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T NITROGEN FOONOMY OF PRRENNIAL RYUGRASH -~ WHIDE CLOVER ASSOCLATIONS

1. DPECTAON X,  ANTRODBUGLTON

1.0 HYSTORIAL INSRODUCTION

The value of legumes in agriouliurs hos long beeca appreciated
and Fred, Daldwin and MeGoy {1932) have giveﬁ us a brief historical
outline of this subject., Thoiy value a3 orops was well kaowr to the
Bryptians six bhousend yeaws ago (Hortman, 1923).  Yhe philosopher
Cheophrastus (370+285 B.0.) in his "Baquiry into Plants®, spoko of
© thelr "roinvigovating' propertios. The practice of growing mixed
eyops in egriculture is.wi&mspr@aﬂ throughout the world according to
Nicol (1935), and mony of thene crop combinations are sanociations of
logume and non~logume. Carvier (1923) 1n his book "fhe Beginuings
of' Agriculture in America’, voproduces & ploture {ascribed to Le
Moyne, 156L) showing Indians planting cora and beams in the same
field.  Smith (1907) writing cbout the Indians aud maise planting
in Viyginla indicated the sowing method to be four cereel graiuns and
two bouns in the seme hole oy *hill®,  Mollison (1901) ia his
treatise on agriculture in the Provines of Bomboy cites noany other
exonplos of logume/nonwlogume associotions in eyop production.  The
reasons for such oyvop combinations in prinitive agrioculiure appear to
be one oy move of the following factors. Foonowlenl lond use, o
form of crop rotation, a mothod of obteining some meosure of weed
control, the convenience of hoving the erops together ond finslly
the sultablility of one ecxop with enother.

In eorly Dritish eagriculiuye asgsooigbions of legume and non-legume



eppear from the literature to be yoave and comblnations of this kind
wore confined Go mashlum, oats and beang or oats and tares. Hewve
convenience and insuprance against a single crop feilvre are the two
principal ressong for such practices. This positlon was soon to be
veversed following the dntroduction into Britain af'ﬁhe rotational
grasses &nd c¢lover during the cavly pert of the 17tk century, Weston
beldng acoredited with the introduction of wed clovew (Davies 1952).
Trom then onwards ocaome the development of ley faming uagiag grass
together with both white and ved clover. Lisle (1713) writing at
the begioning of the 18th eﬁnﬁury'atates that wild whilte olover was
being sown in Hompshire and its velue wos vell recogalsed in the
County. Howover the Brve worth of this plant was not widely appre-
ciatod and recoguioed until this contury according to Davies (1952).
Varlidge (1668) in the mid-l7¢h century refers to the use of lucerne
and spinfoin end North a century soter talks of gelafoin groving in
long leys (Davies, 1952). During this period ryograss or “vay-
grass” as it woas beymed, the first of the rotationol grasses, was
being sown mixed with vhite clover and "non-guch clover® (Medicago
1upulin§) for leys of six to ten years durobion.

From the middle of the 18th contury onwerds the wvalue of the Loy
beecane increasingly evident, This associabion of rotational grass
and olover with its offoct on goneral soil fepbtility when land was
brought again into cereal ov other cwop production was slowly rocog~
nised. North in his "Acsount of the Difforent kinds of grasses pro-

pogated in Engload for the Improvement of Gorn and Pasture lend" (1759)



and William B1lis wveiting in 177L on the value of Yresting the ground
with gomo grasses" are twe of the esrliest in a spote of Dritish
outhors on this topie (Povies 1952).

Bub In spite of the numerous wypliers on the benefits of white
clover in the L7th, 18th and 19th centuries it was nob walverselly
aoclainmed by the Pritish favming commmmity until the 20th centuny.
Davis end Cooper (1951) peinted this out in 2951 when they classad
"the appreciation of glrain Aifferences, mseleotion and lutroduciion
of vigorous btypes of vhile olover' ag one of the ovstanding features
of 20th century faxming. Gilebhwist du Englend (1909) end Hindlay
(1918) and Crulckehank (1936) in Soollend had pioncered the wa% for
the extengive uge of thig logume end the Wolsh Plant Brewding Station
gove British Apvdcultuvee the pight culbivars,

Simller eppreclations were beling made in other parts of the
wordd, Poxdley (1801) writing aboub New Bnglend mede the followiug
statementsi=~ "Clover plowed ln, together with the veusing of grain
stubble, yoor aftor yeex vwill gradually meliovebto the soil.? and
"Clover is the bent preparvabive for a crop of wheot ..... wheat on
olovey has the best grain mnmd fullest crop."

On the Buropean oontinent Thegr (1856) was odvocalbing almost
dintatorielly the extensive use of the Jleguminosae, his recommended
wolation bolugi~ Beang, Mutunme corn, Clover for nowing, Spring grains,
Feos, Autumn groins and Pastursge with white clover amd presses.
Later in the 19th century Schulte-fupitz, o fellow couwntyymen of

Thoer's, reloforced hin carly recommendations and he pervsvaded the

LS
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Goenan formers to grow luping oxbengively on theé dight solils of
thedr country., In 1881 he stated in o papor bthat such plonbs as
clovers, lupins and peas are oble to wbilise nitrogen in some form
othey than that requived by non~leguminous plants « calling legumos
the ocoumulabtors and nou~logpunes the consuwnero

The volue vhich faormers and sprieunliurists put on the menbers
of the lLeogmlnosae in wespect of thedr soll luproviap properbics was
not cxplained by sclentists wntil the 19th centuyy.  Several dis-
tinmishad scientishs vere eaquiring into the source of N available
o greon plants and 3% was Bousaingeult (1838) vho showed ond
gventually apprecigied p difference hotvweoen vheat on one hand and peas
ond clover on the other du their ¥ uploke. He concluded that the
gouxce of N must have been the almospherie amworis snd severel cminent
uorkers off the dey suppowted this vicu (Dicbig 1852 1 Soche 1860-61
Sehloesing 1870 ond Nayor 1874).  Borthelot (1085) voporbod s divest
Pization of atnesphevio N by cloyvs soils and 3% wes pugpested thet
boateria wight be concerned with this phenouess.  Dacterio hed beon
"apsociated” with the nlirificetion process o fow yesrs eorlicr by
Sehloesing end Winbts (1877 and 1878) acd Verdington (1878, 1879 and
1864)  During the powdlod 1886 to 1889 lellvlegsl working alone and
then alded by Wilforth, produced his classlesl papers which put an
end to all speculations on this mﬂ&:ajectf Briefly his findings were
as follows -
(1) leguminosese and Grawineees ave fundementally different in the

way they absorb nibtrogen for thely wirition.



(2) Whe Growineas depuad solely on assinilable wilivogen compovndsg
in the seil and thoip subsequent prowth and dovolophont 45
diweotly roloted Lo the ambund of él:i?:é;:ﬁ'ﬁggmﬁ avelloblo.

{3) & second souvce of nitrogen; othor thow the soll N is aveiloble
G the Logmminoseae (Lice the free N fvom the aie).

(%) Tho legunes themselves do not possess dhe ability Yo aseimilate

X

fyeo gimospheric ¥ but roqulze the achive };mbti.cai;gm;izﬁ.én of niera=

owgenipng dn the soil.

(5) For the essimilotion o work the wmieraegigowions Pron the soil
have 4o eater into a gsyniblotic reletionsbip with the leguwes.
(6) The root nodules of the logunes are zesponeible fox the ossimie

Iabion of the fyvée nitvogen.

Coniirmation of Yhese Pindings folloved a few years later viax the
voxl of Towes and GAlbert (1889 and 1891) in Ii:ugi&ez;m?‘; Abvetor and Woods
in fmerden (3890, 2691 end 1892), Schlwesivg and heuvent (3.892) in
Prance also Adwo and Hemomed (1892) in Italy.

An a regult of Hellricegel's fioding ond thelr confirsetion,
botendsta, chenisis, bacteriologisis, bilochenists and agvonomists
theoughowd the wordd have becn worling on avery congelvoble anpect
apsooiated with lepume symblosie: Thus dn o heded hisgtorical socount
it ds necegsary to concontrate on those sciontiffic ocaspaots which are
nore yelovend to the practical epplicetion end exploitabtion of thig

phenonent.



1.2 206h GENTURY BACKEROTID

A quarter of o contuey ago Virbanen and Heugsen (1937) in theiy
glagsical gsories of cuperiments shoved o merked benefioial olfect to
Gramingosous plonts vhon sasoclatod with legunes. Thay were able to
show a consistent nitwogen [N] excovebion by the lepume and o subpe-
quent inerease in the uwplbohke of W by the nonslegune, the gmount of N
axereticd on occasions cqualling hald the btotal amound fimaga In o
further series of Investigatlon Victonen and Laine (1939) & Viwbanen,
Linkols, Hakala and Rantanen (1946) showed by means of Rhizobiunm-
inaoulaﬁea‘p@a planky vnder sterile conditions, that nitrogenous coi
pounds were exovatod Into the voot redivm in quantities wblch weve
sonetines as levge as the owount of N assimilabted by the plants.  The
exevobion products vadey these edvcunsiances were identified agp T
papartic acld, F-~a1anine, glutanic peid and emuonia cud the cone
eentratlon of pspardle acld was much in oxcess of The other products.
Yony other workers concenbrating on sinmilar Lineyg were not able fo
substantiate these Pindings (Twunble and Styoag, 1937; Trumble and
Shapter, 1937:; Dond and Doyes, 1959 Wilson, 1939: Vyes end Wilgon,
1981 Judwlig end Allison, 19403 Hyews, 1945 and Dutler and Bothurst,
1956).  0f the papers quobed; the contwvibution agodnsd the "Virtanen®
pehool of thought from Tyanble and Strong is partleularly relevent to
this thesis and thoiv conclusions were briefly as Pollowgi-

(1) Farly oud mevked transfer of M from o growing legunc

to an agsociated prass is hypothetical.

G



{2) In pot culiures no évi&&nce was obtoived to show Ghatb
grosses were cepoble of deriving N from assoclatved
legunes durdng the vegebabive sboges of the latter
when grown during o winloy parlod in o gomd~awid
clinate.

(3) W is avallable, hovwevor, as o result of nodule breske
down ond yoot decompogiition during soneseoncs.

() W trensfercnce fyom perenniel legunes to assoclabed
nen-logunes has been shown Lo take place 12 wesks
aftor seeding, bub the amount is relatively suwall,
This evidence was obtained with ertificial watesring

io spring and eaxly sumuey.

(5) Tootows which dolemmine vhether ov not ¢ rolease of
N ond subseauent transfor tekes ploce wore discussed -
apoeies, strain, xhizobial strein snd oxberbal envlron-
memt Ancluding legune waler supply vers considercd
imporhent.

(6) Under Seuth Australion condibions bhere was no foundetion
for the helied thaet I cowld be tyansforved fyrom clover to
grass ovey the semg growth dntervel, bul previous growlh
ond N acoumplotion is however Likely to he of great
dmportanea,

Trumblo and Shaptor (1937) showed that ab the ond of the growing

scason of en ecoual legume, nilrogen wes svaillahle in the root meldlium

ond o perenndal grass may dovive significant quantities of this W,



Using Medicogo dentiouleds (burr trefoil) and Phnlordls btubeross
they were able to obbaln 307 of the N present in the woot medlum
in o porlod of B weeks after. the horvest of the legume, Thoy also
showed that an amwmal legame ke Trifollum subtorraneum (sublerranesn
clover) would «ffect o greater soll N enrichuent Lhan buve byefoil on
agcount of its greater growbh capaciby; eybended growbth period and a
larger propovtion of tolal N present in its voob system.  DBubler
and Dathhurst (1950) envmerato end discugs five factors concorned
with N drensfor, j.e. wate of N fixatlon, cavbohydrebe statug, soluble
nitrogenovs congtibuente of the nodulesn, nltrogen content of the voot
end finelly the poot environment lbaclf.  They coelude thet gince
the excrebion of W fa dependent on these Tive "exbioordinoyily
ppeeific set of clyoumgtonees? and that they have bo be fevourable
gimuliencously, it ig ot surprisiag to £ind go meny workers unable
o verlly the "Vletonen School” fludiags.  They wers wable to pro-
duce the same mebeovologiconl condibions, thus affeoting phoﬁosynﬁh@tic'
rate, N fixation and carbobydrate statvus to name some of the varisbles.
In vespoot of reob envizoument it has beon sbabted that the rete
of seoretlon seewed to be highow, the higher the ability of the solid
materdal bo ebsorb the exorpted compounds fronm the vool nedium, in
other words concembyebion gyedients favourable bo exopretion have Lo
o melnbained (Dutler end Pethhupst 1956). It is sigaificant that
the goil nicro~flovn and giresy yoobs in a grass-clovey associlation

can be connidercd an oid to the maiuntenance of this gradient.



1o3 DHIZOBIA, NODULATTON. AMD NUTRITLON

L.5L RITLZ0BIA

Tho geevetions which take place from the logeme roob are
vesponsible for a multlplicebion of the zhizobla in the rool maedium
(Wosh, 2939), these in furn ape sald to produee T.A4.4, . (indole—
aoelic soid) from the tryptophen (Relferd, Brockwell and Fwar 1960),
wivieh couses curling of the roob helivs of the logawe wesulbing in a
condition Por eviyy by the bacieria. Bileberdovd (1€ f;‘?) and Prad,
Paldwin ond MeCoy (1932) supgest the rooh helys ag o polnt of enbuys
Pacberdors (19%8) end weloy (2929) include also broken epidermal and
aortical cells and Allen and Allen (1940), Arvore (1954) and WeCoy
(1929) supzent the ruptured Hlssue at the aslilte of wooblel energence.
Buping the symblosis which follows o "tunour-inducingeorinelple!
(T:F.7.) ds thought o operate {(Kleln, D.T. and Tloin, R, 1953),
and o netomorphosis of cortical voot Lissgue occurs glving vise Lo a
nodule (Wewxd, 1897 and Pond, 1948). This is backerde~filled tissuc
which lives on the plant ead Stogether they esslmilate atoospherie
nitrogen.

The rhizsobis ave gran negavive, oceroblo, heterotrophic rods
0:5-0,9 x 1.2-%.0 niora (Allen, WK, aod Allen, 0.4., 1040).,  Thexe
ere six species, R. neliloti, R. lepumdnossrun, B. pheseoli, B,
Japonlewn, B, lupini and R. $eifolll, the last nomed being of cuncern
in this thegls. It ig thought thot Ry trifolil enbraces several
straing pone effeptive do nodulation others not:.  Chen end Thornbon

(1940) growing ved clover pleabs in ager demonstrabed this, showlng

the initistion and [inal decay in 7 and 15 doys with ineffective
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straing and in L end 8 weeks vespoclively for the aiffective ones.
Yith ineffective stéaina nitrogon fixotion and the amount of nodule
tigsue formed is asmall and gemegechor begins veny. eardy.
1.52  Nodolation

The subject of opbimum conditions for the entry of the hocleria,
ﬁh@ir multipliecation snd resuiteant syublosis via the nodulation is o
complex one.  However in gonevel sn envivonment which ig suitable Por
good clover establishment and prowith is vequired e.g. high pil,
sufficlont quantities of available Ce and othey inorgonic nutrients
ineluding the frace olements, with the proboble exception of high
levels of N in soll and plent. FPorkins (1924}, CThailekhian ond
Mograbien (1945), Thownton (1935) and Puwchase and Nutmon (1957) hove
shown that nedule nunbey is asyvoptoltiocally releted 4o bacberlal density
ond the nunbhor of vhizoble present dn the rhizosphere grestly exceeds
that requlred for nodulation in ths cane af alover and Jucomme.  Their
expordnental results can be Titted to o counpound Mibscherliech exponentinl.

Nutman (L958) hes sugpesbed that the olover host glaﬂt also governs
the amount of nodulation and that it does so indepondently of the
baeterin. This is likely %o bo ot the higher soil levels of vhizobio.
Also poor roolt developnendt in the host ls respongible for épaﬁﬂe nodule-
tion. VWhilst a much branched root sysiem ecan acqulye high nodule
punbers. A seli'-rvegulating mechanism in the host plaant has heen
sugeested by Nutman (19P8) which controls infeclion ratc end nodule
5ine = thus conbrolling the tobtel nodule volume available for symbiobic
fixetion, Pote (1958) has shmwﬁ nodule formation 4o be synchbronised

with leaf productioan and N acounuletion thus corroborating Nutmen's



flndings.

Nodulation is reporvbted to be poor in scasons characterized by
ghort days or low Light Intengity and similar conditions Lo these
are seld to opsyate In ghode or where pasiuves of prasses and olovers
exe 1ightly grased (Vhayte, Wilspon-leissner and Trunble, 1953). Doth
tho ihf@cﬁian of the olovers by the bacteris and the effectivencss of
the vesulbing nodulation in tevms of MY Lization lmprove usually as the
gource of Light inersagses.  Also the nitrogen-cavbobyirete balance in
thae host plent appeaws inporvtent within Mnibs: wvery high snd very low
vatios may reduce ™Y fixation., Thus as dhe wate of corbon assimilae
tion is a eriticad factow so dv turn do Light and temperoture have a
eritioal pert to play in the growbh and nitrogen conbent of legumes
{(Whyte eh al 1953).

1.3% Bubwient lovols ond thelr effoct on host and bsoterds

Hewltt (1958) sugrests thet b lesst sevenbeon mineral clements
ave thought to be involved In the nubtrvition of some higher plants ov
niero-organisns. He goss on Lo doy that from evidenecs availeble there
is no dandication thet the symbiotic relsbloaship roquires any other
clemont which is aot normally neeled fox the higher plants In general,
Yonadivn and tungston, nobt nornally associsnted with the growbh of higher
plents ave reguived by wiecro-organisms and may infinence nitrogen fixa-
tion.  OFf the trace elements, ivon, cobalt and molybdenum are probably
the most important.

Tron is required for heelthy growth of symblobic nitvegen-Lixing
gystens and it has hean established Thet nore of this clement s yrequived
when the symbiosis is eatively depondent on free nlbrogen (Steward, 1966).

It is dnvolved in engyme functionsg, nitrate reluction, haemoglobin



synthegis and possidly comnected with nitrogen Clwption and the young
nodules ave thought to ach as an lron reoservoir for the syuthésis ol
heenoglobin,

Cobalt is ossentlal for growth in lopumes snd rhizobia (Stewar
1966). It is necessayy For the syothesis of vitamin Bl? and' in nodve
loted legunes an inersvge in nllrogen Lixation fa cosocleled with e
inorgese in the vitamin Blﬁ ond heenoglobin conteat of nodules.  Theve
also appeprs bo bhe vonnccbion bebween cubalt end the vitamin Elg‘acw
engyme which is found iu the nodules (Klelwee and Svens 1965).

Molyvbdenun 1s another elenent cssential fer healbhy growth of
legowes ond since hlgher concentrations arve required vhen free nitrogen is
the gole source of nibrogen it has been puggosted thet the additional vew
quivenent is associabed with Pixotion (Hewltdt 1959),  Crops like clover,
which hove smell geeds, wely on soll molybdenum for thelr nubtrition
beepuse the seed yeserves ave insdequate compared with lavge seeded
legumas whoeve the sced supply lg sufflcolent Lov the healthy growbth of two
generations (Mewitt, 1958; Hewitt, Bolle~Jones ond Miles, 19543 end
Hewdlbt ond Miles, 1952).  Holybdonun~deficient plauts bave small
nodules, very widely scattored over the roob systen zother then a fow
large onos closely congregoting on the woots of plants well swppliad
with melybdenum. It is needed for nitrate redustlon in plants and where
deficiency ocours, much of the molybdenum present accumulates din the
nodule and peviloulerly in bhe bacterdod tissue (Jenson, 1946, and 1947;
Jengen and betbty, 10h3; uldew, 1948; Hewitt, 1948). Tt nay be signifie
gant that nolyhdeomm is used as a catelyst in commercinl chemical

nitrogen fixetion (Hewitt, 1948).



Mderson (1949) has veviewed the sdverse offects of nutrient
deficiency on symbiotic nibrogen fixatlon relative to the following
fouy poinbsi.

(a) growbh vostrictlon of bhe host pleat

{b) aesvelopment of wafavourable condibions in the host plant

(o) dnhibition of the WePixing roactions

(a) restyiction of the dovelopment of vhizchium specles in the soil.

There s atlll a greot vold in our kuowledge on the subject but ih
can be pald thot Por good clover growth and aitropgen Pixatlion felrly
Jevge quantities of Lime, phosphate and potash should be present with
swaller quautities at hoed of the other olenenits rvequived for growth,
The one element which doss glve conoexn ia nltrogen Lbself.

Gv:igbal (1926) showed that nitrogen fixation procecded best in
plents which vere well supplied with conbined nitrogen during the
garly sbages of growth. This added nitrogen is said to be vequired
during the period whan the nilvogen supply from the seed has been
sxhausted and there ig stild no gymblotic nitvopen avellable.  This
level of camhizmd_ nitrogen ls pluost dmpossible bo assess guantitetively,
It will voxy between gpegies ond is cerbein bo be folirly snall as there
is plenty of cvidence of the deleteriovs effect of large quentities of

combined nitrogen bolth on clover growth and on nodulation.  Thoraton s

.
-

work 1lg intevesting in this conncelbion. Using 3’*@1’{3’ ond experinenting
with nodulated soy heans bhe showed that thlg crop depends on fixabion
for half of Llbs niltrogen end that the amcunt agsimiloted could be
vaelated inversely with the pmount of avallable combined nitrogen in

tha soll. In respsol of clovers, Dubeh vhite clover showed an adverse



giffect from applied N wherens red clover shoved o presponse in growth
Pave,

.4 HODE OF N TRANSTERLNCI

then grass aad clover aro grown together theye is o trensfereice
of N from the legume to the aspocliated grass. Fivoe woys in which
this btrangference con como about hoave been sugpested by Bubler and
Dathhurst (1956) namely s
(1) By the exeretion of nitrogonous compound by the growing legume,
(2) In the rclease of nitrogenous substances in root decoy.

(3) From nitrogenous substances reloased when nodules disintegrate.
(4) Teaching of nitrogen compounds from the lenves of the legume.
(5) Release of nitrogen from Pallen leaves and petioles.

Tha ffive kaovm factors which are Likely to affest Wo, 1 have
already been ldsted and perhaps the wost laportanit of these is the
rate of N-fization in pelation to the amount of N actually required
by the lepume itgelf ~ its owm requirements must flvat be met, Also
the rate of vhotosynthesis sust be sulficlently large o ensure o geod

ote of Nefizetion; but it must not be excessive since surplus carboe
hydrate in the plent iwnediatoely 'tles-up! the W ng it is fixed,

Butler and Eathhursﬁ (1956) have demonstrobed that white clover
roots contain on average L.5% N end thus in root decay thore is likely
to be a smaeld amount of aitrogen releaged, this had been suggested
earlier by Tyoa ond Biszell (1911). %he total nitrogen content of
white olover nodules taken from the field has averaged 6,3% of the

dry weilght and thore has been little voristion with nodule sigze



(Wilson, 1942). If the carbohydrate supply to the nodule is ve-
strloted N-Cixotlon censes repulbing in penescence and sloughing

offfs  Many factors con couse the nodules to port from the host

plent, these include plont maturity (seeding or fruitlag), extromes

of temperature or soil moisture (Wilson, 1951), plent defoliction
(Wilpon, 1942) and proucunced plont ghading (Stvong oud Trumble,
1939). ALl these Pactors are vesponsible for curtoiling the corbo-
hydrote su@yly'ﬁhué'&eaalﬁrating the nodule drop. These Paclors ave
1ikely o operate continually in the £ield ond thas it would seen that
thig nodule drop ond resultent N reloape covld be responsible for a
large propovbion of the total amount of N which is transforred. Young
(1958) working on @ perenvial ryo-grass - white clover sward showed
that vhore nltrogen had been given to the sward M6H and 337 of the
nodules were disintegrated in June and September respoetively.
Disintegrabing nodules were found at all times during the season and
vacoverable decaying nodules amounted to 125-177 of all nodules in
absenco of nitrogen spplications. Deaching of nitvogen Lrom the
leaves and the amount roleased from fallen leaves and peticles are
likely to be relotively smell. '

1.5 AUOUNT OF NITROGHN BIXTD AND AHOUNG PRANSTERAED

The total emount of plont niitrogen ik noduleted legunes is made
up of two parts, aanely thet assimilated through the woots fronm the
aoil and the othor fraction which iz the symbiotically fized free U
Prom the aly,

Wahheb and Muhoomed (195)) using o ronge of lepguminous  plants



estimated that 43~507% of the nitrogen taken up by plants on soils
rich in combinea-N'wﬁs from the alr, wherecas on soils poor in come
bined N, it was estimated that 53-707% of the totael plant nitrogen was
considered to be fixed.

Hopkins (1902) working both in greenhouses and in the field
showed that with properly inoculated legumes two thirds of the
plent N is obtained from the air and one third from the soil.

Nowotny-Mieczynska and Russkowske, (1954) woxking with lucerne
reported that 50% of the nitrogen was symbiotiocally fixed.

The level of Nefixation will vary between specles and in support
of this Erdman (1959) collecting data from various sources related to
American conditions listed the average fixation of N in 1b per acre by
severzl different legumes as being:- Alfalfa 194, Ladino clover 179,
Sweetolover 119, Alsike clover 119, Red clover 11k, legumes in pasture
106, White clover 103, Crimson clover 94, Vetoh 80, Peas 72, Soybeans
58 and Beans 4O,

Further American date in respect of biennial and perennial
lepumes estimates thet Nefixation over several milllon acres ranges
from 30-150 1b of N per acre (Lipman and Conybeare, 1936), and experi-
ments over 10 years conducted by Lyon and Bizzell (1934) on lucerne
showed an annual not gain (compared with cereals) of 251 1b of N via
symblotic fixétion. Also work by Wagner (1954) using Ladino white
clover and tall fescue indicates that the amount of N fixed by the
clover in the mixed sward to be equivalent to 169 1b of N/acre/annum,

In the North Island of New Zealand, where clover growth is
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active for 9=10 months in the yenr, Sears (L950) hes obbained
figures for W fizablon of approximotoly 500 1b per seorve por yoor.

Russel (L950) quotes Figures of 100-200 1b of nibvogon Pixed
and hayvested by some lepumes and Yenkovitoh (L940) working with
avmal legumes such ey bhepns and lontils pots the Piguvre ot eboutb
£50 Jb of N pox acie.

Undor field conditions in Sweden, :iajz;?i;ﬁ‘e (1955) bas ostimated
the maximum amount of flxation 4o be in the reglon of 267~357 1b
i/ eorve/omun for clover and Jucerne and 134~178 ib.M/adre/annum for
p@oa end vebchen.

Tn Finlend, Virbanen (1956) suggents 178-267 1b of ¥ as being
the amownt Plxed by o geod red clover svard and wih peas o flgure
of appreximetely 90 Ib N,  He goos on furthey b suggest thot
where the sumner is lenger than in Tinlend end ihe weather Pavourw
oble, 557-hh6 10 of ¥ should be fixed by red elover and even highex
figures for hlus lucerne.

Chopman, Flebig and Reayner (1949), working with purple wveteh
and sweet clovar as winter cover crops in California, indicate a N
Lization level of awvound 150 Ib per seore and Hoppsker, Bortner and
Tepgus (1950} in Reubtucky suggest the followiogi~ white clover
158 1b, red clover 171 1b, lespedesa 200 1b and Jucemne 225 1b of
nitrogon per acxe peyr annum.

M rogavd to N trensfercnce, Allen and Allen (1958) and Velker,
Orchiston and Adoms (195L) both emphosise in thei» revicws the fact

that not «ll oxperimonts conducted to assess N transference fron



legume to nop-legone have shown eny bonefit,  Wilson (193%9) idn

his bools depiobs timothy/elsike elover, Canadian bluegrass/white
clover snd Kenlugky blucgress/vhite clover combinations quite
dapressed in thelr growbh compared with the single spacies.

Twosel (L9%0) using oabs ond vetehes end Truwble ond Strong (19%54)
oxporinenting with lucevne/sublerrancan olover/porenniel ryegrass
ond with Iueerne/subberrancen cloven/phalaris tuberoge nixbures
both were wshle Lo show oleary cut ovidence of ¥ benelfit to the none
Togmie.  Shrong and Trusble (1939) showed from thedr pob oxporiments
with oats and dnovouloted poss, grown together in pure ssand, thel by
reducing the dey length they could obtodn o sipeificontily higher
nitrogen conbent in the ceovcal component.  Some euacting condibions
nay thus be wequired before the byansfer of nitrogen from lemme to
aon~logue takes plece. 1% would appeayr therefore thel tho
potential. for benefiting the non-legume is present under mogt
slrounstences but the physical conditions of the cuvivonment awre
aometimes acting as o serean.  Publer and Dathbhwest (19%6) suggest
that the stimalation to the growth of assoeiatoed grasses by elover
can be observed six months after nowing, which suggests thot thias
weneflt ocours before root decoy g likeldy.

Jobnstone~Wellace (1937) weporting on the prowth of gresses
alone end in conjunction with wild vwhite olover ot Cornsll vhere
Line; phosphate and pobesh had been wsed os o basal Perdiliser
dresaing showed that porcanial wryeprass grown alone yielded 1,678

Ib DU per acre with a prodein content of 22,8%, In associobion
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with clover the totol yield wewb up o 3,360 lbs. DU poy acve and
the probein content iasreased o 30.2%,  Thia highew protela oon-
tent was due parbly to the preseuce of clovey itself which has e
aaburally higher uibrogen conbent than grass end ob tho same flne
tho prodein level dn the grass, growa in assooclation, vas also
bigher. Johastone-Wollace asceibes the higher protoin content in
the grass to the N transferyved by the clover and to mope favoureble
growth eonditions yecorded wheve the twe weve grown togethor
(increase in the wabey absorpiion eod smaller diuwmel fluctuations
in bemperature viz. a?méﬁmﬁ compared with a0~?§ﬂﬁ when grass woap
provn alone).

Sevoral worlors have gyowa grasses with and withoud clover and
assossed the benefit of the asseclabion and o svamayy of thely {ind~
ingn appear in Wable A,

Other workers hove eveluoted this N-bransforance from olover
Lo apsoclated gross dn terevs of tho lovel of conbined foprbilizer
nitroge:n whleh ls roqulyed by geoss alone o give the sama proe

duotion.
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Anount of nitvopen Pertiliser vequired (1b/scre N)
bv prass alone ta raeploce tho. gross effect of clnver

Baud by on Bouity on N vield

Author Asgociated Grass Dy, _basis bagis
Wilnan 1959 Ryegrass (3 yeors) 15, 260-278
Holues and’ Averapge of 12 grasses

Moolusky 1955 (5 yoars) : 121 212
Cowling and Cocksfoot .

Green 1956 (Short periods) 162 238
Yogaer 195k Cocksfoot (2 yoars) - Approx. 200
(as and (b) Tall Feascue (2 years) 160+ 160+

Under Wew Zealond conditions Seavs (1953) showed o 500% increase
in the total amownt of herbage on the ineclusion of while clover to
seeds mixtures and under the eirveumgtonces quoted the yield of the
grass component had move than doubled. Reporting ou tyials ot two
cenbyres he estimated that o total of 230 1b and 500 1b of nitrogen
vere fixed per acre pey annum of wvhich 56 1b and 149 1b respectively
wore bransferred Lo grass.

Cowling and Green (1954) working with a cocksfoolt and white clover
sward, which contained 30-h0% of clover, reported a yield of 170 Lb of
nitrogen per acre and they were able to show that Lhis was 30 1b higher
than a no~clover svord receliving 157.5 1b of Certilisor nltrogen. OF
the 170 1b of nitwogen Ju a mixed sward 120 1b were supplied by the
clover component : 75 1b being contribubted direetly and &5 1b

indirectly.



1452 Hon=confivrmalory evidencs

8o far the evidence bas been presented Loy nltrogen Dizotion,.
nitrogon "exudation” and nitrogen transfer frowm legume to non-
legune groun in assoolotion.

Yorking with soy beauns grcwn‘in oxlgivally stexilised sand
cultitres Dond (1958} however revealed no evidence of any appreciable
anounts of nitrogenous exoretions in tho root medium, neither wos
thore any evidence to show that bavley when introduced Into the pois
showed any uptake of nibrogen.

nglfwe (2940) in Sweden, working with peas in association with
potatoss or maize grown in pot experimenis concluded thet bthere were
no speciel N benellts to be derived fyom the lepume by the non-logume.
Tho commonly eecepted view at that period of & pussage opr diffusion of
nibyrogenous substances fron legune nodules through the soil to
assoclated non-legume specles could not be confivmed.

Bondle (2960) working at Wagendngen with Perennial Ryegrass and
white claver,-at‘léue and with low and high 1ighﬁ intensities (3 and
6 10& %rg&/am”%/sea”l ragpectively) hes helped to inborpret the
"sompetition factor® oxisting bebween these spoeies when grown to-
rathers His resulids dndicate that low light intensitics do not
Linit grass growbh, the limibting factor is olmost certainly low
nltrogen lovels, In these exporeimenty theve was no ovidence of g
divect transfer of niltrogen from the clover to the grass ond also

clover did not hamper nitrogen upteke by the grass, Ihis is likely



s

25

to be 8o when the wate of penctvabion, the density oy the activity
of the claﬁar roots ave less than that of gross. Ab high light
intensity the olover:grass ratio Inereased uwatil the prass venished
whercas ot low &nﬁenaiﬁyyag equllibriun was reached cloverigrass -
332,

. lalssup ond Weilhard de Chardin (1962) working with perenniel
vyegrass and several varieties and types of white olover ond cutbing
thelir plots four tines per season ghowed 1ittle change in dry matbor
yields between grass alone and. grass plus clover oo the application
of fertiliser N,  An extrect of thelr date, rolating to perenniel
ryegrass with New Zeoland white clover (Certificd Mother Seed) or
8.200 oppears belows-

Do, Yiolds., Tous/Aeve.

Grans + N.A: Gexrt. ] Grans + 3,100 Grass
white clover while clovey slone

No nitrogen .
fertilizer 1.04 1486 1.70
13, b ¥ | | | f
POP acve 248 %60 Beb3
Portilison
eifedt . L.6h NI .73

Praciically the.some vesponse Ho 134 ib N wap obbained whether or
not clover wag present. From these dote it would be veasonoble to

infer that transference of nitrogen from the clover to its companion
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grass species wap oither extrenely small or nonwexistant. Redend

a&lmg involving lucerne and meadow Poscue repoyted by 81llis Davies
sy WLV VAR AUGULLS UG HGRGOW LOBLUS FUPULTENT 0y LLLLE- LEVIeS

(1964h) have not been able to conflem the clover-grass pisture in
valation to N trousference and conscguent benefit to the gross
species. In this experiment mneadow fescus grown alons eand relying
eutirely on wlaeralisation of the soil for its ¥ took up more ¥ per

acve Thon whea in associstion with lucerne « elthor broadeast or

drilled.
fnpual uptake of I (Ib/ocrc)
Headow Peacue + - Yandow fegoue o
Meadow fencue alone Broadenst licerne Drlllea lucerne
30,1 20.3 ?4ul

T4 wasd however be recorded that the 1uaarne in the mixed swerds

Lauk up 205 1b3. of N per annum, and uhcn theso mized stonds were
auéhea in, on incﬂcatov crop of rapa showed an upwtake of 29 ih

of § pcr DoVe ﬁomy rod with only il*lb when growt aitew the meadow

fosue. Ro&scnﬁ put Pnrrara far' ﬁia &n&biliﬁy to show any W ﬁfamsw

fevence from lucemme to maaﬁqW'ﬁesaua wore that the lucerne was

exﬁrema}y_eompetitiVe for apace;‘water and nubricat uptoke thus

dgminating'th@ noneageressive gross apecies. | |

Hr@m’tha‘eviaeﬁne presentéd snd from othor ogperimental dada;

on balaﬁc@, iﬁ vanld appear that the oconecept Qf "Hefimation, Ne

tx&n&f&&emc@ aﬁd assooioted benefit te o non~legawe” can he accepted

in pxanc pio, Unaér the specific circﬁmmtancéa of using:whihe elover

ond perennial grasses thig priﬂéiplﬁ appears to have few oxceplions

particulorly when grosing onimols are used iu defolistion., Here the



major ocombribobion to N transforence undoubitedly cones from dung ond
urinery nitrogen and thely aceceleration of the velatively alow nitrogen
cyele. VWhere culting and the renoval of herboge is the method of
defoliantion 1t is questionable whether the principle outlined above
applies., The object of this thesis is to study the sitrogen econony of
pereanial pyegrass and white clover uvader a range of outbiag frequencies
in ovder Lo test the conocept in the abrence of as meny ewbormal
influeneing Pactors as 1s possible.

Tn neasrly oll the expevimental £indings so far cveted on the
enmount of "M tronslerenca from lagume bo agsocliabed grasses such
evidence s by dufexence « grass and clover yield mixwa grass yisld
when grown alone being the method of asgessment. One racontly pube
lished paper by Bakhwis and Kleter (1965) has abbempted o vechify
this situation by exanining gress ond clover groving singly and then
comparing bhose observatlions with grass ond elover together with end
without root sepoavabion of the species. In a two yeur fleld exporie
went these two Doteh workers studioad pure stonds of whide clover,
peremnial ryegeass ond cocksPoot with glternabte rous of olovey and
graps specics and with seperated and ungeparated woot sygstems on a
nitropon deliclent aoil » 91% sand, 7% clay ond 27 huwmus.  They
measured the dyy matber yields and protein content of the hevbage
and predicted the protein yields {since the clover was not welghed)
by applying varying competiiion models derived from Do Wit's compoetition
theory (Do Wit 29603 De ¥Wi4, Fanik, Vau Den Bersgh sand Sonneveld 19603

ead De Wit and Vao Den Bergh 1965). The mein conclusions in this
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pevieineat paper were as Lollows:w-

(1) he peneral ploture of dyy mathbeyr yield was sinller for grass in
assoelablon with clover compavad with gress alone with and without
rool segregabicile

(2) EBelow ground borricrs were respensible for lower yields of dpy
mather,

(3) Crude protein yields. of gross plus elover compared with gress
alone Indicated o similar plebure to the dry malbiter yield daba.

(4) The crude protein contenbs fa the dny matber of grass in mixed
sbands wera highor than those In puve grass sbands.

(8) In the Lirst tuo cubs of wyegrass end fiyst thvee cubs of cocksw
foot, grass alonz yielded more Thon grass in asscelablon with clover,
During the later cwbs, gross benefited inervessingly and significently
from the clover. IFrom the sowing and havvesting dabes reported

this means that e slgnificent conbyibution by cloveyr to assocliated
grass species was demonstrabed 92 days after sowinge  This was con~
pldeved t0 be an gbhovesground influence ond the direct resuld of
nitvogen which had leached from decaying clover leaves and petioles.
Pavennilel yyegross appeayed to he more offective in taking up this
nitrogen.

{6) A significant undevground nitrogen effcet was observed after
6& days in respect of perennial ryograss and aftey 8% dsys in vospoot
of aocksfoot, both resuliing from the sssosletion with clovew.

(7) “he cuude proiein contents of the dry watter of clover in mixed,

gtands vere nostly slighily lowex then those of clover only.
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(8) Mixed stands of grass snd clover in the year of establishuent
yielded considerably more than pure grass stands but less than pure
clover stands, Also ia the establishment year the quantity of
nitrogen Pixed by clover in above~ground and underground parts of
the plants emounted to abouvt 1L34-143 Ib nitrogen per acre.

These results, the circumstances under which they were obbtained
and thelr application in relation to those obtained under fleld con=-

ditions in Scotland will be discussed later. (Sect. 3II).



1.6 POSSIDLE SOURCHES OF UITROGEN OTHER THAN FROM THR LUGUME~RIIZAOBIA
SYUDIOSTIN, '

1.61 Soil owrpenic matbtor

The annvel decomposition of organle metber, uwndoy aerobic cone

ditions, will libewate nitrogen in foxms availeble for plont growth
and the amount released, uwnder a given set of climetlic and edaphle
conditions, will be directly propovtionsl to the level of organic
wobter whieh the soll contoluns.  Tobal nitrogen anolyses of the
soil from the plots in the trial ares at the beginning of thoe
oxperiment (Table I Appendix B ) indicobed a xange of 0.25 to 0.29%
aitrogen, with an average of 0.267%.  According to Wolker, Orchiston
and Adems (1954) this would sugpest an ennuol contribution of approxil-~
mobely 45 1b of altropgen for plant prowth from the dlsintegration of
poil organic natlor.
1.62 Rainfall

Milier (190B), working ab Rothomsted,, vhere the average annual
vodnfell is 26% inches Heteorologicel Office Data (1958), reported a
yeaxly contribution of 4 Ib of nitrogen, ia the form of ammonia and
nitrates, per acre per anoum from the reiuwater. In America, Leland
(1952) has estimeted this figure o be 5 b nitvogen per sore por
amun o6 Goraell ond Erdkson (1952) in a survey quotes a range of
2~20 1b of nitrogen Prom Painfall in a season using date fron various
parbs of the world., Goldschnidts (1LO64) estimated this range to bo
of the order y~10 Ib of nlitrogen por acwve whereas Drover and Barrette
Lenerd (1956) restricting their observations to the wheat belt of

Viestern Australia recopded 0.6-5.7 1b of nilbrogen during o sesson,
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Thia work in fustralie, corried oul over the four years 1952410565,
indiceted %h&%lammmnia vas the principal sitrogenous constiluent

of the veinfell for the inland cenbres vherens nitrato formed the
major part at the coustal stetion sed that the megniivde of soil
altrogen gain could not be roloted to elther total yelinfall or
Jocality. However, Gn.QKQSQ erxamingtion of theilr dats, the highest
racorded figura Por botal amount of nibrogen ob esch of the six
centres was rvecorded in the season with the highest total rainfall.
It 3 peorvhaps, worthy of nobe that the total aversge annvel rainfell
Por Ferth (VWestora fusirvelia) - numely 36 dnchos (Molnar 1961) is
very similor to thabt ezpesdencad at fuchineruive (see meboorological
date in Appendix) « 37 dnches, although the distaibubion and density
pabtorns are dissinilaw.

1

63 Bacterin

Y 2 T A

3

1.6%)  (enua Azotobacten

Within this genvs the three speoles ghroocosounm, belijerinckid

and ¥inelendlld ave congidered comwon in soils ~ Russell (1961).

These asvoble bacteria are usually confined o seolls prich in phosphate
and at pH velues obove 5.8 pocording to Jemsen {19502) aad Keila (1984).
Wakndght (1949) however, reporied s few in soils with o pH botween 5.5
and 6.0 and Techan (1953a) and Jeasen (1955) have also veoorded their
presencs wder acld conditions. Slthough Starkey snd De (1%&9) were

able to demonstrate thal Asglobeeler indicum, when igolated from

Indlan soils, was capable of nitrogen Dixation under acid conditlons,
the presence of this specles in solls of Yestern Buvope iz considered

rather doubbfol.



Ta gpite of the Pact thot Aznotobacter sposles are common in
solls, teiklejohn, workiag at Rothemsted (quoted by Rupsell 1961),
Jensen (1950b) dn Denmark ond Andewson (1958) in smerice all report
lov cell numbers per gram of soil, thus suggesting low lovels of
nitrogen Pixation. fn estimate of this velue wes propounded by
Abrecht ob al in 1956 who put forward the ranse 26-37 1b of
nitrogen fixed por acre per seasom. Since the average pil on the
experimentol gite, before applicatlon of lime, abood at 5.3k and
bearing in mind the carliey referencés to pii and occurrence of
hooterie together with the low bacterdia counts reported by three
aunthoritics, it would be wnreasonable to expect o lavge contributilon
of nitrogen to the soll from the azotobacter specles present.

14632 Genus Deilerinckin

Originally classificd as Azotobacter, but differing in
norphology and nutxitionsl yequirement, tho three recopnised spacios
of this genus are aeldd t@leraﬁt and. are agsuvmoed to bholong to o
tropleed genvs @schen (1953b).  Partinl confirmation of this
hypothesis has been offered by Kluyver and Deecking (1955) who foiled

- P . _,-: . ""-‘.7:.5:;.4 . _
to record significontiquontivies in temperate soils and although they

1

are proven nitrogen fixers, further dlscusgion of this genus is deened

UNNOCOBaTY .

1.633 Genus Glostridium

Tese snaorobic booterio ocour widely in soils sccording to
fusnell (1961), bub from the vesults of eerly loboratory tests have
almost been discorded as significant nitrogon fixlng ovgonisns on the

ground of inefficiency. Rosenblum and Wilson (L9493 1950) howevor,

W



naing Klﬁs wore able to show that out of the Lifteen clostridia
tested only three failed consigbently to flx nitrogen, oad lator .
they demonstrated that on i shsolubte busis clostiidia wera
approxinately bhalld as efficlent as azotobacker in fixing nitrvogen.

Worlting with Glestridiun bubyrloum and using glucosc oo an onergy

pourae, Farker (1954) reports that 27 mg nitrogon were Fixed per
gram of carbobydrate dissinllated. This s hipgh conmpared with

the nitrogen fixing potentinl of many of the azotobacter spocies
quoted by Hutmon (1959) in his peview, Under £ield conditions
Albrecht oud his co-workers (1956) sugsest that clostridie are
copable of Plixing beotucen 2 and h Ib of nibrigen pey acre poy goasdil.

1.63k  Genus Pseudomnonos

This is the sceond most widely distributed geous in soils,
conbolning apooles associated with the rhigosphors of plents and
some of theao spesles ore able to wiilise moleculoy witrvogen Anderson
(1955), Voebs and Debocker (1955) and Xresil'mikov (1958). Wilson
and. Froctopr (1958) have suggested that species of Pseudomonss can fix
etmosphexic nitrogen to & linited extent under acwrcbic conditions and
to o groater exbent when the oxypon supply o restroicted. Sueveying
praiyie soiln, Paul ead Wowton (1961) rveport the presence of twe azoto-

baoter specics and Pseudomonas azotogensis but on dsolation and growith

on curbohydrate snd mamnitol respectively they demdnsitrate o low fluation
of nitrogen by the pacudomonas compared with the azgbobacter. This
Inference of low alltyregen-fixing effiviency dpos not confimm the rate

carlior quoted by Roy omd Mukherjec (1957), nomely L7 ng nitrogen fixed,
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vhen grown dn pure culbure, per gram of mannitol dissimiloted, which
compares Tavourable with some of the figures for asotobecter species
eibed In Nutwan's veview (1959).

1,635 Agrobacter and Achromobacter ¢

Wilson and Burris (1953) exomining scverel sivains of
Aevobagtor acragenes demonabrated that one wes copable of fining
amall but significant quentitics of nitrogen. This wos measured
vio an isotopic technique as the normel Kjeldahl determination was
not sensitive enough.  wo years lator thie was confirmed by Wilson
ond Homilton (195%) and Jensen in 1956 shoved. thot this apecies
fixed 4 mg of nitrogen per gram of suerose when growm as o puye
culture.,

Wilson ond Prockor (1958) studying Achromobaster and Pscudomonas
together wore able to demonstyate thet speoles from these geners could
£ix atnospherie nitrogen to a limited cxient under aserobic condibions
and hotter still when the ouygen supply was restriosaed.

1.636  Geneva of Thotosynthebic Dasteris

During the pericd 1949-52 several suthors veporbed anltrogen
fixation by photosynthetic bacterin viziw

Rbodospiriilun « Kemon and Gost (1949) and (1952).

Chromatium and Chlorobactorium -~ Iinstrom, Yove and Wilson (1950).

Rhodopseudomonas and Rhodomdorobium - Tindstrom, TLowis ond Pinsky (1951).

These, howover will not contribubte significontly to soll nitrogon supply
in enltivated land since they are oblipate anceyobes vith a nelural
hobitat below water, in mud ox uander algae (Garwett 1963).

Reviewing non-symbiotic bacterial nitrogen fization Remy (1909)



suggested a maximue of 10 mg of nitrogen por gran off nutrient con-
sumed whilst Hutchinson (1918) showed theb 6‘mg of nitrbgen were
fixed per gram of plont residue under laboratory conditions rising

to 9 ng nitrpgeg in pot experinents.  There conditions are favour-
able for these fyee living bacberia, namely o proper source of energy,
suf'fioient neutral?sing 1imc, adequata available phosphntos, soil
sevation and correst soil temporatuves Zipfel (1912), Walksmen (1927)
cnvisaged a yange of 1540 1b of aveilable nitrogen ixed per acre
por annum and usvally not more than 10 1b wﬁul& be the figure for
average Pleld conditlons. Thig renge oy postulated aversge figuve
may well be on tho low side vwhen one considers the many organisms now

aceepbed as nigragen fixers which vere not conaiaered in the mid 1920's.

“, L A s o i o oo

1.6k Aetmnomvceﬁegmi
Thin group of hetorotrophic orgenisms resemble both fungl and

bacteria, connection with the former being in mode of development and
with the latter in their intolevance of acldity. According bo
Kresil'nikov (1958) there are species belonging to the Geaus
Myecobacterium which can ubilise abmospheric nitrogen aend this was
demonstrated earlier by Novek aud Dvorakova (1955) who showed a
fixing of 15 mg of nitrogen PO¥ gram of”sucrose disninilated.

Nocardio species have also been recorded as nltrogen fixers by
Metealfe and Brown (1957) being higher when the carbohydrate substrate
was cellulose compared with a wmamitol energy source. In opite of
the eladms by Russell (1961) thet actinomycetes ave very sctive under
grasslend and may bho the dominant micro~organism in the top few inches
of soil in the environment, they stil) have to be proved as signifi-

cant gontributors to the soil nitﬁogen supply.
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Those aubobrophle oveepious oocuy In lavee musbops on tho suefaee
ond within the top Fou baches of polls owd vhews thay von be dvaced o
Towss Aopths The agonts of tivation hovo bodao AR RIS WE 9?3‘;1. eudtnral
oosationn, ol fowna o corbinabions of these (Coveolt, 19638
Ruasall, 1961 Wohan ond Vhitohsuse, 19531 I% hos alpoe boon

supgested that Thele exlstongs oh lowsy mw o A somenhoad ephonoral

{Govrety, 1963).  OF the Toup groups of algie, Wluowgruon (Gyonephyeone

yollowsgroon (foathashvesea), ddntons (Pocillovicsons), and greon algao

»

i o bowy b 155 7 " i e & Fa IR 7 S g b G oy emgin oy oo it 7% RApv . P . & P
{ChlopophvesneY only the Pivst one i eohcorncd with the fixsblon of

abmospherde ndtropon. e adbrogen flalog porore Bolongiang bo
Cyapophyeone ave pesosinted with plon cldbiveblons (Dingh, 1903
Vebonobe, Niohigehkd cad Xondehd, 1951 Vildiseg ond Duople, 1952)

ond dn bhily enviryonsent are ohle to oon wé“%‘uf',“ﬁ yary shpnificantly o

the paold nilvogen nlatng. De and Mandal (1 9 36) iionbed on

aversgs onnael &t};ﬁmﬂmmm o HLID ond o oeaone Smmmmw A and TLIL
of nltrogon poir sovs Peoe the Dlweegreen alegos wder »des culbdvabion.

Those mlowo-orgondomn sppoer by vegiye snodl qoonbibics of aolybhidonun

# N

Pop vfPioleant fonetioning (Boetols, 1 y'§}¢ pad thaely opbloen pH in on

£

the allaldne alde of nowtrelity, o featoas which mey weon thoy are

prootuded feon the sodls In thoso etporimonts.  Pusseld (1961) dn bis
svvey of soll mlovo-oergmdsny sbobves Shat there o o gositive evidence

thut aigeo contedbuie signidicantly to o ooll albropen gtobus in

towperats voglons v arile of tholy widesprond GoouEronac.



L.66 Yoasts

WVithin this group of organisms, & Rhodolovula and o Saccharomycoto
are kaown bo be nitwrogen Tixevs.  Thoy were dlsolated from the AL horle
zon below a bebulomcellune henth by Meteolfe and Uhayen (195L) and when
grovn on mamndbel plobtey exhibited nitrogen fizatiocn @qﬁml o L mg of
nitregen pﬁé gran of mannitol expended. Robepts and Wilson (195“).
vorking with those yeasts exitracted by Chayen and using Nlﬁ@ showed thelir
nibrogen fixiag ecapacity as linﬁh'an& lféﬂth of thot of asotobacter.
Jroce thoy wexe only found wnder very acid condibious (pﬁ ka5), were
only igolated in swall nwibewrs ond appesi very nefflciont fizers by
obher stendards, &% would be vessoneble to assume 1ittle ow no conbri-

bution to soil niiwogen in the experiments described in this thesis.



1,67 Swwmary of possible sourcas of nitworon avd eshinates of their

W

Qontribution

Soil organic wablep
Rainfnlld

Azotobacter spocies
Bedjerinckia specics
Glostrldia

Pacudomonasg

Aexvobactor and Achromobocber
Paotogynthetic haeterin
Actinonyceetes

Algae

Yoants

Mmount of

nitrogen

2637
Frobably nil,

el
Vexy gwall if
pyganisn is
present in
the goll
Yoery swall
Perobebly nil.
Small?

?

Probably nil, even
at very low pi cons

tribution very
grall

7506+

In round Lipures, 80-100 lbs, of
nityrogen could be avelilable per

season from 2ll souroes.

%6



2.SEQTION  TT  EXPERIMENDS,



2. DECWION I, — BREERTIMENTS

2.1 OBJRGTIVES, BXPERIMENTS AND. URCHNTOUSS

L

2,21 ObJoctives end triel lavouts

From the literabture 1t is evident thet 1ittle or no atbtempt
has been made at a dirvech evelunation of altrogen transference from
clover to grass uader £ield conditions. - Under controlled conditions
in the laboratory. and in green house sﬁudias the trennference has heen
assessed with othor species ond with grass and elover in the field
indireot or pradicted velues heve been calenlated. The follewing
objeotives and quegstions bave thevefore been poscd appertaining to
the nitrogen economy of New Zealand pevennial ryegrass -~ New Zealand
white alover associstionsi-

(a2} 1In the absence of fartilizer.nitrog@n, %o gtudy the
nitrogen and ﬂnﬁQmaiter vields that econ be obbalined over & three
vear }ﬂfiﬂd;*

(i) tUnder normsl voobt conditions in the field

(i1) Under Pield conditions wheve the root systens
are kept gsepawvate utsing black polythene.

() o sscertain the effect, 1P ey, of i Perent culbing
froguencies (2, b aﬁd ¢ oubs per annum) on the nitrogen economy of
the agsoelation.

{(c) "o test the theory of Walker et al (195&) rogavding the
soil N level and predicteble clover contiibutlon toverds the grans
aitrogen,

(3) 'Wo aseertain through observation plots the approwimate

lovel of fertilizor N that has to be applied to o pure stand of New



LN
e
20

Zualand pervennial vyegrass in order to obtaint-
(1) The same D.M. yield as thet obtained from grass
and olover combined without fertilizer N,
(41) The same 'H' yield as thed obtained fyom grass
and olover combined without fertilizer N.

(¢) %o test the Mndiags of Johasbone-¥allece in reapect of
divrnal fluctuations in-wmicro-climatic tewmpersture abt ground level
in grass versus gvass plus clover plobs.

(£} To measuve the divroal fluctustion in micro~climetic
tempevature at ground level wnder the dif'ferent cubting Prequencies
establiched in the trlal.

(&) To compare the effectivity of the natural strein of
Rhizobla in the site against onu of the most effeective known.

The main tydal designed to ansver most of the questions is a

split plot layout wlth four replications.

WMain breatments (%) 2 - Pwice during the season
(eutting Proquency) L - Tour times " ¥ n

6 = Six bimes W ¢ #
Subsidiaxy treatments (2) o - Root evstems cowbined

b ~ Root systems separated,
A sevies of gress plots was also egtablished at the alde of the
trdinl in order to cover (d) and the question posed in (g) are covered
by o swell vandomised block tvlal, referred to¢ as the "clover

inoculetion trial.®



39

In adadition, it waes thought necessary to test the permeability
of the black polythcue used as varrier waterial. This was done
both in the laboratory and under field conditlong the results being
discussed in the gppoendix.

Also o noasure of bthe physical offect of the polythene was
obtalned in a randomlsed biock trial in the fleld, This was
established dn o manmer similer to that described for the modn
trial except thut the polythene was placed et yight anglos to the
vows instead of being parellel to them,  Agoin the results ffom

this trial sre discussed dn the appendix.
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Koy to svmbols used dn the masber plon of triels ond obscrvation

niots.

lodn prass and clover triel

2 = Main treatment two outs per annum

4 ~ Hoin treatwent four cubs peor annunm

6 -~ Main treatment six outs per annum

o « grass and clover with integrated oot systeus.

b « prass and olover with thelr root systems sepregated.

Rop ) ~ Replicabte nuvbeyr one, (for all replicated exporiments)

Rep 2 -~ Replicate nunbeyr two, etc.

P - grass and olover plots with polythene al xright angles to
the line off drilling.

~ gontrol plot, grass and clover growing normally without
the introduction of polythene. |

Peymeobility tasts on the polythene

A = Brass + fertilizer nitrogen () x 8 ewts./oere 21% Nitrowchalk)

B « Grass in close proximity to nitrogen gpplied in A, but
separated by polythene

0 = Gross distent from feprtilizer M.

Gragslond observation plots

NO - Control plot without fertilizer nitrogen.

N3 - 1 cwk. of nityowchalk per cut, equal to 94,08 1b li/acre/annun.
N2 - 2 cwts, of nitroecholk per cut, equal to 188.16 1b N/acre/ennum,

3 - 3 ewts. of nitrowchalk per cut, equal to 282,24 1b N/acve/annun.



Wi = L ewbs. of odiroecholk per cub, equal to 373.32 3b W acre/annun.
NG =~ 5 ewts. of nitrowchalk per cut, egal to 470.40 1b i/acre/sonum.

NG = 6 owbs, of nitrowchalk por cut, equal to 564.48 1b l/scro/annun.



2,13 DBapewimental siies, cstablishuent and nethods vsed

2,131 Details of experduvontal sites

Geopranhic location Pields~ Hoe Field.

Paym:= Vest of Scotland Agricultural

College, Auchinoruaive, Ayrshire.

(Notional Orid Ref, N.S, 387236)
Tat, 55° 99¢ W,

Long. 40 33 W.

Soil tvpes-

Sondy Loam over red-brown sandy clay with coal measures below,
Aspegts~

48 Stopo in the direet of the B.W. with conif'er wood to the
north, the trial ares itself being surrounded lmmediatoly on all sidos

by a ryeprass ley.

Fravious ovopping and menuring
1962 Pobatoes. 10 owt./acre 127 Ny 127 Péoﬁz 18¢§KQG.

1961 Peos and ‘
beans b owt./acre OF N: 200 P05 RO% K,0,

Preporation of tb&.ampgrimentallsite

During the antumn of 1962 and spring of 1963 the itrinl arca wos

hand dugvto remove weeds in particulaxr Agropyrum repens. In YMeroh
1963 the land was marked out plot by plot and soil enalysis done -
(for methods end details of analyses scc appendix). As o resultb
the whole area received a dressing of lime on 26th Harch which was

desigod to correct the pil from its previous level to o pif of 6,25,



Wb,

It was considered unwise to corvrect to nentrality due to the risk

of rendering several impoxtant trace elemonts unavailable and it

ras aloo consideved uwnwise bo atﬁmmp% a plot by plot correction.

This is condemned on the basis of introdueing additional paroe

ﬁ@ters to the specific treatments. Phoéphate and potash levels

were low and mediun respectively ond #p mask any plot veriotions

and to glve sufficient fertilizer for establishuent and growth during
the waiden year the vhole area received a dressing of 100 unlts of
cuch,-  (f.e¢. 112 1b of 13305 and 112 1b K0 per acve). ‘This vas
epplied in granuloy Porm on 26th March and was worked inte the top
80il.-  Half the experimental sitc was excavated to a depth of 15
inches teking care to keep the various soil horizong sepavate. A
double layer of 500 gouge black polythene was lald every 6" on those
plots designated for root peparation, and the soll wos put back care-
fally in its covrecth order. This took place between larch 28th and
Apedl 4th,  The other halP of the site was dug over bto simulate the
g0l loosening which took place on those plots which had been exocaveted.

2.132 PEstoblishment of the moin trial

The seeding rate for the trial was 20 1b per &cre of New Zeealand
certified mother atrain peremisl ryegrass and 2 1b pexr scre of New
Zealand cexbified motheor strain vhite clover.

Toeh plot contaived 8 yows, alternctely grass and clover, and the
seed was measured oubt for these (velunetricelly) on an individual wow
basis. Having marked out the rows they were opened wp with a rake
and the seed wasg hand sown ond thea covered., Sceding end braivding

dates were ns follovatw



BOULIG DATES -

16 plot bwial (1963)

Apprild Hth and 6th

(rass observotion plols (1963)

Aprid 8th

Gloyer inoeulotion brial (1963)
April 19th

Folythong effoet trial (196h4)

2%rd and 24th March

Pormeabllity of polythene

{1L964.)
6th July

I5

BRATRDING DATHS

(lover 16th April
Grass 270t fpril

Aprdl. 2kt

Apil 29th

Appil 29%h

July 274k



2,353  I1llusb

potions of meth

gabablishment

Plakos Jeb



PIATE 1. Excavation and separation of top-soil, sub-soil A
and sub-soil B.

PIATE 2. Introduction of polythene barrier supported by
light wooden frames between layers.



PLATE 3. Tllustration of method of filling using wooden
retainer board.

PLATE 4. Back filling with both sub-soil layers complete,



PLATE 5. Baok filling with both sub-soil layers complete
on three sections.

PLATE 6. Pinal layer of top soil added.



2.2, RESULTS TROM THE MATN TREAT T I09 BSTABLISHMENT YR 1965

C 2.21  Preliminery details

Durdng the establishnent year of this trisl it wos considered
improctical to apply the full breatnent effeets In respect of cutting

Frequency and o nodified sel wore drvavn up as followsgi-

2 Cuts/dmaum | & Cubs/anmum | 6 Cuts/Annum
Eéfabliahmwnt (‘J’t:t“hl~ Juiy 9th Jum&-Stﬁ 1 July-ch
lat Cutb Sapta 3§th &ué; 15th ﬁug.'lﬁth
2ad Gub | o Sje'p‘bt,. ;%o't}ﬂ Septa 161:&
3rd Cut - - ﬁcﬁ..léth

 Between the time of sowing (5/6th April) and the establishment
eut (July 9th) several hond weedings were carried out over the trial
area. Moot of the quick growlng ammual weeds were removed so as to
obtain o uwniforn "teke® of grass and clover on all the plots,

The initial braivd was in fact uniform ond an ¢ven growth yate

of both grass and clover wes recorded during the first six veeks after
em@rgeﬁce. Howaver, towards the end of Jum@~th&ré had apprered slight
diffoponces bebwcon the subsidiery treatments (a) root systenms combined
and (b) oot systenm sepmrated). Vhere the roots were cembined (a) end
thorofore warestricted in movement a slightly taller, more vigorous
porennial ryegrass cucrged, On the other hand, vhoa root séparation
vas coarrded out as in treatment (b) and each component given its owm

roobing area due to the polythene barviers, the clover exhibited



slightly more vigovous growbh. These observations weve verified by

measurenents baken on 21set June and the mean values rocovded wereiw

fGrass height Clovaer helght
Treatment en om
(2) Root systems combined 15,7 9:9
(b) Hoot sysbems seporoted 1344 1045

fhose differences, whioh wore menifest approximetely two months
afher'brairding, are thought to have oceurred duc to below ground
competition for root area, to differentiol conpetitive ability of
the two specles and, linked with bobth of these, the comparative reot
moyphology of cach conpenent,

On July 9th en establishment cut was teken, firstly to eid
wifornmity in forther growth and secondly to eradicate further
problems with annual veeds.  The varlous hend weodings carvied out
after brairding within and between the rows of grass and clover were
effective aad dats recorded ab this pericd is aceurabe and worthy of

exanination,

fhe differences belueen treatmeonts e ond b recorded in June were

agadin present when the cstablishuent cut was token and £ onything were

moxe pronounced.

50
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Conteibution nade by grass dry watler
Mreatnent Tield as % Total D.H.
AR Pot ot I R AT AL SR IS S el e S s . S XS X et LAt S T s oo * R T X I T e o A (R A
o 1,894 (1207 7o
b L4076 (200%) 529
8.8, L 67 o

W LR ; 2o "
Lot s, P T Y gt N L

Total DM, vields wore 288 higher on treatment () and this was
h:i,gh:ly gignificant, At the same time the contribuwiion made by the
porenniol ryegrass component was 727 as against only 52% on irveatment
(). Vhere the porenniel ryegrass is nob rvestricted below ground it
conbrdibutes much move Lo total D.JH. production and as o result cnhances
totial D.M. yield paprtly from the grealter green yield present and partly
through having a higher D.i. % comparved with the clover compenion spooices.

2.282 Chemical snolyses

Variations in both DM, @ sud I % in the grass end ¢lover were
oxbrenely small and only one significent difference was recorded betweon

treatments o and by this being in the nitrogen content of the clover on

these two tyeatments.

freatmont | 9 DM, | ol I;I.
| - (;:mss - Clovey | Girass Clove::'
o Wiz B | L7 3,11
b b9 0,67 1.78 5,21
ST 1 %o.36 0,15 Y0.062 | % 0,027
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2,223 Nitropen yield (I/ocre W) [Grass ¥ + Clover X

Phe nitrogen yield expressed in b Neore is slightly but not
signiricantly blehew on treniment (o). This incresse sncunting to
105 compared with treatment b is much Lower than {hat cuperdenced in
the compareble DM, yiold dola. It is plmost wholly sccounted for
by the change in proporiional representation to yield by bthe tuo
componients end the relatively large diffevences in % N; the zrass

component having oaly half the altrogen compered with the clover

countievpart.
T éunéa:*iimi:&em ;aa&e by
Preatnont ¥ Tield in Ibs./acre grass N oas 9% dotel W
e | owoe (uoly 60t
oy 6.8 (100%) | 57

At this stepe it ig inportout do recopnise the 20% diffevence in
dry mafbor yield end 107 diffevence in nitrogen yield, both in favour
of treatment (a) as o diveot offoct of the polythene barricrs employed.
The allocation of rooting spoece which has antomatlcally followed the
introduction of polythene below ground has reduced the contribution
mode by the peronuvisl wmvegrass ond has evhanced the contribution mode
by the white clover. ‘The largest contribubion hes been Lyom the gross
end a subgeguent reduotion in this has bad en overall negative effeot.
If Netrensfevonce had token place it is roasonable to asswme thet the

% N in the gross which was not separated fvom its clover compsnion



gpacles would be notloeably higher than wheve 1t hed been kept
saparatae.

In order to mensure the physical effect of the polythene used
as underground Barriara, a separate trial was established in 1964,
Similax plot sizes were involved and the grass and cloveyr grown in
alﬁernﬁta rows as befope, lere, however,; the polythene of sianller
thickness and dimengion vas pleced at yight angles to the rows of
herbage. It was incovporated in six plots with the same number
uged as controls.

2.2% Qbservations and debails of breantment cuts

2.231 Post esteblishuent cut braird cheolk

On July 15th vhen whe tyizl hed recovered, assessments of the
agtual "take' of each component were considered. Bxomination of
each plot indicated a satisfaclopily wniform plont stand of clover,
In respect of the graés gomponent, tlller counts revealed o saltis~
feobory braird, with both treatments having over 300 tillers per
linsar feob of xow and no significent differcnces between thom,

Pollowing tho establishment cut on July 9th the various treatment
eutea, modified es reported earlicr, were taken throughout the remainder
of the 1963% season. These hove been separstely ansalysed and grouped
seoording to main troatnent and appeer in Tebles T, LI and IIXL.

2;é58 Hodn treotment 2

This fuvolved o single out in 1967 and is roported in Teble I.
A significantly higher D.il. yield was obtalned on subsidiery treatment
(a) but no difference vias recorded in respeoct of Nryield. The

analysins of the clover frootion showed no significant difference in

T3
Nt



S

eithor % D.Ji. or @ N.  The grass onalysis however indicabed o
hilghor DJM. % on freatment (a) but a Lower % W,
7

2,233 ladn trestnent b

Two couts wore bteken on this maln treatument and these are
onalysed and presented in T&ﬁl@ ¥r.  DResults fvom August 15th
indicate nothing significent ia D.K. yields or W wields but minor
tronds appear in the chemical analyses. D.¥. % is highor on breatw
ment (a) for bobh gross and elover bub the reverse brend occurs in
rospeet of ¥ ¥. AL bthe laber date nothing significant eppoars in
the data. |

2e23h  Main treatment 6

i

Ta addition %o the esteblishment out, threoo treabnent subs were
taken during 1963 on August 15th, Sepbembexr 16th and Ootober 16th.
Individual englysos appcar in Table IIT and indlcate a sinilay
pattorn to the one exhibiied in breobment ke  Similer DM, and B
yvields wera expericnced with cach out and the chenical analysis
wevealed bigher D.M. % and Jower N % on herbage fron treatment: (o)
duriug the fivst out on Mgust 15th. The two labter cubs howoever

indicated o admllar chemical composition.

2.2 Tobal production in 1857

2,201 DPry mattexr
The figures incorpovebed in this final analysis for 1963 are
the establishuent cut plus the various appropriote treatment outs.
The statistical broakdovn of this data is in Table IV bogether with
a swmary of the total yield of D.M. produced. Duxing the Flvst
yoor h,528 pounds of dry mattor wore produced per acre on btreatment (a)

which represented an 187 inorease over treatment (b). During the



A
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Pirst few weeks after braivding this differonce between (a) aad ()
vas quite movked, end in the cstaeblishuent cub in duJ,,y it amounted to
28%. Since then the megnitude of the difference batween the two sub-
pidiayy twsatmenbs hag progressively decvessed and alithough the {inal
fig;uxﬁ for total Dol yileld shows 184 dn favour of (a), half of this
oan bo attributed to Aifferential growbh' up 4o the establishment cub.,
A veasonable explonation for this phenomena lles Jo the node of root
colonlsation of the arsa avallable. Without polylhene berrviers below
the surface, grass and clover roobs devaelop uwnlipeded end this willk
contribute towards growth ebove grouad without any chack., The introe
ductilon of Dipenetvable baryiers will teupoverily inhlbit wool develop-
ment and until they heve chengod &lrvection fyow o laberal to an upward/
dovnward novencut on mecoblag the obstucele, there s Likely Yo be s
chock which could be manif'est lu the above ground growth. It would
oppear bthat undergrovad hereiers have had a slight differsntiel effect
on the two speeles concerned pavbicularly in the ecawldy atages of growth.
The outoome bc;:m({: & reduction dn the combributing pover of the grass
compensoted by o dncrensed development of the clover. Th is in meny
Ways slnilar to, b{z‘b not identi¢al with, the effect of frequend
defoliation of mlxed swards,  The aversge contaibuition to D, yleld
by the grass component throughout the 1963 season was 74% and 557 Cox
treatments (o) and (b) respeobively.
Ze2h2 Hitvopen

As with total drvy matier production, all rvecorded weighiungs ia

the first year wore used to asmsess the totel nltyogen yield fyom the

trial and statistical analysis and summary of thig date eppears in



Table V. Main breetments 2 v 4 v 6 ave signifisanﬁly differvent atb

P 0,05, 2 veprasenting the least numbor of cuts belng sigilicantly
Tlower in tobtal N yield thaou &4 (wmedium ocubbing frecuency) and 6 (the
highest cutting fregency)s Vhere the plets wawve eut twice duving
the season sub-maxingl yield resulied duve to shoding, overcrowding
and sone senesconce in the grass end clover growing oloss to the
soil and this was partliculavly prevelent in redapest of the olover.
compencnt,  Subsidiory tweatments (a) and (b) gave similer yiclds -
109 and 108,60 1b U per acye pegpocbively end the interaction of
cubbing frogency = {2) v () comperisons wero dnsizaificant. The
averape conbyibubion to I yisld by the grass component throughovt. the
st yoar was 6%F and 43% Por tyeatments (a) end (b) respectively.
These proporvioneld repwesenbabiong to total ¥ yield hy the grass ave
ppproxivately 108 lower then the corregponding flgure for total DJi.
production and are portly vesponeible for similap N yiclds fronm these
wio treatments. Higher clover contribution with its naturvally highey
nityogen asalysls has compensabed fox Lower D.ii. yield on those plots

where the roobs ave sepaveted {b).



2.25 Summary of the 1963

2.251 [The effect of roobt ser

The introduction of polythene barriers as in troatment (b)
effected the indtlal growth of gross and clover end olthough the
evidence showed this to be minimel by the end of the season, it was
reaponsible for o small bub signifiecatly lower yicld (187) in total
Do production.

Total N yield wos similapr for both subsidiszy trestments.

This was brought about through a higher clover conbribubion 4o
frosh welght on treatment (b) coupled with the fact that this
material contained almost double the ¥ protein compared with the
grass.  As o wesulb, in spite of the higher D, yicld reported

above, total nitrogen yield romeincd the same.

2.252 [Dffeot of mein treatmonts 2, 4 and 6 cuts per sanum
Cutting twice gave sipgnificeatly lower total D.M. and N yields
compared with those plots receiving move numerous defoliations |
throughout the season.
2.255 Interactions
The interactlom botween main and subsidiory tregtments were
insignificant both in vespoetd of total D.JM. production end total N
yiold.
2:.25L Chemivol conposition
Some signiflcent differences vere recorded between treotments
(a) and (b) in respeot of D.MG and N,  Grass and clover D%
were higher on (a) at the beginning and on oeccasions at the end of
the season but the N¥ was lower. These isolated differences ave

not considercd of groat importance when viewing the chenmleal dabs



as o wholea

2,255 Intecin hypotheses on nibropen econom

From the 1963 data the following tentotive hypothéses may be
propoanded .,
() During the @aﬁﬁbliﬂhment veox of a grass aﬁ& clover ley grown
undey the sonditions desoribed in this experivent and with a soll I
gbotus of 0.20% (o figure sbove average conpored with Key, 1934, bub
higher than those roporhed by Volker et ol 1954) oll the atuwospheric
altrogen fMxed by an offeotive gyubioble shizoblae may be utilised by
the baoteria thenpelves and the lagaune host.
(b) N in excess of the booberia ond Joegune requivenent is prosent in
3ignifieant quentitios yot usavailable to the grass companion species.
() W in excess of the bocteria oud leguae vequirement is availoble
in smell quanbities the uvpbake of which ip mosked by obher lerget
sgronomie features. (One possible cxplonation gould be through the
chonging patbern of proporbional representotions to yield by the two
components) .
(d) On those plobe wheye the roob systens ave separated, soil
mineraligation has released sufficient N to waintain a high protein
content of the prass in these areas, spein nasking o relotively small
amount of tronsfor on the corvespondiag plota.
(e) Ineffeobive noduletion bhas mesnt little ox no N fixation end

thevel'ore no release of N surplus to baelerin end legume reguivements.



2.3 RESULTS FROM TUR MATN TRIAL IN 178 2nd YEHAR 19 62#:5‘

2,31 Preliminoey detoils
Sa A LECLIWEIGIDY O LALLE

Following the final eut in 196%, the trial arves vaceived o
dresaing of phosphate and pobash, (168 Ibs. por sove péoﬁ and.
168 1bss per core KQO) %0 replenish the soil levels of these
major nuteients, - Tu 1964 the full number of bLyeaitment cuts vero

mode on the following datossw

?raatﬁent | Treatment | Treatment
Cut Nunbor 2 cuta/annnm 4 Cuts/ennum 6 Cuts/annum
1 May latb April 24th April 16th

2 Oct. lat June 15th Moy 13th

3 o~ Aug, 5Hth June 23rd

L - Oct, 7th July 286h

5 - - Sept. 9th

6 | - - | oot. w4en

During this year the olover began to grow into the grass rows and
throughout the season inveding sbolonsg had to be rvolrained to prow
within the linits of the polythene barriers employed. AL the sane
tine bolanical separvation of the cut herbogoe had bo be introduced to
obtedn en accurate measure of the grass sad clover components in the

vield date.
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Q32 Rosulitn from the walin tvestuenks

2,321 Madn tveatwent 2 cubs ver sanum

Sumsaydes of these debe appear in tobles VI, VIL and VIXT dn

the appendix and reprosent the lat cut, 2nd cut.and totel production

respechively. Toking a broed view of the vesults through the total

production for the yeoy, there appsars no sigoificont differences in

vield belbwean: the two subsidiary treatments o ond b in rospeet of

groon wolght, dry mattor yleld ov nitwogen yield.

Wbta? praﬂucﬁieﬁ : - . .
meaasured @s*n Treatment o Treatuont b

&raen.';elﬂ

J?n ? A l?,7ﬁ‘

Neia yield | ' :

zlb""'})';,ie:fﬁ . per acre) 7641 | 6617
Hitrogen 1eld | | | | ‘
(b N ' Or aere) 1386k 139.93

However there still remained a difference botween theso treotucnts

when the ﬁropdrﬁional representation of the two cémpﬁnenﬁs Por yield

were asacased, Under treatment By clover contributed 23,6%, 16.37% and

32,2% towards grecn yield, DM, yield snd nitrogen yleld respectively.
Those figures rose to 38.1%, 27:3% and 47,67 for the corresponding
yvield data under treatment b.

Chemical composition of the gress ond clovew, in the fom of Dul. %

and nitrogen t>appaarea maffected by segregotion of roots.



R.522 Nodn breatment b oubs por annum

Individual tyeatment cuby ere summarised in tobles IX, X, XI
and XU end show a similer but not identical pabbtern o the loss
frequently oub plots Juat reported. There ave no yleld differences
hatueen the subsidlary troatments and nelther does the chemical
malysils reveal any simificant chavges in % D and ¥ N in the
herbage. The contribubion to yield by each component undor thisg
more fyoquent defoliation systben wow appesrs waffeoated by oot
segregation. These observations are well corxcborated when the
total preduction for the yeer is gxemined 3n WDeble XIEL, an extract

from which appears belowi-

Potal prodﬁehion
neasgrad asge Treatnent a Trectment b
Grcen yicld 22.45 ] e
Tons/acre (46.4%) (50437)
Dul. vield 7,295 74191
{ 3."1375':5::."?@"'5” ~ (57.0%) (40.2%)
Nitzogen yicld RIREING | 29666 o
zlb N./acre) (52.9%) (56.37%)

(Figures in brackebs indicate the coatribubtion made by clover as a

percentage total yield)

G,



2.323 Moin treabuent 6 oubs per snoun

The vesults of the Iudividual euis from the most frequenitly
dofoliated plots are swmarised in tables ¥IV, XV, AV, XWIE, RVIXX
and, XI¥X dn the sppendisx., A pabiora emerged fyom these dota which
is simdilar to that alvendy deseribed in rvespoet of malu Sreatments
2 and b, Yield aond chemicel anolysis indicele no significant
differosces betuecon fhe subsidiaxy troetments aud os in mada trestment
2 the olover conbrlbution is nobably higher where the rool systoms
have besn segregated.  Jgoin these observebtios ove well confiimed
when the btotel production for the year is examined (Table XX}, on

oxtract of the muin featuves appenr belowi~

Total producbion

measureld asi- Uroatment o Treatment b

Groen wicld 20,28 ) 8193 \

Tons/ocre - | (5354008) (6h..37)

Delfs Wil | 6,597 | 6,956

Wjocre) o - (n3.050) (56.48)
T Nitropen yicld 206,76 R29.07

' (55.97%) (67.49%)

(Figures in brackebs dndicote the contribution made by clover as &

percentoge bobal yidld).



63

2,320 Bxewination of the cowblned dobe dn split plod
anglyais foxm |

Malgomation of the date from cach of the main treatnents giv&s an
overall picture of totol preen yield, total dvy malter yield and total
nitrogen yleld in tobles XXX, XATT and XALIX, end She percentege clover
conbribubion to these yield messurements can bo studied in taﬁles X¥IV,
XXV end ¥XVI. |

: { dry .
2,321 Totel mdttor yield in 196k

Total dry matiter ylelds for 1964 appéar to be wnalfected by
difPering frequencies of defoliation ~'2, 4 and 6 cuis per anaun being
veopongible for 725k, 7119 aad 6777 1b of dry mabticy por acre
reapectively. A émall buy slgnificent dlffeyence was rocorded belween
the suhai&iany breatments a and b and this could still be legacy of root
roestyiction which was clearly menifest in the estoblishuent year. The
intevaction hetween moedn and auhéidimxy treatments is significent and
can be partielly interpreted through the higher elover contribution to
yield vhere the vroot sysboms ave segregated compaied with those axoas wheve
the roots ave coubined {Table ZXV).

2¢32h2 . Motel nitrogen yield dn 196

Inercasing the nunber of defolietions haed 1ittle effect on total
dyy mabﬁ@r yield but they were wesponsible for large and significant
increéaes in the tobtal nitrogen produotion, 2, 4 and 6 culs por annum
recorﬂe&*1395'19?‘anﬂ 218 1b of nitrogen harvested por asre |
reopeetively. This is in line with présent cannmpﬁs and is accounted

for by the fact thet young growth obtuined by frequent cutting is



rieh in nitrogen wheowcas old meberiel, although bhigh in dwy matler
is not correspondingly high in protein.

There wos no apparent diffeyence between the subsidiary treatw
ments in respeet of nitrogen yield. This can be explained via a
higher cloveyr contribution to yleld under treatment b, which would
delete any advantage which treatment a, might have enjoyed through
ahigher dry matter yleld. The interaction between mein and subsidiary
troatments in respect of totsl nitrogen yield for the year was
insignificants



65

2.%  PERIOD BUTHEEY THE LASY GUT IN 106k AND THE FIRST CUT TN 1965

ﬂ?owb.rd.é the end of the ‘?’}6£ g;mwin’;g season, small, rendom areas
of clover on the trial exbibited davk brown or block lesions. 'jfhé
cmu.se;,i‘!\. ovgenisng vere lator identified as one or o aaombina'bién of
tha i"allm'v:iné; fangiy-~ |

(a) ﬁphaarulina bedfolil (Roatr) o Buaxn

(b) Pécmdcﬁe.fziza trifolld (I'e) Fuckeld . Leaf gpob

(¢) GCymadothen twifolii Wolf |
Stat. con. Polythrineium drifolii  (Fr) w Black blotch

On October 15th the triel avea and surrounds were sprayed with 2 1b of
gineh (65~70% szine dithiocarbsmate) in %0 gallons of water per acre.
This renediel nessure was again offected the following spring on
Aprild. 20d end the clover remeined heolthy throughout 19685,

Pollovwing the final cut in 196k any clover stolong invediug the
aves, alloeated to the nelghbouring grass rows were retm%a& o grow
in their own space within the limits set by the polythens berriers.
This loborions but neecessary btask wes completed by Novewber 10th.

On the Tollowing deoy the main LTxial area reoeived its winter dragsing
of phosphate and pér%;a_.g,h. to replenigh ;hhce soil supply o these najoy
nutrients. (Rate of appiication:~ 112 1b of péoﬁ ad 112 1b of 5,0
pey am:é) .

During the period Sth~7th April, 1965, all dicotyledonous weeds
wore removed by hond fyom the triel and on April 8th a further applica=~

tion of phosphate and potash took place. (Similer application rate).



2,5 RESULDS FROM T MATN TRTIAL TN TTS %rd YHAR 1965

(ENPERIEYIT s BN e e e ey o

2.851 FPreliminery details

In 1965 the full nunber of treatment cuts were effected as in

the previcous year and thay oceuvrred on the following dategse

o mm’.i’z:'em,t\maﬁi; “ Tmaﬁm}t | | T;*ea1tm?51'i,
Cut Nunbor | 2 Cugs/ A | & Cuts/pumun 6 Cuts/mmun
1 Moy 25th Mog A1lth Appil 276h
2 Oct. Sth | July lst Mey 26th |

% - Auge 3lst C o dune 22nd

b o Dot, Hth July 27th

b - o Sept. lot

G - = Oct. 12%h

On July 14th the tyial aves recelived o mldesenson dressing of
granual gonpound fertilizer, equivalent to 12 Ib of 1??(}5 and

112 Ih o?f KpO POr aore.

2452 Madin trestnent 2

Summaydes of thepe dote appeax in tables XXVIT, XAVIII end XXIX
in the appendix and represent the st Cub, Zod Gt and totel production
vospectively.  Throughovnt the spring it became dnopsesingly appevent
that major diflerences dn yield bebween the two subsidiery treatments
vers bullding up. By the 256k Moy, the date of tha fivst cut, the
grans on treatment o (zoot systemn combined) was moeh taller and
move vigorous than on tyresiment be  (Plabtes 7 end 8).  This was

lorgely, i not vholly vesponsible for the significont differences



o T
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Total 1965

Tiold data

1ot cut (é‘ﬁ/ 5) | 2ad cut {5/10) | production

& b a [ - b

Green yiold | ‘ ) '
‘ ".k;‘z:s:as,/ aoxe 7s (‘30‘ Le2b | 10.26 8.3 |17.06 12,40
o | L178] [100] | {2261 | [200] |23 |[200]
?!3:;1;‘ moabler | | ca : 80 | o
Tib/a0re 54129 1,769 | 2,681 | 2,033 |5,810 | 3,762
1 [ taoo] | (3521 | [dood |Tise) |Tdoo]

ﬁi‘kfﬂgan yield . , ‘

¥ Tfacro 17259 Lo | Pl | 626 boz.ho | 92.65
ALY L:Loaj 121] L2o0] [ (rs2] | [200]

in totel green welght, totold dry matber and tolol ndivogon yleld,

amownting o en adddtdonal 7875, 79% end 53% vespechively on the £

Lts

et
out (See Luble shove). 4 pindlar position was pocorded ot the end
of the season In the gsecond cubt on Oobober Bk, thue presenting wide
fl:li‘f{amncééx in yield ba‘!;w;eeﬁ subsidiary treatronts zrend b vhen the
total yearly ‘pmdmtiwﬁ is asposgsod. CGoupaved with 3906, tho average
yields in the third year wewe lover by 11 tons fresh welght, smounting
to a reduced dry mabtor yield of A dton ond 22 1b lcas:tls piltrogen. The
explanation for this lice paxtly in the fact that oo low o cubting
Prequency on ea ageling sverd w:?.il restyict the produvetion fyom v,
Chemd.cal composition (% D.Me and % N) of zrose and clover appeared
wnaffeoted by ool segregetion in both culs and also on o weighted

mneon basio,




2¢D%  Main trostment
Summeries of these date eppear in bebles XXX, BXXT, XXXIT, XEXIIL
and ¥XZXTV An the appendix end they mepresent the lsh, 2nd, Jrd and
Lih Gﬁts and tobal yearly production yespectively. '
Plots on this medium cubbing froquency (U/anaun) showed o
similay pattern to the less frequently cut aveas just reported.
Green yleld, dyvy natter yield aad nitrogen yield on each oul appesy
higher without woot degr gaﬁiuﬂ, but o this instonce the diffevences
are smeller and less significant, Viewing theso resulis as 2 whole
through the total produgtion for the year thore appears o conslstent
16-187 difference in yield between the two subsidiory trestments.
Yhe 1965 (3¥d Yoor) vields in gencwal are of the same magnitude as

those vecorded in the previous yeaz.

Iy

Total production
neagurecd agiw Treatmenl a Tecatnent b
crm vicld :gz;,.eg | 20,78
[ons/eere] B 1216 [100]
Doy matber yield 7 99& ' 6, 162
[1b/ecve] LJLGJ [IGGJ
Nlbrbgcn yield | 198.09 170.3%5
fm N/aarm} fllG] [NND]

No consistent diffexence in chemical composition of the herbage
cnerged and % DM, end % N may be oons sidered similer for grass and

clover whether ov not theiy root systems ave sogragabed.

68



2.54  Modn treatment 6

Summaries of the indlvidual cuts on this treatment appoar in
Tables XXEV o XU in the appendix and the overall production fov the
year is voviewed in Toble XLI. The general level of yield in 19565
fxom these frequently defoliated plots was higher'than in the two.
previous yeeys. Twenty Douy tons of fresh weterdal was harvested
compared with 21 tons and 16 tons io 196k and 1963 respectively end
there was a concomitant Inorcase in the dyy wmatier end nitwrogen
yvields. ‘

A conglstent yield difference ocecurred between the subsidlaxy
trestnents s and b.  Plobs with their rool systems combined (a)
produced higher dry matter ylelds than those wheye rool mepregation
had been employed (sce Table below).

Dy watber yvields

| Sih/aore) throughout 1965 Lrom moin hreatunen
6_oubs peor annum S

b | Total
st Znd L. Svd hith Kb 6th yearly
Treatment Gut Cut | Cut Cut Cutb Cut production
a 1,006 |3,2271 1,400 | 1,682 1,596 | 830 7,612
v | 6os | sse| n,ze0| naer| e8| oM | 6,522
100 1001 100} 200] 200 ] 00 100
g g JEst [x62 [Flob A7 E3L B * 2.%0
} + 3 N.S. N.S. | X K X K K

This was particulsxly pronounced in the fivst and last cuts where the
difPerences were stotistlcally eignificant and also in respect of the

total yeerly production which varied by 1090 1b of dvy matier,

69
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The anount of nitrogen hervested from treatment a wag cone
siptently hipgher thei fron vyestment b and this wes parbticulorly

sigaificont in the fivst and lest oubs (8ee Yeble bolow),

Frow nain treabment

‘cube per anauwm

'Esﬁmi
Lat 2nd. Brd, hth 5th 6th | yearly
Treatmont Cuk Cut Cut Cut Cat Cut production
a 2451 | 36,20 45.82 | 57,08 | 64.08 | 35.26 | 262,99
263 |z | 208 | w20 |mo | oms
b 15:0% | 25466] niol | 51e2n | 60203 | 52000 | 228412
100 | 200 § 200 | 200 | 200 | 200 100
S g [Flwoq|aas|tzac |ty |+133 [26.26] = 7-59
— SKK N.S. N, S. N.S. NS, | X N.S.

2,55 Chenionl composition

Chemical. composition. of the clover as measured by % dry natter and
% nitrogen pppeared unaffocted by the introduction of polythene woob

baypiers as dndleated in the woighied moan for the yoarsw

& Do G
a 1117 408
b 1157 | 1,08

[Bytract Prom Table YUY
There were, however, algnificant differences in the chemical
cmm;;os:l.ﬁien of the grags on the two subsidiary tyeatments, 9 Dry
mattor was consistently lower and the % nibrogen was nobably higher
without voot segre ga«,ﬁﬂ.dn. These dlfforvences were mora pronounced during

the carly outs than later on in the sesson. Tho % dry mabber for the



| st | 2na | 300 |4tk | Bth | 6th | veighted
Treatment Cut quix Cut Cut Gut | Cgt nean
& |19,32 [15.97 | 15,20 | 16,20[12.12 | 32,28 | 15,33
b 21,98 | 17.35 | 16,18 | 17,25 12,58 | 22,08 | 16.83
#a:;sa £ | w , e e

[Bxbracted from Tablos XAXVeXLY]

season as o whole, ryepresented by the welghted moan, wes significoatly

lower on treatment o and the % nitrogen (weighted meen) wes sigeificently

Main trentment 6 cuts/anoum, # N in the prass. 1965,
1ot | 2nd | 3rd |4th | 5th | 6th | Woighted
traeatnent Gut Cut gut Cut Cut Gub neoit
a 23| 2453 | 2.49] 2088 3.13| 3.86 2.76
b 2,05| 2.7 | 2.32| 2.7 3.18) 3.83 2,56
¥ 0 o

higher on this btreatmend,

F]

[Bxtracted from Tobles XXXV-YLL]

This lowerdng of % dry matber and corresponde

ing inorense in the % nitrogen is synonymous with the resulis obtained

when nitrogen fertilizer is applied to grassland (Wables XVI to XXV,

Appendix B) and could be atbributed to the underground Lrensference

of nitrogen from the clovor.
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2.5{6 1265 Reaults an & vibole

Bxaminetion of all the 1965 dato dn the fovm of split plot
onelyses may be seen in Tables XDIL, XLITL end XLIV in the appendix
nd these represent total greon yield, ‘total dry mottor produced end
total amount of n'ihmgén; harvésﬁeea'.

2,561 fotel green yield

Significent Aifferences were recorded in total green yield
belween the main treatments two, four and sixz defoliations per year,
The infrequently cut plots yielded 15,13 tons per acre and miaing;.'
the number of cubs ta Pour ond six was mspms:.ble i‘or an increase
of 48% and. 6 9% in the: freah vmigm respec'bively.

The mean yiold c:ﬁ’ a.’n. the plots with their mot ay.stemﬁ
segregated. (subsidiary treatment b) was 18.49 tons of green - -
nateriol. per. acre and whers the vouh s;ifstems ;,':em caﬁbineﬁ; (sﬁbsidiary
Sroatment &) this. 3&3‘5@ éﬁ.gn:’if’igén‘bly {;c; 23-2;.81 -t::ons-'pe:r acroc. fi‘h@re
was no inderaction between main and subsidiary treatuents.

2,562 Hobal dry matier gielé. |

On ccnvex*tiﬁg: the fresh wm‘.{;hté to dry matter yic:«:i aa' over the

aeaaon, & pattera emerge& which was similur to the one already descmbed

under tota en yield,
| ‘ 1 gre 'V | ~ (Ib ary matter/acre)

Muin *breatmmt ‘ e [ ‘ | Mean
2 5,810 3,782 4y 796 (200)
b 7229k 6,162 6,728 (140)
6 | 74612 6,523 7,067 (147)
Mean | 6;905 (;26) 5:1&&9 CL_.)

[Bxtract from table XLINI]
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Veximum dvy matber production was oblained from the 6 cub plots
although these were not substoabinlly higher than those on the
medivmm outting Mvequency. - Dy maﬁter'yields‘were 26% highor
without roob aegwag&ﬁiwn'aﬂd,again 20 sipgnificant dnteraction
betveon ngin oud subsidlexy treatments was reported.

2563 Datnl pitvopen yiel

o 3965 the effect of ddfferent dofolistion frequencies was
very marked. The nean nitrogen yleld rose shorply with increased
cuts - 107.53 1b, 184.22 1b and 245.56 1b of niﬁrbgén being. hovvested
foom the 2, 4 ond 6 suts vespoctively. This-rapreéentea an inorease
of 71% and 1285 over two cuts per anvum and was highly significant.

The average nitropen yield was 19% highor without poot seprvopgation and.
there was no trace of an Interagtion betveen mein end svbaidiory treot-
ments,.

2.56h 9% Clover contribution in fotol yield

The stoblstioal onelyses of the porcentage olover contributions
in each of the yield meosuyemonts con be found in tables XLV, XLVI and

XINVIT in the eppendix, the main features of which appear belows

| @reen‘yigia" Dy métter'§ield)  Nityogen yield

a b s B b ‘a b
2 | 2589 | 39.92 | 1941 | .83 | 30.88 | 45,57
W | 487 | 58,02 | 36.68 | 4631 | 5070 | 59.92
60414 70.{@0 52,36 | 62,01 51;39 | 7208
Mean 4@,85 55493 V36581 55.?2 57,82 59322

[Bxtract from tables XIN-XLVII]




From this extract it will be seen that the clover component
contributes 10 to 1% more toverds the totol yleld under o system
of oot segregation then when the voot systoms ere combined.  This
18 entirely émtav‘*tm the fact that there vas an enhanced gross yield
en treatment o end sineo the elover yields wove similex the eontribution
of clovor expressed as o %'_ of the total yield on twveatment b was bound
o be highep.

Inoreasing the number of cubts during the yeey favours the loss
“aggressive olover component and thig is reflected in the rising fipures
Doy elover contyibubion in totul yield.

% Glover dontwyibubion dn tobal yileld

Cuts/ennun Green ylold Dry metter ;Vsr;iela | Nitrogen yleld
2 32.91 25,62 | 38423
% 53, 24 529 55,31
6 65,07 57419 - 67+03

In round figures the clover contributos approximately ¥ towards
the total yield when infrequently oub, approximately &+ when cut four

times a year and £ when dofolicted six times a season,
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3o SEGTION XIT . DESCUSSION

3.1 OQUTEUR OF DRY HATEER 106365

M
I

In the year .of establishment when growbh wes naturally restricted,
only half the numbeyr of defoliations were corried out and the dry
matter horvested from the "2%, "A" and "67 cut.plots amounted to
836, 4512, 4216 1b per aove vespectively. [Table IV]. . Root
segregation had reduced the goupetitive ability snd hence the yield
of the gross componont and this resulted in an overall reduction of
18% in the total cmount of dxy matter produced. The clover had
benefited concomitantly by this reduced competition feom the neighbour-
ing grass and although its contyibution towards total output was
enhancod, this was not sufficlent to counteract the drop in contribution
frow the grass. During this establishment yeor the plots where root
barriers had been dintroduced showed a check in growths It is
sugrested that this ooccurred when the root systems met with the
impenetrable polythene berriers and bad o chonge from o mainly lateral
growth to onc which was vertieal,

The full nunber of treetment cuts were made da 1964 and, the
comresponding yields from 2, 4 and 6 defoliations were 7254, 7119 and
6777 1b of dry motber per sore. These proved Lo be- insignificent on
stotistienl analysis but o significant difference 3id oceour as o
result of root segregation., As in 1963, the root segregoted plots
{subsidicry trcatment b) were lower than those vhere the root systems
were combined and this amounted to 6% on average. [Table XXII].

Foy the first time the interaction between main and subsidiary treate



ments proved to be significwut, Inoreasing the nunber of cubts on
ﬁhoﬁe plots wheve the gress end olover weve growing normally wes
repponsible Lox sﬁbsﬁantial reductions in vy metber yield vhercas

on the waoﬁ_swg#&ga@q@ glnﬁalﬁhe gzeaﬁer nﬁﬂbwws of defoliationg

gave small incr&aseﬁlin amy mmtﬁar yiela, mhig d@ﬁ@@ﬁﬁiﬁg patbecrn

of dvy maﬁﬁer‘yiela;eﬁhﬁbiﬁea'by %ME'gwéss and clover when grovn without
rool rastriéﬁien{ié‘anw whiol ds widely accepted, ~ The vevewso trend
in dey mattey yicld frou the obhcy plots will therefore need some
interpretetion, The sigoificmnily lower total dry méﬁ%er'yiela fron
the roob ragbyicted plobs mey well be dwe fto a low ubilisation of
Pixed nitrogon mince ony vhich i surplus o the clover's requivement
will not be token up, Move defoliotion will thewefore lead to en
inareased mfficimnqy‘in nitroges whilisebion rosulting in highey dry
nmattey yields. Partisl corroboration of this con be sten in Table
XXV which avalyses the percentage clqvnv eonbribution in the total dvy
nettor yield., Over the seoson as a whole, clover conbribubed 11%
nore to dry matter yield where yoot vostrietion hed been practised
and this wose to 13% ot the highest defoliation vate,

Ta 1965 the prodietion of dyy natbter wes lower than dn the previous
yoar as would be expectod Cron an apeing sward, During this yeer the
effeet of nitrogen bromsferred fﬁvﬁ 610?@? U0 gross was pronounced,
giving the gross o wove vigorous appearence and at the some time it
vag noticeably dexker greon in colour (Plates 7 and 8),  The Pivst
ogeusion on»which_ﬁhese differences were visible was on May 25th
and compaved with published data, nebably that of Dakbuis and Kloter

1965, this is very much leter. These Duteh workers demonstrated a



PLATS 7

HiotoCTiph taken on 25th May* 1965 from A.

Treatment 2 outs per annum, showing major dlffegenioce

between subsiliary treatment#

b (left oentre) a (right eentre)
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significant uwnderground nitrogdn offect after 50 days with peremaiol
ryegrass vhen associated with whita‘alovmr<whereéa the date from
those experiments shows that under the condidbions inposed ot
Mechinoruive du the Vest of Scotland significont undovgrownd effects
were not ﬁanifest vatil e yoors had elapsed ofter sowing. The
roeagon for this major difference in time of benefit dn a porenniel
wyepress ~ white olover asgociotion may be due o one or moye of the
following discrepancics between the emwer:i.a&entsw

(1) Soil conditions were vory dissimilaw. In Hollend o nitrogen
deficlent sond was used whoreas in the sxpewiments deseribed, the
soll was o me&iu@ Loam, with & lass on ignition of over §F and an
aversge nitrogen lovel of 0.2677%,

(2) Mg experimentol conditions differcd fundoménbally. Tho
Duteh workers using éand“haﬂ.huilﬁ their experiment above grotmd
lovel and the soil moisiure regive must thoreforo heve been vory
difforent from tlab mﬁpmﬁi&nc&& ot fuchineruive whore the normal
sodl level was mointained and emeept for the imtroduction of a very
thin f4ln of polythene neturel field conditions exdsted.

(3) Boot segregeting meleriels hed different thicknesses and would
thoyefore have a differential offeet on the meduction of “effective
plot width.

(&) ¥rom the illuatration of the field layous it weuld sppear that
the Duteh oxporiment may hove suffered more fyom neolghbouring row
competilbion sinse ef'fedotive discord rows were pbaent. At Avchinervive
however four rows out of eipghlt were harvested for yield determinaticns

and ohemical cohposition.
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(5) Uhe exoninaticy of the meteorological data for both places shows

gone Ceirly laprge veriabions, one of the most notable belng the dis-

craponcy bebween the solar redietion Piguves (Makkinlk 1959 and Tables

KL~V - Appendiz B).

Avepape so.’ig:g 1’7;3.(”{{?.@11;:1.031 @e;‘t,;g

(Total Fuergy voceived in Cals per squere cenbimetre

pew aay)
| Apxilﬂ “ﬁay '&ﬂgg 3ui§f' Augg | Sé@t. Tatalw
Holland aon | 379 | 32| 3 |z | 233 | 1990
(1931-1957 Avorage) | (130) | (137) | (135)] (158) |(259) | (181) | (146)
Auchineruive 206 | 276 | 201 | 234 | 2oz | 129 | 1358
(19642965 Average) (100) | (100} | (200)] (100) |(200) | (100) (100)

Toking the six months from Apyil to Septembor which virtually form the

growing season as a whole, Holland on average her 6% more total solor

radietion than the Vest of Scotland roceived on average durdng two years

of the experiment,

From the various points listed sbove, together with the fact that

in the Duteh trials the clover yield was compubed from o De Wit 1960

model, wather than separateod out by botanical analysis and welghed as

ot Auchincruive, 34 would be veasonoble b0 assume that the Scottish

results would be 2 more accurate guide to the picture in a normal flcld

8011,

The actual dry matier yields obtained in 1965 (Table XLITI) from

the 2, Lk and & cutting frequencios was 4,796, 6,728 and 7,067 1b per
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soepa respochively., Siavlstical cxamination of thia date showed
thet two cuts por evnum on o threo year old sward gave significantly
lower yields than either four or six defoliations. AL the same time
substantiel differences were being vecorded between root negregated
plots ond the controls. On everage this preved to be 26% highew
without root r@atri@ti@n_gn& thin wos sigaificant af the P = 0,001
lovel. As in pyevious years the olover qontxd,huteél ahout 1.0% nore
.'ba dvy matter yleld on the woot swgmgaﬁe& plots compared with its
contribution wnder frec growing conditions and again this is accounted
for by larger ylelds of grass on btreatuent a.

The average yeoaxly production of dry matter between 1963 ond

1966 can be suumarlsed as Followss-

o~ - P N b i ——
Y S TN e ik el Ay

Hoin trontment ~ Yield/oore in Ih dvy matter
2 Cubs/onnum 5295 (100)
Y. Cubs/onnum 6119 {1165
6 Guta/anﬁum | 6019 (12t

Subsidisry broeotmonts

a (roots combined) 632, (278

b (roots separatod) - bga (2007




3.2 QUIPTL 0T NTTROGEN 29635-05

Ta generael terms the esteblishment yeor predused sbout a
hndvedweight of elemental nitrogen per acve, end nove speclflcally
tho threc main treatment Y29, A" and "6Y cuds per annum yiclded
90.L, 117.4% and 188.82 Ib of nltvogen pey nure wespoobtively,
ramembewing thal only balf the btreatwent oubs wers applied dn thie
first year. Stobistical examinption of the data verificd whel was,
at Lirgt sight appavent, that the Inlrequentdy cnt plots gove
significantly lowsr nibrogen yields than the medium and bigh outting
froquency end that “4Y cubs and Y6 cuts gove similar levels of
produetivity. Sﬂgmg@mg the roots of the grass anld clover
componends did wot affect the total amount of viirogea harvested

from the plots, the yleld was 106,50 Ib of nibrogen per acre com-

pared with the control plot yicld of 109,04 Ih {Table V in appendix).
This energed In spite off highep dry motter production from the control
avea, where root systems were combined. The explenation being that
the bigher clover sontyi, ‘butinn to tﬂml dyy mobter on treatment b, with
ite correspondingly higher nitrogen conbent togethor were sufi‘iaient to
ontueigh eny advantage through total dry motter yield enjoyed by the
contyols (treatment a),

M 1964 the amovnt o nitrogen harvested wos approximately double
that of the esboblishment year ond the main breabtmoents in order of
inercasing defoliation produced 139.29, 197.20 end 217,92 1b of
nitrogen pey octre on o total yearly production (Table XXITY Appendix).

ihese presults wers highly significant end weve similar to much of the
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published dats welating cubdlng frequency and yield., At these
cubting frequencies the clover component was wrepponsible for approxi-
mabely 40%, B5E and 62% of the btotal allrogen yicld which is a
Faniliarly significant pabtern. I indicetes the differential
effect of cutting frequency on the two componsnbts nenaly thet low
rabos willl favour grass whereas high yates will favour the loss
ageressive elover,

The effect of root sogregation on botal nitrogen yield again
proved to be dnsignificant with 188.56 1b being hanvested fyom the
woot segroagated plots conpared with 181,04 b of nibrogen from those
without berricrs below ground. A lower total dry mabtler yield in
106L on these plots with separvoled grass ond slﬁv@y conponenis was
offaet by a higher perceatage clover contribubtion end fhus when
altrogen yields ave exomined they appear sinilar to the control.

The expmination off the third year date for nitrogen yield (Toble
FLIV) egaln veveals a familiar pattern in thot 2, 4 ond 6 cuts are
rasponsible for increaging ylelds, 107.53, 184,22 and 245.56 1b of
nitrogen beling havvested por acre respectively. The clover component
contributed 38%, 55% ond 67% towards this btotal nibrogen vwicld and thus
indicates ne simificant change from the previoun yeay. A1) three
yaars produced vory similay tyends as con be seen iu the above table
and the overall offcclt os neasured by the three yearly meon wap very

pronounced in favour of the highest vebo of defoliption. (p. 84)




Yicld of nitropen dn lbs. por aere
TEMMERNINS W ININ Y A S S 2 g

Hodn Treatucnt 1963 196k 1965 NMeen
2 cuts 90,11, 139.29 107.55 ) 112.31 - (100)
) cuts 137 bd 197,20 184,22 166,27 (148)
6 cuts 188.82 | 217.92 245.56 ] 217.45 (194)

In the final year there appeaved o highly sigoificant difference
in ﬁmﬁal niﬁroéen yialﬂ between the two mubsidiary treatments which
amounted to é 19% inorense where the root systems were combined.
(Table XLIV). This verifies the £icld observations apparent during
April and Mey 1965 which were recorded in platea%?fgndfkﬁéignify&ng
thot nitrogen trensference from clover to assoai&%éﬁ gr&sa spacles
was abt last demonstirable. The effeots of niltrogen tronslerecnce were
very marked during the esxly payt of the year with much more vigorous
grasn off o darker hue from thosc plots without root segreg&g&ng
berriors. Mideseason an& aatomn growth A4 not demonsitrate the lavge
differences recorded in the spring and this can be verified on examina-
tion of the Iadividual treatment cuts for 1965 when arranged in
chronological order. (See toble overieaf)., This phenomena may

“be correlated with the ailtrogen released through nedule drop £rom
the previous year. It certainly appears this way in thot major
significant differences in nitrogeon uptake as neassured through nitro-

gen yield were only demonstyoble in the apring.



Table G.

"

1665 Nitrazen ,Nuu.mwmm Prom the a.wwmwﬁmmmw cuts in ehronoiosicel arder.

{Grass H + clover ¥ « Ih Wecre)

{148}

55

(17

(1)

ish: jIst: {1ste ge | 3rds 1 J4thy | 3pd: | 5the |idh: (2nd: §6thr
- S CubflCobl2Cab |6 Cut|6 Cut |4 Cut |6 Cus |k Sub |6 Cus |4 Cud {2 Cut {6 Gub
Treatment
April | Hay Hay Eay dJung | ou July | fug. |Sepb. |0che |0ci. |Ocbe
27sh 111tk j25th [ 26%h | 2803 | Zst 27tk | 3Zs¢ §lish Sth 5%k 1zt
{2
Root systens i :
- combined | m%-mw 33,75 [ 47.59 | 36.2L | 25.82 | 8552 | 57.08 | 79.27 | 64.086 | 30.65 | 74.81 | 35.26

£110;

(o)

Rdot systens

—

% : - 3 e - s ~ ’ - ’
segregated 15,001 22.75 { 310k | 24,66 | kA0 ) 25,32 | B2.2h | 75.76 | 50.43 | 27.53 | 61.61 mm.wmv
nN | fMony | ey 100 15l i) 90 TOMN 16 2003 o0y ] f
(30031 (1o0) | (2o0) | (aco)y | (3004 €200y 1 (200) | (3003 | {200y | {2007 | {300) | (380
Uajor &ffersnces Belatively smell differences in respest of tofal
between treatments nitrogen yield buf treatuents counld be identifisd
sasily visible In cn vwisible examinetion throuvgh a much nore vigorous
was Field coass conponsnt sxzecent where indicalbed Ty - ¥E
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Tn 1965, ap in previous yeays, the clover on treatment b wos
rosponpible fov o afgadflicantly higher contribublon to total nitvogen
yield than on troatment o, 59.29% as egadnst L7.827%.  This was on
apparent effect rether than o wesl oue pinae the actual contzibubion
in each case wes similapie

Treatment o 47,820 of 199.50 1 = 93,01 1b diveotly contribubed by
elover in 1965,

Troatwent b 59.22% of 163.7L b = 96.95 1b divectly contributed by
|  olovey in 19G5.

It wae Portuilously coused by o highey contribulilon to total ndtrogon
gield by the grass cowponent on tweatmend o.

5.3 CHEMECAT COMPOSTTION OF WHE HERBAGE 1963-1965

The two meagurenanty of ;ahemi.caﬂ, composition, namecly % dry natter
and % nitrogen were similar for cach of the subsidiary treatments when
the establishuent cub was taken on July. 9%h, 186%3.  Farly trootment
outs in the firet year showed small conglsbent incresses in the ¥ D.H.
on the elover component of these plots, A sinwlboneous deeycase in the
% adtroger of this dwy wmetter on freainment o in respect of both grass
ond clover wesulbed. These synervgletic btrends of incroasing dvy
matier peveentage md decreased nitrogen concenbyablon vore dne mainly
to the initisl root grouth vhich doveloped unimpeded compayed with

that on treatment b which was tenpoverlly yvestricted. Confizmebtion

of thiles temporary restriction cmerged from the data of the cubs wmade later

on in the seagon vhen % D.M, and % anlbrogon appeaved vanffeoted by the
Antroduotion of baxrlers (Tebles LI and ITIT).

Wo significant brends and fevw slgnilficant differences were




racorded in respoct of chemical composition in 1964. Results in
geneyal from this yeaw were reviewed as a whole by using weighted
means and Including all possible data for that yeor in table D and

for 1905 in table I
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2 Guls L uls 5 fuks
% Dalls A Z Di. ZH % Dole 7 1
Treatment .
£rass | Clover | Crass | Clover |Sroas jGlover | Geese | Clover | &rass {Slover ) 8rzss [5lover
& 2L.77{ 13.66 114961 3.59 [17.07 | 11.53 |2.110 ¢ 5.519 |17.58 | 11.87|2.579 | %.13
5 22.05 | 13,85 13.550 | 3.68 (16.9% 1119 248761 5,865 117.30 1 12.53 ) 2.893 1 5£.03
{Zxtreol fron Tebles VITI, Z3IZ =nd XX)
{> simificent 2t P = 0.05)




% B4, %1 in 31965, (Veighted mesas) | Table E

. o~
2 Quts L. Cuts & Culbs
o %z 7 i xz < ey 7 ¢ o Ty
% Dalie & n % DoHe % H % Dalla %N

Grass | Clover |Gress |Clovey | Grass | Clover| Gress | Slover | Grass | Clover | Srass | Slover

e | 15.76 | 10.8% |1.81 | 3.3¢ [16.33| 10,80} 2,38 | 3.56 |15.33 1107 (2,76 | 4.08
B o1 15.38120,55 [1.95 3661 116,921 I0.55] 2.06 3.58 | 15.53 ) 1157 | 2.56 508

tw.s

{Zzirect fror Tebles IXIY, XFENIV and ¥LE

(o, © gigmificant at P = 0.01 and 0.05 respechively ).

al
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The trend of‘@normasing altrogen content in ithe grags compounent,
emerging from the ahove figures would suggest thab nﬁthing was to ho
gained fromthe clovey ab low defoliation rales and that it was only
vhen af least Pour oubs were wde during the season that a poaiﬁiﬁe
beneflt could be demonstrabed. Statistlesl exanination of this data
in the farm of aglit ploy analysis; using all the available mensure-
nents dn 1965 bo ﬁraﬂua@ velghted mesns, eppoars in full in the appendix
Table KBViXIQ an exbrect from which appears holowse |

% Nitrogen in the gress. (Welghted meons 1965)

2 1681 1096 1489
L 2,18 2406 2,12 8. < 0,0k
6 2,76 2,56 2,66

Mean 2,25 2420

N . Selis of flgures within
8.8, = 0,02 the toble % 0.03

[Retract from Teble XINTLT]
The effect of infrequent defolistion, which favoured the grasg, thus
shading the less aggressive clover was moye pronounaed where the root
systen of the two speeies had not been isolated. The introduction of
root borriers had helped to offset this tendency and should there be
lover grass ylelds on. treatuent b thig eaﬁl& vesult in a higher %
nitrogen, as was experienced bere. VWhen the heorvbage was remaoved
four or six times during the sesson the clover component was favoured.

This in turn fixed more atmospheric nitrogen an increasing anount of




which was surplug to the clover requirement and found its wey to the
associeted grass. Differcnces in aldrogen ¥ in the grase between
treatuents o end b ghowed the following trendsw «0,18%, 40, 18% and
20,207 pnd was highly siznificent in the statisticad anolysis.
(tateraotion [2.4.6.7 x [a v b] Table XLVIIL).

In the final yoor, chemlesl snelyses revealed nothing between
the subsidiazy trentments when defoliabed twice, 1ittle ob {he
nedivm defoliaticn frsquency and gsome highly significant differences

ol sixn cuts per year.

AN



3. GRASS AND CTOVER COMPARED WIOH GRASS PLUS FFRTLLIZAR: I

Ba4d Dy mottoy viald

The mein trial donvoelving grass and olover and alpo bhe grasss
land obseprvation plobs weve gown In 1963 ond comparisong of.
productlvity are best achbleved by a study of thein yiclds in 196k
and 1965 on woll established swards. Deballs of the individual
cubs fyom the perennial ryegvass plots with Certilizer altrogen
appear o Toblos XVI-AXYT dn Appendix B ond ave veporied on at length
in Scetion V(pil2l). Heve a comparison is made between these plots
and those of the wadn triel in order o answer the following
guestlons.

How much fertilizer N bhas to be applied to a pure stend of
New Zealand perennisl xyegress in opdexr bto oblein

(1) the sewv dvy matier yield
ond (11) the same nityogen yield ag that havvested from the

mized stand of grosa and clover in the mein bplal?
The portinent yields havo beega drawn up in the Pollowinsz bable which

sumnardses the daba for both years.




Teble T,

P W R Ay

Level. of totel dvy mabber outpud in 196k and 1965. (Ib D.M. per acve).

A compavison of meass and clover versus svass with added fertilizer
nitrosen
AR TR AR D01 T

L6k 1965
Grass -+ Graps + I
clover Grans alovor Carass
yield yield yield yield
8 b o b

2 oubs | 7,891 6,616 ||Ny| 5,231 ||2 cuts | 5,810 | 3,782 || N,] 3,985

b outs | 7,295 | 6,942 ||N, | 9,002 || euts | 7,294 | 6,262 ||m, | 7,508

-

6 cuts | 6,597 | 6,956 || W, |11,405 [[6 ouis | 7,632 | 6,523 [In,] 9,619

Mean | 7,261 6,836 {10

Liadd

12,999 THeats | 6,905 | 5,489 |V

v o - Fors sy

3

Keyt= I, = Control plot, no fertilizer nitrogen.

Ny = 94,08 1b of mitrogen pepr acre per anuwi,

N, ~ 188,16 1b of nitrogen per acre per anhum,

Efﬁ - 28224 1b of nitrogen pey aore per aummm,
In 1964, the maximum amount of dxy matter, namely 7,891 1b per acre,
wag obtained fromithese plobs with combined rooting systens wbilch hed
bgen out twice in the yoar. However, since the gross plots roceived
four cuts throughout the season it would perheps be meve appropriate
to compare them with those of main tyeatment 4 - 7,295 1 of dny
matber per asores. Yhis yield is lower than thot cbteined frowms grass

with 94,08 1Ib of Pertilizer nitrogen added.  Assuming that the

N
LSH
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regponse o Nl e Llooey ord uvsing the fector of 42,1 1b of dvy
notter per pound of nitrogen epplied (Table XX Appendix B) by intorw
polation the gross effect of clover can be equated Lo approwxinetely 51
1b of fertilizer nitrogen when yield of dyy matber is consldered.

The corresponding flgure for dyy matter yield in 1968, fxom the
grass aod clover plots wvas 7,29L 1b per ecre and this again appeayed
lower than thot obbalned from grass elene ab Wy.  The gross effeot
of clover in bthe third year, celovloted in a mawner sinllar o thot
Just described but using the 1968 ineremental factoy of 37,4 Ih of
duy mabter por pownd of nitvogen applied (Table YXV Appondix B), could
be congldered eguel to the effect of 89 b of fertilizér nitrogen when
applied to a pure ghess sband, This incveaped value of c¢lover in 1965
compared with the provious yean waﬂ.&mﬁiaiputed gince it was thought
that the soil contribution towards the general nltrogen cconomy would
diminish with time. It noul& algo be due to a move homoplecltic roob
association between the two speclos,

Theae results indicate o lower gross effect from the clover in
respoet of dey matber yield than the published data which bas heen

gunnarised da Section ¥ (p@ge 20), Holmes and MacTusky 1995, workiung
with seversl grasses over a five vear period showed bhot on average
alover was equivelent to 121 1b of fevtilizer nitrogen applied to grass
alone, Ihis figure iz the nearest to the Mindings of this experiment
and is perbops not suvprising since both sels of yield trials were
carried out in the West of Secotlond and within & nile »adius of each
obher., The actual differenco experienced between these two sebs of

date could be accounted for in the fact that root systems of materdel



grom in separate rows 6% apart wovld be less closely kit than
i broadeast swerds and may resuld in smaller and-or later nltrogen

bonelits from legune to assoclabed grass speciles.
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.42 Nitro 5ok

Results for compaying the totel amount of nitrogen harvested
from the main trial compared with thet fyom gress with added
Ffertilizer nitvogen ave set out below. Bobh 2964 and 1965 have
been included and the informotion in respeot of yields from the grass
only plots hos boen exivacted from tables XVI-XXV in appendix B o
longer discussion of which appesxs in Section V,

Table &

Level of total nitropen yield in 1964 and 1965. (1b of nitrogen per acre)

& _ocompardison of grass and alqver yersus grass viiih nﬂdﬁd fertilizey
pi. trogen :

1961 1965
Grass and | 'Gmas and
clover elover
yvield Grass . yield Brasgs
w—— yield — yield
a b | a b ‘
2 Cuts | 138,64 139.9& Ny | 88482112 Cuts | 222040 | 92,65 i | 65,03
b Gubs | 197.7%| 196,66 ||, |154.65]| 4 Cute | 198.10 | 170.35 [, |128,25
6 Guts | 206.76] 229,08 ||, [197.63 |6 Cuts | 262.99 | 226,12 |, 195,02
Mean | 161.0k| 188.56 [IN, |263.75 [l Mean | 294.50 163,72 [, |283.14
L, . ¥ - . 5 " '.‘ N - * SR R o

Koy s = N, = Coatyrol plot, no fertilizer nitrogen

N, = 94,08 1b of nitrogen per aore por annum
~ 188,16 1b of nitrogen pexr aore per annun
- 282,24 1b of nityogen per acre per snnum.

= O

\.MN
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Tn 196k, 197.7h b of nitrogen were harvested from those plots
on the main trial which were defoliated fonr times during the year
ond this was identicel with that obteined. from the gross only plots
with 188,16 1b of fortilizer pityogen added. = A very similar yield
of nitrogen, nanely 198,10 1b, was obteined the noxt year from. the
corregponding treatment end by interpolation this meant that the
sross. effect of the elover would bhe egual to approximately 1931 1b
of fertilizer nitrogen applied to a pure grass stend.

Thmse rmsulta fall wmthin the ronge oxpraaaea in the sumua.ry
table on page 21 of the inﬁroducticn but are a 11tt1¢ on the low side
when compared with the findings from experiments cavried out in
Pritain. Again the data collected by Holmes ond MacYusky 1955 at
the Hannah Bairy’ﬂasearch Inatitufa is the naaiest to that faparfed
in thesge axyerimenis; The reason for the slightly lower gross values
of clover in the téials at Auchincruive mey again be abtributed to the
aaumng nethod practised. LSUablnshxng g2rass ana clover in aeparate
rows. six. inchea apart could meen a long delay in aompleta root intoe
gration wherces an Jnnediotoly iﬁt&rminglmgg is likely with a broad-
cast sward., - Under such sircumstences it would be reagonable to
expect & lover gross value fvom the clover component through o less
cificient undorground transfer of nitrogen where the two spocics sbhant
of'? some distance aparb.

3eh3 Maximum_faluelofnalover

By using different defoliation frequencies it was possible to
obtain higher yields of dry matter and nitrogen from the main expexriw

ment than those used in the previous comparison, The maximun gross
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value of clover groun in free assocliation vwith grass vas as followg:=

Table M.

ﬁquity on dxy matter | 'Iéitluity‘éxi' It}

yield bagis yield ba,gin 4
1964 ~ 66 (2 cuts) 201 (6 cuts)
1965 “ 99 (6 cuts) 261, (6 cuts)

3.2,4 Amount of nitrogen horvested as a result o:&* undersround

ggixro@n travnsference

Only in the third yeor of the oxperiment was theve eny evidence

of undeyground nitrogen transference. Those areas of the cuporiment
wvhere clover poobs and grass voots vere not sllowed 4o come in contect
produced 163.71 1b of total nitrogen compored with 194,50 1b of nitro-
gen from the plots with um'czstmcu.,d rooting systomg, With sinilay
gbove ground conditions this wonld suggest an underground bransfer of
nitrogen, 31 1lb of which was cepable of being harvested through the
gvass,  The nitrogen yields hayvested from the wixed stend ranged
botween those obbained from 1?1 and, N2 fertilizer level applied to

- grass alone, Within {hese levels 06.77 1b of herbage nitrogen was
hervested thus suggosting that for each one pound of applied nitrogen
0,709 1b could be reeovered. On this basis the astual difference
botween treatmonts o and b, namely 31 1b of nilbrogea would be equivalent

to approxiuately bl 1b of fertilizer nitrogea applied to grass.
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3¢5 DEPERTVENTAL PINDINGS OF 1965 COMPARED VITH FREDICTRD DATA USING.

THE THEORY_EUT TORWARD DY WATKER, ORCHISTON AND ApAMS (1.954) ON
. TUR CLOVER CONTRIRUTTON TN MIXLD SWARDS .

Wolker and his collongues working ab Canterbuxy, New Zeoland,
and incorporebing nany other rosults fvom fnzland snd Mevioa pro-
duced o theory which would evalvate the olover contribution to grass
nitropgen (@n) in o mined sward.
G, = a8 +b0 +o ¥
Whore §, = BSoil nitrogen
cm. = Olover nlbtvogen
B, = Tertilizer nitrogen, and a, b and ¢ ave constants.
From the various sebs of data corvelations werve oblained and multiple
xeéressions (method of loest squaves) compounded hy keoping onc of the
factory congbant and the above avthors arrived at the following
. ]
CHRProssiont =
The Approxiwete Glower Contribution = Totael Nitrogen in the
groas - 170 » per cent
N in the Soil.
In tho following teble this theory bhas heen used do predlcet the clover
sontribution to greds anlivogen, Lt has 2lgo been celeulated using the
grass observation plobs and these ave compared with direct messuvements
made in the main cxporiment which were reported cayiliecr. The proe
dlcted value of cloveor contribulion to grass nitrogen when both

gpecles are in free sssociatlon, oblained from the theory of Wolker

and hls colleagues of 52,27 Ib of nitrogen iy much highor than the
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observed value thyough the grass plots = namely 32.6% 1b of nitrogen,
The lobter is very colose to the averaze value of 31 1b of nitrogen
which emerged f'rom the madn trinl ag the amount of nitrogen hervested
in-the gress which could be abtributed 4o underground transferencé.
It would appear to indicate that the use of soil N¥ by itself in pre-
dicbing the clover contyibution to associatod grasses could 1eaﬁ;to
an. ervonesously high figure. This dlscrepancy has arisen since
11stle or no erxedit was afforded to othex sources of nitrogen l.o,
fyom the free living goill ovganisme and from xain§@11, Those have
heen discusged in Sootion T ond could well acepund for the difference
betweon the predicted velue (52 1b N) end the observed velues of
31=32 1b nitrogen which were harvested in the grass component being

the result of subkerraneon transfor fyom the lepune.

10%
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5.6 METDOROTOGIGAT, DATA

3.6L. Genevald weothor conditions

In order to obtain some general improassions of weather cqndiﬁiona
ot Mchineruive Table VII, Appendix B hos been included which summarises
moathly temperatures, rainfall and sunshine in the forn of o twenty yeer
average, From thig teble it can be seen that 1273 hours of sunshine
pre to be expected in this distriot of South-west Seobland, with approxie-
moboly 204 rain days ond a botal precipitation of just over 37 inches for
the year. Tn 1963, the estoblishment yeor, the overall weather pattern
wap one of slightly lower total vadnfall and above average suashine hours,
with slightly lowey tomperatures recorded in the aly and in the seil. A
oloser look ot the dabe in weapcet of the growing senson (MarcheSeptembor
inclusive) reveals that duxing this period sunshine was o little over
average (+ 57%), in line with the general pattern but thai the rainfall
during growth was substanticlly higher then normal (+ 20%). This is
not evident Prom the date totals. {Table VITL, AopondixB).

Monthly weather date for 1904 apponws in Table ¥, Appendix B
indicating that the sceond year was normal in respeot of sunshine hours
but rainfall wos significently lower when yearly tebals are considered,
Testricting observebions to the growing senson, sunshine hours were down
by 6% and rainfall wos sindlar to the twent& year meon. he early
spring of 196k was not os oold os the previous year and temperatures in
general were o 1ittle higher throughout the season. | A Siemens integroting
photometer was instelled ot the heginning of the yesr in order to‘record

total solar rodiation. These measuvenonts of soloxw energy expressed in




calories per square centimelve have been included with the other
mebeorological data dn Appendix B. Tables XI-XIV contain the dadly
vecords and Table XV summarises the daily means on & monthly boasis
for both 1964 and 1965.

Wobeld procipitotion in 196h wes very close to the overage in &
smaller number of vein days vheveos sunshine hourg weve slightly
aboye woymal. Restrioting the comperdison to the growing scason,
the durntion of bright sunshiace olosely followed tho long tern mean
bub painfall during petive growlh wos 158 hilgher then usual.
Temperatures in goneral were glightly lower than average ond total
solar energy wes 10% lowsy thon the previous year.

3462 Campgrisqna with New Zealand and Hollend

The solar redistion veceived ol Auchincruive has been compared
with the average vecorded i Holland end has alyweady been discussed
in Section IIT (p. 80)s  The pholosynthetic rate of the slover will
be affected by solap energy and this in fturn will inflvence the amount
of nitrogen fized and the amown' of nitwogen transferraed in a grogsse
leguue agsoclation through the carbohydrate status of the clover.
Sinee there appears to be o lavpge difference (46%) in the total amount
of radistion between the West of Scotlend and Hollond; this fachor
alone could ascount for najow Variaﬁiansrin niltrogen fization and
nllrogen tronsference botweon these arcasn.

New Zealand faxming snd wealher conditions would oppear to dnduce
vary high rates of nitropen Pixation by straing of ‘thelr omn white
clover, Seors (1950) cstimated these for the Norih end South Islauds
to he 400=500 1b and 200-250 1b of nitrogen per ecre per annum

respeetively,




Tahle d.  New Zeolond ond Weot of Scoblond weather comparisons

, Averege Avernpe Averago
. e T Annual Avepage | Aunual Annuad,
Gountzy and Place RedafaXl | fanusl Sunshine | Pemperature
{(inches) | Baindeys| (hours) op
. A s B R : ‘
Ney fealand
North (Mcklond ) 18k 2033 59
Tslend (Nepier 32 114 an16 56
{Wellingbon L3 162. 2050 . 8k
South (Nolson 38 119 2510 84
Islend (Christehureh 26 126 1967 52
- Dbunedin 40 16 BV X R . 50
Tavercorgill L5 199 1626 80
Yegt of Deotland
Auchineruive 3 204 1275 L8

(Wew Zealand wealbhey dete taken From "Farwing io New Zealend®

Published by Depevtuont of Ageiculturc, Vellingbon, Wow Zeolend) s

he obove weathoy suonary helps to dndieste the mejor dlfferonces
in climete between Waw Zenloand and the TWost of Scotlond explaining in
part why the white elover in the North ITslend du porticular is oble to
iz move atmonpherio oitrogen, The two main fealures of dAilffercnce are
houps of stnshine and {tempovaturess In the case of the formery approoche
ing twlee the amgunt of bright sunchine is recorded in the Novth Island
comporad with Auchincrulve and at the gsene tine temperatures would anpesy
o be substontially highoer, Both these factors would favour move astive
clover growbh over o longer poriod end could account for the 1§§ge
nitrogen Mxableon rveporsed iun this pert of the world.

3663 Mievoclimatie temperatures 1961

Reedings of maximun sod minimu tenperabures were taken delly from
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nid«Apeil to the end of July at ground level using screencd
thermoneters. These were placed betweon the grosg and elover

DOVIS énd obaervations were made deaily ot Q,OO Qully B.S.Tm |

Deteils of individual records appeor in Tablos XXEVE~XD, Appendix

B and nomm monthly tempovatures are summerised in Table XII. From
this summexy it appears that the introduction of the polythene barricrs
dld not materialldy affect the temperatures ab grounallavel.

3400 Microclimatic temperatures 1969

In 1965 it was deoided to look into the ground level tempero~
tures between the threc major treatmoats 2, 4 avd 6 defoliation fre-
guencies. AL the same tinme o comparison between the gross and clover
gward. temperatures and those experienced by gross alone was considered
of intevest since Jomstone-Wallove (1957) reported significant
AlfPerences in dlurnal fluctuabions between those two repimes. Daily
records appear in Tebles XDITSXLV in Appendix B and mesn monthly dato
s summardlsed in Toble XILVE,

Mininmum tempeyoabures on the grass anvd clovey sward appeaved to
be waffeoted by verying the cutting frequoncy but the meximun tempera~
ture showed o general rise with the higher cubbing rates., This was
due to more sunlight end btherefore meve heat reaching the ground where
the plots were froguently defoliated.

Sinilar mindmom temperatuves were vecorded on the grass plots bub
vhen maximum femporatures of the grass only plobts are cowpaved with
those of the mized sward at the some degree of defolistion they arve

substontielly highor, amounting to between 4 and ?°F¢ The main
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reaéﬁn Lox these.ﬂisorc@aucies may'result.fxmm the differing grovuth
hobits of gréss and c¢lover.  The formex mﬁyfbe gonsldered méinly -
panphotometyic wheveas the olovey with i1ts 1@&vﬁs‘pa§ailgl to the
ground bends to he euyhufmmwﬁria' |

Warking'at Goxnoll and‘reaarain@ aiurnal Lluctuatbions éf
tenperature during Moy at 1 below ground level, Johnatone Wallace
(1937) veported a vange of 40-70°F on a grass only sward aﬁd 47-50°F
40 the mixed swawd. Those higher maxiwum temperaturves recorded on
the grass swerd wera similor to thoge experienced al Auvchincervive
and the dissimilerity In minimuvn venpersature flucluations is loygely
conniested with the differcntiol hoat-losses exhiblied by soil and air,
The Limited observetlons of temperabture on the triels would therefore
appeaxr 1o coxwoborote in principle the findings of Jobmstone Wallace
thet the imclusion of clover to a gragsland sward would be ingtbrus-

nental in reducing the wange of diuwemal flucltuatilons of temperature.
3 i
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3.7 BUPPLEMENTARY BXPERTMENTS
3.7 BURFLOMENTARY BXVIREMENTS o goum with inoculoted New Zealand

it PR e DL ——

white clover. (Certified mother secd as used in the
mein trial).

Since the genoral theme dn this thesis revolves around nibrogen,
the majority of whieoh is lilkely Lo result from the symbiotic
assosiation of white clover and rhizobial bacteria, it was thought
espential to have gsome overall assessment of the native rhizcbiea.
Manil and Donnier (1950) showed that improved growbh was possible
with olover and lucerne after the introduction of o strain of good
competitive ability in the presence of the native gtrain, Under
these ciroumstances they were able to demonstrate that up to 600 of
the nodules on the legume could be attributable to the introduced
sbrain of rhizoblun,

Inoculated white clover secd was sown on April 19th, 1963 and
wuntyeated seed from the same gtook was put in sinultaneously es &
control. An effcective strain of rhizobium was used, namely R.157
fron Professoy Vincent, Sydney, Australia aand throughout the growing
season assessnmenta of plent helght, colour and vigour were made. No
visiblo differences wexe recorded in the inoculated plents compared
with the controls and when nodule numbers, nodule welghts and a
neasurenent of nitrogen pereentage were taken no substentisl wvariation
could be deteoted, From this very limited evidence it would appear
that the indigenous strain of rhizobium at Auchineruive was an effect.

ive one and 1t may be compareble with the introduced strain R.157.
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372 Grass observation ploby

These were estoblished in 1903% and ohservations were made on
thom duping the noxt bwo yeayrs. They received various levels of
nitrogenous fertilizer in the form of nitro-chalk and were cut fouy
times during the growing season coinelding with the defolietion of
plots on main tregtment 4 from the mixed sward., Details of
individual cuts appear in Teblog AVI-XIX and ZXI«XYIV, ﬁith-ycarmy
sunnarics in Wables XX and XXV in Appondix B.  They aye reported
on in detail in Beobicu V, pe 121, and duo to thelr proxiuity o
the main trial the results have been used for somparlsoas with the
grass and clovar trial.

Green ond Gowling (1960) have sugsested that on avervage the soil
would not be capable of supplying more than about 5 1b of nitrogen
per acre pexr annum for the growth of herbage. The results from
these observation plots suggest that sowe solls of the West of
Seotland may be aapable of larger nitrogen releases sinee the total
emount of nitrogen horvested in the yeor was 89 ond 65 1b per acre
in 1964 and 1965 respeetively., This was to be expsocted because the
organic motter levels arc notably higber in the north and west of
Britoin thus enbancing the soil nitrogen status. Once the soil
nitrogen conbtxdbution has been esbimated the amount fixed by olover
in a mixed sward moy be deduced, On this basis it mgy be assumed
that about 109 sad 133 1b of nitrogen were fixed per acre during
1964 and 1965 raspectively. These assessments are approximate
gince it is ossumed that the uptake of combined nitrogzen by grass and

clover is the same as that Ly grass elone. It may very well be that
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tha olover of a grass~olover sward is not as demonding on combiagd
goil nitrogen since‘it is not totally depeﬁéent on tﬁia source Por
ﬁts'nuﬁritian_ W?am this hypotheais it ﬁcul& he'rwasanable to assume
that at l@&mu 109 and 133 lb off nitwagen were fixa& por aore in the
two years 196# and 1965.

B TH Qﬂxsical affeata af a ﬁouble 1gyev of. ﬁgg Laupe blaa

Eoigthene
Although the re&uction of plot wi&th bv the intwv&uotion of eight

barriers of double leyer 500 gauge black polythem is vexry sma;l.l,. (O.l ;-;a) ‘
it was decmed necessary to luvestipgate: the physical offects of this
treaément on the yield of & grass and clover sward. A special trial
was sown for this purpese, contalning grass and clover of the Same
cultivers and et similar secding rates to those used in the wain trial.
By introducing the underground barriers éﬁ»right angles to the Line of
sowing en assessment could be made of any physicel effects of the
neterial without interfering with unaﬁrgrsun&\ﬂitrogen transferenco
between the specica. Reswlts from this triel have beea reported in
Seetion V (p. 135) and. they contéin details of thyee oubs token in 19064
and four cuts the following year. There were no significant differcncen
in yield between the polythene plots and the controls, neither were tﬁera
ey significent variaticns in phemical composition of the herbage., fTrace
aloment; analyseé on the herbage in July 1963 and May 1965 (Tables ITI-VI
Appendlx B) indicate that the uptoke of minoyr olements was'nct affectod
by introducing the pulytheng root barriers. Conclusive evi&ence'ia
therefore obtained to demonsitrate thet the physical effects below ground

are minimal by the introdustion of these thin barriers.
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3Tk lﬁumeab:.li:&y 'Lc:stﬁ on ‘Lhe goyth

Two tests on the purme&billty of the polythene barr1er material
wore made, one in the loboratoyy and the othex in the ficld end these
have been reported in Aotadl in Seotion V (p» 127)s  These were
initiated ﬁn'axﬂﬁt\ta'emamine the effectivencss of polythene in its
abiiity to rasﬁraig.ﬁh@ mbvam@nt»van&ﬁragengua.aubsﬁan@esa ndex
conbrolled condibions two loyers of pelythene were able to prohibit
tho passaie of Leaspartic acid to ite surrounding joacket of dlotilled
wator,  In the £icld this barrier materdal was bested by applying a
lexge quentity of nitvogenous rertilizer (752 1b of nitrogan) in Pour
applications to grass grown in rows. Gross growing a,lcn side this
but goparated by polythene was compared with conteol ﬁlcts b0 see
whether any of the unused Ferdlizer nltrogen had pereclated through.
Mo significant fiii’i‘émmeg wepe yocoxied in dry mauor yielc},‘; nibrogen
yield or chemical composition of the horbage fyom the four cuts taken
in 1965, ‘Yhe overall average percontage nibrogen in the dry mattor
was 24185 and Zglﬁﬁ% for grasg slongside vhe fertilizer compared with
the contrel plots respectively.,, The oloseness of thesc means and
the facﬁ'ﬁhaﬁ significont variations in the Individuel cubs wero
absent suggest thet the barricrs have proved cffoctive,

Tobtal nitrogen upbake fryom the soil was 83:47 Ib of nidrogen
throughout the year from the control pleots (Treatument § in Tobloes
HERTLT-EARV) and 88431 1b fyom btreatwent B « i.o. those plots in
cloge proxiwity o fertilizer application but soparated by polythens.

These are sufficiontly close Lo esoh othay ond to the figure obvained
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fron the grass obseorvation p;l.eta in 1962;.‘ (88.082 1b of aitrogen
hayvested) to confiym that tho fertilizer nitvopen hed not migrebed
through the barviers.

One interesting and unexpected. feature fyon these permenbility
tost plobs was the high recovemy of fembilizer nitrogen applied.
S’mm the grass obpexvabion area with the differential nrl*hm’ggen
levels, mé overell vecovory of 617 wos recorded at the moximun
fortilizer spplication of B6L 1b of nitwogen, 1% was decided to
apply & much higher rate to the permeability deost area in orxder that
a reasonoble emount of aitrogen would be In excess ond aveilable for
percoletion should the barrlers prove permeable. The polythene has
acted as a concentrabting barrier as indicated by the povcentage
recovery figures in the following table, where individual and oveps
all results are compared with date from the grass observation plots.

(Pigures exbrocted from Tobles AVI~XAV Appendiz B).
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Trom these vesulbs 1% could be inferved that the polythene
barriers have proved successful in vestricting the wigration of
the fertilizer nitrogen through the sigificantly higher porcentoge

racovery flgures obtained.

KR
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Lo  SEGTION TV SUMMARY AND GONGLUSIONS

1, A experiment was conducted over the pericd 1963-65 with

New Zealand cultivars of lLolivm peremne (L) end Trifolinn repens (1),
They were pown in albernate rows, 6% aport, and half the plots in the
trial evea were esbablished to meintein root segrogation betveen the
specios.  The method adopbted is described and illusbtrated by photo-
grophio plates, end rovolves apound the introduetion of dovble leyers
of 500 gouge hlack polythene betueen the grass and clover components.
The statintlcal dayout involved wen a split-plot deslgn, with fouw
vopticates, thrés main btreatmenty of 2, A and & defoliations per ammun
and two gubsidiaxy trestments corresponding to roob segregaltion on the
one hond compared with noreel rood integration on the other. Thyough~
ovt the poried of these Investigabions the mized sward received libeval
quantitics of phosphete end pobash fertilizer bub welled upon aoll
mineralisation, Tixetion by free~living ovgenisms, wroinfall and
symbiotic fixetion for its nitrogon nubtrition. ‘

2, "The yeordy output of dry ma‘{ﬁ;@z‘* from this perennial vyegrogs-
white clover sward was opproximately 4,000, 7,000 and 6,000 pounds pex
aore for 1963, 1964 end 1965 respochtively.

3. Varietions in defoliation Creguency during 1963 aod 1964 hed
Little effect on dvy mebber yield, but in the Linal year o dyvop of 2,000
pouads wos recorded ab the lowest ratbe,

Le The overall meon yield of dwy matbor from 2, 4 and 6 cubs per
aovun anounted to Hy;500, 6;100 and 6,000 pounds psy acye POr yooT'

5, In 1963 ond 196k, the oubput of dry matter fyom the nedlun

cubbing Crequency (4) was 300 pounds morve than that pecorded et the
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highest rate (6) but the folloving year this tendency was reversed.

6; Root segregation was responsible For an 184 redudtion in
Axy mabber yiold during the esteblishment yeaw and it is supgestod
that the check to vooh growth whioh wes experienccd on encountering
the polythene barriers mey be thé mein cause. In 1964 o similer
patiorn vas recorded, with a 6% lower :ﬁel& from those plots where
the grass aind clover were separated below ground ée‘:m;;mmd with plotes
with integrated rooting systems. As o resuls of thio lover reduction
in dry matter yield and from obher deta nanely nii:reé;en wield and
chemionl composibion it is inforved thet the reductions in yield iu
these two yeavs are not due to the ariest of underground nitrogen
transPerence from elover to cssociated grass. ‘

7. In 1965 large, visible differences in yield bebween rvoob
segrogated and root integrated plots were recorded. In terms of duy
nebteor yield ovey the sesson s a whole this omouated to 264 and wes
simificant at P = 0,001,

8, The percentage clover contribuiion to dvy meticr yield {mean
off 196k and 1965 wesults) was affected bobh by outbing frequency and
the iutroduction of root barriers. lhen out twice during the yeor
clover supplied 24% of the dry natier yiold ond this rose to 41% and
5iE as defolistion frequency dncreased. Vhere the two specics had
integroted rooting systems the clover contributed 4% bowerds the drmy
matter yield. Underground barrievs, by confining the wvoot systems of
cach species to their ovm territory, reduced the competitive ability of
the grass and enhanced the vslue of the clover véhose contribution to dxy

netier yield rose to 4.
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9, The mesn yield of nitvogen fYom this grapsw=legame association
during the three yeavs 1963-1965 was 132; 184 and 179 pmind.s of
elemental N per acvef/pnoum.  The Jow oubpub in 1963 is o combination
of show growbth in the malden yoay compared with esteblished swarde and
also the fach that hald the nuwbey of defoliations wers employed by
comparison with guccesdling years.

10, The avepage yearly produchion of nllrvoges during the cxpenie-
nental perlod fyom 2, 4 and 6 culs was 132, 166 snd 217 pounds of
altropen per scve respeotively which neant o 8% incroase by doubling
the aubbing Frequency and o 94% dncresse when theee Gimes the nuuber
of defolismtions were employed.

11, Segregating the wooty of pereunisl yyegrass end white clover
when growa in ¢lose agsoolablon had ne effeot on the tolal anguat of

nilrogen harvestaed in the Livsd bwo years.

B of nibrosen ?r.@.egécjvaxsa*i:eﬁ/m:a*ea anaun
Sepregoted  Intograted
1963 108,56 1090l
1960, 186,56 181456

Thase resulbs ean be diveotly obtwibuted to a highey prépmrtion of

slover in the dry wmabter yield vhere barrviers had becn introduced.

% olover contribubion in D.M. Yield

.‘Seégz*egaﬁééf, - Tategeoted
1963 ' BANTS 26452
19621. Ll BL CR2.20

12. In 19695; however, Lhore wos o sigaificontly higher nitrogen
yleld from thoge ploby with combined wool systens compared with those

whers bavriers had been dlatvoduced. The difPeronce wag of the oxdoy



of 197 and amouwnted to 50,79 1b of elementel N.  These vesulis
confiem the visuel observabtions of April and May 1965 which have
been recorded in plates 7 and 8, They indicalie that under the cone
ditions of this experiment the effects of wndarground. transforcnce of
nitrogen between white clover and porennield ryegrass are flrst
demonstreble dn the spring of the thirxd year,

13, O0n the whole the intersction beﬁwe@n madn end subsidiarvy
treatnents in respecht of green welght, dry matber fproduction' and
nitvogen yield proved insignificant, the only exoepitlon to this
general trend was in the dry nabber yield in 1O6)h.

e The nibrogen cconony of a perennial xyegrass - vwhite olover
sugoclebion has heen studied and the 1965 clover contyibuiion to
grass nitrogen i compared with a predicted value using the thoowry
of Wallier, Ovchiston ond Adams. Trom the mein tyial 30.79 pouads
of nitrogen cen be sacyibed to clovey via mnderground btransference
whereas o volue of 52,27 pounds is obbained from Walker's theorys
Uging the data from the grosslend obsepyvetlon plots to ésﬁimaﬁﬁ the
total nitrogen contribution from the anilg clover aon%ribuﬁioﬂ to
grass ﬁiﬁrugen ia o mized stand in theoxy should amountio 32,63
pounds of nitrogen during the year.

15, It is suggented that Valker's theory mey lead bo. an
evroneously high figuve when predieting the clover conbeibution o
grass nibrogen in mizxed svwerds gince it does not recognise freoe
Living orgonisms and yeinfall as signiflcant sources of nitrogon.

16, Trom an esteblished swapd of perewnnial pyeprass and white

olover, @rilled iu alternate vows and cub four bimes during the season,
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the Bobal emound: of duwy molbor hovvested In 'I@L“J.,- wd 19685 s o
some ap thab obtoined fwon perenndel ywogvass ovly with epproxinetely
53 and 90 pounds of sdded Pepiilizor nibrogen rosprotively.
7. Similariy, the epouvat of altwogon haevosted dn 10064 emd
2968 fron tho nixed sband vas ogalivelant o thal Poon o gross noncs
sctiure reoolving 108 aad 29Y powndn of forbilisor nitvopon wespectivoly.
i, By varying the cutbing fregueagy 6 was pogelble Go obialn
sllghtly bigher gooao velwes Trmolover dn the cuxpeninent

Sooundt of feptilises wlibonon aoaatboe

by smans alene Bo soplaos the mmpe offoch of ohide ooy
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Heprd 2‘3? c, 0 Bay Hethon Zowlty on Hitrogen
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1608, 66 &,
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5. Chenlead conposition of the slover s nsspured by ¥ D.He end
7o i dn 1964 end 1055 sppoorad windfooted by introducing bulow geobnd
verplors, Mo Dl Golghiod mowns) wsn pob intluonoed by cubilag

pabes hut lghopr Sefoliotlion fraguencios lead to saeldld oongistent
dnevenass in the @ § 4o he lesons.

0. (uallty dolorpdnstions on the powvensied wyogycss couponent

indlected o slgnifioantdy bigher avorase © Dol ob Low oubbing zolos

end, the effcat of wont gopragatden shoned no eobplatont tyend du th

X )

fived buo yoawse  During the lagd yeuw, houowvor, the bolow grownd




419

barricers produeed lowey dyy mabter percentages and higher nibrogen
pevecentages In the grass compared wlth the hevbege Prom the oconbrol
plots with integratad rooting systemss  As defoliation frequency
inoreased the level of N¥ in the grass rose, 1.082, 2,12 and 2,66 9N
were the welghted ncans obbained from 2, 4 and 6 ouls por annum
vaspectively, |

There was algo a gipgnificont interaction betwesn wain and sub-
sidlany treatments in respret of the WV in the grass component in
1965,  Infrequent cubling favoured. root segregalilon, whervens fre-
quent defoldetion produeced higher nmri}gen gontenhs whews the groess
and. clover wers prown ﬁomaﬂy.

21, Fyom the limlted ovidence oF the additional trials ond
observations on inoeulated clover seed 1t would be reosonable to
apsune thot the Indigenous strain of vhizobia at Auchincrulve wag
an effective one

22, Observations on miero-climatlo tempevetuves st ground
devel partially corroborate the £indings of Johustone~Wallace who
showed lower dinraal fluwetuations of temperature wilth o nixed sword
compored with grass alona.

23, A peneyel ascount of* the me-keomlmg‘a.csél conditions duxing
the trial pexdied is given ond comparisons with long teim avepeges aye
gtudied. Comparisons with New Zealend end Hollond ave clso made,
the most notesble features of olimatic difference heing in solay
radiation. It would appsay that the Nowrth Teland of New Zealond
will receive twice as much sunshine, and Holland records show 46%

move total soler energy compared with Auchinervive.,
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D 2he The plysdesl offeots of dndroduclig o doeuble lover of
GG peuge bleok polytheno have beso messured end ovs weporbed cod .
dabovetory ond Pield teobn on the gerseabllity of “his nofeileld ave

iaomncd.
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Be.. SECTLON v SUPPLEMINTARY BXPNRTIGNTS AND-URSES

L2

5.1 CRASS OBSHRVATTON PLOTS

5011  Preliminery dobodls

‘Seven gressiond observabion plobs werd establlshed next to the
medn budal on Aprdl 8th, 1863,  Tdme, phosphote end poltagh had
proviously beéon epplied and worked into the asoll and New Zealond
Cerbified Mothoy Strain povenmmiel vyegrass abt 20 1b per acre vwes sown
in rows 6% apart.  Breirding wes cvmplete by April 2hih end throughoud
the reneinder of the year the area was band weeded and topped when
nacsasary. Lo 1964 and 1965H these gresslend observation plots had o
basic management tweabuent gimilor to that of the mein trial.  They
worae oub four btimes cach year on the same doy as the & Cut plota, the
only difference belug that they received diffevential levels of inorgeaic
nitrogenous fertilizer. The objeot of these plots was bto indicate the
approximate level of Tertilizer nitrogen requived by grags wlone to
aqual the yield of dry watbey snd nitrogen simultaneausly obtalned by a
mixed sward as in the woin studys

5,12 Yield dote 1062,

During 196k the colendar of evenbs was ags follovs:-

N ¥ertilizer spplication (‘ui‘ti ng éw to
1st March 3nd &pml ?Mﬁl
2nd April 27th June 15th
i Jue 164k ugast 5th
hih August 66h Oetober 7th

The nibrogen {fertilizer wos applied to the appropriste plots
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6-3 weoks in edvanee of the date of cutbing aud on that date the
plots were welighed and sampled Por D.i., and nitvogen anslyses os
in the main studys, The yield date from the individual outs, namely
green weight, dry matter yleld ond nitropen yleld appears in the
appendix together with estimates of perecontage recovery of fertilizer
nitroren in the herhage and the ingrement of dry matter yield per
pound of Pertiliszer nitvogen applied. An overall pichure is obtained
from the summary table vhioh indicates the level of totel production
fox the yvear. |

A yield of 12,576 tons fresh meterial, contadning 5,131 b,
of dvy matter with 88.82 1b of nitrogen was obtained fron the conbrol
plot without added fertilizer nitrogen. This in o bigh vield from
grass relying solely on soil nitvogen for its nutrition and it indicates
perhaps o slightly highey nitrogen comtribution from dhe soil than was
onticipoted in Secblon 3 (p. 99) The application of inercasing
quantities of fertilizer nitrogen was responsible for corresponding
inovements in yield and at the highest lovel of éombined nitrogen
(564..48 1b of nitvogen per asre throughout the senson = 2k cwts. of
21% W Nitrvomchalk) L7.302 Homs ﬁﬁ? frash moterial veoulted, containing
15,724 1b of dry matbter with 579.21 1b of nitrogen.

The overall percentage rocovery .of tho nitrogen applied ranged
from 70% at the lov dosage wate to 51 at the highest Jevel and the
concomitant inevement of dyy matier yield per pound of nitrogen

applied varded hetween 42 1b and 17 1b.
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5,13 Yicld doto obtained in 1965
The patbern of events during 1965 was simdlor to that of the

provious yeer except thot tho penultinate nitwogen level was omitted

due to rodent aptivity on the plot,

N Pertilizer applicataon Gutting date
lat April 9th May 1lth
2nd May 1lth July lst
3rd © July “nd Aagust 3lst
Lkth \ Augunt 3lat Detobexr Hth

The yiela.daﬁa from individual cuts appears in the appendix
together with o sunmary of totel productivity for the year and
estinates of nitrogen recovery. Compered with the previous year
the general lovel of yield was coneiderably lower,

From the sontrol plot (no fortiliger nitropen) a yield of
84138 tons of fresh nmoterisl wés harvested containing 3,985 b of
dry matbexr with 65,03 Ib of nitrogen. In 1965 the application of
inereaging quantities of niltrogenous fartilizér pgein resulted in
corresponding increments in yield. %These were, however, smaller thoan
in 1964 and in spite of some interference through £icld mice, there was
evidence Lo suggest that spplication of nitrogmm in excess of 376.32 ib
per acve would be unfruitful.

The recovery of nitrogen was similay to 190k, vonging from 677

to 467 as tho Pertilizer level incressed, and o sinmilay sesle of dAry




motter yield increments per unid of fertilizer nityogen applied was
vecorded. VWhen the tolal amount of altyogen Lertilizer in the year
amounted to 94408 1b pex acre, cach pound of this was wvesponsible
for a yleld inorease of 37.4 1b of dry matter whilst at the highest
nitrogen level 564.48 1b, each pound of nitrogen gave 14,5 1b of dvy

natter,
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5.2 FIRLD SRTALS 40 MEADURE FIE HIYOICAY, GRRRCT, JLF AW, OF TIH

BLACK POLYTHING USED AS BARRINRS TN THE MATN TRIAL

5,21 Preliminaxy dotails

Although the double leyor of black polythenc used as underground
root segrogoting barriers was only 0.01" tﬁimk, thus reducing the
effective plot width by 0.08", (equivalent tup.&ﬂ%bﬁi;was considered
cgseatial to have en estimate of ibs physiceld offect. A field trial
was established during Mareh 1964 for this purpose. The land prior to
sowing hod an applicetion of lime to correct the pH to 6,25 and 112 b
off yéos and 112 1b of KEG wore worked in asn o basal Pertilizer dressing.
The plots were esbablished in o wmanner siwmller to that uvsed for the
modin trial end folloved the pattern illustrated by Plates 1 to 6.
Bowing was done in rows, this time et right angles to the polythene
baxriers in owder that both sets of plots had grass and clovexr with
integrated rooting systemns. UNew Zealond cultivars of perennial ryew
grass (20 1b per acre) and white clover (2 1b per acre) were sown in
alternate rows 6V aport on Haweh 235rd and 24th.

5«22 Detnils of tho 1964 cub

Three cuts were taken fvom these plots in 1964, an establishment
out on July 15th and two further ones on Sepbembey 2nd eud Oclober
15%h,

No significant dif'ferences dn production belween the two sets of
plots vere recorded either as dry wmatter or nitrogen yiold and no con-
adstent difference appeared in the chemical eompasition of the herbage
(Tebles XXVI-XYVILY Appendix B).

It is concluded that in the establishment year physical effccths




from introducing the polythone were insignificaut.

5.23 Detoils of the 1065 oubs.

Pull details of the fowr cubs btokon on Moy 16th, July Gth,

Sepbenber 7th ond Octobexr 19th ave found in Yables KRTA-AEXTE fu

appendiz B, an exbroct from which appears below;-

ey 26th July 6k Gopl, 7th Odke 19th
mroatnent Total|Total  |TotallTotal  |Total|Total  |TotaliTotol

o DM, |nitrogea]Dd.M, [nitrogen|D.ii. |adtrogen)d,¥. |nitrogen

vieldlyield |[yieldiyield |yield|yleld |yieldlyield
I/ [ d/ |/ [N |/ e/ linS [/

N acre laero ,apre_‘ agre . lecre jacye aove lacre |
Polythons 5,206149.25 |2,000|u7,25 _ |2,316[75.39 | 892 |3kt
No ‘ | -
polytheng S 1
ﬂamtw?‘ .5,08\4 Isiwﬁﬁ ?503@ #9555 2,257 73.-3,5 868 33,13
9.5, Tooltiee |3 selfe0s [ apfiuaz | 219 20,96

. MeBe Iﬁ#g.&‘ N.f% [ PR Ncﬁw N‘.Sg !w‘f.sl. NS,

As dn 1964 theve wore no aimificsut diffevences in dry matier

yield or nitrogen yleld belween the polythene plots and {the control

and the grass 8

identioal for cach sel of plotys

hoybage was also encountered.

clover ratios in both those yileld parameters vere almost

Similay chenlcal composition of thoe

These resulds arve sinilar dn every yespeot to those previously

obtained and thus-confimm the hypothesis that the physicel effect of

the polythene introduced dn the main trial for undergrownd root

pegregating baryicrs is ingignificent.




5.5 DERMEADILIOY 9607 ON THNE POGYYHING

‘Thin poly i,hcmc: shacting is not completely impeprvious and it was
therefore deemed nooeppaxy to test ibs permesdbility with nitrogenous
subgtonces both in the mbomtnxy and . under Tield conditions.

5.31 Loboratox __y_m

DeSL  uoboratory Tosts

Th was deolded _te use Leasportio acid in the laboratory tests as
Virtanen ond his co-workers had shown this to be bthe major nitrogenous
oxovetion product from nodules. A near 0.57 solubion of this amino
acld was cnologed in o double leyer of 500 gauge black polythene and
then placed in a2 boeker smivounded by disbilled water. Thia water

jocket wos sompled 2k hours, 36 houps, 1 weok,; 1 month and & wonths

later and tested for the préscunse of Leaspertic seld.  The anino acld. .

paper chromatogran techaique using nin~hydrin in ethanol wan e:mplqye:b
(Gonzden, Gordon and Meptin 1S4k, as modificd by Potton ond Chisn
1981).,  Bech of the tesbs pmvaﬁ to be z:\c:ga.tﬁ.va maieatme* tha-b &
double layer o:t‘ 500 :;,augo blf.w}r shonld be o sufficicent 'barriax' fox
this amino acids

5.32 Pield Tosts

Duping the first weok of July 196k o field experiment was
established to test the pexmeability of the blach polythene to an
inorganic nitrogenous fertilizer. As in the main tydal these plots
vere excavated and the polythene barriers were introduced at 6! intore
vals, The sone Hew Zealand cultivar of pervennial rxyoegrass vigs soin
ot 20 Ib per acre between the lines of polythene snd nitrogen

fdrtilizer was applied to one out of every three rous. [Plate 9]




PLATE 9



This fertilizer nitrogen was spplied in sdvence of the four
defolictions in 1965 at 8 ews por sere altrochall (219 W) per
epplication, The Gotal awount of nibtrochalls applied durdng the
seagon namely 32 owt por acve, equal bo a dressing of 752 1b of
elemental nibrogen, was congidered in excess of the grass reguire-

nent and some would therefore be avallable for migretlon. In this

experinent bhore were six replicstions of the following throe tweat-.

ments t-
Ae  Grass wocedviag 183 Ib of N pey acke pex eub.
Be Grass in olose proxwivity to fextilizor nilrogen applied
in A but separated by polythens.
G Conbrol grass without fertiliser nilbvogen and distoat
from thed applicd to A
" Detoils of the vields obbuined fyom the four cubs token on Moy
Lth, June 29th, July 29tk and September 28th in 1965 oppedr in
Appendix B (Tobles XXXIII~XZXVEI)s fThe stotisbicel analysls of cogh
eut indlcated no significant differxences botween treatucnts 1 end C
in rospect of diy mobler yield, nitrogen yleldy dry mabbtoxr % oy

nitrogen percentago.

Total DiHl. | Wotal nitrogen |  Mean Mean

- . yield yield % Dalla 7N
treatnent. | Abfagre | - Nfacre R W
B f o300 | 8B | w98 | 2185
(O 5,008 | 83a7 15,50 2.106




The totol production for the year ond mean values for chemical
aompesition aroe shown in the above table and reitemte the statlstical
gonolusions of the separobe analyses.

As a result of hoth of those tests and bearing iv mind the fact
that the polythene at the end of the experiment wos in good oxder 1%
wonld be reasonablo o assume thabt the double layeyr of 500 goupe black
pelythene had been & reliable borrier to any nibrogenous exorement from

the clover nndulas.



5.4 ORSERVATTONS FROM FLOTS SOWN WILH FNOCULARED CTOVER SBED
Bkl 1963 Dota

ot S b
o B el AV U
Mz&mw e s b,

A small tyial to aseertein the offects, 1Ff eny, of wvsing
inooulated clover seed ogalast o non~inceulated control was estoblished
in Aprdl 1963%.  This was wnderdeken to give some dvdicabtion of the
effectivity of the native pbrain of rhizobia of Auchineruive.

Observations up to the fime of sampling, Hephenber 23524, on the
helght, vigour and colour & the clover indicatet no visible or
recordeble differences belween inoculpted and non-lnoculoted plaats.

Sowing of these plots had been done in o meuner similar to that
used on the nedn trial apd to facilitate plant and nodule counts to be
done one lineur foot of row was cxbracted pey plok. The entirve
plants were removed bogebher with one foot of soll and this was trang-
ferved gently fo the laboratory. The soll was carefully removed fyom
the roots by a slow waghing proecess so that nodules remaivned iatact.
Thoy wers romoved fxom the plants et the time of gounbing and dried to
o comgbant weight. Details of the results oblained appear in table T

overleafs
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Nodule eounts, dey welebt and chemical compositlon

AT

A Seveots

7 5

[ Moaute Dry wh. of |Dry wh. of
Heon nunber]aunbers B nodules in |individual |
of plants |per linecor|Nodules|groms per [nodule % W in

‘ pér linear |foot of | per Linear fooklnicre nodule
Tragtment |foot of wow|vow plant  |of vow  |gyams {on D,if.)
Inaculatea%v 112 609 | Subk | 0.2299 577 6456
Contbyrol, _
(ot | .
inoculated 110 568 516 0.1657 292 7+59
0N - L33 - |%0,0182 - ,

# (The nodules wemoved frem the plant ond dncluded: in the totals were

those deened to he effective oneg.

lmmoture and decomposed oncs weve not considered),

VYeatigial, ineffeotive,

The inbroduced atrain of rivigobian was R.1B7 oxighubing feom Sydney,

Australio and 14 s sonsidered to be an effective ona.

Ypom the limited

evidence of 1963, it wonld appesr that the indlgencvs styedn ok

Avohinernive i

%
31

falrly comparable with this one.

No simificont

difforonces could be detectad in nodule nunbers opr Lo npdule dby weight.

fhe % nitrogen in the nodnles, on DM bopls, wes approximotely

74 agreeing well with published data (Wilson, 1942 and Gutler and
Bathurst 1956).

5¢42 1964 Dota

(ﬂﬁmple& duly ﬁﬁh)

A proeadura ginilar %o that in 1963 was adopted, taking one Lineor

foot of row, counting and welghing the nodules.

data appears In btable M, but doecs not conbain the ¥ N 4n the

A summary of this




nodules as miqe ate them before analysis toock place.

Table M

1964 Nodule counts and dxy weipht

Dxy wi. of

Nodule *
tlean numbey) numbers nodules dn |DPry wi. of individual
of plants |per linenyiNodules|grans per nodule nioro
Treatment jpoy Linear |foot of per  |lincar footh arams
foot of row yvow plant Jof »rov
Tnoculated 23 190 8426 0.1196 629
Control,
(Not ‘
inoenlated 25 250 10,00 0,1226 L8O
Sella w :2:87 - “‘*“:{)éﬂgﬁl ne

-

% (Nodules removed end included os in 1963)

The wvesults in 196k sorve to corpoborate the previous year's find-

ings and bend to dndlcate that the indigenous strein of rhiszobium is an

effective ono aad agein no visible or recordable differences existed

above ground between Inoculated and control plota.
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7.2 APPENDIX B



7.21  Brief deserdptions of the methods

enploved in chemical apalvaes




7,21 Driof desoripblons of the wcthods employed in
ghendoal anelyad

7.211  Boil onalyses

72131 loisture debernination

The semplo,y as taken foom the Meld, wos drded ovornight ab 50°%
and. was then milled to pasgs through o 2 am sieve. 10 grams of this
ady dry soil vere placed in o Townson and Mercer fvenhedt oven (8.222 x
22%1) at 100°¢ for 24 hours and the moisture content wos obtoined by
difference.

7+2122 Loss on irmition

A somple of drded soll wes ignited at 65@*7GQ°G and ignition
logges obtained by differonce to give a guide o the orgenie matter
of the soil,

7.2315 Meosurcments of pi

The soil pi was measured in a soiliwoter suapension (L soil:

% water),  The mixzture vwas sheken end~over-end for % houx and then
left for 3} hours. The pH determinations were made using o spear
point glass electyode coupled to o MARCONI laboratory pH metex
(a0 2093), |
7.21%  Soil suspension condustivity ()

The same soilewater suspension ls used here as for pl and the

MULLARD apparatus involved in this determination gives the reading
as vesistence in ohms. [p0 = Dogs N = Log (cell constont)].

742115 Idme reauirement

Thia was celoulatod using the ph concept {Schofield=Palmer 1956)
[i.e4 pb = 2pH - pCl.



7.2116  Avallable phosphate and potash
72136 Avadlable vhosphate and pobosh

For both determinotions the extroction is done using 0+5 N acetic

aodd, 40 parks of this with one part of soil wes shaken up for 2
hours and then £iltered. The phosphate doterninabion ves corried owt
using the mothod described Ey Williams and Stewarb (1941)., DBriefly
this invoives the uvse of anmonium molybdale and stennons ohloride, the
latter being used in an acid solution to reduce the phogphomolybdic
acld %o the blue complex. Available phosphate is then g colorinetric
detormination using o SFEKKUIR ADSORPITOMETER (Type 1.760).

In the case of potash, the extract is passed dabo an EBL £lame
photometer giving a direct reading,

72117 U determinations

The sod.l somple having been dyied wag then milled to pess through
& 2ma sieve. A suﬁwsamplﬂ was token and re-milled in a mortai.
Duplicate samplos of 10 grams wore takKen, %0 ml conc, mgsok weralaﬁaea,
digested for 2% hours and then diluﬁed %o 50 ml. To 50 ml of this
solution was added 20 ml of NaQH and two anti fooum tablets., Dis~
tillation was into borie acid and titvetion wes ngaiast 0.1 HeHOL.
| 742118 Trace elements

Ipectrographic anolysis wes used to determine several trace

fa

elements end the soil extraction methods used are indlicated in Table 71

of this appendix.

72212 Herbage snalyscs
7.2121 Dryemattor |
Dry~matter doterminations woye done in o CRAIC ond DERRIOTY oven,
ovornipht at 100°G,
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TPeR122 Wilbropen coalvses
Nitrogen detexminebions wers done daking 1 gram of dwied
neberial, oddiag 30 ml conc, ﬁ‘?ﬁ‘;% and ¢ seleniun catalyet allowing
2;'3 hours for the digestion period. Distillstion and titration vhich
followed were similay to those deseribed wader goil N.
7.212% Zwrage alements |
.’:.‘;peaetr&o@&phi.o anslysis was enployed to determine the total

trace elements Crom the sshed dry natter of grass ond elover,



7+22 Daba from soll and




7-22 Date from seil and herbass aneiyses

Hoisture % 1.9 1.9 [2.8 12.2 (2.0 [1.9 (1.9 (1.8 11.9 1.8 1.9 (1.7 12.3 12,1 [2.8 2.0 (2.2 2.3 2.0 1.9 |2.1 }2.3 2.3 |2.3
Loss on

M@Nnmv.ﬂwmuw \ﬁ mtmw mlw m».m mﬂm MQm memnr muwv mdw.v mum m.!mv mcw mﬂm mlm mum mﬁm mtm mlm mamﬁ. mbm m&m mum mGN ﬁo% mﬁm
pH (water) Se 38 Bokb 50475551 5.36 15.4015. 31} 5,361 5.28]5.2915.3115.321 5.38! 5.50 15,42 15.39 5. 301 5.28 {530 | 5. 28} 5. 3% |5.28 (5. 201 5.22

Iime requirement

{Tons/aore)
e pi 6.25) 2,25 2. 751 2:T5]2:5013.0013.0003.25] 3.00[3.2513.25135.2513.25] 3.00]2.5013,00[3.0013:.2503.2513.25 3.251 53.00 13,25 3. 75| 3.5

W
A%
(¥
W
A%
i
o
g
A%
+
g
.
&
5
e
W
U
\
i
W
o
W
Ar

Awvailable mvmmm 5

Available KO 16 lzz |16 {9 e 19 ¢ 111l j30 132 313 136 25 j2r 12 130 113 115 18 ji2 113 9 2

s

G Golld 4o 17 o 16} 5007 00 30 |80 26 1 4 17 2o B B B0, 30 0 B3 10 D01 £ A8 o B0 0 17 80 AT [ o T o B 8, 10 1 1,081 5. 23 {4.,09 14,091 4.10

S
&

- {on aiz Azy}i0.2910.2810.28{0.27 mmnmm ﬁammmmcmm Ga2710.27 [0.2610,25 10,2810.2810.25 _momm 0.26 mmpmm 0,26 [0.27 025 [0.26 [0.26 03.2710.27
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3l

6241,

158

2047

3heH

hlely
T5ed
690

20,7

649
6940
6241
759
759
6940
1348
Lhiledy
2047
207
Lledy
SheH
207
207

09

649
138
20s7
207
2047
5he5
1548
2047
Ll
27406

649

e

-Auggsﬁ Septeombor  October November  Dogombor
. 2760

2746
158
2746
IS
158

6e9

649
1348
276
3heb
2047
1548
1340
20,7
276
2746
13.8
2047
2047
20.7
276
13.8
13.8
13,8
207
2047
1348
2047
13.8
2067
1548
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Dally readines of rodiont enelpy

(oola/oq. cm,)

LT rer] L

Dot January Febyuaxy
1 207 6940
2 2067 3heb
3 hided 759
A 8746 69.0
5 13.8° 690
G’ he9’ Mlal
a 6a9 2746
8 649" The9
9 1548° el

0 12.8° 3.5
i 276 8248 |
18° IS .45
13 13.8° 6940
R 1587 SIS
15 207" 9646
16 1748 759
7 15.8 P59
18 5542 e
19 55e2 7549
20 &853. 694D
1 276 6241
22’ 1348 I6uH
23 1548 10345
2. 626l 1106
25 2746 B2.3
26 Shab 9646
27 6241 897
26 5542 Bheb
39 5%12 “
30 B82.08 -
3% 1549 -

JonuoryeJune 1965

Hazoh
16587
1794
5542
1587
20740
17245
8947
158.7
1785
18643
2070
847
9646
4843
897
16546
203,45
124e2
17245
15168
3145
hdad:.
96 46
552
16546
170
16L.8
202:9
H05eb

Loyl

27640

80740

Fi0a5
2567
305
15847
22046
87640
12h.e2
26242
20041
L79eds
R5b.eG
1409
10305
15148
15847
28747
27640
3105
5786
26242
303.6
2651
1510
2208
18643
15201
1262
100,42

w

537k
1282

8248
3?2&6
105.5
1574
L0
21349
L7245
37266

4340
S50
BTk

8947
179k
25545
151,8
L1000
2622
2277
32&5 «‘60
4209
227.7
3Q%a5

486 ed.
5692
L1 O
22048
265,
1380
25046
36547
Ll «6
52049
2070
1055
3h540
18645
18643
3185
3312
35848
345 0
10345
3550
Gl O
2h2..5
1794
236
276.0
2070
2070
27640
3450

-

210
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(cals/sqs oms) July « Decomber 1965

Date  duly  Augugh Septiemboer  Oobober MNovember — Decembor
i 1587 1725 1 276 2067 Bl.e5
2 20D 1055 35848 8746 27.6 150
3 4830 400.2 690 Bheb 55.2 2047
& 1725 15148 7689 il 1100 1508
5 287.7  2hBel 10545 8.3 Bl )
6 50065 L7245 a2 1104 LBs3 674
7 207:0 2415 0646 6040 BheH GaQ
8 276,0 269.1 0646 13840 bled 6e9
9 206,7 1794 69,40 15047 5542 6e9

10 2415 25hab6 11042 151.0 2740 2067
L 207.0 22048 1380 10345 276 2047
12 17245 2139 18643 1173 Bhelh 158
13 10365 136.0 1518 Bl bhed 158
1 138,0 6240 0646 4843 L83 2067
15 3540 20345 6940 5582 5542 13548
16 183%.,0 13840 20740 9646 20.7 13,0
L7 G072 10345 6940 Ll sl 649 6.8
18 276:0  172.5 18643 1794 158 1348
19 138,0 13840 18643 69240 2047 15,8
20 15840 B3h5Q 6940 6241 15.8 138
21, 20242  LLTe3 583 7549 L8e3 649
22 105,56  12h,2 10565 JO%5 Ll sl 158
23 1035 12k.2 bl 6940 2047 2047
2. 10345 82.8 G2l 7549 27.6 207
25 25kab Lhhe9 Llals 6240 2746 1546
26 20249 21840, 11044 1348 b N 20.7
27 1035 L7245 15L.1 649 ] 1358
20 6940 LRhR2 7549 L8B3 20.7 207
29 6940 17245 2756 6241 27.6 2746
30 1035 9646 €947 2047 kLl 270

5, 10545 27640 ™ 207 -~ G
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wddant Mnedsy Dato.  Auchineruive, 196 and 19685,

o

Moan Godly waddent chevsy (t’s&}l. LoemTY

Monthse | 1964 1965
January 333;5 5?.1
Pebruary - 8243 68,5
Maroh | | 129 8 15540
apeil a7 298
oy | 307.2 21,5,5
Juno | 202,8 250,0
suly S 225,9
August - 227,0 | 177 o
Septonber uss 109.0
Ootober 7643 7042
Nweamﬁer - | ."33‘-8 o 3.‘347 ’
Deosuber ) 1946 17,1
Yoarly Tobal |  1,827.8 1,665,

% Meapuranents xecorded on Slemens Integrating FPhotouweter,
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DABLE, VL .

[ Aearte

3961 Micwoglinatic Temperatures (°F) Apeid 18the
z
-3

Oth dnel.  Token at swound level by serecned

oy . -
Bhemenoters.

-

AEREL Geass and Clover Graas ond Clever
(2) )

DATH Mevizo Min. Maz. i,
18 66 57 65 53
90 85 5L b 53 51
20 60 L3 | 56 L3
2. 56 Lk 58 h
22 53 42 58 42
as l! 59 &0 56 40
2%, 56 38 58 14
a5 3 3 Sl LS
26 60 L5 6l L5
27 63 58 63 48
28 67 L9 6o 49
a9 61 6 60 56
2 63 Ld, 62 L3

o S



MARLE HANVITT.

- Gress and Clover

oAy Grogs and (lovey
(2) ()

}}é& ‘I? m@ﬁﬁs f‘gimo M&ﬁgo f§§u§1$
i3 62 L. 62 43
2 ‘é«% b3 Ol L2
5 60 L5 &0 L5
&, &0 ) GO LG
) & LG 63 , 40
6, 62 TN G0 43
7 62 L8 &3 48
3 é1 L5 61 L2
9 G, 6 &, L6

10 (944 4 61 46

1l 63, L5 A L5

32 & 42 63, L8

i3 60 46 61, L%

s 68 4y 64‘? 4y,

15 63 &ls 66 W

16 6% : L6 Gl 45

17 60 L9 6B L9

18 6a 5. 62 52

19 61 L7 60 k6

20 65 L5 62 Ul

21 o4 LY 6% L7

22 66 16 G3 &7

23 65 P iy L3

20, 67 47 68 46

25 72 L5 70 L%

26 72 L3 72 L3

a7 85 49 8k 48

28 88 LS 85 48

29 a1 53 80 53

30 65 55 66 55

31 54 L9 52 48




DABLE XEXIX. . 296 Miovoclimatic Temporsiures (°F) felken nt
ground lovel by serecned thermomebers,

JUNR Graps aad Glover Grass and Clover
(a) ()

DA Mox. Min. Mo, Min.
A &0 42 57 : L2
be 66 39 63 28
3 66 b, 63 L,
& 65’,3. LY 62 49
5 k. 50 o, L8
6 58 1B 56 49
K 51 52 56 51
a §8 L) 65 49
2 &0 52 59 53

10 65 53 &l 53

1 65 : 50 6l 50

12 66 52 65 53

13 67 55 66 5%

14 56 51 56 5L

%g 77 49 70 L8

17 Temperaiures not recorded since

18 ) all plota were defoliated.

39

20 73 %6 75 36

21 79 L 78 L3

a8 81 L8 &0 45

2% 70 53 70 L6

ah, 83 L9 85 49

25 37 5. 87 5k

26 22 56 85 56

27 75 56 75 56

28 79 49 &0 L8

29 82 50 - 82 L9

30 7 18 75 53



TUBLE XD

A96% Mogeclinatic Yonperatures (T7) telkon ob prosnd

devet By,

soresned thernonokens.

]

JUBY Graps and Clovew Gress ond Clovey
() (b}

DATH g@m{, Pina [iilch mm
1 é%‘.ﬁ 5, 86 51,
2 82 53 30 5%
3 83 48 85 18
L 77 A 77 L7
5 82 a7 83 53
: 2 g |z 2

b 2 e
B 65 49 65 50
9 61 LG 61 48

10 73 b9 73 s

AL 72 51 7k 81

18 75 49 75 49

13 7% L5 75 45

A 6% 5% 67 25

15 77 ik 76 5k,

26 75 50 15 20

Y 67 55 ot 56

18 67 56 68 56

19 66 56 65 56

20 77 55 76 59

21 71 a7 71 57

ez 17 &0 78 58

a3 76 97 76 57

2, 66 59 Gk 59

25 73 T 70 27

26 68 B2 66 be

ar Gl 85 63 55

28 69 174 a8 55

29 68 L9 G5 k9

0 67 b 67 59

J1 65 55 &l ‘%5

237
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2 %
Bemperatures (%5). tokon ab

woound lovel by screcned thornometers.

awzin|| Brass and || Grass end || Grass and Grass Grass

sl elover || clover clover

onemll @ Guts/ k. Cubs/ G Cuts/

sl fomam | A fnum o N1

Moz, Mol Moax. Mig. Moyee Mixe ||Mox. Hine |[Mox. Min.

2k 63 53 | 65 39 67 38 70 3T 65 37
26 il 61 /60 36| 61 36 || 67 36 || 67 36
26 || 56 40| %6 ol 57 w58 x|l 63 k1
29 A 3% || 60 k. 6L 35 62 24, o4 2.
28 || 1 36050 360 sh 33 || sz 33l 52 3
29 L3 5711 47 37 L9 35 54 36 53 %6
30 Gh 57 57 kT4 50 57

Bl 37

259



SAPIE XLITT. 4865 Mievaclimatde Fompewetures { #) _balren ob peownd

davel by soevoonod mmmammrm

Gross end || Grass amél 1 Gyass and | tam:sts G‘K’&&B
Wy elover elovey clover
ol 2 Cubef L Gubs/ & Cuts/
RAES Aoun fonum Angma
Mage Iine || Maxe M m fﬁam m. z&m‘ ‘*§m. mam ?s:im..
i 68 wl 65 wll 0 5 fﬁ 233 72 42
2 fsz % 67 44 || TL k2 Yl T a3 76 43
3 o4 a7 45 f 59 45l 61 4B | 60 46
b ha g2 4o D5 38 o] o0 85 4o
9 6€§ W | 67 46 7 W6 N 67 47 I 69 47
G 5’&-, 4 B KO 9% 3B h Bh 4o Bk 43
7 85 6 g 46 56 e 56 57 Bh &7
8 55 SN BS 46 | B8 45 || BY 46 | 56 47
9 1 8 iw 89 46 72 45 58 ho 57 k6
3G 52 8|l B7 4k § G5 AL || 62 k3 | 60 43
63 wh )l 63 kR fler 43 )l 65 L | 60 a2
12 60 bl on i 65 S Il 75 a2 ) 73 4R
Al 66 kD 6D A0 f O 46 I 7O 42 | 77. 43
ot 69 47|l B ksl W 46 | 90 Kl 87 k2
W ors B2y e moy 7y L2l 90 514 % 5L
16§ 62 9|l 67 kB 6 AWl 73 LT I 75 47
s gl ar b5 ome A5 2 48| D a7
8 ) ¥ !iﬁ. 48 30 || W8 57 S0 35 4 49 36
19|l 86 B2 62 30 62 32 |l 80 x| 73 32
20 &, 3| 0 R 70 2 | %0 34 81 31
21 61 Wl 75 1o ?:9_ Wl 85 45 I 82 45
5-32 P v - oy ey e - - o
a8y 57 WY 62 L7 ‘5? LB 8. &7 82 L&
2 ql 62 4l &7 k6 |l 66 k7 || B2 ho VY {
25 || 62 k6|l 62 46 | 6L 47 || 68 45 | 66 46
26 7L BOYl 69 B9 I O A% 81 BB} 77 48
27 4 79 S 0 M i 8O e f 79 45
28 77 4B 455 76 45 8% Y 85 - 47
29 || 65 4k 63 ok 6k bl 77 B | 7B 42
00 8 W21 7 s E 78 k2 O 42 ) 82 42
i 48 L 66 hiy 67 L& 58 lu L6 Lk




L Gross ond || Gress and | Grass and Grass Grana
JUNE I olovor olover clover "
ol 2 Cubs/ I tabs/ 6 Guts/ |
e d | IV Aonua Araun NO N1
Mox, Miu.|| Moz, Min.) Max. Min, || Mex. I, |(Mex. Nine
4 7L 37 ¢o 20 75 300 7 Ak 72 37
& 7 41 15 Al 77 4§ B2 40 Th 4L
3 85 451 78 u5 ) B2 45 H BhL  Hu )| 7D Wk
Lol 86 49 Ii 75 @0fl 8. 4o fl 86 48 || 86 &9
g 76 52 70 62 76 52 72 a2 © 92
g Th &9 68 49 73 420 75 WD 7% 50
2 7% laé 67 LG 73 W7 | 75 46 72 A7
10 20 L6 8 L7 85 A8 1 80 46 95 46
11 87 49 7 49 81 49 G0 5 7° 5
:‘}i? 79 5. 1 70 B il 76 5k 71& b | 73 55
% - - - - - w s - -
A 78 5% l 68 53 % Sk ?l» 374 73 53
15 || 7 52l 67 skl 72 B4 ] ™ B3 || 73 53
16 o7 51 l 68 81, 69 He 1 6k Bl Gl o 2o
17 76 bl 6% 51 69 52 68 52 68 52
18 7% Shit 65 o5 w55 72 55 7 55
19 75 55 1 65 53 68 5% 67 53 66 S,
20 76 53 8y, 55 70 55 0 72 55 72 Sk
21, 68 B3|l €2 G| 67 8L 62 52 Q) 62 53
a 7% L8 66 58 70 46 72 48 72 A
2% 77 g2 | &l b5 76 Ba i 72 4B 72 Ly
ahp || 70 s 63 sili 72 L9fl 6, B |l G6h O
23 62 534 € 53| 62 83l 60 SR 61 53
26 7 L9 65 50 78 4B 65 LDl 65 L5
a7 7% 53 65 52 75 52 68 53 - -
28 66 B2l 63 83l 7 BL|l 65 52 - -
29 61 BON 6L B0l 70 WY 6h 0 » -
77 68 531 86 kS| TR 8B - -

ai-d



© PRI B

3965 Werodlinatis tenpovoturos °

lavel

. poreened thepn gma*tze:*gg

24.2

TOLY Grans and t&mwﬁ xmd frapn - and i&x@z;a
i clovor alovoy sloves .
nagem | 2 Guds/donun || 4 Cubs/fnowm |} € Cubs/Annun Yo
T Mex.  MEm. | Hexwe  Min. || Nax.  Mim. || Max. I
L 73 5. || 65 B |l 78 5. 70 53
a Gl 5% 65 52 67 53 70 53
3 E % LY 7° B 8o LS 80 L5
Lo 73 L3 80 5O g2 L1 92 L1
5 f 65 a7 fl 67k M 69 45 I T AD
6 E 66 45 70 46 70 L 75 L0
7 70 L6 76 b3 7k L, 8, b,
g 66 L6 70 I 71 L5 B8h.
9 68 L9 7L 443 ?k« 50 86 45
l@ hl g i L s - .
11 70 kb ig 79 L2 i@ LA oa bk
e 62 LS G, W 66 46 67 48
15§ 7 50 [, 49 75 50 03 50
o | os7 w9 | 7 w9 | 57 49 4 51
B 86 W o 86 W6 57 16 58 48
B ) 69 55 76 La 75 & 76 L4,
1w ob 7 5 o 55 79 55 80 13
18 75 9 85 b8y 5] L7 83 L8
19 72 59 70 5ty 79 513 81 56
20 72 52 79 51 77 S 76 53
L) 72 5y % 57 706 53 76 59
28 52 55 63 85 &, ,5559 63 56
25 67 L i 70 L7 69 &8 70 b,
8&:; b d - L L] "~ e i -
85 5 wag A L2 Lo d iy . Ll
26 65 4 XN 70 50 7Q 81 69 53
27 68 B2 70 52 &7 52 68 5%
a8 59 B4 &3 55 62 55 B 56
29 &0 B & 86 63 85 60 56
30 62 B8 66 39 63 57 63 %)
R 62 43 6 w3 || 76 w3 |l 68 55
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THESTS SUMMARY
M experiment was conducted over the period 1963-65H with New

Zealsnd’ oultivars of Loliun perenne (T) ana,mriféliumlfegens (1)

They were sown In aliemaotbe rows, six inches apart and half the

plots in the trlal avea were established to mainteln root segresation
between the species using u double lgyer of 500 gauge bleck polythene.
Liberal quentities of phosphate and potash fertllizors were applicd

each year but the grogs=lepume sssociation relicd upon soil

mineralisation, fikation by free-Jliving organisms; rainfell and

gynblotic fixation for its nllrogen supply.

Voriations in defoliation froguency of two, four and six cuba
per annun had little effech on tho overall dvy matber yleld which
amounted to 5,300, 6,100 and 6,000 pounds per acre per onnum
respectively. Hdwever, the avérage yeaxly production of nitrogen
during the experimental period was 112, 166 and 217 pounds of nitrogen
por acre which supgested o 484 incrcasc by doubling the cutting fre-
quency and o 98% increase when threc times the number of defoliations
were employed.

oot aegxega%ion of perennial, myégrasa and white clover when
grovn in close associotion reduced the dry mabtter yield by 187 in
the establishuent year ond by 67 in 1964 and it is suggested that
root checlk and root ragbricbion, parﬁicaléfiy in vrespect of the grass
component, were mainly vesponsible. In 1965 the dvy watter yield
was 265 lower wheve root barriers had been introduced and from above

ground appeavance of the grass and from the yleld data this was clearly
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the direct offect of eliminating underground nitrogen transference
from the clover.

The nitrogen econony of thia-gra53wlegéme assoclotion has been
studied over o three year period and only dn the flnal year was it
possible to denonstrate obove ground the results of underground
nitrogen transfer. Clover pontributed 30.79 pounds of nibtrogen to
its gross partner in 1965 ond this figuve is compared with predicted
values using the theory of VWalker, Orchiston and Adama ond also doba
computed from supplementayy gresslond observation plots,

Micro-clinatic temperabures recorded at ground level partially
corroborote the Lindings of Johustone-Wallace who shovred Jower diurnal
fluctuebions, of temperaiure with o grass and clover sward compared
with grase alone.

Seed of the seme New Zealgnd culbiver of Tpifoliwm repens (L) was

inooulated with an effective strodn of rhisobium (R,157 originating from
Sydney, Ausbralia) and compaved with o non=inoculated eontrol. From
the Limited rosulis of this trial and from £leld observations it wonld
gppeor that the indigenous strain of rhizobivm at Auchinerulve wos on
gffective one. |

The physical effeets off the black polythene uied for roob
segragation  were exomined vhrough yleld data in g gpeclel trial and
labopatory and £ield bests were cearvied oub on the permesbility of
this materiel as used in the experimenta.

Dry matter production, nitrogen yields and herbage quality from
the perennial myegra§s~whiﬁ@ clover ssnoclabion are reporied, discussed

and compered with dotao from New Zealand and Holland.



