
Copyright is owned by the Author of the thesis. Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only. The thesis may not be reproduced elsewhere without 
the pennission of the Author. 



~~~--

---

MASSEY AGmCUL TUR AL COLLEGE 
LliRA"Y !"'ALMEHSTIN !IQRTH, N.Z. 

• 









~ 
A considerable amount of evidence has been accumulated in 

support or the presence in soils of iron, aluminium, nnd calcium 

bound phosphorus, as products <>f the phosphorus fixation process, 

but tho quantitative evaluation of ·these forms has been continuousl~ 

hampered by the laolc of suitable procedures for their separate and 

selective determination. 

Although the separate determination of calcium bound phosphorus 

has been succeaaful <JJ" 21, 1906 J ______ _,__....,Q ....... , 1935 J 

.Qb& .ii., 1943a) n procedure tor the separate deterniina'tion of iron 

and aluminium bound phosphorus wa.s not available until recently 

when c (1957) included such a method in their 

proposed scheme for the :fractionation ot soil phosphorus. Theirs 

is a de.finite advance on previous procedures o.s it has been 

generally considered that t at least in aoid. soils, these two forms 

represent the dom:f.nant products of phosphorus fi.xation, while their 

relative abundance may be expected to vary considerably in different 

soils and under different soil conditions. ~ (1959-I, 1959-!I) 

mod.ified the procedure of Chang and Jacltson f'or the separate 

estimation or Al-P, and (priv.comm.) developed procedures for the 

selootive determination or iron, oe.loium, and organic P. 

The object of tho present st'lldy was to investigate what 

in!'orrna·tion these methods could provide concerning -the trends 

of P. fixation in a New Zealand Yellow-Grey- Earth from a 1011.g term 

field experinient, embodying three forms of phosphate fertiliser, 

applied with or without lime. 
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1. 

The use of selective chemical extracting solutions, vhi.oh 

ofte1• ·the opportunity to define discrete forms of' soil. phosphc,rus 

are an. advance over those chemical extraotants which determine 

that por·tion o.r soil phosphorus which may be avail,able to plants, 

as these methods are empirical and hence must be calibrated 

against field experiments before useful infor1nation can be 

obtained. On the other hand the selective determination or soil 

phosphorus fractions appea:,rs 1,o produce less einpirical results 

since a tmowledge of the riattll'e of the various phosphate compounds 

in a soil, together w1 th a knowledge ot the conditions und.er which 

·these diffle1~ent forms are ava:1.l.able to the growing crop, gives 

a much more general means of assessing avallability. 

t .RI (1906~ nnd 1 (1935) employed an acetic 

acid-Sodium acetate buffer itt pH 5.0 tor various extra.ct1ng 

periods. Dilute aa504 a.t pH 3.o was also used. These wor1<:ars 

classi1'1ed their results o.st 

l, Ca, Mg, and Mo. phosphates J 

2. Fe and Al phosphates J 

3. Absorbed P and apatite. 

~ (1937) introduced NaOH as a selective extractant, 

t:;nd divided the .rorms <>f soil phosphorus :tnto: 

l. All-ca:11 soluble P, said to 1.nclude organic P, exchan1teable 

P, r:1.nd the more soluble inorganic f'orms such as water soluble -, 

dice.lcium -, nnd seaquioxide-Pf 

2, Alkali insc,luble P, consisting of apatites, possibly 

Ti·tanium -, end crystal lattice-P, 

Alkali and acid extraotions were combined by Dean (1938), 

who suggested three soil phosphorus .fractions; 

J.. Organi.c compounds, soluble in 0;25 n Nao:a, 
2 • Inorg&1rl.0 cotnpounds, dissolved by O .25 n NaOH a.nd O .s n 

112S04J 

3. Insoluble compounds. 

When 1 t was folmd that soluble and exchangeable Ca and Mg 

interfered in the alkali extractions, Ghani (l943a) modified 
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Dean's procedure by making a pre-extraction with 0.2 n acetic acid, 

which was then i'ollowed by a succession of extractions with 0.25 n 

NaOH, and finally by an extrs.ction w1 th 2 n H2so4 • F'ive fractions 

were thus obta1nedt 

1. Acetic acid soluble P; mono-, di-, a.nd trioaloium phosphates 

2. Alkali soluble inorganic PJ Fe- ~md Al- phosphates1 

3. Alkali soluble organic PJ 

4. Strong acid soluble P of the apatite typeJ 

5. Insoluble P .. 

It was noticed that some P was being resorbed during the 

acetic acid extraction, which would subsequently be extracted. b;y 

NaOH" Thus P,hal'}.1 (1943C) modified his procedure by employing 

8-hydroxy quinoline as a sorption blocking agent. 

The use of 8-hydroxy quinoline was further explored by 

~ (1950). He adapted Ohs.ni • s procedure and made s11ccessive 

extractions with 2.6% acetic acid and l,C 8-hydroxy quinolinet 

followed this with 0.1 n NaOH, and omitted the final extraction 

with H2so4 • 

A different scheme for the fractionation of soil P was 

proposed by ~ (1945). 

l. Total P was determined by the perchlorate digestion 

2. Organic P was determined by essentially the method of 

(1938). 

3. Available P was determined by a.n extractant which consi.sted 

of o.5 n Hcl and neutral 0.5 M.NH4F. After 'the o.cid soluble forms 

of P had been dissolved, the subsequently added NH4F would dissolve 

the remaining forms. The acid soluble forms could. then be calculated 

by difference* ~ (1954) adopted this procedure and 

classified the soi4 P fraction as1 

l. Total PJ as suggested by Bray and Kurt~; 

2. Extractable P; the sum of organic, acid soluble, 

and adsorbed forms, 

s. Non extractable P - as the diff'erence between (1) and (2). 

Slnoe Turner atXi Rice (1954) found that neutral NH4F' would 
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isolate Al - P, but not Fe - P, Cha (1957) concluded 

that the method :tor "available pu of Bray and Kurtt:G ·would largely 

be a determination of Al - P. 

(1957) adopted the use of neutral NH4F• 

for the discrete delineation of Al - P, and included the method in 

their proposed scheme of soil-P fractionation. Briefly 1;heir 

procedure ts as follows J using a single sample of soil ·throughout, 

and washing the residue after each extraction twice with saturated 

Na.Cl solution to remove the I'eagents J 

1. Pre-extraot for 30 minutes w.ith 1 11 Nll4Cl to remove water 

soluble P and exchangeable ca, 

2. Extract Al. - Pat a ls50 soil/solution ratio with 

neutral o.s M.NH4F f'or l hour. 

3" Extract Fe-P (11 50 ratio) with O.l n NaOH for 17 hours. 

4. Extract ca-P (11 50 ratio) with o.s n H2so4 for l hour. 

s. Extract "reductant soluble Fe-P" by the citrate-d1th1onite 

me'thod of .aa,.;;;;;;;;.....,.___,iiiiiliii.....:i-a..:-;;a;;...a. (1953). This time the washings are 

combined with the extract. 

6, Extract "r.s. Al-P" with neutral 0.5 M.NH4F, as under (2), 

or alternatively extract ••r.s. Fe-Al-P" with o.l n NaOH, as under (~ 

7. Organic P is determined by the method of ~ 

(1945). 

It has been suggested by ~ (1959) and .. I__. __________ _ 

(1959) that the citrate-dithionite method is not specific for 

ttraduotant soluble Ji"'e-P", !:>ut that a.pprecia.ble amounts of 1r,, s. Al-P" 

may be removed also. 

several modlfic~tions have been suggested by ~~ 

a. Extra.ct Al-P with o.5 M.NH4F at pH s.s as proposed by 

Fife (1959-I). -
b. Extract orga11io P a.f'ter a more drastic treatment with 

n2o2 than employed by Bray and Kurtz:· 

c. subject at least two separate ss.mples to the procedure; 

one for the stages (1) to (4), the other for the stages (5) to (7), 

axecu·ting s·tage (7) first. 
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The mod11' ied procedure for the extraction of Al-P he.s been. 

.further refined by ll!!, (priv. comm.), lUld is included :J.n a scheme 

for the fractionation of soil phosphorus developed by him (priv. 

comm.). 

2. 

From evidence in the literature it appears that the phosphate, 

liberated during the decomposition of fertiliser pa.rticlest 1a 

fixed in the top inch of an undisturbed soil 1 (~t 195<&) 

and that the greatest proportion of fixed P may be accounted for in 

Vnriations in the penetration of P down the so:i.l profile a.re due 

--~...,_...,_....,....._........,_ha_·em&!l, 1931 J 

~, 1950), drainage {H .w.r. go,., 1953, ....... .__,-_~ ........................ __. ......... , 

1954), the amount of P applied ~ nt 1950, .lllUU 
~1954) and 

1953, the aesquiJ{oxide content ot the so1.l (He~, 1934), a11d the 

pH, oontroll111g cationactivi ty C.:.-h___.~~....ai:.:~-=-=-=-

acoumulation of P below the upper soil layer appears mainly due 

to biological act1v1 ty distributing P in the o:rganic form <ll:t li lh 

l950J ~~, 1954J ~, l95S). The tnnjor inorganic 

complexes concerned with P .fixation £.-tre cal:!t,wn, alwnl.nium, &l'l.d iron 

(.tlfma, 1949; .it J.fl• 1960 J lL~•.J 1, 1952). 

From his studies on the fixation of applied Pin an acid soil 

from Rothatnsted, and a neutral soil from the Woburn plots, Dean 

(1938) concluded that, whereas in ·the acid soLl P occurred mainly 

a.s Fe-P and Al-P, in the neutral soil P would be fotmd mainly 

fixed as apatite or tri-Ca,-P, and that many neutral and calcareous 

soils contained much P not fixed as e.patlte, while lri acid soils p 

would also be present as apatite or tri-Ca-P. 

F\'.>r their studies on corn belt soils ~~ (1945) 

found that both ••adso1•bed" and ttacid soluble" P occurred. They 

showed thi~.t in soils of pH < e added soluble phosphates and acid 

soluble (roclt-) phosphate 'tonded to change int<> the relatively more 
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abundant adsorbed forms; an opposite trend was .found to occur 

in soils of pH) 6 where a.d.sorbed forms a.nd added soluble phosphates 

changed into acid soluble for1:ns whlle added acid soluble phosphates 

did not.. 'rhey regarded pH 6 as the cri ·ti cal bound&ry between 

adsorbed and acid soluble forms of P in these soils. j!JJJ...W!I 

(1960-I, 1950-II), in a. study of some Australian pasture solls, 

also found that soil aoidi ty hs.d a considerable effect on ·the 

forms in which e.dded P was fixed; at a high pH more P was 

retained in an acid soluble form (Ca-P) whereas at a low pH the 

altcali soluble forms were more abundant. (1-"e--P and Al-•P) 

Williams also found that phosphate 'topdressing would increase both 

orgarlio and inorcanie P forms in the soil, and a.lso non extractable 

p. The accumulation or organic P was found to be disproportional 

to the amounts of P applied, and tended to i:1.pproach a constant 

value irrespective of the amo,mt ari.d nature of the fertiliser applie1 

Al.though ·the accumulation of inorganic P was directly proportional 

to the amounts appl:J.ed, the use ot Super, Ba.sic Sls.g, or Rocle phosph 

ate would lead to ditferen·t distributions of' inorga1iic P fractions. 

Where Super was applied the increase in inorgan1.c P wa.s equally 

divided between the acetic acid tuid alltali soluble fract1.ona. Wh€.~re 

Roolt ph()spha.te was ~.pplied inost of the phosphorus was ex·tracted 

in the aoetlo acid soluble fraction. The appl!Of.l.tion of Basic 

Slag resulted in a greater increase in the ace-tic acid sol,1ble 

fra.otion and a sn1aller increase in the alkali soluble fraction 

than in the soi.ls to which Super had been applied. 

~~i....::~....x.a::.:.::O:.u (lH58) subjected a number of stul'.lples, 

representing some widely different major so1.l groups, to their 

fractionation prooeclure. P1rom this study thEiy co11cluded that 

the formation of the various discrete chemical forms of phosphate in 

the so.11 apparently depended on su.ch soil factors as pH, cation 

activity, solubllity product o:r the various phosphates, degree of 

<!hemici,l wen the ring, and fertiliser practice. Immediately nfter 

the appll<rntion of' phosphate fert:1.liser ca-P and Al-P were more 

lilcely to be formed than F'e-P due to the rel a ttvely higher 

activities in the soil of Ca and Al ions than F1e ions. Al-? at 
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first would 1norea.se more than Fe-P. As 'time elapaed; Ga.-P and. 

Al-P would change gradually into !l'e-P, the least soluble form of 

these three. 'l'hese three forins were found to occmr not only .in 

acid soils but also at neutral soil reactions, according to the 

p1•i:nciple of solubility product (,~...: ... _...,=-;:;..;i--.:.-..aJ 1955 8, 

1955 C, 1956 J ~~~W::!~~~~ Since Ca•P is more 

soluble than the other forms it would utore easily be removed by 

crops, or shi.fted to t.he less solublo forms. Ho·w-ever, an increase 

ir1 tha calcium activi.ty a.nd pH by liming would appea.r to favour 

the fornia ti.on of Ca-P and the release, through repression of Fe 

and .Al activity {~, 1951), of P from ·the Al-Pend 

ii'e-P forms for plant use. 
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1. H!stoey 

The experiment was laid down in 1932 at Marton by Mr A.W. 

Hudson, the then Crop Experimentalist of the Department or 
Agriculture* 

Th.a area chosen had been under new pasture since 1930, imd 

had. 'been grazed by sheep from the time of sowing to the la.ying 

down of the experiment. 

'I1he experiment was designed to evaluate the efficaa~r of 

three forms of phosphattc fertiliser with or without the addition 

or 11tne 1 using the "a.lterriate mowing and grazing teohnlque" 

devised by HUdsgn (1933). 

Twelve replications of six tr0s.ttnents were divided into two 

eoual sections, A and B. The plot arrangement is indicated 

on the accompanying plan (fig.l). 

The treatments werei 

1. Superphosphate, 4 owt./a<,./an. 

2. Basic Slag, 612 lb. " 

3. "Ga.f'sa" rook: phosphate, 350 lb./ac./an. 

lL. super as f'or (1), ➔• limestone. 

2L. Basic Slag as f'or (2), + limestone. 

3L. Gafsa as for (3), + limestone. 

Thus all ·treatments received the P~-=Ps equivalent of 4 cwt. 

of Super, appl1.ed in two equal dressings annually. Carbonate of 

lime was applied ut l ton/ac. in the first year, and at 3 cwt/aclan 

subsequently (Doak, 1942-II). The Marton Guide (1960) :l.ndioa:tes 

an annual n.pplioe .. t:ton of 5 cwt/ac/a.n. All treatments received 

regular applications of' 30% Potash Salts, totalling 13 cwt.lac. 

over the first 8 y<~ars of the tria.l. 

The technique of alternate mowing and grazing ensured that 

one section wul.d be under sheep grazing wh1J.e the o·ther was cut 

for he1•bage yields • After two such ct1ts ·the section 'Would be 

g1•azed while the production of' the other was measured. 

This technique enabled continuous production records to be 



Fi C1. 1, ,:LAl'l__Qf __ ''_Uil_,':'.'.l:} ,, f\ ND -~ Ay-o-uT O ~ ~Ar:L~!::. E_Q ___ _P_~~?TS. 

X ~ \ 'X '/, ~ ~ \ X 't}- \ )~~ '1' Y-. X ~ ); -Y H~~ri~ X 

FEIVCE i ~~0 _'1A' 
I 

• LANE 

+ 
~ 

t 
' 

{ 

1 \ / 

t L. 
I 

~·· ~ 

/ 

..... ~-- -- - .L'. .•... 

"T" -- ,, ...... -- ·-··- ··--·· --·-·---, 
I , 

i 

'i 
i 

/I 

' 

/ 
, l . / ,,. 

! I· i I/ ,· / . ' (/ / / / 
i ! j t/ / . ./ /,_j· 
I I i / / 

J.. . l / / r I I , 

i I ·· I I I / I 

[ . I I ·----·-'·---'-· . //1 i l_ __ --- _________ J _____ ·-- ···--·-· _._____ L ____ _L __ J 

t----:-s;~-r~~;N~- -• -···- • · · · •-- ,,, ___ ··-·---•--------------_., _____ _ 
I .,. __ ----·· ·-- ---·· ·-

1 
I 

i 
I 

t 
r 
t 
~ 
I 
i 

-----·------··,·--- - --··-··---- ·,····.,..-·-· .·-71 

.... _ ?>LS __ --:! .?JI ____ I ________ J __ 36 / 1.. ~ 'L'.j 
' . ,, I t·==-13: :2, ' ______ -1 3i;· / I l / I 

,---;---~---···· ... ~ ~- - .. ;'.2. ---- -;.o. ·--1 _-:'{it::73·(:?~/i 
-·---··-----·· ----·--"y---r--.L--;r _ _.:. /' 1 

() ·;., ' 1 / / L : · .· 1J 7, . ' / • / ' 
..1 .. .1.. 'J . ·;:_--L=-···-- ·-( . ~~2-:L~I -~-;:"',::_71 

2.L ;.,.J ~- /' / / . ---·--·----r--····· -·- . -··--'•-;,-•--·--.·,.:_·~ 
7 I · f-:- lY 2 LS .. - - / 31 3 / ,,-✓: 
6 / ~--i::_-;,'--:-~::·,~ I ·· · ,.,--L" 1 

.' .,_J / / j_./ i..., • / • .,._ I // sL:. _/ 21..,,/ //T~7 1=,·-/7 3~-::74~---t··-L9 J L : 
···-" ---·. ' J -·· r . - ............ .· .~.. . ·---··-----~ / / / I / . / / 1---· _g- - S --

k: ✓-4_~,-i__!.~,/,j(-,-~ ~ -<7_2. __ .::._~'-r· ~r:=: 2 ~==~:--;'..!:-__ ~~ 

~ 
.3 t?2!'?i .,· · · / (5 / I L / :--- "'i---·- 'LS -----

··;·· ··- ,'. .... ':'··· ~ ./. / ~--·-·--"--7 --..L.7:.:. /1·--· ,_, ---- ---j· 
_/_, _ _2._J / -r-1,.L/ --/ .. ~1_4 ,L._

7
_?, !z .. ,·.' ; ___ 2.6 ____ ! __ _ 

I / . · 1 ' ' ,' -1 

L_·- -~ -~--- i / ._:j,-~ __ 1:,_· -~- 1 ~--~---'-- 2r_, _ :~---------
•11 · .,.. -:-REA.,.. 
t· _\)' f '~ 

..,.. ___ ., ________ ..., __ ~-------•·----$--··--♦ ____ ..._ __ • • 

I 

r 

1 

i 
I 

I _ _. 

·-··♦---·-,----~- ,.,- ~ F·it;-f)·· .-----·· _-----♦----------- -·•····--··-..__--.. ._. ___ ._. - ---•-··1 
I Lc:C, •.. N ... 
I .... -------- -~REATfvlENT5-

i i SUPER ~~:!~_!?] UNTOPDRESSED 1 

i 
~ ' 1 r-v ~ ' ·· 'l 4 c .... L..:,i:,,L ... , 

3, GAFSA 

L LIME 
c- ,; I I pc:R ..,,_,J, - u ,_ 

r-,~-~ 
l~:EJ TOPDRESSED 

,---·--·-7 
t{k!_;_~:1 RETOPDRESSED 



- 9 -

secured tmder as near sheep grazing conditions as possible, 

without adversely aff e<:!ting the sward. The mechanical a11alysis 

of the soil is given in l~able I and indicates that the soil ts 

a light silt loam~, 1942-II)• 

- ............. 0"-2" 2"-4" 4"-6" 

Clo.7 28.9 22.0 22.s 24.7 

Silt 23.9 26.3 25.5 24.s 
Fine sand as.a 36.2 36.6 36.2 

coarse sand 4.9 s.1 s.2 7.2 

Loss on ign:ltion 10.7 9.8 9.0 7.7 

MQi,_at_ttt~t_lo_1;1_1 ·····-- . ______ 2_..4_ __ -, 0 6 0 9 -
0 100 .Q. . . . l.O_O .o .. lQ0.3 

According to the .,......,.~__.'--'Cli.::::-.;::im..:.....:1-a.~i.:- (1954) the soil 

is designated as, 

ttMarton. loam from sandy n1udstone, a Y .G. loam, cl~.ssified as 

a transition to pocuzx:>lic soils, pH approx. 5.9." 

To date the experi111ent has undergone tour stages, wl11.ch are 

as follows (Marton Guide, 1960): 

~ ,&e ~ (1932-1940): 6 trea·tments • consisting of' three forms 

of Phosphate, with and vithout Lime, applied regularly ea.oh year 

(treats.l-6, 12 reps.). 

~ (l940-U)5l): Topdressing was discontinued, and the 

residual erteets of previous fertiliser applications were studied 

(treats.1-6, 12 reps.). 

~ (1951-1958): Topdressing resumed on half' of the 

replicates, with the appropria.te fertilisers, as for s t&ge l. 

Potash (2 cwt/ao.) was a.pplied to all plots in 1956 and 1957. 

The other half' remained urrtopdressed. !:'he change in topdressing 

policy will be referred to as T.D. for the ra-topdressed plots, 

and tJ.T.D. for the untopdreased, residual plots (treats. 1-6 and 

7-12 resp., 6 reps.). 

~ (1958 - present) t The stage 3 progr&.mme was continued 

with the following modifications: 
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a) 'l~he "alternate mowing and grazing" technique was 

discontinued, and instead a "mowing with clippings returried" 

technique was instituted. 

b) section A was treated in l9S8 with chemicals to ltill the 

sward, followed by oversowing, to establish a new pasture sward. 

c) Certain of ·the U .T .o. plots of Secttons A and B were 

selected and topdressed wi·th Super at 4 cwt./ac. annually rrom 

1958 onwards, thus affordirig a comparison of responses 'to this 

1'er,t1liser on residual plots now ei th.er carrying an old sward 

or a new sward, obto.ined by c~mical turi'--destruction followed 

by oversowtng. The plots, pertaining to section B, will bf) 

ref erred to as R. T .D • ( trea·ts. 8a a11d 9a, and lla and 12a) • 

' 

To f11cili tate the subsequent presentation of the resu.l ts of 

analyses the treatments are listed in the fol.lowing order, 

- ,,,. -.--•• II ·• ·••·•-

T.DIM l l 11-18-32 Super 

2 2 2-16-33 Basic Slag 

3 3 3-17-31 Gai'sa 

lL 4 4-l.5-35 super + Lime 

2L 5 I 5-13-36 Basic Slag+ Lime 

3L ~4-34 Gaf919. + Lime 

~ .. T .• I;·~ ... ~~-" ...... _, 7 ?-PA-:;-1 Super 

2 8 I -22- I Basic Slag 

3 9 I 9 - 85 I aaisa 
, 

l.L 10 I 10-21-29 super + Lime 

2L 11 11 - 30 Basic Slag ➔• Lime 

3L 12 -20- Gafsa + Lime 

s. 
B.S. 

o. 

s. + L. 

s. 
B.s. 
o. 

s. + L. 

• 

B .s • ➔• L. 

G. + L. 
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ss1s.s s.s s.7 s.a s.a s.7 
se s.6 s.? s.7 s.s 6.o s .• s 
57 s.6 s,e s.5 s.a s.a s.e 
5816.4 6.3 5.415.8 5.6 5.6 

5.6 5,9 s.s 6,4 6.5 6.5 

s.a s.a s.9 e.s a.1 a.a 
5,6 6.16,816,26.5 6,4 

5,4 5,9 s.,16.1 s.4 e.2 

-------------------The main treatment ef'£ecte or decree.sing the acidity of' the soi 

may be shown in the following orderJ Super Gafsa Basie Slag, on 

No Lime Lime. 

The ef.f'ects of Ba.sic Slag over the first 8 year period were 

most pronounced, and enhanced by liming. On tho o·ther hand, the 

addition of lime appeared to have effectively ma.sked the individual 

e:f.fects or Super a.nd Gai'sa. 

.At the beginning or the third period the residua.l effects of 

Ba.sic Slag and G·atsa could be noted, while those of Super and 

liming were no longer apparent. Subsequently, durlng the third 

period these residual eff'ecta seemed to disappear altogether, and 

the soil reverted to its a.pparent, original acidity of pH 6.3-5.5. 

Where to.pdressing was resumed ·the ori.ginal effects of. the 

t1rst period .appei~red to recur, b,rt after approximately 6 years a 

general decline wa.s noted.. This was even evident in 'the T .D. plotf 

whlch reoeive·d lime. 

1:he effects of Bi1sio Slag, G·arsa, and Lirne are thus appreci.able 

but not of long duration. 

L.......It.t.¥.1 
i~he data a.re shown in table 4, and expressed as $ exahu.ngeable 

cao (O.D. basis) for the first period (Jl. .'15, 1942-II), and as parts 

Ca per 20 ,ooo ot soil eJctract, determined by the i'la1ne photometer, 

for ·the third period ~, l953J priv, comm.) a 
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~ ................... __.....,..,...,....,.. (0"-2" cor&J expressed as 

e ch. cao ... , ······-· .......... 

l. 1932 1.191 .100 .190 I .194 .192 .192 

331.200 .219 .198 .290 .299 .298 

34 1.2ae .as? .212 .367 .456 .aaa 

35 .221 .296 "21s .&-:;s .424 .see 

36 .248 .soo .246 .383 .436 .374 

37 .261 .324 .84-6 .376 .43l .371 

38 .258 .349 .266 .396 .464 .387 

39 .266 .354 .254 .399 .473 .396 

40 1.860 .356 .266 .419 .467 .403 

(Results expressed as parts ca per 20 ,ooo in ex:tra.ct) 

~ 7 8 7 9 8 8 

7 8 5 7 7 8 

7 7 6 8 8 8 

6 e e 7 a 7 

5 6 5 6 8 7 

5 6 517 8 7 

5 7 617 7 7 

I 

7 a 7 I 9 8 8 

7 8 6 9 9 8 

5 8 8 9 9 10 

6 8 8 11 13 ll 

6 8 7 12 13 12 

7 9 8 ll 13 12 

7 9 8 12 13 12 

9 

A general increase in the lime status of the soils durlng ·the 

first period was evident, the approxinurte order beingJ Qafsa ·1( 
Super ( Basic Slag, and No Lime < Lima. Thie situation resen1bled 

that .found for pU. 

At the beginning 01.', and du.ring the third periodt the residlJEtl 

effe<rts ot liming had persis·ted slightly, but a further diminishing 

of 'the ef!'eo·cs was s.ppnrent. 

Where t;opdresetng was resumed in the third period the only 

aignificant effect of raising the lime status was shown by Basic 
slag. Liming itself apparently effectively masked individual 
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treatment efl'e¢ts. The general decline after the first 6 years 

of topdressing, as noted with the pll, was not evident here. 

: 

The data are presented ln table 5 1 expressed as</, P2o5 
soluble in HCl for the 1·1rst and second periods (DOIJ.i 1948-II) t 

and as parts P per 50 mill1.on of soil extra.ct (Truog test) for 

the third period(~, l953f priv. comm.), 

1. 

a. 

Some ststiatics for tho P2o5 data were avs.i.lable ~t 1942-II: 

Standard error I o.ooos. 
Least significant difference, o.ooa (5~)t o.003 (l~). 

l.ll?1L§ ...._iiioliW _______ .._iiiWi,11 ___ .....,....a,;;_ (on-an core) 

(HCl Soluble P 
I •••• ............ 

1932 .100 .102 .1021 .099 .102 .103 

33 .117 .• llS .l.15 I .112 .114 .114 

34 .l.25 .122 .l.26 .121 .125 .126 

35 .100 .1a1 .121 .133 .127 .133 

36 .138 .129 .129 .131 .132 .132 

37 .147 .146 .150 .152 .145 .155 

38 .158 .158 .157 .156 .159 .163 

39 .163 ,156 .165 .172 .158 .173 

40 ,172 .169 .1741 .185 .171 .184 

(Topdressing ceases) 

1941 I .110 .173 .l68 ,171 .176 .176 

48 1,165 .158 .162 .162 .161 .l?O 

44 ,170 .169 .160 .164 ,159 .165 

45 .164 .157 .162 .. 152 .163 .169 

46 .178 ,170 .178 .171 ,163 ,164 

491.149 .137 .1361,128 ,135 .129 

(Parts P per 50 m.illion (Truog test) 
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.s 2.s a.1 2.0 2.e a.a 

.s a.1 a.o 3,7 s.s 4.5 

.s 9.5 3.0 4.0 4.0 7,0 

a.o 2.0 3.0 2.0 

.3 5,0 4.6 4.0 4.3 3.6 

3.3 3,0 3.3 4,0 4.3 3.6 

s.o s.a 2.e1s.a 4.6 s.e 

a.a 2.s 3.1 2.0 2.e 3.3 

s,o a.a 4.7 3.7 e.1 a.a 
3.0 2 .s 7 .o 6 .o 7 .s 13.0 

5,0 5.0 ?.O 6,0 8.0 l&O 

10 ,3 ll.3 E.3 15.0 JS.3 29.6 

14.3 l3,3 ]S.0 13.0 la.3 30 .o 
1s.s ».s aaa 11.1 l?D 33.2 

1:he tree.tmo11ts resulted in a gradual a.coumulation of acid 

soluble P du.ring the first peri.od. Ir1dividual treatment clifference 

were genex•al.ly significant, and of the order; Gafsa> Super> Ba.sic 

Slag, which differences were increasingly acoentwited by liming, 

insofar that the ditrerence between Gafsa nnd Super d1.minished, 

while the dlfference between these treatments and Ba.sic Slag 

becrune highly significant. Durj.ng the second per:iod. e. general 

decline in the levels or? was evident, the rate of deoline, it 

taken over the entire period, being greater for Dasie Slag and 

Gaf'sa than for super. 1.r.he rate of decline was also greater for 

the li.med than for the unlimed treatments, excepting Basic Slag 

where l-t was equal, 

During the third period treatment differences were incon­

sistent. 

Where topdressin.g wns resumed a rapid accumulation of P was 

evident, once e.gHin accentuated by liming. The effects of the 

Gafsa treatment were most nota.ble t and appee.red to be a f'unction 

of the sol11b:l.lity of the phosphate in this rerti.l1ser. 

The solubility of the phosphates in the 'three fertilisers is 

shown in table 6. 



- 16 -

Super 22.0 

Basio Slag! 16.l 13.l 

9,5 

20.a 

~ 

1.7 !Unreacted rock 
phosphate 

3.0 

18.?IApatite. 

It may be concluded tha .. t during the topdress1.ng periods 

phosphate residues accumulated, the magnitude and the rate of the 

accumulations depending on the apatite content of the fertiliser, 

the pH, s.nd the Ca ion activity, which would be enhanced by 

liming, and which would favour the formation of Ca-P. This 

oonf irms the findings of .x.:.~a-:.::;::i...:i:.;i:..;;__...-:.: 

• __ .....,._._,__ ..... ...,..-a,;...,;:;---.. 

Table 7 has been adapted from the f1.le data, which are 

presented in Appendix I, the object being to reduce the very wide 

annual f luc tu.11 tlons. 

Period Yea.r lof 
Su.per I B.S. G. 

on­
tri:>l 

s + L, B.s .+ t.G +L (head-
• • • I , ., Ill ,.;i. l. ... . ' . Ill .. --■----

1. 1932 7000 

33 7500 

34 9400 

35 

36 

37 8100 

38 8500 

3919300 

4018600 

96 90 106 

94 93 109 

99 95 106 

103 97 110 

99 95 102 

101 96 105 

107 98 111 

104 98 110 

97 

102 

100 

104 

98 

lOl 

108 

101 

106 99 94 109 

Topdressing ceases 

(Contd.) 

92 -
97 -
99 -

103 -
98 -

100 -
109 .. 

99 -
103 -
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e 
Per-Year,of' 
iod Super 

2~ 1941 10900 106 l!X> ll 7 117 114 -
42 7000 103 101114 109 ll3 -
43 7800 104 lCO ll 7 114 114 -
441 9700 10199111109 ill -
45 6900 99 94 112 107 108 .. 
46 5400 107 105 lll 117 117 -
47 I 3500 103 94 111114 117 97 

48 I 6600 1103 Jee 106 106 108 94 

49 I 5900 93 93 98 97 100 97 

50 I MOO 94 96 100 107 111 89 t Topdressing resumes 

s BS G S+L BS+L G+L 

3. 51 5500 87 100 95 102 105 89 113 100 95 104 113 102 

52 6600 86 95 89 98 100 95 103 106 102 106 106 102 

53 I 5200 94 96 100 104 102 104 121123 117 125 123 117 

54 I 5000 92 94 98 108 104 106 124 128 118 140 136 130 

55 I 5600 ! 88 86 88 93 95 91 113 116 114 123 148107 

56 6400 91 91 88 92 94 98 111111108 ll9 111 105 

57 6800 91 90 85 93 91 88 110 107 115 116 101 97 

58 

There is clear evidence of a general herbage production trend. 

reflecting the effects of topdressing, liming, and the intervening 

period \vilen no f erti.lisers were applied. 

Individual treata1ent effects were of the order Super) Basic 

S,lag) Gaf sa, and Lime> No Lime t excepting Basic Slag plus Linie 

where no lillle response occurred, During the eeoor1d per1.od the 

residual effect of Gsisa was app,a.rent, although of short duration, 

after which the orlginal ox•der "1as a.pproxima tely re-es·tabliahed. 

Liming appt!}ared. to double the period of residual effects. 

During the third period treatment differences tended to 

disappear altogether; ·Super, however, tended to remain superior 

throughout. It may be interesting to note the decline i.n production 

of the troatments other than Super, whioh tended to approac:h that 
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of the "headlands", which, from the latter half of the second 

period, had been cut to serve as "control plotsu. 

topdressit1g wae resumed a rapid response became apparent in the 

sward, with a gradu.s.lly increasing liming response also evident. 

The upward trend, however, appeared not ·t<> continue, which was 

nttrilluted to a dominance or inferior herbage species which ha.d 

j.nvaded the sward during the second period, 

This is supported by the trends o·bserved for pH, ca, and P J 

tor on this basis a greater production than was obtained oould be 

expected. 
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01'l the assumption that soils from the sections A and B of 

the field experiment would differ considerably, due to the 

introduction on Section A of a period of chemical turt destruction, 

followed by oversowing, nnd on the observation of clearly apparent 

sward differences between sections A and B, it was decided to 

sample only section B. This would supposedly supply three 

replicates for each treatment, each replicate plot to be treated as 

a. separate sample in the laboratory, for it was not known at the 

time that a. fourth stage had been introduced in 1958. The data 

obtained from the J.a.boratory analyses were rearranged to ir1olude 

the fourth stage when that information oame to hand. 

50 Cores ot ¼" diameter were 'taken from the 0"-2" soil layer 

or each plot a.nd bulked. Sampling was done at random, a Jig-sag 

course being taken over the plot without estlmating the sampling 

interval. 

The plots had not yet received the first e.nnual appltc!ition 

of fertiliser, hence the samples would. be representative or the 

treatment effects ot l9S9 and earlier. It was also fortunate 

the.t ·the routine soil test samples for 1960 had not been taken 

by the staff of the experimental area, hence there was little 

chance of' this set having been attected by old core holes. 

The samples were ta.lten to the laboratory in double-wrapped, 

brown paper bags. On arrival they were spread. out on sheets 

of paper to dry out at room temperature. 

After approximately three days the samples were passed through 

a 2 mm. sieve, the coarser particles were broken up in a wooden 

mortar, and turt debris was discarded. The sa1nples were found. to 

be tree ot stones and gravel. 

After e f11rther two days drying the ''air dry soil" samples 

were partitioned until approximately 50 gm. was obtained. 

sub samples were ground in a porcelain mortar until the soils had 

been passed through a 0.2 mm. sieve in their entirety. Tho "tine 

s01111 thus obtained was bottled and used for the subsequent analyse 

The sampling and se.mplo processing procedure has been veri.f ied 

,~, 1958). 
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To express subsequent results of analyses on en ovendried 
'"·--~, 

soil basis moisture was determined on all the samples. The 

results are shown in Appendix II. 

~; 

A d.uplica te sample of 10 gms. "fine soil" was placed in 

wei.ghed aluminium contatners provided with a lid. The containers 

with soil were placed in an oven, set at 105-110 degrees Centigrade 

nnd left to dry overnight. The satnples were cooled in a <lesioce.tor 

and reweighed. Moisture loss was expressed as a percentage of 

the air dry soil. 

To aid interpretation of the distribution of soil phosphorus 

fractions the pH was determined on all the samples. 

a• ~ s 

A duplicate sample of 10 gms • 0 air dry so11n was mixed wi.th 

25 ml. wnter, and ltept 1n suspension for 1 hour. The pH wae 

deterrrd.ned on the suspension w:!. th the ttcambridge" pH me'ter, using 

a glass electrod.e. The instrument was calibrated against a 

standard buffer every time a series of samples was tested. 

The results, expressed to the nearest 0.1 pH unit, are 

presented in tables. Detailed test results are contained in 

Appendix III. 



WIIIIIIIIIII II I • I ■ I IIP • • • 1•1•1 I 111111 • ■1111 Ill 

Treatment ~ 
T.D. 1 s. s.4 5.4 5.4 

2 B.S. 6,1 6.0 5.9 

3 G"' s.a 5,7 s,6 I 

4 S, + L, 16,2 6,1. 6.0 

s a.a.+ L\e.s a.4 a.4 
6 o. + t. a.a a.3 e.3 

U.T.D, 7 s. 5.4 5.3 5,4 

6,5 8 B.S. 

9 a. 5.4 

10 S, + L, 15,5 5,5 s.s I 
11 B.S, + L~S.5 5,6 I 

12 G, + 1~. I 5,6 I 

R,T.D, 8e B.8 • + S ,15.6 5,4 

9a G. + S<11 I 5,4 

. , ··--··· 
Mean 

5.4 + 0,04 

6.0 

5,7 

6,l 

6.5 

6,3 

5.4 

-
" 
It 

n 

.. 
tt 

ff 

5,5 + 0,1 -
5,4 + 0.1 -
5,5 + 0,04 -
s.s ➔• 0,1 .. 
5.6 + 0,1 -
5.5 .::. o .os 
5,4 :t 0,08 

5,6 :t o.os 
5,5 !. o.os 

11111_, I • . ... ,, ... 

:1 ■ • . ··-- •... ·------

Statistical t:-. .. ee.tment of the data gave evldence that 

treatn1.ent difference• were not affected by plot variation,,(App.XVI) 

~11=..~,L.;~..z.:::,:,,,,e.~gr, of pH results ~-

I 66,2 I •• 1 & 4 I 0,2 

O,ll I 18 

Total 
1 ... 1 ... I 
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The least significant differences between tr(?at1nents were 

computed according to the number of rep11cntes available 

(~, priv. comm.) 

b • ~ I 
1rhe effect ot lime on raising the pll is highly significant 

in the •r .D. series; J. t has persisted significantly in the Super 

and Gatsa plots of the u.T,D. series, but 1s not evident in the 

R.'I' .D. series. 

'l'he "liming et.feotsu in the T .D ~ series of Basic Slag are 

evident, and ·to a lesser extent for Ga.faa, when comps.red. \o/1. th super. 

These effects a.1•e apparently not Dl8.sked by the addition of lime. 

This trend is also reflected in the U,T.D. ser:1.es although 1-t is no 

longer significant. 

The effects of Super alone are not significant, which is also 

evident in the H.T.D. seriesllil 

a,~• 

l) Fresh So<lium dith1onite1 weigh out o.5 gm. lots prior to 

each determination. 

2) o.3 M. sodium. citrate: dissolve 88 gm. tribasic Na c1·tre.te 

per litre. 

3) 1 M NaHco3s dissolve 84 gm. per litre. 

4) Saturated NaCl solutions app1~ox. 400 gms. per litre. 

5) 30% H2o2 • 

6) 6 n HCl1 dilute 60 ml. 10 n HCl to 100 ml. 

7) 10% KCNS solt1t1oti. 

b. ~• Weigh out o.s gm. "fine soil" into a 50 ml. 

centrifuge tube, add ao ml. Ha citrate t:ind 2t ml. NaHco3 , place 

on the wnterba.th set a·t 80 degrees Centigrade. 

As soon as the tube contents ha.ve reached this temperature, 

add o.5 gm, Na:aS2o4 a.nd stir rapidly for 15 minutes. At the end 

of this peri.od rinse the stirring rods with a lit'tle water, remove 

the tubes and clear the liquid by oentri.fugi.ng. Deci1nt the 



-

s11pernatant liquid vta a stirring rod. into a 250 ml. volumetric 

flasl<: through a !'il ter funnel. 

Wa.sh the residue twice wi.th 10 mi~ portions of saturated NaCl 

solutton, recentrifuge each time , and. add the wa.shings to the 

contents in the flask. Rinse rod. and funnel with a. little water 

and finally make the flasks up to volume. Mix contents well. 

F'ro1n the extract in the flask take two aliquots of 10 ml. each and 

place one in a 50 ml .. volumetric ·flask for Fe colour de·velopment, 

the other in a 50 ml, volumetric flask for the organic matter 

determination. 

soil. 

Also run a reagent blank in this series using no 

c. 

To the 10 ml. aliquot in each of the flasks add water to 

obtain a volume of approximately 35 ml. Add 3 drops ot n2o2 
and 3 ml, of 6 n HCl. Then add to the flask on which the Fe 

colour i.s to be developed, 3 ml of 20% KCNS and malce up to volume 

with water, mix C<>ntents well. The organic matter blank flask is 

made up to volwne after the 6 n HCl has been added. Mix the 

contents well11 Read the Ji'e colours 5 minutes after the addition 

ot KGNS on the photometer at wavelength 490 mmu and alitw1dth 

0.02 mm. The organic matter blanks can be read afterwards, or at 

any convenient time. 

The sum total ot the reagent and organic matter blanlta is 

subtracted from the Fe value to ol>ta:i.n a true value which is 

subsequently converted to '/, free Fe2o3 • Prepare a. standard 

curve, using a range of concentrations of Fe o:f 0.2-3.0 gamma per 

ml. froin a standard stock solution of Fe containing l mg F'e/ml. 

d. I 

B.R. x curve factor x r X 200 X 50 X 6 
r1•t:• IUU t _. r I 1ft I t t t I 

1000000 

where; 

B.R. ~:: Beckman photometer reading• blank adjusted. 

Curve factor= Conversion ot B.R. to gamma Fe/ml (log~ 0.8508) 

Fe2o3 factor= conversion ot Fe to Fe2o3 (log= 0,1549)• 

Division by 106 converts from mgm. to~. 



H8ncG ~ Fe2o3 = D.R. x combined factor 

= log B.R. + log o.7047-1 

(take a11tilog) 

e. ~• 

'.l~he a.mount of Fe extracted he.a been shown to be dependent 

on tem.pera ture, the efficacy of the Na di thioni te • and the amount 

of stirri11g applied (;i'ife, priv. comm.). Hence lt is itnportant 

tho.t for comparable results a rigid rou•tine be eu1ployed. Thus the 

di thioni te is weii~hed out after the tubes have been placed on the 

waterbath, to allow those to oome up to temperature. Once the 

dithionite ia added no time is lost in commencing to stir the 

mixture, using a separa.te glass rod !'or ea.oh tube. Continue to 

stir for 15 minutea, starting at one end of the batch and working 

up to the othe~, etc. At the. end of the stirring per:1.od rinse 'the 

rods with a little water. To reduce washing ti.me use a number of 

testtubes equal 'to the number of samples being processed. Fill 

these t;ubes with 10 ml portions of sat. NaCl md mark the pos.1. tion 

or the meniscus with crayon. Rvery time the residue is washed the 

contents of the testtube are simply poured over, with a rod, the 

residue is again brought into suspension, the rod is rinsed with a 

li.ttle salt solution, and the tube is ready f.'or oentriruging. While 

centrii't1g1.1tion is in progress, :the test·tubea o.re again .filled 1rdth 

NaCl solution to their marks, and another batch ot 10 ml portiona 

is ready f()r use. 

I·t is advisa.ble to keep the extracts, from 'W.'l. ich the aliquots 

were ta1ten, until the photometer readinga have been made, as a chec1r 

aliquot ca.n be ta.ken should a reading nppear anmnaloua. 

far longer to produce an extract than it takes to throw it avay even 

though one may be tempted to do this d1ie to shortages of glassware 

and tin1e. 

The need to use fresh Sodium dithionite must be st1•essed. For 

when this series of analyses he.d been com1>leted 1 t was fo1md by F'ife -
(priv. comm.) that a recen-tly rec0i.ved batch of' this chemical 

extracted an appreciably greater quantity or free iron oxid.e than 

the material used originally. 



Hence the extractions were repea·ted for ea.ch treatment, 

and from the yield inorement a !actor was obtalned to adjust the 

results for the rema.ining plots. In fact, the cor1.centration ot 

Fe2o3 in the extract was found. to be so high that n five fold 

dilution was n.ecessary, as prescribed in the procedure. 

f • ~ l 

The tabula.ted resuJ;ts are oonta.ined in Appendix IV snd IVa. 

The mean for all plots was calculated on an o.D, soil basisJ 

1.2a~, range 1 900% - 1.6~. 

There appeared to be no treatment di:f'f'erencea, and the plota 

were simply regarded as ~a sample series ; having plotted the 

results according to the trial lay-out (see below), there appeared 

to be as much va.riation over the .field as was shown by the tabulate, 

results contained in the a.ppend.ix (plot numbers are bracketed, 

results are rounded off to nearest 0.1 un1.t). 

(12) 1.a (24) l.3 (36) 1.6 

(ll) 1.4 (23) 1.2 (35) l.3 

(10) 1.2 (22) 1,3 (34) 1.s 

(9) 1.1 (21) 1.0 (33) 1.7 

{8) 1.3 (20) 1.1 (32) 1.7 

(7) 1.2 (19) 1.2 (31) l.3 

(6) 1.2 (18) 1.3 (30) 1.a 
(5) 1.3 (17) 1.1 (29) 1.0 

(4) 1.2 (16) 1.2 (28) 1.0 

(3) 1.2 (15) 1.1 (27) 1.3 

(8) 1.4 (14) 1.1 (26) 1.2 

(l)' 1.4 (13) 1.4 (25) 1.a 
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F1or weighing D "Bunge0 air dampened analytioal balance 

was used. 

Chemicals for buUc stock solutions were 'Weighed out on the 

students' lebora.tory balance. 

11:xtrac'tions were carried out on an open box type rotary 

shaker at a speed of 40 r.p,m. 

Centrifugat.ions we1•e made with a "W.it.clg1t, irn:?lined head 

centri.fuge, with a capacity of 6 tubes, t<>pspeed 4000 r.p.m. 

Colorimetric determ1.nat1ons on the extracts were made w:i·th 

a nBeckman" quartz spectrophotometer. 

In addition to a set of 50 ml, centrifuge tubes, and a set of 

50 ml. vc>lumetric flasks, the usual range or la.borata:y glast3ware 

was used for the measurement of solution quant1 ties, the s'tori11g of 

extracts, and the preparation nnd storing of stock soluti.ons. 

A drying oven, set at 105-110 degrees Cent:tgrade was used for 

the moisture determinations of the soil samples, and for the 

drying of glassware. In order to match the size of batches being 

processed w:i.th the capi,city of the equipment in uso, a series of 

tube raolta was made, each raclt having a capaoi.ty of 6. 

When. the determinations for total phosphorus were made, stau.ds 

were required to neoommodate the flasks ·with extract in the water 

bath. To thi.s end a si.mple stand, consis·ting o.f r1gld galvanised 

vire screen with No.a galvanised wire legs and reinforo1ngs was 

found quite suitable. The height of t,he stand is such th~1t the 

extract volume 11:1 completely immersed. l'he weight o.r the flaslc 

itself then will keep :tt upright. 

To lteep tile temperature of the ws. ter bath constant, and, to 

tiVOid excessive steaming e. lid we.s also made ln the f'c>llowing manner 

In a sheet of galvanised iron, of a size to flt the top of the 

1;1aterbath, cut a se:ries of holes of n diamet«~r to give clearance tc> 

the neclts of the flasks, and at a spacing determined by the di.a.meter 

of the flaslts and the size of the batch to be processed. Jdso cut 

a hole in some convenient position a.t the reo.r to accommodate a cork 

vith a. thermometer fitted. 
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Cut this sheE~t 1..nto strips, t;he outs being made along the 

centre lines of ·the holes. 

Fit a handle 'to ea.ch section \ihich will give it rigidity 

as well. 

Made in 'this manner it is nossible ·to immerse the entire 
• I;, 

batch in sets, each set being loca:ted. by the half holes of ea.ch 

lid section. 
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A 

F'rom a considera.tion of the solub:lli 'ty of chemical forms of P 

under aUca.11.ne and a.oid condi tiona, and by rt~f i.ning the alkaline 

}HI4F procedure (;fife, 1959-I, 1959-II) for the separate determin­

ation of Al-P, Fife {priv. (!Otmn.) developed t' procedure for the 

fractionation of soil phosphorus, which is remnrk:able .for its 

slmplicity. 

Briefly the scheme is as follows: 

1. Total P is determined by the method of ;Bray and Kurt. (1945), 

2. Fe-P and Al-P are determined together by ext~rE.10tion wi. th 

l n NaOH of a sample from which exchangeabl. e Ce. has been 

retnoved by washing vi th NaCl solution. 

3. Fe-P, Al-P, c.nd ca-P are determined together by tlleking an 

extra.ction with 0.1 n HCl, follow·ed by an extrnction with 

l n NaOfI, and combinir1g the results. 

4. Al-Pis extracted with 0.5 M NH4F at pll s.s, corrections being 

applied for resorption of P fmd hydrolysts of :ti~e-P. •rhe 

correction values are determined ln separate experiments. 

s. Organic P 1s obtained by subtracting (3) from (1). 

6. Ca-P i.s calcula'ted as the difference between (3) and (2). 

7. l?e-P is represented by t:he difference between (2) and. (4). 
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A.~: 

...i:.~:..;:.::.;;:.:~=-=:.;:.-::::.:..:~; di.lute 416.6 ml 72% to 500 ml with water • 

..... ......i..,;;;;;..,.;;.;;;;;;;;. ................ J dilute 55.6 ml. of 36 n Sulphuric acid. to 

l 11 tre vi th water, tn.king care to add the o.cid to the water an.d 

not vice versa 1 

J. n l:QqurJ.c ~q .. !1; dilute 50 ml. 2 n Sulphuric acid. to 100 ml 

with water. 

2 n arbonate; dissolve lOci gm. in l litre water • 

.ar....::.:.=.-::.:::;.:;.:i:.::-.:.;..::...::.-:::r.:::.;t.1~0=-n' dissolve s.2 gin. in 100 ml l n 

H~04 • '!'his solution will keep for l week. 

Or dissolve 4. 75 gm11 Na2S:Ps in 100 ml 1 n H2so4, O<:eeps for l week 

also). 

Metol reagent; dissolve O .42 gm metal nnd 6 .3 gm Na-llld.sul.fi te with 

'Mater to obta.in 100 ml solution, which will k:eepf'or 3-4 days only. 

e red indicato: Ma1te a 0.01% aqueous solution. 

tandard a e solution: (par. 3d of this section). 

ul.fomol cid: ignite c.p. Moo3 in a porcelain dish nt dull 

red heat, but below the melting point, :for l hour in the muffle over: 

Cool, and weigh 7.2 gm j_nto a 800 ml. Kjelda.hl flask, 

Add 250 ml, cone. Stllphurlc acid, a few glass b<:Jads, and boil the 

mixture until solution is complete (a slight turbidity does not 

matter). Cool, nnd preserve in a glass stoppered bottle. 

hate extract by oorchloric acid 

digestion: 

Weigh out stngle lots of o.4 gm. "fine soil", place in a. 25 ml, 

Kjeldahl flaslr, add 7.5 ml. of 60% perchloric acid, Hnd digest on 

the burner in the fume cupboard for 20 minutes af~~ thf..\ dl:"lrk 

orggnic r11a.tter colour has disappeared. 

Allow the flas'-cs to cool a. little, dilute the contents 

vi.th s small quantity of hot water and filter into a suitably sized 

volumetric flasl{ - say·eso ml. Wash the residue in the flask and 

on the fj_lter repeatedly with \later. Finally brlng the contents 
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beyond readability. Accord:lngly the size of the t:1liquot was 

reduced, f:1.ve fold in thio case, in order to obtain concentrations 

within the range ot 0.2-0.4 grunma P/ml. In order to uvoid the 

inconvenience of p1pe·tt1ng such small aliquot quantities, the 

dilution of extracts, prepEtred 1.n Fife's laboratory, we.a increased 

fivefold, as described in this procedureo 

A short experiment was conducted with the photometer ·tc, 

determ.ine whether, a.t a sltt w:1.dth of 0,02 mm, the wavelength of 

815 mmu, normally used for molybdenum blue colour deterrn1.nations, 

could also be employed here. 

The results (table 9, fig. 3) indi,cate this to be possible 

without introducing a s.ignificant error. 

(rtBeo 

' i w .. ·-· I _,, ~• ,r~;:n 
·785 

800 .272 

815 .291 

820 ,294 

826 ,296 

830 .296 

835 I .292 

845 .271 

860 .~o 

c. 
When the Kjeldahl flasks h.a.ve been installed - the set used 

in this laboratory has :f.ts own burner stand and vacuum exhausted 

glass fume trap - the flames of the burners are adjusted until 

the stage ha.s been rf~ached when all the flmc.s will OOl!1mence boiling 

at the as.me time. The 20 minute digestion per:tod is then te.!-cen 

.from the moment the la.st fl.ask changes colour. 

It :Ls also advisable to boil gently to avoid excessive 

spattering. During the digestion the flasks are ocoasionally 
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2 

A. ~ 

In this procedure the soil is extracted wlth 1 n NaOH at 

room--teu1perature i"or 40 hours. The efficiency of NaOH at this 

con<,en·tration e.ppears far greater in t;he removal of F'e-P and 

Al-P than O .1 n NaOH, -which is supported by the follo·wing data 

(Fife, priv, eomm.); 

10._ Com:ourison or 
(1:10 ratio extrnctions) _ .. _____________________________________________ _ 

P, bearing 
Mineral 

Va.risoite 

Barrandite 

strengite 

K-Taranattite 

K-Fe-Taranakite 

K-Fe-Phosphate 

45.40 

56,84 

82.63 

67.56 

65.30 

85.47 

95.24 

93.81 

93.56 

96.33 

<¥/.19 

94.14 
--·•• II. I • " ",__., pr ,..... a I -· I II ■ • • j .... &• • • -·-

From evidence F1.i'ft (priv. comm.) concluded that the amount 

ot P extrno·ted was independent of the conventional soil/solution 

ratios employed, nnd that with time no increase in ·the amount or 
organic matter in the extract occurreci. Resorption or P wa.s a.lso 

found not to take place, and the 40 hour extraction period was 

considered adequate. 

B. 

~s dissolve 29.23 gm. 1n l litre water. 

Acetones A.R. grade. 

!..n...l!IQlit dissolve 40.0 gm. in 1 litre water. 

litre with water. 

To ensure correct neutrali.sation of NaOH by HCl a titration 

test i.s mnde w1·th. methyl red as indicator. It ls desirable that a 

slight excess of HCl be present to cause the precipitation or 
organic matter in the extract. Theretore adjust the strength or 
the HCl so that, in a titration with 10 ml. portions of NaOH, 

·9,5 ml. of UCl is sufficient to create the end point <I!!.t, priv., 

comm.). 



Duplicate lots of 0.25 gm. of "fine soil" are placed on 

moistened filter papers, fitted into f'unnels. Suspend the 

filters over 50 ml. volumetric flasi<s. Lench the soil with 

portions of o.6 M NaCl until nearly 60 ml. hn.s been attained. 

The r il ters are allowed to drain coraplotely before 1;he next 

portion is added. Remove the flasks and make up to volume with 

w,ter. Mix the contents. Withdraw 15 ns.1. with the pipette iind 

dlsct1rd this. The molybdenum blue colour is devaloped as 

described below (par. E.). 

Also make a blank determinatior1 on a sopt1.rate 35 ml. portion 

of NaCl. 

The so.11 residue on the fil"ters is washed twice with acetone, 

then put in a. warm place to dry. Or altornatlvely - and better 

suited to the ge11eral procedure when working with batches - the 

wa.shed filters with soil are pla.ced on a tube rack and put aside 

to dry overnight, making certain that no dust <>r other 11\t).tter 

can cause contam1riat1on. 

When dried insert the papers with soil i.n 50 ml. centrifuge 

tubes, add 25 ml. 1 n NaOII, stopper, and shake vigorously by 

hand to reduce the paper to s. pulp. Plaoe the tubes ln the 

shaker and shake i'or 40 hours. At the end of this period 

centrifuge well, take a 15 ml. allQuot and run this int.o a 

centrifuge tube containing 15 ml. or a.pprox1.mately l n HCl. 

Centrifuge again to ramove 'the precipitated organic matter. 

Tvke a 20 ml. e.liquot, which is equal to a 10 inl. aliquot ot the 

original extract, and add this to 15 ml. water :in a 50 ml. 

volumetric flask. Develop the colour as described below under 

par. E. Keep the remaining neutralized extracts. Colour is 

a.lso developed on a blank, made up of 1 n NaOH and l n HCl in the 

same proportio.ns as the unknown. 

Prepare nlso an organic ma. tter bla.nlt series of 5 ml. aliquots 

taken from the reu1n1nder of the neutra.li&ed extracts; dilute the 

aliquots to 25 ml. with water, after which the colour 1.s rand off 



ciirectly on tbe photonieter. 

It is necessary to ttecentrituge th& ext1•aot remainders to 

remove the oloud.inese caused by the previous aliquot wit;hdra.wal. 

Subtraction of the blank values from the main readlngs produces 

the true values for subsequent c,Hlculation. 

a. ~a. 
Mg P/100 gm.. soil = B,R. 

b • ~tioru 

Mg P/100 gm. soil=~ 

1. 

The factor is obtained from the standard P curve (par.E). 

Ji'inally !1djust values to O .D. bit.a is. 

(~, 1940, wi.th slight modificntions by 

.f:u:t. (1960, pri v. oomm.. ) i 

~~Wi!l...s:.£:=.!~~:...e:~wi~o~n• dissolve 7.6 gm. powdered 

Ammonium 1nolybdate in 175 ml. water irt a 500 1nl. volumetric flask. 

While constantly swirling the contents, add slowly 175 ml. 10 n 

llCl, then malte up to volume with water. This !blut;!on will lteep 

for 2 months, dnte the flask for reference (ii,Olc§~t~, 1958). 

dilute 1600 ml• c1oncen·trated llCl by pour.ing i. t slowly 

into 200 ml. water. 

dilute o.6 ml. ooncen~ated sncl2 
solution to 100 ml. 1111th water in a volUl1letrio flask. This 

,l 

solution k:oeps for l day only and should be freshly prepared prior 

'to eac:h set o.r determinations. 

~onc1strated p!~a. o dissolve 10 gm. SnC12 
in 25 ml. concentrated HCl and st.ore ln da:rlmess in a stoppE?red 

brown glass bottle. ~:'his solution keeps for nbou·t a fortnight, 

date tho bottle for reference. 

~-===:.-..a.....::..:~~,;;.:• to obtn.in a s·tandard solutior1 oo.ntoining 
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50 gc-1.mme. P per ml. dissolve 0.2194 gm. KH2P04 in l litre water 

in a volumetric flaslt • 

..wi.....c.:ii=.a.-;.;;;,;:.:......:i......,;.;i ...... ...,. ............... ...:.....,;;:;a.... .. : employing a range of 0.1-1.2 

ga.mma P/ml. pipette 1.nto 50 ml. ·:olumetrio flaslts - to which 

approx. 25 m.l. water has been added - 0.1 up to 1.2 ml. of the 

stnndard P soluti.on,. Wa.sh down the neck with water from the 

wa.sh bottle un·t11 approx. 35 ml. is obta.ined. Add the 1nolybdate 

and sto.nnous chloride re;:1.gents (10 ml. a.nd 5 nll. reap.), rnak:e 

flasks u11 to volume, ,lnd rea.d colours on the photometer. Plot 

t.he results. The curve will obey .Beer•s law over thts range, 

From the slope of this curve (fig• 4) obtain tt1e factor required 

to convert the Beclcma.n photometer readings of the teat solutions t, 

gmnma P/ml. 

A record of several standard P de'terminll:ttons is contained 

ln the Appendi.:x: ~) and swnma.z•ised in table ll, including checks 

which were made from time to time. There is no doubt that the 

performar1ce of the photometer has been rema.rke.bly consistent 

for the period during -which it was oporated. 

Gamma 
P/ml -
0.1 I ,061 

0.2 .123 

o.s I .186 

o.4 ,.MO 

o.s .297 

o.s .aeo 
o.7 .435 

o.s -
o.9 I ,560 

1.0 I ,620 

1.1 , 694 

1.2 I • 726 

I .063 
y 119 

I .184 
4 241 

I . 314 

.368 

• 434 

,492 

. 551 

I • a12 

I .672 
., 729 

, 309 

.609 

... ··-··· 

.126 

• 

. 613 

"697 
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a. 

Jue.JUWB!QQ~U:dJAQE;LS!U~~!;,2Ell dissolve 18.5 gm. in l litre 

water. Adjust the pH to 8.5 with ruamonia. store in a stoppered 

"pyrex•• bottl•. 

JiX~~~~w.x.:~~:.ttl dissolve 50 gm. per litre waterJ hea,t the 

water to aid dissolution. 

b • ~ a 

Ple.ce duplicate lots ot o .a gin. "tine soil'' in 50 ml. 

oer1trifuge tubes, ndd 25 m.l. ?ffi.tF solution, stopper, sh.ake for 

the experimontally determined period, centrifuge to clear the 

extract, and de·termine ? col.orimetrica.lly on a suitable aliquot -

say 10 ml. 

To eliminate fluoride interference with tho develop•nt of 

colour the boric acid procedure of K,ur5,Tir. (1942) 1a eta.ployed, 

which has been slightly modified by .t!!! (priv. eouua.). Intead 

of pi.pett:tng the quar:rti ties ot 15 ml. boric acid solution anfl 

lO ml. water sepsrn:tely, the boric acid solution is additionally 

diluted w1 th watel' in simtlnr proportions. The pipetti:ng ordei-

1s then; 

25 ml. dilute boric acid solution 

10 rill. extract 

~. colour reagenta 

50 ml. total test solution. 

The ooloUl'a are reE,.d a.a us1.U:1l after 16 Jtinutea on the 

photometer - wavelength 815 mmu♦, sli·tlli,ith O .. 02 mm.. A bla.n\t 

determination 1s made, using no soil. 



POOTNQ1Jh The oorreot1on facto:r is oalcul ated ae tll.e 

fraotioA of P extracted by three days• eluiking ~educed 

b7 the amount of released Fe-P, according to the elope 

~ the curve and the amount of P extracted 1n three da7s: 

c 0.960 (fig. 5)-
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o t 8 5 

Several methods t110.y be employed to determine the extent of 

P resorption by which the values obtained trom th& 1wmnal procedure 

ine.y be corrected. 

~~ 
At increasing soil/extractant ratios over a 3 day sha11.:ing 

period, triplicate determinations on the release or P ware made 

trom the soil of treatment l (Super, T.D.: plot l).. The extracts 

were cleared by centrifugation a.rid P was de·termined colot•imetric­

ally. The results (Appendix VII), adjusted to a common basis 

(l• 60 rn.tio), are show graphically in fig. 6, which illustrates 

the added release ot Al-P caused by widening the soil/extractant 

ratio. 

Since hydrolysis of Fe-•P is une.ff'eoted by inot•easing dilution, 

~ (priv. comm,) concludes that the increased P concentration 

in the extraot ts dwt to a decrease in resorption or released Pt 

which is complete at ratios in excess ot 11 1000, 

'!'he inco11venienoe of employing such d:1.lutions in routine 

labora.tor:, extractions is obvious, and accordingly a correction 

factor for the release or P at the normally used la50 rntio inay 

be calculated on the bats of' the increment of P, released at the 

sorption tree dilution. In this ca.se a calculated value of .LQ.ll 

was !'ound (table 12) .. 

b 

~-
Soils from ea.oh treu t1nent were used in. this experiment 

where, at a 1150 soil/oxtra.otant ratio ovor a 3 day shaking period• 

quadruplioat~e determinations were made on the recovery of P, 

added to the extractant nt a ooncentra.tion of 2 gamma P/m.l. 

(employing the standard P solution). A simi.l.e.r series employed 

extra.etant to which no P had been added.. 11he extracts were 

cleared. by centrifugation, and P was determined 00101'.'imetrioa.lly. 
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1 s. 94:.26 79.20 78.50 

2 B.s. 78.72 

3 o. 77.66 

4 S. -t· L, 81.41 

8 B.S • ·+ L. 81.28 

6 G. + L. 17.07 

7 s. 70.78 

8 B.S. 73.57 

9 o. 68.82 

10 S. + L. 69.39 

u B,.S • + Lt 69.31 

12 G. ·t- t. 76.86 

Although th<~ eftect of adding P to the extractant iu the 

chemic13.l recovery experlment may tend ·to raise the recovery va.luee 

slightly, E!f_t (priv.comm.) has shown for a n1.unber or soils that 

the percentage recovery is not seriously 1.ntluenoed by a range of 

additions or o.5 - s.o gamma P/ml. In ti,1s work a higher recovery 

vulue vats in fact obtained from the soil/extractant ratio exporimeIJ 

bt1t 1 t was disregardod in r avour of those obtailied fro111 the chemica 

recovery experiment trom which n. oorreoti.on vtilue, appropriate to 

each ·treatment, waa available (table 13). 

T§:bl t..=~~~~~~~~:;'.t.¼...~~!(£.S.....e.l::~~ 

ove 

1 s. I 1.061 I 1.263 1.214 1,326 

2 B.8. l.271 l.260 

3 o. 1.290 1.235 

4 S. + L, 1.220 I I 1.211 

5 B .s • + L. 1.233 1.211 

6 O. + L, l.300 1.385 

7 s. I I 1.416 l.34.8 1,.355 

8 B.S. ! I 1.362 l,286 
(Cont~d.,) 
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o. 
s. + Lt 

.B.8. + L. 

o. + t. 

~ . 

l.453 

l.445 

l.443 

1.303 

l.379 

1.355 

1,370 

1.273 

Soils f'rom treatments 1 and 7 (Su.per T .D. and Supt"r u. T .D. 1 

plo't 32 and 26 reap.) were shaken for 4fr days with o .s M NH4F, 

on which the pH vas adju.sted with either HCl or NH40H, at e. lt50 

so1l/extraotant ra·t:t.o. Al.though 1 t was intended to ahatce for 

3 days only• unforeseen circumstances prevented this. P wns 

determined eolorimetriaal.ly on the extracts, v'hioh were cleared by 

centr1.1'ugat1on. The pH a.t eqtiilibrium was determined w1 th the 

glase electrode on the remaining suspension. The ::t•esul.ta e.:re 

presented in table 14, details of whi.ch are tabulated in Append.ix X 

.... I IU-•l•I Ii J ,_,.. • .._, .. II I ...,..r,11 ·•--•. I ·••111• I 1 .. 1.11 1•1, ........... ----. 

5.36 7.16 2.77 o.99 
s.ao 7.39 2.73 o.97 

6.38 7.61 2.n o.98 

7.10 7.71 2.12 o.96 
7.45 7.81 2.79 o.97 
7.78 7.96 2,77 o.99 
a.oo 8.07 2.87 0.99 

a.PA 8.26 2.90 1.03 

s.4o s.40 2.87 1.03 

8.62 8.60 8,90 1.02 

8.88 a.so 2.90 1.04 

9.06 9.03 2.86 1.01 
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It is appnrent from fig. ? that the soltlbili ty ot P in O .s M 

MH.4F is little affected by i;opd.ressing txieutment, sugge1rting that 

the greatest proportion ia Al-P al.though sorne may be Fe-J> relsased 

by hydrolysis a.a indicated by the release or P over time. 

A oomparison ot these curves with thoee presented by l!t! 
(1959-II) shows that the Marton Loam resembles 'the Manawa.tu silt 

loani.. The :!.ncrease in P solubil1 ty with 1nom~asing pH in the 

alkaline ·range, shown by tbe curves of these soils is not du.e to 

increasing hydrolysis of Fe-P but ~ather to a decrease in P 

resorption by frge iron oxides. The conclusion may be res.ehed 

tha. t ~or tbe Marton Loam the use of O .5 M NH4F for 'the extractioii 

of Al-Pat 1lH 8.5 ensures maximum solubility or Al-P coincident 

with mini.mum Al•P resorption, while t,he release or li'e•P by­

hy'(irolyaie may he discounted by extrapolation. 



1. ~. 
A swamary of the data is shown in Table 15. Deta1la 

ot t be anal7aea are tabulated 1n Appendix XI. 

.D. 11 

3 

4 

I 

• T.DJ7 

• T.D 

•• • s. 

r ,+ Le .s. + L. 
• ♦ L. 

t> • .s. 
• 
• + L. .s. + L. 
• + L • 

.s.+ s • 
• + s. 
.s.+ Le+ 

114.56 
107.99 
113.20 

113.08 
108.61 
113.li9 

I 85.42 
83.30 

I 84.29 
82.S8 

9!).18 

+ L•+ a. I 9§.38 

110.40 
108.20 
116.29 

106.57 
104.6§ 
108.20 

84.20 
82.66 

80.37 

ao.22 

87 • .59 

a9.36 

!a, .i I IJ.• 

112.61 
108.45 
106.13 

107.46 ,z.os 
10 .09 

ao.a, 
a.3.36 

83.27 
14.43 

89.62 

Kean 

+ 112.s - 1.a 
1oa.2 " 111.9 If 

109.0 ft 

104.1 " 109.9 " 

83.5 + " a2.7; ,.1 
83.3 :... 2.2 

a2.6; 1.a a,., 1 2. 2 
80.2 .3.1 

+ 93.0; 2.2 
87.6 - 3.1 

89.4: ,.1 
92., • 2.2 

Froa the anal.7ala of 'ftlrianc•• it is cancl.u4ect that plot 

Tariation 1a Mt eignit1oa..nt. 

Treata. 

Error 

Total 

.515111185 

174.2) 

1 

1 

29 

468.35 

9.68 

Reaul1 
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To :racilitate interpretation o-r the data • tli.e leaet 

aignit'ioant dittePenoea,. according to the nwaaer o~ 

1-eplications, were computed. These are presented i.33. the 

table below. 

1 and 4 

1 tt ' 
1 tt 8 
9 .. a 

I 

0 

1.3 
s.2 

10.3 
11.0 

• 

s.J 
6.o 
1., 
a.o 

in reflecting the changes in topdressing practio~. 

2. 
A summary of the reauJ. ts is presente.c1 in Table 16 whidl 

demonstrates the degree of plot Te.r1a11on.J d.etailed results 

of the analysea aN canta1ned in appendiX XII. 



T.D. 

U.T.D. 

R.T.D. 
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(Results expressed as mg P/100 gra. 
soil on o.D. laeie). 

Treatllenta 

I 1 s. 37.69 
2 B. s. 34.96 
3 o. 39.52 

4 8111 + L. 38.51 

' B. s.+ Ii. 36.58 
6 o. + L111 40.,2 

I 1 s. 16.25 
8 B. s. 
g o. 14.10 

10 s. + L. 16.70 
11 B.S., + Le 16.17 
12 o. + L. 

I 2 BoSo + s. 24.14 
3 G. + a. 

2 B.s.+ L.+ s. 
3 G.+ L.+ s. 25.51 

I 35.53 .36.09 
36.02 .34.49 
39.99 31.42 

35.45 38.68 
34.44 33.9' 
39.25 31.30 

14.57 I 14. 71 
15.03 

14.80 

13.92 14.16 
14.,2 

13.88 _, 
I 19.s1 

19.62 

19.49 
I 1s.6s 
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Since Oa..P ia ealc,nlated aa the difference betnen 

this t'raction an4 alkali soluble P, 1-t •• oonaidered 

neoeesaey to •parately aaaeae the depee ot Tar1at1on due 

to plot and anal7aia duplication. (~, priv. COJDJD..)(App.1.YC 

Soul"Oe s.s. 4.~. x.u.s. F• aeau1, 

Treatment• 6318.22 11 m.,a :,0:,9.04 •• 
Plota 
(rea141aal) 127.63 18 7.0, 37.51 •• 
Duplicate• s.66 30 0.1a, 

Total 6451.51 59 

It may lse conol'Wled that neither variation is e1gnU1ean t. 

The degree ot aoovaq 1n the analytioal work waa detel'Jllined 

by the "coef'ficient ot repeatability', oaloUlated as f Ql.lowea-

hence 

2 
84 • 0.189 (dupl1oat•a) 

si + 2s! • 7.09 (rea1&1al) 

s2 • ..LalCI i·••JU • 3.451 (plota) p 

X II 



The •emb1ne4 lab. error. embodied in the plot variation tor 

oa-P equala, •• 

a2 + 
4<aa) 

a2 4( la) • 0.276 

s2 • 
P(oa) 

• 1.691 

-
-

.3. 
Su'btreotioa. or the ao14-alkall eoluble P valuea troa 

those tor total P ia assumed to repi-eaent the Y{llttea for 

organic P• preaente4 1n table 17 • 

eoU (o.n. 

Trea'blG:ta t---·~- ••T•••••• i)2!M•~•X&-f .... -• n. I 1 Is • 76,87 74.17 76.52 76.i t 1.2 
B.s. 7.3.0J ?I.fl JJ!·" 7.3.1 tt 

a. 7J.68 76.JO .71 74.9 • 
s. + L. 74.,1 11.12 68.78 71., tt 

B.s. ♦ L. 72.03 z:·21 6§.0j 69.1 • 
o. + Le 72.97 .,. 70.79 70.9 tt 

a. 69.17 6t.6J 66.1.5 68.3 + "·· :a.s. 67.63 67.6; 2.0 
a. 69.20 68.56 68.9 • 1.4 
S,+ Le 67.59 6i.4f 69.11 67.7 ; 1.2 
B.a. + le• 66.41 ,,.e1 68.1 ; 1.4 
G. + Le 66.J4 66.2 - a.o 
».a.+ s. 71.04 71.35 71.2 
G. ♦ a. 67•'7 68.0 
».s. ♦ L. ♦ s. 69.17 69.9 
a.+ L.+ s. 69.a7 70.97 70.4 -



• 

I 

• 
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4. ~ .. ~Wi mg~. 
Table 18 indioatea the depae o-t plot and treat--.t 

variation• aa ahown b7 the swmaariae4 4au, detaila of 

which ue contained in appendix XIII. 

(Reeu.lta ejjN,aeeci· aa ·ag 7'i Ill eoI '{'-. D. baaill) 

••• .. ....... " ... - ...... ···- •• •1 ••·•II 1, •·• _,11111 -• I ••I •I•••••• 9l> ........ ..,. __ ......... 

Tnataema 

T.D. I 1 a. Jl.42 30.51 30.25 
I B.s. 31.14 31.18 27. , G• rt.JI 27.90 23. 
4 s. + L. ,o.,o 28.42 ~:~ i B.s. + L. 29.67 26.81 

G. ♦ L. 11.21 21.23 22.12 

u.T.n. I l ' a. 16.42 14.16 13.69 
».s. 14.17 

' G. 14.90 1:,.59 
10 s. + L. 15.21 13.68 14.21 
11 a.a.+ L. 14.22 14.21 
12 (}• + L. 13.23 

R.T.D. I 2 B.S. + s. 22.29 17.15 
.3 o. + s. 18.76 
2 Bes. + L. + s. 18.38 
.3 o_. + L. + s. I 21.51 I 16.54 



I 
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:t&m.l.,j~ 

.QALlUl~iZ• 
(ReaUlte in ai/100 sa sou (o.o. Baa1a) 

'l'Nataen~• .. •w••-- • , 2 , 
-

T.D. I 1 s. 5.27 4.tt 5.84 
I B.s. ,.aa 4. 7.11 
J a. 12.00 - 12.09 7.88 
4 s. + L., a.ot 7.03 e.9a 
t B.s. + Io 6.ti 7.63 9.12 

G. +'L• 19.23 1a.01 1.5.18 

U•'l'•D• I 7 s. ' -0.17 o.i..1 1.02 
a B.s. o.86 
9 o. -o.ao 1.21 

10 s. ♦ L. 1.41 o.24 -o.o, 
11 B.s. + L, 1.u 0.41 
12 o. + L. o.,., 

R.T.D. I I ».s. + S11.&ll I 2.36 
J o. + s. o.a, 
2 B,.s. + L. + s. 1.11 ., G• + L. + s.4.00 

I 
2.11 --

.... 
s.,, t 0.11 
5.26 • 

to.6' ., 
a.01 " 1.a, •• 

17.4s It 

,, 

0.42. " o.a,-.1.4 
0.21 • 0.99 
0.,4. i o.s1 
1.11 • o.r o.,, t 1. 

••I - • .... 
2.11 o.a, 
1.11 

'·°' 
Treatment ditterencea were not algnit'ioantl.7 intluenoed 

by plot Yariation aa shown by •tatiatiOlll. treatment of the 

data. 

.AILY.Iil .,QI . .IAiWl.11 

Treatment• I 811.734 11 I •• 

Treatmmta 1~ ,,c; 
I 

1 an4 4 .3.30 2.41 
1 " 9 ,.,, 2.70 
1 • 8 lh67 3·i" 9 It 8 4.95 3. 1 
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!ll:IUl'W1 ll',%JL)ll)llWX. 1::=.i,!~]::!',!l 

. ' 

6. 
A e\llllal'7 ot the reeUl ts 1• t,reaented in table 20. 

The tablllated deta1la o~ the valuee obtained are shoe in 

appendix XIV. 

(Reaulte exprasaed ae mg/100 gm soil on o.n. baaia} 
, ............ ....... 

TNatment■ 
,nw,u £.a.••~• HS .. O Mean 1 R , 

T.D. I 1 s. 21.21 1e.79 18.13 tg.41 l 1.01 
2 1.s. 17.7 18.59 13.08 1 .48 " 
3 o. 13.10 12.79 10.90 12.26 " 
4 a.+ L. 1a.11 17.14 16.33 17.46 .. 
i B.s. ♦ L. 17. Ci 1.3.u 11.54 14.40 ,. 

G.+ L• 10.97 a. 10.2s 9.96 • 
u.T.D.I 7 a. 7.74 6.38 ,.n 6.63 + • 

8 B.s. 
6.45 

,.,. 5.54; 1.75 
9 o. 5.79 6.12 - 1.23 

10 a.+ L. 5.87 s.6a 5.93 ,.e,; 1.01 
11 B.s. ♦ L. 5.79 s.a, s.a1 :; 1.23 
12 Ge+ L. 5.33 5.33 - 1.75 ........ Ill~ I I I 

R.T.D. I 2 B.s.+ s. 12.85 a.12 10.79 ; 1 .23 
3 Ge+ s. 11.20 11.20 - 1.75 
2 B.a.+ L. + s. 10.24 10.24 ; 1. 75 , o.+ L.+ s. 11.82 8.40 10.11 - 1.23 
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The data ••N treated ata.tietioal.l.T to examine the 

ettects of plot variation on the treatment differences. Bo 

attempt was made to aepe.rately aeseaa ana,17tioal errott aa 

dUplication agreement waa excellent. Plot 'fariation waa found 

to be not aigniticant. 

Total 

76.5.04.3 
54.763 

~~. 

11 
18 

•• 

Tl1e leaat a1ttnirioant dittereno•• 'bet .. en the treatments, 

baaed on the nwabar or available replleatea per treatment, 

are preaented 1n the table below&-

-Treatmenta 11' l "' 
1 and 4 4.10 2.99 
1 tt 9 4.JI 3.35 
1 tt 8 s.19 4.23 
9 " 8 6.15 4.49 

A atat1st1oall7 e1gn1f'1cant e:tteet of' liaing, depN•eina 

the levela ot the Al..;t 1n the T.D. aeriea waa f~, baaed. 

on the f'ollowins oaloulationes-

Ditference between means "no liae" and "lae•a 
16.05 • 13.94 • 2.1 

L.s.n. at "" at,-

Reaul.t1 

2.4 
1.7 

• 
Thia etteot appeared. oounteract•d b7 the pea.tel' 

solubility ot the oeleiua phoaphatea 1a supa, and the ol"deP 

of treatment etteota mq be ab.own thllCI• 

Supa > Ba.sic s1ac > Gafaa, and no lille > lille• 

These etteota w·ere no longer appal'ent 1n the u.T .D. eeriea, 

but a e4gni:t1oant inoreaee in ,Al-P levels ••• eYident 1n the 
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R. T. l)• eeriea, 1nd1oating the imponance ot this traction 1n 

eoil. Thie we alreaq indicated b7 the 4itterencea noted. 

in the t:>tal P tN.otian. 

1. .D~....1wumJ1mmW!Jli• 
Thie ~aotion is represented by the ditterenoe 

between &lkalt aoluble P and 

are preaented 1n Table 21. 

~­~. 
( Reeulta expreeaed aa m.s/100 sa soil ( o,.D. 

baeie). 

---Treataenta 

T • D. 1 

• ir.D. I 7 
8 
9 

10 
11 
12 

!te T. D. j 2 
3 
2 
3 

s. 
B.s. 
G. 
s.+ L. 
B.s.+ L~ 
G.+ L. 

s. 
:a.a. 
G. 
a.+ L. 
B.s.+ L. 
G.+ L. 

B.s.+ s. 
G.+ s. 
B.s.+ L.+ s. 
o.+ i..+ s. 

11.1, 
13.36 
14.42 
11.59 11.28 13.37 
12.01 12.12 13.30 
10.32 12 •. 59 11.84 

s.68 

8.45 
9.41 
a.43 

9.69 

1.1a 
8.63 

a.oo 
1.,0 

7 • .56 
1.14 

7.92 

1.ao 
a.as 
8.38 

8.43 

a.14 

1.68 t 0.16 
13.42 • 
4.06 • 

12.08 
12.71 
11.58 

.. 
• • 

a.1, + • 
8.63; 0.27 
a.1, - 0.19 
8.56; 0.16 
a.41; 0.19 
7.90 - 0.27 
s.94 
7.56 
8.14 
a.92 

Stati8t1oal treatment ot the data pve e•~denoe that 

plot ftriatiOA. did not a1gnit1cantJ.¥ influ.enoe the·d1tterenoea 

due to treataent. 

sou.roe 

0.727 
Total 



The leaat significant ditterencee are shown in tbe 

table belows-

~• 

- ' II ......... ........ -
Treatment• 1" " 
1 and 4 o.63 o.46 
1 'It 9 0.71 0.52 
1 " 8 0.90 o.,, 
9 " 8 0.95 0.69 

-

..,.. ........ I • • U I I·•·• •i II I 

Signifioantl.y lower lffele ot Pe-Pi, mused by llmina wer• 

found• aoool'd.1ng to the :rollowing calculationes-

Di:rtex,ence between meana "no liae" and 0 11ae", 

L. s. D. at 1-
at 5" 

Reaul.'k 

1.3.05 - 12.12 • 0.97 

< 

1.16 
o.84 
• 























Australian soils. J. Agric. soi. 40, 243-

W1.ll1o.ms, R. 1937. The solub1li ty of soil phosphorus atld 

other phosphorus compounds in sodium hydroxide 

solution. ;r,. Agrio.sci. 27, 2€30• 

Yuan, T.L.,and Fi.skell, J.G.A. 1959. Aluminium studies. II. 

'I'he extraction of Al from some Florida soils. 

Soil sci, soo. Am. Proc. 23, aos-





Year 

1932 
33 
.34 
3.5 
36 
37 
38 
.39 
40 

4800 5500 5200 5600 5800 
5700 6300 5900 6500 6600 
4900 5000 5200 .5400 5300 
4600 4700 4900 5400 5200 
4900 4800 4900 .5200 5,300 
5800 5800 5600 5900 6000 

-
-
-

6200 6100 5800 6300 6200 ~000 ~, 

) 









--



0.1 
0.2 

o.a 
o.4 
o.s 
o.e 
o.7 
o.s 
o.9 
1.0 
1.1 

0.2 

o.a 
o.4 
o.s 
o.s 
o.7 
o.a 

(Phosphomolybdic-blue in H.Cl system. Values expressed in 
Beckman photometer transmission :readillgs.) 

057 065 061 060 061 063 

118 123 116 119 121 121 
180 185 181 184 (-003) (-003) 

235 240 237 241 238 234 
292 297 311 314 310 310 309 (-012) ~012) 
355 360 359 359 368 

430 435 431 434 

- 489 492 

555 660 54:8 551 (-00 
I 
-003) 

615 620 609 612 600 620 609 609 611 
695 683 694 669 672 700 688 

126 
-003 
248 

-012 

-003 

613 
697 

(-003) -003) -003 

~a 
(Phosphomolybdic blue in Sulphuric acid system. 
Values are expressed as Beckman photometer 
transmisston reitdinga~ 

comments: 

The limit of applicability 
170 168 162 160 of' Beer's lo.w lies at 

o.6 gamma P/ml. test-
250 242 solution. This is conf'irmed 
335 327 by Sohricker & Dawson (1939). 

412 412 404 
488 482 480 474 

552 544 

620 612 
667 671 



Tiae 
(De7a) 

1 
1 

7 

. .IWBifu. 

(Soil/ext11aotant ratio 1a,O, reaulta exp:reaae4 •• 
p.p.m. P 1a aolutita}. 

2 

Meat\.; 
1. Reagent +004 ♦001 

♦005 

-002 

+o05 2. org.a. +oos 

™~• ».a. x taotor x ff • paa P/al 1n extraot 
or B.R. x a.125 • P•P••• Pin extract aolu.tioa. 



(iXtractant used o.SM J."•lllta eXpNaeed 

0.5 I 25 

0.25 I 25 

0.10 I 25 

0.05 I 25 

0.05 I 50 

0.03 I so 

as P•P••• 

Ratio 

11,,0 
I 388 

11 ,·100 I 200 
203 
202 

11,2'° I os1 ggz 
11,.500 I 048 

040 
045 

11,100~ 025 
024 
024 

11,1,oJ 015 
01.5 
015 

:♦0071-004 I +003 I 385 I ,a, I 3.1. 

I +003 I -004 J -001 I 203 I 406 I 3.l 

I .001 

I -

I -
I -

I -oo4 I -003 l 090 J 450 I 3.6 

I -004 I -004 I 048 I 480 I .3.9 

I -004 I -004f 02s I 560 I 4.! 

I ~ I -0041 019 I 570 I 4.E 

-004 

+005 

-004 ~, mean -0~ 

+007 +009, " +001 

B.R. X factor X • paaa P/al. 1n ext11act 

o• B.R. x a.125 • P•~••• P 1n extract solution. 





-
T;.D. I 1 

U.T .. DJ 

T.D. 

U.T.D 

8 

3 
4 

5 

6 

7 
8 

9 
10 
ll 
12 

(R8 diation counts made for l minute period) 

Count lperoent fCorr.J 
recovery facto 

~te.ndards 
OWlt 

·s. 22366 79.20 l.263 27980 
B.S. 22244 78,72 1.271 28678 

o. 21944 77.66 1.290 28679 
s.+ t. 83001 81.41 1.229 28306 
B.S. + L 22960 81.28 1.233 27914 
O. + L, 21770 77.07 1.300 
s. 19988 70.78 l.,4161Mean 
B.S. 20784 73,57 1.362 
o. 19438 68.82 1.453 
S. + L. 19596 69.39 1,445 

B.S • + L 19582 69.31 1.443 
a. + L. 21706 76.86 l,303 

Recpv.§1.z..,ot , ,_is,~;tr.oI;?e.,.-t:, a,dd~.d.,. i.l- ,sa .• ,i!i&!l 
(Radiation Counts made for 2 min.ute period) 

s. 
s. 

317151 78,50 I 1. 
29963 74.16 



B.R. True f•P•m•P B.R. xa.125) 

S.35 7.16 329 340 2.n 
5.60 7.39 325 336 2.73 
6.38 7.61 329 340 2.n 
7.10 7.71 323 334 2.72 
7.45 7.a1 332 J43 2'79 
7.78 7.96 329 J40 2.11 
s.oo a.01 342 .3.5.3 2.a1 
a.24 8.26 345 356 2.90 
a.40 8.40 342 35:, 2.a1 
8.62 8.80 345 356 2.90 
9.06 9.03 340 351 2.85 

•. m.z z 

B.R. 
-

,.,, 7.16 111 

5.60 7.39 108 
6.38 7.61 109 
7.10 1.11 107 

7.45 1.a1 108 
7.78 7.96 111 

a.oo a.01 111 

8.24 a.26 115 
8.40 8.40 115 
a.62 8.60 114 
a.a2 a.so 117 

9.06 9.03 113 

BLANKS: Reapntai -005 
Ora.matters -007 

™•-~™· 

Tru f•P•••P a.a. xa.125) 1 

122 0.99 
119 0.97 
120 0.98 
118 0.96 
119 0.97 
122 0.99 
122 0.99 
126 1.03 
126 1.03 
125 1.02 
128 1.04 
124 1.01 

-OOJ -<>04. Mean -004 
-007 -007 Mean -007 -Total -011 -

B.B. x t'actor x ~ • p- P/al in extract 
or B.R. x s.125 • P•P••• Pin •xtract eolution. 

'\ 



APPENDIX X:t; - 0 p 0 hor 
(.4 gm. soil with 7.5 ml perchl.ac.) 

Treat. I Plot .... vv 1;;...... I •Yt 3 't .:a ..... __ 11 .1.rea , 
\ .A. U\'l'V •-., J uca.:S.£.S 

Means 
I 

1 I l 200 290 
• 

290 .279 108.950 114.SG 
18 279 284 281 .270 106.435 110 .,10 

32 888 200 289 ,278 108.659 112,61 I lli,62 
2 I 2 274 274 274 .263 102.702 107 .. 99 

16 278 276 277 .2e6 103.873 108.20 
33 279 279 279 .268 104,664 108.45 f 108.21 

3 I 3 288 290 289 ,278 108.559 113.20 
17 300 292 296 ,285 111.293 116.29 
31 273 273 273 .262 102 .. 311 106,13 1111.07 

4 I 4 290 288 289 .278 108.559 113.08 
15 275 270 "273 .262 102.311 106.67 
36 278 274: 276 .266 103.483 107.4.6 f 1O9.O4 

5 I 5 280 276 . 278 ,267 104,264 108,61 
13 269 269 268 .257 J.00 .359 104.65 
36 255 256 855 .244 95.282 99.05 1104.10 

6 I 6 887+ 292 290 ,279 108.950 113,49 
14 277 277 277 ,266 10311873 108.20 
34 279 276 277 .266 103,873 108.09 1109.93 

7 I 7 222 220 221 .210 82.005 85.42 
24 220 216 218 ,;207 80,834 84.20 
26 210 210 210 .199 77.710 80.86 

I 
83.49 

8 I - ... - - ... - - -
22 214 214 214 .203 79.272 82.66 

- - - - ... - - I 82.66 
9 I 9 215 217 216 .205 80.053 83.SO 

- - - - ... - -
25 215 218 217 .206 80.443 83.36 I 83,33 

10 I J.O 218 218 218 .207 80.834 84.29 
21 208 210 209 .198 77.319 80.37 
29 220 215 217 .206 80.443 83.27 I 82.64 

11 I ll. 215 213 214 .203 79.272 82.58 

- - - - -
30 219 219 219 .2()8 81.224 84.43 I 83.51 

12 I - - - ... - - -
20 208 208 208 .197 ?6.929 80.22 

- I - I - I - I ... - - ao.aa 

+ 011) 
~I + 011) Mean + Oll 

·t- 011) 



a&&aa...ammllao.a:lr.aa:.....,ma:a.a.::;.:.¥.a:~.a...,,._..._....,..11..aiaa....,.a...a...., • 

(0.25 sm soil extl'acted with 0.1 a.u.01, ••hed, extracted 
with 1 m. 1'aOH, results expressed aa mg P/1O0 ga soil). 

1 
1 1234 124!5 .239, 15.568 2i9 250 249, 20.272 

18 19.5 204 .1995 12.968 2 0 256 .2,a 20.963 
32 214 214 .214 13.910 257 257 .257 20.aa1 

2 2 20.5 218 .2115 13.748 240 240 .240 19.500 
16 214 210 .212 13.780 256 256 .2.56 20.aoo 
33 180 184 .182 11.830 271 267 .264 21.450 

' 
3 3 273 273 .273 17.745 248 248 .248 20.150 

17 276 274 .275 17.875 256 246 .2,1 20.397 
31 187 19.5 .191 12.415 222 21a .220 17.875 

' 
4 4 280 285 .2s25 18.363 229 229 == 18.606 

15 225 212 .21a, 14.203 246 242 19.825 
35 258 245 .258 16.770 254 250 . • 252 20.475 

' 5 262 251 .2'65 16.67.3 224 2.30 .227 18.444 
13 207 218 .2125 13.813 233 240 2'65 19.216 
36 206 198 .202 13.130 240 241 2405 19.541 ,. 6 337 325 .,,1 21.515 212 216 .214 17.388 
14 307 2z, • .301 19.565 214 232 .22J 1a.119 
34 25~ 2 9 .264 17.160 230 2.30 .230 18.688 

7 7 0.50 oso 050 3.250 150 154 1,2 12.350 
24 030 033 0315 2.048 147 147 1 7 11.944 
26 031 034 0325 2.11.3 146 150 148 12.025 

8 2t oli3 043 ~ 2.,95 143 143 f43 11 .b19 - - - - - - - - -
9 9 041 046 0435 2.828 132 132 1.32 10.725 - - - - - - -· - -25 035 032 0.335 2.178 148 150 149 12.106 

10 10 045 043 044 2.860 161 163 162 13.163 
21 036 0.36 0.36 2.340 136 136 1J6 11.050 
29 033 035 034, 2.210 140 142 141 11.456 

11 11 043 047 045 2.925 152 158 1,, 12.594 - - ... - - - - - -30 028 032 030 1 •. 9.50 145 1'4 149 12.106 

12 - - - - - - - - .... 
20 036 036 036 2.340 135 135 135 10.969 - - - - - - - - -

~s a.01. + Magenta 

!a~Cl + reagent• :gg~~ -005 

o.M. mean of 18 readings -001 

• • • Total blankat For H.01. extr. -005 
Hor Naoa tt -006 

,:a.,..... .. n .. .-..-..-..A ... .....,., -olWllt.A ,.._-, -••-- .. ~ .. 6Jt .-... - --.- -•••----•- _1-,_,...,.. f-i:r\ 1.,\ 

35.84 
33.9.3 
34.79 

33.25 
34.58 
33.28 

37.90 
38.27 
30.29 

36.97 
.34.03 
37.25 

35.12 
33.03 
32.67 

,a.90 
37.68 
35.85 

15.60 
13.99 
14.14 

14;41 -
13.55 -14.28 

16.02 
13.39 
13.68 

15.52 -1lh06 

-13.31 -

o.s,. 
Baaia 

.37.i! 

.35 • .5J 
36.0! 

34.gE 
36.oi 
34.4! 

39.5~ 
39.9! 
31.4i 

38.51 
35.4! 
38.6l 

36.si 
34.4L 
33.~ 

40.,~ 
39.2! 
37.3( 

16.2! 
14.Si 
14.71 

15":ol -
14.1( -14.ac 

16.7( 
1.3.9~ 
14.1E 

16.1i 
• 

1lh6S 

-
13♦ 81 -



031 
18 026 
32 026 

2 I 2 043 

16 048 

028 

al a I osg 
028 

018 

41 41 066 

osa 
040 

51 51 048 
045 

033 
e I 6 I 021 

027 

024 

11 11 020 

006 
26 007 

sl - -
22 012 

-· -
91 9 013 

- -
25 007 

10 I 10 018 
21 009 

29 009 
11111 011 

- -
30 011 

12 t .. -
013 

-

soil leached with o.5 M NaCl, washed, extracted 
Naon: Results expressed a.a mg P/100 gm soil) 

031 031 1.008 362 372 367 2911819 30. 
094 0248 o.796 348 351 3495 28.397 29.l 
026 026 o.845 350 347 3485 28.316 29.16 
044 0435 l.413 338 348 347 
044 046 l.495 352 348 350 

028 028 0.910 314 314 314 85.513 26. 
035 037 1,203 308 312 310 25.188 26.39. 
030 029 o.943 315 319 317 25.756 26.6 
018 018 o.sas 272 272 272 22 .• 100 22.6 

056 056 1..820 341 335 338 
047 0495 l.609 312 320 316 

040 040 l.300 332 340 

052 050 1.625 332 329 
042 0435 l.,414 302 296 299 

033 033 l.073 280 282 281 
022 0215 0.100 247 239 243 

022 0245 o.796 240 242 241 

024 034 0.100 262 252 262 

020 020 o.sso 186 186 186 115,113115,76 
008 007 0.22a 163 166 1646 13.366 13.5 
008 0075 0.244 158 160 159 

- - - - - -
13:16, 13~ 

I -
Ol4 013 0.423, 161 163 162 

- .. - - - - I -
0.13 013 0.423 170 172 171 

I .. - - ·- - I - f - I - I -
007 007 0.228 156 161 

011 0145 0 .. 471 177 178 
011 010 0.325 156 l.60 f 158 112 • 
011 010 0,.326 164 166 
011 011 0.368 167 160 

- - - - - - -
13.;6i 14~21 015 013 o.423 161 165 163 13.2 

- - - - - - -
013 013 0.423 151 151 151 . 12.~9, 13:23 
- ... - - - - -



I 





• 
A. 

Treat/Plot HODAN READINGS .P. . I 
nngra (on o.D Ileana 

90.5) basis) 

8a 8 I~ 12~ I 245 I 2J4 r:.'n 95.1a - - - -27 237 236 225 7.863 90.a6 I 93.o~ 

9a - - - - - - -23 226 228 227 216 .348 a1.s, - - - - - - - I a1.,~ 
11a - - - - - - -

19 229 231 230 219 89.36 - - - - - - I a9.,. 
12a 12 I 245 I 245 I 245 I 2.34 1.377 95.38 - 232 . 231 - - -28 232 221 8!~~.~ i . .22.sc 

B. ~-, ___ 

Treat/ 
Plot 

-= 
8a 8. - - - - .... - - - .. - • 

27 073 075 074 .810 174 172 173 l~ .• 056 18.87 19.e 
9a - - - - - - - - - - • 

23 085 085 085 .525 163 166 1645 3.366 18.89 1~ - - - - - - - - - - " 
11a - - - - ~ - - - 16~513-~7 - .. 

19 087 073 080 .200 170 161 18.65 19~ - .. - ~26 .{90 - - - • 
12a 12 127 125 206 194 200 6.2;0 24.44 25.! - - - - - - - - - - • 

Treat/ 
Plot -8a 8 • -- - - - - - - - - - -27 013 012 0125 0.406 198 200 199 16.169 6.,,, 17.1 

9a - - - - - - - - - - -23 016 016 016 .520 219 213 216 178:J) a.010 1a.1 - - - - - - - - - - -
11& - - - - - - - - - - -19 015 015 01.5 0.488 210 211 10.5 17.103 ·7.591 18.J - - - - - - - - - - -

- - - - - - - - -27 168 168 168 168 6.825 1.21, a.m 9.08 
9a 23 - - - - - -

1.~ 11!6711!20 203 201 202 202 a.206 1.370 
11a 1j - - - - - -1!5 1!2 1835 1835 7.4!5 1.,"/0 o.!13 10':'67 0;24 
12a 12 - - 228 - 9.223 - - - -2i,8 128 228 1.ap 1.292 12,.31 1a82 - .. %-t ◄ 2'-a .. z .. 2R 1611; C. J!ftft .. -· A l. •- .-. -- - • , ~ ,.... ...t 








