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SOIL TESTING 
A Practical System of Soil Fertility Diagnosis by Means 

of Chemical Tests 

PART I 

GENERAL CONSIDERATIONS AND INTERPRET A TIONS 

OBJECT OF THE BULLETIN 

THIS BULLETIN DESCRIBES AX extensi \'e system of soil testing, which in
volves a coonlinated gl'OUp of se\'el'al soil tests, This pl'ocednre has many 
advantages ovel' the use of single soil tests becanse a more complete 
~oil fel,tility diagnosis is obtained, pel'lnitting a mOl'e logical alld pl'ac
tical interpI'etation of the l'esuli~, Any otlleI' method of pl'ocechll'e fOl' 
testing soils that is cOllcet'ned with only one factol', 01' at the most, a 
few factol's, of plant gl'owth is exposed to the clmllce that some im
pOl'tant factOl' may be overlooked, The tests al'e sensiti ve and acclll'ate 
when used undel' the pl'Opel' cond itiollS of pUl'e chemicals and clean 
appal'atus, They have been checked with a lal'ge numbel' of chemical 
compounds common to ~ojls and cHe believed to be specific in each case , 

IMPORTANCE OF SOIL TESTING 

In fields, gal'dens, 01' gl'eenhouses, 011 lawns, estate~, and golf COUl'Ses, 
whel'ever soils al'e used fOl' the pI'oduc1jon of CI'OPS, the applications of 
:soil testing are vil'tually unlimited, A pel,tinent fact concerlling soils 
is that no one can look at a soil 01' feel it, aJld by those means detel'mine 
anything about its active chemical condition. The chemical nature of a 
soil must be l'evealed by means of chemical tests. vVhile it is l'ealized 
that much mOl'e can be leal'ued about soil testing and the pl'actical 
intel'pI'etation of the test l'esnlts, enough pl'ogress has been made ill 
this connection to give to soil testing a high degl'ee of usefulness when 
applied in a logical manner. 

Virtually all degrees of fel,tility al'e found in agl'icultm'al soils. They 
val'y madwdly in content of soluble chemical substances that affect plant 
gl'owth. Generally speaking, eithel' one 01' mOl'e plant nutl'ients may be 
found deficient in soils, and toxic 01' poisonous i::mbstances sometimes 
OCCUI' in situations favOl'able fot' theil' development. 

Infol'mation concerning the chemical composition of soils, pal'ticulady 
of that pOl,tion soluble in the soil watel' and commonly known to affect 
plant growth, is of practical impol'tance to pl'oducers of plants and plant 
products and to othel' pel'sons eugaged in soils re~eal'ch 01' educational 
work. Human experience in the field of soil science and the pl'actie-al 



6 MICHIGAN TECHNICAL BULLETIN NO, 132 

production of Cl'OpS has shown conclusively that pl'oductive soils always 
contain an adequate supply of plant nutl'ients and that they are also 
characterized by the absence of chemical factOl's deletedous to plan t 
growth. 

Maintaining or incl'easing the pl'oductiveness of soils by suitable meth
ods has been, and still is, one of the main pl'oblems of Cl'OP gl'OWel'S, 
Pl'ofitable soil management, howevel', depellds on knowledge of what a 
soil needs in the way of fertilization 01' othel' impl'ovemenls. No one 
can reach a high degl'ee of efiiciency in the management of a soil without 
infOl'mation about the ehemkal conditiulis in that soil. Systematic soil 
testing gives definite infol'mation concel'Bing soil eonditiollS that ean be 
obtained in no othel' way and sel'ves as a Jogkal basis fOl' oniJiuillg ::;oil 
improvement practices and treatments, 

Teachel's of agl'icultul'e, in conduetillg soils elas::;es, will fill(] these 
l'apid soil tests useful fOl' demonsb'atillg the chemical llalul'e of variou::; 
kinds of soil and the differences that may exist amolig soils, Many 
interesting and in::;tl'udive expel'imenls eall be devised, using ehemical 
tests to show the effects of vadous soil tl'eatments on the so lubility 01' 

availability of soil constituents, By using the tests themselves, the stu
dents' intel'est in theil' wOl'k is greatly inCl'eased. 

SYSTEMS OF SOIL ANALYSIS 

The thl'ee general systems of soil analysis which have been pI'acticed 
for some time are (1) total analys is, (2) analysis of the soil portions 
soluble in stl'ong acids, and (3) the analysis of water exiI-ads, salt ex
tracts, 01' of dilute acid extracts of soils. 

The first two systems have given vctluable information about the 
chemical composition of soils, but theil' l'esnlts include some pOI,tion of 
the soil constituents not l'eadily soluble in the soil watel' undel' the 
usual el'op conditions; hence, the )'e::;ults obtained by these methods do 
not con'elate well with plant gl'owth or the l'esponse of plant:-; to fel' 
tilizel' applications, and theil' pI'actiea} u~efulness is limited ill this l'e
spect. In recent times, howevel', mOl'e dependence has beell placed on the 
third system of soil analysis, ehie£ly because, witll l'espect to the pal't 
played by soils in the nutritioll of plants, the supply uf the easily ::;oluble 
01' available soil constituents in the soil solutioli and the power of the 
soil to maintain this supply thl'oughollt the life of the plant, 01' during 
certain critical pel'iods in the gl'owth of the plant, cu'e the main con
siderations. In other words, this system of soil testing gives a better 
idea of the chemical activities of the soil. Testing soils fOl' theil' con
tent of easily soluble 01' available constituents, thel'efore, gives a better 
understanding of the possible supply of plant nutrients and other soluble 
soil components more immediately concel'ned with plant gl'owth. 

INTERPRETAT1 

A factol' of plant gl'owth 1 
plants. ~rhere al'e many indivi 
be classified briefly into thl'ee 
soil factors, and (3) factol's il 

The soil factors may be furt 
biological factol's, A plant gl 
plant gl'owth fadOl's, each om 
'1'his coineidence of aU of the 
plant, the envi!'onmellt ill w11 
improving plant growth cOlldit 
mOl'e Ot' less importance, as tl 
cel,tain coincidence of ehemic:t 
the chemical factOl's, l'atheI' 
factol's, should be taken a::; tl 
of the test l'esults; but tlie c:l 
in connedion with all the otliel 
to the ease, 'Vhen we reaji:7.e 
by mUliY fadol's, it is cel'taiu 
oasis of the incidence of a sing] 
fOl'e, all of the tests should be 
tempt is made to intel'pl'et thl 
pel'ience the operatOl' is sure 1 
ease and may be omitted, ~rlH 

mentioned in the disC11::;::;iolls 
Chemical soil tests give u::; 1 

pOl'tant physical factol's of pI: 
plant gl'owth which are commo 
physical condition, tillage met} 
the tests do not show the pass 
on these factOl's; thel'efol'e, tlH 
do not always conelate wi th p 
fel,tilization, When all the ot 
however, the pl'oductioll of a c 
01' mOl'e nub'ient elellell t::; i~ 1 
in the soil. Undel' those cOlld 
plicatioll of the limiting e]emel 
to the desiI-uction of the toxic 
of the physical factol's of pIal 
expect a cOl'l'elation betweell pIa 
testing of soils. 

To simplify the intel'pI'etatio 
only foul' divisions of the l'esul 
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INTERPRETATION OF SOIL TEST RESULTS 

A factol' of plant gj'owth is anything that hlfluences t he growth of 
plants. There al'e many individual fadol's of plant gl'owth, but they may 
be classified briefly into thl'ee main divisions: (1) climatic factol's , (:2) 
soil factors, and (3) factol's inherent in the plant itself. 

1'he soil factol's may be furthel' sulJdivided into physical, chemical, and 
biological factol's, A plant gl'OWS in a certaill coincidence of all of the 
plant gl'owth fadOl's, each one opel'atiIlg eithel' to aid 01' hindel' g l'owth. 
1'his coincidence of all of the plant gl'owth fadors is the home of the 
plant, the envhonment ill which it lives; aIld hom the standpoint of 
improving plant gl'owth conditions, each one of the many factol's assumes 
more 01' Jess importance, as the case may b(~ , Also, a plant grows in a 
certain coincidence of ehemical soil fado1's, and this coincidence of all 
the chemical factOl's, l'athel' than a single factor 01' a few chemical 
factors, should be taken as the sojl testing unit in the intel'pl'etatioll 
of the test results; but the chemical test ]'esults should be considered 
in connedion with all the othel' known factol's of plant growth applicable 
to the ease, vVhen we l'ealize that DOl'mal ]Jlant gl'owth is conditioned 
by many factol's, it is cel'tainly fallacious to dl'aw cOllelusiOlIS on the 
basis of the incidence of a single factol' 01' a single soil test ]'esult. 'l'he l'e
fOl'e, all of the tests should be applied to each soil sample befol'e an at
tempt is made to intel'pl'et the l'esults, unless hom knowledge and ex
pel'ience the operator is Slu'e that a cel'lain test does not apply in the 
case and may lJe omitted. 'fhe specific applications of eel'tain tests are 
mentioned in the discussions dealing wHh them. 

Chemical soil tests gjve us practically no information about the im
pOI'tant physical factOl's of plant gl'owth 01' of those fadOl's affecting 
plant gl'owth which al'e eommon to soDs, sHch a drainage, water supply, 
physical conditioD, tHlage methods, and soil tempel'attll'e, FUl'the]'mol'e, 
the tests do not show the ]Jossible effeds of fnt1l1'e seasonal ('ondi Oons 
on these factors; thel'efore, the l'eslllis of the ehemic:al testing of soils 
do not always con'elate with plant gl'owth 01' the l'esponse of plants to 
fel,tilization, When all the othel' factOl's of plaut g'l'owth are nm'ma I, 
however, the pl'oduc:tioll of a Cl'OP may lJe ljmited if the supply of one 
01' more nut!'ient elements is too low, 01' j f a toxic conditjoll pI'evaib 
in the soil. Undel' those conditions, erops usually l'espond to the ap
plication of the limitjng element to the soil ill the fOl'm of fel'tilizel's or 
to the destl'uction of the toxic: agellt pl'esent. If, howevel', one 01' mOl'e 
of the physical factol's of plant gl'owth al'e limiting, it is illogical to 
expect a correlation betweell plant gl'OWtlt and the l'esults of the chemical 
testing of soils. 

To simplify the intel'pretation of the test results as much as possible, 
only foul' divisions of the results are used in this publication-namely, 
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blank, low, medium, and high, This classification is used compal'aiively, 
and is based on genel'al infol'mation obtained hom the testing of a lal'ge 
number of soil samples, It is a natural classification based on soil test 
l'esults, A blank test l'esult means that the pl'opel' color or precipitate 
is not obtained in the testing opel'ation and indicates, thel'efol'e, that 
the amount of the substance for which the test is made is so low as to be 
Leyond the sensitivity of the test l'eaction used, A Llank tei:it does not 
llecessarily meall that the substance under consideration is entirely aL
sent from the soil exhad, Lut it does show that this substance is ve1'y low 
in amount, A low test means that the quantity of the substance is :suffi
dent to indicate a test l'esult but that it is compal'atively low, Iu tlli:s 
connection, the wOl'd:s "medium" and "high" have theil' usual signific<lIlc:e; 
that is, as soils al'e usual1y tei:ited, the suLstaI1CeS indicating 011e OL' tIle 
othel' of these test l'esults al'e compal'ati vely medium 01' high in amoullt, 
A high test l'esult indicatei:i eithel' that thel'e is au aLundallt :supply of 
plant nutrient 01' that too much may be pl'esent for normal plant feediug, 
In the case of chemical sub:stallt:e:s toxit: to plants in compal'ati vely high 
t:oncentr'ations, such as llitl'ates, sulfate:s, dlloddei:i, mallganese, alumiuum 
and othel's, a high te:st rei:iult should be l'ega1'ded with i:iu:spicioll; but a 
l'ational intel'pl'etatioll of the test l'e:sult will depend 011 othel' fadOl's 
which will be conside1'ed iu mOl'e detail later in the :svecial di:st:u:ssiolls 
of these substances. 

As has beell :stated, the supply of IHitriellt elementi:i ill soils is but 
one gl'OUp of factors contdLuting to tlle IJl'ofitab]e pl'odudioll of t:L'Op:S; 
hence, in a logit:al intel'pl'etation of the l'esult:s of t:hemic:al tests Oll :soil:s, 
t:onsiderable attention must be Vaid tu tIle othe1' factol'S of nop p.l'oduc: 
tion, because tlley help, ill many c:ase:s, to defille more deady the soil 
management pl'oblem and to indicate mOl'e positively the nec:essal'y soil 
tl'eatment, The appearance of a gl'owing Cl'OV is a valuaLle aid hl i11 -
tel'preting the t:hemical test l'esulls uutaiued from the soil. AllY fadm' 
of plant gl'owth may become limiting aud affect the plaut in :some way as, 
fOl' instance, the pl'oduction of abnol'mal colol's in the foliage, stunteu 
gl'owth, 01' low yield of pl'odud, These conditions al'e sometimes fOUIlU 
in spots associated with othel' al'eas of mOl'e pl'oductive soils, vVhen it 
t:an be established that the POOl' gl'owth of the n'op is uot due to a pOOl' 
vhysical condition of the soil, lack of water, cold soil, plaut disease, pOOl' 
seed, high water table, 01' the depl'edations of insects, the l'easou fol' the 
}JOOl' condition of plant gl'owth will usually be due to maillutl'ition of 
the plants, caused by a lac:k of one 01' mOl'e nutl'ients 01' by the pl'esence 
of a toxic soil condition, Undel' cOllditions of crop pl'odudioll where 
large amounts of commel'cial fel,tilizers ate ul:led, a lal'ge excess of one 
01' more soluble substances in the soil may also cause malnutI-ition of 
the plants. This condition often occurs in gl'eenhouses, 

In interpreting chemical tE 
l'esponse of crops to fedHizat 
the plant root system all(l the 
are important matters, M:auJ 
eral nutrients almost entirely 
their Rhallow root systemi', " 
the soil to a depth of severa 
the land for a fulJ growing ~e 
much larger volume of i'oil fo 
~hort-seasoned crop; hence, tl 
trients from lower nutrient COJ 

Through weatherjng of soil 
soil elements g-radually becolI 
total seasonal supply of djss( 
time. As the dissolved or aVR 
leached out or taken up by J 

soluble portjons of the ~oil, 

tained by means of water or <' 

of soluble soil substances avai 
ing period, They do show, he 
soluble substances or of those 
time, Different soils vary gre~ 
they contain and in the rnte a 
respect. A low chemical test 
dissolved snbstance in the i'oil 
f'nrichment at that time; hene 
for fertilization. 

Whenever possible, jt ii' pre 
ner because the compari~on a 
obtained from another soil n 
test results from samples of di 
knolls and low places, produc 
reiving different fertjlizer trea 
testing of soil samples from 
growth can lead to important ( 
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within certahl limits, They t 

usually low or is well SUppliE 
dicate what plan of fertilizati 
profitable. They are useful fa 
ment problems with respect t< 
ical compounds on soils, Per 
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In interpreting chemical test results in respect to plant growth, or 
response of crops to fertilizatjon or other soil treatments, the extent of 
the plant root system anrl the t ime of occupatjon of the land by the crop 
are important matters. Many cultivated crop plants obtain their min
eral nutrients almost entirely from the upper layers of the soil hecallse of 
thejr shallow root systems, whil(" oi-her plants extend their roots into 
the soil to a depth of several feet. A deep-rooterl crop that o('cupies 
the land for a full growing se::tson or longer ('::t11 draw nutrients from ::t 
much larger volume of soil for a longer time th::tn c::tn a shallow-r'ooterl , 
short-seasoned crop; hence, the fonner kind of crop can obtain its nu 
trients from lower nutrient concentr::ttiol1s in the soil. 

Through weathering of soil minerals ::tlld rlef'::ty of organic matter the 
soil elements gradually become dissolYed ill the soil water, so that the 
total seasonal supply of dissolved m::tterials is not in solution ::tt one 
time. As the djssolved or av::tilable chemif':=!J compounds of the soil ::Ire 
leached out 01' taken up by plants, more come into solution from the 
soluble portjons of the soil. Chemical test results on soil extracts oh
tained by means of water or dilute adds rarely show the total quantity 
of soluble soil substances avaHable in the soil solution for a p]ant-grow
ing period_ They do show, however, the quantity of dissolved or easily 
soluble substances or of those elements ::tvailable for a certain pedod of 
time. Different soi1s val'y gr'eatly in the amount of djssolved materials 
they contain and in the rate at which they enrich their solutions in this 
respect. A low chemical test result on a soil i'lhows a sm::tl1 ::tD1ount of 
dissolved snbstance in the soil extract and ::tlso a low pow("r of solution 
enrichment at that time; hence, in the case of plant nutrients, the need 
fOl' fertilization. 

Whenever possible, it js preferahle to test soi ls in a systematic m:=!D 
ner because the comparison of the test resu Its on one soil with those 
obtained from another soU m:=!y lead to important conclusions. Soil 
test results from samples of different kinds of soil, good and poo\' spots, 
knolls and low places, productive and nnlll'oductive soils, and soils l'e
ceiving different fertiljzer treatments m::ty be compared with profit. The 
testing of soil samples from situations that show differences jn plant 
growth can lead to important discoveries about the sojl. 

Chemical soil tests will gjve useful information about the supply of 
available plant nutrients or the presence of toxic elements in a soil 
within certain limits. They show, for instance, ,,,hether a soil is un
usually low or is well supplied with available plant nutl'ients and in
dicate what plan of fertilization or other soil treatment is likely to be 
profitable. They are useful for detel'mining the nature of soil manage
ment problems with respect to the effect of fertiliZiel's ::tnd other chem
ical compounds on soils. Perhaps the main use of chemical soil tests 

~RT 

I 
r 
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is to determine if a soil iR nnusually low in one or more fertility con
stituents, 01' if a toxic condition is pl'eRent. 

SPECIFIC USES OF THE SOIL TESTS 

In this section and elsewhere in 1he bllllei-in, ppm, means parts per 
million in the Roil extract. (See the sections on "Extracting the Soil" 
and "Calculations.") 

NITRATES 

Nitrogen is the nutrient el('ment requireo hy plantR in the greater-;t 
amounts. It is found chiefly in the organic matter of RoilR. The nitrogen 
of the Roil organic matt(,I' iR tl'am;formcd to ammonia and then nitritc 
and finally to nitrate by meanR of the action of soil organiRms. In onlel' 
for a soil to form nitrates naturally, it shollld have a supply of nitrogen 
in organic matter, be moist, warm, and ae1'ated, and have the nHrifying 
organisms present. Soils very low in organic matter content are llRllally 
low in nitrate. A prodl1ctive Roil will develop nit.1'ate throllgh011t th(' 
growth period of the crop, ,Vhen a soil doeR not produce a supply of 
nitrate sufficient for the crop, nitrogen Rhonld be added in the form of 
organic matter, manure, or fertilizers containing it. 

Growing plants obtain mORt of their nitrogen hom the soil as nih'ate 
which is usually present, naturally, in soils mostly as caJrillm nitrat(', 
although other nitrate compounds may exif;;t in soils under suitahle con 
ditions. Nitrates are very soluble in water and, hence, eaRily lost from 
Roils, especially sandy soils, by leachhlg. Becanse nitrateR are Ro111hlc 
and dependent on the nitrifying proceRs for development, the nitraic 
content of soils may fillctllate considerably during a crop gTowjng Sf'a
son. The fact that a soil was fer'tilir,ed with nitrogen at crop seeding 
time is no proof that the crop will ohtain a sufficient Rllpply of nitr:=tte 
throughout its growth period, The h('Rt llRC of the nitrate teRt, thercfol'(" 
is to make testR at. rf'glllar pel'iodR, at le:=tRt dllring the time the crop 
~hould make a steady, thrifty, vegetative growth. 

Interpretations: 

1. As nitrateR are Ro]uble in wate1', 1he teRt indicates practically the 
total quantity of nitrate in the soil. 

2. Low nitrate in the soil, either before the crop is planted or while 
the plants are small, especially if the plants have a yellow-green colol' 
and show a slow, stunted growth, indicates nitrate deficiency. 

3. Low nitrate soil test results may indicate: (a) Nitrate not pro
duced in the soil, 01' (b) nHraJe taken up hy the crop as fast aR p1'O
duced, thus indicating a low l'eRerve Rllpply, or (c) nitrate washed from 
the soil by rains 01' heavy watering. 

4. Medium nih'ate test re 

5. High nitrate test I'esu] 
cess nitrate, especially if th 
dition. 

6. The nitrifying powel' oj 
ured by placing a sam pIe of 
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7. When the l'esults al'e to 
nitrate tests should Le made c 
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tUl'al soils are low in theil' 
element. Many Cl'OP growel's 
often deficient in field soils. 
gl'owing a heavy Cl'OP, as in tl 
of the available supply by t 

phosphates in gTeenhouse soil 
effects of soil phosphOl'US on 
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seeds, especially grains. 

Soils revert, 01' make i11S0 
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of supel'phosphate pel' aCl'e mil 
feI,tilized and unfediljzed soil 
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Interpretations: 

1. Field soils that test les 
phosphate fertilization fO!' bes 
plants 01' young plants. Dee 
feed bettel' on soil pho::;phorus 
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4. Medium nih'ate test results indicate a nOl'mal nih-ate supply. 

5. High nitrate test results- 100 to 150 ppm, 01' more-indicate ex
cess nib'ate, especially if the plant g'l'owth shows a harmful soil con
dition. 

6, The nitrifying power of a soil low in nih-ate content may be meas
ul'ed by placing a sample of the moist soil in a covel'ed container in a 
wal'm l'oom for a day or two 01' lOllgel', and testing it fOl' nitrate at 
regulal' intervals of time. 

7. When the l'esults are to be cOlTelated with plant growth conditions, 
nitrate tests should be made on fl'elSh soH samples. 

PHOSPHORUS 

Phosphorus is an impOl'tant vlant nutl'ieut element. It is present in 
both the Ol'ganic matteI' and in the minel'al val't of soils, It is made 
soluble in the soil and available to plants by the decay of ol'ganic matter 
and by the weathering of soil minel'als. 'rhe supply of available phos
VhOl'us and the powel' of the soil to maintain this supply are two main 
considel'ations with l'espect to available soil phosphorus. Many agricul
tUl'al soils are low in theil' contellt of this impol'tant plant nuh-ient 
element. Many Cl'OP growers considel' phosphorus to be the element mOISt 
often deficient ill field soils. A soil may test low in phosphol'US when 
gl'owing a heavy Cl'OV, as in the case of nib'ates, owing to the exhaustion 
of the available supply by the nop, Excessive qualltities of soluble 
phosphates in gl'eenhouse soils cause injury to plants. 'l'he tln'ee chief 
effects of soil phosphOl'US on plants ate (1) it stimulates )'oot growth, 
(2) hastens the maturity of the n'op, and O~) impl'oves the quality of 
seeds, especially grains. 

Soils l'evert, 01' make insoluble, some of the phosvllOrus apvlied to 
them in fertilizers, and some soils have this vowel' in gl'eater magnitude 
than othel's. In cel'tain soils, therefol'e, the apvlication of 100 poundlS 
of supel'phosphate per aCl'e may caulSe a diffel'ence in test l'esults between 
fel,tilized and unfel-tilizeu soil; but, in other soils, 400 01' 500 pounds 01' 

mOl'e of supel'phosphate may be l'equil'ed to produce much diffel'ence ill 
the test l'esults. In othel' words, the l'evel'ting, 01' absol'bing power of a 
soil for phosvhorus must be satisfied befol'e a comsiderable amount of 
phosphol'llS will be foulld in the soil extI'act. 

Interpretations: 

1. Field soils that test less than 1 ppm, of soluble phosphorus need 
phosphate fertilization fol' best n'op gl'owth, especially fOl' sllallow-l'ooteu 
plants 01' young plants. Deep-rooted Cl'OpS with extended root systems 
feed bettel' on soil phosphol'us. 
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2, For forced plant gl'owth, as in greenhouses and on lawns or golf 
courses, a continuous supply of 2112 to 5 ppm, is mOl'e suitable, 

3, The excess range of phosphorus begins at about 50 ppm" but this is 
l'al'ely attained even undel' heavy fertilization, 

4. Poor root growth, late maturity in crops, and shl'unken seeds all 
al'e indications of phosphol'us deficiency. 

POTASSIUM 

Potassium .is found in both the ot'gallic matteI' and the minel'al matter 
of soils but OCCUl'S chiefly ill the minel'al matteI' and becomes available 
to plants by solution ill the soil watel'. All soils, except mucks and 
peats, contain relatively la) 'ge amounts of "total" potassium, but the 
amount available to plants in anyone sojl may be low, especially ill sand 
soils, 

A limiting quantity of potassium in the sojl causes mad(ed distul'bances 
in plants but, unless the l>otassium supply is vel'y low, the effects al'e not 
dearly visible, When potassium becomes limiting to plant growth, the 
l>lants may show a stunted, slow gl'owth, the leaves become yellowish 01' 

dull-colored at the edges and fiually bl'onze 01' bl'own toward the centel'S, 
III extl'eme cases the leaves fall hom the plall ts. A large Pl'ol>ol'tion of 
small, shl'unken, misshaped pods aud seeds of legumes, 01' of huits, 
tlowel's, tubel's, and l'OOtS may iudicate IJotassium de1iciellcy iu the soil. 
ht all ca~es) however) one 1nust be i)'ure that an lunhealthy or d'iscolored 
appearance of plants is not d1ue to d1iscase8 or insects before attem,pUng 
to diagnose soil deficiencies or t1'o'Ltble~ by th/i~ means, 

In soil fel,tility diagnm;is, to obta1u mOl'e iufol'mation from the use 
of the potassium test, two fOl'ms of potassium in the soil may be l'ecog
uized; (1) the 1ixed, l'eplaceable, 01' l'eS81'Ve potassium, and (:2) the 
soluble, active, or immediately available potassium, '1'he soil supply of 
active potassium is impOl-taut to gl'owel's of fOl'ced, shOl,t-season, and 
high-value C)'OPS, and to growet's of crops kuown to l'espond markedly 
to potash fel,tilize1's, In the case of long-seasoll field CI'OPS having a 
compal'atively low peI'-acl'e value, more depeudence can be placed on the 
reserve potassium supply of the soil to fUl'nish potassium to the Cl'OP , 

Interpretations: 

1. Eithel' a low 01' blank test l'esult fOl' active potassium indicates 
the need fol' potash fel'tilizatiol1 fOl' iutensive Cl'OP production, or fOl' 
forced 01' high-value Cl'OpS. 

2. A continuous supply of about 10-20 ppm . i~ suitable for good crop 
gl'owth in the gr'eenhouse, 01' fOl' fOl'ced Cl'OP gl'owth. About 5-10 ppm. 
is suitable fOl' good growth of field nops. 

s 

~, The excess range of rota 
50 ppm, which is rather eommc 
fel'tilizel's are used. 

4, Farm soils showing eit-ll 
sium may be tested also for 
methods) in oroer to detcrm 
long-season crops, A 10\" 1 Cf:; 
the need fol' potash fedilizati 

Calcium pedorms many imr 
of plants, It js the plant J1l1tr 

large quantities in soil extrac 
"lime", caldum is often used 
to correct the toxic condition 
seldom lack calcium as a plant 
in an acid soil is usually a f:; i 
crops that need a good supp] 
calcium carbonate in soils al'e 
strongly acid soils for their be 

Interpretations: 

1. A low test l'E'sult for C ~t11 

ahle supply and, if the soil is r 
grow "high-lime" crops, 

2, 100-HiO ppm, of calcium 

~, High-calcium i-pst rCf:;ulti 
excessive amounts for ac id-soi 

4, The calcium snppJy f:;h o 
magnesium for fOl'ced plant g 

Tn hnmid c]imatps wi1h a n( 
ra]rium and magnesium c:11'ho 
be deterted hy the carbonate 
howevel', cannot he cleteel ed I 
carbonates indicate an alkalir 
of carbonate may sometiDlPS I 
be slightly alkaline and the te 
use of the carbonate test is t 
soil. 

The carbonate test is useful 
to white and gives a strong e, 
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~. The excess range of rota~~illm in greenholl~e soi1~ begins at. about 
50 ppm. which is I'athel' commonly fonnd where large quantities of potash 
fertil i zers are used. 

4. Fal'm sojl~ showjng f'ither a hlnnk , or low, te~t. for active pota~ 

sium may be tested also for l'f'~el'\'e potn~~illm (t.e~t oes('rihed under 
methods) in oroer to oeterminc the po~~iblc ~upply of thi~ form fo}' 
long-~ea~on ('rops. A 10'" je~jl'('~ult foJ' reserve potassium emphasizes 
the need for potash fedilization. 

CALCIUM 

Calcillm pel'('orms many impol'hlllt fllndion~ in the ~oil in t.he growth 
of plants. It is the plant nutrient elf'ment ('ommonly fonnd jn relatively 
large quantities in soil extracts from unt]'eated soils. In some form of 
"lime", calcium is often used io neutralize the acidity of acid soiJ~ and 
to correct the toxic condition~ sometimes ('an~ed hy soil acidity. Soils 
seldom la('k calcimn as a plant nlltrient, h11i a low avaj]ahility of calcium 
in an acid soil is usually a ~ign of low soil pl'oductivity, e~pecially for 
crops that need a good ~mpply of this elf'mcnt. Ex('es~ive amOllllt.s of 
calcium carbonate in ~oils ~tl'e jnjnl'jou~ to nops that require medium to 
strongly acid soils for their best growth. 

Interpretations: 

1. A low test l'eKnlt for caldum , ahollt 40 ppm .) inoicate~ a low avail
ahle supply and , jf the soil is a('io, al~o f'mphasizes the need for liming to 
grow "high-Ume" crops. 

2. 100-H50 ppm. of ('nlcinm i~ ('on~irlrrrrl sllfficient ('or mo~t. p]ant~ . 

~. Righ-cal('illm tf'st resnlts , H50-200 ppm. in an nlkaline ~oil inrlicate 
exce~sive amounts for acid -soil plants. 

4. r:rhe calchlm supply ~honld not ('a] I below that of potassium 01' 

magnesium for forced plant growth. 

CARBONATES 

In hnmid (']imatf'~ wi j h a nOl'mnl amonnt of 1':11nf:1]1, ~oUs may ('ontain 
cal('ium and magnesium ('(1l'honaie~ , n:1tnrally, in quantities snffkient to 
be deteded hy the ('arbon{li f' t('~t. Very small fjnantHies of carbonate~ , 

however, cannot be detecied by nwans of 1-h iR test. Large fjnantities of 
carbonates indicate an a lka line soil, but a few sma]] scattered particlPR 
of carbonate may sometimes be fOllnd in :lcid ~oi]s; however, a soil may 
be slightly alkaline and the test may not inrlicate carbonates. The chief 
use of the carbonate test js to detel'lnine if limestone is present in the 
soil. 

The carbonate test is nseful in discovering marl. Marl is usually gray 
to white and gives a strong carbonate test. The purity of the marl can 
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be determined roughly by the amount that goe~ into Rolntion in making 
the test. Limestone and aRheR also giye the cal' bonate test. 

THE SOIL REACTION 

The reaction of soils m::.y be acid, neutral , 01' alkaline. In general 
agriculture and in the growing of Rpecial cl'Op~, thc soil reaction is 
important for two m::.in l'e::'Ron~, namely; (]) every cultiy::.terl plant has 
a soil l'e::.ction preferencr, ROmf' I'eqniring ::'11 ::.cid Roil, Romc a nentr::.l 
Roil, and Romc prefclTing thc alkaline cOl1rli tiol1, ::. nd (3) Rhong]y ::.cid 

and shongly a lkal i l1e Roils are often low in product i vi ty and may con

tain substances toxic to plants. 

Interpretations: 

1. A very Rhong al'irl teRt l'e~mlt , with poor CI'OP growth, indicate~ low 
fel,tility or the preRence of i-oxic RnbRt::.nceR. Soil needs lime for "high

lime" CI·OpR. Soil m::.y contain toxic snbRt::.nces. 

2. Strongly acid 01' medi11m acjd tf'st indicatcR soils Ruit::.ble fo], most 
acid-Roil cropR. Soil necds lime for "h igh -limc" (,1'OpS. Soil may tontain 
toxic substances. 

3. Slightly add 01' neniTal, 01' Rlight1y a1k<lline teRt indic::.teR I'eaetion 
suitable for "high-1imc" (TOpS. Slightly ::'I'irl Roils may neerl limf' , if they 

t-est low in calcium. Thesc Roils arc Rometimes madc acid for acid-soil 

nops. 

4. Strongly alkaline test, with poor crop growth, may jndicate too 

much alkali. TheRe soils al'e RometimcR m::.de acid to c01'1'ect this cOl1cli 
tion. (See ((Soil ReacUon [lJH] Preferences of Plants.') Michigan Agri 

cultural Experiment Station, Spc('ia1 Bllllctin 306.) 

AMMONIA 

Vil'tllally all soils contain ::.mmonia in small amonntR, rarely exceerl 

ing a few parts per milJion. The ammonia of soils is 11l'oduced natnrally 
by soiJ organ isms hom thc niiTogen i 11 Roil organ ic mat.tf'1' and the 
formation of ammoni::. iR tIl(> firRt step in the production of Roil nitl'ateR. 

Soils high in contcnt of decaying organic maHer, fr'csh1y m::.nllred soils, 
or soils recently ff'rtilizrrl with ammonium compounds may givc compara

tively high tests for ammonia. 

Inter pretations: 

1. Low ammonia and Jow nib'a te test results indicate a low supply 

of nitrogen in the soil. 

2. High ammonia with low nitrate test results may indicate that some 

hal'mful soil condition is interfering ,dth nitrate formation. 

s 

Note : The potOSSl1l1J1. tC8t ' 
or more of ammoni-a. 

Nitrites are formed in RoilF 
nitrateR. Tn well drained, :1e 
only Rmall qnantitje>R, An ex( 

This condition may arise f'ror 
amonnt in poorly aerated 80i7s 

Nitrite toxicity iR indic:lierl 
growth , small, light green lea 
plant l'oOts slough off anfl ihe 

Excess nitrites may be f01111 

Rterilization with steam or by 
Roil is high in nihate conient 
(levelop nitrites Rhonld be Rtil' 

or llntil the n it1'itr content haf 

ing a crop. 

Interpretations: 

1. N itrite test. r€'sults of 2 1 

2. The chief llse of the nitri1 
Roil formed nitrites, and a1Ro ,,
for safe planting. 

Magnesi u m j s a 11 essen ti::t I 
chlorophyll, the green colorin 
rleficient in a soil, the pJ:1nts 

the leaves become light co10J'ec 
appearance, and often fan froD 
low in magneRillm for goorl C1'1 

be fonnd. Soils al-e very 111l 
Low magneRhlmis IIRually a~ 

strongly acid soils. 

Interpretations: 

1. A blank teRt l'f'fmlt rlen 

2. A low test result, 1 ppn 

especially when accompanied b 
ance of the plants. 

3. Five ppm. of magnesium 
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Note: Th e pot(U;811nn test is 110t l'e liablP in th e pl'e.c;:ence oj 50 ppm. 
or m01·e oj ct1nmonia. 

NITRITES 

Nitrites are formeo in ~oi]s a~ the ~econcl ~tep in the production of 
nitrates. In wf'll orained, aerntecl ~oiJ~ nih'ite~ m'e found, n~ually in 
only :;;mall quaJ1titir~. An exce~~ of nitritf'~ in a 80i] i~ toxic to plant~. 
This condition m::ty nri8e from decompo~ition of J1itrate~ when high in 
amount in poorly ((m'oted 8017.8. 

Nib'He toxicity is inoicate(l hy pOOl' gel'miI1::ttion of ~eed8 , ~low plant 
growth , :;;mall , light grecnle::tvr~, I'oot firing ::tnd, in extreme ca:;;es, the 
plant roots 810ugh off ann the plant wilts ::tnd die8. 

Excess nitrites may bc found in g.TeenhOll~e ~oils and other ~oil~ after 
:-:terilization with steam 01' by other methods of heating, e:-:pedally if the 
:-:oil is high in n itl'ate content before ~trl'ili7i::ttion. Sterilized :;;oils that 
neve]op nib>itr~ ~hould be ~tined find allowed to :-:t::tna for several days, 
or nntil the niiTitr content has fallen helow the toxic limit, befol'e plant
ing a Cl'Op. 

Interpretations: 

1. NHrite test l'esult~ of 2 to 5 ppm. indicate toxicity due to nHrites . 

2. The chief use of the nitl'ite test i8 to determine if sterilization of the 
soil formed nitdtes, and also "'hen the nitl'itr content becomes low enough 
for safe planting. 

MAGNESIUM 

Magnesium j~ an essential plflnt nuiTient element and is present in 
chlorophyll, the green coloring mattel' of plants. vVhen magnesium i'8 
deficient in a ~oil, the plants cannot form chlorophyll proper]y; hence, 
the leaves become light colOl'ed, sometimr~ change to a bl'own, or spotted 
appearance, and often fall from the plants. In certain localities soil~ too 
low in mag'nesium fOl' goon crop growth , pa rtic111m']y ~peci::t 1 crops, may 
be fonno, Soi18 al'C VCl'y 1111pl'onuctivc when oefkient in magnesium. 
Low magne~illm i~ ll:;;ua]ly a:;;sociated with low calcinm in medium to 
strongly acia soils. 

Interpretations: 

1. A blank te:;;1, ]'esnlt (lefinitely jnnicate~ m:lgne~ium deficiency. 

2, A low test result, 1 ppm. or le~s , inoicates magne:;;ium deficiency, 
especially when accompanied by a skkly, chlorotic (light colored) appear
ance of the plants. 

3. Five ppm. of magnesium is suitable for most plants. 
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IRON 

Soils usually contain sufficient soluble i1"on to satisfy the needs of 
plants, Iron aids in the formation of chlorophyll in plants; hence, i]'on 
deficlency in a soil may be Rhown by ch 10]"osis, a p::. Ie-yellow or whHIRh 
color in plant leaves, a condition which ba~ been ObRel'Ycd on nlkaline 
soils , 'rhe pH ]'ange of low solubi lity of i)'on in soils is about i).:=> to 8,h; 
consequently, H is withi11 th is reaction ]'angc th::.t il'on deficiency may he 
found, more eRpeclally in thc highel' portio11R of thiR range, Large excesseR 
of soluble i]'on in a stI'ongly acid soil HHly be toxic to plants, The conoi 
tion, howevel', is of nne occurrence, hut may arIse from the action on 
soils of ground waters canying han OJ' sulfur, or in other ways, 

Interpretations: 

1. 1\1ost soils give low test results fOl' soluble 11 'on, Chlorotic phlllts 
on an alkaline soil may indicate i]'Ol1 deficiency, If iron deficiency is 
suspected, apply thc I'CSerYe iron tf'st, A low resen'e supply of j 1'on 
emphasir.es the possibility of iron defkiency. 

2. ExcessiYely high test rcsults fOl' iron in a strongly acid soil indkate 
iron toxicity, The high i1'on te~d~ will bc accompanied, URua lly , by a 
high test for sulfates, niil'ates, or ch 10l'ides, 

ALUMINUM 

Soluble aluminum h1 soils is comddel'ec1 yery toxic to plant~, Aluminum 
is rather insolublc in soils th]'ongh the ]'cad-ion range of about pH 5,5 to 
8,0, hence, soluble nluminllIl1 is imporhmt jn ~trollgly acid soils nnd 
ordinarily the test is applicd only to acid soils. All strongly acid soilR 
should be tested for ~olublc or active a]umhnlm. Strongly acid spots in 
field soils may contain acti ,·c alumil1l11ll, and it may be found in acid soil~ 
associated with pOOl' dl'ainage. Soils tl'ea ted with snlfnr, slllfate of 
aluminum, 01' other acid Rnbstcll1ces mny den'lop active aluminum in 
them if the pH is lowered below G.5. 

Interpretations: 

1. A positjye test l'esult fOl' actin' :11'uminum, 2 to 3 ppm., indicates 
toxicity to "high-lime" ('1'OPS, C)'OPS that requi!'e strongly acid ~oils are 
less affecteel by active aluminum, 

Note: Applications of linw and supcrph08phnte /;0 soils cor1'('ct alU1ni 
nttln toxicity by chanfrin,q the active alumi1l1J1Jt to 'insoluble forms. 

MANGANESE 

Manganese in soils is comddered essential to plant growth but a high 
concentration is harmful to plants. In exeessiye amounts it injures plant 

sc 

l'OOts (root fil'ing) and causes 
nese is sometimes associated " 
to 8,5, but saudy soils may be j 

values, Manganese is mOl"e so 

I nterpreta.tions: 
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2. On soils w hel'e a deficien 
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llese deficiency. 
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'l'he sulfate test is useful f( 
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high ehlol'ide test l'esult and 
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The chief use of the chlodd, 
tions of soluble salts, and to ill( 
chlol'ide) in soils. The excess 

The sodium test is l'elativelJ 
ities, howevel', may have soils ( 
chloride (common salt). Salt 
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l'OOts (root fil'ing) and causes stunted gl'owtlJ, A deficiency of manga 
nese is sometimes associated with slightly acid to alkaline soil, pH 6.5 
to 8,5, but salldy soils may be founu uei-icient ill manganese at lower pH 
values, Manganese is mOl'e soluble in acid soils than in alkaline soils, 

Interpretations: 

1. Only small quantities of manganese al'e l'equil'eel by plants; hence, 
a positive soil test l'esult illuicateH a sufficient supply. 

2. On soils whel'e a deficiency of manganese is suspected from plant 
symptoms, mainly as stunted gl'owth anu ehlOl'otic appearance, apply 
the l'eserve manganese test. A blan k ]'eSel've test l'esul t indicates manga
llese deficiency. 

3. Soil test l'esults of about G ppm. of manganese may be considel'ed 
uangel'ous, because the element may eoneenil'ate in spots dul'ing dl'Y 
weathel', especially in fields, auel injlne plant gl'owth, High manganese 
test results, associated with POOl' el'op gl'owth, indi cate manganese 
toxicity (1). 

SULFATES 

Plants obtain theh sulfln supply £I'om sulfates. Sulfates al'e pl'esent 
in vhtually all soils, although soils may be deiicient in sulfur ill cel'iain 
localities. They al'e not hm'mful to plants exeept ill unmmally high 
coneentrations. A high test fOl' snlfates usually inditates that sulfate 
compounds 01' SUlfUl' has been applied to the soil 01' oceUl'S nahu'ally in 
the soil. Soils may also test high in sulfate content in the vicinity of 
bl'ine spdngs 01' in dry climates. 

'l'he sulfate test is useful fol' detel'lnining excessive 01' toxic concen
iI'ations of soluble salts in soils. The excess l'ange begins at about 450 
ppm. 

CHLORIDES 

ChlOl'ides al'e pI'esent in viltually all :soils, but they are injul'ious to 
plant growth only when present in compal'atively lal'ge quantities. A 
high chlodde test l'esult and pOOl' plant growth may indicate plant 
injul'y due to chlorides, 

The chief use of the chlol'ide test is to detel'mine excessive eon centra -
tions of soluble salts, and 1.0 illdicate the pI'esellee of common salt (sodium 
ehlodde) in soils, The excess l'ange begins at about 100 ppm, 

SODIUM 

The sodium test is l'elatively unimportant in most soils. Cel'tain local
ities, howevel', may have soils containing l'ather large amounts of sodium 
chloride (common salt). Salt may be injurious to plants when present 
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in a soil in compal'atively lal'ge quantitie::;. III small amount::;, it may 
stimulate plant growth. 

Strongly alkaline soils, pH about 8.5 or higher, in al'id climates or 
in greenhouses and on other situations where heavy applications of ferti 
lizers containing sodium compounds have been made, and where the 
plants have been watered with hal'd water, or softened water, may con
tain sodium carbonate, which is l'ather toxic to some kind::; of plants, 
These str-ongly alkaline soils should be tel::lted fol' sodium, 

Interpretations: 

1. High test I'esult::; fOl' both Bouium anu ehlol'jue illdi<.:ate the pl'esence 
of salt in the soil. 

2. A high test l'el::lult fOl' sodium in a stI'ollgly alkalille soil may indi
cate the pl'esence of sodium cal'bonate. 

EXCESSIVE AMOUNTS OF SOLUBLE SUBSTANCES 

In the fertilization of small soil al'eas auu the use of hal'u waters for 
watering plants, the soil sometimes becomes too l'ich for nOl'mal plant 
gl'owth or acquil'es ex<.:essive quantities of soluble materials. 'rhis condi
tion has been found in gardens, ill gl'eenllOUSel::l, and on lawns and golf 
gl'eens. In humid climates the condition often OCCUl'S in tieJd soils ill 
small al'eas, especially dul'ing continued dl'y weather, anu ill dry climatel::l 
on extensive soil al'ea::;. "Vhen ex<.:essi ve quantities of soluble substances 
occur in soils, they intel'fel'e with the nutr'itional pl'ocesses of many kinds 
of plants and the plant::; ::;11ow abnol'mal growth. Unusually high test 
results fOl' one 01' mOl'e soil cOlll::ltituents, especially when associated with 
poor plant gl'owth, indicate excessive amounts of soluble substances. 

Leaching the soil 01' mixing with it othel' untl'eated soil al'e methods 
commonly used in gl'eenhouses to ovel'come this condition, 

APPLICATION OF THE SOIL TESTS 

The method of attack for soil testing depends on the natul'e of the 
soil problem under' investigation, 01' the objectives to be attained in the 
practical applications of the soil test l'esults. In the initial investigation 
of a soil, in ordel' to detel'mine its general fertility condition or the 
cause of crop injury 01' failure, it is advisable to make all of the soil 
tests and also to obtain all othel' pel,tinent infol'mation about the soil 
and crop. Results of this preliminal'y arld complete investigation will 
then point the way fOl' subsequent plans fOl' soil improvement and for 
the future application of soil testing to check the effects of the soil 
improvement methods applied, 

Because of the chemical natul'e of soils and the intel'-l'elationships of 
certain soil constituents, however, the soil testing procedure can be 

s 

simplified and better results a 
suitable Ol'der, Some pel'tinen 
following paragraphs. 

Test first for carbonate (IiI 
ates, it will also be either alk: 
Then test for degree of l'eactiOl 
a tes changes only slowly in 
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some time. Thell proceed wit 
contain toxic amounts of eithf 
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carbonates al'e not founu, tes· 
the other tests, and in shang 
::;ium, and fOl' soluble aluminu 
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Because nitrates are used IJ 
siderably in amount in soils I 

llitl'ates should be maue um'j 
time of stl'ong vegetative grow 

Potassium is used by crop~ 

supply should al::;o be sufficient 
howevel', the potassium supply 
be found either adequate, low 
pal'atively high in content of : 
in that condition for some tim 

The solubility of soil phosp 
ditions; therefol'e, always rna 
found well supplied with pho~ 

Field soils found compal'ativ 
magnesium, iI'on, manganese, 
only slowly in those l"espect::;, 

'l'he ammonia test may be or 
quantities of rapidly decayin~ 
cation of organic nitrogen ferti 
compounds. In gl'eenhouses, 
(1) aftel' steam sterilization, 

Two specific conditions l'e( 
(1) To pool'ly-aerated soils, aJ 

FOUl' comparisons may be rn 
compal'ison of the levels of aVe 
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simplified and better l'esults obtained uy applying the test methods in a 
suitable ol'der. Some pel,tinent points in this connection al'e given in the 
following paragraphs. 

Test fil'st fOl' car bonate (limestone). (1) If the soil contains cal'bon
ates, it will also be either alkaline or neal' the neutral point in reaction. 
Then test for degree of l'eaction, 01' pH. A soil \vell supplied with cal'bon
ates changes only slowly iu this l'esped, 01' in l'eaction, thel'efol'e, no 
further test~ fOl' eithel' cal'uonates 01' l'eactiou need ue made at least for 
some time. ~rhen pl'oeeed with the othel' tests. Carbonate soils do not 
contain toxic amounts of eithel' aluminum, il'on 01' manganese. r:rhey are 
well supplied with calcium, and usually with magnesium. (2) vVhen 
carbonates al'e not found, test next for uegl'ee of l'eaction, 'rhen make 
the other tests, and in shongly acid soils look for low calcium, magne
~ium, and fOl' soluble aluminum, iron auu mangane~e, Low test l 'e~ults, 

howevel', may be found with any soi1. 
Because nitrates are used uy (TOPS in lal'ge quantities, and vary con

siderably in amount in soils dul'ing one Cl'OP season, pel'iodic test~ fol' 
uihates should ue made dUl'ing the ~eason, especially thl'oughout the 
time of shong vegetative gl'owth of the (TOP, to insure a sufficient supply. 

Potassium is used by Cl'OpS in quantities second to nib'ate, and the 
supply should al::;o be suffieient fOl' good vegetative gl'owth. In most soils, 
however, the potassium supply l'emaim; l'ather constant, although it may 
be found either adequate, low 01' mal'kedly deficient. Soils found com
paratively high in conteut of available potassium, thel'efore, will l'emain 
in that condition for some time, 

The solubility of soil phosphol'us i::; influenced mal'kedly by soil con
ditions; therefol'e, always make the phosphorus test unle~s the soil is 
found well supplied with phosphorus. 

Field soils found compal'atively high in eontent of eithel' active calcium, 
magnesium, iron, manganese, sulfates, chlol'ides, 01' sodium will change 
only slowly in those l'espect~, natul'ally, over long periods of time, 

The ammonia test may be omitted except (1) for soils containing large 
quantities of rapidly decaying Ol'ganic matteI', and (2) aftel' the appli
cation of organic nitrogen fel,tilizers aud fel'tilizel's containing ammonium 
compounds. In gl'eenhouses, high ammonia test l'esults may be found 
(1) after steam sterilization, and (2) in pool'ly-ael'ated soils. 

Two specific conditions l'equire the application of the nitl'ite test : 
(1) To poody-aerated soils, and (2) aftel' ~team sterilization. 

Four comparisons may be made on the oasis of soil test results: (1) A 
comparison of the levels of available plant nub'ients, 01' nub'ient balance, 
in anyone soil. (2) The fertility content of one soil may be compared 
with that of anothel' soil. (3) ~rhe nub'ient supply of a soil may be 
compared with the needs of a crop, (4) Excesses of nutrients and othel' 
substances may be compared with nop tolel'ances of them. 
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TESTING PLANT CULTURE SOLUTIONS 

The Simplex soil testing system was designed fOl' testing soillS, Many 
requests have been l'eceived, howevel', for infol'mation on the application 
of the test methods to plant cultul'e solutions. 

Plant culture solutions contain higher concentrations of nutrients 
than the soil extract, but not necessal"ily gl'eatel' amounts of nub'ients 
than occur in the soil water. In the method of soil extraction for active 
nutrients given herein, the proportion of soil to water is one-to-six. 
Assuming that a soil contains 25 pel' cent of watel' by volume, then the 
soil water is diluted 24 times in the exb'action method. Multiplying 
the ppm. in the soil extract by 24 gives the appl'oximate con<.:entl'ation of 
nutI'ients in the soil water. The l'esults obtained by this method of 
<.:alculation £I'om fertile soils will compar'e favorably with the <.:oncentl'a
tion of nutrients commonly used in cultul'e solutions. 

Because the nutrient concentrations of a cultul'e solution al'e commonly 
high, the solution must be diluted before making the tests. 'rhis pl'O
cedul'e is necessary in order to bring the test l'esuit COlOl' within the 
l'ange of the color charts. The iron and manganese tests, however, may 
be made sometimes without dilution. 

A l-ml. pipette and a IOO-ml. graduated glass cylinder al'e convenient 
for the purpose, because with them any dilution can be made up to one
to-one hundred. '1'he number of times a solution should be diluted depends 
on the amount contained of the nub-ient undel' test, and this can be 
detel'mined by b'ial tests. Since the test l'esult must be multiplied by the 
number of times dilution to obtain ppm. in the original solutions, lal'ge 
eITOrS are introduced in the results, especially when the times dilution 
is great. vVhen the test l'esult falls exactly on a chal't COlOl', however', 
the error is much leslS; thel'efol'e, dilutions should be made with t11ilS 
point in mind. 

Considering that the nub-ient concenb-ations of culture solutions ar'e 
not kept on an exact level in the usual practice, nor is this necessary, 
the soil test methods will be found useful for determining when the 
nutI'ient concentrations have fallen below the desired amounts, especially 
when methods for mOl'e accurate analysis are unavailable. '1'he tests al'e 
also suitable for determining exceslSes of sulfates, chlol'ides, etc" in 
<.:ulture solutions. 

TESTING WATER 

The soil tests can be used to test water' to detel'mine if it cOlltains 
nitrates, potassium, phosphol'US 01' othel' plant nUb-ients whi<.:h may add 
fertility to the soil. '1'hey will indicate also if the water cOlltains sulfates, 
chlorides or othel' substances in quantities gl'eat enough to injure plants. 
All of the tests are applicable to watel' the same as to the soil exb-act. 

To test water 01' plant cultul'e solutions for l'eaction, 01' pH, take about 
I ml. in a small tube and add a few chops (enough to COlOl' the solution) 
of the Soiltex soil reaction reagent. 

THE SIMPLEX ~ 

A 

A few pa pel' towelfS and a clean 

1 spoon- c:1padty V2 Rpoonful 
1 rack to hold the tubes 
1 bottle for distilled water 
1 4-inch small glass l'od 
1 brush for cleaning the shell \' 
1 porcelain test plate with J 2 c 
2 glass funnels-2-inch diarnete 
1 box filter paper-J 00 papcrf', f 

phosphorus and nitrate 
3' glass tnbes- shell vjals, 17 rn 

meaSll re 13 ml. 
24 glass tubes-shell vi:11s, 15 I 

rneaSUl'e 1 and 2 ml. Unifor 
18 2-ounce dropping bottles fOl 

No.1, 3, 8, and 13, Amber or 
1 standard medidne dropper. 

deliver 16 drops per ml. 
Total cost about $9 

Note: AU of these solutions 
glassware, The rhemiralfS f'hOll 
micro testing, Keep all bottl 
parentheses refer to reference 

ACETI' 

No, J, Dilnte acetic acid- 1 
distilled water. 

NIT 

No, 2. Diphenylamine 8ol1/,ti 

in 25 ml. of pure sulfuric acid fl 
rorrmdve and mllst not conta( 
hllle colOl' indicates that it if 
stopper with paraffin where it ( 



PART II 

THE SIMPLEX SOIL TESTING SYSTEM 

APPARATUS 

A few papel' towels and a dean cloth 
~poon-caparity 1/2 Rpoonful 

1 rack to hold the tubes 
1 bottle for distilled water 
1 4-inch small glass l'od 
1 brush for cleaning the shell vials 
1 porcelain test plate with 12 cavities 
2 glass funnels-2-inch diameter, 2-inch stem 
1 box filter paper-1 00 paperR, !) cm. diameter, analytical grade free from 

phosphorus and nitrate 
3' glass tubes-shell yials, 17 mm. diameter, 100 mm. long, graduated to 

measure 13 m!. 
24 glass tubes-shell vials, 15 mm. diameter, 75 mm. long, graduated to 

measure 1 and 2 ml. Uniform in diameter and accurately gl'aduated 
18 2-ounce dropping bottles for the reagents. Clear glass for ]'eagents 

No.1, 3, 8, and 13. Amber or green glasi'l for the other reagents 
1 stand anI medicine dropper. Straight glass tube with 2 mm. opening to 

deliver If) drops per ml. 
Total cost about $9 

REAGENTS 

Note: All of th ese solutions must be prep~ned in resistant., laboratory 
glassware. The rhemicals shoulrl be special micro grade 01' snitable for 
micro testing. Keep all bottles and droppers npdght. (Numbers in 
parentheses refer to ]'efel'ence list following this section.) 

ACETIC ACID SOLUTION 

No . .1 . nilnte acetic acid- l part pure, glacial acetic acid and 3 parts 
distilled water. 

NITRATE REAGENT 

No.2. Diphenylamine sol1f.tion- 0.03 gram of oiphenylamine dissolved 
in 25 m!. of pure sulfuric add free from nitrate. This solution is strongly 
(,o)To~ive and must llot contact hands or clothing. A pink, brown or 
hl11e color indicates that it is unfit for usc. Coat the rubber bottle 
stopper with paraffin where it contacts the liquid. 
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PHOSPJ-IornrR REAGENTR 

No . 3. ~Iolybda,te sollltio11 (2) - Dissolye 5 gramR of ammoninm molyb
date, free from arsenic and phoRphol"llR, in 50 ml. of diRtlllea water, 
warming gently to hasten Sollltion. If the Rolution is turbid, filter. Pour 
this solution slowly, with stin'ing, into GO m1. of pure nihic acid, then 
add 100 ml. more of rlistillf'fl watf'l'. Coat the stopper with paraffin. 

No.4· Tin- Cnt dean, hright, thin, pure sheet tin in pjeces about 
3/ 16 inch square. Must be rlf'an anfl bright. 

POTASSIUM REAGENTS 

No.5. Sodium cobal'ti-l1#l'ite solu.tion (3) - Solution A: Dissolve 25 
grams of cobaltous nitrate in 50 m1. of distilled water in a !)OO-m1. El'len 
.meyer flask ana add 12.5 ml. of pUl'e acetic add. Solution R: niRsolve 
120 grams of sodium nitrite in 180 ml. of distilled water, making a 
volume of about 220 ml. Add 210 ml. of solution B to all of solution A
under a labora,tory hood or 011t of dOor·8. The poisonOlls, reddish, hl'own 

fumes of nitric oxide are then l'emoverl from the Rolution by means of 
an aspirating bottle and a sllction filtel' pump. The gas mw;;t he l'emoved 
completely from the solntion hy dnlwing air throngh it for tlwee or 
four hours. The time of the opera i-jon can be shortened by placing the 
solution under low preRsnre. Filter the J'f'agent before 11Re, and keep in 
a cool place. Coat i-he stopper of the ch'opping bottle with paraffin. 

No.6. Pure ethyl alcohol, 9.5 prr crnt- Where ethyl alcohol cannot. 
be obtained for scientHic purposeR, Plll'C, an hydrous iso pl'opyl alcohol 
may be substituted. 

CALCIUM REAGENT 

No.7. A mmoniu1J1. o.Tnlate 8071Itio1/- A RatllJ'a ted solution of ammo
nium oxalat-e in distilled wateJ'. A hOllt ;) grams to 100 ml. of water. 

HYDROCHLORIC ACID SOLUTION 

No.8. HydJrochl'Ol'ic (llfllrini:ic) acid .c;:o7ntion- 1 part pure acid fref' 
from iJ'on anrl R parts distilled watcr. Coat Rtoppcr of dropping bottle 
,dth paraffin. 

AMMONIA REAGENT 

No.9. N e8s1e1')8 sollltion- Sollltion A: DiR~oJve 5 gl'amR of pure 
potassium iodide in 15 ml. of distilled water', Solution B: DisRolve ~ 
grams of pure mercul'1c chloride in GO ml. of water with gentle heating. 
Pour solution B into solution A, slowly, with stirring until a ,slight, 
red, permanent precipitate is formed. FHter and add 40 ml. of potassium 
hydroxide solution (25 grams of potassium hydroxide and 50 m!. of 
distilled water). Dilute to 100 ml. and allow to settle. (Poisonous) 

SOl 

NITR 

No. 10. Lomb(1rd's solution ( 
by heating in 100 ml. of a ~at 

Add 1.5 grams of phenol allfl mi 

MMiNE 

No. Lt . Sodhlm hyclro.ridr so 

droxide in 100 m 1. of d jRti IJefl 'Y: 

No. 172. Titan yellow S011tfio/l 
dye in a mixt11 I'e of !)O m l. of ei 
and 10 ml. of distilled water. 

FERRIC 

No. 18. Pot(18,'1i1l1n 8111phoc: 
potassium sulphocyana te in 100 

ALUM 

No. 14. Aliz(lJ'in solutioll (6) 
dye (Schultz No. 778) in 100 
alcohol. 

MAKG 

No. t5, Ben zidhw ,~ol/ltioll I 

mixtl1l'e of 7:5 mJ. of eithel' ethY 
of distilled water. 

SUL 

No. 16. H(11'hl111 rhlm'idr .'10111 
in 100 m1. of distilled waicl'. 

CHI, 

No. 17. S1}rrw 11itnlir 80111ti 
100 ml. of distillf'd water. (Poi 

No. tR. AfarI11f3si1f111 urrtnyf 
solve at 70 ° n,!) graml-' of lInn 

acetic acia in rli~1illed W<ltrl' t 

DisRolvc at 70 ° C., 60 gram~ 0 1 

of glacial acetic arid in distille 
sol~tions A and B, cool to :W 0 

SOILTEX SI 

Dissolve 0.125 gram of anl'iJ 
cator dye in 100 m!. of eithe] 
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NITRITE REAGENT 

No. 10. Lomb(1rd's 8ol11l'i011 (4) - DiRRolve 1 gram of Rulphani1ic arid 
by heating in 100 ml. of a Ratlll'ated Rolntion of ammonium chloride. 
Add 1.5 grams of phenol and mix. (Poi R o1101lS) 

MAGNERIll J\I R~AGl'~NTR 

No. 11 . Sodhfm hydro.ride Ro11fNol1 - DiRsolye 5 grams of sodium hy
droxide in 100 ml. of diRtiIJerl ,,,ater. 

No. 12. Titnn yrllo1V 8of1ffiol/ (G) - DiRsolvc 0.15 gram of titan yellow 
dye in a ruixbll'c of 90 rul. of either ethyl alcohol, 01' iso pl'opyl alcohol, 
and 10 m!. of distilled wa i e1'. 

FERRIC IRON REAGENT 

No. 18. Potn88i'lf1n RlIlphocJjnnal(', Rolutiol1- DiRsolve 20 grams of 
potassium sulphocyanate in 100 ml. of rlistilled ,,,at-er. (Poi.'101l01lS) 

ALUMIN U M REAGENT 

No.1;'. A_liz(1/'ill Roi1tt iOIl (6) - DiR801\'e 0.1 gram of al iZeHin indica tor 
dye (Schultz No. 778) in 100 ml. of cithcl' ethyl alcohol 01' iRo propyl 

alcohol. 
MANGANERE R~]AG~NT 

No. 1.5. Rel1 zidille .'1o/1ff.ion (7) - DiRRol\'e 0.2 gram of benzidine in a 
mixtlll'e of 7:) ml. of cithel' ethyl alcohol Ol' iRo propyl alcohol, and 25 ml. 

of distilled water. 

SULFAn~ REAGENT 

No. 16. Rnriu111 rhlm'idr Rolution- Dissolve 7 grams of barium chloride 

in 100 ml. of distilled waicl'. 

CHLORIn}<] REAGFJNT 

No. 17. SiTrrT 11 ·itratr Rol1ftioll - DisRohc 5 gramR of silYcl' nitl'ate in 
100 ml. of diRtillerl watcl'. (PoiRono1ls) 

RODIUM REAGFJNT 

No. 1R. M(1.'ll1C8i1/111 1(J'(1l1yf (1('r;tntr; ROl'lfhDIl (8) - Sol1ltion A: Dis
solve at 70 () n., 9 g1'am~ of llranyl acetaie (:2H:!O) tlnrl 6 gl'amR of glacial 
acetic acid in rli~d illcd ",;.\1('1' 10 make 100 ml. of Rolntion. Solution B: 
Dissolvc at 70 ° C., 60 gramR of magne~.;jnm aceiaie (4R:!O) ::tnd 6 grams 
of glacial acetic ::tcirl in diRtillerl wate]' to make 100 ml. of solution. )fix 
solutions A and B, cool to 20 ° C., let stand, and filter. 

SOILTFJX Son. REACTION RF,AGENT 

Dissolve 0.123 gram of audn and 0.025 gram of bromcresolgreen indi
cator dye in 100 ml. of eithel' ethyl akohol or iso propyl alcohol, and 
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dilute with distilled water to 1000 ml. This solution 11'; extremely Flensj 
tive to adds and alkalies and cannot be handled in common glal';l'; dropper 
bottles. Pyrex glass or pure tin tubes are suitable containers for it. The 
soil reaction test is made on strips of paraffined paper cut % x ~ inches. 

CHEMICAL SPECIFICATIONS AND APPROXIMATE PRICES 
ON MINIMUM QUANTITIES 

1 lb. Acetic Acid, C. P. * Glacial 99.5% . .. . . . 
1 gram Alizarin, (Schultz No. 778) Nat. Analine & Chern. Co . . 
14 lb. Ammonium Molybdate, As and P free . 
14 lb. Ammonium Oxalate, C. P . . 
5 grams Aurin, Eastman Kodak Co. 783 ......... . . ... . 
1,4 lb. Barium Chloride, C. P .. . ... ....... . 
25 grams Benzidine, Eastman 33 . 
1 gram Bromcresolgreen, Eastman 1782 
1 oz. Cobaltous Nitrate, C. P. 
JOO grams Diphenylamine, EAstman 10!) . 
1 lb. Hydrochloric Acid, As and Fe free . 
f) lbs. Iso Propyl Alcohol, C. P. Anhydrous . 
1,4 lb. Magnesium Acetate, C. P. . . ....... . . . . 
1 oz. Magnesium Uranyl Ace tate, C. P . . 
1 oz. Mercuric Chloride, C. P . . 
1 lb. Nitric Acid, C. P. P free . 
14 lh. Phenol, C. P.. . ............ . . . ........ . 
14 lb. Potassium Hydroxide, C. P. Pellets . . ....... .. . 
1 oz. Potassium Iodide, C. P . . 
1 oz. Potassium Sulphocyanate, C. P . . 
1 oz. Silver Nitrate, C. P. . . .. . .... ....... . 
14 lb. Sodium Hydroxide, C. P. Sticks, Mg- and P free ..... . . .. . 
1 lb. Sodium Nitrite, C. P. Crystnls. 
1 lb. Sulfuric Acid, C. P. As and N free . 
1 oz. Sulphanilic Acid, C. P .. 

oz. Tin Foil, Thick . .. ....... ... .. . ...... . 
1 gram Titan Yellow, Eastman P 4454 . 

*Chemically pure. 
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METHODS 

SOIL SAMPLING 

The method of taking a sojl sample will depend Oll the naLlll'e of the 
soil problem and the applicatioll to be made of the soil test l'esults, A 
soil sample, howevel', must l'epl'esent, as neal'jy as possible, the soil area 
OL' volume to be investigated. 

Composite samples al'e pl'efel'able to sjngle soil samples, except that 
samples from widely different soil locations or soil classes 01' soil types 
should not be mixed togethel' fOl' chemical testing. Experience has shown 
that the soil content of easily soluble chemical constituents vades con
:.sidel'ably with soils and soil locations, Usually, marked differences in 
this respect will be found among soil samples taken from knolls, slopes, 
and low pOl·tions of fields, 01' among samples repl'esenting diffel'ent kinds 
of soils, MOl'e practical infOl'mation may be obtained from testing these 
samples separately. 

The dissolved soil components also move l'eadily within the soil. ~rhey 

l'ise to the soil sUI·face during dl'ying weather and al'e washed into the 
soil by l'ains 01' by spl'inkling. The magnitude of this movement is greatel' 
in POI'OUS soils than ill compact soils, A growing Cl'OP also tends to 
exhaust the soil of its soluble plant nub-ients. In sampling soils fol' 
chemical testing, thel'efOl'e, these factOl's must be considered if the test 
results al'e to be cOlTectly interpreted. Soil samples taken directly hom 
the surface of field soils aftel' a period of dry weather will usually test 
higher in available plant nutrients than samples taken from the same 
location after a heavy rain that soaks into the soil. Again, samples 
taken in the fall 01' early spl'ing 01' after heavy cropping may test lower 
than samples taken hom the same locations at other times. 

In sampling soils that have received fel'iilizer applications, attention 
should be given to the position 01' placement of the fertilizel', Samples 
of soils taken directly from the positions whel'e fertilizers have been 
placed will always test highel' in content of the substances used in the 
fertilizel', while samples taken from unfedilized locations will more 
nearly represent the condition of the soil befOl'e fel,tilization. 
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In addition to the items ah'eady mentioned in this section, many field 
soils contain unusual conditions that affect l'ational soil sampling. Good 
and poor spots of various sizes are of common occurrence, Washing 
of manure and fertilizers from hillsides denndes the slopes and enriches 
the depressions. Practices of piling crops, manure, or straw in fields and 
the burning of log heaps; the droppings of pastured animals; old build
ings, and feedlots all sometimes mm'kedly affect the chemical composition 
of the soil dhectly beneath these substances or places. Soil samples 
taken from these locations will not l'epl'esellt the soil of the field as a 
whole, but tests Oll such samples will show the effects pl'oduced by the 
tl'eatments involved. 

Matters discussed concel'ning soil sampling l'efe1' pal,ticulal'ly to sur
face soils, As the root systems of plants on field soils may occupy the 
soil to different depths, the supply of easily soluble plant nutl'ients in 
the subsoil may be, in some cases, as important as that in the surface soil. 
Owing to soil weathel'ing processes a soil nattn'ally fOl'ms layers, called 
horizons, having different physical and chemical properties, rrhree 01' 

mOl'e of these may be pl'esent in a soil in a depth val'ying fl'om about 
2 to 4 feet. The soil hol'izon directly beneath the surface hol'izon in many 
soil types is often low in content of plant nutl'ients, while the other soil 
horizons may be low 01' high in this l'espect, depending on the many 
factOl's involved. Obviously, a soil sample taken hom the hol'izon low 
in plant nutrients would not l'epl'esent the true condition of the whole 
subsoil. Othel' precautions will become appal'ent hom the bl'ief expla
nations given here. A thOl'ough study of any field situation befoL'e taking 
soil samples for chemical testing will be found pl'ofitable. 

The nature of the soil problem under investigation will determine the 
manner of actually taking a l'epl'esentative soil sample. In sampling 
local, well-defined soil areas, as after fel,tilizer placements 01' whel'e soil 
and materials applied have been thOl'oughly mixed together, 01' hom soil 
surfaces, it is usually sufficient to take up a small amount of soil in the 
hand 01' by means of a small scoop 01' other suitable implement, :FOl' 
taking soil samples hom field locations, two methods al'e commonly 
Ulsed, namely, the soil augel' method and the spade method. A soil auger 
is useful fOl' bOl'ing out sul'face or sub-soH samples, but a spade or shovel 
is the tool more commonly used for soH sampling, 'Vhen a spade is used 
for sampling soils, a vedic-al slice of the soil is taken, representing the 
soil to the depth of the plowing, and this soil slice is fm'ther mixed 
befOl'e taking from it the final sample for the test. In case a composite 
sample is taken, the sevel'al sepal'ate samples should be mixed togethel' 
thoroughly befol'e the final sampling. 
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SAMPLING GREENHOUSE SOILS 

Tho)'oughly mixed ~oil materials l'edllrc the elTon; of sampling to a 
minimum; therefore, the m~e of a soil shredder to mix greenhouse soils 
is a proper start for accurate soil sampli ng. 

'Vhen a soil has becn mixed uniforml y, any method of Rampling which 
takes out a vertkal cO]llJl1n of soil is RatiRfaciory. A composite sample 
of eight or ten individual sampleI'; from brnch, pile, or pots will represent 
closely the average composition of thc wholc soil mass. 

To obtain the composite ~amplc hom a bench or hed, take out a Rample 
of soil hom different plares by mcans of a dessert spoon or ROn bore)', 
digging from top to botiom of the plant rooting space (push ihe mulch 
aside if one is prescnt), and plare the separate boringR together in a 
paper sack. Mix the whole togethrl' thol'onghly by rolling the sark, or by 
rolling the soil on a sheet of paper. 'rJw sample for testing is then taken 
from the mixed soH. 

A soil borer a bont G inrhrs long ana 11z inrh in diametcr, fitted with a 
plunger to removc thc soil core, is a good t.ool for sampling pot soils, 

Sampling soils before watcring plants is preferable to sampling soon 
after watering. 

TESTS FOR EASILY SOLUBLE OR "ACTIVE" 
SOIL CONSTITUENTS 

GENERAL DATA AND SUGGESTIONS 

Recause the soi1 tCRis are vel'y sensitive, thcy al'e eaRily affected by 
contamination ; hencc, pnrc chrmicals and clean glasswal'c arc nerpssary 
for good test results, Thc testing opcnltion should be pel'fol'med care
fully and neatly. 

For brevity, thc reagcntR arc rlesignaied by numbers. After each 
addition of reagent the Rollltion shonld be mixed by Rhaking the tube 
gently sidewise fOl' a few seconas, Gl'aRp the top of the tnhc with th~ 
fingers and rotate the wl-ist fol' this shaking operation. RecauRe the 
quantity of reagent mURt balanrc thc rtuantity of solution, thc l'eagent. 
mliRt be dropped dircctly into thc solntion ana not on the inside of the 
tube. 

WASHING APPARATUS 

The glass tubes should be emptied soon after use, rinsed with tap water, 
then with distilled water, and inverted on a paper towel to drain and 
dry. Should a precipitate adhere to the inside of a tube, it may be 
cleaned out by bl'llShing in tap water and then rinsing with distilled 
water. If it becomeR nercssary to llSC acids or cleaning powders in the 
tubes, ihey must bc washed from thc tubes completely beforc using the 
tubes for soil tests. 
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The test plate can be cleaned by brm:;hing in tap water, rimdng with 
distilled water, and then dried with a clean cloth or paper towel. 

USE OF COLOR CHARTS 

A test result is read by comparing the color, or precipitate, with the 
proper color chart, Estimate test results between colors , The color 
charts were developed in ordinary day light; therefore, bright sunlight, 
dark rooms and other unsuitable lighting conditions should be avoided in 
reading the soil test results. In comparing the test results with the 
color charts, lay the chart fiat on a ta,ble, face the li,qht source, place the 
bottom of the t~tbe on the chart as directed in each case, and view the 
solution in th@ t~tbe lengthwise. The light must not enter the tnbe from 
below. A color developed on the test plai-e is compared directly wHh the 
color chart. Obsel've carefully the special directions given with each test 
method on the accompanying color chart. 

DILUTIONS 

In case the test result on the original soil extract is higher than indi
cated by the highest chart color, the soil extract must be diluted the 
required amount to bring the test result within the range of the color 
chart for an accurate reading. A convenient method of making the 
dilutions is as follows: 

Use a standard medicine dropper- one with a 2 mm. opening, 16 drops 
to 1 mI. (the lower mark on a small tube) when held upright. 

To dilute the soil extract one-to-two: Take 8 drops of the soil extract 
and 8 drops of distilled water. The test is then applied as directed. 

To dilute the soil extl'act one-to-four: Take 4 drops of the soil extract 
and 12 drops of distilled water. 

To dilute the soil extract on the test plate: For nitrates- One drop 
of soil extract plus 4 drops of distilled water gives a one-to-five dilution. 
One drop of extract and 9 drops of water gives a one-to-ten dilution, etc. 
For ammonia-Three drops of extract and 3 drops of water gives a one
to-two dilution. Three drops of extract and 6 drops of water gives a 
one-to-three dilution, etc. For both nitrates and ammonia, take for the 
tests the number of drops required by the method from the thoroughly 
mixed dilutions, in a separate, clean test plate cavity. The dilutions are 
mixed on the test plate by means of the medicine dropper. In measuring 
solutions for testing with a dropper, always discard the first two drops. 

Use the standard dropper also to measure the solution for the "drop 
tests". 

The medicine dl'opper must be cleaned catch time before use. Rinse the 
dropper with distilled water and dry it by contacting the point on a 
paper towel and wiping the outside with a clean cloth. 

To obtain the test result on the original soil extract, the color chart 
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l'eauing hom the test 1'esult of the dilution is multiplieu by the number 
of times the soil extl'act is diluted. 

The final testing operation must be made on the diluted exhact. Dilu
tions cannot be made after applying the tests. 

In the testing of field soils, the soil extracts l'arely require dHution, 
Extracts of garden and greenhouse soils, however, sometimes l'equil-e 
(lilution fOl' the nib-ate, potassium and magnesium "active" tests. 'fhe 
"l'esel've" tests fl-equently l'equil'e dilution. 

CALCULATIONS 

The figures on the color charts deuote Val'Ls pel' million (ppm,) (01' 
pounds pel' million VOIUlds, 01' milligJ'ams pel' litel'), aud vounds vel' A / 6 
in. (pounds in an aCl'e of soil to the uevth of six inches, by volume). 

Ppm. al'e l'ead uil'edly horn tiLe CO I01' chart~, l\fultiplying ppm, by 8 
gives pounds pel' A/G in, 

Multiplying ppm, by 0,0183 gives pOll1ldi-; pel' 100 sll uaJ'e feet of gl'een
house bench 01' bed to the uepth of l-5ix iU(.:hes. 

EXTRACTING THE SOIL SAMPLE 

Approximately Olle pal't of soil to six pelt'ts of di:::;Ulled watel' is the 
Pl'Opol'tion of soil to wate!' used ill extI-adillg the soil sample. r:rhe 
amount of soil extl'ad obtained in the extractillg method will be sufficient 
for ordina1'y testing. In case the soil extI-act is insufficient to make all 
of the 1'equil'ed tests, the extl'acting method may be l'epeateu, 01' double 
quantities may be taken in suitable apparatus. 

Method: Take a level spoonful (Y2 spoon) of the soil Lo be tested in 
one of the large glass tubes, Add distilled watel', down the inside of the 
tube to allow ail- to escape hom the soil, to the 13 ml. mark. Then adO. 
1 dl'OP of Reagent No.1, covel' the opening of the tube with the thumb and 
shake well forr one minute. Filter the solution iuto the 1 and 2 ml. gradu
ated tubes, and take dl'OPS on the test plate as l'equil'eu 1'01' Lhe test. 
This filtel'ed solution is called the sO'il extract. 

FOl' good test l'esults, and especially fOl' duplicating ]'esults on the 
same soil, the extracting method must be followed accol'ding to dil·ediol1s. 
Shake the soil and extracting solution vigorously for the f'ull time. 

If a noticeable pl'eSSU1'e develops under the thumb, the soil coutains 
cal'bonates. 

The following test methods al'e given in a convenient ol'der of opel'ation, 
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SOIL TEST PROCEDURES 

CARBON ATE TEST 

To a half spoonful of soil on the test plate, folded Soiltex paper, or 
small dish (buttel' chip), add G to 10 drops of Reagent No.8 at the edge 
of the soil. As the acid is dl'awn into the soil, a bl'isk Imbbling, 01' 
evolution of CO2 gas inditates the pl'esellce of <.:al'lwuates. If only a few 
small pal·tides of limestolle (ttUuollate) al'e lH'eseut, it will ue lleteSSaI'Y 
to look closely in ordel' to ou:-;el 've ihe test l'esult. 'I'he test ]'eslilt may 
be rec01'ded as eithel' auseut, low, medilllll, 01' high. 

SOILTEX SOIL REACTION TEST 

Fold a piece of the pal'affiued papel' lengtlnvise. Fohl ovel' about 
14 inch of the outel' end alld opell to [ol'm a small pape!' boat. l-'lace a 
~mall amount of soil (equal ill size to about ~": dl'ops of the testing solu
tion) in the tenter of the papel' boaL Add ~ 01' ] 0 drops of the Soiltex 
solution. Shake the papeL' endwise ulItH the tolol' of the liquid l'emains 
constant-about oue-half minute. 'Then shake the soil to the back end 
of the paper and nUl the liquid to the hont end. Compal'e the <.:olOl· of 
the liquid with the Soiltex COIOl' dlal't [01' the pH 01' soil ]'eaction. 

The Soiltex test is vel'Y sen sHive, A void testing ill a stable 01' whel'e 
there may be ammonia 01' acid fumes to affect the test. Use a clean 
paper fOl' each test. Follow dil'edions <.:al'efully. 

NITRATE TEST 

To 1 drop of soil exb'ad ill a tavity of tIle test plate add 8 drops of 
Reagent No.2. Stil' with the COl'nel' of a Soiltex paper, 01' with a glass 
l'od. The full blue COIOl' s}lOuld develop ill G minutes. If the color develops 
l'apidly and is daI'ker than the dal'kest color of the color chal't, dilute 
the soil extl'act one-to-five 01' oIle-to-ten, 01' as ]'equh'ed, to bl'ing the final 
test COIOl' within the colo)' chal't }'ange. (See the section on dilutions.) 

AMMONIA TEST 

To 3 drops of the soil extract 011 the test plate, add 1 dt·op of Reagent 
No.9. The COlOl' develops l'apidly, If a bl'OWll pl'e<.:ipitate fOl'll1s, dilute 
the soil exb'act and test aga iu fut' a mOl'e atCUl'ate l'esult. 

PHOSPHORUS TEST 

To 1 ml. of soil extl'act, in a small glass tube adJ 1 dl'OP of Reagent 
No. 11, and shake the tube. 'I'hen add 5 dl'OPS of Reagent No.3, shake, 
and add a piece of clean, bl'ight tin, (Reageut No.4) and shake well. 
The blue color develops immediately and then gl'adually fades. Read the 
test result about one minute aftel' adding the tin . vVhen necessary, a 
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two to three times dilution of the ol'iginal soil extI'act will usually be 
sufficient. vVhen the COIOl' continues to develop in the test, further 
dilution is necessal·Y. If the solution becomes yellow in color aftel' 
adding Reagent No.3, it contains 25 ppm., 01' mOl'e, of phosphol'us. (Pre
ccvution--Arsenic gives the same test color, hence, the test may not be 
applicable to soils, whel'e Ial'ge quantities of Ul'senical spl'ay matm'ials 
have been used.) 

POT ASSIUM TEST 

Add 3 drops of Reagen t No. G to 1 ml. of soil extract in a small tube, 
shake, and add slowly, 3 to 4: dl'ops at a time of Reagent No. G to the 2 ml. 
mark on the tube, shaking tube afteL' ea<..:h addition of this l'eagent. Head 
mal'k on tube at bottom of the liquid menis<..:us. A yellow pl'etipitate indi 
cates potassium. Allow about one minute for the pl'ecipitate to form. 
Wal'm the tube in the hand in <..:old weathel'. Read the test ]'esult as 
dil'ected on the Potassiulll ColO!' Chad. If the yellow pl'e<..:ipitate fOl'ms 
immediately aftel' adding Reagent No. G, 70 ppm, or mOl'e of potassium 
is indicated thel'eby. A dilution of the soil extJ'ad of two to foul' times 
may be necessal'y. (Pr-ecaruUon--ihe test tallllOt be made in the pl'esence 
of 50 ppm. 01' mOl'e 01' ammonia. High ammonia tests, however, al'e 
l'arely found in soils. Should a high ammonia test be found, dilute the 
soil extl'act below 50 ppm. of ammonia fOl' the potassium test.) 

CALCIUM TEST 

To 1 ml. of soil extI'ad in a slllull t uue add 2 tIl'ovs of Reagent No, 7 
and shake the tube. A white pl'ecivitate indicates <..:alcium, Read the 
test result as directed 011 the COIOI' dtal't fOl' white pl'ecipitates. 

MAGNESIUM TEST 

To 1 ml. of the soil extl'act in a small tube add 1 drop of Reagent 
No. 12, and shake tube, ~rheLl add 1 dl'OP of Reagent No. 11 and shake 
well. The magnesium test colOl's l'ange hom light Ol'ange to peach red. 
A yellow color indicates a blank t.est, 01' llO magnesium. If a l'ed pre
cipitate fOI'ms, dilute the extnu·t a1l(1 1'etest fOl' a mOl'e accurate result. 

FERRIC IRON TEST 

To 1 m!. of soil extI'ad in a small tube add 3' drops of Reagent No. 13, 
and shake tube, then add Reagent No.8 to the 2 m!. mark on the tube. 

MANGANESE TEST 

To 1 ml. of soil extract in a small tube add 1 drop of Reagent No. 11, 
shake tube and add 1 drop of Reagent No. 15 and shake well. Then add 
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1 drop of Reagent No. 1. The blue color develops instantly and may be 
only a pale blue "flash" when the manganese content is low. In most 
cases the color fades rapidly. 

ALUMINUM TEST 

To 1 ml. of soil exhact in a small tube add 1 dl'OP of Reagent No. 14: 
and shake tube. Then add 1 drop of Reagent No. 11 alld shake well , 
Finally, add 1 dl'OP of Reagent No.1 and shake well again. 

SULFATE TEST 

Add to 1 ml. of soil extract in a small tube 1 dl'OP of Reagent No. 16 
and shake tube. If a white pI'ecipitate fOl'ms, add 1 to 2 drops of Reagent 
No.1, depending on the amount of pI'ecipitate, and shake again. A perma
nent white preCipitate indicates sulfates. 

CHLORIDE TEST 

Add to 1 ml. of soil extract in a small tube 1 drop of Reagent No. 17 
and shake tube. If a white pl'ecipitate forms, add 1 to 2 drops of Reagent 
No.1, depending on the amount of precipitate, alld shake again. A 
permanent white pI'ecipitate (cuI'dy when in quantity) indicates chlo
rides. 

NITRITE TEST 

To 1 ml. of soil extract ill a small tube add 1 drop of Reagent No. 10 
and shake tube. Then add 1 dl'OP of Reagellt No.8, shake, and add 3 01' 

4 drops of Reagent No. 11. A yellow color indicates nitl·ites . 

SODIUM TEST 

To 1 m!. of soil extract ill a small tube add 1 m1. of Reagent No. 18 
and shake tube. Then add 2 ml. of Reagent No. 6 and shake VigOI'ously, 
or stir briskly with a glass l'od, using a down and up motion, and rubbing 
the inside of the tube. A light yellow pI'ecipitate which usually forms 
slowly indicates sodium. The test result may be l'ecOl'ded as either blank, 
low, medium, or high. 

TESTS FOR "RESERVE" POTASSIUM, PHOSPHORUS, 
IRON AND MANGANESE 

EXTRACTING THE SOIL SAMPLE 

Place a level spoonful (1/2 spoon) of soil in one of the large glass tubes. 
Add distilled water half-way to the 13 ml. mark. 1'hen add 5 dl'OPS of 
Reagent No.8, making about 0.135N acid solution. Shake well for one 
minute and filter off the soil extract. 
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RESERVE POTASSIUM TEST 

To 1 ml. of the soil extract in a small gl:u~s tube add 1 drop of Reagent 
No. 11 and shake tube. If a predpitate forms, clear the solution by 
adding 1 to 2 drops of Reagent No. 1 as required. Add 2 drops of 
Reagent No.5, shake, and add Reagent No.6, slowly, with shaking, to 
the 2 ru1. ma]'k on the tube. Read the trst result as direded fOl' active 
potassium. Make (Ulutions "'hen necessary. 

RESERVE PHOSPHORUS TEST 

To 1 ml. of the soil extract in a small tllbe add 1 or 2 drops of Reagent 
No. 11, with shaking, until a marked precipitate forms in the solution. 
Then add 5 drops of Reagent No.2, shake, and add a piece of clenn) bri,qht 
tin (Reagent No.4) and shake again. A blue color indicates phosphorous, 
Make dilutions ,,-hen necessary. 

RESERVE IRON TEST 

To 1 ml. of soil extract in a small tube add 2 drops of Heagent No. 13. 
Then add Reagent No. S to the 2 ml. mal'k on the tube. (This reserve 
iron test may be dihlted directly with Reagent No.8, but the solution 
must be always 2 ml. deep to compm'e with the Iron Color Chart,) 

RESERVE MANGANESE TEST 

To 1 ml. of the soil extract in a small tube add 2 drops of Rf'agent 
No. 11, with shaldng, until a precipitate forms in the tube. Add 1 drop 
of Reagent No. 15 and 81wJce well. Then add 2 drops of Reagent No.1, 
with shaking, to form the blue color. 

"ACTIVE" AND "RESERVE" TESTS COMPARED 

Active test l'e~mlts indicate amounts of easily soluble soil constituents, 
and the reserve test results denote the amounts of less soluble plant 
nutrients. Active nutrients may be considered as immediately available 
to plants, and the resel've nutrients as available over a long period of 
time. Nitrates, ammonia, nitrites, sulfates, and chlorides are rather 
soluble in soils, hence, the active test l'esults will show comparatively 
large quantities of them when present. The solubility of calcium and 
magnesium in soils is controlled to a considerable extent by CO2 which 
is almost always present; therefore, when the active tests for them are 
low, the reserve supply is low also. Low active test results indicate low 
solubility, also deficiencies in comparjson with higher test results for 
other nutrients h1 the same soil. A blank, or low, reserve test result for 
iron and manganese indicates a marked deficiency of them. The main 
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value of the active tests compared with the reserve tests is that the active 
test results show the levels and balance of the immediately available 
nutrients, and the reserve test results better indicate the reserve supply. 

~( 
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CARBONATES 

Ij2 spoonful of soil 
5 to 10 drops Ko. 8 

Reaction 

Small amount of ~oil 
Shaken \Yith Soiltex . olution 

NITRATES 
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AMMONIA 

3 drov:-; extract 
1 drop Xo. 9 

PHOSPHORUS 

1 ml. cxtl'n d 
1 drOll Xo. 11 
5 dJ'oV:-; ); 0. ; ~ 
1 pi('('(' (I f tin 
R end ill 1 millu te 

ALUMINUM 

J 1111. t'xl1';l(:t 
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1 drOll ); 0. J1 
1 droll ); o . 1 

SULFATES 

1 m1. cxt l';1 d 
1 drOll X u. J () 
1 to 2 (lI' 0 11S Xo. 1 

CHLORIDES 

1 1111. ext rn d 
1 d rop Xo. J7 
1 to 2 <lroll" Xo. 1 

POTASSIUM 

J 1111. extra ct 
1 <l1'011 Xo. 11 
1 to 2 drops ~o. 1 
3 drops Xo. 5 
T o 2 m 1. with Ko. 6 

MANGANESE 

1 1111. extract 
3 drOI)S ~o. 11 
1 drop Ko. 1:) 
2 drops Xo. 1 
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CONDENSED DIRECTIONS FOR RAPID TESTING 

(Study the complete directions first) 

CARBONATES 

% spoonful of soil 
5 to 10 drops Ko. 8 

Reaction 

Sma ll am ount of soil 
Shaken with Soiltex solution 

NITRATES 

1 drop extra ct 
8 drovs Ko. 2 
R ead in G minutes 

AMMONIA 

3 c1rov~ ext ract 
1 drop X o. 9 

PHOSPHORUS 

1 ml. extnl et-
1 drop Xo. J J 
5 drops :\0 . 3 
1 pi('c<::' of tin 
Rearl ill 1 millute 

ALUMINUM 

1 Illl. l'xl l":l ct 
1 c1r()p Xo. 1-1: 
1 drop :\0. J1 
1 drOl) :\ 0. 1 

SULFATES 

1 1111. exi r:lct 
1 drop :\0. JG 
1 to 2 dr011S "Xo. 1 

CHLORIDES 

1 ml. extract 
1 llrop Xo. 17 
1 to 2 drovs Xo. 1 

POTASSIUM 

1 m1. extract 
1 drop No. 11 
1 to 2 drops No.1 
3 drops X o. 5 
To 2 ml. with No.6 

MANGANESE 

1 1111. extract 
3 drops No. 11 
1 drop 1\'0. 13 
2 drops Xo. 1 

"ACTIVE" TESTS 
POTASSIUM 

1 ml. ('xtra ct 
::3 drolls Ko. 5 
To 2 ml. with Xo. 6 

1 1111. ('xtra c t 
2 drops NO.7 

CALCIUM 

MAGNESIUM 

1 ml. extract 
1 elrop I\o. J2 
1 drop I\o. 11 

J ml. extract 

IRO N 

:~ drops :-'; 0 . 13 
To :z ml. with No.8 

MANGANESE 

J Illl. ('xt r:l ct 
1 dr op X(). 11 
1 drOll No. 15 
1 drop X o. 1 
Hl'nll immed iately 

1 Illl. ('xtTact 
1 drop Xo. 10 
1 drop Xo. S 

NITRITES 

~~ to ..J: (lrops No. 11 

J m I. (Oxtrnct 
1 llll. >~() . 18 
2 ml. No. G 

S0DIUM 

St ir with g lass rod 

"RESERVE" TESTS 
PHOSPHORUS 

1 1ll1. ('xtract-
1 or 2 drops ~o. JJ 
r; <lrolls l\(). :-1 
1 piece of ti n 
H ea d in 1 minute 

IRON 

1 111 1. extract 
3 drops "0:0. J3 
To 2 ml. wit II Xo. S 

3;-) 



SOIL TEST RECORD 

Xa mc Datt· 

K ind and Loc.:ation 

tloil Orgall ic Ma ttcr 

Ueac.:tioll CariJonates 

C rop Kiml and Condition 

Actin~ Tc~ts 

Ppm. 

Kit rates 

Amll10llia 

PhosVllOtllS 

l'o t ;l~~illlll 

Calcilllll 

l\1 agm·: .. ;i \1 III 

Iro11 

l\langallCSl' 

II Alullli lJ1l111 

II 
Snl[; 1 tl'~ 

( ' hl()l'id l'~ 
:1 

I 

Xitrit l'~ 

II 80c1illlll 

'I 

1'11O~1l1l() r ll S II 
l'utll ssiulll II 
Iron 

l\lallgalll'~ l' 

Ko. 

1-

HClllarks 

SOIL TEX SOIL RE 

T ons Limestone Recommended per AI 

M;nerRI So;ls 1 _ __ ~_UCk S~ 

I 
I 

I 

~oue I 

I 
I Kone 

Lime in Special I 
Cases 

---- - ----

J to 2 

(~cne rall v 
NOlle . 

I 
I 

I 2 to :~ 
I 

3 to 6 

6 to 12 

Nule: C'ofllpare color of lest rewll din 



SOILTEX SOIL REACTION COLOR CHART 

T ons I,irnes to ne H.ecoll1ll1e llded pe r Acre 

__ 1\_1 ine ral Soils __ ~uck Soi_ls _ ______ _____ ___ ____ ____ _ 1
-------- H eaction pl-l Color 

.:\olle 

I Uf) 
, Ve r y 

I i'\O Ill' 

S tf'Ollgl ':l () . 0 
AlkalilH! 

Strong ly 
Alkalinc 

.M cdiulll 
Alkaline 

Nc utral 

Vcr y 
Slig htl y 
Acid 

'7 0 

Li me in Special I 
C ases 

- ~Iighll y 
Acio 

I ,-- --------

I I Medium 
1 ____ ____ 1 Ac i(_1 _ _ __ _ J lo 2 

I I 

I 

( ~cnc rall~r I S tro llgly . 

___ _______ ~01~ ____ i Aci(~ ______ __ 1 

I . , 

5 .0 

I ~ to : ~ I 
1 . Vc r y 
i
l
- --------I, S trungl y 

Ar id ·1· 0 

I I H06 I 

1-______ __ 1._ 

I i 

21'2 t o ;~ - 1--1----
Illt(~ II : .. wl ) 
Acid 

IVule: C;()lJIpare color of lest result d irecUy with ihe charl cotors. 

3 . () I' 

<low" I 



Ppm. 

2 

5 

10 

2'5 

NITRATE COLOR CHART 

Ppm. = Parts per million in soil extract 
Lbs. A/ 6 in. = Pounds per acre six inches 

NITRATES (NOs) 

Lbs. A/ 6 in. 

Low 16 

Low 40 

Medium 80 

]Vledium 200 

Note: Compare color of lest rewtl directly with the charl colors. 



PHOSPHORUS AND MANGANESE COLOR CHART 

Ppm. = Parts per million in soil extract 
Lbs. A/6 in. = Pounds per acre six inches 

MANGANESE (Mn) PHOSPHORUS (13) 

Ppm. Lhs. A/6 in. 

I 8 

2 16 

5 40 

10 20 

Ppm. Lhs. A/6 in. 

4 
Low 

1 8 
Low 

2Y2 20 
Medium 

5 40 
~1oderately 

high 

Phosphorus x 2.3 = P 20 5 (Phosphoric Acid) 

Note: Place bottom of lube on the white paper allhe right of the colors and view the solution 
in the lube lengthwise to malch colors. 



----

Ppm. 

Low 

5 
.Medium 

10 
Medium 

20 

POTASSIUM COLOR CHART 

Ppm. = Parts per million in soil extract 
Lbs. A/6 in. = Pounds per acre six inches 

POTASSIUM (K) 

Lbs. A/6 in. 

No precipitate 
Less than 24 

40 
Slightly cloudy 

80 
Slight precipitate 

160 
Moderately High Marked precipitate 

Potassium x 1.2 = K 20 (Potash) Base Color 

Note: Hold boli()m of tube on base color and match the color seen in the tube with the 
prorer one on the lefl, being gnided also by the amount of precipilate. 

To distinguish between a blank test result and 5 ppm.-Set up a blank test by using 
distilled water in place of soil extraCt. After adding the reagents, hold the two tubes 
(blank test and 5 ppm.) together on the black base color. The slightly cloudy effect 
of the 5 ppm. test result will thereby be visible. 

To cheek the 20 ppm. test result. - Place the bottom of the tube on the heading of 
this chart. At 20 ppm. the letters will be only faintly visible through the solution in 
the tube. If the letters are invisible, more than 20 ppm. is indicated. 



COLOR CHART FOR WHITE PRECIPITATES 

Ppm. = Parts per million in soil extract 
Lbs. A/6 in. = Pounds per acre six inches 

CHLORIDES 
(CI) 

Lbs. 
Ppm. A/6 in. 

20 160 

50 400 

150 1200 
High 

SULPHATES 
(S04) 

Lbs. 
Ppm. A/6 in. 

150 1200 

300 2400 

600 4.800 
High 

CALCIUM 
(Ca) 

Lbs. 
Ppm. A/6 in. 

40 320 

100 800 

150 1200 

200 1600 800 6400 200 1600 
High 

or more or more or more D 
Base Color 

Nole: Hold bollom of lube on lhe base color and malch lhe color seen in lhe lube with the 
proper one on lhe lefl. 

Lower limit of the tests- White precipitate just 
visible 

Calcium-20 ppm.-160 lbs. A/6 in. 
Sulphates-20 ppm.-160 lbs. A/ 6 in. 
Chlorides- 5 ppm.- 40 lbs. A/6 in. 



PHOSPHORUS (P) AND MANGANESE (Mn) COLOR CHART 

Ppm = Parts per million in soil extract 
Lbs/ A = Pounds per acre, 7.87 inches deep 
Lbs/M = Pounds per 1000 square feet, 7.87 inches deep 

PHOSPHORUS (P) MANGANESE (Mn) 

Ppm Lbs/ A Lbs/M Ppm Lbs/ A Lbs/M 

1 

5 

5.3 0.13 1 10.7 
Low 

10.7 0.25 2 21,4. 
Low 

26.7 0.63 
Medium 

53.5 l. 25 
Moderately 

High 

5 53.5 

10 107.0 

0.25 

0 .50 

l.25 

2.5 

NOTE: Place bottom of tube on the white paper at the right of the colors and view the 
solution in the tube lengthwise to compare the colors. 

Phosphorus (P) x 2.3 equals Phosphoric Acid (PZ0 5) 

SIMPLEX SOIL TEST OUTFIT + + + THE EDWARDS LABORATORY 
CLEVELAND, OHIO 



Ppm. 

2 

5 

10 

25 

NITRATE (N03) COLOR CHART 

Ppm = Parts per million in soil extract 
Lbs/ A = Pounds per acre, 7.87 inches deep 
Lbs/~1 = Pounds per 1000 square feet, 7.87 inches deep 

NITRATES (N03) 

Lbs/A Lbs/M 

Low 21.4 0.50 

Low 53.5 1.25 

Medium 107.0 2.5 

Medium 267.5 6.2 

NOTE:- Compare color of test result directly with the chart colors. 

Nitrate (N03) x 0.226 equals Nitrogen (N). 

SIMPLEX SOIL TEST OUTFIT • • * THE EDWARDS LABORATORY 
CLEVELAND, OHIO 



MAGNESIUM (Mg) AND ALUMINUM (AI) COLOR CHART 

Ppm 

2 

4 

6 

Ppm = Parts per million in soil extract 
Lbs/ A = Pounds per acre, 7.87 inches deep 
Lbs/ M = Pounds per 1000 square feet, 7.87 inches deep 

Magnesium (Mg) Aluminum (AI) 

Lbs/ A Lbs/M Ppm Lbs/ A 

Blank (Low) Blank 

21.4 0.50 3 32.1 
Dangerous 

42.8 1.0 10 107. 
High 

64.2 1.5 15 160.5 

NOTE: Place bottom of tube on the white paper at the right of the colors and view the 
solution in the tube lengthwise to compare the colors. 

SIMPLEX SOIL TEST OUTFIT • • • THE EDWARDS LABORATORY 
CLEVELAND, OHIO 



COLOR CHART FOR WHITE PRECIPITATES 
(CHLORIDES, SULPHATES, & CALCIUM) 

Ppm = Parts per million in the soil extract 
Lbs/A=Pounds per acre, 7.87 inches deep 
Lbs/M = Pounds per 1000 square feet, 7.87 inches deep 

CHLORIDES SULPHATES 
(C1) (S04) 

Ppm 

20 

50 

150 
High 

200 
or more 

Ppm 

150 

300 

600 
High 

800 
or more 

CALCIUM 
(Ca) 

Ppm Lbs/ A Lbs/M 

40 428. 10 

100 1070 25 

150 1605 37 

200 2140 
or more 
High 

Base Color 

NOTE: Hold bottom of tube on the base color at the right and match the color seen length. 
wise through the solution in the tube with the proper one on the left. 

Lower limit of the tests-White precipitate just visible. 
CALCIUM: 20 Ppm-214 Lbs/A; 5 Lbs/M 
Sulphates: 20 Ppm-214 Lbs/A; 5 Lbs/M 
Chlorides: 5 Ppm- 53.5 Lbs/ A; 1.25 Lbs/M 

SIMPLEX SOIL TEST OUTFIT • • • THE EDWARDS LABORATORY 
CLEVELAND, OHIO 



Ppm 

2 

10 

25 

AMMONIUM (NH .. ) COLOR CHART 

Ppm = Parts per million in soil extract 
Lbs/ A = Pounds per acre, 7.87 inches deep 
Lbs/M = Pounds per 1000 square feet, 7.87 inches deep 

AMMONIUM (NH4) 

Lbs/A Lbs/ M 

21.4 0.50 

107. 2.5 

267.5 6.2 

NOTE: Compare color of test result directly with the color chart. 

Ammonium (NH4) x 3.4 equals Nitrates (NOa) 
Ammonium (NH4) x 0.78 equals Nitrogen (N) 

SIMPLEX SOIL TEST OUTFIT. + + THE EDWARDS LABORATORY 
CLEVELAND, OHIO 



Ppm 

2 

4 

6 

10 

25 

IRON COLOR CHART 

Ppm = Parts per million in soil extract 
Lbsj A = Pounds per acre, 7.87 inches deep 
LbsjM = Pounds per 1000 square feet, 7.87 inches deep 

Lbs/A 

21.4 

42.8 

64.2 

107 

267. 

IRON (Fe) 
(Ferric iron) 

Lbs/M 

0.50 

1.0 

1.5 

2.5 

6.2 

NOTE: Place bottom of tube on the white paper at the right of the colors and view the 
solution in the tube lengthwise to match the colors. 

SIMPLEX SOIL TEST OUTFIT. + • THE EDWARDS LABORATORY 
CLEVELAND, OHIO 



1-- .. 

Ppm 

1 

2 

5 
High 

NITRITE (N02) COLOR CHART 

Ppm. = Parts per million in soil extract. 
Lbs/ A = Pounds per acre, 7.87 inches deep 
Lbs/M = Pounds per 1000 square feet, 7.87 inches deep 

Lbs/A Lbs/M 

10.7 0 .25 

21.4 0.50 

53.5 l.25 

NOTE: Place bottom of tube on the white paper at the right of the colors and view the 
solution in the tube lengthwise to compare the colors. 

Nitrites (N02) x 1.35 equals Nitrates (NOa) 
Nitrites (N02) x 0.3 equals Nitrogen (N) 

SIMPLEX SOIL TEST OUTFIT + + + THE EDWARDS LABORATORY 
CLEVELAND, OHIO 



IRON COLOR CHART 

Ppm. = Parts per million in soil extract 
Lbs. A/ 6 in. = Pounds per acre six inches 

IRON (Fe) 

Ppm. Lbs. A/6 in. 

2 16 

4 32 

6 48 

10 80 

Note: Place bollom oj lube on the white paper at lhe righl oj the colors and view solution 
in the lube lenglhwise. 



AMMONIA COLOR CHART 

Ppm. = Parts per million in soil extract 
Lbs. A/ 6 in. = Pounds per acre six inches 

Ppm. 

2 

10 

25 

AMMONIA (NH.) 

Lbs. A/6 in. 

16 

80 

200 
Precipitate 

Nole: Compare color oj lhe lest result directly wilh the charl colors. 



NITRITE COLOR CHART 

Ppm. = Parts per million in soil extract 
Lbs. A / 6 in. = Pounds per acre six inches 

NITRITES (N0 2) 

Ppm. Lbs. A/ 6 in. 

I 8 

2 16 

5 High 40 

Note: Place bollom oj lube on the white paper at the right of the colors and view solution 
in the lube lengthwise. 


