizing stock solution: Dissalve
templetely 100 g of ammonium molybdate [(NH4)2Mo041 in
approximately 500 ml of deionized water in a 2-liter
volumetric flask, Disselve 2.425 g of antimony potassiun
tartrate [(K(S5b0)C4H404.4/2H201 in the molybdate solution,
Place the flask in a cold water bath and slowly add 1400
ml concentrated H2504, Mix well, cool, and dilute to
volume with deionized water, Store in a polyethylene
bottle in a dark, cool compartment,

Recgent E: Stock reducing solution: Dissolve 1i76.0 g of L-Ascorbic
: acid powder in approximately 500 ml of deionized water in
a 2-liter wvolumetric +lask. Dilute to wvolume with
deionized water., Mix well and store in a dark bottle in a
cool compartment.

Reagent C: Working solution. Dilute 20 ml of Reagent A and 40 ml of
Reagent B to 4 liter with 3.6 N HC1. Prepare frash daily,.
Allow to stand at least 2 hours before adding to samples.

"To a 500 ml volumetric flask containing approximately 108 ml of
3.6 N HC1 add the indicated amounts of stock solution for each element
‘then dilute te volume with 3.6 N HCL. '

Stock _
- Standard Solution P in Standard, P in 1:496
Mo, ml pp™m Dilution, ppn
i a 0 ' 8
2 5 50 0.104
2 ig 160 0.202
4 is 150 0,302
5 20 200 : 1.403
Procedure: Make a 1:496 dilution of samples to Reagent C. After
Aallowing 20 minutes for color development, the P in
solution is determined with a spectrophoetometer equipped
with a direct concentration r=2adout mode.
K Determination
Reagent A: Lithium stock solution (1,%00 meq/L): Instrumentation

Laberatories Standard No. 35000,

Reagent B: Lithium working sclution (18.7% meqrsL): Dilute 12.5 ml of
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Reugent'ﬁ to 1 liter with deionized water. This solution
now contains 1,000 ppm K,

~ To a 500 ml volumetric flask containing approximately 100 ml af
S8 N HCIL, add  the indicated amounts of stock solutien in the
tollowing table and then dilute to volume with 3.6 M HC1,

‘ Stock K- K

Standard Solution, in Standards, 1:400 Dilution,
Ho . 1 ppM ppM

i o ‘ f ]

2 id . - 104 i.0

3 : 20 200 2.0

4 40 4040 4,0

5 &0 4600 &.0

& g0 300 g.0
Procedure: Maoke a 1:100 dilution of sample to Reagent E. This is
gquivalent +to tTwo 1:40 dilutions, Determine K in

standards and samples with a flame photometer.

Ca, Mg Determination

Reagent A: Lanthanum chloride diluting solution: Add 322.0 g La203

(99.99%) to approximately 250 ml of deionized water in a 2
liter volumetric flask. Mix well.,  Place the flask in a

- cold water bath and SLOWLY add 500 ml of concentrated HC1,
Swirl constantly as small amounts of acid are added tao the

flask. Dilute to wolume with deionized watar. Add 4
liter of La203 solution to a 20 liter carboy containing
approximately 10 liters of deionized water. Dilute to
volume,

To a 500 ml volumetric flask containing approximately 100 ml of

3.6 N HCL, add indicated amounts of both Ca and Mg stock solutions,
Dilute to volume with 3.6 N HC1,
2a Stock Mg stock ppm in pPpM in
Solution, Selution, Standards 1:40 Dilution
tl ml Ca Mg Ca Mg
it it 8 il o i
i0 i 200 20 2 e
24 2 480 40 40 4
30 3 608 60 &0 b
490 4 8006 30 2g e

Procedure: A one ml aliquot of sample is diluted with 9 mi

<
-5
v
M
ju]
=}
Y
3
-
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A, Calcium and magnesium are determined from the same
aliguot wusing an atomic absorption spectrophotometer
(Burner head turned 45 degrees).

Cu, Fe, Mn, Zn Determination
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Solution (50 ppm): Add S ml of Cu stockJsolution to a 100
ml voelumetric flask containing approximately S8 ml ef 3.5
N HC1. Dilute to wvolume with 3.6 N HC1,

Selution (100 ppm): Add 410 ml of Fe stock solution to n
100 ml volumetric flask containing approximately S0 ml of
J.6 N HC1l, Dilute to volume with 3.4 N HC1.

Solution (200 ppm): Add 20 m1 of Mn stock solution to a
100 m1 volumetric flask containing approximately S0 ml of
3.6 N HC1., Dilute to volume with 3.6 N HCL,

Selution (100 ppmd; Add 10 Ml Zn stock sclution to a 400
il velumetric flask containing approximately S0 ml of 3.6
N HCl, Dilute to volume with 3.6 N HC1.

500 ml1 wvolumetric flask coentaining approximately L100ml of
add the indicated amseunts of woerking solution for each

element, then dilute to voelume with 3.6 N HCl.

Standard Working Solution, ml ppm in Solution
Mo, Cu Fe Mn Zn Cuo Fe Mn Zn
i ] 6.0 8.0 g.0 3.4 0.6 0.0 0.0
2 i 2.0 8.5 2.0 6.4 6.4 0.2 0.4
it 2 4.4 1.4 3.4Q 0.2 6.8 0.4 ¢.6
4 3 6.0 2.0 4.0 6.3 1.2 0.8 0.8
= 4 8.0 3.0 5.0 6.4 1.6 4.2 4.0
f = ig.¢ 5.0 6.0 6. 2.8 2,0 4.2
7 i0 20.0 6.0 7.0 1.0 4.0 2.4 4.4

Procedure:

Determine Cu, Fe, Mn, Zn in the standards and samples with
an atomic absorption spactrophotometer, Report
congcentratisn as ppm.
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TOTAL NITROGEN DETERMINATION

For total nitrogen determination,; a micro-k jeldahl method is

zMployed using @ custom-made heating block. Distillation is performed
with o Kjeltac System 1004 Steam Distillation Unit.

Solution Preparation
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Alkali solution NaOH - Na?S203 (sodium hydroxide, sodium thiosulfate):
Add approximately 400 ml deionized wmater to a i~liter volumetric
flask., Add 400 g NaOH and "40g Na28203.5H20 to the flask. Dilute
To volume with deionized water and mix. Set Kjeltec wunit to
deliver 15 ml of alkali solution.

Methyl red - methylene blue mixed indicator:

Solution A 669 mg of 0.2% methyl red in 4410 ml (335 g} of 95%
2thanol, ,

Selution B: 343 mg of 0.2% methylene blue in 210 ml (174 g) aof
YS% ethanol,

solution C:  Mix 200 . ml of solution A with 100 ml of selution H
(2:4 ratio of A 1o B, This selution has a shelf life of
one  mMonth, Therefore it must be freshly prepared =ach
month, ' :

Boric Acid Solution: Add approximately 200 ml of deionized water to a

1,000 m1l volumetric flask. aAdd 20.0 g of boric acid and &0 ml of
solution C and dilute to volume with deilonized water.

Potassium Biiodate Solution (0.05 N): Add approximately 200 ml of
deionized water to a i-liter volumetric +lask. Add 19.497 g of
potassulm blilipdate to the volumetric flask and dilute to volume
with deionized water. Mix thoroughly ysing a magnetic stirrer,

0.05 x 389.94 FW K(IOZ3)Z = 19.497 g K(ID32

Sodium Sulfate: Add 100 nmg of sodium sulfat: in a 50 ml henker.
Dissolve in 20 wml of tap water.

Sample Digestion

£ Weigh out 200 mg +/- 10 mg of dried, ground plant tissue into a
7% ml Kjeltec test tube. Record welght,
=y Acdd 1.5 g of salt/catalyst mix to each test tube using a Pope

Kjeldahl dispenser,
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Add 2.5 ml of H2E504 to the test tube using repipet. This
procedure should be done under hood. Swirl test tubss Tto mMiy
tissue, salt/catalyst, and acid or allow to stand pvernight,

Place test tubes into heating bleck,. - Allow samples to clear
(approximately 30 min.) and then digest for 30 minutes at 400 C.
Usually samples should be clear by the time the heating block

renches its 400 C operating temperature (approximaetly 7S min.)

Remove test tubes from bBlock immediately after digestion and
allow to cool wnder fume hood.

Distillation

o Cane a4t cree sase sy s bt wnt eta it

Add 25 ml of boric acid solution to receiver flask, lUse 25 ml
repeater pipet to dispense boric acid solution.

Place a receiver flask on each platform and move platforms te

upper position, The plastic tube should be below liquid surface
level.

Place a test tube containing digested sample onto each
ddistillation wunit using gloves, The steam nipple should be

inside test tube and platform should be in released position such
that the spring tension firmly holds test tube in place,

Press the left "Start" buttaon {(green "Ready/Start® lamp).

Wait several seconds and then press the right “start” button.

As soon-as a sample solution is distilled and the corresponding
green lamp “Ready/Start" lights up, the wunit is rendy for the
next set of samples {(about 4 min).

Remoue the receliver flasks {(which now contain the Nnitrogen to be
measured) for titration, The soclution in the receiver fiasks is
usually green at this peint, Remove test tubes and place into

rack using gloves!

Repeat steps 4-7 until all samples are distilled.

NOTE - The Kjeltec Unit should not be allowad to remain idle for more
than S minutes between distillations.

If the red "Alkali Refill" light comas on there is only enoygh alkall
left in the alkali tank for approximately 20 more tests, Refill tank
with alkali as soon as possible.
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Titration
Receiver flasks from distillation are used for titration,
Fill burette with 0.05 N ﬁotqssium Biiodate acid to 0 mark.
Add magnetic stirring rod to receiver flask.

Titrate to lilac endpoint. Lilac endpoint will occur immediately

after a grayish-blue color. Record ml of acid vused to nearest
8.1 ml,

Repeate steps 4 to 3 for next sample,

Calculations:

e e $410 avas Sett amn st . o ratr oo

£.00 w1 o? 0.05 N K(I03)2 = 700 ug N at the egquivalence point
Ceg N ml K(I103»)2 ug N

1l sample wt g plant material

ug N

——== = ppm

- g

Bp#m x (0.0004) = % N
For Z N in a 0.200 g sample, multiply ml of K(IQ3)2

used times ,35,

For Z N in a sample with variable weight, use:
.07 x ¥ ml K<IO3)2

sample wt., g
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INSTRUMENTS USED FOR SOIL AND PLANT ANALYSIS
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Analysis

pH
Phoéphorus

Potassium

Calcium, Magnesium
Zinc, Manganese
Organic Matter

Nitrate~Nitrogen

Seluble Salts
Extraction~NQ3-N

Extraction-P,K,Ca,Hg,Zn,Mn

Soil Grinding
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Instrument
Orion Model 6041 Digital Ionalyzer
Bausch and Lomb Spécrronic 21

Instrumentation Laboratery 143 Flame
Photometer

Perkin-Elmer 290 Atomic Absorption
Spectrophotoneter ‘

Perkin-—-Elmer S03 Atomic Absorption
Spectrophotome ter

Cenco. Colorimeter

Beckman Century S5-i1 Expanded Scale
pH Meter; Orion Mitrate Specific
Ion Electrode

Soly Bridge RD 1%

Burrell Wrist-Action Shaker

Eberbach Reciprocating, Variable Speed
Shaker do. 6000

Custom Lab Equipment DC-i HD Dynacrush

Plant Analysis

. o st wats o 4o

Analysis

Nitrogan

Phosphorus

Tecator Kjeltec System 1004 Distilling
Unit

Bauvsch and Lomb Spectronic 24



Potassium

Calcium, Magnesium

Copper, Iran
Manganese, zinc

Drying
Grinding

Ashing

page 20

Instrumentation Laboratory 143 Flame
Photometer

Perking-Elmer 270 Atomic Absoerption
Spectrophotometer

Perkin-Elmer 503 Atomic Absorption
Spectrophotometer

Blya-M Power - 0 - Matic 70
Thomas Wiley Mill Model ED-S

Thermolyne F-AL730 Muffle Furnace
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