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THE USE OF PERTILIAGRS OW GRASHLAND WITH

PARTICULAR REFERBHGE 40 ORGANIC MANURE

by
ALELANDER DOUGLAS DRYSDALE

THESLS SUMUARY

Congtituents of the urine of livestock which could have an
effect on pasture include nitrogen, phosphorus, potassiun, water,
indole-acetic acid, hormones and other substances, yet despite
its high potential value as a fertilizer, viritually all the
urine produced by stock in winter runs to waste. PThis wagste
of urine constitutes an imporitent loss of plent nubtrients bub in
addition it causes a pollution problem in water courses. The
logical geolution is the use of the urine as a liquid manure on
the land but much more detalled and conclusive knowledge is
required of its effect on plant growth, and in this thesis three
experiments are reported in which different agronomic aspects
of the use of the liguid menure on grassland have been studied.

In the firgt experiment a preliminary cowmparison was made
of the valuwe of applicationg of liguid manure, conveniional
dry fertilizers ("Nitro=-Chalk", muriate of potash and
superphosphate) and waters In the secona experiment detailed
information was collected on the idnteraction of five application

rates of liguid menure supplying from O to 400 1b nitrogen/acre

supplying from 0 to 200 1lb nitrogen/acre, with aund without
phosphate and potash fertilizers, when applied to a perennial
ryegrass and white clover sward. The third experiment compared
dresgings of liguid manure and of dry fertilizer appliecd at the
same time, both treatments supplying 69 1b nitrogen and 114 1b
potassiun/acre and applied in different wmonths during the winter

on six types of gward.

St

and three applicetion rates of fertilizer nitrogen ("Hitro—chalk“)ii
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These experiments explalined many of the contradictory
results obtained from earlier btrials in which the effect of
urine on pagture wag situdied.

In the first two experiments in which applications were
wade in summer, liguid manure and dry fertilizer treatments
which supplied equal or alumost equal amounts of nitrogen and
potasginn resulted in similar ylelds of herbage, but the
percentoges of clover were higher and the yield of clover
approximotely double with the liguid manure treatmentse.

In the third experiment subsientiazl increases in herbage
yield were obitained from winter applications of liguid manure,
and these increases were again similsr to those from the dry
fertilizer. The responses were different from the six types
of sward and elso varied from month to month but it wes found
that dressings of liguid menure applied in February generally
had the meximum effect on each sward.

The effect of liguid manure was attributed mainly to its
content of nitrogen and potassium. Although the liquild manure
had only a very low phosphorus content, supplementing it with
dressings of phosphate fertilizer had no effect on yield in the
fivet experiment and gave only swmall increases at the high levels
of nitrogen epplication in the second experiment. The water
content of the liguid manure had no effect in itself on the
yield of herbage or of clover, but the pH and the awnonia
nitrogen contents of the liguid manure were higher than those of
the dry fertilizer and this was suggested tentatively as o
possible reason for the different effects that ligquid menure and
fertilizers had on clover.

Botanical data obtained from the seocond experiment showed
that changes in the clover cover of the sward on plots
receiving liguid manure were generally compensated for by
changes in the pereunnial ryegrass cover, and the total area

ocoupied by clover plus ryegrass was similor undexr all treatments.
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The weed cover was decreased considerably by liquid manure
applicotions and there was a corresponding increage in the
proportion of bare ground.

Liquid manure had a high potassium o nitrogen ratio and -
its application resulted in & marked increase in the potassiun
content of the soil and of the herbage, and a concomitant
decrease in the caleiunm, magnesiuw, sodium and phosphorus
contents of the herbage. This effect tended to be greater
than that caused by applications of equivalent or aluost

equivalent levels of dry fertilizer and wight be of cousiderable

practical impoxtance since the ratio of o f”ﬁg (using milli=-
aquivalents) ways increased to a level which in~experiments
elsewhere has shown a statistically significani correlation
with an increased incidence of hypomagnesaemic tetany in

dairy cows.
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Tt is not koown when the ‘rt&ll * properties .
“of the excrene s 0: 4n¢mml, Lirved beeame appreciated

bwt according o Hall (1948) ﬁug vaLue of &mﬁg was -

-reaoynizeé'cextamniy by ﬂeman tmmes. Qbrom shout
“the early hL*toxy of the JQlGﬁLLfiG @ppr&lﬁ“l of

.agﬂicultural pr&eﬁiee mamyAreferenees are faugd'tu
“bhe value of dung . (sée Ru$sell, 1952) but it was

only in hhe’nlnotoenth cenaury with the grow%h of
ch@mlgﬁry'tﬂat-zge xndnmnnnq1 pri ncwple invdlved

"wowe dis eoverea.  dince the nine%eenth ccatury

7m&ny @xper¢monts have been made in this country
in an appr ai al of Lhu A@fﬁ&l1éQF‘ngue of dung ‘when - l.ﬁ
applied va dliiarenﬁ crops.‘ ) Teghuleal luprovemnents |
i matﬁodw of h&ﬂﬂllng the duﬂg ooupled with detailed
knowledge_of ts beneficial actLon on’ piaﬂu grawwu
heve established its use in wodernm agriculiural
Qr&cﬁice. o |

The-eﬁfeeﬁ_oflthe urine mx &ﬂ?Md]i on plant OWONﬁh
‘héa also been known since ezrly times bup despite Hhe
fac* thaﬁ urine has a ww*ater potentiaf:fer*ilizef
V$JQP than dmnb, its uso h@s aou become wides nreqﬁ
in thig eonﬂtry. ' &mong earWy inve tigations was
That ropovhea by Rublherford in .747 with wrine
ceLlecued from Lwo bul ocks{ o ﬂé'ndieﬁ that
“ihe hvaq leng HO ﬁb?ﬁ'himﬂ,cf mﬁnure Srew 80
amns znng Tuxurious that it was conaldeeed as mafveJlou&“
Théae is@l&ﬁeﬁ early - exmoxlmenba prov;ﬂcd a bas¢ﬂ fo
the ooilectxom and apyilc@&;an of urlne‘An.uhe ,
m&nencenuh aud early %wem*{?*h“canturieé. The use
.of 1iguid manure wmade from u@mne‘was described by

Py

Turner et al. (1958) as a fea tm,e 0

)

=

Ry

Smany Scothlsh.

daivy arﬁ 2% th&t’tim@. However, ‘the imtrqdaetion



" of artifiedal in&rg&ﬁio,ﬁérﬁiiiiers and’ the
’\mrouhleaomen@ 5 0f onlleemang uflﬁe led %o a grgaﬁal
declineg in bhe use Of 11@&&@ mammr in ﬁhia‘cgunﬁfyp
Whereas dung’,meviuably h@d bo e dispos@ﬁ of under
winter hﬂu%Lng conditions, uvxne gonld he ailawcﬁ

%o run o waste unlems 31tma%10n% arose whare its

eollection &ﬁﬁ fer%mllzer Value eoula be @xploltea

prafib&bly.

In recent years new husbandyy piraeilces,
1eg¢31atlon o prevent river ﬁéilutian, appregiation
QP bhe losses 1nva3vea when urine is wasted and new‘
agud yment sxaﬁ uas now, heaamc avamiabie have all led

o a rcviv&l of mnﬁaregﬁ in the ferﬁiii zer velue
ag urzne.

The ocnuomis contln&oﬂales of . mc&ern agrlemliure
h&ve stimulated the develﬂpmenﬁ ol new metha&ﬁ of
anlmal @ﬁnduetlan unh as the yarﬂ and na“laur and’

cubicle. sysmems for dalry eows, and intensive boef

and p&f rearing on uiathoﬂ 5laar@. The 50 wyﬁﬁema
are ﬁ@@d%ﬁ@ﬁ 0 operate wi L B minimnm amount of.
shraw xar baddmm@ and. entail Lhe c@llcction and
dis %x;huﬁion of all Bhe an;mql excreﬁa ag ¢¢qa1d
'mgnure gr SlarEY .

Recem L@glﬁL&u¢oﬂ in m&u Eorm of the Rmvera
(Prevention of E@!&atlon) A@tﬁ 1951 and 1961 is
lﬂb@ﬂd@ﬂ 1o pxoaec& the waolesomemegm ox %he

;camutry'q rivers hy prevemming inﬂlserlminmte disposal-
ol farm affluent into rlvers, surewm& and dlteheab

‘The Gﬂndlbiﬂaﬁ embaﬂxed Ln uhese &ats have been
:reviewed by flﬂh (1962} and mn@r&mh & Howse (1962)
iand the-wmdegpreaé~bﬂamges whmoh‘are faraeaqt nay
wreuult in ﬁbeus&nﬂ% of fdrmera roﬁa;nmnp farm

effinent %md eppﬁyiﬁw it o mhe land.
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The potensial valus of the urine of livestock.
which runs to waste annually is very groegb. The
losses involved in Briteln have been coleulated by
the present weiter (Drysdale, 1962) %o be
squivalent o Qna@qu&rﬁﬁr of the nitrogen
fTertiliners and one=Fifth of the potassiunm feriilizers
used cach yeate 4 veport by urnew of ale (1958)
sbated that the 219 million gallons of wwine which
run o waste aumpally in Scotland have a feritllizer
equivalent of 40,000 tons of sulphete oFf smmpnis :
and 29,000 tons of mariate of potash.

. fmprovemént in methods of eollecbion and Stnﬁag@'
hag accompanied the renewed inbewest in Liguid manu?éf

New machinery for pumplng and spreading i1 hae

b

begome quickly availlable o ellow applicaition either
by btanker ow by pipeliﬁe irrigation.

With this renewed emphasis on liguid wanure
applleation in Bristein, as in a muwmber of cbther
fnropesn counirles, new hﬁghm@ﬂyy prachices may be
_r&quireﬂ. .- However,; aeven in gwitgerland and Germany
where liguld manure farming has been pra@ﬁiﬁgﬂ for )
over 100 years, Truninger (1930) and Gunhold (1957)
nave Qtaﬁe@ ﬁh&ﬁ thers is need fox mmdeén meﬁﬁaﬁs in
‘%ta;ﬁﬁe and that al%héugﬁ mueh téehﬁical knéﬁledge
has_ﬁeen gained, scientifio~knewle@ge hag been
neglected,

With the different agricultural practices used
ia these smmm%rias§rd;ﬁfer@at Foras of organle liguid
Amémura aye found and sonme @onfusiah exigts in the
nomenclature.  In this thesis the verms urine,
liquid ﬁanmye\anﬁ almrwg-hav@ she ﬁqll@wimg meamimgh.
gggﬁﬁ =  the freéh’ﬁndi&mﬁﬁa wrinayy exereﬁiem of
" %he aninal. "

Tignid manure ‘= a mixture of urine, wash water from




:;{*he eewghea ana very amalL %u&nalnlas of
‘ldnlié W %ﬁeﬁ, ooliecuad &nd bePGd foy Varymn

hiﬁ 1 ﬁhu Jauehe of~eont1nen sl

".périods.,w {T

-i_lireraﬁurﬂ.

U glurry = e mixture Qxivrlne with Aung *ﬂﬁﬁw sh waﬁer. %

(Thi@ ig the &ulﬁa cf cmntln@nbal 11tcrature).

e

‘ha e"“ect of urxue Qn the ylald Ql herbﬂp

Muah 1n€0rm»ﬁman on twe emiec of urine on

VL aature hus been obtalnod fron mamagemonn &tudias “;7'm

~in whﬂch tme narﬁal p@bﬁevn 91 urlne diw;fahuﬁior

‘naae undef nanurnl wrmzing cond;tlnns, referred ta

~jab mhe nsrsz rasumn of uriﬂe, Wae smmukaued.
Dale (13@1); yun@y (1951), mears & Newbola (1942),
‘ffwearq. ﬁ@cﬁsll meubolﬁ (1948), 3oars Qhuratmn

Sl (19;3). atk*n (lﬁ)@)p wheeler (1958) and others S

o have apud&ed bhe eixae 8 oF mheepkurgna Gn paHbure,f"

.;fgfand ﬁhc ””eahs of eathls urane h@ve bcen &nveﬁtwga%ea e
by boak (1992}. Euriab & ﬂﬁNﬂmFHt (3951)’ mnrman &
E:Grean (19)8}_and wbempbon & ch? (3943)°_1“

ﬁho effa be ol ah&ep &nﬂ camtle ur1no on paﬂtuﬂ
’ﬁg'fﬁavéube@a shown by uqunders & meuson (1959) %0 be
‘Sjmllﬁf, and %ﬂ ﬁeyanﬁ as mi&nt he expected on hhe

'“5i;g&&nmity g; 1ertiiizer nutvienaq mpplleﬁ~

N in. Hew Mea1$nd ear (19&6) anewed thaﬁ the -
*;feombined use Qf &un ané uwlne on pam%ure resujteé

'”’?~znwsubgeanai&2 1n¢re ﬁ@« ¢ﬂ yl@ld eomwzwed w1uh %he

3i@1&5 obba 1aed from plctm to which 1o exereta Wma“”

aaplaeé, aung mﬂﬂ urlﬂe apﬁlleu supmrabely praémae&

1ﬂuerme&1@me r salLﬁ.-‘ .”hua ¢n a e—year mrm l

T\repoy%eﬂ hy eearq et al. (ljéu) hc rchmrn cf arine‘

'.rosul%od in &n in&rea$e em 155 in the Leﬁal dwy matter
prauuctzon Qﬁmpa?eﬂ wlﬁh tho eanmrol piot whmch ﬂav

Jjeld ‘of 9;@& 1b éry mwb&or/ﬁcfe. In Tt ii’;"’“




':TEW@fdﬂ wi b and w;&h@uk
yieldln 9500 1b dry m

_daa Vbeeler (195 ) xﬁmna that the ?l@l& @- gXo,8e

' ﬂqdltien

df”he ef faeh ef uriam Qﬂ beaanxeal ecmymgl

“el@vev cmnteﬂt QA pﬁu%ﬁ“'

,ﬂowevor, Eﬁ’zk (3.9“;4) wenb

Mamdy‘(l@ﬁl).fauhd‘that‘uriﬂe caused an'avera@e’
inbreﬁée‘éf‘56ﬁ in dry ma&bcr prcduetlon QVer

uﬁtr@ated piﬁﬁa whmch yielaed only 3209 lhAary matters

= ﬁQWQVer. mw1nly beeause ai bctan;aal ehangea, soine

experlmentm showed tﬂat urLae had 11tble eflect nr

f,gven & deranq%ory effect on yields ﬁhu&ﬁﬁgarv;@

ffThmrawﬁn (LQB}) 1aurd mh@t there. wog na'iﬁéreééef‘

:<in yleiﬂ fyom the nnturﬂl ﬁeuurﬁ o& dum &md urlnv,

ﬁﬂmal excreta hoth

atﬁer/éﬁrEa | Wetlkin (1954)

nd elavef awawﬁg wmq depreseed hy urlme alona but

an ferv3l1zer nlﬁra en Wdﬁ W@plzcﬂ 1@

ields were 1mcreasoﬁ.a‘.:7

iian"

thﬂ&@g aﬂ

ﬁho botan1¢a1 eomv@ ti off nbe ST rdﬁfﬁ”
in uh@ o perimenﬁs wﬁero dumg ana ur¢n@ were reaurmeﬂ

o pagtare were prmﬂ@uﬂe?& and Wére importanu in

'gbhmir 1nxluenoe nn Lhw n@fhia@ y;g?ﬂe. ng fl,&
-Newbsld (1942),: Wheclar (1358) and m&n; chcrﬁ

’7thave rgyﬂrﬁed 'ﬁaL “the ma1ﬂ haﬁ@naezl chamge rcsuitlng

"‘ rnm Lh@ maturél o almal&med ruturn of uvine to & mixed

’and G¢GVQr aWdrd waa a markeﬁ weducuion aﬁ?the

‘*ﬁred anﬂ Whltc clover aemténﬁ. @hig deel¢na(¢n the

1waa canged’ by tae lncfeasna

"Qvoyof%1oﬂ ci grasq in %he award, capaei Mly rye&rn$m.¢ -

ipe anha ani Sl hetwoen g‘&ﬁ% and clover uader

&0ﬂﬂ¢h1@n m; ﬂmtragenous i@r%&liﬁiﬂ h bcen Mhewn

*fepe@eaaly Snnce Lho experlman%a mmde my Blaakmaﬂ (1939)

so iar as tn uggesﬁ Lmaﬁ

-Q}vrmm 0omta1neo a ubwtanee which: inhxblﬁcd %he rowth

.of clavex ruoﬁs. m ?hare @nly a’ 31aﬂl, npplicmnian ei

1}3, 81@ urane s¢mul@% mg‘a urlne yavch nwa m&ue, ﬁgyMaﬁu&-“




Af'}uhs ﬂss yreaenu 1n

Greun (L9)8) xcyorted oh%t ﬁis wag 00 Small'te
;thQ @ny=loz rm mffect an botaniadl ooupa31ﬁlon‘v

Where c&aver waﬂ depre heﬁ by mhe ni%roaea ayplieﬂ

an Lhe arine, 1nerease aacurred 1n the yielﬁ oﬁ wo

“an\

LﬂereAwas aﬂ 1mer@asea rawth af

ﬁQ ﬁknz

iﬁrhdgﬂ only i

uhe denress“on

.[ai red eLavef ieund 1n uh@ N@W ealmnﬁ experxment

of Sears & Thuwanon (1933) ﬁnﬁnLhe ﬁepreasxmn ot

i;whﬁuo clover in fhe urth&h e%pavmm@mb oL Wa&kiﬂ

(1954 @ﬂﬂ thecler. (1996} w&g not‘qu¢£1c¢enﬁ¢y

{aompamgaﬁed ;or»by'&ﬁ anere ea growmh cf 'rabs. )

¢Lh 8 very praduatlve sw&@d wﬁﬂ a high ¢ %ocking rmte‘
e she axyawiments 0"§ear gt al@ (1948) the
iner@ﬁged grawhh @E rve@rass did offewt mhe loe Whieh W
Qbh@ru;gﬁ wamlﬁ have regmite& 1rem the &epwe>aiun e; :
the wﬁiha elovers ‘ i

Phe efx@cﬁ ﬂf u:lnn on’ he mineﬁal sta&u OF_the soii

’Tn@ GﬁAl nvtw:eah status aan sfFeet the- respense o
w0 %pplleatgén% Qf urines - Wunay (1901). Aﬂr e&emmle,
'mhﬂwaﬂ %%at ngve mhw QG%&&@&RM conﬁent oF the m@il (
'fﬁwas law, po%aamium im the ur;ne 1mcra@€eﬁ pasvure_fjgj# 

ifyzaldn;an& alwc mainbﬂineﬁ he claver ecﬂtent of the

L sward. © ~4;hl€h res ponae me'u‘ine anplleabions o

by Whealer (195&) when

,nbh féund“by”W% Pwn Cl9)4) Qr

ﬁpobaqgium fbx‘illaer’ ms appliﬁd as a h&smﬁ dreag;ng.:
An uathomabieal tudy ai the irequency
;d MLrlbvt¢on 01.e&cr@$a over ‘a grazed are@, Eeterﬁen,

foodhouse & Eucas (l 56) thWQd %h&ﬁ fregly gr&z;mg

erm tle a Jarmal stochlm ‘rates warerlnefilezamt
di;uribahars of fertiilzcr numrmenta ond. %hatA,u

,pwn te¢uily hl&h rabe& were mpplled on velntmvcly small

areag.']é: They cwlculahed

‘uha%"dnly Lﬁﬁ oF Lhe pasture
‘oou*ﬂ;be awpeo%ed +n be aixec$eﬁ by a supyly of ‘

nlhrm%an frcm Qxcreta u% ome tame. gaun&era &

R




e

Metson (1 59) e*ti&ateﬁ'thak even under a relabively

iﬂ%@ﬁ$mﬁ wv‘z¢mg rate of £ @” a aowfﬁ@re, aan o5

_,@f ﬁh@’awa' ve‘*iveﬁ nrine. ”“if‘&arly Mrelusky
‘E(*96Q} calouihﬁwﬁ that wivh EOG &vagraaing deya/acre
“&niy 204 of the pa&ﬁvre reee&vad urine. Fesersen gﬁmgi.

7{1996) a&mmln&aa that for elomunﬁg such aa phssnherms,

&bam qre 10%& slowly €rom. the qnii, Ank@nslve gtocking
0= a 1§nw Gﬂﬂﬁéh pcuiﬁd gould permib a reduction in

~_,mha mmnun% of ph@spﬂ&%e T@rnmlmzer apylmeﬂ.‘ L With W f;"““

lmi&ragéﬁ, hawevﬁr, &nc k@ & 1@&@@? extent wm#n Pﬁtmﬁﬁiuﬂg

EE

0o wedu@bmca in uhe appilez‘i@n afﬁchese xart;lmzers

'wam adviac@ and &&enhaeal ap§lﬁcatL@aa were needeé

whether mastu&es wewg faz@m by ﬁﬂlmdl% Gm ﬁut,

a,e.‘Whauh@r ex oreﬁ@ vas red u?ned~®rdaeb.  The

ine ,sig&en&@ of nu%rienb xatuwn uﬂdmr ra ﬁng e

[ ddsﬁu%ﬁed by Ma@sem & nunﬁors {1963) in reiasiﬂn to

"pau s‘xmwaciaciant arcas af Now Zeal&nun In ubcse

o ayeas, ﬁﬁéﬁdiﬂgs of pgﬁas iunm f@rtmlaﬁ @ repulbed in a':
5lﬁ&ary upua%e by bhe gr%ga mﬂﬂ elﬁvev anﬁ s0 aequvnﬁly

_%hia«alemem% was dig sr&bntad vneiflaaen&ly in ﬂriﬂe

pauehes s l%haa th@ fertilisi g eifevha wewe ghort=lived.

G@nbuA%uGﬂﬁﬁ in nrrne affeeting pl 0t . Aro wﬁh

The rtuaﬂ- thum were maﬁe on the us Lufwl retufn of
dmmg and weineg, eibher "Gpafaaely ox ao eth@r,

‘euybasizsd the diix@rent rn1ew uP Lhe two fcrﬂs 01

ehaveba when @pplied vo pas&uxu. : Urxma haa a renber

effee% Lhﬁn &una on herbag@ pfudue%i@n and aa uhe

‘ﬂbﬁmﬁﬁlcﬂl eampo& tion of ha swards . ., 6aoke (1960)

vov&ewim the ef*eets af gf&&iﬁé animals p@iaﬂeu out
that urzae annaainq ma“t 6f. he nitrogen ond pebagsiuu o
. e*cr@tmdg whege ﬁ Mﬂ%L o Chhe ph@ﬂpbowus j@ in the aunwi
‘}The ph@qpharus Gmﬂﬁcau ot uwlﬂe ig agyr@xlmwﬁely 0.01%

eud this hag a ﬂe§ll gible : evmnlmgcr vaxu@.*f 5¢wra &;>‘




Newbold (1942) odleuletved -that of the excrebed
eloments Lless vhan 29 of the phosphorhs and Galeium’:
but sone 704 of the nitromen and 86% of the
potasslium were in.ﬁhd;uﬁimé!w ‘\S$milarAfigmres haée
hean NAV@ﬁ by Ame% (194 ”53‘%f§ﬁner (1958), Muﬂéy (1951),
Peterasn 8b. al. (1356), %niﬁer & wehojLanb@ywef (1939)
and meuy athe vaa Seaxrs (39;5) pointed out that the
amaunﬁ~ﬁx5ﬁm2ub le and yca&ily available ﬂ&bragﬁn in
dung was low and bhaa its full wiilization by ﬁbe plaﬂt
cenld be realimed only after pxmlenﬁ@d action by %be_
a0l ﬂmmfawﬁvg wismg . whe%eas Bﬁg nrinecy. nitrogen wae
va&l&b  alno st 1mmea1anely, fweh of the effect of
urine on pﬁ&ture should bé ralated, therelfore, to ite
Qantenﬁ of rea&ily available nitrogen and, wheve the
potas sgivm status of the golil 1w low, to ibs content
of pobassiume - ﬁun&y (iSGl) has gong: 8o fa%‘as tb‘»*

Y

‘sngg@ % Gﬂdu th@ efiect of weine could be Q plained
eutirely . by 1%9 content of nisrc&en and yoﬁa$s¢mm.
- Ldtdle dnformation ig av&¢lable in ﬁno Jiterature
015 b&a wei@tave ex;maleneleﬁ of urime ﬂzﬁfagen @nd
uovg&n¢m fertiliger nitrogen. . In a swall scale
xperiment Gisiger (1950) bested the effect of the

0y

niﬁragen in wrine and in gifferent Fertilizers on

fwo grase spee  WiGh Thalian vyegrass (Loliun italicun),
\amm@navm nntraae pvadueeﬁ the greutcwﬁ roLa%xve yield,

- [

1eGe ;lu, when #hné of uwrine was taken %o be 100, while

annonium gmlpha%e ﬂav@ a yielaﬁmi 113, - with
cocksfoot (&netgilﬁ giamermh Yy aimonium Pulph gave

the highesd 'wl&iné 31@&& ot 103 cnmymfeé with 77 frm$
aﬁmomium nitrate én& iﬁd £rom mrlneﬂ ’ Wormally
‘ﬁypliﬁﬂbdﬂﬂ% of urine to grassland are aggoeiaﬁeé with
seraéuﬁ laa es of m&%r@ S t Ecr«éﬁamglé Juring &

) meaqu ght (l%bl) ﬂopﬂfﬁcﬁ an appareut net recovery of,



:‘ 9. | | o

s

euiy @0” of tne nitfogan appl;e im-urine ‘ 4jThiﬁ

'comnﬂgos Qoariy w;tb an aversge ”bf;jﬂf for fertilizer
mltrmgom ?eanrdeé by ﬂblme é M&e&ubky (1955)...‘

hero 1nfﬂrmabaaq ig reguireﬁ on tha eiﬁaeta of

‘uaimmry mmuvapan &ﬁ emmpmrmaon W uh o1 har nitrogen

LQPLll zcrm.;;’ |
The niph. QG%B%%LHm contanh*bf‘mrihe_héé been shown

ﬁo have m&&lew %nd iﬂﬁd ﬁpee&aeular e”“@ﬁts on

‘h@rbaae %han haa “the nltrawen @oguent.v  he nppafemt

' r@e@very ﬁ€ p@masszmu in the herb@pe was: 23% of that l

apnlied in ta@ urime and El% om hhqt hnpl&ﬂd a8

potasping. ehicrlde (KOL) in ‘an e&ﬂ@f“&@ﬁﬁ weycrteﬁ hy

ﬁargng & ﬂa&amahi (1961)g dnﬂ nﬂ aiifer@mce was fﬁwﬂd

in herhaée yleLda.-w mﬂvadvra & %b*aon (1959), hawgver"
founa a hﬁghgw rgc@vavy of patams¢um from agylieam;ens
Cof KOL tn frgm aﬁplmeaLLonP of uriae. ‘

ﬁluhough bﬂe efmccts of nrlm@‘h&ve b@en gon@:ally

atxvlbnted tm 1&5 eﬂntcnb of nl&roben aad nsﬁas ivm
‘wony obs Q?V&t?@n% indicate thay: onheﬂ canatltuenus may ﬁ*f\,f@
be invaVGﬂs~ f Wdﬁkln (1994)g far e&amplws %aWeroeé

btk %ho eifect af urina mxghr be due in paft +0 ite

auxin and watew contents.' \ Daak (L9gé) cane]u@ed Lhﬁt‘Q

-”m@ow and Jhe@p urlne annt&&neﬂ a Pubstauca whien

’*{gau$1n of the complax*urobab&y beang 1n&013»aeeule @cld.

1nnibibed the raat gr@wth of elQVPrs. ' H@ 1n?nrred

tha EKL%tPﬂGG af an 1nh1bibormauxln cgmplgx wibh tﬂe

ﬁhere the anhabﬂbor pertmon waa ¢nact&vat9d hy baemex¢@,

_“as in nhe %Qll and on’ mtc &gc; mmimblam of root

'wrowbh mcvurredg Qresumahly dae bo tha 1dﬁcieidc§tié~édidil
waeverglmn ajf;elﬂw cale ehymrAmene to Jnvo ﬁmgnﬁo the
exisgeﬁc@ éf~;'gréw1n—pr0moﬁ1m 1auv0r 1n urlne,' : '%Rg;:f
 tundy (l@(l) Found thai 1mdoLFmaeoulc 2.0id applie@ o thefiﬁ

ﬁwawﬁ hﬂu no exiccb on the bOQﬂMlba& comyosltxon or on y;’
" the yrodactlom ef b@rha O Ae weld as iﬁﬁﬁlcmiﬁeiLw‘f; 
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Caoeld, Salver &“Schallémhergéﬁ‘(iﬁsg) menﬁiaﬁed

weab$m¢a@ in mW1ne as a gL@nﬁ arowbh gwamaher.
Sanerl andb (Lyﬂ&) sus gpasted also that ghe water and
'héfm@n@“eaﬁ%enﬁs_wf urine weve important and thed
to hage  the value af mrina“én ite nitrogen and
potaseiw scontents al@ﬂeywaé WEOnge He used bhe
gwmwt&Vﬁﬁ‘yea$t ﬁe-méagﬁre sh@ hormons aog i"ﬁ%y oF
Aiffereont faﬂms ox &r&ﬁ@ aod liguid manure nﬂd
‘showed that the uumber of hdded yeast oelle X 107
iﬁe%aabed from ﬂn lﬂiﬁlﬁi wﬁ@mnﬁ of 87 o 1580

in erwh vvmﬁe aﬁd mm “EJE in erm@nmed wrine which

had hcem &nﬂraﬂ f@r Bpone wec&s i. ge Liguid BANTREES,

From the fesuL&s mt nLhug cﬁgerimem%ﬁ ﬁ@u@rlvndt
{ 9ﬁ0) %n?erra@ Lba* *b@ h,ba hormone &ctxv*oy of
laquna m&ﬂﬁT& akparanuiy ﬁau d be fuprbshexr ancreq sed
by @¢1uu10n of the liguid RANNLE .
eehuz m Moopex (l}On}g who wers pﬁghﬁ bhe
fivet o awaos 1 bhat ur&ne auﬁ%amnc@ can%axamonxa
whaew were harmiul 6o @ashufag showed thas salts of
benznle acid in fermented urine weme aangimg‘%é g0l
bacteria. and Lo aiy gr&wth. ;U Sehneiver (1958) and
Seheﬁgtﬁéé (l§§8) péndied the breakdows of hippurie =
aeid(in urine o benzmoic aglid and of aréa ﬁ@ &mm§nium'
,gaybsnata@uanﬁ‘aiﬁ§mﬁ el the pcg@lb'e harainl. mffec%a
in ﬁ@éﬂsail of godiwn and potessiun beng@aﬁe on
%ﬁiiiﬁw rooted plants sueh as the amlﬁivaﬁad.gfaéges,
I”h@ho&& and Qﬁ Qﬁ@&ml were also prodused wheé uriné;
fermented (8 uerlmﬂdbg 1948 Veoig @&amdeg 1952). :
The tox er PU f or&anﬂe ‘acids was £uana with bed
*ﬁaver and mha*law rooted plauis by Voigl e ndey {19;?),-
Cbut Sehnelter (19;0) repcytvﬁ that the deep wooted |

Rumex Spp w&ﬁéslitti

¢ ﬁffecteﬂ;? In contrast

Voigh Aanﬁu¢ (19)2)‘thWLﬁ that bmnaelc acid in uz]uae




1

~‘sq1 ﬁzon hﬂd a mu&ﬂulab¢a%; oot on pl&nb 5*@wsh.

‘j;ﬂb&a (19;4) elimina ed bananme aaid ‘and cre oif 28

re%n@nsmbla f ox growih 33&1%1319& but: ‘dunﬁ

*Lhnm hvpyurmo ae¢d Cﬂu$tﬂ llgh& roos retmrd@tzon.

3y Gih, hnwever, waq muoh Leas Lhﬁn uhﬁ* aauseﬁ bJ vrinﬁry

fextraabm a’t e%mivaient dlluhimﬂa and inﬁzoated thaé '

vﬁh¢pgurmc aazﬁ gpr sa was meb bne roo lnhihibc@ Ln

rimrmne, ‘ *

‘ Tﬂ@ benefi %Aai hum in uba &Q¢l are woll knawn

7iuﬂﬂﬂ mych hae been W?i%%gﬂ about . %hg @Pfe@bs 0f enimnl
“@xarehn and hmmum p aﬁm@b¢an. %fesh ur;me, hﬁwchr,

B

»ﬁanta¢n§ ne’ humm& amd 1% is when ﬁmng is mixed w;t& L

T urlne bhat humus formqtlon uakc ’plbee.

l%hﬁﬁ a Lhe conshivueﬂﬁa in urine th@ beam

ahﬁwn, ﬁh waxere, B0 be ef;eetmve*in prauotlng planﬁ

U growth mnﬁer*qaﬁbaiﬂ com&m'lman and only 8 few have.

meemeélﬁa“vedﬁeefiﬁl . Thls ya&sntlal Fnr lnc¢eaq1ng

hpl@ﬁt $; wth 1avyely LS WQQ%GQ becmmmo of Lme"

mneffielént ﬁisbrthﬁman nf mrﬁne hy ur@zimr anmm@lg

T apd: ﬁh& hag mmrecc & %&mh ion o mhc pfaﬁﬁice ef

‘eons urV&%lDﬂ 0

uhn uf;ne &md ite ampllcauian as

Jioua anufa or &1urryq

‘i The efiocb 0¢ L;qumd m@mmve ﬁna siufry @n y;eld

Few expowlmanb& die been maﬁ@ ta Quuay the exiaet

uﬁlne ag a pra.»land ?ertil B in ﬁrma@*n.

‘ndrlck (3935) u;&cu@se& man3 a@pec%a of the usc of

%fod th@ Pifcc

‘urine ag- & llqulﬂ mhnure and he, 1nVQﬁu{

_ﬂi w;nief lnylleailqnw.,_“ Aypﬁigahzans QL LanuLﬂ

manuﬁo'ﬁo urnV&ﬂe 40 1b R/ﬁere wuxe mzdw 4m,uanu7fy

““@'.La,'uc—z ﬁebmw‘i‘y and ‘Apml, and 504{), 6480 o ad 5980 1b .

f7cx Aqy/acfv uege thawn@ﬁ aamyaced W1 o 50?0 1h/aer
"iram am uuhfecbea mr a. ', &m;laf xesuL%s wer
reparﬂed hy uﬁaﬁy mzﬂau611zfe (J9gﬂ) in hﬂal&ﬁd aaa

by % he'. ecter a? uh@ Qeyartmen% of Agriculture for.
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Irelﬁn@ﬁ(l?lﬁ) where Ligqnid manure was applied
o averwoe at 2000 g dllon%/éaru.,l='§he uae 0$

”:lituld Hanure in hr¢u&¢n waa IGVi%WG@ b “ufﬂer et al.
4

)“7é(19>b) bus bucause 0& Lh@ abheﬂea of ezpoﬁlm@nmwl

ﬁ%ia nc ﬁuiarmamlon was wiveﬁ of e¥peuﬁed inereases

&n yieﬂd. '*A&%enLicm has been drawn %o the - value
Ceof Ligudd maggra,imyﬂéW”Zaglan@ ﬁhraugh the fundmmanﬁalj
*yf@ﬁvdi@s oL Seafs amdfﬂ%ﬁﬁrﬁ,buﬁ‘iﬁs collee%idﬁ and

use 8o & ier& Jizcr there &vévlimitea singe the cows

 ore indoors 19& enly a vawy %mwlL pa mi the yoar.

:':deafﬁq (195T);‘f0$ exampie,.ealeuja ed “that. in th@t LR

eomnbry agly‘ﬁ ef the urxn@ cauiﬂ be aalleaced for

*?uséiaé\a fertilizer. ; Lm spm ve. of this dLﬁ%dVﬂnhagéf

“&Blame (1942) in Tow' Zﬁalﬁﬂﬁ has doseribed the very

vgbLgh vaiuc a& linumd mﬁnnre anﬁ guoted ramafkahle

facbs QP LEG mpy;zaa%xam u@ pmﬁuur;.
Prmm a large number a;~exper;mbnts cendueaed

Cim Qunm%rk, Tvexqan (1999) fepofegd mhat snrln@

*Aapplieauion af i!qulﬁ manufe pf@dm&@d ube lﬂfé@&ﬁ
qnd awbunn apylieamionq bh@ smwlleeu xncraaﬂ 5 dn

Aiylclﬁ in the wet%ef awea Iy whﬂle om he drier aress

. wintex appllcaumgnw had the yreatesx e feets ?hare

'5equal amounts of nite rogen ware Sﬁpplle& qm liguid

,»maﬂur and as fcfﬁzliger nlbrO&ea uhé insaeu by lcaehlng

- viere grcaber wmah wh@ laster. . The OQyOhlte result

7wau found. Ln‘ém@erﬁm Cidn &erm%my gcp@r% sd” by

vfhhelnwald (LQ}&);I:AQAfs'w a basmc df&ﬁ&lﬂbvpf
gphnsphﬁrus mﬂd potassnum ?ermlli er@ on a11Vhia plote,

ffhe applxea 90 1biﬁ/ﬁare as l;qumd manure in Beeemher,

't‘ﬁebfuary 9nd May anﬂ ae: ulph%te of dﬂm@nlw in
‘mavpmher '““”he bmy yialdb Tvom tﬁc xaur %reatmeﬁts

Catl the x¢r6a euw 1n aummer were hiéher th&n~thase fram%,;

iume un%r@ bé& plc%q by 38, 44, 30 and’ 52” pec%&vely»

'34 here waa a fufshev efﬁeeh at a $econd eut,
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R NATC &awer y&ei&q {rem hhu early mro$Q1ngs of

Sl

1Cl¢gm1d manure were gorrel&&o@ with losses by
”lé@@hlﬂr and evapewat1on whﬁla Lhc lowcr Ni@lds
from ﬁhe'ray ﬁreatmemt wﬁre &ae o he. i@ﬁenesm R
of the appliaab¢om. u‘ | o
thh appiicatlnﬂ made'aﬁrinw “he sammer
8 rcwmng per¢ad, Nﬁv_ms (19413 fauad an. imcveasc Qf

4 4 in ‘the yield ef blvearaga {Poa Qra%ensis) pasbures

Wihh &pprnximwnely a5 lb N/aere aupl1ed a8 urlne.

A 31m4iar rcspaaae was found in earider Amerlcan
winvoﬁﬂn aﬁians repor ed by Gurtisa (1%96)
0

“hege experiments cm the fertwl&&mng valué nf

~f‘ﬁ;»

nter and swnmer. mﬁplledb&ﬂns of uriﬂe and liguid

?m@nure o grassland, iew are aqmparabi because of .

'aifiorencea 1n m@thod an& maber¢ ls. The -

) Lonf&icting resulba obtainea 1nﬂ¢eate the need for
A grsater kn@wlaﬁge of the exmeats and ﬁhe rela»;Ve

eftzwleney of liquld uaﬂur

e‘applie& anvdifferent',f;
{Wt¢m0; ﬁuring tbe year.c B

f, The efoBu Qr plurry was reported by"ﬁbd%ssn et 11.,f

.(1j42) as be&ng vory gmall.h Over a 4~yeﬂr period

:;1n Amerioa they compnrcd yasturaa trewheﬁ with °1urry

?duv1ng the sumner nrazmnh @eriad wzbh untremted
gffyaatures' . Thera was a very smnll iaareasa of 8 A
A

fﬁﬁ aver&ne annual &pplxuatlan af 2&4 lb N/acre a8

u the total dinesulble nubrmenﬁs from- Qasture wmvan;

";llurryfﬁjf The 10w resp@nwe to ﬁlur?y was atbrlbutealb

'»o the hx%h Levtllity of th@ sonl. A hlgher

';respoume was obtained when thla expermment Wao

‘cpeaued on, paor@" @ax& by weiberg, pzelman & Ulller
1;(194;) who found inereqsev‘oi 15% 1n the botal

igestible nunraenus &nﬂ 129 in the- ary ‘matter

~Gﬁ&ér‘a systen of cutt¢ng mnﬁy, Herriatt & WelLs
(lgéa)gbbtalmed an‘increas@»o§ 23; in dry natter y¢elﬁ

wﬂﬁesuluAng Trom. appllcatlona of 93 1b - m/acre as axurry. 1ﬁ°ﬁ
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with summer applications of slurrys the untreated
plots yielding T500 1b dvy maitbter/acre.  In this
experiment the slurry was only ab@uﬁ 55604 aa

effective as lnorganice fex tll&ﬁer nlbrogen.

he effect of ligquid menure and slurey on botanical

gomposition

Oqﬁ%rary e the depre%&iem of elovey %hgt‘
~oecurred where urine wag veburned to pasture under
the slmilated or natural grazimg eanﬁiﬁi@nﬁg Jiguia
manure and ﬁiﬁﬂry have been reporied %é iﬁereaae
Whit& Glover.igymény expegimaﬁﬁa. For exanple,
Hendrick (1915) reporte& shot Liguid menere had o
very noticeable beneficinl effesd on clover deépixc

)

the high amount of ziffng@m applied in Lhm Liguid

manure and this w alao @bsarved~hy Plake (1942)
in Wew Zeaiand. Similar effeqts Wiﬁh slurey were

ldeqﬁrlhad ae early ae 1887 by Suebler & Sehrooter gm&.
- later by Klapp (iqsi), Hadtke (199£) anﬂ Gleiger (iéﬁﬂ}.
Gisiger (1950) emphagized unia.lnqreama in whit ‘
tlover by mmaﬁln& $het dhousands of observations have
QWOVed that kis speeieg was nued suppressed bud
encouraged, alﬁhough f@d elovef’deteriérﬂteda in
ébm%ragt§ & ﬂEQVe§H1Qn oi Tqumee by llqutﬂ manure and
aluffy wa s repcw&oﬁ by @rumner (19b }, Dusmorre (1933).
ethiharn (1955) and Voisin (1969)3 Hmphopis on the
ei*eeb& of liguia'g apure on the elover combent of
pagture;is plahnedg;n‘%hié thesls in ﬁn;aﬁﬁgmpﬁ‘tq
V 3a1pivmm Bheﬁe c@mfiie%inﬁ rasulie and Go brévidp
’iurb1er 1ui0rmat?0n on the 1mu eraction of- 11qm1d
-maaure and elaver.
Txperimental and pra@tmea& observuélen@ on the
dicotyledonous weed content of pasbures which had_
”{liQQia‘manure and glurry applications have also givenl

,ecnflLs sing resulbss Schechiner (1958) listed the .




3

- weed@ in. yaqﬁure “h m Wer@ encouragaa by slurry ag

fjgbvlvaqtriﬂ), blsbspweed (Aeyapodmum podaprwrma),~

’“§$ﬁ in'%bdséwweeds.;

“15

1,

braaﬂmLaave doely (ﬂumex abwuaaxolzus), GoW nar nxpiﬂa*

(Hﬁrae&eum sphun&leum)g wi1& eharv 1 (ﬁn&hrk em%

bubﬁeweup (&anuneu;us syg) and éandei¢0ﬁ (”aysx&cum;ﬂ}*f\‘

ﬂif‘*mnﬁe)? *Iwumw (:LQM»} aise ‘indicated wm

slurry nereased wh@ umhelli @r@aq u@@ﬁm such ag

Anﬁhri;cus sylveamrns ;nd Heraclemm sph@ﬂdyLium JUER-

he vam@d thvﬁ uhey eoulﬂ be combr@*led by the wﬁ“zlngg;*“f~“'

and treadiag Q¢1@n¢ma1m.  0.¢30°94ses in the:
umhelli¢er0ua weedﬁ whéro liquaa m@nure Wae applied,i
have been rapar fed hy ﬂlﬁvm (1952) an& in ﬁhe
'iap by Rable% (19ﬂ6).'

s

gamuunuius An ingrease 13ff;

B umheh) gm&s we@am irom l beaﬁra Enguid nanure

T appl;catxoms ta 40ﬂ after 2 years of application has ”"

hﬁem amate& by faﬁszn (1909) wha rep@@tad also tnq

heavy &1urry ﬂre smn@s causea am Lnarewss from 6 ﬁo

Quher éhDLE?Qeﬂ%S; byvxlapp"

(1931) a3¢n@ liqmla HEINYE amﬂgny “’aehjar (2951)
&%ing qlurrj, ahowe& nu weeﬁ 1mercwses.:JQ Ih*V

catlwnd @arﬂew et al {19 36) f?nybeﬂ thab wee& grcwbn

u&a uﬁazfeﬁt@ﬂ mn s@me xafms butidn @ berq &umex ﬁpp
nm& @uhew wcedm wowe Sres 1y,i&0veaheﬁ.
An exner iment . by Whenler (1e959) qhmwed bh& seeﬁs

o¢5£na anwua W@“@ pfevenued from deval@pin& ;ﬂ the

3011 by app}ieah1amﬁ af ﬂh@mp urlme bub whe e-Ver~

d &uae ﬂflﬂe waa usod ghe e@am waere mlma é udaxfaateﬂ.

Loak (1954} alpa fauﬂa sbn% eattle urlﬁe k¢llod aii

Wt

the meeﬂv im ube qeml ohat were ac uJ y wpmicﬁ W1hh

ufane auﬁ 1arge1J pwcvenma@vtho ene?genge of & @edlvng

w;& aop >@e&linv$ were leas a¢feebc6 whﬁu ma4u we@d& bmt

elovaf WELES extfnme Y aﬂﬁmtlve.,

Emrbber\wovk ap@ears to e naeﬂeé %0 agcertain

whabh@w “$he use of 11quid \wﬂure as a fertﬁliger does

m,"\
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T

“.enceurage weeﬂe cr whether many ef the rasults

‘quebed reflec% poor hu&bmndry methou& which in

Y0 dhemselves taﬂavtoreneomrawe the‘sprﬂaa-of weedsa

§acbers &Efectiﬂg the campnexaion of llgUla m&nure

1and slurmg

' The use of - llqui& m%nur and slurry is an
impor&aut Facmﬁr in Lhe iarmlm@ eson@uy e parts of
%wlbzarlamd, uermanv an& Austrla and many of vﬁe
d;fferent gysbens of co*leekzan and &pp110&$¢9n

fﬂgfh  }} devised resulﬁ im a:f eyanﬁ pre§brtlonm @ﬁ dun

"L7ur¢ne ~nd water. Analjses of. igmmﬁ manufe quated

vby Claagef~(1950) were 9.7 N, O 0045, P and L.af X

in a@ratlo 0* 1753l 300. : Aﬂalyses of 065 samples

af slurfy remori&d bJ %eh@Llho i (1935) avaggeé B

.G o 458 N, Q.Oéﬁ P anﬁ 0 6 K, & xatio oF. lOsl 5. - ‘
The Lnareaﬁe in phoapharuﬂ with the a@d¢tjem of @ulgiii‘ﬁ”“

mavh a slurry in whioh %beae three elememts were

‘?preaen% 1n mueh the same pra§orbmcna as in. @rass v
"'dry mat%ar. - Thin bﬁlﬂnce of fe rﬁ&lmzer nutrients
in urrv and the Fmon ?h t the 1nereameé qunn&&txes>
af f °tlllzer @btaAned aemld ba applied ava? larger - |
are&s have beén. glven by Wriadmann (1934), N
&is;ger (1930) and &ahneiter (l)bﬁ) as reasonﬁ *or
‘-tne w1de8pread uge of siurry in . ﬂLpine arcasg but
researoh im the =1 eoumfrie& has been aevoﬁéd maimly
~t0’%eehnicaL aupeetm ﬁm cellectlon and m%axage.
ALWhere gluryy waa stored For 3 WGeké before |
{j:aypliéa% né Y- @ppamed 0 Qeveral m&nfhw, Bfunuer (195?)}j“~

Found thatl 8 smaller area:¢¢ pamanre Wer e needeﬁ per K

T anim9l wi&h a annaequeﬂt,inoroasa in milk yield/écre.
v;?has resultea m@inly irem lower sbarag@ lossew. ‘
. .7ﬁaner1an6% {1948) eﬁphaaizeé the faad that aangi&erable

x7gtlosae@ san gecuy during starage. queel@lly in the
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nltrogen cont mL. ﬁar‘eyamplég the nitf&ﬁéh §
contens of ;wa h urine fell from 0.74 %o 0439 alber
e days aﬁ%homphrﬁhw same urine qosred umﬁeﬁ I
Mak@r écfg oanéibsong eaq% 1@@@ T 4& h ditor 1; mankh@;
Thia tyyA §¢ dosn @1 ﬂ1L?Oan was ﬁbyﬁﬁﬁﬁﬁ”hlﬁﬁ by
"»babaiiharn (1959) who - showed hat ph@géhbrméhamd .

bagsiomn wex ibtl@ affeeuca. - Imothede areas

. where &lmrry is uaaﬁ the %V@rﬂﬁa‘aﬁo%@ga~%1méiwas
Al (’,’eaym

n¢1u$*oﬂ with W&bﬂf cuv lessen Lbe 5nrmge LOQSGS

'xfom %ﬁc ﬁr;ne by h@lﬁim@ u@ kaeQ bhe ummonn&:ln

*t"l

ga;umﬁﬁﬂs ' Bﬁuﬁnar (39 Tound Hhab W“nh &¢1utiaﬂ

vates Gf E.J and 4,4 bh@ milk yields : From oh@

U respechive g&@gmng 826& were Bﬂﬁ“fk@-ané'ﬁ?ﬁqzkgf
h&ﬁﬁ&raf &uu”.ﬁ ﬂ@u) ﬁu gﬁhﬁ?d & dle an raﬁa of-
e Leb o 3 for hlghe 3t y&elas but ﬂf&@f B QQWLnﬁ&er'

@@nd:%aon% §31a%$0ﬂ ?&%Pd cf 3 or b wore %ﬁ%%@ﬁ.
enbllnorn (1955) showed thes ailution of slurry,

lﬁ&fﬁ&@eﬁ drj mamher yielﬁa on ngb Eﬂllﬁ but h&d

1i66le 'e L e‘ am he@vy Dll&., hefe w&s 0o eviﬂence

gx

“that uhc 1nex¢a eﬁ yme&d herba e on mhe 11whu

- soile res yl%e@ Lron. 8 awgher wauer‘e@ntant of the

Cailmted alrrﬂy but Ghis Jrv ﬁaﬁien &ffees has been

‘,&iﬁﬁt &eé by auéwland% (1 9%6) Sendllhorn (1955)

T also fennﬁ, hOWHVO@, nha& d&&ma;an' educed the yield-

in mne cxp0?4meub probamly h@caase of axﬁrﬁp in the

g0dl Lompﬁ; bﬂfe of 3% vam ad by & dressd m@ of mlurr“qn

gu;vaiena u@ 15 - af reiie,

__fhb eif ca ﬁf 1Lquiﬁ uanure on thu m1ﬂeTﬂl eonuont

gi;j&&rhﬁgh
%he ﬁppllcat Gﬂ of ux;ae o paﬁﬁure has - & marked
,eixe@a on the chemica1 unmpmﬂ%uign Qf % e herbage

?hlu mm3 not be Gf pruuhxeal ¢9n¢£&0aﬂuv uﬂanf m@naxal '

i
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gvazing counditlons where only about 25% of the
pasture may be aifeobted evén under heavy graming,
buﬁ woere llguid manure is applied uniformly and in
large guantlities as o fewtilizner changes in the
mgmeral gontent of the %@eate@‘paS%ura aye of
aéﬁgiéﬁrablé pragbical i&gﬁrtau@e 0 animald healbh.
Néﬁanﬁ (l§4l§ found that wrine lnerensed the prodein
cowbent ol the grass &t the highest applisation rate
$0 an average of LT% srude protein compaved with

L34 in the herbage fx@m’ammtral plots. Howevez
during & ﬁcﬁamgkﬁ (1961), Hodgson gt al.(1942) and

]

Melville & Sears (1953) found Llittle cx ao effeet of

wrlne oy slufry on the prodein eontent of herbage.
Dusserye (1933) and Watkin (1954) yepofﬁeﬁ thav

there wap a lower protein contont where urine was
applied, wainly bsvavse of a'ﬂéyreggiam in the c¢lover
conbent of the sward. '

Vihen uﬁimﬁ is applied Yo pasgture either by graming
animals, as liquid manure or as slurry, there is an
increase in the potassium conbtent of the herbage

(Geering, 19433 Hedgson gt _al., 1942; Welville & Sears,
19535 Schillew, 195%; Seaxs & Pharsion, 1953
'Ermmingar & Qxﬁmigeng 1935 and odthersl. ﬁineg
herbage %&ke$»uy the monovalent potossium ion in
preferonce to the ddvalent magnesivm ion (Head, 1961),
thore is a decrease in the wagueslium content of herxbage
whare mrine:ig applied (Seunders & Metmon 19593 Watkin,
19§?}. Tuig is inporbtent becaunse of the appardend
relutionship bebween & high potassium and low magnesium
content of herbage and hypomagnesaenic tetany in sheep
and eatble, reporbed by Irens (1959) and Kemp & % Hard
(1957). High urine applications have been otated by

v Hayt (1056} o be a more serious cause of hypomagnesacuia




imlﬁallaéﬁﬁﬁham hipgh guantities of conventional
nitrogen and potessinn ferbilizers and. besause of
uhig hhu aee of Liguid meaurs is repordad ag
fdevlinzm& 5heﬁo.* S I% is notbteworthy that Holland

ie the main gource of veferonee bo thils effect o

Liguid m%nﬁ%u. In pavts of CGewwmany whewve therve is
A intensive use of 1liquld menure Brinner (1954) has
L tod that hgpﬁm&&ﬁg spenia iz not found.  The

dncidence in Holland way be wore severe bocanse ol the
intensive use %haéa‘éﬁ‘niﬁmageﬁ ferbiliners which
resulds in the pasph m* g having a laﬁar elover @ﬁéﬁemt,
»ﬁlava? hen heen shown by“ﬁla&@v &rﬁwa&y (2 353) and -
Melville & Sears (1953) o bave = Tower pobassivi

combent than grass and also a highew magﬂamium nombent

P

(Mvidsten &b m.eg 1959; Todd, 1961) although 1% is no
known whe me:fr h&li s wowld mlé w&mm 1i qu.id m nare whs,ea
ﬁeimg méeﬂ. In Asywn@ pnﬁmuvta Hhe hi @g pvmyovbacn
L of the éwa?ﬂ mnde wp of Wé@ﬂq and h@f%ﬁ with high
m¢nex&l ﬁon&cm%a may be the fﬂ&m&ﬂ Tor hygsmagnesmamia
b@ing 5’ uneamman in those aveas.  Tha ﬁﬁr@a% of an
incroased incldence of hypﬁm@ﬁnaagemma whore Lignild
manuve is used is of'@aﬁ%iﬂazabi& gelentifle and
pﬂ@@tiﬁal“amﬁaﬁﬁame@ &mﬁu$k$®sseﬁ,ﬁh@«m@eﬂ‘fuf fuy hcv
detalls of the mineral conbent ﬁflpastmre retelving
diguid manuwe.i

Apert from this inoidence of hyp@mag ot a@mi
there ds uo evidenge thatp liﬁuid,ma@mﬁe hag @
deleﬁé?i@u@ effeat on the health of livestook gras aing -
she treasted pastures sud in faet 1% moy-be valwable in
increaglng dry matter intaka¢ N&venw;(lgﬂlb in

@xnerimen%a wibh hLmegvaﬁ s (Pow pratensis) pasture

aobed uham'she @&lﬂ#&hillﬁy of the grass on plots

Straated vl ih uring was greater then that of the gress
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E‘ ;f Con %hﬁ mmuwe,*ea pi@hs,

”ima ho uwgesbcd ﬁha* “Ghig.

mi{’m. be fﬁ)@e:m%@ of the insreased pm”‘esﬁ:z,ﬂ content

of Lh@ fros tea p& a .- o ﬁl&kc (?ﬁéa), G&aﬁy &

© Baveliffe (?954)9 ﬂﬂdawﬂn ;“

(Aqqh)g ibokie (1961)'

anﬂ ﬂﬁﬁﬁ&n & ?re@n {;9;8; ﬂﬁnem Lha% wha?e u@inle h@é

well gﬁaz@d a5 gha mmumem@eg:greaﬁ.

 liguid m&muwe am uZuwry h,.'any fde!

,

";ayplleatxsﬂa, he treaﬁe@ pastures . WEXE at

Qmweehs B maabuﬁa after l&ruxﬁ BANNEe or glurey -

'eaﬁ% Qg

UG evgﬂcmc

.Fiﬁ ava&labla,&n ahe Lateﬁauur@ il Ph@w Lh % eiiherv

rnmu% e*feet

on mho aeeoit flllhy o wa&&% 2bidity af Lha hewbage

prowlﬁed that !a%e is Hﬁ aﬁ ual conbamimas¢nn o the

he@bqgﬁ Dy ru?za mmn*rgaﬁ ’h@n thr ﬁﬂimai  are %xaglmé.
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@FNF&&L INfBQL@GWYDY

'@he"r@viQW+of 1itw$aturebin the preceding pages
pas showd that much has yet to be lesrned aboub the

eifects Of'ﬂrine on the yield and bobanical

GONPO & mtlan of ’aa re. Often the resulss of
ehyeramen&% ware variable apd”eéntradieﬁcry.' For

example, ﬁflﬂ@ iﬂcfeased @fy mauteﬁ yieldm 1n some
j@K@e“Lm@ﬂtm bua éeercaqe& it in sﬁhera,~am& clovar
gr@wtb WELs in@rewgeﬁ in gome but reduced in others.
It has bﬁen suggested that several @ahghaneem such
 &$ nitrogen; po%amsvum, indole~acaevic acid, water
and eLneP camaﬁlwmenba in uyrine @re remyan sible Tor
thege eman@cv. &R geneyal the rQV1GW emgh&si%ed
the need for much move detailed and ¢onclusive .
'*informatigm‘éﬁ"%he;effee%s of ;igmid_ménmre
_a@pli@%?ﬁénaram gra$$1an§} o
Tnelreguits OF ahmeo cypeﬁamemﬁs which were uade
to Gl&f;fy gome Of nhexﬁas;eﬂsfggahﬁa from earlier
“iﬁvegﬁigﬂ%ﬁ@és and to &npr&i%e the fertiliger value -
llqu'd maanre. ave reporte @ hern. ‘ |
‘A ﬁth‘l was planued as e nfejzmmnmﬂy wnudy of the -
fect of quﬁid manare an**ﬁe yzcld and bobtanical
eanposi i@n af 8 grans nnﬁ elover swar&, and the value
@£ the iiqmi@ nanure a& & seruilizer WS eoupareﬂ with
bhe valma ai GOﬂv@nul@ﬁdl Q?y fermmlxaeﬁg, &ﬂd
&pOLlﬁdhlgnﬁ 01 water, © This expe rgmgnu wWas s%ar%ea‘.
in 1958 and aonﬁinm@d during 19;9 and 1360,
| Expt 2, whiaéAéan fituben. the maln part of the wa%li:
desoribed heféj weL s ﬂeaignad 0 obialn more detailed
lnformation bf %&evgffagﬁ of li@hi@ manufe;whan &pylie@iﬂi
with @¢Efement evel af ni%r@gén, thS§hate a@d pstas@
&eﬂu1lmzera on 8 grass and clover sward. ihis '

dneluded a $uuay of the changes in the bohamleai
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u,ngﬁﬂSiﬁiQQ Qfa%ha w%za’%md the m%ﬂmﬁ&i aonbent
of t&e goll; grass and elover fractions. = The
réﬁultsyfor 1961 apd 1962 are vegorted here.
gince, nagaeg&y for the storage of liﬁmi@ nenre
i$ ik nﬁu@ﬂ on’most faymn? 1% ie usval in practice $0
‘ @pg}g l&%a?a manure in winger ox carly spring and
Beph 3 wes pianued to study the eifec %‘véﬁ@ga of
winﬁﬁy applicatlions. Tn the winters. of 1989 /hﬁ,
lﬁﬁﬁgﬁl amﬁ'lééiféﬁg quuld manure was applied o
plots in afsinglﬁ ﬂr@$siﬂg in suech 2 way that some
plots reegivedliﬁ in Hovember, sone iﬁ W@ﬁamberp gone
in Janwary, some in F@mruarylun& ovhars 1n ﬁa ke
I was aypi& 2d B0 eontrasting SWFﬁd eyge and the

Cresulis were eamua&ed itk $ﬁ0$; obtained from

T

m?;l &40@? off equivalent l&vo&s of dry fewz;lisers
applied on the. same da s, | ‘
‘he vesulis Trom each of these thres éﬁp@riments %““
_aye &iﬁ@vwg@érsepmra%ely,’an& in the last seebion of
hhe uucsz “the main p@antm mr¢ain from %hem are.

c@l&a gé in a &@mez 1;§ideﬁb§$ﬂﬂ-

Gnléoeﬁ on of Liguid mmﬁvf@

The Ziqmaﬂ MR NNEe mﬂg& th@& shout %hgﬁ weﬁ a6
Q@il@aieé iu an uad@r&rmuﬁﬁ sHorage %auk amé-w“s
ﬁﬂﬂpﬂ%@ﬁ ox Lme wi%gg uping From thiety ég%@alre cows.
The urine wes dilubed wxuﬂ;wagh,wgﬁﬁr (i.@. with some

Y the water used fﬂw howid g‘*he cow shed) and '
contained a .@GL of solid ma%??i&l. Sﬁpgfaﬁiﬁm'

Cof the weine frow the bulk of the wa Bl water was

aehleved hy the use of o diversion gull ghe end

of he draiange cha@n@lm in bhe cow ahed. S Phis
allowed only a sue L& pxogurﬁxan of the dash water to .
“enter Hhe stér@ga.Tanke e 1iguid WAITE WA e

tpllected during the winter moziths whnﬂ Eh GoWs Verse




23

Andoors and were being fed on cong V@& ;x@smlané
prodvuotg mnd on & sonceuntrate ration of voresd

i

products and olloakes “_ﬁh@ﬁ hhc'ébarage sanlk was

,.~

uddg g@merally by the spming, the diversion guldy
hwas closed ¢ mﬁ Liguid poraffin wag.added to form a
ﬁﬂin loyer of oil on the puriace of the liguild

mamire o Jen.en whe loug of n¢e?np03 caused by ho
evaporatlon m’;‘ mesmoisia.

whon the 1ig wad‘manu§é wap eoldeched for

'épﬁlié&%i@n.iﬁ winﬁef;'th@~amnunﬁ‘hy whioh the aﬁine,
W diluted by wash water varied bﬁé&usa of the.
‘eonimons ﬂiiilqh. In @ummartﬁhér@ W@ré=i@sses
,mssec’ateﬂ with the evaporation of arapnia in spiie
of the li%ui@'~&féfii aﬂ& the &oneowb‘%t¢0m 0%
Cnubrients 6@@&&@&9& miuh shorage. :
Tha 1Aqu¢& manuTe was removed hy' GraCEioLe
Coperated VEeuUn bankey ﬁrﬁm ﬁh@ BUOTBEE bank ai @glif
hnd been mixed by4§l%@rna%a1y “il g and cupbying
uhe tonkor 3b1ab wWae then w sed % wranaporvt the
Liguid maguré 40 the site of the experiments where

thae apﬁropri&%e guantibtices were:weigneﬁ and applied
50 the_ﬁl@%s by & wétériug ean Titted with o fine

[T

XOECQe
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La;;é:h'!iiz A1Ed \;f"! l

Ohiesh. To make a prelimiuevy study of the use
of Liguid menure and to compare its effect on
aragsiand with that of cenventional dry ferbilizevs

and of water applications.

General

The eapeviment stardted in the spring of 1958 in
Fleld 4 of the imnnah Ingvitubte Laras. e sold weas
g fyee draining Light bo mediuwm losw and the field was
abous 100 £% abeve sea level. - Soil sampled in
Jannaxy L9956 head the Followlng analysins pH 6.37;
aveilable ?2G5g 6 mg/100g and available Ko0, 14 mg/l00ge
Mhase wnds v&iue% inddcate & “meﬁimm'igﬁ5 gl 8

L

Yemkiafaotory? Raﬁ content acuording o the
classification used by Whittles (1952).
The swerd used in this trisl was sown in 1955 with

20 b of mazﬁﬂw feaome (Pesbuce pravensi 5) snd 2 b of

ghite clover (Trifolium repens) per acre, and from 1959

B 1957 4t wes owh regularly snd wob also grased by
cabbha. At the stari of tb@ sydial the belance of

srass and clover in the @uagd wag good with sn aven

Ter

:';2

igbribution of white clover and lfew dicotyledonous

Y

wends.

The experimentel treatments wera:

Gontrold

1) Ho applicaticn of liguid wenure, dvy Teriiliszel

oy walbews:

This expeviment has been published in shorter fornm
by Gastle & Drysdale {19462}




Table L.

- ‘Table 2. The contents of nitrosen and of Qot@ésium (/100 ml

Hate of agplidationﬁiaay/ﬁonth)';n Bxpt L

Application 1958 1959 1960
* o/ 25/3 28/3.
2 8/5 w5 25/5
3 L18/6 30/6 1/7
4 T - 6/6 1/
5 2/ 19 '

019

in the ligquld manure st esch application

1956 1959 1960

tpplibation | WK ® & W8 &
) C0.35 0.6 0432 0.60 0,28 0.45

2 0429 0456 0432 0,56 0,24 0.40

3 0.26  0.43 0.23 0.40 0.23 0.3

P 0.16 0,32 0,18  0.32  0.15. 0.24
5 0.16 0,35 0.16 0.28 0,08 Q.ijf

N



Ldonid manure

2y Low zabes an auount calewlated o supply
approximasiely the nitrogen @qmmw wlent of

5 ews "isro=Chalk? (1559 N)f&ﬁre/&éar.

3§  J;qw xw@eo an amount caleulated. to supply
' &py@@&&m@&a y %he nitrogen aq&lvalen% af

H&mﬂﬁ%MWm@MQMVMme%Wr

a) how vate plus phosphate: bthe same welght of
diguid manure ap in treatment 2, piue 4 ewsd
superphosphate (18.5% Eaﬁx)/apyaxyeqy.

Y - Wigh xate plus phosphote: the same weilght of
iguid menure as in %re&%m&mkisg plug 4‘@wt

superphosphate aore/yea

Hater
43 Low rates Aaﬁ QMﬂunﬁ eguad to the weight of

. Liguld nanure aﬁ@lg@@ in treatments 2 and 4.
7) lﬁigh:fatez an amnount eyunld b0 the welpnd of

Iiguid manure applied in treatments 3 and 5.

Ty ”?fuiLnaer

&) Low rates B owd “hm““ﬁmﬁhalk“/ﬁare/year“
1% ewy muviate of posash (607 Ep0)acre/year;
4 pwi superphosphaie/acrefyear.
a) Wigh wate: 10 ewd "Nitxo-Ghalk!/nere/year
2% owt muriate of poiseshfacre/years

4 owt superphosphate/acre/year.

The gm@éyphaﬁphaﬁe'in treatments 4, 5, 8 and 9 wag
applied in btwo dressings, e&éh‘af 2 swb/acre, one in
eaply spring aud the other in mlie-stupers | The watey
a0 &ry fertiligers were appliéé as five egual éres%imgs
aagh yﬁ@r. Phe fivet dregsing was made in late E&?ﬁh‘
0¥ eaprly ﬂpr.w and Lh@ van&xn&ng gnes on %he datesn shown
in Yable L, le.e. aitar ench of the first fonr cubs. Smell

varistiony in she composition of the Jiguld sanure resulied



‘ Tnble .3. Tha weighisé of liguid mamarg, nitroeen and
V potessina_gupplied by ligquid menure ot cach
spplisation -
Iow rate High vrate
Application | Liquld manure i K Liqu:}.& napure N 9
| 200 1b/zcre ib/acre | 100 ib/mere 1h/acre |
1 50 18 30 100 35 6L
2 50 14 28 100 29 56
3 50 1 22 100 22 43
4 75 12 2 150 24 43
5 100 118 35 200 BT
Potal 325 73139 650 146 298
o 4959
1 5¢ 6 30 | 100 32 6D
2 50 6 28 100 32 56|
3 50 12 2 100 23 4D
4 100 18 32 200 36 64
5 100 16 28 200 32 56
Pobal 350 78 138 700 155 276
1 50 14 22 | 100 28 4B
2 50 12 20 100 24 4D
3 75 1727 150 34 94
4 100 15 24 200 30 48
5 200 16 26 400 32 52
Totol 475 74 119 950 148 239




Table 4. tue wotal welphteg of nitrogen, vhosphorus and

botasgivm (1b/nere) appliod in the liguid manure

end in the dry fertilimer cach year

Treatnoent

1858 1959 1960 | Iliean

-

Liguid monure

Low rate B B 75

High vote 146 155 148 | 150
low rate + phosphote 3 78 o 74 ?5__
Eigh ra%ej‘phogphuﬁe 146 155 148 - 150
Dry fertilizer -
I;mv,;ate 8t 87 87 81
High rate 174 174 ara | o174
Lﬁquid manare <
low rate : Q 0 O 0
zi:i_gn rote L 1 1
Eﬁw,raﬁe + phosphate| 36 3o 36 | 36
High rate+ phosphate | 37 37 - 37 37
fey fortilizer Y
Lo roto 36 B 36
HgghArate ; 36 35‘2 w36 ﬂ_” 36
| i
Liguid_menure | |
Low rate | 139 138 119" u ':1._3"2
| High rots | 278 276 239 | 264
- Low rate + phosphate | 139 136 0219 132
High rdtp4'phosphate 278 276 239 264

' Dry fortiliznen ,
Tow vote | T 0 0
High rate 140 T 140 140 10 |
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n o -

in slightly 4iff Pamb quantities of fextilimer

mutrients being applied in the Five dressings.

Phe Llguid ménu?&~w&$ soaupled 2 or 3 dayé bafore
the date of appliceiion aﬂﬁ analysed foxr its condent
of nitrogen and UOi&uS¢¥&- Trom the resulis of the
snalyses hbﬁ puantity 0 be applied was caleulated.
Tne coutents of nitrogen and §9$a&a1um in the ligwid
mamire are shown in Table 2 and ﬁﬁe,gmgumts ol these
appllied at each date during the Jeyear expeviuental
period are ahown in Yable 3. |

The mean welghts of fextiliger nuitricnis applled
in esach year @f the $riel en liguld smanwre and ag a&y

fertilizer are shown in ”wbl Lo %hmq ke ilman vy
tplal the amount of mitrogen appiied in the liguld |
mamre treatments was only spproximately the sane og

the amount applied din the dyy fertiliser breatments and
on averﬁge the ligeid manure supplied TH and 150 lﬁ N/
acre on bthe LQN and high %“aahmea%q regpegtively whereas
the dry iaxti@zzar supplied 87 and 174 1b Wacre on the
dow and high treaﬁmenta.'

The r&%ie of nitrogen H0 pobasslum in bthe Lliguld
HANUre Was 0 average Ls l.?g and the WQ&hhé of polnssium
applied in it was almosh twiﬁﬁ the aunount applicd in b'
the dry Tertilizer. The phosphorus content of the
lignid manure.was determined on only two snmples,
and sinee the nean content of é.ﬁﬂlﬁ P wag congslidered
‘ﬁﬁ be so low as to be negllgible, no further phosphorus
am&lyses were mades

i

The welghts of Wﬁt@? &legéﬁ on bhs dwo watber
wreatmenis wore eguald. o the waights of ligunid manare
applicd on the corresponding treabments. A with

the diguid wanure the water was applied by walteving coane.



** fable 5.

Bates of ecutlbing in Bxpt 1

15/8 |

Gutbnumber A1958 : 1959 1960
1 16,5 20,/5 25/5
2 18/6 30/6 30/6
3 W6/
4 2/9 (R V4
5 Cg/10 0 15/10 13,/10




27 S

eramenkw$ ﬁeﬁi%nV
) fandonm od hL@Qk @eovwngwa& used with the nine
i%reatm@m%s OﬂI?Q&beﬂ Lonﬂ‘&?mgg. The pléﬁs aaeh
bi"

5 £%, o 4?ﬁ AL
- Ho ruuwoi 'a 1i@uiﬂ manure ar'waﬁer?nﬁeurreﬂ amdn

By
el

ma“mured 18

bhaﬂg were mo ﬁn g of sub=sy ava 6P1fu of .l 'E)g@ﬂ

o po aaglum hﬁbween p&ehw frcm Lh@ LAqmlﬁ manure o

ur{.¢eﬁ%13i%br -,aupan & mewwughx (1061) calewlated

bk very iztm&e E 051naa~%3ium'ce}u§r@&”hgymndu

Gﬂe Levdqr QP plﬁbb ﬁL a2 mueu ﬂAthW'apnl£Pabgﬁm r““e

thian " g od hare, n& f@bﬁﬁh@ﬁ vgﬁ&l. {1956) s bateﬁ thatb
the eifective &Tkaﬁf’m”lﬂﬂ.ﬂgﬂliﬁlh&ﬁﬂ was the srea

faotuadly sovered by tua urine

Exycﬁameﬂ«wi monh@ﬂg

Yield ﬂ?hpi&ﬂ procedu?e

ﬂh@ plots we?e harvested Tive Gimes cuch year ab

5 - dntervals of 4 bo b weeks when Lho nba ge was Ge0 ine
boll. © Baten of ewudting 1nﬁeaﬁh ye&r aﬁejsﬂéwn‘iﬂ‘
‘ab]z Ge

A% enéh BETvess o *%mpll aw&aiﬁ f” long by 38 in.

wi&e WQS Guﬁjonéa' f;plﬂt with ax. ﬁi$en awtoseythe

st to oud o ET above ground love Le  Tho umﬁ_*
herbage was fz%ed Laaetnvy n&@uea on a hessilan sheed ané_'

weighe&“%o the wearest b Ib om n epring balanse in thy

ficlde ﬂfﬁéﬁﬁi% hsd baaﬂ wel?heé, a ;Lndom ﬂ%Mp?Q oF
h@rhaée. of about LQQ& o WELE 11&09& in a numn%iﬁ th and

taken to. L&G i&h@r&%ﬁ

Th@ hevbsge on n&e remdgmdo“ oi Lh@ nLOu on each

svﬁe of the &amp&@ m@ea was‘%h@n.eum and: ﬁiﬂet&dﬁdg ﬂ&

he 31¢u¢d maﬁuso, waber and, &w «nxcslmuor ﬁyewuvnﬂfj{Q“

Weare . “bylleﬂ ue Lb ipﬁVauvlate ﬁL@%w ah ohe rates

deseribed gyevmeum!y.*Q U [5

Lhc daboratory & sub-sauple of




for &ﬁ@r@kim%ﬁ@&&)&&:h at M0o¢ An”g Fiik ‘ekbm%m
ﬁnitheﬁﬁ Briew 4o debermine the pex ﬁﬂnﬁ.*@ Q&'ny
m&bnew inhhe hﬁy% gE Wae &x @ﬂ ﬁmnzs ww@ m@eq

T ogw o und bﬁrum@@ & 07 wm megh {%QV@ in a.i bey% 0%y

nill and shored fow eﬁ@mxﬁ‘m ahaéyn I ﬂha Q“&ﬂﬁ‘“

o

ﬁf&b@&ﬁ Gmmva vh o ﬁ$ h@wbn@u W dcm&@minyﬁ SHi

thase mampi@a“hy “h@ &Je @al mu%ba@*

v.n%’m?fi

Botanlead a 139@1$M@ﬂ o ihe
In N isvwmhe@ £ ead ol yory &“ mh@ ﬂLﬂJ bhe botanics

Y

,@@ky s‘isg nf bh@ @W@ﬁd on ooeﬁ yl@m whs éﬂserm ﬁad by a

w@é’ ﬁi 5 *AsAyﬁin? a&aﬁ ot M@Eiﬂg &F@ﬁs@ng wﬂzs).
-ﬁwe wg@&@d wﬂ da Vi@””% dsng mﬁ& 2 ine %qu&ﬁ@ REGEEE

. mection, th@ leagth of ”ha gl@bﬁg‘we?e marked. ab. ton
‘n§1ﬂ&a e%uj&ﬂ;& (VY chm 8&?& ﬁuhe and uhc 36 pos 1&10n&
wore Tixed by W@ﬁﬂ@ﬂ hl ckee A m@V@kl& erogs bay 0
'fi%m&ﬁf@gﬁ the &i&e~3miiﬁ,yé§‘ cong &w&@?eé anﬁ meagqﬁaﬁ“
B8 xng ine '® & in Wi sh e BEs 5 dine long weée'qc@ k‘
ﬁ? ﬁig the side arl”. %en pins 6 in. long by 052 3 Ev
in ﬂl&méﬁ@& WoEe *ﬂﬁ@rﬁeu at intervels along th gentre

“dine of this bay, the 6&&@&&@ nvn% hmﬁxg a% T in;“eeﬁﬁxe

from the end of . xh@ s amﬁ the remeinderw eveanly spaced o
at 5 ine @@n%?eﬁg Eh@1@¢@d$ bay wasfshen placed in

surn ab sach of the ben @gaﬁa?dﬁaﬂt positions on the

rails &ﬁﬁ.ih@AﬂﬁG&ieﬁ momshmnw sdeh of ithe ben ping od

KQMﬁ@ Aeva“ wa s ¢dan%iviaa mﬂﬂ reaurﬁaﬂ. VWhers & pin4'
A5d nok contaot & plant at vﬁﬁ laval bw&@ ground was. ,gn
vesordeds  The bundved @hlta 8O regmxueﬂ give an

estim ﬁ of Lhe proportlon- of the total mﬁea of Qaﬁn gla
vﬁvnyeﬁ ey eweu plant aspec sios ot ground | cvéi and ﬁhe xeﬁalﬁm‘
are presensed 1n;$aEMﬁ.of 9@@?@&&&@”@ gﬁmmuﬁ euvgﬁ° fow "
ﬁﬁﬁhjﬁgﬁﬁgﬁﬁq “  “

'§h$$ mathod 1a.simi1a“ ha %hﬁ% des Qrihc@ by Reid

(1961) who conclnded that e aven @1Qgribn$1@ﬁ 0? 3he




points over the Hoital arvea gave o more representative
gampling of fthe vegeletion on each plob than wouvld the
yandon distzibution of the points.

soil analysis

In the awbwan of eoch yoar four cores af.$oil
wers baken from czch plot 0 & depth of § in. with a
#oild sanpling ﬂeﬁi&a, and Bhe vores mixcd %o glive &
gompoelte saunple of all the replicates from a
treatment. Zoutine analyses of theme samples woere
BR G by the Chemigbry Department of the West of Scotland

Agwiendbucal Gellegs. The nelthods of analysis

5 used

were baged on those described by Whittles (1052) Lub

uodified by Alexander (19637},

3 DL

lidnerad analyeis of the herbage

2

in each yoar the milled sampluog of hevbage Ffrom
every cub were bulked 1o give one composite anmple from
each treatnente. liineral analymses were made on bhe
bulk samples for cach of the 3 ye&rﬁ of the experiﬂent;

Fotossinm and sodium were debermined by a Llame
photoneter mebhod, caloium by the micro=method of the
Amsociation of Official Agviculburel Chemists (1945),
magnegium by o modifiestion of the method demeribed by
Hunter (1950) and phosphorug by a moﬂifieaﬁiﬁn of the
medhod of aAllen (1940).

Seatletical treatment of roesulss

The date collceeted were btested by analysis of
variance aund the standard erver of ﬁhe AifTerance
between treatment means, % (Federer, 1955), vas
daternined. leant sigunificant differeunce values (LED)
have been caloulated and these are products of B3 and the %'
values ab %h@ o .eud 1 per ceunt level, fox the appropriate
degrees of freedom. The yields ol dry malbter and crude

proteln were expressed in hundreds of lb/acre before
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annlysis an& “an&eé %0 the Fivet decimal pﬁwoe.
»"“ef@@uﬁage around cover dﬁma weae bra,a&ermmé

H0 am 1eﬂﬁ ﬁ.a.‘,wg @am'J bef@ﬁﬁ dmmlyﬁﬂs we &ng

ﬁablaﬁ given ﬁy dnedecor (1948). This transformation

iﬁ‘apgﬁﬂgxgmaﬁ E4] ééta &ﬁgﬂ@&a@ed with a mu@bag‘qf

'-é@snggeﬁgaﬁ amgng ) ﬁefiﬂitekﬁ@%&l’ﬁﬁﬁﬁﬁﬁﬁ mr‘per@éntage

o0& aeéﬁrgemaeg; &mﬁzﬁﬁfﬁéﬁﬁﬁxgéﬁ the regulep type of

-h ?CTG GQLE%J of orvow ﬁmyiaﬁéa)which aaua;;y eTelriih g2

’.wﬁ ik Gueh Um%mo

resentation of » aul»q

?he rasulEs ox ,shi$rexpmximen% for each of the I years

Fol

y y?@ sentod ander. the £ollowing %ubthWﬁéﬁwa.'

e

Mixed hoFbnee c};x’y atlex - Yhe total yield
" for sach year 7
‘2, Hized heﬁb @fuﬁe by ﬁ%ewn = insluding the

ﬁﬁh@i ¥ b&& fox @a eh, yga@ and the mesn porcentand

;féxuﬁgﬁyxanemﬂ~;m ﬂh@jmixed herbage vy matier,

36 Magan¢ el composition of the swarde

4o Poil 511%3. veies

5,;_»m3moral mmm&rnt of %nﬂ herbaga.

The results of these different aamu@anﬁt re

dipov & suge%h@ﬁ ab hé @&a of the @@Guxﬁﬂ’ .

ixed hm“ W

fﬂhg bﬂh&l yie& of Guy mntter for ench year of the

i

pxdal ave ghawﬁ in fable G
The 3%ewaw of ”th@ control pta%w in 1958 end 1959
fwer&‘&imilag, %L in W@SQ there xa& a ﬁﬂﬁiﬂu““ble

déoreane 1b the. yileld.

“he 3&&1@&10£ herbage dyvy matber fyxom boith the low

mnﬁ h&%m water %mz&mmana did not dilfer s iil£7ﬁaiv



- Teble G meah“%etal aﬁnual yield of fomﬁgtter«(lOQ 1b/acre]

Treatment S 2858 0 1859 1960 |

ggé&ﬁﬁ& - | 633 B ?%72 o :ﬁ?f?
Hater o
Tow reto N TR T670 . 48.8

High rate : 65.0 . - 66,0 4641

i
Liguid manure

i

Low rate - TLeT B89.5 T9.0
High rote | 8z.4 S92 8840
wa tata 4+ phosphate 1 722 S 92,7 : 810

High rete + phosphate. | 8l.d 9444 872

Dry fertillaer ; ’
Tow rabe | | 7948 82.0 - T84l
High rate 9242 89el  : Qded

'Leﬁel ol 3igni£icaneé < D.Qﬂl 0001 04001 ||

A

50,05 ] 4l TeT4 " 7 6465

I8Ny | . 5.60 10,507 . 9.04

8y o | #2400 3476 +3.23
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ffam the yleld of the comirol Froatuent in any ol ©
3 yeaxs. . ;ﬁhé“&igh water tﬁaétm@hﬁtréceived 6500,
00 and 9500 gnlicn oL water/aere in 1958, 1959 and
1960 vc&poetvveiy. Phese application ratékvﬂfe o
cqnavm]eno no 0.29, 0.31 and. O.AQ 1n./bﬁre of waber.
The PL?bO‘“ -wPOﬂ&@ %0 water wam&d he e&pegbba‘¢n
1959 which was nhe dricat qummor period {(sce apyamdixg‘
“iable 1) a ' 6 hﬁd g rainfalld Shat -wosg mu@h‘helow averaﬁe.;
However, in &riﬁ¢ sdjacant bo fhig ,Apéflmenu and 0n
the sane sward, the effects of “u@plemenﬁal irvigesion
¥ weve veporied by G&s@lé & Reiﬂ {1960) who shpweﬁ;ﬁﬁaﬁ
the ﬁcg@ousa of hoybwge per l inle ai‘water‘apnliﬁa X
ﬁ@mwy 213 ibtdry'maneer/ae?e in 1955, The nigh w@%er
‘f;%r@aim@ntiwoalﬁ have hoen expocbed; ﬁh@r@xafeﬁ 40
‘inéféage the yield by “upraximmbuij‘ﬁﬁ 1b/acre which iz
‘cdﬁgider&hly smallien ﬁh&mkahalmpnraprﬁaﬁe giandard
‘30£r0r fow ﬁue aif fvrcace bobw@ en the meting in this
: @p%rxmemﬁ{“ “ ‘
| Lhe aﬁdLﬁﬂﬁﬂ of phosphate to glctm which re@ei?ed

Jow.a ;& h1w1 \3pl ica ians f 11qm1d panure prnﬁuued no

‘A

Luvt&coilg sxanm;sc%mu &mﬁr@vsaa 1@ Ficld. There
fw&sfa tenﬂgnﬂy fex the yiuiﬂg 50 be mlmg ly higher
_wneréjyup Q' ie wes ag @ ol -but even with the
"hGKVL eay. yiei& 0fnﬁnrﬁw ge in 1959 tha yicld vemuliing
From the low rate of l¢g&z& @angr@'waa &ﬁcreaged-by

only 325 l% anﬁ rom the high ré%a by 240 1b Ay mattexr/
Xedalcs 1ero une sphate ves “ngliee Other experiments

‘ot the lanneh Institute in which the effect of

fute
(5

euperyhosphaﬁ?,wa? s&ndjed ngmmoﬁism with

Qitferent lovels of v@vti*’ver 2ty 2o g ron whaﬁ&é no
response o phosphate oven whon 520 Abh N/sere vas
apyl ed (Holmes & Maciusky, 1954 ).

The yields of dry wab *gy on all the ligquid wanure
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treatpents were significantly highew uyan the yields

on the control trestment in each oi the 3 years
{p<001 ) For exemple, the liguid manure applied

at the low ralbe withond §h@sphﬁﬁe’wesulﬁ@ﬁ in an
inevesnse in yield over the control plot of §40 ?b nore
in 1§58,‘353Q 1v/ecre in 1959 and 3160 ib/aere in
1960, and all the &ﬂcﬂaasea were highly significant
(P<DLOLYS ,

Ihe largest di T?Gwagau bebween the yiél&ﬁ fron the
low and high levels of liguid munure spplication
oecuﬁr@a in the Lirgh year of Yhe triale - The yieldd
from $he high rate averaged over she . phosphat
freatnents was 980 1b/fscre greater than the yisld from
- he low rote (P<0.0L). Imw195§§ o sbrong growih of
elover vesulied in high yilelds being harvested rvom
all the yl@%@ whiek ra@@iﬁeé Liguld mamure, and the
difference bebween the low and high levels uussm@llané
pelakr aignixmﬁmnng By 1960 when botanical changes weve
not o marked the high rate éf Liguld saaoure again

zoduced a grester yileld shan the low ratey & difference
& H

atical

;...
5

of 660 lb/acre, which dust Talled to resch piati
glgnificancea .

fhe dry ferdilimer ﬁ?é&%ﬁéﬁ%ﬁ resulied in
gignificantly higher yields than were obbained from the
control plots esch yenr (P<0.01)a In 1958 and 1950
The huﬁh rate of dvy Lersilizer incrveasned ylelds cowpared
vaah the low wratbe §§<:Q.G 1) bub in 1959 this difference
wns not significaube

The liqmid AATS uThdLm@nEb ﬁvpgl ad dess nifirogen
and more potassivm than he eqmlv@lenx ﬁry vev Blliz
froatuents ond therefore these brestnments ave aod
ﬁﬁric%iy eompawable. However, singe the lﬁﬁeg%

application of go%&wc iom en plots ??b@l”iﬁ@ Liguid wanure
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or fo Ll&mey wa ?0 b ¥ 03@ (tﬂe low dey Few

s

‘tranmem'}.‘aiJ hh pmﬁbh wewe W@mﬂ51V¢?y w?ln Supplimd:

5
'

with potassinm.  The ﬂwy Forbili e? Lweﬁbmenus

supplidd move nitrogen vhan the 1 igu:d mmm?:cv;ga@tments,

Y .

'dan& g the low and“aiéa DEas Pummm i respesbtively - the
k AL ILIRE S & »

ﬂiiﬁ@?@ﬂ&ﬁ%'@ﬁrﬁ lztand 24 1b/acre, whiech would give

m

Q.Lﬁﬂ Vmﬁiﬂﬁ s prczwmaﬁaiy 230 amﬁ 500 Lo &&5 mahher/

i;

;acx< i a-feayﬁgé@ of 21 1b dwy m&@morﬁ N aﬁ@lied ig

aawmmeﬁ (sac ) Hodmos & “Haeluaky, 1&55). In 1948, the
avy. &$Et1 &% kol %fe bmenﬁ 0u?ylelded uh ..iqmid~@§ﬂmre

Greanmcm% aﬁ b0ﬁh 10ths hJ & ma rein greater than ndghtk

- ba ;90$Lod Lrom the &1fiarencc in ﬁhe'amauntﬁléf'
feriiliner mutvie owie applicds e (};,:;gimf-ﬁ“i;é v.saa,;g”mm‘

‘ ;iﬁqlﬁ 3G v aew th Aigald nanord Egg 1hmonhy ywcldea md@e
ﬁerb&ge #hﬁﬂ hbviﬁxy ﬁeé%iliz‘ &roaumez mhé &%31

inercane at=%he.digaﬁl@val @f'zopLﬁantmgr me ALO 1b/bﬁre

~and af,the low MOVGM 910 Lb/acre ﬁogp Ge &ha 30wer

S

applicds Tﬂaae‘ﬁgixereﬁﬁea~ware

Jﬂe_in elover on plots re ezv%nw'
‘iinvmd HRAUTE pqxu¢@&lar1ywatdﬁhg 1®w'le%ew ﬁ& mapr Zion,.

‘wiﬁh am-@ss@ei&teﬂ iﬁ@raasa in bhe sotal yield of herbage.

indler bnudum@wj changes pdasibly alse had an (Xf@@b in

o

[med

g§® whamitﬁo'?" Pate of m¢nuéo mﬂﬂuvc x'mm Hed 11 &

%scou;w&i “ifﬂﬁ the ﬂlgm WHuio @h@ axy f@r‘i ROy

; Lgeﬂhmenﬁ ag in. 1958, autyielﬁ@ﬂ Fhe Liguid maﬂgrq

Srestnents ,;&v- CBhe Jnyoﬂr per¢od9 howeéver, the mean
Botad dry mavl JLeidq WEre %.m%iaﬁ m~ﬁhﬁfliqu1ﬂ:mammye,,

91§O lh/&@ra at the high levels of &pp x@@vamng

ixed herboge erude provein - S

S The yield of exude protein zud the erude proltein
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percentage in the herbage dxy watter ave shown in

»

”ﬂbie T The low and high vates of water &pyliwatzcn

‘anﬂ—ma@ addition of phosphate had ao @igxéf, cant effect

on the yield of m“ﬂd@ pyotezn in any o7 the 3 y@awar-

5

Tn 1958 $he mean yﬁoLﬁw From hoth high xates of
VWquLﬂ nenure were &i&y’blv groater than thnt fiam shae
control plots (PL0.01) bud significsntly less nm@a that

- From @h mxgﬁ levael of &xy wati,aécg (A<i&.0i). in

Fa.Z.

1999 no signilicant 4il ia:cng 2 ogoureed in crude protein

yield bebween bthe Louw Ligund m@nmxa'uﬂgnbmeuaw although

A3L the liguid manuee 53«@$m@ﬁts gave %1#milj@&ﬂﬁlﬁ
grenter yields of ‘orude protein thayn the eawﬁrol ylats
(P<0,0L), and the ylelds frow the low liimxﬂ m &aré

%ﬁﬁ&ﬁﬂ@ﬁtﬁ_W@rﬁ Just siguiflesntly higher than those

fron bobh levels of dyy fevi i1? e  There were no
significant dliferences in crude prnugmﬂ vields betwoen’

the four llf 6 LR %remtmennu in 1960, the average
yield beling 139& 1bh ernde Q*Q&@iﬁ/ \oie mmé:&ﬁxa han
double the yield of the cowsvol tc abnend aﬁ'ﬁﬁ@llb/aére.
ley Mmui eqaﬁwea in the cmuéa PROHE iﬂ O”@@ﬂbtgu
of bhe herbage coourred e twvuﬁ u“vatmewta L ¥ envh af
she yenee "In 19538 and MSJS rhe gontrold, water and

dow 10\ le of Ligquid manure gﬁﬁ& herbage with

i

L

appe ;1mauclj ﬁirﬁl 37 cautonuﬁ ot crade hfﬂubiug bt
the nlg h 10vei of miquid mamvr@ tended o produce .
hevbage with a glig 1,A lawer oxnde protelin @mnﬁenﬁ.
in 1969 the reverse @vgvrfeﬁg herbage from the control
au0 wate- Srentmanbs Gﬂﬂu&&ﬁinﬂ'a lower pereentege of
ernde pro bein than bhe harboge from plots receiving
Aiguid HaaRe . | N

‘Agaiu many of the m&aﬁges in exude pyofein

resuwlied from the ALff ‘erences in the hotanical gompﬁ 103

0F the treated plotge
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Table 9. llean perecentage ground cover of clover

15..2]

the sward -

lfean percentages

- Breatnent 1958 1959 1960
ontrol 31 30 15
Hater
Low rote - 34 35 i2
High rate 34 29 “12
Liquid monure
Low rate 25 48 34
High wote ‘ 19 44 32
Low rate « phosphete = 28 - 48 34
High rate + phoaphate 12 Y 28
Pry fertilizer L "
High rate -9 28 18

. Mean angulsy $ronsformations

1958

Treatmnents 1959 1960
Gomtrol 34 33 22
tetor <

Low rate 36 36 20
High rate 36 33 20
Liguid manure
Low rate 30 44 35
High rate 25 41 34
- Iow rate + phosphate a2 43 36
High rate + phosphate 20 37 32

| DTry fextilizer o : '

| -fow rate ki S35 25
»gigh rate 1y 32 25
Level of significance P< 0.001 , 0405 0.001
sd 43406 +3463 +2.84
50,05 6430 .47 5485
50,01 8457 - 7.95
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F@ﬁagiwaz enmp@&a£¢@u of the sward ( L
\Th@ pega@mS&g@ gﬂ@unﬁ ﬁﬁwbr of the vxffmx

plens 1m§0@;ﬁﬁ @ﬁﬂﬁh@@ indo five ﬁﬁd@&ﬂmu QM) mg&ﬁéw

ﬁremag {?} whg%n claveﬁ {3 unsown BEEBO, ( )
iél@@'y$ d@manr oaaw ahd ( 3 bayw gronund is JF&WB ﬁm
Tabla 33; hﬂ ax&mp&& ﬁf the rasalxu for the |
liﬁmﬁaéhéé 5r@mm6 eovVer of @lﬁ?uv and the uL
i5$§aﬁﬁf@rm %@om, is uhﬁWﬁ in ?mblb Goo 1998 ﬁhp"‘:
;h level: ﬁf 3q9i& mzﬁﬁ“@ uJﬁ of dry ferﬁilizer

h
- Yes ui%aﬁ in @ mlgmﬂiLaanr d&e$e*3 43 the clover coves

oL thAawarﬂ (E<:G.0 L Ys Lgam$@_m&amrgbamd ary

c&fil&&& QL %rca%m@ﬁu@ at the low level alse gave & lower .
@,&L@wer e@véw**ﬁ&n the ecowntirol treatment but the

ﬂifﬁawgﬁae@ WS n@% @ n113ﬁ”n§. C Im 1959 $he e@mﬁxolg

_waugx'zma dey “@faiiv ew ETRE auman plote contoined
“ Lavol@ of claver b here wes an inerense in .
‘?_xm all Lhﬂ plots wec siving Aﬁ%avd Mﬂﬂ&?$ Phe

&

Cconbrol o %nﬁ wat&f &f@a%m&n“ n?a iFol h@é B &lﬁ?ﬁﬂ Lover

”sizliar 50 “bﬁ% nabod in. 1998, but the yéstﬁ receiving
i;lm@uaﬁ HIELY awa hﬁd npp@@xﬁuwteiy %miae La@ c&s rER gover

poted in the fired FoOTe %h& hegheum @@vex Gfr“lQVEr

Waﬁ,bn @1@§ﬁ‘ﬁ@acjvinw z@ Lo 1vv 21, of liqulﬁ mwuu:ub

(P<10‘G;).. AL W lawes @n Di@aﬁ ”@&&iﬁﬁﬂi Hhe high

vol of &1@&*@ maﬁwr& adshoungh “h@ h%wﬁ iavwl Wiﬁhpﬁﬁi

T Qhﬁmphn%h 3&123 &ad a w&ﬁﬁiﬁi@ﬂﬁbl? h&ghLP aiavewib@ve?
45&&2& sme"aﬂhfal ylﬁuma _k'Tha eﬁvra G ;Aquaﬁ BRNWEE

> ;Qﬂ Q;@vev ﬁ@vcr was woP e ngnmmnﬂeﬁ in 1960 when all The

pi@ﬁm yeeeiviﬁg 1lthd &aﬂuxﬁ bpd a similap clover cover

'wﬁ&ﬂlavmmwmﬁg&u 7‘@&?twm ﬂﬁ ﬁﬁa%nhg'h¢§mw shan
bhﬁ naan elover envev on Ghe ﬂamtxml plote (F<O.0L) o

un th@ plots recawV7ug either of the dey Teriilizor
uwaahmamth (3<:083L).

Phu agpli@mnlan,og superphosphate at the high level

1
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'af‘liQuié manu#é tended o re&u@é’%he clover conbens
44n ull whe 3 yearﬁgktv-ghis ?Eﬁmlﬁ WL mp% f@un@ ab
“the low level of application. " -

e ground eover of memﬁaw Tescue (Table P) wos

gigﬁiﬁiﬁaaﬁly a¥&30bﬁd by bbé &m@aﬁ iﬁ L§9Q~an@l“96ﬁ

":faﬁly.- Iu 1959 this fraction was cons 1dev&bly}lawer
.Wﬂefe the swmrd hb& hosn tv tett with l&quld HRnRTe
uhpoeinllg at the low leveld (’<:0.Q3} Mesdow fe@sm@ 

kf&ﬂefea eu; iig&%l' L# 396 Wi 6 ﬁ@ lmqmvﬂ manmwé
é,f*uabm B oab 'c:l}C’ dew Zievell. 'Em"e" thé pe;@?eemag@ &k *mami

_&@V@E on a&&fﬁhe diguld e vvo orum tments wos @9l 1
lower than wi& 'i olhow %ﬂmunmamau (?<Zﬁ¢0;)

o,

e Uﬁqoww grags and Lae b@re uraas B »a%zomm

]

_.Eﬁﬁdﬂd $0 be highaw waéh the Lig pdd mapure treatuments.
in 938 hub % areaiter ony ohay es wem@ Luncohns ¢s@en?
a@&\fpr neiﬁhe?-af Hhe W f@a@ﬁigma was uhawo any
ﬁigmifgmaa% a!ﬁgarone@ £romn Bha corre unnﬁaxm iuéé-
For the ccnﬁrel'%x@atmem@'

'>Thb eamnamu Ox% d&c&&ymmdehou weeds ﬁqs\&awesﬁlﬁm
the Liguid &ﬂnmxc-um& ary Lev iL 1Y siou& in @ééh'yeafpl
>an&fén Agﬁﬂ the dif i t@ﬂ@% bmmweeu Lhcwc and ghc eaﬂ&t $
" plots wag ﬁlghlj ﬁigmiﬁlﬁ a' (P<:G 0L)e
| Tn lﬁ;d, uﬂov aﬁﬂe, both liqnid mwmvyeAana ary
Fertiliser re coused 6 decresse im the vevcontage of
@igﬁer-‘ Thereafter the p1ﬁﬁ we@e¢v1mg Liguid manuye

ha& & h¢g&0f &Lavvr ﬁonLen and a lower meadow Fesoue

and d} QLyLeanﬂmb ue@d Ganﬁenu than $30 et@er treatmentss

CSodl anglyeds

TR Y waradi e

T mdwn results for soil amalyﬂia are shown in

: @a@le'iﬁa, - Hio marked aiffewen@ag ocenrred. belween
L ETeatrenis. The Pp0g vuiuem woere highest in 1960 and

the range from { o 10 mg/l(ﬁg hes been clessified



pe “medivm®.  No dncrease in the soil phomphate
level with the addivional top dvessing einUQQVphﬁ sph

Lwas, ae%ecteﬁ*

o he . Kol &’ia 3\~éﬂ & Qid@r‘rah than umogé @ffygﬂﬁ |
,énd thg'slawvaie@bxan Tor poé 2uh wa \?law“lﬁaf“meﬁium”.
“;@he Rt Lavel bondeﬁ Ba be Tﬁwo “'in 1959 ﬁﬁﬁ ZOHQ

auﬁln in AQ&G.. Euh p&u&r ?eeaaviﬁy Bl ﬁigﬁeﬁ%
angJ&cﬁ*gsm of pnma sxum,"mse.bthﬁa&iggiﬁ'mamuféEHigh
'L?eﬁaueﬂu wmbh an& w} 10&? ph@ﬁthﬁeg mhgw&dfﬁhe
hiwnegt sbl _xgﬁ emui@we on &Jl bua"ﬂﬁu @Qé@ﬁiﬂﬁ in the
Feyons. yamxaﬁ muu:m@ olher amf@ﬁ%& w@y@ eViﬂéﬁﬁe

Phewe was . offoct of treatment on poll pll values
but Bheve ﬁenﬁe& B0 be & smw$1 décrease in sodld pl
?ouriq the experiment. The. uvwr" “deod me Lron

960 on plots of the conbrol aﬂ&‘W&%er treatmentg

s and on plots of the liquid ﬂiﬂu?@ and af

. the dwy Tevbilizer b vepbunents, im s Q.ff mﬂﬂ Q.P) N0

PespPRCEiveLye |

Vﬁﬂ@f*i contient of the hcrha‘

ﬁag;nrigl ig shown ip

53 ;’:{ tha -eonbent of

tws nann@ 5 9 huv bh&mg@n &ﬂ the. um,swnl coub % 04 the
ae”hage el ufwed amwn b@mween the 3 ye&wn ol the twrial.
Thege yeax mvﬁaycar eaagﬁe in minor&1 conbent appeared

o yésult erblg?iwﬁm Vﬂxnahtmﬂ in the olover conbeut of

'

Y

One of t & main @ﬁfent 0? Jquid uaﬁnwe was o
 inerease hhé;p@%ﬂﬁmiﬂm vaﬂiont i &owha é;iu 1956

ang | ﬁwﬁ, the hirh ;evel 0f 1@@&1@ uamnmp éiVing the

highe&% VO bEEE LR @Qn&onhe Hoxw anwmnie, in 1960 the
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- ymﬁ@ﬁsimg;éémtanﬁ of the herbage Srom the conbrol and
w@ﬁ@§~$$a&$man%$ wwawm ea_w.m3 @ampag ad wvth wans of
é 22 and R.98% K dn kh@ hevbags fvom the iow and ﬂagﬁ”
leﬁala of “1:i2 am@*a rs'; tivelgg ﬁ-ﬁh@'ine$g&$e%
,“im tﬁé potassivn gmﬂbana @f “L: ﬁe?bagé wheregli@éi&
manu%é-wmq a,ﬁllaﬁg g@nsf& Ly wexe - caﬁmp niﬁ& by i
ﬂéﬂ?@&gbﬂ %n ﬁﬁa §Qﬁ%umg>$&$ﬁi$% anﬂ magngainm conbents .
The mﬂyﬁaﬁﬁmﬂeweam§ i% slover growbh 101959 caused -
a*ﬁh&@g@ in;%ﬁ&fmimaﬁal relotionship. o that yeaw
the herbage fﬁ@m h?e%iaf the fovy 1iqui&-m@nﬁre (
&r QQMLﬂh@‘haé a’Léﬁ@r yﬁaa&,¢am gonbend k%n h&ﬁ e
h%?ha% £rom the eaa%xaz wlohs whille an intrease ﬂaaf
nobed in dhe 6111 mm;yﬁﬁgmem&um snd M@&i“u eoﬂténug.
& @nmpw%’ﬁﬂa af the resﬁ?tf £§am nhm kg a&ei* Ja%@
‘iﬂ‘%he<di§fﬁﬁﬁﬂ yea?a ghowed that bd& ea&u&un unncem;Q _
of the herbm re was aleost ugmh;@, mra the pod %h&ivm

£

content eonsiderably @mai;er in 1“ 9 than i n‘,;gg and

1060 The sodine aﬂmﬁem& o bhe herhage wan very.
low in 39?&» av awagﬁ : mly*ﬂ 1 e @vex he fopw

dignid maavwe Lrﬁybm@ﬁu&b) ihe m4puég¢um velues wers
mows conslstens ﬁvb_in 1958 am@ ?Qaa tm lawesﬁ valéea;
ooourred on ﬁne 1um1§ monure brestmenta

The gh@gyh@tmarqaﬂﬁemts of the hevbage weve & mmalar
for aii the e mﬁ&emt@ and %h@ a&aiﬁﬁmn of 36 1b ﬁ aere/

yosr ¢ the &&qmvﬁ mmﬂvre plots Tow 3 years re gulte@ in

i

'ﬁmlg a.very sus AN an@reaha in txe mmﬂgphmy contvent

o8 the hﬁ@magae

The value of §1gmi§ manmwé a5 8 gr&ss&@ﬂéifax@iiﬁmﬁrﬁ,;
has been shown ig Hhi “ér &iaanwry e makﬁ,*ﬂﬁiumia m&ﬂmré
&%piiﬁﬁ%i@ﬂa juerecase ﬁ éunﬁmdg?ﬁblv Ehﬁ y¢§lda ef herbage

dgy wﬁ “f and . of b? e px&tﬂin &nﬁ haé a ben £ix 5&&

3



offeet on the glovew eazm&nu of tkﬁ ﬁﬁ&“ﬁc

The iﬂﬁ&dﬁbﬂm 1& ﬁ@#b&fw vgi@ noted in whis

'E&ﬁériment g AT w wh the resulids of other trials in

s.sm:mh’xm:ixse was ustd as n fertiliz 43?, notably thos

¢ Hondrd (l§3%,, Rhéiﬁwaiﬂ.(lgﬁazg $QV%ns {1041)
V&md’a@héyﬂ.? @hey a3se Cexi 1£em the we sults 0f drinle

in'whieb the arwmm vane from sheey and oabile asg ﬁﬂay

g¢%mﬁﬁ, . Pox @x@mpleg.w&wkim.Cl§@¢} and Wheeler (i§gé)

found thal weine had 1ithle. effech on pesture yiold, a

“2résn1ﬁ;whigg‘@as saused hﬁ,é reﬁm@smgﬁ in th@ alover.
aoutent 28 a ﬂﬂnaeqaan@@ af‘agplyin@ aibrogen in Bhe
weine withows a vamgeﬂqa%im9 increase in - She vielde

,A.m-th@ Q?ES@MG sriady the Adiguid ‘wmenure h@a~&
marked effect du imgfaaﬁi:g alove gxow“h and Lﬂﬁh Rexd th@

?ih@re&ée in botal &@rbage'aeulﬂ Ba a%%x&bmh&& o the,

axaéllem% yiaida &*@m the &emhiﬂ@u affects of Plove“ and
,giaﬁﬁ mﬂfﬁim@ & Vigoyons swa ?4 - Hhis &Wi SO Wl%h the

results of Elehc {1 ﬁﬁi}g ﬁ'z* ver (19503 una Bendeiek (1915)
b - ia @@maramy *@ thege of Defiavner (195 ﬂ) and %mﬁﬁawra
‘”(;ﬁﬁﬁﬁs ‘,sin‘iggﬁ the ﬁexb&gﬂ Tyom 21l the Liguid manure
Hren mmenbg had a hmghar slove ex. content than that fxam

: wﬂy ﬁg?ﬁﬁ %mq@%meﬁta’ Codn Lha b yeny bthe heaviest gxéw%h«

clﬁvem obeureed on nlmh& res eiviﬂgrthaﬁlﬂw level of

Tiguid m&ﬁuﬁe, anﬁ ali @ =ﬂm&¢ an these pﬁs% giving
aluoat the ﬁmmm taﬁwi h@?&&ge yield s plots of the high

1@?@1 of Mmﬁuiﬂ manmre‘whmnh received @uub?P the, qure ntity

@1 xex'&;;ﬁer ﬂmtﬁ&@ﬁbm¢‘\
@h@ n & agen ﬂﬁﬂtnut of (ﬁha Ai:mAﬁ wa ﬁuxa'appeara B

- have been of” 115%3@ lmporisnce in the incveased growsh ui»

&l@?ar aiﬂﬂé'?W&fﬁﬁ %rea*»f‘thh tha hiﬂh.i@?@laﬁf llﬁul@
HALNTEe avav@ﬁ¢nr 150, Ex? k mego ﬂ el yeaw, 1' 3 yoars
averaged 3@% of a¢aver Q@vex in nh@ %hazd yezw s@mgsr ad

hh lﬁu.an %h& swards, fieated wlth. %nc law Wevvﬁ @anrg
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&@f?&llé " providing 87 Ib N/acwe/year. Potassinn
hes s @mnﬁléarsza eifect on clovey growbh and the
h*ghe@ nn@ﬂbsaiaw applied 1m the diguld mannre, 132 -
and 264 b %/ ef in the low and kigh levels of 1i§miﬁ'
BROVES  GONRS l‘&‘}ﬁ with 70 and _i.t}-(} b Eiacre in the Low- .
26 Digh levels axi duy &@P%&‘iéby Ry nave been
partly ve ﬂpﬁqu te Tor th§$§‘e frects. Héw&ver,'
léﬁ’ib 1fa@£@ ﬁypl&e& in the high yate of avy ﬁer%ilié@r
hﬁd n@ nore QfAG G @ﬁ th@'ﬁ Over cover than Imd the
0 &h/@(ﬁ& agmiﬁéd in the 1®v rate of dry Feriilizérs
Ko @xp& annilen far the &ﬂ&f&u eﬁ u&uve? erowkh wii h

ﬁ&quma m&nur@ %@eatm@n nhcﬂaﬁnwe oap be derived xrmm

this yp0?1m°ﬂm; ‘ ‘
Aﬁbﬁ abg anﬁ@ of phoaphoras @uEl&? pion on the @1@%95
'fxegeiviﬂg‘ixgumﬂ mapare over the 3 yenxl of iuntensive
managemend hmﬁ ﬂG GbWiﬁﬁ% ef\ecﬁ o the yileld af haxbage
o hm%&ﬂlﬁﬁl ccmgmsiﬁaau 3% tho sWard. mi@uia panure ‘
:7emmm§ﬁ@ﬁ N urxne amd water he been eriticiged by |
Gisiger (1950} he@mmﬁa'i% i 1mhdlwnv ady %o1ﬁ$ VoY low

in phosphorus,” ﬁn% ohe ’&ﬁﬂi%é & pQT&Gﬁ beve &31 cate

Hnad on soillewhleh do uod Emhgénd o ghﬁayhnrm
~applicabions, . iiguﬁé:ﬁﬁﬁmwﬁ aan e uﬁ@d xouanmiesl&y
wibhowt supple m@mfgﬁiﬁm wi ﬁuﬁayphammhatea )

Simila xly ?h@ lack éF‘?&gpmmg@'v@ ayﬁ&l&aﬁiﬁma of
water 6 ,ﬁWQd Lb@h the' w@baﬁ combent of the 1¢nv1d mamnve.

nnder the olimatic conditions of Bhis ra@, hHad

negligible éffe@% on yislde

e

x

B omay e "Gﬂﬁiﬁﬁ@d ﬂ&' thﬂ V&lue of &&quiﬁ manure. ;
aa’a fertilizer ip dua ma%miy Bo dte eoutent of aatﬂan@n
aud potessiun bub thab cther fachors which leve o
‘bamefmax Yok éffeﬁ on clover growbh ey be prenent.

Q&ﬁ”ﬁﬂ&n and ya&e*JLum fea fuiilﬁﬂ“ﬁ have been
dmplicadsed in the aebilolod y'@f hyponagnosacnie ﬁetéﬁy,
and Frens (?§59), Rﬂmy (LS?&), Kemp & ¥4 ﬁaﬁt (1957)

and QL&ﬁ {3&%8) ﬂav@ mh@wm that agplfs%t mn: af aibrca en



::féﬂé'péﬁQSSiﬁm ﬁs @ry for silizer oy L&qud WANUTES

imar@agéﬁ‘ﬁﬁ @ﬁh seine content of ‘herbage and decressed
“‘ahe mggngaimw @ﬁn aub. & aﬁmil2r‘aq zJi waﬁ~fnum& in

. bhis tr;ﬁl—mﬂrlﬁ:& m@ AJ%G Wﬁ@ﬂ &he h*ém m p@umf*ziq}

""va&&e: wew e@afﬁeﬁ in h@ra@b@ wawbh ﬁ“ﬁ@&v*ﬂ e digundd - o

K3

wennce r@ "&N;ﬁ&ﬁéi%ﬁ@.;\ 3h&u§ﬁ@r w3 1n

g@ﬁmg' k waH & q@@im%aé thh A,iﬁ&i Au &ﬁ@ m@guuaznmg

awm;mm wﬁ@ Gﬁ. SrLE imap. %hﬁ W%ﬁ#ﬂ@& e g&eaau&
seonienh Q§ uﬁ@ Aeﬁ%&go 'w@m the fovu Liqm¢ﬁ mamuﬁs

w

Ubrentuent wygﬁ h yumvv was O @éu Mw &aﬁ,uais' £ wei&

et

- (e L85 ﬁg-given By

@ne 3Qur itﬂﬁ&ﬂ m%uﬁy brestuents

mimimumnéﬁsﬁenﬁ : hh@ hn&riﬁgwﬂzl
regui$3$e$$$_§f»ﬁg§ Vftalﬂﬁ caw. ‘
gm i@”ﬁ.%hewﬁ,waﬁ-a W@V@f*al‘ﬁf Ghis patters and the
p@b“Qﬁaﬁm el ueé @@ e lower then in he O%h@r yenrd aﬁa
ve  These

&ne Magme&mum and bﬂd%uﬂ valued wers hxvh“

‘egamge@'wer@ gp fcabjy u&aﬁcd my aro &nuveaaa& @;av

content in i@%ﬁ‘@a@ﬁ swarmﬁifeeeivmng ﬂh@ A;leﬁ manura

w&aﬁm@ﬂﬁs’évf agod 4450 ground cover of o i&ver . Hince "

}lé‘ama% are R*QWC 0 have'a Q&g&&y m?m@rzL Lanbenm

“ihﬂu gywa o 1y i”@%&f whznﬁ @tmmml§be& GLOVer prowth |
sh@mld wa, ‘rﬁa&m the m&g&@%vvm, ﬁﬂ@&ﬂ“ amﬁ @ﬁk@i&@~l@?els’
in the n@VEa& bub cong ﬁrm ion oF &ﬂl%l‘% WOQ i. @;
?hx . & l ﬂﬂm augges %@u uh@ yﬁmsxb;xi By Lhab. | ,
ﬁﬁmtﬂﬁﬁ %ﬁﬂn %@“H & pxn@isganm@@ a@%av 1@,the‘ae@i0i6gy;?

of hypmuugﬁeJa@mia 14 t,&ﬁ'mamuge mwy h@ipvy@ preven%‘,n

hy enaouw&w&nw ?hﬁ leg amw oonbens of g&gﬁuy ﬁnd my

hel

-ulau gmv&nw 23 mofa é ail~'mineyﬁl bﬁi&ﬁb_“&ﬁ the
hewbagée - Thi ‘.3@n Eieial eﬁieﬂb on Qlﬁver'wamld bu
eRPRC ba & ﬁ@ﬁmﬁ&ﬂie hy an am@fwcwe mn the y;al@
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dune bo the Leprbilizér nutrients in the ligquid manure.
One of the pwebl@mgﬂim the menagencnt of

‘to‘"

grass and @lﬂv@% swards yxg 0 ex pl@x Q¢Gvar with its

sesoclated fizasion af atmospheric nivrogen and higher

.

nutritive value and yegu

o dunbensify the g0l

‘Qv@dmcti@n @f hgv%q 5 by the use Gf mi%xag@n far&xlizeru.
Phis teial dndicated that lig ;zﬂ m:ﬁur migzht hg
ddvvhbdmwﬁﬂ% iﬁ this vespect since plots treated with

C Aty oflen gnve herbage ylelds cowmps r"bte with thoge from

gl@t$ treated with niﬁr@@ n fertllizon, buu at the -same

%MG e vintained hi @h@r ciaVcr sontentye A@@Eﬁviﬁwaas
of liguid monuve %Ggethgr with nitrogen fowtllizer may'

therefore comblue the sdvaniage of high yilelds wi th the
prasence oi clover, & yeswli wivich bag hitherio seldom

been possible where hﬁghjlevelg of nitrogen were appliad.

ﬂmﬁﬁh? ARD ﬁﬁwﬁéﬁ PO T

i} Ina t&i&l over the Bmye&f géri aﬁlﬁmbﬁ a
peeliminnry -investigatlon was made of the main gifoots
qﬁf &%q&&& maxmre, conventionsl dyy fewtilipers fAﬁQ
watow on & meadow Tescus and white clover sward.:

iﬁ) ﬁh@"liuuia manurs contained on averaygs Q.hﬁﬁ 1,
Te 4@% & am % O0L% B

liqufﬁ mca@ra treatnend 8 were - a Llow rabe

supplying on averege TH Eb ¥ and lgﬁ ib E/acre, and a

high wade of 150 1b Niond 264 1b Ky&@z@. ‘En W0
ﬁmrab@r *ﬁgaum@ﬁta the same *w@ levels of 1mati nenre

w&rﬂ applied ijh &a&x&;waam a@evgim§ £ 36 1b Flacee.
Mhe treatments Wéhh &Wy iﬂéh&l& ers wew@ - @ low vate

- o application- %nynlyﬂﬂm &? 1 Ny 36 lb Poand 0 ib K/

T aere, and & high y&ﬁ e upplyim 74 Ab My 36 1b P and

P

140 1b i/a waﬁ&w uﬁéaﬁm@ﬁta wore a low and & high

&
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rate supplying the sawe welght of liguid =g in the
low snd high levels of Liguid movumra.

4} The yisdld of herbage dvy matber was wnalfecled

by the wabor dreatments and by the application of
phoapbiate with bhs liguid manurve ftreatanenits. Liguid
maaure snd dry fertiliszer freainoents dignificsubly
incressaed the yislds in each of the 3 years. - The

low level of lignid wanuve pesulied in a smaller yiecld
than the iuw forsilizer treatment in 1958 bu%‘in a
sisnific ﬂmﬁly grﬁatef yield in 1959 ané 106G, The

high level of liguid Qammr@ yilelded less than the high
level of duy fé&ﬁiligﬁf in 1958 and 1980 but slgnific Wbiy
more in 1959,  Averaged over the 3 years liguid monure
and dry ferbilisers pesulied in sballay dyy matier y10$ﬂ3.
53 Weither water noy the addition of phosphate affected
the yiledds of erude grﬁteim bt liquiﬂ manure and dey

C‘
4

fertlilizer increased these yields by greaber amounis

eagh yosc, Tae low and high levels of 113&1& s nure
vedueed the crnde proteln yield iun 1958 compared with the
.lﬁw and high lovels of Ferdllimer. In 1959 and 1960 the
low level of lignid manure increased the yield bub the
nigh level had no sigoificasnt effeet.

6} Hauy of the changes in the yields of dry matiter anhd
grpde protedn resullbed fyow ¢henges in the elover contentd
gf'thé‘gvnfﬁ, an overall inercase in olover in 1949
heving the nwgau&sé gflegt. &% ﬁh@ eud of the %hiyd year;
the liguid wmanure trestments had g gn&;xﬁnsﬁiy insreased
the persentage zyvound cover of ¢lover and decreased

ﬁhg meadow fesone and dicobyledonous weeds conpared with
Bhe gontrole The mean eontents of clover in the swards
&% the end of the paporiment were BQ,Vlﬁ and 18%¢ on the
liguid meoure, dry fertilizer and cowntrol ploits

respectivelye




,?)WT e lﬂrw ‘oR gonsis ﬁaam é'&feramne ‘1& elnha
_;whb pll ar ph@awdﬁ%ﬁ ¢o n&cn%s a£ tﬂe suvl were

me@&o ) “be aversge po waah 6@%%6@% of wao 60$$
-ﬁﬁéer the oo ‘“&L and u%ue ﬁ&“”%MLﬂLﬁ ”ﬂ i&SO wa

almoat hall that vnder the &4“4 ¢iqa¢a ﬂ%muxé

8) Mineral @ﬂaJyHOb @f bhe mixed hgwb&_ﬂjahmwed

hob in 1958 anﬁ 1960 he liquid mamuyéw%ééa%meﬂfs
_ increancd the potassium. camuum% of “ihe hg%i e and
'l @?eﬁ'iﬁé galelung ne mnuamvm and oﬂmum c@hoenag.
LAn 2859 w?ﬁw tne 9&@VQJ cOVEY vaﬁuh$ghemﬁ whe reverss
BOGY Wred o bﬂWG@ ﬂau of éhﬁrﬁgﬁr:liQui@‘mégﬂre |

ﬁréatmgnts,‘



z?wnam i -2

Dbgpc@. N %@ ﬁtudy éhe effaeﬁ of vnrmouﬁ levels

of l?qu1d uﬁnufe on the Jiolﬂ @ma bn&anxe&l eampasltian

T ef a swar@*ﬁx grm 35 amﬁ miaﬁer ﬁna th lmh@T”@L&ﬁﬂ of

ﬁﬁeqﬁ'iPVQlﬁ ,nn vawmauq qtanmli a8 Qf fa?ha 'ef:

ﬂiﬁrcgen ?1bho winh ap Wl %hﬁnb 9hm$phamé amﬁ po&aﬁh

. Fertilisors.
i ORPRRLIMENT AL,
@emvr&i :
mmu

'mue pl@b% umeﬂ 1m nh%g axpor m@nt wefa anﬂ 1m

1960 4 && A of the im m&%uue fewm. @ad sha rebui&w
From - sbé*fi% 2 years ‘of the: exmormmeab, l%@l &ﬁn 19@2,-
e "ﬁwa reptrt eﬁ h@re. binca jgﬁﬁ tha &rea u#em hnﬁ been

under Q&m wni&h wao rr&mad mﬂ Gat ﬂar cangervaﬁion

nos'hay. aried gress o, &*1&@&«\  e @vora o &gnimeatzan_

of" rﬁﬂi aer& eaﬁh yeay bemwans 1955 am& Lg Q<éﬁnﬁi$ﬁ&d

‘m; mn :m My 13 10 R ond 75 ln Ef‘w.ﬂa . During thad

“iuc ﬂ@ l;me W e ap@lﬂed.

Esta ibhm&ﬂ? of HG@@S umxtuw

Tha nren ol aypwaﬁima%asy 0e5 nere, %a he, u&ed Tor

‘the ehaab&1 hm&&m of the axpev;menﬁai plota WS Ecmeeﬁ

analf from %ha rast af é f ﬁ 0 e?rly iﬁuﬂ and-

pSﬂuwnom on L M ek lﬁhﬂ# . The BEQQWhﬁﬂ wrmvnd was

mﬁss@uenily hvakam ﬁnwn by a, xauary cmlﬁ@vwaar an -

's,&& ﬂwﬁ&& l}éﬂ and a aamgaunﬂ~- roilin Avé@n%aAmlnﬁ;lEﬁ Ny

"3?% ?Qﬂa anﬁ i8¢ X Kol w&a apy 5.ied “a% the rﬁ%e of 5 owt
’ .

‘aere." ?ur%haf au1§1va§i$m by eh@in hayfmw aﬁ@ r&n&

‘ralwav psop&r&d a fiyin Qcmu bedb

fh& ‘needs i x%ura wam'nawa on. ? mﬁj %y han@, hafrowed

sﬁ s@ileﬁ bJ *W@@Sa&a, 1The se0dn mix .e‘waﬁ one

hu@mm bﬂ 3”va a ywoﬁuab¢ve ward with & rﬂaa balanee of

'elaver anﬂ Gﬁﬁﬂlwﬁéa ﬂf‘EQ lbi@24‘§&E&ﬁﬁiﬂ1 ryegrass and




4 ib %lDG w&iﬁe clover/acre. The seed was obtalned
a8, stock BEE é £ron uh@ ﬁ,blanql An tltute of

i Agracu&tur&& ﬁa%any, né=mr had a purlty off nat less
'“than 99 6p._ | ”he germmn&tian OL the Sﬁé yes aSS'QQé

>1A9 6% -and of bne nlOG ngvex 87» Wlth 124 1ardvseed‘
«ren@anina. h

;VQn r@wth of the aeeéa wath a noxma 8l aﬂmunt

Aﬂ

”Fag annggltWQe&r ﬂesulted. . @he firet growth was oub.
,:hy tcaevar ‘mover on 21 June wmﬁh the euhter blede set
’ hlﬂh. “he aut eW“Ehé wag left 1y1mv in the fleid and‘ '

gragzed by sheep._ ‘whe eu%tlnm hmd brn?iﬂg were

-nfregeatea en 8? July amd BhPFG was h.murvhef ”f&ﬁiﬂé in

“\«fox OIQVGr.

{th@.autumn.‘ mwhmq manaﬁemeﬂb x&aul%e@‘xg an even sw,rd

M in which, there w&s a gﬁoa buu net exeeﬁu&ve aevelcpment

1e 1nitiq1 weed mopulatﬂsn whioh had

“wﬁen m&znlv ﬂﬂﬁ&l ﬁlcotyieéenb was eiamznatea by the

iﬁutumn. \ |

Analys&& ef the Eﬁll fram thmg aren An Jonvary 1961
.i}showed that it had & ‘PH 5 91, an available Pohg of

S @g/l@@ g and an avail&ble;Kgp¢o¢ 20 mg/100 g.

Trea menbs

Lhe treammansb ﬁpplied in 3h1s expexmment were &s

g},Aollaws.-

. glquid Lanure

T A woiahv ax lzguiu manure was eﬂleulaned ﬁm suyply

_:niur@gen au uhe ggjlewin rates:«

1b Y/&ere/&e&r

T - _ Yo . laqui@ manure

w0 f}t: o500 L o
2. .7 100 |
10 S a0

E 400




Tahle 125

Detes oF spplidation of liguid uanupe

ead _dry Terdilizors in Exps 2. -

‘wxvlieatiQm , 195%A‘ 1962
3 7S 9/4
2. o5 9/

3 136 13/6

4 W7 LT

5 24/8 24/%
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The conbents of nibrogen

and of pobassi

(/300 ml) in the liquid

mynare ot each

application in Fxot 2

Y

o
Afpplication -
J .

1961

2

it

A

1

o

R ¥V

Ui

o SR .

0.35

e 32
0.32
D31
0,29

]

Q.ﬁ?_
0451
(e 54
D.52
0edY

0.25 .'\i)'4'

.24 e 48

0.29 0440
3
0.20 . D42

0e21 . 0.39

i .

nble 14, The total weiphls of liaguid mevure, nitrosen and |

Cpotasesivg supolied by

gach liguid mapure bresiment

et

'

Liguid monuve
treginents

1961

1968

Tiguid manure W

.
=

. liguid nenure I

158
316
632
1263

{100 1b/scre) (ib/aere)

SO T
o
B o -
s b
N
o (v

f
&
S
52 S
@S]

(100 1b/sere) (Iv/acre) |

205 50
410 100
Boo - 200
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Pertilizer nitrogen

NO Yo fertilizer nitrogen

0
}lb N/acre/year applied ag "Nitro-Chalk®
N2 200 )

Lhogphate

&Y No phosphate

Pl 150 1b Pgols/ncre/year (66 1b P) applied as
superphoaphate

KO No potagh

K1 200 1b Ka0/acre/year (166 1b K) applied as

nuriate of potash

The #Nitro-Chalk" eontaime&“&iﬁ if, the superphosphate
20.5% P05 and the muriate of potash 604 K20,

The applications of liguld ponure and fertilizers
were made in five equal dressings. The first
application wag in Apxil and thereafter the liguid manmré
and feriilisers were applicd alfter each of the five oubs
exeept the lﬁst. At each date of appliecation the liguid

manure trcatments were applied firet and were Tollowed

by the dvy fewitilimer. The dates of application in
1061 and 1962 ave shown in Table 12. Generally these

applications took 2 days but only the Lirst date is
given in the tablea'

The liguid manure wag welghed and applied by watering
can ag deseribed on page 23 The analysis of the liguid

manure at overy application date is ghown in Yable 13

[

and t&e weights of liguid manuvwe applied, and the gquantities
of nitfogen and potossiun gupplied in these weights each
year axe ghown in Table 14,

The welght of liguid manure was adjusted to supply
the coyreets guantity of nitrogen bul this, of course,
entailed also the application of the potassiun - contained

in the liguid manurve. I% was not feasible to have



Poable 15. The totel welghis of nitrogen and pobagsiun

(Iv/ngre) applied in' the liquid monare and

f in the dry Teritilizer each year

Fertilizger | Liguid menure $resiments .
treatinents D Ll L2 a3 Liig

Witrogen 1961 and 1962 -

W 0O 50 100 200 400
1w | 100 150 200 300 500
12 200 250 . 3000 400 - 6O
| Potassiumiiﬁﬁl
KO 0 83 166 332 663"
K1 166 245 332 498 829
: »  Potagsium 1962
X0 0O 8 173 346 691

K1 | 166 252 339 512 857
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1i s‘iilgénmr@ @f‘eeﬁﬁ ank p@ta33ivm canxent.uax& there
were~eamsegu nu$y suall verliations in the amaﬁﬁﬁ& of
yﬁa e 2um applied :Fﬂé exampie; in lﬁﬁ&'ﬁhé LR
bres :emu Buppliﬁ@ 3 ib Elacre nmove %ham iAn SEA and
:ﬁﬁi$ &QQQﬂb became propressively gv ater as the levele
Qf'liqmid RANURY insreaneds , ‘ _
.‘Q&@ zombined bobtald mex haﬁ of niﬁ“b ax %any&;ed by
thé.nguia nmenure and PNLbro-0hall™ ave showm iﬂ

S Tablo 15. Es@aume_ﬁf the swall dsz@rcﬂcow 4o Ldgndd

mazmré composibion, the b botal welghis of pota wesim
supplied hy‘%hekliqgia papare and potash forbilizew

%fﬁ&ﬁmenﬁsxar@ shown geparately Lo ea@h”yeaf in Ghis

Expaﬁ.mua el desien

- Since ﬁﬁim ,1 erludnt was &e“"ﬂeﬁ~m§imly B0 dinvestigate
tho dnte w=¢f1&m af iqnza m*ﬁﬂ”@ with feriilizers, @ splite

mpliféﬂ Lt de*&gm e ugaﬁ to obtaln imeréﬁse& pregigion '

in @h@ Gatine évnm\ﬁm ﬁﬂbﬁr@ga o effeuts. {(Federer, 1955)e

@ha.aix ;}% sible *amhirﬂ*if1v'af the three nltrogen

é

'Ecsb‘l, Ak %e voments and hwe nbﬁﬂphaba treatnents were
nllocated o cgn main plame within eseh alﬁuk. ~ The

“pataé; sreatmamta were applied to the smh«pl@%w wi%hﬁﬁ
eaéh mé&m.p;st and the five ;iquia méngfé treatuents o
ubwﬁuhwy 3owilthin each mubupl@ﬁ. »
o ‘Mlﬁhﬂugﬂ‘hy‘ﬁhlﬁ arys 3°meﬂt some precsislon was
lowt in %hé measurencyt of the ni%xagen ond phosphate
@ffééts, the g@& veh eficobs wore measured mope exactly
V;Ld inereased pregigion was 'bhaaneé mﬂ the measurenent
the efifect of Lliguid nwmnre and 168 »ﬂh?f vions with
‘ll the other feciors. Bhis dosiegn e myﬁ Licable -here
mince im yrev ous experiments ab thlahgmsx;ﬁmﬁa deuaiieé

<)

a@u dles ) ave boan wade of thehfeﬁp@n$@,ﬁ@ applicavions of
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".miﬁwgg@ﬂg and it hag been repestedly shown alsoe that
~gn bthe Iastitute farm applications of phosphete usually
have litile effect on herbage yields. :
The maineplot treatments were randomized lndependently
within &&@h block, and the smh~pl¢t$'wiﬁhim each ALl
- plobe The liquid manure treabnents in subesub=plois
wors vandomized imdéﬁemﬁén%ly wishin ench sabeplod. AL
‘pbﬁsible treatnent conbinations were repllicated three
timesg, giving 2 tetal of L0 sub-suboplois.
Dhe size of each subesub-plot was 12 €4 by 5 0%,

Although no fertiliiy dwifd oceurred in Eipt 1 all sub-

s

plote dn Bxpd 2 wers mepavsted by paths 3 £ 2 ine wide

0 avold any posgible visk of this with nitrogen,

s,

phosphate and potash Fertilizers.

 Experimentel msthods

. Yield sampling procedure

411 the plots were harvested Five times each year.
The herbage was out at a 'gﬁa%ing"sﬁage which was
determined by the yate of growsh and not by fixed
cutting dates. This wresulted in the fivest fouyr cubs
S ageurring av appr@ximately Begesk intervals, and in the
‘fifﬁh cut in esch yeawx belng made 7-8 weeksvaftef the
fgur%ha
‘ Limiﬁed oven=spass Loxr dvylng the ssuples made 4%
impracticable o out all the plote on the seme day.
On é&ery pecasion two blocks btotalling 120 plots had 4o
be out on one day and thakfemaiming blosk of 60 plots
on the following an. The dates of the firset cutting
" days are given in Table 16.
At sach time of eudbimg, the paths purrcunding cach.
plot were oult and the grass vemoveds ﬁlsample ﬁﬁﬁip‘
the lengbh of cach plot, was oub by an Allen auvtoscybthe

which removed an area of herbage 12 £ by 38 in. wide and
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‘l@fﬁ & *discard sﬁri@” mnieaah gides Whe'euﬁ hexbage
'awgsicalleeﬁed, W&igheﬂ and o ragﬂmﬁ gample token from
.eaeh-pl@t ae acsc=ibe& fop ExgﬁJi (pagelﬁ?): in the
Loberaawgy The aampia aof aewﬁage £yom aach gla%:wg§~ 

‘rﬁhormughly mized and wwo. Hu amplam,weﬁé.%ﬁkan, : Qhe;-

sulb-ganple of 300 g was aricd lﬂﬁ@ﬂ ond weighed
de»e riine its dey notter vcﬁucnh. @heae dried sawples

weyre gmtmﬂ i zm;:z gh & 0.7 mn _mwh mmi retained éimf

, *m&e probedn umuben a im'Expm-l. Raunples

fronm Hwo oi 3&@ %hé@ﬁ‘b&@@kﬁ af the expéyimenﬁ WLf kepts

for anmlyaig 6% ®ﬁeir grude profeln @mnﬁenﬁ.
ﬁgséebmé $ah-wnmpl of appﬁaxmmnaelv 100 n‘wah Haken

B0 &eférminﬁ iﬁé ,£GVQE ﬁanﬁeﬂﬁ. It wae naﬁ pomaible

LG hwmﬂ— Gp?f&be “the 180 boruage sqmpiea into ﬁraﬁa‘aﬁd'

clover while theylwere anmli»xresh,so thﬁy were dried

‘-anélmtéréé;r - The weig ed aample of fxe 1'herbawe L=

,pi ced in & swall he an aack L? in. by 20 1n. )y and

al& the sacks were dfl@d magethef on 5 eOMNerS iqi anyu

Sﬁ

bype groass &a“ ' fhe dreiled ﬁauples were .otore G unoll
Ghay Wer@'regwlred fﬂ“ ﬁ%x Dtion erinn *ha winter menths,
'Whu Lha; were &areﬂhlly ropuﬁanad ingo clﬂVer and a

tarasgy p»u+ we@ds'-“wweﬁ;on. fhe ﬁwa~xraetmnn“ were:
then df&ed lﬁ “the oven and wel ghead ba twa deeq e, plnoo
Shug The propar&mun of Ll@vwr dry vmomer 1n tho hﬂfhd&

.wf,w dete ~mim@d ifor each owh erM avery plnb.

a oy

Hetaniceld couposition of

the award |
A Qéte viled bolanical analysis of the sward dﬁ ail uhe‘_'j

piots was maﬂe in the second yemr of uhe expai&mon& in’

19620 " .. |
Phe m@ﬁaéé uged was the same as tﬂuu ﬁeqé?ibed fdf:

Qb 1 (page 28} except . that with the plot lengt hooi” 12 £t

new reils were cOnNSLIVGTEd. Phe plant species op %aré

’
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reuﬂd Louuﬂiﬂw ewuh oX oha ten plns ab gfauﬂ@ level
ot cwch wf %aa %Qﬂ 9@&&%+0ﬁs wag T&PDfﬁP&e Tho
bvﬂﬁs@d hlt& 80 xuaﬁrded gave a meawurwhaf the pereecubtage

n

- eover. of aa E‘hyeaaﬁﬁ vt gyanam devals

'mﬁ&l ﬁn ala

A number of composite aampl an of sell were vaken

Leon qaLaebvd a%u»hmbmr ae there were hou meny plois

o ulTON eemvié&ﬂ‘sammltuq. The: pamples were btaken
,Lﬁﬂaﬁ”%he‘flrﬁk and. aecond y@ars,nf'%h@\exp@rim@ﬂ%fin

;Eﬁrah'l962.%nﬁ fiereh 1983 from plota wcnfrs@nsvﬁﬂvw

Lok the yange of t:eftmanﬁa and mpb@“bidﬂ@h 1a Hwo mayw.

‘(l) Plots reae1vgng quniﬂ HORUCE nu ﬁ, BSQ “nﬁ 400 1b

 "' N/écre/year (IO, a2 ‘md Lz ) we?w SQNUkUﬁ Wﬁeye

.erb¢ lnew 1itr3muﬂ at G and QGQ lh hfﬁawe/vclf'haé‘heen

'applied Thoese 8ilx 1 abmcmu ware Turther r@p Menuhﬁ
at each level of potush (} and K1 ) %o “lV@ ud elve
treataend Gambﬁnaﬁi@ngiu“ Ong .cove of bﬁli waw Gaken

#wom the ayyr@grlwée ﬁvﬂn mbmplﬁﬁ in each hnéék and the
nmnles bulhaa.._ Phe bwai"g gamplﬁa wé&a %hm3~@ve$agé®»‘;

Ov 33 phosphate bxoanmaﬂu“.'

(2}, The effvet Qx,ph@aph&ﬁe\appli@aﬁiun'QQ the - _
pﬂoﬂpher35~anntent ox. Lhc sodl vRs agtudied at @wo exbrene
leva‘s-oé nlirogen ¢ ppl&anuxan;iiae. at iv@ nO nnd w4 ﬂao‘
,ﬁhesa‘twn tfeatmeﬂt were Hamnied atb b@ub Javei% o

potas < wvﬁ a% hoth lgveiq @, ph@ﬂph&u@ 0 give eighid
trentnent eambxn mlqna. . mer@vvwo'maiﬁ gores wewe taken
- from each su@m vnmplos aﬂ@ @hc runi¢c tes were wgaiﬁ&

S ohulkeds L » »

) The gam@leﬂ ware uakcn 6 a ﬁon th o$_é im; with a

stainlbsa,é%aém'sa$i sampling asvice or cawér and roubine

analyses ef‘ﬁheaelﬁomyewgta. amplcq were made.

umncywl bﬂalvqia of the nafbage

g4

'Qerﬁalmnax the sepa a%ed =f&0tion af,g?ams~anﬂ clover
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were wretained for mineral analysis. Twelve treabtment
combinatlons were chosen as represeniative of the range
of treatments applied. Herbage samples from all ithe
)pleﬁs whigh\réeeiveﬁ liguid wanure epplicatlong of
0, 100 énd 400 1b Nwncre/year (LMD, TH2 and L4},
fertilizer nitrogen ot 0 and 200 1b K/acve/vear (N0 and N2),
muriate of poﬁash at 0 and 200 1b Ea0/screfyear (X0 and K1)
and no phosphate (¥0) were kepbe

After belng sepsrated into grass and clover fractions,
these were welghed and the grass fraction was ground
through & C.7 me laboratory mill, Bince the clover
frac%inn was small compared with the grass sample 1t was
ground by pestle and martari The samples from each
raplicate wers bulked and mixed.

Thore were thug twolve grass and twelve clover
samples obtained fyrow sacsh of the five cubts in 1962,
5Theae-were plored in gloss bovtles for analysis.

The contewts of pbtasgimm, sodlun, ecaleiunm, nagnesliun
and'phﬂSpharus ware éeﬁermimed by the methods deseribed

on page 2%.

Statigbticnl treaiment of results

: Avalyein of veriance wap used o test the significance
of the Aifferences bebween the treatnshi meanss AB in
Expt 1 all bhe yield daka were expresae@vin ferms oi
100 1b/acres |
The data Lrom the pmimt quadrat amlyslis aud also
Iyom the pergentage clover ebntribution in the separated
somples were transformed into angles (aee'page ). Where
anguler treansformatlionn were used;y only the itraneformed
aata have been tabulated and not the actual percentagess
Phe standard error of the diffcrence between treatment
means (9d) was calenlated for all the meln fector effecis

and is inecluded iz all the tebles whether the effect was
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gigaifieant o note Btandard eyrarg nvﬁ gi en’ also
Por all @1 Hixiﬂaﬂb &nbbﬂqﬁtlﬂﬁbg vuﬁ 1@*@@ i (ZHRR cwnﬁ

ox

difference vaLuag (LB) ave yrm Sonbed omjy for the.
aignificant nodn fagdor and ;mtiz, Felon e?feutwa
CGoefficieuts of vaf., i<m‘@v wxvau ¢n eacb tab&e.

The ¢ ﬂ&&ym&% oF vnrlamem fa% hized ho~bﬂgo yicld

chve& yieldr, @lav@f pm,ﬁﬁﬁmﬁ¢e wna Qﬁlﬁv %ﬂm&?ﬂ:
Conaanuremants werg mad@ wioh 53 ﬁo“a& @ L A79 ae groes of
f@eednu; Gxuda pxab in yac&@& wﬂﬁ &faae probein

»p@réeﬂ%ﬂgeﬁ were c@iauiaseu jro@ o Pepg%ﬂﬁtes,03$y’

and 119 deg?oa @f frouanm w&fa nsads “analyelds

of v&r¢&ﬂme wrs mauo Tor en weh out of eaehzﬂet dfﬁdaﬁag

~but only a fewAegamplﬁa are;givgnAin;de%mil:hewel o

: E%z'ew,ez’s'i;a:i;iem of ‘ve :—:n.m;ﬂ

- Phe weadlﬁﬁ of &hmw e&pnr&m ny e are rep@xbed sul vavely .

For ench yenp uﬂdeﬁ bha V@llow ug sub-headings

1 lidimed &ewh& cQ . Ay mwuyar - ina&uﬁiﬂ@ sobal yxe &s”n

X

for the sedman‘ wﬂﬂ y¢elé‘ wﬁ'each gaﬁ‘

2 Glover dpy me tﬂ?@ o duncluding bmfu yields for the

seng aﬂg yié}%t’w& snch ouby %uﬁ bb p faenhage a =ula#er_
i Lha mmxeﬂ hﬂrh&&e mﬁy mvbaor ab e@eh cube

’3. m xeﬂ haer%o efude wratean w anjua¢n5 Lo“ﬁl yze&ﬁs

for the wowacn, yic @n as each eui, unﬂ bbb perc@nbwwe of

‘,cruda urabe:u L uh@ mized hefbu :CH éry mettor &u cach cubs f

- In epdadidlon t%é;fﬁ?T*wiﬂg a?a %ewertéﬁs

-

44 Dotanicsld mgmpbsjh%ﬁn aP uhe swapd = 1962,

U S0il spelyels e 1961 “nﬁ Jﬁé?.

P

ol

G Mlu:?&i cﬂﬂtcnu 01 ﬁhe =bnye - 1§$9a -
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nhbla 18, 0 ilean %

(4*y l&““huea. (10{} li’)/

L v L ylelﬁs of mixed herbwn o
£e) 1963 TR

Nltrogen treatments

|
-
|
-
I
1
B
|

IMO | IML  IM2

quuld manure . treatmentpv‘
N3 . IM4

Means

I 7940 9305 96.7
om | 9545 208.4 113.0
1

N2 11046 121.8 126.7

10945

135.7

12642 14047

13804 14749

[A02.9
1170
1295

Potash treatments

]

t

.k 5648 10543 113,03
CooxL | 102,0 23047 12,6 124

{Phoéphate treatments

P
3,
<
L
-
i

- R 9447 10628
B 95,0 108.0 1L

3ot
b=i
o
=

(o

|
l
|
!

.8 121.8 136.9
12746 143.9] L

Tiquid manure means | $5.4 1079 112.8
id mamura mean £ &

'Significant effects -

Cdefficienf

o Varistien

x
«
P
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i

|wem o TN x KRR

g
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I
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fixed herbage dpy matier = 1961

The apalysis of varianve o the ylelds is given
in devail in Table 17 and this layout is typiloal of the
"analyses done on other sets of date eompxising all three
wepliéates of tho experinent. .

Tetal dyy matber yilelds fox bthe wain .rewbmeut and
their interactions ave glvewn in fPable 18, These are
the mean valunes of grass + alover + wesds Lfrom the
tatal of five cata made dn 1961

Liguid manure inoreased the yields at each vate of
'

1.

application and all the differences were highly signiiicant
(P<:Q;Ql). “ Applicasions of l;qmlﬁ mmnuye,whi&h
ﬁupﬁlieﬂ 50, 100, 200 and 40 1b N/acre - the Ll &wug‘
L3 and LN4 trsatments -~ increased yields by 13, 18
3k oand 489 w QG?%L$y when averaged ovey all-ﬁhe other
tr@&ﬁmentﬁ.i

Fextilizer nitrogen olee increased the yie&ds‘by
”hg ly significant amonutbs. Apyiiéatians of 100 and

200 b Mfmere - the NL dnd W2 tyeatmnents -~ imereaaeﬁ

yields by 14 and 264 mﬁ%ivgiy when avexagcﬂ over all
the othew %raa@ments; Pertilizer aldrogen thus

apparenitly gave a lewer dncrease. in yield than the same
cwelght of nltrogoen applied in iiguiﬂ HARUYS e

Fotagh and phosphaile applxca ionsg incraaped the
yield of herbage by 330 and 3680 Th dry matter/acre
L resn t“Lve Ly (about 3#) and these increases were Just

significant (P<0.05),

o
s
s
pie)
=,
E»
i

plgnificant *ligquid manwre x pitrogen’
interac%ion (P<0.001) indicated that, the effect of

2

Aguid ma nure veried with the different levels of

Pad

Fortili imeyr nitrogen. Where no Lerililiger nlirogen wasz
applied the treatments LITL, LM2, LY eand L4 locreased

the yield of dxy wabver above that of the LD troesiment



by 1§, 22, 39 and ?Eﬁ veppeobivoly. The corvepponding

ingrenses heosme ;xagraaﬁively Less where fervilizer

m..i

nitrogen was applied hqui 2 ATq 33, 469 and 1D, 156,
85, 345 with vreaiments ﬂL«&n& wa rsam@ctivmly. ¥he
ﬂiffeyemee in yieldd hm%wgou wreatments LML ond IH2 was-

m%%umﬁﬁmthMEMjmeﬁﬂtmm%mM:MMvms

slgulilcantd wiﬁhim The fs treatment (P<0.05). AL
ﬁma other increnses wewe highly significent. Phe ¥4
B V“Wﬁvﬁ gﬁva 8 wignificantly greater incropss In yleld

within '§;he 0 treatuent then within the WL or B2
LreatRents. ﬂiﬁ&inAall'the Iiguid maﬁmre'%reaimenﬁs
the ayy navter yield inereased progrems jvely with each
Cinsreags in:%héfra%@ of ayplieatian of ﬁcwtiiléeﬁ

nltrogen and most af the differences wers highly ‘
gianil J@sn&._z ﬁh@4f05§0nécwn0 ferdilizey ni%@sgem wWas
smwaller W&m‘“m the L4 tweatments than within the other
liquid manuge treatuonty, anud the difference heuwpan
"i;:c'é:ea‘i;mkz‘s‘i:s X and WL was a0 sa:s; guificant while that
peﬂwe@n HL aud N2 was j&éi ﬁi andficant (P<0.05).

fhe *ldgurid mevwee x podtash’ dnsoraction was also

‘anhjy ﬁl!uifﬂuwn% (P<10.Gﬂl}. Within potash treatnents

ligmid m&mu&@ resultad in o glmilar responge at'hmth'

i-w

vels of Hatﬂwﬂ.p Howavew, wi%hin the mugm¢& HANRYE
vﬁgeﬂtmcwhug the eifect of pota v application d@ﬂ”e&ﬂ@ﬁ

as the raﬁ@ ﬂﬁ'épmliﬁhﬁiﬁﬂ of liguid mangre'inﬁreaa@ﬁ.
Thug a% IO bhe uﬁPwiH@ﬂL which weeelved additional

. potash fe@buleoanubymeid é ﬁma,nﬁ potase trosinent

by 1320 1h dvy natter/acve ox 188 (P <00 m) while a% Lﬁl
the diffeyence was only 560 lb‘ﬁry antber or B ( <:Q.65)

and for 8ll other levels of liquid nanure the ylelds

ware. wot signiflcantly ﬁLFTG@Q% Ehug the ap%imum
level of potaﬁh fox yial&a of a17_aw1wwoeiy 1,000 lﬁh_‘l

dry maiter/acre wap more Lhan thetb supplied by 1AL
”(%3 1b B/aere) but lems than that supplied by L2

{166 b /acwe).
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Table 19 Sisndfdgonce of the effects of trenbment

d hoerbn
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B8 . Nod sigaificant
- P<L0.05

 p<0.01 ,
B<o.00)




A
(3]

The application of phosphate inecreased the
yield of herbsge where no iertilizer nitrogen was used
(PO, 95) but had no effeet with N1 and N2..

The yields at each cut in 1961 were amalysed in
the mame way a8 the toital yields, and Pable 19 contains
a ligt of the level of sgignificance of the effects of
the main treatments and their inﬁer&etions-atveaoh cute.
Apart from cwt 1 when uniformly high yields were
obtained, bthe overall effect of liquid manure was to
produce yields that were ﬂnbhlybsignificantly grcatér
than those fromlmntrea%ed plo%s at vach eut. .The LMQ
treatment did»hou give a Sléﬂlnlcﬂntlv h¢ ber yield
than the LMl troatmcnu at cut 2, and &t cuts 4 and &
there was a sma]1 inegrease wmth this treatment which
was justh s;gnlecant §E<:Qq03)q A1l the other
ﬁreat&ent differénee were highly signﬁficant.

The pattern of responge %o notnsh and phoasphate
differed with the individual cutbs. Potash fertilizer
increased yields at cuts 4 and B only‘(P<iQ.01)r
Phosphate, on the other hand, had a highly significant
effeet at cut 2 onlys

he lower response which ogewurred in the toital dry
maﬁ%ér yields at the high levels of applied nitrogen was
found olso at some individual cuts and the 'liguid manure X -
nitrogen’ intér&ctinn was highly significant at cuis 2,
3 and 5 (P<0.01) and significant at cut 4 (P<0.05),
A% eut 2 the yield was considerably higher with the
14 treatment than with M3 where no fertilizer nitrogen
was applied (P<0.0L) but the incresse was less with the ‘
NL and #2 treatments (P<0.05)s This wae momb noblceable
at ous 5, and the plote with the brestment M4 M gave
higher yiélﬁé than those with the highor appilications of

nitrogon a+t ireatments L4 NL and LM4 N2.



A% eute 3 and %,ﬁh@fe were uo signlficant differences
between the yields frow the T and LM2 treatmnonts
whers no Ffertilizer pitrogen wes used and where the
clover content was hilgh. Where the ¢lover content
wan lowexr, with the H2 treatment, L2 yielded more than
L at out 3 (P<0.0L) and at out 4 (P<KODS)e
The 'liquiﬂ'manureix‘pcﬁméh* interagtion becanme mofe‘

pronounced ag,the-exyerim@ﬂ% ﬁregreased and wag highly
significant ot cute 3, 4 and § (P<0.0L)e  Where no
liguld manure wag applied, plots receiving polash
fertilizer had 8 significantly highex yield than thosge
reeéiving noney Aﬁ,LMl the application of potash

fertilizer appin incressed yields but at none of the

(]

wie was this significents A% the highesy level of
liqmiﬁ BELOUEE § aﬂdi%iqnml'petash fertilizer decrensed
bhe yield a® all the cute bub this decrense was never:
algnificant.

A gignificant 'liguid mapvre x phosphete' interaction.

at ont 2 (P<0.05) rosulied from the treatments LM

(
and L4 giving higher yields where paosphate was applied
than where iﬁiwaé-na%.
The coefficients of vayiaﬁioﬁ coleulated from the
analyses of vavdance of tobal yieldg of dry matber aud
yielﬁavﬂf dry wavter atb each cut were low and indicated

that & eatisfaciory degree of preocislon was obitalned.

Clover dry malter = 1961

The mean ﬁnéalryieléa‘éf‘éiéver dyy matser from the
main ftrestments and thelyr indoracilons are shewﬁ in
Table 20. N

Averaged over all other ireatments the yield of
elover wéa'inareaéea byuﬁré@tmamta LUl and L2, deed

~where 50 and 100 1b N/oowre were appliede  The inerease
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il f e e o e G
gable 20, 0 esn botal yields of clover dwy watier
| R ) R = '
1 _

(300_Lb/pore) - 1961

Liguid manure trestihents )
MO LML | IM2. IM3 LM4 ° [Means

Nitrogen treatments-
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=
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wan hlshly gm&nxfzeana with Lroatmenh Il only (P<0. 01).
With uyuahmenus L3 and LM4 the y;elda of LiﬂVﬁ? were
dep?eésed_(?<:e'01)
Nitrogen 19rt¢1¢aer aﬂn39d & redugtion in the mean
yield of elmvef at each level of application (P<:0.Q1)
| Nei%hsr the QVQxall potash nor phosphaie elffects
-w@we gignifics u élﬁhnugh potash tended to ilnereascs
and phosphate o dearoa:o alavaf ylel&gc v
The varxaﬁlanﬁ in clov&w yleld with applicationy of
Cddguid manare wave’moﬂifieﬂ by *he level of fe rhilizer
nitrogen, anud the 'quuxa mmnvro x nitrogen' inboraciion
gas highly v:gnJﬁ cant (P<O. 001). Alﬁmcugh'ﬁhe
glovar yield fronm treatment &ml wos higher then thatb
from treatment MO at all the nitrogen levels tho Ciifi“ei?eméa,
won significant only at the O ‘:1,eve:x (P 0.0L), Phere .
was also an ap celsble vﬂuroaae in cléver yield from
brentinent L2 XO compared wiﬁh Breatment LEO N0 . bwk
this Just Tailed %ﬁ resoh sigﬁifiaan@e. The decrsases
- dn elover yield w;mh treatments L3 and LH4 were
greater at the NO level, 1}@. where the nsan mi@ver yzald
e highaét, than at the WL and N2 levels. Withlan
iiqaiﬂ mapure treatmenis inux@aqimﬁ the ievel of
Fertilizer uitrogen. r@duaed bhe eiove& yAeJﬂ. - Thepe
Cdifferences were “ig'¢¢4eznu within LD vnﬁ LM; (r<:ﬁ.0 ) o
and within 140 and TM2 (P<0.01) but with the low e
mean yield of ¢lover within the L4 breatwent the
differences were gmall ama not significant. . ~f§if:
- The ‘*liguid maﬁﬁ$~'" p@tﬁah' eifect wap also highly"
sienlficant (P<10aﬂﬁi)‘ 'Jmcrﬁsslng levels of
application of liguid wanure caused progresmive
reductions in the yileld of clover where potash ferbtilizer
was applied, the reductions héing hi gxly Agﬂ&aiﬂmnb

between treatments IM2, LM3 and LUz (P<K0.01). Without
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pOEash feytilizer;'ﬁawever, %ﬁe,yiel@s of clover were
Lhdghly signifidcantly gre&ﬁer,wiﬁhﬁLMi,y@mz aﬂé THE3 thean
with LN o | Wi%hinﬁﬁgeatm@nﬁ‘zwé»th@ yiélﬂ of uléver
dry matiter increased b§f8j9~l%/hcre or 112% with podssh
fertiiimer (PkiQ.Ol) whilé'within treatnent LML dhe
‘corresponding LNeronEe Wes 300 lbfacre or 23% (P<0.05).
Within ail other lével& of liguid manurc, clover yilelds
- were lowey where poitash wus,aﬁpliéd than whore it was-
nod, bhud none df t@e“aifferénces was sigaifleant.

CIn the analysis vi variance of clovee dey matter
yigldé’ﬁhe_!liqui& manure x. aitrogen x potash' interaciion
e highly significent ond this is illusbrated graphically
in Fige Le The general effect of poiesh in dncressing
dr madntalning cleéf‘is the most importaat point to -
bébgé?VQQ and the higher the yield of c¢lover the greater
tho effect of the %réa%meﬂt.- Where no liguid nennee was _
uaed %he inc$eaa¢d yielﬂé_gauaeﬂ by &pplicaﬁiaﬁs of o ‘
podnsh f@rtiliéar at No, Wl and N2 were 1476, 781 and
332 ib &lﬂ?effdfngaﬁ%er/&ére'réapaétively; With
kfr@mtmemt LiL the é0rresponﬁing inoreages were 412, 206
omd 301 1b.  Phewesfier at higher levels of liquid
menure the clover yielas.@eéliﬂe&, although 2% edch
level of ferti;izer ni%ﬁpgem the clover yields were
gunerally highéﬁfin’%héﬂplats receiving ligwid nanare and
mo‘potash ferﬁiiﬁgé# than iﬁ*pl@%s_with adﬁitiamal potash
Ferbiliner, | '

Githin tho N0 devel the application of: potash
’fertilizéf:igerQSGd,%he'éluver yields from treatmwents
L%‘*Qn&’Lmi ﬁy;id?ﬁ‘aﬂd 4léib dry ma%ﬁexwﬁére, bk
aegyeaaeﬂ‘thoae from trentments 12, LM}A&né L4 vy

'€41%, 431’§nd'20;‘1b/&éfe r&speetivély. - Thus the optimun

deessing of potaseiun at the highest yield of clover was
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%etwéen‘thaﬁfsappliea'by‘%reatments THl end LM2, i.e.

s .h@ﬁW@?ﬂ 63 aaﬂ 166 ib F}here. i Thib woe similer %o

fuﬁe eptlmum 1eVel indicated iar the groauoﬁian of
the todal yield of mixcd herhape._

Liquid magurgfdgpr@>se§ the ylel& af elever ﬁry

- matter and Thé'pér¢é§tﬂge af eiover in uhc mixed herbage =

less than the nquivaimnt 1@?61 of fertzlimers..

%rea%menﬂ T2 §O ﬁﬂ whieh supplie&,lﬂm Lb ¥ and 166 1t K/hfi7‘

‘aere anmlrely fr@m liquid manure gave a, yield of 2237 1b K -

‘Liovef dry mat%er cmmpﬂﬂe& with lﬁﬁs in fram treatment
QL?Q N KL whiehgsupglied lﬂﬁ lb Y @nd l66 1b R/zqre as
»£or$3112er. The carraspsmdinw weilghted me%m

per@entﬁges of elsver in th@ mlxed hcrhaée were 23 ﬁna

’leéﬁq hene th@ treutmenu& supplie@ RQQ 1h M (Lﬁs O KQ':‘:ﬁ

;&hd LMQ ne2 Rl} the ﬁarresyanﬁinm 11@&&@9 wele 1727 and

f~799 b claver dry m&tter/aare and 16 and T/ elovers

This efxeet was zeund also. where ligquid maaure and

fertilizer nitréﬁan anpl;&atlgns were c@ﬂbined.‘ Eor: 

- sxample the yiel@ and the. percentage of elover £rom the

VQamblme@ ayplmcatimnh of °QG ib N ffgm liquid manure + -
100 1b N frnm rertmlizer (&ﬁB El RO) were 1220 1b/bere -i
and 107 elover whereaa thh 100 1b N fvouw liquid NABULE +j
© 200 1b N from iert111 sr (mﬁz W2 K1) the figures were

only 47% 1Efaere ana 4 616VGr, the potassium applied

in eaeh treammmmt helﬁg 332 1b Kfuurea

”he signxfiaanﬁ tre&tmnn@ effects which oceurred withf,ﬁ?

" olover dry uatter ylelds at. ea ah ows in 1961 are given 1nt;-¥

- Table El@ - Am au%s 1 ana 2 there wae lmttle efﬁect of

treat memb hub at outs 3¢ 4 8n& 5 the ylﬁlﬁ“ were &f&eﬁteaij,ﬁ

blghly signimgcuntly aﬂ& £0Jlowod the hame trend as

deseribed ier the toua ﬁymnlds of clover and the

1'Lxgu;d“mangxekx_niurofen! *Tiguid manure x pobtasht,’

and ‘liquid menure ﬁinikgpgen~x potagh' interactions were
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x@&& highly ai nifiv&mt ( <ZQ.QL). .

. fhe dz&brahuhmnn of y:@l&s ov"r %hﬂ season ie
shown in Fige. 2 far‘;amm of the ﬁ?&&&&@mb% onlv, ';7ﬁcrf
ﬂlgrlmy the requlﬁﬁ a; anls %h@ee lAquL@ m%ﬁure trentments,

. eupn1y1ng Oy 2@& and A40%r 1b Y/ﬁ@ﬁkjlwo shew& i $hie

figgmxe.; The grg&%és%_tma&%m&m% cffeats osourred o
ewb 4 which hed the Weaviest yield of clovers  Where uo

ferdil i%mr n&h“ﬁgﬁﬂ or polash wae applied, the clovexr
i‘yﬁalds 2t oube 2, 3,4 amﬂ 5 fvom the LU0 treatuent were

'ﬁﬁrkﬁﬂiy lswuy and fr@m the Lill ¥reatment. (m@“ shown)

”gli ehly Law@r Lh%w the clover yio;dﬁ Lrom Lh¢ game

bred 'mm& i Lh.@q;,-g%,@ fevtilizer.  The IMR2, IN3 and
LMQ urammmmnt aﬁ’%h@se fﬁdﬁ'@mﬁé nearly alwayg ymeided
mwro ol lover whaye ﬂa ﬁﬁﬁ&ﬁh 1eﬁ%11;&er was @@Qlieﬁ.A At
the ML and N2 luvals all ah@ se differences hesane lese_g

v

é@‘ﬁ.(ﬁé?ﬂ?o

fg"'

ALk significa i offects z&am &h& ngular mfanaicfmwﬁosn&

jpﬁfpercen%a&g clover &% @@eﬁ uus in lﬁﬂl ave &nclmdea in
”@éﬁle‘gz. ~ The eﬁfcw%% of ﬁreatmen*»iwer& similar o those
‘f@wnﬁ,wi th the yimié oF @l@vcv except thal tneré was &
lawer 3@?@1 of @gnifv@anem @f ému thyee Laeto ;ﬁtez%ezzonr‘
Eeeaaae @fkgampi ﬂg‘@rfﬁfﬁ %h@_@@@&jzeaemﬂa ox: |
Lvarxaﬁgsm wilth %he yileld &f ‘clover data were high sompared

with those found with %ne‘tgﬁag horbage data.

FL

| Mixed heebhoge orude protein = 1961

Q”“iﬁéem;he samples from ouly bwo of thres éépliea%@é
U@f& ﬂnalyﬁe@ Ear‘ayuﬁe*ﬁvaﬁéiﬁ senbent ﬁhg anndysis ny
‘:wwa@ma@ ALLE eraﬂ fron nh&b 0F the mixed ﬁa@%gé&rdry_ 7
EQ&%Q#- ~Ahe ;alE dﬂ@3y ls fﬂw the total @ﬁu@e protein
ﬁi@la is ﬂiVﬂﬂ in T@b&%vgg @ﬁ5~i% dypiceld of %he anmiﬁseg
made on de aa af uhe yaald aad paweenta%@ @& erudg prot bele .

”h@ Heas Leaal y&@&& of @Wmﬁo yrcﬁean ﬂﬁ uhe wized herb&g%

. 5




. ! o _ : o .
Table 23,  Analysis of yariance of total yields of crude

protein in'the’mixedfherbagéA(1@0 1b/here),‘

Source of veriation df " Suus of Mean " Variance
. dauares.  -squores ratiQ:(F),4

Fitrogen (1) 2 386416 . 193.06  26.88%% |
Phosphate (¥) 1 0.8 - 0.8
Hx B 2 Bads 423

Replicates e 587 - 5.87

frror (a) BT R CR - R

Potash (K) 1 2454 24.54  9.52°
NxK 2 209 102
Px K 1 0.0z 0.02

FxPxK 2 L89 0.94

Error (b) 6 15.46 2.58

Liquid_manure (L) 1363.53 340 488 355.60%4% |

| ' 14.12 : 1,7§‘

.28 1.57 .

18e35 : 19459 50, 43%%*

50 0u72 ,

18426 0,26 2.38%
o4z 1an o

Co
I x P
Lt x X

(e R A

Lix Nx D
I x W x K
XK x P

S )

ErroL (e) 56 53468 0,96
‘[ - B ‘.>. ) e
Total 119 2024488 -
]
|
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Toblic 244 Menn toial yiclds of crwds profedn in the

lo

=

i - wired bevhoge (100 4ib

gre} = 1961

Tiguid manure treatments

MO LML

IM2

T3

T4

Means

Nitrogen treatments
M

NL
‘N2

10e4  Lde3

o
xS
.
j)

1560

;4,?

15,8

15.6

1640

1862
2l.2

2046

23.1

2549

154
3649

1948

Potash treatmentsd

, X0
il

6.2

1l.2 5.1
2

1646

LG6e 8

FEwY
[
®

L.

A
. Rl

-

s

1569
178

Phosphaté\treatmenﬁs
»

CAbed

2
£
Tt
-
&

:!. 7 . f!

Pl 13.0 15.5 16.7 18.3 23.5| 174
Iiquid menure meams | 13.2 1547 1604 18.4 23,2
Signﬁficant gffects >Goefficiept of Variatien

i e LM x N W5 Main~plets Cm 15,44
IM x ¥ % Sub=-plots = e 34
X " e Bx Bow Sub-sub~plots. = 5 67
Wi L 8 D
Differences between: fﬁ © 0.05 0.01
——— T T R
IM means 0,28 - 057 0.75
N means 060 Lab4 ‘3»42.
K means (1424 072 - -
P weans .49 - -
L means within o K 0,40 6@@0> loﬁ?
| Wo0.46 1416 1,80

romenns within o LU
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for 1961 ave shown in foble 24.

Tiguid manure inevessed the yleld of éruﬁé protein
0% each 1evélgqf7agylicatiém. The inéfeaae wen snall
botweon %reatmeﬁﬁs 0 and W2 (P<0.05) bui all the
other ALfF ferences wore hlthJ aaguliiéagﬁ. ﬂVQraged
over all bthe l@ﬁgisxof fortiliser troatument, the LI
tre'umeﬁt yielééa”iﬁeﬂ 1h ozude pfatein/hcfa‘ﬁore.ﬁh&n
‘&lthe L0 breatment. )
wh@ mVG“‘ & coppouse of eru&e‘nroﬁain ‘o 3er' 1 zer

n&uwogcﬁ wab ﬁuall and nnu pignificant at Nl but ab Ha.

wha 1me£ea 56 wgb e > and d¢?farcd By m&x;e ably iraw
N0 end Wi (§<10.ﬂi).
Potash ?ﬁlil&br canged o smnll bub signifleant

" ineresno (E<:O;QV) wherean the appl@saﬁion of phosphate
LEVe o iﬂcremae in ymaid. J‘ ‘

L 11@ Hmﬂﬂ?@ incres ﬁbd the J“el& of crméo peaue&n
by %mmmiar m@un@s &b eaéﬂ’l@vei ox P&klll sRedad niarogen
and the 1yﬁerneﬁ¢on mhereva“ WeLEs not ulgn;miusﬂu, and
whgu A&quld anu@e aud ferbilizer ﬂiare RN WEre agplxad
wogether &hb 1uerauue$ werm additive.
‘ Phere wes o 3ghly ‘ohg nizmaen& 'llquwa mapnure X potasb{<
interaction (P<i$.®01)." Jhera thero has ns add&t&en&l

potash feﬂ“llmaef the ylmld=$A' rude pxateln inereased

progre msavelj aud &L nif wEdy a8 the xmte'of appli¢atian
T ol 1aqu¢d Mﬁnvbc 1ﬁcroabed (F<ZG.G1). Where potash was

"upyxicd uhe eru@¢ pro%c&n y¢e$d e Amgner and Liguld

Bilabeir kel haﬁ less exxeet.v Within liguid manure treaitments,

. potesh fertiliner had & '&hly sigaiticant effect where no

rgliumié méﬂuﬁo was applle& (¥<10 01) butk w;uh‘ 11 %&@ othar
levels of liguid mamuwe it had no effect. '

The eaﬁblneateffect Qi‘?@ﬁaﬁh and 1iquiﬁ”manure on
rerud@:praﬁéin‘yiEl& vavied with the AG?D&I&%EE nitros

'Level, viad the 'ixquzd HARUTe ‘nitrogen x potash!




Table 25. Gignificance. oF

3 [ the effects of treatment on

the yield of crude protein at each cub -~ 1961

Cut nunber

U =nTS

N ] s N5 H% KAk N5
DR e X ik [NE] PR Frye el

M= P AR # NS N5 13

LWl = By X B M2 B3 s

Gable 26, Sicwiflcance of the effects of treatument on

% the pereentase of crude proteln in dry matter -

961

.
Erootvipeey

J

! ’ ’ -

| | ot number

s
0o
Lo
K

P

Preatment

W Fet 3 £ 3 a2

P s W3 e i Wi

7 1 Ng o §S R .
:Lm. REdil S Rk s B2 A

I o I e VW Hth Mt 3
Il ox K s 1% e Fespt st

Litx Hx X A M M3 s Ji

ot v aarre e
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interaction was @iéﬁiiie&mﬁ { <005, Where potash
Tortilizer was applied ihe welative ineresses in erude
protein yileld were vﬁmil&r at sach level of liquid manure
and fertilizer ndbrogens Without potash feriilizer

the LML fdreatment resulied in o greater iagraas& in protein
at B then at Nl and HR2. |

2

The significance of the effects of treatment on the

S

yiedd of grude protelin and on the paxeemtage pi oruds

protein in the dry watbter at sach oud are Bhww in

x«J

Pables %« and 26. Liquid nonure dlncrasa seﬂ the eyude
' gﬁeuamm Hﬁfﬁ@ﬂbmw &nﬁ_%he jielﬂ of eruds prosein at sach
cut (P<OOL), and the maln ilnterection effeots occurred
at oubs 3, 4 and S Ai%h@&gh the 'Liguid manurve x

aliw gen' interavition was not signifieans foy the total
- yield of orude probein, It was high&yuﬁiguifi@én% &b
cuts 3 and 4 (F<H.0L)s A4t out 3y only the Ii4 treatment
sghowed & h;gu Tieant incresnse in the yiecld of crude pﬂataln
with fertiliser nltrogen ab B (§<Z$.Q ¥s and & further
inerease at N2 (P<0.05). This was move evident at cul 4
when ﬁhe-treaﬁmémﬁa M0, TAL and M2 cauded- s decrease in
bhe yield of e*uﬁ& vrotein at the Hl and N& levels

gompared with the KO level, whereas the trenbtments L3 and

LA gave sn inorease, although this was significant only

with the LM4 H2 treatment (P<0.01)

he erude probtein percenbtage ot cute 3; 4 and 5 wow
high at M0, LML and 1M2 where no fortilizer nilrogen
méa used and whove the clover contribubion was high, bub
applicationg of fertllizer nitrogen deoreased ik. A
LE3Y and LM@ clover u'@wﬁh wan legs and the percenioge of
grude protein uher@ no fertilizer nlitrogen was applied
was muel bhe qama agg the poreentage whoyve &erémligeﬁ
Cpitrogen was agplieﬂ wiih the lew levels of liquid DANULE

Bhus the higher yielde of evude provelwn at the W4 level
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e
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Analysis of. variance of %étc

|
|

gields of mlxe& -
1962

§
e

herbage ary ms%ter (lﬁﬁ lb/aarg} -

gouree of variztion.

as.

_“Sums of
| squares

lean. '
‘squares

Varlanee
_ ratio {F)

* Fdtrogen - (1)
pﬂosphxte (?)
Nx P ;w

| Beﬂli@atéé“
Lzror (53
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o N
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T&Plﬂ 28.  llean teotal yields of nixed herbage dry matior

(lﬂﬂ.lh/éere),nsigggg»f

[

Liquid manure trestments

IMO LML

M2 - I3

IM4

Meané_

Nitrogen trestments
A e
NL

N2

577 8‘9-_5

T34 9045

80.2° 98,9

B5.6 9646
9644 105.8
105.2 10847

108.4

112.5
112,0

85.7|

s |

101.0

" Potash treatments
KO
K1

!

5645 8646

B4es 9364

94l 105, 4
97, 4 10240

11148
10,9

9049
9744

) b

Phogphate treatments
. X0
|
Pl

924 99,2
991 108.2

106,0|

115.7

1
90,7
9746

Liquid manure means
. ! .

95,8 103,7

110.9

Significent effects
IM #%% LM x N
N olwex IMx K

K wweE R
t
p o owR Pox R

~ Differences between:

" IM means
N means
K @eans
P means

T jesng within o i

N means within o I

DI monns within s K
L4 ?eans within & Id
141 @caﬁé githin o P
B peans within o I
14 é;zezehzxs within a P

P means within a K

et

l@QT
2,08
0.82
1470
1.85
2,66
1.51
1,58
1051
2.17
1,16
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Ooefficiént

of Variatien

Mein-plets

.- Sub~plots -

=

 Sub-sub-ploty =

367  4.86
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wePe coused maiﬁ}y'by‘thebgﬁeﬁﬁer yiclds o£ harhag

dry m&%%er'frnmfﬁhe reabnents rnthur thaﬁ by an
 ine?ease in ﬁha'ne?deniage'éf'ergdﬁ praﬁe;g.

.. the “11¢uLﬁ mapure X pm%a&ﬁflafi@éégﬁas,%ha‘eam@
"_ag observed wikh he tobal yielé derters - :, & oubs 3, 4

o

and 9 *he‘yicid ﬂa pewcanua@ of orude prﬁt“lu wefe naﬁ

e

Aun$i10dufiy aiffectied” hy yema e "Hﬁb&i aer where lmqu;&:‘
mnure wag ﬂpplxeu, bk iu mhw iﬂQ ufeatmenu ymta$h
»amwn}smeahb¢v‘an¢roaseu the Jau a and peracntawe on. .
uruau @?Qbélﬂb’ '
&ha<eaelé ﬁ&eﬂus of vmr&*&xan iﬂf GﬁUﬁD protetn yaalée
wew mligs%}y higher Jhewn those for hdﬁ“l herh@ge ynelas

bus thby wore eeeopﬁablcblﬁr-ua%w‘  this ype

mmméézﬂé@%ageﬁary Hatier 196&_

A.“mhe~anwiym¢u of variance o ihe uotal ﬁry nevker
‘jieiﬂﬁ in 19@ p;ven 4n ﬁable 2{, ?ﬂﬁ oue mean Loual
_drg nWb?er ymeld 01 the mg;n trenvmenb" (2315 hLlr
;nharagniong are bﬂﬂWﬂ in Ta%lc 20

wheralhe &aqnaasm&nure nxér@wen and patash wele

gbpiimd, the mezﬂ ymaiﬁ ﬂ? herbwge GTJ mauter wam 4660 1ib
du. LQ&E gompareﬂ with 7@9Q ib/bcre in AJGl nd*hec§Wse-
uh@ yields of th auofeatca plOu& were 30 mwcb ieue

in 1962 %h&m'ia 1961, tho renpﬁnseﬂ i mmme a& obe
xortxliacr “weatéénﬁﬁlia 1962 %ppearau to helgxea GEre

' quu&d mamure‘ﬁ&aim @ave hig’ly.sip' anu Lnowe ﬁGS
»iﬁ yie&d ( ﬁ.ﬁal). Cfhe mean 1ncremseh in uahoi 31?1&
_ob%uéz rom the uréebmenaﬁ Lml, Lii2y 193 @nd awﬂ were
28, . 3 ﬂ? and 507 respecuivelys  Apard from the preaie er
ové' 51 1nevca s in 1902 than 1n 1961, ﬁhe m i chnnge was
13} “mall@r amfférenee be%weem ha L3 dnd LM4 Ere&bmanbu‘

' ﬂwrmil¢zer albrngem had a hmwhiy ﬂlﬂﬁifiGﬂﬂh cffect

Ao@“ﬁry'maﬁ%er yiel@((?<20.ﬁﬁl),A Tbe GVePdil eiigot of
‘166 and 2§§vib N/éére e tm xncrease »h; ymeld by



&5

‘12 ang 184 regp@é%ivély{ These increnses were smaller
than those noted in 1961, The difference bebweorn
N &ﬁd‘ﬁggthW@V@r' wias stii}ls&gmiﬁi@aaﬁ'gﬁk:®¢ﬁﬁ)¢

O &%er&geg app&i&aﬁi@ﬂs of potasgh lnoreased the
yield %yléﬁﬁ’lﬁ dey @aﬁﬁef/&aﬁ@. . This inerease was
largéxg and fhe level of significance (P<E.01) higher,
than in &95;. Faosphate alss showed a pronounced elfeey
(P<0.01) and the overall inerveage of 680 ibh dry matier/
agre where phosphote wes appiied was almost twice bthatb
th&imeﬁvim 1961,

The *liguid meaure = niﬁyégemein%@raeﬁiﬁn wes
again highly significent (P<0.001) although the responses
wore diffevent from those obeerved in 1961. Where no
fertilizer mitrogen wee applied the treatments LML, LN,

M3 snd L4 increased ylelds hy 40, 48, 67 and 97

réﬁpééﬁivaly @véx Preatment L. Ihe eorresponding

lncreanes  within Sreatments WL and B2 were 23, 51,

44y 533 ond 235 31, 36, 40%  Thome incvéases ob each
dnerement of li@ﬁiﬂ m&@ura were oll highly significant

wiﬁhiﬁ MO and L butb there was & lover vesponse within the
02 level and the IN3 trestment did not differ significently
from the LME ox the LU fweatment. Further @viaémée of
a dow wesponse to fertilizey n&%x&éan was Tound within
liquiﬁ WENWEE applications, c.g. where 400 1b N/acre

were appiled asg liguid manure, eddivional feriilizer
pitrogen caused no mignificent inovease in ylelds .
Simiimxly ﬁheye 200 1b W/aore were applied as Liguid’
mamure thare was ne significant inorcode in yield when
ferbilizer nitrogen was appiled ad 200 1b N/acre compored
‘with when it was eppdled at 100 1b N/acre.  Phe ability
of the sward do inerease yields with theso high levels
@fAﬂitrégen yea thervefore laezg dn 1862 than in 1961.

The *liguid manurs x polesh' interacllon was highly



6o

significant PLOLO01) and § 5] differen o8 were more
Lgnidd {%ﬂ(ﬂ O0L) and the differens ére 1o

e.’xema uhan &ﬂ 19&&. nin the mo&ash tronthnonts

Kﬁ’ﬁ&i bh@ mpp?m*aﬁi@§m amﬁl,q&iﬁ HRMNS 1ﬁﬁ%@a$6& Viﬁ3§§
"(Q<Z§.@L), tha' 1&Q$e@$a %éﬁﬁeenﬂ&r& tmenhy: hhﬁ and L
being g °@a&e* where n@ p@ua,x uaa &ppjipﬁ %ﬁc whérs f%
w&ﬁ”;ﬁm&i é {y<iﬂ.ﬂ1). Hithin 11( nid manufe treatmenta”

¢bﬁm@ba sh fewyiliney @avc & }ffﬁ;y‘qﬁgﬁ¢»i¢anﬁ imcreagp Qf»

2760 1h: ﬂwy &ab%erjkoﬁe Aﬁp more than &ambﬁe Lha
Jdnerense 1m419¢i. C With mﬁaatm@nu &Jl t%@ inerease @ﬁef

fo additional potash ﬁe;‘z:»g:inlmex was 680 b (E<0.01) and

with M2 1% wes 330 1b m;-‘;g viter/acve {ﬁ<{§o§)b)- omitk

“higher applications of liquid maﬁure, y¢ulma WORE yedueeu‘;
’by'ayp&yiﬁﬁ sdditionad pabﬁwh feﬁﬁllayarg rhim reduction

»

W&S“ﬁmﬁﬁ_“igllfiﬁaﬁ& with ﬁﬁﬁwumﬁﬁﬁ T&@ (£<Z$.G)) 3ut not
U 1*4.‘; @hma the eptmnmm dresaing of potos 31um in .
lﬁm% for approwi ataly 10000 lh ary mattar/ re wag more

%h&n thet mmyp‘ie& by ‘E@&ﬁmﬁnﬁ Dz bu” Lesa then thet

%&pyilc& by &g@abmams tha Lege mofm sbam 1?3 Ab X buv ~‘€‘
less than 346 1b B/aore. o _ ‘, 4&. T
V %h@ LS fgundd asnuTe ¥ Q&G ghﬁ a' iﬂ%ﬁ?&uélﬁﬂ WL
M¢bn$¢iwmﬂw (sM:Q.Qg} in i@a& hmﬁ maa in 1G§l, uﬂﬂ 54 }{;
inerens response o uﬁﬁgmhzue scenrred as Th .

'&ppim@&“!@H rn&e of &LQH&& mwmu@e nn@?ea aﬂ, being

sipalficantly geeater with Ezs and L4 ﬁh&ﬁ ulah kiTiae N

*E@h&segfeaa pf phuﬁph@te wWas ﬁﬁﬂwﬂ adgo im ﬁhe-zmﬁex&ction’ .

nhos Mahs i po%a%h‘ {?<:0.Q 5Y h@wpﬁﬂh@ iﬁefewsﬁﬁ
‘ﬁhé yi@l& of ¢ rg ﬁat%ef by a ;igni;acau Ly greaﬁer $maun§:*
where petash f tlliger was wyﬁlﬁe&-%hmn where no potash
tWag tpeds | o ' | -
. Qh&n&GV91S.Gf“ﬁigﬂifiﬁaﬂﬁﬁ_fﬂr the %reaumcnt effects
'aa azy @&ﬁ%&f yiaima at the Aiﬁi?iﬂu&l euls in 1@62 are
given in Uakle 20

Al eat 1 ondy umagl iﬁ&ﬁﬂ&dﬁ@ in Jhala aecuyraﬁ winh

.




fable 29 Significance of the effects of trestment on

the yield of mized herbage dry metier - 1962
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the treotments LML, IM2 and L3 compaped with LD,
The M4 treatment resulied in & decyeape of 441 1b
dry matter/oore (P<0.01) compared with the Greatinent
which had no liguid manuré,‘ The 4 $reatment had

'y

notlceably less plant cover in the early s

Z’!

pring and tﬂia
wonld account fox the lower yileld at oud . . Tﬂere&sinﬂ
levels oi liguid manure glgnificantly lucreased the Ji&7
of dry matter at all the other cuis in 10G2.

Fard m1¢xag nitrogen also. &evﬁews&d the yiold of &ry
matber at cws L but the only 31gn1@1¢anﬁ difference was
that between NO and K2 (P<O. 01) Peritiliser niivogen
increased the yields at the athef four cuts bul these
insrenscs ware not always significant.

fhe overall effecd of pobash Tertilizer was negligible
st cut 1 huﬁ émall though sigmificant increases were found
at the yrempining cuisg; the largest ineroase being 217 1b
dwy maﬁter{&era at ent 4 (P<0.0L)e - Phosphate application
showed & suall ros sponse at ench out bub it was significant
only at cubts L and 4 (P<G.0L).

The '7ivuiﬁ manure ® nitrogen' interaction was highly
significaut aib eaeh oud (P<IQ.61). Phe effects ot cut 1,

b 0

hﬁw&Vew, were di cerent from ﬁhﬁsa at the other cubs.

At ent 1 the brL%Lmtan ramaivmn& appliocation rates greater
than about OO 1b ﬁ}&ore showed a marked wedustion in yield.
Thug eaech dncrement of nitrdgen supplled by the liguld
manure -or fertiliger nitrogen sbove that applicd on.
treatments LML N2, L2 N1 and L3 W resulted in a decrense
Cdn yieid (B<0.0L) Tﬁe @emainiﬂg oubs showed that
within the fertiliser nlt;egen treatnents most of the
levels of liguid mahuwe'imemeasea yields, but there was

8 slguificant ﬁeera&ée in respo : a to uhQ Llig bwpxtmcnt at
the high rate off &§p11c@u1@n m; fertilizer nitrogen as

reported for the data on tﬁﬁul yields
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lican total yields of clover dry majier

(100 1b/asze) - 1962
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The "Aigwid mamare x potash! dunteroetion was highly
13 . LS andy

pignificent st coch oub (P<0.0L) and showed the pano

tpend as (L4 the. bobal yialde Fhere 2o ligquild meouro
Cowaes applled sk eseh oul, pota sh Poybi limgn lnewsaned

yields over the treutments w@gaivimg no potesh (P0,01).

sha LY dveabaent the affeot of potesh wes lesns

C‘E‘

At
propouneed, but the yleld wes still incres m@ﬂ wnore potosh

was applied ab cuts 2, 4 and § {(P<D.0L).

Glover dry matier - 1602

Fhe mean totel yields of wiﬁvap dey matbor are shown
in feble 30,  iho yields wewe slightly highor in 1962
dhan 4n L9561 on nogt %reatméﬁts.

The wres ;gms:ua £l i:@.qm,e.z gnpure oo moasuraed againg
bhe yields of tn@ mnu?ﬁ&L(ﬂ p&Quy was adse greater then
in 1961, Phaug, averaged évééfall obher ticatnents,
inerensed ylelds of slover were obtolned with tresimento
im&mmlm&{ﬁ<@ﬁl}mﬂ@aﬁ&@%hz%vwm&“imxw
wlgnifisans, Jrom L. The yield Lreon treatment L
wag sasdler (hen that fron LI buetd net signdficantly so.
The mpan inersase bobween WD and IHL amaun%eﬁ o
500 b 6&0?@? dey wabbersaere i therenitor theve was
B progeessi é doereanse which was significent hatwcen
cach of ‘bhe treatnente LM, TH3 and L4 and there wasg
Lietla ﬁii;&xru@@ hobtween the yialﬁ of clover where uo
Liguld manurve, and where 400 Ib a;& spe £T0W Ligudd manure
warea agylieé. A

The overelld offcot of fertilizer nilrogen was siwilap

what dn 19461 and theve wayefpyegrcﬁsiﬁa degrensey in

clover yield with the breatuenis WL (£<0.05) and pe
(P<0OLYe '

Plwephate application sended to decrpase ths clover

yieldd ag din L9861 bub the overall deercase wos fay fron
bolng statistioally significa nﬁ. Fotaah Lertilizer,

b
howover, had a pavked offect uhﬁ inexa&aﬁm Fields



, 69
1962 (P<0.00L) compared with & @m@l% non—&ignificant
effect In 1961, Avazagea Qver aJJ speninents Whloh
ingluded high levels of potossium in the liguid maﬁure,
%h@rs was a nilghly significant inerease of 3490 1b elaver
é&y maﬁté?fagre whef@'yaﬁaeh Feryilizer was applied.

The *liguid ménuﬁ@ % niﬁr@gen?uanﬁaraﬁtiqn had &
wighly significant @ feot as in 1961, llguid menure
gi"lg greater ;ﬁ@f@ﬁ%ew n the fotal ylsld of eclover
W‘hhiﬁ treatument NO than wathiﬁ treatrents Nl and NE.
The LMY and IM2 treatmenis 1nareaapd Qloves yiclda by
1&3@ and 730 mh/agrm respechively where no ferﬁziimar
nikrog SN Was awplia&‘{§<:m.¢1)y but by mmly AL and

L7 Lib/aere where 100 1b fer rtiliger i mr&gem were
ap@lie&'ixhiﬁgﬂﬁ}.ﬂ Tithin the §0 - lavei ‘where bthere.
was ﬁhé gx@aﬁ@ ] elmvwrvgﬁaw%m, only uh@.LMﬂ mreatmeﬁﬁ
.umgnirﬂcanhxy reduesd the yield of olovoey aemp@re@ with
)ﬁk& LI treatnent. Phe elavey yield within the N2 ‘
:l@val wos low and was not e ivnxfican%ly a:veeﬁ@d by
liguid manure treatmonts, alﬁhﬁagh here the L4 ireahmcnﬁ

vielded 300 1b olover duxy mether/anore more then the LHO.

Srealnenta This @ifference wos aluost sbtaitistically
aighificant, Within liquid nmanure treatments -

inereasing levels of ferbtilizer nitrogen generally
reduged wlover ylelds. - This waw gre&t@ﬁt*w ?hﬁn

breatments hm& ﬁﬂﬁ lmﬁ whcv$ W@ﬁ% of uh@ d&iferemces werei

highly siﬁm&fieaa' : ?i&hLﬁ Lyﬂ mﬂﬁ L3 Lhe ﬁé@reases
were smaller be¢ﬂs' nlfi g@nb %auwegn the Nl and U2
“Levels but 0ot babw@en W0 end Wi ; %he a@@raases were

smodlest and none wes 31 saifleant. within the LM4 treatment.
However, the ylald of 820 15 almve@ dyy mmttéx/here"from~
- tpeatment LM4 N2 Wﬁﬁ highe %ha' ;iwt ”Eam auy other

iiguid manuve frentmonts wibhin uh? 2 level.

CBhe 'liguid mamure X QﬁtQSh;finteraGtian‘waﬁ agailn
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hayhiy t;&ﬂﬂ&i? it (E<ﬁ§.0ﬁ3) Theve potash
'xev511 Xl wa mpplivd oraahmcn WL hed no effoct

2

cempawad wmah breatnent’ WO but the y4ﬂ36 of clover
ubquuoytLy wae weducﬂd by - freadnente LM&, %§3 and L4
”{E<:Q;O&§. T wh@re mo ywt@ 3. WA aggiLUO‘trgﬁtmeﬁum

o

DML and MR invreaped the c?nvwr yonﬁs by 1010 and.

1100 1b/meve veape W@Jy (P<0.01%  fhoreatiew

, %yeatmanta'zﬁg and wﬁ# wedveod the yield alightly although

”%h clover yields Lo All ohr wea&menb were highly
- sigm A8 c@nbjy ereater han hesa from Srentment TUO.

Wi shln i&u&‘ﬁ m@nuﬂ@ srentments the addition of potash
ﬁertmmmz§$_mneyeasad the Flelds of clover dry matiew

by 1630, 58@-&9& 120 b /acre within treatments LMD, 1§l

and LM2 respe sotavely. fithin breatments LU} and 1450
ﬁhe addition Gflgmtaﬁﬁ Fertilizner coused sﬁall'gdﬂm$ignificant
L ﬁL?@&Q 4 tho olove ield rl |
Wh@ tliqudd muuurw & nlbrogen x yobamh' inﬁexa@tibn‘
“=(?«:0 Gu;} is mﬁQWﬁ gvaph1ba£ Ly in Fige 3e - The shapes
0F ¥he curves wewe pimilar to those obtained in 1964 bub. ..

%hefiiflxmeuae bu% aen unom ware g?cabel. Phe
imaéea%pﬂ din mlovnw yiel ﬂ Vﬂ?&l%inﬁ from potash ie il“zef
»_wpn&;¢d on the IO zroiumgnt wer 969&9 133& and 79? 1h elover
Ay . Labupf/&ewa at the. ED WA nud #2 levels ﬂos LQt“Vclyc
ith LrvaLmen» AF!_;DQ BoFresy @DdLﬂ@‘éDQ@G&ﬁeb were S?Q,e“*'

543 and 320 lbf;uwc but with treatue nu_iiy potagh fertiliser
iﬂeﬁeaﬁaﬁ cinvcf yzaJﬁ ot the Nﬁ éevvw ws?y. COALL ﬁhése 

z&rmav p@f@ uiixgﬁ imately aamb&e Bhose foun@”inrlgél.
' Glﬁvew yields were not affected by snma&b a.rﬁilizér at

' &3§ 0F bhe Gthdw-ﬁ,rtili%%ﬁ nltrogen=ligeid manure

L bomhun Aons.

Additiopal dressings ol potash fergiliner gavo
increases ab the NG level of 2692, 87¢ am§‘39 1b elover

‘. 2

dey matier &cv@ wiﬁh bresbuenty D, LML and Lw“ ragpectively



Table 31. Significance of the effects of treatment on

the yield of clover dry malter ot each ovt -

1962

Cut nunmber

Treatuent 1 2 3 4 .5
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and thereafver they gave lowered yields. Thug the
optimum dresﬁiﬁg for clover growth where liguid manure
was appliied e elosge to %ha-amaunt of potassium a@pligd‘v
by the liquid menure in srestment LM2, i.e. L73 1b Kf
aore, whicn ie higher'%h&miﬁﬁé?aptimum indicated by
the 1961 repulté.  This requivensnl of potassium was .
Little aff@@@&@_by thé amount of fertilismexr ﬁiﬁycgénﬂ
spplieds |

ds dn 1961 fertilizers had s greater depressing effect
on elover yi&lﬁg and the pereentage of wlover in the
mixed herhage, bthan nad equivalemt levels of Lliguid
IR TR A N Where léﬁ ibh mféeﬁe were applied és diguid
manuve or as fexbilizer, Lotk supplying %hézﬁémevg&auﬁiﬁy;
of pobassium, the ylelds of olover dry meitew weré 2443
and 1835 lbsacre resgaétivalg and the marreay@m@ing
figures Tor elover yercentage were 29 and 23%. With -
200 1k Wacre the ragﬁeeﬁive'figuré%»wera'l§47 and Béé‘”
iv/oore; Eﬂ,amﬂ;ﬁﬂﬁ. Gowbined &gpligatiamé'of liquié'f
mamire angd far@iiimew~ﬁitrqgeg‘likeﬁiSQ had a sgimilap
effect on cloves, higher yiéiééfheimg dependent on the |
ratio of liqgiﬁ4manure b ﬁe&%iliagr. )

The significance of %reaémaﬁﬁ effééts‘an olover dry
o matber yields al each out in 1962 a&grgiven<ig Table 31é
In 1982 the eifects were similep to those noved at
the last three cute in lﬂﬁl when gubstantial changes in
the composibtion of the sward had taken place. The
Fligoid manure g oltrogen x pbtaah' effect, however, ‘
déaveasﬁﬁ im-aigmifieanee at cuts 4 and 5 din 1962. Thig
éffaat‘&ypaa@éé(ﬁp be due o an inérégaé"im"theL |
'¢X9$rim@mtal'exrmr agmeai&tééiwiﬁh ﬁﬁésefégﬁa since the _
treatunent differences wers of & ﬁimilaf'mééﬁitméé B0 thd&é.fff
for the fivet three cubts. n

~The imteraction 'liquid manure x nitwogen z phosphate!
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was Sl”ﬂlflCB at oub L (E<ﬁ0.05) and ab cut 5 (P<IQ.Ql),’
A6 bhe BO. level, phosphate applications inereased tha
yield of clover within each level of liquid manure.
At the_mlyanﬁ N2 1e€élﬁ, however, the opponite effect
‘was-ns%ed, phos ph%be npglleaﬁlcn: deorcasing clover yield.
These effeats wefe geen mainld y wihin “Wcﬂimbﬂb Bﬁz,»LM3
and L4, Alshovgh no% signlficant the sawe patiorn’

was oéserved.wiﬁh the tobtal yield of olovera}

The significant effccts 0“ *reabmen%s_sﬁ@wm?by

the traungformed eclover wereenﬁa g are ligted in Table

32... These resulis were similar to thosé noted for

clover dry matter yield, only the 'liquid manure X niitrogen x
potash" énd ihe Vliguid menure x nidrogen x phosphabe’
‘interac%icns showing lower levels of signifi gnees;

' Fige 4 oliows bhe distribﬁti@n of the clover yields
0v¢r~the 1962 seagon, and this was somewhatb different

from that noted in 1961.  In 1962 %he yields were on
'average higher, except at owd 4;:but thévdifférences
attributeble to the treatments were omaller than in 1961.
Without pomqs& o ertilizer, the yileld and'ﬂiéﬁrihmtion

of elover from the M0 and LI {treatments showed little
' vaxiation with the levedl of ferﬁiliﬁer nitrogen application.
With all the begr liguid manvre treavments the glover
y191@ﬂ ﬁecvoasea with inersasing Tevtilizer nitrogen.

Where patash fertilimer was applied at the N0 level,
szMnW%g;MdiMm&umimltmmmmm;wmﬁsmmn)mm
pveober than ghap from WD at cuts 4 and 5.
The cvoefficienis of variation calewvlated from the

results for clover wers slightly higher in 1962 then in
1961, This was due probably to the fact that the overall

difference in the ireailment means for clover were greater.
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Mixed herbageieruae pro%ein »'3952

The mewm botal cruda @ratetn Yields in the mixed

herbage are sbawm in iabie 33. . The yields were
slightly lowew in 1962 tham in 1961 but the genersl
ragyﬁmaw‘waﬁ ﬁimilaw. _

Tiquid menure increased the crude protein yleld
gignificantly at each level of appliea%iona Traatment
14 yielded 880 1b erude Bretexn/agre more than
sreatnent LMD, a smallew lnerease‘@ﬁan in 19&1.

CPertilizew nitrogen. in@weaﬁeﬂ the y&&lﬁ of orude
protein at cach lovel but kb@_ﬂifﬁeren&eﬁ were not
significant. |
. Phe effeeh of Qotas@:fértiiizér was elightly sreater
than in 1961 and was highl&‘aignifiaanﬁ (P<0.0L), but
phosphebte again had no significant effect. 7

Within fervilizer nitrogen treatments applicabions of
Jiguld menure bhad's &iﬁi&ér évarall effeet, tﬁé increased
yields between treatments LED and Lil4 being 860, BYD and
630 1b erude pramenn{m@yg for trestments MO, NI and QE
re@p@@ﬁ&vely. However, Wiﬁhin the N2 level each ineremén%
of liguwid wanuve increased the yield %ignificmn%iy whereas
within the 0 and Pl levels many of jhe differences in

crude piotein yield betueem ligunid menure %ra&bﬁeﬂt% were
smald and nod %1&&1?1& 111G

fhe tligquid manure X ﬁatmsh' interactlion was mgu~
nighly sigﬁifieanﬁ (E<:Q¢QG1) and the effecis wers
moRe ﬁ%@n@uﬁaad than in 1961. Wheve no poiash fartilizet
wag %pn&iea the grude pre%ain'&ielﬁ with treatment LD
was 880 lb/acre and ﬁhl@ imere weed alg nafmeantlg ab caoh
leved of liguid menuve to 2030 1b/acre with the LM4
treatnente Wikh potash furﬁnliaer yields were higher
and bhe corresponding imere&s@ was. from 1420 4o 2020 1b/ -

agLa. Within liguid manure dreatuents pobvash
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Sigmifinanﬁly inereased the yieldrof srude protaln
where no ligquid menurc.was applied,'és noted in 1961,
but in 1862 a c:.,c.rulaz? «,“fecb wes nobed within =a;he THL

Tevel (P<ZG Gi) dombtlens dne o Bhe h&gacr yxeT& of

clover. »
The 'llquLﬂ HaNRLe 5ﬂ1ﬁ?ﬁg§n;x’pnt@ﬁh' interagtion
v di&hl& ;%ﬁificaﬂu (P< 0. GGL). The yisld of crude

krate¢n was lowead aL LMD hO and the addition of poéash
Portilizer inereased the yield hy 849 lhﬁacr@, the
corresponding iﬁéye&s—s atwﬂmv N1 and THO N2 being. 576
and 193 Lb/acre. - Th@«@ffb}ﬁ of potash becawme
prngre&ﬁivaly qmallev'aa the &mbe of apvaemblon ol
dtiguid menure incr&ageay and bhu treatmwents LM3 and L
showed xo effect of she &uﬁﬂb on of pababh fertilizer.
wbe %L@ﬂlfl&“MCQ of tresatment af;eets on the yield
and the pereenbage of @rmﬁ%-pwotein at each of the five-
cubs in 1962 é%e;giwap in Tables 34‘am§'35. Fith
few exeeptiona'meqt levels of applieaﬁish of Iiguid
mapure inereased - he eprude probedn yield ah ezch cut.
Thip was due laxge¢y to inareaaes in the yield of herbage
ary matber siice ihe percentege of oruie protein showed
Ibttle varistion with ligulid maowre app lie&ti0n¢ An
axee?tinn W&ﬁ‘@h@ k4 w2 ﬁraatmanﬁ at the Lirst four oute
where there was & miw p Ly ﬁi@nific@nﬁ inorense in the ‘
_pevaontag@ of eruds prﬁﬁeim in the herbage compared with |
&hﬁ sorresponding valuea frowm the LU0 RO treatment.
Pervivilizer witrogen gave smell inewa;s@s in the yield

of probtein byl agein thim waa oau@oﬁ mainly by increases

A

in the dwy matber yieiLs Senae uhe percentage of crude

Cprotedn vended to rine w?hh &ac@e@ ing ievels of
fertilizer nitrag@n at ouis 1 and? but to desrease ab the
romalning culs.

At each eub, (Table: ))g the pevceontage of orude
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protein in the horhd ze bended o be lowest where

asbout the same level of mi%rqgen was applied, d.e.

LML H2, LM2 Nl and L3 NO. A highly significant

effeet of the 'ligquid wanure ¥ niﬁrngéﬂ % potash!
interaction {P<0.00L) on the percentage of crude protein

was noted at each eut in 1962 and the effacts of itrestment

at each out were similav. The main effeot wan thai
withoui polash tilizer the erude protein perceniage

Ly

batween LMD and Lﬂi inereased conslderably at the X0

level, dncreased slightly at Nl but declined markedly

at N2, Where pﬂ%ash fexﬁilim&r was applied the _
fertilizer nitrogen tresnt smente caused little change in the

erude prodein peyc@ntage hetwaen LD and Lifle Ab

higher Qpplicauﬂen retes oFf Lliguid wamive, potash

n

fertilizer had no efiect ”h¢m poeurred at each out
for the percentage data buk not for the ylaLd of erude
protein which wes influenced morse by the yield of herbage
than by the percentuge. of erude profein in the herbage
with the ro&ulb that &h@ thirge-factor Amnowaﬁtian showed
low aignifioance for ﬁhe ¥leld of crnrde protein at each
outbe |

There were a nunber of other significanﬁveffects
invelving the po%ésh.fautﬁrg at the low levels of either
Liguid mogure or £ cﬁnmilzow nitrogen gtocber yields or

higher pereenbages nf c wde pyrotein ocourred where pOﬁhbh

fe

art

=

Lizey was annllad than whoere mt was nobe

Potanical compoaition of the swared - 1962

f&nﬁ@taile& point guadrat amalyais of all the plota‘
was made 1n Nevembev ‘96;, and the reasults were re bnﬁéd
an pergentage gr&umﬂ davéra The resulis of sitabtistical
snalyses of the geraensagea altexr tr&nmaarmct ion o

angles are presented separasely for the c@mpanmnts
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(1) pevennial ryegrass, (2) whide clover, (3) weeds
Cand (4) bare ground. The weed component included

. the unsown grasses, meinly Foa spp, Aerostis spp and

Hodeus lanstug, and dicotyledonous weeds, malnly daisy

(Bellis pervennis), dendeldion (Jerexacum officinale),

speedwell (Veronies spp), chickweeds (Cerastium vulsatum and

Stellaris medisn) and sheep's sorzel (Egmex acetosella ).

fhe untransformed perveentage ground cover data for
the four components are prepented graphically in Fig, 5

”

scing page 81) and arve discussed at the end of this section.

-

Perennial ryegrass. The weans of the angular transformations

‘af the perceniage gfomnﬁ gover céntxib&tea by perennial
ryegrass are shown in Toble 36 for the main treatments and
theiy inveractions.

The main effects of liguid manure,'pqtash and phosphate
were noebt statisgblcally significant. The cvérail effect
of iméreasing fortilizer nitrogon application was to couse
8 small imereaae'im the 1Tyvegrsss cover. Por example, the
Fyegraos esvaf’@as significantly greater with the N1l and
W2 treatments than with the N0 treabment. Pertilizer
nitrogen méﬂifieﬂ the effeet of liguid meaurve on the
ryegrass aover as shown by the 'liguid manure X niﬁrégen'
interaction (P<0.00L). Where no fertilizer nitrogen 4
was applied, the fyegrasé cover was increaped by
treatments M3 and M4 (P<0.0L1), but within nitrogen
treatments WL aﬁdFNE, where the ryegrass cover wag on
‘average higher, 1% was 1little affected by Lliguld manure.
However, within the N2 level the ryegrass cover was lower
in treatment ILM4 then dn treatment IMO (P<0.01).

The effect of liguid wmenure wes wodified slightly
by potash and the dnteraction wag Jjust significant (P<0.05).
Without potash feriilizer bthe ryegranss cover was highest at

the low levels of ligwid manure and then declined at the
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vreatments LMD and LML when bthese treatments were
‘upnl? a4 with the h‘ghu 3G jeﬁel of feptilizer nitrogen
(E<i®.ﬁl]o Within 1@ guid wanure Treatments, except
foi MM?, therve wasg & aﬁ;ﬁifiaam% decrease in the élover
cover as the widtrogen application rete imeréésed From
sreatuent KO to breatmeny N2, . ‘the mean pe 'éentage

clover gover on plots revelving no liquid menuve and 1o

i

.

@15141~er Al wn;en wag 1”m, ampared with 1 ; on ﬁi@ts

5"‘}

af una Lroatmom? sombination L4 N2 where 600 1b H/aére/
yeay were applied Tox 2 yesrg. '

The high grownd cover y@fceuﬁﬁyos v clover wheve
Cdiguid mamﬁre was applled cuv be attributed levgely to
a potash effect, and the 13 ﬁuﬁd manure ¥ polash?
iuteraction wan highly‘ﬁigmiim@antA{P<iQ.GQl). Where
uo pobash afriiquid W UL e w&g\apglieﬁ the clover cover-

was Very cw but it increased warkedly with treaiment

LY (§<:Q.ﬁl) m sELlL further, but - not gynnlfic by,
Swdth treatmcnt €T? Wucre poda sh was appldied o these

“”“%%ﬂ@ﬁt“ inopea $1nh ay?ilﬁna;omq of ngai Rpanuye
gradually devvnaﬁaﬂ the ¢lovei. ;: With &Fea%montﬁ L3
cand L4 the pevphﬁta)e ground cover of elcvgr was much
the same.whebher potash waﬁtapgliad Drvﬁﬁﬁa The
incrense in clovér ereﬁ vosulbing from spplications of
potash Tertiliser was ai“ﬁixfﬁ nt within treatnent LI
(P<0.00) ana LML (-s?zm z“w"} but not slgnificent at the
other Level” of quid BRI .

Iy

The treatment offechs which were pignificant for the

o

clover ground oovew were sigonificant also imr the

‘

pervcentage clover in fthe uo%P herbage at each cut in 1962.

Weeds.,  The mean tronsformed data for weeds ave shown in
fable 38. fiquid menure reduced the weed cover at each
level of application and mosh of ﬁhe differences were

highly awgzi Leans (P<0.0L), Fertilizer niitrogen had o

o
I
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smallerrefféét than liguid manure buib aignifiaan%ly
decrenpaed the weea eevew where it wa s applied (f<ib 0L)e
Potash mpplxeatianq‘wlﬁa reduged &he wac& cover (<0 01)
bukh phaqpa“te haﬂ ﬂﬂ affe&u. B
- The efieub ﬂ 11%&;& manure on fhe wead cover dia
nos vnrg with thw I@rﬁii&aéf ﬂ*%r@pun treatment but was
Cmodifled by the pa%mqa treantment (P<O0.001). CWithout
potash, bthe weed ﬁover WeLs high on plots of trazﬁmeaﬁ
MO and Was. re&mgeﬁ cnns&é@w&hly by %he'LML‘mréatment
<0, 61).,“. With potash fexbilizer, howeveyr, ‘the weed
gover was um@h lews on: %he 10 sreatment, and the Ll
5reatm@nh had ne gffeat. At hidgher levels the iFn Ls
ef Liguid mannféfaﬁ:waaﬁlaGVer were muackh the same
whether or naﬁ ﬁé%aﬁh'ﬁa@ applied. Emta&h«fprﬁilizers
'vauwed a h;whly qn guiflecant deorease in the wne@ cover
within ﬁxeatmeﬁt LVD- but had no slgnilleant e ﬁfxaaﬁ
within the other liguid manure traaﬁménts,
The 'liquid mamire x phosphate' interaction was
81pniriesmt (P<IQ ﬂ@) and wheyre phm%ph@a@ wWag appjled
the weed cover was lower and decreased lesw e the level
of Eigmid>manmf@ inerensed than where no phosphate was |
spplicds | - m |
7 Thae ‘ligmid»m&nurm % niﬁr@gan x ynﬁa3h'-inter&stian
wan hig &ﬁy a¢ani i@amt (?<Iﬁ¢@l), Eﬁﬁ&gh fTertilizer
redueeﬁ the wesd aever on.plovs e%eivihg‘%né B and LML
traat m&nt gy most at %ha rie) l@V@l& bo an dutermedinte
&@ﬁrae‘m$ the Nﬁ 1ev@l and 1@&9% at the 2 levels @ﬁgz‘
higﬁer agplieqs;@g rwaep Kikd lzgumﬁ mauu@a gave & lower
~weed gover and wisﬂ thege 3reatmentm potash ?ox&lﬁlzer
- had litile emgeg*."
The ground éuver ﬁgr@aaﬁageﬁ of unsown grosses and
f&ﬁé@tyie@ﬁneus W@ﬁﬁﬁ'aﬁé ghown aap&r&%elylgn Table 39

These percentages were not anolysed sbatistleally and this .



_ dable 39. Perceniage sround cover of dicotyledonmous

yeeds and unsown gragses = 1962 -

} ’ , : . Dicotyledonous wee@é

“ ” T e
© Ydguid monure breatments

L0 DML L2 IM3  LN4  |Means |

ﬂitmagen %reaﬁmen#s - B S
10 ’ 2302 o5 4T LT 00T | Te5 |

HL 1.8 5.2 2.7 05 0.7 | 4e2 ||

L 11.8 5.5 2.3 0.8 0.2 01 |

]

Potosh treatmenis , .
X0 2403 846 - 44T 0.9 046 | T8

. K1 6.9 3.6 1.8 1.1 0.4 2.8

:Emnbpha£e~ﬁreaﬁments N
Lo 179 8ul 4.2 1.2 0.6 | 6o
i Pl 13.3 4.0 2.2 0.8 0.4 | 4e2

"“3iduid manure means . 15a5f 16,0 ;53.2 1.0 Qiﬁﬁm :

.
1 B
3 . Unsown grasses

- Co | . Iignid manure treatments
| S L0 LML L2 M3 IM4 | Means

Hitrogen treatments

W A 13.8 1442 14,0 13.2 7.5 | 1245

¢

W2 | 2202 6.8 0.3 7.0 6.3 | 8.6

L 13.5 11.2 112 78 5.7 | 9.9/

Polngh treatmenis 4 ‘
R CE 1647 1043 11,1 8.4 6.1 | 1045

B < | | 9¢4 1l.1 12.6 10.2 6.9 | 10.4

Ehosphate treabitents |
o 12.5 10.9 10,9 842 5.2 | 9.6
Z-Jl Co 1318 10-6 43.»20’8 19015— 7¢8 :Llol

bl *

1

Liqpid menure means 13;21 10,7 11.8 9;3 A76.5,




of treatuent on the botonicnl compopition
i oot : RS
L Coithe sword - hare - cegund 1062
| Meaun anguler tredsforintions
; ' : o
{ Liquid manure trestiments. 2
; Lt T T T ) R D
| MO IML  LM2. - IM3  IM4 |Mesns |-
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3994
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4343 415

Phosphate treatments
0
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|
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3643

3046

A
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E
kS

o

B

. .
Lr

. 4
4302 4444 47.8 | 4L.5 |

‘Liq;aid manure means

i

3849

“‘ Adats 4

Significant effects
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|
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table ghows the'untrnﬂsformeﬂ'meanq. Some
differences bet Eween %he@e sopdrate fractions and the
total wead aﬁalyaio Here foun&. The disotyledonous

‘weeds -wore reduced to a Qreacef exnent by Aiguid manure

than were the unsown grasscs, wher 28 fertilizer ailtrogen
affemted both frrctlans gindllarly. That this moy have been

due o the potassivm content of the liquid manure is
suggested by the lower pereenitage of dleotyledonous weeds -
where potash fertilizer was used. Fotash fertllizer

had less effect on the unsown grasses.

Bare ground. Thoe wean tvmngfmrmed date for bare ground

are shown in Table 40. ?weh inereasng in the rpde Of:Ai
applicmnmon of liguid mannre and fertlllzer nitrogen
resulted in & signifileant iﬁeremse in the bave ground
Traation. The increas eﬂ were ganerally additive and
the efifect of liguid. manure wos pinilay ab cach level
of iertilxzar(ni%raﬁen. “Potash and phagphaue tended to
inerease the proportion of bare ground but never
slgnificantly.

The 'liguid mapure x ansnh' inbteraction hed a
highly significant effcct on the proportion of bare ground
(P<0.001). Where no ii@uid manure was applied, plo%sn
without potash fer%&llag? ﬁ&dQSignificanily-less bare
pround then plo¥s with potashe.  With inoreasing leovels

of liguid manure the preparﬁgan of barc ground increased

by greater amaunts wher0 nolp sash fertilizer was applied
than where 1% Wﬁd~mppllod, but the aiffaremués were
rarvely axéni¢zeuﬂio V: L |

Thé{amnunt of baré gréund inorensed also as the
level of’ferﬁilimer Qiﬁrogéh*rcSe and thig increase was

greater without ph&syha%e then with it (P<001)e

Total percentage sround COVEr. Composite graph of the



Fig. 5. Effect of liquid manure , nitrogen and potash

on sward botanical composition — 1962
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~;untransfarméﬁ_pereentage grouﬁd cover data are shown

in Pige. 5.  The madn trestmont effccts are shown in

the figure and eéuh éeetiOﬁkaf it illustrates the
variation in the swmrd'batanigal compogition after R years!
application of the'différanﬁ levels of liquid manure

with verying levels of nifrogen and potash fertilizer,
":avafage& over ihe phosphaﬁé treatnenits. In eaehrae@fian
of the figure perceniage ;rguhd gover ia shown on one

axis and the applicﬁ%ian’ra%eaiéf liquié'ménure on the
othere. the four couwponents = perennial ryegrass, whibe
clover, weeﬂs'(ineiﬁ@ing ungown grasses) and b&felgrnuﬂd'
are ghown in agaeﬁﬁing order irom the bapal axis. Thus
the Tirst curve shows the effecy of inéreasing rates of”
liguia manure on bhe ryegrass fraction, the other frmctions

being graphed separately but eumulatively above thiss

Where no nitrogen fertilizer was applied there was iless

ryegrass and considerably mofeualuver at the low than at
the high apyli¢a%ian<r&tes'of liguid wonure paviicularly
Where potash was aéplied; Where fertilizer niﬁragen
vreatment N1 was applied the ryegrass and clover ratios
“were. fairly uniform over thé.liquid manufe~%rea%mééﬁéyamd
tﬁﬁ_ﬁaﬁal cover of ryegrass plus clover was iny glightly
snaller than with treatment N0  With fertilizer
nitrogen treatment N2, the clover_perdentmge was very
low whexe ho liguid monure or poﬁasn*wgﬁ used but
ingreasged appreciabiyswhere treatment LM2 was appliéd
withbuﬁ pobash or LD was“apﬁlied with_patagh, iece where
the average poﬁaméiﬁﬁ a§p1icaﬁibn réte was‘lﬁﬁ 1 K/écre.
Alao at bthe N2 level thére was éffur%her inereane in '
$‘cl9ver,with trentment M4 whebther potash was applied or
n@f, and the ryegress levol decrensed.

The gumulmﬁi%e total ground cover pewcentages of

ryegress plus clover were relatively uniform over the

B e



| Teble 41.

Soil analysis

- Available potash (20 ) in air

dry soil {mg/100 )

12

. Nitrogen L e L4
|tveatmests |¥0 KL K0 Kl k0 K
| T 1ge2
) 7 @ 17 32 38
. & 36 o4 33
| 1963
w0 6 13 14 28 41 67
% 6 9 o a1 42 54

|
i

- Table 42.

t

Available phosphete (Po05) in air:
- dry soil (mg/100 g)

| , .
f o
Flitrogen Lo L2 L4 ]
Ctveatments | KO KL KO Kl k0 KL |
1962
S 6 5 5 5 6
I 5 5 5 5
| 1963
10 6 7 6 5 6
2 6 6 6 6 6 6




.amfiercﬂt ¢eVe1g of Adiguid manure and decrensed

only biightjy fr@m the' l@we&m %0 the bitheﬁt_ievel
of natrawen xeﬂtlllzer.

One of the most, notiaenbiﬁ effects was in the weed
fra enimma ‘Where nn pmtwsh iertlilzer was applied, the
wev& cgntent af the wafa ceeemviné no diguld manure
W hig& bus thww mf the ﬁwara rece¢v1n§ troﬂbment M1
was G%ﬁ%lﬁ@iubiy 1ﬁwer, aaﬁ further reduotions though

smaller ones, @eemrve& in swa%ﬁb receiving trestments
$Mg, L3 and L4, fhis was‘found a2t all nitrogen levels -

where no potesh was applied, bubt the weed cover remained

- falrly conwtont in all the plots that recelved additional

pobash fertilizer, -ihe inerease in bare ground with

dneressing liguid manure applications was more marked

at KO than at X1 and generaily resulied frem uhe ﬂeerease~f
in Lhe woeed fraction raiher %h&n.feam 8 aecragge in the -

sown spewies.

911 an&lﬁ%&% - 1961 ana 1962

Analgsis af the saml sampleq taken by the second

- mebhod éesormbed on; pagexﬁl. xram pl@ts that had anﬁ ﬂ*df"

not reeezvaé bhnsyhmte f@rﬁziazer, ﬂhawed that the
application of phﬂ??h@be hﬂd very little effect on emther-
the pH o ha pobgsh ﬁtmtus of the sodly end thal the
&vahlﬂble phosphate eontenty 1nnraased from 4 jo only 8 mg.
nEger Qha$phﬁte haﬁ been ayplicﬁ Tor 2 years. Thuéfanly ‘
the valuwes abmwlnea fram the ixrai mathod of sauyling,
am@wing onange@ in the somi conmemw of &lelable potash
and phoapnmue whure lzuuiﬁ mqnure. nitrogen and poitash

fer%il&awxs wsfg @gplled are glven in Tables 41 and 42:

Availablé bataﬁhl' Qvér thafﬁivﬁ% year all the

pplic&mlﬁﬁ retes of 1zqui& manure and potash fertilizer

increased the Gontent of potash in the s0il. Within




- 20dd anelysig

Table 43, - Acldity (pH in woter)
| Hitrogen LEY Liie e
1 - ‘ . '
| treatments %0 ¥l %o X1 KO X1
1962
WO | 6eD2 6410 Ge2L 6,07 He37 6,10
W2 6422 6412 G.14 6.08 BeRd 6,12
1963 -
w2 6410 6,08 =~ 6.20 6.21 .13 6.01)
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all breatwents the potash content of the soll wes
always higher aﬁztha N0 level than at the N2 level.
The potash camsgnu We s 7 mg wheye no liguld memure,
ﬂ&ﬁfﬂ an oy pﬂﬁﬂ sh fPEbﬁlidef wag applisd, 9 mg where iﬁé‘lb
{E/&aﬁe were abpl Pﬂ 1n nat@mh Fertilizer, and 12 ng whmfe
166 iv KﬁachMWQw @yylxaé in'diquid maiave. The
highest Luvel, 5& mgy - ogeurred &% ﬁhe“hughagﬁ‘lsvﬁl éf'
Cldgudd wanure piua Bovash fwxb&ll er on the N0 treatment.
There ylwm¢ ?eaexvad a tobal of 829 1b E/avre cach yeil,
Afﬁ@ﬁ_a yaarﬂ'af the exnewimant, the yst&sh gonbent had
ingreas ed eam&i&ur bly but the Q?fe%Lﬂ of the traaumuﬁas
on the geii potash conbtent gcmamuaﬁ the &ame as in the
i&vac year. . weﬁnau% liguid manuve or potash fertg&xz Gr
the 5913 content was 6 wmg, with lo% A Kfaere as
1er%%313e$ i va 13 mg«mﬂd A b 173 v Klocre as ngﬂlﬂ
wBnure it”was L4 mm.a @h@ highest Level, &f g &&alm
aecurréd ah ﬁh@ hiﬁh@ﬁ& aywlm@atmﬂa w@tQ of liguid masre

and potash ¥ ert&l&&er.

Available ph@éphaﬁé.v The ﬂﬁii phogphate level wes & mg
the un%reaue& Arede V-ryimé the awmounts of 1iqaié'

nanune ef wa%ash Fertilizer applied hod no appe Pent

effect on soil phos phu%o cmnﬁent in either yesr of 'thé‘

“experlnente.

Ae&géig. Th@lyé°maéémremen%* of ﬁh@ soil and water
extra@ts are giﬁe$~im ﬁabie 43 Where liguid manure

was applied the pH bended o rise buh only where the
liguid mamnre w&ﬁ not acceonpanied by potash ferviliser.

Fox aﬁampla, in the xlrﬂx_year whare ne fertillzer
nitrogen ox na%& gh way given the mean pI of bhe s0il was
G.02 with trmatmeﬂu umﬁ, 6421 with treabment LM” and 6. 3{
with treatment Lilde Th@ nif@&t was lesa @a&simﬁent ﬁaere

fertlilizer nitrogen was a 110&. Whexre potash fervilizer
PR P




. uable 44.  Effech of liquid mamure, nibrosen and potosh

: on_the weighicd meon percentage of potassium

 in the grass and clover

|
I
!

Fertilizer . Liquid manure trestments | Fertilizer meanp

't#eatmonts &%Of M2 Lid Mean N K

X0 0.98 2,24 3,29 | 2.17 )

il 2.53 | 2404
| KL | 2,30 2.81 3,57 | 2.89 S

! © | 0.63 1.84  3.27 | 1.91 KL
K2 1 R - ‘8,32 | 2480
KL | 1.86 2465 3.66 | 2.72| o

Liquiﬁ monure - , , " 
| means | La44 2.38 3445 | Gross mean 2e42

QIOVER

!

|

i

|

! : 2 : ) - v S
Periilizer chiquid menure treaibments | Feriyilizer means

i

i

troatwents | IO L2 LMA | Mean| N | K-

T 2.39 | 1.98 |
KL | 2,08 2,70 3.50 | 2476 "

KO 0483 1.9 3.32 | 2.02| Ko

K |0.93  1.64 3.25 194 B
- | oee27| 2068 | |

KL | 375 2,51 3.55 | 2.60

T Rt
) n

quid menure

mesns | 40 2,19 3440 Clover mean 2433

e
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Cwos given the pH values were lower and 3id not vary
with the liqmid‘manure treatmenta. After 2 years
there was ére&ﬁey ariatlon in vhe va;uag_bu% the game
gener&l trends were observeds - Without nitiagem and
pa%nwh fertilizers the pﬁ valoues ot LHQ, L2 and L4

jere Gell, 6420 @nu Go B0 ﬁa%naebxvnly but whowe nlbtrogen,

p@b@ h_c

o

)praph&te fortilizers wore vPcﬁ the @liferences-

were Wn@anejwaonﬁy

mlﬂ&f&l conucnu of &he hur?wve o 1939

Somples of hsﬁh,wruhx and clover fractlions obieined
;fyam bhe bﬂtahiaal ﬁ@p&r&ﬁimﬂs at each ouk were retained
feomn sslected breatnents Whibh vepresente 2 uue exirome

ay@lieatibng Qg 1i il maauvwve and eru11150ru.

{a) Fotagplume  The welghted mean powaeﬂLagma of

poseseinn (FK) in the grass and the olover frociions from

each of the seleoted treabumenis, caleunlabted fyom the data

for the iy aividuoj gubn, are whewn in Iable 44, The
differsnce between -the pobassivie content of the grass and

shat Qf the clover was gaall, ﬁhe'ﬁvewall ms&ﬁlpereemtagaa

Bl

being 2042 and 2.330 K respectively.

Aypliﬁzbven Qf noﬁaaa¢um gither in EJqu¢d monure or

-S.

in ferdillzer’ AﬂGVGQ eﬁ Lns potession content of “be
herbogo. th"e 6h0 patmssamm was applied dun lignid
mapure and w&vhout fgrti;iaér ﬁitrogen, the grass from}

the R0, L2 and &ﬁ&uﬁxgatmentéAaanﬁaimed 0e98, 2424 and
3'29% X, “Whore potosh fertilimer was applied in
addition therd was an inores g0 10 2.30, Ze8L and 3577 I
2espectivelye. Pata&hiﬁey%iliﬁer had o slmiler effoet on

clover ag it had on gress, bthe difference bebween the

£

means of the & and KL theatunonis belung 0.768 K for groas
and 0.70% K £ov olovews ‘

Fhe potassium in %he Liguid manure apparently
inoreased the gatﬂt5¢um sonteas of the grass more than

daid uha povassiun in %he-@gﬁn,h Terdvilizer. = Thus the
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arass Trom %&&m@mmﬁﬁ L Pi_nﬁo which stpplled

100 1v W aﬁé a mean of 178 1h %laove as igudd manure
goniained 3.34% ¥, wherens the grass from Whe Erombunent
LG na RL mnw:h supplled 200 b B and 166 1b Blaore

in the form of faWﬁ1314e gonhained 1.86%% K. This
ntber vyégﬁmemn ﬁeunljeu mope nitrogen thuon the othew,

but ginoe ! @wiﬁltaar nitrogan wan ohssrved o roduse

the polnss ﬁvm opnbe i, this feet fuvthey emphavsized the

H

Qi erenod. @lmzla ifaa%a*ng»ﬁha pubagsiwg gontent.

¢’°/

af grass and o & Lesné 1‘ gxtent on that of clover were
Tound at d?k;a ?&vvi& whore eguivalent spplisationg of
nebosglion were mnﬁﬁ i Liguié mmrtea and fertilizen.
Perhllizer niltrogen generally roeduced the putassinm
aontent of Dotk grass end albvgr. Hnoapitions to this
da.d, howevar, cueuy in the gbaus and olover with the
L4 BL dweatment vhere the ﬁaﬁhvu& apyliaatiam
rate of nitrogen and polossing wog &ﬁﬁ&i@a9>aﬂd ailso in
the elover with the LD KO #‘smnmm Howevor, the
latber Grestwent rosulied in vuch sandl aasple of olov

aw o be worepres santabive of the troniuente Fhare 0o

Bl
j

,,..J

Aguid mamive ox potagh ferbiliser was applisd tho

potaesing gondeni of ihe gy wui . decreased when Fovtilizer
nibrogen was a@giigé from GO0 to 0.638 and by the oud afv
LOG2 signe of “y&Y‘a: gt et the leaf tips of the grass
were observaed under tThis Lﬁﬁ?hmﬂm

Phe podjaseium coubents in the gross and the elovey
ot onoh cﬁt e shown in Fig. 6. Overaldd it t)yzﬁ“‘
Hhat :Lz*; respecllve of the pate or Lime of applicablon

o

Liguid mapagye H&ﬁ mueh the same sffect on the pobaussiuvg

i plover bho

by

[

aontent of elevav an of gynﬂg. In avass an

pobaesiug content tended B b higher at dhe Lirsty and

£

last oube tuan et the thraee miMu*ez;@m oculhicte @h@

gffecta of liguld mmbure, miﬁfagen and podash fepdiliser



Tabie 45,

Eifect of lioguid manure, nitrogen and poiash

on_the weighted mean.percentage of sodium in|.

the grass snd clover

, GRASS
Fertilizer Liguid nmonure treatmonts | Fertilizer %@anQW-“V
- treatments I L2 L4 Mean N %
) 0,98  0.50 0.39 | 0.62 w
HO 0.50 | 0.8
; K1 0.52  0.33 0433 | 0.39
? ; : '
; X0 1.26  0.92  0.59 | 0.93 ,~
§ K1 0.76  0.61 0.42 | 9.60 | 7\
}Liquia manure )
7 means D.89  0.59 0.43 Grags mean D63
i‘ s S A
; GIOVER
Fertilizer Ligquid manure treatments Pertilizer mepnus
treatments L0 M2 L4 | Mean| W .| XK
L KO 0,85 0.59  0.37 | 0.60
w0 | : 0.50
il 0.47 0441 0431 | 040
, Ko 0.62 0.65  0.42 | 0.56
12 0.52
| X1 0.56 0455 0.36 | 0.48 ' |
! ) )
Liquid manure | | A
P means 0.62 0.54 ©.36 Glover mean (.51
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tra&&menﬂ% on’ Lhe potaaglan Qﬁﬁuenb a*-@aa cut were
similor to thome dascrihed QW@vwaugly Eﬁr tha welghted
mean goﬁ yEoLum een%amt, and tﬂese treatnent erfects

wore @;ban eonsmﬁ@r»bly frmutuf tham the dﬁﬁﬁﬁﬂ&1 effects. =

(h) §“aium . ?no wexw buﬁ me%n p@ﬁa@mwwﬂe of sodium
in the o8 and Qﬁavew €Pﬂe%ﬂﬂn¢ lynm the same trestment
vsamnlés pre shown in “abﬁe 4By’ f  Dhe overall sodium
‘nﬂt@m% of the r&bﬁ was slightly higher thon that of
%he'clwvar, the we ﬁpsative mean values heiﬂ%(ﬁ.ﬁgrand
Q Jlm Nee &¢qm&d mammvc agpiL@\niﬁm lowered the
nean ﬁediam aeanna An §?&Wm, The. vaxmes o bhe LLL
2 end 114 %regvmen*; b&iﬁ@ Sﬁ, G‘ 59 and 0.437%
fCﬁﬁﬁﬁL veiy. Potash fevtl&im@“ @Aicwere& the mean
ediwm eontent from 0-?8 B 0. 50%, and whan applied wiﬁh

diquid maﬁur@ the of feeﬁ‘was aﬁdiﬁﬁve-

Tn @lcvar, bh@ avarmge %@daun aan$oaa wae 10wew than

im,gragg 94@ bha r&n@e_a; vaAme$ un§e$ the liguid manure
apgiiemﬁiééﬁ_waﬁ‘leﬁﬁ exﬁreme. ,Fﬁu& inexaasiﬂg,
aypli&&ﬁi&mﬁjéf diguid manure. geve sodium contents of
0462, 0454 ond 0436 | h

ihe potassivgn in liqﬁja mmpaee awpa en%lv reduced %he
uaﬁzxm o@wveﬁﬁ QF gr5b$ mav ' han dld the @gmiv1?a§t pateph
feetwli“er treatment, - tha ve&vva%&va values on uhe )
 &%£1NQ KD and LMD N2 Kl.tye&mm@ﬂtg being 0.50 and Q.?d Neve
Thig 1at$ér flgure mayﬁhavé'been influenced, however, by
aﬂéi%ianél~mitrméea which %amﬁe& B0 iﬁcr@ééé tﬁevsadium
content éfigﬂ&$$¢ ?ﬁr ﬁxampie, tbe averall efﬁé@t ol
fa&ﬁiiigét,ﬂiﬁrégahﬁwam am.;ﬁegeasw of 0.26% Na in Yae

With él@?@fliﬂﬁ with g?as$g pwta ﬁérﬁiiiﬂerila&erea"'
the godium csu#enba‘ Ee°t&iﬁaew nz?ra seny MOWGVOL, ha@

libtlo a""@e& o5 Lhﬂ mﬂxum @Qh&@iﬁ of elover, bhe resuits
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where nitrogen was applied being higher by ondy Q. QE% Nio.
On the L0 KO ireaimeni, Tertilizer nlirogen re &ueed uhe
uﬂamm conbent, bub as discussed previouwsly this nay have
been an artifoct agesociated with the smallness of the
samples

The distridbution of sea ium in the gvass and clover

at each eut is shown in Mlge Te The fluctuations
at each cut were more evident than thoae obmerved with
potassium. For the grass fraction the untrested plots

had the higheat godiwm contenbs ét cuts 1 and & with lower
conbents in mid-zeason. - Whare liguid amenure or potash
fertilizer was applied, cute L and 4 often gave the
highesﬁ results. An exeeptlon was the LML Sreatment

at eul 1 which had 2 sodiwg contendt as much as 17 Na
lower than the LMD lreaiment and showed an increase only
al culd 4. Fertilizer nlbtrogen did not aiuer the
relative effects of the other treanmsmu &% @m@h eutbe

The effeots of the treatments on wha fndaum gontent

of clover were smaller than those feunﬁ with grass, and .
less extreme vardatlons oocurred between culbs. The

&0 ddum content of clover tended Yo be lower at cuts 1 and
3 than at the o%her cutigy al tnouﬂh where liguld manure
oz p@taﬁh.fert1L1ZG$ WS appl;ed-eut 5 also had a lower
sodiun oanﬁn Te ‘ )

”bfaughamt %bla prewxmenb the sodium emﬂten‘, of the
samplea were all conslderably higher Lhan were fnun& in

Expt L

(¢) . lag gggaum. The welghied mean pereentoges of
1ﬁnea1mm Ln The %rass &hé elaver_fraétian$ are chown in

&ublo 46 . The wmean ednﬁent of 02 gNnes gium was lower in

gra$u than in elover; (.16 enmydwuﬂ with 04204 Mge

In goneral the effect of treaitment wos small. With both
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Sfa,blq' 46 .

“ffect’of'li@uid mPnuWé, nitrogen a nd~potash

f__ on ihe welﬂhted mean percenﬁage of magneaium
' - in the grass s wlovcr '
i' - GRASH
uqrtilizer' Liguid manure treaiments Pertilizer*heab#
Lreabmentq L0 LM2 - IM4 | lean N K lAf‘”
i 0 0.16  0.14 0,15 | 0.15 o ||
| S : ' S I
B | 0W14 | 0416
| Kl 0014 in4 ) Oill}‘ 9014 ’
| ko 0.22 0,16 0.15 | 0.18 | K1
2 c 0,17 | 0.15]
| K, 0.16  0.16 0,16 | 0.16
Idquid manure R ~
| means 017 0.15  0.15 ivass mean Q.lﬁ
L A
? | B
| " GIOVER
?ertilizer ’ B Idguid manure treatmen%s,'ﬂertiliuer me%ns
trestments B kM2 IM4 | Hean | WO | {[
e X0 1'0e22  0.20 0.19.| .20 | -
| o . o - '
|10 . | Tl oz 0.
| . | o )
| K1 0.20  0.19 0,18 | 0.19
i K0 0.24 0.21  0.19 | 0.2L | m
L e S o 0.21| 0420
Kl 0,21 0.21 ©0.20 | 0.J2L
Liquid'mahure _ L o f
means De22  0.20 019 Glover mean 20
!
|




186

grass mn&ialgver,_appliaatioha inliguid manure:r@ducedi
the magmesium-éonﬁent where no potash Tertilizer woes
applied but had 11%%1@Aeffec€ where there wag a basal
drepsing of potash fertllizer since this souvce of
p@téﬁsiam had dapressed ﬁﬁél@agnésium T oa unifo@mly-}
low level within most treatmenis. Where fertilizer
‘nitrogen hut no potash feétiliger waa applisd the
me.gnesiun conient waé,highemﬁ,wam& liguid nanure h@ﬁ the

lavgest effeet, the mognesiuwm values decressging betwean

the treatments L0 and G4 by 0.07 and 0,05 Mg in she
grass and clover respectively. When llguid noanure and

povash Fertllizer treatnents wowe applied bhe mognesiuam
gconbent was Zaéﬁ and ﬁhevéffaat oi f@rﬁilizer ni%rageﬂ
wan sialle Tdguid manﬁre_ahpwe& & bendoney o decrosnse
the mapghnesiwm Rore than Fertilizers although the difierence
wap only Q-QQ% M@,"a.g. the L2 NO KO and 14D N2 Xd-
treatments contained 0.14 and 0.16% Mg respvectively.

The m&gne&ium»Qthents’of.grasg and clovery at each
ik are.shown.ingﬁié;‘3;*,*{In'gr&ss regelving no fertiliéer
niﬁragea5fth&'magnﬁéium content inoreased at cach ocut on -
all the liquid memure treatments urtil ows 4 and thon it
tended Lo fall. With f@mﬁiiiz@w nitrogen the highest
magnesivm level ooeurred a2t cut 3 followed by a decredse
&b out 4 and an i@bréaﬁej&$ au% 5 Within vach
nltrogen treatmentd where-na-pétaﬁh fértilizer was auplied,
the W treatnent gave g'aém with & higher mognosiuom
conteunt at each out than did bthe IR and LML treaiments,
bus with pataﬁh applic&ﬂions th@’magneﬁium abnﬁ@ﬂ% did'ﬁoi
sVary appreclably with the level of lLiguid manures " Thig
-highﬁr_magﬁeﬁium Qontant:bm tie L0 treatument was more
eppavent b the N2 level hon at the 10 level and the

AR

differences becoms more prouonneed as the soeason advanced.
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Table 47. Gifeet of ligquid wonure, nitrogen and potagh

| on the weighted mean percenbage of caleiuwm

i
i
P
3

in the grass snd clover
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i e
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| treatments -

Liguid menure trestmente
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8

G

L2

T4

" Méan

TETTTR

jise)

0461

050

0,52
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075

b2

056
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The mmgnesiam,aunﬁenﬁ of the clover was abint
'G,lﬂﬁ HQ higher bhan that of The grasa at out 1 and,
- dn cowdrasd to t& values for the gramp, 1% declived after
cut 1 butlinere&med H«hlm ath uuﬁ 4 and fell at oub He
At cut 5 thero was ”isﬁle Q¢f£mrah@e bebtwesn the content
of magnesium in the clover snd grasp, emphasining the
grestbor, and maru imparzaub differense at vhe first out.
Ag with grase the hl snesd m&gzaﬁium content of clovew

oocurzed o the BO brestment vithout potash fewrtilizev.

(ﬁ) Galaiunm, The wedl ghéeﬂ mean nc*conueaas or

L

ealelam in bhe graaﬁ and glover fractions are shown

in Pable 47.  fhe overall caleium conbont of gross
was 0.52 compared with 1.96% Ca for clover. | Giquid

manuee had less offect on the oaleium cowmbents of graas
and clover than It had on the potassiwm op saﬁium contontce
Increasing rates Qf Liguid menure decrensed the cnleium
sllehtly bat shﬂv"a$ only eviﬁent in grogde Row

gxample in ﬁh@ TR0, wﬁ“ ond IM4 treatmends tho groape

E?

whained 0.60; 052 and 04468 Gag while The corvresponding

wheot im%sha-alavew were LeBb, L0080 and L.539 Ga. '
Eﬁﬁ@s& ferﬁ lizmer; howevery 1owerod the meny peresntoge
caleiwn in gr&wmA&ﬁa‘é&aver by 040950 Ja and whis e“f%@t
wag greaber &%utlv L0 tevel than where “iqnla NANULre was
Va@plieﬁé

Pertilizer n&%ragea inareaged the calelum dn grass at
eath level @i qu uid maaure especinlly vhere ﬂalpa%agh
Feriilizer had- hamn applied: & similay bub move
pramauﬁeed ar f c wa& noted in the olover.

e oalummm coubents ef the geass and alover at each
oul are gohowa in fig. 9s Although the elover had o mueh
nigher calelun content than had the geass at cach oudb the .

effeot of treatment was swkalls In grass ot all rates
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T%ble 43,

Eflect of liguid menuve, nitrogen and poﬁash

on the weighted mean percentage of: phosphorus

i

i
i

|

in _the gross and -elover
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!
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Pertilizer mesns

LD

foZ ‘

g sen

L4

ifean .

K0
{0

Q.38

0638

035

034

Oe34

|
i

i e
o KL

I

0.35

| 0e32

0.31

B ().Blv

0,31
' 0e31

=2
N
o

Liguid wenure
" nmeans

D36

0433

(racs mesn

CLOVIER

Fe?tilizér

Ligudd manure  treatmeintsa
‘ s , v

ﬁr?a%ments

Lo

i)

L4

Jiean N

Pewbilizer maa%s

e
i

. X0
KO

0.37

0430

0¢34

0.3L.

034

0432
0.30

12
' i)

0433

0e34

0.32 |

0.35
0434
0.33 '

!

0.32

'Eﬁquid mlnurd
neans

0.32

0433

Glover mean

0433 |




o0

‘@i'ligmia‘maﬁmr@-éﬁﬁiiéa ﬁan enislum Sonded ﬁ@ ineronse

'%@ @Rﬁag aﬁﬁ_ﬁﬁﬁm @@Gﬁ&ﬁ%%& 3Qw4wg %h¢'3 Y Sren annn
-giviﬁg“%xw hmuﬂewe Qurﬁ n&w&@ 3&?&33&&&%. The
&iﬁf@ﬁ@ﬁ@@ﬁ bebtyeen she &&gﬂi& n 11ERS $ §raﬁ%$ent$ were
~g@em%e? o each @&ﬁ\whﬁfw“an'@QQ&ﬁﬂ ﬁﬂrt$gi SOL was app&&eﬁ.;
Thuwe weve flnetuations in the @ai%ium caﬁﬁnua of clover &

at. guoh leved of &“qmj& nRpUre gmd_@mgmgmﬁamml trend was

dipoernibla.

(e} Fho @}h@xum Pha ea@g“npﬁ meai pa§°emuvw&s of

S ATy

phoeaphorys dn the gwyyasiﬁ g&avvy xra“”ianv arg shoan in

Feble 4. @h@r%:waé 40" mm iﬂﬂéﬂ%ﬁ An bha phosplhorus”
@@ﬂ%é&%ﬁ\@f’@?&%@ ad i@?ﬁﬁ¢ Ghe u SN vm&m 'a? aaoh
heing Oe 338 P Iss both -g@aﬁm-aﬁﬁ’QKQVﬁm yﬂmﬁpheruﬁ

tended o be highor w&

;z. 1o tionid wenube wap 3&&& agd‘
b@@mmmmas ﬁnimmzuf?immdmanwmﬁ“mma@@%mﬁﬂ~
the Sifﬁamwu&ﬁa‘wnr& mmxlﬂ. |

Povash Tortilize v hed wi@venuLuﬁffeﬁiiy&%bé
-th%QhQ£L$>H@@meﬁb af gﬁa% ek ﬁlavxvg 3&a i% d”w o8 uéé a
small ve‘*ua*a&m@ An the *s)hts "25,}1@;3;‘&3 emsip ant of slover wm'&a
'ﬁhe THD 'ixi?@w q;;a;mw.. N

Thara :A; *1 ; LAtELe gfféeﬁ,sf f:ﬁ%mix gy g&ﬁf@ﬁ@m
on Gha Qﬂﬁn@bﬁ@&ﬁ aonhent of Hhe hnerbapge, he tmnéanay

halng f@% & ﬁ&ﬂxwa 1@ ho m@aav ?i~ﬂﬁ§4?w&ﬁw nnd &Msiﬂ&k“mﬁé
v s& ; i

,ﬁu alover. .

Bfhe effact ot caoh ok u zmwn in Fige 0. ”fm@
tpeatment efffetts aa pho mn&zaﬁ‘aenﬁémn wore soeld gonpared
ik Fhone on ﬁh@~ﬁﬂn%énﬁs of the other winevals. In
Erasp tha pﬁ@sg&amus'$¢nﬁvn5 m@nﬁwﬁ to rise during the
DERH0N, cack Jdguid &ﬁﬁuﬁﬁ breatnend ﬁn?iﬂﬁ ﬁg&@%i@elyiﬁhe

B A%

nwaéw‘ﬁamxﬁnﬁ.:' em%&ﬁlvvx=%h&z.vﬂaéiit

fomd

,> -same &if 8

o differenve i gha&ahgrmﬁ aaut‘xﬁ Betwesy cute and

songiderabls Amuﬁ%uzazan maﬂﬂﬁﬁ o aldhough the “em& WGY wWas

for o mehﬁ @eéweaw; im m;dmma VB0 Tte
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Pha respounse %0 tidﬁ%ﬁ manura wae modified
considerably: by Bhe spp&l@&tian of ﬂitr@gen and ﬁ&b&ﬁh
fartxliaera. On the - other hand the effeet of phcgphﬂﬁe wag
gruall and rarely modified Fhe effect of liquid nosure. L
Apaxrt from the section in uhich the low xesponsc Ho _
phosphate is ﬂiéauaﬁe&, all the results have been averaged

over phoppbate treatments.

gh@ response 0 1&@&1& nRanure ai@g@
ﬁhe‘méam insreages in éﬁy;m&%ter yield, where liguid

manure alone aupgiieﬁ’ﬁﬁ, 00, 200 and 400 1b N/acre,

were 56, 73, 101 and 134% vempectively, above the yields
of the uvntreated plotg. Eeéﬁapg ﬁgua&lykim@ofﬁant WaL
the heneficial effect which liquid menuve ko & on the
paygentage and 3&3&& of white elover in the sward. ,At
eud 1 in 1961 vhe hilghest @ewesmb%ga of clover was in the -
plots %ba% did not receive liguid HONURG, WHOTeas %hroarhontﬂﬁj
1962 the eluver perccuinge was higher than from the
unbreated plots, wheve 0, 100 and 200 1b Nacre Weré
applied and ev&n‘@laﬁﬁfréaeiving 400 1b N/sere from liguid
wenure conteined wargAelmver than plote without liguid
menure 8t cuh S - The ﬁi*héﬂ% conbent of elaver, where
V,liquld Hanure . wan bhe 0mly sauraa of fertiliser mtrients,
was found conﬁimtently in tEE'ﬁxeatmenﬁ weeelving 50 1b N/
agrg and thlg treaitment u<uskly save. herbage with the
highest percentage of crude probein. = ﬁé%ever, the yield
of crude probein was im?laﬁneéa wore by the dry matier
yield than hy'ﬁéaAperﬁentage 6f erude protein the herbage
contalned, and the hig hé$ yaelﬁ GT aruﬁe pr@ veln ocaurred

with the heaviest a@pliﬁgﬁman of liguid mepure of 400 1b N/

There axe no 00my&1%b1& axye?imeﬂ%m on the use of

W
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‘ liquid'man&re as a fertilizééiin the literature.

WNevans (1941) repcrtea tha% undilutad cow urine inereased
the yleld and prohein Qontent of the -herbage and that

the heaviest applzeataons had the gremtest effect.
Similar fedulb% were ﬂe%erlbed thh diluted urine by the
ﬁirecuor of the ﬂepqr&memt of Aériculture for Ireland, 1915,
Hanqen, 1893 and Hendrlek. 1915. In most of bhese ‘
experlments the quantity of natrogen appl:ed in the liguid.
menure was low and where ngpariscns,were‘made with A

f’4canventiona1 any ferti;izefs, the liquid manure often
| ;:,prﬁauced a greaﬁer rééﬁenae in the yieldvof‘herbage.

A ﬁpylic»tlons of slurry tend 0. hdve legs effect than- o
the equivmlent amaunt of fertilizers (Herraott & Wells, 1962);u
This 1a<;n ggrggment wmthngsuggesﬁ;on by “Gisiger (1950)
and also with thq“resugﬁé éf'gﬁ expériﬁeﬁi being made at
thisflnstitute;é#hatfthégféépbgae‘ﬁo liquid menure and -
slurf§‘is mainlymégpéhaehﬁﬁgﬁ %he conﬁenﬁ of ammonia :;Ai
nitrogen;' : Sigce’in therliguié napure used ﬁere over 95%‘
 cf.tﬁé'nitroganw§as~preﬁeﬂ% a5 ammonda angd the‘liquia
manure alse “supplied poma331um ‘to & soil inherently 1ow 1n
fpotassium, the response to llquid wanure musi be considered

- aa being near to the maximum rasponse thet eould be

obtained. _
'v Where the_sward;§e¢eived ﬁrine from grazing sheep,
Watkin (1954) and Vheeler (léSS}fsﬁowea thot the yield'bf>
. herbage was redueed by 10% end that this resulted pertly ,
 from a#depregszon in the eontent of clover im the sward."
Searsg (1956) 6#er:a5ﬁﬁmbeﬁ:Sffyears fcund‘that the~retﬁfﬁl‘

of urine under grazmng candltians inereaszed the yield of

“herbage but 1cwered the elover content. _ fﬂhm result
-was similar to that reported by &undy (1961). In ‘
- contrast During & Mcmaught (1961) found inereased yields Lizv

 together with a hmgherﬂclover<content where cow urine was.
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appdied, bub t@eir Gagéikiams d&fféﬁeﬁ-in that ﬁriﬁe

wes appli@a uﬂifarm Ly to plots neasuriag only 420 sq ine
dany of the ﬂiffayem@@ﬁ in the resuwlts frou these

grasing studies nfobmbly are due te the different

proportions of prtu@a povered hy wrine pahehon. -

Puring & MoMaugnt (1961) celeulated thai o cow neine petoh

l 4

regeld vaﬁ h@ Perbiliver eguivelent of 3;6 lb W and
590 1b Exhefe, and Pe%ofmen e% ﬁi- {1956} estimated thak
40 b0 TIF of the. aren af pasnuya might receive no urine.
fhis altuation un&uﬁ ﬁr&?iﬂﬁfEOQ@iﬁiﬁﬂﬁ ig epmpletely
different frﬁm that pP¢V$¢llnf whu&e Unifﬁrm.dppilﬁdﬁlan
oL diluted am.mz im m&&e as liguid mannre.
In this srial the low potash status of the soll
enhanced the fertilismer valie of liguia'm&n@re beeausé
of its high eoutent of aﬁailahle_@aﬁasaium. 6 iz not
surprising thevefore th&%‘liquiﬁ'manmre eneouraged the
srowth Qf,alavar. Similer resulbs weve re@myﬁedffiem
the field observations of Gisiger (lﬁﬁﬁ}, Hendrick (1915)
&n§l0ﬁh§?$g A ' : 3
In eawt%%aﬁ plel Jiquxa m mure,aanvan&a@n&i fax%&lm&er
irogen &@praﬂseﬁ Gba grawth and yield of elav
Withowt quu;ﬁ RaANTe oz fpr%LJi,gsw the e yaui& cf
clover ﬁﬁywmatt@r acre was T20 1lb, W¢th &ggiAG&$1ﬁﬂ& of.
400 1b N/ae?a“aﬁ Liguid manure ;@ was 1070 1b anﬁ with
200 1b H/aere as Fevrtllizer nitrogen it was only 300 1b.

In other $vials at this Institute, c.g. Holmes & Haolwusky

(1955) and alsewhers (&iﬁeham & Towe, 1960), the cl@v@i
oo by ibw%ian b6 he: bage yield was nagligible where
anpwm5¢mately 200 1b f@rtaﬁizaw nitrogen/acre weve applied.
C AT e 2 years wathouﬁ liquid mapure oy fertilizers
%h@ gward @anma;ﬁeﬁ 370 ungown grosees and &% ﬁieo%y;eéﬁﬁb@é

weeds. 1mereaslgg th@ level of Aigmid BEANREE depregaad
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the weed content of the sward snd at the hlghest rate
of applivation thers were only 9% uncown grasses and 1¥

dicodsyledonous wooda. There was no indicabtion of an

ingress of 'ligwid manmure weeds® éuch as the Umbelliferae
and §§§g§‘$§§;’&g ?@pﬂrﬁédAby Alten (19525, Kablet (1946)
and ﬁahaghﬁh@xﬁ(lgﬁﬁ)._ The;raéirietimﬁ of the inv&si@ni
of pusown gfaﬁaes confivmed the results from. the
experiments m&ﬁelhy Toak (1954), heelexr (lﬁﬁQ)_an&,

Wind & de Vedes (1954).

4% the high levels ¢£ 1iquid nonure ap@liaation where
the ground cover of clover was less than at low levelg,
the ﬁeareasg in the weed comntent was not compensated for
by an ineresge in any other gomponent of the sward with
tha resuld tﬁét'aﬁ,%ha highest rabte of Liguid manﬁre‘only
504 of the ground surface was covered by plant growihe.
This mafeNapem swazrd where Ligudd manuée was applied wasg
very ﬂsﬁiggéblé at cut 1 in 1962 after the firet year of
the trial, and the yield of dxy matier where 400 1b l/acre
Wers appiieaf&a liguid manuve wos lowey then that from
plots vegeiving no ligquid NERRLE . Thereafter this
trentnent ou%yieléea all the others but the low plauak éever“
wondd no doubt have severely curiailed subsequent yroducﬁién :
if ferther appiications of ligquid menure had not bheen made.
If liquid manumg encourvaged weeds ap bas often been agser%aé;‘”
the vexy open sward atb the high level of application would
provide exeellent eonditions for weed infestation. That
thiyg did n@t:hwgpen indigates that it ls not Liguid manure
per sg whiaﬁ stinulates the growth of weeds but rather bad
pusboudry preetices.  These allow weed iafestation with
gonseguent transport of weed sesds iun or on the awnimal and
aventunl péaﬁ&géyﬁf theae segds o the llguid manure storage
fmﬂkﬁ' - Many trials Wiﬁh:iiﬁﬁiﬂ wanure in which the weed

gontent of pasture increased were made in Alpine ayreas where
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there was & large indigenous fl@fa of herbs and weaeds.

Undexr these ﬁmn@i%ians the eirculation of wosd seeds in

liguid manure is an lnporvient factor.

The regpbuse ta Liqa*d manmra and pobash ier &11ﬁ@x

There is m;tmle dmubu(ﬁhmt the potaﬂsium content of
the liguid wanure was responsible for wuch ol the respopse
in yield, -elover growth and bobanical changes observed

in thig briad. Foy exemple, where the mean dvy natier

Fields : rum niﬁ*w which reaﬁLved iﬁG?@&ﬂAﬂg rates of

application of - lwguid menure were compared with Those {rom
plots which receivod Ho Liguid menure but which did have

a pot bagh arc@aidg of 1686 1b /aore, inerveases of 2, 13, 30
and 524 » p@@szvgiy were obitained. Whan mhése Hane drj
mavler y&eid& were oompared wilth yigjtw £rom plots which
r@aemve& neither &1quiﬁ manure noy potash fertilizer the -
Tincreases weke 56, T3, 101 and 134 e addition va
potnsh Ferdllizer had an ewira effect ohly ot the low
levels of appligmtima'of liqui& manure, and the poetash
‘fertilizar-afﬁéﬁ aeércaged-thé yield of ploss recelving
the highedt lovels ﬁf liguid wanure. ‘

l@u&%ﬁmum lmg of ﬁOuﬁge,’essem%ia& for clover growth,
ana where nuno e %pplied in thiln expeviment elther ng.
liguid menure ov fertiliser, clover growih was poor. . .
Where an average drensing of 170 1b K/nere was made, the
condlitions were abowt thinum for elover g£@wmh. - dhig
figure agrees niﬁh that‘xepmr%ea hy Brown & Munsell (1956)
wWho 0um§ an Anaxeas in th@ growth of él@var with 166 1k
bub & decrense wivh 250 1b XK/acre

Where poba h dresglngs ﬁere adequate liguid neanure
acted like L@Ttil zer nlfrogen in tha b eaoh inerenent
raeduced the pefesftage of clover in ube'nwwﬁﬂ and alsoe the
botal yield of 01@Ver doy mabﬁey. These resulio auggesti

that the sontradicitory evidence on the effeot of liguld



manure on glover growith ag reporbed from other tricls,
resulted fyom whebher 61 not poltassive wae a limiting
foctor dn the gvowbth of alovews In the New Zealand

J

experiments of Sears (1953), for cxemple, the potassiun
content of pusglture %&g generally high and potash ferdilizer
was not used. Under thece conditions the potagsiuvm in
weine was superfluouns and caused o lukxury uptake in the
herbage but bad no beneficial effeot on clover growih
gince bthe nitrogen in urine encournged the growth of grass
bmﬁ guppressed the almver: In Britain it ig appavent
tha%7wh@@e the lﬁvalw‘bpr sash and phogphate in the soil
are mdequatejthere ia Little or no effeet of wrine
veturned by grazing shéep on the yiold of herbage, and
clover is veduced, but where potavh is a limiting factor
the increase 1u rves pQH g is marked (Merziott & Wells, 1962;
Mundy, 1961; Watkin, §b43 Wheelor, 1958}, It can be
coneluded that,where p@%&a&ium ig not 8 limiting Tachor
For clover growih, liquid manure will decioase the content
i olover dn the pasture and genevally also the yield of
glover.

The deecrease lu ‘bthe weed content of thé pasture,
wheie quad WELIIAL S waﬁ appligd alone, was not observed
where thero was nigs o basal ﬁwcmsxnw of potash fervilizer.
Oomp@bxbxﬂn f?&m uho Increaned gvowtﬁ of alover vhere
166 1b K/aore were.é@y?ﬁad’in potash fortilizer, reduced the
weed consent to Qiﬁ eoupared with 53¢ where no potash was
applicd. Wil i s basal polash @ﬁeﬁ ging, diguid manure
reduced the waeﬁ Eéntent at the highest wate of application
“anly. Sinee vhe vyegrass fraction was uwnaffected by the

idgh vate of Liguid mepure 1L was net competition Lrom the

grags bubt sone iJQuUT in $he Lliguid menure which reducod
the growth of the weed componend. Thig oboservatbicn

agrees with those made by Doak {(1954) and Wheelerx (1959),
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The responsge Yo liguid manure and fertilizer nitrogen

Over most levels of application the luncreased yields
resulbing from liquid manure end fertilizer nitrogen
applied together were apdditive. In 1961, however, the
regponse wae slightly reduced once the n@»al application
rate of nitrogen exgeeded 400 1b ajﬁere and in 1962 there
wae lititle addiiional regponse o dAvessings above
300 1 Kk&@r@, ivrespective of the source of nitrogen.
Thin combined effeect of liguid mapirve and fortilizer

nitvosen was not siguifictntly sffected by applications

of pobash ferbilizer. Thege resulis differed from those
reported by Whéeier.(lgﬁﬁ). - In a grosing mﬁudy hs found

that wrine had nge ef eet on the yield unless fertilizer

nibro gon wan naed with 14z the poximum beusfit of urine
ecourving where a fertilizer dressing of 312 1b Nfacre was
applied in addition ton. the urine. . ihere slurry has been
used further inereases in yield with addivional ferdilizer
niﬁr@ﬁan have of'ten been observed. Por example,

Briinner {1938) enphaaizaed that darge quantitlies of fertiliser
nitrogen counld be utilized economically albhough 120 1b N/acre
were sald b0 be high. Staenlor (1581} voported that the
application ef 120 1b N/acre as Terbtilizer significantly
inoreased yields compared with single apy&icaﬁiana‘gf

slurry supplying £rom 80 o 520 1b N/acre and that the

extye fertilizer nitrogen had no adverse effect on ihe
botanical componition of the sward. Another approgch

o the use of liguid manure and slurry wos made by |
Sehiller (1955) who suggsaﬁeﬂ that rather thoan opply wxceéé&ii
potash, liguid menure shonld apply the right guantity of .
peﬁa$h, the deficleney Qf:gitragen being nade up with
f@?tilizar nitrogen. A@-Weiiva@ making the most efficient
use of potassiwm in the “liquid menure, such o method could

be of considerable imporitance where a luxury upieske of



potassiun caused & mineral iﬁhélanae in dhe herﬁage..
Rerillizcr nitrogen iu mogt clveunstances depres ines _ _
el@var growbth and this was found in the present oxp@riméﬁt?:‘
evan where potash additions weve adaguate. Desplte
this rédmeﬁi&g in clover bthe yileld of crude proiein
AL%&f@%SGﬁ with inereaping levels of fertilizer nitrogen
znd the responses in yield within each level of 1iqui&
mamur@'ware-ﬂimiiaf. tonerally, however, the percentage
of ﬂrm&¢ prodeln was lowsr where Ferdilimor nitrogen was
used im aa&itiﬂa Lo 1iqui@.manure; This eiffent was
parvbicularly markeﬂ.iu midmm@amon when clover growih was

& masimin,

,.
i
[

fhe effect of liguid manure and dry fertilizers on elover

One of the mosb impreossive resulis noted in this
ckperiment was thai ihe depression of elover whore liguid
menure wan applied was elwaye less thon where the
,équivalwnﬁ wéights ol mi%rogan and potessinn were applied
in ;er@;liaér%.', ’”hus whewe 100 b N and o mean of
170 1 h/b ere were dﬁyliOu in Liquid RRBure the yield of
clover Gry,ma%terAlnereascﬁ by en averag e of 568 1b or
324 over uhat Lyom trea Lmenua r@ceivﬁn 100 1b W and
_AS@ 1 %/&crc in fertilizers. As the level of wotal
.Dmbfﬁieﬂ uppiieﬂ Lngruadun, the ditference bevween vhe-
f !aab of iiquxd mapnure and Ary iertilizers becane
JUiA req.¢vezy reatef.mmd with o pplioatzenr afv 30 lb
&/aero the vorvesponding menn imuremae wibh tne ¢1qu1d
mznuve ufeaumenﬁ Wa s &&4#0\ ' Jhc£e 119uia manmre and
fm@tilizer nitre gen werefépplieé on:nh@ sane plots the
yield of elover was dependent on the ratmo of lxqulﬂ
mamafe to Fertilizen. - Thus with lﬁﬁ‘lh ;ertalizer
wityrogen + 200 1b liqﬁia manﬁre niﬁragem the yiel&’of
clover Gy mather was 26572 _1h campmred with 11)6 1b fromA’

200 ib fewtilizer nzLﬁm ca + 100 Ab liged id manure nitrog en,
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hoth treatments supplying e mean of 338 1b K/acre;
an inerease of 135%.

It bhas been shown by Blackuwan & Temple&an (1938) and
Wilson (1962) and it is generally accepted that the
‘Jecrease in clover wherve ferﬁilizef nitrogen is applied
is due {0 the inereased shading of the elover by‘the grass.
and not b0 a direct effeet of fertilizer nitrogen.
However, in this experiment the opposite occurred since
equivalenﬁ,leveis of nitrogen and pohassium in liguid
mapure and dry fertilizers resulted in almost identical
yields of dry matter and congeguently o similar effect of
shading under each tfeatmenﬁ, yet there was o marked
difference ln the y;eld of clover. Ividently some |
constituent in liquid manure ameliorated the suppresslan- 
of clover. '

Gonstituents in liquid manure which mey influence the
arowth of elover

Potagsivme The potassiunm iﬁ'liquid manure had & marked
beneficial effect on clover growth which was emphasized
by ﬁhe low p@tash status of the soil but pntassium was
apparently not re¢ponslh1c for the different effects of
liquid manure and of dry fertilizers on clover. First,
the differcnces between liquid manure and/ferﬁilizers
occurred where the amount of potassium applied was the same,
and During & MelNaught (1961).con¢luded that the poﬁesSidm'
in urine and in muriaue of potash had a similar cffects
Hecond, even if there was a greauer ava;iwhllity of ‘the
potassium in the liguid menure than in the potash
Tertilizer this would have lit%le effeet once the opbtimum
level of potasgsiunm Wé applled and it was above the
opbimun levels of potas smum and at high levels of prlied
nitrogen that the greatest differences in clover yield

- occurred.

Nitrogen. when liguid manure is stored, as in this trial,
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thé»ﬂﬁ%rawéﬁ'whiéh was excreted mostly as uren is
eanvart@d %o @mmcﬂla and aéﬁly%eﬁ made a%f;ﬂﬁervals
:hawe@ %hnu dmmomia nxsragen gomprised Qﬁmlﬁoﬂ 0f bhe‘
tobal nitrogen in ¥he sﬁéred li@ux& (GER PN -In
’qomparisan"ﬁhélfertfliéer'ﬁitr&gén‘(ﬁﬁi%ronéhélk" 21% W)
‘AQBﬂb&Lﬂea only 52“ of its ﬁﬂbﬂl aimrc gen in the férm of
mm@nmum ga&mm.*‘ | ‘*
#inge the 1@151a1 ammon;a canmena of uae ‘soll may be
ineveamed over a humﬁreamzal& by urlne &pyli@at&@ﬁa
v{Thoﬁps@n & Gnup, l§43) beiOfe be&ng ra&uelly UOHVer%edi
%e nitrave mm%ro ew, applxaabzanu of liguid manure ,
.sat mmﬂorvals of 5 weels wuuld be expeeueﬂ La ma;ntaln a
ﬁiwhef ammaﬁl& nivrmﬁen can&em “in - the anil %hrquagmuﬁ
the ¢ rawmh pe rmaa than wﬂere ier%11¢zer nlﬁro eﬁfof a
Viﬁweﬁ wmwon&a niﬁrowca consent was u&ed. ' ‘$bmé’%he‘
i hemh elaver enntenbn wnach were on the 11qm1d ) nure
treabments w@re whare the hig bewt amaun 2] mi ammonia
namrogen were auplmed.  his 1" different to the rerulﬁs
af ank 1954) aﬂﬂ Wﬂ&kar (19;@) which 1nﬁigatea that
Lort:$ﬂaers high in ammonma nxtfagem wexre inferior %o
fertilizers’ o@n= gt 'ng mainly af.nitrate:hi%rogen‘
: beeau :1¢3 L@ey suppﬁesaeﬂ eLaver 0 a greater exlbent. In

~msan abuuie of ammoniﬂ nl @n,‘gulghatc of ammoni

gene ally is used as a. aouree of Lhe GO nis, m&%ropen and :
the d%hﬁe&aieﬂ wnsraaau in soil- %eié&&y ww%ch 0@&&?* when
sh;s feraaiimer is used may be wéspen51h3e for the clover
aegregsian repgrnaﬁ ‘elzgwhere when fertilizers conslating

of ammonie nitrogen are used.

Aoldity.  In this trial the pil of -ihe soil was higher
vhere high rates of Liquid menwre were applicd then wheve
dey xertilmzere were epplied or the plows ﬁ@re nntrentod.

Por exeanmple, at the eud of %he second yeax‘éf'%he
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axperimént the soil pH gés 6.11 on the untreated plotsa,
6410 on the plois receiving 200 1b N/acre as fertilizer
nitrogen and 5.50 on thevplcﬁs receiﬁing 400 1b I/acre
a8 Lliguid manure. »4

‘Rodeing the pH on acid soils favours the stoloniferous
grovth of éloj@r,bg%;aifféyancesVin the Tigures for the
optismm piI of the s0il for maximum clover growih have been
reported; Thus VeNeur (1953) calculated an optimun pH
0f 5.4 for white olovers =4 higher value was snggested
by Sprague (1952) who claimed that the ophimun pH for
iegumes wos G5 tO 6.9. Dilz & Vulder (1962) found. that
ﬁhere was an inereage in the yield of clover ~when the pH
wag reised from 5.8 to 6.4, and that somesames there was
a further inerease in tle yield vhen the pH rose to 6.8.
The highér pH of 6.5& in the sail.af the plote réceiving
liquid manure might therefore be important in the '
different effect that 11qumﬁ manure and dry fertiliszers
-had on the growth of clever in this experiment. _
Ganﬁeqaentlj the high pH Gf the liguid manure may be of
greater importonce in more acid soil conditions than those
prevailling in the soil on whioh the present experiment

was made.

‘Othexr constituents. The result might also support

':earlier sugeegbions made by Doaki(1§§4) and Saunerlandt
(1948) +that urine contains a‘hormoﬁe_benefieial to herbage
growth. A |

It can be concluded that the greater bemefit ligquid
manure had on clover growsh and yield compared with the
equivalent weight of nubrients in éry iertilizérﬁ was
most likely to be related bo either the higher content of

amponia nitrogen or the higher pH of the liquid manure.
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- The regponge o lxqujd manure and phosphate fertilizer
‘ As expeabe& from previous trials on %he ‘same soil
type at ﬁh;a(lmguituta, ph@sphorus played a relatively
small, yarﬁ‘in %he fertilization of grassland. Thevyields
of herbage were inereaﬁed -8lightly . th:auwheut by phosphate
‘f anlled%iénﬁp ‘ zhe increnses were ﬂreaﬁest at the
~highest 1&?915 of liguid manure and fertallzer nmtragen
‘apylieatzona but were seldom either statlcticnlly A
 significant or of prhatzaal zmgorﬁance. It is mmportant
to note Lﬂat the regponse to yheaphahe fertilizers was lew
»in gpite oF the Tact that the avazl&ble vhosphate content
es the s0il was lcw, and 1% wag found that appllcaLiQns
aquivelent to 7 cwt buperyhesyhate/acre each year had
apparently vexy little axfeet on the available phgspnate
cantént of the soils Hb%ﬁes {(1951) discussed the
inability to deteot added phosphate on this pérticular;soi;,
and suggested thet at least part of the 'fixed' phosphate
could be utilized. since liéﬁiﬁ manure is very low in_f’a
%ffégvsphcrus Qnﬁ.has & high nitrogen and potassium content
it is naburel to regerd it as beingAimbalameea for grass
production. = In aress wheye'the phosphorus eonﬁenﬁﬁdf‘
the soil is low and epplied ‘phgssphaise brings an increase
in yield, ﬂhe phosphorus ééfieiénoy in 11@uid manure'woula
require to be éarrecﬁeda The results fronm thés trial
indicate, however, that on the type of soil that existse
at the Hannak Ingtitute farm the application of phosphate
fertilizer is not neamssaryffar the efficient use of
liguid manpure. W |

YWineral content @f the herba

As wmight be ewpected in an experxmant where the
nutrients supplied ranged from mil to & maximum of
800 1b N and 850 1b K/acre, large variations in the mineral
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.condent of the herbage were- noﬁed. The effect of »
:llquld nenure - Wmﬁ eongzﬂar%ble. tha potasaium content of
grass sh@wing; r&ﬁue of value& From 0. 49t where no

fliqﬁia manure’was %pplied %0 4.3% K at the highest rate of
application. E@e~;g§ter figure wag higher then those
guoted frbm:aﬁher‘trialé‘buﬁ resulted in;%he"present
exnorlnent from t&e extremely high anﬁuntﬂ of pa%a gsium.
applieds Hrmn& incre& sed the potaSS1um cantent of
pasture in experiments reported by Hemlngway (1963),
Melville & Seors (195&). Metson & Hurst (1953); Seunders &
‘F@L&on (1959}, fears & Thurston (1953) and Watkin (l957)
and rhese mnareasea ware gimilar to thogse found by other
workera using pchmsh ferﬁilizer.

The inerease in potassium end the decrense in other
‘mineréls,'m&i%iy~§odiﬁﬁ, caleium and magnésiumg where 0
- liguid mahuxe and fertilizmers were QSeawggé been i&enﬁ;figaftb
in some lustences With7a£¥iﬁcremsea iméidence of
hypomagnesaemic ﬁeﬁan&;in dediry sa%tle,'éﬁa #hisiﬁas _
discussed in Expt 1. - In this diserse the blood maghesiom
level is léw4but the incidence of %eﬁany hes seldom been
directly related to & low ccnten% of magnesium 1n the .
herbage and other mzneruls have been impliaqtea. For
exauple, a S“abiwélﬁmlly samnifzcant correlation between

the incidence of teuany”an@ the mInersl Patio —muem—
o U : C Ca 4 Mg

(the amount of each clement being expressed in milli-
equivalonts), wes found in two large surveys = one in
Hollond by Remp & 't Hart (1957) end another in Scotlend
by Baﬁier7(1965);‘h A-ginilar correlatlon between tetany
and thaj?aﬁiﬁ %g”%mﬁngés reported by Vexrdeyen (1953} and
Hvideten et al. (1959) in other eountries. However
thisg eG??eléﬁion viss no’ fﬂuné'by Rahman, Mcelonald &

Simpson {196@) or by RQQL : Wood (196&) mhe.raﬁip’ﬁamg?ﬁg



¥able 49  Effect of diguid manure and dry fertilizers

. K . . o _
on the ratio wmm$m¢m in tho mixed herbage
, i Oa 4 Mg oo o

(grass + clover) end in grass alone (Owh 1, 19

Fertilizer CYdguid menure brealtuments
breainenis R ) ¥ ) Lig

Grops + clover

K0 0456 1.17 = 2461

KL | 135 .54 2.64

KO | 0.34 1.22 2432
me ‘ - o E
KL - 1.15 2,00 2,57

N Grass
) 0460 .42 2,80

oy 0034 L2t 2044

EL | 1422 . 2406 20657

* o g e o . |
- %o caleulate this ratio meequivelents were used |-

62)
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ean be litile more than sn indication of ﬁhe-pdtan%&al
of & pasture to'eause hypomagnesaenis becaunse of the
many snomalies associated with the disease bub the
gignificant corrvelation of this ratio with tetany in
Holland hes prompted ité use iﬁ advisory work there.

‘The wineral composition and the dry metter yields
of the grass and clover fragtions from some treatments in
this expeviment have been used o esléulate the potassiumy
calelvm aﬁé ngaeaimm contents in the mixed herbage and

algo in grass alone, @héSE values have been convertbed

inte milli-eqmlva¢ents and from them,zrmg??wxrﬁties have

been caleulated for the mixed herbage and algse for the
grass fraction alone. These'ratios nre shown in Table 49
for the herbage at cut 1 in early Moy, and thue slightly
past the period when the bighest incidence of betany
Cusually. occurs, _ | o

In pasitures where-te%@ny soourred Keﬁp & 't Hart (1957)
Tound that the wean - Y i Mg
1.67 on normal pastures; the eovxaapondim& ii ures gmven

by Bubler (1983) in Scotland being 2.03 and 1.62. In

ratlo was 2.37 compared with

the Hrial reported\here four treatments had a retio higher
than 2.03; all were where bhe h;ghest level of liquid
mwRARYe wés appl;eﬁ‘ ;:Wit@“the high level of liguid manure
plone the ratio in the mixed herbsge was 2.61, decreasing
4o 2.32 where fertilizer nitrogen was added.  With
additionel potash fertilizer the respective velues at the
high level of liguid manure wore 2.64 and 2.57.

A reduced podium content hes also begn fomﬁﬂ where
tetany occurred in the experiments of Kemp & 't Hert {2.957)
end Butler (1963) and in the experiment reporied here
the %o&i&mreoﬁtent of grass and clover waé markedly
- reduced by applications of liguid manure. At out 1,

for example, the mean sodium content of grase where the
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. highest levelrcf-liquidumanurelwas applicd was 0, 34%
but thls was cmﬁsiéerablyfhigher éﬁ a mean of 1.324 la
where nb liguid manure or.pota sh fertilizer was applied.

Glover is usually veporied to have a highor contert
of minerals than grass and in this experiment this was
Ctrue of ealcium; o a lesser extent of un gnesium, bub
potasasium was slightly higher in tho gross. The small
amoéﬁt of clover that was in the sward in sgpring, although
h‘vjnb a high@r nagneaiunr content than of grass, had
11%%1@ efféét on the megnesium content of the mixed herbage
*ana thug con“'rmed the results reported by Podd (1461).
However, the high content of caleium in clover did affect
the Eam%wﬁg ratio. Thus in the herbage produced on the
Lye %rea%megt without fertilizers and combaining 13% clover,
ﬁﬁe rotio w&é?l.l?.in the mixed herbage but 1.42 in grass
alone. Where the amount of;clover wags small in the
four high ii@ﬁid manure breatments (2%} the faﬁios were
2.%4 in thé miked herbage and: 2,68 in the gvasa alone.

Whother the veduction of the EZ“%*?? ratio because of the
'high caleium content of c“over would have & significant
effeat on the incidence of tetany was unfortunately
beyond the seope of this trial. However, 1% is
~dmportant to record thay O'lbore (1960) found the only
difference in the mineral cantent of normal pastbures and

¢ pastures where tebany occurred wos o significantly
higher caleiws conbont of the normsl pastures,

Liguid manure hog been quoted by ‘% Haxt (19%56) as
~a moyre lmportant causa%ive agent of fetany than nitrogeh
and potash fertilizers. ~ In this_ﬁrial the potassiuwm
in the liguid manure ﬁehded to inerease the potassium in
the grass and clover and o de@rease the godium and the

cmagnegium in the grass more than did the equivalent weight
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of potaph fertilizer. The ﬁgﬁgmﬁg ratios for grass

alone (fable 49) on &hc ﬁre%tmemt% which gupplied

166 1b ¥K/acre were hmﬁher w1th liguid monuve (1.42) than
with ferbiliner {(le22)e. - 8Hince in the mixed herbage

tho OiOvuﬁ conbents w@ra 12 and A% on these wespective
lxgumd manure and fertiline e t??ibu@nﬁ&, the ratlio in

grass along from the iiqvié manure sruﬂmeni decreased

maxa tham did the 2&&&@ from the fgwﬁﬁliysr treatnent,

amﬁ beah treatnents WGra then sinilar ot L.17 and l.lb
reap@g@1VGly. It ean ue c@nclvdaa Trow this cxpeflmenﬁ
that because of the hiéaar Llover cnn ents, the liguid
nepuve treatmenits would %aﬂa 0 decrenge the 6mm§~§w ratio
and by inzer@nge to decrcase the inemdene& of hypmmagnesaemia
more then would the Lqulvajent fertiliser hreabmenma.

Ify however, the clavew;ennaent was negligible, ligquid
manure might be a gfeaﬁex predisposing factor than

conventional Ffertilizers.

SUNMARY _AND c@:}mmﬁmm

1) In an experimenb aonaucﬁed in 1901 and 1962 on a
ryeq P@SS and white clover sward: a ﬁpllﬁmsplib plot design
Waa used to investigate the effects of liquid monure and
its interaé%ienm with various levels of hi%rogeﬁ, phosghaﬁé
and pataah ferti?EZers oﬁ ﬁhé.yield'and on the bntaniaal‘~
and mlﬁeval composit;on af uhe herhage. |

2) ke liqula manare eomvalned on average 0206 N and
0.48% X and had an everage. pH of Be 5

3) The ligquid manure tfc%tmenﬁa were planned to supply
0, 50, 100, 200 and 40@ 1b ‘N/acre/year and supplied in
addition a mean of 0, 85, 170, 340 and 680 1b K/acre.

The fevrsilizer nm%ro gen- treatmenbs were 0, 100 and 200 1b
N/bmre, the potash tre@tmentﬁ were 0 and 166 1b X/acre

and the phosphate hreatmenas 0 and 66 1b P/ocre.
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4) 411 the levélg of iiQRi@ manure incressed the
yields of herbage and crude protein, but the overall
response of these yields %o liguid menure wes modified
7bﬁ the rate of a@b&ieaﬁimn of nitrogen and potash
ferbilizers bub rareiy Eyrﬁhéaghifé.

5) fdguid me nur gnn&lﬁefably 1nafeamcd the yield of
ﬁerbzge at ogch ievel of &ppllca%zon. Addztxanal
’potash fertyilizer resulted in axfmrther inereese in the
yvield of plots receiving the low levels of application of
liguid manure but tended bo decreape the yields at the
high levels. :Where fertilizer nltrogen was applied,
liguid manure dncreased the yields atl each level of
application but the response became smaller where & btotal
ppplication of more than 400 1b N/acre was made.

5) The applxcaticn,of liguid manure alone &ncreased
the perocentage and yield of clover at all except its
higheat level of application and this was shown o be
&ue‘mainly to thé-yofasﬁiumﬁiﬁlthe liguid manure. With
the'@@diﬁiaﬂ of‘fakﬁiliaer nitrogen the eiaver'was
reduced end liguid memure hed less effeot.  Tiquid
manure applications alone ox in comblmatiom with fertilizer
mlbruaen resulted in & higher clover porcentage and

approximately dOhblb the yield of clover in eomparxaon

wauh Lae-equiv&lent weight of nuﬁrleﬂua applied ag nitrogen

and potash fertilizers. . This aiffaxuﬁtiﬁl action may be
redated to the high pH value ar the high ammonisa nitrogen
content of the liguid manure.

7). %he percentage of crude pvot in in the mixed herhage
was lnfluenced by the propovrtion of cloVer‘in the sward
‘an@ the total amount of nitrogen applied, being highest
either where the eclover was at o maximum or where over

400 1b N/écfa wa@éﬁapplied,'ana lowest where low levels

of fertilizer nitrngénvﬂapreaﬁea the clover. The yield
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of erudse protein wes influenced more by the yield of
total herbage than by its cerude protein eonﬁenﬁ and Was.
increased at éach ineremaent of li@uiﬂ HWANULES .

'8}  The praﬁafﬁicn of bare gfcund in the sward

increased ag the applicatien raies of liguid manure

inereased. - Thip resulted mainly frow a marked reductlon
in the dicotyledonous wecds. . Ryegrass cover also

increaged with inereasing liguid wenure rate, but when
fertilizer nitrogen was applied with'thénﬁigheat rate of
Liguild manure fhe ryegrass cover was reduced. Glover/ |
was maintained in swérds reeéiﬁihg liguid menure, énd

with an annual dressing of 400 1b N from liquid manure
plus 200 1b N/acre from fertilizers for 2 years, clover
contributed 147 of the'ground cover. '

9) The available soil po{aéh content was increased

from T 40 47 mgfﬂﬁﬁ glgfﬁer 2?&@@:3 by the highest level
of-liguid manure put o oﬁapge iﬁlxhe available phogphate
content was recorded.. -Am increase in the pH of ﬁhe'tdp
6 in. of soil was also noted.

iQ) Ldguid manure suppiied an excess of potassium
1eading t0 a luxury vptake of this element in the gresg
“and clover and & consequent depression in the caloium,
magnesium, sodium and phosphorus contenis. Tiquid .
monure was indicated asfa more serious predisposing
 factor in h&pom@gnesaemic tétan& than equi#&lént
Tertilizer &reseings on grassg only swards but it was
suggested that the higher clover content on inixed swards

receiving liguld manure may alleviate this effect.




Table 50. - The botanical composmition of the eontrol

“plote at cut 1 from each\sward

{Percentage contribuition on a dry matbew basis)

x s

: Swards ‘
¢onstituent A LB ,;G ] ‘ B E
”%Ryegrasa 38 75' | ) 97 61 34
Cocksfoot 12 o 9% 0 - 0 22
Rirothy o 0 0 0o 18 4
lover | 17 0 0 o 2 4
%Unscwm grass | 32 19 ) 1 i'35
e Tk
;Weads 1 6 £ 1
Year sown 1950 1959 1956 1960 1960 1940
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This experlment hag been publishea in & shovrter form
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ﬁXPlhIMLm@ 3

Objects o study the effect ox wlnter applications
of liguid menure 6n convrasting sward types and to
compare the response of herbage yield with the response

A

obtained by using conventional dry fertilizers.

EXPERIITNG AL,

Senezal .
Two similar experiments were condueted on,esﬁablishéd'
graes svards in emch of &ho three winters 1959/60,
1960,/61 and lBﬁl/Gx. The quinwiﬁg 8ix different types
of pasture were. aseds ’
A A generpl purpome ryémfa@s sward with clover.
B A Z—year ley of Italian and perenni%l LYCEroas.

A long Ley of $37 cocks foct.

Lo

D A 2~yeax ley of 522 Itaiian ryeﬁ rasg
B4 &mng ley of pereunial ryewrass, ﬁlmouhy and white
- clovers
FooA perm%ncnt pagbitre.
Ruerds 4 and B were hwrve ed in 1960, € and D in
1961 ana % and ¥ in 1962. These pastures were located

within halfea-mile of one another at this Insbitute on

the same s0il types

Experimentol swards

The botanical compositicn of gach sward was estimated
from hanﬁ,separaﬁion% made on the herbage from the control
plots at cut 1 in Méy'eaoh"yedrg and delails of these
geparations are given in fable 504

The crop rotation in f$he various fields during

the 4=year period preceding the experiment are given in-

Pable 51, and the mean annual fertilizer dressings in bhe

by Drysdale . (1963). -
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Pable! 51, Previous 4-year votation on the experimental are
i 5oL B "

i .
gword | 1956 1957 1958 . 1959 1960 1961

4 Grass = Grass . Grass  Grass

B Grass Grass © Oats. Dato

G Groass -« (rass Gross Grass .

. ‘ Kale = , : e

42 Fodder Kele Grass Grass

beet | S }

i - Parley - Parley irags Grasg

S P Permanent pasture
|
Table 52, Pertilizer applicstions in the precedings Deyear

i
E PR -
'}',V o “pericd (1lb/scre)

H: Po05: Kb

suapd | 1958 1959 1960 - 1961

136339354  B83:12:36 . -
B 27:40:27 {27:4{3:2? - .
' » 20 tons dung , ‘
o - 106147167 1413471134 -
D, - - 76381374 14134750 =
o - - - TO:67334 03:46:136
B = 03 0:67  0:23:0




. and summer. Bach autumn Lurither fertilixer:applications
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previous 2 years are shown in Table 52. Further

detnils of the six swards used are given below.

Buard . Ae This sward was sown with 20 1b 823 porennial

ryegrass + 2 1b S100 white clover/acre in 1950.

0y

Thercaffer it received liberal fertilizer dressings and

was alterﬁﬂtely grazed and cut for silawe, hay end dried

Erais.. Valunteor cccksfcob plants together with other
unsown grapssed, malnly Qgﬁ_upp and Agrostis spp,
eontrlbuted 445 of the total herboge dry wmatter in the
asward as shown in Table 50, lanagement of the swaid.
was such that clover wrow&h wag veduced, and in lay clnver
eoatr;bubed only 1?% of Lha zonal herbage dry matier.

The varied composition of the sward resulted in rather

nneven growth due mainly to “the clumps of cocksfoot plants.

Sward B. A crop of ocaits grown in this field in 1958 was

badly laid at hervest time. The sward was sown under
& second oat crop in”i989- e grass migtnre uged was: .
- | ib/acre
Ttalian ryeg raas (Iriah) | : 16
‘Perennial ryeérass (524) L_ 5
Perennial ryegrans (Leafy Lurcan) ‘ME
26

e vate of fertilizer applioaﬁién was low and much
of uh@ reuldunl fgrtlllty from the previous grass and .
clover sward proba bLy Was removad by the twc ‘oat Crops.
The.temulﬁihgnlow ferﬁility cnuylea with undersowing
resulted in a rather open sward with a rough stubble
remainin@ from the oat erbp.
Syard G.  This avea was sown broadeast with 837 cocksfnct
at 14 lb/acre in 1950 anﬂ an excellent eqtabl¢shmont
resulted. The field reoezved liberal 1ert111zer

dre%“*ngq and wag grezeﬁ and cut for silage each spring
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were &ade.to prowote a. good growth of grass fowv wintér
grazing during the winter months in 1958/59 end 1959/60.

To avtumn 1960 the ares used for the experiment wos fenced.7
ofF 5nd 1o fertilizer was applied.' . The area was cub

over with an Allen auloseythe alter being enclosed and

an even award resulted, but beeause of thé_heavy crops
removeﬂfdﬁring 1960 the sward showed signs Gf nitrogen
deficieney., - fhe aggressiveness of cocksfoot resulted

in a minlmum of other specles, cocksfoot contributing

Q6% of the Hevbage harvested, os shown in Tablevﬁﬁ.

Sword D The field im which sward D was sown had
proviously béen used for short leys of Itelian and perennial
ryegrasses and root crops. Thism field was sheltered and

gituated near the farm bulldings and was wsed generally

for the first grozing in epring. To achieve this early
varieties ol grass and liberal manuring were used. Gince

an electric ferice was used to meximize the use of the

. herbage grown, the return of excretz was particularliy large

in this field. Gonsequently an acceumulation of residusl
fortility had occurred over o periof of years. 4 direct

reseed vias made in 1960 with €22 Ttalian ryegrass sown ot
40 lb/acre. . The experimentel avea was fonced off from
the rest of the field in awltumn. and the herdage cut with
the Allen auboscyithe. Purdher growth occurred after
this cut beceuse of the high inherent fortility of the -
field, and during the winbexr ﬁheré wag an appreciable
cover of herbage on the ares. As with the cocksfoot
award the &ﬁrohg grdwth inhihite& weed development.

Bward H. After 2 years 1n barley the following mixturé\

was sown direetly im 1960:

ib/acre

Pervennisl ryograse 524 10
Pimobhy £48 10
White clover S100 - 3

o 23
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‘single dressing at the end.of November, December, January,

February or larch. A% the sane time as each monthly

fertilizers used were "Nitro-Chalk% (15.5% M) and muviate

of nitrogen and potassiun as the liguid manure application.
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Ho ferﬁilizer‘nifrogen wéé\usedrduring 1961 ond
the management éiméd a% securing & good clover balance.
Ihe ¢loﬁer grawthaﬁhruughoumplgﬁl wes sbrong and this
WA maimﬁained, the cloverlcenﬁrihuting 20% of the

herbage dvy mabtter in Mby 1962.

Sward P Phis permonent pasbure was sown aboui 1940

and since then the fiecld had been graszed and cutb fox
gilage, dried gréss and haye. The experiment was located
on an aved of tae field which recelved o basal potash and-
phmsphé%e drehging annually but no nitrogen feritilizer
during a longnﬁérm treial which started in 1954. As
shown in Pable 30 %he péature contained 35% unsown
grasses {mainly Poa spp and Agrogbis spp)e 96% perennial
ryagrasé and eocksfoét but only 4% clovew. This sward
had o dense nat Of,ﬁhe low-growing, fine-leaved graspses.
In avtunn 1961, the aren was cut over with the éllen
autoseythe and this cleared off much of the accumula%ed~
debris of the matted sward.

fxcatments

The liguid manure breatment supplied 69 1b N/ncre
which was equivalent to the nitrogen in 4 ewt *Nitro-Chalk®

(15.5% W)/acre. The liguid monure was applied in o
application of liguid monuve was made conventional dary
fertilizers were applied to other plotss The dry

of potash (60% Ko )y and they supplied the same queniiiies
There were thus five liguid manure treatments, five

fertilizer treatments and o control in which no liquid

manure or dry fertiiizer'was]apﬂiiea.



T&b%e 53

Dates of application of liguid manure and

dry fertilizers in Expt 3

1959/60 . 1960/61 1961/62
o Swards Gwards Swdrdsf
Month of breotment | 4 and B ¢ and_ D B and I
Novembexr 27/11 29/11 1/12
N . s
Decenmber 23/12 :  ?4/14 #
- Januery 27/ 1/2 25/1
Pebruary 26/2 - . .3/3 : 1/3
iaxeh 31/3 31/3 5/4

* 0o appllcation




]

’mah%e‘54. Combenb of nitrogen and potassium {g/100 nl)

in the liguid manure at each application in Expbl 3

!
|
I
i

Lonth of 1959/69 1960 /61 | 1961/62
freatment N 4 N X K
" ilovember 0el2 0.24 0,35 0.51 0.26 0,44
Decemnber 0,22 0443 0.34 0.44  # #
Januazry 0:26 0447 0432 0 0642 0427 0443
Pebruary 0.22 0440 0.33 0.55 0.28 0.44
Ha%oh 0,28 0445 0.35 0.57 0.29 0,48

|

i

|
Pable 55,

Weights of liquid manure and potagsium

|
!

supplied by an application of 69 b N/acre

Mbnkh of Liguid manuye Potassiﬁml
trestnent 100 lb/acre 1b/acre |

| 1959/60 1960/61 1961/62 | 1959/60 1960/61 1951/65
Hovember | 561 198 266 139 101 117
Decémber | 315 203 % 136 90 o
Januoxry 266 218 256 125 92 110
Tebiuary 315 210 247 126 116 108
Maedh 247 198 240 111 113 115
Iean 345 205 252 127 102 112

% Ho application
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The dates of appliéation of the liguid manure and
dry fertilizers in each year arce shown in Table 53.
Nn a nunber ﬁfloccasions the application was delayed
owlng o weather conditlons, and there were consequenily
small ﬁ@viations'betﬁééh“%ha inténded and actuael monthe
of spplication. . |

The liquid mapure wag colleoted thyoughout the
~winter poriod and wan aimilaf!to that wsed in the two
~ previous experimentﬁ,: vThe‘fluaﬁuaﬁionﬁ in the n
‘eompnsitiOﬂ of the monthly samples are showan in Table 54.
The range was from 0,12 to 0.35% N and Tfrom 0.24 o
'Q.ﬁ?% ﬁ;,‘ To apply 69 lbhﬂy%ere entailed different
weights of liguid manure ab eneh appliq@ﬁien and these
are shown in P&ﬁle 55. glthoﬁgh the amount of niéfagen
a@p&ieﬂ wag the same at all times the varlatlon in ithe.
aompoﬁiﬁioﬁ of the liguid mwanure resulted in o emwall f
fluectvation in the 2mound of pé%assium applied in if éach
mopnth. )”Ehe-afaxage applications arve shown in Table 55
and were 127, 102 and 112 1b K/ocre in 1859/60, 1960/61
Cand 1961/62.  Wo phosphats fortilizer was applied in

this experiments

ixperimental design and methods

The plan Wwas o have a randomized block aesign
with four réplication&fof‘the eleven breatmenis. .Op;
sward 4y however, dry feriilizers were applicd only ih
March and there WGre:thus'éniy'séveﬁ treatnenis; on
swards B and I frogen ground prevenied December
applicaﬁianw an@jthere ﬁeré only nime breatnents.

“he plots neasured 18 It by 5 £t and an Allen
autoseythe was used'to,h@rvaa% & somple arvea 18 £ ipng
by 38 ine wide on eachMEIOﬁ, " fhe herbage wag cut to & -

height of approzimmitely L in. above ground level. Two
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oute were taken in gaprly swmmer from all the plots.
tut L was made when it wes estlmated hy visual
shasrvation that the period of wmeximun growith had been

ronched, asnd all the plnt& were out on the same day in

‘any one year. . IDztes for ont 1 were 12 Moy 1960,
16 Nay 1961 and 24 Mmy 1962. fat 2 was made o determine

aﬁy residual effects of the tr@a@men%é and was havvested
on 24 June 1960, 29 June 1961 und 23 July 1962.  The
1952 cuwiy were late due o tﬁe aold gpring and bocause
a glighily longer period was needed to reach the
correct singe Tor ontting. F_Afﬁey cutbing, the herbage
from the sample gtxrip on eéeh plot was welghed and a
randon sample of 1000 2 war daken. 4 300 g sub-ganple
from each panple was dried at 100°¢ to determine the
porcontage of dpy matter in the herhag@,u Phe deied
subesamples were then ground in a 1ahar&tory milld and
the crude protein conbend waa,deﬁermigedfhy the Kéeléahl,'
mathodes | | - | ’

In addivion a wub-sample of 100 g was taken £rom
the Tresh herbage gample.from gach control ploie @hesé
pubegamples weré geporated into the main component speéieé'“
o praviﬂe an esﬁim&te;af the hotanical composibicon of
the swards. The vesulis of this defermination are shown
in Yable 50.. On egwerd B differences in the clover’
contents of whe plote were apparent abt cut 2, and suﬁé
samples from eaeh_plot were $eparéted t0 determine the
de%*mmmmtummremmfw%ﬁmmm.

R&infall and ﬁh@ teﬂper&tureiaf the goil at a éepfh
of 4 in. were vecovded daily at 9.a.me (Table 56).

fhe results for the yields of dry uwabier and cruﬁg
provein and for the perdahﬁmge»nf dey watber in the

nerbage and for erude protein in the dry matter from




Peible 564 - Rainfall end btemperature doiy

\ _ ' Rainfall during the experimental -
' periods (in./month)

: smOntn'f' 1959/1960  1960/1961 1961/1962
i Tovember  4.24 5434 T e
| Decembexr 4489 5443 . 3400
January 4610 20 24 R 5e 82
‘ngruary 2,79 ' 3.06"_ | 2463
Enrch 2,00 . 2.2 144
April 24 44 3405 2420
"l,,lmay 1.64 | 0.94 2485
iJune‘ . 1.82 1.78 1.65
Total 23.92 23498 24;93
-

|
- e - . _ S
fthe number of days with the soll temperaiture ahove

 42° ana 470 T in the period 1 December to 1 April

'!

L 1955,/60 1960/63. 1961,/62.
Humber of days :

above - ] :

40 B 40 15

4o 0 1 0

|

|

The date on which the goil temperature” consistently

iremained above 42° and 47° ¥

1960 1961 19627
42°  April 1 April 5 April 4
47° April 17 April 9 April 21

*Meaéuréd at 9.00 a.n. GHT at 2 depth of 4 in.
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individual plots fox each cul were analysed by standerd

methods of analysis of variance.

cdnoeny experiment on the effects of win%ef
applications of 1&@uid manuve and fortilizers the influence
of rainfall and sodld temperatura are of major iunporiance |

{Iversen, 1955) since bthewe fagtors conbrol bthe degree

of leaching and nltpification in the soil.  These data
ars shown in ﬁ@ble 56 Totel reinfall in the 8emonth

period N@vembeﬁ'$0 June varied little Trom year to year
hoing 23:92, 23498 end 24.05 im. in 1959/60, 1960/61 and
1961/62. | | R

In 1959/60 3t was éarly Januery befowve the soil

; . S a0 N . :
temperature dropped bo 427 F and it remained below that

fairly consistently wndild 1 April, Al%her AT Apvil
. . . N a ‘ : 9 R . !
the temperature remained above 47 F. The winter of

lQéﬁ/@l’ﬁaQ colder thau ﬁhé previouns owus and the soil
temperature was below 42°T 2% the beginning of Decewber end
rem&igeﬁ,lqw'aﬁ%il Pebruopry but inoressed g&iakly' '
@hare@ﬁﬁex giving a'lamgar potential growing period in.
inte winber. ',félthoﬁgh the s0il temperature on many
»ﬁays~in_§§b§ua§y*waé ov ey 1293 1t was SvApril before it

rém&iﬁéﬁ!&veg this reading and § april bhefore 47T vas
cuhgiaﬁeﬁtlyheﬁgeeéa§§ﬂw “Fhe sodl temperature was lower
in 196;;52 %h&ﬁ:iﬁ-thé-éﬁh@r years amﬂvgﬁawﬁa ﬁas 1&%9
in spring since bthe btewperature did noﬁ'écnéis%enﬁly
exceed 47°F until 2L April.

 Uxed herbage dry mabter

f*ﬁﬁé yields of herbage dvy matbter are given in
Table 57+ - The ovéral;«efféct of trentment was
significant on cach sward (P<0.01) but the effects of

“liguid monure and dry - fertilizers separately, were



. Table

of dry matter (100 lh/@e.

?71 liean yields
1
I

Sward

Tr#atment'w

éont%ol
Li@u%ﬁ manure applied
November
Recenber
January
February

}i‘.,é.i; ch .
Ty ferfilizer applied
?ﬂa ember

Be
famrua;y

emher

Pebrunry
7 mﬂr ch

T

Level Ofvaignificamce

2 <

2340

32,5,

42406

Cug
24,0 16.8
2742
29.6
2941
3359
32¢3

24.0
25.1
38.2
3747
37.9

26,8
31.5
39.5
33.8

2648 26,2
¥ 30.0 32,5
¥ 38,0 35,4

¥ 43.2
3)06,

0,001 001

001

b3

2845

58.0 29,2

3844
6 3849
o 35.3};11

5l.2
5644

55,4 25.1 : 28,8
5844 = ‘%ﬁf T

5647
6043

53.4

4047
45,0
4404

106 |
38.0 .
370
}‘1- 53

i?fZerB 41

-01 25@@1,‘,001

Control

Li@mid marure applied

Hovenber

TDecember

Jaxiuary

”eb%uary .

udrch

Dry fertlllucr qpplled
- November R

13.2

Gut

A T T |

L3e2 1046  Teb
11,2 8.6,
10,6 8.2

Y 9 C TeT.
10, 6 . 8.4
9487 9.3

13;7
13.8
L4.0
13.0 :

#0118 840

22,8

2 Ll

204 29.6 |

Cow
24.2
- 25.4
28,0

25.0 .
28j¢8

29.5 "
26,7

2149

* %

WS

ot significant

December * o 11.6 8 l 33.0

Jespary #1048 84 27,60 116 3L.5

Febiruory # -';;.Q:.’7.6‘32934:'11¢7f;31r2,

*marfh 13.9 11,0 9.2 -25s5 13.2 3?96 O
51 | 1,28 3111 30448 £3.00L £1,88 25,14 ||
Lavel&af significance R S f’ﬂg_

| Po< W3 . NS egl”‘ 0L kgﬁ ”"Nﬁ

* Ireatments omuitied

el |
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gifferent from month o months At eut L swards B, C
and T showed & significent increase in yield with all the
Jiguid manure %featﬁents, irrespective of the date of
application (P<0.01). Yields from swards 4 and E were’
inereased by the January, February and March appliaations
(P<0.01) but the yield from éwgrd P was notv significantly
affected by applications of liguid manure. Phis latter
gward of S22 Itaiian ryegragss produced a very high yield
of 5450 ib dry.métﬁer/ééfé at ewi 1 even when no liguid
manure wag appliéd-

An dimporvant aspecﬁ of ‘the reosults was the seffect of
appiication in early winter. On swards B, ¢ and ' the
yields of herbage from plols receiving the November
dressing were respeebively 58, 62 and 38% highew (P<:Q;Ol)
than they were from the control plots. These three
gwards contained no clover, whe$éé$ on swerd A which -
conbained 175 clover the yleld was inoremsed by only 214

(P<0.05) from the November application, and sward & which

contained 20¢% clover sphowed no sbtatistical significant
inerease Trom this treaitment, Iargoer increases in yileld
resulted from the applications wade dn later‘months.

The yields from the January, Februery and Uarch
appiieations did not alﬁays differ pignificantly from
each oﬁher, although the highest yields were obtained
from the Februory dressings on swards A, ¢, 1§ and T and -
from the Januafy«&ressings'on sward B thoe yield
increases being 65, 96, 71, 89 and 151% rospectively.

At eut 2 which was plénned 0 measure any resldual
effects of the liquid menure, only swards ¢ and D were
alffected significaatly. On sward C there were sm&li-
yield increases from the November and March trecatmentse

The yilclds from sward D were ineressed gignificantly by




Table 586, Meen yields

4

1b/eore)

1

of erude protoin (100

Pl

Levell of significance

|

Svard -

‘tredtmont Low 6 owmow r
Conbrol . | 0344670 1e23 TAVTO 5eTO - 3e2L 2434
Liguid manure applied , h

| ovenber 3080 1.74 2.97 6430 3.38  3.24

Decenber "3.80  1.83 13.16; G.EO: i #

. Jenuory 4,91 3.03 2,96 Ge48 4448 4044

| Tebeunry 5,78 2,92 3.56 6.B4 4,64 4459

% laroh 5,80 3.89 . 3.91° 7028 4.88 4,44
bry!fertilizer applicd o . |

" oveubor # 1,98 2,95 6.22 3.13 3.31

Tecenhor %2030 3.46 7094 % %
Janunry % 3401 3088 TelT 4467 4494

L Tebrusyy 3467 40 Te32 4496 4466

. ¥reh BuBL 4e34 4455 6,08 5.16 4,65
o] 20437 40,28 10,20 40431 D36 10,20

0.001 L00L LO0L  .00L LOOL 001

! P <

Control

Liguid manure applied
. invember
Neconher

;
i dJanuwary
' Pebruary
. Kareh
Dry fertilizer applied
flovember
- Necember
dJanuagy
Februory
| Narch
G|
Level of significance

. Po<

1438

e

oL
W

1.50

0.92

L 0.88

0.81
0.82

0.6

0,95
0,98

0.89

008

0.87

NG K&

Gut 2

:L‘. 44

0680

0.96
0.9
0.86
0.93
1.01

0.86 -
093
0.95
0.89
1.02
0420

1.57
1e73
2,08
1.96

1.92

1.63
.16

1.85
2401
Le 76

1462

i.a9

kN

[]

1.
1.
Lot

Oy

1.84
1.50
1.11
T T4

MW

2.93

3 ',Dt-&a’

10431 10449

s 0.05 HS

Ns

1
n)

He
1

l
¢

Hot significant

ut

¥ Peegtments ommivted




"7mh0wed a lighu effoch éue t0 the. March dressing ond

"swar@ ) ﬁgﬂiﬂ wespanded ho regidual mortzllzer natrlenie

17

the Januwry, webruary amd March applmcatmuns, whereas o
baese tveatmemts had no 9uataqtmea3ly sz nificaat effects
at ¢ut 1 on th& swnrde
The ﬂverQWl 1gn1€Leans ef fects of The any ferﬁiliZer

on narba 5e Jlelda ab cut 1 were a;mllar to vhose from

‘she l;qu;a manurc.but thp‘diffq onoeg heﬁween troatments
wé¥e graiﬁer. - On war&s By G, anﬁ Py with every ‘
moubhly ayyliaamlmn of " ary fe*tlli/er, algnlalogntly e
hig hcr y:eld were obt%mneﬁ than from the eontrol plots
(x<:o Ol). - On ghard B hlﬁh?” yields re ulﬁad oniy xrom{
the Jmmory, | ebru ary and If'zren applic:ztion ‘and on swerd D
there wag a £e¢ponbe only uO ﬁﬂe Fehruﬂry arew LngV(P<:G.95),E
A.dlrecm compargsan of ﬁho results for dry fevtillzer
aith those far liquid manure ﬁpplied in the same month
skmwed that cnly on. awnrd G in January and February
(Ekig.gl) and on sward 0 in ﬂeeember‘(Ps:Q;Ql) and Jaﬁﬁﬁry

(#<0.05) aid vhe dvy ferbilizers give significantly
whigher yielda than 1igﬁid manure'aitheugh there was a:‘
simiiar~%rena50ﬁ the dther.gwards at the highest levels
of pﬁaﬁuebmon.- N ‘ - ‘
Thc rcﬁiduwl efxea% of the dry fewtilize&s'at cud é

e

;w@s s¢m11av o«%ﬂa b £ Gm the liquid manures o Sward ¢

~rram the Qeeem%er anuwxy and February o pllaatxons.

' Mixed herbape cruda proce;n
~“ mhe yieldm of- éruae prn%eln from tua varaeus %reabments
are pre enteﬂ in e ble 58,  The overw¢l eifect of liguid
nanure was o incre@se the yield of' ruae~Protein at
oub 4 by bighiy qigmiiieant amounts on all the swards »
 (9<20.001); g waever, ﬂmall dmiforencos in yield were~‘

mffound betwean bhe monthly agpllcetlons on whe dlfxerent



T&bleéﬁQ. Fean consent 'of dry watler in the wized herbage |(%)

1 Sward

=
23

frentuent AT R G D

!

| - SLget |
Gont%oi ‘ ' 2763 25.9 23.2 19.3 21.6 22.6

iiquiﬂ TN applied _ » -
~ November © | 2744 2601 20.9 19.4 21,4 22.3

| December 26.6 26,1 20.6 18,0 % =
Jamuory | 22,7 2444 20.4 18.0 19.7 20.7
| Pebruary 24¢5 22,8 19.6 19.1 20.3 19.8
Horeh | 22,5 21.1 0.7 176 18.2 2040

()
[#2

Novembor #

Dy ﬁortilizer appliad o »
| 207 19.2 20.6. 21.8
li ’,

December : % 25,2 20,3 1Bes . % ®
January * 20,8 196 18.3 19.7 19.4

| Pebruary % 2046 18.8 1945 19.5 19.5
-~ iarch 1 21.2 18.6 18.2 17.4 18.5 19.1
S‘é ‘ ’ ilolﬁ i.l-é.’&} 13-80 :::QaBS ;%;(3-86 _:5;0047 |
Level of significance ‘ ‘ _ N
| o< 0.001 D01 001 S 01 .001
i . . 1

Gt 2

e

Control | 3448 20,7 34,1 30.4 230 2648

Liqui?‘manﬁre applied : o : B
' Rovenber , 32,4 293 3204 214 2Ll.T 281
Decembex 3440 29.6 3L.9 29,9 #
January | 31.2 29.8 31,4 29.9 20.0 2844
February 31,0 30,8 3.4 30,0 22.3  27.0
March 3401 314 30.6 30.2 21,1 27.2

i
1
|
|
i
|
i
!
i

ry f?rtilizer applied S
Hovember ‘ ¥ 3002 32,0 30.2 2L.0 2847
Decemher * 20,0 30.6° 29.3 *x ¥
- Janvazy. S 3000 3144 30,3 2044 25.6

! Febroary % 29,8 30.7 29,5 26,2 2640

Jareh | 32.5 3047 31.2 20.9 22.1 25.9

By +2.05 41,05 $1.02 +1.17 11438 #1.47

Leveliof significance

R

P.o< | ms MS s NS 0.01L WS

N8 ilot wsignificant. * ‘Treatmenté ¢mmi$ted




mmkmﬁnm,mzmwm=uzmﬁﬁmmw xsmm
'@he ennnfol“plotw co &1qu1ﬂ mamure significanmly

ac, aaed evuﬁe ﬂﬁﬁbu&ﬁ J*de on fwaxa% o

n
all ﬁf@%u&ﬂb“ (E<:Q 0 Y and on swsrds Ay B. D mnd
i

.:}_wiuz the Bdﬂuﬂ 'y Eebwunwy mnd Mareh ppiica mnng

D Eereenﬁ ye“0¢?dry matﬁaﬂ aﬂa 0x~=wude prétein

(mostly with - E<10 Ql}. Ch sidual o eet ah et 2
wera vwxy vm“ll anﬂ only ﬁhé LIREEY o Eebrm&ry &md_ﬁarch

dy@gggngs on sward D gave an inereased yield of crude
. prohain (r<Os, 05 ). _
“TObutuece¢v¢mg drj CeruzlJzers, ap%rt Iron vhe

mﬁvemher pglicnalans on mwawdﬁ 3 and n, gava

Sigmzf¢eantly.h¢qhor y&uTﬁa of erude preno&n Lhaa hg
unnweamod plots at cub L {mos mly with P< 0. Ol) This
Loz of Feriilizer wa ,L nEly nere eimeaﬁive~nhan‘

. 1&Qu1& manufo mﬂd uhun comgwred with b, 50nerai1y
' resulied - wn éf@ 36& yi o*ds af exnde Drauegm on swards

h, Q, Dp’d aﬂ& Fa al ﬁh@u@b ﬂot wlu y sdgnifd aam;y,s&.

Tmmhe peregitaﬁ~ﬂ of duvy anLOI nnd ernae pratelﬁ

ﬁﬂn The dey ﬁnuber at each cut are bh wn in Yables 59 and GO.
W&ﬁh g-gew naﬂox emeey tions “i _ Mqulﬁ’manmr@ and

the @vy;f@x@ii.zer troniments QEGTQ sed the dey mé%tér‘

fnexeomu:ﬁe of the bcﬁbag m% cut 1, bud in general these

d@ﬂ?éhﬁéﬁ'ﬁéf@ sl n  ﬂcon% only wmuh the late winber
Z;appliawkmanq. : 0m$v on swr*@ ﬁ qu the @rjfmatﬁér
E‘pg Oﬂﬁmke a&gni ilcantly accrc wsed by the Voveuber

application (P<0.01)e - Sward D at its.high level

cf‘productiﬁnvhad‘thg,1owesﬁ average dry patier

percentages and aone of uhe differences beb yeen the

plots was s‘Fnifiéaﬂta

e

A% eut 2 only sunrd B showed & stntls tieally -

‘sigmii icant overall ef Lth of treatment on dry maoter"
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Pable 60. Mean content of orude protein in the‘dry matter (%)
‘ T Swaxd
Treatnent A B ¢ - T T
Control 14.3 8.3 30.2 1044 12.4 11.3 -
Liguid manure applied o ”
lovember 13.1 7.3 10.9 10,9 Il.7 11.4
 Necember 14,2 T4 0.6 12,1« »

' Jdnuorcy 15,6 8.0 10.2 32,7 117 11.6
Pebrunxy 24.6 7.8 10.8 12.1 10.4 11.8
Hareh 17.2 10,3 12,1 13.4 11,5 12.2

Dry feviilizer epplied B - -
Noyeuber £ 7.4 11.2 112 11.1 11.5
Tecenber 7.7 10,6 13.6 - % %
Ja%uary % 7.9 11.0 12.6 11.5 12.2
Februniy * 8.5 10.6 12.2 11.0  12.3
Horeh 1709 12.2 13,5 -12.9. 11,6 12.6

83

kLevel‘of~significance

40472 +0.62 +0.39 50460 0,02 10,42

ifmieh

Level of significance

P <

15

NG

.01

ng

40488 0432 20422 +0.26 11.05 30.33

.01

| P < | 0,001 LO0L .00L .00 WS
’< . Gut 2
Oontrol 1044 8.4 10,5 T.l 12,9 10.0
Liguid menure appliled A S
Novemher 110.5 8.2 11,1 6.9 12.7 10.1
Decenber 11,0 8.0 1d.1. 6.9, # %
Januaiy 11,7 8.2 111 T2 14,6 9.7 |
February 11.3 7.8 11.2. 6.7 12.7 9.8 |
. Larbh A 10,9 7.7 10.8 Te2 13.5 10.3
Dry fertvilizer applied o ' :
Novemher * 8.1 10,8 6.9 13.0 10.6
Decémber 8¢3 11L.5 6.6 #* ®
Jonuexy £ 8.l 11.4 648 13.4 9.9
Fobrunry 4 T.8. 11.8 6.8 9.4 9.4
106  9.9. 111 6.9 12,8 9.9

B

-

| W3 Hot sigunificant

o *Ppestments omaitted
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percentage (P<0.0L). Here there was an inerease

in‘the dry matlier percenitage compéred with the conbrol
plots where fertilizers were applied in Februsry (P<0.05)
whereas all the other 1iqdid nenwre and féftilizar
treatments coused a decrease albthough thin was

shgnificant only where liguid manure was applied 1n
Janvary {(P<0.05). These changes at cut 2 were relatved
to changes in the clover conbent of the sward.

A highly signilicant ilneresse in crude protein
percenbage (Table 60) vesulied at cut 1 from the larch
dressing of both liguid wenure and dry fertilizers on
swards Ay By, ¢ and D, the inorease being from an average
of 10.87 on the coalbrol plnﬁs_%o an average of 13.7%
crude protein . Sward D differed from swards 4, B and ¢
in that the Becember, Janmary and February liquid manure
and dry fertilizer itreatuents also gave & higher crude
protein content than the control treatment. On sward I,
with a high eclover contend, o reduction in the crude
protein cowitent cccurred wi@h‘all the Greabments.

Ab eut 2, the main effects of the vrenitments were a
slighw inerease in crude proteln percentage with ary’”
Fertiliser epplied in the late winber momﬁhs on sward @,
and & merked reduction in crude protein conbtent with the

February dressing of dry fertilizer on sward Fe

Recovery of nitrgsen

ELM

The yield of N/acre fyonm the control plots was
dedueted from the yield of N/acre from the treated plote
and the ingreage in the yield of N/ncre so obtained fdr
each treatment was divided by the amounts of Nacre
applied, and in this way a fig@re for the peréenﬁage
reeovery of niﬁrmgen wag- obbained. fhewe recovery

figures, chown in Table 01, were caloulated for cut 1 and



Table 61.

Recovery of nitrogen in the herbage as a

percentage of fthe nitrogen epplied in the =

liquidrmanure:and7fertilizers

|

i
|

e

Mean for dry fertilizmer 41.9 -

; Sward |
drentuent 4 B G D i @
| Biquid wenure applied e )
Hovember 77T 13.629:1 13.8 3.9 208
Jecember Te8 13.9 33.86 1l.6 =~ * *
Januoxy 3305 4146 29,0 1T.9 29.3 4846
Februsary 5306 73940 42.8 26,1 32.9. 52.0
liarch 54,0 61,4 50.8 36.3 38,3 48.2
Hosn For nll uonths 3.3 33.5 37.1 21.1 26,1 42.4
E ~ Hean for liquid manure 32,0 |
ey (fertilizer applied o SR B A
ﬁqvemher' | ' *  17.3 28.8 12,0 =1.9 22.5|
hecenber * 24,6 40.6 . 51.6 % ® |
Jenuary ¥ 4l.dl 50.3 33.9 33.6 59.9
February % 56,2 55.3 37.3 4043 53.6|
Maxen 5402 TL.6 65.7 2742 45,0 53.3
Meay for all months % 4242 4841 32.4 29.2 47.3
. lean for dry ferﬂilizar 39.8?
‘ Gute 1 and 2
- 'Liqgga manure opplied , : L
‘ ﬁ?vember 10.2 12,2 32.8 '16.8 'Q.Q‘ 1.6
Dpeouber 11.4 13.4 36.3 18.4 = * *
Jomury 3909 .39.4 30.3 32,7 28.5 35.4
February 565 3Tel 45.6 3842 34.T7 42.3
lhreh - 55.0 58.2° 55.5 47.3 40.6 32.8
Meanéfor all months 34.6  32.1 40.ll130.7 2642 29.5.
’ ‘ Mean for liguid manure 31;7_
Jry fertilizer applied T L
Hovenber * 18.4 30.2 16.4 3.2 7.9
Decenber * 2645 43.5 6843 % o
Januery * 4048 5347 4344 3340 6444
February * 55,8 57.3 5046 28.5 53.0
- Ureh | 5oL 710 0.7 3446 4707 55.2
Mean {for all months * 42,5 51.1 42,7 28.1 45.1

Lreatfuents ommitted: -
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‘ghould agcount far‘MQﬂt-ofAﬁhe nitrogen reeovereds
“They vere ealcml&ta&véi o f@r she total of euﬁs'l and 2
iwnach qheuiﬂ qhou tne overall nffect including any
rosiduel effect at cub 2. | ‘

| @he reccvery.ef nztroﬁen from the liguid maaufe
cxhﬂbmoﬂus maesu?od am end l oeneralJJ 1ncreaseﬁ fron
-th@ Hovember to he Mﬁrcb appﬂleatlaq ove li she suards
"“E%hough uiuhmq eaeh sward the range of valuas varmed.
Tor eaamp?a, the n;t“ageﬂ vecn%avy on sviard B ‘rose fronm

r\

2% fox MﬂmoemesmmenbbmﬁLu 1jdmmmmm
fufeaumeﬂu 3 L 6ho gh on sward D the incrcease was only from
,714>t0 36@ rw_ The average vadue for all Lhe 14qu1& manure
plots within one wwfd_uype wa% lawagm on sward D dt
215 ﬂnd nlphe t on sward F-at 42% with an overall:m;mrogen
rceevowy Exom the alX mwsrd% of 32%. This 1a%€e§
pfmg BEL iS the samé & the Gverall value, ouleulated for
bﬂn botal . of" euus l and 2e .meever,‘&lmhaugh ihis
avorage Vv “alue sugp shs no fogmaual e‘ﬁect wt suu 2,
lluuiu na nure t?e tnea@n wbmcn at eut 1 on sward 3 had
bhe 10@05@ reeovery (21%), bad res&dwa¢ effﬂeu at cut 2
0n &hat_sa' 4wwbmcb increaacd the reenvery 0 a total 01
344 £rom haua avtn._, sward P had i he hlghean recovery'
at ent 1 of QEN bt th;s WS ”oauced f ier cuts 1 %ﬁﬂ

0 3.% beewvse of the fgl@mively hlgher racovory of
nﬁtvohea fron. the eontwa1 plo%s than from the treated
.fpio%% at éuﬁ 2 t

?h@ éecovery of nmtrogen from The ploma receiving

t%bp ﬂvy‘fer%aLi"ex_an emu '_;huwed the gamne pautern from
.themnar 3o &%r n.as %ha% irom the plots. TBOElVLﬂ” llqm*d
‘manuwe but hu overalw qeemvery Lrom the faveuuuards.
wa“»4ﬁ comgarad w&uh 32w xram she pl@ﬁ@ reanted with

)

lw uma manure. The ef¢ic¢enc of recover Ql nmtro en
Q g




Dry motter response expressed os 1b

dry‘maﬁter/

ib I apulicd

l;

*

Treatments ommitied

'Sward 7
Prentment A B [ S S
Lignild manure applied I Lut 2 '
Hovembex | Te2 1246 14,9 5O 4.5 1144
Devenber BO 1403 1.5 -3 %
Janhary 10.8 33.2 17.6 ~4.7 18.2 25.7
Pebruary 22,4 32,5 23,8 2.7 26,7 2644
Nereh 14,2 32.8 2202 =Ded 23.7 2244
| Mean for all months 11.7 25,1 19.3 =0.3 13.3 21.5
; Hean Lor liquid manure 16.7
Dry fertilizer applied ' .
Hovember * 16,7 13,5 d.3 2.9 11.8
Decpmber ¥ 2l.3 2246 B.6 ¥ %
January * 32,8 26;8f  3.2 210 28.8
Tebruary C# 0 40.3  31.T 8.4 27.2 25.1
Haren 12.2 29,4 24,47 =1.6 26,4 23.6
liean for all monthe ¥ 28,1 23.8 3.4 1944 22,3
S Mean for dry fertilizer 1944
Quis 1 and 2
Diguid menure applied
lovember Te9 13,5 1645 Gu5 3.2 2.0
December 4,9 14.5 19,5 2.3 % %
January 12,0 32,2 17.9 7.3 15.8 17.9
February 2244 32,5 24,5 15.8 ‘28.Q ﬂ2Q.4
fﬁar?h 13.9 3146 24.8° 8.6 24.7 milﬁﬁl
~|mean for all months 12.2 24,9 20,6 8.5 17,9 13.0
:: B f , HMeon for liquid manure 170
o |Dry fertilizer applied , o ,
| Hovember * IBW4 4.3 5.9 5.6 0.7
ﬁai@ﬁber 22,8 23.5 23.8 e "
Janudry % 331 20,1 13.5 19.7 316
FPebruary # 40,9 318 21.3 26,1 27.4
Ibvch 13,2 30,0 26,8 5.8 2744 25.1
| Mern for all monthe ¥ 29,0 24.9 1.l 19.7 21,2
; o liean Tor dry fertilizer 21.8
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applied as dry feriilizer on sward ¥ was lower than
on the other swards and %his éas posslbly related o
a higherdcan%@nt of clover and lés depression by the
fertilizervoﬁ this sward.

The td%al of cuts 1 and 2 when conpared with cut 1
showed a pwall mean regidual offect resulting from the
dry fertilizers, the reeevery'mf nitrogen being 424
compared with 404 from cut 1. Thig higher value was
due largely to swaxrd b which showed 2 substantial

_respanse to dr§:f@rtilizer3 at ocut 2, as shown by the
difference botween eut 1 and the tobal of cubs 1 and 2.
In contrast sward ¥ showed & much lower recovery Lfrom
the Februawy application of dyy fewrtilizer atb cut 2
compared with cut 1. This Was due 40 a depression
in clover cowtent alt cut 2 and was not observed with the

application of liguid manure in Febiuary.

Dy matler response

The dry malber responses in torms of 1b dry watber/
1b N applied are shown for out 1 and the Htotal of cuts 1
and 2 in Pable 62 Apars from sward D, the vespomse
0 all the dressings of liguid manure was high at cu% d
and the maximuan effect generally wesulbed fromnm the-'_
?ebruary dressinge On swards 4 and B which contained
clover the responge tended Yo be lower than that on
awards B,'G,'an@ Fe The respongse to dry fertiliger atb
cut 1 was slighily greater.than that fo liqﬁid nanure
hat the overall mean &iffarehee between them was only
2.7 Llb dry motter/lb N applieds This increased effect
of. dry fertilizer-ten&ed to be lower on swavds § and ¥
fhan on swards B and Ce

the difference between the sverall mean for cut 1

and the mean Tfor ecuts 1 and 2 showed that on average the



|
Lo
" Table 63 Mean percentage clover dry matber in Swerd B
i : i .
gt.out 2
! ' HMean percentage Hean angular
Treatment IR clover : troangformation

Contr#l‘ o “33;6 34.8
I»iqui{%i manure applicd o _ |
Nm&rember 3343 | 35.2
kJa#néry ' : »i42.5 o 40.9

Féprﬁary . ‘v,: 3l 3347 |

Maken | 33.8 3544
ey fértiliaer éppliad | “ -
Norenher 3547 | 3646
Iapunzy 33 3546 -
Fé%ru&ry o ,lS;Of A 22,1
Wekon - 2904 3245
8q | TR #4458
1'5 L@valiéf significance | - ‘ P 0.05
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liquid manure had no rvesidusl value at cut 2 but that

the dry Ffertilizer had a small posliive carry-over effect.

However on Sward N the sarry-over effcets of liguid

manure and dry ferti3imer weve marked. For example,

at out 1L oa ?aix “7&“@ the control Lreabmon& 379&&6&
igher % han the t&caiment which recelved 11gu1é RS y

and the mean raosponse was =De3 Llb dry masher/lb I applicd.

At the total of cuts 1.and 2 the mean response was

lncreased to Beb 1b dxy mntiers  Iun conteast at cut 1
o1 &w:rﬁ T the mean response Lo Liguid mnnu e wag 22 1b

dry mabmelyih H’ayy&;ed wherean wiuh uh@ bOb .af'cuts 1

Cand 2 the mean Tesponse was 13 1b dvy mrbver. Thig

was because ol higher yields from the conbrol than fronm

The trmatcd plan wb cu& - . The me,n fehpcnqem for

’liguiﬁ menure 516 fer“iliﬁers were similar o the

responses. ﬂescfﬂﬁea by Hdimes & Maclusky (1955) from

trials m&de in sumner w&*h welaﬁlvely heavy dressings of

fertilizer nitragen._

.Poummzcai éﬁmpoﬁvﬁlon of tﬂc sward

The mean percentage. elnvor ary mabier in gward W

at . cut 2 %ogethe% with %hn Vnpulaﬁ'bﬁan fowm~ti0n are

Cshown in Pable 63. The erroy *arznnee was large owing

b0 variations betwaen plots and only the exivrewc offools

of treatment proved aiamifiéanﬁ (P<0.05). There was
o maxked weducujon in bhe geva n'ﬁge of elover compared
w:%h Lhe ooﬂbrai plﬂuh wheve dey 5e£nli1¢ev had been
auplled in G%ru&“y (§<Z0.0 Yo Blo%s recelving this

treatnent eonmwzned 154 el@Ver cémyared with 3i% fox

“pleb on the safre pomding liguid manvre %roa&menu.

Whewe wag - 349 ci@ver on the pyotq on which dry fgft11126r3
haa bheen applied 1n Janmary compared with 424 on the -

equivalent iiquid manure trentnents but this difference was
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nos gquite stetlstically significent.  The high clover
eﬂnfénﬁ‘ah plots which_rgeei&ed.ligmid mamre in Januorys
“ygguiﬁéé in a glgonificanily l@wér dgy matber pervcentage
Whexé&a the low alﬁéé& cantén%‘ragultﬁng from the doy

ferbilisers applied in Febyuary onused a sigunificant

inerease in the dry matter pereentage bub a decrease in

the crude protveln porcentage. o other swayds

% 2 e

contained sufficient c¢lover ¥o show any differential

effects of 1iquiéimana3@ or dry fertilizer.

The vesulte show that Lliquid manure applicetions
made during thaiwiﬁﬁaﬂ monihe, even as eavly as November,
can giﬁé gubstantial inewreases in the y&el& of herbage
and grude proveln 6n,@ wi@e var&@ty,af>$warﬁs and with
_;4mn1y‘slighﬁly~leas_efﬁidiency than ﬁagvanﬁAﬁnalAfeftiligegs.f'
There was éiaﬁ an 1wdiﬁatiun that appliéa%iana of liquié |
- manure mginﬁaime@ clover in thé sward wheress fertiliser
contaiging iﬁofgémiﬂ nitrogen reduced it; a result. .
ﬁis&msseé Q&QliéﬂﬁiﬂAﬁip%S 1 and 2 where the applications
-Of liguié @anux@_ﬁere made 1in HUUmMET. . :

In-éE%tﬁﬁy off the "degres Qf @&xl;meés" of pasture
in apring, Plackman (1936) showe&‘ﬁha%‘tnia We s gavefned‘A
bycaudh faétags:as the muaber of days wi%h goild
jemparature in the 42 --4?Q§_rangag ‘the héﬁanigal»
&émpogition, niﬁrqgen~ferﬁilizing and Qreviﬁms.grazimg or
"agjfiﬁg traaﬁmen%g. "ﬁexe the tarm’"de@rée of response®
is usééH%aAﬂe$c$ibe~the effect of liquid méngre as
influenced by these Iactors. | Phus on éward D with 822
ﬁsiﬁalgan‘fyegﬁagm_uﬁder axcelient feﬁtil&%yucdmﬁiﬁibns and -

"

. . o ‘ & . ;
with. solil temperaiures above 47 # foxr 11 days during the

winter périod dogether with a gquick ris@'in the spring,
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growth,etarﬁe&veaf;y and the herbage was luxurions.
Neither liguid menure nor’dry‘fertilizeré'inereased7

the yields of dxy matter from this sward an

comaequently ﬁhe ”degreﬂ of resmponse” was 1low.  in
conbrast, the mix%u&a af Itélj w and po*env el ryegrasses
in sw wd B owhich wa s uu&ef awn, ln poorer con6¢tvcnp and
exporicuced a @al& wimtex”bwd ‘high "degree o;'rgsponse”

w0 liquid manure. Swards O a

"“-_.

algo showed a high
*ﬁegvee of Teapoupe bacause of the presence of later
growing grasses and beéause of the poorer fertility
condltions. ’ i

Pasbtures with an & mprce¢nb&e elnveﬁ enuﬁons such
a8 @waréa A ana.m save proportionately highor vme]ds
an Lﬁb control plose bac wuse of whe banewms of mixed
grags and clover and cunsequeasly the gifference beaween
thélaénﬁ%ol and the treated platm tended to be emaller
anad the‘“@egreéiof resyonséﬂilﬁwer than on the other |
syazrds. i R | ’ |

Fr@m theae redulis 1%,&@3 be ooneluded thab the
Tdegrae oF EQJQDRMQ& s wiﬁfer appliﬁations”of liguid
monure is inversely reloted fo the *degree of earliness® .
of the sward. | , \

Alghough sho differén%”éwaxéﬂ‘showeﬂ varying

‘“ﬂegrees of wesponse” mnat of them gave their highest

'ylal @ Lrom the ?abvuary dvessing of liguid manure with
the Japuery. and March aupjlcc tione ylelding slightly
less.  The responge to dreaszn~ of liguid manure in

winter bas been described by Rheinmeld (1934) who Lound
that Qeéémber and Fa@rua?y pyimea%mamm supp 1 ing S0 1b B/
aore gave increages at'affixmt cut of hay of 38 and 449
regpoctivelye Wendriak {1915) apnlya g A0 1b I/acre

found yield increasoes of 20 and 29% fvom applicaitions made
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in dantery anﬁ 1&% Webwanxy." These in&reaseé”wexg5”
*lower th@n %ho~e»ob 11nea in L? preseéent exper imént; ,
' Whﬂfﬁ tha ¢Ve suardy . mhich re poaaeﬂ ) liquiﬁ mmquxe
wypilGdhlnﬁB gave 33 and 894 hxghev yielda with the
Decenber and %ehxuary apwiiﬂntaons than the Gnﬂtwol
'plﬂﬁs.‘ ' Rhc&nvad {1934} nna‘ﬂen&rlgk (1915) aigeus sed
. tha hlb& responses Bo liqudd manure and concluded that the
reakdown of the urea in uriné;resgltéé in the formation

Gf.ammonia which would be fixed in'%he soll under wihﬁer“

ecndi jons. &:miiarVy Volk {1961.) has whoww that when
uﬁé& ig converted Go ammnon 3 it“iﬁ 3daiy absorbed hy

the bage exﬁhnnwe eomyiex aj the soil and the Lleaching

a8 is we l&bmveiy dow. - @ "ﬂ fized ammehlg is nitxxfled

]

and becomes avallnhi in ibe spylng when Dk zﬂo DfO‘bh
starte %hﬁS'expiainiﬁw ﬁh@ high ei‘icmency of winber
applications oi liguid mamuze. L% also e”plaiﬁm‘why thé_’
rosponge of herbage yield ua ‘witrogen applicd durmn@ ?

,ﬁha'wint@“ WuS eomkarah£e w¢mh that obbtained from ..

) summer & lelcutmens. In anmmer, nlbr@u& product 1cn
is ﬁpld (ﬁnvk, 19525 Rhednwald, m934)\hum the s 1 .s

ﬁuugeeu fo leaching ond most of the nltrogen lost from

Britisl oiim is due 0 %b&a lenching of nitrate
=(Rumsell,,ljpa}. mhgjavegag@ dxy matter response of

uhevﬂaéevyielﬂwsﬁe 1igudd Menwre apﬁiied‘iﬁ_ﬁanuury wasﬁﬁ
21 1b axy m&u&»rfﬂb )Y &pp ¢ed which-%preﬁc eaaasly wzth‘
tge vJanﬂ ¢ to summer & puli@dblOﬂ% of ”N&iro— ChalkW a
obtained by lolmes f_Mmcﬁum y (19” ) on o large number
of swardse . ‘
The ¢ ¢m1iawiﬁ; in the raanfﬁll of eﬂch VonfloF'Lhe
empav¢mont m¢ﬂjmife@ %hc differences due uQ leaching.
1ve£wen (lQ;% bag ﬁhOWﬂ hah leach&ﬁr aqn aF ‘eob the

regult of lAUulﬁ manwee "pplleauiﬁr caﬁ ider bly, apring

R
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applications producing the lergest and auvbumn applications
the smallest lnereases in yieldziu a wet area.‘ Winter
‘applimaﬁionm ovcupled an intermnediate posiition in the

web area wheveas in a drler ares they gave the largest
yield.  Iversen {1955) also showed that leaching
" loases were greater with nitrate niﬁrogem in feprtilizer than
with thevammania nitrogen in liguid manvre, since ammonia
nitrogen is fixed in the soil asg desoribed previously
and not leached as is much of the nitrate fraction. V
Uunder the conditions of this trial, yainfall was notb

heavy and the aate of application of liguid manure

would be thevefore less crucial than in & weltler aveas

The exaellent regponses o wintey ayplications of
iiqmid meyare ave further emphaplszed by the Janvaxry
dressing, where the rvegovery of applied nitragen varied
Tron 29 vo 494 over all ihe swards exeept asvard D
Yolker (1956) hap suggested thet a ﬁﬁ% recovery msans
that there is in fact alwost & complete vacovery since the
rvoot systen conbtains nltrogen as well am the part of the
plant that is harvested.

The high efficiency of the uwillization of urine
nitrogen was shown by the large respouse at the first cut
and itﬁ'aimilarity with the total rosponse caleunlated
Twom cwts 1 and 2. This liguid manure, eanaisting'cf
sow urine dilubted wilth water, is known t0 ba unsed with

>

8 higher efficiency than dung mitrogen (Gisiger, 1950).

p2v)

CThe responses to liguld meanure quoted in thisg experinent
will therefore he higher thoea they would have been if

the same amount of anltrogen had been applied ag a slurry
containing dung and urine. In addition to bhis
~@ifferance, the efficiency of li@&id manurse applied during
the winter may olso be reduced where dung or siraw is

ndded because of the high organic matiter content of these
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o

nd 'zn associated decresmse in the avaiiébility of the
hitragen in ﬁhe u*ine'{@isiger, 1950). Sehuppli (1934).
hos ﬁuvwested Gh&u urane cellacted @mrxnv the wanﬁer

ﬁheuld be kepb separ aue 1rom olld mad terial aﬂd h@ve

water added %6 1% o reduce the loss of nzbrogen.

-.Qraotical consideratlons will determine the type of -

eollecting system to be used, bul where it is possible
to keep dung ond urine soparate a more effieient use can
be made of the nitrogen-iﬂ'mrine and resultg cowparable

with those cbaarvea wluh 1ﬂor gdanic nitrogen can be

Obtaiﬁe@.
SUMMARY AWD GQNOLUSIGNS X
. ) . /
1) Yhe eifect of applications of liguid manure

during the winter wmonthg wes studied and compared with
B

the application of convenbional dry fertilizers on six

~ddfferent types of sward in two experiments in each of the

years 1960, 1961 and 1962, |

2) The 1iquid e, vre contained on avergge 0. aa i andli
0 455 t and had an average pil of 8.6. o

3) The liguid mamufe supplied an average of 69 1 |

and 114 1b-E/acre at eoch application and plo%w received

-one dressing ouly, applied lu Noveuwbexr, December, January,

Eebruary or 1mr¢h.’ - Parther treatmenis consicted of

7wyplyinp L@nVQnoien,L Gry Ffertilizers supplying ﬁhe

cgame weilght ox“nmt:agén and potassion as uhe 11quid

manure and applied on the stime daye. - A control plot
received no added f@rtiliZeryor liquid HANULRe .

4) '. A11 pia%ﬁ were ocut in lwy and & second cub was
made 8-10 wecks later to measurve the residunl effeccts of
the treatnontae -

ﬁ) The maximunm incres QPH in dzxy mqtter yields at

cut 1 generally aacurred with the ?ebruary application
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althoﬁgh the Jﬁﬁuéf& ana‘ﬂaréh applicatilons gave _
only slightly iéwer‘yiélds:l " he dry matter yield/lb N
';ayplieﬂ aven frmm the November treatment on some swards
EERS oomyav&bme with the wesponse obtained from
'appliaaﬁicmw of fﬁﬁtiliaev niézagén mede in sumner in
marliar @Eper ngnbs by uthar work&fs.

6) The praducﬁ¢on of crude pPOu@ln followed &

sinilaw p&ttern ﬁo'ﬁh&t_af'the.ary matterg and the
moxdnun inerease was fxombfha'Mareh-applia&%icn.

?) CWLth similer wal infall condit dong but different
winter aoil*temyeﬁaﬁures,Uaﬂmixture pi Lialian and .
perennial ycaraapa dﬁo@iﬁb An ehnd**momw of average
«%rulm¢by gave the hﬂgheab respomsv 0 liguild manure,
followed by the later gxawing‘aockamcot sward ond the { 
EO?WQQ@Wu paﬁaureg 0h‘b0ta 0& which yieldé wore. '
imcreaseﬁ*by all the mouuhly aup Lications of Liguid
MEaNee. ‘?5he two awards coatﬁﬂnﬁng graas and clover
mixiures @howea a re&gunae %o the later dressings only,
wheress uﬂb vm govousn ftalian ryegra s award grew so well -
in the milﬁ winter of 1961 vhat it did not respond to
freatmente

&) donvaentional dvy Eertliizefr b eo duced sllghtiy
dghoer yiel@s Qf‘ﬂry ma%%grramd’cruﬂa proteln than aid
diguid-jmonre am&“the‘oveféil reeoveyy,qi applied |
nltrogen in the herhaﬁe waa érea%cr. - However, the
Aifference. in hewb&we yletd bebueen ohb dry ?evblllzer
and tho lﬂuuiﬁ manure bxyngenua.w w5 gtatistically
significant Oﬂly‘on %heieeeksfoot sward {rom ﬁhe:Jaﬂugry-~'
and February uc@sqimgs nnd on the itali&ﬁ ryegrasaisw&rd
from the ﬁecombu¢ and Jnnu&ry dressings. -
9) The wc iduAL v.lue of liquid manure at the aeemnd
cut was newllnmbla comgaru& ulta a BLl ¢ pogltive carry-
over effect from uhe:é@yifertllizer although the differenc

was. oo smallitd be o; atatistical significanee;-”
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f’?ii‘ﬂ}l?.ﬁlg DI»:;L:U; 353 TGN AND CONGLU a‘ N

' x.k‘qe/

he excfeta of lﬁves%ook is the most common type
of OXé&ulO manure used in farming. However, desplte the
’mueh'higher reasponse in erop yield obieined ﬁith urine
compared with dung, %he-énémglaus situation eximts in
Brlitain that virtually all the dung yfadmaed is returned

to the land whercas the urine produced dﬁriﬂg win%ef
rung . o waste. This waste of urine constituies an
imporvant loss of plant rutrients bui in addition causes
a polluvion problem in the ﬁaﬁiénal waber GOUrSes.
vLe'lslmbmon was introduced in 1961 w0 prevent such
yal&ution, and the 30 gical Solutlén is the vetuin of the
urine to the land.

Tae three~experimehﬁs which h&ve heen repar%ed here
were des lgnad ) 1nveuuigaté different agronomic aspects
of\thé fertilizer value of urine when diluted and used s
a ligunid manure on gr&ﬁniava. In this section the main -
resulbs are collated and an evaluation of liguid menure N
ig made. _

Meny of the cnnﬁradictions‘among the resulis fron
othgr irials in which the effeet'of uprine on pasturélwasv
studied have béen e“pl 1ﬁed by th@qe three emperlments.
Although the regults proqented are 6trlctLy &pplicable
to one specific soil ﬁype only, many of the obaewvaolcnﬂ
f<are fundamenial wﬂa generdily appllcdble.

Tn each experiment the yield of hevbage from plote
treated with liguid wmonure was similar o the yield fronm
other ploits which recaived norma1 commerclal fertilizers
supplying the eguivalent orAal@bst the equivalent level
of plant nubrientse. 'For exémple, in Bxpt 1 yields of
Sloovand 872GJh‘dry'ma%térfhéré:were'Qb%ﬁined from Greas

treated with the low and high rates of liguid manure and
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were comparable to the yields of 7930 and 9190 1b/aore
from plots dressed with the low and high rates of
dry fertilizer. | In BExpt 2, where more precise
comparisons were possible, iﬁ wags shown that ligquid
menure which supplied 100 1b N and & meen of 170 1b K/
‘acre resulted in o yield of 9140 compared with 9320 1b
dry mat%er/édfe where the same weight of nutrients was
supplied in dxy fertilizers. In the sanme experiment
when liguid monure and fertilizers werc applied together,
200 1b N from liquid wanure plus 100 1b N/acre from
- fewtilizer resulted‘in a yield of 11610 1b compared with
| 11760 1b dr& natter/aere from 100 1b IN from ligquid manure
plus 200 1b li/acre fron fertilizer; o mean of 338 1b x/
aere beiug applied on each trestment, Furthermore,
when winter applications were maﬂe in Bxpt 3, different
grags swards gave uwuch the‘same yield when treated with
7liqpid manure as when they received dry fertilizers
conbaining equivalentvleVels eprlant nutrients,
irrespective of the bime of application.

The similarity of the responses in these experiments
ig unexpected for a nﬁmber of reasonss  First,; high '
losses of nitrogen by evaporatiohfare expected where
ammonié oy related produgta are applicd to grassland.é
Volk (1961), for example, ghowed that the loss of ammonia
where urese wag applied on tvhe soll surface was as high.as
41% whereas withfahmonium nitrate it was only 4%

Second; it is generally quoted that "animel nitrogen® is
legs efficient than ‘fertilizer nitrogeﬁ} alithough such

- repoxrts have genermlly‘originated from grazing or simulatea
urine Prebturn studies ox from experiments in which a slurry .
of dung and urine wes applieds Third; leaching might be
expected toloause & greater deoreonse in the effeet of

a diguid than of a granular fertilizer in summer and winber.
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Pourth, meny studies of .the composition of, urine have
indicated the presence of substances with toxic effects
on grassland.

T4 is evident, bowevewr, that none of the above
observations is wholly applieable to the form of liguid
manure used herce The widne was dilubed by three or
four ¥imes 1ta weight of water, and this would reduce the
loss of ammonie by evaporation and assist in its uptake
by the soils é different situation Lrom thal described
by Volke in sumner, whexe five applicatlons of
liguid monure were made, there would be a more oxr less
contiinuous balence between the fixed non=leschable
spmonis nitrogen and the nitrase nitrogen in the*poil
whick would provide a ready supply of available nitrogen
for the gress. In winter the fixed amwounia nitrogen
would be less affected by leaching than nitrate nitrogen.

By dilubing urine toxic cffects are winimized and in faot

SQQe substences way bevome siimulatory (vaigtlﬁnaer, 1952;

Doak, 1954). N

swbslances in liguid manure bo waich its eifect on
paodure aéﬁlﬂ be attribuied include waber, nitrogen,
potassiam, @hasyhsf&s and other constituents. in
Bxpt 1 it was shown that the quantity of water applied in
the liquid menure, spart from its vsefulness in dilubing
the urine, did not affect the yleld of the he?bage.
Iarger amounts of water were applied in Zxph 2, and ihe
water content of the highost level of liquia nanure was

equivalent to 14000 gallons/ncre. Gince an irrisation

experiment on & similar sward ab this Tnstitate indicated

that in 1961 and 1962 this volunme of waber would be
expected 0 inerease the yield by only 60 1b dvy matter/

acre (Reid, 1963), it can bg egnoluﬁe&ltha%v%he ancunt of
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“water in ﬁhe liguid manure had a negligiéle effect
on the yield of herbages -

‘ Althdﬁgh Liguid manure has a very low pho@phorus
A cbﬁténﬁ, ﬁha addition of phos phaac Ferall¢zer wilsh
‘ 1iguid'mﬁnufe imyﬁxvt lihaﬂ no éfsecé on herbage yield.
‘=IQ HEDY 2 phcsph@ée acemdlen lly-causa&*sigmiﬁieant
VAﬁarea%es in yielﬁ, huﬁ these increds sem were small
rela&ivgﬁtg;thﬁ quanbity Gf @ﬁnﬂyhaze férﬁilizéfqapplied.
| is sfa%é& pﬁeﬁiouglyg in esch exp@riment’%hé'n;tiqgeﬂ
" id the liguid menuve and that in the dry’ fertilizer
affeatmﬁ yaelaa smm;&arly. RoWever, one preason suggested
 for the higamr elover can%ent aftar liqulﬂ m%nuwe
“aypllaatioﬂa th*n a?se? fertilmaex appllcotions was the
,hiﬂher gmmania nmbregen canten% of the 11gu1d manure.

ﬁhe_l&rge reaponge in y;e&ﬁ wh;@h gan be aaused by'
the pntasslum in liguid manure wes shown clearly in |
‘”Qt 2. ;ihe p@taﬁaagm canmenﬁ of the sax1 was low,
aﬁd the gfassAan@ alovartfrémbuntreabeﬁ plots contained
b,?&(&md'@.ﬁgﬁ K reﬁpeaﬁivelv,éomparea,wiéh opbinum
levéiéiéf'l 8 and 1.6% X quated by Hhmauéht (1958)..
;@1wmq of pauam givm aefaeiemcy were in iﬂet cbserved,
iIﬁ Shis work aﬁPlLQ&ﬁlQﬂb of liquid menure ‘alone cauceﬁ an  1,

extremaly laraé inerease in the- ymeld mf rdss and an

‘@ppre¢iable inofeﬂae in. the yield of alQVex- - For example,t[

in*lgé xbe hi he“t level ax lmquxd m&nure resulted in o
maan yield of 10930 1b herkwg dvy maiter/acra Qoenpa yred |
with. 4&6& lb wherea uno liquid manure W%% a plledg the

re ﬁpeealve elavew dry s, %er-yaaléﬁ belnb 1150 and 3&0 lb/':
’”baefe. Plct% Whl@h rgceived nc Tiguid manmva huﬁ h@d

h ﬂreusiﬂg Gf peta&h Aertxliaer yieﬁﬂed 7439 b ﬂry mahter
Vanﬁ 3089 lb elﬁver dry . meb ter/éare‘" &ithou gh the

rasgense to llquia manure was a%trihubable lﬂ the mwin



'ﬁéﬂiﬁs n%%r@n@m émd-matasgigﬁ‘ebnteﬁtg itg‘high7pﬁ”
. wag sﬁg( :Led a8 o po.,i11§ reason ~m? Lhe ﬁixwokeﬂt
effecté‘0£ quuld manmwe @nd ;arblezew on bhe
'DOﬂcomun@b aud y¢c¢& QTZVJGV@W : "1J“'

&Vengod OVLw %!1 Lﬂedtmonieg ube ﬂOﬁh%ﬁG drv
mebber in N@pu 2 bad a w&LLﬂ of nitz *Qgﬂm La pouﬁsbéum -

of 13049 ia 1962. m:nvan whoru ube b&aha t level of

qu¢ﬁ wa nuws wus-appl ed'@nd bHG hern e ccntaLne& Wbll
?aVLr 3 %h; rﬁtwa w¢$~ ond J sllﬂhbly di f cont ot
Lilele - xiquid m%nure co ntal zed nlbrogen ﬂmd DGQ&& Lum

dm o ratio of 1:lJ7-ond tzprevore auppl&cd potassiun

in a‘gaanﬁity'waw bove thﬂé requiroﬁ Pa: noxmel growthe

Since this. @LLO cannUL e d@ﬂ&sud where Liguid nHnee

iy dﬁﬁlie Lone, mt&ﬁuam‘.:;i b;nms w*iL @equLc in

Loy .

bhe acowulat iﬁn ﬁl some puuasﬂlum in the ENN _ Avﬁcr
)applyznn 400 1 N an@ a mean afG?{ lb ﬁ/&cre;aa liquid

manure fsv g yezxg ‘the Boil pobadainm conmtent was f? mr

cemmvred wlub 6 ng on the uﬁafgaﬁed plﬁuu. - ~uu¢h
@np¢leau~3n rameg aver “mng 14000 galwon of Liguid

'manuﬂe/aﬂr “we becom1nw mﬁre ‘common din Qiéeulct and

gimilar wcewmvlaﬁioas Q? p@u ivm‘ia Bhe -nil c'ua

mig ht ocouy 1f maileﬁ gu&nti imquld manuye wefe
-',apvlieﬂ pver many yeara~ - fihe &ppll@&ﬁlﬁn of £ raaiazer

nluvagaﬂ wlth Liqe%d mamuxa to give a bcn&ec balan

”:ux nzbr& cn ba y@&&&dlvu b' \heun proposed by 8 h‘fWQv
"(19)5) and oshexr Bt in ELQt'Q even where fewtvllzow
;ﬁé%rogen Was used in aédra¢un, the soil potassinm ﬁanﬁenﬁ

. n» the hdﬂh6ﬂb uavel of Alquié manuve was only uulghtly

'J{waersgagdmg ccmpgweﬁwwith AT g Tha‘incréase 1n,smil
po%é sedluan Lﬂnu may cur ig apparenbly one wathe main

,[dlssavantagab %h “%y.grise from the uge of liquid

;@gnmre‘ag =3 xertlliﬁe?.l wbero lmquia manmre was %pplied
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the herbag e c@mtaznod between 3 and 4% X in~ﬁhe
yﬁﬂry matber with & G&ﬂ@@ﬂ&ﬁﬁﬂb doerquo Ln the sodium,

‘masﬂﬂm lum, caleium and phos Dﬁoruﬂ eonbcn&a. Thisg
- elifect tendeﬂ“%s Be'morefaevare with llguid manurev

ba

Chan it was when albrogen and potassiun were applied

in the Tform of convenvionald feriilizmers. “he
reguliing 1i ers L_imbalmnee has been associated in

auhev egporxm ﬂ.vi%h an ingreased lumeidence of
qywamqnnoﬂa@mag deleny in dalny cows. - mé combat o
‘%enaaﬁﬁy'towmzas a higzh inoiﬂem@e of the disease in
i 0, it has recently beea rosommended that potash
faf iizac ghould be applied in sumamer ﬂauheW_bham in”'

eaxly spring (0 'lbore, 19603 Wolton, 1961). The

-

apparents Govaoﬂausan hetween th@ ineidence of uetany and

tha’po%aas;um cons$mV'0x hafbage hap possibly influenced’

“he uSe‘uf potash fertllizers. Wherens sales of
nlura gon and phosphat Teruiliners increased by 16 and

to faov

118 vespectively in 1961/62, potash sales increaged by
only Os45% (1962 Fextvilizer Statisbicn, 1963). Because
of suoya§e di.fi@ulﬁieé 11@&1& nanure L applicd in
winter op eaxly apriﬂo and therefore supplics pona«slum
Just before uhe.highest inéidemce of té%aay ig expeoﬁe&.
Wo minenal aLwlyU@& 0« the horbage vere nade 1n @npu 3
in which liguid menure was opplied in winbex; bub the
,resulﬁﬁafrbm Brpt 2 indicate he pomomLx,M d%naere‘

In Eﬁptlzrferﬁiliﬁer nitrogen Slmghﬁly reduced the
potass ylum content of grass bub also reduced bhe ealciumv
‘com%aht of the aiv d hewvbage where clover woso eriginallﬁ
pregenti i bhe wa%io’wmwiakm (usznw’millz»cqmivalents)
) Ga + Mg ‘
is uaLcm a8 “an vnd cation of the vendency oz a ppstur to
caus e tabany; it cauld be dnferved thot the higher the
elover cem sent an& hence the higher_the caleiun conbent
in the sward recelving liguid manureg'%h@ lewex ig {the

chance of tetany.
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_ ‘@ha pr1n0¢pm3 concluszang whieh can be drdwn
flrcm the r.”ulms of the expﬂzsmenuq deFQW1bed in
‘fﬁhlﬁ thesis can ba uummariged ag EﬂJLGwS:«

‘.(l) he value-ox diguid memure as a fewrbilizer
dﬁpcnﬁeﬁ Lhinly on ibs édnﬁeﬁﬁ'of n&ﬁre en and
pota spdume o , ‘
(2) Cbmpaweé1With aonventidmal f@rtilizerstupplyingt
eqmivuleno wejghue of n1+vo§en and potassiun, liquid7
h%nuwe r@sulueﬁ in imijan,zncxeama in h@rbage yield
hut greater- anerea%os in uhe yield of olovev ond in tﬁe
ngaentage of :ciovev in the sward.

(3) ' ﬁpplxe tman of llgmad nanere Ancre@ cd the
"pat@ssﬁum ‘content of the goll and of the h@rba ve and
°7aperoa nd the- seﬂmumw magneb1um, caleimm nnu ph oaghorus:
. coutents of hoﬁh“wrasﬂ snd vlovers PRI

{4}w~‘ Tt eon be eonelu&eﬂ uham liquid minure is an
'iimpaéﬁaﬁt ource 0w pl nt uutr*en“ﬁ with emnsldermble*‘

volte ag o f« tlllaow for grassland.
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Table 1.

1

a4

Rainfall (in. /month) in 1958 - 62

Potal

Honth ¥§§§m5523'1958 1959 1960 1961 1962
January 317 | 3.72 152 4,30 2,24 592
Pebruary 20417 | 3038 1.0 2,79 . 3.08 2463
iMarch 52;1i‘ 0.72 202 2,00 2,12 1.4
Chpral 208 | 1,18 2,04 2044 3,05  2.20
oy 2030 | 2466 - 1,44 1.64 0,94 2.25
*Juné 2.54 | 284 3.66  1.82 1786 1.65
July 3036 | 44720 4.58 303 3.18 3.2
Anguet 3008 | 4460 0,69 3.8 5.47  6.13
Sepbonber ’3;54 3098 1.51  3.09  6.57  T.46
October . | 4,09 | 3.68  5.60 é;6; 6e24 1.56 |
November | 3463 | 2453 424 5.34 4496 1.92
Docenber 3079 | 3.74 4089 5443 3.00 . 4.04
36460 33.09 38.07 42.63 40.44.




