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SBECTION I.
INTRODUCTION,

It has long been realised that grassland has a beneficlal effect
on the fertility of soils This is not only the case with the nate
wral grasslands of the world which are found in aveas of limited
precipitation and cold winters, and which have provided a rich

harvest of grain products for many years after their initial ploughing.

It ds also so in those obther asgrioulbural areas where forest was the
natural cover, and where 1% has now been found necessary to albernate
the exhaustive periods of crop growing with restorative perdods in
pasbures,

The improvement in soll fertility due %o the growth of the grasse
clover-herb mixtures is partially due to the build uwp of nitrogen
through both freewliving and symbiotic nitrogen fixing organisms (78).
It can also be the result of the supplemental feeding of the grazing
animals, But some of the value of the pasbure rest period has been
shown to be due to the more sultable sxvengement of the soll particles
following this perdod in pastures These primary particles are norme
ally gathered together into aggregates or clods o crumbs, and the
size distribubtion and the stability of these determines the soil
structure, Davies (11) goes so far as to say thet the chief fertw

ility effect of the grass/legume ley is per medium of soil structure.

Common observations btopether with measured improvements in crunb
structure in many recent experiments (50, 58, 75, 39, Lb) have deme
onstrated these changes in the soils Other investigations (3, 56, 53)
have shown the beneficial effect of this improved structure on the
crops subsequently grown,

@

On the other hand in some of the world's main grain growing

regions, although the yields remain payable, excessive cropping withe

out any yvesborative periods has reduced the structursel condition of
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the soil to a stage where in some pards soil erosion has become so0
serdious that remedial measures are difficult to applys The "Dust
Bowl" of the United States is a cose in point, and it seems likely
that some of the world's @ﬁmm apreas have been extended as a resuld
of gimiler circumstancese

Little, howevery is known of the relative velue of grasses and
legumes in the maintenance of good soll struchure, nor have many of
the grass specles been evaluabed in terms of thelr structure bulliing
ability, Russion (26) and English (39) workers differ in their cone
clusions as to how long the restoration of structure by grassland
toakes; the former contending it is complete in two to three years,
the latter considering that it is etill far from completed after 25
yearse No indication is availeble as to vhat happens under New
Zeslend conditions, albthough with our present proportion of axeble
land to pasbure, and with the short time that any one paddock is under

the plough, the problem is not of major importance in our agriculiurel

areass Howewer, it is pwrobable that with increasing population we
shall have to increase areble crop production %o an extent not yetb
known in New Zesland.  When that happens knowledge of the wvelue of
grasses and clovers in structure vestoration will be imperative, as
it is now on many of the intensively cropped soils of the worlds

This experiment was designed to investigate some of the wenswered
problems outlined by Davies (11) in 1949, in particularie

"o What ig the role of grasses, legumes and herbs in relation
to soll strucbure?

2o Is a quickly decomposing root system such as is found in
the rvegrass/white clover ley better adapted to soil up-building than
a slowly decomposing burl?

3¢ Have the tufbed grasses as ryegrassy cocksfoot and timothy
any advantage or disadvenbage in velation to soil conditions over the
rhdizome=forming grasses?"

As no suitable plots of single species were aveilable on soil of
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low structurel stability, it was decided to sow down such plois and
follow the changes in structure and in root growth during a perdod

of aboubt two yearse To galn further information about the effect

of the subeaserial parts of the grasses and clovers, o subsidiary pot
experiment was desipgned to give some information on the rabte of breake
down of grass and clover roobs in the soil and to measure what effect
this had on the stability of the aggregates in thet sodl.

The paucity of informetion on methods of measuring soil structure
in New Zealand meant that careful congideration had to be given to
techniques used elsewhere. Consequently, much of the early work in
the investipation consisted in developing a satisfactory technigue
for the preveiling conditions. Because of the importance of being
able to obtain repeatable resulis in line with field conditions, the
work leading up to the method finslly adopbted is fully reported in

HSeobion IIL.



SECTION IT

A, Soil Structure

As already mentioned, the development of soil structure is
Jdavgely due bo the formation of sbable aggregates of primayy
particles, Baver (12) in 1948 considered that this cementation
was caused by the soil colloidal material which is composed of
at least three disbinet groups:

(1)  Clay particles;

(i1) Inorganic colloids such as oxides of
iron and aluminaj

(iii) Orgenic colloids,

The properties of clay make it a very important factor in
aggregetbe formabtion, bub the importance of colloidal iron has not
been evaluated sufficiently bo date, However, these two effects
will not be discussed in detail as the role of plant rools in
aggregate formabtion is unlikely %o be operative in this divection,
There is no doubt that the effects of orgenic colloids in developing
stable aggregates ave widespread, The findings of Martin (47, 48)
MoHenry and Russell (43) and Elson and Iutz (15) are typical of those
of many others who have found that the quantity and quality of organic

matber additions to soils have had pronounced effects on their
shuctural changes, I% is also lmown now that orgenic substances
other than colloids can act as binding agents in the formation of
water stable soil gramules. (21, 41, 65, 88, 36). These consist of
cells of miero-organisms and thelr secretory products such as mucus,
slime or gum produced during growth (85). Obther materials such as
polysaccharides, synthesized by certain soil micro-orgenisms ave
known o improve the aggregabing propensities of soils, Merbin and
Wakeman (46) found that the more readily the organic matber decomposed,
the greater was the effect on aggregation, In the case of decoms
position by fungi, the extensive mycelial growth caused a mechanical

o
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binding of the soll particles in addition to aggregation from
synthesized organic compounds.

Many investigators have found that a high state of agprepgation
may be produced by the addition of various organic materiasls to the soll
These subsbances are metabolites and are being bullt up and broken
down continuously by biological means (62). The speed of decomposition
depends largely on the same factors that debermine the nubrition of
the plent. So that the mainbensnce of good structure is therefore
dependent on a continuous supply of organic matter or on the presence
of aggregating substances capable of withstanding repid breakdown by
biological or other means, These latter are not normally present
naturally but have been synthesized artificlally, the one best known
in New Zealand being Krilium (23).

Increased stability of soil aggregetes formed from worm casts
has been reported by Dutt (14), Hopp (25), Swaby (88) and Bakhtin
and Polsky (1) The reasons for this have not been worked out but
are thought to be due to mucileges produced either by the worm or by
bacteria in its gut (69). Worm casts on pasture were found %o be
more stable than those from arable land indicating that the composition
of the organic matber in the diet of the worms was ifPerent in each
ocase, However, the effect of the worms was small compared with the
effect of a 3 year ley. Watkin (95) found no definite trends in
size distribution of soil aggregetes in gamples taken from plots
having big differences In worm populabions.

Nikolsky (55), among many others, considers that in a pasbure,
the improvement in soil structure is at least pertially due to the
reburn of organic matber both fronm ungraszed asyrial parts and from
the roots to the soil. As Baver (4) stabes, there is no satisfactory
explanation as yed of the nabure of the beneficial root effects.
Nikolsky suggests that the root hairs serve to bind mechanical elements
together and that the humus produced by the enhanced biologiocal

activity of the rhizosphere cements the more finely divided particles.
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He postulates the formation ot this stege of a waberwstable mass
and its sdmliangous brealiown into gramies by the setion of wrook
pressure and temperature chengess Sekera and Bpumer (79) maine
composed of pardicles bhound
by ¢olloidal cements; and that the larger aggregabes ave held toe

tadn that the seller apgregabes are

gether by living matter such as oot halrs and fungel myceline
Russell (69) agrees that the lawger clusbers ave probably held
bogether by roobs, bubt is not sure whether the smaller premiles
are the result of direct ackion of the living materisl such as root
hairs and microworgenisms or of biproducts of their life and deaths
Jacks (26) sbabes that the most active part of & grass crop in
agprepate foymabion is the root system which is nob only the source
of much of the humus which cements the soil perticles inbo aggregates,
Dub also has & mechanical effect in breaking up the clods and prevente
ing them from coaleseing, Keen's (3)) conclusions in 1949 were
similars He says “In parb, structure is mechenically caused by the
roobs pushing the soil particles into closer contacts In general,
grasges would be expected o be more efificicnt in this wespect than
legunes because their tobal roob length is much greater. Some fornm
of cementing material, orgenic or inorganic or both, is involved in
the water sbability of the crunbs formeds Among agents that ave
responsible for this ave the dscomposition products of dead roobs,
%he shedding of root caps in growbh, siliceous compounds from root
decay, ignification of roots into resistant compounds, and exudation
£rom the living roots,”

Bower (I) wecalls that the sarliest explemation of the effect of
a gréass sod wag baged on the pressure m&mm‘by the mmw:i&xgg roots,

which ¢ffects a seperation of the particles adjacent o the root and

the pressing together of these unibs into aggregates, ~ The penetration
of suffipient root hairs or roots throughout a clod causes the forme
abion of grawiles, One of Ghe more wecent suggestions is that
Wm&im ig agcomplished by changes in moisbure in the vieinity
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of the root gystem as a result of water uplake by the plant, This
produces locelized dehydration vhich bydngs aboub shrinkage and the
formation of surfaces of frocture. It seems plausible $o conclude
thet hypothetical maberdials produced durdng root growth and decay

shabilize any aggrepates that are formeds, M.B, Russell (75)

describes the effects of sod- 8 in very similay words,
Bradfiecld (quoted by Jacks (26)) believes that the dlstribution
of humis in the soil is moye important than its cquantity. He considers

that grass yoots provide the ideal distribubtion. Normal

applications

of foyoyord manuve ave too localised, while tillsge operations tend

to give too high a degree of dispevsion.
A pepennial prass crop is generally considered to be superdior to
any other plant cover in the development of aggregation, bubt the effect

of legumes is considerable and has been comparved with that of grasses

wndey s muwbeyr of conditions. Seversl Russisn ﬁ.mwmigwwm have
been quoted by Jacks (26)s Paviev found that the percentage of water
gtoble aggrogetes wnder old lrrigated meadow was for superdor to that
in soils which had carried clover and Jucerne for up to six years.
Savvinoy and Varcbieva found no advantage for crested wheet prass

over lucerne on steppe soils in RBussia, Jovenko considers that
legumes produce a "cloddy" structure thyoughout the entire woobe
inhebiting layer. (Grasses, especially wyegrass produce a woelle
developed mediun to fine gronulay gbruicture, restricted however to

the top 12«15 inches,

Shaw {80) at Ohio on Paulding wmﬂy found that cémbimious bluse
grass produced o higher stete of aggrepation than continuous lucerne
and this is conflrmed by similer experiments at Tows by Wilson and
Prowning (103) on Marshsll silt loam, Both Geliser (20) and
Tysganov (91) record poor structure forming capacity in lucerne and
other legunss compared with gresses,

In Uganda, Martin®s {50) investigations indicate that the oot

gystens of legumes are not so velusble in crumb formation as aye
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those of grasses,

On the other hand, Ward (94), also at Iowa, wecorded thatb
Mlegumes (lotus cormiculatus and three lespedesa species) were
superior in three growing seasons to the preirie grasses om the
Weller silt loam on a bm:%.fs of their increases in aggregation®,

He considered that the degree of change menifested by a legume
or grass woas related to soil bypes

The effect of individual grass and clover species used sep
arately and together has been investigated by o number of workers.
The majordty of these have reported on resulbs from the cropping
areas of Russia and the United States, Tysganov (91) found that

me gross was an excellent structure former even
in i%s firet year.  Agropyron tenexum had its maximum effect in
its second year and A. eristatum (evested wheat grass) in its thimd

yeare Stevenson and White (86) in comparing the effechs of crested
wheat grass, brome grass and slender wheat grass found they increased
the size of soil aggregates in that orders They concluded that the
older and dougher root fibres were more efficient structure formers
than the slender, casily decomposed poots. Pavilychenko (61) placed
these three grasses in the same sequence, but there was no appreci-
able effect at depths exceeding four inches, Brome grass produced
the greatest amount of underground material in the first two years,
bub at the end of four years, underground material from creshed wheal
grass exceeded that of brome grass and still more that of slender
wheat grass, He suggesbed the soil-binding equivalent, i.e. the
product of the length in centimebwes of the roots per cubic centiew
metre of soil and their tengile slrength in grems, as a measure of
the value of a grass in structure improvement. These three grasses
were placed in the same oxder for soil-binding equivalents. He
consldered, however, that the depth of root penetration and the length
of time that the land had remeined in sod were imporbant additional
factorse MeHenry and Newell (4)) found no difference in percenbage
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of water stable aggregates on Bubler silty clay loam soil on which
s prass and crested wheat grass had been goowiny

Significant differences in shruchwe development bebtween native
pasbure species in North America have been obbained by }M’{W and
Newell (44), Pavlychenko (61) ond Ward (94) but there is considerable
disagrecment bebwsen them in the placing of the species, depending on
the soil type, the depth of sampling and the length of time since the
land was sown downg

Very 1ittle work has been done %o compare the effects of the
tenperate climate pasture gpecles as soll aggregabtion dmproverse
MeHenry and Newsll (44) included Boa pretensis and Dactylis glomerata

in their serdes but found no significant difference bebween then afber
seven yearse Saxekhov (76) found that Italian ryegrass was velatively

ineffeobive in the North Caucasion foothills in compe

rison with English

ryegrass, brome grass and lusernc, Orchisbon (59) found that on a

gilt loan in Centerbury, soils growing pereanial snd short rotabion
wregrass wore significantly higher in water sbable aggregates than
soil growing Italien ryegrasse In each case the grasses were sown
with white clover and used for fodder conservation purposese Williams
(102) has Pound at Hurley that different grass species under field
plot conditions have given sbabistically significent differences in
the bulid up of water stable aggrepates. These differences sre re-
lated to the quantity of root materdal developed in the different
swardss
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Be Root Development and Deterdorations

Weinmann (100) in his recent review has indicated the importance
of vardous environmental factors on the development of grass rootse
The effects of nubrients and fertilizers differ with the other envione
mental conditions under which the warious investigations have taken
place, but in general can cause marked changes in the distribution and
quantity of roobs present., Soil texbure also affects root develop-
ment mainly by mﬁﬁxﬁc‘hing growth in compacted subesoll layers. Exireses
of soll moisture inhibited rool growth which was generally encouraged
by "a relatively low wabter content so long as good growth was ensured,”
(97). Changes in root form and growth have been observed also as &
result of temperature changes.

Weinmann records many examples of the effect of defoliation on
root growthy; and in practically all cases the more frequent cubtting
or grazing led Yo a decreased yield of prootss Individual species
however, respond differently to such defoliation as illusbrated in
Table I adapted from Jacques (28).
TABLE I Comparative Yields of Air Dried Roots from Different

Cutting Treatmenbs,
(Calculated on basis of Certified Cocksfoot = 100)

Cut two-| Cut threed

, Cut

Species Weelly | Weekly. |Weelly, |Uneub
Certified Perennial Ryegrass 179 27 170 308
Uncertified Perennial Ryegrass 12 207 140 267
Certified Italian Ryegrass 120 306 164 306

Certified Cocksfoot 100 100 100 100

Totals caloulated on
basis: weekly cut = 100 100 236 355 825

Since Weinmann's veview a number of investigations have confirmed
and elaboreted previous work on the effect of environment on root
development, Typical of these is the report from Fox et al (48) on
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five Nebrasks soils where both physical and chemical characteristics
of those soils were found to be related to the disbribution of grass
roots,e

Weaver and Zink (98) have commented on the dearth of information
on the longevity of grass roots, A similar position exists in the
case of legumes, Sprague (84) and Stuckey (87) found that with
grasses of tempexaite climates between £ifty and one hundved pexr cent
of the root systems were replaced each year, Yen (108) observed
marked deterdoration of both clover and grass roots «ﬁmﬁm the summeyr
monthe, Sloughing of the cortex was used in the grasses as an in-
dﬁm‘bim of deterioration and cccurred in up to 1005 of the old roots.
In the clovers the tap root showed sgigns of disintegration before the
plants were a yeaxr old, ‘There appears 0 be considerable variation
among species in regard to root deterdoration, while there is ample
evidence that variations in environmental conditions such as soil
moisture and rates of defoliation can affect the longevity of grass
roots (5, 100). The roots of grasses and clovers in established
pastures therefore can be expected %o provide a continual and fairly
regular supply of orgenic matter to the soil. In addition the root
hairs of both grasses and clovers are a further source of supply of
organic matter and almost certainly give a very intimate distribution
of that orgenic matier throughout the soil, Although it has generelly
been considered that root hairs are transient, it has been noticed
that they appear to be relatively longlined with many pasture species
(12)s However their swrvival can be no longer then the cortex of
the rootss

In the esbablishment periocd of grasses, the plants are maintained
by the seminal root system and a small contribution to the soil orgmic
| matter ocoure when this system deteriorates within a few months of
germination and esbablishment, No deterioration of the main root
system of aubum sown pasbure plants was found by Yen (108) until the
eorly swmer following sowing.
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Variation in root form and yield between species growing under
identical eonditions has been demonstrated by Weaver (96) Jacques (31)
and meny other iunvestigatorss These differences ave sulficiently
great to produce a very big range of woot patterns in the soil, To
evold variation from these factors in this investigation, care was
faken to provide as identical envirommental conditions as possible
Porr coch speciess The plot area was small and compact, the sibe
showed evenness in seil 4ype, and defoliation was done with a mower,
go that effects of sbock through trampling, palatability, and dung
and wrine reburn were awided.



SECTION I1X,
EXPERIMENTAL METHOD.

A, GENERAL

The experiment consisted in taking samples at intervels for the
determination of
{n) the struchural condition of the soil and
(b) the root development in the soil
from the following sixc field - plot treatments, sown in April, 1952

1o Chewings fescue, Feslbuca zubrs vare follax.  CH

2, Peremnial ryvegrass, Lolium perennc PR
3o Cocksfook, Dogtylis slomevata i
i White clover, Trifolium repens W
be Red clover,; Trifolium pratense RG
6o Control, bave ground BE

The above abbreviations have been used in the following pages
- where reference is made to the different treatments,

In April 1953 a further series of subsidiary plobs wes sown to
provide material for a more complete range of root deberminations and
to supplement the information on structure, The treabtments in this
case were the above six together with (1) a plot sown with Italian
ryegrass, IT, and (2) a plot treated with Krilium, XRe

130



Be The Experiumental Arean

The site chosen for the experdment was on the Crop Demomstrabion
Aren, Massey Agriculburel College, and had been under intense cull-
dvation and cropping for three years, having visibly lost structure
during that times The history of the area for the previous four

years wass

195152 Madze for greenfeed,
1950m51 Rale (interrow culbivabed)
194950 Kale (interrow cultivated)
194849 Pemporary pasbure

Prior to that it had been in permanent pesburve of deminant Aprosbis

denuds and Anthozsnthum odoratum for many years. The soll type

is classified in Soil Buveau Bulletin No, 5 (5.) as Tolomaxw sild

«

loams It is pently sloping and is situated on o terrace of the

0

Tiriten stream about L0 Peet below that reported on in detail by

Pife (17)s Yechanical analysis showed that 3.8% of the soil was

3 £
retained on a 2 mn, vound holed e, and, from Table II which
gives the percentage analysis of the remsining fine earth, it will

be seen that only 2,84 was rebained on a sleve with apertures 0.2 mm,

dn dlanmeber,

TABLE IT Mechanical analysis of O=6 inch soil sample from
Bxperdmental Aren, Percentage Composition of Ovensdry

Soile

Coarse Sand | Pine Send Si1% Clay | Loss by Loss by
Solution | Ienition

g
2
o

The arca was poorly drained in its natural eondition, and in
1948 had been tile dreined at inbervals of approximetely 30 feet to
enable crops to be successfully prown.

During February 1952, a sultebly uniform pabeh aboul sevenby feet

square was selected on the basis of the evennese of growth of the maize.

fos
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The latter was then pulled and carted off, and the area rotary-hoed
with a Perguson tractor and rotovator to a depth of six inches in
two divections, It was then rolled with a heavy Canbridge roller
using a seventy foot drawbar of No. 8 fencing wire to avoid umeven
congolidation through running the wractor vheels over the plot area.
After being hand raked to level up irregularities it was allowed to
settle for nearly three weeks., Durdng this time some weed seed
germination occurved and the surface was cleaned up with a smell
B, M. Be Cultivator set to cubt the seedlings off Just under ground
levels, After a further roling and rolling, the avea was ready
for sowing.
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G Iayout of Plotg,

~ The layout of the plots was considered very largely from the
point of view thet statistical examination of the results was de=
sived, McHenry and Newell (44) found that with twelve replications
they were able to detect a difference bebtween means of about 155 buk
they used large plobts with consequent lack of uniformity, Waxd (94)
found that with plots replicated firom five to ten times, significance
of treatment differences varied with soil type, but the detectable
éii‘fémm appeared to be in aboub the same category. No other
published data were aveilable to give an indication of the vange of
structural effects likely to be produced by pasture species, especislly
those grown in New Zealand, The number of replications was also
limited by the number of samples that could be dealt with in root
development studies and in the determination of strucbure, As far
as differences in root characteristics between gpecies ave concerned
Jacques (29) recorded marked differences bebween species in root yield,
and, despite the considerable variation that he found from sample to
sample, it was not anticipated that it would be difficult to show
significant differences betwoen them, The plot size was reduced
4o the minimuyn necessary to provide adequate sampling space, and a
randomized block experimental design was employed in which each treabe
ment was replicated ten times, as illusbrated in Fig., I This design
took into account the need for placing each plot in the same position
relative to the tile drains running through the area, and at the same
time the need for blocks to be as compact as possible, The design
also made possible a comparison of two fertilizer treatments, but these
were not proceeded withe

The necessity for keeping the whole plot area as small as possible

was realiged not only from the point of view of uniformity but also
8o that the plots could be kept in a weed free condition.



‘| LAYOUT OF ‘A’ PLOTS.
R

I Tite Dioiu = e {

PIGURE 1 (a)

Diagram showing the layout of the "A" plots in relation to existing
tile drains. The blocks are indicated by the numbers alongside.

FIGURE 1 (b)
Photograph taken immediately after sowing the "A" plots with Blocks V
and VF in the foreground and part of Block I on extreme left. Cambridge

roller marks are still visible on headland in foreground.



7o

D, Establishment and Routine Caxes

Afber i;he final cultivation of the area, namely Cambridge
rolling, the plots were pegged out. Suiteble lengths of 3" x 4"
tinber were used to delineate each plot as it was being sown.

Seed of cooksfoob » perennial ryegrass, white clover and red clover
were of Pedigree origin and the Chewings fescue from ahigh quality
line, All were obtained from Grasslands Division, D.S.I.R. (see
appendix I.) On April 1st 1952 the seed was sown by hand at heavy
rates to ensure a dense and even strike and each plot was immediately
raked over to cover the seed, most of which had fallen into the infente
ationsg le:% by the roller, as also had the 2 cwb. per acre of serpenw=
_tine superphosphate spplied with the seed,

| Satisfactiny establishment was obtained, but with all species
except perennial ryegrass considerable hand weeding was necessary to
mﬁnmﬁm pure swards of the species sown, This was particulerly so
in the e&arly sbtages of the white clover and Chewings fescue plots and
to a lesser extent with the cocksfoots, Poa annua was the main

impurity, slthough Holcus lanatus and Coronopus didymus were also
prevelent, Weeding consisbed in removing them with the least possihle
disturbence of the soile A shaxp pocket knife was found most sulle
able for the purpose. The bare plot was kept rvelatively free
from vegetation but as time went on an increasling growth of Rumex
acetosella occurred, and could not be completely controlled. The
method here was Yo scrape the surface with a very sharp hoe severing
the vegetation on or just under the suwrface of the soils Albogether,
the maintenance of the plots in a weed-free condition btook many hours
of regular weeding even when well establisheds To discourage the
ingress of wiite clover into the grass swards, end weeds and gresses ‘
into the clover swerds, growth was allowed to proceed %o a height of
one foot or more before being cut down to the six inch level.

In oxder to maintain growth satisfactorily on all plots, arkificisl



fertilizers were applied whenever the appearance of the herbage

indicated its  All plots received the same fertilizer application.

(See 4Appendix II.)

Therever nevessary the herbage was oub and rescved from the
plotss As an i mﬁ;ﬁ;mmm' of the thrift of the speciss concerned,
it was welighed and sempled for dyy metier determination, Several
methods were used in cubting. An ordinary lawn mower was tried
initially but could not be set to cub at & uniformly high level.
This wes reploced with the sickie mower of the Gravely Tracbor ab
the next cutting but this machine would not handle the heavy growth
at the time, Finally a similar machine, the Allen, was made avail-
able by Grasglands Division and proved highly satisfactory., It hae
a ripid cutber bar which oan be mainbalned at a consbant height very
canily. The 3 £4, blade was Just right to completely cut one plot
at one sweep. The cut herbage was raked off each plot, collecked in
o panvas sheet and weighed by spring balance. Yields of dry metier
on an acreage basis are recorded in Appendix III. They indicate that
the growth from the plots was comparable with that occeurring under
plot conditions at Grasslands Division. |

After each oubbing the edges of the plobs were drimmed bo prevent
the spread of species from one plot to anothers White clover in

partioular was 4Aifficult bo sontrol.



E, Subsidiary Plobs.

The indtisl samplings of the main plots for structure determ-
inations took place four months and 8 months afbter sowings  These
samplings were intended to enable a satigfactory technigque of
struchure neasurement to be worked oute It was not realized that
differences between the treatments would show up at such an early
shbage and therefore root yields were not determined ot the time of
these early samplings., In order to gain some knowledge on the early
root behaviour of the species, it was decided to sow down some sube
gidiary plots in the following aubumn especially for this PUTPOBL,

The same specles were used with the addition of Italian ryee
grass and a treatment of Krilium, A% the time of sowing these down
it was known from sarpling of the main plobs that reducing the
replications 4o eight would be unlikely to decrease the accuracy of
the experiment. A:ﬁa it was intended that these plots should be
sampled twice W, thelr size was reduced to 3 feet square with the
intention that sampling take place in the central square foot onlye
The plan of the layout is shown in Fige II. It consisted of eight
rondonized blocks placed again to avold the influence of tile dvains,
The situation was similar to that used for the main plots, being
about B0 yards away from it. This area had been under crop for an
exbra year and its previous history was as followsie

195253 Rape
1959=52 Rale
1950=51 Swedes
1949=50 Barley

Prior to the labber date it was included in the same paddock as
the land used for the main plots.

The method of prepavation of the area for sowing was similar to
that employed in the previous years The seed was sown on the 14th
April, 1953 and the conditions of establishment and growth in the
carly stages were not unlike those cbtained from the main plotse The



FIGURE IT.

alongside,

LAYOUT OF ‘B’ PLOTS.
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Diagranm showing layout of the "a" plots in relation 4o
existing tile drains.

The blocks are indicated by the numbers
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herbage was kept trimmed as previocusly described but, because of the
edge effects in these small plots; it was not welghed,

Krilium was applied to the soil in accordsnce with the menufact-
uperts dnstructions, The soil at the time was damp and the previcus
oulbivation had left it in a crumby sbates 375 gms. of Krilium was
distributed evenly throughout the top six inches of a central cone
18 inches square of each of the replicates by means of a hand Ffork,
After this thorough mixing, each plot was scaked with waber.
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P Methods of Struchure Determinstion,

. (2) Introduction.

Tow (40} has recently surveyed the methods of investigetion
into the measurement of soil strusbure, Field studies have been
largely descriptive, wecording the size and shape of aggregates, the
size and shape of the pores and channels, and properbies resulting
from the sggregates presente Tentabive schemes of classification
have been vecently pub forward by Gracinin (22) and Frei (19)e
However quantitative metheds of studying soil structure have been
more frequently used, and are mainly confined to the laboratorye
Low divides them into three groupste

(1) Measurement of the size of asgorepates by dry sieving.
This has been used by Keen (33) by Russell and Tamhane (71) budb
suffers from the disadvantage that many soils tend o ball up when
uged at field molsbures and, if used afber air dwying, arve dependent
on the pretreatment given,

In this investigabtion dry sleving following air drying gave no
indication of the true position in regard bo the stability of soil
aggregates, The following are the percentages of dry sieved soil
retained on a 3mem, soween in cmw.imn with the percentage of
aggregates rebained on a 1.676mems sieve afber wet sieving (See
Appendix V) s=

Treatments PR GK | we RC BE
Dry sieved 46e3 | 1268 | 3Bt | b7ek | Mt | 4708
Wet sieved 85.8 | 85s6 | 810 | 813 | Thel | 6767

If enything, the dry sleving seenms to he a meagure of the degree
of ramification through the soil of the plant poobs.

(11) Measurement of the soil property which is a function of the
sbructure,

These methods are related to the pore gpace and inclule such measure-



ments afge

(1) Infilbtration rate of waber into soil (45).
(2) Percolation rate (92).

(3) Tobal pore space {32)e

{4) Rate of asration (101),

(5) Degree of compaction (66),

(6) Ease of culbivation,

(7) Availsble soil waber.

Many of these methods, especially pore space deberminations,
are widely used in comparing and evaluating soll structure,

(1ii) Measurement of the probable stablility of a structure,
These methods aim to measure the resistance of the smoil apgregates
%o slumping when wetted, and a muber of techniques have been
evolveds~

(1) Wet-sieving soil aggregates (109)e

(2) Subjecting aggregates to the impact of falling water
droplets similoding the ackion of rain (42)

(3) Rate of breake-down of the air-dry agpgregates in webbing (22),

(L) Permeability of a colum of air-dry aggregates to water ()
(5) Exbent of the dispevsion of the silt and clay fractions in
the seil (9)e

Of the sbove, wet sieving bechniques have been extensively used bew
cause they have produced results which have closely corvespondsd with
known field structural conditions as indicated by ecase of seedsbed
preparetions The technique was Pirst used by Tuilin (89) in 1928
and amended by Yoder (109) in 1936, Many more recent investigabors
hawve used the technigue with considersble wvariation in the detalls of
their methods, depending on soil types and the conditions of the
investigabionss In addition, the technigue is relatively easy to
operabe and, with careful atteniion to debails of sampling and
analytical procedure, good repeatablility can be obtaineds In view
of these advawbages, it was decided bo use a form of wet sleving as
o measure of strustuwre evaluation in this investigations

The following subsections show how the details of the technique
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were worked out for the conditions prevailing.

The seupling ares of each plot was restricted to a centrel
core of 8 feet by 1 foot and this was delineated by a framework
constructed from No. 8 fencing wires This left a guard area in
gach plot one foot wide surrounding ‘%}w sampling avea, and enabled
samples to be btaken at least this disbance from the adjacent tredt-
ment, To ensble stratified sempling to be easily undertaken, the
frameworlk was divided by cross wives inte four equal sections, each
two feet by one foot in sizee (Fig, III). This freme was

in weight and easily handled, and yet sufficiently strong to stend wp
to frequent use,

Soil samples were taken with the soil gampler illustrated in
Fige IVe This was congbructed from a 7 inch length of 2,1 inch
internel dlameter steel tubing. At one end a layer of bronze
approximetely 1/10 inch thick was welded inside and exbending approxe
imately & inch into the tube, This was machined to give an internal
dismeter of 2 inchess The outside edge was then bevelled off to
give a cutting edge of this sawe diameters, The handle was consbiucbed
from § inch galvanised waber-piping, welded as illustrateds

The smeller dlameter of the cubting edge in compardison with the
chamber inbo which the soll sample passes reduces the compression of
the sample to a minimum and the effeet on its sbructure is restiieted
to those suwrface aggregates that have been in conbact with the cubbing
edges The smaller the diameter of the sampler the greater would be
the effect of cutting and compression, The 2 inch diameter in this
sampler was selected as & convenient size for easy handling of the
sompling in view of the plot size, and yet sufficiently large to
overcomz demaging effects to the sample at the time of collecting ite

To test this, four pairs of samples were taken from a plot of Cherings
fescue, one sample of each padr being taken by the sampler and the
. obher from a block of soll cavefully removed with a spade. Aggregate



FIGURE IfT.

Wire framework shown in relation to plot boundaries at sampling +ime,

One somple wes talen from each of the four main divisions,

FICURE IV,

Soil sampler used to take all sawples for structure analysis, and to

take some samples for root yield determinabtione



stebility measurements on these two sets of samples ave given in

s

Table ITIZ,

DABLE ITT,  Mean % of Aggregabes Retoined on 5 TUM and 8 IMM Sievess

Sample Noe Sample ex Sampler Sample ex Spade

1o 600 Blie 3
2 576 57k
He 5865 5760
L 57.8 5641

Tobal 25545 ﬁmim%%
Hean, 58e 175 58,700
&%ﬁm Vil ”3&% fﬁq&?ﬂ

Very similay resulbs were cbbained from each method of sampling
and although the muber of comperisons iz small, they serve to indicw
ate no major verdetion with the sampling methods The smaller standard
deviation obtained from the "sampler® samples would appeer to be forte
ulbous and does not indicabe any particowiar advantege of the sanmpler
in this respects

Samples for structurve determination were baken from serles !

plots on four occasionst
(1) 20th August, 1952
(1) 19th Decenber 1952
(141) 2Bth April 1953
(iv) 14%h December 1953

and on sories B plots ong
(1)  11%h Sepbember 1953
(i1) between 2nd and 21st December 4953

In Galeing the samples, the sampling freme was Iadd oub on the
plot (Fig. ITI)e On each of the sampling dates four samples were
baken from each plob, one from each rectangle of the sampling frame,
(83) the position within each recbangle having been predetermined by
chances, This was 4o malke cerbtain that the soll sampled at later

sampling dates, was not on the site of a previous sample., The acbual
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popltion for sampling was chogen within the predetermined sample
area on o spot where there was an even, dense growth of the species
concerned. In the case of the bare ground semples, freedom from
waed growkh was the only oritexdion in selecting the site for the
sample,  Although the coversge of the ground by the grass and
clover treatments was as even as could be expected, it was considered
that selection within the randomly chosen aresa would be likely to
give less variation from sample to samples 0f the four plugs from
each plot, two from one end were bulked into one composite sample,
(the X sample), and the two plugs from the other end into another
composite sample, (the Y sample)s These X and ¥ samples obtained
by this stratified sampling were analysed separately and the resulbts
indicated the necessglly for such a sampling methods In each of the
three occasions that this was done the ¥ samples were superior in
structure stability to the X sampless The mean percentages of ovenw
dry soil retained afber sieving from the two sets of samples were
59.%% for the X samples and 61,7 for the ¥ samples at four months,
73+5% for the X samples and 74.0% for the ¥ samples at eight months
and 78,4% for the X samples and 82,1% for the ¥ samples at twelve

months. Except for the eight month sample the differences were

highly significant, No explanabion can be given for this consistently
poorer aggregate stability on that half of the plot area adjacent to

@

the 4

e drains, and time did not permit further investipation into
the problems Howewver, the need for strotified sampling was clearly
demonstrated.

After a preliminary drying for two days, the plugs were gently

breken up inteo pieces no larger than a walnube This was delayed

until the soil was dxy enough to prevent compression, which would
have ocourred if bresking up hed teken place while the soil was damp,
as &t the time of sampling. In this way the effect of sample breatm

ment on the structure was kept o a minimum,
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(e) Soil Conditions at Sapling.

On each occasion the soll was as near field coapacity as possibie,
the time of sampling being chosen several days after a soaking ﬁaﬁ.m
The following ave extrects fron the official rainfall figures baken
ab Grasslands Division, DeS. TR prior to sach sampling.

A Plot 1iftines,

Semple (1) 59 points on 13th and 14%h August 1952
" (41) 43 poinks from 4%h o 174k December 1952
®  (44i) 31 points from 22nd bo 25th Aprdl 1953
" (iv) 77 points on 11th and 12h December 1953,

B Plot lifeings.

Semple (i) 80 points from 7th to 10th September 1953,

Moisture content at the time of sempling was measured by the
following procedure, Afber the plug of soil for structure determine
ation had been removed fyrom the plot a trisnguler prism of soil was
taken with a table knife from the side of the hole left after the
removal of the sample, One sample from each replicate four inches
:m depth and welghing shout 20 gms was trensferred to a bobtile and
the 1id replaced immedistely, Samples firom the different trestments
were kept separste, In the laboratory 50 grams were weighed out from
the well mixed aggregate somples of each trestment, drdied for 16 hours
in the Hearson over at 105”0,, {See appendix IV) and welghed after
cooling in a dessicator, The resulls, expressed as the moisture losh
per 100 gms, of oven dried soil showed considersable verdation and no
doubt contributed to some of the differences in strucbure between
Lifting periods, The resuliing ovem-dried soil was then ignited by
placing in a cool muffle furnace and raiging the temperature to aboutb
800°C for 30 minutes, The loss in weight vesulting, expressed in
grans pex 100 grems of oven-dxy soil, is given for the four samplings
of the A plobts and for one sampling of the B plots in appendix IV
Soil moisture content and loss on ignition wes not done for the final
sampling of the B plots because each treatment was sampled separately.



{a) Sawple Preparation,

Aggregate analyses ave most frequently made on alr dry samples.
because of the variable moisture sonbent of samples baken direct fron
the field and because of the difficulby of maintaining them in that
condition unbil an enalysis can be done, Browning and MWilan (8)
indicabed that the stability of aggregates varied with the moisture
conbent of the soil at time of analysis, Drying of samples deczeanses
%he percentage of large aggregetes according to Yoder, (109) bub this
ig kept to a mdndmum by the relatively slow process of air deyinge
Where comparisong are being made with samples drded wnder different
conditions it is advisable to expose them to the atmosphere for 48
hours before analysis so that they can atbain as uniform a moisthure
content as possible, Low (40) found considerable veriation due to
humddity difs

evences, Slater (82) however found that soils did not
respond mﬁfmml.y bo deying ab different vates but the effect was less
than that produced by wverying field conditions, The practice of alp
dyying wos therefore followed in this invesbigation, but exposure to
a uniform hunldity was not necessary as the main comparisons were
between similardly treated samples.
| ALl the samples were spread out on a teble and; when sdvdry,
were placed in sealed bottles on the same daye Sauples were checked
Lo moisbure conbent, and no difference between the treatments was
found in this respect,
(e) Sub-Sampling.

ALl methods of struchure determination: arve empirdcal in nature

and many variations of the wet sleving technique are in uses One

of the main difficulties has been %o cbtain good veproducibility of
the wesults, With this end in view, it has b@&ame & common practice
in vecent years for investigators to sereen a mzsﬁrﬁ.&t&& slze Lractim
from the air dried sample (7, 49, 7, 73) for ageregabe snalysis,

This refuces the variation caused by the diffiouwliy of obbaining
replicates with similar proportions of coarse and fine maberiel as was



present in the bull.  Robinson and Poge (65) found that *For
greater reproducibility, a size feraction within very narwow
limits would be most desivables’' As Bryant (7) peints out these
Jumps selected for analysis ave not diserete soll aperegates of
a limited size renge, Rather, they are small subsamples of the
goil masse  Each lwmp may consish of any proportion of the waber
ghable end weber-unsbeble components of the soils Russell and Feng
(73) found thak adequate sempling of an ungreded mizbure of eggregete
sizes was very difficult, This is@.ﬁ.ﬁ*ﬁ*&&uﬁ,ﬁy of thbaining reproducible
resulte from analysis of the complete soil sample wag realised at
a very esxly stage in the present investigebion, This was overcome
to & great extent by gently sieving the sir dmy hulk into two frackims,
coarse end Pine and then reconbining them again into the corrvect pro-
portions for eadh mprz,ﬁmw (70, 90)s  This however inveolved much
work and time, and mﬁ effort was mede to find a more simple method
vhich would glve as uniform resulbse. Pourdng the soll out into a
heap and dividing 1t into Tour wubsamples with a straight edge ruler
gave very poor zepeatabilitys A modification of this, vis, dividing
the sample into elght subsanples and then recorbining pairs of them
in & predetermined moymeyr puve bebber m:sum% bub 4% was not unbil
a sample ddvider was obbained on loan from the Seed Testing Station,
Department of Agriculiure, Palmerston North at a laber stage of the
dnvestigeblon, that goold reprofucibilily wes obbaineds By this bine
however, the uge of a scoreened sample had been decided upon as a
meagure of gbrusthure stability changes. Table IV gives a measuve
of the varlation in four veplicates enalysed afber being obbalned
by the three methods mendioned aboves The compazdison suffers bew
cause the methods were not applied to the same bullke However this
should not maberdaldly affect the compevison as the only difference
was in the depth fyom which each somple was taken. Iabter anslyses
on sepreened materdal showed no difference in varisbility of samples
taken from different depths wp to six inches.



TABLE IV Aggregebe Annlysis of four replicates obbalned by

i Pforont nethods of subidivision,

Replicate (46" gamile divided 2%t parple divided)0M=2" mmile divided

inbko Pour into 8 and ywecoms | by mechanical
bined into k. samplers

% semple |% sample
rebained | rebtalned » ~ .
on 14676 | on ,&m 10676 0s251 1676 0e 254
e sleve | mm, sleve

=

56032 87014 57465 82,65 50696 81.21
69496 87.36 56,26 Ble7h 51452 795
58438 8242k, 59635 82437 5199 8043
50442 82476 56608 80,26 52,71 81493

i

i

%’;ﬂ

Goefficient , )
of lrdatiod 8.755 2857 24635 4300 1o 154 1626%

Mavtin eb al (49) reporbted that the "use of a segrepated soll fraction

resulds in a semevhat differend. aggregobe size distribubion curve
from that obbained with the entire soll sample.” Vardation was also

experdenced in this investigation as illustrated in Table Ve



TABLE Ve

(B3 trentment arbitrarily baken as 100).

Relative sgeropation ag debermined by three methods,

Scereened Bample Complete Sample
Trostment 14676 mm, sieve 1676 mn, sieve | 0e251 mm, sieve
Be 400 100 100
RO 109 113 107
we 415 130 109
G 118 a0 96
OR 118 108 104
BR 118 130 108

Sereoned Sample Complete Sample
Tresbment 10676 mme sieve 16676 mme sleve | 04251 mme sieve
BG 100 100 100
R 109 109 {02
114 116 100
GH 125 121 0
cK 12l 125 100
PR 123 13h 106
LM'=6" Samnle
Sereened Sample Complete Sawmle
Treatment 14676 mm, sieve 10676 mm, sieve | 0,251 mms sieve
BG 100 160 100
RO 108 107 10
WG 15 11 02
CH 123 116 102
CR 124 120 102
PR 123 126 104
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(£) Size fraction of Air Dry Soil,
The decision as to what size fraction of the air dry soll sample

to use for wet sleving was made on the basis of the experdence of
Russell and Feng (73), Martin et al (49), Bryant et el (7) where the
averege size of air dry lumps used was bebween two mm, and five mms
In this investigation the first analyses were done on the Jw3mm,
fraction, but as only wvery small differences were being obbained bee
tween treatments, it was declded do try oubt the 3-6mm. size fractions.
It was found in bthese fivst mecasurements that the latber was more
efficient in picling differences between the six treatments. This
can be seen in Teble VI, colums { and 2, Both Woodburn (105) and
Low (40) have shown that the size of the air-dry agpregabes used
influences the amount retained after wet sieving, However, as com=
parative rather than absolubte measurements are normally requived, the
cholce of size froction to be used will depend on the reletive differ-
ences that can be measured between treatments and on the fact that
more variation is observed with the lsvger size fractions (see Table
VI) due presumably to incomplete sloking during the analysis,



TARLE VI Compaxdison of Aggregate Analysis of two size fractions screened from soils from six different treatments.
% Agoregstes rebeined after sievine, |
Treatment {?”‘&"‘ level, Fffect of L. months | Treatment |0"=2" level. Effect of 20 |Trcatment [L"-6" level. Effect of 20
of treatments, ' ____|months of treatment. , the of treatment.
3ubom fraction |1=3mm fraction (3) () (5) (&)
14676mm sieve (1)|06251mn sieve (2) Febmm fraction [1=3m frackion o 36 Boction |1-3m fraction
Perernial Ryeg. | 6390 75406 89,08 89.7% |GewingsEs | 79466 85,68
Chewing's Fesc. 61.05 T3eks2 87.97 89652 78.67 8348 -
White Clover 60e 2. 7268 87elily 89,36 7710 83029
Cockafook 593?5 75#5‘? 8?&0? 89‘ 36 63&&3 83386
Red Clover 58+55 73413 86633 87.43  |White Clover 59,57 7843k
Bareground 5551 7203 Baregroumd 73400 82,72 Bareground 6081 76,03
Dife, for Signif Diff. forSig. Diff, for Sig
5 203 Ve Sa 5% 230 Teli2 5% Lol 2,70
% 3619 HeS. % 3607 1489 1% 5699 3661

NeSe indiestes not sipnificant

.zg
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Iater analyses done on soils which had been sown down for nearly
two years, are shown in Table VI columns 4, 5, 6, and 7. Although
the renge between treatments was less with the J=3mm. fraction, this
was compensated for by a smaller difference required for significance,
giving in the final result no difference in detecting power from the
method using the 3-6mm. fraction, However, in comparing the aggregpte
stability in the two different soil depths, it is seen that there is
a mich greater range when the 3=b6mm, fraction is used, It was de-
cided therefove that the serecning of the 3-fmm, frachion was satise
factory for the soil type under consideratione The procedure fdllowed
was o foree the entire sample through a wire woven sieve having
inch squave aperbures. This was not dlfficult with a sample which
had been gently broken up before becoming air drye This cosrpse
sieving resulted in removing a big proportion of the reots andy in the
cage of suwrlace semples the crowns of the gresses and the stolons of
the white clover. Oceasionally stones would be removed in this
coarse screeninge The soll passing this was then hand shaken on a
round holed 3nme slevey, in as standerdised fashion as possible. It
was found that most of the fine materisl had passed through after
twenty sharp sideways movements, The soil particles remaining in
the sieve were then transferred to a scerew top bobttles
(g) Wetting Samples.

Baver, (L) discussing technicques for wething dried samples, shates

that there is no general asgrecment as to the most sabisfactory method.
These differ in the speed with which the dry soill is wetted, Tmmersion
in water which rapidly displeces entrepped aly and wﬁwm shattering
when this air pressure is grester than the mhémmn of the particles,
results in the destruction of lavpe aggrepates and clodsy The slower
webbing obbained by capillarity or with an atomizer m@s less desb
ruction, while wetting under vacwum gives the least brealup (70)e
Even here, however, some destruction fakes place due o the swelling

effects which ocour when a dried clod is webted, In view of the
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fact that air drying itself results in artificial conditions, and
that the web-sieving technicue merely attempts to compare structural
conditions in the soil, it was decided to use the immersion wetling
methods  Observation on the wetting process showed that entrapped
air was not a potent factor in brealing wp aggregates the effect on
well aggregated soils being almost negligible., It was considered
therefore that the immersion wetting method would help to indicate
differences between well aggregabed soils and those with poor struchire.
Since commencing this experiment van Bavel (2) has reported on a
comprehensive comparison of vacuum-webbed &é.mpl@s with immersed
pampless He concluded that vacume-wetting introduces a lavge amout
of random veriation in the wesults of aggregate analysis and that,
adding this consideration to the exbra amount of work involved, the
use of vacuwumeweltbing is inadvisable,

(h) Time of Soaking.

There is also no agreement as to the length of time the soil
should be soaked before sievinge Russell (70) in 1938 sbated that
mosgt workers allow the soil at least two hours to wet before sub-
Jecting it to aggrepgate anslysis, But the most recent reviews of
msthods of aggregate analysis by Baver in 1948 (L), Russell in 1949
(74), and van Bavel in 1953 (2) make no comment on the time of soaking
and describe methods where sieving commences immediately after wetting.
Low (16) at Jealott's Hill and Williams (47) at Hurley, however, soak
samples for 30 minutes before sievinge Russell and Feng (9) com~
pared soaking for 3 minutes with 30 minubes and 300 minutes and found
that the length of preliminary soaking had no significant effect
elther on the initial stability or the rate of Aisintegration of the
samples tested, It was decided in the present investigation therew
fore to limit the preliminery soeking to three minutes in which time
the largest of the clods under best were soaked through to the centre.
(1) Size of Working Sample.

The weight of sample used in wet sieving depends on the size of
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the sieves and the amount of material available, Yoder (109) used
50 gms. on sieves of six inch diameter, Bryant (7) and van Bavel
(22) 25 gms. on 5 inch sieves, Russel and Feng (73) 5 gms. on 2 inch
sieves, Bight inch sieves were available for this investigation and
a sbart was made with a sample size of £ifty gramse It was noticed
however, that a very much more vigorous action toolk place around the
oubside edge of the sieve than in the cenbre, and, as sieving pro-
gressed, a greater proportion of the larger aggregates were to be
found in the centre of the sieve while around the outside edge the
agerogates were smaller, As this could concelvably introduce errors
into the analyses, ways of overcoming it were considered, Firstly,
by keeping the sample away from the oubside edge by o liner reducing
the effective size of the sieve to one of six inches in diameber, the
swirling effect would be avoided, This involved overcoming diffic-
ulties of fitting, and it was decided to txy instead the effect of a
smaller sample placed initially in the centre of the sieves It was
found that when this sample was veduced to 30 gms. it very quickly
spread to an even layer over a diameber of about five to six inches
onge sieving commenced, To see what effecet this had on the aggregpbe
gtability, four samples each of 10 gms, 30 gms, and 50 gms. wexe
mm and the results are given in Teble VII. The number of samples
uged was small bub tﬁ@ trend was so unmistalmbly there that further
repetition was considered unnecessary,

TABLE VII  The effect of sample size on the % of ovem-dried
Aggregates retained after wet sievings

Weight of Sample 10 gms, 30 gns. B0 gms,
R@PMC&%@ A 7500 63»1%- 14.2‘.8

" B 9060 80.0 7166

" ¢ 8560 7206 68l

n D 920 906k 882
FM&N 855 7646 €76
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The following points require commenbie

(1) By reducing the sample fom 50 gms. to 30 gms. the action
of the water appeared more even over the whole somple,

(2) The swirling effect around the edges of the sieve does not
appear to be solely, if at all responsible, for the reduction in the
aggregates retained, Reducing the sample to 10 gms. has given a
very similar diffevence to that obtained from the previous reduction,
The more heavily loaded sieve therefore seems o have caused cons
siderable agpregate abrasion and thus a lower figure for aggregate
stobilitys Just whether this is important or not is still a matber
of opinion, Russell and Feng (73) &mam the effect of abrasion
mopre imporbant in aggrepgate sbability than the effect of slaking.
Bryent et al. (7) incline the other way. WNijhawan and Olmstead (57)
suggest that any abrasion that is done should occur by shaking the
csample in an end-over-end shaker prior to sorting the parbicles by
a ghort period of wet sieving, In this way all the material in the
sample is exposed Yo subsbantially the same tresbtment, In was thought
advisable however, in this investigation to reduce the sample size from
50 gmse bto 30 gms, to avoid any possible swirling action on the oub~
side,

(3) Bre~shalking.

At a later stage the effect of shaking the @%mmpl@ in an end=over-
end shaker for ten burns was tesbed againsgt no shaking, Unlike Wilson,
Gish and Browning (104) who found that the soils of poorest aggregation
were least damaged by shalking, wresults of this investigation showed a
more pronounced effect of shaking on the solls of poorest aggregate
sbobility, Pige V, and Table VIII shows the reduction in aggregates
greater than 1,676 mms as a result of shalking,

TABLE VIII % of oven-dried aggregates greater than 1.676m,m.
rebained afber 5 minutes sieving.

Treatment CH PR CK WC RC B&
o preshalcing 9061 90,0 895 8663 8303 7848
Shaken 10 times |83,2 82,8 817 7567 7146 6562
Dify. due to %ﬁlﬁﬂ@‘ 6*9 702 708 10«6 11 Q? ‘3306
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Graph showing the relationship between aggregate shabilities
of duplicates measured with and without preshaking, Both

scales give the percentege soil retained on a 1,676 mme sieve,



Wilson, Gizh and Browning used the whole soil sample as come-

paved with a sereened selection of 3«6 mm, clods in this case,

However, their bluegrass (Poa pratensis) sod appears to have produced

an easily abyaded

clovers used in this investigation.

egate compared with those of the

The relatively litile effect

of shaking on their "cvontinuous corn® sample was probably due 4o the

Poob that it had almost reached the mindmm possible level of

aggregation sven without abrasion.

Fipge V shows the relation bebween the percentage of aggregatesn

1676 mm, when preshake

The decroasi

o]
“ren

10 %1

ng shespness

11ity indicates that the effect of shaking is preater here.

s and bhe percentage when not shealen.

The

two methods place the treatments in the same relative order as seen

in Teble VIIL,

The increasing difference cbbiained on the samples of

poor sbability by sheling 4id not result in increased debeckion of

diffevences bebwoen the treabments,

TABLE Ii

This iso show dn Table ¥,

Analysis of werdance of preshaken and unshaken samples.

af the curve ot the lower levels of ageregate

Wot sheken (% of aggregates

v 41,676 mm, converted
to angles)

Shaken (% of aggrepates
1676 mm, }

Source of |Degree of [Hean sqge B Resul® | Degree of| Mean T\ Redls
Variation frecdom freedom | 8Qe
Blocks 9 11466 9 25695
Treatments 5 131677 |23.2 | ** 5  [30.52 |40,8| e
Residual LB 5,68 L5 12470
#% indicates significant at the 1% level of
probability.
Table of Means,
Treatment Not Shaken (Converted Shaken
%o Angles)
PR 7406 82,8
CE Tied 81.8
oH rarys 8562
W 68elp 7567
RO 66,0 7406
B 6247 6562
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TABIE IX (Contd.)

ot Shalen ‘ Shaken

Por significance ab the H4(1%) level,| For significance at the 54(1%)

difference mst exceed 2,15 (2,88) level, difference mist exceed
5022 (14e30)

Uoelliciant of Vardablon = 3,047 Coefficient of Vardation = L6

The above results indicabed that with the soll under considere

ation no advantage in accurasy or detection power could be cbtained
fron the increapged work involved in preshaldng the samples.

(k) Webesievi

Most investigators have retained the wein features of the origin

N

Yoder (109) wet-sleving appavatus, Vardations involving such feat-
ures ag the number of samples thab can be analysed at ene time, the
muniber of sieves used to divide up any one sample, the diameter of
the sleves used, and whether the sleves are lifted clear of the waber
at each upward mobtlon or not, are numerous, Bub usually the sieves

are yaised and lowered in waber about 30 times per minube, m £

through a verbical distance of approximetely 1% inches,

T

&

spparabus used in this investigetion iz 1llustrated in Pig,
VI, It is boged partly on one developed by A.Jde Low at Jealott's
HA1L with the exception that both sets of sieves are ralsed and

lowered at the same time, It wos made dn the College workshops

and consigbs of a 1/6 HP. electric mobor commected by & belt and

pulleys do an Alger veduction geay box which reduces the revelubions
to 32 per minube, The gear box ig connected by an offset shaft to
s rigld frame moving in bress slots, This is offget sufficiently

40 give a 1% inch movement up and down in the frame, Each of the two

Lo

oyns of the frame is comnected by three pleces of Noe 8 fencing wire

o a galvenised iron strip fashioned to hold an 8 inch sleve, The

ends of the strip can be held together by a bolt and thwibscerew op
more quickly by a wirve sbaple. The appavatus is bolted onbo a woolsn
frenme with o sponge rubber base, VWhen in opexablon, the apparatus
is placed on a bench with the sleve holders conbaining the sieves

hanging over the edge and dipping into two 12 inch dismsber oylinders



FIGURE VI,

Wet~sieving apparatus used for aggregate stability determinations,
The glass wabter container has been removed from the neaver sieve

to show the method of atbachument.



of wabters One or two sleves can be fitbed in each sieve holder
Por each determination, Low (40) has shown a veduction in sbabw

111

B

of aggregetes with inoreaning waber bemperature used in

é%ff

sieving end Singh (81) has desoribed a wober bath used to give
e

£

consbant temperatures It was considered that these precauiions
wewre vendered vnmnecessery in this invesbigation because all treabe
ments analysed fyrom any one block were sieved in the sams waber on
the same deye The sieves were sot up so that the top one was just
covered with wabter when in the highest position, It was then
immersed to its lowest position. The weiphed sample of soll was
tipped onbo the middle of the imnersed sieve and soaked for 3 minubes
before sieving commenced, Flve minubes sleving or 160 strokes was
generally used for a simple separation with a single 1,676 mm, sieve
bub where unscrecned samples were snalysed on two sieves, (a 1,676 mm
ag above togebher with a 0,25 mn, sieve) 5 minutes was insufficient
to enable a separation to be made, and it was extended to 960 strokes
or 30 minutes sieving, Singh (81) has emphasised the need for adjust-
ing the rate of sieving and the number of immersions to the soil under
testy bub this appeared o be more imporbtant where sieves of small
aperture were being used, In this experdment care was taken to see
that there was no pasty deposit left on the sieves, and that the
sample remaining after sleving was granular in sbruchbure.

To gain some knowledge of the effect of sieving for different
pordods of time, a serdes of analyses was: done on soll samples
from the A plots in December 1952, Sleving took place for 3, 5,15
and 30 minubes on 50 gram samples drawn from each ftreatment, Soil
was avallable from seven blocks. Details of the sgpregate shbability
measured under these conditions will be foumd in Appendix V. In

Teble X a sumpary of these resulbs is presented.
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TABLE X Effect of length of sieving time on the relabive
sbability of structure of soils fyom plots of pure
sowings of grasses and cloverse, (% oven~dried
soil retained after analyses on a 1,676 mm, sieve,)

abment
ime of PR CK. GH W RG BG
sleving
5 minubes 8003 8348 876 7969 767 6667
5 minubes 767 760k 7967 ko7 7003 | 5867
?5 minubes 62“1@. 6§~1 66»6 62«? 58&5 w»7
30 minutes 5640 5745 5961 5383 5102 396t

Fige VII shows the same yesulis in grephicel form and it can be
peen that there is a steady decline with all treatments with inore

time of sioving, Bub the renge and order of placing the different
treatments varies only slightly, From the appearance of the greph
it appears that a considerable increase in time of sieving would be
necessary before a congbant weight of soil would be lefts There
appears to be no advantage in seeking such information in an invest-
igation such as this where relotive figures are required rather than
absolute ones, The swving in time resulting from sieving for 5
mimstes instead of 30 minutes or more has resulbed in a much more
complete range of replicates being analysed, without any appavent
loss in BCCUTACTe

Afber the required time of sieving had elapsed, the machine wag
stopped, the immersed end raised manually and propped up to bring the
sieves out of the water, The siecves were then removed and the soil
washed off with a gentle stream of tap waber into an 8 inch bhasine
Afber settling for some minutes the clear water was decanted off
and the soll gently washed inte a 3 inch crucible, Afber further
settling the amount of water was reduced by further decanbing and
the crueible placed in a Heavson oven at 105°C, for 16 hours, ALl
samples were then placed in dessicators unbil cool, when they were
weighed, Weighings of soll were made on an Bba trdple beam balance
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acourete to Ol gne Wﬁﬁmﬁmﬁzﬁ.@n of the primeyy particles by
ﬁiapwmm, sleving, oven-drying and weighing was not done be-

couse of the small proportion of such particles greater in size

then 1,676 mm, s the sperture size of the most commonly used sieve.
(=ee Table II)., Further,comparisons were being made bebween
samples baken from a very restricted ares and one that was relatively
gven in soil %&x&ma It was considered that no improvement in
agouracy would be obtained from this additional information,

(1) Expression of Results.

There are many ways in which the results of wet sieving analyses
can be expresseds VWhere agerepgate size distribution has been
determined, the percenbage by weight of each size class is obtained.
Heny workers then proceed to develop a single muber to compare treab-
ments or soilse Schaller MW, and Stockinger K.R, (77) have recently
surveyed the indices used for this purpose anc‘i have compaved some of
thems  They Pfound that the use of a single size sepaxate such as
the percent aggregabes 52 mm, or Y1 mme could be as reliable as the
mean weight diameber (2) or geometric mean (37) for expressing aggreg-
ation., These two labter indices which take into account the proportion
of aggregates in each size class involve much more laboratory work
then the one size fraction vhich can be determined on one sieve,

Some single figure indices such as "degree of aggregation (60, 89),

regation index® (6L) and "dispersion ratid! (52) involve a detern—
ination of the size distribution of agpregates both before and after
- dispersion. This would be worth while if additional informetion were
gained by it, but where comparisons m*@ being made between Airferent
treatments on the same soll, no further information is obtained by
digpersing the sample and resieving, or in debermining the primary
particles present on each sieve (49, 73). Droming et al (6) for
insbance for Gilpin soils found the dispersion ratio: %o be highly
correlated with the percentage of ageregates $0,25 mm,

In view of these findings and also because of the consistently
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even moisbure conmtent of all the air-dry samples from any one Lifting,
results in this investigation are reported as the weight in gms. of
oven dried soil retained on either a 1,676 mm. or a 0,251 mne sieve
per 100 gns, of air dried soil.

(m) General.

To test the effectiveness of the technique, a nunber of check
sievings on other than the plot soils were done during the course of
the invesbigatione

1s Samples drawn from an old pasture of at least 50 years stending
were compared with samples bteken from the plot ares and from nearly
cultivated soils, The percentages of oven dried soll rebained on a
16676 mm, sieve from the different treatments sampled in December

1952 were as followgiw

014 pasture 91.0 (Mesn of four determinations)
2-Year old ryegrass Tle1 (Mean of three determinstions)

CH (8 months from sowing) 7966

c}i n # 7‘?‘8

PR " " 77.0

WG " " a7

RG " “ 7267

BG " " 60,8

A similar sampling in April 1953 gave the following resulbsi=

01d Cultivased
Pasture Land PR | CK CH e RO
onw2t 9243 3648 89uk. | 8846 | 88e7 | 86s3 | 6245
A 9247 32,6 87:0 | 87.4 | 88.0 | 8040 | 759
416" 919 3he3 855 | 8567 | 8548 | 78.8 | The 4

2, The Krilium treatuent in the B plobs was markedly superior
to all other treatments both four and eight months after sowing, as

measured by percentage of oven dried soil retained on a 1,676 mm, siew.

PN Mean of Other
Krilium Tmaméw *
L. months after sowing 7861 16,2

8 months after sowing 83,8 66e;
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This is in line with the results of RKrilium treated soils
¢lsewhere, the structure of which has been assessed by other bech~
niques (23)e

3¢ The technique was tesbed on a serdes of pot soils obltained
Lrom Grasslands Division, DeSsI.Re. In these the effect of the
additions of dung on the subsequent stebility of the soil aggregates
was recorded in the following resulisge

Following Clover | Following Grass

Dunged soil T0alks 8041
Uﬂ@@&’k@& godd 15.1 3940

Improved structure following addition of organic matber such
as dung has been shown by many investigators (47, 85) and

the presend
bechnique has clearly evaluated these soils pabisfoctorily.

Further samples from pobs which had received dung with and withe
oub earth wornm additions gave the following percentages of oven drdled
soil vebained on a 1.676 m, sieve,

Untreated soil 568
Worms only 169
Dung only 80,6
Dung and worms 8265

In this case, vhile the effect of dung has been clearly demonstrated,
worm activity has produced no effect on stability. This is in line
with Dubt?s results (14). He found little effect on potted soils bub
considerable improvement in sbability of worm casts obtained from the
fleld, |
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G Method of Root Deberminations

(a) Introduction.

The object of the sbudy of root development in this invesbigation
was to obtain a measure of those variables in sub aerial growth which
were likely do influence the physical condition of the goll in which
they weve growinge The soil could conceiimbly be affected by (a)
the weight of root in the different soil depths. (b) The nunber and
degree of ramification of the roots and (¢) the relative rapidity of
breakdown of the roobs presente The m&: vwi&tim that ma'm in
roob prowth depending on the éoil type, management of the top growth,
zecent climatic conditions and fertility made it necessary to endeavour
to cbbain the necessapy information from the plots on which structure
determinations had been done, and to obbain that information from
samples balen as closge as possible to the strusture sampling positions
end at the same time,

Mony methods have been used in root development studies, the
cholee geneprally being made to sult particular circumstances, With
pasture work, root development can be studied either in single plants,
the results from which have to be interpreted with reserve, or under
sward conditions with consequent sampling and recording in the field,
a method likely to give results more closely allied to practice.
Single plants are frequently grown in special soil mixtuves in pois
from which they ecan be easily removed (28), Sw@lws baken from
Wﬁwﬁ whether in plots or on paddock scale may be more difficult
to separate, It is known that vardiations in environmental com:‘i:ﬁim
produce great differences in root development, Such factors as ferte
ility, moisture, frequency of defoliation and competition ave important
in this respect, and to aveid these effects on the plobs, wniformity
was achieved by eliminiing sbock wibth their irreguler fertility
pattern, and defoliating the plants with a nower whenever the heipht
reached eight to ben inches, 1In this woy molerabely dense growth
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of the required species was obtained without serious weed infestations
(b) Equipment and Methods.

The same plobs were used for root samplings as for sbructure
deberminations, Two main methods were used,

(1) For the first parbt of the experiment the method was the same
as that used in many previous root sbtudies by Jacques (27). The
equipment congisted of a sampler made Mm angle iron and having
internal dimensions of 2 9/46 ine by 2 9/416 in, by 13 in. (28).

This is driven inbo the ground with a maul to the desired depth and
after being levered out of the soil, the sample is extractkd by
ungerewing the side bolits which hold the two halves of the sampler
together, Wooden sample bomes of the same dimensions as the
sampler end capable of being divided into fwo, longitudinally, ave
used to remove the sample from the sampler, One half of the box
ig placed over the sample ag it lies in the opened sampler, the
whole is inverted and the sample thus trengferred to the sample

box without any disburbance, The sample in the box can then be
talren from the fleld to the laborabory for root washings

(2) For the final woob samplings, the above sampler was ye=
placed by the tubular sampler devised for the strusture sampling,
This was done for the following reasons.

\ (i) In the previous samples, the variability, particularly in
root welghts, bub also in structure stability within a plot was wery
great, and affected very materially the establishment of any relation-
ghip b«a‘#wzaem these two factors, It was decided therefore to try and
obtain a better measure of the effect, if any, of root weight on
structure by using the O"=2" and the 4"-6" layers of the =oil samples
for sbructure determinntions and the 2"4" layer for root development
studies, Only the tubular sampler could be used for this purpose,

(4i) It was found from earlier structure analyses that there
was a highly significant regression of structure s’b:alﬁili‘i:y of the
2 = 4 dnch layer on structure stability of the top 2 inch layewr,



{See Table XI.) It was considered thevefore that a very good
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estbimpbe could be made of the structuve position in the second 2-
inch secbion, and that this could then be related to root data
actually obbained from ite
TABLE XTI+ Relationship of struchure in bop 2-inch layer with
WWWWW

that in the 2 « 4 inch layere Regresslon Anaslysis

{20 month sample).
oy e e w ‘ St . sy . E’@ m%ﬁ, ‘%&ﬁ. F
gource of Vardation dsFe | Hean Square ' «W@ WMM’% Result

: K ¥

Regression of 2wl ine
structurs on O=2 in,
shructure. 1 19792 27615 | heQl. | 7619 L
Residual 48 729

¥ indicates significance at the 1% level of probability.

(443) The reduction in size of sample from an avea of 489 sq.

em; in the case of the Jacquen sampler to 20615 8gs ome in the case

of the tubular ssmpler was found fo result in reduced laboratory

separations, without increasing
Table XIT shows the comparative

two methods, Ten samples were baken in sach cases

TABLE XII. Coefficient of Vardabion of 'mw%; welghts in the 2«4
ine soil depth for both the Jacsques sampler snd the
tubular samplers

the variability of the sampling,

guelficients of vardetion for the

Treabment CK CH IR WG RO
Jecques sampler 132 1687 130l 36ek 5949
Aprdil, 1953
Pobulay mm%i&@ g 2163 15, 6 224 6 28, 3 L2 6

Decs 3 1953

Whatever method of sampling was used, all dreatments were

sampled on any sampling daye

Usually this was kept at one sample

pey btreatment so that they could be analysed within a few days of

sampling, thus preventing them from drying out or maldng new growth
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befove analysise

The samples were brought into the laboratory for analysis which
Pollowed very closely the metheds used by Jacques (30)s The sample
was cub carefully dnto 2 inch layers which were washed separately on
a nylon sieve, This was of plain-weave mesh with 21 holes to the
inch and appeared o act as efficiently as a horse haiyr sieve in rew
mmmg roobs while allowing soll particles to pass thyrough, By
cavefully breaking up the goil in the sieve while the labber was
resting in a pan of water and following this with gentle agitation of

the sieve in the water, the mmpm was congiderably reduced without

the loss of root materdals Decantation onto a rubber baffle and a
certain amount of cleaning of the sample with forceps completed the
separations The hand work was much increased where surface samples
were being analysed because seeds and undecayed leaves were difficulb
to separate from roois.
The cleaned root sample wae squeezed as dry as possible hetween

blotting-paper and when all the semples in the 1ifting had been come-
| pleted, usually within two days, they were placed in wéﬁg}ﬁn& bobtles
in a dvying oven and drded at 105°C for 16 hours, Afber drying they
were kept in & dessicator until cool when they were weighed on a
Sextorius balance, the weights being recorded to the nearest milligram,
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He Coopilation of Resulis

{2) Strucbure Determinations.

The oven dried soil rebained on the sieves afber the prescribed
period of sieving was converbed bo a percentage of the owiginal air
dried semple and these Plpures arve set out in Appendiz V.,  Where the
bull of these percentage figures reached a level of 80 or more, the
whole series was transformed to angles as prescribed by Snedecor (83)e
The treabment means were found from these teables and an analysis of
variance dome in %he normal way (83), when a simple compariscn of
treatnent effects was being mades

When seuples from two or three depths were being compared in
addition to the species effects, a variation of the normal splite
plot analdysis of verdance was uged as suggested by Leonmyd- and Clark
(38)s This was necessazry because of the impossibility of rendomizing
‘he depth samplings within any one breatment plote

The difference required for significance between the means of
subplots within any one main treatment and vice verss was caleulated
from the formila given by Cochran and Cox (10)s
(1) Root Determinations.

The yields of oven~drded rouvbs for each of the four 1iftings are
regorded in Appendix VI, Mean yields and root nuibers were caleoulabed
arl the significance of any differences occuwrring wes. determined as
mentioned aboves No analysis was done on tiller nuwbers as they
were recopded merely bo dndicvete the density of the plant population
in each plot at that stage of growth.

() Missing Plots.

On several cccasions soil samples were inadvertently mixzed or
dlost through being spilte Usueldly, however, enough of the ssmple
remained to supply a duplicabte, Vhere this could not be arranged
a caleulated replacement was used. This was obtained by using the
following formula (106).
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xa% +%»§
where t = Nunber of treatments

b = Number of blocks

T = Sum of items with same treatment
as the missing item

B = Sum of itoms in the same block as
the missing item

S = Sum of all observed items

Wherever 1t was necessary Yo use this formula the total
degrees of freedom for each analysis of variance involving such
an item was reduced by one for each calculated missing values



SECTION IV

RESULTS
A, Soil Structure.

(a) Preliminary

To find out what short term differences, if any, could be
expected in structure stability of a soil under different pasture
swards, a series of spade samples were taken on the 11th February
1952 from a grass species and strain demonstration block sown two
years previously on the Field Husbandry Area. These grasses had
been sown with white clover as a companion plant, but dominantly
grass sites were chosen for sampling, Duplicate 50 gm, samples
of the unscreened soil were wet sieved, one on an 8 I M,M. sieve
and one on a 16 I,M,M, ‘sieves The mean of these two was used to
indicate the structural condition of the soils, An adjacent area
which had been under cultivation for three years was sampled at the
same time, Results of these analyses are given in Table XIII,

¢ XI1T Percentage stable aggregates, in soils from two year
old pasture strains plots. and cultivated land,

Plot Sampled Sample No. | Percentage Aggregate | Mean for each
Stability Treatment .
Perennial a 69.9
Ryegrass b 7161
c 59 ol ;
d 69 L] 6 700 1
Cocksfoot a 7549
b 719
c 700 2
d 69.5
e 6908
£ 68,6 710
Chewings Fesgue a 57
b 23.7
c 3
a 59.0 5349
Cultivated a 3340
Land gh} 3843
_\c 3163 e

50.



Although these resulis could not be statistically analysed,
there was sufficient difference between them to indicate that plots
sown down with different species would be likely o produce difforent

effects on the soil structure within a short sgpeee of tine,

These samples teken from the top four inches of soll showed
quite marked differences in appearence, Although no apparent diff-
erence could be detected by wel sieving between cocksfool and ryes
grass sanples, the former mppeared to have a greater crunb formation
while the latter was more inclined to be cloddy, The Chewings fescue
plot gave a soil sample which appeared to have been divided inbo velw
atively asmall particles Wy a mass of grass roobs, It was @ifficult
to separate the =soil from the roots near the crown of this grass,

The soil from the cultivated ground was almost devoid of roots and
slumped or slaked much more rapidly than the other samples when
placed in water.

Following this preliminary investigetion, the replicated A plots
were sown down and sampled for the first time fouwr months aflter sow
ing.

(b) Four Month Semple.

A Plots. These were sampled to a depth of four inches on
August 20th, 1952,

Table XIV gives the @@Mnmgm of the 1=3 mg. screened sample
retoined on a 0,251 mm, sieve., (L determinations from each of 5
veplicates), and the percentage of the 3=6 mm, sereened sample retained
on a 1,676 mm. sieve (L determinations from each of 10 veplicates).

TABLE XIV Structure stability 4 months after sowing.
Analysis of Variance.

Source of {3 mie mpil.é 36 mme sample

Variation “dof | Mean | F |F Requrireq |Resilk || dafe |Mean | ¥ F%@%m
Sqere| (95T % Sqerel  [BZ 1

Blocks b | 135 | 9 |26

Preatnents 5 | 20,7 |2211256|368 (WS | 5 |37 N7 23 | 36|

Residual 19H %% k5 | 216

Coaefficient

of Vardabion 416 7e6
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H Reduced by one due to loss of one sanple
Mo S dndicates not significant.
#% indicates significant at the 4% level of probability

Treatment Means,

Treatnent Mean of 20 determinations |Mean of 40 determinatio
PR 7560 6l
CK 735 6005
CH 736l 625
WG ‘72 “7 6@:6
RO 7364 60ads
BG 720 56.6
Detectable
dif'ferences - %;%’i g::gg

B Plotgs Sampled to a depth of four inches in two sections 0927
and 2"-4", on 11th Septembery, 1953.

Table XV glves the percentage of the 3«6 mm. screened sample
retained on a 1,676 mn, sieve. (Single determinations from cach of
8 replications.)

TABLE XVe Structure stability & monbths afber sowing.
Analysis of Verdisnce.

On o on k 2" w LY O w LY
Source of
Voriation Mean Square w Mean Squmr@l P |Mean Sguare| P
Blocks 19348 23406 294 01
Preatments 140565 Glhe3 | 1112,7 22,657 1257,9 59 220
Residual 21,82 149,06 2456
Coefficient 90% 170‘3% ‘3{).;9%
of Vardiation

wt Tndicates significance at the 1% level of probability.
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Treatment Means ( 8 determinations at each depth)

Treatmnent Ottt 2:1,4'_« 0»,_&_#&
PR 1749 39,2 4346
CK a2 30 3964
CH 5342 Lol 4867
W 5040 3668 L3l
RC 1662 37,9 4244
B 3066 26,6 28,6
KR YR 6740 7205
m 5(3“?* 1{2»2 }44-6«2

Dobectable

difPerences
5% (%) 4070 (6027) 7503 (9638) 14098 (6465)

Discussion of Tables XIV and XV,

1s Except for cocksfoot in Table XV the grasses have tended to
be superdor to the clovers in building uwp structure stability.

2 The bare ground treatment has been inferdor in each case,
significantly so where the 3«6 mm. sereened ﬁam;@lé was useds

3s The B plots were sown on a soil more deficlent in gtruchure
than the A plotss

Lo Mliwn has raised the aggregate stobility to a higher level
than any other treatment despite belng used on the B plot arese

5. The effects have not completely corrvesponded in the two years,
but there are no conbredictory remilis,

6, Improvement in sbability was more rapid in the top two inches
(Table XV) ¥han in he next two inches, he effect being least in the
BG xalm'%;a’

(o) Bight Month Sample.

A Plots. These were sampled to a depth of L. inches in one section
on December 19th, 1952, Table XVI gives the percentage of 3-6 mm,
screened sample retained on a 1,676 mm, sieve, (Duplicate samples
from each of 10 replicates)



TABLE XVI.

Analysis of Variance.

Structure sbability 8 monbhs after sowing,

Sl

Source of Variation d. £y | Nlean Square w g;%mquiﬁg%dy Tesult
Blocks 9 86460
Treatments 5 92haBlh | 52486 | 2,L3(3e4E) | =
Regidual 45 1749
Tobal 59

Coefficient of Variation = 5,7%

=% gignificant at the 1% level of probability.

Treatment Means (20 determinatiens of each treatment)

Treatment

Percentage Stability

PR
CK
CH
We
RC
BG

76098
7775
7957
e 70
72066
60476

Detectable differences at the 5% (1%) level are 2,6k (3.52)

B Plotse

2 inch thicknesses on 14th December, 1953«

These were sampled to a depth of six inches in three

Table XVII gives the analysis of variance of the percentage of

the 3=6 mm, sereened semple retained on o 1,676 mm, sieve, (Single
determinations from each of eight replicates.)
TABLE XVIT Structure stability 8 monthse after sowing.
Analdysls of Vardance, ’
Source of Varlation defs |Mean Square B P Required |Result
” 7

Blocks 7 3157
Treatment 7 11873 1907 | 2621 | 300 bk
Regidual (a) L9 624
Total 63
Blocks g 3‘15.;

‘kh&% 22‘31& 9 1? 30% 6079 e
Resdual (b) Sx| Conb |7
Total 22
Plots of Treabtmenbs 63
Deviation of depth
Toevtnen X bepth. | 13 0 | 2030|180 | 2029 |
os ; 3 :
Residual (o) 9§ 5223& ) o
Total 190 o
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X Redueed one degree of freedom for missing Plote
Coefficient of Variation =  11.6%
% indicates significance at the 1% level of probabilitye

Preatment & Depth Means (Bight debterminations at each depth)

Depth PR CK CH We RC BG KR T | HER%E

O"2P (72,56 | 7379 | 7562 | Theb3 | 72,79 | 68425 | 88,70 | 75,81 75422
2t 159,71 | 6he26 | 69011 | Gle00 | 65,88 | 5711 | 87091 | 62,8l 66435
LBt 5748l | 62620 | 71663 | 60023 | 67659 | 55693 | The69 | 63600 Glre 1l

Heans | 63e37 | 66675 | 71699 | 66428 68,75 06l | 83077 | 672|68,57

Treatments: For significence at the 55 (%) level, difference mush
exceed 460 (6617)0

Depths: For significance at the 5% (1%) level, difference must exceed
1086 (2659).

Treatment Means at any oune Depth: For significance at the 57 (4%)

level, difference must exceed 6029 (8.35).

Depth Means for any one Treatment: For significance at the 54 (%)
level, difference must exceed 5,68 (7.53)

Discussion of Tables XVI and XVIT,
1e In the A plots the grasses have again been superdor to the
clovers, while in the next season (the B plots) there is no difference.
2, Bare ground samples hove been significantly inferior in both
seasons and in nine compardisons oub of ten at the 1% level of probebility
3¢ The Chewings fescue freatment has btended to be most effective
of the grasses in each season, almost significantly superior in the
A plots, while in the B plots there was a highly significant difference

wiwlngs fescue and perennial ryegrass,
ke The effect of Krilium has been markedly superdor to any of
the other treatments,

5 Improvement in stebility has been better neaver the surface.
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6, In most cases the treatments have reacted similarly at the
three depths, but Red Clover and Chewings Fescue are exceptions and
have shown less deberdoration with depth than the other treatnments,
(4) Twelve Month Samples.

A Plots, Ten replicates were sampled %o a depth of 6 inches in
three 2 inch sections on April 28th, 1953, After airdrying the 3=6
mm, semples were wel sieved on a 1,676 mme sieves The following is
an analysis of vardance for structure stability. As many of these
percentages were over 80%, they were trensformed to angles according
to Snedecor (83) and analysed as suche

TABLE XVIII,  Structure sbtability 12 months after sowinge
Analysis of variance,

Source of defe | Mean Square ® F Required | Resulb
Veriation ; % {1%)
Blocks 9 766 5. Led5 2610 | 2,62 e
Preatments 5 889,81, 5192 26l3 | 3ekb e
Residual (a) L5 17644
Total 59
Blooks 9 76634
Depths 2 348,50 58,87 3,55 | 6,01 &k
Residual (b) 18 5692
Total 29
Plots of

treatments 59
Deviation of

depth plots

From blocks 20
Treatment X
R%%{?ﬁal (c) ‘%% 1@:‘%’2 755 169 | 2453 ok
Total 179

Coefficient of Variation = 6160

*% indicates significance at the 1% level of imba’bility..
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Treatment & Depth Means (20 determinations at each depth)

Depth

Treatment Qw2 2" A Mean
}?ﬂ 7&&@»&3 7‘1 @ 31& 68*77 7‘1 L 51

CK 7308 71493 69477 7159
cH 71 097 72647 70627 Tledd
WO 70,87 65097 Glyo 6l 67416
RC 67014 61426 6020 62,87
BG Gleli7 5757 56,86 58,63
Mean 694. 83 66 @ 7* 65 & 09 67« 24

Treatments:  Por significance at the 5% (1%) level, difference mush
exceed 2,15 (2.,88),

Depthss For significance at the 5% (1%) level, difference must
excead 0e92 (1627)s

Preatment Means ob any one Depth: For significance at the 5% (1)

level, difference must exceod 2,20 (2,92).

Depth Means for any one Treatments For significance at the 5i (1%)

level, difference must exceod 1,68 (2,28)

Discussion of Table XVIII.

- 1¢ The grass plots are highly significantly superior fn stability
of structure to the clover and bare ground plotse Bub there is no
difference between the three grass species themselves,

2. The clover plots are highly significaently superior in stebility
of structure to the bareground plot, and white clover is superior to
red clover to the same degree.

3s A highly significant difference between the stability of
structure at different depths exists, stability decreasing with depthe

Le The highly significent interaction between depth and treatment
is due to the results found with -

(1) Cocksfoot, and Ghewings fescue which showed no better stabe
ility in the top two inches than in the 24" level, It will be noted
from Section III (d) of Appendix VI that the dry sieving of GChewings
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fescue gave a mach lowex percentage of 3«6 mm. sized gramiles in the

top two inches than did peremmial ryegrass and to o lesser extent

cockafoote The intensity of rooting of Chewings fescue has appeavrently

divided the soll into a greater proportion of small sized granules,

It wos noted that the sieving process remudted in some of these being

retained in the 3«6 mm. group through attachment to larper grenules

by roots and that in the wel sieving process these became detached

and passed through the 1.676 mm, sieve, To a lesser extent this

happened with cocksfoobs Despite this, the stabllity of these soils

was not significantly less than that on which ryegress had grown. In

the lowey depths the presence of wery fine payticles was not noted,
(ii) White clover, red clover and bare ground which showed no

improvement in structure in the 2"L" sample over the L"-6" sample,

(344) In the 0"-2" gample perennial ryegress was superior to

Chewings fesoues

(e) Iwenty Month Semples.

A Plots, Ten replicates wewre sampled to a depth of & inches in
three 2 inch sections on {4th Decenber, 1953, After aivdrying the
3eb mm, screened samples were wet sieved on a 1.676 mm. sieve,

Table AIX gives the analysis of variance for struchbure sbability.
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TABLE XTX Structure stebility 20 months after sowinge
Analysis of variance.

Source of defe |Mean Sguare b F Required Result
Vardiation ) 5% %
Blocks 9 32067 196 2,10 | 2,84 N, 8
Treatments 5 38he 9 23,09 26443 | 3046 ik
Total 59
Blocks 9 32667 5615
Depths 2 708:32 [111.72 355 | 6401 e
Residual (b) | 48 6o 3l
Total 29
Plots of

treatments 59
Deviation of

depth plots

from blocks 20
Treatment X ‘

depth 10 29616 8,65 1e9L | 2o53 o
Residual (c) 90 3037
Tobtal 179

Uoefficient of Variation = 5,9%%
#% indicates significance at the 1% level of probability.
WS, indicates difference not significant,

Treatment & Depth Means (10 determinations at sach depth)

th

&m&mm O 2”“1&»” %_nwgu Mean

PR The 05 T1e59 69645 7170 .
CK 74208 71635 68637 71627
¢ 73658 74662 70021 7180
WG 7505 68423 61019 68,65
RC 7246l 66470 60622 66052
BE 66,02 62 2), 60,28 62,85

Mean 72432 68,62 65445 68,80

Treatments: For significance at the 55 (1%) level, difference must
exceed 2,11 (2,82).
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Depths: For significence at the 5% (4%) level, diffemsn
exceed 0097 (1432)

Treatment Means at any one Depbh: For significance at the 55 (1%)

level, difference must exceed 2,50 (3032)e
Depth means for eny one Treatment: For significance at the 5¢ (4%)

level, difference must exceed 1,90 (2:56)0

Discussion of Teble XIX.

1 The analysis shows very similsr results bo those of the

ing time despite an elapse of elpht mombhs,
2¢ The grasses agein, while significantly superior to the
other plotg show no difference bebween themselvese
3¢ The clovers are sagain highly significantly superior o bave
around bub white clover is superior to red clover at the 5L level of
slgnificance,

Lo The same highly significant difference between stability atb
different depths still persists, In this case Chewings fesoue ab
the 0"=2" level just geins significant superdority over the 2"-LM
level,

56 The highly significant inbteraction bebween depth and treats
ment ds dug t0 -

(i) In Chewings fescue there was no significsnt: difference:
between’ the structure in'the: tworlower soil levels,

(ii) In the O"-2" sample the grasses were not superior to
the two cloverss

(114) In the O™=2" and 2".L" levels white olover was not
waperlor to red clover,

(iv) In the L¥=6" level red clover was not superior %o
bare ground.
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Be Root M@mﬁmﬁimm

Root samples were talen to corvespond with those used for
structure sbability analysise However as it was not expected that
gignificant differences in the latter would be obtained in less than
a year from sowing of the plots, no root semples were telen for the
fivst two sampling periods of the A plots, Information on root
development at this stege of growth was obtained later from the B
plotss

A general comparison of roobt development of the 20 month perdod
is shown in Table XX and Fige VIIL the 2" gecbtion being used for
this because it was sampled most Lrequentlys

TABLE X Root yields (4n mgms. Dell) for the 2"L" soil level
corrected to a standard sample size of 4489 sgs cms.

treatment
Time from
ing We RC CH CK IR FR
g v - b 35478 31567 | 305 | 34160
2 16360 | 50865 | Lhilhe? 27966 o 34508
20 % 21603 72he9 | 63642 3018 e 50066

(a) Four Month:

The B plots were sampled with the Jacques sampler to a depth of
four inches bebwsen 21st August and 5th October, one core being taken
from each sown treatment of one block ecach sampling doye ﬁw four
inch sample was divided into two sections of two inches eachs The
following informebion was obtained from the separation of sach of
these samples and can be found in Appendixz VI,

1s  welght of vven dry roots.

2, mumber of roots abtached to tillers.
3¢ mnumber of tillers.

Lo yumber of woprms present.

1o Weipht of Oven Dry Roots,

Table XXI gives the yield of oven diw roots Lrom the two sampling
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TABLE XXI

62,

Root weight (mgms. dry mabber per 4489 sqe cms,) four
monbhs after sowing, Analysis of Variance,

Sm«:m of V@M&%&n dale Yean Square B %%% mmm:
Blocks 7 58621
Treatments 5 59119 13649 | 2:48 | 359 | **
Residunl (a) 35 438,
Total 47
Blocks 7

Depth g 236031y 188016 | 5059 12,25 | w=
Residual (b) 7 12554

Tobal 15
Plots of Treatments L7

Deviation of depth

plots from blocks 8

Treatment X Depth 5 4242 Tofh | 2e48 13,59 | NuSe
Residual (e)‘ 35 21,20

Tobal 95

CGoefficient of Verdation = 18e5%

% indicates significance at the 19 level of probability
N 8 dndicates not significant,

Treatment & Depth Meons (mgmse Dully per 44,89 sge cme)

0“,_2?@

Mm er%ﬂ
Treatment Section. Section Means
PR 6090 261.6 L3563
GE BaT 0 21263 36946
CH 1706 187 ok 32940
RC (Complete)| 46943 16760 31802
e 11605 1385 2775
Ir 5948 238,8 41668
Depth Means 516k 200,9 3577
Treatments: For significance at the 54 (1%) level, difference must

exceed Lol (63‘5'7)«
Troatnent Means ab any one Depths

level, difference must exceed 60s5 (81.2).

Tor sipnificence at the 5% (1%)
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Depth Means for any one Treatment: For significance at the 5% (1%)
level, difference mist excsed 9146 (12640).

Discussion of Teble XXI,
1o The grassesy in particular the myegrasses, have ylelded a

@e fescue,

mﬁ;@r samount of oot maberdel thon the clovers.  Chewd
being relatively slow to establish, would be expected alb this stege
$o be less productive of oot than ryegress and to a lesser exbent
cocksfooty

2. White elover, being slowsr to develop than wed clover is also
less produckive of rootss

3¢ The lack of gignificance bebween PR and CK, and CK and RC
in the 2"~4" depth and between OK and RC in the 0"=2" depth accounts

almost

for %mﬁwi@aifim‘k reaction between depth and treatment,

2s Nunber of Crown Roolsg.

Table XXIT gives the mumber of crown roots cubt from the base
of the tillers in the sample ares of .89 sg. oms,

TABLE XXTI, Crown Roots mubers four months after sowing.
Anelysis of Vardance,

Sourece of | F Required
Vardation dole Mean Soquave - F 55;3" | »3}% A R&M‘k
Bloclis 7 12289

Tresibments 5 210720 31601 | 2:49 | 3,60 w
Residual 35 67905

Total 47

Coefficient of Variation = 374
i indicates significance ab the 19 level of probabilibys

aison of Species,

CK PR CH IR WG BC
43841 288,8 2%(3{3;&33 2791 4501 1566
1%

For significance at the 5?34&%1, difference must exceed 83%.6 (112.2)



Discussion of Teble X{IT.

Cockgfoot at this age has many more crown roots then the other
grassese They ave very £ine and permeate the soil intensely in the
top two inch section while Chewings fescus has a dense suwrface root
systenm which appears to be achieved by more branching of the roots
below the crown. The yvyegrasses have much thicker roots, the white
roobs being more prominent and there are fewer fine wootse The clovers
ab this age have only one main root per plant and the whole root gystem
is dependent on this tap root and is much sparser then that of the
grasses, although individual roots are thicker,
3+ Number of Tillers,

A picture of the density of plant cover at the time of sampling
is gained from the tiller numbers per unit area which ave given belowi-

72
by
184
9
36
42

HB8E 8RS

by Tumbey of Worms.

Ho differences in worm population were found bebween tresbments.

(b) Eight Month Semple.

The B plots were sampled with the Tubular Sampler to a depth of
six inches between the 2nd and 21st December, 1953, the four grass
species only being used, The samples were divided into three two
inch sections the centre one being used for root study. Because these
samples were primardily to find any comnection bebween roots and struce
ture within a species and not for comparisons of structure effects or
root development bebtween species, the eight replicates of a species
were sempled each sampling day, as opposed to the sampling of all
treatments in any one block as previously done,

Table XXTIT sets out the root weights in the 2"-L" goil section,
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TABIE XXIIT, Root weight (mgmse Dol per 20.15 8qe cms,) in 2"=i"
soll section eight months afber sowinge
Analysis of Verdiance.

Source of r Re:c;%
Variation dole Hean Square F 57 1% | Result
Blocks 7 632 :
Treatments z 699 To3h | 3,07 | 487 e Se
Regidual 29 524

Total 54

Coefficient of Veriation = 15 3%
e 8 indicates not significant.

Compardison of Treatments. Mgm., DM, per 20615 80, ome
PR CK CH I
15560 14365 15841 158ed

Digcussion of Table AXIIT,

(1) Although no significant differences occur between these
four grass gpecies there is a definite trend towards greater increase.
in root growth in Ghewings fescue in compardison with the other species.
This dig further shown in Table XVIII and Pige VII in which moot yield
at the four sampling perdiods is converted to o comparable sample gize.
At *a;m earlier sampling Ghewings fescue was significently poorer than
the other three grasses,

(2) A disadvantage of using the 2"-L" section is apparent in
that differences in mp‘ts weight between species ié less at this level
than neaver the surface, Consequently significent differences may
have been obtained had the O"-2" gection been used for root separation.
Albernatively further replications would have increased the chance of
getbing significant differences,

(e) Twelve Month Sample.

The A plots were sampled with the Jacques sampler to a depth of
six inches between 25th Merch, 1953 and 20th May, 1953. One sample
was taken from each plot and divided inbo three 2 inch sections, A%
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this stage of growth it was impossible to make an accurate count of
root numbers. In all samples the roots were washed and freed of
soil and orgenic matber, dried and weighed, Results eve tebulated
in Teble XNIV.

TABLE XXIV.  Root weights (mgms DoM. per 4489 sqe cms,) in three
sucesssive two inch goil depbhs twelve months afber
sowinge Analysis of Variance,

Bowree of B Reouired

Vardation Ao Mean Square B B5 ] 1% | Result
Bloales 9 292, |

Treatments b 1181163 15,98 | 2663 | 389 el
Residual (&) 36 25688

Total 19

Blocks 9 ;

Depth 2 770487 585,92 | 3655 6.0 ol
Residual (b) 18 12238

Total 29

Plots of ;

treatments L9

Devietion of !

depth plots

from blocks 20

Tregbment X :

depth 8 364363 22,15 | 2,07 | 277 -
Residual (e) | 72 16315

Tobal 149

Coefficient of Variation = 34.8%
#% indicates significance at the 1% level of probability.

Treatment & Depth Means (mgmse. DoMe per 41489 sge cms.)

Treatment Q"w?“ A PR Treatment
Secbion. Section. Secbion. Heans
CH 117 EThe7 3178 TH?
PR 115he? 34568 25469 57he
CR 9776 27%.6 20549 L8767
WG 5499 1630 1456l 27641
RC (Fibrous|  403.8 18340 15669 24749
Only)
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Treatments:s For significance at the 54 (1%) lewvel, diffevence must
exceed 83,96 (112.61)

Depths: For significance at the 5% (1) level, difference must
exceed 46,50 (63.69).

Treatment Means at any one Depth: For significance at the 5% (1%)

level, difference must exceed 166,03 (220,80).
Depth Means for any one Treatment: For significence at the 5% (1%)

level, difference must exceed 110660 (148.18),

Discussion of Teble XXIV.

1e Significent differences in root yield ocour bebtween all the
species except that the two clovers can not be separateds Chewlings
fescue has shown definite superdority, a trend indicated in the
previocus 1i8ting.

2o Root yield hom decreased at a highly significant rate with
depth, All gpecies show this bubt red clover does so to o less degree
than the remaining four specles.

3¢ The highly significant inberaction is accounted for mainly
by the fact that *&zmm are significant differences between the grasses
in the top soil level but not in the other two depths, lMuch more
even root yields are obtained below the top two inches where variation
is wvery madived between speciess

Lis The red clover yields arve in terms of fibrous rootss The
main tap root was excluded from the analysis because although it was
only a single wroot, it weighed approximetely twice that of all the
fibrous roots in the sample,

(4) Iwenty Month Sample.

The A plots were sampled with the tubular samger between the 16th
Novenber, 1953 and 30th November, 1953, As in the case of the eight
month samples, the six inch depth was divided into three sections,
the 2%l section being used for root determinations and the remainder
for struchure, Results arve given in Table XXV,



JABIE XXV Root weights (mgms. DM per 20615 sge cmse) in the 2M-4"
s0il section twenby months afber sowings
Analyais of Varlance,

Sowrce of F Bequired

Variation Aol Mean Square ® 5% 9% | Result
9 2908
5 75826 30608 | 2643 | 3646 i
45 2521

Tobal 59

Coefficient of Variation = 35,2
% indicates significance at the 1% level of probability,

Comparison of Speciess DyMe per 2015 8ge cme
CH PR CK RC WG BG
289.2 182, 13702 11645 98,3 3243

For significance at the 5% (1%) level, difference musht exceed L5.21
(60,39).

Digcussion of Table XAV,

1o Because it was not possible to keep down weed growth on the
bare ground plots entirely, it was decided Yo sample them for rook
growth at this sbage in order to have some Inowledge of its extent
in view of the gradual improvement in soll strucbure in these plots
since sowing time. The weeds present were predominantly sheep sorvel

(Rumex &@t&wma) with a little Boa snnus, and the yields recorded
include the creeping underground stems of the former which added
greater bulk to the sample than a similar length of roote There is
therefore not as much ramification of roots in these plots asg the
weights might appear to indicate,

2¢ The yroot weights of the grasses remain greater than those of
the clovers, Chewings fescue has opened up a greater gep on the
othersy cocksfoolt shows comparatively little change over the previous
twelve month perdlod, ils superiority over the clovers not reaching
significance,
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e mw red clover roob ylelds do not include the mein top
root of plants in the semplee Fibrous root yields of red and
white clovers show no significant difference, a position similar
%0 #hat of the previous sampling,



e

Cs Summary of Results

1e In each of the four samplings made Por the determination
of structure stability, the soil from the grass plots has been @qﬁw
glsbently superior. In most cases this superdority was highly
significant, o consistent differences were recorded between the
grasses. There was a tendency for the ryegrass soil to be superior
in the top two inch layer, bubt it showed greater deterioration in
the lower levels than the soil from cocksfoot and Chewings fescue
plots,e |

2e The solls from the clover and bare ground plots were con-
sistently placed in the order of whibte clover,; red clover, bare grounds
Significance was achieved in the majority of these comparisons bew
tween structure stabilities.

3¢ Root development as indicebed by the weight of fibrous
root tissue present at different stages of growth, wes move intense
in the grass gpecles than in the clovers.

L4s The percentage decline in poot weight with depth was very
consisbent for all épm:iezm Although the clovers tended to have
a greater proportion of their roots in the top two inches in the
eardly sbagesy by the time the planbts were a year old, all species
had prectically the same proportion of their living roots in the top
two inches, The percentage of the 0"-6" root weight actually present
in the 0"-2" section varied for any one species bﬁ no more then 0«57%
from the mean percentage which was 66s7157%.



SECTION V.

ROOT DECOMPOSITION
A, INTRODUCTION

In Bection IV tMe measureable root cheracteristics were men-
tioned as possible factors influencing physical conditions in the
soil in which the roots are growinge The variations in root weight
and root nurbers between gpecies were dealt with there. Roobt decom-
pogition will be deald with in this section.

It is generally accepted that decomposing organic mabiter in the
soil has o favourable effect on aggregate formation (85)s  Thus the
effect of plant roobts in changing the goil shruchure mey be due to
the residues left when the roots die in addition to (a) the actuel
binding effect that the roots may have on the soil parbticles and/or
(b) the compression of the soil inbko more or less stable crumbs by
the growing rooks as they ramify through the soil (72).

The decomposibion of roob maberiel commences very eardy in the
life of plants, but is on a relatively small scale being almost solely
confined to the root hairse However, within the first few months of
the life of a grass plant the seminal roobs begin %o deteriorate, and
they male some contribublon to the supply of organic mabter to the
soil (107)s Also, under pasture conditions, there is a considerable
mortality of young prass and clover plants in the esbablishment period
extending up to twelve months from sowing, and the roots of these
plants represent a considerable bub as v@f; wnmeasured propovtion of
the additions to the soil organic metber in that time. Bven where
grass rooishave not died, there is usually a gradual deterioration

with age and this involves the sloughing off of the cortex (29) while

71:
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the sbele still remsins operative.

In view of this more or less continuous supply of food in the
form of plant roobs o the soil orgenisms which tokes place under
pasture, it was decided to measure the rapidity of breskdown in soil
of the roots of the different species under aon&iﬁm‘m:iom, and also
to see whether the rate of this brealdown could be related to the

goability of the soll struchures



B, THE EXPERIMENT

(a) General.

In this secbion, soll taken from an ares sdjacent to the plots
already mentioned was used in pots, This soil had been under cult-
ivation for over four years end was low in stability of structure in
comparison with neighbouring pasbure arecas. The method used was to
add equal weights of roots of the different species in the scil to

pobs and thoroughly mix the two. Water was added to approximately

field mw;cijty and the pols were placed in an unheated glasshiouse,
Semples were taken at inbervals, and the Warburg Apparatus was used
to determine the rate of decomposition of organic matber in thems

At rather longer intervals, the pots were sampled for sbructure stabe
ility which was determined by means of wet siéﬁmgga

(b) lNaterial and Douipment.

The soil was obiained from an intensely cultivated area and,
after alr-drying, it was passed through a 3 mme round holed sieve,
practically all of it golng through quite casily. It was then sieved
on a 4 mme round holed sieve and the material retained on this sieve
was used for pottinge, From previous experience, it was known that
such maberial containing particles of a very narrow sige-range would
provide much more consistent sub~samples than could be obtained from
the complete soil bullk, It was important to have a standexd soil
sample on which to aprly the treatments,

200 gmse of this air-dried soil was mixed with 3 ggxm. of ovensw
dried roots obbained from the root separations described in Section
IVe Vhere sufficient root materisl was aveilable, pots containing
soil with 6 gms. of roots were made up alscs In order to get an
intimate and even mixbure between the roots and the soil; the roots
were first put through a hammer mill, The mixbure was of sufficient
size to £ill a plasbic pot of 3% inch top diameber and 2 inch bobtom

diameter to within & in. of the top. Duplicate pobs of each treatment
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were pub downe 65 gmse Of tap water was gently added to each pot,
this being sufficient to bring the moisbure content of the samples
up to about 370, this being near the field capacity of the soile To
reduce eveporation o a minimun a polybhene plastic cover was fitted
over the top of each pot and secured by an elastic bande  Thus with-
out reducing aseration conditions it was possible to mintain an even
moisbure content in the pots, only one wetbering belng necessary in
three months, and that only to the extent of 3 gmse per pobe

The following treatments were applied in duplicatet-

1y Wo added rootse
2y White clover roots fyrom plots sown L monthse
3¢ White clover roobs from plobs sown 12 monbhs.

e Bed clover roots from plobs sown b monbhse

5o Red clover yoobs f‘i‘&m plots sown 12 months (fibrous roots only)
6e Red clover roots from plobs sown 12 months (bap root only)

7o Chewings Pescus roubs Lrom plobs sown b monbhs.

8, Chewings fescue roots from plots sowm 12 months,

9¢ Chewings fescue roots from plots sown 12 months.(6 gms. per pot.)
10s Cochksfoot roobs from plobts sown L months,

11e Cocksfoot roots from plots som 12 monthse

12 Peremnial ryegrass roots from plots sown 4 months,

13 Porennial ryegrass roots from plobts sown 12 montha.

1he Perennisl ryegrass roots from plobs sown 12 months. (6 gns, pa pot.)
15¢ Italian ryegrass roots from plots sown L monbhse

The pots avallable were not all the same colour and so as to svoid
any effects of light they were placed inside ) inch clay pobts into
which they fitted snugly. ILight was excluded from the surface by
placing e tin tray over the top of the grouped potse Duplicate
randonized blocks each consisbing of 15 pobs were set out on o glass
houge shelf where ventilation and temperature were considered uniform,
The layout is shown in PFigs IX,

In addition to the above, single polbs of the following treatments

were included also,

1s Red clover roobs from plots sown 12 months (Lep rook aily, Home, pe pot.)

2¢ Cocksfoot roots from plots sown 12 months (6 gms. per pot Je
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Diagram showing layout of the pot experiment in the glasshouse,

(see page 74 for key to pot numbers, )
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Minimum day temperatures veried from 4LOF $o 62°F and mascimum
day femperatures varied from 73°F to 103°F Guring the period that
the pobs were in the glasshouses

The normal method of measusrding the rate of decomposition of soil
organic mabler has been by recording the svolubion of carbon dioxide
(68, 93) or the oxygen up take of that soil (68)s In view of the
faot thet a Wearburg apparatus was avellable in the Botany Depaxbment
of the College, il wes decided to use it for this purpose. The
apparatus is of stendard design (13) end was made in the College
worlcshops It conbtains twelve menometers. Bach treatment was done
in triplicate in order bo obbtain satisfactory accuracy, so that only
four treabments counld be compaved abt any one zun of the appavetus
(e) Methods

1s Root Decomposition Rates.

The pota were £41led with the soll-roobt mixbure and wabered on
the 10th Hovember 1953, Twenty-four hours later sampling commencede
As all  pots could not be sarpled at the same time it was necessexry
o have a control trestment in each run of the apparabus., This lefd
three other btrestments which could be includeds, The apparatus wes
aveilable for only two days in succession which limited the treatments
that could be tested to sixe, It was decided therefore to make a
comparison of the grasses the main dobject, and to concentrate on those
pobs to which the 12 nmonth old roots had b@m'a&ﬁ@&.. This woob
material was very free from the roots of other grass species, weeds,
ete, In addition it was possible to include some of the clover pobs
to give a general idea of how they behaved in comparison with the
grossese

The pobs bo be sampled were brought into the laboratory just
before samplinge On the first day 5 gnse of the wet soil was taken
from each pote  This was weighed to the nearest millipram on the
Sartorius balance in a weighing dish with the 1id on.  Afber the

Piret sampling the amount of soil was reduced to 3 gms. as this amount
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made the manometer readings simplers The transfer of this soil to
the flasgk was srreanged by plugging up the well with a stopper on a
$hin shafb, and fitbing o peper fumel over the inleb to avoid any
loss of the soil particles in the {transfer, The s0il was distrib-
ubed evenly sround the well., Inbto the latber a small filter paper
strip was placed and three micro litres of 206 potassium hydroxide
were carefully added with a pipebie. This was to absorb the cerbon
dioxide produceds Readings on the manomeber scale thus indicate
the amount of oxygen absorbed by the s0il s and this regpiration rate
indicebes the activity of soil micro organisms end thus the decompo-
sition of the organic matter presenb,

The temperature of the water babh was mainbtained at 3@0@, o
sontinual shaking of the apparatus was practiced, Shaling has been
shown 4o be unnecessary by Webley (99) and Rovira (67) where soil
samples are used in the Warburg apparatus.

Readings of the manometer scales were made every hali-hour, bub
an & sis of the results was made on the average hourly absorption
of oxygen, this being obbained from the final maﬁ’mmg s generally six
hours after the start, Afber this final reading, the soil was coxe-
fully washed from each of the flasls into swell porcelain drying
dishes and dried for 16 hours in a drying oven at ‘305%’. These were
then cooled in a dessicabor end the oven-dried soll was welighed to
the nearest milligram, Oxygen absorpition per gme of oven dried soil
wag usged as the basis of comparison bebween breatments.

The pots were sampled four btimes over a period of two months
Vigie

To  11th and 12th November, 1953
2o 18th and 19th November, 1953
30 3wd and Lth December, 1953
o Bth January, 195k

2e Stebility of Struchure Measurements,.

Thirty days afber the soil in the pobs had been molstened it was
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renoved from the pobs of Block A and spread out to alr-drye. This
was on the 10th December, 1953, On the 24th Decenber when dxy it
. was put into airbight bottleme Four meries of samples were taken
from these bottles over the next month and wet sieved to measmure the
stability of the soil aggregates. 25 gnse was the sample size used,
this being soaked for 35 minubes and sileved for 5 minubes on a 0259
mne Sieves

Forty days later the soil fyom Block B was spread to ailr-dry,.
This was on the 19th January, 1954 This was bottled on the 9th
Pebruary, 1954 and anslysed for sbability of sggregebes on the dwo

following days in the same manner as Block A,
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e Hesulbe

(2) Root Decomposition.

In Fipge X the rates of sbsorption of oxmygen over the foup

sampling periods are graphed., Tables to XIX give the resulbs

of the individual samplings and the significance of the differences

moasured at each sempling,

TABLE XXVI. Rabe of oxygen absorption in mloro litres per gm. of
cvenwdried soil one day afber moisture added,
Analysis of Verdance,

F Required
Source of Verdation | defs |Mean Square ' 74 1% | Result

Specles ‘ 5 261 &@ﬁﬁ 3657 2481 | La3l il
Residual 17 306 5450
Total 22

Cpefficient of Vardation = 3985
*% indicates significance at the 1% level of probability.
Comparison of Speeiess microlitres of 0, absorbed per gm., of dry soil,
Consrol PR CK CH RC (Vew) We (New)
7ot Ge 61 Oe 71 Yo kD s T 27630

For significance at the 55 (1%) level, difference must exceced 9452 (13.07)

\

Rate of gen abgorption in micre litres per gm. of
oyen~dried soll elight days afber moisbure added.
Analysis of Variance,

Source of Vexdation | defe | Mean Squave Resulb

Species 6 LiSa 643 999k | 2470 | 4610 e
Residual 17 %993

Total 25
5 & i v
Coefficient of Variation = 3262%

#% indicabes significance at the 1% level of probability.

Compaxison of Species: wmicrolitres of % abgorbed per gm. of dry soils
Control o PR CH Wwe (old) RO (old) WC (new)
2y m} «QM i%?% f"sai%?ﬁ %3, &% 534» @33 g* 91 1 5%% §3

For significance at the H% (1%4) level, difference must exceed 3484 (5627)
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OXYGEN ABSORBED— mlitres. per hour
o

S
4 8 /6 24
DAYS OF INCUBAT/ION.
FIGURE X

Graph showing changes in oxygen absorption rate during the {first
part of the incubation periods {(The base line represents 2

mlitres. of oxygen absorbed per hour)s
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CABLE Rate of oxygen sbsorption in microlitres per gme of
oven=dried soil 23 days after molsture addeds

Analysis of Veriance.

3 tred
Source of Varlation |defs |Mean Square w %?%%M Resulb
o

Species 7 o134 3652 | 2,66 | Le03 ®
Repidual 16 . 1232
Tokal 2%

Coefficient of Vardation = 16.0%

* indicates significance ab the 5% level of probability.
Compardeon of speoiess wmicrolitres of 6% sbsorbed per gme of dry soille

Control CK PR(6gms) PR . CH Wwo(old) Ro(old) CH(6 gms)
181 1088 2.0l 2,08 2,18 2426 2629 Belle

Tor significance at the 5% level, difference musb oxceed 0,608,

Reke of oxygen sbsorpbion in microlitres per pm, of

oven~dried soil 56 days afber moisture added,
Analysis of Vardsnces

~ 5 ? Reguired .
Source of Vardation | defs | Mean Squave ® %ﬁ%% Resuld
e 7

Species 3 162517 12631 | 4eO7 | 7659 et
Residusl 8 01017
Total 11

Coefficient of Variation = 15.1%

¢ indicates significance at the 1% level of probability.

Comparison of species: microlitres of O, absorbed per gm. of dry soil
£

Conbrol ¢ PR CK
é%&ﬁ%éﬁ Qmﬁ? Qﬂbﬁ & zlog?

For significance at the 5% (%) level, difference must exceed 0,60 (0.87)

o

Discusgion of Tables XXVI %o JOCIX.

1o Oxyzen absorption has been consistently lower in the untreated
sodl at all stages of the experiment,

2o Solls treabted with clover roobs have been betbter, weight for

welght, than the grasses in oxygen absorpblo.

8§

36 Rates of absorption are high initlally and taper off rapldly



Pollowed by a period of slow deterioration unbil presumbly a consgbent
rabe of sbsorption is peachefls, This is in line with the findings of
Rovira (68).

he Soils with double quanbities of added roobs have tended to
be greater in oxygen absorption than those with the normsl addition.

5¢ In the case of added clover roots, the young roobe have

tended to induce a more rapid oxygen sbsorpiion than the older roots.

(b) Structure Determinations.

AR

Plgs XI shows a hisboprem of the percentuge stebility of apgregates
of the potted soils 30 and 70 days afber the addition of the roobs and
the moistening of the soil,

Table £ and XXAT pive the results of each sampling.

% stability of soil aggregates 30 days afber addition
of grass and clover roobse

Analysis of Veriance,

Soures of Vardation | defe | Mean Squave b Wﬁ”m% Resulb
. . i

Replications 3 162499

Troatment 15 75482 1362 | 189 | 2647 e

Residual L5 5el5

Total 63

Coefficient of Variation = 3.5%
#2 indicabes significence at the 1% level of probebility.

Compardison of Treatments: % aggregetes retained on a 0,251 mm. sieve.

Treatment Aggregete Stability
Control %ﬁg 6le2
Condrol (b 65k
{o1d Elie 6
(old 6666
( young roots) 6649
(old: fibrous roots) 740

(old: 6 gms.)

young roobs T0s;
young roots 0ol

ic (o1d ' 713
| (0ldt 6 gms. 7247
{ young poots 7664

(0ld, tap rool) 7748

For nipnificance at the 5% (1%) level, difference must exceed 3442 (456)s
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TABLE XXXI., % stability of soil aggregates 70 days afber addition
of grass and clover roots.
Analysis of Variance,

Source of Variation | defs | Mesn Sguare | P |nioddired \poong

5% 7
Replications 3 Zelif
Treatments 16 124699 18e9L | 188 | 25kt e
Residual 48 - 6060
Total 67

Coefficient of Variation = 3o 50
*% indicates significance at the 1% level of probabilily,.

Compaxdgon of Treabments: % agpregates rebained on a 0,251 mme sicve
Treatment Agoregate Stability
Centrol 6167
oK (o1d) 6701
PR (old) 6968
CH (old) 7066
CH (young roots) 71e7
RC (old) 718
We (old) 7348
IT (young roots) The'l
CK (young roots) 7408
WC (young roots) 748
RG (young roots) o8
PR (young roois) 75.7
RO (old: fap roots) 7569
PR (old: 6 gms.) 7647
CK (old: 6 gms.) 7669
CH (old: 6 gms.) 79.2
RC (old: 6 gms: tap root) 8807

For significance at the 5% (1%) level, difference must exceed 3e66(le80)

A comparison was made of the four treatments thet were spplied
at the two different rates vizms 3 gms, and 6 gms, per pot., These were

analysed separabtely and the results appear in Table XXXIT.
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TABLE XXXTT. The effect of adding grass and clover roots at two
different rates on the Percentage Stability of Soil
Aggregates 70 days after treatment commenced.
Analysis of Variances

B red

Sourge of Vardation |d,f. | Mean Sguare ® %—I@% Result
Replications 3 0635

Amount of Added Roots| 1 681,50 109617 | 4 32 | 8602 il
Treatments 5 179010 28&56 3007 4.87 i
Amount X treatment 3 14659 2633 3407 | 187 NeSe

interaction
Residual 2% 6,27
Coefficient of Variation =  3¢3%

#% indicates significance at the 1% level of probability.
N, Seindicates not significant,

Comparison of effect of varying amounts of roots: % aggregates retained
on a 0251 mm, sieve.

3 gmse 6 gmse
70#9 804»1

With five treatments, comparisons were available between young
roots, Wsﬁ&a four months after sowing and old roots from plants
12 months old, In Tables XXXIII and XXXIV the effect of these two
root samples is shown for both the 30 day and 70 day structure
determinations.

TABIE XXXIII  The effect of young and old root additions on the %
Stability of Soil Aggrepgates 30 days after treatment

commenceds Analysis of Variance,
Source of Variation | d.fs | Mean Square B 4 OR@ 77 Result
Repli@&ti@m 3 X 3»72 1 60 39 2e 96 L}»&) i
Age of Roots x| 119.72 16020 | Lol | 746B| %
Treatments &4 41,27 5658 | 2,73 | Lelt| **
Age X Treatment L 315k Lo27 | 2:73 | hotl| **
interaction
Residual 27 7039

Coefficient of Variation = LUk
w# indicates significance at the 1% level of probability.
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Table of Means: % Agoregates retained on a 0,251 mm. sieves

Species RC WC PR CK CH Age of
Roots
Mmg

1014 Roots 67,0 7163 6l 6 66,6 65,9 6741
Young " 7661 7005 10s4 68,8 6649 7065
|Species 7106 7049 6745 677 6602

neais

f.
' TABLE XXXIV The effect of young and old root additions on the %
Stability of Soil Aggregates 70 days afber breatument

commenced., Analysis of Variance,
Source of Variation | defe | Mean Square | F %{R—?ﬁ-—%’f? Result
Replications 3 908 108l | 2:96 | 4060 | NoS,
Age of Rooks 4 139,88 28632 | Le21 | 7068 |
Treatments L 16435 3031 | 2073 | hett | ¥
Age X Treatment L 1719 3048 | 273 | het ®

inberaction
Residual 27 Lo 9l
Tobal 39
Coefficient of Variation = 3,1%

#% indicates significance at the 1% level of probability.
*  indicates significence at the 5% level of probability.
N S.indicates not significant,

Toble of Means: % Aggregates retained on a 0,251 mm, sieve,

Age of]
Species RC We PR CK OH Roots
Heans
0l1d Roots 7’1 & 8 7308 69@ 8 67Q 4 T0e 6 7Go 6
Young " The8 748 757 TheB Tie7 Thols
Species 7363 The3 7268 710 7162
lleang

Discussion of Taples XX to XXIV.

1o In the main the treatments have produced comparsble results
a2t each of the %wo liftings, Although the improvement recorded in
structure at the laber determination was highly significant, it cammot
be concluded that it was due solely %o the continuing blologleal
activity in the seils Expervience has shown that different conditions
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of temperature end moisture, during the preparation of samples can
affect the stability of the soil agpregetes. Nevertheless, the
result is the expected one with organic material that decomposes
slowly, Bubt a stage may be reached when the effectiveness of
organic matter may be lost, and the agsregation decrease (85)e It
is perhaps significant here to nobte that the only two samples which
showed a decrease in aggregation at the later date were red clover
samples which had shown rapid decomposition in the Warburg apparabus
and gave the highest stability of aggregates in the first determine
ation,

2¢ BSoils from the control pots gave the lowest structure stabe
ilitye The addition of roots has improved the structural condition
of the soil and in practically all cases the ilmprovement is significemt,

3s Those pots to which the addition of double cquantities of roobs
was made have consistently resulbed in sollsvith a highly significant
improvement in structural stability. FEmerson (16) has suggested
that this effect and that in (2) is due to the very apprecisble con~
bact angle of water adwvancing into soil conbaining much orgenic matters
There is however, some inconsisbency in the extent of increase in
stability resulting from the larger addition of plant roots.

Le There is a tendency for soils treated with clover roots to
be better in stability of struchuve than those treated with grass
roots, In most cases this is significent.

Ye The addition of young grass and clover roots has been more
effective in improving the s‘t&bili’i;y of soil struchure than the use
of old rootss This reached a highly significant level in each of
the two determinationse



SECTION VI
STRUCIURE IIT RELATION TO ROOT
CHARACTERISTICS.

Ae L months Sample.

Correlation coefficients bebween the agpregate stability and
the weight and nmurber of roots present in the soil at the time the
stability was measured, were calculated. TobleXXV and Fig. XII

show the results of these corrvelationse

TABLE XXXV Correlation coefficients between aggregate sbability
and root yield four months after sowinge

L Grass species and e ;
Depth 2 clover species. L Crass species only
Q"e2" layer o513 W% o9 W
2“‘"’1@" Jﬁy@r ¢259 Nﬁ S. ‘;2?7 No Sg
O layer obll W% ol16 ¥

* indicates significance at the 5% level of probebility
w2 indicetes significance at the 1% lewvel of probability

No relationship existed between the root numbers atitached to
$illers and the aggregate stability of the soil. Nor was aggregate
stability related to the top growbth as measured by the yield of

herbage at the first cubting period.

85,
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Bs Bight Months Sample.

Wo relationship could be established bebween root character—
istics and structure at this stage of development, CGrasses only
were sempled. Italian ryegrass, the only nonwperennial grass,
gave the best structure bub at this season of the year yielded the
lowest root: wveight., Chewings fescue, peremnial myegrass and cockse
foot oceupied the same respective positions in structure stability
and root yield bubt no significant correlation between these two
factors could be estbablished because of the marked variation between

replicates egpecially in regard to root weight.

Co Twelve Months Sample.

When grass and clover trestments were considered together a
highly significant corvelation between root weight and structure
was found, This &is&p@@@mﬁ&, however, when attempts were made
to relate root weight and sbructure of the grass species only.

As can be seen from Table XXXVI and Fig, XIIT similer results were
obtained from each of the soil depth sub-samples and in the whole
O"6" layers

TABLE XXXVI, Correlation coefficients belween aggregabe stability
and root yield twelve months afber sowing.

Depth 3 grass gpecies and 2 clover specles.
O"=2" layer + Qplidyly M
2Weul !t Inyrer + 0586 **
L6 Layer + 0s515 **
o"-6" layer + 0e635 i

% indicates significance at the 15 level of probability.
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De Twenty Months Sample.

At this sboage of development of the pasbure species, a highly
significant correlation was again obtained between root weight and
structure, (Fige XIV). This occurred when all plots were included
in the calculations, The correlation coefficient was + 0,613 using
the root weight in the 2"L" layer, and the mean structure of the
0"=2" and }4"-6" layers. However, the main object of the samplings
at this time was to find out what relationship, if eny, there was
between root weight and structure within the grass species onlye
For the mmber of samples that could be snalysed no relabtionship
could be established either using the combined yields of all the

species or for each species separately.

B, Pot Experiment

The nuber of treatments that could be evaluated by the Warburg
apparatus was restricted to seven in the first run including two
control sampless One sample was lost as a result of bteething troubles
in using the apparabtuse In the second yun there were eight samples
including two conbrolsy din the third, eight samples wilh one combrols
and in the fourth, four samples with one controle Very few come
parisons were thus avallable for establishing any relationship between
rates of organic matiter decomposgition and charges in aggregate stabe
ility, and wvery high correlation coefficients were necessary to obtain
gignificances Fige X¥ and Table XXXVII show the relationship between
the rate of root decomposition and the subsequent stability of

aggregates,
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TABLE XXXVIT Correlation coelficients of sbability of agpregetes
with rate of root decomposibtions

Aggregation 30 days|Aggrepation 70 WJ
afber addition of |afber addition of
TO0LSs 200t S.
Rate of O, ebsoiption 1 day
afber mgx«ﬁrm added., 0893 e 0890 ®¥
Rate of 02 absorption 8 days
afser moIsture addeds oBL6 0895
Rate of O, absorpbion 23
days aft€r moisture added, 0759 * 0789 *

% indicates significance at the 1% level of probability.
%  indicates significance at the 5 level of probabilitye.

Despite the small nmuber of semples a highly significent relationw
ship was founde Before congidering the value of this information,
it must be remembered that the pot conditions used were highly avyte
ificials The soils comprised drxy aggregates of a limited class
size, ViZe, 1 =~ 3 mme  They had been in an airv-dried condition for
a week or more prior to the sbart of this treatmente The added roots
had been ovenwdried and were thus in an artificial condition, and
some changes way have cccurred in thelr orpenic malke-ups, These
roobs were also smashed to small pleces and the intermal componenbs
were possibly much more readily availsble to micro organisms than
under natural conditions. Afber webtbing, the soils were held ab
temperatures higher than those experdienced in the field and conse-
quently the micro organic populabion could conceivebly have been
much different firom a normal one for this soil, However, no efford
wass made to encourage the development of one or more types of orgenisms
as compared with others,

Despite the artificial conditions present, the high significance
of the correlation coefficients relating to root decomposition and
soil structure improvement indicates that the roots of the species
examined show a marked veriation in their effect on the physical
condition of the soil. By accentuating the differences in wroob

material present, it has been possible to get a very highly significent
effect on the resulting structure.



SECTION VIXe
DISCUSSION,

Overseas investigations into soil structure have shown thail
treatments do not necessardly produce the same results on different
soil ‘t:ypem Therefore, in this investigation, which has been rese
tricted to a single soil type, no generally applicable conclusions
gon be aldvanced, Bub even if the {treatments had been more widely
tested, care would still have had %o be taken in the inberpretation
of the resultse The treatments under consideration ave the effects
of growing plants on the soil, and it is impossible to standardise
them especially when they eave grown out of doors. They are influensed
by such oubside agencies as elimate which can wvary the growth pattern
from one year o another; or management, which involves stage of
cutbing or grazing, and nubrient retbwrn., Vardations caused by these
factors could result in markedly different yields of both bops and
rootss The managemental conditions prevailing during the course of
the experdment have therefore been carefully specified in Seecbion IIT.
Apart from these considerations however, the experiment can be ree
garded as having helped to explain how pasture plant root growth
affects the physical condition of the soil in which the plants are
growinge

Discussion of the resulits has been divided into the following
sectionsse '

(a) The effects of the treatments on soil shructure,

(b) Study of root development of the species useds

(¢) The role of pasture plant roots in soil structure development.

89,
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{(2) The Effects of the Treatments on Soll Structure.

The difficulty of measuring the short dern improvements in shueture
were increased in this experiment by the fact that the soil on which
the plots were sown was nob showing advanced deterdioration of structure.
The effect of abt least £ifty years in pasture had not been enbirely
removed by the thyee years of cropping, which the soil of the A plots
had experienced. However it appeared 4o be on the verge of a grealer
collapse if the experience of the B plobs which had had an additional
year's oropping is any indicabtion, Unforbunately, ab the time of
sowing the A plots the technique %o be used Throughout the experdment
sgaregate analysis had not been worked oute Bub ibs pevcentage
sbability is eerbain o have been considerably higher than the 3h.T%
of shable aggregates recorded for the soils of the B plots at the time
they were sown & year later. (See Appendix X). In compardng the
aggregate stebility of the two soils four months after the sowing of
each, some idea of the difference bebween them van be realised, The
of the six treatments of the A plots in August 1952 was 60,87
stable aggregates while in August 1953, the same six treatments in the
B plots gave a mean value of only 40.8% of stable aggrepates. CGranting
that differences in season and management may have made some difference,
the indications ave thalt the exbra years cropping has mede a cosidewdile
impact on soil strucbure deberdoration, This means that the soll of
the B plots, stearting off in poorer condition, would have given a gresie
opportunity for a good strugture improving treatment bo have shown it
selfy had it been possible to caxry these plots on for o longer periods
Over the first eight months the treatments showed a greater range of
effects on the soils of the B plots than on thoge of the A group which
sharbed off in better condition physicaily. However, some of this
diffioulty was overcons by the ample replication of the treatments and
by weducing the experdmental ervor to a minimum through standerdisation
of the analysess )

The oubstanding feature of the strucbure resulbs was the mupere—
iﬂ:ﬂ:&y of the grass treatments in improving agpregate stability. Buk
the wet sleving technique feiled to scparate the individual grass species

Lor

despite the fact that a@nﬁiﬁemm differences were evident to the eye



in the soils from the different treatments. Efforts to illustrate
these typiecal structures by photography were also unsuccessful, as
they involved not only such features as the fineness and shape of

the natural agpregetes, but also the readiness with vhich the soil

disintegrated under pressurs when dry or slightly dampe The only
Pigures which indicate any difference between the three grass specles
were obtained durdng the dry sleving of the soils for the 3«6 mm,
fraction. The latber figure recorded as a percentage of the total
soil from which it was removed showed consistent trends with each
species, (Appendix V) especlally in the top two inch level, Oniy
305 of this soll in the Chewings fescue plots wes retained on a 3 mn,
sleve, 39% of the soil of the cocksfoot plots was rebained and AH
of the perennial ryegrass soll, These figures bear out the observ—
shbions on the soil structure made during the course of the experiment,

I+ was noticesble thed under myegrass, the soil structure was
sonsistently cloddy in nabture. There wag difficully in breaking up
the laxger lumps into smaller granules once they had dried out, and,
when they did break they tended to produce shexp edged pavbicles.
In this respect the structure was like that of the clovers, parbioularly
white clover. Bub they reacbed quite differently under welt sieving,
Theré wos o harsh feel sbout the soil which may have conbtributed in
the past o farmers' comments that ryegrass was not as good as ococksw
Poot in strucbure lmprovement.

The goil from the cocksfoot plots broke up into what zeemed to
be natureld aggregates much more freely., The ramification of fine

roots through the soll was more noticeable and the granules were

penerally rounded, and a blg proportion of them were of pes slze.
The term "orumb struchure® adequately described the condition of this
s0il, which had a sof't, mellow feel and even large lumps of aly dried
soil broke down evenly under light pressure,

The soil from the Chewings fesoue plots showed practically no

brace of ¢loddivess., 1% broke down easily when beling dvy sieved into
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smaller parbticles than those of the cocksfoot plobs, These natural
aggregates had vounded surfaces, and were frequently bound %o each
obher by grass roobs which had formed a densely wanifying mass in

the top inch of the soils In some cases in the 0 « 2 inch samples,
i% was aiffioult o sepavate the soil particles from the root mass,
and the exbra mandpuwlebion required as o wesulld may have caused an
excessive bresk down of the soil during dvy sievings It was obvious
however, that this soil woe mors finely divided than those of the
othey grass specles, and this is bomme out in the analyses which were
carpied out on the unsereened poil samples and recorded in Table Ve
As will be seen fyom Appendix V there were highly Wﬁmﬂtz dlfferw
ences bebween all three specles in the top two inch lewel, vyegrass
differed from the remaining two in the 2 « I inch level,and no sige
wificent differences were apparent in the 4»6 inch level,

Az the wet sleving beclnicque for structure m@hmw was not eble
to seperate the three species, il can be concluded thab, despite the
different appeavance of the soils, the individuel sggregetes in sach
reacted very similarly to the dlsinbtegrating effects of waber and
therefore that the mechanism of wabter stability woes much the same in
sach oases  Bven shrasion caused through ﬂhmg the samples in waber
prior to sleving falled to produce any differential response and indice
ated alse that the waber proofing effect noticed in all the top two
inch samples of the grasses and in parbicular with Chewings Pescue
was not causing en erroy in the wel sieving analysis,

The second lmportant feature of the breatment effects was that
the soll from the white clover plots was superdor in aggregete sbabe
4lity to that from the red clover plots, and that both showed a vas
improvement over the barve ground soilse In appeavance, the three
soils presented little if amy noticeable diffevences, although the
bareground soils dended to become powdery vhen dyye ALl three were
rathey difficult to break down to pass through a 6 mm, sieve when aily
drded, red clover being the least troublesome in this respects The
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3 « 6 mm, particles were predominently sngular in shape, and memy of
‘them had a tendency to collapse when immersed in waber, the bare
ground soil being more seriously affected in this respect, bub no
evidence of explosive shattering of such aggregates was found., A1l
three soils were readily webted when immerseds

Some explanation of the improvement of the structure of the bare
ground soils durdng the course of the experiment is required, and
there ave two possible reasons for this changeie

1e As the loss on ignibtion ﬁM% indicate, (AppendixIV) there
was a congiderable reserve of orgenic matiter in the soil at the stard
of the experdment, This had been meintained by previous crop residues
which had been worked into the soil and fed off with sheep, And
although the maize crop grown Just prior o sowing down the plots
had been pulled oubt and removed, a considerable amoun® of roobt maberdal

1y still left in the soils Now the literabure shows that

organic matter plays a very impordant part in structure improvement
and no doubt s in this case there was sufficient present to be resw

ponsible for some of the iwprovement recorded. During this time
structure destroying factors such as cultivation would be at a mirdmum,

2¢ Although this treabment was kept as free as possible from
vegetation, complete control was nobt obteined, Some organic mebier
therefore was returned %o the soil in the top growth that was scraped
off at the time of hoeing and left lying on the surface of the plotse
Some would be returned in the roots of the plants also, Worns were
active nesax the surface of this pleot, and would help to incorporete
orgenie matter throughout the soil,

Although compearisons between 1iftings are not strietly valid,
the change in aggregete stability over the twenty month perdiod is
sufficiently regular and of such magnitude to leave no doubt aboub 1%
being real, (Fige XVI). Seasonal variations which have been reporbed
from Ameries (104), and vardations resuliing from possible different
experimental conditions at different 1iftings have appavently been
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masked by the greater effects of the treatments, It appears also
thaty; as measured by the technique deseribed, the structure has
alnost veached that of a neighbouring old pasture which can be rew
gerded as having meximun stebilitys This is du agreement with
Russian {26) rather than British experience (39), the latber finding
that the structure bulld up was incomplete even afber 25 yearse It
is possible however that a more searching technique would show up

the 0ld pasture soils in a better lights It is intended that, after
three years from sowing, the plots will be cropped, and a record of

wrwerd. strucbure changes will be kept snd compered with those from
aimilaw '&mamt& given to a neighbouring virgin soils, TFrom these
results it should be possible to decide how efficient this wet sleving
technique is in Judging the structure of solls in bebter than average
conditions,

In the two later 1iftings of the A plobs, sepavabte anslyses were
made on O = 2 inch, 2 « 4 inch and 4 - 6 inch depthse  Stability
deoreaged with depth in every case and generally there wes 1ittle if
any vardation in the velalive position of each treatment at the differ-
ent depths, It was found however, that in the top two inch lewel,
the clover and bare ground soils more closely approached the grass
soils than in the other two depthses An explanation of this is offered
in (e) of this sections Structure sbebility decrease with depth is
normal (94.), and the resulits of Watlins (95) on an adjacent alluvial
soil where he found the greatestdegree of aggregation in the L « 6
inch soil level are unusuals Among the three grasses the patbern

of variation with depth varied considerablye As alweady indicated
differences between them at the three depths for the 12 month and 20
month samplings were not significants, Bub at both these times, in
the 0 = 2 inch level ryegrass dtended to be superdior to cocksfoot which
in furn was superior to Chewings fescue in aggregete stebilitye As
the depth increased, so did Chewings fescue improve its position
relative o the other two species so that in the 4 - 6 inch level it
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was the bests (Tebles XVII & XIX). The fact that this ocourred at
two widely separated sampling times and over a large nunmber of rep-
lications gives some crédence to it being real, Observations of
the O = 2 in, samples of screened soil used for wet sieving analysis
showed that the Chewings fescue contained a greal proportion of ibs
particles near the minimum size i.¢, 5 mm.; cocksfoot a less number
and perennial ryegrass fewer stille This appeavs bo have had its
effect on the amount of soil vebained on the 1,676 mm, sieve, The
analysis of the complete soil samples taken at the 12 month mm
also. confirme the deficiency of Chewings fescue in the top 2 inch
level, (Teble V). This gives a figure for aggregoate-size distribe
ublon and shows that the Chewings fesoue sample is even poorer than
the bare ground sample in this respect, Stability of structure may
have oceurved, but the size of many of the aggregates so stabilised must
be amall enough to pass through a 0.251 mm, sieve, It would seem
that root remification has proceeded to a stage that has exceeded
the requivements necessary for the bullding up of aggrepates of a
size normally associated with satisfactory tilth conditionsy i.e»
gomevhere in the region of 2 mm. in diametors

In the B plots, one might have expected the lkxdilium treatment o
have given similar results in the 2 = ) inch level as in the 0 = 2
inch level, However, the effect of depth has been rather similar to
that found in other treatments. The decrease in the 2 « kL inch level
is not as great as the average, bubl there is then a big drop to the
L = 6 inch level, (Table XVII). The only explanation of this is
that, when the kodilium was spreed on the surdace and worked in to a
depth of six inches, the distribution of it evenly throughout this
depth was not as satisfactory as was anticipateds
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(b) Study of Root Development of
the Species useds

The management given to the plot area was adjusted so as to
produce a high measure of rool development in all the species. (28).
To this end, the plots were allowed to make maximm growth before the
herbage was trimmed, It was thought that in this way any @i‘mw&é of
roots on soil structure would be as pronounced as possible and that
differences in root charvacteristics would be more easily distinguished,
In addition, this type of mansgement, by maintelining an almost puve
cover of the sown species in each plob, also made it more certain that
the effects were due to the species itself and not to invaders,

It was amm@a at the outset that because of the work involved
to 1imit the main root studies to a determination of root yields and
decomposition rates of dead roots, This was because improvement in
soil structure has been shown 4o be induced by both the quantity m
quality of the organic m‘ki:er additions to the soil and the above two
root characters would help to tell the story of what was going on in
cach plots The information veally vequired was the extent of both
new root growth and old root death throughout the experdmental pexdods
But unforbunately no satisfactory method of determining the longevity
of roote in any particular situation has as yet been devised, Hence
the rate of addition of organic root vesidues to the soil is not lmown
and even if it were possible o find out how long roobs normally Lived,
the position would be complicated in pastuve by the following factorss-

1s The corbex of grass roobs may slough off before the wroot
ceages to function as a means of translocabion.

2, Root caps and root hairs arve being continually reburned bo
the soile The latber seem to live for varying lengbths of time and
secondary root halr production may also occur, Thelr significent
importance may be guaged by Dittmer's (12) estimate of 0.2% of the soil

volume being ovceupied by the root hairs of Poa pratensis.
3 Plants die as o result of both seagonal elimatic conditions
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and interplant competition, factors which con very greatly in theip
effects, Rodbweight; therefore, recorded at any one time glves a
poor indication of past root development, and differences in yield bee
fween successive samplings are also of 1little value in debermining the
new growth or root deeay in that time, Recent work by Schwass ab
Massey College has shown that white root mubers and weights talken at
inbervals over a perdod of some months can present a satisfactory
picture of new root growth. EKnowing tobal root weight, new root
weight and the lemgbh of time that new roots rewain white, one would
be in a much betber position to estimate the amount of dead roobs
reburning to the soils VWhite roobs can be conveniently separated
from pot grown plants, bub under sward conditions attempls to use this
sysben proved unsatisfactory. The nuuber of all crown roots showed
mpxriked vardation from species to species, bub gave no indication of
root intensity, as branching below the crown varded greatly in extent.
The quality of root maberial in iqummgg soil structure has been
estinated by Paviychenko (61) in terms of a "soil binding equivalent,
This proved a satisfactory expression for indicating root development
and resistance of those roots to deeay, bub it involved Aiffiouli
measurenents of root-length, mean root dlameter and tensile sbrengbhs
In this experiment it was decided that the rate of decompogition of
roots could be more easily debermined by means of the Werburg spparatuss.
The stondaxdised pot trdal also presented an oppordtunity of directly
relating structure development with rete of root decompositions  Cone
clusive evidence was obbtained in regard to decomposition rates, the |
legumes, as expected, showing more ropid decay than the grasses, The
effectiveness of the technique was checked by varying the quantity of
roots added to the soll, and although the rate of breakdown was nob
proportional to the roots added, the samples showed that biological
aebivity was incereased by increased additions, The more rapid bresie
down of young roots was elso demongtrateds The full walue of the pot
trdal was limited by the fact that it was not possible bo exwbend it
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over a period of a year or more, This would have given an oppordun

of following the deterioration of the more slowly decomposing rootse
Unforbunately the &W«m was not entively suiteble for this puvpose
The tedlel might have been expected to show up differences between the
grass species in view of the marked diffevences in the diameter of the
individusl roots, Dub there were not even any trends nobicesble, let
alone significant differencese

Root length would have been of value for comparvabive purposes, as
a knowledge of his would have ensbled something more definite to have
been sald in regerd to the effect of the degree of intimacy of rooks
and soil on structure development. However, in order to obtaln figures
suitable for sbtatistical analysis, the time spent (on the basis of
Paviychenko's work) would have been out of proportion to the results
obtained, Consequently the extent of root ramification could only
be estimated by eye appraisal assisbed by the two factors, root dlameter,
of which a vestricted mmber of measurements were talen under the
microscope, end total roob weights The general conclusion from these
was that, uwder the conditions prevailing, the species could be ayranged
in the following descending order of root length per unit volume of
sollse |

Chewings fescue
Cockafoot
Perennial ryegrass
White clover

Red clovers

It seems that further investigation of root length would be worth
wiile because 1% -would indicabe the extent of the intermingling of the
roots with the soil, a factor which may be of importance in soil strucw
ture development and maintenance not only while the roots are alive
but afber they have diede

The distrivution of roobs in the different soil levels is worthy
of comment, because although the actual quantities varied extensively
“between species, the proportion of roots in the top soil level wos
almost identical for ecach species, Approximately two third of the
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total roote found in the six inch level examined, were present in the
top third of it, i.¢s the 0 - 2 inch level, The vardation in struce
ture decrease between species could not therefore be agcounbed for by
vorying decreases in woot weight. Weaver (96) has shomn that species
normally dosshow vardiation in theilr root distribution through the soil
profile, partioularly where depths greater than the 6 inches used
here are taken into consideration
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(¢) The Role of Plant Roots in Structure
development,

The importance of organic matbter in the development of structure
has been recorded in Section II, and pasture plants almost certainly
react on soil structure mainly through their orgenic residues, pearte
icularly dead roots; left in the soil. This experiment indicates
that living roots too may have some effect, because within four months

of sowing, all soils on which species had been sown were highly sige
nificantly superior to the unsown bareground plots This improvement
could have resulbted through the formation of surfaces of fracture in
the soil mass through the penetration of roots and the drying out of
the soil adjacent to them, The stabilising of the soil on these
surfaces could be through the agency of bacterdal and fungal activity
consequent on the shedding of root caps and root hairs or on the
excretion of organic compeund

s from the roots, The important fesbure
is that there was a significant relationship between the amount of
grass roots and the structure at this early stage which is one time
when the yield of roots recorded was likely to be a good indication
of what had actually grown there in the previous four months, I¢
would not be entirely so, however, because a certain amount of come
petition between plants in the establishment perlod would have caused
some deaths, The roots of these plants would become available for
breakdown by the '803.1 micro flora, Some loss of seminal roots would
also have occurred in the surviving plants,

On the other hand the pot experiment shows conclusively that dead
roots are effective in gbabilising structure even if their distribution
is not all it might be, PFor the short time that the pot experiment
was running, the best improvement in structure came from the repidly
decaying roots, This is in agreement with Martin & Waksman (46), but
as Stallings (85) points out this structure stability could reach a
peak and then decline, The more slowly decomposing root material
might then at some more distant time hawve prowved itself superdor, It
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is cleax that mm accurate information on the changes taking place
in the soil organic matter content of the plots would have enabled

a better interpretation of the results, The method used %o indicante
organic matter content was the loss on ignition, This was determined
for each plot at each sampling time, but the method was not sufficiently
acecurate to present more than a general pleture of organic matter
changes during the course of the experiment, (Appendix IV). The
figures showed an upward frend, with no treatment standing oute |
' There was no correlation between roolt weight and strucbure at the
later Liftings. This ils in agreement with Peng's results cquoted by
Word (94)e The only report of root weight being correlated with
structure, apart from the four month's figures reported here, is from
Williame ot Hurley (102)s In his plots he had mixed sowings of
grasses and clovers and, where such ig the case, a false conclusion
can be reached if a correlation is attempbed. This is demonstrated
elearly in Table XXXVI vwhere a highly significant relationship was
established bebween root yield and sbability when clovers and grasses
were combined in the celoulations  AllL that has been done is to come
bine clover figures which are low in both characterists and grass
figures which are high in both,and a significant result must be dolained,
But it is clear that there are other unknown factors operating which
make it impossible bo gain a significant result when only clovers or
grasses are considered at a time, So that William's corwelation
would appear t0 be merely the result of more or less clover being
present in his samples and giving a lower or a higher structure resge
pectively, Any yields of yoots taken afber the establishment period
will not indicate the extent of the dotal M't: initiation to date,
because of the unueasuresble amount of root decey that has taken
place along with new growth, and more will have to be known about
these two factors before the full story of the effect of grass and
clover roots on soll strucbure can be written.

In all pastures some of the leaves and steme of the grasses and
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clovers die back and find their way onto the soil surface. As they
decay, they are incorporated into the soil by worms and other micro
flora, In the plots under consideration, this occurred to a greater
extent than if gragzing had been practised, It was noticeable that
the clover leaves in particular were inclined %o drop and undoubtedly
there was a considerable returm of organic matter to the soil in this
ways It is possible that this ezplains why it was found that in the
top two inch level, the clover soils more closely approached the grass
soils than in the other two depthse (See Table Vo) The bare
ground plot also shows this rather high surface stability and this can
be accounted for in the weed residues which were left on the soil
surface after hoeing, Wornm activity was particularly noticeable in
these plots, and assisted in incorporating the organic matter into the
soile

The investigation as a whole, then has demonstrated that there is
a close relationship between pasture plant root growth and the structure
of the soil supporting those plants.s The relationship however is not
8 simple one, The build up of structure to s great extent acis ine
directly through the soil microflora and our information on structure
will not be complete until a lot more is learnt about what is required

by the soil flora and fauna for their optimum growth,



SECTION VIII.
SUMMARY AND CONCLUSIONS.

The following is a summary of the results and the conclusions
reached during the course of the experiments.

(1) A satisfactory technique for assessing structural changes
in the soil concerned was evolveds

(2) Under the conditions existing in the experimental plots,
the grass species were more efficient in bullding wp soll structure
than the clovers which in turn were better than the bare ground
Yreatment,

(3) Further information is required on the longevity of pasture
plant roots, '

(L) Qu:tc:}zdy decomposing root systems were found to have a more
rapid improving effect on soil structure for a gbart than those which
decompose slowly. A longer term experiment is necessary to determine
whether the same applies in the long rune Decomposition effects can
be overshadowed under pasture conditions by other factors such as
bulk of root prowbhe

(5) The grass species yielded a heavier crop of fibrous roobs
than the clovers at each of the sampling dates.

(6) The two bufbed grasses per se did not appear o have eny
advantage over the rhizome forming grass used in the experiment in
regeard to soil structure improvement,

(7) It appeared that, up bo a point, intensity of root develop-
ment was advantageous in the formation of wabter stable Wg&mw of

satisfactory size. Very intense root growth however btended to reduce
the aggregates to a size normally regavded as below the optimum for the
production of good seedbed conditions.

(8) As a result of observations mede in this experiment, it is
considered that the best bype of plant for structure improvement would
be one with roots that were quick growing, widely ramifying, short lived
and easily decomposed, |
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APPENDIX I

Grade of Grass and Clover
Seed Used in Plot Sowings

Species

Grade

"Grasalands® Stabion No.

Perennial ryegrass
Cocksfoot

Chewings fescue
White clover

Red clover (cowgrass)

Certified Pedigree
Certified Pedigree
Commercial

Certified Pedigree
Certified Pedigree

Baebi
Be.b17
Ble115
Ace 30
Ane 750

1953 B Plots

Species

Grade

"Gragslands® Station o,

Perennial ryegrass
Italian ryegrass
Cocksfoot

Chewings fescue
White clover

Red clover (cowgrass)

Certified Pedigree
Cerbified Pedigree
Certified Pedigree
Commercial

Certified Pedigree
Certified Pedigree

Bae 61
Bbeli2
Bee 630
Ble116
Aca 30
Ana 76l




APPEIDIX IT

Mamupeial Treatment of Grass
and, Clover Plobg

As Plote
3067652 28 1b. nitrochall per acre

56 Ib, serpentine superphosphate per ace

10,1052 140 1be sulphate of pobash per acre,
56 1b. nitrochalk per acres
112 1b. serpentine superphosphabe per acres

565053 112 1be. sulphate of ammonia per acre.
22l Ibes ground limestone per acre.
112 1be sexpentine superphosphate per acre.

769653 112 1b, sulphate of ammonis per acres
112 Ibe serpentine superphosphate per acre,

Be Plots

565653 112 Ibe sulphate of ammonia per acre.
22). 1be. serpentine superphosphate per acre,

769653 56 1b. nitrochalk per acre.
112 1b, sulphate of potash per acre.
112 Ibe sexpentine superphosphate per acre.



APPENDIX IIT

Herbage Tields from A Plobs,

Io Pounds per Plok of 40fts by 3 £. (Green Weight)

(a) Cut 8th Ochober, 19526

Block Noe
Treatment I Ir Ir Iy I Iy Iy omwE v Ve Pobal
Perermial 365 33 360 200 2o7  2s5 363 3Bek 3eb 2eh 302
Cockafoot (308 008 007 009 005 Os 9 0.6 0»8 Os 6 12 8..(3
WhiteGlover 562 2o6 500 4e2 169  loel Lol ke lul 566 140
Red Clover 2,7 26 303 263 4e2 LoD 368 369 14e2 389 34e9
(») cut 8th Deceuber, 1952

Block Noe
Treatment I iw Ir I IIz ITIF IV VP ¥ VB Tobal
P@ﬁi"ﬂmﬁ»&l 1?01 201 206 202 2@5 “? ‘9 2¢6 %02 2;1 2'%3 22¢*%
Cocksfoot  Selr 362  Le2 303 LeB 3a6 300 5ol 301 LB 4062
Wdte Gover ‘7‘:'5 'Qoq ‘;;7 43}5 '306 240 0»7 ?bﬁ }3&5 160 “13,,7 k
Red\Olover 801}- 4 C% 4 41 | '?Owg H m? 903 9& 0 ?&8 "“i 09 505 98Gl§~
(c) Cub 3xd Februexy, 1953

Blodk No,
Treatment I im II I 1I1r I1IIR v Ive Vv VE Total
Perennial 0s5 = = = = = = 0,5 0425 = 1,25
Cockafoot 1440 "3025 2,0 Iio75 10 2025 '305 2&5 2,0 Z}’gﬁ 2205
Chewings Fe 1025 1ob5 075 075 125 0.75 075 1675 100 025 10,0
Red Clover 7e75 960 12:25 7e5 11625 140 11625 1525 10625 7625 10175




APPENDIX ITI (continued)

(a) Cut Lth May, 1953

Blode Mo,

Treatmend I i Iz

P IIT ImF v IvF v

Vi Totad

Perennial 8,25
Coclkafoot 13.25
Chewings B 11,25
White Clover 6625
Red ¢ 725

1385

5075 9825 8625 6475 To75
13625 15625 13475 175 18.25
1025 1575 75 1275
3025 2025 8425 3675 6a75
6e75 6025 He75 6o75

8,75

8a25 6425 11625 9425 81,0
13:25 1275 1425 1875 1535
9675 7e75 1275 7o 75 100
6a25 6o75 5075 6a25 5565
11025 7a75 9075 5675 7660

(e) Cut 2ist October, 1953

Bloclk N@o
Teenbment I I I I Iy mp oo omE v VE Gobal
P@mmzi&i 1007 1068 900 100 966 10,0 15l 18,6 1hal 1he? 123.2
Cocksfoot 126k 668 12071 106071 129 161 1062 16eks 14eb 1564 12169
@W}@a& 6#‘@ 503 302 6»9 Ya2 5»2 9.0 '“;.o3 1061 9.9 79«»‘3
Wiilte Clover '“;wé 9e? o7 13:7 969 12:9 1heh 136l 1567 15,8 12809
Red " 1565 1163 1100 et 16L 1309 1506 1668 1568 ko3 1hhe7
(£) Cut 31st December, 1953,

Block Nos
Treabnent I i I I iz Il v o omwe v VB Tobal
Peremmial Le2 309  4e0 26 142 363 Ll L4ab D5eb5 5.6 4263
Cocksfoot 10s2  9¢3 1047 7a6 1029 95 946 108 11,6 1321 10363
Chewings®, 508  6e5  Le9 5a7 603 Le7 a6 5al Le8  6e2 5l
WiteClover  6e3  4ab LoD 8e8 366  Go3  La7 300 3al 14O 496
Red 7 1565 1965 1762 1309 2Meh 17e4 18:3 18,2 1361 1696l

W9




APPENDIX IIT (continued)

IL. Percentage Dry Matter and Dry

Hatter Yield Per Acre

Cubting PR

CK

CH

We

RC

Date,
per &
(Ib)

")

Do M Dells Dol Delle JaDeM  Dells
per aa,

(1b)

DM Delle
per o
(Iv)

De1l Dells

per &
(Ib)

Be10.52
8e12e52
5e 2653
he 553
21010653
31012655

22,9
306
2846
3263
2149
306

1003
976
52
3799
3920
1881

Total 11631

2ol 281
236k 1366
2306 771
28,2 6285
2ol 4322
3006 4593

17621

182
L7LL,
2965
2523

10714

ok 921
18,0 358
1561 1217
1302 272
1969 443k

6402

"571;5
16ol:
28,8
2609
eI
223

867
2343
4255
2968
3133
589

19075




APPENDIX IV

I Moisture Conbent of Sedl at Time
of Sempiing for Strueture Analysds,

(% of oven~dried soll)

{2) A Plots

Date of lifting

Treatment August 1952 December 1952 April 1953 Decenber 1953
PR 3963 3569 3146 30a7
CK 37ek 3101 28el 2606
Ci 37k 29¢M 27+6 2665
WG 33ek 2947 28aly 27ek
RO Slals 3263 2969 2568
BG 351 2766 3007 2565

Hean 36132 3'3 ¢‘0 29»11» 27»'%

(b) B Plots. September 1953

PR 3867
CK 391
CH 583
We 37e7
RC 5865
BG 370
Iz 377
KR 3565



APPEIDIX IV {continued)

IX. Loss on Ignition of Soils Used
for Structure Analysis.

(% of ovenwdried soil)

(a) A Plots

Date of ing :
Treatment foguet 1952 Decarber 1952 April 1953 Decenber 1953
PR ey Te3 7e8 Ieli
CK 8e1 7e3 8s9 960
cH 8e7 8o 2 8e2 960
W‘C‘ 797 7« 5 &a 2 70 8
RC Be2 Fob 86 9al
BG& 8ol 8e3 8s 806
Hesn 8' 1 7,? 80\ 3 8. 8
(b) B Plots
PR 86
CK 8e8
CH Belp
WG 8e5
RC 862
BG 8e1
IT 8ot
R 863



APFENDIX V
Struchkure Analyses
I, Four Month Saxmles

(a) A Plotg

e % 3=6 mm, air dry soll rebained on 1,676 mm. sieve.

Block Sampling Dulesds

) Pmaﬁ.mon e, PR CK CH We RO PG
A 1o 5706 586 5762 b8alp 5842 B5e2

T 2o 5766 5866 59,0  BBeli 5860  Ble2
B To 720 Gbak  6/e2 590 6160 57e0

2 68ed  62:0 68,2 57,6 62,2 5668

A 1» 6&48 60:0 60&8"‘% 56&1} 6102 ,57&&3

- 2 6302  60s0  60e8%"  51e8  63ali  5hel
B 1o 6666 6142 6862 6lis 2 60e6 5448

2 GGeli 6160 706 6548 6066 56,0

A 1o 6160 62,2  60s2  60sk  59e6 52k

- O 60sl 5666 5Bs0 6246 5940 52k
" 1o 6740 BBs0  Bleb  59a0  56e8  Hled

2e Glioly  56e8  5Be6 5940  5B8s2 5368

11 Bo 068 __ 62.6  56e6__ 60s6 5302 __ 5ha
5 T Ghe® 62,0 5948 6ol 60s8  58e6

2, 5942 6046 (00 58,0 59,2 526

A P 6300 58e!; 6342 62e!, Oligd.  62,h

A ‘; ) 70. 6 | ‘5902{- 7)0 2 72. 6 71 2 | 62@

E ; 2e 7162  68e6  Tleh  66s6  71s2 6242
B To 68,0 6568 724k 0768  6fsb 58,0

2e Glrols 62;4? 69,8 65,1;. 64-% 572

#*  Missing values esbimated by formlac:s=

Eee ﬁf‘@ A+ G e (3
(o=1) (v=1)



APPENDIX V (continued)

Block Sampling Duglicate

No. Position Vo. PR CK CH WG RC BG
A e 708 658 67e2  Ghal 65,8 G0.2

v 28 6762 60s2 62,0 6160 6268 6008
B Te 70:2  60s2 6968  62s4 6762  0OLeO

2 72,6 612  68s6 63,0 662

608

st s

W e B0 60s2 Bhe6  51s0  LBe8 Ak

VF 2 5568 _ 58e0 _ 61s0 _ 56s8 5346 LBek
]‘3 1 [ ] 65.6 68.8 680-"% 1«!—9034- 62{-02 5608

Total 25636 2,218  2500,2 2250 2152 22658
Mean . 62{.01 6095 62.5 60. 6 6003 56. 6




APFENDIX V (continued)

2 % 1=3 mme air dry soll retained on a 0,257 mm, sieve,

Block Sampling Duplicate

‘No. Pogition o PR CK CH WG RC BG
4 1o 71650 7750 71600 68,75 71450 7150
. 2e 7250 75200 79650 6950 71650 72,75
B 10 75050 751100 75.00 72'00 71 05’0 7000’0
2e 77600  75s50 77,00 7he0O0 73,50 70. 75
A Te 75.00 75625 78450  73.75% T73.25 72,25
. 2 The75  TheB50 76,00  73.75% 72,00 71,50
B 1o 76e50% 7225 79000 73:50 75.25 71,00
2 76«.‘75@* 73675 7800 75250 7525 71625
A ‘n 72675 71600 7000 7175 7250 71675
- 2a The25  TheO0 7275 71650 The75 7350
B 1 700 70,00 73050 75625 72,50 72650
2e 74e00  7heB0  T7he00  72.50 The25 7275
A 1o 77650 68650 70600 72625 71675 70,00
. 2 76625 75,00 72,00 73.00 7350 7025
B Te The50 72,50 70,00 70,00 76650 7350
2 7he 50 7250 72425 69025  The75 7225
A 1 o 78»50 72W5O 69&75 71 050 7200’0 73&50
- 2e 75675 7500 71625 77650 72:50 73425
B Te The75 7100  73.50 75625 71,00 73,00
‘ 26 Tha 75 72.75  T3e25 7%% 7275  73e25
Total 70,00 146825 5550 AhE250 ALLOSO

150100

* Missing walues estimated by formule -

bB + W = @



(b) B Plobs

APPENDIX V (continued)

% 36 mme air dry soil retained on a 1,676 mm, sieves

KR

Block lioe PR ir CH CE. Wwe RC BG
O"w2" 1o 776  UBel  L3ek  52:0 L1662 1He6  Lhe6 2760
26 7302 5062 524 BBek  52:8  L3eh  hheO  3le6
30 8168 3960  L8eh  L46eh  40s0 42,0 36,0 22,6
e 7642  12:2 5068 52,0 lhe6 45e2 42,0 27.2
S5¢ 6502 5140 5500 15e0 3668  L7ek 52,8 3Flel
6o 8760 L7k  58e6  Bhe8  LOoh 53,6 55.6 2946
7o  76e8 5262 502 5642 L5e6 6168 1302 2942
8o 8666 558 52,6 L0 5762 60,0 6lel. 42,8
2Tl e 8he2  3lek  33.8 14068 33e2 2942 36,0 21,0
Ze 7060 2946 3040 42,8 27,6 29.2 32,2 22,6
3o 576l 3168  Wlelr  36el.  3hel  3lelp 3066 2068
be 4906  3hs0 482 472 32:8 36,0 38e6 26,2
Be  Ubelr 4368 5266  3he8 2868  3Bheli  38ek 318
Be 8362 3766 L3ek 4be2 3368 14168 1366 2762
To 6768 516.6  Llels 13e6 3102 4he0  3heb 246
8o  78s0 56,0 38,0 622 5060 48,0 14962 3842
Tobal QMelt
116060 69750 73902 778:8 625¢h 694e0 672.8 145648
Mean 7250 13656 516020 L8683 3909 L3.8 h2H5 28,55




APPENDIX V (conbinued)

IX. Eight Month Samples.

(a) A Plots. Main Treatment Comparisons.

Block No Sampling
Pogition PR CK. CH We RC BG

I A 79.8 83,0 760l 7362 7662 62,8
B 1.6 7906 8162  Theb 7he0 55,0

IF A 7268 770 7808 788 7668 570
B 76ely 7944 7766 7366 6668 58,8

II A Thels 7702 796  Tboh T3¢k Sleb
B 66e6 7848 80,0 Tho6 7868 6140

IR A 806k  74e0 80,8 710 72.8 5606
B 80+6 81.2 8166 72k 7lel 5962

ITI A 7606 7306 81,0 784 7he6 706
B 72k 7762 77.8  75.2 7502 62,0

IIIF A 7600 778 778 72k 6348 5746
B 776  76el.  78.8 710 61.0 5562

IV A 68; 2 69 © 2 : 700 6 ??OLP 6900 62.8
B The2 7148 7366 The8 68,0 6140

Ve A 83l 80k 856k 82l 7608 6648
B 8502 8066 838 7842 80l 67.8

v A 79:0  78.2 85,0 72,6 7306 6246
B 81.0 830l 8666 7560 7640 6162

VF A 726 75,0 7148 6602 70,0 610l
B 8008 81s2 8362 728 7646 6102

Tobtal 15396  1955,0 1591 B0 U532 1215, 2

Mean 76098 77.75 79657 The70 72,66 60,76




APPENDIX V (continued)

(b) B Plotss Comparison of Sievings Times.

Block Ho. Sieving «

Time., PR CK. CH We RC BG

i 3 7800 8904 936 7902 7900 634l
5 760k 81.2 7768 778 71e2 Slie s

15 6302 <4 70;2@. 6798 621,8 6,3:8 rué

30 5602 674k 5964 600 576 L0e6

II 3 7ho? 8660 - 776 7662 6762
5 758 76,8 80s6 78,6 7262 6162

15 6340 66,ls 67 ls 6302 6140 49,0

I 3 818 8368 96,0 7762 7862 6546
5 7862 7666 794 704 7400 570

15 7160 6648 670l 6302 5862 Lol

30 6066 5864, 62,8 5462 56el; 39.8

1T 3 81.6 80,8 83,8 8346 7840 78¢8
5 772 758 8ok 7648 706k 6548

15 6ho2 6162 6740 6he8 6062 48,0

30 512 6162 5704 5366 15.8 Lliols

IIIF 3 82.4 8204 82,0 82,6 7762 63k
5 7902 78l 79.0 736l 65k 572

15 6348 650 6566 6068 5240 450l

30 5504 51e2 5642 47ek L3e2 3242

v 3 730 7he8 7968 7o 6660 5708
5 6962 65,2 T34 6868 6306 516

15 57«2 5348 558 6002 5562 %

.??O 5302-!» &6»6 5‘i n8 5308 1@802 :52446

v 3 8708 89,2 90 8lie 8 8242 7004
5 8266 8340 8646 7648 750k Bl 2

15 68e2  72e2  75.0  6he? 5962  4bels

30 6066 62,6 672 18,8 4962 3762




APPENDIX V (continued)

(¢) B Plots, Main Treatment Comparisons at 3 Depths.

Depth Block PR CK CH ic RC BG KR Ir

=2 I 69¢3  T3e7 T5s0 6863 66,0 60s3 93,0 6763
II 730 7066 7546 6347 57¢3 65e3 9'309 69,7

III 6343 78,0 6763 7006 713 7340 6743 7848

IV 81e3 7243 T80 80s7 797 737 9he0 82,7

v 75%0 817 7960 T7.7 71.0 68,0 9.3 79.7

VI 7167 T7e7 7660 78,0 78.0 E6,0 837 797

VII 7703 69»3 7214'7 7’300 7940@ 7300 9200 72q0

VIII  69+3 6740 76s3 870 80,0 66.7 9263 7668

2"l I 52s7 557 66s7  57s0 6063 4060  8he7 5760
i 5he3 60,0 6947 5663 Lbe7 56,0 87,0 6763

III 5267 6he0  61s0  58s3 6600 53.3 90,0 62,0

v 62,7 6847 7663 6847 T6e7  67.0 83s7 66.7

v 6747 7260 62¢3 6843 7240 5943 90,3 6667

VI 6353 68&7 7‘1 65 65‘7 6703 61.7 86.0 65»@

VII 62:3 5960 683 62,0 65,3 61.3 893 60,7

VIIT 62,0 6660 7703 7567 73s7 58e3 9263 5763

L'-6" I 45e0  67e3 6947 5367 6760  L43e7 71e0 5743
IT 6160 L7 6503  L19.0 55,0 L45e7 78¢5 7760

III 5867 5She3 5Le0  58s3 65,7 7160 8963 5243

IV 63,0 7500 80s7 6967 720 L4707 593 67,0

\ 5760  Glhe3  55s0 52.7 €5.7 61e3  T76.7 67,0

VI 5967 6040 82s3 T1e7 6563 5160 7567 6840

VII 5563 640 84e0 62,0 7heO 62,0 7he3 57

VIII 6360 6860 82,0 Blre7 T6e0 6560 72:7 6140

Grand Total 1520,9 16020 17278 1908 16500 UR.3 20004 16137
Hean 63l 667  T2:0  66e3 68,8 60ek 8348 67.2

¥ Supplied by nmissing plot Pformila.



APPENDIX V (continued)

(d) B Plotse Sampled for Root & Structure Determinations,
(Two depths used for structure).

Percentage Oven~dried scoil retained on a 1,676 mm, sieve (3’;~6 mime size
fraction) or 0,251 mm, sieve (1=3 mm, size fraction).

Depth Block No, Size Fraction cu CK T PR
of Dry sieved
801l
Ot I 3wt 636l 5760 6767 5761
=3 712" 7566 7506 7546
I 3""6 7‘:5»;1 72wl§- 67 % 3 6&—0 3
w3 7240 {762 7766 e O
111 3w 6lis8 5909 715 6243
=3 7562 756 7962 76l
w Bl 7265 €23 772 6iek
1 ""3 784/3 7843 &M@ 750 &
v Bl 68e4 60,2  83.2 7he9
Fuw? T2k 766k 808 80e4
VI 3mb Blroly 5746 63el; 6269
‘%"",3 7&4‘{% ?8»0 73«8 7;—&*»8
VIX 3’“‘6 62» &3 69» 9 66» O * 2
1“"3 735¢2 79*6 ?906 7&.8
VIII 3 7350 5647  60e3 6o 6
"2-35 &gﬁq 7212‘08 79& 2 79%2 :
A 56 TheO 6001 497 5347
‘? *“'3 68« lp 70» 6 67@ 6 69 & 2
II :’5“*6 24»6& 8 521& &@46 52‘ 6
‘!“‘5 5808 7306 6902 69u2
IIT | 3Bmb 6165 5763 6643 6l 0
3 6840 £69e2 7502 Thol.
v 3“"“6 69»{% 5340 65*? L5e7
=3 Thol 7668 T6oh  GGal
v B LoD 62,8 6046 5561
G3 59.2 77¢ 2 721-8 6708@”
VI by 5240 6165 5209 6ol
Fe3 ‘ 706l 76,0 75¢9 7166
VII . 3“"6 79«:3 5'3 -5 59-1& 5@&6
A foms, B0 75&2 7&.@8@ 73»6
VIII B 68,0 6745 5301 5240
¥ 7208 7566 7260 69,6

#*  Supplied by missing plot formuilag.



APFENDIX V (conbinued)

IIT, Twelve lMonth Samples

(a) A Plobs., Main Treatment Comarisons at Three Depbhse

Percentoge 36 mm, air-dry soil retained on o 1.676 mme sieve.
Transformed o angles,

Depth Block No, Sampling PR CK CH We RC BG
Poagition

Ot I A . The3 The3 6665 630l 62{»06 596l
B 7869  TheB  T760 7162 7663 6663

v A 68,0 691 7240 6643 5he0 5163
B 7568  Thel.  T76ek.  T0e2 6663 5861

II A 7566  71e6 63,9 69,6 66,7 578
B 691  The3 6661 6665 62,8 51,8

I A 7262  Tiel  Tlo1 68,0 67,1 6068
B 7736 7266 7_3&'1 69.0 69.0 66.2

III A 75#‘1& 75»11»- 7206 72:8 66,.9 6605
B The3 7561 7701  75el1 6767 6Gle?2

B 763 7305 Thel Tlelr 639 6563

v A 72e3  69.0 6168 733 63,6  60s7
B 7365 726 T30t 733 597 65e1

F A 758 7367 7506 758 6963 6749
B Thel.  The8 7662 T6e1 7369 6540

v A The® 7565 737 0968 6762 533
B 7606 7869 771 733 7367 636

VP A 7160 7166 65ek 6946 6741 5843
B 7800 7305 760"4- 7&-@3 75t6 6702

AL A I A 7363  Tleb  T0eli 62,5 5609 572
B 7661 756l Thel 7168 7060 6769

Ry A 6767 6960 72,0 6le3  5le9 14840
B 7363 722 The8 68uli 6147 5263

II A 695  7Heli 70l Gheb G146 5563
B 682 72s6 7120 55,8 5842 5363

I A 7060 6963 706 6367 5lel Bl
B 7666 7303 7260 62,8 59,3 Ghe2

IIT A 7262  Tie6 7242 6665 6065 596k
B 67-7 750"{» 7508 650 6 6'3 ] 61 o

IIIR A 68l 6961 TOsb  66e7 62,9 5762
}3 71 o 6 700 6 72‘3 660 9 6’3 ] 8 570 ‘g

Iy A 665  63e6 . Gha0  67e7 58e1 5644
B 9.6 6747 T0e0 65,0 56,0 59,2



APPEIDIX V (conbinued)

Depth Block No. Sempling PR CK cH We RC B

Pogition
2“’"‘25»” m A. 70»2 737.’} 7!&..8 69.0 67« dg 59:08
B Thol 7561 76e6 731 6967 618
v A 7lels  Thel 7246 6563 599 5163
B 7663  T8e9 The6® (Lol  65el 5967
iy A 69¢3  69e1  6Bul.  63.2  60.9  5Le8
B 7561 T1e6 7663  T2:2 Tleb 6165
l§.“"‘6" I . A 680 6 6»2{-00 6903 6‘? &5 6‘? 05 6007
B 7303 7561 7262 67+2 6961  63ek
iw A 6702 6Le8 6948 6247 Sleb  LBe3
B 7%e5  T1eb  73e7 6560  57.5  50s6
IT A 6563 739 6868 65,0 5662 52,1
B 65ek  TBa3 6862 6241  60e8 5746
IIF A 720 6948 7168 62:7 5109 565
B Tl 7166 THel 6168 5969 6302
IIx A 69.1  Hle8  T1e2 2 5ol Blheb
B 69n 6 71%0 6 7200 5908 57“5 55- 6
IiIe A 62,0 6662 6367 5962 06l 49k
B 68,2 62,9 68,2 62,8 58»9 6065
B 65.6 6563 65.9 671 53e9 5965
IVE A 6765 7166 737 68,0 67+2 G0a7
B The6  T2e2  T6el Ti1eb 667 6169
v A 657  Tie6 7268 60,8 58,9 52,7
B 7561 71446 710 6&»9 6802&- 592
R A 6hals  68e8 669  63.7 6068 53,0
B 72:6  Theb  T73.9  T0el 6906 56,7
TOTAL L2908 4295.6 1B8.2 4296 37720 3180

MEAN 7165 7166 T1eb  67+2 62,9 58,7




APPEIDIX V (continued)

(b)) A Plots.

Percentage of unscreened sample rebained on a 1,676 mm. sieves

Depth Block No.- FR CK O We RC BG
0N I 4862 3563 2948 Lleb Lie3 3567
IF 13,6 3802 3066 L2 3546 306
Iz L6 0 3605 3he3 4140 3761 2669
i1t L9e2 3569 4061 5167 5169 3863
IiTe %09 38Q 1 3303 2&706 34& 6 :560 0
v 1642 3748 2508 4748 3602 ble3
vy 4569 3867 30e7 1669 hie5 3865
v L5368 h5e5 3180 4662 151 3546
VE bfe3 4064 320k 17,8 4640 3869
2Nl 1 i 4561 L3e7 356k 3601 She3 3869
i 4769 3748 423 38.9 27.8 26,8
II 1&&-.2{» 3607 3&"? 294;2 39:0 2..7)09
131 550 K i}»}& '!%5 1] :56‘14 24.0.24. BIM 3
LIIF 4o 9 4245 419 4063 3761 3063
v 396 55&3 3647 372 359 3301
vF 15-207 1%-3* 15-1 ol 3«3-1 ‘5 3&.3 37« 5
v 4961 5948 3869 3965 3he 510
VF e 8 5565 378 40,8 3960 5868
Li g ;| 4565 5069 3663 L4363 L3edt 3368
ir Lol 3% 317 3741 3641 3960
II $la7 4,200 3908 519 3665 32l
IiT L2 L2 hlely o2 3760 Sle
11w 163 391 L2e7 flesd B2e5 337
v 54245 4244 39,8 k0.0 337 3761
Ve 491 3869 48.8 Wie7 4560 Lok,
v 51 09 34?* )ﬂ o 1#0«92%' 3949 3504
vE 558 54263 L1e5 553 393 35e7
Total 121566 11006 5 10173 1123.9  1029.,0 93763

Vean 2}5.@ 2‘.;.0*& 37.7 L}-’? o 6 3804 32{»*7




APPRNDIX V (continued)

(e¢) A Plots,

Percentage of unscreened sample retained on a 00251 mme sicve,

Depth Block No. PR CK CH We RC BE
Qa2 I 7765 T5e 6 65" 1 Theb e 7063
Iy 775 The3 6946 797 7802 717 -
IT 779 7 arys 799 770 670l
Iz 7848 71a1 7240 80s8 177 7261
I1IW 7963 The3 6946 7809 The3 709
v 779 Thely 650l 792 Thel 7506
VR 7668 7368 66,2 7647 777 Thet
v 753 755 6846 7763 787 72
VF 7648 7545 7163 cx 780l 7268
2y 1t I The( Thel 705 7169 707 7169
IF 779 7368 7heb 7563 715 7060
IT 7662 7069 740 69l 7667 65e5
1T 7065 759 7506 73e1 74e0 7069
IR Tho6 4o 0 7369 The2 6965 6841
v 7546 7160 7167 7269 ary 70671
VF 75e2 749 7249 Thol: 7263 Thel
v 7163 7662 T5e3 Tholy 70,8 rary|
E 756l 7247 727 748 72.8 730
L1=6" I 752 7841 1363 7he© 7605 123
IF 7696 737 713 7362 2.7 757
II T4eb el 7ol 7646 3ol 7069
Iix 7269 Thel The7 7066 7262 68e1
IIiw 3elt 7262 736 ke 7009 71e3
v 7563 % 7560 The7 702 e
Ive 7841 723 175 7he8 7665 778
v 80.9 7668 7608 7647 7561 Fe2
vF 7842 750k 7561 7662 Tha? 7201
Tobeld 205705 200163 1 9)-3-908 20336¢5 200501 193609

Hean 760 2 7)+o 4 72¢ 2 7§ﬁ1{~ 71&0 3 7‘3 07




APPENDIX V (gontinued)

(a) A Plobs.

Percentage of 3-6 mm, size fraction in the whole soils

Depth Block No, PR CK CH e RC B
QM I 45e1 3649 270 4249 k71 12e8
iF 1&03 3803 29«3 1#6;6 !&QQ 9 3&»‘8
IT 1945 3866 2861 b5he3 3748 4Del
Iir 52,8 3542 25¢7 185 4063 43635
11T 3946 500 3667 5247 4940 19e3
IiTF Lhe7 370 2746 4568 4862 46549
i &5«”@ ,)8«2{_ 34,06 %05 3%90 l§.7¢2
vF 4346 . 15e3 3569 5262 L4567 50e2
v L5elp 399 3760 5067 4746 45eb
VE Lol 3769 228 L6.6 Lhie6 4946
2=t I 5eb 5569 3766 Libels 39«7 L7e2
i 4563 Llreds 3563 2&-'?‘(6 362 4169
I kBe7 4266 b2 5943 Lok L5e2
I b2l 4065 367 4540 ek 4245
11T L2e5 4346 4967 . Lhie3 163 AN
I1TFR bhed hlieb 3561 4945 LTet 5Ca5
v 4765 4363 3869 L6e5 Idie9 &7 ol
v Lok 4§79 4746 L6 3968 516
v 49.6 419 159 b3e3 L4363 49
e 4561 3808 3640 7ok 3748 L9e3
Lr=6" I 4560 4968 L2,0 5962 LZel 5Zels
i 158 3769 Liek 1246 265 4261
iI 190 79 4960 hie2 48l L3567
IIF el 53e2 436 Lie2 bie6 5148
1T 4iGe8 4669 50e3 L2 4967 L4763
I 5066 46s7 4069 5060 L840 Lie?
i L7686 blis G et - 5063 5045 5066
IVP 168 42,9 W3 B50sB  h5a7 550
v 51e2 2&70 1 2-&395 w«& Mmﬁ 51 «3
vr L5e7 16e7 3760 L5e2 U463 S0
Tobal 139062 128442 153:6 14218 132265 13262
Mean &&60 5 14.2‘ & 380 4 t{»?«l{- Mﬁd 1 34‘70 7
Table of Means of Grass Treatments
Depth PR CK CH
o"=2' 4682 38.75 30017
2"t Lie22 L3.23 40,61,

M2

e

exceed 3019 (Le23)e

For significance at the 5% (1%) level differences must

2"-p" 3 For significance at the 5% (1%) level differences must

exceed 3e7k (5612)6
Differences not significant.

i il

4"-—6"



APPENDIX V (continued)

IV, Twenby Month Samples

(a) A Ploks. Main Treatment Comparisons at Three Depths.

Percentage ovenwdried 36 mm, soil frachtion retained on a 1,676 mm. sieves
(Trensformed to Angles)

Depth Block NNo. PR CK CH we RC B
Q"= I 7245 7262 7060 The3 7149 6840
w 753 7heO 7262 7446 7242 6866
Iz 750 7662 The7 7508 The7 6169
IIF 7202 7265 Thol 7202 7563 6lhe9
III 7500 73566 7303 7343 753 7265
IIIF 7565 7265 771 7248 7363 605
v 7369 77 7ol 7363 7060 6562
Ive 7565 7662 o7 750 7169 6849
v 713 7309 7242 The3 739 69.5
vE 7363 7540 7565 7248 719 59,2
2w, M I 70.6 719 706k 70el 666 6367
IF 6846 7006 7163 6501 6262 6002
I 728 7346 7366 7163 6947 57«2
TIF 7262 7163 719 6544 670 63562
IIT 72,2 72,2 69.7 6860 6547 6765
ITIF 7500 695 7363 6748 675 5960
Iv 695 70.9 680 7060 5567 62,9
VR 728 7245 722 6806 709 6541
v 7265 6941 7363 69.5 7565 6860
VF 69.7 7109 72,5 666 5 6866 568
LG I 697 6765 69,6 675 Gliody. 62,0
I 6945 68,0 7363 5865 5084 5965
II 6866 7060 7246 6768 60 2 5165
TIF 69e1 713 722 636k 6265 6369
III 7046 6860 6842 650l 5762 Gliols
Iime 700 Glre 2 678 6367 56ed; 5640
i 6he7 6702 6705 60e7 5547 5867
e 6941 716 6965 6569 6748 6369
v 7248 66k 71,0 65,9 62,7 68,6
vE 706l 6965 7064 6561 619 She3
Total 2156.9 29138,0  2154e1  2059.6  1995.,6  1885.4

foan *? 4 @ m ?“? ™ 5?;? ?‘ﬁ ™ 80 6%» 6§ {:;ﬁ”i;w %5;% &ﬁ@ %ﬁ%

a



APPENDIX V (continued)

(b) A Plots. Sampled at Three Depths. Preshaken.

Percentage ovenwdried 3=6 mm. soil fraction retained on a 1,676 mm. sieve.

Depth Block Yo, PR CK. CH WG RC B
0"""2" I 8705 8097 8‘1 00 8800 820_5 65&7
Iw 873 8le 0 86,0 8.0 8503 7603
11 8763 90.0 88e3 89,0 87.7 68e7
e 85e7 8247 86,0 82,0 81e3 6660
IIT 8867 89,0 8he7 8663 8Le 0 Bhe0
IIIF 90.0 87&0 87.8 83.7 81{‘00 6800
I 8967 870 8360 83,0 7660 Qo3
e 8667 880 877 8363 8640 7560
i 88e3 873 8663 8o 8la0 Thed
F 8l 3 88e3 903 80,0 8Le0 60,0
2wl I 823 787 82.7 19«7 740 6663
IF 78»@ 78»0 82‘7 70‘0 66.3 6207
i1 8%e3 8567 8663 7900 T1e7 5963
IIF 83e7 8243 8163 70s7 7363 597
II1 83e7 837 797 7507 7067 7047
I 82e3 8060 8560 Tho & 6863 57«7
I 800 7967 75:3 71e7 She’3 5867
IVF 8l 8l O 8263 177 753 7163
V 85‘7 79ﬁ7 8600 7“ 07 70c0 69.0
VF 8040 81e7 87.0 710 72e3 497
P I 8063 770 8063 7643 6867 6763
w 790 T7s7 8643 62,0 490 6543
it 7?‘0:1?7 7907 80-7 69- 5 59'3 50. 7
ITF 7863 8140 Bl 3 67+7 6947 6863
TII 8047 7840 79¢3  73e3 Skl 6Ge3
ITIF 753 7163 5e7 6643 5460 570
i) - 7563 777 The7 5947 5763 6243
Vg 78.7 1967 803 71e3 7567 7360
v 8le3 7563 8361 6943 6160 70,0
VE 793 7963 8247 6900 6867 48,0
Tobal 248Le8 2152, 2 249648  2269.7 214605 195506

Yean 5:3.22?» é%f? éi“ﬁ“i & ?&@» é?éﬁ% @ ﬁ’iﬁ ?5& {5{% ‘?‘% ™ §§ ﬁf}«%




(a) B Plots.

APFENDIX VI.

Root Determinations

I, Four Month Samples

Root weight in mgms. ver 44..89 sq. oms. at two depths.

Depth Block No. PR CK cH We RC IR
Olt=2! Te 500 538 324 363 393 539
26 547 522 136 277 58h. 156
Je 165 LG, 360 280 461, 138
bo 52l Ll 378 525 390 589
5e 638 149 156 L37 459 681,
R 787 506 482 515 537 759
7e 806 705 Ehly 690 475 689
8 705 618 688 L6 652 602
2 Ta 178 150 i18 103 155 187
2o 265 19l 158 94 144 295
3e 198 219 151, 127 127 201
o 222 148 188 108 149 157
5e 263 183 197 135 161 269
6a 286 233 240 177 174 %25
7o 39, 303 235 189 174 200
8e 287 268 239 178 261 276
Total 6965 5914 526 L340 5090 6668




APPENDIX VI (continved)

(b) B Plots. Crown root nubers per 4h.89 sg. cmse

Block No, PR CK CH Wic RC IR
1o 264 435% 137 49 12 325
2o 265 L1 175 L5 13 178
Se 227 565 255 30 28 207
Lo 200 366 300 L0 16 313
5e 258 L72 288 66 13 296
e 405 270 319 36 15 426
7 339 723 L35 68 10 322
8e 35k 295 315 27 18 166
Total 2309 3505 o216 361 125 223%

* Calculated from missing plot formulac (83)

(c) B Plotse Crown rootsper tiller,

Block Wo. PR CK CH WO RC IR
1o 36390 126906 10191 0961 Qe liO0 66915
20 .5-?86 8¢18}+ 10357 0.833 Oo 5'37 Jwi-o 9'{&1%—
e e 5hd 8.561 16822 06750 06500 4,928
ho 30846 86512 16485 06909 Q21 50906
5e 340634 10977 1e67L 0959 0. 382 6,727
6o Lo 355 10,000 1312 1000 D05 80520
70 31» 568 4 Oo 79‘% 1 ® 1%-97 00 986 Oo 2455 70 2&88
Be - 66556 104536 10886 0,84 06563 86300

Mean 4,085 10,058 10528 00905 06228 6e716




APPENDIX VI (continued)

(d) Vo, of tillers per sample of 4489 sq. cmse

Block Noe PR CK CH W RC IR

1o 77 32 15 51 30 L7
26 70 L9 127 50, 11 36
3o 6l 66 129 L0 56 L2
o 52 L3 202 L, 38 53
56 7 L3 172 69 3k Ly
6o 93 27 237 36 37 50
7o 95 67 32, 69 23 43
8e 54 28 167 32 32 20

Total 576 355 1473 395 291 335

(e) Noe of worms per sample of 544e89 sq. Cmes

Block Noe PR CK CH WG RC ir
1o 4 1 4 2 4 2
2o 3 2 2 2 2 0
S 1 2 e 2 0 4
bie 4] 3 ¢] 0 0 1
5 o 2 4 1 9 0
6o 4 0 0 1 0 1
To 1 0 0 O O 3
8o ¢ 9 ¢ 1 1 4

Total 7 11 & 9 5 9




(a) B Plots.

APPENDIX VI (continued)

IT. Bight Month Seamples.,

Root weights in mgms. per 2015 sg. cmse at the

2"l depth,

Blociz No. PR CK CH Ir
1o 189 150 202 143
2e 123 170 135 175
Je 159 125 WS 129
Lo 146 138 148 134
Se 206 149 1244 148
6o 143 155 143 132
Ic 166 145 176 120
Be 108 118 177 126

Total 1240 1148 1265 1107




(a) A Plots.

APPENDIX VI (continued)

TI1T., Twelve Month Sample

Root weight in mgms. per 44.89 sqg. cms, at
three depths.

Depth Block Noe PR CK CH TG RC RC
(Fibrous (Teproot)
_ Roots)
O"e2" I 1093 1059 1711 680 W6 1873
iw 1739 1453 1281 485 383 2174,
Iz 1447 956 1433 530 264 701
IR 1335 1164 1023 382 385 813
III 876 729 1888 635 393 640
IIIF 918 1082 1338 374 481 L7k
v 1071 848 1105 779 455 L5
VR 870 837 1268 550 339 LO5
v 1049 922 1451 663 350 170k
B 1249 726 1919 429 bhb 1253
A AL I 396 240 364 149 286 688
Iir 49 215 L4 195 282 767
II 120 381 153 159 129 283
IIF 301 37 399 126 160 37k
IIT 302 321 506 252 107 72
IIIF 356 299 479 100 157 68
Iv 349 21 395 165 90 -
IVR 261 228 308 214 120 8.
v 350 250 348 151 287 487
VB 233 225 481 119 2492 339
P I 297 190 224 87 Zbh. 220
Iw 301 196 288 89 268 271,
II 272 270 290 102 292 81
IIF 272 24, 269 131 93 -
Iix 255 249 519 139 107 9
IIIF 231, 168 130 109 131 L2
v 226 187 250 128 76 -
IVE 192 149 300 190 152 14
v 198 190 289 116 17 99
VR 169 216 319 63 109 -
Tobal 1722}, 44631 22 8282 7437 14453




APPRDIX VI (continued)

IVe Twenty Month Semmles.

(a) A Plotse Root weight in mgms. per 20015 sqe cms. atb
the 2"=)" depthe

Block Nos, PR CK CH We RC RC BG
{Fibrous) (Taproot)
I 177 128 306 65 62 92 16
v 181 158 215 118 58 340 13
II 155 112 314 48 100 105 21
IIF 172 168 243 82 62 179 L7
IIT 152 139 280 101 70 201 L9
IIIp 228 137 358 155 88 186 K]
Iv 184 139 233 126 153 328 28
IVF 155 153" 283 81 88 102 L0
v 192 120 331 68 503 388 29
VR 225 12 32L 139 81 - 38

Total 1821 1372 2892 983 1165 1917 322
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APPENDIX VIIT

Structure of soils fyom polt experiment,

(2) 30 days after addition of roobs.

Treatment BSample I Sample IT Sample III Sample IV
Conbrol 608 601 612 6204
We {new)* Blely 6546 7648 7562
(we 6562 6648 7840 7562
RC (new) 7240 736 7942 796
RC (tap root) 7640 7640 792 8040
R {£ibrous) 69.6 6laB 68ely 6542
CH (new) 62,8 6162 7562 T0es
CH 680 6240 6742 66l
CH g@ gms)xs 72l 6746 7346 7he8
s ﬁ@%’} {v e %ﬂ’% ?{390 é@ﬁa&
i 6302 6l 0 T0el: 68,8
PR {new) 6762 6848 Thed 708
PR Ble8 5946 68,0 6640
PR %fﬁ gms) Glialy. 6542 71e6 7200
e fﬁW} {%;o%} 6}»@ ?51.& ?3&%
{embrod, ﬁ;m“ & &0 wlp 68 0 @M &y
(b) 70 days affer addition of roots,
Treatment Sample I Sample II Sample I1 Sample IV
Control 6342 610 6040 5946
*{m {new)® 756 7he8 72:8 7660
‘;’%0 34»- ?qu 0 %M 2& ?Qﬁ, 3&
m %mw} T7e2 7562 7260 768
tap root) ?’E’%.ﬁ 7648 Threds 736
73 7040 7068 7268
Mi *00%yan 90,0 8842 88.8 87.6
{m new 7240 6946 7362 72,0
m«ﬁ 6640 6946 Tie© 72,8
éiﬁ Wﬁ%} éﬁ?ﬁ}.O ?‘ia& %m ?&iw
CK {new) 5.6 752 Tie0 Tlroly.
i éﬁ,}g L %m&y éﬁ‘ gﬁ 639’ ﬁ
CK gﬁ gms) 7848 756 7648 Tholr
PR (new 7648 776 T2k 7660
PR 668 6860 6942 5.2
PR (6 gms) 7648 780k 748 Thols
:sfzf (new) 7240 e 0 Thols 7640
# "New" refers to roobts from 4 month old plants. Remainder

are from 12 month old plants.

w8 MG oma" pefers to the amount of voots added o each pot., The
yemaining pots had 3 gms,



APPENDIX IX.

Grass Grub and Bapl n Gounbse

In the aubum Pollowing the final soll sawmpling grass grub
{Odontria zealandica) made o noticeable appearance dn some of the
plots, VWhite clover plots which had been vigowrous in their growth
up to this time were particularily hard hit and by the end of April

were showing no growth and the turf could be rolled up like a carpete

It was decided therefore to make a count of the grubs present
at this time and also to sample some of the species with a view to
finding out whether the pulverising effect of the grass grub would
be recorded by the webt sleving apparatus. This was done and the

following teble sebs oub the nunber of grubs oblained from an area

1 foot square and nine inches deep on five of the replications,

Blockl, BG CK PR ot RO We Total
I 33 62 63 74 18 56 333
II 3 28 S5k g 4y 49 228
TIF 22 9 16 24 18 36 144
IIx 59 57 L3 62 52 33 306
TIIF 5l 26 18 10 W 73 225
Total 4174 7% 19L 214 209 27 1206

Analysis of varisnce showed that the differences bebtween species
were not significant, many more samplings were required to give sige
nificance and time was not available, to procesd further with this,

The heaviest infestation was in the white oclover plots where an
average of 49 grubs per square foot were found, The mean welght of
these grubs was 162 mgms., On this basis these plots were carrying a
welght of approximately 7 cwb. of grass gribs per acre under the
ground, a weight somewhat similar to what can be carried above ground
in terms of sgheep or cabttle on a good pasture.

Samples for wet sieving have been air dried and stored in sealed



bottles and it is intended that these will be analysed when opporbundty
offers,

A% the same btime as the counts on grass grubs were taken, the
nunber of worms present per square foot were recorded and these appeoar

in the following tables

Block 1oe B CH K RC we PR Fobal
I 5 8 12 15 28 20 90

II 15 9 19 17 35 2% 118
Iy 5 9 13 19 14 28 88
11z 18 9 12 28 29 120
I 7 26 6 %6 28 12%
Total B0 5% 76 79 454 150 539

Analysis of verisnce showed that white clover and perennial rye~

grass were both highly significently superdor in worsm muibers than the

other plots between which there was no difference,
There was considerable variation in worm weight, bubt on the basis
of the mean welight of O.kd gms, the weight of worms per acre in the

s

white clover plots was just over 11 cwbs This is low compared with

Sears® figures of up to 2045 cwhk per acre on very high profuding alluvial

&:ﬁ.r@ﬁh

*  Sears PeDe 1953, NoZe Journ. Sce Teche Suppe 1, 42 - 52,



APPENDIX X,

Original Structure in Soils of B Plots

Percentage of 3=6 mm, soil fraction retained on a 1,676 mm, sieve.

Replicate on-2" 2Mely ™ oMl
A 426l 35ek 3869
B 3648 28,0 3204
C 3362 35.8 3he5
D 3le6 31e2 3269

Mean 3667 3246 3ho7






