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JILT.  COUNERY  HOOLOGY

adden {2) ond Grenge (3) agree in their estimaies of approx

vertnel {(Anthoxzanthun odoratun), much moss on the shady slopes and

nesrous fiet weeds with a dearth of clovers. The clovers that &

VEriforing arveﬁsg}a The turd iz open and is insufdiciently

and vigorcus o prevent seadlings of wweed and scrub growih
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runoif water. (See Figure L for distribution of the iorth Island

Original sub~tropicel pain fovest {in the Horth Islend) has
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NORTH 1SLAND HILL .COUNTRY, !

- Extensive Pastoral Farming
(Store sheep & Cattle)

FIGURE 1 - Distribution of North Island
hill country. (After N.Z.
Royal Commission on the Sheep

ol.e N

Industry, 1949)
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is one of ths wost remarkable peculisritics of the T.Z. florat
(5) ~ and these sre unsuibable for pastoral uses, mainly being
shrubs.

The first phsse in loproving tThe hill country then, is 4o

ggtablish clovers in the pasture, meinly through surface sowing.

3 - EAre - - T, e T "7 — e - -2 e o
ging by aliyr alter ihe glovexre are sstablished hes besn

this pasture luprovemsiabe.

blishment in the oversowing trials veried

was bo

GRS S0WH 2LlOvers.

niid country is linked with many other agrliculiursl and gconomic

probhlens.

o thne onseb of soll evesion and

shep in iwmproving the hI1L country
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The nsed to introduce c¢lover in hill cgounbry pastures has

veen demonstreteds This work is a study of the pelleting of ase

L nave hegn combined with materials guch as

fungicldes and lusecticiden. LTitile worlk has heen dong with the

seed and Tertiliser were thouct

va
¢ petier cstablishuent
of geedlings, umore efficient use of fertiliser (placement) and

fing oversess work dealing with the basic quesghions iluvolvede

LRgp > N R P g - e - Ea =3
Secondly, the aim was to try to find the reasons for the superid
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The major mortion of the iwvestipgelion iunvelved brials

navure was nesded 0 £ind the maximum guantity of ferhiliser
witlely eoild be pelletsd with a clover szed withouh sausing

N

The prelliminary investigation into the method of pellebing

the guantities of Terviliser pevmissibles per pellst and

Pot trisls comparing pelleding, broadeasting and o combia-
atlon Lreatment with half the fertiliser pelleted and half

broallcast. YThese btreatments were appiied to several speci

laboratory study of the root gyshem, rooi/shoot ravic and
degrge of nodulabtion.

For sase and clarity of pressantation this thesis has bheer
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SECTION A

TEET PRELININARY INVESTIGATION
TUTOTHE MERTHOD OF. PRLLETING
A _GERMINATION TESTS.




CHAPTER T3
AL T T A T TR T I K P

REVIEY OF LITTRATURE

The Literaturs covering pelleting, fertiliser injury and

TR AT TN OATITY LA TT T AR
PROLECING OF SH- AND Fadlf Rl L SHH

A eosting wes first pul on vagetable seeds in the Us3Sels
ater nutrient an
FPelleted seeds have Heen use

in aerial soving for ve--afforestabion, and in crosion control

fha]

-

projects. Bobth suscesses and failures have Loen experiasnced
in the B.5.4. The goabing 0f seed with Tertiliser and pro-

testive substances la GOL €8SYe Yarious methods ¢f pelloting

One eomagreial ©irm uses & wabey siurry of siontmoeilioniie

zliays; ancther 2puplies slisrhgste Lovers of methyvlegeliuviose and
~ g e el e T T eny ©an ™ THae md Of oy foi s oV T e O
o mizture of Teldspsr and ash. The wmolst pelilets gPe gZracge
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planss exhibit vorying degrees of tolerance with respect to
germination and seedling growith) coresls as & group being more
tolerant of salt than the legumes (16, 17, 18). Stewart’is (3¢
order of tolserance Tor legumes was peas, red clover, lucerne
and white clover in descending ordsre

The fertiliser effect varies with the soll moisture conbe

High rates of application of spluble solis prodused no germine-

" b L. ey o n o o 2 [ o e g 5
Digh rates of apnplication of Tortiliser sglis, the #ootg of th

from plasmolysis iuduced by the kigh concenteatlion ofl ine soll

56Llubiote koot burn may resuvlit from lower ferflilissy con-
peptration than is oepeble of produsing sericus geraminsiion
injunye

Gollinge c¢iter old litervature showing superphosphate les

L]

B oseed hhen Lthe gomnoh esrriers

et Zitrogen and Pohasie tnjury from phosphaetes, suwlszhaites,
o T SN, S . O D T aTh!
snloerides and nitoedes increasesn Ln ovder (205,

* 5 oA FR 3 - rem S waTt ey et e N S PR L
The llteratures deals mainly with plant growvth in respsct

A - n ey i P - . -y Ry I - T = v e

o soline and alialie solilisgs Yo relerence has been found

b - . P S TR S S Ay 2% mean o e T iy e
Sesline with consentretlion of gsupespbospnobe Lo the mubdsirate

PR T s Pt P - - o A e e v f1 e e P ~ -
ad the effect upst the zermimatlion aud Jdevelomment of olover



ATRIAL BOUIHG
The use of the seroplane as 8 medern implement of +he hill
hed been sagerly sccepbed by labour-hungry farmers. Trials {87
nowever, have shown thel satisfactory distribution of the
individundl gomponents of a wixture oF svass and clover seeds ic

)
5]
ot
[t
s
n
o}
e
Py

shap of ¢lover s¢cé are reilecdsd in 2 band distribution

o prass 328d swra DY aereplane wvas unsailsisciory and suggsst
that pslisted ssed way offer a soludiune Only oue report {(24)
on the subseauent asitablishwent and growih of pelieted sged hasg
heeu seene The pellels coutalinegd varivus speclss of grass aud
legune soad sombingd with 2 mixturs of clay, rodent-insscd

repellant and growth promoting shenicelss The mwmber ol seeds
ner nellet voarled fron 2 to 59, Pellebing alfccsted the viabili

[E-C R —— T g, - ‘ u en T Logm, A0} oo P
o the sesd Lo sons oexbent; and in the cosye of JZropyron

bR - . -
LOGTC Seened foverad

- a E) ey TRy
enh iy Trom descrt scrub o

e
unbtaein forest; there woas nod tho proney mabngement of grasing
F A A & gy
thet appears gssoentisl: and a better distrivution of sesd
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pelleting teste. This same line ¢f seed was used in the pot

trials and root studies.

Fertiliser: The fertilisers and materials used wave -
Sulphate of Ammonis, guarantesd winimuwn onelysi
1% Nitrozetie

2
F . 4 N S -
ih) YE.p.? Supervhoaphabe, LL/MG from the Tansanui worksa.

{¢) Finely grouna Bentonite, ex Pisnt Chemigtry Laboratory

iy . P i -~y R - e - -
e guperpatephate and sulphace of ammenis were Linely gro
] * ke - =z — - - £ o~ i - s 3
grigd in elesiric ovens ondé koot Tor Laes in JCSs8iCavolSe A
;

periods
silets The peliet sizes varied with the different levels of
fertiliser usede The Lwp sigzes nmost used were (o0l gram of

Tertiliser per seged vwhich regsulied in =2 »vgllet spproximately Os

gentimeter diometer and 0.1 gentimeter thick, and C.0Z gram o

fertiliser per see’, which compacsied to Lorm a pelledt asproxima
1y O.h centimeter diameter and Gl centimeter thiok.

These pellets resembled small Tlatitensd vablets {see Figur

PLLL uJ..L'\{::
Eadib )
- o oo I Tt . o o [T PR M e A s m ey 1yt o
Tech pellet waes mede by hang o enslbre accurals contrel of

the quantity of Feriviliser used. Whe reguired amounts o



FIGURE 2. Illustrates size of pellets compared
; with N.Z. threepenny plece.
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FIEIRT T mouipuent used in gekisg poelleds.  From 1
| ' £ 1 set in drilled bolt

hed fevrtiliser, drillisd

Gilferans a8lz€, tweszeyra.
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Preliminary iteats showed 1itdle difference betwesn the

germination of the different clovers pelleied, l.e. red, white

and sublterrancan Cclovers. Yhite clover was then used as bthe

gtandard clover in germinabion LTrialg. srminztion results (o

o

r} are set owt in the following %table.

RESULTS FROM GERMINATION TISTS

ot P it = S S s - ) =k

The figure are the average of duplicate lots of 20 and concer

only ssedliings with normal cotyledons and zadicla)

Tl

% Gerwinaiion

Ferte ' Lsvels o : . RIS - el

gas/ |

seed 1.2 3 L 5 &6 7 8 9 10311 iz 13 1L
Gon=
trol 0 - = owm = (8 TL 95

<01 - = 30 7O 80
P s 02 - = = = = 20 B0 75 90 20

ol 20 20

€))
.02 LO B0 6D
(11)

PH ¢ 05 10 50

225 O Lo
it o D2 30

Key: (1)

(11)

Ungsrminated pellebts opened and seeds dissected -
two seeds laber gevminated, one with deformed
radiclae. (Rateh of 20 pellets)

Ungerminated pelleted ssed when dissected falled ¢
germinate.

There is o general decrease in viabillty and & risg in

toxicity from pelleted 9, PH to M. In the same way there is ¢

lowering of viability eccompanied by 2 retarding of germinatiot

~18-



as the quantities per pellet of any one feritlliger 1ncreasss.
{Pige Lt illustvaies thssc trends)
Zmamination of some of the ungermirvated pellets in the tes

showed the seeds split and soft with decoy. The splibting of &

of gperaination foilurc. (The sced and fertiliser are compacted '
2 hammer tap on & wmovable plungedn) sewly made pelleta wers

broken an under the Low pover microscone
showsd cracks in the seed gosb. These damaged sceede falled Lo
germinate and it Is goncluded
some of the germingtion fallure. Probably toxic Tertiliser

solutes ave able o pehetrate the craclks in the seed cozt and

injure the sensitive ewbryo.
A Farther test was made with pellets formed wilth the minim

compaction. Ten nellebs emch of Py, W and PN 0.02 gue./seed vers

hocken snd the sesds dissectaed oub. ALL the seeds wvere sound

L

'.'J]

appeared free from seed coat cracks under the Microscops. The

?} 5 ":'f‘f:)‘l"f

seeds were Lested for germination. After L days the coun
P o 507 germinated
PH o~ 1003 §

- oo; i

Totea teken afber nine days pecord that the P pellets comprise

seed Wﬁaﬂ ”:tu Jdenesged radiale
: Lo o et e e
Seedlings lacking cotyledons and having thin

redicles
Seedliings gevoinated nopmally.

R NN

-]

The H ‘__fel'?efsq SO0 rigsed



1 % germéﬁj f -
, 10@-+1-+ T
4 11
al iR SRS ey z2s: - 3
1T ! EEN —
28e : ¥ § £
anm | I T
so = T a1 £
R SERe o7 masyest A :
! . o= NN
- ’ | ! ERRENS 1 1
] © INEEEEEEEE an
1 4 1+ - ann /LH, bd
B
60 T 11 T Y1
1 ‘IJ"“"‘ INETE B (. L !
I 7 ['“'T"“T‘T"“_‘j"‘f'f T
HH e HHH
411 1111 174 ] I
1 11 L ]
B sumE ]
'40 9 37 T T
I_k I 11 {H \T 1 i
T 11y T
1 T / T
i
1 | l&
20 J b g -
/ /
¥y
[}
9 ' v »
2 L 6 8 10 12 14 16

Days from start of test.

Germination tests - Pelleted seed,

P series.

P.O1 = 0.01 gms.of superphosphate pelleted per

P.02 = 0.02 " aeid " ; - ¥
o " ” ]

p.l = 0.1 . *

Note: (i) decrease in germination as amount of fertiliser per

seed increasceses

(11) delay in germination with increase in amount of

fertiliser pelleted.
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1 seedling with stuntaed radicle
9 seedlings germineted normally

Apoervently the method of pelleting, iv thse pelieted seeds, caused

some vnobhservable danage.

The proportlon of germinetion losses (vhen gerninate

moist filter paper) was approxinctely:
Pt

Coutyol O Lertiliser -~ 07 non perminated, 29 radi

gle
Co 02 gm/sced -« 20-307% non cerminated, 105 vadicle

A series of gevmination tests, 15 menths later than those in

-

Table I, gave lower germivnation counts:

P & y - 35% 7
2y 1t § £ - 109 1

e

43

Some upnknovn factor affesting gevminatlon operating. The
pellets became covered with wmould after 17 days. Black,; white,
red and green Tungal maycelium covered the bobbtom of the peirld
dishese Delay in germpination msy have allowed the growth of

saprophytic fungi. Fungal geovwth asscoizted with delayed germine

ation had been noticed heforc. lngermminaited pellels were hroken

the probable explanations of the germination feilures. (See

Figse 5 and 6 for illusiretions of dissected scedlings)

gl tOMTLYIp oL T CUTTS T CHTITT R TN i I AT T RS
SUUDIES O THn DUHYSEOAL OQUARACTERISTICS OF P58 PILTLEES

The object vos 50 aporoximately eveluate the sclubility and



PELLETED PN. FERTILISER GERMINATION INJURY.

(x 25 approx.)

Split in seed coat before
seedling emergence

Saprophytic fungi mycelium

(B)

Embryo dissected from
seed coat

Seed coat

FIGURE 5. Dissection of seed from ungerminated PN

pellets, 0.02 gm.fertiliser/seed, after 3 weeks.

A. Ungerminated seed covered with saprophytic
S

fungal mycelium.

B. Dissected embryo



PELLETED P. FERTILISER GERMINATION INJURY.

(X 25 anprox.)

(a)
ﬁ\\\\\\\\\\ !
Seed coat
Radicle
(B)
Radicle
4—— Cotyledon leaves
(c)
Embryo
Radicle
.
FIGURE 6. Dissection of seed from ungerminated P pellets, 0.02 gme
fertiliser/seed, after 5 weeks.
Aes Seed germinating after 3 weeko. Note thin radicle
B. Seed coat removed from swollen seeds
8. Most_of the dissected segds contained an ewbryo with an

extangad
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stobility of the pellets formed Crom the different feriilisers,

P ed e U L ey e B % ) R R R -, %
and obialp Tigures whicsh would conficym ©ield obssrvations. T h
E Z L e 'Y . Ar oy A W £ g = R, = - = .
peen uoted that the 7 pellets wersisted lonzxer and sppeared las

s0lUbnle under weabinonin

{1} Stetionary - in vhich tep C0.075 gum
were pinced in Ifihre extras Lhi
750 mle heakews of walele

=
!

ot
i":ﬁf
—

(1) Rnﬁrin” gxtraocticn-inwhich the uMne guantity
piaced in exbrochiion thimbles in Svxhled exiraciors.
vater con staeubly dripped through tum apparatug gnd auioe
mabically siphened away at intervals.

The peliets ramained An the beaker of waber from the 256h

dJanuary 1951 o 29th Jenvary 1951 The punning exbraction

=1 i P - “ e e i ey 2 R, ", -y
aglloved to érain, dried in sn elactiric oven and re~weizinede
Tabl TT mitos She vesylts £ Tty S T A e ety TS e ey TR R
LoplgE Lh r.’.l‘ G5 LIS PES J._-‘.h.) TE0N 0G0 LS G SUUGLCRE VWLNID ua

f gy g ol W .. - . -
twre mebthody off vater 23Lraction.

VETT, AT rE DT
alLd T.."..f. L e

Stabionary D - 1.0593 14877  Le3675
extractinn W - LeO0LY Lelig72 - De7821
(L duys) Y 0.9899 1s51h3 1.0929

Running P L.0867 Le5000 0 90U3
extracition X L L0578 15012 0. 6978
(3 days) P $e H03 15018 C DeTLT2




T

Axdowing for the 507 insclubic wanbtoniie content of the

Stationary
extraction

T T T T
+ end e
niy
W
L

l;_..
e
L)
L7

Running P 72
axorachtion

ok

i e e " ane
e
i
3
O

T g%

The pereentage soluvbility loasses of the feebilissys folilor

the order expectads Tha rumning exbraction melthod, ¢ compoves
with the stabtionary, ceused a lorge inocvsass in the P forbilise
loss. Whis loss would presumebly he the water scluble nhosphatl

Peilebs ln the pov trisls and woot sbudies hed been noted
as ilasating and vigible fourteen days aliter soving. It was
that the I pellets, of soluble sumoniwnm sulphate, woull

readlily abpsorb soll moisture and beealk upy, or vould disivntegrat

during raite (This had been noted iwn the pot trizals.)

A sinple apparatus was 36t up To0 peuge the relative
stebilitiss of the P, J and Pl pellets. The pellets wers

ner, one end of vwiiich dipped into

iz

cp tndn SutPips of dlotitiag po



Layout for stebility tests: etal indicator
rod upright on top of pelletg \ﬂte absorbed
through blotting paper wick.
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hen sufficlient vater had Deen absorbed the pellets swelled and
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response aue Lo granulatlion and thot resulilng from tlacenent.

Terman (35) Tound that results from pot culture sxperiments aw
field tests 4id not azves, thus sounding 8 note of warniug in
aceepting results based on pot trizls anly.

ing Tertiliser devised by Hance. (306,37) The method however,
does not seem 0 have aitiracted much fuvriher atizwiisle Vario

1

workers (33, 38, 39 recommend "nest” anplications of super-

x

¥, n

Advantareg of nlzsegment - The grecter efficlency of

tly pleced with respscet to the plant is considereld due T

(.' ol

COTrec

- 2 = . A T e G mm s . - 3 g kA o .
{1) increased upiaks of nubtrients by the plant, i.2. plontk/
Tertillser relailonshipn, and
F22N ol Tend a3 e P LR - S R iy R
Vii) minimissd losgoces by leschivng and fixatlion in unavelilable
[ " R L. o~ LA
Porms, i.@. Ffertiliscs/soil relationshipe.

*

the placenent of feprtiliscr foy varigus Crops arc
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plants reasuliing fron Llocalized placement is dus o the incres
gouncentrotion of plant nutrients availablse the young plant.

Cook eund ¥illar (L) stabte thet vhosvhabe starvation is usucll
most pronounced durins the sarly
gspeslally true it the growing conditions during this time ape

nov Ldeal. AL that time, owing To slow growth, ths roota are

vooTs stlnuletes rapld zarly grovth, & view gzpressed by Cooke

pnat The active root development at an sarly stapge nay rest
ip such plants being able to utilise {1 il reseryes of

grortn by anobtiier placenent. In view of the cheracheristic

multiple plagcemsnt of phosphste could be "gallored” Lo the oro
The extensive resendt Literature dezling wiitn acpests of

feriiliser plagenesnt and the giiicisney of wbilisation by nlawn
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manifold and where drying facilitlies are available, serious
eriticism ean be directed at any work employing green weight fig

An experimental standard of four plants per square foot was
decided upon. This figur§ was the maximum obtained in any of the
white clover oversowing trials (6, 7) and it would be deemed
satisfactory if four plants per square foot would result consist:
ently from oversowings The size of the pots nsed, 8 ineh diamet:
very nearly corresponds to an area of I square foot per plante.
Bach treatment then consisted of one plant pei pot.

The localized placement of fertiliser modifies the plant's
root systems Root studies are difficult and laborious and the
interpretation of results is not easy. Roots and shoots are
closely interdependent and since herbage yields reflect the net
response of the plant to the applied treatments and are easy to
measure, these are taken as recording treatment results., Root
studies of pelleted and broadecast fertiliser plants were done in
supﬁiementary pilot triale The aim of these supplementary studi
was to try to understand in what manner the plant responds to
pelleting, and to attempt to explain results obtained in the pot
trials. '

OBIECTIVES

The major objective of the experiment was to compare the
pelleting of fertiliser with broadecasting and a combination treal
ment of half the fertiliser pelleted and half broadcast, It was
thought that pelleting might show superior results during the
early stages of seedling growth, due to greater nutrient uptake
from the localized concentration of fertiliser. The broedeast

33
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sgrioualy reduce germination. It was thought that the differet
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in favour of pelleting would be zrenter if a snaller guanbdity ¢

the ovar-goving of RLll eountoy, alss tThey heve differins growt
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theae difiervences in the speci

treatnent responses. FParenuisl ryegress was ingludsd to cowpar

the pelleting of a monceolyiedon possessing 2 different rood
avetan and seadling morphology. The pelleting of srass gead an
fertilissr was uos thougint o be asz comuercislly suitable as we

the prevension of wmeven disiribution with zerisl soving. (8)

white clover pisnl surrounded by Doty rvegphss nlants. The
pelletingy trestments were applisd only to the cewhral white

the ryeograsses. The quicker groving grasses witn thelr extensil
Tivrous rool systen would use a lavge part of the brozdcast
fertiliser, and the vhite clover would suifer & doubleg chesh
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Routine Uars and Hobeg -  Observatlons vers made on geunsrel grot

and development, incidence of disease, ivusect domage ¢tce. and

notes entered in the fileld Dook.
Roubtineg care consisited of periodic weeding & ths potse The

nal weeds were spurrey (Spergula &fvﬂﬂ8¢s)9 LCUR2=Eare =

i
b
e
[
Q
t—_h
[=]
3

chickwesd {Cerastium slomeratun) and Doi panume  The spaces

.

betveen the pois were weedsd, and the naths betwesn the rovs werk
hosd occasionallys The pois were watered at intervals during the
bhree veeks after sowinge. The dry condistions were accenbusbed b

-

the sandy pot sell, and the seedlings were watered to 21id surviw
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There 18 considerable varisbion babtween the /i

™

elovers in the i series, althoush these should be similer as L

f—— p . NN S “ . it - e oy o PRl B IP |
7a5 10 sompetition et this stage from the ryegrsss seedlings i1



i osgries. The geiablisiment assessuwent does not cgree with
Drowm ths rood stuly plot trianls. Yhere pelieting consistent
speeded the growth and developuaent of bhe glover seedlingsSe

Pa U, HgPq by HyPy pb to HyPq pe The pelleted plant had greabe:

tlllisring. spread and helgnt of herbage. This lisclated seviss
Lypiiving exactly the expected resulis, mist be accepted with
reservations  The apporent difverences may nol be due te ihe

treatuonts, «nd vunslill condirmed by statistical examination must

ne eotyiedon leaves of four plonts hod been shewed Dy

insechs and Lhese were rescwn on 1ith April 1950

Compiiation of rgsulig = The analyais of variance developed b

o iks kEnovn causes with &
regidusl portion ascribable to unknown or ungonirollied variatio

., - LN

Torg bermed EXpsrimental Qrors hen the voriabllit
meazured in sultable Lemis, l.6. st of sguares ol Jdeviations

i e £ 58 . E = R AT . z - -
¢ moens, bhe varisbillidy ascribsd to Lhe various couses

will be strictly sdditive.

ts eosenbially in the porvion and gppporivicumeidr

Four trestuments wepe missing at the completion of the expsi

ment and five planits sppeared abnorual. ¥our of ihess abnormal

‘ AH
[l

plants were subterronean clovers whicsh appearsa

a virus disensg. Similar ayupioms had appeered in subterranean

plants in & neighbouring experiument. The Final figures were -
3% mwissing pobs

L7 abunormsl resulits {due to nadboral couses)

to be sffected T



FIGURE 10 B8 series: Ryegress NP1 broadcast, Nowe slight response
L over control ebove. 18/4/50

w3 5



FIGURE 11e Ba series: Rysgrass N¢P4 b (half the fertiliser
pelleted and half bmadeaag). Note intermediate response
compared with Figures 10 and 1l. 18A44/50

ZIGURE 12+ Ba series: Ryegrass N1P1 pelleted. Note increase in
wth and general development in series Trom control,
P41 broadcast, WiP1 half pelieted and half broadeast,
to B1P1 pelleteds 12/1:{20



The statistically expected values were susvlied by the
Apnlied lzthematics Laboratory using the method cutlined in
Kendellls "idvansed Theory of Statistics®™ (48), In the
analysis 6f the results, 9 degrees of Ireedom vere subtracted
from the possible to0tal begause these calculated values were

sonsidered "PixedY, belnz dependent on the obther values.

L

The resulits were arranged as in Wsble V Tor statistical
analysis of the dab
TABLE Y, Pot triaris - lHean yields of mmin efPeais.
Grouping griteria Groups . Haean average
yieic per polb
‘s )

As ;red glover) 6380
A {white clover) 11152
¥ {varieties) Ak Es&b&a?sdue an elover ) 3000
Ba (pereryegrass) 2Ll
i {(modified Ac serigs) 9055

» {pelleted feriiliser) 6751

T {tran Jaﬁtﬂ3 b gbrcaﬁaaet " ) 5ol
Pb (L fertilizer pellefed &

% brosdoast) 7126

8 Euonuf07 £33
¥ {sulphate of 1 (001 gue per sesd GL8hL
arvnonia 2 106082 o wer seed 7O2h

o) warr b == e —oh FETy [ o ) [ Aty - - L u xm -ar = oy ) -ty fom == -ra cn L) L =Y ] - £

. ¢ 57046
1 y X - IS Z e

? {supsrphonphate) 1 aced) 567
i crpm e SN T

o SECL; {603

et e oo v T
[ v ey . ~ i
Oornerol mean = 35{3{

The totallsd treatnent resulits are tabulabed in Appendlx
16 gsunis OF souares of malin cifects an

i

I¥. TFrom these figuvres o
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TARLYE VITT. snalyvsis of Varlionoece off Ac  1at cub.

© Bouree Segress  Sum of
of of Sousres ilisan ¥ yapriance ¥ 5% Sign:
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Goafficient of veristion 75%

[£a}) P . e N " - E TR L | a, e L) et om 1t
The vaoriance dve o P wes gignidicant at the 5% level., Ths

Po - mean 112 1ngsa

-‘?‘i - i 3 3 §?

2

There is alsgo & irend for ¥o to heve a depressing effect -

3 - mean L29 mgse
W - ¥ 518 ngse
He = ¥ 215 mEse

(1) In the same way the 1lst I gut was annlysed 28 o scparais
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REVIEY QF LITERATURRT

ROOT DIVELOPITTE

knowledge of the behaviour of the voot system is of

fundamental lmportance when considering the respouses of the nls

o

.

brought about by chepges in the soil environmeont. (I Hoots

kD
L

ud shoot are closely inter-dependent, (ecf. veview (50)3, while

[

underground cevelopment may be profoundly influcnced by nutrient
supply and placenente. The advaobages of logalized placement
(pelieting) arise Trow an exbensive early root development (42)
and gase anc rapidity oi phosphase absorptlon by the roots.
Gonseguently the literature congeraning »oot grovith, 118 mornholc
anG development, and the Tactors governing these, was reviewad I

an attempt to understand the underlying resasons for placement
advantage and alse any possible disadvanta g s that might acerue.

General: The general physicsl and physiological chorvacterish!

Limits of their heveditary potencialliltles ave broughl ebout by
varigtions in certain snvirommental factors., fmongz these are
soil ferbility, so0il molsture and compebition with other Boct
systens. "Three physical propertics ol the solil, l.g. Lexture

prinsipally deternine the development and

functioning of the vood systen.” (LS) These sang sO01l propers
affect and modify soll molisture anld seralion.
Since roots are dependent on thelr shoots for carbonydrate



supplies; those Pactors which affect photosynbhesis also affect
root growth, eg. clipping and grazing, (50) and it has been
demonstrated that shading reduces growitn znd the rebio of roots i

shoots. {(52)

Phosphate plagement affecting root habhite. It iz well Tnown thai
wnen roobs penstrate into sreas of the zs0il contoining an ebund

of minerals tThey dbranch profusely but reports deal 2lmost sntire!
with the granineac. Jacaves (53) concludes thet a wslatively

better penetration was found in the rools of unfertilised cocks:
(Daghylis glomerstaland rerennial ryegrass {Lolium perenne) plaw
Surface fertility tends to cause root aceumulabtion in the fertil

zong and less rool is develoned in preportlon in the decpecr-scat
layerse

The same worker found white clover had almost 38 per cenb o
the root weight present in the top inch of soll and that with
this species root penetration was little affected by fertiliser
(superphosphate) placement.

Reports on plagement and granulation of superphosphate (32,
33) state that bunches of fine roots develop round the granules,

and plant roots concentrate arcund these zones of steady phosnphe

SUPPLYe The distribubtion of leternl roots was therefore in-
vastizated to try toe determine whether pnelleting @aused localize

rool concentration.

Phosphate untske sffecting the vhvsiolory of the plant ~ The me

efficisnt zcone of abscrption is usually near the root blp, hence
the number of younyg reot Livs ls aun imporient factor in nutrisund

Cuptake and plant growih. Using isolated wheat rocts; Burstron
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{54 Found phosphete promotced oell multiplication over a

range of congentrations, bub had 2 negligible ifnfluence on cell

“ - E o 6. Q] 1 ca T
glougzation bul did not afde
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LHe BFRoLResls wngy p

vias Trecquently advanceed in

4o
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with berley and Betoun (56) with soy-beans found thab phas
deficiency arfected the top nore than the zoots s thet the Lop

root ratlic of the winus phosphate plants was lowers tThan ithes o

the plus-phogphate ounes. This velatlonship
Turthore
HORULATION
Intervest vas Tirst oroused in nodalatlion vwhen Lt was obser
a0 2t the 1ifting ol whe Iour waek 0ld clover seedlings Io0r ¥oo

R N s e Ty e el T . T oy de w F1 epim g R
studiss, that the pelleted treatmenis were nodulated while the

o - A
the ahten
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Genernl ~ Devslongent of Hodulsse. The zenersl course of

ter bhe plapd Dy penetrading thé
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generally in this curled region The bhacteria

the root heir form cne or more "infeebion threads?® which

o

the roo

Fy
Q

grow Gown the hair andé pgnetrate the corticsl cells o

b3}
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i

fnte

gells is accompanied by the

rPapD

fi
e

2gs of young cells through vwhich the in-
is known that the penetration of th
akes plage conNtemporansous

O

and not susssgouent %6, the development of the pewricycele o

nodular tissus. (62) The
the penetration
inte the cortex of
in the rooct,; or
am o de A fal 4
penetration. (83

vigws on infection may be briefly Iormula
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the cortex only et poinlts of incivient meristematic scbivity
lece the foci 0f infection are predetermined in the nlani,
possiply at the sits of 1atera1 root initials.

The latter view hes been provoundsd by Hutman (63, 64) wh

o

adivances evidence in support of his hypothesiaze.

HFodulstion has been interpreted by Thimsnn (5) in terms of

}...r.
Ly
L4
Ly
43l
1)
i
=

the initiation and infection of lazieral root primordis

division; giving rise to the firast stsgee of & laltersl root iniiil

- - — =z : LA 4 oy e 2 o~ = > s et T ey *
However slnce auxin production continuves, this laterszl root is
prevented from elonzsting. Ingtzad ite cells inerssss in size,

while certai

ation of the formaition and diffeventiation of the vascular sysiew
within the nodule:; and is eriticized by NMutman (83) cn the Failux
of this view to adequately explsin the greater number of nodules
produced by innoculstions with ineffestive basterliol gtroins.

Some of the bactsria encape from the infection thread an

gome to lie scattersd in the cyboplasm. ~After their esceps the

nitrogen Tixation within the nodule. A8 soon as the bacteria



become numerous in the coyioplasm, the host cell ceasges Lo divide
but increases in size with & corresponding hypertrophy of the

nuclaus. This af

mass of central cells cowntasining Hhizobis bscteris, surrounded b

2 zone of parenchyme vith ¢ single vaosonlsr strand (Trifoilium).

3

Ty e - LRSI R D e LI . e T - . L.
he xylem coneists of trashsids or pavenchyme.  The phice® is

L e T . e v T = - S N, -4 - . Ly
giniply narrow, very elongeted cells, 2nd thse otrand is surrounde

by & wiod of bundls sheoth.  The nodule
number of loyere of cells doveloped from a meristemmatic layer,
Y, - T PR I S 2 anpraal - =, . El e a3

whichl may becoue deod and 200ty, oF in somg cases thickeuned.

-

Piguentation in Root Jioduless. Virtanen {66) discusses the
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The red pigrect of «ffzctive »ool nodules is haemoglobin,
termed by Virtanen, leghaemocgiobline The obssrvatlions so far mal

show a distincet parellelism bebtween nitrogen fixation and the

nodule or i¥ 1% is decomposcd, unitrogen Tivetion does not oscur.

Influence of Plani Fuirical Relsticnshipss Beocause nodurlation

.. P A
nutrient changes ac



ivy Twro vwoys -
{a) The efifect on the host piant.

The effect on the Enizobla corganiswms in the coil.

(1) Hutrient effecht on host plant:

{a) G/¥ ratio - The carbohydrate level of the plant and

4

particulariy the relation of carbohylirate {o nitrogen strongly

f-.\.

gfiects symblotic nitrogen fixation. The inhibiting effect of

compined nitrozen on nodulstion nas been known fov many yeasrs, an
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Oreutt and Ived {66} noeed that innoculisted soy-beans grown
in sunlight of high intensity entered the "nit n-pungery stage

and renained there, alvhough nuderous and well-developed nodules

he rvoous. Whewn the plante at this stage were

b

ware formed 00
shaded, or Teritiiised with niirates; nitrogen fixation ssbt in.
Thus To0 much as well as (woo 1it3ic cerbohydrats may iLnohlbhit
vitrogen fixation.

The evidense is thav restricted noduliation and niitrogen fix-
ation resullting indirectly Trom some nutrient deficlency or uhe

nn moesth cases to

el

Tavourabhle conditions in the nost plant; is due

reshricisd supply of solubls carbohydrates To The nodules, or Lo

agtual aumper of nodulies, pui tends to lower ths nugpers in Dro=-

nortion to the welight of the roots. The average slze of the nodw



is greatly diminished and the proporiional weight of the wnodule
fragtion is reduced roughly one Fourth.

The inbivitory effect of combined nitrogen on nitrogen
fixation seeus due o reduced development of nodule tissus (70)
as well as lower efficiency of the Lissue forwed, probably bee
cause Ghe available carbohydrates are largely used for protain

synthesis with the cowbined nitrogen (ef. Wilson (87)}). It is

of interest to note that intermcdiste concentrations of nitrate

-

may increase nodalation and also the

concentrations deocrecce the scluble sugar level, and also the
nunber and aize of nodulese.

(p) Phosphate status « Lnderson at the Commonwealth
Speecislist Conferencs in Agriculibure (72) stated that clovers ]
in phosphate are ususlly well unodulated, but Germen, Indian and
Amerisan workers ha?e reportedc Lnat phosphate fertilisation in-
sreasas nodulation. {73, 7h, 75, 76) Jagguas (53) working
unfer How Zealand conditions found the number of nodules varied
considerably regardless of fertiliser treatment, and some facitc

or fasetors other than piosphate content of the =soil governed

their distribuitlons. Resulbts in other trials varied with the ye
bult superphogphate mivsed in the Top six iaches of the soll gave

greatest nodulation.

It ig difficult in seeking to evaluate the influencs of

s

phoaphese on nodulabion, o separate the indirect effects of

)

phosphate Fertilisers on the rodt system and on the C/F ratio

the plant. Roberts and Olwey (73} sussest thet a deficisncy of

b

phosphate may inkibit nitrogen fixation by interrupniing proteilr



synbhesis,.

{a) Calocium = Superpnosphates contains approximately 60 1bs.

ey
o

of gypsum {Ca8S0L) per hundredweiznt, thersfore b infTlucnce of

caleium on nodualastion wmas reviewed. Therve ig ev

=
el

enge that nodule

&

ation is influeunced by the amount of calcium taksn up by the

lant. (77, 78)

o

{(2) Hutwient efrect on the developmént ol Jhizchium species in
the

rovrhh

it is howvevsr nob olearn

P Ao T e s - R T 2 te . e VP MU SRR T . T - N -
whetiuer the luproved nitrogen ziuatos of the plzut iz the resull of

3

the lofluence of calelum inside the plant, or on the Rhizobliunm

smeiler oumber oFf nodulss in soid stnd 1z compensatsd by iusrsssaed
size of individual nodules. nen once formed unodulesg can counbtinug

naw acduies (83

A N T —i T o R . b e S W b
1) Phosphate supoiy -~ I3 is poosgible noduletion may be-

inoaulstion with low oumbers. (72) Pruesceli (SL) Paound tha
phosphate nervedliy inareased Lhe growtin oFf Xiplpobla meiilotil in the

80ils m62"‘



CEAPTER 1%,

ROQT STUDIES. OBJACTIVES, LLYOUT, MATERLILS AUD

[ b 2 - P N s SR . s L, Flye e, R o
‘he saventages of Delileting are thouzhnt dus o on gorly
- . pa—— y e - - - L oo L 3 .
gXtensive root development, ond ease and rapldity of phoaphoate
BT S fTp—— T, o P JR [ — .4 - - R . . H
BIS0DDCL0N 2 WilC 00U S. 2o characteristics and digtribution

Thers were three objectives.

{1} To study the root/shoot vatio of pellsted, broadcasi angd
constrol plaﬁtsa Conflicting views have veen pressnied that
phosphate fertilizer ingresscs top growth in nroperilicn 6o
fonb growdn and vice versfe

To gtudy treatuent effects on noduliat
arstrﬁo"’OQ and colour oF the nodule
the application o the dats to festl ¢
theories.

"
ot
{2

e

(i33) To ses whether there was a3 concenitration of surfsce rootls
with the localized placenieus of wunosphate Pertilisere A
gurface Zigtribution of rFoois ¢ harnful in a folliowing
dey neriod.
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sovn at each vlant vosiiion (4o nlleow For losses) and Llater

Lifting: £ bechniaqus of soaking, washing and sieving was used

to separats the rout svasten fvom the so0il. The incividual plant
within the treatments were sampled ss a core 7 inches in langth

and 5 inches in diameter. The plants were sSpacel

it Ho ite fell depih into the soil. This was tThea oub awsy will
2 Ltrowel and the spall encossed ¢Irfe Somove {ioure 13 shows
nethod of coreg axtpasiion) The s0il woe carefully wasned Ives

P b N R R S - 1 e FRN T - . oy
SEPRATALLOY vas Fe 8Tl Velry Sas,; ICGLUS 2 0T vihg Gironmture QX
Lt e =7, K3 - [P TP I VR L, Gypy os b e IR PP -
L3 8014 :&E}!’liﬂg_; gomacncos oF tha bovbton of She cove and wher

moat of the soil had been resceved, the tin, plus clover pland
and top few inches of soil, wue inverted into & fine sieve. The
£ 3

G50
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FIGURE 13. Plot E p showing method of extracting root systems.
Guard rows on either side of sample plantss Note

tin, encasing sample plant core removed for root

separation.
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Fli je Plot Ep showing contrast between the
pelleted plants (centre row) and much
less vigorous control plants (front and

bagk rows)

28/5/50
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herbage yields, i.e. The pelleting, and to a lesser exbeunt the
broadeasting treatuents have given the seedlings an initial boost
to top :“cx;n and root weighte The differences in root weights at

later dates are larpely due to $his initial advantage.
There was no Observelble diiffersnce Detween treatments at two
waskse {sae figurses 18 ard 19) AL Tour weeks there were marked

differenges in the rcot systens = the pelleted planits had larger

and more brenshed roots. (see Apsendix VII) Thus, root respoase
to pelleted superphosphate became apparcnt helween dwo and four

weels from sS0wing.

There is this initial lag wnille seedl
upon stored seed reserves, unkil tue seedling roots have
gufficiently developed and the plant iz able vo absord soll
nutrients. Ths herbage response is similay - c¢hservabls differ-—
ences only becoming apnavrsent at four weeks. The upteke of phos-
phate by Lthe polleted plants may have been sarlier than this, &
delay ocourring between the uptake of phosphate and a visible
PESPONSCe

(ippendiz VII conteins secale drewings of the root systems

't-’..
ntes.s )

and showz the treatment differvences at The variouzs Lifhing
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Clover Sa:“(.rss—&ud«s
Rilded -Ql'jm fslsoo

ZIOURE 19. Pelleted seedlings at 2 weeks X 0+6 magnification.
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ROOT /SHOOT RATIO

Conflicting views have been presented that phosphate
Tertiliser increases %op growvth in proporition ta-root growth, and
vice versa. The root/shoot rating of the 1ifted nlants ware
gxamined to see whether there was any treatment effect on this

atio.

T™he pelloted, brosdeast and gonbtrel values £211 at réndom

along 2 ling of general slops 2nd formed 2 single population

] e o s

distritmbted og in Tipure 2C. vt individnal treabtments 4ld nod

deviats from this mean.  The gas guantity of fertiliser palleted
(0.02 e wer szcd) Soss 6ol gooss 4 ial regponse 1In
TUOLHe
wetwech hoot welshy ond oot welsht was
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ROOT WT. (ﬂa‘_ )

@raph showing relationship of white clover

root and shoot dry weights.

+ 0. 9?8
Note deviation of young seedlings atb low

YT =

t welghts.

root and shoo
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The resulits derived from the ahove table are (a) the btreatms

et
Q
3
o
ot
Ay
bt
C‘:"
t—

er the number of primsry leteral roots in the surface

of superphosphate resulis in insreased branching of the primary

The increased number of absorbing rootlets in the concentrat:

fertiiized zone Ls probably one reasson for the superiority of the

HODULATION

The nodulastion date is separasted into four sections:
(i) podule numbers
i) colourat ion

(
(iii) distribuiion
{iv)

iy current theories on nodulstion.
Hodule pumbers -~ It was noviced at the sarlier liftings thet tne
pelleted plants wsre nodulsted while the hroadeast and control ple

had nonee The nodule numbers were counted at each lifving and
differentiated into total number of nodules, unumber along the tap

rcot and number of Ted nodules.

Figure 22 cowparess the average nodule numbers of bthe trestbme:
over the experimental neriod. There are large obvious differens:
batween treatments,; and the results are similer to the horbage
yiglds and root weighiee There ilg a difference however in that &1

ulsg numbers, especlaslly pelleting, Tlattery

abed with root or ghoot growth, and wey be duc to the effect of ¥
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Graph comparing treatment effects on nodule
numbers. Note slight flattening of graph in
June, probably associated with the effects
of the low temperatures on the Rhizobla
organisms.
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lower temperatures on the Rhizobie orgsnismse
The nodule numbers at the last lifiting were annlysed in a
gimilar way to hevbage yields and root weighis.

TARLE XVIIi, Hoot studies = Analysis of variance of nodule

MImberse
Sourece of Dsgrees Suus gf Hean F F 5% Signi:
varisnce of Sguares Square  veriancs vabtio ifanc:
frecdom ratio . Reads .
Re@. Tr. 2 leﬁ 2&56 : 1&-2 %0&6 88
1 {8.65)
Brror o 1385 173
Tohal 1O 6207
Rep. Tp G L11RG 205405 %86 5 el 85,
2 (9e55)
Eryol 7T 3ThE 535
Total o LLOTT
Figures in brackets refer 9 She 1% level.

Joefficicuts of wvaviation = Replication 4 = 20,63

Replicetion 2 216 3%

i

The variance due Lo tresiments was highly significant in both
replications (see Table XVIII). The dirferences hetwaen wmeans
ware tested uvsing Shudanis

TabLi XY, Hoobt studies - Table of dinferences betwsen means
of nodule aunbhers.

Block Treat- Hean . Treatment  Differences Actusl Signii
ment Hodules differences voouirad, gifT, iganag
numhers Ge 05 batween
means
ReDe O L3 P vl o7 25 3
1 > ol 0 ve.P or B 32.1{(32.2)51 Pmog_ 88
. B & :QGEBHO S
0 61 P V545 Hf.5é66.1_13h SS
ReDe P 2075 O vg.? or B h”.@ 61»931&2§Pm0} 88
2 5 &G ey =
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(i) Pelleting gives highly
awnbers over broadeast

Ty
o
i

—

Broadoasting gave & sig:
over aontzol only in Ra

These resulis Tollow ¢!
and root welightse Nodulotion ocgeurs within 2 two phase syster

- L

nacteria and pilent, and plant growth and nodule nunbers are

inter-relatede The corrclation botwsen nodule nNumbers =nd roc
weight was cslceulated;

-

lego noGule numbers and ¢oot weight are highly correlaisde.
Fipure 23 shows the sovrelation beiveen nodule numbers and voc
welghto

Whetneyr phosphate fertilisation had s direct effeci on

renh from bthe review of the literatures

]

i
s
m

nofuletion wag not ani

=

The pelleted plants were noticeahly nodulated four weeks altel
sowing while most of the control and broadeast plant had wno
nocules.

Averare number of nodulea/plant - L weckoe

Gontrol Qe03
roadoach G.0%
Pellated 5,.8C

The root systems ¢id not Sifdfer greatly belbween itrealnrnis &t

nis bime, vet the nodule nurbers dirfered as ebove. {(Figure -
gompares & nodulatsed, pelletsd plant st & wesks with o poorly

nodulated brozdeast planb.)
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FIGURE 24+ Broadeast plant on left, pelleted plant on the right
at 4 weeks. Note conspicuous nodules on the pelleted
plant, and only one nodule on the brosdcast.
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Although pelleting of superphosphate inereased nodulation of
the young seedlings, and at the final 1ifting pelleting gave a
highly significant increase in nodule numbers; comparisons betwee
plants of equal root weights over the experimental period show no
treatment effect on degree of nodulation. Figure 25 compares the
nodule-root weight relationship of the treated plants, and shows
that the three treatments form a single population randomly dis-
tributed round a general mean. The average number of nodules pe
mge of root over the experimental period showed no treatment effe
on degree of nodulation, viz:

Pelleted plants averaged l.1 nodules/mg.root
Broadeast " » 1.5 « . .

-Control " » 1.5 " k.

In conclusion, the effeet of pelleted superphosphate on
nodule numbers appears correlated with treatment effect on root
growthy, Y = 0.933. The degree of nodulation is unaffected by
the treatments except at the very early stages,; when the pelleted
plants were more nodulateds This early nodulation may be a
partial explanation of the early growth incresse of the pelleted
plantse

JODULE DISTRIBUTION
Trumble in "Blades of Grass" states that with effective

organisms the nodules are clustered near the upper portions of th
tap root - with ineffective organisms the nodules are more widely
scattered over the secondary branches of the root system.
It is obvious that during early growth all nodulation will
occur on the tap root. As the root system develops and branches,
-83=



the f:p root will deeline in importance. This is shown in the
nodule counts. At the early liftings most of the nodules occur
along the tap roote The pelleted plants had a lower percentage |
tap root nodules, showing 2 more developed and extensive root
lyuto;.
TABLE XX, Nodules along tep-root as a % of total nodules.
Eelleted Broadcast Sontrol
6/6/50 72 86 8L
27/8/50 16 31 35
At the last lifting, all treatments had much branched root syster
(shown by low figures for tap root nodules %s) but the relative
positions were the same, i.e. pelleted plents had a lower % of
tap~root nodules.
NODULE GOLORATION

It is considered thet the reddish coloured nodules are thos:
actively fixing nitrogen. (See review of literature) The number
of red nodules per plant were counted at each lifting.

Except for the first 1ifting the pelleted plants showed a
higher percentage of red nodulese
TABLE XXI. Red nodules as a % of total nodules.

Date 2 B Q
2/6/50 2 35 29
4/7/50 61 40 56
30/8/50 79 68 67

This could indicate that the placement of superphosphate stimula

nodule activity end efficiency. However, the examination of the

data on the basis of comparing plants of egual root weights show
-8l



that this treatment difference was largely due to differently
sized root systems.

Comparing pelleting and broadeasting for 5 pairs of plants
of equal root weights, the red nodules as a percentage of total
nodules were:

P 59%
B 53
Similarly comparing pelleting and control for three pairs of
plants of equal root weights, the percentage red nodules were:
P 6%
0 72%

It is seen from Table XXI that the proportion of red nodul
increases with length of time from sowing, i.e. plants with
bigger root systems have a higher proportion of active nodules.
Appendix VII shows that the pelleted plants as 2 series had
larger root systems than the control or broadcazt plots.

Bliminating differences due to root size, the localized pla
ment of fertiliser did not affect the efficieney of nitrogen

fixation 2s measured by the number of red nodules.

The data on nadule numbers and lateral roots was used to
test Nutmen's theory of nodulation, i.e. that lateral roots an¢
nodules are ph&uiologieaily homologous and that infection by ti
bacteris can only take place at predetermined foci om the root
corresponding to the sites of initiation of lateral roots.

Appendix I comsiders the results from the root studies in
the light of this theory of nodulation.
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CHAPTER XI

- DISCUSSION
General:

The need to check the progressive deterioration of much of
the New Zealand hill-country is the purpose behind these trials
evaluating the pcllet;ng of clover seed and fertilisers. This
new technique - the pelleting of seed and fertiliser, may be
valuable as a method of introducing the essential eclovers into
the hill country pastures (possibly by aserisl sowing).

Much of the 10} million acres of North Island hill country
has the problem of low or declining stock carrying-cepacity. T
present situetion is thet the criginel store of fertility has
long since been spents Nany of the pasture plants that ean
respond to increased fertility and produce the feed needed for
higher stock-carrying have died outs The pastures are uniforml
poor and deficient in clovers.

Triels (87) have shown thet the ohief factor in incressing
pasture production is the clover plants There is 1little respon
from phosphate topdressing unless clovers are present in the
swards

The first phase in improving the hill couniry is to establ
clovers in the pasture, mainly through surface-sowing. Over-
sowing trisls with ¢lovers have resulted in varisble success -
"in all cases, establishment compared with number of seeds sown
is extremely poors™ (7) One objective was to see whether by
pelleting the seed and fertiliser, economy in seeding rates

wBE=



could be erffecteds

The pelleting of seed and fertiliser wmay be considered o
special case of fertiliser placement. The fertiliser surrounds
the seed in coats of varying thickness. According to the methe
of manufacture, the shape and size of the pellets, guantities
and kinds of fertiliser added, and the inclusion of other
materials, may vary.

Pelleting of seed with fertiliser or other inert materials
is still new. Commercial firms in the U.S.A. have incorporated
fungicides; inseoticides, growth regulating substances etc., as
well as fertiliser in the pelleting of vegeteble, crop and gras
seeds.

The advantages of the pelleting of seed and fertiliser wer
thought to be:

(1) more efficient use of fertiliser

(11) earlier and better establishment of seedlings
(1i1) economy in seeding rates, and

(iv) greater easse of aerial sowing

Bisadvantages would be:

(1) the technical costs of pelleting

(41) reduced germination due to fertiliser injury, and

(144) possible "burn" of the seedling roots due to localized
congentration of the fertiliser

The unsatisfactory distribution of seeds sown from the air
(22, 23) results from the differing ballistic properties of the
seeds. The different densities, sizes and shapes of clover see
are reflected in a band distribution. (21) Uniform pellets
would overcome this difficultys. The aerial sowing of pelleted

8=



seed then is advantageous, If it could be shown that pellete(
seed resulted in more effective use of the fertiliser and sup
ior seedling growth, then this technique would merit serious
consideration in the restorative treatment of the unploughable
hill country.

No eritical work eveluating the pelleting of seed and
fertiliser has been published. That was the objective of this
research - to determine the advantages and disadvantages of %!
pelleting of clover seed and fertiliser; to compare pelleting
fertiliser and hroadcaating azperiaentally,_aad to study the
plant's response.

Because of the lack of published data, the first need was
to find the maximum smounts of fertiliser which could be
pelleted with clover seed without seriously impairing germin-
ations The germination injury and extent of radicle deformati
due to the concentration of fertiliser were determined, as wel
as the effects of the different fertilisers on the physical
properties of the pellets.

The pellets were made by hand. This permitted absolute
control of the amount of fertiliser peb pellet but was slow ax
laboriouss The various large-scale commercial methods of
pnlloting were impractical, and the alternative methods liste(
by Saxby (9) werd discarded as they did mot control the quant!
of fertiliser per individual pellet, is.e. single plant (or pel
et) comparisons would not be valide In the early trials som
seed damage was caused by too great a compaction.
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The pellets contained equal quantities of fertiliser and
bentonite c¢lay. This dilution of the fertiliser aided in the
measurement of the small guantities required, and helped reduce
the injury due to the localized concentration of fertiliser.

Points kept in mind weref§-

(1) An advantage of pelleting might be the supplying of the
clover seedlings’ phosphate requirements Sor the initisl
year in pelleted form. This would save the additional
topdressing otherwise requireds Thus the guantities of
fertiliser per pellet were the meximum possible without
causing serious germination loss.

(11) The amount of inert clay was kept to & minimum, otherwise
any advantage resulting from the saving in gquantity of
fertiliser required in aerial sowing would be counter-
balanced by the amount of inert material carriedg
Saxby (9) wes concerned in his paper with the physiecal

characteristics of the pellets. The qualities required are;-

1. Resistant to breakage from shock and abrasion.

2. Addition of adequate fertiliser to supply the seedlings’
requirements.

3« Ability to disintegrate under weathering to allow germinati

e Local concentration of fertiliser salts Pound the seed to ¥
low enough to avoid germination injury.

5« The pellet to be mainly phosphatic with a minimum of inert
material.

The meth@d used determines the choice of materials and the
ease and practability of meking pellets with the above characte
istics. Commercial firms in the U.8.A, using & positive binder
such as methyleellulose in the coating are able to apply
successive layers of different materials. There is more flexit
ity in the choice of raw materials in the extrusion or compress
ion methods of pelleting compared with tumbling in a rotating

drum. ‘
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The method of pelleting used in this work, simple com-
pression, formed pellets of satisfactory physical properties.
They were fairly shock-proof (could be dropped onto concrete
without breaking) and disintegrated fairly readily under
weathering.

Solubility tests showed that the sulphate of ammonia in ¢
N pellets was completely solubles The superphosphate in the F
pellets was 72% soluble (running extraction), and the pellets
containing 50% sulphate of ammonia and 50% superphosphate had
intermediate solubility.

The stability of the pellets appears related to the pro-
portions of soluble constituents. There is variability among
pellets due to variations in compaction, but the east of dis~
integration was N> PN ) P. This trend had been noted in
the field. )

The major defect of pelleting seed and fertiliser is the
resultant lowering in germination. This hazard has been recog
nized by other workers, but apparently the physiological natur
of this damage is not definitely known. In this trial germin
ation injury ranged from 10-50%, while approximetely 10% of th
germinated seed had deformed r;dioles due to fertiliser "burn"

The amounts of fertiliser used per seed, were far greater
than any recorded in the literature. The fertiliser levels
chosen for pelleting were 0.0l and 0.02 gms. of fertiliser per
seed. These gave reasonable germination counts, 60-90%,
depending on the particular fertiliser and quantity used. It
was believed that these levels of fertiliser would give a
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measurable response in yield trials.

American reports on pelleting (10) limit the quantities of
Bertiliser to very low levels in the avoidance of fertiliser
injury - "With ammonium nitrate, 0.25% based on the weight of
the seed will k&ll most plant germs. However ammonium sulphate
has proved a safe nitrogen source for some seeds in concentrati
up to 30% of the weight of the seed." (10)

Allowing 700,000 white clover seeds per pound, these level
of fertiliser would result in 0.0002 gm. of sulphate of ammonis
pelleted per seed. The rates of phosphate fertiliser used are
similarly very low -~ equivalent to 0.00006 gm. superphosphate
per pelleted white clover seed, (10% of seed weight). This
supply of nutrients would be rapidly exhausted, but is said to
exert a beneficisl efréct on growth and maturity rates during
the 12-15 days after plantinge. ,

The levels of fertiliser (mixed with equal quantities of
bentonite) used in this experiment were:

White clover - 31 times weight of seed

Subterranean Clover 3.3 times weight of seed

Saxby (9) found that serpentine superphosphate and basic
slag caused little germination injury when pelleted with white
and subterranean clovers. This was in contrast to pelleted
sulphate of ammonia and superphosphate which reduced germinatic
Details of his results are =

Sexby - pelleting tests
White Clover ( Serpentine superphosphate, 0,012 gm/seed = 76%

(germination. |
SerpeSuper. + sulphate of ammonia, 0.004 gm/see
= 61% germination.
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Subterranean (Serpentine superphosphate, 0.078 gm/seed = 85%
Clover germination. '
Serp.Super. + sulphate of emmonia, 0.013 gm/seed
= 79% germination
Saxby's figures compare well with those recorded in this experim
except that his nitrogen levels are much lower and in this case
comparison is possible. The results obtained in this trial with
white clover are:
P (superphosphate) 0.02 gm/seed = 90% germination

PN 20.01 gme superphosphate « 0.0l gm sulphate of ammonia)/see
= 60% germination.

N (sulphate of ammonia) 0.02 gm/seed = 30% germination

It seems that the Americen figures for pelleted levels of
superphosphate (0.00006 gm/seed) sre well below permissible
amounts, for white and subterranean clovers at any rate. Pellet
superphosphete 4OO times the U.S8. quoted rates gave 90% germin-
ation in this experiment; and Saxby using 200 times the U.S.rate:
with white clover recorded 76% germination. The American figure:
however, may refer to more susceptible species. Legumes, as a
group, are considered more tolerant to salt injury than cereals
(16, 17, 18).

The germination injury increased progressively from P, N to
PN pelleted, and agrees with U.S. reports. The germination loss
would presumebly be much greater if nitrates instead of sulphate
of ammonia had been used as the nitrogen carrier. Two ways in
whieh localized rertiiiser congentration may lower germination
are postulated:
(1) osmotic pressure retards or prevents absorption of water.
(41) ecertain salts or ions may be toxiec to the embryo or seedlir
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As the germination tests were carried out on moist filter
paper in a saturated atmosphere, it is unlikely that there was
osmotic effect of any magnitude. Toxicity of the localized con
gentration of fertiliser is probably the main cause of the redu
germination and abnormalities in the seedlings. A further fact
may be a pH effect, or H ion toxicity.

The fertiliser effect varies with the soil moisture conten
Germination injury would probably be greater on drier soils und
field conditions than the values recorded in these germination
tests under optimal moisture conditions.

Approximetely 10% of the total germinated seedlings had de
formed radicles and root injury. (Routine germination counts
usually exclude any deformed or abnormal seedlings) Root "buri
may result from a lower fertiliser concentration than that whiel
is capable of causing serious germination injury. The seedling
radicle becomes stunted and malformed.

The retarding of germination by the pelleted fertiliser hai
an indirect effect on gprmination losses. The delay in germin-
ation allows the growth of saprophytic fungi which cause a
secondary germination loss. This secondary loss may be considel
able in the fields The incidence of fungal growkh varied in the
trials, and no exact estimate of its importance and occurrence
could be made.

An unsatisfactory feature of the germination tests if the
variability in the germination counts. Superphosphate, 0.02 gm.
per seed, pelleted, varied from 35-90% germination in two tests
15 months apart. Uncontrolled factors have influenced the
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viability of the pelleted seed. Ome factor may be the incidence
of saprophytic fungi, another cause of variability may be differ
ences in the moisture status of the germination pods.

It appears then, that much work could be done on seed injur
resuiting from localized concentration of fertiliser, and the

factors involved.

BOT _TRIALS
The 2im of this trial was to determine the efficiency of th

pelleting of seed and fertiliser as compared with broadcasting.

Increased ylelds due to the placement of fertiliser result
from increased uptake of the localized fertiliser by the plant,
minimised losses by leaching and fixation. (75-90% of the phosph
ic fertiliser added to soils is "fixed" in forms unavallable to
plants. )

American work has shown thet band placement of fertiliser i
superior in many cases to broadeasting. A strikiung plagement
effect resulted from scaking grain seed in a phosphate solution.
Utilisation of the phosphate was 60 times as efficient as when
superphosphate was applied to the soil. Granulation of phosphat
rertiliaera.is recommended by many workers. Granulation minimis
fixation by reducing the surface area of fertiliser in contact
with the soil.

Pelleting combines placement and granulation.

An experimental standard of four plants per square fool was
useds This figure was the maximum establishment obtained in any
of the oversowing trials. Four pelleted plants/sq.foot {0.02 gm
fertiliser/plant) represents a dressing of only 7.7 1lbs. of
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superphosphate per acre. Even if the guantities otAsood recommsr
(7) for oversowing are pelleted, viz.

1 1b. white clover

g %g:: :;gtzig;::an clover e
only 61 lbs. of superphosphate/acre is used, i.e. approgimately
quarter the usual dressing of 2 ewt./acre. The lowered quantity
fertiliser required would save topdressing and transport charges,
capecially if the seed and fertiliser is sown by air; i.e. a plan
with an equal load of pelleted seed could cover at least four tin
the area sown broadeast with the usual guantities of fertiliser.

| The effectiveness of pelleted superphosphate compared with

broadeast fertiliser, increases with fewer plants per square foot
(providing pelleting is not ingurious). The broadcasting handic
will result from the same quantity of fertiliser per plant being
spread more lightly over a wider area. Thus the treatment result
may differ at different plant donsities. but the choice of four
plants/square foot appears reasonable and practiecal.

Loss of data due to death of plants, accidents and abnormel
causes is a normel experimentel hazards. The usuval precaution is
replication of treatmentss In these trisls 7% of the total yield
were missing at the completion of the experiments This figure is
high and emphasises the vulnerability of using single plant pots
sown from seed as the treatment unit. Half of the 7% missing plo
values were deleted because of abnormal yields due to virus disea
This disease was presumably transmitted from infected neighbourin
experimental plots. When working with a susceptible species, it
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would be¢ a wise precaution to be sultebly isolsted from other a
of that species.

The statistical examination of the experimental data showe
that the only significent variation was that due to varieties.
It is known that large varietal differences occur. The only
interesting feature is that competition from the four ryegrass
plants in the M series caused the white clover plants im this
series to differ significantly from the white c¢lover plants sow
alone.

The treatment effects were more marked and showed less
veriability in the first yield cuts. There was a significant i
ereasse in yield with each iuvcresse in level of superphosphate.
Sulphate of ammonia hed the opposite results. There was 2 trend
for the highest N level to heve & depressing effect. Many expe
ments have shown the stimulating effect of phosphate fertiliser
on oloverss The higher N level however, must retard or depress
garly seedling growth.

With surface-sowing of clovers it is doubtful whether a
dressing of superphosphate sown at seeding benefits the young
clover seedlings. It is probable that the estadblished grasses
with well-daveloped, extensive roots are able to use most of th
available phosphate before the seedling clovers are established
This is shown by the treatment differences which are only signi
ficant in the M series 1st out. In this case, the competition
from the ryegrass seedlings emphasises the advantages of pellet
ing and the guicker establishing grasses compete for and'taka
up most of brosdeast fertiliser, depriving the clover plant.
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The highest yielding treatment wes 0.02 gme of superphospl
/seed, half pelleted and half broadcest. 0.02 gm. of super=-
phosphate pelleted/seed yielded less than the lower level, 0.0:
gm/seed, pelleted. This relative depression in yield is probal
the reason for the superiority of the P, pb treatment, 0.01 gm.
of superphosphate per seed pelleted and 0.0l gm. broadcast.

The genersl trend of results were a&s expected, i.e. pellet
and hfilf pelleted - half broadeast treatments appeared superio:
to broadeasting, execept with the highest level of sulphete of
aemmonia. In this case pelleting yielded the least.

The results from the root study plots do not agree with
these trends. There pelleting wes much superior, and there was
little difference between pb and control. The pet trial was so
a2 menth earlier than these plots and the Jrier conditions may
have handicapped pelleting at the higher fertiliser levels.

The question arises as to why results from the pot trial
generally were non-significant, whereas data from the 1lst cuts
of the Ac and M series gave significant results, and the root
studies showed treatment differences.

There are two ressons why the lst cuts show significant
results:

(1) the yields are small and heredital and environmental
variation doos_not mask the treatment effects.

(ii) the pelleting and half pelleted ~ half broadcest treatmen
give an initial boost to seedling growth. Thereafter
differences in growth are largely due to this initial
boost. Thus treatment effects are more pronounsed at the
early stages.

There may be four explanations of the general non-signifiec-
ance of the pot trial resulis.
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(i) ©Poor layout and design. The experiment was limited %o
200 eight inch pots, the total number availeble. The design o
the trial therefore was a 3 X 3 X 3 X 5 factorial with one
replicaticn., It is now realized that a better leyout would ha
been to simplify the experiment, - to replicate certain treat-
ments at the expense of some of the desired information: The
layout used may have becn sufficient had the uneoutrdlied vari
ion been smaller and treatment differences more merkeds. (The
precaution was taken of caleulating the coefficient of variati
of a previocus thesis (85) using the same pots, before this
experiment was laid down). .

Fisher (8€) gives o disgram to show experimental design

relationships.
I
Replication
— />//, ‘ ‘
R A -
Random distribution - \ bocal contrel
\, / N
N\
N / \
Validity of estimate Diminution of error
of error

Concerning error control he states: "the differences between
plots of & single treatment in a replicated experiment are par
due po experimental error and partly to the average difference
between replicates. The varisnce due to rgplioates is general
removed from the error. The precision of the experiment becon
greater when a large amount of the total varisbility can be
removed in this way."

(44) Poor experimental technique - Caréless or inaccurate we

=98~



mey be one ceuse of a large error variability. In this trisl all
the influencing factors were kept constant as far as possible;
the pots were filled with a uniform weighed quantity of soil, th¢
amount of fertiliser in the pellets were accurate to 0.001 gm.,
watering of the pots were uniform ete. The 7% missing values
figure is high but as pointed out previously, half of the missin
valves represent ebnormal éeaults due to virus infeetion. This
eould mot be foresecnh. The remaining wissing yields may reflect
injurious itreatment effects on single seedlings in pots.
(1ii) Uncontrolled verietion - The large experimental error masl
ed any differences due to treatments. This large varistion wmay
be constantly essociated with single plants grown from seed, bub
the &ry conditions end sandy pots accentuated this variatiole
This is shown by comparing the 62% eosfficient of variation £igu
in the pot trial with the results from the root study plots. In
the latter cese the seeds were sown one month later in plots of
the same soil as used in the pot trial, but the site was Jdamp an
there wae well distributed wainfall. The cosfficient of variati
for Replieation 4 = 3&%
and Replication 2 = 274
ie0s just haly the error variation of the pot trialss In the roi
gtudies 2 minimum of three plants per treatment were samples in
each replication at each harvestings. The value of replication
and optimum conditions Ffor seedling growth in reducing uneontrol
ed variation is thus strikingly illustrated.

The use of clonzl materiel is one wethod of lessenlng
heredital veriation. . Edmond {88) used clones of grass speeisa-
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eand found a coefficient of variation of 38%. McNeur (85) using
white clover in the same pots had a coefficient of variation of
30%. These values compare well with the variation in the root
study plots, but are lower than the error variance of the pot tri
(iv) The fourth possible reason for non-significance of results
is that the treatments had no effect. Pelleting and half pellete
- half broadcast only resulted in a 20% yield increase over broad
casting. The root studies and 1lst cut in the M series however,
showed pelleting superior. Pelleting yielded 100% more than
broadcasting.

As significant treatment differences have been shown in
supplementary trials, it is conecluded that insufficient replicati
end the large plant variation resulted in non-significance of the
pot trial data.

It is worth while comparing the pros and cons of pot experi-
ments. The advantage of using pots is one of secale. By the use
of "identical" pots much of the soil heterogeneity can be removed
and small-scale easily handled trials can be laid down -~ a far
greater number of treatments and interactions can be compared.
The use of pots allows greater experimental control - the plants
can be grown in a glasshouse under controlled conditions, watered
when necessary. Plots require a greater area and larger quantiti
of seed, fertiliser and pellets. Data from pot trials and field
experiments have been found to agree fairly well in fertiliser
experiments. Small-seale pot trials, in preference to plots,
were decided upon to compare thé large number of treatments becau

of the slow, tedious manufacture of the pellets.
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The disadvantage of pot trials is the artificial conditions
imposed - temperature, moisture and aeration differ from natural
conditions and root growth in pots is abnormal. Results from po
trials need to be applied in the field with caution and should
be checked with field plot experiments.

Pot trials probably have a useful purpose as small-scale
pilot trialse.

ROOT STUDIES

The advantages of pelleting were thought due to increased
seedling uptake of the localized fertiliser. Root characteristi
and distribution were studied to try to understand in what manne
the plant responded to the localized fertiliser placement, and v
there was that response.

Plant root systems become modified with placement of fertil
er. Jacqués (53) has shown experimentally that grass roots
accumulate in the top fertile zone, resulting in reduced root
penetrations The root penetration of white elovor.bowvvor, was
little affected by superphosphate placement. Reports on granul-
ation of superphosphate (32, 33) state that bunches of fine roof
develop round the granules, and plant roots conecentrate in thesi
zones of steady phosphate supply.

The distribution of lateral roots was therefore investigat
to see whether pelleting caused loealized root concentration.

The same methods, materials and soil was used as in the po
trial so that results from the two sections should be comparabl

The treatment effects showed up within a short time of sow
ing. There was no observable difference between treatments at
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two weeks. At four weeks there was marked differences between
treatments in both leaf and root growth. The pelleted plants |
larger and more branched roots, and greater leaf development.
Thus the plant response to pelleted superphosphate was during
early seedling growth, and because apparent between two and fou
weeks from sowing. The uptake of phosphate by the pelleted
plants may have been earlier than this, a delay occurring betwe
phosphate uptake and a visible response.

The statistical analysis of the final harvest showed that
pelleting gave significantly greater herbage yields and root
weights than broadcasting or controle These trends were evider
over the whole experimental period, i.e+ there was little a4iffe
ence between control and broadcasting treatments, with pelletir
much superiore.

When yields are plotted against time, the three treatment
curves appear virtually the same, except that they have been .
shifted along the time axis varying distances. The rates of
growth of the three treatments (after an initial period) are
roughly conatant. The conclusion then, is that pelleting, and
2 lesser extent the half pelleted - half broadecast treatment,
have given the seedlings an initial boost to growth, as shown |
plant size at the first harvest. Thereafter, the treatment
differences are largely due to this initial boost. HEach pelle’
contains only 0402 gme of superphosphate/seed. This small
quantity of fertiliser may have been largely used by the first
harvest.

The question arises, why there is this early boost at the
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seedling stage? ©Phosphate starvation is usually most pronounc
during the early growth of plants. At that time, owing to
reduced root development, the roots cammot take up broadeast
fertiliser, or extend to and use the soil phosphate; and the
immobile phosphate cannot move to the roots. This early phosph
starvation is especially true if growing conditions at that tim
are not ideal. -

By pelleting 0.02 gm. superphosphate per seed, a fertilise
concentration equal to 2% owt. of superphosphate/acre is obtain
in the cubic inch around the seed. If, as is likely, the pelle
ing effect is concentrated within a smeller area than 1 cubie
inch, then the localized concentration of fertiliser over this
restricted area will be more than 2} eowt./acre. It is this
small quantity of fertiliser, readily available to the seedling
and equal (within a restricted area) to a heavy superphosphate
dressing that gives the initial boost to the pelleted plants.

When given supplementary phosphate, legume seedlings rapid
reach the stage when they are able to obtain their mineral need
from the soil reserves.

The placement of the fertiliser in relation to the legume
seedling is apparently very important. With band seeding of
lucerne, Haynes and Thatcher (29) found that seedlings as 1littl
as half an inch to either side of the fertiliser bands perform
unfertilised plants.

It is interesting to compare the results obtained in these
trials with work reported by Jacques (53), even although his
placement positions differed from those used in these experimen

Jagques found that white olgggr herbage yields showed little



difference between surface placement (broadecasting of superphospl
and mixing the fertiliser in the top six inches of soil, but
fertiliser placed in a layer at six inches considersbly increase
yield. These results refer to nearly one year old plents and do
not differentiate an early seedling response. However, a decide¢
early growth response was recorded from surface application of
superphosphate on grassy, but this was not maintained for long and
the total yield was lower than from sub-surface placement. |

Couflicting views have been presented that phosphate fertil!
ers increase top growth in proportion to root growth, and vice
versa. The root/shoot ratios of the lifted plants wers examined
see whether there was any treatment effect.

In general it can be stated that the application of fertilis
increases the weight of roots, but that the weight of the tops
generally ingresses more in proportion, so that the top/root rati
is generally higher in a fertile than in an'inrertilo s0ile
Jagques (53) found that root weights differed from herbage weighi
in that there was less distinction ﬁotwaen the fertilised and un-
fertilised series. High herbage yield was not necessarily assoe!
ed with high root yields. »

In this trial there was no treatment effect on root/shoot
ratio. The small quantity of superphosphate pelleted, 0.02 gm/
seed, did not cause a differential response in either top growth
or roots. Root and shoot weights were highly correlated, ¥ =
+ 0:.978. The degree of correlation was less for swall seedlings,
Y (shoot weights less than 20 mgs) = = 0.733« The divergenct
at low values apparently represents the transition from seedling
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growth dependent on stored seed reserves, to a balanced developumen
of roots and shoots.

The root systems of the lifted plants were studied to see
whether the localized fertilizer placement had caused a surface ¢o
centration of reoots, or stimulated lateral root initiation.

It is known that roots tend to congregate in highly fertile
regions at the expense of penetration and side growth. A surface
congentration of roots in response to pelleted superphosphate then
may prove disadvantageous when the placement effect of the fertili
has been exhausted, especially in dry conditions.

The technique of projeeting and tracing the root systems is
swift and accurate due to the X L.5 magnification. It allows the
handling of a considerable number of plants within & reascnable ti
The ditfioﬁlty and laboriousness of studying root systems has pre-
viously helped in restricting root investigations -~ the smell numb
handled and the considerable plant variation made the interpretat-
ion of reliable results difficult.

The treatment effects on latersl root distribution were compa
ed only between plants of equal root weight, otherwise differences
in numbers of lateral roots would merely reflect differences in
root size. The number of lateral roots in the top centimetre of ¢
root system were used to measure root initiation. Any response to
the pelleting of superphosphate would be évident in the top layers
(the pellets were placed on the soil surface), hence measurements
were restricted to within 1 cmes radius of the junction of the firs
lateral root and tep root. The treatments did not alter the numbe
of primery latersl roots in the surface layers, buit pelleting resu
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ed in increased secondary branching of the primary lateral root:
This increased number of absorbing rootlets in the concentrated
fertiliser zone is probably one reason for the superiority of %!
pelleted plants.

Jacques concluded that white elover differed from ryegrass
and cocksfoot, in that surface fertility did not tend to cause
root accumulation in the fertilized zone. (53) These trials
however; have shown that localized placement of a small guantit)
of superphosphate tended to cause inereased branching in the
fertilized area. As the plants develop, this effect would prob:
be masked by general root growth, and it is unlikely that surfa
concentration of roots in response to pelleting would ever pres
a serious problem.

It was noticed at the earlier liftings that the pdllotod
clovers were nodulated while the broadcast and control plants h
nones As the numbers and activity of the nodules are an index
of mitrogen fixation, the numbers of nodules, coloration and di
tribution were studied to see whether treatment effects on
nodulation were a cause of yield differences,

The differences in nodule numbers were largely correlated
with treatment effects on root weight, ¥ = + 0933, This
mutual dependence results from the symbiotic relationship of he
plant and rhizobia bacteria. Whether phosphate fertilising had
direct effect on nodulation was not apparent from the literatwr
The pelleted plants were noticeably nodulated at four weeks, wi
the broadecast and control plants had no nodules, yet the root
systems of the three treatments did not greatly differ. Howeve
the average number of nodules per'mg. of root over the whole

-106-



experimental period showed that the degree of nodulation was un-
affected by the treatments.

Many workers report that phosphate fertiliser increases
nodulation (73, 74, 75, 76), but Anderson (72) claims that clove
low in phosphate are usually well nodulateds It is difficult te
separate the indirect effect of phosphete on plant growth (inelu
ing root development and C/N ratio), when trying to evaluate the
effect of phdaphate rertilisatibn on nodulation. The calcium
contained in the superphosphate may stimulate nodulation, bﬁt it
questionable whether the small amount contained in the pellets h
an apgreeiable effect.

The degree of nodulation of white clover seedlings in this
experiment was unaffected by the treatments, exeept at the very
early stages when the pelleted plants were move nodulsted. This
early nodulation may be a partisl explanation of the early growt
increase of the pelleted plawnts.

Agsuming that the reddish coloured nodules are those active
fixing nitrogen, it was found that the proportion of active nodu
increases with length of time. This is expected, as a larger
proportion of the nodules during early seedling growth would be
newly formed and immature. FEliminating differences due to root
size, the treatments did not affect the proportion of red nodulet
i.e. the pelleting of superphosphate did not affect the efficiem
of nitrogen fixstion.

The pelleting of 0,02 gm. of superphosphate per clover seed
fhis experiment did not direetly effect either the degree of
nodulation or the activity of nitrogen fixation., The treatment
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effects on nodulation appeared correlated with the generel
growth response of plants. This correlation reflects the
symbiotic relationship of host plant and nodule bacteria.
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The pellets containing equal quantities of fertiliser and
bentonite clay were formed by pressure. Their physiecal proéortie
were satisfactory. The sulphate of ammonia in the N pellets was
completely soluble. The superphosphate in the P pellets was 72%
soluble, and the pellets containing 50% sulphate of ammonia and ¢
superphosphate had intermediate solubility.

The stability of the pellets appears related to the proport)
of soluble constituents. ZHase of disintegration was N> NP ) P.

- The germination injury caused by the concentration of fertil
er round the seed, increased from P, PN to N As the gquantity o1
fertiliser per seed 1§creaned, there was both a lowering and a
reterding of germination (P 0.02 gm/seed pelleted = 90% germinat
(PN * " " = 60% "
(n " " " = 30% ]
Approximately 10% of the total germinated seedlings had injured
radicles.

Saprophytic fungi caused losses when germination was long

delayed.

The 2nalysis of variance of the pot trial as a 3 X 3 X 3 X!
factorial, only gave significant effects due to varietiess The
competition, from the ryegrass plants in the M series caused the
M white clover plants teo differ significantly from the Ac series.

There was & phosphate response shown in the firat Ac out,
P2 > P1 ), Po,
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Pelleting and half pelleted ~ half broadecast treatments, were
significantly better than broadecasting in the first M cuts The
methods had differing effects within the levels of phosphate. At
the higher phosphate level, pelleting had a depressing effect and
half pelleted - half broadcast treatment was superior.

SEGTION C.

The treatment differences showed up within a short time of
sowinge The plant response to pelleted superphosphate was during
early seedling growth, and became apparent between 2-4 weeks from
sowinge ‘

Pelleting gave significantly greater herbage yields and root
weights than broadeasting or control. There wes little difference
betvween broadcasting and control.

The rates of growth of the three treatments (after an initial
period) are approximebtely conmstant. The pelleting, and to a lesse
extent the half pelleted -~ half broadcast treatments, have given
the seedlings en initial boost to growthe Thereafter differences
in growth are largely due to this initial adwantage.

There was no treatment effect on root/sheot retio, l.es 0.02
gm. superphosphate pelleted per seed 4id not cause a differential
response in either top growth or rootas Root weights and herbage
yields were highly correlated, T = + 0.978. .

Pelleting of superphosphate siimulated root initiation. The
localized placement of the small quantity of fertiliser (0.02 gm.)
on the soil surface, resulted in a marked increase in lateral root
branchings Thers was no treatment effeet on the number of primary
lateral roots in the surface layers, but spparently the initiation

«110-



of the secondary branch roots was stimulateds The increased numbe
of absorbing rootlets in the concentrated fertiliser zone is proba
one reason for the superiority of the pelleted plants.

Pelleting gave highly significant increases in nodule numbers
over broadcasting and control. (Broadcasting and control did not
dirfer greatly)

The effect of pelleted supsrphosphate on nodule numbers appea:
correlated with treatment effect on root growth, T = +» 0.993. '
The degree of nodulation was unaffected by the treatments exeept a
the early stages, when the pelleted plants were more nodulated.
This early nodulstion may be a partial oxplénation of the early
growth increase of the pelleted plants.

Pelleting does not affect the efficiency of nitrogen fixation

as measured by the numbers of red nooculess



CONCLUSIONS
The okbject of these experiments was to evaluate the pelleting

of seed and fertiliser -~ to determine the advantages and disadvant
es likely to acorue, and to study the plant's response.

These objects have been accomplished in part, with the limit-
ation that the results apply to the particular conditions of these
trialse.

The disadvantages of pelleting are shown clearly by the con-
siderable germination injury, depending om the kind and quantity ¢
fertiliser useds Varisble advantages in growth and development of
pelleted plants were recorded in two separvate sections of the
experiment, - (environment factors dominated treatment effects);
but normally pelleiing of clover seed and phosphatic fertiliser
results in increased growth and development of the treated plants.

The 8Superiority of the pelleted plants, compared with broad-
east fertiliser or control, no fertiliser, was largely due to
increased sarly seedling growthe The pelieting of 0.02 gms of
fertiliser per seed is eguivalent to a broadeast dressing of 24 oy
per acre within the cubic inch round the seed. It is this small
quantity of fertiliser, readily available to the seedling, and eqm
(within a prestricted area) to large superphosphate dressing, that
gives the initial boost to the pelleted plants.

Earlier noduletion; and an increased number of absorbing,
branch rootlets in the zone of concentrated fertiliser may be a
partial explanation of the advantages of pelleting.

Pelleting of seed and fertiliser solves ballistic probianl i
tha aerial sowing of differently sized seed, and also ensures thaf
the applied fertiliser benefits the clover seedling and is not



dissipated by competition from the established grasses.

If the hazard of germination mjur;,; can be overecome, th
pblleting of clover seed and phosphatic fertiliser shows
promise as an improved and more efficient method of introduec
clovers into uuploughable hill countrys
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APPENDIX 7. HODULATICH STUDIAS

The results from the root studles were exemined 50 zee hov
Yar they fitted in with Nuitman's theory of nodulstion.

Ful fovward in 13L8, this hypothesis wae hesed on resulis
cbbained from 2 study of lateral rooits and wodules on red olove
grown in test-tubes on slopes of an agar mediums the plont pabe
econsisting of the progeny of parant plants selected for high oy
low nodule number. The seodliugs wers inoculated with eff=atir
and Ineffestive strains of bactsrise

A briel review of Hubtman's pspers is presented.

PHYSTOLOGY OF HODULE FORMATICH

Wutman (63, 6L inveatigated the physiclogy of nedulatiown
attemnting to analyse the Tactors conceruned in determining the
number and site o wodules in the clover plant.s The limitatio
of the number of nodulss on the rooit can s sxploined in terms
of a physiclozicsl homology belween 0ots and nodules and it w

mary he concaerned in the

4]

also suggested that inhibiteory factor
devaelopment. Two major aspects of the physiologicel developme
af nodulation ave conzerned:

o™ The morphogenic factors controlling the developnent of
the root system, snd

24 The factors contribuibed by the nodule in such control of
root development and the fuberasiion between these two
sots oF £achors.

Evidense has heen pwesenbed (63) to show thad podvles and
lateral roots originate from the same meristematic ceunbtres, Lh
these ere liwited in nunber and preceterpined in position. Th

sum tobal of roots and nodnles has besn shoewn 0 be almoest
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eongtant in plants inoculsated with either effantive or ineffeotive
strains of bhaeteria. The rate of fomation of nodules and lateral
roots was determined by vYhe same hereditary factors in the plante.

Piant roots apre expoused to mass infection, nevertheless the
nurber of nodulesz produced on the plant is very small compared wit
the number of polnts of invasiol. 4 umethod DY means of which sueh
regiriction of nodulation might be controlled has been sugzested,
nomely, an inhiblting effect of wature wodules on initiastion of
subsequent noduls Jdevelopment. This may account Tor the higher ra
of nodule formasion in plents inoou ed with ineffective bagteris
girelins as compared wgith effecllive stralns.

Chen ond Thornton {(89) nave shown thet wibth ineffective stral

the develognment of the noduls ls nevaer complebs but is arvested by

gessation of growth of the epdgal neristen accoupanicd by degener-
ation of the bachterial fissuss. This stzongly suggzests that the
ighibiting substance cviginntes eitier in the gpicsl meristom oF
it the bacbesrlal tissuese

The varying size of the nodules is & result of this dirfsrent
izl behavicur of the meristen. There is an coverall inverse corrsl
ation bebween the nuwmbers of nodules produced and thely average
siznse. (6L)

Preliminsry work has supporied the hypothesis that inhibltory
substances are reiecased during wmeristematic activiiy and ave
translocated pound the roote The apex of the root is nevey occupl
by bacheris and it has besn shown that the roots of clover seedlin
produce & substance that has an inhiblitory effect on inogulation
(51).

It may be worth while to revicw and interpred as far as
20

| d

8



possible the whole process of infection in terms of root morpho-

genesis, and in the dlagram (Fig.A) en attempt has been made to

diitlasuish end illustrate its various stages. :

1. The growth of the bacteria outside the root leads to the
production of a secretion, having the properties of
indolylacetic aeid and which causes root. hair deformation.

1l. A proportion of the curled root hairs are infected, and the
bacteria develop within the raatfhair, the infection thread.

III.A few of these root-hair infection threads grow into the
cortex and the formation of the nodule follows.

An infected root hair has in all probability only a limited
period of 1ife, and it is well known that formatiom of nodules
on the older parts of the root system does not take place. Thus
infection is limited to the zZones A in the diagrem on the younge:
part of the root and particularly to the points ¥ lying within
these zones which can be regarded as indeterminate inmeipient
meristems.

The numbsr of nodules appearing en the root will depend uvpor
the number of ths points F arising within Zone A and upon their
couversion into nodule rudiments which, with any given set of
external factors is determined by -

(%) ‘the genetic constitution of the plant, and

(i) the production of inhibitory substances in the root and
nodule apices (M),

Thus normel nodule formetion leads to a lowering of the
meristematic potentiality of the root by the metamorphosis of
lateral meristems into nodules which are not self-reproducing.
The smount of inhibitor produced is related to the activity of
the meristem, & root apex producing as much or mdre of the inhib-

itory substance than the mer%ggem of an effective nodule, and



A Zones susceptible to |
infeclion |

Frand Fy Foci of laleral
root and nodule formation
F, Inhibiled foci
M Centre of production of
F-inhibilory substance

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

i ¢ ic i i 5 1 vy of nodule
FIGURE A. Diagramnatic jllustration of physm'.kogy of »
bee forr%lation; (after Nutn'xan,Ann.Bot.N.o.Vol.1¢ pp.81—9o)
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an ineffective nodule meristem producing an inappreciable gquantity.

The numbers of nodules and latersl roots along the tap root
were used to check Nutman's theory of nodulation. To save time,
only the nodules and laterals along the tep root were counted.

The date examined on a plot basis at each lifting did not
show any inverse correlation between numbers of lateral roots and
noduless The totals of nodules and htorﬁls {along the tap root)
were not constant for plants treated alike. The tobtals of nodules
¢+ laterals of paired plante of equal root welghts, did not agree.
(These findings are at veriance with Nutmen's results)

The totals of nodules ¢ laterals plotted against the logaritim
of time from sowing, did show 2 linear relationship. (Sce figures
B, ¢ and D) However, both lateral root numbers and nodules
plotted separately, showed a linecar reletionship with the logarithm
of time. This could indicate that both nodulation and lateral root
formation are depeundent ou some general factor; which is the co-
ordinated development of the plant.

This selected data does not agree with the conclusions drawn
from the laboratory studies of Nutman. It has already been shown
that total nodule wumbers are strongly correlated with root weights,
It appears that latersl root mumbers and nodulation in the field,
merely reflect the growth and &velopment of the plant,
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T8 PREPARATION CF S0IL SAUPLES

On arrival at the laboraitory the soil Ls sprezd oubt o dvy
oo temperatuye and iz thon opassed through a 2 me.m. round-hole
sieve, any lumups belng previcusly gently disinitegreted in a nmozt
with a woodan pestle. The residue on the sieve, cousisting of
stones and Fine gravel. before being dissarded is weighed and
axpressed 28 a peycentsage of the total welght of the alvn-dry =0l
The maierial passing the sieve (ﬁaﬂ “rine sarth¥) is the bulk
sanmle frowm which szparate sub-samples ayre uniformly vaken. Fop
mechanical enalyses 2ad vhysical determinationsg, it is sdvisapls
o pour the vhole prapared goll sample from the senmple bottle on
t0 a sheet of poper and take with a spatulsa &t lgast L0 snall
portions Irom Gifferent poarts oF the hzop o wmeke un the yeqgulr

W@igbﬁo

HRGHANICAY, ANALYIIS.

oven at 105%C. and day for 12-15 ncuro. Plege the Hish ivn a des
loss in weighit by 10 to orivin the pervceploge uoisture in the gl

égﬁ G0tle

Loss on Iuoniticn. After determinlung the melsture, sransfer the

dish and soil %o & guold wuflle furvace. Helse the tewperature a

ool and

weighe The further Losg in welght ccrresponds: to the Loss on



ignition. Muliiply by 10 to obitain the loss on iznition expresse

as 2 peveenltngs of the alir-ary oell.

Grading into Frachions: Place 1O zme of air-3py soil in & Gry
600 ml. besker, 246 50 wl. of 0% h;

conhents on the water~batn daking csre to avold Lrothing over.
Agitate frequently cither by stirrving or by shaking the beaksr wi
a rotatory moticn. Vhen vigowvous frothing has subsided Deoil unti

the volume ie sboul 30 wi. I9 wuch orgenlce waliter is prenent, a

To the conbente of the bealer, &did 20 wl. ol Helydrocenlerie
awid snd moke up She voiuae 0 sbout 100 ml. IF wvoch eelolium
gavbongte ig wrescnt, wure Sold shuuld be added

hydroehloric aeid For each 1% o csloium carbounaic). Allow %o

la - Ry T T e ey Fo T I B
an 11 cemwe ThRohan 6. 1 pREIET. Phen the filtonte

A ard ¥
s times with B0 wi.
NI T e I S | PR S R R i~y e . "y EN — -y an e
noA mle nitric moid To oxidise Ierous sopounis; sonteptrate

the precipitats, ignite and weigh. This gives loss by solution.
y Diltor poper Tty wmesas of o blung
suatula aund o Jeb of Lot water Bo a 500 wl. bexker. AGI L mle of

nornal sodium hydvoxide solubiose ond psat v thse mill-shiie machd

for L0 minutes. fote the voluas should he sbout LOG wle Then

i

in, wWake up

transfer the conbents o 2 BOO ul.gylinder withoud
to the mark, shoke for pne wminuke with repsated iuversion and
a2ilow 0 stand awey £rom sources of heat fud oub of direost sunlig

L= )

B0 avold cownvmcbion curtsz in thns sugpeusiofs



Afver stonding for four minutss Tortv-sight seconds at 20%C.
or the equivelent time et any other temperature, 20 ml., are with-
drewn frow @ depith of 10 cwe by means of the specisl pipedie whic
i zmeunted on & svtand provided with levelling screws and includes
wheel angd ratehel devise by whish ithe pipette can be raised op
lowered to soy Gesived depthe The pipetie is lowered with the t=
closed ond the lowsring iz commensed absub 20 seconds befors the
tires ia ur. Jare wust he teken Lo avold too rapid incress of the
with conseduent addyivg in thne susvension
The sousents of the pivette (20 9i.) arce delivered into a

weighed Llab-pothoned gorcelain dish (7 om. in Giametern) =nd

N -

evaporated H0 4rynese on tne water bath and alfterwards delsd ove:

1'

aight in the elestric oven =% 10590, cooled ipn a desiccabor and
weighade. The welght of the dreied residus in muds divided by b ie
ggual ¢ the ergentags of silt < slaye

.The suspension ia thwroushly shaiwean ond agnin 2lliawed o
settle Dor the clay saupling virlch is garried osub at L0 cme below

o

settliing & hoeuwss at 207 or the corresponding +i

el
=
&
i
=
LS
=
[
£
g
Qn
o
D
4

2t anyr oiher temperabture. The conbswubs of pivehbe are delivered
intn & weiched flat-bottomed dish, éried at 1050, cooler in a
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is then poured away and the sediment is washed into a 4LOO ml.
beaker through a 70 I.M.M. sieve resting on the 40O ml. beaker a
wash with a jet of hot water until clean sand remainsi rubbing
is generally unnecessery. Dry the coarse sand on the sieve at
3.05“0, transfer to a weighing bottle and weigh.

The filtrate is well stirred and made up to 10 cme allowing
for the thickuness of sediment on the bottoms After standing 4 m
L8 sec. 2t 20%. or the corresponding time at any other tmﬁer-—
ature the turbid suspension is poured sway., The beaker is again
£illed to the mark with water and the process is repeated until
the super-natent liquid is quite ¢lear after standing for the
requisite periods The residue is fine sand which is collected,
dried at 105°C. and weighed. On account of their small loss
in weight on ignition, neither sand fraction need be ignited.



APP .

Date of
Cutting 29.10.50 Lel2:50 24¢6+450 541250 2046450 13.9.5
P 747 901 25 6320 il
Ny gﬁ! 2085 L4219 0 2%80 322 iy "
xg 5 137 2472 f? 17580 228
2 2501
Pb_ 1047 10696 = % — A
P - - 15 15580 258 2696
P1 b 257 8063 63 15460 305 271L
2b_ 1322 90 16320 392 2579
P 3152 8098 1y 10560 266 1541
P »® 2120 9998 L 7000 258 1530
Rb 2258 6943 22, ... 10520 155
P 1345 2310 105 11870 370 251¢
N4Py 2307 7939 0 2550 171 21
pb 677 2886 A0 LT S
P 1653 6109 28 70 470
NoPp b e o iy 390 273 1593
Pb_ 1325 3435 el 2080 378 8
P 1501 1341 10 $630 120 5915
NoP, b 621 1404 13 11470 475 2727
pb___ 2uL8 8420 30 24890 283 )
P 1650 L 230 13030 L2k 2
NP2 b 205, 832% ol 18300 539 ;28
Rb Lék.g 2292 85 14870 135 21822
0 1372 299 12240 228 1221
0 625 5881 15 3410 384 1595
'} 422 2312 0___ 5510 33 208 |
* Plants appearing small and stunted or Key to Symboll
otherwise abnormal on observation.
P - pellete
P = Dbroadca
pl - % ferti
pellete

broadea

sl

Peor, ryegrass (Ba)

2004050 2046.50 114+10.50 20.6.

PgrE_r:e &

210,50 21.10.50

7 1 3887 936 L4710 5266 900 0
9 33? 4,958 621 3107 6523 260 goga
T%M “%3% 876 3%8 _ 18 63& 670
9 20 7 61 2577 L 1482 12270
2 Gk o3¢ ol ) Wi yes N
8 189 1649 809 2670 4661 1463 9680
6 607 1968 1321 2255 3536 273 1149
- - b7 LN "5 BN { SO 5 v 806 5237
15 282 560 701 2572 4525 1113 b2
9 340 2071 ggi 520 869 1281 12
i3 223 672 2059 13922
3k L35 5200 545 3843 7181 1661 10362
18 315 3200 765 1510 1270 183 2851
29 138 2333 . 820 L4530 1252 ou3 363
Yoomomomom o2 m o
. ﬁ 823 100 2215 2810 1 0
i 213 93 682 1322 2632 1498 9576
1 248 70 1296 4,962 5354 498 2658
1 243 1560 232, 2631 2008 23
18 335 7 768 7320 9523 1195 13388
0 297 2612 910 3350 7205 626
12 591 4750 610 50048 10589 2183 asshs
1 286 8 536 1091 697 615¢
lg 296 gﬁo 616 760 2517 1680 1197
- 231 637 908 2232 3731 253 Lol
Ny = total of .01 gme of N fertiliser
KZ = " " L,02 gm. " " "
Py = ® " ,L01 gm.of superphosphate
P2 R 9 02 " .



APPRUDIY V., POT TRIALY - TOTALLED TREATHENT FIQ

Ferts. Trealtw Az Ao Ak Ba U {Ac

mend
P 1643 6345 22373 ) LOT0 G953
By b 630 298C 1961) 3352  233L
pb 2855 15027 7416 1019 5367
P 10311 8100 1160 1520  LL8h
Hy T 2609 17595 2729 966 13752
ph 11745 (3568L)  (8863) 2712 13189
P (8308)* 15595 2954, 1846 11143
P, B 10520 15523 3019 2581, 22
_ b 1542  316L10 2971 (7003 50L%
B 11250 16704 1807 857 8865
Py B 12118  70Ld 1788 2420 14125
B 9201 10572 {332} g17 15011

=

My P, b 3655 11975 2880 5669 12023
pols 10246 2550 2341 3533 2030
3563 4658 LILo 5522 65577
2 7762 1hL9§ 5711 3825 11201
WP, B (6337: 6405 1866 3969 1637
p1) L7690 5433 E396 1081 15438
T 8Lz BoLG &035 807  1107L
HoP, b 2025 11h83 %202 1119 3156
- ©b 10568 21,920 2379 1.80h  {13508)
D 6671 L2245 L9 759 6552
0 b 1506 329 1979 126 1364L
B 3734 3510 2359 878 Lo&7

% Tigursg in brsclsis are caleulsbed valuese



APPENDIL VI. ROOT STUDIES
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Date Plot Planit __ Hodules
Hoo oo Total Rad Ho.on Hos of Wi.bops Viert
sap rook brifole {(mgs.) {mgas
;aﬁe
forn e g sinera Lonaves .
2CeHe50  Fh b o ¥ 0 3 o9 Le5
B 0 O 0 3 be7 245
g 7 - 7 3 5ol 361
K 5 - 5 3 5.8 Fe3
L : - I 2 Ze3 20
i 7 - 7 2 Zel 2o
) & - I 2 S5 2s2
0 & - 6 3 7s 5 Fel
Bp ¢ iz - 12 5 298 1.7
D 13 - 13 b 2%5. 5 paly
E av - 20 b 21y 1205
B o & o 6 3 Lol 345
G 3 = 3 2 2.6 1.7
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Date Plot Plant Nodulas Hosof heTous .

e  Hoe Total | Red Nod on  trifole {mges) roOL
tap root iate (g
leaves
7:6:50 Do 1 7 - 7 3 5.8 50
2 B 3 8 5 10.3 3.0
3 & 2 5 3 5.1 Leby
4 7 i 7 3 LeB o3
5 7 - 3 3 Fek Be7
& 2 i 3 3 a2 Aol
7 5 3 5 z 5¢3 Ze7
3 7 I i 2 B.k Zeb
11:6.50

B 9 12 & 10 4 el 520
10 g I 7 3 oty Fe6
Zp 11 35 G 15 5 1345 195
12 25 5 16 5 16.2 121
L3 2% 6 16 5 o7 108
Ao 1L il o il Z Lo& 3.9
15 1 7 10 5 8.7 88
16 7 b 5 L Ged 9o 5
17 g 2 8 L oy Te?
18 i i g 3 Bl 3e3

19 9 - 8 3 6e3 ’

20 A3 - 7 & Sed Go

BeTe50

B 21 15 7 i2 5 i2.7 Tel
2z i3 i1 1z 6 13¢5 TG
Bgp 23 32 23 i3 S 3le3 2063
2L ie 15 32 7 15,9 107
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_ : . Mo.of _
Date Plot Plant Hodules ' : trifol-  Whe.tops WheTot

Hoe Hoe  FoLAl REC  HosoR tate {mg.s) ¢mge.s

tarn root leaves

Lo 7650 4o 26 10 2 7 % Ge7 .7
27 11 i0 13 b 105 847

it i 9 11 % 10.0 E.C

23 17 “ 12 6 16,0 TaT

3G 1L 1l 1L 5 10.9 5eF

33 15 G 10 6 12,0 10.5

32 12 7 10 5 1363 117

Ch 33 Lh 5 1k 5 10.6 Tl
By 27 13 20 8 373 2345

35 11 iy e 3 62 e &

35 16 & ik [H 12k Te6

37 6 1 6 3 Lok L2

38 2k & 16 7 15.% 1663

Do 35 15 3 11 5 1Z.6 89
LG 18 L 11 3 Sely 6.0

L 9 i b b %27 .2

L2 i6 i it & 2.3 Iy l1

A 13 8 1% 6 15,0 12.6

Lk PR a 8 6 10635 8e5

Lz 20 12 12 & 14.8 9.2

46 18 1 S 5 Hie O 1le1

Bo L7 25 ik 17 12 o8 22,6
L8 38 19 17 19 1003 651

LS 26 1l 17 10 33eF 25.1



Hosof

Date  Plot Plent _ HNodules . %pifple Whetops  Wheroots
Moe No. Total FERed Hoeon iate {mges {(mg.s)
Han ro0t leaves L
he7.50 Fn 50 13 I 11 H 1343 56
51 il 5 7 i 3¢5 6o5
52 15 7 & I3 10.5 12.%
5% 22 6 15 5 155 15.5
5l 16 7 1l S 2343, 15458
55 21 12 11 & 2140 12,5
56 & & L L T3 3.9
57 24 9 13 & ih.9 150
58 B 29 b 15 8 22,0 19.9
27.8.50 Bz 58 p 105 83 18 28 238 102
| 59 96 73 25 i8 113 &0
&0 80 7% 23 el 22k 75
1.9.50 Rp 66 217 202 Iy} 30 159 211
67 202 155 29 26 321 87
58 i9% 115 28 33 393 169
db 70 89 50 20 20 15 62
7L Lk 26 i 13 56 Lz
72 72 6k 27 17 102 S
¥ 73 50 38 16 is 196 51
Th &7 35 20 i3 35 38
75 33 66 25 23 i1z 4
27.8:,506 Ao &1 38 26 16 o 50 30
62 Le 26 11 4 85 15
63 6y 35 25 12 6L 31
h 32 17 i5 7 L1 as
65 38 23 ‘18 15 75 La

Do 69 39 28 i9 i3 81 LG



Ro.0f

Wt.tops  Wt.roc
Date Plot Plant du trifol-
No. No. ot Red No.on iate (mges) (mg.s
tap rootleaves
700 104 72 20 18 143 54
7lo 62 ke 19 i8 88 35
T20 38 31 17 il 63 26



APPENDIX VII, Secale drawings of root systems of
typical plants per treatment at each

lifting dates
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