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The eriod over ·hich tl e ·,r sent inv ti .ation xte de 

from rch 1948 o r 1949, th fir t m le b in t k n on rob 

12tn 194 nd the l t on roh 12th 1949. 

aid r blG v r1 t1on 1n th length or the in 1v1du l atudi . , thus, 

th rth 'O.rrn 1nvo t g t1on occupied !)proxiM tely ei t month • nil . 

the phosphorus stu y tend ov r t elv nthe. the period be1ng 

largely dep ndent on tne 

Since ref v nc ! 

unt ot tim n labour lnvolv d. 

de 1n ubse u nt sections to • a ure g~o th 

it is 1mpo1' n · to entio th t the r inf' 11 and temper tuJ;>e cond.1t1ons 

occurring throughout th xp ~imont l pe~iod w re most f vourable for 

p ture pro uot1o • r th• •ltho gh .owtn natur l tluctu tions, as 

continuous ov r no w ol twelve 
1.rlli SOIL TYI>a .. 

nt • 

Th.e oil t1 on which the p, ture rial w s 1 1 de oribed by 

the Soil Uur u s t " ·'"'n tu lo m derived f!'o r ver lltw1bm ond of' 

hi fe:rt111ty. 
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Soil structure e tine b~ ver ( ) 1 be rr n nt ot the 

ao11 rticle 1 bo h pr1 '1.'1 (s nd, ailt nd cl y tr ction) n 

eecon cy ( l' ) int c rta in tituctural tern. mpl t 

&peel i tion ot auch con 1t1on, even n inst nt neou v lue, 

1D eent1 lly nd t h t u k b c ven r involv 11 

tb~ va.i-lationa in u tur 1 h t.1 r to b de cr1bed. J. 

v luation• tbare o~ , 1 

prop·rt1a& par 1 y, 

.Ln tion 

a egat s adopt • 

on er n tu~al nditt 

1 t 

t 1 tl'1bu ion 

e nt or t t 

.in mo t eoil high p 

neJt"mf!1an11 ty • 

l:> ed on oil 

rtion ot part1cl 

t 11 to function e ind1vtdu le but are 001 ted into econdary un1ts 

c lle ag ega te • ( } SSl"ttS!!i te tor · tion in the so 11 :raquir s 

Qement tion o~ binding to ether of ~locul ted · ~ticl nd o n only 

occur 1t colloi l t :rial 1 present. The physical beh v1our of soil 

1 etrongly affect b the nub r. s1 e. rr ngement ti d et b1l1ty ot 

the e corida~y i> rt 1 olo • 

otor i f cting g eg te fo m t1on can be 11 t follo s: 

( 1} he >l nt oot 

(2) ic cti v1ty 

(3) h ype Of ovel' 

(4) 1m .nd i.;J.nuro 

(5) Th Typ of ine l 

(6) Al rn e e tin Dry1n 

(7) l rn t "r ez1ng nd 'l.'b •1ng 

-( ) c lt1 t1on 

{9) Dr in J:rrt. ti on 

Of these only he fir t tour r p lov t to the ub.1eat n Will 

b 1· vie ,d in detfiil. 

Al. thou h ll th workers gree th t voota play n 

impcrt nt rt in t 1 g g te tor t1on their exact roie has y t 

to be eluci t d. 

t 1 ens111 oonceiv ble that press Pe, exerted by the growing root~ 
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r BlB n"t cc l x ~ • lJUr1n th& compo 1i1on prooeas 1t 1& very 

prob ble tnut soil .re tin subst nee re oontinu lly be1ns p~o uced 
' 

nd atroy d by the eh nsing microbial i:o0i.;mlut1on. 

artin nd ka n ( ) lso ref r to t h influenc of fungul myoeli 

stuting th t much, bu not 11 1 of tne bin ing eff ct in uggreg t . ror 

_ ution wa<;.I u to tung l rnyceli nvelop1. the soil rticles. but 

di ppeared hen the e re broken up. his caus . of unat~bility w 

alao reco 1 by M1shut1n ( }. 

uch au port been given ln Ru" 1· to ii •• 11111 • vie s th t 

the origin of aet1v bumua 1 th root syete of l) renn1a1 r a .... es und 

th t humu it~ elf 1 yntn ic pro uct 01 rhizoopheve•inbuuitin~ 

b cteri • t ir. not t, e or•g.:aniam t, e. l v thot are rcn1wzmibl for 

ut u toly i roducta n 01.t er pI"ouuots pI.'oduce by c r 1n 

org n1s ll n ut111 g praviou ly syntheuis ~ microbial t1saue. 

Gr$$ c. racteriQt1c lly b ve xi no1ve fibrou roo s:rst ma { ). · 

.. ne x-oot of p1'renn1 l gr sses h vc tt compos1 tion or ture t1aaues nd 

re continuttl ly dy1ng nd being ro · l ... ced, ther by prQvidin a continual 

aour of en rgy mat rial 1n ddltion o ~lougtlo -off ·pl rmal cells and 

root excretion&. The act1 vi ty of rblzoa1>here b cteri , .no mous in number• 

Ohe thin~ the ~ mifyin• fibrOUG 0 t, y te of s s nd utllieing the 

root and root lets · th y die• may et.u' e the most d Girb.ble bl atructur~ 

pro uc.ed und-r od. r thi is the case, thon the simple proce ~ of 

tur:b.1 ng under crop 'reGidues, v n i lt.ir·go umounts, i likely to e f r le 

eff :sctiv., th n a s od in 01 using !M rovem nt in g<;;r 1;1."'tion. J.bi h a 

been born out by cxper1nents in the field h re the great~r per 1st nc 

of effect followin od ure ev1 ent. Geltser ( ) u T es 1th t 1s at::,\t ~ 

roont nd b l1e s t r izosvhe~ buct~riu re rnuinly rea.J,>On ibl tor tbe 

incre ae in oil gTegttion dur·ng t c ro th ot r soi) cro • .i:h 

ct.ivtty or rh1zo phere bacteri· ~nda on the den ity of ie root 

sy tem. 1n n th sod io vlou hed u.p furth r reg ion y t~kc pl c by 

the b cteri l decomvos1t1on of tne vlunt resi uea. • t tne ume t1me, 

los of atructur 
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ho ever round th r ... ti conetd~r bl v r h tion .t een th m. The 

form tion of cru.b he con id red s d 

the soil nd therefore ven tte b t 

nde t on the mount o"'' cl y in 

a rotation could not b ex-

pected to be beneticial on oil ot v ry low colloid content. Stira k h ov 

{ ) who 1nv At! t d 1 v r1~t1on b t een ~ecle states th t 

pcrenn1 l gr s 1 t t e ror tion or t le oil etruotur • • re 

nnu 1 g~ sse ulveri e th • 011 un de tro..r 1ts tructure. uring 

tb1 .r1~ t year renn1 J. gr cee l v mor !'feet on the soil structUl"e 

h n do l guminoue pl nte n lthougn elovere do h ve a positive err ct 

1n th 1r r lrs t y ttr ther iG s c rce ly ny 1n the e utng y rs. the 

contr ry is tru o luc rne. 
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El typ or 11. 

ln the e e i nt c 0( 1cted by ubashev ( ) he found th t lthou b 

manure n e e i 1 c or for the improv·j• t or ao1.l structure, the 

im :J lt neou us of ho h ur n olov r even more et fe ·t1.ve ln 

ino s n th er-st bili y r gr~g t • on · l v f" 1 t 1 on 

A lso note in th um r or thaae i reg te , t e lo e t mount being 

rea nt in the l"ing .. 

'laon ( ) 1 0 r port tlr t r rt1l1sd n m nure-tre ted plots 

l . 1 nured plot h d h d 8 more th n untr ted, 

15 ~or th n .f rttl1 od .. 

N verth lea , i th he 91bl c pt1on ot b , vy tipol1c tiona, 

th tert111t t: otot- ua l :I tw 1 b phys1e l v nt ge obt 1ne 

hom dd m • ure, nd ve ( ) eoncludea th t plie tto of nul"e 

to d en fit st uct'l.l~ 1n r ct ly, tb t 16 b:t inc a in tl e 

gl'O th or t tr.1eture - 1m~ ov1ng pl nt • 



'fh ro 01' pU06pnOI'"\ l' Q C \U.<\- 4U 

d v1 ed 1 to th tollo in o t e ~1 ai 

( ) In rgm.ic Pho·~p orua 

( b) r> n:l.c Phoo . 1 ~s . 

~J. .I t:"l .J.I ~~ ..... --'*"" -- ---.. -..-- ..._.---- -..---., 

{ !. ) ii1n r· l Pho phorv 

(ii) Adsot"b<ld Pho:3pho1"ti$ 

'i'h mi r l phc phoruo t-e ent in ao1ls oone1ata ot lar e 

vur1ety of pho phnte.-oompl6Xoa t-sns1nt~ ft'Om those of tho or1f;1nal 

ao ~ce, • • n in p tite to t ose of seeond.ary nature, e - • C , 

Fe and 1 pho ph tea: t t} · da:orbe phosphorua rraetion refero to tbe 

1on1c phoaphat hel by the oolloidf.11 p rticlee 1n tt~ 0011 and 

oona1dared uso ptibl- to the 1Gm1c exoh nge phenomenon; th ... organi c 

ph s hon.t o pounds occur 1n tho or 10 - tter ft' et1on or the 0011. 

being pr a nt in pl- nt oo e.n mal ren1du u nd pro uc ts or rr1iero1.1 l 

aynthesi}.j. ( ) 

lthoueh copious 11t.erature h s bsen ritten ral~t1ng tc the forms 

an f!x t1on of' phosphorus 1n the ao11, mp. t1valy 11ttle ia known 

of the v 11 b111t.y or the e vo.r1oua fornm t() the Plant. An atte pt 

o m d 1n the preae it 1nv t.1 ~ t1 to re, by ol.eI!l!cGJ. m t h d, 

tl e 1nnu i co of · tur_,, 11 e an 1itmUr on tho ~.. nt o:f available 

pboepho,...us 1 t nd to a :t.n~ tl"O r !l.at1a uH p ox1 ting 

t ~hoapl'..o a re ent in t o o 11 · .1d. tbat taken 

O!.lt )J 'tllG h 

Tho upt of b phorun fro· tho aoll y ; ot r ... Vi 1e not 

o ly th t. e ;yi l ut a.loo 1t the -0 mp 1 t1on. F 1ns-tanc , 

gr ss 1.t ~u 1e rnoro pho r.h~ i'r the soil tban 01ovc:r. P dit;ree 

e"ll 'l.e .:i,,.1. .b.1t e clover it. best e:t P 1 ... rat on ~ort 111 

1w tot l \Ul y1el of io.v-oo lbtl. or ary matt r per ore. 

con 1n, n on the av-er ~e o.8 ?205 5~ nitre n. Bye ·a.ea 

gl"041~ at, .tt . ~ st -i.ll. . ve yJ.eld u... ac · l~, /)0 lb • o~ v..l"Y 

tter .1th n ver e r i.~ P205 nd 3.5 nltro • ( ). 

Th 1 fl el10e or l o on pho phoru v 11 b1l1ty in tlJ.e oil 

1 lnd1 c~ly rc~icwed ~Y Truoc ( ) 1n hi. roo p p37 1sauso1 

soil roaet1on 1n rel t1o to nutrient nvn1l.a 111ty and , re he 



b~\JQUih~ .... ~ "'t'!.o &nt.ly undant 1.n ' £011 solut1cn to k p cc id.er .. 

abl portion Of t.1'10 ph .1aphoru~ in .e to Of ~alo1um phosphs.t which 

1& a 1.1.ubl ln ourt .1ru.o ~id ·1 th ref ore _ tat es• r · 11y v 1lsble 

Frcro an 1n·.reut1sat1on 'by O rdn r d Kally ( ) on the 

relation o · pR t..9 pboc;phate aolu'b1l1ty in eo11a, th y fo ln.d th t if 

pH 11 ne;a of tho 

v1.l solutivn, f:l J.c; · :r··d;to.t·1l1t;y ~a1'1 be ~x~et,.d unl ~ t re :1a et 

tro l.lclln . oin·a n ava. il ~bl a sup ly or xe1An"'~ bl phosph te 1ort....., 

tt .. ah· d t t ho col1~1 - suff 1c1 nt t-0 rn et tho pl nt needo, They 

cons id r, in other -v o aa-. that th olubil1~y of pho ·phat ln th 

pH r :'lg corr on -1n e; to the prol ! ble rang t f1alc1 rno1et.uro 1 

olou ly l.?el€1tca 1, :i plant avo.il bl pho&phat • 

0 x-oo solubility•' or 

tt ,. ..... 
· iO Ol...!. ~2 p1 cduom by 11m s varying id ly . that nc def 1n1te 

ra1at1onehiP oould b ot bl.ishe bet e n t de rec of react1v1ty 

and the ~nere e 1n o1ub111ty ~esulti pplicat1on of lime. 

Henter ) oven to ld th&.t linl& Q uaed dep oai v action upon 

phoapho:rua oolub1lity uu ho 'V'ar irt tl.{ o.. to tha maximum olub111ty 

oi' th pho pboroa-ti:Klt g ·a am Al OO!!!pOti..'1'10 l t the :?lll"tiO lar pH 

'Pl' du ad by th add1tion of 1 • 

D an a: Rubina ( ) 1n one c~ th ·eb· d.iacu .1ona on adsorbed 

pboaphorue mad the o ' ~ m it. th t the cone t:r·atlon of tho ao.11 

a ol t ion 1n ·eap ot to phos plu tons nd th! r' t at wh1oh this 

eonce·ntraticn :l.c; ta nta l:ed a a tun 1·t.1cn of too pH, cxoha.ngeabl() 

tbeeo e.r · the rac· ors , n1o h infl neg the a va1lab111 ty of c xQh nge-

bltJ phonphol"US and c eqv. ntl)' ff )' n expl t- lon my 11ming 

1rtoro sea the ava.il.!.\bility t ph a:pho1"ua in Loil • 

Dunn (26) r his atud1e on shington 11.s conelu a 

li · pp11c t1onB 1t,l11n pr~ct.10 _ i · 1 tt) ar b nef1¢i~ l• particul rlY 

b~t een H 6 na 7, b caua t y increase he avai:l b1l1ty of ao11 

phoa horus - the pply for plant nutr1t1on. 



to t> nt ob ou ly 1n doubt~ although results tend to support the 
/affirmative. 

1 f luono of nuro on ho .hon>. o PrlY 1n ho soil io 

d rived a y fr t ·h dun r Gtton, retu 1n 400 lbs. 

F2CS I <)re on h pr ·ue1 pa. tu to 1te otual 

v ll~ 1l1ty th re oubt. 1 ( ) 11 a rr ct :J.ov.u.tiioo 

01· nic. ' u fou d tha 75 f 

n.lu nd m t of l.t 'aUy «r 11 

oru 1n y rdm·ur 

in c~po "• 

lth l 1::...1l di 1" f 1. c 'l tl 1111 J._uole • :zge.r ( ) lso 

r , rt t.10 of 27 yo at.lo. • ha n ~ '""•& ~r i. 

oep o e 

little 

ur w a l th p:Lt it$ ar.d 

rJ.Ck ( ) h 

in rotte i -· u..~ to b l ea o.v ll bl 

quot. s tho t1sur or l7'~f for va.ll 111 

141-" for t t 

v r. 

th t.~· ti 1n " 

nur • 

th pho )horua 

iu ... -.... . 
co ~e~Gtnl 

rr ot 

111aor 

olubl o hol'\rn .·r cti n o... tn. · oilt R ut ber 

( ) fo no v prov t L t.t v~il b l ty or the tt r 

a 1nflu a in y • 
the 1 d1 ut ff ot of ~ - 1i.1• )fl cot.J ... 'hOl'' ~ v J. • ll ,.ty tnro 

lt nflu no 

1d r tlcn. 

n th or. io 

L t.soh ( 

lit.er cont .... r4t. of t soil 

phoopll&te t1xi.n · p o ty o ll oal. n f> ll m1.t h n trer~ ted 

tr l olut1on of po , ruum hu e.o due tt> th an tu:r t 1 en 

by hum o et of th po 1t1v • 1" a1dual v enc1ea of th minern 

lstt1c • Dunn ( ) in h1 atud1 s, ttr1buted t 1nor e in 
• 

pho " h t ttx t1on b lo , · c.1 areas 

e r nov a from several soil oollo1d , to tM r oval of the organic 

m tt ? oo t1n . aroun-'! tl psrt1clea of Fe 

( ) eer1 a reduolt ot1on to orsan1c matter h1cr he ai gtt ted 

rrtly aoa ·nted for· t· ru" t :- nvntl b111ty of phos narus 

surfac$ lAyero aa c m ared 1th t t 1n bE:wila. 1.JJ. it may m intaln 

port.ion f th pho phorua 1n ro1--ma i ore re di ly ave.11 bla t ~la nta . 

n 1ntereat1ng 1 eot at1on into the eft eta of t~ . ombin tion of 

phoanh. t \!1th far y rd manur cm the v 1lab1l1 ty 01" th' former was 

m e by 1 ~ley an nklee 1n 1945 ( ) ho :ropo "ted that there a 



phosphorus into leoa sol.Ubl but Blo~ ly av lJ.,. ble organ lo eo1 pound 

an lso to ~ vert onoa lo tum phoe t to hydr t. d tri<'lalctu · 

phOSJ'.)hate wh1eh '· the fl'eahly pr ci 1t ted mo1at ndit.io 1s q tite 

va1l ble to pl nta :n not eu·ojeot t fur her fix ti.on .. 

It tlppears thE)r tor(), th t th vcu.lable o,.1 pho(lphorua 1·s 

a oo .. t t1tuent. of the soil organJ.a 

in hosphoru avuil b111ty. Its 

nure and s 

at"'c;r · ll:io pluya a benetio1. · l role 

n fluenoe on the in luble pho 1phorus 

r ~·erl'e already preG nt in the ao~l, howevert ie not well aat.ablished. 

Un er. "?'rn nent paatur, oond1t1ons and off1o1ertt stook m nae;em nt., 

North t land so11•1 s ldom exh1b1t. a potas 1 deficiency• in fn,ot, 

m· ny of th high produo1n a rd th~t nnually d~a1n l r ~u nt1t1ea 

of this nutrient. rro the soil, continue to m int, a h1eh level of 

pr ductl.on 1th0t:t adeque.t roplcn.1.shmC!Jnt, :f'or ma: y yaara. The l rge 

amounts ct vail~ble and tam or r1ly unavail ble }.';ot, aoium Atored in 

some soils 1s well demon tr~ e in the pn'tsent pastu tri~J ( ) 

wher the available potash supp11od by th soil to the plant h A 

re ched to d te, an ount equiv 1 nt to over i000 lbs. K2o nd is 

still eont1nuin JI to supply this lement. ent1r l:V fro no11 retJ0?"1ea. 

Inv et1g t1ons 1nto tha ln luono of 11-n, fe!'t111oer.- and rn !lure on 

potash f 1xat1o ~Vail bll1t ru V rec.mi ved C a1dOr ble attention 

ov rse where auch rle 1 c1 cno1eu r UOh 

of tha dv~nced. kno led e rel 't1 "" to th meoh. niGm 111vnl•1ed 1.n 

pota h f x t1o 1n the a oil co. be ttr1but.ed to tho omp rot! v$ly 

reoent wor:1:: or auah rr.en aa !art in nd erntroet, et .. al. ( ) 

a ttoe ( ) of erica d Joff an· Lev1n~ ( ) of Hnwn11. 

ln reg l"d to th 1nflu no o 

Yor~ { ) not~ at ita offoct a 

11m1ng on eo1l pot h, Roger and 

ended upon ti supply o non .. 

"xchsng()nbl but alo ly v 11 ble potaBh in the soil na the o p city 

of the ooll to a aorb b e o, L: ing u~ndy a ~ 11~ lo z au 

ef~nite 1ncr$ aG in the :fix tion of pota·h whe:rea too ,;otna·iu· 

rel~ sod fro c~ay lo ma a , 11 ttle affected n 1n oo,., o oes 



• 
olnt 1 v b aa · turst ... on of the ··; 1Jh. pl ~. '1' ltd .,... p:i; eaio1\ 

n ol 00 

c re 11 er ' 

:ito a.n 

fOU!" 

11 t . - cf 9 

1.2 .... 5qitr 
- / 

Of VtltaC! 1um; l'i o~· 1 t too ( l nc..)tiC w on· ii'.. • • 
wa.o n~v J/t.~1olel• ::J to. lf :.oi. l 1 .o.us.e it . ., t ') . ll 

e~t .. v E(;t:\?1t Q nsu pt. iort ~f 1;._1 l l In nt by nla t " 

that, ' ... en pot DGi o hlor.1. E1 

l er. i/ ere 1t ti:>: _n 

A nrent y hl'l r1xed p . h 

o.s ad ti') th 

n.unto t' ng1 fr m 

br.,onma e.v l bla tr> 

at~rc atv.dioa, 

tb p tnnr..J. tha 

oile 

H~ 

t th~ 

av 1 l . bl po ,,._ h ir: t Le a oil · a.tl n ni r· 0!111 t~ l~ 

ly t o he 

. 0 t t.;ie r act th t in organ 10 

con at 1 tu~ t 1bl~ f•. r · fl . . t1o in n n·- .. ch ng ble 

form 11oh 1 

th1 br1~t eurv 1 th t 11m1n tend to 1~cr eae 

n <lf T.mt 

\1 1 rot. t.Jnt1r ,ly tnit;w • J.a la but, 3ppea.ro 

to be · rtly r t s.ne-1 or '"'to" >d l n th . z oil for ur.e by planta ·a 

r quit d. or in nd ·,,m t"'1rig to m int in o. co tant. eq 111bt•j.um betl een 

bl an non- le ao11 pot E!h. ( ).-

~ 1' m J.c;\t l of' the oil by t 
• 

ad t icm ot nrd. l · nur , s ., veal d through the . 01•k of Beu.rij { ) 

to c. real at. f os oe~ On htg prod a 1t 

1m· l :ratunw, m Wy 

IUeh ld ooonell · ( ) e am1n1n . the in1'luence of farmyard 

1l -ree:~rde not only t t the 

e -0hang bl pot aai 

o oium, exohan aabl ri gnus1Ul'Jl Emd the on ion exeh ns c paoity of 

the 11. 



m1er1 portion of thE'l ao:i.1, 1 ~ • blookii'i{ tixatlon ith .l rgo 

or an1c mol oul e. ersham an1 etur ee < ) orlting 1th 1a 1s 1pp1• 

d~lt ells a. so rtotiae tl~t the add1t on of o~g n1o m3tt r not only 

!narea. ed the leach able ~ the vaJ.lt.l l ~ potn 1 b t, on fin sandy 

lcame ·very t opons1v to thi t 1 lno a.'l i13ed more than 70 p.p.c . 

OJ. n ttvo pot b ·from the non :xchnngt9 l>lo to the exeh ng ble form . 

An 1nt~reat1nr . r.>er by Hur 11t~ and nat..Ohelor ( ) on the b1olog1oal 

r1xe.t,1on or pot oh, pr on 4 G some 1ntnt'ant1nc n:1 thoushtf"ul rom1l"".s 

and conoluo1oz.s, vlz .. th tJ .ore t. · 1 5') lm . /. ere of pot eh can be 

held by coil m1oro-or~·nlnun; tho ~oa b111t or co pot1t1on bet e~n 

plant n or ni ma fot> ot.har o1l. nut.r1en ,a J th8t, thie f,,,,nt.1on doea 

no ppo r to he h r ful t.o plant r;rm h. Fur hor stu 1 s should 

prov 'Jxtrern ly 1nteroet. ! '8 in at;tornut.1 ·· t r:N' lunte th extent Md 

true 1mportn·jce . r b ... olos 0 l potan Jm c pet1t1 n. 

oc our ln tl1 - , mon1 and n1 r te co ndl. t en. 

the 10 ium o tic. aro r th r 1r.-.rr.vb lo 1n ao l bile t 11tra.te 

ntons mov froaly lth aoil moisr.u:r 1 l, er ·fo 1.t, i.:i ul 

the n1 tr te t "l" 1 muc !) %"$ d1 ly bsor•bed into the pl ~nt. Nev rt l ea 

it 1e • U kno n t ot that l ntu.. eo 01 lly h n you .g, dily 

aa1 11,te the . on1-0al to 

etion is t a m1n1mu , a.re em 1n1oa fore d to u: t n f<Jrm d 

arently quiuo sat1of ot rily. 

ranta ( ) x.:.ier1 a,..1t1ng .it 1 lnd..1 n aoilo tourrl th t h n 

sul'Oh te of - on1. '· o ploughed u~or, much of th a: pl d n1trog n 

se eon. on1lt 

on th aurraoe of th 011 a.a c r.:i lctelyunn1tv f'1113 

ro ing 

.lne!l 

fter 24 

dry da.ya. · ven tter hettity ra:tn nr otic,tJ.l,y no monium .ov lo 

the 3° level n the _ 1lt lo·· Ao1l"' ex 1n • 



; hen th t. 'Oera.tur mac· ed r.::o •. "r abov • clo tbis te~parnture 

there o no loss hon th aoil w s t optimum rnoi ture content~ 

a. ever wh 

:f'loo . vr t.erB aver the nt' re temper turo r nBe mo ln th 1a o ne 

influenced by ao11 re .ot1on - the most lkal · e 

greoteat loss. 

Nitrat 

t' 1 nf' 11 a. ~"' the 1 aohi':'\ o n1t.rn ·" 

to lo~·: .... r layers of aoil. • 

i1· aurrering th 

ly 1n the Po 11 .. 

n1tro 1 .-'..Wea up nrda in 'the AolJ. t.n ooll~ct in t·he nur1iace .:...u ( ) 

tthe•m ( ) e.lno re· ortoc tb- t during ho• 1sather which completely 

<'lried tho ppar fo•o· 1na':v ... o or o :>11 1 mor.t cf th\'l '.111 l 1trote o '1.ln1~ to 

or $"U" +.o t. ho oo 11 o fnco. 51rn1J.· .rly tho f nrma" ... on oi' nl:'.:.r ta in 

pod cl m ei" 1ff.' ront. kir1:1~ :;f cu t1vat1o a~c ml 1~<1 hy 1'colic ( ) 

reveal .... ,I! + t beth :tn acU. a pl 1"0 t,.-) lec;"'1 ee c :t 1u r i Llf> v 1. 11u, 

· d~f'!nit.e mad. ·m: 1"1 r..lt.t- -:-.c; for. t.,_{,.-. r•c<rurr -. 11 t ·o tlprit ~ven 

in un 'il lerl 'c+ur l nd ,· hlch ~f.if n ino OtH 'ti ntJ.;y" 1 ''i• th:i.r: peak 

of n1t.rr~tG cnr1te"lt. w ~ nJ.irn :-p ;:-, ·nt 11 tJ:o sp1~1.r ... /uui·r.t r p. 1.·.to,, 

Aeco~ding ~o " t .hewr. { ) th1:s fcTii of nttl" te .itr()t}Jn ~s un Jail ble 

to c pu ·1nd. ra 1 l:V 1ont b.? rn. J-! .11 har.~ i•o h' c1.1.uoin5 1ut1 ... of ~ 04 by 

blo~·in"", p. rt~ci.:la:",.:r, .. L. nt('>Cl" 1 re z:t.11 O'l'lnd t.o t~ .. •.pl(, or. rnot. 

1zzell ( ) d 1aocrre1"'0:. ~~ ! t • hnn p•· ctu r , ·Wl.t1ly t .. 1tnotby, ·w"\o 

4~n cU a ('f th 

a tp:vro.d mo.t.oly 

-+,h A, e 1n t.h!) !';.'I 11 fr mi: t~ c "!J~~~nn1n, to t.!1e c.r' f)f th¥ ex · rL.fmt, 

du . to ulo .,, by vo1. t·111~nt '-~ •!. '!'ht., f. nt. t~ p:ttoh.r--bly of roal 

1gn1floq.n.e~ :hen ons:) co "'1dor tho c;t.t, '1t~.ty ... r n,_trei.,;en r ·~uyi, 11d by 

v1 yo the niu l ·.or. tJ., ~., ~o n.:ty t~· ,,, •! n~. 

Se ra ( ) ra lized the ,poa~1b111t of euoh loneeo ion 1nvest1gat-

1 v :rioua met.ho of returnin n1 1 oxc ta to tho p oture nd 



thi l r:ipLuicn of n1t.l"Of!O!\ ··~ t1U.•.;8t. r trn-- . U m;t.noao cnn 

toohniqvee to prnv~nt o 

s been 

i r •ct~ ~c 1 crJp rct ti nr · u· ug.'10 t t .o l o,.1,.,. r r ma1zy- y rs. 

1.milarl:J 11 e 7.011.l~nr.:. t{'.l y th us() o"' clr 'I l'" 1 pn ~u : 9sts'l1eh~ 

ment an, ? nlntonanoo is cona1de~"· d 'by nll prof :.~a tv fa.r'ruers r f 

pnr.'.l.1 oun":. i.~.pc:rtenca. 

at :1:i ')f :p: i )roo whl t "'·lover 

Will .r ot n1 t;.."':; .en frart t 10 01 lr eq •i Valent in <rtl!l UJ1t to th :t 

~ nnt. l."l J 1 't'l on~ ton of' et 1 ha ,a of . ,1 • rd i ~ :r Rm.ure.. Cor~a;3qt. ntly 

the r::;sul tR.!'lt ~- n .,f t to the n.tr ogen ''\'..•\im.t. of th ~oil a.ntl 

can r:ell ...,..., 1mc,, ·ln.ed. 

!n n 1 rgo nu.mb_,:r of th 

t.rGmen-ous V·r'i· billt: .. y in Vd1l ··ia 

th r r .re diff _culty ln o t ,Lin> 

boln:'· aa1.1 _c1 tad .. it l 

Bl.n y and~. 1tL 

~am.,, p::;>oble" • In tho 1..3. "(, "' l:" 

;.!'_cm e or.a o.~1 l :tcl".ea dl t r: ·~ 11 -
tb.'lt tner" WO ,,..o l':e ~. s Of l'_ll!;h !l.. 

c t fj 

,,1 

. 
-

n tru.te lctei .. ml n.tlono and 

ya 

j {)W 

.... e!'!, t" .. en 

rna r~' r.! ~ differ !lGel:l i 

.11 t.r •e tn t .. ·011 ov ·n ·here 

pc.: t 1 n 0f n tn al rn·':lr.Ur~ ,,., of 

( \, 
I• 

on the soil nitl"o en, the more 1gnif1cant an· p rraAnent value or 



rrvt'J · i .,.... i<Y' 

l • £.. • r l gl r.:.:;• 

rorl~crs ( 

i'· "' 'a -""' ,....u ...,/ 

) t,hc od tll$t t · 

p~p.m. ft or ,J:l,., f i.t'& t 

~~t t. 117 ·.p •. !. in tho ·h.th 1cr. ~n b1ok to 69 p.p.m, 1n the 

i\li!t.. ci:t'l . nl tr<. ~n Lo .. cvo:c ca::..10 to a :.nS4.:itrlUD. 'tl thin t 

OX'rf al 

f:;,gu o generr• 11,1 1 y :i t.w~ n 2 ... 4u r- •P . ro . 

Aoco1•'.'i1 ~ t.- ~H1l.r-101"th ( ) the a ila .... o nitrcgm f r etion or tM 

oun .a to 5 ,,.. 15% 

0 f t .•3 t.ot l ni i, "'O ' n p •JO 1 t. • Hin "inur..:: for soila tmde:· pei~anont 

I t ' '11 .. ff" , :'AT , 

oco:rcHng ... o ~111 . .r :\ t1 rur·· { J cL nses in org,_.rJlc wat.t01" 

oont~. t Of Soila e.tt1--.1 b . uab'. ·O r.H .... ll l' .J -.r1~ f fected ln t 10 way ; 

.. he oon ributicn: by tho· 

anuro . 

T~ v11 lua f'nr .y· rd mnnuro fm aonae1'V i _. ao .. l humu 1 nd ni~l"< gen 

de en ton l· t•g· .... t. nt u cti ho <.U'')P uae in on .. 

uaed on 0~1~1 te lop~ uoh a JO"' toon or t,ob· oco the ga.ln f1"t'lm 

inor ae 1n rootn and ..., ubble eu1duo may bo very am~ 11, rut <witll 



to an optimum level, .ts well known to the RlH:lSian vrnrkers and i n 

many crop l"'otationa o l Atnerloa. 1 t s -i nol\.wi on ia ,n a baolute no oesei ty 

for the maintenance of soil p1~oduoti vi ty. 

Dir eotly e.Gsooiatod w1th the s oil organic mattAr content is tte 

ater-holding capacity of the soil Chen ( ) for instance recorded. 

the fact tha.t tho motsture-holding ca.pnuity and pH of the soils 

invest.i..ge.ted~ i·1crea.sed -r1lth increa."e ln the m1ount of manure P.dded~ 

The l1m1ng f an acid s oil reoults in signifi ant effects on t h e 

soil o:rganic matter by etimula.ting the act.iv1ty of the general-purpos e 

sol.l organisms and co .1sequEmtly the rate cf turnover of the organic 

matter. According to Lyon and Buckl.aan ( ) this stimulation of 

enzymic proce- .es not. 0~1ly favour' tm :r ormatio"l'l of humus but also 

eT".courages the elimination of certain ore:. nic in tcnnedia tE- products 

that ~ight be tox1c to higl'ler pla~ts. A similar microbiclog1oal 

response vras observed by Maiwal _ ( ) after the apnlica.tion of dung 

'to soil, ·which is possibly due lare;ely to its calcium content. 

Apart from the smru.1 qunn t 1 ty of organic matter supplied by the 

c1 rc;anic fert ilisere. the i-:-i.fluenoe of fe:!"tilleer apt-lic"'.t i on on 

organic matter maintenance is also indirect ( '\ 
I• By inc re as lnC? 

th::. supply o:' availf'.h e plait. nu tr:lonts and lat(lr the plant residues 

the "'::t.te of organic ma.tteI' c:tt"Jnumulatlon : .nd humus fonnat.ion under 

Alt 10 lf.h pr-~sen t-day r1ethods of fa.rm 

ut111~at1on of the r.a.nurie produced. on tbe _arm, it must be remembered 

thnt the amounts of the es9e11t1al elewents cont8.ined per t~n of 

far.r.ynrc manurl;': a.r~ corn:'.)~!r-2t1vely nm 11 and it is only because of 

the large acre 9.pplications of t'hls m!IDure toot the quan ti tie a of 

nu tri(mt elem en ts added are so s ign1fica.nt ( ) • Cone equently 

most a.ut.rori ties reg ... rd ma..iur-e e,s a. raearie. of aiding in the 

m~ intenan~e of the s~il organic ma ·,ter supply ·rather than as a 

meana of increasing it. As Lyon and Buckman ( ) ~ tata, "it is only 

when farm~·ar :::'l3.nll!'e le prop1:rly oo-ordinB.ted with lime, commerc i al 

f e r til iser and l egumes aa well as with good tillage , we ed elimination 





.i bl1e t1on ot n ln" (1881} .. Th · tt'o tion or Vi got 'bl. ould tbrou 

t At) ·1011 Of • t'thlfOJ"'m ' 

v ~2.gt\t.1ona ot :rt ~wo 

n A.c. E na (2) of R t 
hi& o n wor~ · 

t d comm no d 

tonish d 

t th 8 11 ount or kno 1 g a'V'! 

not . Vi th b outline ot th ltr ~oyol of 

o on ere ture ; 

n on ape l 

k?'.own .. " .. 1 tb1n the l t our to 1 v y ;r ~ ho v~r, . t b 1'1 

l'\ outbut- t ot tnt t. by b th th ar •h o~k r 

· P OUl to ult1n tn th t tt iion t t 1 no 1.'V"On 

to t.'h a lo l.7 -Qr n1 ed <J. of t ht p nt""d 1 inter 

b ot l 1 ok ot r h 1 tln 41 otly to the nt nvaet"* 

t 

1.g ticn, t e 11 r\y h · Man h~ 1t r.tly t * n: 1n vlawtn t.ht lit r- t re· 

0 nrlu nc . on ooi.1 

at ott1 • 
l t.bou plt rtt in lmo t 11 otl , rtb boun 1n h a 

lent1 ul 1n ol.d 1 

tt ~ ia co 1 r nt. (6) . 
ey feed rtl on 111 d1 · 1 c t r ot.h · n1m l 

tly on t. rt 1 ainly le 1ch t y r 

into th tr bu;rr 

The o1 ~ • t"t- wo r n o t co .onl.y 1n oils 

fol o t 

11 b pb r 

ff 

nootu 

e 11 1110 · 

onlo~ t1o 

oc e 1um oy n u 

1 nt ll 

El n1 touna. mtd.11ly ln pont h p$ 

nd suohlik env1~ n~. 



llolobopho~ ca.ligino a 

Lu br1eua rubellu 

wb1 h w a 1 a r ment with pr nt f1ndln ~ 

Oon 1der bl var1 t1011 in .;.he ·p o1s d1$t~1bution h. e e n toun'.l 

throu ut aou tr1~s ue m 1nly to ~ary1 

und r differ nt oll type anA oil t~ at 

level ot tortUi.ty oocut"ring 

nt • For in tanoo. v ne 

n ot~ Guild (5) noti¢ that p ~ p flltur.-o !1 1 e l'howed n h1 

pero nt g ot Allolo~o 

• cali tnoea, P ou 

hors nooturn d a lo l" percent e;e Clf 

1ng old pe!l n nt p tu and i' o d1n to raas 

rt r l - 2 ya re of oultiv t1on duced th proportion of theae t o 

p otaa and 1not"o-sed iseni roae. Under r bl cond1t1o ; 

• ·hlorotlaa fo n to b · t,h doro1 nt apee1as .. 

A com r1aon or n o1e t k n trom Roth st d and th Carse of 

t.1rl1n ( ~ootland} t>l"e!le ter· furt er evidence of t e 1nf'luenc. of soil 

ty e on e rthwo d1str1but1on, s the dotn1nant peo1 a oocurring in 

p tu l n t Roth t..ed w . not ev n round at '-lt1rl1ng. 

Th d1ffioulty of obt 1n1 ccu:r t.e &atim te or the ·orm popul.- tion 

1n p oturo ~ r ble l nd 1 due to the aa l1ns teohn1que. ~ ny 

ethod have been tr1ed n 1soa d lthout ny real auoaesa. The 

o t popular pe r to be the 0 Perm n an te etho 0 
, her& oz. or 

'n04 1a olv d in. one g llon of t ~ 1 pl1e per ~uare yard of 

surf oe. lthou~h r 11 1n t t oil t po ture n o1sture 

af't ot d the prooort1on of tho total popul t1on brru .ht to the surf oe 

w1th th1s thod. c • Guild n no. ( ) n vertheleos found it very 

useful t'or com rat1 ve <)fltim t1ona t e n d1f erent ti lda or on the 

f1 1 from t1m to time. 

pro bly belo th tru tot 1, 

Mor~is ( ) est1m tad o 

plot at Rothatn ted nd halt 

Thus the n\llllbera -'ttract d, although 

ore aocurate compar t1v ly. 

111 ion orms I ao-re on f o.rmy rd manure 

~1111on I ore on nlot hioh had. rec tved 

no m nur for 1 ty y ~o. Baweja ) ho.av r o lcul tcd the o 

popul t1on under pasture · t th e million /aore wl toh he t ten tt1a 



rte ~·~e first y r, 1n h1ch t r little c har , r p1d ol1ne 

1n l tion to ppro:ic orm I O?' 11ih1n 1v ye re, 

Pl' tly to l~ ot1 n 1n t o eu<pply. Lo r f rtil1 ty ~ bl 

nd le a d1 pl y eve fe n · ll ot a l er cl • 

1m1l r•ly • when n 01 h!ll :p $tur cont 1n1 ppro.x tel)' $2, ()0 

lndivi uals I ~u~t"S_, rnoo~ly o-r a 1 peolo r I' ly t<.>und in ood 

st,~'.rf s,. w g •jlou hed" im d, 1ven ferti11a r tr.a reae ded 

to aeo, the rt1 .,., opul tion 1ncr & 300 - O~, the 1norea.ae 

chiefly Ov!1o1 tln~q: o" peo1e u13u lly 001 t 1th good p ~tu.re. 

H foun t h t on rmlanr tho h1 hint popula~1ona w r on light loams 

nd lo st on 01 y n r v lly 

IVITY. 

Ev n ( ) h n nv nt1eating he 1 -c aloe of e rthwo , 
notio d that coo coon 1 re not pro ucod ll the ye r roun by ll ep o 1aa 

Allolobo hor lone i~ • nooturnn. an obli ·?tory In t c 

ro t p r1o 

:rn roll 

or d1ap ti occ rred dur1n the er months when they 

-up ln t1 ~t b 11 1n sph r1o l e rthen cell, th1o otage 

1n bro ten 

.. hlorotlc • 

d1 u only 

"u in th . dry 

hen tA eo11 moisture re ohe 2rn! in the early -utumn. 

• o 11 ·1nos and E. ros un erw nt t oultative 

hen so 11 cond 1t1ona re \.\n.fnvourn.bl t for exe.t'"cple, 

1 1n ma r nd o l p rio in 1ntol':'. Spec1e 

o th ser u Lumbrtcu ere never found. in d1 p ·uae but t-e o:hed o tbs 

ot three to five f et n au~fnce conditions ,ere unr vourabl • 

1 n 1 o t 1ng ov cnt up nd o n 1th o l . t 1 o v ri t 1 on • Do dy 

( } leo nottoed t 1 v rt1o 1 mi gr tton. the crttic 1 temperature 

be1n round. 20F. It me th t h n ur:r c temper t ro ppro chee 

treez1rt o1nt, v ll.tdlt oh n might x rt "' ry gre t infl uenoe 

upo th d th of th org tl1Gm 1 th eo11. Ho• v l':t the t nd cy for 

o to r turn d p r in the 011 ur1n the spr1 g he attributes 

to l c of moisture. 

It p are th t t •er a fin1 e son l t~end 1n ·e rt.hworm 

activity 1nflueneed 11 t ~ 1n by ao11 te .p r turo nd ao1l moisture, 



proe;i.• soea. f'u~he ct1 V1 t1 app .. are to fl otunte cloe ly With soil 

tiondlt1e • that 1s, the unt vour ble oil t r ture n moisture 

oond1t1on or w1nter au n 1n e tng d cl1ne,. he w th r 

CI t. ~101• teG to -e no on l.1m1t. 1th the 1mprov 1 ent l.n the 

nv1rortment n 01 ted With e rl:y tn ,' , the orm on ore eomr nee 

lt in th lat sprtns 

' t oncom1 k or tiv ty Cb d n t.he pr1 

~~ v r app r to tt 1n tl"..at ro ~ 1 1n t autumn a.net th 11.mitin . 

r oto n thi oa is + ,,r1 but d mon o ·8011 oletu cond! t 1cn • 

1tb.ou ' t vm."iau B"' ale hm1 :x:p ot d 1nd1.v1dual1ty in the1r 

0 o1ty t 1thi:ttm1d nd r pond to v l'Yl s 011 ndition ,, t y ll 

~a1ea, A. long nd A. n cturn , wer ob rv d by 

Ev n , 
\ ) to pr UCJ U?'f ee c st , 11 ot r p 01 

into ir c s b lo the 

ao1l urt ce. 

'l'hts o at1n .. l bit. 1 ully pr 01 t by enk ep r- ho app y 

he vy tlpPlie t1on a of cld te tlli er nnnu lly 1n n end vou to 

rev nt d t ge to the green ' tbtt gh orrn ct1 vtty. However, so1l 

a 11ttlG to d 1th ~ rth orJ:Jl di tr1out1on ocord1ng 

t 11 { ) ho eon 1derd th&re may 

pH upon o 

011 

toler t 

l' ro gh 1 ta 1 f lv.e on 

lo notio d t t 

i.do r nge of pff 1 tb 

no 1, el1Ghtly alk ine s o1la 

ernen-t wl 

c oond1 t1o l of t.h 

• nd I.. rub llua 

l' b 1n~ th mor tolerant. 

oro t vour ble d1wa than 

o on C ) ho round ormn ao1 so1lt3t bich 1 

oat b ndant t pH 

to a. 1. 

though they ocourre ov$r pH ran e ot 4.5 

only tbr spea1ea we:re ob arved ( ) on th surtt.t.ce at night. 

• lon , A. noo .urn • nd t,.. terreet r1 • d only th 1 tter se$n 

mating on the au~r oe. ·oat cl B a X'ently mate unde~ground or 

1 aide the eompoet h aps. 

It 1o orthy to ar 1n mind t t ny of t a var1at1ona m6\Y b 
' 

Q u e , 1n rt, by such faotoro a 1fferonoe 1n bre din eason, 



( i ) Cfrr.:, ·1c 

Th ben f1¢1 l • m1c 1 biolo 1¢ eff o'ts t e l'th :t-in 

aot1v1t1 ha on the ~ 11 1 direotl.y eaooi t·d •1th the thorough 

rttixln thorough 1.ge t1on or th l t rn ter1BJ. 1th the oil. 

As tunt n J c b <tn {12) nd Puh (13) conolu .d, it 1 ooth the 

m Ohan1o 1 tn1X ct 1on of t · ol" t 1on t vour-

. 1 th e poa1t1on of the tc att r t t.,be ao1l iner ls, 

th t c uaen the 1ncrca.a 1n e.xobans bl ttr1 n , Through th 

ct1on of the1r o~ot!n_ ha.bit. xohan e bl calo1um, pot na1um and 

gne 1um 1nc es, va1labla phoa hol"Ua n pff r1aas n there 1e 

hi her vaJ.u. for total nd n1tr to n1tro en. 

Rua ell ( ) , H 1 ermn . ( ) , E t ( ) nd ndquia t ( ) 

lao reoogn1sed t e1r r v urable ff ot on soil nitrog n, but Russell 

consider d. tb t 1t a th ad rather th n the live ·orms that ere . 
oo import nt to oro y1eld&, u to th 1r cont nt f 10 mg .. U/r1orm 

h1eh on d& th nd eo poe1 t1on conot1tute a1r'n1f1o nt n1tro~';en 

rert111aer. R e ntly ho ever, Ho p nd 1 ter ( ) contr dieted 

th1& hypotb et • Th 011 uaed in th . ~ex r ont 's unproduot1v 

by ll tand ~a of t rt1ltty, y t wh~n l1v1n · 

intl"od o d d ta.trou ble oov x- oondi t 10 ere m int in • tl 

V l .. U tly. ho only WO Of 

r r 11tro uo d. th vegetat on w s rel t vely o ~ 

nd w1tlout cov r co t1o o lly f vour ble ·or ~ over~ nt r 

deVi lop::n nt or • 
DUtt ( ) . lthou , 

co , 1t1on ld th 1no 1. chm · l utr1onts of tho o l, co -

aid re t.m o a• main en r1t l y in t 01. t at ulu to 

b oteri l ot1 vl ty throu h 1 'P v < rn1n n ration. 

only throu 

their l1v1 

t ul tl. 

for o tx-1 ute to n1tr1f1oatlon 1n tho o l n t 

tho d o o J.ti on of th 1r o.. l.>o· 1 ut l .o uy 

at.1o ot m1x1 o... n1c ... t r .1t r, l Oil. •• d 

cteri. l ~1v1ty. 



( ) w s t f lr t to r$eent f1 ur a o ount ot 

rth 

/ye r 

1 r 

from l 

bun re 

ooour 

h up by o s n one y r. 

roba~ly am ht exoesaiv 

1t n tie v101n1ty or • 12 

• 2 tona on l ya o t v n 

y r l p tu • Th 

d 1n t v lley o t 

orm o no s ii - p rt1o or 
1. tt!u·. thu th l)roduct 1on of Ortn 

1 ou.1m t ot 8 - 16 tona/i c 

oord1n t n (2) •ho oon-

• v ry1ng however 

r old up to 25 tons on thr a 

tim to of 107 ~ons/ac I ntlU 

ud n. 

011 l rs r t n 2 mm. in 

t 0 r pot 1od of year 

1n l y r ot t1 tone·f~ aoll varylr 1 iokn ao from 

t; re ltln • .. It 

' ton on ll 

oh depth dist~ibutlon r t'n obu r d lY Evan (2) on t o 

f1old t Roth tea, o a · v n y ye r old atu • th oth 1" a 

v n yo m n t' bl ,, Th o t1 !:? ot1v1 ty 

Of t $ ~ ~ t bmu t bout o .nstder bl 

re uct o 1n t t of _tone O 4n t 

5 ... '' · he s t 1 o t 1o n l d not ¢ u 

a. Y m ·· r bl: o n 

ln 1 2 1r ~rth r 1 (l ) dd ork 

tte r :x .1111n the Ol'1 .in l rt l. a r ferro to 1n •1 $get ble 

Koul throu t ct1on or th • rth orrn''. Hi co ol ion, f 

1ob rv1 th t c a o"" " fut·~. r 3i ty y ar e rt o eti V1ty, 



Jacobs n f12) from th .tr 1nv t l tona on th infl nos 

of e 

er .. rn h 

, poro ity, oone1 

th op1 n1o t.h t u-·t-: o , . ollo e<t 

d h t., l · cugh 

rtility, there 

u "'f1o1 n ev1 t,o de-ft 1t~'1 prove t · t o a 1mprov d soil 

t uctur th t; sat oo~t nt nd por-oeity of soil 

te~ boorpt1on, root otr tion na 

dr 1 · s • Hoop (2 ) 1n hi tl ith 

n without e · o , a, iaeov red t~ ~.t tn thr e cl ya t 

of large gregataa (2- 3 • • moter) t n th t t~ tments ·ere 12 

~- nd ,.9 re ot.l ve y. peci ... a al o d.1 pl y d v r1 tion 111 greg ing 

e te in b111ty, fo'r' 1n t 

t11e ahorteat t 

na '. foet1 UC d mall . t a ·t lo err· te . Ji 

c"nclurle by t1np; th t n s ult e· rt wo und r f voura 1le con-

d1t1ors my roduo l gm. or th re ~r'lut of e ~· t s 2 ... 3 1.m • in 1 .... 

- ter per y, Guri nov (21} rr ... m a a1.m1lo r ex rim _t considered 

tl eir ban n c1 ff ot o t truct re c )Ulveric 

e eel lly 1n th 0-1 m. fr ~t ~n. 

In a 61t1rJn to bu11 1n HQrumb' atruat,u 1n th soil the nter 

stability of e ch 1ndi v:tdu l crumb ia lso strone;thened. Hopp n 

H,.)pk1ns (22} i ork1 w1 th unator111ao<1 f1eld 0011, fou that the 

e , tea from ilturr} cont 1n1 · no e rth o a t·c 4 . 4·7at atur ... 

st bl~, hlle thore fo:r ed by artnworm 

ya. Hop {2o} -:ty ua1n the .~oc ll Drop Teohn1que 

~1) ls<> eho od th t 1t required 6 ropf.J of r tor to 1 intagr ta n 

reg· t of tb9 · '1no ... o !' tre!'ltm t, hereae 13 rops ore r quired 

.o 1a1nte rt t 

uch o th e:r 1oulturol land aonG.l.at of r -texturec oils • 

s in the exper1ment of Sl ter nd Ho p {17 ), n 1t 1s on tho a soils 
I 

t At eclino 1n sttouot e is 1dely reao 10 a au an 1rn.ortant Jr blem~ 

It 1s hel'El . '".t em"th·1ornu.\, ba1ng SUQh a f'e.ctor of a nit1oa.noe to 



.i. 1"3 l yer ~r r n · o 1 • t 0 ea .,on I • 
to b&:td i th 1 cu lly ull tl a s, tc~ 1nto t 

4'Yl'*O G f Ot" t l" on • I ts 1n h y th t b &.t1on 

Ci' ~1twin d u t a m~t, 1oh cul ' u .e t th . 

c X' t a~ 1 ( ) ~ n. i h,ypoth · s1 a, • • 
u fuln OI l f.o\th c • e• eo from ' th !' 1tfer t 

v nuo o~ 1!l'V() 1 t.1.o 1 l.ess 1 ti of th 1r-

re .t lu 1 r t.l~ . l t'.tl X'& hin 

c l ti vat 1 on c,p(} p ·he IX>11 r1 1 us r ~ c:;t · r1 l 

c.~e mpo . t1 f) • r l~ or h vn p01t4nt, 

bu on r iba.V ':/ •tor ny tun t1o ' 
eyi n Ot\ .n1 ptn ti\ 011 er t 

i' l. dr in • 

I 



here h be n omo controversy over the v rioun methods of m aur-

1ng a Sl' te- 1ze dietr1but1on reg rding the "epe d of wetttng 11 ot the 

sam le. $ 1th d Dro 1ng ( ) tor example cone 1der th.at rapid w t t-
I 

ins of the soil s lea doee not give n ccurate interpretation of the 

&tt:Abil1ty of the cru due to "explo ive destruotion° caused by tile 

udden eo preesion or tho entru ped ir. Por the same re son ho ever 

Seke · n runner ( ) recommend that otructuri l s b1l1 ty should 'be 

me sured on rapidly etted sample whereby d1ft'erences in st bility re 

most cl rly sho • In th1 experiment, the technique adopted w a the 

rapid et• 1ev1ng process d viced by Bo~<~co ( ) . 

G.J. Bouyoucoa has been very prominent figure in this field nd 

t'rom b1 early ork ehowed t t hen soi,l in the dry tmd :fie la. oond1 t ... 

ion r pl ce 1n n xaeas or w ter t ey 1 integrated and al ked into 

p rticle or nule ot v r1oua a1aes. The 1 kod pro uct represented 

the ul ti te n tur. 1 tructure of the soil beo use th y ppear d st ble · 

nd r qui d the ppl1c tion of extern 1 energy an dispersing gent& to 

brellk tn m up turther,e.nd so in 1935 he suggested a "wet-sieving" method 

wher by this ult1m te natur l structure of soils could be measured. 

O· ing to the type of soil truoture being dealt vith• that i, the 

very hi root content un er nigh producing p ature, it s found 

neces ry to odify the thod Glightly . 

( ) The rson l element aa~oc1 ted with the Bouyoucoe ( ) method 

1ncorpor ted exc e ive error and neceaeitated the 1nveet1gut1on and 

finally the dopt1on of meohanicdl ehak1ng dev16e which removed the 

perso l · ctor conse uently g ve more ~ccur te results. 

(b) T inclusion or preliminury s1ov1ng through coarse• sh sieve 

(No. 5 •• ~ .) which proved effective in removing the interference o the 

large root nd reaul in tne tru ugg:reg te b 1ng obtained. 

The tor1al nd p ~ tus re uired for tbe deter .1nat1on included the 

follo ingi 

(a) The mpl cona1ute of 50 • of 1:11r-dried oil vret'erably in 

s 11 lum~s o 3 to 5 gms . 



(c) Two p ci lly-conetrueted p ns au f iciently deep to hold the rel1uired 

w t :r nd euf'f1ciently wide to cope with the "etroke1
• or the mecb.tt.nioally

dri v n sieve . 

(d) A 1aton llke rm driven from a pulley, to provide the required 

g ntle .. ot1on - pprox. 1 etroke/ $ec. 1.e. forward find back every 2 aeos . 

The ethod:gaed. 

50 • ot oil aa ei h d nd l ced on the lo . 5 l •• M. sieve 

1n one or the ti-ays, cov red wi tt1 dis t illed ater nd allowed to e l ake fot 

approx. 24 hour • he terial a then g1.ven preliminary shaking , 

the clinging effect of.' the l rger roots being uttrefully prevented by riund 

unt1l all the oil h d seed thro gh 1 . e . rticlea bigger than 4m.m. 

(No . 5 l • •• ) not being considered as true aggregutee . 



.L.L r ~n n .::. mem11 Ql.a '{.er p e ~h~ough, the l&.rg 1' 

particle r ~ning on the sieve. Thi proc s was repeated separutely 

and carefully for each s1e~e " The sieve were then put 1n the oven 

at 1100 nd aft r drying their contents were removed and weighed. 

. All the terial t ha t ent through the finest sieve used - No . 100 

I .. M. • • w collected in 

"sep :rate " rter eigh1ng. 

large beaker and later mixed with ll the 

This mixture a then di pereed nd u. . in 

pasoed through all the e1eves to ecert in the mount o. and that m1 ht 

have b&en counted s nu le nd if nece ary the results udjusted 

accordingly . 

1 an lyaes were c rr1ed out 1n tri l1cate . 

br1 t _prelimln ry 1nveet1 t i on ue carried out 

to dete:rmin tbe method of: oampling th t hould be dopted to record the 

visual dit~ rence • Thia r ult d 1n the s mpling of four eeleoted 

plots t d1tf r nt deptb , any dditional choiee be1ng prevented by the 

volum of work involve • 

The plots eelected for 1nvest1 t1on werei 

Grass lone •1 tbout a ded . anure 

Orase + Clover without add d ~nure 

G s lone 1th dd d nure 

Gra a + Clover With dded nure 

• 
At th tollowin depths: 0°- 2°; 2"-4"; 4"-6n; 6"-9". 

As n id to presen t1on, the term tf nure" otten ueed throughout the 

p per, r re strictly to "An1m..tl , nure'1 • Aleo 1 th "1nfluenoe of 

clovel', '' nerever di ousee , 1a lwuy 1n combination 1th gr , c,.lf.! 

shown by di um nd photos ph . 

.it a) e r t t un er p rm.:.tnent stu1 

big proportion ot the aggreg te re l r - 1zed art1cles. l?'or 

1nst no , ap rox . 75~· Of the totul eg tion occurring in t e oil 

to th depth examined consisted of greg t a or di roo tor 0.42 m.m. 

Bouyoucos conclu d from his inve t1gat1ona, although the type or cover 

was not menttone • that tno ultimate nutur l s tructure or most soils 

seems to be coar e, r nging in a1ze from about 2 . 0 m. m. to 0 . 1~ m.m . 



clover on t e of cg t1on in th oil not round pp eci bl • 

Only th int 1ate de tn of 4''- 6° ny i rove t t Of S ~- t• 

ion I'eco.gn1 d . 

TH( crrccr OF CLOVCI! & ANIA/AL NANVRC ON THE PROPOR TION OF 

LARGE INTERMfDIA u • SMALL - S l{ CO AGGl!EGA res llNOER 

Tit£ CFFCC T OF CLOV£R 

PASTllRC AS DEPTH INCREAS E:S, 

MANI/RC ON GRASS MANI/RE ON GRASJ I C40YCll 
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very ef ct1v l.y . 

r r 0 er ur.rib s ., 

nee of the l~gum c u e :>r dominunc of lightly 

a . 

Ib.!. ·' ot gt An! Tbe ddi t ion of manure lone to th 

r d1d not r l t 1n ny rked i ncr e in th pro ortion o!' l e-

a 1e d. to total r gate in the soil until the 6" - 9" level re ched. 

Ho ever en in combin tion 1th clover tne dv nt were quit rent 

p rttoularly in h 0 11 - 2u nd 6"- 9" .. the only d cline occurring in the 

4"-6' l yer nd b ing or littl e s1 nifiounce . 
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The ph to e o 1bly 

ven lthou h lot 1B ( 
rv to 1llu tr- t the 

nu re) 

~ ct lll)re cle rly. 

ent the m re 1r bl r 



to a e t r d pth than ny oth r treatment. 

Tb ller asgro tea &bowed littl v r1at1on, the nured plot 

tending to 1nta1n 

depth eur d, wher 

t1uf~ctory l vel right throughout th soil 

the urunranured plots rose harply at the 

6"-9" layer. - rn other or • th g s nd clover pl nte had been eft'eet 

iv in building "crumbs" up to tl' e 1. 2 m.m. eize 'but no :rurt r. 

An ex mination ot the influence ot the various treatment on tbe p rcent

age or tot · l aggreg te, both blg un a 11 in the ao11. emphasised one 

u n the import nee of nirnttl manure and clover b ing present in oombin• 

at1on with the grass s rd. nuro w1tbout clover as 

ff cti v in incr ins tot l aesregat1on ut the mtermedi ·te depth&, 

tlle t trnent incorpor ting the combination of both manure nd clover 



gru s l on wu re er~ect1v in building u crumb structure t n 

a nd clov r coni>ined, excep t f'or t t mall rev ree t t he 4"- 6n leve: 

......., ....... .........,...,T ...... I-.N ..... G I!!_ ! ! )ORTJ NGr. QE. GR f' t'!+Cl:OV ER PI.US UR1' 

.Q! TO'r. L QOI, AG''R.,•ifiATIOij • 

Toe Io ot .Asste&!tion ' o '•.2°l ot; Difference due to 

Q.J.over 12l1'~ Man:yr~. 

G • Clover- plus U· nure = 73% 

G nur = 69; = 4% 
0 ~lon = 67· == 6;4 

a + Clover = 62 = 11 % 

Since Q ~ n4 owles ( ) considered th t t e or n1o rmtter 

1ntluence on oil ggreg t1on r ch d u l1m1t when the level pproaohed 

2 to 2. 5·, the d1fterencea in th degree or g .regation observed in the 

_pre ent 1nvee. t1 tion must t her ore bo attr1oute to factoI'f.> other 

th n or nic tter 1. e . microbial products, root exudtltea, manurial 

cone ti tu nts, te . , 

bov 4%• 
ince in 11 plots the level or org nio mutter was 
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1mil rity in th sh p or the curves 

he 1nfluenc of dept on e t1on, w~ rrost 
strikin , illu tr ted by the photogr ph . 

rt fro the no- nur plots at ·the 6- 9 level , the .first t o fr ctions 
i . e . t e P rticle ret ined on the No . 10 and 16 I. • • sieves lw ys 
:!'luctu ted bout the 20 level; t e thir :f'rl.4 ct ion being 1gnif 1cantly 
hi . r 1. • 35-4 . an equ lly r )id decline to the fourth r ct1on ' 
1. • 12 ... 15 • th curv lev lling out to t e fifth tr ction ut .vrox • t 
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.... - - - ·-- - - -· - ____ ; ____ ~ ........ 419 .... ..., • . ...., d .. ,. 

few roe t of the malleet-e1aed ggreg t e. t tfle 6"-9" level 

a 1mll v riutton e 1Sted but 1n tnc c se of tbe no-mt:lnure plot the 

xtre a were SI" · tor, 1.e. th lack of l.ar e izod p rticles · aa 

b l nee b eater percent e of 1nterm diate-sized. rt1clee re ult-

1ng in a 1m.t l r tot l t'lgure 1n common with tho up r l v lo • 

~ 

;;;.o;;. ..... -.-..................... 

clover t er' w 

p rt from tbe t~ tment cont ining both nur nd 

gener l t nd noy for the proportion of l ~ge-sized 

aggre e ( • 1 .2 . ) to rie gradually to a 

level nd then ll a y r ther r pidly . In the tmnure plus clover 

plot (5BB) the qu ntity of large-sized particle& wus maint 1ned t · 

a vprox1. · tely the me level throughout the 9° so1l pl'O!'ile, us illus tr te 

1n ph 0· ,. 

Tb v :r1at1on 1n the perc n ge of intermodi te ... s1zed particles 

(0.25 o 1.2m.m. diam.) rollo ed · completely opposite trend. . part 

trom t 5 plot, which u 1n diepl yed con~t nt but sligbtly higher 

~e t1on d olined dually to tbe 4°•6" level 

re re ent d le · tn n 10~ of the total aggr t1on occurring under the 

v~r1oua r t ent and ho ed little var1at1on. 

n tn total degree of a · egQtion or the soil 1 • , all the 

ggreg te trom 0 .15 m. rn , to 4 ~-m~ diam, of eaoh tr ntment w P examined 

there s co n tendenoy for ggreg t1on to 1ncre ae ·to a max1mum at 

th 4"-6 • l vel followed by gr du l decline to the 6°-9° level. 

In vie of the pre ent rk tb t is being 1nveat1 ted at 0 GX"a sl nd& 

on the intlu nc or e rthwor on 011 structure, · it is poas1'ble that 

the l r r g r gates, 1.2 m.m. diam., Which ehow maximum figure 

t tne 3tt..,.6" depth • muy be due, tn aome dogr e, to ·the greater intensity 

of e rth orm ct v1ty occurring ithin these aoil levels. 

&e o the v1su l dlfterences diopl ;ved by the repre entet ti.v 

lump ot eoj.l e.tn o obviouc, p rtioul rly at the 6"-9" level. un 



• ple die.Pl y 

. . <i ,. .• <..t cl"'-" . wt*\<Nt: -o ""1-c V~n c.
1 

..~.-+-"-.. · 

+ Glover o nure) Thi 

r th r heet-11 pe r nc • rticulurly 1n the top 

l tt lump, due to the sharp edge , wnicll ar more ap rent than in 

tr examined closely . ao there ts the p ~ nc ot gr · t r 

nwnb r 0£ s ll r J)flrt1cl or aggr teo . This point 1s more cl a.rly. 

Y1denced if the pbotoLtrapbS r studied to tner ~ 
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: (Gra & lov r + nur ) : ln thi 

t rp de n 1n r ba nt, the ggr te 

di ·tinot4r oubo1 l 1V1n r nul r bot-lik ppe r-

d cons qucntly a round - dge ffeot. Th 

app u.r biggex• in eize. o.a borne out in the ana ly 1 • 

t s lso 
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(c) p,e29ript1on Q._ All ~lots• In the Jhotograph above n attempt 

1a made to present s pleQ of ll four p ots. A ~ result, detail 

and defini tl.on as b en · er if iced, neverthe e s tr .. e:re is a tendency 

for sha~p f ces and e ges to e more d fi e in ll but ihe 5DB 

sample, as already mentioned, 



Q!! the ~d-Soluel!!, ~ A~orl!ed Phos-ehoru@_ ll ~ §.s?ll• 

Method .Qf Measurement : T~is a tendency among some interpreters to 

misunderstand the s 1gnificance of chemical soil tests . Chemical 

solvents may di tinguish between soil phosphates which have a high 

availability to plants ~nd those which have a low availability but 
f 

they do not measure exactly the availability of the phosphoric acid 

in these minerals . The availability of the lat ter to pl ants depends 

upon the kind of plant, the soil, and the conditions under which the test 

is made, so that results secured with the s me phosphates in different 

tests may differ eons ider bly . As PrQps and Fudge ( ) state-, the 

solubility ot soil phosphates is only one of several factors which 

affect the capacity cf the soil to supply phosphoric acid to plunts . 

Well-known workers in this field, Bray and Kurtz ( ) in 1945 

claimed and even presented methods to distinguish between the so called 

available forms of Phosphorus, di Viding it into the "adsorbed" and 

0 acid-soluble 11 forms. However from recent unpublished data by Fife 

( ) it appears that such a division is not possible as the prescribed 

method for determining "adsorbed phosphorus" apparently jua t extracts 

the more difficult acid-soluble forms . In other ords the so-called 

r•adsorbed method" gives results relatively identical, but at a higher 

level, to the "a.cld-solubl method" . The discovery of this fact w·s 

not made until mid-October, when the analysis concerned wus discontinued. 

The chemical methods used in this investigation ere as follows: 

the "acid-soluble phosphorus 11 fraction was determined by modif ic tion 

of the Egner method, here a lactate buffer at pH 4. 8 is used, by in

corporating a section of tne ray and Kurtz method for the colour 

development. 

. . the "adsorbed phos horus it frl:iction was determined by the Bray 

and Kurtz metbod, as described with the hove in the Appendix. 



The accur cy o~ the ampling t chnique wus ex Mined in the follo ing 

annel". 

Double a mplinga were de or t o different treut1.winte in both replic t-

ed plots, t t is tot l or 6 m le of 20 plugs each, nd w re round 

to give id tical r eults. An additional check w s lo rude to the 

ccur cy or the eo•call d repre nt t1ve mple. Two vlot ere 1 v1ded 

into 5 eotiona e oh nd h plu= taken ut rttndom - by to sing coin -

t:rom ch etion. he result ho· t t the mean or th ct1ons 

gM 'ifl t, !> sam~ :•es ult a t, t rrrn 20 plug over t e hole plot 1 indicu t

ing that th techn1qu to be em" loyed wa <1uite satinfa.otory. 

The r li on th t ample or 2" depth wus chosen io ue to the t ct th 

tbe oovement of phosphorus in the soil is conside d ery low. Do ( ) 

from hi ' rton trial conolnded that for penetrut1on or 1>hos_ 1 oric c1d 

to be obtain·d it ·s necos M r· t m ke h vy phosph tic ap llcatlor t 

frequent 1nterv ls. id;gley ( ) ho i' ver r g , rd d only the aurf, ce 

inch of oil as the zone iniluenc d to n, de 

( ) who et ted thut movement 0£ lbosphoru 

not be tr ce ppreci bly below tJ e f lret incn 

lighter soil , exc pt ooo otonul ,enetr tlon 

ee, as also did Be ter 

rter appl1c tion could 

rom t .e surf oe ev n !n 

due to fissure • Con-

s quently the zon or gre te t ccumul t1on nd t~ere!'ore grc te t 



soluble fraction ue to manure were recorded in all tre· tments, pa-rticul~r-
,, ,, l\ ,, 

ly tbe g~ s plus clover plots" _or ex mp let t ,u, gr"" s a1one plots were 

improved to the e tent ot 50-100~ acid- oluble pho phoru eont nt while 
~ ~ 

tne gr ea nd clover plots showed 1ncr ses of up to 6 o~. ~ven on the 

plote wnere euper p )lic~tione l" part or the tr tment, th dung nd 

ut'in doubled n . in ome c~oe trebled th mount of tbi. pnospbl.il ta fr ot ... 

ion in the soil, ici le co idered to be v 11 ble to plants. 

.Qn ~r}tt ................................................... ........ lthougb prev1oual7 t dt tni determin-

ution discontinue ft r a.pvroxi tely 7 months, th figures to that 

dfjte indicated imilar ~e ponse ae that mentioned bove but t a higher 

pho phorus level• 

T 

(3mtns after Super pplie tion in each case) 1 

i . 23/6/48. 8/10/~8. 12/1/48. 
Gro.s.., : 51 lb. P2o~ac. 46 lb, .P2o5/ac. 41 lb .i'20sfac, 
Gr se & Clover . 13 It 12 " 10 " • 
Orne Clover & Supe:o: 37 ., 29 \ 31 
Gr ea -= Clover Super 

83 7!+ • " 72 
ime. • 

Ora s & Clover 1me • 16 18 11 • 
Gr as &: ~ upel .. ime : 120 If 1 ·13 1w3 

. au,t~· 

Grass . 1c6 II 1(,4 79 ~Cjk, . 
Grass &: Clover • 63 " 77 64 1-• iJ 7 ~,.. 

• 
Grass Clover Super~ 119 122 1"1 

3. bv /')_I 

Gr so~ Clover Sup r 137 II 128 1J4 
Lime. 

Grass Clover & Lime . 80 79 65 • 
Grass ~ Super 1 ime . 173 H 165 164 , 

-- id* .. ........,_ 

The "Adsorb d ,hos pho rut•" f'1gur""S followed much the sa1;'1e trend but a 

a lgher level. 

- --
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: 1 \ = c· n be r· garded ae a control - the Jhosp ..i te l v l 
tf'~ot do in~ to t1e poor growth t herefor lo demand1 

2A • there 1s 
the more 

notice ble r duction owing to th 
ro uct1ve p ture. 

em n of 

3.\ = the increase oeir!f" d'. .. e t tie a.ir \;t.t d i tion of Sup r
phoaph t • 

4A = there 1 a slight incre se over 2A - 1nd1cdting 
effect by li i • 

poesibJ 

5t :::: t are ls ..... 1r·ect lncc s t .. r u · ! t e 1a 1 t1on o .... 1up r· 
pho ph te and further lift due tc the lime influence. 

6 = the big st ari e due to direct hosphu tic _·plic tion . 
bove and ·1ao tu f ct th t very l1ttl ·1 1tbu.r n 

owing to low pa ture dem.:.ln • 



o.1gnifieance to u e th phoephorue • consequently the level changed only 

Sl1 btly. 

It is inter .., ting to note that the grass lone plot t:re ted 1th Super 

re ond a ins milar manner to t he ss and clover plus uper tr$ tment 

1 • e. a decre e in the acid•Goluble pb.o pborus level occu.l'red after the 

phosph t pplication um! ting thut ttbcre a tl1e grass nd clover possibly 

uaed thie phosphate for incre ed. growth, the soil of t 11e gr~sa lone plot 

on bioh gt-otth w s negligible, p~rently changed u stmil r amount into 

mor diffioul ly v il ble nd non o1d•solubl form. 

_...............,.,....,!OJ!• 

!f.2.-· anure l£.a • 

In such high ~ rtility eoils, 1t 10 very difficult to ttempt to 

follow th cour e or ppliod phosphute and meaBure 1 ts utJ.lil:ltiL ion with 

the method at r a nt in u~e. the t c1d-noluble .form ~ crlod1call~r showing 

un coount ble fluotu t10n3. There c~"ln he no doubt th t t f is areu 1.V•· s 

pl rticul rly well sup lied ""1th uvall ble or slowly available he .: horue t 

the commencement ·or the ex r1ment, as prov d b ... the hi~h u•od.ur..:tion on the 
\\ 

,, 
no-manure gr and olover plots. Ho!\leV .r trorn fieures of n •.. i. ~rielcln obse 

ed recently (July 1949) it ppea.!'s th t in thcl)e . plots h vinr no phoo hate 

ppl1etd the reserve 1 beginning to denote signs of" depletion. 

After ea ct ppl1<Alt1on of." e lpe,..phospha tc m.tde on the 20th urcl { 3cwt.) 

9th July (3cwt.) nd t he 11th October (4evt . ), the reeulte 1nd1c~tod tnat 

lart".'e quantitie 

in the oil even 

or 205 bee 'e 6 tored. 0!' 0 tied .... up" in un v il olc 

lthough con iderable incre sea in the mount Of 

form 

v 11 ble 

pho 9horus er recorded. in t .1e <ln ly e • \s tne f1 . ures suggeG t, durin 

the fir t int rventng per1o or 3 mtha. the pa ture only drew on u very a l. 

n:iount of the ded pnoa h te owing to it low pro~uct1v1ty at that time. 

O:t the rernainder, tbe mujor..t. ty ent into .1.he so ... c&lled "un vatl ble" torm 

and t. ~eat l to the tor~ of" v·11~blctt .ho~ horus. In tne second 

int rvenlng p r1od 1 ltho gh. the sture removed a proximat ly tw1ce as 

muan dded pnoaph te, t he oil nevertheless still ?tender d lurge portion 

unavail ble n.d oreov _.r show d decline. th t 1s, n. upt· te from the 

.. oid- oluble'' sup lY . The expl • tion 1n thi o se pp rs to be ssociate 



form as in the first period. Later however, when the spring growth 

commenced, the plant naturally drew on the supply of available soil 

phosphorus and consequently a decline occurred in th1s fraction, as 

recorded. 

In t he third period when tbe pasture was most productive and soil 

activity was at a maxi mum, the plants were ap parently able to use much 

more of the applied phosphate _and in t he case of the grass and clover 

plots didn't affect the available supply in the soil to any great extent 
" ~ a. t all. In the grass alone plot receiving superphosphate and consisting 

of those species which com ence growth later in the season, very little of 

the applied phosphate was used, it being rendered unavailable. However 

when t he plants did become active~ they immediately drew on the store ot 

available soil phosphorus; as discussed in the preceeding paragr ph. 

It appears, therei'ore, that when eoluble phosphate is applied to a 

soil, as in t his experiment, the plants make im ediate use of a certain 

amount, poss ibly determined by some physiologi cal phenomenon associated 

with the activity of the plant, or perhaps due to a soil temperature 

phenomenon causing variation, as observed by Robinson ( ),a further 

amount increases the store of available phosphorus and the remainder, 

usuall~ the largest a~ount, is converted to a so-ealled unavailable or 

"resldual" form. 

If this pocsibility is actually the case, then the response from 

superphoaph te on these plots is comparatively small and insignificant 
" ,, 

i.e . the difference between the yield of the grass + clover control plot 
~ ~ 

a:od the gr ss + clover + superphospha te plot - as indioa t d by graphs 

2A and 3A respec~ively. An illustration of this vtiriat1on in phosphorus 

utilisation 1a presented in Table on the following page . 

These conclusions were also considered possible from an investigation 

of the graphs of both soil phosphorus and herbage yields of the plots. 

When one inspects these graphs closely it can be seen that those of the 

No-manure+ Superphosphate series agree quite satisfactorily with the 

D.M. / ac. curves i.e. there is a pasture response from the application of 

superphosphate which is also recorded in the soil analyses. However, 
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Period 1 
12/J to 
23/6/ 48. 

d4ed 
in 

~ llPfllr 

ken 
out 
by 

Uerbage 

Gr $ + Olo er $ 67 lbs. 11.4 
+ eu r 

Gr e + Clover i 67 
+Supe:r + Li 

Or s + up f.' : 67 
+ 1.,1 

2J/f;w; ~/1 O({lf\. 

Gr a + Clo~er i 67 
+ uper 

Gr ae + Olover s 67 
+ tip r + "1 e 
Gr~ a ~ up r : 67 

+ 1 

~ erios i §.t10, .... ,1~2/1L49· 

Gr s + Clover : 90 
+ up ~ 

+ Clover : 90 
,. + 1 .. 1 

Gra a + u r i 90 
+Li 

32.0 

u v 11 .... 
bil1ty I 

uocord-
1ng to 
i' ture. 

~feet 
on 
cid-

e o 11 
Fbo -
phorue. 

17% +9(28to.37) 

1du l" 

22% + 26{57to8J) 26. J 

4% + 29(91to120) 35. 6 

42% -8(37to29) 46, 7 

48 •9(8.3to74) 44 , 0 

8~ -7(120to113) 68.7 

71 ~ +2(29to31) 

76 -2(74to72) 

1 

"AV 1l
ility0 

coording 
to lunt 

011 . 

61 

4 

0 

73 

74 

Although ttempt 1 mad~ to expl&1n the bov v ri tions, it is 

obvio"ual1 extrem lY d1tt1cul t n e vouring to ' nde t nd ~no pboaph t 

x-el t1on hip betwe n Fertiliser, l nt n· (011. ev rth less tne 

qu nti ty held in th1 ''Re !du l." form is novm to rt nt considerabl 

attent1o • a tne cientiate of today re doing. 



--- - - ...... ___ _._....._,,, - .....-- -- ---

the- r o 1 th t t inv stie tion s rtioul rly concerned with 

tracing th d ph ph&t 1n th euperphoaph te tre ted lots. 

Cons qu tl trom clos 5tudy o~ th graphs it i possible th t the 

-0urve · o1" tbo no-a p rphos9b te plote could be ntirel~,r different. In 

oth :r o thy could follow exactly tne same trend s t1oae or the 

nother )0 ible xpl n tion 1 t at the requ1rements of.' the pastur 

in th non-phoo1>hated plots ere met from a supply that was unrecordable 

chemic 1 y, fot• in t nee the orw nlc phosphorus fl" ct ion or the oil. 

t !' th correct ex 1 n tion might be~the ctu l re:...ults obta.in d 

neit r rov n r 10 .. rove tne ug~e t1ons put torth. . 
Amor nt iv tudy ~ $ mu; e of tb uotobett pJl ic tion o:r Super.phoapl titci 

h10h wort .y 0' en ti on. Here the eoil W'..iS n ly .. ( 3 d ys '.betore 

1 e rt r n 1 uontb £ter pplic tion, fol lo Bd by r. ont.nly umpling 

till ~1 nu ry. tt. obto ned, it beoume Most. 

v1 tl 1th ucl a methou of me urerneut 1 t us ..11..treruol;; d1f ..:"'icult 

to equ th v t"i us v 1lab1e l)hO" phoruo fractions or oil nd oture. 

For ex .lp l ; f'ter th October p li tion of Sup r had r i e the t•availabJ 

pho pho 

2 montn 

level to 1 t m ximl1m, the decline rrom that ~ oint to a level 

t t- id not b ttny meana co1;.1oide with. the mount taken out 1n 

the herb ·C over t h t period, indic t1ng, einc tne la r. ter :f'igure W• El the 

bigger, tho~ lh o tor must have becone v~ila le from aome other unrecord 

able ouroe · 1 0 shown by tr~e "no ... au116rtt plot , r,resu~bly rrom the 

l te" stor.e. Whether it c me from t 1e a orbed phosphorus 

or th o ganic p os ph.oruo supply or whether t te phos horus us 

directly o the 11 nt without f f acting the mo ou1 .. uble uanti ty or what ver 

, y b the correct xplan tion mu t :rern~1n, for t e pr 0 e:it, unsolved. 
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(4 cwt . Super } 
on 

n Do i l : 

In Herbage : 
(approx . ) 

8/10/48. 

2. 'l Ibo . 

r2..ltu. 

8/11/48. 12/1/49· ----
31 los. 

•• 
:x: • S2tk) 

fi:n other words bec~use only 23 lbs P2o5 were recorded as being 

taken from t he acid ... solub le phosphorus frtt ction of the soil to a~pply 

the 52 lbs a ctual l y t aken up between 8/ 11/48 a nd 12/1/49, t he "residua l" 

form must have s uppl i ed the di fference of 29 l bs . 1.e. this method do~s 

not me s ure all t he "ava il b le pbos pl1orusn in t he soi l ] 

~......,...,._...._...,1\,...r.,...~..,.. ; Tie above discu..,slon has been intentionally concentra ted 

on the No- manure series because of the clouding influence of t he dung and 

-urine . On the ~nured area ny ttempt to equnte the Var i ous phosphorus 

f"r1.:rntions is virtually im1)0S ib le owing to th... trem .ndous unkno vn f a ctors, 

dung und urine . 1 n analysis O.t r ndom sari )le of sheep dung s actualll 

ma.de nd f ound to contain l most unrecordctbly high 1:1mounts of a cid•soluble 

phosph r~s. Just how av il ble this form is to tLe plu.nt uf t er being 

a 1 ded t o t he soil c n only be deduced from the fttct t at in the "~nured11 

series the dry .. 1 tier production from the unfer t ilised plo t s waa equally 

as h i gh as the redu c tion f rom pl ots receiving superp osph~ te and lime in 
ado..~ tion . T e- level of v ilable phosp oru rw.intRined by t he dung and 

urine appl ic tions i n such ooil i s app rently well i n excess of that 

r e uired for maxi mum pasture r educt ion . 

Bee e of the natur 1 high ferti l ity of the ~rea concerned , it ~as 

felt th t the f ec due to th ~ ddition of su orpho. ate nd manure were 

no t as marked ~ would norma l ly be the cace . 



10 c • I ere I ur , on aoil pho >hor-us v ilub1 11 ty to clj e 

al i gl t in re ·- in the 11 ucid .... olubl ' tr ction, a.l.. o 1n 1rr ted by tne 

1ncr1: y 1 ld tind c ocia t d phoo · horUJ upt e .. Alth.ou th 

impro nly 11ght it W never hel SS COtl 1.: t nt right t irOUSbOUt 

ever 

n. in the c se o th orb d pho phorue tr ction now-

no res _pon""o rro 
latter 

t.he d 1on oi' 11 JC. Consi ering h 
l Q 

1r: cc r cy n / r. tho only l.J r attention c n be paid to these !"$ ult 

n tnc nur d tb-o 1 'luene ot 11 , ue to the pr ae ce of an 

nter e •fertility sr 1ent,0 

o l r act. on loo m ur d 1n tbc v r1ou plota hioh tteuM.4' 

ut h lJ. :from the uni · m • Tbe re ction of the 

11 p ot- 1n tn u nu ection n d ·rM> ly· bo t pH G.7 th 

un 1 bout p . o. On ttHt d plot th or~ ct of. l~ on sotl 

F t t e .................. d by the nf uanc · of: th ant · 1 xcret bu n v rt he· 
from approx! tely p . 3 in t.e unli d 

plot 0 .9 1n th lir.i d plot " 

'f..r .filiil::l:.01, ~~.......,......,..,.........~ _....:;......,~...,. . t1on ot . 
up T' o h- te c uoed 1 

incr in bott aeid....eoluble · nd orbed hos horus in t so11J 

r n f ll1ng 1th e ch PV ic tton. n -u t ind1c ted h t the 

or 

Ci - oluble D OB 0 u ot reached until uout .3""4 

ion - i th1s c~ve t the r t of 4 o t. Su er I ore -

tn r viou level in proxi ~t ly 3 months. 

d d 111 ao".lj unct1or. 1 tn tb phoa pn · tic f'e ti t&er th 

ef' ·e r. Both hosphor l el ere sub t ntl lly r 1a d 

bc>ve the th oth r lots but tt.ll 1 pl y d the aa e v r1 t1on 

eh It pp r d tt t th llm h d o used a 

i e n ·h o"' sv i l b le _:lho phor' ~ , in o case ne l.y 

0 1 lit the u ntity fo1n h unlltred by phoa ·at -tr n ed plot . 

in lu nc of au >erp1ooph te on th.e o1l pll s to cause elo b 

t dy inere sa in c!dity. dded in conj notion w1tb 

t f rt i er, he p level t.tll re :\ noC! below tt~t of' th!J l!r d plot 

l thou _ tu mt of lei~ c-rb nate dd d w i1~ntic.l :n ~oh o • 



ethod gt. ·tea rement : 

The method used wa& the modification by Dixon nd Metson ot 

vpurw~y' quick te t method { ) • 

. 
-

Al though the oil of 11 plots Bbowed a. · "mo er te" to "very h1gb" 

level or pot h, tbo differences obtain d between th manur d anu un

manured treatment were most striking, the mount being doublod and 

somet1mea trebled by the manurialaP1>l1cat1on. 

Evid nee ot tne tremendous supply of ultin&tely vailable .K that 

must be stored 1n some &oile can even be discerned from th1o minor 

section of the tnve tigation e._. fter apvroxim.ttely 9 months of 

vigorous pasture growth, the level of pot sh in the 0°-2u of soil still 

remained in the 11 rnoderate" to uh1gh 11 category. lthough the results 

neverthelo s tend to suggest signs of deplet1on 1 ny statement :relating 

to this poss1b111 ty cannot 0° made owing to tbe very approxiroo. te thod 

of measurement dopted. 

1ffe9t 9J: Clover : 

In using this method, euch light difference might exi·t in the 

soil between clover nd non-olover tre tments could not ~ aecertuined. 

Howev r t ere ap red to be slight trend., where no munure wu.s being 

dded, for tne 0 clover" plots to b t lightly lower exohtlnge~ule · 

level than tbe "graosff .Plot • This po sibly euggested1 th t o ing to tl'le 

greater growth, such re a are ke t at a lower level whereas the demand on 
soil potash by the low-producing 0 grass 0 are a le of little coount. 

Neverth los such interpretation must. under the ciroumstttnoea, be 

accepted · ith reserve. 



'l'ABLB' 

CkOV§!!,O' 

IN 11;'Ht) SOIL , ( q•t -2") {expressed a p . p . m. KeO) 

ti2 " au:re . t~o ~ nur1· !!!!U!t!• 

Gro. a alone ' 48- p.p . m. 72 p .p.m. 32+ p.p . m. 48+ p. p. m. 

Or s + U,P r & Li i 32+ " 12.- 11 32 .. 48+ ti 

G es + Olover J }2 ti 96- 0 32 " 72+ It 

u tt + Sup r ~ .32 ,, 
72+ " 16+ " 72 tt 

n It + I..1 l 32 tt 72- u 32 ., 
72 ., 

n "+Super lime; 16+ tt 72 " 16 ft 48+ tt 

8 p . p. m. ow ot sh Oont nt. 

16 It = oderat i>o t eh Content 

24 ft = oderately High Pot sh Content 

32 ll = High 

46 & bove = v. !tigb 

In ttem ting to m ure intermedi te dift' renoee the + & - signs 

were used a . • 32 + p.p. m. & 48 ... p .p . m. ould repre ent eim1lar 

int rmedi t v lue. 



1'h tot 1 Nitrogen method used was that iven b 

ttest Qt nure : 

. L . )rince ( ) 

(tl) mn : once in the nuri l ppl1cat1one cau ed a 

euba nti 1 tncre in the mmonin nitrogen lev l in th o1lt rttcul rJ.i 

in the ab enoe of clover. 

(b) res nae ot the n1tr te nitrogen level in the 

oil to th dd1 t1on ot nure w l r ).y determined by the presence or 

b ence or clover. 

but vh n pr ent 

level multi:fold. 

hon the lett r • a beent the re pon e w~ n gligible 

rkable improvement occurred r 1sing the n1 trate . 

~;ttect gt. g4gv;c : 
( ) : Althou h the .;>tteaence of o1over 1n both rmnured nd 

u nured l~t brought bout n 1 rovement in the mmoni nitrogen level 

of the · oil, the extent of this b nefit a~pe red to be 11nk d with 

seaaonal 1ntluenc -

(b) 

presenc of ng n urine . 1thout tn n1mal residues the difference 

between clover nd non-clover plot • s 1ns1 nif1cunt but hen ·ucn 

linUr1al ~itione w re the incre s due to clover ~s ole rl1 defined 

Tre tmeni nia itrofYn 

19/6/48. 22/10/48. 22/12/48. : 

Grae only 4 29 20 

' Gr a + Clover 11 .32 30 

Gr s + nur 

Gras + Clov r 
+ anur 

18 38 

26 38 

Fir t Analysis 

econd " 
Third ff ' 

28 

40 

de 14 dtiy 

" 7 rt 

ti 7 tt 

reseed ae p.p. m. of ~oil) 

N!;i:, t lH troLen • .. 
19/8/48. 22/10/48. 22/ 12/48. 

7 9 8 

3 10 8 

2 11 4 

42 32 79 

!'ter Urine ppl1cation. 
It " " 
It " 1' 



Altbo term nations only coveX*e4 period or 4 months• there 

wer conei&tent indications o.f a eon l v r1 tion on the levol ot 

pha , there w e def1n1t delay 

by 0 in r Ching 1mu due to the presence of' clove.r . Th 

"gr sn n " plot irre pective of manur1al pplicat1on dropped quite 

sh rply in their " on1a" cont nt tter the October · mpl1n where a 

the ugr a plus clov r'' plot elthibited 1n one case lightly later pe 

and in th other mid ummer ximun. Such phenomenon 1nd1c tea the 

mounttns intl ence or eo11 temperature and aoil moi tur oond1t1ons e the 

e son v nees nd lthough it is prob bly linked with - ture activity, 

ju t ho 
' 

ue to ti1 1ni'lu nc of increased. rowtb giving more 

euit bl cover d t re or~ oil c n 1tion m(re r vourable to micro-

biologic l. proee s oonoeJJned with v 11 ble nitrogen 1n th oilt i ot 

d finit int r • th 1ntlu nee or Qlover on the m:>unt 

of ammoni nitrogen present in the soil 1& prob&.Lbly both il'•ect nd indir c1 

Direot. bro gn tn €f ct or saoc1 ted ymbiot10 o cter1 le d1ng to 

gre ter p tu e p:roduetion> nd 1nd1r ctl.y, throu toe more t vour~ble 

environment l con i tions existing in the oil over a longer riod due to 

the 1ncre ed t r gro th ,. 

!1 tr· t • t,i trosen ~ 

In three or tbe tre t nt th l trend follo · d that of the 

"amm nt " ot1on . 

product1v1t , t ere 

th fin l . mplin 

However in the fourth tre t nt, the plot ot h1g1eat 

dee1 1 ve ecumul t1on in "n1tr te'' cont nt in 

s xpreaaed. by other wor ers, io oci ted with 

tbe tem tuPe nd moisture conditions prev ilin over this dry sum r 

period. 



• 

•• 

nitl'ogen. st tua in the a>01l th n did manu:re a de to · an entirely graa 

sw rd; the co bin· t1on of both factors resulted in a eub tantia.lly higher 

nitl"ogen lev,el ... 

Pei-cent s tollo a~-

Grass --t G · s& + · nur -7 Gr s + Clover --? Gr a + Clover + nure. 

Although thie av 11 ble tra ction . • mmoni plus nitrate• represents 

such a ll eroent ge o.t t ne t t l oil n1 trogen it 1a well to remember 

tb tit 1s av Ll ole n~ ta re ·o~e of vii l im ort nee .to pastur product-

Gr a 

Grass + Olovex- c. 

Gra s + .ta.nur t 

Grass + Clover ;. 

+ anu~e 

'f2ta1 ~ H~ 

0. 233 

0 . 274 

0. 253 

0,332 

. ~ Su;.~. -
~:v.ailt tllt1 I 'l!otai. 

1. 2% 



ho thod u d for the determ1nat1on ot or nio t tei- wu tna t 

dev1e d 11 chollenb rger ( ) • 

rn both he nd s plu clover plot increa · a in the level 

or or nic 

pplic . ion • 

nd 28; ~ epectively can b ttributed to nuri l 

rly, own in th fin l · l J s, t 1 improvement 

d 1n th ol N as plot ot low r produot1v1ty even 

in ere li tly. 

................................................ 
Tb f ct of lov~r on &oil ors nic tter without ur , only 

showed tin 1ncre e 1n the f'1n l mplin , nien in oo b1nat1on •1th 

nu how6v r, the 1mprovem nt of .PPrOxim t 17 10% w readily recognis d 

from both n lye • 

Th pero nt 1ncre e in tbe level of oil orgunto 'tter of the 

v :rio o tr · tmont ov r the i nt rventng ten month betw en mpl1n '' 1& 

ot r cul r inter t. 

ln t ••no-r turn° ot dung d r1n aeries 

88 = 13 

or n1 

or e + Olov r = 23 ~ 

n t . " ro ortion l return" ri a 

r 

not r 

r B =i 19 

+ lov r 

, t un 

19, . 

u 1n u d 

nt nt of tbe lo fertility " ll 

t i- 1ncr in the 

)lots, hil 1n 

m nt- nd clover plot , t h or nto tter uppli d throu tne 

pre enc or t e clov w uff ioient to excee the roent m · 1ner ae 

1n th r 4, •domin nt - bee or t e tr tment- d 

clover lot u to th dditlon of' n1 l m ure. Howev r, when the 

otu l unt of soil or n ic t r re cono1dere , tbe uperiority ot 

th 8 t 0 QO 1.n d f ctora, in the bu1ld1n up or thS. levelt t dily 

r co 1 ed. 



Gr SS ( 0 

Grass + Clover { n 

Oraee 

nure) 

ft ) 

~~ 

Jw-44~. it·sb 137o 

= 

1 

Gt> a a + Uloiter ( " 19 6. 74,.. 

Tb - bon - N1t10 atio 
• .... ~ l n• 

C/J; r t1o existing in the oils of the various treatments 

selected, showed no aign1f1eant v i-1 t1on 1"rom th t found by- F1:t'e ( ) 

in bi atudy J:Jt co oil ttnde:r eture at f aG&e3" Colle e. 

ev1denc4'd right throughout the present investigation, the high fert1l1 ty 

Si' ss d clov !• plu l'Tllnure treatment a in di&played ximum efficiency 

by dohi v1ng mueh hi her level of soil nitrogen t the same O/N r t1o. 

J:tt~ I J.eU?HO~ ill. T 9Lli. R,~/? l q • 

~ ~ C/N 
rae .. 0.233 2.67 11:1 • 

Gras + Clov r ~ 0.274 3.07 11;1 . 
G $ ""' ... t u • .253 3.20 12: 1 • 

Graae + Clov r .,. anure ; 0 · 3,32 3.ao 11:1 

, te~na!dlqg rumac,t s:L: 
a r q 1rement f'or the ammonia and nitrate nitrogen n lyees it 

w s nee s ry to c lculatc the ter-holding capa.oi ty or the 0011, by 

the oven-drying· difference method. Although only rough eatim tion• 

variation. s o rved in the bil1ty of tb treatments to hold ter 

which w s p rent t every determi tion. 

The ddition or clover to t e aw rd resulted in high incre se in 

the w ter•holding c city of the 011 wh1oh w a mos t ppa~ent 1n the 

absence of nure. ~ith the addition of dung and urine this so11 

· aharacteri tic im dl tely sno e n i mprovement nd maintaine this 

superiority r1 t throu bout th 1nvest1 tion. 



1!±i2&8 12L'.BL!±B 22i10/48 22L12L!!B 
G * 23· 

~ 2,., 26. 1 22 . 1a~ .I 

+ 01 • l' 24 · 1 
I 

26 .44 27 • .;& a2 . 62 t 
I I H;l j li!F ' .. 

__ .. 
0 Uri ~ 23, Sf); 26.01 26. 18% a2 .'!>1~ 

+ ure t 24.ga 26. 72 ae. so 24.44 

G . + Olov r: ' 26. 2 27.54 aa.1 : 2,.oe 
1. )1 

I til( 

th un Uri 2!). 27. 13j& aa. 591 2).76 

• 
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each ampllng. The rth d turt e then crumbled nd e p r ted 

completely nd th wo collected. r.l!he latter er then hed 

gently 1n wate~, dried on blotting- per, counted nd weighed. 

After euch plins. except tb rtr t, the worms £rom the plot bow-

ing the bigg at dU.'fer nees w r identi1"1ed. 

The method used ror arupling - th ep e - proved to be tbe most 

uit ble. ethoda d el ewbere uoh a ,. 

Th Perrnangi;in t , tb or lint and tn lttotl'io Shook ethod. 

were round inaccurut ,. nl¥ o ua.1 t· os ithin the top 2° 

o soil to emers , hon th xp ~imen l od wae examined, those 

below this depth a.tr oted by tbe solution ppe.red to be ~oo w ak 

nd 1naot1ve to re en th 1urfuoe. 

·'hen killing for i ent1f1c tion• u ~5,' olution ot ethyl lconol 

as added slowly to the b k r or ater cont ining the orme. 

If adued too qu1c ly, r pid killin re ults, c using nterior s qments 

to be withdr wn ithin th pro tomium making 1dentif1c tion dif icult 

nd inaceul'a te. 

The ccur cy o!' tn technl ue 11mi ted ho ever. o 1ng to the e1ze 

or the experiment l are · nd t e consequent 1nabil1ty to t too . ny 

s· mplee, which. would v udveroely rrected the results or the rrsjor 

"gras"' production' pro eci on hich the bove a euper-im o ed. 

F 

(a) , D\!t§: 

In the fl.rs t t · o xami tions o!.' th plotG t th re v ry littl 

difference in the eurtb o~m po ulations b t een minur und un nured 

treatments, except in be c se or tb 0 gr ss" plot wh re de1'in1te incre ~ 

du to rnunure s ob erved t th Septe er e r lpl1ng. However 1n th 

November nd Janu ry e·· mpl a distinct res.vonse to the manure aa 

evidenced in both 1igre.ss 0 nd "gr GS )lue clover" treatment& . 

Tlle addition of dung nd ur n to the sotl al o ~esulted in a higher 

proportion or bigger wor ua il'1d:ic ted by their aver ge 18.ht • 

~hi di~ference in e i ze te~ded to be narrowed as tbe season advanced. 



...... - ,.. ..... -·· ..__..,, ~ --- .....,.____ .......---

on tbe 

• 

love,. No. of 
• ' r 

trtr~ f.s9.f~t 

~9/5/48 .to Dung Urine • li4 0.25 1031 ,. • 
1th ft It rt ; 41 .31 12.36 

S/9/J.i.B o D & U:rine . 73 r28 1938 • 
\ 1 tb tt tt " : 77 . 32 2388 

15/11/48 ?lo Dung Urine c 45 . 29 1266 

1th tt rt " s 60 . 39 2253 

25/1/49 o Dung Ur in : 27 • 32 835 

w1 tn ° ti ff : 38 . 32 1152 

G W?,.: .9.£ WO !!m :I;, . 9. :.f.S • !1.LL.c/. (lb.@) 

19/5/48 ·o Dung urine : 15 0.18 • 251 

1th " " n l 14 ., 19 249 

1/9/48 No Dung U:r1n ' ; 27 . 23 6.33 

itb 0 tr n 58 .24 1382 

1 !)'1'V'48 no Dung Urine . 14 .20 259 .; 

1yttb u '' ' 29 . 30 87 

27'1/49 No Dung Urine ; 7 .1 107 

. i th ll " ft : 21 . 18 350 

{b) 

ppat-ently tnc e rthworm ll a the ' o tolo i t realizee 

the import nee of clover in tne t1 urea obtuined reve led a 

bet ntial 1ncre s in the i>opul ti on nd s1ie or worms prea!)nt in the 

" rtlSB · clovertt s inst the " onl rt plots. 
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().; Of ~O i1 •L!S ·m. !!·Lag,. (lPJi) 

19/5/48 Gr • 1 15 0,18 • 251 

Olover l 44 . 25 10.31 

8/9/48 Gr 8 • 27 .23 33 • 

Gr Olov c s 73 .28 193 

1;/11/48 Gra a ; 14 .20 289 

Gr Olovei- i 45 .29 1266 

25/1/49 Gr e : 7 .16 107 

Or & Clovel" ; a1 ·32 635 

P$.stur pro uct1on (Se rs un >ubli h d) lso howed a a1mil r. · nd 

significant difference in tb mount ot dry tter produced by th 

"gr 0 nd " as plu clover' tre t nt • It ould ppe r t t t he 

earthworm p0,1>ul tion &ibly b r eo ~ l tton h1p to t h dry t t r 

production of t he w rd • . owe'Ver , the picture 1 r t her complic t d 

by the added erreet of te per tu:re, r 1nf ll nd po e1bly the1~ di~fe~tna 

lite cycle •- f or ex l ' · earth. or populutfon how trong corr l t ... 

ion to dry ttttP production from June to Octo er, but <ift r t t .v riod 

the rc1a t1o hip d1s ttnctly det ):'10r t ; where s p ture pro<luot1on 

eo Ped tremendou ly, the worm po ul tion 1n ome o so continued to t ll. 

r ttl 1!' tJ"ikin "I' ullz tion of the e rtb l!l t'm t tu ot so soil 

1& obt 1n~4 wh n he tt·plotff r1 ut"ee t'C!t converte to 'per er ' b a 1 •. 
; ' 

Th po ul ion ot wo~ v rled ~ro~ 

i 1111on to 4 million L ac. 

'rbe we.tgbt of woxt v ried from a,pprox1 tely 

1 t. to 22 owt. I e. 

A relat1Ve in 1c tion of the Ptbvorm popul tion Of the re t ment 

i illustrated in the following photograph . 



1-' l o r t~I-\ 

~l~/'t~ 

1> 10 r SL! 
~1 ... 1~ y 
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n tur lly ove aw ttao the h r dei- con tttona · .. the 1•gx.. s 0 plot ... 

and thri~e tn th ir new h bi tat, wher t he r ood is more uoculent oovo 

ground nd o equal qu ntity in the 011 and hor t mper tupe nd 

moisture co dit1on re much more favour ble; n ex mpl ot habit tion l 

prefiorenc • ow&ve~t 1 th ee er tur o round tb olve under •1 . rd0 

cond1t1on& w1th n · venue or e~cape, th idenoa v 11 nle f r om literatur 

tndlo t a th.at the ter 111t1 status or tn oil ould ~ deci dly improv d 

t hrough tne r o\1v1t1 • 

~t&vi:s.¥' ln 11 tre tmente th wor:n popul tio re ched a p k 

in the s pt.ember sampling tallowed by et 43 decline wnion tended to 

l e•el ort t th end. of Jo.nu 'l*'fl • 
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to the f'i "1 l ampli g in J nnuary. or of the re in 1ng ti• tmen t 

continued t grow nd although in the 0 un nd u11n " series re ched full 

ize in No-ve b r nd th n declined, tho e of the "gra" 1 nd olov r" tre t-

ment oont1nue this r du l rl e right to the fin.al. e ro,pling - u 

1ll atrat 

Th 

ru .Jhic lly below. 

30n .t'or th1 o 1ble bnor al.tty 1e co i d l'ed to be ent ngled 

with t . nv1ronment l con it1 o e~ 1 ting over th t er1od and 1nf'l ncin 

oil mo1 ~ure n ao1l temperutur l vel • The ugge te expl.n tion 1 

ae .f'o llo s ; ry nt 

incr sed irem ndo ly trom October to January a d cona~quently 1nsure4 

eu fieient grow n to 

condition for t e wo 

ing tre tment wa le 

1nt ·in more u·1t ble oil isture nd temper tu 

• In comp ri on, th n rb e growth of tne rem in• 

nd tne ploto consequently more o en, therefore 

the orms pI*Ob bly telt the e!'f ct of the summ r hefat nd lo ar mo1a ture 

content much more qu1e l 1 p rticul rly in the moat open 'gras..: only" plot, 

und quite pos 1 l , a de cribed by •v-n ( ) exhibited a f cult tive 

diap u e e rlier. 

It is felt th t 

1th u •• th 

ut oth mate • 

n o the mild inter experienced n "hZ• ·a compared 

rth orm ct1vit1 is not ?ecuc~d to sue . , lcv,l s found 

hen one con idere th t the colcLs t nth l t ye. r 

recorded 4'' v. aoil temp .. ot 1•6~.3° • 1t is re"eon ble to exJ ct th t th 

worms would be more cti ve thtin t io e round in U. • eo1ls wt ere the soil 

tet e tur t lls below treezin · point • g. the 4° eoil t .mpe tu t 

ot ted Jn. 1 46 drop d to 31·9 .. Gon ue.nt~y i io con hl red t , t 

in the n·w tu and 11 t,lim t1o re f tt e limit tion to e rth orm 

cttvity 1 du or& to the heat und dr,-ne...,s of our summers ~ tbel-9 t n 

to the et. d cold ot our · tnters. 

n ex ~!nation of tu n~mbe of ult identified orms from the 

selected plot • tended to ubatnnti te thi env1r nment 1 influence mention 

ed above, whieh n't vident from th t1 re on total worm po ulation. 

That 1 • the numbe~ ot ormo 1d nt1t1ed ~om the m· n red plots euggested 

more prolon d n slightly lfltox- eriod for the r ximum level to be 

r oheci. 



1t • 



Al tho ·h cae t r duet1on w.1s r,ot •. ea ured 1u th1 experiment·. 

the$ Ci n identified here did r.o t coincide oom l~ tely 1th the C~St lng 

p c1e t otl ted~ Cons1der1ng t 1e l rge •n~unt o c t1n that 

obs rved to t:e l'l ce t v "iou.;; t1m-t ·ein& the year, 1t 1$ Mr11ly 

11 e l J tht t e llol 1dent1f1.d ere e ole1 1-e.., OnG1ble . 

Cons ideri n.,. 1 0 t h t .ct t . .. t • cal1 inoe ' UCCO!'""lng to or. . . .J nh<:.i 

1s eo wid I'e d throu ·hout .• • 1t se.e~ rob-ble Ht.tit tt . apecies -
Lo ·eco d ze by eht ·ore ( ) - nw.y b,,. i:.ne or t .e m .. · t 1m ~ort nt ~•nd 

Vulu ble c tl ng or in thi country. 

U 1ng nh m's id n 1r1ca t1on key, the sen 1·u 1tlent1t'1ed wero 

umbr:kns nd llolobophor8,ltnd wtthln ame the predo iMnt s cie w r 

r,. rubellu nd A· c ligino a (confirmed by ~ •. enh m). . o other 

' 

Lumbr1uo e ec1 a coil be found at ny sta of the experim nt, but other 

species of •. w r observed• viz., occa ton lly ate A. ~!ong . 

Jl.1 t es v na and e L. Guild ( ) found big 41tt reneeij in the 

dominant pec1 on it rent fields at Rotn ted, e1m11 r v ri t1ons in 

dominance wer observed on th i1gh and lo fertility plot or the pr sent 

investigation, aho n in th tollow1ng t ble . 

Of 

No • . ot ~umbricu .\~~c1,e .• LQ.· QL lolobop l - - -! !S· 'fl:. e,~~1.e 1 ~· 
8/7/48 r . 3 12 • 

68 n Clov r : 2.5 14 

Gr G .. 4 10 . 
G~ nd Olovet' ' •6 13 

G • 1 2 

Gzta und Clov r .. 7 3 .. 

Q lthou h t num r of 1 t. urc nll l obo,pnor l ' Ci $ t e oh 

samt>ling w · t1vely hi f 1 re , it 1 not ppear to 1n1'lu no 

• 



nd clove it lot or hi l1 ro ct1 i ty L. mbx•1cua p o1e demi t d th 

,p<.>p l t1on. ift' r n w pp rent t vory _ m l1n. 

Du 1 consi t oy, it p r th t th llolob. pecie ra 

capable o . t n in tt . hr r oil con 1t1on w 1cb pr ent 1 

p rently, 

pose1b111 t n l a 

the worm, • c ligin 

b .. l1ty or th t o 

Th t tch 1"1 io 

rthwo~ t 

environ. nt to~ l umbr1o peo:1 a. 

t r ppr c1 t1on of tne ben fits ttr1but d to 

, by hn'IOr ( } oreover it u g sts the :rel tiv 

i 8 a bu lde~ o!' oil r_r.t1 ity . 

ii!t betwe n th different peei or 
1n t e $ il, b ~oMe n im)ortant 

r"ct.o 1h n .on 1 ering l r e c ·le pr ot c l u e o·"' tt etle creatu e a 

m n of i p o~1n the rert111ty ct c rt in re e tn th! count~y. 

(e) ct. gn _!!. ~oduct1v1t.t : 

l. 

ro ob rve t eir rteet on t .e ~v 11 o e oil v o p oru , r n om 

coll . ct ion f C· • 
the no . 1 plug.,1 B·· 

i 1 ome r 

the :fol'" wl 

k n !'l'om w el.ct. d ..vlot on the a me :; s 

oonst ring th t t · oil u ed for comp rieon 1~, 

tility. n o . e t 

Th p o pt.orus dotermin tion 

r ve l 

usin d1f1 d. • tio o qrusr' • 
I 

r as 

G e n Clover 
ithout 

nure 

nure. 
It 1 

n re _pl i u 
, 

.. • 

• • 

o not t 1 t tJ a lno.r 

(tu eu 8/10/48) 

1 

a.9.S v o 1 ~ .. t. +-.._.c:;.:.;:;......,..,... 

21 . ~ ·( xproaaed a mg. 
P04/100 g So11} . 

22.7 

1 it• n the1· ·o Cl.fl• w i 1• the or dnic 

t r ... th 1r toJd. n nutr1 nt. u ~ly - 1e muon nigher. the rth orm 



sign1£1oanc to pl nt lit 1th their supply or nutrients• apeci lly 

ni trog n. 

e.g. Con !derin uah dult orm 9plies 10 mg. {14) w n de d, then 

the tollo i~g c lou tiono us ng sxperi antal fi re ia quite reve ling. 

Avera number of tur wor t 8/9/48 in 

Clov r 0 
~lot 

46 

AV ra e number of tu e or t 15/11/48 in o me plo 

• 
• • wor 

· h n on re 11 

;:; 25 

21 

= 914, 760 worms I e~ • 

~ .147.600 mg. /~ore. 

100 lb • Sul t t of Armnon1 (a>prox.) 

that t le p riod concerne 18 only a J.>roxL t ly 

two months• t t tbe or consldere r·e only the mat ur·e ones nd ttia I 

the ahove ti is a~er e; th n it 1 not d1f lcult to imagine 

the annual benefit tn nitrogen to so e ao1ls through the presence of th 
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tendenoice were r cogn1zed throughout the 1nveet1gut1on bnd will be 

presented in t e order as l~ udy eatabliehed. 

Otr,qe~yJi96lS It appe r tf ut und r p stur cond1tlone gener lly• from 

browntop-fe.cue a rd.S ( s in 1 AB) to ryegr as - wnite olover mixture 

( s in 5 BB), here 1 etrong tendency towurds the eat bli&hrll$nt of a 

s t1 f otory 011 structure w1tb ximum ggr s t1on occurring ~bout the 

4" .. 6° le l. Tne p sture .Pl nt in themselves, their l"Oote. tbetr 

xudatee nd tn 1r e oct·ted rhizo per b cter1 , r undoubtedly 

th pri ry factor • oweve.r, in order to re oh thut exQelleno 1n 

de 1r bil1ty n t l>1l.1t.y ot 0 ct'umb" atructu:r under m-a&al nd condit

ion$, the ded influ nee o~ nim l nure 1n the pr aenc or clover 1e 

e eenti 1. It wa l rgely throu the cementing, aggreg te•forming 

eub t noes upplied by th duns and urine and ugmented by the presence 

of clover, thut suc1 a epth or dee1rat>le structure, as exhibited by the 

0 5 BB" tre· ment, was tt 1ned. 

Chemic l: ·hosphoru~: The very fact that one of the soil phosphorus 

determination proved unreli bl and had to b& ab ndoned during the 

p riod of tnve tigatton, emphasizes the necesa1ty for re u rch into more 

ocu:rc:ate method or meaaur ment th t will effectively separ te nd 

mea$ure the various pho phorue fraetion in the oil. Until tbia 1 

accompl1ahe one c nnot expect the cornpl ··x .. phoe ohorua cycle" to be f'ully 

understood d explained. 

Tho et'fect of ani l nure on the •• v llc;tble p oaphorua" status 

or the soil (dl i' a pe rod to ubst nti t tne 1gn1£1c nt 1ncre sea 

recorde by tie orkers rev1e ed. !J.'he pplication 01 lime in 1ts lf 

tended to c u e very light but r tner in.&lgni!'ici:mt 1mprovem nt in be 

level of Cid-soluble pboe,pnorus in the soil; but when 1.n comb1n11tion 1th 

euperi>hoaphilt • the phosphorus ut1l1af:lt1on or tbe latter e m ter1 lly 

1nc:rea ed ov r tnat hen supernhoephate ae applied alone. At th s~me 

time. ther$ 'lias delu• of 3-4 e e after the phoeph te applicution before 

ximum a.vail~b1l1ty was reached. 

The mech n1sn involved 1n the fixation of phosphorus in soil under 
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p eaent xperi ent. 

p rently t he &upp.ly of avail ble pot h etored 1n the oil 

cone i nec.l,, 

analyses. 

e trern y plentiful aa evidenced b~r both oil nd p ture 

f "Vertnele $ the ddi tion Of> ni manure cau od the level 

ot ·2o in the eo1l to dou le nd orten tr bl , 1n 1c~ting l1ttle likel1• 

ho d Qf tic ency v r occurring. 

um.le~ p tu aonditiona pp 

·Xi um lev l or nlt~ogen prea nt in soil 

to b derenden\ on th pl'& enee or both 

c ov r n~ inU ~ on and in th soil· Wh n combined, th e factors 

e u ed a not bl 1nere~e in both the totul nd avuil ble nitrogen 

pr nt in th 011. 

Althoug th an l· es only coveI'ed four month , a ee~son 1 t end in 

th lev l of rn~on1 nd nitr t nitrogen occurring in the soil, s 

1nd1 t~ • 1l1he v ri t1on recor ·od augg sted a poss ible correlation 

1th e sonal 1> nt ctivity. Ho ever with the appro~oh of hi he~ 

temper tur nd lo er o1ature conditions in the soil, the 0 uv 11 ble' 

ni tro •en l vel co mencod to decline 1n pr ctically .tll tre&t m n ts even 

ltno ugh s t ·1re pro uction rintns to nth. exc.~t1on 1 

tre tment, th highe t fe . tility lot, - nitrtJ.te ccumul tion occurred, 

xprc . e y proviou ork • 1' everth le a, the )r~ ulte reveul~ the 

VUlue Of 1nclud1ng 1 n~quality clover in tne 6 4rd ~ nd the u~nefite 

der1Ved tro t. jUdiOiOU8 h ndlin Of ti1 ·. I"t1Z1ng · nim 1. 

oumn1s. ·!;-& tqr,: h ,,. ulto uggeat th t under gr s ol nd, ctny f otor 

thut will 1 ere e p turo grow\.h will i ..,a to build.-u,p Of org nio tter 

in the 011. n oth r orde; it 1 the aod-f'orming pa ture plants th t 

re of r1 ry importance. the 1'1' ot of munure nd clover• peuk1ng of 1t 

here only a sou~oe of nitrogen, being m 1nly of indir ct v lue, in th t 

pasture pro uot1on a r e ult :t incr ed l l owing the pl nts t throu gh 

their root and le r re 1 uee,. to r i~e the level of th soil org· nic tter . 

h1 her. Revertn lo s on rhonld not t"orget, th t it 1 the tn!;lnure nd/or 

the clover which en· b le thtt t or . nic £ atter level t o be. furth r incre sed. 

. ~~rtqwor,rn ,i Al t ho h eart or pp~rc 1tl" fo .,_ ow ertLU ty - nutur 1 



doub e_dly influenced by s uoh unkno ct or te of reproduction. 

bre ing on, etc.. 1 presu bly r ly de ndent u n soil 

r ure nd "Oil moisture aomliti ns. & since pl nt cover g is 

1reotJ.Jr carrel ted with ouch soil oonditlons, th ff ct ot n1tmtl nurE 

n clover n tur ro uct1on t be cona1 er d or probabl thou n 
in r at 1nflue c on ~m ct1vity. 

, \ The o a1b1l1ty th t pec1 d1 ~ nc exi t r rds t ir 

1l1ty to •1th nd v ryin lev l oft rtil1ty envir n nt, 1 or 
o vtoua 1 ort nee to n c le ;raot1cal of th e rthworm. 

rom a tud3' Qt the liter t~ nd ourr nt results• th r ta a trong 

lndl t1on ti t • 11g1no 1• e import t c a tin orm 1n th1 

r n po ibl th1 country; · nd bl io with.St nd ore difficult 

env1~on nt th n • rubellu • 

An ~propri te conolu 1on i found 1nth fitting tribute id to 

tb rt worm in the rof'ound t te . nt 4 · by r in ( } , 

"It y b doubted 

pl yed o 1 or nt 

tbe e l l -or ntse 

ether tnere re mnny other 

- r-t in the bi tory Qf th 

er tu · fl • 
-, 

nim~ls 

orld 

icb h ve 

hav 



mly be aum , rised as f'ollo • 

Structu 1: (a) Anim 1 rmnura caused a gte ter degree or ggregat1on 

tn tne so11 (O" · 9") t · n clover . Uo ever tor ximum aggregation to 

occur the addition of clover. & well as nure, to the w rd w a 

nae uu.X'y . The greatest degree of ggregat1on occurred ut the 4 11 -6" 

level . 

(b} -or tile individual aggregu.tes ~ the perc ··ntuge of lar -

ize .., i .. t1clc uauttlly 1n .,..e sed with depth to upprox1mately 50;· 

of the total ggregution at th 4n-6r• level nd than declined; the 

int rmedi· te ... si ed particles generally decre ed in ercen~ge with 

depth to approxim tely 40·· of the to l ggre tion t the 4"-6° level 

and then incD ed; the emall- iz rtiole sho ed little vari tion 

bout tne 10% r.i:lrk . 

(c) Th vuriation in th size-di tribut1on 01' 8g es tea 1tb 

oil depth was the same t every depth' me sured• the ximum l'ereentt.tge 

b ing conniotently or a gutes of size 0 . 42 m.m. to 1.2 m.m. i~m. 

r (d} B caus the influ nee of anim l manure pluo gr as nd clover 

on soil s egation nd on the shape or the individual crumb could be 

di tingu1 hed so readily 1th the n ked ey at tHe 6"- 9° level• an 

t t mpt as fflA.de to record the difterencee photographic lly . 

Chemic9l: ( ) ~nosqhorus; 1. Tne ddition of ni . 1 m nur to the 

soil resulted 1n 100- 600• increase in t ,he level of cid-soluble 

p lo&phorus in t e soil, the response being dependent upon t he quantity 

1:tdded, therefore upon the productivl.ty of the pasture ·wh1ch in turn :t'"1S . 

dependent upon the b ence or resence o~ clover 1n th ~ rd. · nen 

su er ho >h te as a,lde the responee due to manur•e ·e from 50-100~ 

d ending lso on the~' ence or reeenee o clover• 

11· Th ut111 t1on of tn1.s soi l pho pnoru a.ppe rs to be s1g

n1f1 ntly oontrolled by the usture pl nt tnema lves . 

111 . The addition o!' ltm 1n itsel!' s ot 11 ttl e benefit to the 

liOid-soluble pnos horus level in the soil , but when ap.Plied in the 

pr ence of Superpho pn~te, it caused a ma.rked improvement in tne degr 

ot utilis tion of the phospb te contain d in the fertil1 or . 



Wbil the ddit1on of n1 l nure decPe d ac141ty. 

{b) Pq
1
t§§Sium; Tbe ddition ot ni l manure to the soil in-

or sad the pot h content, expre od p . p . m. 20, by 100-400%, b 1ng 

pend nt upon the quantity added nd th refore tndir- etly on th 

pr- enco or bsence of clover. 

( o) e more f!'eotive 

in 1! 1atng the " v 11 ble" n1trog n content t n clov r . towever for 

the x1mum lev 1 to b obt in d it ry or both nure nd 

clover to be pr ent in tbo so1l n w rd. 

11· Tot l nitro n content nowed im1l r ximum hen both 

ur nd clove r pres nt, but tnd1v1d llg, olov r more 

ft ot1v • in th1 o e, th nure in r isin the otl nJ.trogen level . 

111 . e so l 1nflueuce on the mount of mmoniu and n1tr te 

nt in tie oil lso ug eted, itn a p k in th late 

spr-1ng I e rly &utnner period and in one c e, n1 tr t aacurnul tion in 

th u r. 

( ) atter: Ani 1 nure e ue d great r build-up Of Soil 

or nic . tt r un er ture th n clover, the gre te t improvement ho ever 

being wn n both nure and clover r re&ent to ther. 

The influence of clo~er on earth orm population c used 
l.. 

ximum 1ncr ot 300 • Th munurial ef ect a deo1 dly less 

tr1 tng nd exhibited e sonal influence rticul. rly in the 0 gxu s 

lone" plot • 

orm .POJ:lulation v r1ed from t million to 4 million I ere. 

The weight or wo v r1 from 1 c t .. to 22 c t. I ore. 

(b) $ s l ctivity p red to be l r lf p nd.ent upon oil 

te 9 ra.tur nd oil moi ture con it1ona, wit 

the ~eptember - otobct· per1od. 

~ k occur~in ubout 

(c) J . c 11 ino nd I. . ruf) llus re th predo in nt s cie 

1 nt1£1ed 1n the ex~eri nt l re n no ed consi tont v r1at1on in 

th 1r a 1l1ty to with nd di~f r nt environmental ond1t1 n • • 
c 11 noaa :>Et rin h rd1er th n • r~b llus~ 
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superior in every oharacterie t 10 me eured. From oueh reaul ts , the 

pre ent•day emphasis on clover and the gr zing animal tn relation to 

paeture p1"oduct1on appea . tully justified. 'In tact , the establ1·e·n

ment ot suitable clover or llied legumo in the e ~rd• combine~ 1th 

dequute attention to a uniform redi tribut1on or the nim l residue 

over tb:e farm, 18 of paramount 1 port nee if high level of soil 

fertili t;r, s hown, ~nd therefore maximum pasture producticm ts to be 

ch1eved und intained by th gr ssl nd tarmet>a or this country . 

'-



it 1 thi " <!. qu te do 1gnn that 1 o.rt n so 1 1'1cult to actlievo . 

T e robleM of 11 pr ct1cuh111ty" 1 everlti tingly controntl g the 

r rch orker in n n e vour to Ct1 ve ex r1 nUil ~d qu~cy in h1 

_, rticul z· tudy• t t will ply ta n bli t e lie· t1on o 

v ropr1 t s t1st1c l treutment . Con qu ntly st t1 tic l c1 nee, 

tully r lizing t 1 di f1ou ty, d v1 e \,4nd is cont1nu lly viai 

v r1o co. in io h reby ny cQn b .t ctorily 

1ncor orated in x r1 nt l 61 wh1cb. .revio ly would ht1Ve 4-

d o 1 r bly t$r requirements in both land n rial £or 

ccur te eonclusions to be dra n. In ot er or ; t y r· ttectivel.y 

o• rco in the limitations pr sent d by l c of p~e nd lubour round 

t rch st tiona nd .t th e ti e 1ntain1ng experimen l 

qu cy n t 1 ti l ecur cy. 

n xample ot e I ~1. nt l ina qu cy c n be founu tn tte present 

inv ot1 tion viz., a de ign that s quite dequ te ror euring 

aeture production f l r r hort of th re uire nts lp rently dem:.41d-

e4 by 011 studio&, on w.i1cl t e lt.1 .ter p r-1mpoeed . hile 

her . iel only v rie b 4 .. 5--; bet n Jl le· te , oil ter. !n-

t1on sho d u to 100 v ri tion. 

urt er ev ence o tne import nee o d ign w a res n e in n 

into tin 1 cov ry r v le by th 011 ·lJ.b.l es . lthou co 

l teoted y h rb e t t 0 r rt1l1ty d1ent0
' occ r•rin . t 

tl xp ri nt l r nd in lucnc p r x1n tely tour 

n t • i ely r)tar nt from th oil 10 ior '4 t rm1n .. 

tions . hi nnoyin b orn'liif.lity s oons1etently o v1ou r1gnt 

thr u hout the period of the 1nv tig t1on king interpret tion 'I-

t l difficult . ther 1n xol 1 l lity • a l o exhibite 

by '' ., plot ( 1 ) n r th cent..t· o xperiment. In both 

to t d d t in tion th! ve o. t irre l r re ult 

wh1c 1rre d consid r,bl ro t e ~ lie te. 

ny tte pt tat ti tie 1 un 1 es of t1e dB obt tncd oon-

uentl .. or doubtt' 1 

r ult only tren 

thou it s r lt t 

ort. n a would b~ ex,ect d 1r ved rruit~eoa . 

n t ... n enc! coul b ru n fro tr. fl ur ·, 

tin seve l c e such inf r no r or ty · 



t orou 011 lys·e t th co nee nt or n 1nve t1 ion; tmd. & 

t n ti.v ll ion• oil omo 1ty' 

et r by di tl' t nt or by ct l oil m1xin , e 0 ibl 

1d to tun n l 011 re,., ro J if Oil tu 1e re w be moot 

ucc & fully 1ncor or te in p tur tr1 l • 

n vie o ... t.h or1t1e1 m oft r bove, 1 1 only t ir to . nt1on 

t t tll tr! l 00 1 r <;.4 only. rt Of jor l yout, "mowtn • 

n " ing' tri l, ntioned 1 tn ect1on on " xp r1mcn l • 

ield co p , .. 1 0 b tw nth ne t.o action re cona1stent , it 1 

not u ted t t t 1 l t 0 ined by 1 r elan 0 h ve bAen 

erron o • 

0 t ro l n D1v1 ion , r r. , .tor 

concerned or oil etu ie for the u e o! 

coll c ro t e oo1ute stu 

To r • • ~ ra r 1 ge nd i • kley for u sist·nc 

1th :i!hoto Ph.Y• 
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(105) 
ot • rth o~ i {18 1) 

1th. ir. rtbur - ture Vcl . 149 · .• 716- 719 {19li2) 

(106) Hop H. - Soil Oon e~v tion Vol .. 11 .t ' • 252 .... 254. (1 46~ 

(107) uri nov .z. - oils ert111 er Vol . 4 o. 2 (1941) . 
(108) nd Ho ins • • .. • 011 t r Oo er .tion Vol. 1 .ii' . 11- 3 

(19 6J 
(109) c ll • • - J o1l oc1 no Vol. 5 • 117 ... 121 (1944) 

(11 ) .s . ... " v- r 1 t urroll" re ' 1945 , 

f111) a. 

J 
I • 

1 .. -
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J.o • as :roJ. 

thod) 

1 gm ot 1~ dry aoll hich h s p seed 1 . .m. a1ev$ 

1 tr ncterre to ~ shaktn bottle. 50 o .o. of oxtra.ct1n5 liquid 

propaX'ed by d1lut.1ng 10 e.c. of lactst buffer 1th 250 o,e. d1et11led 

water follo ed by l hr. !n rotary shaker h ld at con tant 

tter extr otion, th u pene1on 1s filtered 

throu No. 3C or 4 ·h tman tilter paper g1v1n a cl r tiltrat 

f this. 10 c.e. or 25 o.o. (depend1ng whether m nure 01 .. no• 

manu~ plot were in nalyaod) i s 1pott into a. 5 c .e ... 

volumetrto flask• to which 1at111 d w ter 1e ndded to br1n :r the 

volume to 35 c.o. lO o.c. of ~olybd t olut1.on a then blo n in 

throu!:h th pipette to obta1n thorough m1x1n~ follo ed by 5 cc, 

of 11ute .... t r n W3 "'"llor,l.u o utl~n .. reault1 1n t.o t.al volutl · 

cf so c.c. na tho deYelo nt of a blue <lolour. Tho lut1on 1 

invertlS' ovo r~l t :i.!;;oo fo1" ixing and allowed to at.and 5 or 6 1nuteo 

for f1 ll oolo r to u v lo , th r . d 1n a p oto et r.. The 1 . 

oot 1n d in th ~pl1 d to a 

y r: lcu t.1on ;;pr~ a d. 1n ° 
Ph. to o tt 1 ·1 *' 1.c gra P/1;.;l. 1 ~ and 

• FOJ/100 SUl • of so l." 

e b. lt am ol oule of pu~ oal~l.um 

l c _t i tr· n ""' ... rro · to u t 11 2 11 r d!. olvod 1n 

ole cu le of ·Wl 1 -
nd d; th n h .h l dllu ted to 0 li tr pJ.uo a re dropo or 

solut.on o pr, a·o() 

.i'E .... IlCl AOlD;,, D1eeolv 15 • of •• , moni\ 

HO:L w e the a.ddod "l ly 1th et1rr1n ft,er eooli. ~ 1,, o rcou: 

~om rature it • diluted to l COO e. • 1th d1 tlllOd water. 

ro1X< ollt a ' tore· l.n bl Ok gla.as•etopper •d bottl ... rep r d 

t~e h every t o montha. 



\ 

1x o • 

olution w e in"' l o.c. of too olution 

to 20 o.o. ot diet1ll$d \ t :r ... pr red fresh ev rs tour hour • 

) 

l • f 1r~ ao1l e.e a tur t 0. 1t 

toll · d by shal 1n for on~ ho r 1.n :>O c. o. or o.5N H4F. The 

a th n 1lter d nd an aliquot (lo C1tC•) t n. To 

th l. o.o. of or1o o (.8 ) BS d d1 foll 'by d1at11l 

w t r to make t .e lUJJle up to 35 o.c. lO c.o. f olyb te re ent 

w 0 then d"' ; mu . d by blowin f p1 tte, plus th 5 c o,, of 

1l~t t nnou ohlor1d • tt r tx! th perio elap e :f'o~ 

o lo r dev lo nt. t r a.dins • s ~ de 1n the photomet r, s before. 

NR4 1n l 11tra of di till 

•line bottle. 

(8 ) : 

1 lit er t r~ 

s for' 

(0.5N): Dia o • Of 011c1 

~ "• adju t d to pH7 and stored 1n 

1 a (')1 ve Sci • "n. oric c1 in 

a for o1d•ao1uble P d ton:i1n t1on. 

l bl P d t rmtnat1a.1. 

a le t>f ail' dr-1 oot l., t poon 

t t~~ an diluted th 12 o.o. d:t t1l1ed t r, left. to t d for 

hour - t.o 11 . or ui\r . then nsur d th 

pH ete'l'" •. · 

rooedure: A t as oon o S<)1l la lev 11 otr plaoed in a 

teat tube, lo e.o. of tr ot1n l.Utlon n1 the tttbe Vig l"ously 

ah en or exaotly 1 mtnu o th n filt .J:" d 1mmed1 tely through 

Soil tr ~ta fr 3 o~ 4 e mpl a 

' ~e prop r d 1n thla 1 and l o.o. or is pl oe inn 2 o,o. 



L'rlO aropu or o lum Cob11lt1r11tr t e olut en 1a a.df d to ch 

f ollo. ~a "oy 1 c. c. : 95% loohcl d .d lo y 1th pe 't.$d. shaking. 

F v inutea are al lo ad for full «>lour to dev lop d then t 

pot h ooncent~ tiai of th nkno 1 

1th t lEt t ncl-1 's. F'Ol' th >Ur.PO 

eyo .... lev. l gainet a au1t bie ·· und 

unl~11owue ru lo h r of t tlal'! 

cries 1 s ert l u 

he $ andards f o < w 11 f 1 

t, ot cl iy cotnpar.t.s o n 

hol, r ! h ld about 

nd the tt\b a eont lni g the 

vnt1l ·:. h • pl.a oe 1n th .. 

r1 f~om }2 I .p.m. ~20 

hloh s1v he vy yell prooip1t t to 4 • .m. K20 1n vth1 there 

1u only f int turb1dit • bl nk m teed. \ t 1 *"h 'v ~ go 1n th 

eatl.n at1 n o... v ey lo· pot sh oont • !t 1a notice bl that 

th eav1 ·r th pf'lec1 :lta. th 11">)h~ r tho ec ... loutt or ·t:.h re lt nt 

uapen lon. 'l'l 1 a1 of pu.r' y• Colour Ch rt 

r· r st1mo.tin pot ah oont it of extr o e, but. the rn 1n~ up <Jf 

.sta.n r-ia t:aa found. to b tis tact.or,-. Tho 

or h1sh pot cont. nt i" b , o r1e ou by dtluti 1 t.he oil 

xt ot. l .1 ~ it.h · stilled , t.or and using l c .o. of' th1s diluted 

e. t ot for t t t .. 

Comparl. one ould be oompl tad s oon ~~ pol lbla f ter r ull 

d v lopment ot colour ( 1fb1n 1n t ) ~n colo ~ fad r 1 l n 

&t!'Ont; li ht• Th& e t1mat1on should not be rn;', 1n nlig t. 

!lolut1on • . 
, ~Jll: J I:r'R ItE, Ef:lf.l!.1~ . , '!J. 

• Cobalt s n tr te dis ol~ed in 50 e.o. of 

d1st1ll d .o.te:" it.h 12 .. 5 c.o. ot glnc1 J C tic ·Oid _.dded tot 

olut1on. 

flolut1cn B: 120 gma. Sodium nitr1t 1n 180 c .. o. of dietUl d 

t r. 

210 u .e. of oolut1on B nre addod to l or o ut1o A n d t nitric 

1'u ea " "'lved o.r rsmovod by bubb11.n 

aeve~· 1 ho r • 

1-r tb .. ou l th liquid for 



1~ ly t". pr y d11utton 

! Th xt l\t 

etd (1 ~a o~t.1e to 7 .5 

at t111 • tEU-. 10 c •<ft or th 

0 (') or ot.l .• 

( 

rtt sh oil., o.t 

b b f +c~ t 19 

50 • r () 

Of 'ti 0 1 

1ut1on 1 

Of t 

oiut.J.on 1 

) 

~ Slt\ 

1> e 

tu ·· 1 

• .of 7• t)\1 

up to 130 , e., With 

to1• e~t ot1ng 

QU " ' 1'V' or 
r r tJ tat ve11. 

@l. f o th pr .... 

bf)tt , . Wh1 ·h 1 dd d 

1 0 () • • of ~ J 01, rr1 11\i.; ·bl 011 

co et C1d1t . ( 

tdce w v l: 

nt tn 

p 

lC c,. Of 

1th ict llo 

the e. 

tho 

th 

) .. .tn t.h .. e "' l e. c • - an 

OU 7 d toluen · 

rir . to 24 ~ .. t · ter 

)O e.c or f1lt ·t ?"Gj ctad. 

e r ed tr d 1ar det<! - 1 Vt 1on. 

t 

l 1'\. ~ 
• • 

l.l 0 t' 1 .o 

tl( 

_th rr/5 N n "' t1l tn · 
burr r a.o 'bion. ,. t p 4 to l a 

n rue b n d 

Qf 

into 

t 

fl.tr te 

..... 1 

to .. 

t .. ill <l tar · nd ~b t ~ .. a. 

lum ob or tt11 d 

d1 't.ill :t 1v1l r ott.r:r!.,~ 

OU ~ for 2 0 .. ii 
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'P~ooet\ t n1~ et. 10 I!. . eo11 5 ml11 Kj~l l f la itil • 

30 l. cone. H~scii. • 0 .. 7 L U• (o:r o~65 gm. fI ) n 5 • l.O ,, • 
J 28• ~~. OD>'lt 1.l. U< th d1 : s t 11 '1 r . l ... 2 0' u. 

t r cool l 

' 
tt ~ m • < U 'l ,1J. - ~n ool • 

p1 ah or zino an ( hm1f; i.no ml ) f' y 

15 .... ' 0 . A .u ): on co t,r:i1n~ ' t't' 1~ • rt • K2$ 1~: r 1i.,g- ,Joi the .. 
t. 1y 10 a o · Kj·Hd hl conn e,i bulb, tolt1ns 

'° .r t 0 "" ~on -.,n vp tube ext- ~Hta. . oJ er>"' th .., ,f$.t; rt "e . " " 

U) nt. ts or 

tl by n • :tnn: :t .... # ll ~t ... b'!'I 11+. ·.15· .... l - . .iii t 111 t , '"'· ,..,, .... • \.J • IJA . v. a & e. 

llt 11. Run ~ bl nk dot~min3t1on in ex ot,1y tho lll ~., 

. bout O.".:> g • m.til~..,.e 1.n pl.ace of the aoll, to 

oonont f o 1 y n,J .... o , .... ~3n oo nt 11"1 ~ 1n ti r ng nta. 

'rh~ go .,f ru.trog n . n ... he n "':tl 0'1 th h r:is Of 10 rm .. 
~..mp. • (. - ·.r) IJ ~:i.14, · hore B 0 bl k .1 trat' ~ 1n m1llll1tere 

or et ndart· lkc.11, -e a.ctu l tlt, , .,. .. ()f 'ndn •o a.l k 11, 

n~ = normnl1ty o t at 

.. 1x lO ml. of .1 bramo-ar eol 5t"een 

} 

T~ Ol~ n and ry 8 'Y l .... n .. PYl' ~ test tube t.ra fe-r 

o.1961 gm .. of rd pot.a S1 and t eampl .5 ,in. 

or 1 s if hif2"h 1n 1o m·-tte c ea .1 e1-l• ). pl es 

eont nin ohlor1 1n n.pprent bl runt OhO\ M fir t 00 eh d Q1. 

tbi:n p. d of i n1 od t\BbF. to in a Bhl r f'il te1• n o moint 

. obectoe n so11 t.r t1 fet'red :t.o the a. tu'M.-

th dic~.rom t() l eb down rd h lo o .c . oonc ntr-. -t; d. H~SOJ~· H v 

the test tub 1th A. th t,e:r pu h.in 

and 1mm rse th tub 1n the b t,h unt1 l tta te 

l < () nl. of cone * 

Stir tho er.sntent of 

r n.y oh rre l>a.I·t ic les 

~ turo o the 



0 

1t 1 

· o1l 

h 

.n 

ia _ L · nromic ag~a 

-00 lut1 about 5 ~. po otU. . fl 'C> .. td · .. 

(C.5% oon .. and 2 o~ 3 <>p~ t 

t 

1 

f 

rt 

Ull> t nt11 

p r untll t 

el.1 t i on ot 1 s 4 

· lt of t iehr 

1t 1 d '1 ble 

pl .• 

e 

1t,b 0 +2N 

· eo 1 <)U:r lch 

t r ·t a to 

hl otnt ia 

d 1 

deter .. 

11 :r 1 $ pl "' tl.!Jh ha 

• 

t t o~ 

n~"'l'll!ra,non 1;.... hr.•om c ~e d ~ d.\ ®d y ~he 

• ef' e· r•bon r 

eo & t. 

l t o .. 11' g • 

1 ~eooVi i- rt ut 

~ 

t&l,Y 

.;1ll 

n t r>t. 1 

• 1!16 gm s. of the e ~ · r t- er . 
f" c Ji2SO. 

10 t h<'.'..tlr• raq 1 i. ao. 

()J I f;)l°6 8nd 

tlo 1~ntor, 

a lt ( e ) - l:t 1"f1 e b~1( "·o 

lm ov th c ~ r cter1 t 10 f 1 , any1 mlne · a !;Ul in<it. cator J the 



.. 

\ 

one. 

D ev1 < • 5 ~. oi' <ll.~h ny-1 mme in' 

n ko p 1n u ~ ~11 bot~le th ro ~ • 



Diam. No . - . 
2 m.m .. 10. I .M .. ·t.t .. 

1.2 m.ro. 16 , I ~M .U . 

0.42 m.m •. 40 i.u .. u. 

0.25 m. m. 60 r .u.r.i . 

0 .1 8 m.m. 60 l•M·M• 

0.15 m.m. 100 I.M:.M. 

Total Percentage of 

~. 

wt . -
.5. 651 gm:;:. 

6.505 grm. 

11. 996 gxns. 

4.094 gm. 

1. 732 sm&• 

1.038 gas. 

w • 62 . 0 
Aggrega tea )0.15 m.m. diam. 

~ 

18.2 

21.0 

33.7 

13.2 

5.6 

3.3 

Samples in trtplicute) 

D • 0"-2" -

n. " ;vt. !! ~t • -5.588 ~· 18.3 5.821 gme. 22 . 3 7.207 grns • 2' 

5.246 goa. 17.1 5.061 £TtlS. 19.4 6.629 runs. 2( 

11.67!) gms. 3e.1 9.149 grns. 35.1 12.187 gm$ .. 3~ 

l+. 799 gms. 15.7 3.512 gt1'D. 13.4 4.518 gms. 1~ 

2·297 gms.. 7.5 1.550 gma. 6 . 1 1 • 5 72 f11'.l$ • l 

1.027 grm. 3.3 0 .968 gms. 3.7 o.a72 gms. 

61.3% 52. 65. 



··--·· - -··· ........ - ... 4 ...... vl•' TlUi; SOIL (5 ---

2 m.m. 10 r . t~ . rJ . 

1 . 2 m. rn. 16 1.u.u. 

0-42 m. m. 40 I .n.u. 

. 25 m. m. 60 I .B. M. 

• 18 m.m. 80 I . JA . JJ • 

. 15 m. m. 100 a.u.JJ . 

Total Percentuge of 

8 . 083 gms . 

a . 1~ 12 

11 . 914 

2.766 

1. 616 

0. 047 

• • 

" 

tt 

ff 

tf 

,. 

67-4 
ggx-ega tes ) c, . 15 m. m. di&.lm• 

PTH 2"-4" -

24 . 0 7.054 gms . 20 . 2 
• 

25 . 2 7. 127 ff 20 . l~ 

35 •. 4 13. 383 " 30. 3 

a.3 4 . 202 n 12 . 0 

4.a 2 . 147 tt 6 .2 .. 

2. 3 1.u35 tt 2. 9 

69. 9% 

• Samples 1n triplicate} 

• 
7. 219 grrs . 23 .. 4 6.889 gms . 1 

5· 9h0 Cl 19 •. 3 8 . 148 II 2 

10 . 732 ff 34.a 15. 249 .. 4 

3 . 822 u 12 . 4 4. 177 tt 1' 

1. 938 Q 6. 3 1 . 897 f, 

t . 158 II 3.a c.691 II 

61 .6 74 e 1rr 



---

AGGREGATE ANALYSIS ~ !!!! ~ (50 gm. 'Samples in triplicate) 

DEPTH. 4"- 6 

Sieves. Plot 1 AB ~lot 5 AB Plot. 1 BB Plot 5 
-~-

Diam. . 
No .. tit. i Wt . ! wt. ! wt . - - - - - -

2 m. m. 10 I . M • . U. 9.J89 gma. 26. 7 8. 836·gme. 23. 5 9 . 890 ~a. 21. 1 7. 193 gme. 

1 . 2 .m., m. 16 I ., U. M. 1. s32 # 22. 3 8. 2,30 ti 21 . 9 1. 152 • 21 . 7 6. 329 

0. 42 m. m. 40 I.M. K. 12. 079 ff 34. 4 14. 040 tt 37. 4 t2. 170 If 34.-1 15. 811 

, .. 
. 25 m. m. 60 I . ta . II. 3. 432 " 9. 8 J . 619 " 9. 6 3. 371 ., 9. 5 4. 403 

0. 18 m. m. 80 I . u. t.t. ' 1. 609 • 4. 6 1. 919 d 5. 1 1• 657 " 4. 7 2. 006 .. 
0. 15 m. m. 100 I . U. K. 0.792 • . 2. 2 .0.915 1f 2. 5 0. 823 • 2. 3 o. 687 " 

Total Percentage ot 
: 10. ?i. 75. 1 71·. 76. 9: 

Aggregat >o. 15 m-m. d iaiu. 

• 



(50 gm. s in t.rlvliea.te) 

_!9t ~ · AB Plot 1 BB _fl,,Q~ . ~L~B -
D\eup. No. tt. ! wt. ! wt. ! wt. - - - - -

2 .m. m. 10 l. i.t. S. 3. 453 gn'ltl . 9. 9 1. 408 gms .. 4. 1 6. li06 gms. 19.-9 8. 060 gme. 21 .• 3 

1. 2 m. m. 16 1.u. u. 6. 977 .. 20. 0 3. 604 " 10. 3 6 .• 675 " 20. e 7. 958 • 21 . 1 
= ............. 

, 0. 42 m. m. 40 I . M.U. 16. 65~ • 47. 9 17. 905 ~ 51 . 2 11 . 988 ff 37. 3 14. 395 • 38. 1 

' 
0 . 2; m. m. 60 1. 111.u. 4. 907 • 14.1 6. 985 # 20. 0 3. 836 • 11 .. 9 4". 584 .. 12.1 

0 . 18 m.m. 80 I . i& • . fl . 1. 944 • 5. 6 3. 203 ft 9. 2 2. 155 # 6. 7 1. 645 ft 4. 9 

0. 15 m. m. fOO I. i . M. · o . 869 If 2. 5 1. 819 " 5. 2 1. 053 • 3. 4 o. 956 w 2. 5 

~ \ ·- ~'1 l 14.40L. 

r.cotal Percfm'tage ·· of 

) • 69. 6J 69.~ 64.2~ 75. 6· • 
Aggregat.ea } 0 . 15 m. m. diam. 



Qraea ·onl 

+ Clo~er 

Grass + Ciover + Supe?"" 

Graaa ·+ ·o1 

o-raee +.Clover + Super + L 
. . . 

Grass + Super + L 

Gress only + .&.Jung ·& Urine . 
Grae& + Olover + Dung & Urine 

• Grase + Olo•er + Super ·+ D. a: u. 

12/3, 

50 

20 

2 

21 

91 

119 

116 

144 

Graaa + Clover + Lime + D. & u. · 94 

Graea + Clover + Su.per 130 

Graea + ,su1>er + L'ime + D. Ii u. 164 

. 106 

83 

119 122 

80 . 

137 133 

173 179 

the. 1mth. 
tter avter agP4 c.a t- ~cwt. 

1 n or super. 
3 en. 

$uper. 

. 

1t9 

. 
127 

169 

2rnth .... 
art er. 

10 

77 

122 

7 

128 

16S 

140 

140 

189 

140 

157 

1,91 

1mth. 
aner .. 

1 

144 

176 . 

2mt.u.-. 
af't~~. 



" 

Treatment 12/3/48 

PHOSPHORUS (expressed as lbs. P2o5/ ac. approx.) 
(average or duplic~te plots) 

23/6/48 918 12/9/48 8/10/48 
- -·~·-----~ -------- -~---~--- - -· -~-- - ~~----- - . - ----- .._._ ___________ , ___ .... ____ .. _________________________________________________ .. 
arase only 107 115 

Orase + Clover 68 70 

Grass + Clover + Super 83 104 

Grass + Clover + Lime ~7 49 

r!sa + Clover + Super + Lime 132 159 

Grass • Super + Lime 168 235 

onsa only + Dllllg & Urine 194 183 . 

,raaa + Cl.over + Dung & Urine 205 169 

Grass + Olover + Super + D. ~ u. 222 214 

Grass + Clover + Lime + D• & 'U• 153' 148 

Grass + Clover + Super ~ Lil'lle 203 218 
+ D.& U. 

Graas + Super + Lime + D. & U. 2'7 263 

.Jmths. af'te~ 
3 cwt. Supe:r 

137 

160 

242 

240 

226 

263 

1mth. atter 
3 cwt. Super 

120 

156 

2.34 

2.32 

H4 

253· 

2mtba. after 

115 

64 

110 

55 

156 

211 

187 

166 

237 

187 

234 

253 

3mtha. after 



12/3/4 

23/6/J 

8/f0/48 

12/.3. 

23/6/48 

8/10/48 

1BA 

7 •. f 

6. 95 

6. 

7. f 

1. 1 

7. 1 

6B 

2BA 

1.05 

6. 3 

6. 5 

6. 6 

6. 5 

6. 8 

5&8 

3BA 4BA 

6.75 7.05 

• 'f 6.7 

6. 3 1. 0 

6.9 6. 5 

. 5 5. 

6. 9 6.o 

4 3: 

~ 

5: 

6. 85 

6. 6 

6. 95 

6. 55 

6. 0 

6.t 

2B 

6BA 

7. 2 

1.2 

1. 1 

6.7 

6. 6 

6. 5 

1B 

1.U 

6.7 

6.6 

6.6 

6. 8 

6. 85 

6. 8 

6AB 

'AA. 

5. 

5. 85 

5. 9 

6. 5 

6. 

6. 6 

5.95 

5. 9 

5. 8 

6. 4 

6. 7 

6.a 

4AB 

4. 

6. 6 

6. 75 

6 . .. 

6.o 

6.o 

5. 75 

3 

ij 

6. 

6 • 

6. 

5. 

5. 

5. 

2 





'ONIA & NITRATE NPriiOGEN I N 'l'HE SOIL ( o•-2") -- . ----~~ 

(expressed as parts/million) 

/9/8/48. 22/10/48. 22/12/48 

.Axmnonia N. Nitrate N. Ammonia N. Nitrate N. .Ammonia N. 

Grass only • o p . p . m • ·7 p . p. m. 24 14 11 • 

Grass + Clover .. 7 u 1 ff' 25 13 28 
• 

Grass + Clover + Super • 10 .. 1 lf 28 11 30 • 

Grass + Clover + Li me • 14 ff 1 ff 34 11 20 
• 

Grass + Claver + Super . . 13 " 9 " 44 4 43 • 
+Lime 

Grass + Super + Lime • 7 ft 7 ft 35 4 28 
• 

Grass + Manure • 16 ff 
• 

. 1· " 36 7 26 
. 

38 58 26 48 Grass + Clover + Manure • 18 ff tf 
• 

Grass + Clover + Super . 25 ff 47 ff 32 38 41 .. 
+ Manure 

Grass + Clover + Lime • 39 .. 55 " 25 29 34 • 
+ Manure 

Grass + Clover + Super 38 . 22 ff 28 " 37 35 
+ Lime + Manure • 

Grass + Super + Lime 
41 14 31 . 21 tt 1 ff . . 

+ Manure 

I 

' 



12/3/48 12/1/49 . 
AA f/IB AA ri~ - -Gr ao only i 4. 1 '• ·54 5705 . !i • . ~ 

or es + Clov r : 4 ,16 5.39 :> · 52 

G 0 + Olov r Su .,. i 4, 77 I 4 .38 5. 62 5 • .z9 
; 

G + Glover + 1 i 4. 54 4 . 14 !h.52 ;> . 62 

Gr a + lover 
; 4. 38 4.42 !h3 ; . 29 

+ Super + Li e 

Gr Si er + 1. 4.54 4 ,. 46 5. 17 ; . 17 



-

- - ~.n~:r.-;>-1$ (0"-4tt) 

(ave-raga of 
1

.tlu_p11cnte plots) 

1 9th May__.__t91!8. 8t h Aug,us 1,_121±§. 

Treatme:nt. No•/sa . rt.• · Total :1e1i1ht• Ave~_i:;:e Jlt . lbs./ae. Nol.ag . ,t:t . -
Graen only ... t3 ·2 . 11 gms . 0 . 16 gm. 203 22 4 . 8 JimlS • 0 .. 2 ,. 

Grass + Clover .. 32 6.-76 0 . 21 fl' 648 78 20. 0 0 . 2 • 

Grass • Clover + Super : 54 . 10.78 0 . 20 1035 56 15 . 9 0 . 2 

Grasa + Clover + Lime ... 39 10 .45 0 . 27 912 91 26:.q 0 .. 2 . 
a·i-ase + Clover + Super . .. 50 · 15.11 0 . 30 1449 6-8 ·. 18 .0 ""* • . 

+ Lime. 

Grass + Super + Lime i. 16 3. 13 0 . 20 300 33 6.4 0.. 2 

Grass + Mllnure • 21 3.46 0 . 17 332 51 12.3 0 . 2l .. 
Graaa + Clover + Manure .. 37 10 .. 76 0 . 29 10.28 83 26 •. 6 O. Jj • 

Gr.ass + Clover + S'Uper 
+ Manure . 34 11 . 77 0. 35 1.179 72 23. 9 0. 3. • 

G 
+ manure • 46 11 . 91 0~ 26 1143 72 23. 3 o. ,3; • 

'° 
Gttass + Clover +· Super 

+ .l .. tmo + tf6nure : 46 16. 10 0. 34 1595 80 25.5 0 . 3~ 

n - ··"" • .... ~ noctt + 
t . 72 0.21 .1_66 f;4.; "~ -· 1/; ~- .,. 



( 

1948 I 
_g5th January,_1 

1gJl.t. Avertip-e wt . lbs./e,c. NQ. /aq. -tt. Totcl ll" t . A~eryf j 

Grass only • 9 1. 42 g:ns. 0 . 16 gm. 136 1 1 . 31 0 . 19 • ' ,. 

Grass + Clover .. 49 13. 57 .. 0 . 28 1302 26 8. 78 •. 0. 34 • 

Grass + Clover + Saper • 44 12. 45 0. 28 1194 26 a. 15 0. 33 . 
Grass + Clover + Lime • 46 16. 19 0. 35 1553 26 6. 83 0. 34 • 

oraae + Clover + Super : 43 10. 58 0. 25 1015 29 6. 47 0 . 2 + Li-""' 

Graaa + Super + Lime • 1a 4.62 0. 25 "43 1 0. 90 0. 13 • 

oraae + Uan\.\re • ,:·!~ . .34 ~ 10. 63 0 . 31 1020 18 3- 53 0 . 19 • 

' 
' Grass + Clover + Uanure t 53 2!,. 41 o.46 2342 43 17. 44 .. 0 . 41 

Gress + Clover + Supetr 
+ Manure • 54 22. 09 0. 41 2119 38 .10 . 40 8 .. 28 • 

Grass + Clover + Lime 
+ ..:anlll'e ' 67 23.42 0. 35 2247 34 9.50 0. 28 

Grass + Clovei- + Super 
+ L~me + raanure • 68 2li. 02 0. 35 2305 37 t9 .• 95 0.30 • 

Grass + Super + Li 
.. nu re • 25 7. 6 0. 30 729 24 3. 77 0. 16 • 



-

fttUf.1. O;J~l!l(.;'J:ruJ .t'l.,UJ.'" • - . 
(number of) 

8:t.h Aum.ittt • ._ 1-948. 1,!ith noventJ~r 1 1 ~&8• ?2tq_. 

Plots_ .. Lumbricu& tHh · Allolobophora sp • . 1.umbricu! ,s2 ~ -~llo!~bopho~a s;e • &!!mbricus Si>· . 
1AA · ;· 1 7 . 1 4 Non-cature • 

1AB . 2 6 Non-::pature 3 • . . 
' t .. A A . 24 17 ' 12 9 4 . 

( •" 

LIAS . 35 16 16 14 • 

1BA . 2 13 4 12 .'Non- mu ture . 
1BB .. 5 . 21 7 18 1 • 

> .. 
C> 

~"' 20 12 - ~ 2B.B . - - 9 • , 
,. r, 
~ Z! 
l';:. 
~ c 3BB . 17 '9 13 9 3 CO r • .. c 
0 -
:z. ~ 

r 

SBA ; 25 13 18 20 6 


