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FIGURE 2 . Illustrates iz Of pellets compared 
nth· . z. threepenny piece • . 
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Daye :('rom start of tes . 

Germination tests - Pelleted seed, 
P series. 

16 

P.01 

P.02 

= 0.01 gms.of superphosphate pelleted per 
seed 

0.02 tt " tt " tt " = 

P. l = 0.1 lt 

Note: (1) decrease in germination as amount of' f'ertiliser per 
seed inoreases. 

(ii) delay in germination with increase in amount of' 
fertiliser pelleted. 
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PELLETED PN. FERTILISER GERMINATION INJURY. 

(x25 a pprox.) 

(A) 

(.B) 

FIGURE 5. 

~"'---Split in seed coat before 
seedling emer gence 

Saprophytic .. fungi mycel ium 

~---Embryo dissected from 
seed coat 

Dissection of seed from ungerminated PN 
pellets, 0. 02 gm.:fertili er/seed, after 3 eeks . 

A. Ungerminated seed covered with saprophytic 
:fungal myoelium. 

B. Dissected embryo 
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(A) 

( B) 

(C) 

PELLETED P. FERTILISER GERM I NATION I NJ URY. 

(x 25 anprox.) 

Radie le 

4 Cotyledon leaves 

Embryo 

Radicle 

[I!JURB §• Disseot1on of ae d fro u.ngetm1na ~ P vellats, 0.02 {lm• 
tert111ser/seed1 after 3 week • 

A• See gerrn~nati ai'te~ 3 ka. ot thin reOiole 
B· Seed ooat removed fl'Om swollen eed. 

• •~ t_of th disaeoted eet contained an emb~yo with an ~xtended 





-



FIGUR 7. Layout for at bility tests: etal indicator 
rod upright on top of pe11et; water bsor.bed 
through lotting paper ick. 
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manifold and where drying fao1l1t1es are available, serious 

critioism can be directed at any work employing green weight f1g1 

An experimental standard of four plants per square foot was 

decided upon. This figure was the maximum obtained in any of t~ 

white clover oversowing trials (6, 7) and it would be deemed 

satisfactory if four plants per square foot would result oona1st· 

ently from oversovr1ng.. The size of the pots used, 8 1n6h diamet~ 

very nea.l"ly oorresponds to an area Of' ! square :root per plant. 

Each treatment then consisted err, one plant :pei- pot. 

The localized placement ot: fertiliser modffies the plant 1 s 

root system. Root studies are difficult and l~borious and the 

interpretation of results is not easy. Roots and shoots are 

closely interdependent and since herbage yields rerlect the net 

response o'!: the plant to the applied treatments and are easy to 

measure, these are taken as recording treatment results. Root 

stQdies of pelleted and broadcast fert111ser plants were done 1n 

supplementaI'y pilot trial . The aim o~ these supplementary etudij 

was to try to understand in what manner the plant responds to 

pelleting, and to attempt to e~lain results obtained in the pot 

trials. 

OBJECTIV S 

The major objective 0£ the experiment was to oompnre the 

pelleting of fertiliser with broadcasting and a combination ~~eai 

ment or half the :fertiliser pelleted and half' broaaomrt. It as 

thought that pelleting might show superior results during the 

early stages o:f seedling g1~owth~ due to greater nutrie.nt uptake 

from the localized concentration of' fertiliser.. The bt,oadcast 
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FIGURE 13. Plot E p showing method of extracting root systems . 

Guard rows on either aide of sample plants. ote 

tin, encasing sample plant core removed for root 

separation. 
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FIGURE 14. Plot Ep showing contrast between the 
pelleted plants (centre row) and much 
less vigorous control plants (front and 
back rows) 

28/5/50 
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ROOT WT. (m,,,. ) 

Graph sho1ing relationship of white olover 
root ano shoot d~y weights . 

Note deviation of young seedlings at low 
root and ehoot weights • 
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Although pelleting of au itpboapbate inoreasea noaulation of 

th young seedlings, and t the :final l1tt1ng pelleting gave a 

highly s1gn1f'icant 1noreaae in nodule number ; compa~isons betw.ee' 

plants or qual root weights Cl'leP the experimental period show no 

treatment effect on degree of nodulnt1on. Figure 25 oomp4I'ea the 

nodule.-root weight l'elat1onsb1p of the treated plants, and ahows 

'hat the thr ttteatrnent torm a 1ngle population randomly d1s­

\ribut d I'ound a g neral ea • The a:verage UDi'ber ot nodules pe1 

rng. of root ov r the exp rimental period shO'J ed no treatment ef:fei 

on d gree of nodUlat1on, viz; 

Pellet 4 plants verag d i.1 odulea/l g.r ot 

Broadoast " u " tt ft 

·Oontrol " " " " " 
In oonolus1on, the effect of pellete superphoaphate on 

nodule numbe~s appears oor~elated 1th t~ at eot et:f'eot Qn roo~ 

The degre ot nodulation is unaffected b7 

the treat nt . except at tbe ·verr early atages1 hen the pelleted 

plants were more nodulated. This early nodulat1on ~ be a 
' 

part.ial explan tion of the eai-1.y' growth increase ot the. pelleted 

plants. 

ODULE DI a'l'R IBU'?!Oli 

'l'l'umble 1n "Blades of Grass" etatea that with eft'eot1'V'e 

organisms the nodules are oluatered near the upper portions of tb 

.tap r<>ot - w1 th ineffective organisms the nodule are more widely 

soatteI'ed over the secondary branches of the root system. 

It is obvious tbat during early growth all nodulation will 

ocou~ on the tap root. As the root. ystem develops and br nohes, 
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the tap root will decline 1n 1ml?ortance. This is shown in the 

nodule counts. At the early l1ft1ngs most o:r the nodules occur 

along th tap root. The pellet d plants had a lower percentage 1 

tap root nodules, showing a moi-e developed and extensive root 
• 

eyste • 

;t',AJ3LE XX• Nodul s along tap-root as a " of total nodules. 

P1ll ted Broado~st Control 

6/6/50 72 86 84 

27/8/50 16 31 35 ~ 

At the last l1rt1ng, all tr at ents had muoh b nob d root syste 

(sbo by lo ngui- s :tor tap root nodUles %s) but the relat1v 

posi ion ere th ame, 1.e. p ~leted plants bad a lower % of 

ap-root nodtll a. 

NODULE COLORATION 

It is considered th t the · redaieb ooloured noaul are thos~ 

act1vel¥ t.1x1ng nitrogen. (See review of literature) The · number 

of red o ule per plat were oounteo teach .lifting. 

xoept for the first 11 ting the pelleted plants sbowe a 

higher percentage of red nodules. 

TA§LE XXI. Red nodules a a % ot total nodules. 

~ P. B Q - -
2/6/50 2.4 35 29 

4/7/50 61 40 56 

30/8/SO 79 68 67 

Tbis ould indicate that the placement of euperphoepbat stimula~ 

noauie t1v1ty ano e:f"f'icieney. Bowev r. th xamination o~ the 

4ata on the basis of' co ring plant · o:r qual root weight sbow1 

·84~ 
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that th1 treatment difference was largely aue to differently 

sized root aS8tems~ 

OotQparing pelleting and broadcasting for 5 pairs of plants 

of qual root weights,, the red nodules as ·a percentage o:f' total 

nodu es were: 

p .59% 

53% 
S1rntla:rly conn;>a:r-j;ng pelleting ano. control '£or tm_.ee pairs of 

plants of equal root weight , the percentage ~ed nodules were: 

p 61% 

0 1'2$, 

It is seen :from Table XXI that the pr01>ortion of red nodul 

inc~eases with length of t1 e from sowing, 1 • • plants with 

bigger root systems have a bigh r p:ttoportion of active nodules . 

Appendix VII sh a th t the pelleted plants as a serien had 

larger root systems than the oontrol o broadoaat plots, 

811minat1ng ditterencee due to root aize, the looalized pla 

ment o:f' fert1i1ser did not affect the efficiency of nitrogen 

:f'ixat1on s measured by the UJnber of red nodu1es. 

QURRENI.t NODULA1' ION THEO RI!§ 
( -

The data on nodul. n~}Jer and lateral roots was used to 

test n~s~ th~itl'ry ot odulat1on1 1.e. that lateJtal roots an~ 
~, ... ,,i,· 
' :1 

nodules are pbysiolog1o lly, homologous and ·tba.t ,1nf'ect1o_n by t 

bacteria can only take plac at predetermined foci on th root 

co~responding to the sites of 1n1tiation of lateral roots. 

AppendiX I oonsiders the results tro the root studies in 

the light of this theory o~ nodulation. 
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OHAPTER. XI 

}?.ISOUSSI,Olf 

Siftneral.: 
' 1'h need to check the progl'essive (ieterioration of much of 

the w Zealand h1ll.-country ifJ the purpose behind these trio.ls 

evalua1U.ng the pelleting of olover eed and fertiliaerst This 

new teobniqu - the pelleting ot seed and t'e~t 111 . ·r;- • ay be 

v luable as a tbod of introdUo1ng tbe asent1al clove~s into 

the bill country pastures (poss1bl7 PY er1 l sowing). 

uch ot the lo-h million ac~es of orth Island bt11 count~y 

ha.a the robl.em or o or declining to k oar~11ng-.c paoi ty-. Tl 

preeent situ tion 1.e that the criginal a~ol'$ of tertil:tt1 has 

long since been spent.- t of' the pasture pl nts that an 

i-espond to 1noreased .t'ert1l 1 ty and p»oduce the f ' ed neeCSed for 

higher stock-oaztryicg have C1ed out. T e pastures arc un;tforml: 

poor and de:f'icient in clovers •. 

Trials (87) h :ve shown that the ohief .factor in 1ncreua1ng 

pasture proauotion 1e the olover plant. Thel'e .is little respon1 

trom pboepbate toparesa1ng unles olavera are ptteaent in the 

a~. rd-. 

The f'il:'st phase in improving the hill country is to eetabl: 

olovers tn th pastul'e• ainlY tbl'-ough surfaoe .... sowing~ Over­

sow1ng tr1als with clovers hnve resulted in v'U'1abl suocess -

"in all cases, astablishm nt on:wa~ed with number of seed~ sown 

ie e:x:ti--elll6lY poor. n (7) One ob~eot1ve 'Was to see whetheri by 

pelleting the seed and fertil~aer, economy in seedin ratea 
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could be e~rected, 

The pelleting of seed nd fert lise~ y be considered a 

BP oial oase o~ fertiliser placement . The fertiliser surrounds 

the seed in coat$ of varying th1okness. Acoording to the metho 

of manUfactura, the shape and s1ze of the pellets. cau nt1t1ea 

and kinds of :tert111ser added, and th 1nclus1on of other 

aterials, mo.y vary. 

Pelleting of se d ith 1.'e1't1l1se:r- or other inert Dr.l:terials 

1a still new. c raial r1rms in the U.S.A. have 1noorporated 

1'Ung1ciaes, 1nseotioide~, gt'owtb regulating substances to., as 

w ll a :fert1lisett in the pelleting of vegetable• cro-p and gra 

seeds. 

The adTantages of .the pelleting of see4 ana ~ert111ser wer 

thought to be: 

(1) mor ff'ioient u e or feFt111se~ 
(11) earl1er and bettei- establishment of seedlings 

(111) economy in aeed1ng rataa, and 

(iv) greater ease of aerial sowing 

Ure.dVant g~a ould be: 

(i) 

{11) 

(iii) 

the teohn1oal costs of pelleting 

r auced germination due to t'ertiliser 1 jury, and 

possible ''burn" of the seedling roots du to looe.12.zed 
conoentrat1o of the t'ert:il.:laer 

Tile unsatistaotory distribution of ,seeds sown from the ai~ 

{22, 23) 1.'esul'ts rro tbe ditter1ng bal11stic propert1 s of' th 

seeds• ?be ditterent denaities1 s1zes an shapes of clover aeE 

are ~eflected in a band distribution. (21) Unif'or pellets 

would overcome t~1s d1f:f1culty. The aerial sowing of p lletea 
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se d then 1s adV'antageoua. It' 1 t could be shown that pelletec 

seed resulted in more ffective use of the fertiliser ana sup 

lor . eedling growth·, then this tech111que would merit serious 

consideration in the restorative treatment of th unploughabl~ 

hill oountey. 

o c~1t1oa1 ork evaluating th pelleting o~ seed and 

fertiliser has be$n·publiahed. Tbat was the ob3ective o? thie 

res arch - to ~eterm1n t dVantages a disaavantagea of t! 

p lleting Of olov r eed and fertiliser; to compare lleting 

fertiliser and bro doaeting experimentally, and to stud;r the 

plant's i-esponse. 

PRELI ~!NARY PELOOING TRIALS 

Beo use of the laok of published data, the f1rst need wa 

to find the maximum amounts of f'ert.111ser which could be 

pelleted with olover seed itbout seriously impairing germin­

ation. The germination 1nj~r1 and extent Of' radiole efo1'1llat~ 

d~e to he aonoentration of rertil1se~ wer determio d, as wel 

as the e;f'fect of the different f rtilisers on the pbya1oal 

propert1es ot' the pellets. 

Tb pellets were made by hand. Thi permitted absolute 

control of tbe amount of fei-t1l1ser per pellet but was slow e.1 

laborious. The various large~soale oommerc1al methods of 

pelleting were 11nPract1oa1. and the alt rn t1ve metboaa liste~ 

by Saxby (9) er! discard 4 aa tbey dl not oont:rol the quant~ 

of fertiliser per 1ndiY1dual ellet, i• • single plant (or peJ 

et) comparisons would not be val.id. In the ea:i:ly tri 1a som 

seed damage was o used b1 too great a oonu>aotion. 
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~be pellets contained equal quantities of tel'til1aer abd 

bentoni~~ olayi._ Thi:s d1lut1on of the tert111aer aided 1n the 

meaawemeot or the small quantities requil'ed1 and helped reduo4 

the in~ur~ due to the loc&l1ze4 ooucentrat1on ~t fel'ltiliser. 

(1) 

(11) 

Pointa k,ept in mind were 
• An adVantage of ~elleting might be the auppl1ttJg or the 

clover seedlings phosphate t-equiitements 'Dor the initial 
rear 1n pelleted torm., 'This wollld ea"°e the additional 
top&wess1ng otherns~ required. Thus the quantities of 
f'ert1l.1aer p r pellet were the nta.X1mum possible without 
oaueing eet-ioue gei-minat1on loss. 

'the amount of ine,rt ole.y was kept to a minimum, otherwise 
an1 aavantage r~eulting trom the eav1ng in quantity of 
tert1liser required in aer1a1 sowing WQulo be oounter­
bal.anoed. by the amount of 1aert material oa:rrieC!. 

Saxbt (9) was Qonceraed 5.n bis paper w1th the phyeioal 

cbaraoter1et1oe of th~ pellets. Tile qualitiEts required areJ-

1• Resis,ant to breakage from snook and abrasion. 

2, Addition ot aCequate fert111sel' to supply the eedl1ngs,• 
requ1l'ement a. 

,. Ability to cu 1nt grate under lfeatbering to allow serm1nat1 

4. Local oouoent,..ation ot fel't111ser salts .rouna the seed to b 
low ,enough t .o avoid germ:S.nat1ott 1n~U%',-. 

S· The pellet to be ma1n17 phosphatio 1th a minimum of inert 
material. 

~be uietht4 used determines the obotce at materials and the 

ease and praatabUity ot ma.kins pellets with the above . oharactt:1 

1st1oe; Oommeroial tirma in the U~ S.A. using a pos1t11"e binde~ 

such ae methyloellulo,se 1n the coating are able to apply 

successive le.rers of dU'ferent materials. There is mox-e t'lex1ll 

1t7 in the oboice o~ ra mate:r'iale 1n the ext~uaion or compress 

ion metbodS ot pel1etins compared with tumbling 1n a rotating 

drum. 
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The method of pelleting used in this work, simple com­

pression, formed pellets of satisfactory pby !cal properties. 

Tbeu were fairl1 shook-proof (could be dropped onto concrete 

without breaking) nd disintegrated fairly readily under 

weathering. 

Solubility tests showed that the aulphate 01' ammonia in t 

K pellets was co letely soluble. The aQt>erphosphate in the F 

pellets wa 72J& soluble (running eJCtract1on) ,, and the pellets 

containing 5°" aulpbate of ammonia and 50J' superphospbate bad 

intermediate solubility. 

The stabil1 ty ar the pellets appeal's Jlielated to tbe px-o­

po:rt ions of soluble constituents. There ls var1ab111t1 among 

pellets due to variations :l.n oo~aot1on• but the east of ~1s-

1ntegration s ) PB ) p. Tb1a trend had been noted 1Q. 

the f:l ld. 

The major defeot of pellet1ns seed and fertiliser . is tbe 

resultant lowering in gel'mination. '!'bis hazard has been reoo8 

n1zed by other workers, but apparently the pbye1olog1oal natur 

ot this damage is not definitely knOW1l• I this trial geZ'lllirl 

ation injury ranged from 10..50%1 while approximately l°" of th . 
germinated seed bad deformed rad1oles due to fertiliser "burn 11 

The amounte, of fertiliser used per seed, were rar greatei 

~ban any reoordecl in the literature. The fertiliser levels 

obosen f'or pelleting were 0.01 and 0.02 gms. of' :fert111se:r pe! 

seed. These gaTe r asonable germ1na~1on counts, 60-90.C. 

4epend1ng on the part1oulal', fertiliser and quantity used. lt 

was believed th.at these levels of fertiliser would give a 
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measurable response S.n yield trials. 

Amerioan reports on pelleting (10) l1m1t the quant1t1ea o:i 

:Oei-tiliseJt to very low levels in the avoidance of f'el"t111sel' 

1njur7 - "With ammoniwn nitrate, 0.25% based on the weigh~ of 

the seed will kill most plant germs. However ammonium sulphat~ 

bas proved a safe nitrogen source for some seeds 1n conoeotraij 

up to 30% of the we1gbt of the seed. tJ (10) 

Allowing 700,000 white clover seeds per pound, these level 

of fertili er would result in 0•0002 gm. 0£ sulphate of ammon1E 

p lleted per seed. The rates of phosphate f'ertiliser · used are 

si 1larly very low - equivalent to 0.00006 gm. superpboapbate 

per pelleted whit olover seed• (lOJ' of seed weight). This 

SUPPlY of nutrients would be rapidly exhausted, but is said to 

exert a beneficial. effect on growth and maturity rates during 

the 12-15 days after planting. 

The levels of fertiliser (m1xed with equal quantities of 

bentonite) used in this ex:periment were: 

1te clover .... 31 times weight ar seed 

Subterranean Olov ~ 3•3 tim s weight of seed 

SaxbJ (9) tound that erpentine superphosphate and basic 

alas caused little germination injury when pelleteo with white 

and subterranean clovers. This was in contrast to pelleted 

aulphate of aJnmon1a and uperphospbate which reduced germ1nat1~ 

Details of his results ar :-

Saxby - Pelleting t§sts 

White Clover ( Serpentine superp)lospbate, 0.012 gm/seed = 76" 
(germination. 

( Serp.Super. • sulphate. of ammonia1 0.004 gm/see4 
{ : 61% germination. 
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Subterranean {Serp.ent. ine superphosphate, 0 •. 078. gm/seed= 85% 
Olover germ1nat1on. · 

Serp.super. • ulphate of aD1Don1 • 0.013 gm/seed 
= 19% germination 

Sa.xby's figures compare weJ.l witb t .ho e recorded in this experim 

except that bis nitrogen levels are much lower and in this case 

comparison is possible. The results obtained in this trial with 

white olover are: 

P {sUpel'pbospbate) 0.02 gm/seed = 90'; germ1nat1on 

PN (O.Ol gtl.l.superphosphate • 0.01 gm sulphate of ammonia)/see 
c~ 60% ge ination. . 

(sulphate of' ammonia) 0.02 gm/a ed = 30% germination 

It seems that the A erioan :f'1gures tor pelleted levels of . 

superphosph.ate (0.00006 gm/seed) arc well below permissible 

amounts, :f'or white and subterranean olove~s at any rate. Pelleti 

superphosph te 400 times the u. s. quoted rates gave 9~ germin­

ation in this experimentJ and Saxb1' us1ng 2.00 times the u.s.:rate1 

with wbite ·olover recorded 76% gertninat1on. Tb A er1can figure1 

bowev r~ a7 refer to more suaoeptibl sp cies. Legumes> as a 

groQp, are oonsioered ore tolerant to salt in~ury than cereals 

(16, 17; 18)· 

The germination 1n3ury 1not'eased progressively from P, N to 

PN pellet d, and agrees wi~b .s. reports. The germ1nat1on loss 

would presumably be muob greater if nitrates instead of aulpha~e 

of aamonia ha4 been used as the nitrogen carrier. Two we.ye 1n 

wh1oh localized fertiliser oonoentrat1on may low r germination 

are postulated: 

(1) osmotic pressu~e retards or prevents absorption of water. 

(11) oertain alt or ions may be toxic to the embryo or aeeclll1 
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Aa th germination tests were carried out on moist filter 

paper in a satui-ated atmosphere, it 1$ unlikely that there was 

osmotic e:f'feot of any mag·nituoe. Toxicity of the 1ocal1,ged oon 

oentrat1on o:f' rex-t1l1sett is probably the UJS.1o cause o:f' the redu1 

germination and abnormalities !n the seedlings. A turther taot. 

may be a pH e:rreot, or H ion toxto 1 ty. 

the fertiliser e:f'feot va~iea w1th tbe so1l moisture oonten• 

Germination injury would probably be greater on drier soils und1 

field oond1t1ons than the values recorded in these germination 

tests under optimal moiature oondit:lons • 

.Approx1matelsr lOJ' of the total germinated seedlings had de• 

formed radicles and root injury. (Routine germination counts 

uauallt :xolude any deformed or abnormal seedlings) Root "burl 

mav result from a lower tert1l.1ser concentration than that wh1ol 

ia capable .of caustng serious germ1n t1on injury. The seedling 

raoicl becomes stunted and mal:for d. 

The retarding o.f germ1nat1o b.1 the pelleted fert111ser ha~ 

an 1nd1rect f:reot on gertt11nation losses. The del81 1n serm1n­

at 1on al.lo a the gxaowtb Of sapropbutic fungi which cause a 

seoondaJ;-y germ:lnat1ots los • Thia secohdai-y loss may be oonside1 

able 1n the neld• The inoideno-e of fUngal growth V8.l'1ed in th~ 

trials, and no exao~ estimate oI' .its imp l'tance and ooourrenoe 

could be made. 

An unsatistactoity feature of the germination tests s.:r the 

var1ab111ty in the germination oounts. SUperpboepbate, 0.02 gmi 

per seed, pelleted• varied from 35•90Jb germination ill two tests . 
15 onthe a art. Uncontrolled ractora have influenced the 



vtab111ty ·Of the pelleted seed. One facto~ mat be tbe incidence 

of saprophytic fungi, another oaus~ of var1abil1t7 may be diffe~ 

enoea 1n the moisture status of' the germination pods. 

It appeat-a theri, that much work could be done on seed in;Ju~ 

· resulting :f'X'om 2.oealized oonoentzaation of f'ert111ser, and the 

faotors tnvol~ed. 

PO'l s . TRIALS 

'rh aim of' tb1s trial rs.a to determine the ei'f'iciency or th 

pelleting of seed and fertiliser aa compal'ed with broadoasting.· 

Increased r elds due to the placement of ri rt111aer reaUlt 

fro inor aaed uptake ot tho looaliz a fertilisev by the plant, 

minimised losses b;v leaoh1n and i'ixation. (75·9~ or the phospb 

io rert111$e~ added to soils is "f1~ed" in torms unavailable to 

pants.) 

erioan work has shown tba band plaoement of fertiliser i 

superior in mall$' oaee to b~oaao sting. A st~iking pl oement 

effect resulted from soaking g~ai seed in a phosphate solution. 

Utilisation ot t .he pho pbate as 60 ti e a · ff'io1 nt as when 

uperpbosphate was applj.ed to the soil· GranUlation of phosphat 

fertiliser is recommended y any worker • Granulation inimis 

t1.Xat1o by reouoing the aurfaoe area of fertiliser in oontaot 

ith the soil• 

Pelleting combines plaaement and granulation. 

An experimental standard ot four plants per square foot was 

uaed. '?his f1gure was the mximum establishment obtained in any 

of the over owing trials. Fou~ pell ted plants/EJq-foot (0.02 gt11 

fertiliser/plant) represents a dress1ng or only 7.7 l s. of 
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superpbospbnte per acre• Even 1t' the quantities ot seed reoomme11 

(7) for oversowing are pelleteo, v1~. 

l lb· white olover l a lbs. red clover 
2 lbs. subterranean clover 

pel' acr 

only 61 lbs. of supe:r,tphosphate/acre ia used, 1.e. appr°*1nlately 

quarter the usual dressing of 2 cwt./aore. The lowered quantity 

.fertiliser required wotlld save topdressing and transport charges, 

espeoially if the seed and fertiliser 1 . sown by airJ i.e* a plaD 

w1th an equal load or pelleted seed could cover at least four t1t11 

the area SOW'O b~oadoast with the usual quantities of fertiliser. 

The e:f'feotiv neea of pelleted eupe~bospba~e compared with 

broadcast :f.'ert111ae~, inoreaaes with tewexa,. plants ~i- $quare :root 

(providing pelleting 1s not iDIUl'ioue). The broadoasting hand10 

will result from the rune quaqttty of fertil1s ~ pe~ plant being 

spread more lightl1 over a w1der area. Tbus the treat ent result 

ay d1f':fer at different plant densities. but the cbo1ce of tour 

plants/square foot appears re so ble ana p~aotical. 

Loss of data due to de tb of plants, accidents an abnormal 

cause is normal experimental z d. T e usual. pre aution 18 

replication of treat nts. In th se tr1 ls 7% of the total yiel~ 

were missing at the completion of the experiment. '!'his figure is 

high and emphasises the vulner bility of usipg single plant pots 

own :t"rom seed as the treatment un1t. Ralf ot the 7fo m~sing plo 

values were deleted because of abnormal yields due to virus disea 

Thi d sease was presumably transmitted from inteated ne1ghbour1n 

e.xperimental plots. en orking with a susceptible species, 1t 



woUld be a wise precaution to be suitably isolated :from other aJ 

o:r that .specie • 

Tbe tatiatioal exam1n tion or the experimental data ahowe1 

that the only s1gn1fioant variation was t bat due to varieties . 

It is known that large varietal d11'f'ettencea occur. The only 

interesting feature is that competition from the four ryegrass 

plants in the M ries o used the 1'h1te clover plants in th1a 

series to dit"t'er s1gnif1Qantly t~om the bite olover plants so~ 

alon • 

1'he treatm nt effects were mol- mat'ked and showed less 

ve.riab111ty in the first Yi ld cuts. Tbe:re a signif'icant 11 

creaee in yield witb eaoh ,.nc:ree. in level O·f superphoa,phat e. 

Sulphate of ammonia. had the opposite result. There was a trend 

:fo~ the highest B '! veJ.. to hevlt a depttessing ettect . J!any expe· 

ments hR~e sho the a iraulating effeot of phosphate fe~t111ser 

on olovers The highe~ N le el bowe"ter, must retard or depress 

earl~ e edling sro h· 

ith surfaoe-so ng o clovers it ia doubtful hether a 

droeaing of uperphospbat sown at seeding benefits the young 

olovor seedlings~ It ia p obable that the establ1shed grasses 

with rt ll•aev(lloped, extensive roots are able to uso most of th 

avail ble phosphate b fore the seedling clovers are established 

Ttis is sho b the treat nt d1f1'erencea which are only signi 

fioant in he H series lat out. In this case, the competition 

trom \he ryegrass seedlings emphasis tit the advantagee of pellet 

ing ~nd the quicker establishing grasses compete ror and take 

up moat o~ roadcast fertiliser, depriving the clover plant. 
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The highest yielding treatment w s 0.02 gm. of auperphospl 

/see4; halt pelleted and half bro~dcast. 0.02 gm. of sUper­

phosphate pelleted/seed yielded leas than the lower level, o.o: 
gm/seed, pelleted. This relative depression in yield ie probal 

the reason tor the super1or1ty of the P2 pb treatment, 0.01 gm. 

of superpbo phate per seed pellet d and 0.01 gm. broadcast. 

Tbe general trend of results ere as e.xpeot d, 1.e. pelle' 

and b · pelleted - half broadoast treatments appeared auperio:Z 

to broadoast1~g, except with the highest le•el of sulphate or 
monia. In ~bis caee pelleting y1 ld&d t .he least. 

Th results fro the root tud;y pl.ots do not a.gr. e with 

th se trends There pelleting was much superior, and there was 

11ttl di.ff renoe between pb and ~ontrol. 1h pot .trial lnls so 

a month earlier than these plots and th . ~rier conditions may 

have handicapped pelleting at the higher fertiliser l~vels. 

The question arise a ... to why results from the pot trial 

ge erally were non-s1gn1fic nt, erea c.hta rrom the lat outs 

of the Ao and M eer'ies gave s1gnif'ioant results, and the ~oot 

tudies showed treatment differences. 

Thel'e are two I'easons wby the l t outs show a1gni:f'1oant 

' results: 

(i) 

{ i) 

tbe ~ields are small )and be~ed1tal ana environmental 
vari tion does not mask the treat ent eft'ects. 

the pelleting aod halt pelleted - half broadca t treatmen 
give an initial boost to seedling growth. Thereafter 
a1rferenoee in growth are largely due to this initial 
boost. Thus treatm. nt ett ats ai-e more ronot;tnoed at the 
early stages. 

there may be rour explanations of the general non- 1gnifio· 

anoe of the ot trial results. 



(1) Poor leyout and design. The expe iment was limited to 

200 eight inch pots, the total number available. The design o: 

the trial theJte:fore was a 3 X 3 X 3 X S f etori l with one 

repliQat1on. It is now realized that a bette:r l out would ha· 

beEtn to inq;>li:f1 the xper1ment, - to replioa e certain treat-

men~s at the expense of some ot tho sired 1nformat1on. The 

layout used may have been suf:ficiont had the uncontrolled vari1 

10 been amalle~ and traatm nt d~~ferenoes more kea. (1.rhe 

reGaut1on was taken o:f oalculat1ng the ooeffio1ent of va.r1at1 

or a previous th sis (85) using th same pots, befor this 

:>ep rim nt n la.id dovm). 

Fi h91• (86) giv· s a diagram to h-0\1 expel'itr.ental dea1gn 

rel tionsh1ps. 

I 
,Repl1cat1on ----- , ~ 

!I ~ / III 
Rando distribution Looal. control 

I 
Vi lidlty of stimat Diminution or error 

of orroit 

Oonoern$ng error control he states; "the ditterenoes between 

plots of a single treatment ;in a replioated exper· ent are par 

&le .to e;x:perJ.ntental error and partly to the average d1tterence 

between r plioa\es. The variance due to replioa\es 1s general 

removed :f'ro?Q the error. The preo1sion of the e eriment beoo 

greater when large amount of the total var1ab111ty can be 

removed in th1e way." 

(11) Poor experimental technique - Carlless or ioaocurate wo 
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me.J' b one cause f a large er~or variability. In this t~ial alJ 

tbe 1nfl.ueno1ng factors r.ere kept CQnatant as .taI' aa possible; 

the pots wexae filled wt tll a uniform weighed quantity of soil, th~ 

amount of fertiliser in the pelleta were aoour .te t 0.001 gn., 
watering of the pots ere unifo!1l11 eto. The ?$ m1ssiog valuea 

figure 1 higll but a pointed out previously, half of tb · m1as1 

•aluea represent abnormal results due to vi~ua 1nf'eetion. Thts 

could not be ore een. The ~ema1n1ng miss ng yields aay reflect 

inj ·~ioua trea·tment e:ff eta on single s dling i pots,. 

{iii) Unnontrolled var1etion - he large a .erimental error masl 

ed ny dif~e~ences d e to t eatmcnts. ?bis lbr e v riation may 

be con tantly e.asooi tad 1th siogle J?la.Ot$ o n rom se d• but 

the dry condition nd aandy pots accentua ted th1& va lation. 

Th's is shown by oompa~in the 62% coerficient at variation t'1gu~ 

i\n the pot trial with th results fl'O!Il th root stu<ly lota• In 

the latter o ee tbe seeds . re sown on month late~ 1n plots ot' 

th eam soil a u d in th pot trial, but the sit as damp an~ 

th er s ell d1stribut~d ,.nf 11· Th eoetticieot t:' var1at11 

t'Ol' Replication i = 34, 

and Replicatio 2 = 27%. 

1. • just l:t' tl'.e erro'.t' variation of.' tb pot trials. :tn -the ro1 

studies a minimum o three pla ta per treat~ant wer~ sanwloa in 

eaah i·ep1 c tion at e ah ha.M'esting. The valuo o.f :'epl1oat1on 

nd optimum oond1t1ona for seedling g ro th ;i.n reducing u .oont ol'. 

ed ~a~iation is thus strikingly illust~ated~ 

Th use o"f alon l .., teri 1 is one .•ethoa or lessening 

her dital variation. Edmond (88) us . clones of grass species 
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and found a ooeffiaient of variation of 38%. McNeUX' (85} using 

white clov r in tbe same pots bad a eoettioient of variation of 

3(),l&. ~hese values compare well with the variation in the Poot 

stud7 plots, but are lower than 'the error variance of the pot tri 

(iv) '?be folU'tb poss1.ble reason for non-s1gn1:t'1oanoe of results 

is that th treatments had no effect. Pelleting and half pellete 

- half broadoast only x-esulted 1n a 20% yield 1nor aee over broa~ 

casting. The roo1 studies and 1st out 1n the 14 series ho ever, 

showed pelleting euper1or. Pelleting J1eldeo 100'.' o~e than 

broadoasting. 

'As significant treatment ditterenoes have been shown 1n 

supplementary trials, it is ooncluded that 1nsllff1o1ent replioat1 

and the large plaqt variation resulted in non-s1gnif1oance of th 

pot trial data. 

It ia wortb while comparing the pros ana cons of pot experi­

ments. The advantage ot using pots is one of seale. BY the use 

o:t "identical u pots muoh ot the so11 heterogen 1 ty can be removed 

and small-scale ea$1ly handled trials can be laid down - a :f'a1' 

greater number of' t~eatments and 1nteraot1ons can be compared. ' 

The use of pots allows greater ex;per1mental oontrol - the plant 

oan b grown in a glasshouse under oonti-olled oond1tions, water d 

when ~ecesaary. Plots require a greater area and larger quantiti 

of aeed1 fertiliser and pellets. Data from pot trials . nd field 

e~eri enta have been found to agttee f'airl7 well in fertiliser 

xperimenta. Small-scale pot trials• ln preference to plOtlJt 

were decided upon to COD1Pai-e thd large number of treatmente beoau 

of the slow. te41ous manufacture ot the pellets. 
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Tbe disadvantage of pot trials 1s tbe art1f'1cial conditions 

imposed - temperatux-e, mo1stul'e and aeration differ from natural 

oond1t1ons and Poot growth in pots is abnormal. Results trom po 

trials need to be applied 1n the field with caution and sbollld 

be checked lfitb field plot _xper1ments. 

Pot trials probably ha e a uae:f\tl purpose as small-scale 

pilot tr1al.B• 

ROOT STUDIES 

!he adv ntagea o~ p lleting w re thought due to inoreased 

edli g uptake of t looali~ed fertiliser. Root oharaoterietj 

and dietributlon wer studied to try to understand in what rnanne 

the plant responded to the loo 11.zed fertiliser placement, and ~ 

there was that response. 

Plant root syst ms become modified 1th placement of fert1J 

er. Jacqu s (53) has shown e~ r1mentally that grass roots 

accumulate 1 the top t Jrtile zone, resulting in reduc d root 

penetration. The root penetration of white clov r howev r, was 

little aff~cted b1 superpbospbate placement. Reports on granul· 

at1on o'£ superphospba.te (32,. 33) state that 'bunch a ot fine roo1 

develop round the granules, and plant roots ooncentrate 1n thee~ 

zones of steadT phosphate supply. 

The distribution of lateral root was therefore investigat~ 

to ee whether pelleting caused localized root ~onoentr tion. 

The ame thods, materials and soil was usea ae 1n the p01 

trial so that i-esults from the two sections EJbould be cornparabl1 

Th treatment effeet showed up nth1n a short ti e of sow 

1ng. There we.a no observable ditterence between treatment at 
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two weeks. At four weeks there was marked dif'f'erenoes between 

treatments in both leaf and root growth. · The pelleted plants ~ 

larger and more branobed root , and gtteater leaf de•elo-pment. 

Thus the plant response to pellete~ superpbospbate was dlll'ing 

early seedling growth, and because apparent between two and fol 

weeks from sowing. The uptake ot phosphate b1' the pelleted. 

plants may have been earlier than this, a delay occurring betw 

phosphate uptake and a visible response. 

The atat1$tioal analysis of' tha final harvest showed that 

pelleting gave significantly greater herbage yields and root 

weights than broadcllsting or oontI'ol. These trends were evideti 

over the whol experimental period, i.e. there was little d1:f'f'4 

enoe bet een control a ~ broadaasting treatments, with pelletim 

much &Uperior. 

When yields are plotted against tj.me, th three treatment 

ourves appear v1rtually the same, except that they have been 

shifted along the time a.JC1 varying 01stanoes. Th rates of 

growth o~ the three treatments (atter an initial period) are 

roughly constant. The conclusion then, is th t pelleting, and 

a lesser extent the half pelleted ""' b.al:f' broadcast tre tment, 

have given the seeolings an initial boost to growth, as shown l 

pl nt size at the first harvest. Thereaf'te~, the treatment 

aif't'erenoe are largely due to this initial boost. Each pelle . 
contains only 0.02 gm. of superpboapbate/seed• This small 

quantity of fertiliser may have been largely used b7 the first 

harvest. 

The question arise , why there 1 this early boost at the 
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seedling stage? Phosphate starvation is usuall7 most pronouna 

&iring the early growth of plants. .At that tirae, owing to 

reduced root development, the roots oannot take u;p broaacast 

:fertiliser, or exteno to and use the soil phosphate; and the 

1mnob1le phosphate cannot move to the roots. This early pbosph 

starTat1on is speoiall~ tru if groWing conditions at that tim 

at-e not id al. 

By pell ting 0.02 gm. superpbospbate per s ed, 8 fertilise 

oonoentrat1on equal to 2t wt. of superphosphate/acre is obtain 

tn the cubic inch around the se d. If, as is likely• the pelle· 

ing effect is concentrated within a smaller are than l cubic 

inch, then th localized oonoentrat1on of fe~t1l1ser over thi 

rest~ioted rea Will be more than 2i owt./acre, It is this 

small quantity of fevt111ser 1 readily available to the seedling 

and equal (Within a restricted area) to a heavy superpbospbate 

dressing that gives the 1n1t_1al boost to the pelleted plants. 

When given supplementary phosphate, legume seedlings rapid: 

i-eaob the stage when the7 are able to obtain tbeii- mineral need, 

f'l'om the soil ~eserves. 

The plaoeinent of the fertiliser in relation to the legume 

seedling is apparently very important. With band seeding or 
lucerne, He.111es and Thatober (29) found that seedlings as l1ttl1 

as half an inch to either i de of the fert111ser banas perform 

un.tert 111sed plants. 

It is interesting to compare the results obtained in these 

trials with work reported by Jacques (53), even although his 

plaoement positions differed from those used in these exper1men· 

J ques found th t wbite clover herbage yield showed little 
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difference between surfaae placement {broadaaating of su.perphosp1 

and. mixing the fertiliser in the top six inobes of soil- but · 

fertiliser placed in a layer at six tnahes oonaiderably increase~ 

Yield. 'l'bese results ztefer to nearly one year old plants and do 

not differentiate an early aeadling response• However, a deo1dec 

early growth response was recorded from aurfaoe appl1oat1on of 

sUperphospbate on grass~ but this was not maintained for long anc 

the total yield was lower than from sub-surface .placement. 

Contliat1ng views hav been presented that phosphate fertilj 

era 1nor$ase top s»owth 1n proportion to root growth, ana vice 

versa. Tbe root/shoot ratios or the lifted plant were eXElm1ned 

see whetha~ there aa anv treat ent effect. 

In gener l it oan be stated that tbe app11oat1on of £ertili~ 

inoreasea the weight of roots, but that the weight of the tops 

genel'ally in<u•eases mar in pi-oportion, so that the top/1~oot rat~ 

ia generally highe~ 1 a fert11 than in an infertile soil. 

J'e.oquea (53) found that root w ighte differed fl'On:t h rbage weigh1 

in that there was lees distinction bet een the fertilised and un~ 

:fertilised set-iea. High herbage 31:teld was not neoessari1Y assooj 
I . 

ed with high root yields. 

In this trial there was no treatment effect on root/shoot 

ratio. The small quantity of su1:>erpbosphate pelleted, 0.02 gm/ 

aeed1 did not cause a d1i'fe~ent1al response in e1ther top growth 

or roots. Root ana shoot weights were highly correlated. \ = 
+ 0.978. The aegree of correlation was less for emall seedlingsi 

i (shoot weights less than 20 g.) = ~ 0,733. The d1vergenc~ 

at low values app~ently ~e~esents tbe transition from seedling 
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growth dependent on atol'e4 seed ~eaervee, to a balanced develoi>me?l 

of !'toots and shoots. 

The root sys.tems of the lifted plants were studied to see 

whether the looalized t rt111zer placement had caused a surface co 

centration of roots, or stimulated lateral root initiation. 

It 1s kno·wn that i-oots tend to congregate in highly :rert 1le 

regions at the expense ot penetration and side growth. A sur:rao 

oonoentrat1on of roots in response to pelleted superphosphate then 

ay prove disadvantageous when the placement etreot of the fert111 

bas en exhauste ,. especially in d:cY conditions. 

Tbe .teohniqu of pro~eotin and tracing th root systems 1.S 

swif't nd accurate due to th X 4.5 m gnif1oat1on. It allows tb 

handling Of a oon 1derable numb r of plants 1thin a reaso~able ~1 

The diffioulty and laboriousne s of studying root system ba. pre­

viously helped in reatriot1ng root investigations ~ th anall numb 

handled and the oona1derable plant var ation mad h interpretat­

ion of reliable results a1tt1oult• 

.'l'he treatment ef'teots on latera root distribution were ooau>a 

ed only- between plants of equal l'oot weight, other isa Cl11'1'erenoes 

in numbers ot lateral roots o ld m rely retleot dit~ere aea in 

root siz • Tbe number of lateral roots in tbe top oent1metra of t 

itoot system were used to aaure root initiatio • Any rei:wonse to 

the pel.let1ng of superpboaphate would b evi ent in the top layers 

(the pellets were plaaed o the eo1l sul*faoe) 1 hence measurements 

were restricted to within l o • radius of' tbe junction at the fire 

laterai root and t91> root. 'fh treatments did not lter the numbe 

of pr1Mat1 lateral roots in t sur£ao lager • bUt p lleting resu 
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ed in increased seoondary branching of the primary lateral roots 

this increased number of absorbing rootlets in the oonoen:trated 

fertiliser zone is probably one reason for the superiority of t1 

pelleted plants. 

Jacques oonoluded that wbite clover differed trom ryegrasa 

and cooksfoot, in that surzace :fertility d1d not tend to cause 

l'Oot aoouulation 1n the f'el't1l1zea zone. (53) These trials 

however. bilve shown that local.1.zed placement of a small quantit~ 

o't superpbosphate tended to oause 1noi-eaeeC1 branching in the 

f'ert111~ed area. As the plants develop, this etteot would prob 

be masked by general root .Sl'owtb, and it 1s unlikely tbat etll'f"aj 

oonoentrat1on · o:f l'oots in response to pelleting would ever pres1 

a serious problem. 

lt was noticed at the earlier litt1ngs that the pelleted 

clovers were nodulated while the broadoast and control plants h 

none. As the numbers and aotiv1ty of the nodules are an index 

of Q.itrogen rtxation, the nu.n:ibers of nodules. coloration and di 

tributioo were studied to see whether treatment effects on 
nodulation wel'e a cause of yield ditterenoes .• 

The d1tterenoes in nodule numbers were largely oorre1a.ted 

witb treatment etteots on root weight- = ... 0.933~ Thie 

mutual depen nee res~lts from the symbiotic relationship of hQ 

plant and rb1zob1a baoter1a. Wbetner phosphate :f'ert1lia1ng ha~ 

<11reot e:f'feot on nodulation was not apparent from the 11teratm 

The pelleted plants were not1o ably nodulated at four weeks, wt 

the broaaoast ana control plants bad no nodules, yet the root 

systems o~ the three treatments d1d not greatl~ oi:f'fer. liowev• 

the average munber of nodules per mg. of' root over the •bole 
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l;per1mental period showed that the degree of noclulation was un 

af't'eoted by the treatments. 

Many workers report that phosphate fertiliser increases 

nodul tion (73 1 741 75, 76). but Anderson (72) claims that olove 

low 1n phosphate are usually ell nodule.tad. It is dif:f'iault to 

separate the indirect etf'eot of phosphate on plant growth (inol'U 

ing ttoot development and O/N ratio), when trytag to evaluate the 

ef'f'eat of phosphate :f'ertil1sat1on on nodulation. The o loium 

oontained 1n the supel'pbosphate may stimulate nodulat1on, but it 

questionable hetber the a all amount contain d ln th · pellets b 

an appreo1able effect. 

Tbe degttee of nodule.tion of white cloTer s edlinga 1 this 

experiment a unaff~cted by th treatments, except t the ver7 

early tage hen tbe pell tea p1e.nts 1J ere :ve nodula.ted. This 

early' nodule.t1on may be a partial e~lane.tio of the early gl"owt 

increase or the pelleted pla ts. 

Assuming th t tha r .eddinh ooloured nodule a r those active· 

fixing nitrogen, it was ~ound that tho propo~t1on of aotive noau: 

inoi-ea ea i th length o:f' time. 'this is ex:peated, as a larger 

proportion of the nodules during early seedling growth would be 

newly formed and immature. Eliminating d1ff'erenoee due to root 

1ze, the treat ent did not affect the proportion of red nodule• 

1.e. the pelleting o:f' superpbosphate did not a:f'feot the ef;fio1en~ 

of nitrogen fixation. 

The pelleting of 0.02 gm. of euperphospbate per clover $eed 

this eXperi ent did not direotly effect eitb r th degree of 

nodule.tion or the activity of nitx-ogen :f'ixation. The treatment 
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etfects on nodUlation appeared oorrelated with the genel'Sl 

growth r spouse of plant&. 1'bia oorl'ela.t1on reflects the 

S11J1blot10 relationship of ho£Jt plant and nodule baoter1a.. 

, 
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s:wqTIOli A. 

'fhe pellets containing equal qttant1ties of fertil1sei- and 

bentonite clay were formed b~ pressure. Tbe1r phys1oal propert1 

were atis:f'a tory. The sulphate of ammonia in the N pellets was 

completely soluble• The superpbosphate in the P pellets was 7~ 

soluble, nd the pell ts containing 5(),t; sulphate of ammonia and ~ 

superphosphate had inte~edia.te solubility. 

The a1/ab1lity of th pellets appears zwelated to the propozttj 

of' soluble conatituents. Ease of diaintegl'ation was H > NP > p. 

The genni ation in~ury oausea by the conoentration of fertij 

er round the eed, inoreased tram P, P to N. As the quantity o~ 

fertil iser per eed 1ncr ased, theve was both a lowering and a 

retarding of ger 1n tion (P 0.02 gm/seed pelleted = 9~ germ1na1 

(PN " u " ;; 6o:;& " 

( " tt " = 30J' " 
Approximately 10,C of the total erminat d seedlings had 1njured 

radio lea. 

saprophytic 1'1ng1 oaused losses when ~ermlnation was lons 

delayed• 

SEOTIO »• 
Tbe nalys'" a o.f var1ano ot the pot trial as a 3 X 3 it 3 X ! 

raotorial~ only gave signi~1c nt effects dUe to varieties. The 

oompet1t1on, from the ~ye~asa plants in the ser~es oau ed tbe 

M hite olovor plo.nta to di:ffer sign:tf'icantly from th Ac a riea. 

There s a phosphate ~eaponae shown in the first Ao out, 

P2 P1 _) ~o. 
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Pelleting and half pelleted - half' broadcast ti' atments, were 

s1goifioantly better than broadcasting in the f 1rst M out. Tbe 

methods had di~~erins e:f't-ects within he levels of phosphate. At 

the higher phosphate leT l, pelleting bad a depressing effect and 

halt' pelleted - hall? broadcast treat ent was superior. 

s19ir19 o •• 

fh t~eatment di:f':ferenoes ah ed up within a abort time of 

sowing. h plant response to pelleted euperphosphate as during 

e rly eed 1ng grOW'th. and became apparent betMeen 2-4 eeks :t'rom 

oWing. 

Pell ting gave aigni~i~antly greater herbage yields and root 

weights than b~oadaasting or control. There s little d1f~erenae 

between broadcasting and oontrol. 

The r tes of growth of tb three treatments (a.i-ter an initial 

perio<l) are appvox1mately constant. The p llet1ng, an to leaa 

xtent the h lf pellet d - r broadoaet treo.tm nts., v given 

th seedlin a en- initial boost to gro h. There t'ter dif'f'e~ence 

in growth CU'e largely oue to thia ini t1al a<lgantuge. 

\rh re w s no treatment e!'fect on :Poot/abootl ~atio, 1. a. 0~02 

gm. sup rphospbate pelleted per seed d1d not oau$a a di:f'f' rential 

response in either top gt'owth o~ roots. Root ~1ghts and herbage 

yi lda re lighly oorrelatea, + 0.978. 

Pelleting o~ superphosphnte stimulated root initiation. The 

localized plaa ment oi' the small quantity :t'e~111s r (0 .. 02 gm.) 

on tho soil aurface, resulted in a marked increase in lateral root 

branohing. There was no .treatm nt effect on the number of primar, 

lateral roots in the surfa e layers, but a.pparently the 1n1tiat1o~ 
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of the aeconaary branch roots wns st1Jllulated. Tbe inoreaaed numbe 

of absorbing rootlets in the ooncent~ated fertiliser zone is proba 

one reason t'or the superiority of the pelleted planta. 

Pelleting gave highly aigniricant increases in nodule numbers 

over b~oadeasting and control. (Broadoasting and control did not 

differ greatly) 

The effect of pelleted supel"phosphate on nodule numbers appea: 

oorreluted with treatment et"Xect on root growth, "(" = ~ 0.993. 

'l'he de~ee of noaulo.tion was una:f'f'eot d by the trentmenta except a' 

the early atagos, when the pelleted plants were ore nod~latad. 

Th1a ea~ly nodulntion mny be partial xplanation or th early 

growth increase of the pelleted plants. 

:Pelleting does not af'f$ct the e:f'fioienay of nitrogen fixation 

as measured by tte numbers. or red nooules. 
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CONCLUSIONS 

The object of these exp riaaenta w s to e"l'aluate th · pellet1na 

of $eea and fertiliser - o dete~m1ne the advantages and diaadvant 

es likely to aoorue; n to study the pl.ant's I' spons ~ 

These objects ha•e b$en acoolQPl1ah d 1n pal't, with tbe limit• 

ation that the r ults apply to tbe particular oond1t1ona of thea 

trials. 

The disadvantages of pellet1ng are ehovrn clearly by the con• 

sia rabl germ1n tion injury, e~endirJa o the kind and quantity ~ 

tert1l1aer used. Vru.1iable advantages 1n growt and development o:al 

pelleted plants ere recorded in two separate seotions or the 

experiment, - { nvironment factors dominatea treatment et eots)J 

, but norm lly p lletinc o- clover seed and phcsphat10 fert111seP 

rasults in 1noreused Po th and development of' the tr·ated plants~ 

Tb up riority of the pelleted plants, compared with broad• 

oest fert1lise~ or control, no fertiliser, was largely due to 

increased Sal'lJ seedling $~owtb. Th pelleting of 0.02 gm. of 

f rtilis ~ p r se d is e~uival nt to a broadoa t dressing of 2i 01 

p ~ aor within the oub1o inoh round the seed. It 1 this small 

quantity or fertiliser, readily available to the seedling, and eq1 

(within a restr1otea al'ea) to large supel'Pboapbate dressing, that 

gi~es the initial boost to the peUeted plants. 

Earlier nodul t1on, e.nd an increased number of absorbing, 

b:J'anob rootlet$ in th zo of onoent~ated fe~tUieer may be a 

partial explanation of tb advantages of pelletin • 

Pelleting o'.f seed and t~rtiliser solves ballis~ic ~roblems 11 

the aerial sowing f dif':fer ntly sized eed, and also ensures tha1 

the applied ;f'ertilis r be efita th clover aeedli g and is not 
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dissipated bf oon:Jpetition ~~om the established grasses. 

1f tbe haz~a ot g DU.lination in~u:tty oan be over():onte,· th 

pelleting ot olovei- eeed and phoaphatie fei'-'til,.clse._. sbowe 

l>~OUJ1s as a.o improved nd mo.re eft1¢ient ttiod ot intl:'oeluc 

olovetts into uuplougba.ble hill couati-,y. 
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means 

re 

never 



poesible the wbole process of 1nteation in tevrns or root orpho-

senes1 • and in tbe diagt'am (Fig.A) an att EJllDt h de to 

d1st1 1sb and illustrate 1ta var1ou stages~ 

l. !he growtb of ~be bao·teria out•;tde the l'oot leaa.s to the 
pi-oa~o•1on ot a secretion, having the prope~iea of 
1noolylaoetio c.oi and wb1c:b otluaeo root . hair o toroaation. 

11.· A proportion of the ourled 1-oot he.1rs are 1n:f'eo1aed• and the 
bacte~ia develop within the ~oot-bai~, tbe infection thread. 

III.A few of these ~oot-hai~ 1nrect1on tbre ds g~ow 1n~o the 
cortex and the ~Qrmatiun of the nodul toll rs. 

An imecte,;i root hair bas iu all probabt ... 1ty Qnly a limited 

period ot' lire, and ;t t is ell known that to at io or nodUlee 

on the older parts of the ~oot system does not ke pla~e. Thus 

1 eotion is limi~ed to tba zones A in the diagram on the younge1 

part. of the root a.ad pal't1oultH':l.Y to til points F lying within 

thee· zones . Which ,can be rega:t-~ed e.s 1ndete~m1nate 1. cipient 

nier1etema. 

The nwnbS~ ot noatllee appearing on the root Wil1 de~nd upo~ 

tb nurabe~ of' ~ha p ints P' nr" ... $ipg within zone A ano upon thell' 

otrrersio1' into nodule rudiments vm1ob, with any giv~n s t of 

external · ra¢tors 1s deteZ'IU1ued by~ 

(1) 

(11) 

the genetic constitution of the plant, and 

the produotio.n of inh1b1tol'1' substanoea 111 tbe root ana 
nodul apioee (M}. 

~bus ·normal noclule f<>l'mation ~ ads to a lower:.t.ns ot' tb 

meriat ialitt ot the rioot bf the etlll'Jlo~bosie of 

~1etems into nodule·s h1oh a~e not s lf-reproouc1ng. 

'l'b amount of' inbibi tox- pt'Qcuoe4 1a related to the ctiv1 t1' ot 

·them ristem, a root apex producing as muon or tall' ot t inhib­

itory substance than the m~rist of an effective nodule, and 
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M M 

B 
M 

M 

A Zones susceptible to 
infection 

FR and FN Foe\ of lateral 
root and nodule formation 

Fr Inhibited foci 
M Centre of production of 

F - in hi bit"ory ~ubstance 

Diagram to illustrate the manner in which sites of nodule and lateral root 
development may be determined. 

FIGURE A. 
Diagrammatic illustration of physiology of nodule 
formation; (after Nutman,Ann.Bot.N.s.Vol.12 pp.81-96) 
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. . . 

n Snef'f'eot1•e odul e~1 ~$Ill produ~~n ao 1nappreoiable quant1t1. 

~he nuinbet-s ot no&lles ~nd l t i-81 roots along tb tap root 

wer used to check utman'a theory or aodulat:ton. Tu eave t1 ~ 

only th nodule and laterals along th tep root re counted. 

Th to. examirted on plot baat at eaob lifting did not 

ti!how an~ inverse orrelat1o betw tl nUDlbeits or latenl. roote and 

i10dules. The totals o.'f' noaul . s f.Uld laterals {a.long the tap ~oot) 

w re not constant ;tor planta t)'eated like. The totals of nodules 

t laterals of paired plant of equal root weigbta, aid not agr e. 

(Thee finding re at ve.tianoe with Nutman• results) 

The total• of nodule ~ laterals plQtte4 aga1n t thcl logaritbJ 

of t e h eo11i g 1 did show a linear rel t1onsh1P• (s tigtntea 

, o ana I>) Bowe11e , b tb lat ~al root numbers and nodules 

plotte aeparatel~, how a a linear iationsh1P with the logarithm 

of t1 ,,,. '?his oottl itH11Qate that both nodulatio and late;ll'al :root 

formation re dep~aden on so e genera tactorj which 1$ the oo• 

o~a1nated aevelol?Qlfnt of the ~lant. 

Thia eel oted <1 ta doea not agree with th ooocluaio cll'a 

fl'mt th lab~ tOl."1 tudies of Nut1J1s11, It bas alreaas- be n allowo 

that total adul numbers are a"ron 11 oor:rel ted Yi:~h root weight•~ 

It :ppetu" that lateral root numbers and nodulation in the field, 

re17 l' tl ct the growth and <lt"Velopment of the plant• 



FIGURE B. Graph of nodules + lateral roots of the pelleted plots. 
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APPENDIX :J:I. PL.AB OF TRIAL 

Ao P1 J> IAa lf1P1 Pb I l!a B2 1) ~ 
Ak B§P2 b r Bt ~ 1: B2P~ 

p 

I 
Ao 

Ba 0 -. p2 b · -= .,a b JI Ao -

ll N2P2 b 
121 • 1~3 I 124 
125 I 126 

b 

JI -
Aa -

Ak P2 pb I IAa '2P2 ~. fAa H1P1 )) 
•• I Ac 

20 5 
Aa 

78 l r 
Ba 

ao l t 
Ac H2P1 J>b I Ac 



APPENDIX .i1. PL.AB OF i'RIAL; 
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Aa 
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a 



screws 

or 



1s then poured awa.¥ and th~ sediment 1s washed into 400 ml• 

beakexa through a 70 I.M •• si V'e resting on the 400 ttll, beaker a; 

h with a jet at hot w~te1" until clea.n sand !"ems.ins; rubbing 

ia . gencr~l1y unnecessary. Dry the coarse sand on the sieve at 

los0 o, transfer to u we+ghing bottle and weieh. 

The filtrate is well stirred e.nd made up to 10 cm. allowing 

tor the th1ek ess of se 1ment on the bottom. A~ter at nding 4 rn 

48 eo. t 20°0. or the corresponding time at any other ternper­

aturo tbe tux•b1d suspension 1s poureCJ o.way. The beak6r is atain 
' 

till 4 to the ~k with water and the procose is repeated until 

the auper•natant liquid ia quit ele r aft r st nd!ng fo~ t 

requisite period 7.'he residue ia fine sand whioh i colleoted1 

ar1eo at io5oc. and weighed. o aeoount of tbe1r smal1 loss 

in weight on ignition, nc.1ther sand :rraetion need be 3.gnited. 



APPKNDI! IV. 

SPEOl!S- Reg OloT!l' ,.A! l !f.b1ie Olov l' (Ao l, SQ• Clover 'Akl~ . Per. Per. r e ... 
Date of Eel'. l'Yf • 

20.4 • .50 20.6.50 14.10.50 20.6.5b.10.50 21.10.50 OUtting 29.10.50 4.12.50 24.6.50 5.12.50 20.6.50 13·9·' 
25 - 7 176 3887 936 4710 5266 900 9053 0 9 385 4958 621 3107 6523 260 2094 22 

1~ ~ 876 i6 2~~ ~18 ~§i ~ 876 65 
~ 137 2472 15 17580 228 2501 9 203 7.54 617 2sn 4578 1482 12270 lg+Z 10696 - - ... 152~ (_ 12 314 2386 686 1897 9111 1125 11424 

p - - 15 15580 258 2696 8 189 1649 809 2670 4661 l.463 9680 
p1 b 2457 8063 63 15460 305 2714 6 607 1968 1841 2253 3536 ~ij 1149 ;e 220 1~22 . ~o. !6J20 ,22 I 2279 .... - ,,, ... 86~ l2Ji7 3131 ;237 I I 

p 3152 809 144 10560 266 1541 15 282 560 701 2572 452.5 lll3 7752 
P2 2120 9998 41 7000 2.58 1530 9 340 2011 832 520 869 1281 12844 

R 2258 6$i3 5g lO~go 155 J.40"' J.2 223 679 941 1'4g6 622 202~ 13952 
p 1345 2310 10S 11 70 370 25 0 34 435 5200 'A' 3843 7181 1661 10362 

1P1 b 2307 7939 2550 171 2170 18 315 3200 7 5 1410 1270 183 2851 
Rl! on 2886 8"' 4650 zn. ~363 22 138 5355 892 !+530 7252 943 ;639 0 

p 16.53 6109 28 14470 470 5241 10 285 3530 877 4021 6946 785 10416 1'2P2 b - -- 15 6390 273 1593 0 473 3496 ~6~ 1744 2200 532 4165 Rb 1325 3435 1
' 1 2l I 

2Q80 21§ l818 0 188 893 ~2Z;s :2§10 1788 lJ650 ; ., T 

p 1501 1341 10 8630 120 5915 1 213 5~3 682 1442 2632 1498 9576 
2P1 b 621 1404 13 11470 475 2727 l 248 870 1296 4962 5354 498 2658 pb gl+4§ a1go 30 g4 iO 283 2096 l 243 1560 259 263\ ~008 0 39"' 

p 1650 4542 230 13030 424 2745 18 335 487 768 7320 9523 1195 1G3aa 1P2 b 2065 8960 94 18300 539 760 0 297 2612 910 3350 7205 626 814 :Qb 1§46 3222 ~ u. 70 I 135 p I 6§22 12 591 4750 610 29,!;8 . 10~2 1183 1554.l • I I 

0 1372 ,299 s 12240 228 1221 15 286 468 536 1091 697 6155 0 62; 81 19 )410 384 1595 10 296 940 616 760 2517 1680 11974 0 1&22 2312 0 2,:1;0 ~lf l 2018 io . 231 6J7 908 22~2. . 3"01 25J 4014 ·- i .. Plants appefU'1ng mall nd stunted or iei to Si!!Jbol1 
otberWise abnormal on observation. 

1 ::: total or .01 gm. of N fertiliser 
p -

" " .02 tt " tf 
2 = • b - bro ado 

P1 i:; ff ft .01 gm.of superphosphate 
pl - i fert1: 

pellete P2 • 1t " .02 gm. " " broadcai 
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l'lo. Of ~.tops .roo 
Date P1ot Plant odulea 

I - tr1fol-
No. No. 1'ot8i Red o.on iate (n'lg. a) (mg.s 

ta12 rootleav 

100 104 72 20 18 143 54 

710 62 46 19 18 88 35 

720 38 31 17 11 63 26 



APPENDIX VII . Scale drawings of ~oot aystem of 

typical plants per treat ent at eacb 

lifting date-
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