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Introduction. 

The in-.portnnce of represe~ta ti ve soil sampling is 
-

now beginning to receive more general recognition. The 

analysis of the sample, and any chemical or physical treat­

ment ~t may undergo in the laboratory, is of little pr acti­

cal va1ue if it is not known ith reasonable certainty that 

t his sample represents fairly the area fro which it as 

taken. It has been said over and over again, that the exist-

. cnce or the world's whole civilization is dependent upon a 

mere strip of soil, only 9 inches in depth. The study of the 

soil is therefore of special importance if only ror the 

practical end of rer.lacing any nutrjent deficiencies hieh 

rcay be f ound. 

In view or the extent to which soil analysis has 

been pursued , it is s~rp~i~ing that more attention ~s not 

betn paid to the problem of the errors jnvolved in sampling. 

Ideally the sampling procedure must aim at approachir.~ the 

accuracy or the analytical procedures to whlch it is to be 

su.bjected. ln consequence, instructions for sampling abound 

in statements that proper procedure depends upon the objeet­

ive. True as this may be, it nevertheless g1v~s little 

quPnt1tative aid to an investigator faced ith the problem 

of sampling a·given soil for a c, iven purpose. 

In this study an attempt is rt.ade by the author to 

find experimentally the limits of accuracy involved in 

sampling three typical South Afrj ean soils. It is hoped tha t 
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the resttlts may be or s~me.value to future ·orke~s on this 

subjeet. 

!he object or s plin1• 1& to obtll1n a quantity ot soil 

s nearly as possihle ·idcntlcal in pro~~rt1 s 1th the bulk 

soil over the original area in question. The true value could 

only be obtained ~th certainty, by taking all the soil in 

the area as eonstitutilll,! the Sall}lle. This is, or course, 
it 

Auite impracticable andlis therefore import nt to realise 

that the true values ror the soil are un~ow.n. In practice, 

only close, and never bsolute ae;reemant 1 th this v~ lue ean 

be reached . 

The first q1.cestion which arises hen considering 

samolin& prol>letls, is the relation b t een precision tn 

sat :)lin@ and. in analysis . It is clear that the sal!lpling error 

is e~ only much grenter than the analyticnl error tor soils, 

and the lir.li t or a.ccur ey a('ner<Jlly is det mined b)t \ ossi ble 

va.r1nb111ty or the satpl.e r th r than by the erl"ors in the 

laboratory. A value oPtained b)T chemical et•! lya1s or s mple 

of soil defines only n char cter1stie of s .11 subsnm le 

or the ar in question, and only ppro3cllcs n accurate 

definition or the oil to the extent that:-

(a) the sample rron •hieh it as t ken ~ceurately 

reprP.sents the sojl 1n question, 

(b} the subsample an lyoad represents aeeur tely 

the gross sa ple,. tmd, 

(eJ the analysis deter 1nes the true value cf the 

eh r~etcr1st~e 1n the snbf; r"'le ,n,.~r inve,;ti ation. 
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survey o£ t"·e 11 terature on soil s~ · J ir.g !'CVeal s 

probable errors rhlch arc ap arently thre-e to six tirr.es 

greater tor camplin than :tor analys1a {1). 

"'outh African publie· tions, (2} ar..d (3), and other 
• • 

r•cently published data usually cive annlytienl f1gur~s to en 

~ccuraey or !1 , and sometimes even better. !he question now 

arises as to ho f8r this derree of accuracy is justiti ble 

in view or the sampling procedu~e ~su~Jly ador.ted. Experience 

shows that soils v ry considerably over even s 11 re a and 

unless ·n e%cept1onally sound procedure is employed, en ~naly­

tieal accuracy or l or below will he entirely out of plnce. 

Special ttcntion should theretoro be 1ven to the de ree o£ 

precision Justifiable .by a iven sef .. pl:t.n proc(·dure or, alter­

natively, to the question of the mpling ~equ1re nts ~or 8 

pr scribed de ree o~ accuracy. 
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or l e 

ost ot t proccdur s tv n in the literat re ro .or 

~11 r, d only th.r t' ty teal exn les ill be dis-

cuss d . 

In ut i'Iic 11, Ol" t 1 st, ost of th sa p11ng 

of t~to11 is don ecordJns to th et!Jo<ls do ted b)" the ov­

r ent ivi ion of Ch ~ 1 rv!ees {3) . ~tr ss 1• 1 id upon 

the de th to .ic" the saaple is to b<: ta en, n ver d t:h 

1 t"oot for t:h top horizon1 care . 1tJc t en to void con ln-

t1<m b7 su oils. ftcr 1" ~v 1 a! th etation u on t c 

ole 1 du 1th s r p rpnde to t~ 

e s r1 d tb nd on ide of t hole tr1 ~ so s t-o 

~th and verttc t. un~to slice, about 3 1neh s th'c , is 

then r oved t>y 

th . t.-nspec1t! 

·;y J.1 . 

16 

t1 t 

~ or th sp de and l:x on el, n board 

l" or otb r 

' 01" 

r ld. 

to 

u:l bl 

ly 1 

ott ined in 

t i:• is 

c. • Jncr in hi nt n 1 y 1 ( ),· 1V08 

t -

or elaborate outline of t. prlne1pl. s to be a her d to in 

soil plinf . e en~ion the 1 port~nce of opti g diff rEnt 

proced1 tor d1ft r nt ty s or 1nv stlz tion. C po ite s 

) 

lc ·re tak n hiU1 a 4-ineh ~ost- ple aU£er at a n: ber ot ites 

re r~sen 1ve ot th plot or area lo be investie tt.d. urr e 
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lcl ust b sampled separately f"rom th rest of t he s ell, 

c~poc1 l ly h n n1tr ten or o her soluble sa·l ts r f'l to b 

determined. Six or nine inch depths are s pl d • After ixing -- · 

the s ~les, small port ions are taken t rando fro th bulk 

to give a repr s ntat1ve sa~pl ot about 2 lbs. He also gives 

a ~e cription or the collection or type a plos for soil sur-

vey studi es. Despite the great r dee ree or de~ 11 ich 1 

iven, tl ... e investigator is still 1 rt i _.l the dark 8 to th 

ro ble error in any given procedure, hieh he ust appar­

ently choose by instinct . 

1be most useful in!oreation t"ognrd1n soil samp-

11 procedure s obtained t c p per by Cl.h te, publuhed 

in "Soil Sc1ence11 ( 5) af'ter the CO! ena ent or th:1 1mest-

1 ation. •ethods ar pr sented for s pl~ SQils, 

(a) to represent an area ror 9St~ates or ean values 

only, esti tes of variability and est! tes or sign1!1eance 

and fjdueial 11 its, nnd, 

(b) to rep~esent a soil type. 

Instructions for subd1Y1.oion or areas s.na ... c~Gotlon t;;! sup-

lilt« s i tes are 1ncl ed. !he r l ativ uri ts ot 1 types 

of s p11ng tools re lno pointed out. The p r is of the 

r vi w type and does not incl de atry ex. eri entnl data in 

support of the r br1et out­

line ot it 1r.ore iJI rtant :features is g1v in the next te 

paragraphs. 

The accuracy ith hich a soil sample renr sents the 

population sarJpled de ends upon t he soil variabil1 ty, the 
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number o! s pling units contributing, nnd the .-a.y in 'Which 

the snople is dra n. Tle n b r cr s~ les to be urnwn from 

an ar$8 should neYer be ·decided upon arbitr rily, b\tt n es­

ti te ot the required n ber shoUld be based on v lid st t­

istical treatllent. 1tll1n a ho ogoneo1 s soil population, the 

ecur ey of t~e est te is a fUnction ot th n ber or 
s nlJng units drawn and the ~ r1ab111ty of the population, 

as is readil7 seen tr the standard equation 

si == /LX~/n(n-1) -------(1} 

here ·x = the stnnaard r!'or 

~ indicates s tion 

x = d viat:lon o~ each a "rl.i unit !rom the s plc ean 

n = n ber or s plin& units. 

si is a asure or the re rodue1bility of the saarle~ nd is 

the usua1 q~ation g1v1ng the tand rd ueV1ation 

B of a s le pul tion, a aaur• or th po u1 tion varin-

b111ty, ely 

:~:tJ&.,..,/(n-1) -------- {2) 

e interval ~!s tne1ud a approximDt~ly 2/3 ot the 

• plin& units or a no lly di•tribnted saaple .population; 

the intenal i ~ 8 I 1nclud~a approx1IJateJ.72/3 or the mt D! 

ot aia1larl7 d!-awn s ;ll &. The ratio or the ditf."orence 

between the eans ot tfJo s1111larly drawn snmples (D) to 

standard error or this dittuenee (Ud) 4ef1nea "t •alu.es" 

...tl 
t = Sd - - - - • - (3) 

trom Whose frequency distribution for a given sise of sample 

the probability ot oecUI"r nee in saaplin can be est1 e.ted. 
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!he standard error or the dif't'erence between two means 1s 

calcul.ated by the formula. 

= j~ + -~b ------------~- {4) -Where 8Xa and Sxb are the r spectiv s~nd rd er rors of the 

two meau. 

n estimating tho reproducibility o~ s pl 

mean, an investigator 1fishes to know th error or the 

difference between eans or saapl s COiftposed ot the same 

number ot s plin& un1 ts and csn often ass e tho t the 

standud errors · of tho tl: samr l are npproximately eq\191. 

Under these conditions Sd = sx[i = {2/n, by substituting ·. 

!rom quation (1) above. !hen equation (3) becomes 

t = D ts r.f 2/n 

or .,._ = 2t2s2;u).. .:. - - - - - (~) 

.!base relationships SbOuld foro.the ~ viS Of 

sound samplinl pra" eclur • Another usef'tll. appro tion 

tor 1 le 111 .the r latio.nsh1p of standara d viation to 

the ra~e ot a no 117 distributed population~ 

8 = (rn .rl) /C • - - - • (6) 

tlher C = a constant .. approx!Jta tely 3, 4, 5 and 6 

for 10,25', 100 ancl 500 samplin& units respectivel>j l'ft and r , 

are the extremee or tb ran&•· 

H.oriwntal subdivision, to give sampling areas 

h0110ceneous 'With respect to soil type, plant tro th, nd 

trea blent, and vertical subdivision into recogn1za ble 
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hori.zons or the s aae soil tl"J)e, should be observed. A la,er 

1n the middle ot cb hor~zon shoUld onl7 be sampled. 

!hree general pr1no1ples should be kept in m1Dd 

when ae1ect1ng samplin& un1 ta ; 

(a) .l sample coaposed or rew sampllng units scattered at 

raudo. tt'rourhout a homog neous popul. tion cont ins lr!ort­

ation up to the lilrlts of 1 t.s size, but even n large sacple, 

confined to a _part of the 'OOp'lll tion, contains no in.form-

ti.on .about the excluded parts. 

(b) ln unbiased est~~to of the ean requires t hat every 

s pli~ un1 t have an equal chance or beinR drawn. 

(c) n unbiased estirate ot si«n1f1canee ~nd fiducial lioits 

requir s that $Very sar:ple or n .SeB!~li~ ;_!.~ .h.....v a.k. ~~1.1al 

chance or being dr wn. 

C plet rand izntion is necess ry to eet re-

3triction (c). H bers r quir cl tor this kind or test are 

e;eneral.ly great enou h ao that restr:f.etion (a) would. ut t-

1ca117 be ·~efi. by a r MO!:' sa pl • m:all sample, how.ver, 

should not be icno~•d for the s ke ot coaplete randomization. 

Fo~ objective$ th t require orJ7 an unbiased 

stieote of the ean, 1neo plete r .andom1%ation b1' eans or 
a tl'ld uperirrposad at rn.nd , s ti1f'i .. s J: rinci.ple ( ~). 

A grid ives every sa pling unit, but not every .t osl91ble 

co b1nat1on or n samplir.- -v'lrl.ts, an equal chance of being 

dra~n. This nethod requjres speci~l preeaut:1ons to ovoid bias 

fro su~eri .pos1'18 the grid pe:rsllel to sOtnG syst tic vnr-

1at1on 1n the soil. 
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Chcmeal ro' ~rt1 ., ot soil -lso vary it time, and 

precautjona shoul4 be taken to eet this probl .• 

Compoaitin or samDles is i~po~tant becaus_ it sav s 

the ti e and ~ae or an lysiae eoch sacple se arately. 

Compositing is valid onl7 it 

{a) the sampling volume represents a haoogcneous population, 

(b) eq l anomts or each s pling unit contr"!bl~ to the 

subsample a .. lysed, 

(e) no interactions tb.at t:'OU1d aft'ect tho results r-:1terially1 

occur, and 

(d) P-n unbiased est~ te of the e n is th only o~jectiTe. 

s plint tool sbOuld ;provide sarJpling ~1 t 

hich is (1) Ulleont&~ioated, 

(~) op~xi t ly uniform in cross-s etion to the 

esi!'ed d ptb, nd 

(~) reproduo!bl • 

C111Ce pre! T to use . satlp11~ tubet 16 !nch tiling p de 

or p rallel-sided , c pletely eathUd a or. 
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B,, ~FEVJ:f ir QR . C .r =tirtG. 

(a) O!n•ral· 
A very important wo~k on tne snmpling of coal ~as 

cwpleted by Bushell in 1S31 at the f uel Research ln!ftitute, 

,'retor1a (6). AlthOttfh the l'ilathercati eal expressions presented 

in this !;aper are not applicable to soll eondi tions inless 

'llterations are. o.ade, the outline or the research and t he way 

in which 1 t was t ok.led, nevGrtbeless provides a sound back­

ground f'or eo11 SP.,ling stud! es. 

ln this paper, n complete stvd,- or the best condit­

ions nd ~thods of s~pl~ng tor use itb nll eom~erc1sl &rades 

ot South African coal is given and speeit1eat1ons for the 

saml>ling of both l arge and small coal ill"e scuggested. A athe­

utienl term, derived f-ro~ ex erir: ntrl daja, to express the 

r~lative variability of ty~~ of south ·rrican coal, is ~re­

sented. Baa.ct on -oou1derabl.e ~rtmental evid.nee, 

notbor utbemetieal exp:-e1Jaion 1ncol"PP~at1ng all the VtJ.riable 

f actors (vi~. the probable eno~, tbe heterogenctt:r of the 

eoal, the size ot tbe ooal and the trcigbt or the increment) 

cmco'Untered dur1nc the ta.kint ot randoti increments from 

quantities or coa1t 1a also given. 

Vsetul inf'ormtion 1s obtained f'r01n studies made 

b7 A. R. Clapba• at Rotba .. sted, England, on the estimation 

ot )'i.eld in eoreala (?) and (8). Cereal pl.ota wereo 

snpled by t.hree different methods - two qstematia and ·one 

i.nvol'rlng a random location or suplinc units. 1'he dis­

advantage of the a)"8taxlatie methods as compared with random 

sampling, oerged clearly. these disadvantages were 
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furthftr emphasised by a statistical analysis of earlier data 

on sampling. Cl pham concludes "By the use ~! a ra.nd®t 

sampling method, the varianc• due to samplirlg errors may be 

~~ade . sat1s~actor1ly small !!'action ot the total vcriance of 

cereal plots 1/ 40th or an acre in area« .. 

In 193S' Yates and Z.eopanay at the Rothamstcd 

ExperiMntal Station,· l>n&land, published aoae useful data on 

the estimation or the etticiener ot sampling (9). The 

estimation ot the experlltental y1elds or cerenl orops by 

Dmpling methods was considered 1n the light ot 18 experimGnta 

which were harvested by these aethoda at Rothasted :1nd its 

associated centres. A dtscussion ot the inter~?etation ot 

the anal,ysia or var.itmce s a.J)plied to sae.~sJ.inG resul.ts is 

given, al"'d an expl'e.ssion is found tar the loaa of information 

anstna out ot sup lin&~ An S..portant point is tlu t the 

r sults ot the discussion aro applicable to ll types of 

snm])llng carried out on replicated eXperiments. 

In the •1n series or CtXpQrimcnts the mean loss 

ot intor.. tion on the main treat.ent ~pnrisons due to 

s plfn& was t'ound to be 3]$. !he ae~o4 ot detei'l"'in.ing 

the optitlal percentage o! sampling 1s described. !hu {"~tin 

dua to subdivision ot plots for sanplin{ is considered and 

it is shown that this 1& advant&ceous. 

Owing to the tACt that most of tbe $t3tistieal 

tl'eatment discussed in this paper can be round in an,- good 

text-book on statistics, it will not ~ repl"Oduced here. 
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Ar1s1n& 01lt o-r tld.• discussion, however, tew important 

points sho~ld be stressed. 

It 11a8 found that approximntel7 i (31~) Of the 

·int'oraation as lost b7 sampling. n.e authors thoUiht it 

ot interoat to see what oul4 be gained bT sampling more 

extensively. By takin& i.Aotouble. the nUll bel' of aampling 

units, the loss or intormation was round to be 19".,.. and for 

treble the n bel' ot sdpl.ing units, 1~. It. is ~le-ar, 

thertrore. th!lt atter a certain n-cmber ot sampling units 

has -been taken, not much additional information can be 

gained by itl.cr~.asing the naber of -anoples. 

~e utbors also detaradned the optical a ount 

~ saapl~ as follows t It Q 1a a nUll! r .. epres ntins 

tho neeessa.ry o1u or tho uperment (equal to wity when 

~ ole expeJ."iiw1t is harvested) and S nlr.lber repreaen.t-

1nt the rel~tive to~ 1 nwber ot samples (al..so = 1 l41.en 

the whole or an upel'aent or unit sin is aamplod) so that 

100 8/Q is tho pt:~roenta&e · s pled, the condition that a 

constant quantity of 1ntonsat1on 1s obtained whatever the 

pereentace saopled, is equivalent to 

Q (l - t) = l 

Q .l. 
or · 1 + t · (Q-B)/8 : 1 

ere L = E'o. of sapling un1 ts. 

t ; error variance due to variation between 

sampling tmits when the whole plot is harvested .:.:nd 

= 0.03116 in this particular experiment. 
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The abo• equation reduces. to 

lQf' + i==l 
!he graph ot this tunetion tor r = 0.03116 is shown 

below. lfhe ar phs tor r == 0.2 and t = o.~ are · lso sho'Ym 

tor pn7pos s of c rison. !be limiting Talue ot s 
(Q intinite) is 1n each case equal to r. 

0·1 

o~-------------------------------------
/-0 f./ 1-1. I'~ /·If /·S" / ·{. 1·7 1·8 l·f .l·O 

R£LRT/VE S1zE or Expr. (Q). 

For f = .03116 th re ~s ranid r eduction 1n the 

r quired size or the experi t ith !acr sin sampltng 

till s equals about 0.15. Q then qu~ls 1.23 nd th 
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--100% .15/ 
percentage sampled is therefore 1.23, or about 12~. 

lle7ond this point the r te ot reducti on 1n Q rapidl7 falls ott 

so tha t there is little further &ain after S re•ches 0.25' at 

which point Q 1• 1.1 and the percenta&e sampled is 22.;,: 

It 1a iaportant not to &loss o.er the very considerable 

loss ot information which oceurs whcm ~Y a small percentage 

ot an o;periaumt ia saaple4, as compared with the intormation 

obtained when the who1.e experiment is banested. As we bave 

seen 1n this series ot experilienu i of' the total intormstion 

is lost and this ilaplies that as tar as _the main treatments 

are concerned the experiments should bave been laid down with 

50~ more replie111 tes than woul.d be ·requisite_ 1! the whole ot 

( b ) m>l~ : 
-!he 11teratu:re on soil anmp11nc is ao· con•1denble 

t..Jrt ~ treattlent or each contribution •• ratelJ' is out or 

the question, tble and space onl7 pe!'ldtting of the discussion 

or tM more illlportant and s!piticant papers which have been 

studied. An eftort bas, howe-.or, been made to incl.ude 1:n 

the biblio~pny rererenees to DOst of the literature on 

this problGIIl, as· an aid to future workers 1n, this field. 

~~ t1r$t e.x.ten.sive and -valuable work on Soil 

sampling nppears to be thn.t ot Frealr and Erb in America in 

1920 (10). They tackl~ tbe question as to how ny !lub­

&aples t:lUSt be talc n from well and SJI!lretrically placed 

points OYer respective plots 1n order that duplicate 
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eomposi tea trom the same l/8th acre plot ooy a p-ee sn tl <1f~ ct­

orily with ·respect to the point or c position 1n question. 

file soils ere sa.mpled in t dif'terent wa:ys • 

(1) b,y efeavation ot holes 9 x 4 inches to subsoil (3-8 indhea) 
/-

(2) by borings with i inch soil auger; using only the 

sur!" ce soil. 

!he eebanical. nal7see of' th samples ere do~ 

and great dittereneea obtained. Chemical analysis ( , P) ot 

the composi~es also y1 lded ma~ked ditferenees and the authors 
e.rT OY" 

concluded that, des pi t1t un'tlBual c~ re, the · sampling" rer.r ina 

greater than the anal7t1e 1 error. Coaaparison at the two 

aodes or sampling show no marked diffoTen.<':e, and apparently 

both ~ of taking a sample s to be equally efficient. 

In 1927 c Call and c Kibbint (11) gave a brief 

eri tical re'rie . or the ethods or s Plinc soils , w1 tb twenty 

references. This is, however, of historical interest only, and 

can be neg1ected 1n the light of more recent developments. In. 

order to find th• b•st wa7 of sampling garden soils tor the 

d te.Ntnation or nitrates, Blaney and Smith (12} 1n 1931 took 

a large number or cores or soil trom manured, limed and 

f'ertilised carden soils and detei-mined the nitrates 1n th • 

Leas unitond.ty or nitrates was obs ned than has usually been 

reported tor otbor so11 conditions. A minimum or SO borings 

was necessary for 1/30th aere areas to r ~uce th probe. blo 

error ot nitrate to approximatelY ~ ot the mean. 
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A pape:r published 1n Jrew Z4Ulland (13) in 1932, 

elaias that sampl1nc to a clepth of 3 inchea 1nstea(J ot 9 

inches gives more satisfactory 1n~o~tion concerning the 

lime and phosphate status or the soil in -relation to 

pasture production nru1 the chemical eomposi tion or the 

pasture, and is therefore reeomttJ.end«i tor such ntud1N. 

The :first appa.rent use or statistical treatment 1n 

soil 3a~pling :research is embodied 1n a contributio~ due 

to Yotlden and 1 chlich in 1937 1n Amerie:~, (14). Variations 

in pH or soil Satlples tak~n et different space int~rvnlt 

over s la~ce ar a were exam1ned stat1st1eally and the 

results discussed in relation to sanpling proeedure. Their 

pert1e\U.ar obJ ct was to se~aot $£.f:£.ei.::nt ~ethuda o! soil 

sanplin& fo:r. the pttrpose I'JJ-r soil SUJ'VQ'$. 1'wo ditterent 

soil mu ~e examined. 

!ht' sc pllng proitodure 1do!' lied b7 tho uthors was 

~ougbl7 as follows s- ... ine stations. pproxit".atel-7 one r..ile 

between stvt1ons, ero sarnple4. At each st tion two sub-

s ta tioru1 -ner s-elected, 011e thousand f et apart. !l'wo 

sampling are s, 100 t4Mt apart, ere locatea at each sub­

station nnd . finally '-u each Gamplin& area~ two sample 

points were taken ten teet apart. . 72 sppl&a 1n ell PH 

taken on each of the two types of wo118. file pH was 

dotermin£d on eaCh ampl• b7 means of a Leeds and o~thrup 

gla2a electrode. 

!he ~ difference in pH obtained between 
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duplie te o l es ( 1-3 1 s part ) 

naly is of va7i ance of the resu1ts sho s that at tistieal 

~i nif c nee Lay be t t eh to t e ~ ~~£ r .c i n v riat1on. 

n interesting point arising out of the data is that four 

s les taken at interv ls or 1000 teet show • 8 ller 

vari nee than that obtained 1th e1 ht .- amples, most or 
which re taken in close proximity to eh other. The · 

uthora concluded that interval.s as low s 10 or 100 feet 

ere too small to constitute an ertect~v ethod for samp­

ling such big areas . 

A uch _o~e praetical and userul contribution 

c • tram two Indian research orkera in 193o, Iyen ar and 

Tamhane (15). our areas of l(40th acre ach re subd1v1d-

d into 64 plots an4 th salt content !"ro a sacpl or eaeh 

plot dete~1ned. eept on very irre~~ soil, 1t a round 

t t the plot could be represented b1 a s ple coo sited 

from a rando boring in ch q dr nt or the ar • 

The ®rk s und :ttak en to detel'Qine b7 experi-

ent the number or samples necessary to represent the soil 1 

of pl~t or 1/ 40th ot an acre in area, under irr 1« tion I 
conditions . Six 1neb depths ve sanpled tr the eentre or ~ 

e ch .lot and an dd1t1onal s ple taken at the centre spot ~. 
of the \'lhol area. t tter the soluble a l t eon tent ot each 

s ple h d be det mined, the r 1lults wers tr ated s·t tis­

t1call7• It s round t t 1n the Eost ~ r i abl rc a co -

osi te s mple of 16 cores, ch taken to rep:r&s nt l/16th 

of tb cllole area, uld hav a hi{ther standard error t n 

comnos1tes or tour cores, each representing a quarter, from 



·18-

ny ~f the ouer three us. cc tan such hir,~17 lrro ular 

soil, a co posita de up or tour eor s aeleeted at rend~, 

one rr~ ach quarter ot the exper~ental area or 1/ Otb ere, 

r;.ve Etand rd errors ra 1n tram o.o66 t•:> o.U?J on the 

can val s of ~he nlt content or 1.23"' to 2.41 • 1he ·orlte:rs 

eonelude th t such sa plea should be suf!ieient to repr~sent 

the salt eont nt of plots in replicated e%per1 nts, ~1th t e 

provi ion th t nor 1 borate s ples are ne tor very 

1rre ular soils. In tl. pre~ nt 6uthor•s opinion, ho ver, 

a sa pl!n rrot or •-6% does not se to oo an 1niticnt1on 

or ef1'1cient saJtpling urJ.ess the . nalytienl dete !nations 

ho th€ s e inaccur cy h sng ests that oro s plea 

should be taken, ~ven to r present regular urcas . 

In a p per publ1s by · ~err and Stie litz, (16), 

in 1938, it is stnted that t· le vat1aui11ty ot soils or arpat'• 

ently un1to fields is o cr t t~~t a rep~s ntativ s ple 

ust a caoposit troo a lar e n ber of rand borinss . 

-lao, .here soil survey project is to extone ove~ period 

or years, the ti. or ~ ling u t bo definit point in 

th ro!ntian eyelet eith rat the end or the f,llow er1od, 

at th 1 eginnin or at tbe cn4 ot the erop. 

ield ve~iat1ons as raotor tn plin ror ~ap1d 
soil lltllyses ere .studied by ollin nd od n 1n 1940, (17) . 

T sts ~ de o.n solla fro unitorra t1 lds in ~ arena ot 

Ol'th Ca.rol1na, us :tor ro ing p annts . e fields re 

divided into 144 plots C l/40th ere aeh ) and 9 oa plea 

trom each plot were eol!n-.osj.t~d and tested for K, ~g, Ca, ? 

ond p4 by a sli~ht, oditication oT R~ster's ethod for rapid 
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soil tesu. The wide variations in the r sults obtained on the 

sa-~les tram 1ndiv1dt~l fields , s est the nee ssity of very 

careful s plina or soils tor rapid-test anal7ses. 

In 1943, in Geroan,-, Hans Riehm, (18), made a stud7 

ot the oat su1tabl type ot samplin for cheoieal soil tests, 

1thout loss or reliability. His conclusions re that the num­

ber o~ saaples to be tak to nake a food composite sample, in• 

creases with the size or the ar ; the change in planttood eon­

tent durin& the Ye:eeta t1 ve pe~1od is alight so that on sample 

a y r 1a adequate. Certain preoautiODS ust be tak tter 

f'ert1U.znt1on. t• pliDi of the subsoil is s inportant as saep­

ling the surtaee soU; the n ber or s ples taken and their 

·arran& ent over th area should be the s e . 

Les• 11: .t}Ortant 44 ta or wol"k done on soil s~mpling are 

given in p pers (19} to (31) inclusive. 

point inherent in all these examples on SoU S p­

lin& 1s that, alth~h all the t":Ol"kers ap.fle on the point. or 
extensive sampling for good NPresentation or area, nobody 

s s to .c1•e at17 stendards whieh will be or u1d to an 1nexperi­

enee4 investigator . Furthermore, no exp~rment 1 comparison be­

tween saap11ng data and analytical aeeuraey se s to be given -

a relation 1Ch will be of se vulu to an tnvesti,ator, 

irrespective or the objoet 1M s 1n JD1nd. The author hopes to 

ive, 1th the aid of his <;Xperimental data, sooe discu.c;sion of 

this probl at the end or this thosio. 
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An lnv st1 ator, .o i s "to do res arch on oll sa1 pltnj 

proble s, i s 1 11ately ~aced 1th t e robl~ ot ch >O•ing a 

suitable ode or inv stigation .. This t nod should have the f'ol­

loWing vitally i portant ebaraeteristies&-

(a}" The r sults, obtained b1 this I:ethod, should be :re­

l>rodueible a& well as aceur te so that, hen treating them stat-

1stieall7t no doubt 11 exi•t s to their analytical precision, 

and any variance occurring can be confidently ascribed to soil 

1rregular1t1ea.; 

(b) In dew of the fact" that S8£lpling res reh involves 

the nnalysia ot hundreds or ples, tine is a very :f.r:portant 

.ractor Wh n considerine a suitable tnod of analysis. In 

addition .,to being reliable, tben, the ethod ~DUSt be short and 

speciallf ptabl. !or routin o:rk. 

(e) 11Jt• .. thod should be conven1 ont and o.sy to 

perfora in ttn;r chm~eal laboratory • . 

(d)Tho constituent to be detercined should ha.'V'e 

sign1!1cantty different nlues for ditterent soil types . 

It is obvious ldlen considering these requirements, 

that no physical dat&riWtation ldll m•et th question. J.ltb.oU&h 

:reliabl.e l'esulta can be obta.in&d. by pH aeaaurecmts, the pH value 

is an intenait;r factor and therefore not su.1table. ork alre dy 

done on aa pl!ng using .PH as the ethod ot 1nvest1p tion, ( 14) , 

shows that tor intensive s pling 1n s 11. reas, ~oil pH varia-

tiona are too 1 to bo regarded ns significant. 

This l~..aves WJ to choose f'ro the n~ erous chomieal 

ethods o! anal ysis, and here, the three which 1r.mediately sug-
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g~st the ~elves, both rrcm tho point or view or reliability and 

1'ert111 ty Ta~ue, an those el ents COitl:\only sought !or ;hen 

det rmininc nutrient q,lues 1n a soil, namely nitrog n, phosphor-

us and potass1 (N,P,K). It is readily se('rn that, with sraall 

alterations, the d teraination of these el. ent 111 suceesstu117 

meet the r~~uir e.nts and restrietions ·or a suitable method to 

teat the erricacy or soil $ plina, as outlined nbove. 

The author at!\l•ted out with th id or doing all 

three determinations on sets ot sample. colleeted by him, but un­

to~tunatel7 the rele.tivel7 11 1ted tiee available ello ed ot 

statistical tre$tmont based on determinations of only one eon­

sti tu-ent, potash, on the SQ!lp,les. It is hoped to continue with 

the liOrk in 19-46. 

Potash was ohosen s tbe first constituent to 

detem1ned, because preliminaey work done on the three types ot 

·soil, Karro.o, Humanadorp and Grab stown, showed it to be the 

most variant or the three, and also >Lecause it was present in 

uch larger propol"t1ons than e1 ther or the other tlio, 1 t 

thoUght that it uld yiel~ the best data tor tJ'!:t; prelicin.ary 

tr tment no• presented. 

The next probl to be consi ered s, therefore, to 

choose out ot the present known methods ror the detet-mi_ tion ot 

potash, the one best adaptable nd moat·suitftble tor routine 

soil analysis. 



< 1) {i.enent : 
There ere thrc standard &cneral procedu-res tor 

the determination or potash, nruaely 

(I) gravilnetr.te· determination a s potaasium eh1oroplatinat , 

(2) gravim trie detel'll1nat1on as potassium pot-chlora te, nd 

(3) gravb1etrio d•terminetion as dipotassium sodi cobalti­

n1tr1te. In the latter procedure tho nitrite in th 

precipitate can alao ~ determined, either volumetrically 

· with p rmanganate or eerie sulphate, or eolorimetrically; or 

the cobalt in the precipitate can be determined colorimetric-

lly. • 

From the point or anal,-tical accuracy, method (I) 

seems to be the best ot the three, iu only drawbnck b•inl the 

expensiveness or tho eh1oroplat1nic acid used it_J. tbo procedure, 

and tho tnet that all etals except sodium and all r~dicals 

like ~Julphate, phosphate, etc. JaUSt be abs t - 1n !net, the 

precipitation ean onl7 be carried out it the potash exists as 

potassi chloride. 

Pe!"chl.or1c acid, llSed as the precipi te.ting asent in 

etbod (2), on the oth&r bruld, 1s rel tively inexpensive aa 

ooapa:t.ed with ehloroplatinie acid. Furthel'DOl"$~ the accuracy 

obtainable with this ethod is eom~rable with that or method 

(I), with thC! result tbnt toda1 it ha$ c01ne to be r~gnrded as 

the sttmdar4 method. H~re cain, the rostr:tction that all 

~U!ls ~:n<l ~l"1um, Axcept th~ all!~li ~tels, and tha t !!tll 



anions except chloride should be absent,, is o~ practical 

il!tportance. 

· Recently, eonsiderable work has been done on method (3) 

and obemi;sts have come to the conclusion that, w1 tb some care, 

results coaparable in acCUl"ae,- with those obtained b7 methods 

(I) and (2) aay be pel ded b7 this procedure~ . The pr~!pitat­

ing agent, sodium eobaltinitritet. is fairly ·inexpensive, but 

can be obtained today 1n a high state ot purit,-. P"Urthermore, 

the method can be applied in tbe preser~ee of aoderate amounts 

ot other a.etals and r dical•, the only radical which muat be 

absent being ammoni • 

A detailed outline or procedure tor any or the above 

m. thods can be obtained in any modern standard . text on 

QuantitAtive Analysis. 

{11) ~.oils ,_ 

et~·•ocl ( I) described in the :previous section, has 

~e alaoat obsolete in modern soil analy81s, du. to ita 

expensive nature and the restrictions involved b.1 its use. 

ethod {2) is st~ll bePl& used tor the detemina.tion o:r 

potash in so:f ls, but mostly tor comparison teats. ~e r~et 

that soils contain most of the elements 1n wnosP. presence the 

u ·thod is valueless, Slakes 1 ts use rather ~1ous tmd 

cua~beraomo, aa ·such elements have to be remO"'ed. ! oreover, 

l"ecent work 1>7 Kitchell and Ford in Alaerica in 1945 (32) shows 

that the presence or phosphate eauses low results in the 



potash content or i"ertilizers anal7sed ey th1 nethoo, 

and phosphates, 11hich are invuiably present in sojls are 

di!fiettlt to remove. 

·e~od (3), on the other 'llnM, is extensivolr used in 

soil analysis today, nnd its pliable nature has 117 

advant ges OYer the a'hove t when applied to routine work. 

Beonuse soils are generally low in pota~h content, the 

vol~ tric or colorta trie anal181• or the precipitate is 

us 117 preferred to th gravimetric procedure, and ot theae 

two tho 'lolumetric eatir.lation will oWiously be th safest 

nd JIOJ"e accurate. !he author, therefore, chose ~ 

volumetric determino.tion or potash 'b7 aodi eobaltinitrite 

as his subject tor er1tical preljminar7 stud7 and £or 

sp4t0ial development, ttYr ultimate use as a ec.Jl$ ~or testing 

the e~ricacy ot soil samplinc. 

V rioua modifications ot the cobaltinitrite Detbod 

haYe b en sucs.esUtd tor use in soil potash estimations, the 

main three bov1ag been developed, 

(a) 1n 1934 in Awstralla by Piper (33), 

(b) in 1937 in America b7 ileox (34), and 

(c) in South .ltriea by Ste nkamp, (3). 

Bach claims quantitative aee\ll"aey tor his method, 

·and the choice of nny one or those method$ a• the most 

suitable was impossible before an experimental co parison 

ot the three JDethods had be&n de. The experiJnental 

procedure tor each mothod as outlined by the respective 

author, is as follow• :-
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(a) ~R:S :-

7o the nettVD.l aqueou.s olution eont 1n:inc 

potash (± ~ mgs. 2o>, add 6 drops or cone ntl'ated 

hJ'd!'ochlori c acid and evaporate to d1'7Dess on the waterbo.th. 

en cold take up the evaporat residue in 1.5' ml. ot 

glacial acetic aeid an4 10 ml.. ot turated pure sod1llll 

chloride solution, added in that order. Stir, ·.nd arter 

3 - 4 minutes add ; Ill. or 35> sodi nitrite {K-r:r<le) . AFTER 
5-to M/NS. FWD .$"tnt. 2.00/o CoBAL.T NrrR1lTE. (t< 9- NH4- FRe:E:) 

s olution tra11 dipping pipette with an enlarged aperture. 
"" This add1t1~n ust be made rapidly (taking not ore than 

2 - 3 seconds) and with constant stirring, since the 

desired eoopoaition or the precipitate rormed depends on 
. . 

the rapid ddition ot the precipitant. Sti~ tor 40 - 60 

.seconds., eover, and all to stand overnicht in cool 

place. 

Filter through a s 11 gooch c~ueible cb reed witb 

asbestos, previously dicested th a.c1d1.t1ed permanganate 

rollowed bT an excess of oxalic ac1d nd then washed 

thoroughly nth water. Transf'or the preeipitQte to the 

crueible and wash, t'our times in a111 tdth 8 - 10 1. 

partion• o~ 3~ alcohol. inally wash the ides of the 

crucible with 3 very s11 ll lots (about 2 ml. e ehJ of cold 

water to recoYG the alcohol. 

Pipette a suitable aotmt of 0.0511 potassium 

pe angan~at• into a 400 111. beak~r, d"ilut . to !!!bout 1'0 Jtl. 

and add $ al. or eoneent:ra ted sulphuric acid. Then and the 
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crucible n.nd precipitate to this acidified pem nganate, 

stir to keep the ~ipi~ate beneath the surraec of the 

liquid and centl7. It the colour appears 11k 17 to 

be disehar&ed, t-emov the beaker h-om the tlat! nd add a 

further measured ount of standard p rmangan.~ to, to ensure 

an excess. Heat ne rly to .boilin&, r ove, end rinse the 

crueib1e and continue heatiny to boilins. ove frOJJt 

the flue and atter a te llinutos add • all cxc ss ot 

0.0511 oxalic a.eid. am until all ox1d s ot . anna baY 

been dissolved and titrat~ the exce s oxalic with standard 

p annte. · From th18 titration "f'elue t e t*t of' 

x:2o pMsent can b calculated tr-o the .torrul • 

x~o (in Jtg) = 0.354 x •ol. or .o~ 04 + .00034 x 
~ (vol. of .051 'UO.-,) 2. 

This tomula was dneloped b7 Piper because the 

co lt1ni trite pr cipitote obt in d in this mann r is not 

constant but ehangea with change in potash concentration. 

It a graPh of tttration value is plotted ae 1nst amount 

potash pr s nt, a curve is obtained, 111ust~t1ng this t ct. 

(b) !U£04 J 

The aliquot tor anal:rs1s should cont in bet en 

2 and 1.5 mg. ot potass1 in a neutral aqueous solution of 

10 1 .. vol • A.dcl 1 ml. or normal nitric cid .tolution 

nd S ml.. ot the sodiUI:l eobaltinitrite solution (e<1nta1.r:dng 

1 rs.Ji1 ot A.R. Trisodium Cobaltinitr1te per ' 111 .. ) filtered 

and prepared fresh before use) ~x, and allow to stand for 
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t 0 hOUl'S • (The t pvrature of the solutions before ldxin& 

should be about 200c and this temperature should be 

maintained during the precipitation period). Filter in a 

porous-bottoned porcelain t'ilter1ne erucibl.e, using 0.0! 

nitric aeid in a sh-bottlc to make the transfer. a~h 10 

ti.I:les ith 2 !1".1. portions of the dilute nitric acid. ash 

t.he precipitate into a 250 ml. beaker, place the Cl"UC1ble 

in th , beaker, nd make to nbout 100 Ill. l7i th te:r. dd 

20 l8l. of 0. 5N sodiua hydroxide and boil tor 3 minutes. 

· 1thd~aw into another beaker slight measur d excens ot 

standard potassiuta pe:tJnan&anate ( .02."'t), Iaake .to ;o 111. with 

water, and add ; al. or eonee.nt:rated slU.phurie a"Cid. Pour 

the hot cobaltinitrite so1ut1on into the eold pGrmanganate 

solution, transfer tbe crucibl t and sh the bGaker with a 

small amount ot water. Add an excess or standard . 021: 

sodium o:xal te solution, heat to boil~, and complete the 

tit~ation with potasai per.oanganat • 
S·S63 

~V (in g) = t'i.lj X al.! Jin.04 X nom,ality ot KJ n04. 

~he normalit, of the n04 bears a stoiehiometrie 

r~t.ion to th potash 11'1 tb prec1pitate, K2Jia.Co( 02)6.B~. 

Tbe reaction can be r4presented as .tollows : -

5'X_21faCo( 0;>)6 . + lll"llil04 + 14.!~4 = 5CoS04 + 9IlnS04 + 

2lln( 03) 2 + 5'RaN03 + 211'..103 + 14H~ 

Here, 30 lf02 or 60 reduein& equivalents are balanced 

by 11 Klln04 o:r 55 ox14J1sing ~mve.lents -olu!J ? oxidi~in£ 

equivalents from the cobalt ic - cobaltous couple. 
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.'rhere.t'ore, 11 DnO• or ;; equ Talents are .required 

tor lOX or l~J : ~ = 7.1084 grams ot K ~ equ1Talent 

ot moo4. = 8 .~63 !milS ~0 per equiv lent ot Dn04 .. 

In addition the resulting precipitate is granular, 

heavy1 and sily tiltered o.nd washed. 

(c) S£!tn9m.P : The aliflU()t for anal7liis should be a neutnl • 

aqueous solution cant( ining . 5' - 5 &s. lt20. EYaporate to 

dryness on a wnterbath nlld add 1 al. ter to the cold 

residue i . .l'l the beaker. J.dd lml. or cobe.ltinitrite reaaent 

(20c. aodiUJt eobaltinitrite + 20 g. sodium acetate in 100 111. 

wat er, 1'1lt~red betore use) and leave to stand ! or e.bout 

hnl.t nn hour. lnsert the beaker into a Freas oven (lOC0 e) 

and evapor te to drynoss ( 40 Jlirus). en eold · ~dd 5' ml. 

of 5~ acetic acid, shake to cmnpletoly disintepate tbe 

precipitate and filter through a Go?eh crucible well packed 

with Sl')8C1ally treated sbe•tos ; Y'ash rour ·t !mea w1 th ter 

and replace gooch in or1g1Iltll beaker. 

Add 10 ml. ot a saturated solution or sodium 

bica~bonate and dissolve the yellow precipitate, effecting 

solution as r apidly s possible on a bot plate. Bapi d 

dissolving prevents any cobalt hydrate from preeipitating, 

lthich ger~erally happens when &:20 content is in ~xcess or 
l g. and the yellow precipitate is disnolved slowl.7. 

(10 .a. satura ted ~odim bieM"bonate will dissolve 3 mg.l:~ 

a s sodiUl:l poto.ss1um eoooltinitrite; in excess of this 
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quantity, re-lntinl DlOre sodi bicarbon~te ust be used). 

complete so1utim1 of the yellow p~ecipitat~ is essential, 

otb~rwise low results are obtained. 

i'h~ rcsu.l ting gl" en solut!on 1s diluted to 5'0 Ill. and 

r1llo ed t:> cool. A slight ~eess or I /50 JCljn04 is added 

(l - 2 tll)in excess) Mld then slowly 10 111. of 20" H2so4 

and left to stand fol~ 2¢ inutes. Heat to 40°C, add 5 al. 

of a 1~ iodtu -rree potassium iodide solution &nd 1m ed!Rtely 

titrt~te the liberated 1od1na against i/5'0 sodi thio -

·. sulphate, using starch s an 1nd1cntor. 

In the calcul tion n empirical f&etor has to 

cleterained ~in& to tho f ct tn t slight · ohanges in th 

e~position of the potnssiuo ~recipit te occurs unde~ 

different con~itions. It is found troL ~e average or 
several determin~tio~s carried out as above on 2tandard 

potassium chlor1d solutions ot different concentrations. 

Under local conditions 1 t was found that the true · 

~t sh val.uo is &1 von by the roll owing to ula t ... 

It2o (q) :::: 8.10 .x ml .. Bln04 x lormality ot K n04. 

bri t comparison or the three methods will now 

be given, pol.nti.L& out the a.1n advanta es and disadvantages 

ot each. 

f.2.!P.ts ot 41!£.u_eu_gc !>e~~l_Jl\e;. !;.br eths:tf!! : 

(1) ,'l;@£1p!!r-~lng PUnt t Piper uso:~ s ra-r;e solutions 

=>f sodim :rt't-rite ... nd eobalt nitr:,te rnereas ileox end 

dteenkamp each use a solution of sodium cobaltinitrite. 
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While the separate sol.utious are more stable, the author 

round this to be ot •1nor iJDportanee since little tirae is 

oonstUQed by' 1i!8ld.nl up the required a ount or preeip1 tant 

each day and rutering betore use. 

A mUCh more aubstantial d1tferenee, however, aris•a 

~rom tho acidifying agent whieh the three w.orkers use 1n 

conjunction with the prec11)1tant. Nitric acid, l.Ued b;y 

~wilcox :rath~r than acet .... c neid (Piper and 3te~.p) 

maintains the nitr&t.-nitrite eq,uilibriliiD and thereb7 

prevents nitrite decomposition. This .i• a ~oint of great 

val.u.e, espoc:1ally in routine 110rk, whe:re the preeipitate 

has ottcn to be lE-ft in contact ri th the mother-liquor for 

some time before it can be anal.Jli~. 

(2) ~ure~~r precipita¥.! • . I n eontrast to the extr ely 

fine precipitate obt3ined by using Piper's cthod1 a h av.r, 

~ranular and easily filtered preei~itnte is obtained b.Y 

using either or the other two uethods. Tr..is is ~ue to t.'le 

addition ot nitric acid in ilcox' • proeedu:re, nd to the 

ovapora t1on to dryness after precipitatlou 1n SteenkaJip's 

procedure. 

Piper 's precipitate has a variable .~osition which 

depends upon the potash concentr tiont 'Jiherea.s th~re 1s a 

definite stoichiometric r elationship between the potaSh in 

ilcox's and the normali~7 of the p~~)ianate used to 

titrate :!.t. Steenkamp'r. preeipitat~ also has a variable 

compos 1 t i on; 1 ts composition varies, ho. ·ever, not w1 th the 
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potash coneentration, but ppnr ntly with local!t7 an4 

11'1 th the actu!!l r~agents u.~ed. ileox' s cnlcul_ tion tor 

pot.t\sh is thr.rntore extr e1y sicple a• cc pared with the 

other t , Where pirieal taetore have to be cheeked 

rrequently. For routine ar~lysia enrried out over a 

~onsiderable pc~iod or. timc1 • will necessarily be the 

oase en taelrling sampling problems, the ethod of ilcox 

:;o'Old thcrGf'or see to be much core reliftble nd qu1cker 

in use · than either or the other two. 

()) !o!l!t!~.ri~ .~naJ,n~s or :Q:t:QSinitaJ!!. : 'Ihe iodomctric 

ethod of' titration u:;od b:' Steenkn p has been .found to 

be P.tueh simpler A.Dd o~ reliable 1n actual use th n the 

methO<l,; used by Erither or the othex t-.o . This 1s probably 

due to the very sensitive Pndl~1r.t nhich ean be obtained 

and to the at ospherE or c rbon d1oxidt'\ present during the 

titrlltion. Fubthen:ore, on dissolving t.l!e r r ec!p1tate in 

<·atl rnted sooium bicarbonate, a green 5olut1on is obtained 

.os · st~b111ty is ot spac1al 1 portance in routine work 

he-re solutions have to be 1 tt st.1ndin& for var! O'rlS periods 

before titration. 

(4) -r111e tacyo:r : ~he t1mo of precipitt:ttion by Pi per' s 

r.athod is ar>prox1 ... ate ty 12 ho1.uos, by ileox's Let.,.!od 2 

hours, d by te~rikao 's method about 1 hoar~ (including 

t he time o~ evnpol" tion) . A big d.t fferer..ee, therefore, 

ex.i.:at~ bet eer .. the ler<tth of Pi per's proeeduro and tbat of 

thP oth.er t o, e dirfereJ"'ee which ls a real dr!l bac-k f or 

routine work here time is or paramou."lt importance. 
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(5) eon~I : The only d1aadv ntn or :ileo 's :t·~thod is th t 

ratner a lot or sod~ cobalt.1 .. 1tri t o rettge.nt is used ( 1 g. 

per detemina tion ) • 

It therefore appeared that ~e ethod or ilcox 

should be t he obvious one tor the ork hieh the author h d in 

mind. It r a1ned to be seen, ho.-ever, how it compared exper­

illentally ith the other t"ro t1nd this will be reported upon in 

the next section. 

The author has introduced a tew usetu1 alterations 

into ilcox's ethod. He dissolves the preeip1_t te, not 1n 

caustic noda, but in 2J Ill. satur ted sodium bicarbonate Dn4 

c~ntlnues the ubaequ nt titration as described by ' teenk p . 

lso, instead or using 20J sulphuric acid tor acidifying the 

bicarbonate r.olution• he uses 10 1".1. 50;l H2 0 
4 

hich bas been 

!reed tram o2 • ~his is ~de.b7 treating 50~ H2so4 ith dilute 

porPan&anate dro~ by drop till a raint pink colour persists in 

the solution. It was round that strong slllph:urie acid contains 

a ta1r a ount or so2 ~ieh cay cause an error in the taSh 

v~lue unless it is r ~c.t . .. .few 1 nrove ents in general 

practical manipulation have also been i ntroduced rnd ill be 
later 

entioncd/1A the full description of the proc ure as ppl1ed 

to soils. l t is to be borne in mind that, troo this stage on-

\'m.rda , erover aention 1s ade o! tho 11eox ~ethod, the 

ethod as Bodif'ied by the autt or is be1n referred to. 
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042s. 
The three thods ere tried out, ~ide by side, on nttlnd-

rd .. otassiuu c· loriJe ~.olutivns or t<ln d ff r ~ concentrat­

ions ran&ing fr~ o . ~ to 5 mg. x2o per .11quot. It was con­

sidered essential that the potash ~ont nt or th standard 

solutions should be known as exactly _ s -pos lble it v 11cl com­

parisons of reproducibility of the e~h~ ~r• to be ~ade. 

'!he ethocls ployed ere as follows c A sample or 
potassium chloride (A.r.), reeryctallised six times, s avail• 

bl e . A suitable ·quantit7 or this was f'used in a .1 tin 

crucible and k pt in desiceator. A weighed QlUUltity (1. 5~3g.) 

ot this potasai ahlor:!.de s dissolved in water and ade up 

to 1 litre (1n duplicate) . The potash cont nt or these two 

solutions s noxt esti ated by tnree standard methods : 

{1) OraviDetric esticat1on as silver chloride (35). 

It is ess-ntial to exclude light while do1n the experi~ent 

because ot the light- s ns1tiv1ty or silver chlorid • 

{2) Volumetric •stir•tion b,y tit~ tion with silver 

nitrate using dlchlorotluoresce1n as adsorption indicator (36). 

(3) Potentiometric eati~at1on b.y titration _ith 

silver nitr te (37) . 

The ~•ans ot a nurber of determinations by a~ 

metbod are iv n belo : 
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e1&h1ng (1 C&) 
Orartmetr1e (A U) 
Vol etric ( ds.In~ . } 
Potentiometric 

• 

125 al. ot this stoek sta dar potash sol, tion 

then run into a 5'00 ml • ..olUJDetr1c flask nt! de up to 

th rk with distilled t€r. 10 Ill. ot this dilut~ 
-

solution con~ined 2.5 ,.~0 and was used in th c ratiTe 

teat of the three pot sh ethods. 

The next important question to be consider s the 

standard1•atio ot the vol tr1e solutions to be used in 

th experir.i nt 1 procedure, Yiz. potassium penaangannte 

sod! tbiosulpbate. nd sod! oxalate. Stock solutio.M 

ot appro.xir!lat 17 N/'0 strelllth ere ad.e up ot eac.lt and 

kept 1n dark coloured glass aspirators. It s found that 

the di tiorJ ot 2 nl. ot cblorofo per 5 11 tres o.r the 

tbiosulphate solut1 n so far retard ita d eompositio 

that it aa1nt ins its erreetiv strength ev n up to l month. 

The solutions re s~~ndardiaed as toll~ :-

oxalate (Britiah Ch~ ieal 

S tanda.r<ls 1 pur1 ty 99. 97, ) was used a prima17 standard 

nd tho thod tollo ed s as supplied by the Bureau ot 

Analysed Sllmples s-

1;•1. oxalate solution is run into a titration flask 

containing 20 ml. ttgo2-tree" 501 B~04, heated to 8o0C, and 
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and pel'IS.aJlCat&ate run 1n at the r ate or 12 to 14 ml. per 

a1nute, swirlin ·v1gorousl7 all the time. Ne r the ~­

.point t:ho titrat101'l is continued drop by drop till a t aint 

pink ·per•ists r~ 30 seconds. The final to: pera t · re ahould 

not be belo 600C. B peat eY&J'7 fOJ>tnight. 

HL;Q. §Q~J:mg QB1ab: Standardised ga1Jlgt stand rd 

perllanganate usin the above procedure. 

R/50 §odtpm !biosulPhAtt : !he standardi•ation ~ s carried 

out using the procedure ot Scully ( 38) , bJ means or dried 

(1400C) potassi ta dichromate (A. R. Gnde). Copper 1• · 

eaployed as a catal7st and tho use or a 111nernl ci.d w1 th 

potas siwn txlide is avoided. 'fhe method, which is ore 

n.p1d and aecurate than the eustollary procedure, is as 

follows : 

!o 20 Ill. of' standard L;Cr2!J7 solution in a t1 tration 

flask ·add 5 Jal. each or alacul cetie eid and /1000 

Cu so4 , and ash down the sides ot the i'lask nth 20 al. 

wat&r. Add 15' ml. of 10..; potasa1UD iodide .. nd titrate 

the iodine as 1t is liberated with sodiUil th1os'Ul.pbate, 

adding a 11 ttle freshly-made starch t o l'ds the end. 'lhe 

tempera t.ure should be a bout 200C and in any. ease not 

higher than 2~C so that oxidation or the I- by atmospheric 

ox7cen may be m1n11dsed. The endpoint, \'Jlen once reached, 

1s stable for a long time and no ditfieulty is experienced 

ill orkin& to a traction o! a drop 1t a second .flask 
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contain1n& the previous titration ith an excess ot 

. a~2u3 is used tor comparison. A blank of 0.05 1. auat 

be s btl" eted r tb titration reading ( - 2S~3) to all 

tor the iodine liber t d by tbe CuS04 t ~st. !he . 

colour t the endpoint is slightly greenish, th t ot the 

cop~r acetate eomplex. The normall ty is checked 1n:st 

7he figures f'or th solutions used are as below : 

3olutio • 

r,o4 (1) 

dn04(2) 

Soc11 lxal te 

Ua282°3 

0.02030 

0.02234 

0.02005' 

0.01963 

0 . 02029 

0. 02236 

0.02005' 

0.01965 

0.02029 

0 .02235 

G.020v5 

0.01964 l 

Two ditrer,nt solutions or perman nete re used at 

dittorent stag s or the ork. 

'r~e comparison trials were next carried out on the 

three • etnoda tor the determination or potash. In · each 

ease a te blank controls were run to eorroet ~o~ the 

minute quantities ot potaSh 1nv riably present in the 

reagents. Potash on 10 different concentrations or the 

stand !"d ~ solution (10 ml. = 2.; 181· X20) $ det r.1ned, 

rangtnc r 0.5' - ~.o mg. X2<). ~•n replioatee were done 

on ch concentr tion for eaeb ethod, ! iving 300 
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d termin tiona, 100 fo:t each thod. Special care was 

taken to keep strict~ to detail, and, as tar aa possible, 

conditions tor eaeh ••thod ore kept the same. 

In tabl•s I, II, and III ue given the means or each 

set or ten titration values tor each concentration. 

~ ... :_I .• (PlfN!) 

ormallty or -t J/5' KllnO'~ = .02029 rr 1-7 
(Blank = .016 aa.ttO) . 
and = .02?92 trott 8-1~ (Blank = .. 016 u .. K~. . . 

No. X:~ taken ( ,.) t ~0 Dn04(1ll..) ~I 20Qin04 (ml.) 
--

1. o.oo 0.12 0.05' 
2. o.;o 4.01. 1.63 
3. 1.00 7-15 2.9(. 
4. 1.;o 10.42 4.2~ 
5. 2.0C li.01 ;.2 
6. 2.)0 1 .07 6.52 

Z: 3-00 18.59 z·54 
3·50 18.78 .61 

9. 4.00 21.13 9.69 
10. •. ,o 23.15 10.61 
11. 5.00 25'.16 11.53 

- ~ 

en a graph of K20 tnbn ( e.) is plotted a 1nst 

m1.05 !l!n04 a curve is obtained s shorn in Pl te 1. 

This eune ean be f'itted with the general equation 

7 = ax2 + bx an4 Piper obtained, ror conditions under 

wbich M worked, va~uea of a = .00034 and b = .354, ivillg 

the equation f'or the potash content as 

K20 (Kg.) = .00034 {Perlllanganate value)2 +.354 (pero.value) 

(Pemanganat vnlue = vol e or .05 lll04 required to 

oxidise the precipitat•). 



PLATE TI. . 
. WILcox ff1 op.J. 

/ 
Je 

0 1 z. 1 . -t 

K1 0 TAKEN (mg/' 



It was found that this equati. ·ll does not hold t or 

the above results although the smoothness or curve I proves 

the author's experimental wo~k to be correct, but suggests 

another equation. On . this assumption, another equation was 

tteveloped by the method or Least Squares, giving a ::z: .009 

and b = .3305. On calculating the potash content by the 

equation 

K2o (Kg.) = .3305 (Perm.valu ) + .009 (Perm. value)2 

accurate results were obtained (See Table lV). 

T~BLE II (Wilcox, ~od.) 

Normality .of t R/50 KUn04, 1-4, 8-ll = .02029N( (Blank ) 
7 - 1 = .02292N = .048Kg.X~j 

No. K20 Taken (lfg.) :t N~o KKno 4 on) = N~o KJinO 4 (m.1) 
. 

1. o.oo 0.28 0.11 
2 · 0.5'0 3.29 1.34 
3 1.00 6.30 2.5'6 
4 1.50 8.73 3.54 
5 2.00 10.26 4.70 
6 2.5'0 12.~ 5.88 

~ 3.00 15. ~-09 
3-50 20.42 .29 

9 4.00 23.48 9-5'5' 
10 4.50 26.26 10.65' 
11 5.00 28.99 11.77 

Graph II of K20 taken (mg) vs. ml •• O?lf Klln04 

shows a straight line and proves the consistent co positiaa 

of the precipitate. The potash is calculated by the 

equation, 

K20 (mg) ::: 8.$63 x ml. Dn04'J.norraality or Din04. 
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!AB III (S~·enkamp) 

or.alit7 or ! N/~o no4 ,1 - 4, 8 - 11 = .02029 _ 
5- 7 = .0223~ 

( lankc.035mJ.X20) 

No. X20 Taken ·(q) ! VSO!Jll04(ml.) = • 0 .::~ Xlm04 (ml.) 

1 ,;,.oo 0.20 0.10 
2 o.~ ).43 1.39 
3 1.00 6.31 2. 5'6 
4 1.~ 9.20 J.73 

l 2.00 12. 25' 4.97 
2.~ 14.00 6.26 

b 3.00 16.71 ?.47 
3·50 21.36 8.67 

9 4.00 24.lZ 9.89 
10 4.5'0 27. 11.15 
11 s-.oo 30·77 12. 48 

-

Graph III bein& also a stra1~t line sho s that the 

e po ition or the precipitate is eonstn.nt. An pirieal 

r ctor has, howev(·r, to be 1ntrodueed beeause the 

precipitate has a c position w.bich is sliehtly ditterent 

fr that eorrespondin& to .the fol'llU.la ~2 ; a CO (I o2)6H20. 

St enkaop found the value ot the p1ricnl factor to be 

?.69 tor the conditions under Which he worked, 

i.e. K20 (m«) = ?.69 x ml. n04 x Ror lity ot n04 

To detenino the pir1cal factor the verage or 

r.everal determinations on ~t ndard potassi Chloride . 

solutions is taken. under local conditions the autho~ 

found the value or th~ r ctor to be 8.100, 

i.e. K2o ( ) = 8.100 x ml.KEno4 x Normality of o4 • 

In %a bles n, I and n the •enns of the potash round 
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tor •acb concentration, tor the thr e methods, are g1v n, 

as ll as the standard error and the standard enor ot 

A = Arithmetic ean or the potash round (10 replicates) 

s = Squa.re root or the S\111 or the squaftd d viations of 

potash f'ound. trom potash t ken {lO:replieates). 

= Standard Error tor ch deter~~ination. 

s •• = Square root or the SliD ot squared deviations or 
potash toun4, tro:n the ean (A) (10 replicates) 

= Standard error tor the d&Y1ation fro the hD.. 

!ADLE IV (PIPER) 
· ' -

lo ~~n(nur.) A (mA:) ;;s.JT s s. t:. s 
1 . 0.5'0 0.54; .04995 .j2128 10.0 4.0 

2 . 1.00 1.009 .03361 .03241 3-5 3.0 

3 . l.;o . 1.5'42 .00~90 .03617 3~3 2 .. 3 
•· 

4. 2.00 1.979 .04906 .04430 2.5· 2.2 , .. 2.50 2.521 .046?9 .04159 1.8 1.6 

6. ).00 2.992 .06090 .06650 2.0 2.2 

7- 3-5'0 3.496 .0?530 .04715 1.6 1.4 

8 .. 4.00 4.024 .0)614 .02641 0.9 0.7 
s. 4.50 4.5'01 .OC090 .08080 1.8 1.8 

10. ,.00 4. 994 .09330 .07850 1.9 1..6 
-- -

.tQrui. .05618 .0-4-7~ 2.2rJ 1.90 

-
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v ( ·n C"'·K l O;Q.) 

. . ... .... , 
o. tak.€-0 ( c: (. . ' s .a. "' s. ~ ,. ) 

J • o,) . .. . 

. . .. 
]: J,?" 0 . )~3 .0~384 .0 ~~:t. 4.z 1.2 
~ 1:oo 1.047 .04711 .OJ4~ 4.7 0 .4 
3 1.$0. 1.469 . 03124 . 006 2.1 0.4 
4 2.00 1.977 .02324 .00448 1.1 0 .2 , 2. 50 2. 490 . 01569 .01230 0.6 0.5 .. 3.00 ).002 .0035) . 00324 0 .1 0 .1 0 

? 3 . 5'0 3-5'12 . 01463 • - 715 o •• 0.2 
(. 4.00 4 . 046 • 05185 . 02244 1.3 o.s 
, 4 . 51 4. 528 .03174 . 01476 0.7 0.3 

- 1,: s.oo '5. 002 . 01885 .01872 0 . 4 0.4 -

'"':<:ettn . 02617 .01000 1.05' 0.4 

](o. .. 20 
l'~kc,n (l It • ., . A (JZ~t) s CJ . J • " ~ f s.r. 

l 0.50 0.528 .o2~Jo .0078' 6.0 1.6 
2 1.00 1.002 .02 07 .02699 2.? 2.~ 
3 1.50 1.478' .0]411 .02671 2.3 1. 
4 2.00 1.979 .031:24 .02560 1.6 1.3 
g 2.5'0 2.499 .!J5910 .\ .. ;'950 2.4 2.4 

3.00 2.990 .05625 .05'590 1.9 1.8 

~ 3-50 3 .. 4?G .030C31 .01945 0.9 0. 6 
4.00 3-970 .05695 .04864 1.4 1.2 

9 4.50 4.482 .0!)600 .05320 1.2 1 . 2 
10 s-.oo 5.023 .03990 .03131 0.8 0.6 

- . I:~!~ .042.32 .01'$Sl. 1.'70 1 .42 

In TabJ e VI1 th re&ult~ of t he m - ns ':)! the three llethods 

ar~ riven. 
~AftL .... V!I. 

hO t'ethod s s. ,. •. ~m ~s .!f. 

1. F1por .0~618 .04751 2.25' 1.90 

2. \ ileox (mod) .02617 .01000 1.0? 0.40 

3· Cte .nk! p .04232 .03?51 l.?O 1.42 
-
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~Y§SlQN l In the forego!ng trbles the values ot S also 

gi~e the reproducibility ot the results, ·hile S.M. is an 

indiea tion as to the agreement between rttpl1ea tes. Graphs l! 

·and y are curves of s. and s .. plottod against the 
' . . 

concentration or potttsh 1J:t milli!tl' ms anc s rve as good 

illustrations or the differences between the m thods. 

·It is cloar trom Tabl~ Ill thnt the modified method 

ot ileox !s aueh superior to the other t o, both froo the 

point or r~producibili ty as well as tron the greecent of 

ropli«tes. In fact, the st nd l'd error or .4~ 1n the 

dit'fera!le& bet een rsplic~ tes when the total potash content 

1s only .0025' grruntt shows th t th.e method c n hold its. own 

in cocperieon with uther general analytical procedures or 

high precision. ~10 fairly large error ~ n the potash 

co;.1.eentr~tio 1 was low, io net surprising hen 1t is remembered 

that th~ tot 1 pot sh content is only .0005 grams as x2o. 
In the li&ht or the theoretical e~ns1derat1on ot the 

methods and on the rrounds ot the ox;>Ericental iTidence 

sumn:arised in the preceding tables, the aethod of \fileo.x, as 

nodified by the nuthor, 'WaS definitely chosen "!S being the 

best or thG three for us~ in tests Gf sampling efficacy. 

To sl.ow that a eimil~r order of accuracy is obtain­

able on actual soils, sorr.c experimental d _ta of analysns done 

on soils of dit!'erent types will be reported. 

(See en~ or sectlon G.) 

The only c.~uestlon 1fh1eh still ,.emained to be 
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settled before t8ekllng the actual snmples and sampling 

pJ"ocedure t was tbe prepat'atton ot eo:11 extracts and the 

cho1ee ot the method ot enraction or the potash. Th1a 

problem will be dealt w1th' 1n the next section. 

-· ... ... -
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F. fBip.aRJLL !(i.i Of SOIL m:.AC~S . 

There a re t o widely different etbods l'1hereb7 the 

constituents tor analysis. can be ex~-:racted fron a soil, Yi.z. 

(I) Hidrochlorio acid extraction. 

(2) Fusion with aod1Ul!l carbonate in a La-wrence Saith pl tinum 

Cl"Ueible. 

ethod (I) only" g1~es a traction o! th~ total potash 

present, because some ot the pota$h in soils exists in 

insoluble comp1ex s111cat~ !orms, hereas method {2) gives 

tho total a ount or potash 1n the .soil. From the point or 
view or plant-~ood value, the extraction of potash by method 

(2) is ot little or no real value to the soil scientist and 

this procedure is mostly used for the p~rposos ot soil 

surveys. ~oreover, the pres~nt-day cost of Ylat1num 

crucibles 1s hi~h end s1r.ce for any satis:Ct etory speed ot 

working to be obtained, •t least ten erucibl s were considered 

to be necessary for this ork. This· rai!St.d an economic 

obstacle lril1ch was more than enoUgh t~ dissuade the author 

rrou rurther eon~idcring th! m~thod as a posqib1l1ty for 

his ork. Some tests were there!ore made on the hydro­

chloric acid ~ethod ot extraction. 

!m OCHLOhJ.P ACID ¥;'1'RA~~I.O. : t~t ono timE; a lot o! 

controversy existed with reg~rd to the hydrochloric acid 

extraction of •oils, and it was thou,;ht thc-t the method 

could discriminate bet~ en the weathered nnd unwe•thered 

minE.,r uls present. 1lOWi->Ver, it is realised today that 
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pot h v 1 3 obtained by lqdroehlorie ~cid extraction r 

entirely e pirical ; it doe not d:i.tt ranti te 11 th 

different c te o?ies or 1n r ls p~ ~ t u th unt 

brought into solution de,P*lld on such ft-tet rs the str th 

of the c1d, th t!JI~ or digestioTI., nnd th e -re or sub-

division or th• soil . cept !or the dot min tion or potash 

ana phosphoric aeid1 th1 athOO is n01r UD d only oce ai ll.J'. 

The t oi potash extr cted Y ries conaiderablJ 

with th t:W o( ·~e ~1 $ tion and 1nc-r sed counts are still 

is prolon 

die tion does not ive th total potast ~rca nt. ever, 

artor 24 hours d1g~stion, the ount~ of potash r inin to 

be nxtr e\ d ~re s l~ lllld G .( to have r :trl7 oons nt 

r l~t1o to th tot~l. 

of di stion bee us~ n rly ll th 
ere b3£ed on this p rioo of uigc:tsti-vn. i'ho uthor 

c..'"Onsidvs thi to oo po!r.1t rnich rnwt bo rbi trar1ly 

deciar::d tij)O by th 1.·vasti Rt.or Tdtb a bo .ril:c upa th 

obJect he has in a~. Ir nnythin& lik eo siateot values 

re obt !ned f;ith 24 b~urs di~e , t1ori, the _ utllor uill 

d finitely choos this mueh ehorter pt-r!od, sine his 

r so.reh is concerned les 1tb th total pot ~bin the 

oil ~ 1th the ~ riation ~t th ~ot~ h in the s plea. 

itb tbls o.bjact in ind, the tollow1 exper t 

s cnr~ied out r-

thr e s mples, all or d1st1netly different soil 

types, wer dicested with constant boilin -point hyd~oehlorie 
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a e1d tor 24 hOurs and 48 houra respectively in a boiling 

· wa.terbath. Five replie~t s were done 1n each ease on fresh 

subsamples ot each ao11 type. Potash s deter.cined 1n 

the extracts ~ing the procedure to be ~ly described late~ 

in this thesis. fhe results are given in Table Vliit -

!AB~ .Yil! 

~ 

~ - ' . ... -
'rime of I ~0 

o. Digestion ttumanaaorp uranos w~:n vent.ers~aa 
-

l 24 hours .o;?5 .1~~8 .514 

2 - - • l'50 .137 .n4 
3 - - .055'0 ·6-c.:~-r· .1.39 I I~&' • ;16 . ·5'!$(- ~ 

4 .055:: '! ~·1/61. :t./ .138 ·:_ O·Ovt ~ .51S 
::!.. ()-f-c t. I - -

5 - - .05'50 .138 -513. 
-

6 43 hours .0680 .165 .600 

7 - - .OG85 .164 .602 

8 .;.. - .. 0685' ~ Ob$5 .164 ,qG~ -,· .. 603 Jn?-
•9 .o680 -j:t''r/Ol J.j., .165' 'f 0• XI t>.(;:._ 

.GOl :· () -{!~ - - ' 

10 - - . ~.0685._ .164 .6'12 ·-

mer se in K20 after 
24 hrs. .013 .026 .088 

.. 

Incrca 1n K2G as 
) or total. 19} 16% 15J 

It 1~ v1dQllt fro the above table tht\t , r:• lthough aooh 

le~E potash is ~ractE"d in pet"iod ot 24 hvttrS as COlllpared 

/( 
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with a di&estl.on period or 48 hours, the closeness or 
agre~ent· between replicate extractions is or thb same 

order tor both periods. !his is obvious, considering that 

less than 1~ or the total potash c~es into solution for 

every extra hour or digestion continued after a poriod or 
24 hours, and M St'rious errol.- in replicate samples e~ be 

eneo,··.ntered if' condi tians are kept the same throurhout the 

procedure. Based on the expericental evieenee pr~sented 1n 

Table Vlll, and s~o bee~use of the appreciable ~ount ot 

t1n.e to b$ saved thereby, the author dceided to use the 

shorter period o! 24 h:>uri! as the tiu.e of digf.stion !'or the 

soil semples in the research to follow. 

Anotr.Ler point or U:porta.nce a;rising out o! the 

preparation or the h7droehloric acid extract of so~ls, is 

the wash1nr; of thf; soll n!tcr rc ov~l or tho extr5et by 

filtration. Personal experience showed that after four 

washings enough potash still rCJnnined in the soil to cause 

serious errors. Six washings, w1 th !lOuJ.. boilint wa tEiJ 

~act., ere found by experi:Jt~nt U> be ample for three 

different soil t7Pfg. 'Io determine if a!\.Y -notash re s.ined 

in the -washed . aaple, 1 t was boiled lti th r.a tsr for lO 

minutes, fllt(•re<l, and potash c:·stimeted L"l the filtrate. 

In Table IZ: th£ result 5 or some of th. test.s 

perror ed on ciitferent soils b)' the author, a:re 1ven. The 

three soil types are w1de11 different in physical texture 

and general cha:raet.er and are generally re;pres~ntative of 
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so:ils bicb ray be encounter d in o"&th .f'"r1erl. 

TABLE lX 

=oil typ Snple ~ .. Times or 
'\";'.S.hinir 

, x:2o left •ase error 

Humansdorp 1 4 tblos .00420 8J 
Clayey with 
lot or tine 

2 ; " .00012 1 

silt. 3 6 u . 00024 o.; 
~ - -

Orabaastown 4 4 n . 0045' 3 

il.ed1 to ; ; .. . 001) 1 

h.eavy 6 6 .. .v003 0 . 2 
~ .. - . . - ~ 

Vente~stad 7 4 ll .oo6C 2 

t,j ht, rath- 8 ; 1t .0026 1 

er andy 9 6 " .0006 0.1 
. . -

The diffcr~nc betwe n the nr~d~~~ 3011 nd the 

ot her two Js :rrob 'bly due to th .ract thnt j,t 1 h svter d 

til ters r11u.eh more Gl<'wly. !t t.her .:r:::n a tends to eling to the 

t:JQtash. Th ,; ight of the suples u~ed in the extractions 

·.as 1?. 5 araas 1t: each case w~ ... th 10 tDl . hydrochloric acid . 

l! 1 ·g r soil irbt are us~ cr~ shing will be n~eess­

ET:y. Tl1 ratio of soil re~aht tCJ vo11..· e ydrochloric acid · 

sbvllid al .ys be rouehly l~lC. flo is thr 1€t*iled proced­

ure for the hydrochloric etcH! e;xt~~~tf:>n J!tt'~- od as us d by 

the author : 

;eigh out 12.5 :l' s or soil in a 2'0 ml. arlen­

eyer flask. dd lCO T-1· eoncentr t d C.P. hydrochloric acid , 

eover ll th a glass- bulb or watch-glass aud boil for 5 minutes 

on a hotplate in the fume ch~ber to u£1ng the hydroehlor 1e 
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acid to conataut boil ing point. Then stand tl'le flask on a tray 

1n a boiling water bath f'ot" 24 hours contir.uo sly. The level of 

the water 1n the bath must be a little above that in the f l ask. 

Atter the required t1 e 6t digestion has elapsed, eool and add 

20 al. cold Wptcr to dilute_ the acid tor !iltration. Filter 

through a hatman lio.40 f'ilter paper into a 250 M .. beaker. 

;wash the soil onoe by decantation llith hot nt r and then trans­

fer the 'Whole onto the filter paper. ash the soil six times 
+ w1 th - 10 111. portions of boiling water, allowing the !:11 te:r 

to drain compl etely berore each. washing " ( In some soils durin& 

washing, when the HCl concentration in the soil has dropped 

a~st to zero, detloceulation of the smal1 pnrticles may oecur 

1 th the result that they ma;r pa.ss through the !'11 tor. !n such 

cases use ah-liquor or O. Ollf ECl . ) Cool the filtrate and 

ke up to 25'0 •1• with distilled ater 1n a vol etr1e f l ask. 

Aliquots ot this filtrate are used !or the deter,mination of 

potash. 
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Th<:: hJdroehlorio acid extract, as pr par eel in ileet1on F, 

cannot be directly treated ith sod1ur eobaltin! trite for the 

recip1tnt1on of pot sh, du& to interr~renee fro the relative­

ly high proportions or iron, aluoin11llll and silica which mli7 be 

present. ThesG three constituents do not, ho ver, present aey 

great d1tt1eulty in r oval, tor they are e sily rendered in­

soluble on eonveraion to the oxide by heating. Organic mattw 

also int rteres. 

The usual ethOd. &iven in textbooks ( e.g. Piper, (39) ) 

is to i&nite the residue ·to dull red heat over flame, Gtter 

napontion or the required aliquot to dryness on the l':at•r­

bath. Personal experience sho ed this procedure to 'be quite 

unsafe and unsatisfactory in respect or 7eproduc1b1lity. 

part fr-om the t ct that no t o samples can be heated to the 

same t perature, the daneer always exists that so s ples 

may be overheated , potash then . being lost by volatilisation. 

Furtheraore, it s found tbrt for most saples heatinc to 

dull-redne s as not sutt1c1ent bPoaune 1n numerous cases , 

1hen the res1duet after 1SD1t1on, us extr cted with water and 

f'iltered, the filtrate. still came through coloured and c~ou4y, 

a condition •ntirely unauitpble ~or sattsractory precipitation 

w1 tb cobal tini trite. 

The author overeue this dif.f'ieult7 by using an 

electric aurne rumace ror ignition ot the residue. It was 

tound thnt by henting to !.4ooOC for 10 minutes, the iron and 

aluminium salts are rendered insoluble 1n wa.ter and the 

orcanic matter is completely de$troyed. This temperature 

1 
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is till cons1\1era 1~ distal ce rr d' ll- "'>d t. but t 

v . ly-d-! stribut d l;leat is r or rrective th the loealis 

1 a tin or burner. rt enror~, no s11r 1)1 ~:or:nt of potash 

vol tiJ.J.s ... s t. t .. ;ts t rat e. It was al o round advisable 

to dry the sidue 111 an electric oven at 120-1-40 C ~or bout 

on hour before putt1 1 t into tbe turnaee. is d ydra t 

th• silica and prevent. it trom !Oing into solution. 

J.:os t textbooks advise the destrtJct1on ot tho or anic 

atter 1.D. the otraet by addina a rew drops of co trated 

nitric ac~d before the ey.apo~ntion on the r tb ia complete . 

!hts, ho ev r, ctves rise to uc sphtteri , and en the 

residue i.s ignited, lt troths up 1n a spongy ss icb 1s very 

difficult to heat to the correct rature. It • ro b)' 

expet-1 nt that this addition can~ with ad'ftD e, be negl eted 

if' the r.aidue is ignited 1n a ·rwnaee at 400 C tor 10 1nutes, 

the organic tt r bein destroyed or r nde 

t. perature. 

1n olubl at this 

the advantn ~ or the turnae ov r n ord1n ey burn-

er re t th h t is eYetlly d1atr1buted OYer t , 

and that 1n routine analysis ev ry sopl ean be :lgni !01: tb 

e t1 .. under tb s conditions and at a sar te perature. 

other 1Jipo1"tant point 1n t subsequ t utract1~ 

ot tbe potash TrOUt the res1duo with. wat er, is that enoll,Jb eal-

ci salt. must be pres nt to prevert any potash !rom reoa!nin 

1n the residue in an insolubl e t or.. uf't1eie.nt sh1ng of tbe 

'N!'Sid'ne d-uring filtrat ion 1s Ltlso 1:r::lpo:ttant and i t was f ound by 
+ 

experiment thnt six washings .ith - 4ml. of boiling wa t er were 

sutf'1e1 nt. 
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detailed ascription ot the c plete analy~is of a hy­

droc~lorie acid extract ot a soil s pl , as used by the author, 

can now be givon. 

Jol.J!!¥tz1g Dete;rminnt1op 2t fotasb in eoils: 

Reas n&s : 
(1) Sod1 Cobaltin1tr1te : IJ!'epare an queous solu-

tion, contain1nc 1.0 &• tr1sod1 cobeltinitrite or reacent 

auality per 5 1. or solution. Filter betore use • .A. fresh 

solution should ~ Jaa4e tor each set of deteminations. 

(2) fk>d1m lliAAx:'bolJ§te ( a]Nut satnr t 4 ) ' 

Dissolve 96 crams c.P. aaco3 in 1 litre ot distilled water. 

Filter. 

(3) rotnst!!a 10)\ide <w> r Disaolve 100 gra. s· KI 

1n tel" and dilute to l litre. Bef"ore us , r e an:y trace 

of tree iodine with a drop or two or th1osul hate. 

(4) t ulvhwie eid <?Cal a so~-rn~ t Add carefully, 

with stirring, 500 Ill. concentrated H2 c4 to 500 • t.r. 

Cool bring to faintly pink ith "/50 4 ... olution. 

(5) Starch (O.:J.i ) s Brina 500 Ill. distilled ter 

to the boil. ~o 0.5 I• soluble starch 1n anot her beaker, add 

sutticient cold water to make thin paste. dd to the boil­

itlg ter with stirring and eontinu to boil tor few minutes. 
. + 

Cool to - 60°C and pour into a dark-coloured, rubber-stopper~ 

bottl • !his ean be used for 1 aonth 1! kel)t in a eool, dark 

plnce. 

{6) /.ab!§W! 1 Place a suitable quantit7 or 
gooch asbestos ( ·erck or Kahlbaura was used ) 1n a large por­

celain basin. Add a few peru.anganate crystals and enough 20,: 
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12JO to cover the lot. Digest on a boiling atcrbatP for ± .3 

hours. s!• th brown ... ass it water to ro ovc the excess 

no4 , ad excess <aali~ nc1 d an1 ·lilut HCl and he t on the 

terbath till the mass is hi te. ash the s stos tboroughlJ' 

tb ot water until f'ree rr acids, us1nc a Buchn r runne1 

nd suction p p. It C8J'l be used :repeatedly. 

{7) Standt,;rd Xhigsulphat! ( N/20 l : DissolYe 

3.()5' g. a~f>3•5ll2o { .l.R. pad) in water and ake .to 5 

litres. dd 1 •1. chloroform ich keeps the solution stable. 

~tandardise b7 two different ethods and check t~e normality 

ever-r tortni&ht. 

(8) S\QndAJd P nn~anate < N/70 ) : Dilute 

nor 1 solution or · 04 to /50. 3 nclardise by two < itterent 

ethods, repeating rortnichtly • 

. nazyt1qal rf2S:edur ~ Pipette an aliquot or the HCl extraet, 

containing t 2.5 g . K2<> 1 into a 100 1. porcelain basin. dd 

10 drops or a 4~ solution of Caoo3 (A.R.) 1n dilute Cl, to 

assist in the subsequent potash extraction. ~apora~e the 

contenta or th basin to complete drJness on a boili I'll ter-

tb in e eha ber. Place the basin 1n an electric oven 

at 140-o-c. and dry further tor about one bour, to dehydrate 

the slliea. Trnns.ter to an electric furnace at 400°C. and 1&-

ni te for 10 minutes.. Cool, and g.r1nd the residue to a tine 

powder th a glnss rod. Add 10 ml. hot ter, stir 11 and 

fin lly rinse the rod into the basin with 1 o:r- 2 1. bot tor. 

Bring the eontents or the basin to incipient boiling on a bot- . ·-... . 
plate, filter into a 150 Ll . beaker, {ordinary filter paper 

may be used) transfer the residue to the filter wit h hot water 
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trOll a wash-bottle, and :finally wash the residue six tilles 

with 4 :al. portions or boiling water, giving about 6o ml. 

ot filtrate. 

BTaporate the filtrate carefully to dryness on a 

hotplate, cool, add 10 ml. water and 1 ml. N. Nitric acid 

(A.R.) and mix well b7 swirl.ing. Brinl the contents or 
+add 5 m~.sodi·u·; coba l ti·'1:ltr 1 te rea~ent (20°C) 

t~e beaker to - 20~ , I ridx and loave to stand for liWO 

hours. Filter through a gooeh crucible, well- packed with 

specially treated nsbestos, using O.OlR nitric acid ~ a 

wash- bottle to make the trans:Cer. Wash 10 times w1 th 2 ml. 

portions or the dilute nitl-ic acid. With the help of a 

glass-rod, transfer the asbestos with the precipitate to 
the original beaker1 Wll'sh the gooch with 20 ml. hot 

saturated sodium bicarbonate solution, allowing the washings 

to drip into the beaker. Leave the glass- rod 1n the 

beaker. Immediately bring the contents of the beaker to 

the boil on a hotpla te ao as to dissolve the precipitate 

as quickly as possible, preventing any cobalt hydrate trom 

.fo:rming. Dilute the resultant green solution to ;o ml. 

~ith water and cool. 

Add a slight excess or N/50 potassium permanganate 

(! 15 ml. ror 2.5 mg. K20) from a burette, and, slowly, 

10 I!ll. 5'~ H2S04 (Be earetul to avoid excessive frothing .) 

Leave for about 20 minutes, heat to 40~C, add J ml. 10~ KI 

solution and immediately titrate t he liberated iodine with 

H/50 sodium thiosulphate, using a. micro- burette. Add 

starch near the end-point. fhe tttlashing back" of the 



-55-
blue colour after the endpoint has been reached is consider­

ably retarded, owing t o the carbon dioxide atmosphere present. 

The potash in the aliquot is found from the equation 

K20 (mg.) = e.563 X ml. KMn04 required to oxidise the ppt. X 

normality o~ KMn04• Before proceeding to the analysis of 

the actual samples taken ~or sampling research, the above 

method waw finally put to the test on four soil samples 

collected at Qrahamstown and neighbouring vicinities. The 

experimental results are given in Table X. The potash in 

each sample was first determined (in duplicate) by the stand­

ard perchlorate procedure (39) and. then 5 replicates on eaeh 

sample were done according to the cobaltinitrite method. 

TABLE X 
.A. B. -c • n. 

Soil type Expt. % ~0 by %K 0 by .ltean Deviation 
No. Perc orate cot;lti- %K20 A- c 

(Mean of nitrite. 
duolicate. 

l.Grahamstown 1 .1607 
.1614- . Light· grey 2 

sandy 3 .1615 .1612 .1613 .0002 
Loam 4 .1617 = .1% 

5 a 1614 
ll.Grahamstown 1 .1722 

(West Hill) 2· .1735 
Light grey 3 .1750 .1722 .1728 .0022 
sandy loam 4 .1730 = 1% 

5 . 17~1 
lll.Riebeeck E. 1 .2242 

(lUtford Pk 2 ~2242 
Dark,grey- 3 .2240 .2235 .2237 .0003 
brown loam 4 .2237 = .1% 

5 ??~() 

IV. Riebeeck E. 1 .4~~~ 
Brownish 2 .4308 
red sandy 3 .4310 .4308 .4312 .0002 
loam. 4 .4315 = .05% 

5 .4312 



It is eiident that the cobaltinitrite method compar~ 

.. very tavou:rabl;y indeed ldth the standard cravir etric 

perchlorate procedure, and it ean safely be substituted 

tor this tedious methocl. 

llavin& now aceumuln ted all the neeesaary experimental 

eddenee to sa tisty the author that this ethod for potash 

could be used sat ely and e!ficiently to tes 't saupling 

varia.ace, he proceeded with the sampling research.· 
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H. ~nocEPPM..M.n w-ow 
Ol PLOT§. 

J.s bas been pointed out earlier 1n this thesis, an 
. . 

investigator can never obtain the absolute ~alue of a 

const1 tl·ent in a soil to represent a certain are , b7 

saapling - a close approach can onl7 be made to this value 

1n practice by taking a large number o~ s~mples. For 

coaparative purposes when testing soil ~ampling efficacy, 

it is essential to approach this YP.lue a~ close17 as 

posaible, a.nd an 1nYest1gator, f'aced rlth this problem, 

should sample . the chosen area nl.moat completely. Further­

aore, all possible inter~ering f ctors must be eliminated 

nnd the rea to be sgpled must be homogeneous and 

representatiYe or the soil t,ype under which it falls. 

Special attention should be given to tb~ visible pb7a1cal 

characte:risties like n1etat1on• slope, degree of erosion 

and, ror cultivated !1 lds 1 tiDMt «»t tert111zation. 

lhe autbOl" 4ee1ded to sample s all areas o.nly, 

l/40th or an acre in size (USU'll size or experimental 

plots) as such areas can be troated 11Ueh more efficiently 

and econoaieall.7, and conclusions in relation to larger 

ueas can be dram rroa th~ results. .Areas or three 

d1st1netl7 d11'f rent soil types 1n the Union wel"e sampled, 

viz. 1n (1) HUII8nsdol'p district, {2) Vente:rstad district, 

and (3) Graha stown e0!1'.1:lonage. 
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lty lookini at the soil ma.p published 1n Dr. van de.i.' 

erwe' s book on Soil Cl.a•si.ric tion in South Africa (2) 

it rill be seen that (1) lies in the 'inter Rsin!all area 

and ecns1ats of grey aandy soil, (2) tells under desert 

soils, usually alkal.ine 1n nature, and (3) is one ot the 

Grey-like Podsolic soils of the Eastern Province semi-

coastal belt. 'lhe latter two both f'all in the Sum er 

Rainfall area. 

The three areas were saapled in exaetly simila.r 

manner as follows a-

Beanng in mind all the facts mentioned & t th• 

beginning of this section, a suitable a:rea s chosen on 

viq1n land. A square-shaped area or 32 x 32 teet was 

measured ott. thla s divided into plots or 4 x 4 teet. 

A grid was then super1aposecl on this area haTinc lines 

2 feet apart as shown in the diagram below c-
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!he area of 1/ 40th acre was thus divided up into 

64 simil.al" plot., eaeh 4 x 4 teet. From each plot one 

:repres nut1ve sampls waa taken. Thie ~ample was obtain~ 

b7 taking 4 borings · (6 inch depths) ntb a soil au1er at 

the intersection or each of the grid lines in the :plot, as 

illustrated in the diacraa above, 1n whleh each boring 

site 1• aa1rked with ~ circle {0). A 60 m~. be ker, "Uaed 

as a convenient measure, was sepal"ately till~.d w1 th the 

111a tet1al ~Oil each ot the 4 borings ~tnd emptied on to a 

clean aetal tra7. The tour equal volumes fro~ eaeh 4 x 4 

:reet plot nr.e well J!lixcd anCl placed 1n a labelled oottle. 

The other 63 samples ~re taken 1n exaetly th~ same y, 

tak1nc care to wipe the auger, beaker and tray w1 th a 

cloth betore saJnplin& the next plot. 64 1!nDlplf" s, 

resulting f'rotl 2~ bor1n&s, were thus taken 1n tho small 

area ot 1/ 40th acre and 1 t as considered tht· t the aean 

ot all these should Give a fair represent~tion or the area. 

It should be mentioned tbat, betore a borinc was made, the 

site to be aapled a c1eared ot vegetation and about 

! - 1 inch of the top-soil removed w1 th a 'ha~ spade. 

!his was done to preYent a117 surface eontdtinations fro 

affecting the samples. 

!nle depth of the soil 1n eaeh area was also taken, 

as •~11 as the usual pb7aieal characteristies. A 

descr~pt1on ot these are given for e~cb area in the next 

few parncraphs. 
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(I) mJW!SOORP s !he saaples were tak on Pro.ressor 

• F. ~ker•s land t Robbe Hoek, near itte ls Bosch. 

!he area cho•e was situated about 70 ,.ria orth East o~ 

the hous and a bout 800 yards b:o the ~ea, w1 th a gentle 

slope of approx1ma tel;y 2°. !he whole ar h d been burnt 

over about 3 nths prior to saapling and, in addition, 

1"ter a sev re dre\l&ht ot Sft6~ 1 months, 5 inehes of rain 

luld rallen on the ar , one week before the samples were 

taken. V gntation con isted mainly or sour grass and 

"b1es1ea". A 11 ht degree or sheet erosion was apparent. 

A deep boring in th~ eentre ot the ar gave the 

~ollowine data # -

Hori~on A - 0 - 9"· Dark gre7, sandy soil 

Horizon B - 9 - 14 .... Yellow cla,-, mixed ith s nd. 

Hori.zon C - 14" - oe • Bed gravel nnd stones. 

(2) QRAH SiOJ!i. th aaaples were taken on th f'lat or a 

hill, next to the a tional Road between Gr stown and 

Port lizabetn, about one mil out ot town. The slope was 

about .2° and th area, well-cov:er with g.rasa, •• e 

phys i lly to be the most h ogeneous o! the t!u' • 
' 

A bout h lt an inch of :rain had tall en on the nr , one week 

betore sampllns· Bo visibl• eroaion was notieed. 

norizon - 0 - 12". Gr-ey sand7 loalll 

:Horizon B - 12 - 16'', Cl y mixed with gravel. 

Horiaon C - 16t• - c!C Gravel. 

(3) JENTER TAD : Samples ere taken on lfr. D. G. Steyn'~ 
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rtt:rm, Broedersbank, about 12 •1les out or Venterstad ~ 

th South. ~he area s situated in ently sloping 

(about 10) f'ield hich h d been lJ"ini fallow ror a couple 

or yenrs !)1'1or to s pling. .l m.al1 amount of r in had 

tall~.n bef.or saaples were tU8Jl. o visible e;rosion 

was nident. 

Horizon A - 0 - 13•. lieddiah brown, ~andy 1o9m. 

lior1~on .B - 13 - 18". Sand:t mixed with !ravel. 

Hori&<>n C - 18" - o0 GrBvel cnll stones. 



l. TRP m, LY~ OF -HE ~lOlL SA } L .s. -
Atter the s-aaplos had been collected, the7 were brought 

to th~ laboratory, spreQd out on aleen p1Pces of paper 

aJ'l.d air-dried ah'~J frOJJ gas t\U:\es and dust tor 3 days. 

Each sample was th~n passed through a 1 m.n. Rievo -,.1. th 

round holes, th~ 1-rger partiel s being broken ith a 

1100den pestle and mortar. · Stones allU plant-roots 

remainillg on tb.~ sieve were discarded. Only a few atones 

were eucountered, and moat of the oil· pas ed through the 

sieve. Each sample s repl ced 1n the original 

labelled bottle, "ll s!utk~, and put asidt~ ~or anal111is. 

The • ight ot each sample was approximately one kilogram. 

Potash was oetemined 1n eacb of the 64 samples 

obt:dned fro!' each of the three areas, by the voltw:etric 

cobalt!nitr-ite methocJ a.a described in Section G. Batches, 

ot l2 determination• eaeh, ~e ·analrsed at a time, and 

it was tound that one batch could ena1l7 be completed in a 

da7. Duplicates were done on each sample. Blank controls 

were often l"tln durinc the· anal78es to correct for 8ll7 

pote.sb in the reaaents. (In 110at cas s it was found th&t 

this blank • necliaible)• It was toun4 expedient and 

time-sartnc to have a ba tcb or 12 soils digesting on the 

waterbath while analJSin& the extracts r:rom the previoWI 

day. In this W'a7 no time was lost and approx1m tely 400 

est1'tlll tions were carried out in seven eks. Before 
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each sample ftS Wt!ighed out ~or extraction, the bottle 

ftS shaken ell, because soil tends to separa to into 

layers on standing. 
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It will be incouven1ent and space-cons ing to 

reproduce a J 1 the individual potash resu.l ts !Yi onl7 

the mean for each sampl~ rlll be given. buffiee 1t to 

say th t duplic tes wor~ seldo mo~e than ~ out ~~ 

wher~ver this ditr~r6nC6 waa 6Xe ~ded, the J~terminAtion ,. 

s repeat$d. · 

In Tables XI, ni, XIIl, the data for the 

areas as sepled at Robbe Hoek, Grnhawstown and 

Broedersbank are reproduced and the potash value for each 

plot is g1~en as a percentage ot tne air-dry soil • 

• 
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!j.BI..X :q 

.IittBB.c; n.ogtt 

(g. KiO per 100& • air-dry soil) 

1. 2. ). 4. ,_ 6. 7. 8 • 
• o;-o .o?6 .046 .053 .o~c .C4~ · .o;2 .05'6 

9. 10~ 11. 12. 13 . 14. 15~ 16 
.oS4 .046 .. 0~1· .o;-6 .o46 .055 .059 .057 

17. 18. 19. 2C. 21. ?.~ . 23 . 24 . 
• o5'0 .050 .o6o .. 057 .o~ .o ... ? .ot.1 .06S 

25. 2~ . 27 . 28 . 29. 30 . 31 · 32-
.050 .05'0 .05'3 .0$2 .05'1 .050 .075 .071 

33 · 34 · 3~ · 16. 3?. 
• 069 .068 .068 .{~ .062 

41 . 42 . 
.063 .063 

43 . 
.060 

51 . 
.06C 

,.9 . 
.o;o 

-44 . 
• 063 

52. 
.o6o 

6o·. 
.o61 

4~ .· 
.061 

3 . 3~. 40 . 
.062 .062 .061 

46 . 47. 
.o65' .062 

62 . 63 . 
.070 ·'-'69 

48. 
.0;'9 

5'6 . 
.061 

64 . 
.072 

ean o! the total = o .o ;Gf !'20 
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GRit 

1. 2. 3· 4. 5 .. 6 • 7· 8. 
.13; .132 • 148 .134 .. 130 .138 .150 .137 

9. 10. ll. 12. 13 . 14 . 15. 16. 
.133 .133 .137 • 138 .137 .136 .li5 .147 

17. 18 . 19 . 20 . 21 . 22 . 23 . 24 . 
.139 .131 .131 • 122 .130 . 139 .150 . 137 

25'. 26 . 27 . 28 . 29 . 30 . 31 . 32 . 
• 126 .130 .124 .134 .12? .128 .144 .142 

33 . )4 . 35' . 36 . 37 . )8 . 39. 40 . 
.122 .132 .139 .129 .132 • 136 .142 .137 

41 . 42 . 43 . 44 . 45 . 46 . 47 . 48 . 
• 129 .140 .133 .126 . 125 .148 .129 .131 

49. ;o . $]_ . 52 . 53 . 5'4 . 55 . 5'6 . 
.123 .133 .136 .133 . 129 .135 .139 .140 

'57 . ;8·. 5'9 . 60 . 61 . 62 . 63 . 64 . 
.ll9 .131 .133 .12~ .117 .124 .1?8 .133 

.. 

esn or the Tot& 1 = 0 .134 '$ K~ 
-=-
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.TABLE Xlii 

-- - .. .- .. - ~ ~ ... - -
1. 2- 3· 4. '· 6. ? • 8. 

.,387 .382 -3'i9 • 3?S -371 -3S7 .429 .417 

0 10. 11 . 12 . 13 . 14. 15. 16. 
;'. 

.486 .4;6 .388 .399 .36, -376 -395 . 421 

17. 18 . 19 . 20 . 21 . 22 . 23 . 24. 
.423 -390 .410 • 408 .429 .«-9 .461 .4~9 

25. 26 . 27 . 28 . 29. 30 . 31. 32 . 
.460 -J52 .448 • 448 .432 .448 .406 .409 

33 . )4 . 3,. 36. 37 . 38 . 39 . 40. 
.444 .426 .39? -393 • )84 .395 .44.13 .400 

41. 42 . 43 . !:7 44. 45 . 46 . 47. 46. 
.401 .411 .412 .405' .408 .429 .417 .43'/ 

49 . ;o. 51 . 52 · ~ · , .... 55 . ~6 . 
• 3e1 .347 .409 .408 .423 -399 .466 .447 

57 . 58 · 5'9 . . 60 . 61 . 62 ~ 63 . 64. 
.451 .441 .445' .440 ~.383 -379 .379. .)85' 

r 
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It is quite •>bvious that these rtsults tlUst be treated 

3tat1stically before :1 t c n 'be said Y!h~tber any degree ot 

significance ,·ay b attributed to th~ variance of the potaah 

valU6s. Data on statistical tretltm.ent have r::.ainly been 

obtained f:rm& t..he texts on statistics by Fisher (40) and. · 

by Jnundsrs (41). 

A threo-sta.r;e anal.ysi~J ns pertoxmed on the results 

of each or the ereas •-

(a) the standard error, it only one 1 ple 1 taken h'om 

the whole l/40th acre, was found a-. The total s of 

squa ... es or the deviations was assittned to 63 degrees ot 

freedom representing the average ditt•reneea ni thin the 

l block of 64 pl.ota. ~e a quare root ot the e!'n aq-aare 

gives the standard error per s3Jlple. 

(b) !he area s di Tided s etrically into quarters of· 

16 plots each, and the sum of the squares of the deviations 

RB assign•d to 60 degrees ot treedom representing the 

avera e differences within the 4 blockS ot 16 plots eneb, 

aD6 to 3 decrees rep~scntir~ tbe differences between 

the~e blocks of' 1.6 plots each. 1'he square root or the 

ean squaro gives the s tandard error per sampl and ben 

divided by the square root of the number or blocks (/4) 

gives the standard error of tt single composite obtained 

b7 bulking together 4 samples, taken one from eaeh block. 

{c) In the third stage the area was divided into 
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sixteen bloc~s of 4 plots ea~~ and the sums or squares 

assign d to 48 degrees or rreedo within th 16· bloeks and 

to 15 degrees bet .rcn ~ c blocks or 4 plots each. fh 

st~dard error of ~ single composite ot 16 soil eamples , 

one f'rom each o! the 16 bloeks, fill be the squ. r~ root 

or tl1o enn square divided by /16. 
ln tbe !ollmring tables the results of th ti-eatments 

are given separately for e~Ch area. 



Plots 1 

"· .o;o 

2 .054 

3 .05'0 

4 .050 

5. .069 

6 .063 

? .065' 

8 .059 

Total .460 

::! nn .057 
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I. BOBRE HO~K 

TABLE XIV 

(a) l Block of 64 plots· 

2 3. 4 C) 6 7_ 

.o;6 .046 .053 .o;o .045 .05"2 

.()J6 .051 .056 .046 .055 -.059 

.050 .060 .0'57 .o;s .062 .061 

.05'0 .053 .052 .051 .050 .075 

.068 .068 .064 .062 .062 .062 

.063 .060 .063 .061 .065 .062 

.05'8 .060 .060 .056 .059 .060 

.05'6 .058 .061 .070 .070 .069 

.449 . 4;6 .466 .454 .468 .500 

.056 .057 .05ti .0$7 .058 .062 

8. TOUll 

.056 .408 

.057 .424-

.065 .463 

.071 .452 

.061 .5'16 

.059 .496 

.061 .479 

.072 .515 

.503 3-754 Grand I 
Total 

.063 .058 Gen ral 
IL·E:'an • 

Sum or sq ares of all plot yields = (.050)2+(.056) 2+(.072)2 

= 0.2232C 

Subtract produet of grand total 
and general mean, 3. 754 x .058 = 0,21770 

i.e. sur: of squared deirations for all yields = 0.002.2 
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DBLEXV 

(b) 4 bl: c s or 16 plot!: each 

Plots .JlOCks 
l .. .. II III lY . 

); . •v5C .V65 .05Q .06? 

2 ~056 .o68 .04; .062 

3 • 6 .068 .05'2 • 62 
• .064 .056 4 .0?3 .061 

.063 ·- -5 • 'S4 .046 .061 

6 .046 .063 .C55 .065 

7 ·05'1 .060 .05'9 .062 

8 .056 .063 .o')? .059 

9 .05'0 .065 .o;a .056 

10 .o;o .J58 .062 • 59 

11 .06C .060 .061 .6C 

12 .o~ .o6v ~065' .061 

13 • ;o . ,, .051 .070 

14 .o;o .0,6 .05{.1 .0?0 

17 .o;: ··)58 .075 .069 

t6 . - .... 152 .. . . .v6l . ")71 .C72 
f 

~Ot'll .8.~4 .995' . .9ll 1a4.J2C 

rr. .:,52 .~t06~ . .O'S7 .oM-
~ ot squar s or diftcrences ~ =(.05~ - .05~) 2+(.052-.056)2+ 
rtithin blocks or 16 plots ) 

= .OO!Ml 

l1f.J of sqU!ir s of dif'forenees ) = ( an of Lloek total~ -.834)~ 
--+( M.B .T.-1.020)2 

bet e n blocks or 16 plots ) 

= 0 . 001262 16 



TA LE XY1. 

{C) ~looks ot 4 plots e 

!"'lots . 11ll'ICk'l 
I 11 lJ'T IV v I'YI xxr IY!Il 17 X XI 'UI X!! I XIV '.:tV XVI 

1 .05'0 .(,50 .069 .065 .v46 .060 .060 .060 .o;q .os-a .062 .056 .05'2 .061 .062 .060 

2 .0~6 .050 .068 .o;a .05'3 .0')7 .064 .o60 .045 .062 .062 .(159 • 56 .065 .061 .061 

3 .o~ .o,-o .063 .059 .051 .05'3 . • o6o .o,-a .046 .0;'1 . 061 .070 • 59 .075 .062 .069 

' 4 .046 .oso .063 .056 .J56 .052 .063 .061 .o~; . 50 ,06;' .070 .0;7 .0.71 .059 .072 , .. 
' 

J.Otfal .206 .200 .263 .233 .206 .222. .25'5 -.239 . • 196- .221 .250 .2·;,- .224 .272 .-244 -.262 
- . . 

l .ean !_.v5l .0?0 .066 .05'9 .051 .05'5' .064 .060 .o4q .o.;r) .v62 .o64 .01)6 .068 .061 .065 . . 

s~ or squares or differences ) = (.o;.l-.050)2+(.051-.056)2+ •••• +(.065-.069)2+{.065-.072)2 
within blocks or 4 plo~s ) ,0008570 

Sum of squares or differences ) = (Ke ~of Block totals -.206) 2+ ••••• +( .B.T-.26222 
between blocks or 4 plots ) - 4 

= 0.002225 
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ean Standa:N 
error/ 

Square s 1 

48 .OOOfl57 . 000!'178 .00421 .0010~5" 

ere 

1.8 

can square = a or squares. I Degrees of frecdoL 

Stand. error/umple = II/ ean Square 

Stand . error/ composite = { ean squar /11' .No. or blocks. 

Stand. error = Stand. error xlOO 

General mean. 



Plott 

1 

2 

3 

4 

·5 
6 

7 

8 , 

Total 

Mean 

1 

.135 

.133 

.139 

.126 

.122 

.129 

.123 

.119 

1.026 

.128 
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II GRAJiARSTO 

2 

.132 

.133 

.131 

.130 

.132 

.140 

.133 

.131 

1.062 

.133 

TABLE !!Ill 
(a) 

3 4 

.148 .134 

.13? .138 

.131 .122 

.124 .134 

.139 .129 

.133 .126 

.136 .133 

.133 .125 

1.081 1.041 

.135 .130 

, 6 7 8 

.1)0 .138 .150 .13? 

.137 .136 .155 .147 

.130 .139 .• 150 .137 

.127 .128 .144 .142 

.132 .136 .142 .137 

.12$ .148 .1:>9 .131 

.129 .135 .139 .140 

.117 .124 .128 .133 

1.02? 1.084 1.137 1.104 

.12E .135 .142 .138 

Sum or squares or all plot yields = 1.1670 

8.$62 X .134 = 1.1480 

Sum or squared deviations = 

~ 

")tal 

1.104 

1.116 

1.0?9 

1.055 

1.069 

1.061 

1.068 

1.010 

8.562 Grand 
total 

.134 Gener~ 
al 

illean. 
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TABLE XIX 

:Blocks 
Plots - ' 

I II ·- . lli IV 

1 .135 . .. 122 .130 .132 

2 .132 .132 .138 .1)6 

3 .148 .139 .150 .142 

4 .134 . 129 .13? .137 

5 .133 .129 .137 . 125 

6 .133 .140 .136 .148 

7 . .137 .133 .155 .129 

8 . .138 . 126 .146 .131 

9 .139 .123 .130 .129 

10 .131 .133 .139 .135 

11 .131 .136 .150 .139 

12 .122 .133 .137 .140 

13 .126 .ll9 .127 .117 

14 .130 .131 .128 .124 

15 .124 .133 .144 . 128 

16 .134 ... .12, .142 . 133 

Total . 2.127 2.083 2.226 2.125 

""''can 

- -

.133 .130 .139 . 133 

Sum or squares of differences ) = 0.003025" 
) 

within bloeks of 16 plots ) 

Sum or squares or -differences) ) = 0.000704 
beU'een blocks or 16 plots ) 



~lots I 

l. .13~ 

2 .132 

3 .133 

4 . .133 

Total ·5'33 
t!et'n .133 

romponent 

111 thin Bl. of 
S4 plots. 
~6 plots 

4 plot 

1 Ill IV v VI VII VI1l rx X n ni II1I XIV 

.• 139 .122 .1P3 .148 .131 .139 .136 .1,30 .130 .132 .129 .l$0 .150 

.131 .132 .133 .134 .122 .129 .133 .1)8 .139 .136 .135 .137 .137 

.126 .129 .119 .137 .124 .133 .133 .13? .127 .12~ .117 .15'5 .144 

.1,30 .140 .131 .138 .134 .1~6 .12~ .136 .128 .148 .124 .147 .142 

.5'26 .~23 .;o6 ·557 .511 .;27 .527 .;41 .)24 .541 .;o; .589 -573 

.1)1 .131 .126 .139 .1,8 .132 .132 .135 .131 .135 .126 .147 .143 

Sum or squares of differenc s within blocks ot 4 plots = o.Ool806 
- F 

Sum of square• of differences between blocks of 4 plots 0.002145 

ANALISIB~ VARIARC~ :xrt]_.xxf . 

XV 

.14~ 

.137 

.129 

.131 

.539 

.135 

Dear •• of Sum of 8at1 !ttJtnd • er_r.Q.r .@:t!H!d •. e,lror Stand. 
treedom ql.U\res Square eample. composite error 

63 .009000 .00014290 .011960 .011960 8.93 

60 .003025 .00005041 .007100 .0035'5'0 2.6; 

48 .1)01806 .00003762 .006134 .001533 1.14 

XVI 

.139 

.140 

.128 

.133 

.540 

.135 



Plots 1 .. 

1 .387 
2 .486 

3 .423 

4 .460 

s .444 

6 .401 

1 .381 
8 .45). 

total 3.433 

Jleaa .429 

III BHOEDEHSBABK 

1A~nii 
a) 

2 • 3. 4. 

• 382 .379 ·J~ 

.456 .388 ·399 

·390 .410 .408 

.452 .448 .448 

.426 ·391 ·393 

.4ll .412 .405 

·347 .409 .408 

.441 .«-; .440 

3-305' 3.289 3.280 

.413 .411 .410 

'· 6. 7. 8. 

.371 .397 .429 .417 

.365 . ·376 -395' .421 

.• 429 .449 .461 .45'9 

.432 .448 .406 .409 

.)84 ·395 .403 .400 

.408 .429 .417 .437 

.423 ·399 --~66 .447 

.383 -379 -379 .385' 

3 .. 195 3-272 3-356 3.375 

-399 .409 .419 .422 

Sum of squares or all plot yi lda = 11.02860 

26. ;o; x .414 = 10.97 

sum of squared deviation~ = 0.0;860 

78. 

Total 

3.141 

3.286 

3.429 

J.;o3 

3.242 

3.320 

3.280 

3.303 

26.50f 

.414 
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T/LBLE XXIII 

(b) 

DJ.ackc 
Plot i II III IV 
1 .387 .444 ·371 .)84 
2 .382 .426 .39? ·395' 
3 ·379 ·397 .429 .403 

-379 · 393 .417 .400 

~ • t6 .401. .365 .408 
6 .45'6 .411 . 376 .429 

7 .388 .412 ·395' .417 
8 -399 .405' .421 .437 
9 .423 .381 .429 . 423 
10 ·390 .34'1 .449 ·399 
11 .410 .409 .461 .466 
12 .408 .408 .459 .447 

13 . 46o .4$1 .432 .383 
14 . 452 .441 .448 -379 
15 . 448 .44; . 406 ·379 
16 .448 .440 .409 .385 
Total 6.696 6.616 6~666' 6.540 
ean .418 .413 .416 .408 

S of squnrea or differences)= 
05395 w1 thin blocks or 16 plots ) - • -

Sum or aquurvs of ditterences)_0 0008Z8 
bet een blocks of 16 plots )- • 



Plots I 

~. .3g7 
. I· 

2. . :;g2 

; . .4g6 

4. .456 

1'otal 1.712 

Mean .42g 

II III IV v VI VII 

.423 . 444 . Jgl .379 • 4-10 .)97 

.390 .426 .347 -379 • 40g .393 

.460 .401 . 4,51 . Jgg . 4~ • 4-12 

.452 )+11 . 441 . 399 . 44g .405 
l . 725 1.6a~ l . 62J 1.545 1.71~ fl.. 60S 

.431 .421 .4o5 .386 .42g . 402 

TABL£ XXIV 
( o) 

VIII IX 

. 409 . 371 

.40g . 397, 

.445 .365 

.440 . )76 

1.702 1.51( 

. 425 .377 

X 

.429 

.449 

. 432 

.~ 

~.758 

.439 

XI XII XIII XIV 

. )81l- ' .423 .429 . 461 

.395 . 399 . 4-17 .459 

.lf.Og .383 . )95 .406 

.429 .')79 . ll-21 .409 
1.618 1.58~ 1.66~ 1.736 

.404 .)96 .Jns . 434 

·sum or squares of difference• wl th1n blocks of 4 plots = o. 03598 

s~ ot squares ot differences between blocks or 4 plots = 0.018$5 

ANALYeiS or VARIANOE! 
~ mLE xxv 

XV 

.403 

.4o0 

. 417 

. 437 

1.655 

. 414 

Component !Degrees * Sum of Mean St!nd1 e~ror ~Stand. e~roz " Sbnd. samp!B Freedom Squares Square oolliP-oai e error. 
'Within Bl . 
ot 64 plotll 63 .osg6o .000930J .03050 .o:;oso 7.37 

16 plots 60 .05395 .oooa99e . 0299g .01499 3.62 
1t plots 4g .0359g .000749g .0273! .00jig4 1.65 

XVI 

.466 

.lt~l 

. 379 

~3~ 

1.678 

.ll-19 

Oil. 
0 . 



In Table XXVI a oompar1aon ot the variance ot the 

three different areaa 1s giTen. 

Degree• o1 Robbe Graham- Broedera-
·Freedom Hoek atown. bank • 

Mean Percentage • 054 .134 . 414 
x~o 
Swa o~ !quarea, 

63 a ) 11 thilib!O'oi or .ooss-oo . 009000 .05860 
64 plots 

b) l ithin blooke ot 60 .0018ln . 003025 .05395 
~6 plots 

o) ~1th1n blooka ot l..a .OOOS57 . 001$06 .0359g 
4 p1ota 

Jlean ~ua.res , 
a ) \;i t n 6lr plots .OOOO(j73 .0001429 .0009303 

b) 1thin 16 plota . 0<.r00)07 . 0000504 . 000~92 
-

o) 1thin 11- plots .0000].78 . 0000376 . 0007498 

Stl.'nda.rd , &££2f!• .QV9J43 . 011960 a)Slng].e samp e I . 03t150 
tram 64 ~lo~;block 

.002770 .OOJ550 . CJllt-99 b)Oompoa1te o~ 4, 
one rro11 each blook 

o)Oompoa1te ot 16, 
one from eaeb block 

. CiJlQ55 .001533 .OV684 

&tan,g_, I:rJ'Ora1 ~...t• ot r;oo: . . ..... 

a D&l• n.mpl e. 16.10 8.9) 7.37 
-

b)Comp~e1te or 4 4.10 2.65 ) . 62 
lea . 

l . 1 .14 1.65 c)Compoa1te or 16 . 
11auplea. 

' 
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L. piSCFSSIOI! 

Table !III provides the basis for a good est~ate of the 

size of the errors likely to be 1rivolved in sampling. It 

only one sample (i.e. a composite of 4 borings as taken by 

the author) is taken at random to represent the area of 

1/40th acre, its potash content may differ b~ 7-16% from 

the mean. eocposite of 4 samples (16 borings), one 

taken t rando in e~eh qUarter or the area, will give much 

better results (2.5 - 5- difference) and for most purposes 

such s mplir~ will be sufficient. It is intererting to 

note that for a samplin_ accuracy or 1 - 2 ~ a composite 

or 16 samples (64 borings) is noee~sary. 

It is obvious that for an increase in snmpling· 

efficiency, a large inerease of s•xmple n~bers is necegsary. 

to illustr~te this tact nore clearly, the statistical 

approximation, n = _2£! S~ (s?• pag€ 7 ) J!lay be applied to 

the data given in !abie ixvr. 
Here n =number o.f samnl")s. 

t = "t value" or Student, obtained from tables (40) 

S = Standard error per sample, given in Table XA~I. 

D = aximum. sampling error permissible. 

CaJ.<ntl'!t!pn of D. ~o s:U.pl.ify the c,qlculatlon 1 potash is 

given as g. per 100 kg. soil rath~r than as a true percent-

age. 

(I) Broedersbfnk : Frat Table XXVI, n=l for ?.4. ie !1o%· 
6 = 30.5. t • 6.314 for ]\=1 and probability =•1 



J 
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tr blea. (P = .1 1s qu1nl t to 10") 

o D " J !,!2 !! 2 

= 'lf2...Ll2i~ x_..2,1.Q 

= 272a g. 

This t1 ure s obt !ned by t kin D = 1 tor 1~. Aetu~ll7 

= 1 for 7.4~ 

dueed giving 

a correction. ps therefore to be intro-

D = 201 • for 10~ accuracy. 

Sfmil rly ~ = 100 for 5: aecur cy 

and = !Q and .2Q. • for 2 and 1~ necuraey respoctively. 

S1n11 rly for 

(2) ~h~ t.Pm ' D = 94 &• for 1~ 

47 • for ~~ 

19 I• ror ~ 

and 9., • ror U 
(3) Rob Hoek : D = 39 • tor 1<>1' 

19 • for~ 

8 • for~ 

4 g. for l.t 

Cnleul£t1op of ~ : 

!Jrqed!nbanlt S = 3Q. 2 
10~ lty_l 1 D = 2014 t = 6.314 for 1 degree o~ treedo~ 

and P = .I 
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= 2 X 391~2-~_930 
40400 

= .l sample 

51..1§nl. : D :c 100; t = 4.303 for 2° ot F.and P = . 05 

J:LE_2 __ :x •. lJl_. ~1 X 930 
10,000 

= 3 sa~~ples 

~ leyel : D = 40; t = 2. 821 for 9° of F. and p =. 02 

n = £_X 7665'8 X 930 
1 0 

:.: 10 samples 

1-_lev·el D = 20; t = 2.75 tor 30 and ore or. and P=.Ol 

n = z._x 7, 263 x ..2JQ. 
400 

= 35 sa -cles 

n is calculated in a similar way for Grahamsto nd 

ob ?oek ~ the results are given in Tabl e XXVII. Th 

1"1 urer- Jn bracket.i r£-pr sent the number or borin s 

equi v lent to the u ber of sru:1ples. 

TABU J fLII 
n = numr>er o_f samnles ror 

No . Soil type lJ~ ace. J:i't .,,. 2J 1~ ~ 

..; 

1 Droedersbank 1 3 10 35 
( . 414f K~) ( 4 'borings) (121- {40) (150) 

2 C r ahams toY.n 1 2 7 25 
{ . 134~ ~20) (4) (8 (28) (100) 

3 Sobbe oek 1 4 17 76 
( .058% l20) (4) (16) (68) (304) 

then comparin the results ot Table XXVII with those 
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based on the exper1 ental figures 1n .Table XXVI, it will 

be noticed that no big difference is apparent, so that it 

would seem that this useful approximation may safely be used 

ror deteraining the number of samples to be taken to represent 

a particular area. 8o e preliminary investig~tion to 

determine the variance of the constituent to be estimated 

in the soil is, however, necessary. !t the approximate 

range of the constituent is known, S can be calculated from 

the approximation, S = Range/C where C is a constant == 

3,4,5 and 6 for 10,25,100 and 500 sampling units respectively 

(42). 

Plate VI shows log n plotted against sa.pling accuracy. 

The outstanding feature or these curves is that as the 

accuracy demanded approaches 1~, n r latively large increase 

or number of samples required, is apparent. It is clear that 

in &htual practice a composite sampl& which will represent 

an area, 1/.Wth acre in size; within an r..ccurac7 or 1 will 

require ! 50 saapling units (200 borings), a procedure far 

too laborious ~d un€cono~ic for fertility studies, 

especially when it is considered that much larger areas 

have usually to be dealt v.ith in sueh studies. · One ay 

there-rore saf'ely say thnt n~e te!'li\ "1~ a.ecuracy;" must be 

r~oved from the vocabulary ot the modern soil analyst ! 

Even.ror ~ accuracy, anything up to 20 sampling units are 

necessary if a represont~.tive composite sample of l/40th 

acre is to be obtained. · 5% ~ccuracy s eens to be the most 
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that can be a iDled at in actual practice. 

Another interesting feature of graph VI is that the 

actual proportion or potash in the soil appears to nake 

little difference in the sampling efficiency or a given 

procedure, the hoaogeneity or the soil character playing 

the greatest role. 

An investigation of the potash distribution in South 

African soi.ls as publishE;'d in Dr. van der llerwe's book on 

Soil Classification {2) shows that 55 of the 70 soils 

analyse4 o~er the Union have a total potash content lying 

between .1-1.5% x2o. These values were obtained from 

sodium carbonate c~raetions of the.soil and therefore 

gives the total potash content. Total potash values of 

the three areas sampled by the present author are given in 

this book as lying betw~en .25 - 2~ K20. These three 

types or soil therefore sufficiently cover the above range 

to make the author's results seem 6pplicable to the 

sampling or any South African soil. 

It is now necessary to discus a analytical procedures, 

and 1n particular potash determinations, in the light or 
what has been established about sampling efficiency. It 

is obvious that it an error or 5~ and at the least of ~ 

is involved in the actual sampling of such a small and 

homogeLeous area as l/40th of an acre, much greater errors 

may be involved in the sampling or larger areas, 

especially when these are cultivated and fertilized. The 
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n usual "accurate analytical data for soils supplied in so 

many texts see to be entirely unjustifiable it considered 

in the licht of the possible error or sampling. oreover, 

too much attention is probably given to detail in soil 

anal~ical procedures, resulting 1n much waste of tilile 

snd of fort. 

It appears that analysts working in soil laboratories 

will be Justified in using Rapid Soil Te*ts when analysing 

samples sent in by farm,rs and other parsonw, the usual 

tedious procedures being so mtch waste of time and money. 

Accurate analytteal procedures are only justified in soil 

research where the sampling procedure has been adapted to 

the degree or accuracy r quired. 

Anotner method or determ1ning chemical elements in 

soil and nhieh suggeRts itself a being preferable to the 

longer gravimetric and volumetric procedt~es so often 

used, is that of colorimetrj.c rulD.lysis. In the last 

decade much ;ork on eolorimetri~ procedures for use 1n 

soi.l analysis has ~en done , and in most cases an 

accuracy of 1 - ~ is elaimed. It ne~d hardly be said 

that once these methods are st~ndnrdised for a particular 

const: tuent, a greot nmount or time may be saved bf 

th~ir use, and in addition, tar less m~tcrials are 

consumed than 1n gravimetric or volumetric analysis. 

Furthermore, the types of photo-electric colorimeters 

available today, are so easy and convenient to use, that 

their application to eoil determi~tions is likely to 
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dev lop rapidly in the near tuture. 

A review, in the 11.rht or the errors 1nvclled in the 

sampling ot a given soil area, or the Tol etric :r=Jetb.od 

tor tho deterain tion of potash 1n soils a deocribed 

b.7 the uthor, indicated that no j~ti!iable alteration 

cvuld reasonably be suggested with the objeet or 
shortening tlle procedu:r appreciably. It seetts s if' 

this method is mainly suitable tor special research or 

where sufficient aampling justifiee th accurac7 

obtainable b7 1ts use. Where the soil analyst decides 

to use it fo:r- rout1n work, he should pay attention 

rather to the tim ~actor than to extre e n1cet1 s ot 

practical slt111. It is to be borne in mind, however, 

that althoueh the use of this method does not se to 

always just1tied tor ordinnr.y soil studies, 1t er-n 

be ap~li~d to n~erous other blanches or industrial 

and chemical analysis as an exe llent substitute for 

the ore l<·ngthy n1...,r: costly platinic chloride or per­

chlorate proc&dures. 

· It is felt that this investigation has s~rved 

a useful ?'!.trpo:se, if only because of t.he evidence it 

has Frovided flhowing ho n cP.s~ ry it is to consider 

srunpltng procedure most carefully in relat:J.on to the 

nins or the analysis when 4 natural t~rial or 

variable cooposit:ton, ·such e.s the soil, is being studied. 

It ia realised th:Jt the data now given could, 
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with advanta(e, be considerably ext~nded and it is hoped to 

pr.rsue in due course the .3tudy of sa pling effi.ciency in 

r elation to soil constituents other than potash. hen :f.t is 

realised, har-·eve.r, t'h.at the wol'k now being reported, has 

rc4uired the full attention ot th~ author tor the pe~iod 

Febru:lry to t;ovomber, 1945, the reason hy a .l!lore extensive 

tre trent of tbe problem at this s~age is not ijossible, will 

perhAps be understood • 

.. _ ..................... ~--~-
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