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low structural stabili·ty, it was decided. to sow down such plots and. 

follow the ohangeH in structure and in root growth during a period 

of about two years. To gain further inf'ormation about the ef'feot 

of the sub-aerial parts of the grasses and clovers, a subsidiar,y pot 

experinwmt "as designed to give some information on the rate of break­

down of grass and clover roots in the soil and to measure what effect 

this had on the stability of the aggregates in that soil. 

The pauoity of information on methods of measuring aoil structure 

in NE~w Zealand ineant that careful considera:tion had to be given to 

techniques used elsewhere. Consequent]s-, muoh o:t.' the early work in 

the investigation consisted in developing a satisfactory technique 

for the prevailing oondi tions. Because of the importance of' bei?1g 

able to obtain repeatable results in line with field co11ditions, the 

work leading UJ? to the me·thod. f'inally- adopted is fully reported in 

Section III. 
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binding of the soil particles in addition to aggregation :f'rom 

synthesiF.ed orga.nio oon'!Pounds. 

5. 

Many investigators have found that a high state of aggregation 

may be produoed by the a. ddi tion of various orgardo materials to th~ sal.l. 

These s11bstanoes are metabolites ana. are being built up and bl."(>ken 

down continuously by biological means (62). The speed of deconp:eition 

depend.a largeJ,y on the same :faotors that determine the nutrition of' 

the plant. So th.at the maintenance o:f good structure is ·theref'ore 

dependent on a oontinuous supply of organic ma.t;"ter or on the preeenoe 

of' aggregating substances capable o:i:' ;vi thstanding rapid breakdown by 

biological or other iooana. Thos(.~ latter are not normally present 

naturally but have 'been syn·t.hesized artificially t the one best known 

in New Zealand being Kril.ium ( 23) • 

Increased. stability of soil aggregates f'orned :f'l•om wonn oa.sts 

has been reported by Dutt ( 14), Hopp ( 25), Swaby ( 88) and Bakhtin 

and Polsky ( 1 ) • The reasons f'or this have not been worked out; but 

are thought to be due to mucilages produced either by the wom or by 

bacteria. in i ta gut ( 69)., Worm oaats on pasture ,vez-e .found to be 

.more stable than those from arable land indicating that the conpoaition 

of the organic matter in the die·t of the worms was dif:f'erent in ea.oh 

oa.::1e. However, th~} et'feot of the ·wo1'"m8 was small compared with the 

effect of a. 3 year ley. Watkin (95) :f'ound no definite trends in 

size di.stribution of' aoil aggregates in samples taken fi•om plots 

havil'ig big differences in worm popula:tions. 

Nikolelcy (55) t among m.my others, considers ·that in a pasture, 

the improvement in soil structure is at least partialJ,y due to the 

return o:f' organic matter both from ungrazed aerial parts and from 

thc1 rootf~ to the soil. As Baver (4) states, there is no satisfactory 

explanation as yet of the nature of' the beneficial root effects. 

Nikolslcy suggests that the root hairs serve to bind mechanical elements 

toge·thor and that the humus produced 1)y th(~ erlhanced biological 

aoti vi ty of' the rhizoaph.ere cements the more finely divided. particles. 





ot the root system as a result of water uptake by the plant. Tllis 

produces localized. d.el\Vdra:tion wdoh brings about shri?lkage and the 

f'o:rmation of surfaces o:f fractl.ll."e. It seems plausible to o on.elude 

that hypothetical ma.teria1s produoed. during root growth and decay 

stabilize any aggregates that are f•ormed. M.B. Russell (7.5) 

describes the effects of sod.-arops in very similar words. 

Bradfield ( quoted by J'a.cks ( 26)) believes tha.t the distribution 

of hUJ:ml.S in the soil is more :bnportant than its quantity. Ire con.aiders 

that grass roots J?rovide the ideal distribution. Normal applications 

of t'aneya.rd manure are too localised• while til.1age operations tend. 

to give too high a degree of dispersion. 

A perennial grass crop is generally considered. to be e~or to 

any other plant ooveJ:- in the dewlopmnt of aggregation, but the effect 

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

1.md.er a number of conditions. Bevera..l Russia11 investigators have 

been quoted by Jacks (26). Pavlov found that the percentage of water 

stable aggregates tmder old irrigated mea.dOIV was tar superior to that 

in soils whiah had carried clover and luoerne £or u;p to six years. 

Savvinov and. Varobieva found no advantage for arested wheat grass 

over luoerne 011 steppe soils in Russia. Iovenko considers that 

legumes produce a 11oloddy" ::ltruoture throughout the entire root-

inhabi ting ~-er. Grasses, especially ryegrass procluce a well­

developed nedium to fine gramw1r structure, restricted however to 

the top 12-15 inches. 

Shaw ( 80) at Ohio on Paulding clay :f"omld that continuous blue­

grass produoed a high.er state 0£ aggregat:i.on than continuous luoernc 

am. this is oonf:i.rned by similar ex;periments a:t IO\va "by Wilson and 

:Bramrl.ng (103) on Mar1;'\J1ell silt loam. Both Geltser (20) and 

Tysganov ( 91) record poor ctruoture fo:rming CSJ?aai ty in luoerne and 

other legumes OOI!p).red w:i:fil1 grae.see. 

In Uganda, Martin's (50) j,nvestiga·t;ions indicate that the root 

systems of leguroos are not so valuable il1 crumb forma.tion as a.1-e 
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Diagram showing the layout of the 11A" plots in relation to existing 

tile drains. The blocks are indicated by the numbers alongsideo 

FIGURE 1 (b) 
Photograph taken immediately af'ter sowing the 11A" plots with Blocks V 
and VF in t he foreground and part of Block :Fon extreme lef't., Cambridge 
roller marks are still visible on headland in foreground. 
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18. 

fertilizers were applied whenever the appearance of the herbage 

indicated it. All plots received the same :fertilizer application. 

(See .Appendix II.) 

Wherever necessary the herbage was cut and 1-emoved from the 

plots. .As ~in indioatiori of the thrift o:r"''the species concenied, 

it vro.s weighed and sampled for dry matter determination. Several 

method.s were used in ou·tting. An ordinary lawn mower uas i;ried 

initially but oould no·I; be set to out a.t a uniformly higl~ level. 

This v.;as replaced with the siokle mower o:f the Gravels· Tractor at 

the next outtir1g but this ma.chine would not handle the heavy growth 

at the time. i'inally a similar machine, the Allen, was ma.de avail­

able by Gra.ealancls Division and proved highly satisfactory. It has 

a rigid cutter 'bar which oan 1)e main'tained a.t a oonsttmt height very 

easilJ. The 3 ft. blade wo.s just right to completely out one plot 

a.t one sweep. The out herbage was raked off eaoh plot, collected in 

a. canvas sheet and weighed by spring balance. Yields of iiry ma.:tter 

on an acreage basis are recorded in AppendiJc III. They indicate tha:t 

the grow·th from the plots -was oorl'lparahle wi"l;h that occurring under 

plot oonditions ut Grassland.a Division. 

A:f'te1.. each cutting the edges of the plota were ·trimmed to prevent 

the spread of speoies :from one plot ·to onother. Whi ta clover in 

particular was di:f'ficult to c,ontrol. 
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FIGURE _g. Diagram showing layout of' the nB 11 plots in relation to 

existing ·tile drainso The blocks are indicated by the numbers 
alongside. 



20. 

herbage was kept triuned as previously described but, because of the 

edge etteats in these small p1ota, it was not weighed. 

Kr.llium was applied to the soil in a.ccordanoe with the oonuf'act­

urer• s instructions. The soil at the time was danp am the previOlS 

cultivation had left it in a crumby state. 37.5 gms,. of Rrilium was 

distributed evenly throughout the tap six inches of a central cone 

18 inohes square of ea.oh of the replicates ·by neans of a band fork • 

.After this thorough m:ixing1 ea.ch plot was soaked with lll!:l.ter. 
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FIGURE III. 

Wire framework shown in relation to plot b0tmdaries at sampling time. 

One sruuple vras taken f'rom each of the f'om~ main di visionso 

~-
Soil sampler usecl to fa,i.ke all sa.mples f'or structure analysis, ru1d to 

taJce some samples :for root yield determination. 





position for samplirig ·was chosen within the predetermined sample 

area on a spot where there was an even, dense growth of the speoies 

concerned. In the case of the bare ground samples, freedom. from 

weed growth was the only cri•terion in selecting the site for ·the 

sample. .Al·thou,gh the coverage of the grou:od by the grass and 

clover treatments was as even a .. s could be e:icpeo·ted, it wa.s considered 

that selection within the randomly ohosen area W'Ould be likely to 

give less variation from sample to sample. Of the four plugs froin 

each plot, two from one end were bulked into one COJJU)Osite sang;>le, 

( the X saJl!Ple), and the two plugs from the other end into another 

composite sample, (the Y sample). These X and Y samples obtained 

by this stra.tifiea. sanpling were annlysed separately and the results 

indicated the neoeasi ty tar suoh a sampling method. In eaoh of the 

three oooasions that this was doml the Y samples V\'ere superior in 

stru.oture s-tability to the X narqples. The m3an percentages of oven-

dry soil retaizwd after sieving f'rom ·the two se·ts of sanplea were 

59.~; for '!:;he X sanples and 61. ~ for the Y samples at :f'our months, 

73.:/jb for the X sarqples and 74-0Jb for the Y samples at eight months 

and 78.W; for the X sanq,les and B2. 15fi for th'e Y samples at twelve 

months. Except for the eight month sample the dii':f'eren.oes were 

highly signi:f'ioar1t. no explanation can be g:i:ven t'or this consistently 

poorer aggrega:te stability on that half of the plot area adjacent to 

the tile drains, and ti.Joo did not penuit further investigation :i.nto 

the problem. However, the need for strati.f'i.ed sanpling was olea.rly 

demonstrated. 

After a preliminary dr.)'"ing for two clays, the plugs were gently 

broken. up into pieoes no larger than a walnut. This was delayed 

until the soil was ~ enough to prevent oom_pression, whioh would 

have occurred i:f' breaking up had taken place while the soil -.vaa damp• 

as a·t the time of sampling. In this way the effect oi~ sample treat­

mem-t on the structure was k€~t to a mininn.un. 



26. 

On each oaoasi.on the soil was as near t:teld capacity asp~ 

the time of sampling being chosen several~ after a soaJd.na rain. 

The fol.lowing are extracts t'ran the of.fioial rainfall figures taloen 

at Grasslands Di vision, D .. s. I.R. pr.tar to eaoh sampling. ~. 
Salz;>le (i) 

ft (ii) 
" (ili) 
" (iv) 

~. 
Saq,le (i) 

59 points an 13th a:nd 14th August 1952 
4,3 points trom 14,th to 17th December 19J2 

31 points traa 22ni to 25th April 1953 
n points on 11th and 12th Dec::eniber 1953• 

80 points tram 7th to 10th September 19,3. 

Jloisture content at the time ot sampling was meawred by the 

:following prooedure. After the p~ of soil for atruoture determin­

a:tion had been remaved t'rom tm plot a triangular prism o£ soil was 

taken wt th a. table knife from the side ot the hole left after the 

removal at the Bmlg:>le. One sanple tram eaoh replicate t<:AJr inches 

in depth and wigbing ahout 20 gma was transferred to a bottle am. 

the lid :replaoed inlnedie.tely • Srui:pl.es from the different treatments 

-were kept sapa.ra.te. In the laboratory .50 grams were weighed out fJ:ail 

the well m:1.md aggregate samples o£ eacil treatment, dried far 16 hours 

in the Hearson over at 10.5°0, (see appemixlV) and weighed after 

oooling in a d.esaicator. The resuJ.ts• e:x;presaed as the moiswre lost 

per 100 gms. ot oven dried soil showed oonsiclerable variation and no 

doubt contributed to some of 'the differenoes in struature between 

litting periods. The resulting oven-dried soil was then ignited by 

pla.oin,g in a cool muf'f'le furnaoe am raising the terrq;,era.ture to about 

000°c for 30 minutes. The loss 1n weight resulting, expressed in 

grams per 100 grams ot oven-dry' soil, ia given for the tour sanplings 

at the A plots and tar one sampling of the B plots in appendix I14 

Soil moisture content and. loss on ignition was not done for the final 

sampling of the B plots because ea.oh treatment -was aa:mpled separe.te:cy,. 
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i'aot that air drying itself' results in artiticiaJ. conaitions, and 

that the wet-sieving technique merely attempts to compare struotural. 

conditions in the soil• it was decided to use the immersion wetting 

method, Observation on the wetting p:-ooess showed that entrapped 

air was not a potent taotor in breaking up aggregates the effect on 

well aggregated soils being almost negligible. It "Was considered 

therefore that the imnersion wetting mathod would help to indicate 

ditterenoes between well aggregated soils and those with poor structure. 

Since commencing this e:,q>eriment wn Bavel (2) has reported on a. 

OODl)rehensive omqparison of 'V80Ul1lli-Wetted samples with innersed 

samples. Re ocmcl.uded. that vacuum-wietti.ng introduoes a large amcunt 

ot random variation 1n the results of aggregate analysis am. that, 

a&1iDg this oonsidere.tion to the extra am.Otmt of work involved, the 

use of va.auum-wetting is inadvisahle. 

(h) Time of ~. 

There is aJ.so no aaz:,eem!mt as to the length est time the soil 

should be soaked bei'ore sieving. Russell (70) in 1938 stated that 

moat workers allow the soil at lea.at two hours to wet before sub­

jecting it to aggregate analysis. But the most :recent reviews of 

lldthod.s of aggregate ~sis by Baver in 1948 (,4.) 11 Russell in 1949 

(74) 1 am. van Ba.vsl in 1953 ( 2) make no oomment on the time of soaking 

and describe methods where sieving commences inrnedia.tely after wetting. 

Im, (16) at Jealott's Hill and Willia.ma (17) at Hurley, however, soak 

aamples tor 30 minutes before sieving. Russell and Feng ( 9) com-

pared soaldng tor 3 minutes with 30 minutes and 300 minutes and found 

that the length of preliminary soaking had no signi:ricant effect 

either on the initial stability or the rate of disintegration of the 

satqples tested. It was d.eoided in the present investigation there­

fore to limit the prelim:1.nary soaking to three minutes in whioh time 

the largest of' the clods um.er test were soaked through to the oentre. 

(i) S1z.e otW ~ ~le. 

The weight of sample uaed in wet sieving depe%lds on the size of 



the sieves and the amount of material. available. Yoder (109) used 

50 gms. on sieves of six in.oh dial'.aeter9 Bryant (7) and van :Bawl 

(2J) 2..5 gms. on; inoh sieves. Ru.sael and Peng (7,) 5 gms. on 2 inch 

aiews. Eight inah sieves -were available for this in:vestigation and 

a start was m.de with a sample size of fifty grams. It \va& notioed 

however• that a very Jnl10h more vigorous aotion took pla.oe around the 

outside edge or the sieve than in the centre, and, as siev.lug pro­

gressed; a greater proportion of the larger aggregates 'W8N to be 

round in the centre of the aieve while arouni the outside edge the 

aggregates -were amaller. As this could oonoeivab~ introduce er.t"Ol"s 

into the analyses, wa,rs ot overcaning it 'W8N considered. Firstly, 

by keepil,g the sample away i'rom the outside .age by a liner reducing 

the etteotive size of the sieve to one of six inches in diameter, the 

swirling ettect would be avoidsd.. This involved~ dittio­

ultiea ot fitting, and it was decided to try instead the et-feot of a 

smaller sample placed initially in the Mntre at the sieve. It was 

:f"ound that when this sample was reduood to 30 gms. it veey quickly 

spread to a11 even layer over a diameter ot a.bout five to six inches 

once sieving commenced.. To see what effect this had on the aggrelJ!,te 

stability, :f"our samples each of 10 f!JIJS, 30 gms1 and 50 gms. -were 

d.eved and. the results are given in Table VII. The number of S8J11Ples 

used was 8llBll but the trend was so unmistakably there that f'urther 

repetition was cansiciered UlUl$cessar.r. 

TABLE VII The etteot of sample size on the% or oven-dried 

Aggregates retained after wet sieving• 

Weight of Sample 10 gm:s. 30 gms. 50 gms. 

Replicate A 75.0 63.4- 42.a 
tt B 90.0 ao.o 7'1.6 

" a a.5.0 72.6 68.4 
ft D 92.0 90.4 aa.2 

HEAN as.; 76.6 67.8 
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FIG"IJIIB VI. 

Wet-sieving apparatus used f'or aggregate stability determinationsv 

The glass water container has been removed f'rom the nearer sieve 

to show the method of attachment. 
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(See Table XI.) It was considered therefore tha:t a very good 

estimate could bs made of the structure position in the second 2 -

inch seo·l;ion• and that this could then be rel.E1.ted. to root data 

a{~twlll3" obtained from it. 

'.l.~.~il .u. Relationship of strooture in top 2-inah layer with ,_ 
that in the 2 • 4 inoh layer. Regresai011 .Analysis 

( 20 month oomple). 

Sourco o:r Variation 

Regres1oiQn of 2-li- in. 
struoturt} on 0-2 ill. 
st:ruoture. 

esidual 

1 

1J3 

** indicates sig:nifica.noe at the 1% level. of probability. 

(iii) The reduction in size of sample from n:n area. of 11,4.89 sq. 

cm. in the oa.se of the Jacques sampla1• to 20.15 sq. om. in the case 

of the tubular sampler was found to result in reduoed laboratory 

sepal'Qtions, without inoreasing the variability of the sampling. 

Table nI shows the oompa.rative coeffioients of variation for the 

two methods. Ten samples were taken in ea.oh oase. 

TAB.T.E XII., Ooefflc:l.ent; of Variation of root weights in the 2-lt. -
in. soil depth for both the Jacques sampler and the 

tubular sampler. 

Treatment CK CH PR. WC RC - , ..... 

Jacques sampler 13o2 16.7 1.3.11- 36.4 .59.9 
.April, 1953 

Tubular swip.er 21 • .3 15.6 22.6 28.3 42.6 
Deo., 19.53 

Whatever msthod. of oompling wa.s used, nll trerd:ments were 

srunpled on o.n,y· sampling day. 'Usua.lzy th:ts was lrep·t a.t one sample 

per treatment so that they could be analysed. within a few deys of 

sa.mpllDt~t 'lihus preventing them from drying out or maldng :new growth 
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SECTION 'IV 

RESULTS 

A. Soil Structure. 

To t'":lnd out what short term differences, if any, could b 

expected in structure stability of a soil under dif:ferent pasture 

swards~ a series ot spade samples were taken on the 11th February 

1952 f'rom a gra.s . species and strain demOnstration block sown two 

years pre'Viousl3 on the Field Husbandry Area. These grasses had 

been sown with white clover as a companion plant,. but dominantly 

gra.ss sites were chosen tor sampli.ng.. Duplicate 50 samples 

of the unscreened soil were wet ieved, one on an 8 I. M. sieve 

and one on a 16 :t. 14 · sieve. The mean of these two used to 

indicate the structural condition of the sOils. An adjacent area 

which bad been under cultivation tor three years was f;IMlpled at the 

same time. Results of these analyses are given in Table XIII. 

TABLE XIII Percentage stable aggregates, in soils from two year 

old pasture strains plots., end cult· ed 

flot Sampled Sample No. Percentage Aggregate Mean for each 
Stability Treatment. 

~erennial 

m 
69.9 

l\Yegrass 71.1 
69,,7 
69.6 70.-1 

Cocksf'oot a◄ 75.9 
>b◄ 71.9 
,cc 70.2 
>d◄ 69.5 
,e ◄ 69.a 
,t, 68.6 71.0 

Chewings Fem.le 

al 
.51. 7 

~~ 
59.0 .53.9 

Cultivated m :n.o 
Land .38.3 

31.3 34..1 

.50. 



A1thou,gb. these results could not be statistically ana.l.yeed, 

there was sufficient ditterenoe between them to indicate that plots 

sown down with different species would be likely to produce dimrent 

ettects on the eoil structure within a short space of time. 

These samples taken t1~om the top four inches of soil showed 

quite DIU'k:ed ditterenoes in appearance. .Although no apparent di:f':f'­

erence could be detected by wet sieving between cookstoot and rye­

arass srurples, the f'o:nner Jt,ppeared to have a greater crumb formation 

while the latter was more inolined to be oloddy. The tlhewings tesoue 

plot gave a soil sample 11hioh appeared to have been divided into rel-

atively small particles ~ a ma.ea of grass roots. It wa.s difficult 

to separate the soil :f'rom the roots near the crown of this grass. 

The soil tram the oul ti "m.ted grouni was almost d.e'\foid of roots and 

slumped or slaked muoh more ra;,idl.Jr than the other samples when 

placed in water. 

Following this prelim1.nary investigation, the replioa.ted A plots 

were sown down and sa.q;,led for the first time tour months a:t'ter sovv­

ing. 

(b) ~ Month §!5,le. 

A Plots. These were sampled to a. depth of tour inches on 

.August 20th, 1952. 

Table XIV gives the percentage of the 1-3 mlll• screened sample 

retained on a 0.251 mn. sieve. (4 detex,n:i.na.tions f'rom eaoh of 5 

replicates), am. the percentage ot the 3-6 Illl1. screened sample retained 

on a 1,676 mn. sieve (4 detex,ninations trom eaoh of 10 replicates) .. 

T.ABIE XIV Structure stability 4 months after sowing. 
.A.naJsrsia o£ Variance. 

Source of 1- mm,. 
Variation d.f' Mean F 

Sq.w:e 

Bloclk:a 4 13.5 9 217.6 
Treatments 5 ro.7 2.21 u:6 3.P N.S 5 ':(;3;] 11.7 2J,3 'J♦D 
Residual 19B 9.:,5 45 21.6 

Ooeffloient 
of Variatlm l,..16 7.6 

•• 
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Treatment Means ( 8 detennina.tions at eacil depth) 

Treatment 0"-21t 2"-4" Qtt-4,tt 

PR 47.9 39.2 43.6 
OK l,4.2 34.0 39.1 
OH 53.2 41+,.1 JJ3.7 
WO .50.0 36.8 4.3.4 
00 46.2 Y/.9 42.1 
m 30.6 26.6 28.6 

KR 70.1 67.0 72.5 
IT .50.2 42.2 46.2 

Deteotable 
clitterenoes 
~ (1%) 4.70 (6.z,) 7.03 (9.38) J+.98 ( 6.65) 

D1sousaion ot Tables XIV am XV. 

1. Except for cockstoot in Table XV the grasses have tended to 

be superior to the clovers in building up structure stabili v. 
2. The bare ground treatment has been inferior in eadl case, 

aignifioantJ,3' so 'Where the 3-6 mm. soreened sSJupl.e was used. 

:;. The B plots were sown on a soil more deficient in structure 

than the A plots. 

4. Xr.l.lium bas raised the aggregate eta.bill ty to a higher level 

than any other treatmmt despite being used on the B plot area • 

.;. The ettecta have not completely corresponded in tile two years, 

but there are no contradictory results. 

6. ~nt in stability was 100re rapid in the top two inches 

(Table XV) than in the next two inches, the ettect being 1east in the 

:00. plot. 

(o)~. 

A Plots. These -.ere sampled to a depth ot 4, inches in one section 

on December 19th• 19.52. Table m gives the percentage o£ 3-6 nm. 

ac:reened. sanple retained. on a 1.676 mm. sieve. (Duplicate samples 

from each of 10 replicates) 
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T.Alms XVI. Structure stabill'tir 8 months after sowing. 

AnalJreis at Variance. 

Source of Varlatian. d.f. Hean Square F leeult 
I 'fU l 

Blocks 9 86.60 
Treatments 5 924-54- 52.86 2.43(3.~£) ** 
Residual 1w 17.49 

Total 59 

Coettiaient ot Variation 

** significant at tha 1% level of probability. 

Treatment Means ( a:> detexmina.ticns of ea.oh treatment) 

Treatment Peroantage Stabili'1 

PR 76.98 
CK 77.75 
aa 79.57 
WO 74.70 
RO 12.66 
m 60.76 

Detectable differences at the .5% ( 1%) level are 2.64. {3.52) 

B Plots. These were SBDpled to a depth Of aix inches in three 

2 1noh thicknesses on 14th Deoember, 1953. 

Table XVII gives the analysis of variance of the percentage of 

the 3-6 11114 eoreened sample retained on a 1.676 mm. sieve. (Single 

deteminations filom each er£ eight replicates.) 

TABIE XVII Struoture eta.bill ty 8 months after ~. 

Ane.J,ysis of' Variance. 

Source of Vcrla.tion d.:f'. llean Square F red Result 
1°k 

Blocks 7 315.7 
Treatment 7 11&7.3 19.(f/ 2.21 3.04 •• 
Reaidual a) 49 62.3 
Total 63 
Blocks k :~ 3.00 6.70 ** 93.17 

b) 13X 23.6 
Tota1 22 

Plots a£ Treatments 63 
Deviation of 

ots from 1.ao X Depth 2 • .30 2.29 ** Residual C 

Total 190 
- -··----· ~--- ----- --··-· 



X Reduced one degree of freed.om far missing Plot. 

Coefficient of Variation = 11.~ 

•• indicates signifioanoe at the 1% l.evel o£ probability. 

:rreatmsnt & Rs?th 1leaJ\S (Eight determinations at eadl deptJl) 

- . 
Depth PR OK OH WC RC m. KR rr -u ,.,., 

" , .. 

o••-2" 72.56 73.79 75.24 74.63 72.79 68.25 88.70 75.84 75.22 
2"-4" 59.71 ~26 69.11 64.00 6;.aa 57.11 87.91 62.Bli- 66.35 
4"-6° 57.84. 62.20 71.63 00.23 67.59 .55.93 74.69 63.04 64,.1~ 

Treatment 
Mea.na163.37 66.75 71.99 66.28 68.75 60.43 83.77 67.24 68.57 

Treatments: Par aianifi,oe.noe at the !,J& (1~&) level, ditterenoe Dl1St 

exceed 4,.60 ( 6.17). 

_~;e~1 Far sign:1t'ioance at the ,% ( 1%) level, ditterenoe must exceed 

1.86 (2.59). 

,Trea:~nt K,eans :t am; one R!Pthi For signitioan,e at the 57; ( 1%) 

level, difference J!IJSt exceed 6.29 (8.35). 

level, ditterence Jll1St exceed 5.68 (7.53) 

Diacusaion ot Tables XVI am XVII. 

1. In the A plots the arasaes have again been superior to the 

olovera, while in the next season (the B plots) there is no difference. 

2. Bare ground samples have been aign.itioantly inferior in both 

seaaons a.Id in nine caapariso.ns out or ten at the 1% level of p;d:ebtli~ 

3. The 6hewings fescue treatment he.a tended to be most effective 

of the grasses in each season, almost signi:tioantl;y su;perior in the 

A plots, while in the B plots there was a highly significant dit:ference 

between €1d'wings :f"escue and perennial. r,regra.ss. 

4. The effect of Kr.ilium has been rmrkedlJ' superior to any of 

the other treatments • 

.5. Improvement in stability he.e been better nearer the surf'aoe. 



6. In most cases the treatments have reacted similarly at the 

three depths, but R.ed Clover and Chewings Fesoue are exceptions and 

haw shown less deterioration with depth than the other treatments. 

(d) Twelve llonth §emples,_ 

A Plots. Ten replicates VJere sampled to a depth ot 6 inches in 

three 2 inch sections on .April 28th, 1953. After airdrying the 3-6 

mm. samples '\!Vere wet sieved on a 1.676 mm, sieve. The follewing is 

an analysis of variance tor atruotu.re stability. As many o1.' these 

percentages were over 80%, they were transformed to angles aooording 

to Snedeoor ( 83) and analysed as such. 

TABLE XVIII. Structure stability 12 months after sowing • 

.Anal,ysis of variance. 

Sou.roe o£ d.f. Kean Square F F Recntired 
Variation 51% (1~) 

Blooks 9 76.34 4.45 2.10 2.82 
Treatments 5 889.84 .51.92 2.43 3.45 
Residual (a) 45 17.14 

Total 59 

Blocks 9 76.34 
Depths 2 345.50 .5a.a7 3.55 6.01 
Residual (b} 18 5.92 

Total 29 

Plots ot 
treatments 59 

Deviation ot 
depth plots 
trom blocks 20 

Treatment .X 

R~al (c) t~ 1~-w 7.55 1.94 2.53 

Total 179 

Coeffloient of Variation = 6.1~ 

Result 

•• 
** 

•• 

•• 

** indioa.tes significance at the 1% level of probability. 
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Trea.~~ ~ ~th; ~ (20 dete:rminations at ea.ch depth) 

I 1ilt tll.llll'b 

Deptil 
Treatment ott-2n 2"-lt." l.i."-6" Yean 

PR 74 .• lt-3 71.34 6a.n 71.51 
CK 73.oa 71.93 69.77 71 • .59 
CH 71.97 72.17 70.27 11.1+1 
WO 10.a7 65.97 61...64. 67.16 
RC 67.14- 61.26 60.,20 62.87 
IG 61.47 57.57 .56.86 58.,63 

Mean 69.83 66.71 6.5.09 67.21 

!~9:t~~ts: For significance at the !»~ ( 1%) level, difference must 

exceed 2.15 (2.88). 

De,etlun For aignieioanoe at the 5% { 1~~) level, di:f'ference must 

exoeed 0.92 (1.2'7). 

Treatment ll8aJU! a.t !BY: one.P.!E't!i: l'o.- signifioonoe at the 5}6 (1%) 

level, ditterence must exceed 2.,20 (2.92). 

=,.__h.....,_Mea:z,__n_a ... f ... or=-=--on=e .... Trea: ...... ~:tm=en=t: For significance at the 5,1o ( 1%) 

1eve11 difference must exceed. 1.,68 (2.28). 

D:lsoussion of Table XVIII. 

1. The arass plota are highly significantly su;perior ·in stability 

ct struoture to the clover and bare ground plots. But there is no 

diff'erenoe between the three grass species themselves. 

2. The clover plots are higb4, significantly superior in stability 

of atruoture to the bareground plot, and white al.over is superior to 

red clover to the same degree. 

3. A highly significant ditterenoe between the stability of 

structure at different depths exists, stability deoreasing with depth. 

J.,.. The highly significant interaction between depth and treatment 

is due to the results found with -

(i) Cookatoot, and 0hewings f'esoue which showed no better stab­

ility in the top two inches than in the 2"-4" leve1. It w.Ul be noted 

trom Section III ( d) of Appendix 'TI that the dry sieving o-r 6h.ewings 





TABIE XIX 

SOurce ot 
Variation 

Blocks 
Treatments 
R,,sidual ( a.) 

Total 

Blocks 
Depths 
Residual. (b) 

Total 

Plots ot 
treatments 

De'Viation ~ 
depth plota 
from blooks 

Treatment X 
depth 

Residual (c) 

fotal 

Stru.oture stability 20 months after sovdng. 
.Anal.y-ais of variance. 

d.f. Mean Sque.re F ;,te~ 
9 32.67 1.96 2.10 2.Sq. 
5 384.94 23.09 2.4,3 3.46 

45 1(i.67 

59 

9 32.67 5.15 
2 708.32 111.72 3.55 6.01 

18 6.34 

29 

59 

20 

10 29.16 a.65 1.94 2 • .53 
90 3.37 

179 

Ooefflaient ot Variation = 5.93% 

59. 

Result 

N.S 
** 

** 

** 

** indioa.tea ai,gDitioance ~t the 1% level of probability. 

N. s. indicates difference not significant. 

T_reatment & R8.;eth lleans ( 10 determinations a:t eaoh cu,pth) 

~ o••-2" 2n-JJ• .ti."-6" Kean 

PR 74-05 71.59 69.45 71.70 
tt'!, 

CK 74-08 71.3.5 68.Yl 71.27 
\ £ ~-

CH 73.58 71.62 70.21 71.80 
WO 73.54. 68.23 64.19 68.65 
RO 72.Q,. 66.70 60.22 66.52 
BG 66.02 62.24 60.28 62.85 

J4ean 72,32 68.62 6.5.45 68.&:> 

Treatments: For signitioanoe at the .9% ( 1%) level, ditterenoe must 

exceed 2.11 (2.82). 
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Root weight (mgms. d:r.v matter per 44.89 sq. oms.) t"our 

months after sowing. JuiaJ,:rsis of Var.tanos. 

Source ot Variation a.tt. KeanSqua.re F j tl:aesu1t 

Blocks 7 58621 
Treatments s 59119 13.1+9 2.48 3.59 ** asuauai ( a) 35 ~ 

Total 4-7 

Blocks 7 
Depth 1 2360341 188.16 5.59 12.2.5 •• 
Residl.lal. (b) 7 1254ft. 

Total 15 

Plots of Trea:tmenta 1+7 
Dev.l.ation ot depth 
p1ota from blocks 8 

Treatment X Depth 5 4212 1.74 2.48 3.59 N.s. 
Residual. ( o) 35 243) 

Total 95 

Ooetticd.ent al Va.r.l.a.tion =i 18.5% 

•• indicates aignitioanoe at the 1% level of probability 

N. S. indicates not significant. 

Treatment & lleana (~. D.Y. per M,.89 sq. cm.) 

Depth 0"-2" 2n-4tt Treatment 
!b-eatment Section. Section llea.na 

PR 609.o 261.6 43.5.3 
QK 527.0 212.3 369.6 
CH l+,70.6 187.4 329.0 
RO (Oamplete) 4,69.:; 167.o ;1a.2 
WO 1,.16.S 138 • .5 277 • .5 
lT 594.8 238.8 416.8 

Depth Yeana 514.,4. 200.9 357.7 

freatments: For significance at the !j}b {1%) level, ditterence JSlat 

exceed iw.1+ ( 63. 7). 

Pazo aignifioance a.I the .&% (1%) 

level• ditterenoe mu.st exceed 6o.5 {81.2). 
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Discussion of Table x:<II. 

Co~oot at thia age bas many more crown roots than the other 

grasses. '!'bey are very fine and permeate the soil intensely in the 

top two inch section while ll:l.ewings te8CUl9 has a dense surh.oe root 

~stem 'Which appears to be a.obieved by more branching of the roots 

below the crown,. The r,egre.sses have muah thicker roots, the 'White 

roota being more prominent an:1 there are fewer fine roots. The clovers 

at this age have only one main root per plant and the 'Whole root system 

is dependent on this 'bq;> root and is muoh sparser than that of the 

grasses• although indiv.1.dual roots are thicker. 

3. Number of Tillers. 

A picture of the density ot plant cover at the time of sampling 

is gained from the tiller numbers per unit area 'Which ere given belows-

PR 72 
CK 44 
CII 1&,. 

WO 49 
RO 36 
IR 42 

4. Number of Worms.: 

No ditterenoea in wor.m population were found between treatments. 

(b)~ 

The :a plots were 88.Jll)led w1 th the Tubular Sampler to a. depth ot 

six inches between the 2nd and 21st December,. 19531 the four grass 

speai.es only being used. The samples were divided into three two 

inch sections the oentre one being uaed tar root study. Because these 

samples were prima.ril.y to find any- connection between roots and struc­

ture within a. species and not for ooq,arisons ot structure effects or 

root development between apeo:l.es, the oight replicates of a speoies 

were sanq,led each sampling day, as opposed to the sampling of all 

treatments in any one blook as previously done. 

Table XXIII sets out the root weights in the 21t-4" soil section. 



T.ABIE XXlII. Root weight (qpns. D.M. per 20.15 sq. ems.) in 2"-4'' 

soil Bection eight months after sowing. 

Ana.J,ysis ot Var.ianoe. 

source ot F Re1uired 
Varlation d.f. llean Sgµare F % 1% 

Blocks 7 632 
Treatments 3 699 1.34 3.07 4.87 
RBsidtlll. 21 521 

Total 31 

Coefficient of Variation = 
N. s. indicates not significant. 

OolJq)arison of Treatments. lfgm. n.:u:. per 20.15 sq. cm. 

PR 

155.0 

Discussion ot Table XXIll. 

OH 

Result 

N.S. 

{ 1) Although no significant ditterenoea ocour between these 

four grass species there is a definite trend towards greater increase. 

in root growth in 6hewinga tescu.e in comparison with the other species. 

This is further shown in Teble XVIII and Fig. vn in which root yield 

at the tour S8lJq)ling periods is converted. to a comparable sample size. 

At the earlier sampling Ghewings i'esoue was significantly poorer than 

the other three grasses. 

(2) A diaad:vantage of using the 2n-4tt section is apparent in 

that ditterenoea in root weight between speoies is less at this level 

than nearer the surface. Consequently signit'ioant clif.ferences may 

have been obtained had the 0"-2'' section been used for root separation • 

.Alternatively further replications would have increased the chanoe ot 

getting ai.gniticent differences. 

(c)~. 

The A plots were sampled. w1 th the Jacques 89.Ir!Pler to a depth ot 

aix inches between 25th March, 1953 and 20th May-, 1953. One sample 

was taken :rrcm each plot and divided. into three 2 inoh sections. At 
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this stage of growth it was irrq,ossible to make an accurate 00W1t ot 

root numbers. In all sanples the roots· were washed and freed of 

soil and organic mtter• dried and weighed. Results a.re ta.lmlated 

in Table XXIV. 

TABIE XXIV. 

Source of 
Variation 

Blooka 
Treatments 
Residual (e) 

Tot.al 

Blocks 
Depth 
Reaidual (b) 

Total 

Plots ot 
treatments 

Deviation o£ 
dspi:h plots 
£raa blocks 

Treatment X 
depth 

Residual (c) 

Total. 

Root weights (mgms. D.lt. per lt-4.89 sq. oms.) in three 

successive two incm soil depths twelve months af'ter 

sowing. .Analysis ot Varianoe. 

1f Re1uired 
a..t. }lean Square ]1 S% 1~& Result 

9 24924-
4- 1181163 45.9a 2.63 3.89 $0 

36 2.5688 
: 

i 

49 i 
I 

! 
9 I 

2 7170JJr/ ;.585.92 3.55 6.01 •• 
18 122,'58 ! 

! 

29 

! 

4.9 

20 

8 .361363 22.15 2.'17 2.n •• 
72 16315 

1'*9 

Ooettioient of Variation = 34.~ 
** im.ica.tes significance at the 1% level of probability. 

Treatment.!. aeRth Means (JDgris. D.M. per 44,.89 sq. oms.) 

Treatment ou-2'* 2n-4-n 4,"-6" Treatment 
Section. section. Secnion. lleans 

OH 1411. 7 1+n, .. 1 317.8 714.7 
PR 11.3l..7 31.5.a 241.9 574-.1 
CK 9n.6 279.6 205.9 1ia1.1 
WO .549.9 163.0 11.5.4 276.1 
BO (F1brous 403.a 183.0 156.9 '<47.9 

On:cy) 



Treatments: J.i'al:" adgnitioanoe at the 5}& (1%) level, dif'terenoe 11118t 

exceed a3.96 {112.61) 

R5?ths: For signifioanoe at the 5% ( 1%) lewl, dii'terence must 

exceed 46.50 (63.69). 

Trea;tn,nt Means at i For aignif'icance at the !7;& ( 1%) 

level, d:ltterenoe must exceed 166.03 (220.ao). 

,..,._. ...... M:eans far one Trea:bmntz Por signit'ioa.noe a.t the 5% (1%) 

level, difference must exceed 110.60 (148.18). 

Disowsai.on of Tabla XXIV'. 

1. Significant differences in root yield occur between all the 

species exoopt that the two olovera can not be separated. Ohewings 

f'escue ha.a shown definite superiority, a. trem indioe.ted in the 

previous lifting. 

2. Root yield bas deo.rea.sed at a highly aignitice.nt %'ate with 

dspth. All species show this but red claver does so to a. less degree 

than the remaining tour speciea. 

3. The h1gbl;y aignifioant interaction is aooounted for Jm.:1n.lJ 

by the tact that the,re are significant ditf'erenoes between the grasaes 

:ln the top soil level but not in the other two depths. llwm more 

even root yields are obtained below the top two inches where variation 

is very marked between apeoiea. 

i.. The red clover ,Yields are in tems of fibrous roots. The 

main tap root was exolu:led from the analysis because although it was 

~a.single root, it weighed approximately twice that of' all the 

f'ibrous roots in the sample. 

( d) Twenty M:onth Sampl.e. 

The A plots were sampled with the tubular sam.par between the 16th 

November, 19.53 and 3oth November, 1953. As in the oase of the eight 

month samples• the six inoh depth was divided into three seotions, 

the 2"-4 tt section being used for root determina:tions and the remainder 

tar structure. Results are giwn in Table x:xv. 
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3. The red clover root yields do not include the main tep 

root o£ plants in the sample. P.1.1:rrcus root yields of red and 

white clovers show no significant difference, a position similar 

to that o£ the previous sampling. 
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c. SunlnaJ.')" ot Results 

1 • In each at the tour aanplings made for the determination 

o£ structure stability, the soil from the grass plots ha.a been OQn­

aistentzy superior. In most oases this superiority was highly 

significant. No consistent ditterenoes were reoordod. between the 

grasses. There was a tendency .for the ryegrass soil to be superior 

in the top two inch layer, bu:t it sh.owed greater deteriore.tion in 

the lower levels than the soil from cooksfoot and Ohewings f'escue 

plots. 

2. The soils from the clover and bare ground plots were con­

sistentzy placed 1n the order ot white cl.over, red clover, bare ground. 

Significance wae achieved in the majority of these oomparisons be­

tween structure stabilities. 

3. Root development as indicated by the weight of fibrous 

root tissue present at ditterent stages of growth, was more intense 

in the grass apeoies than in the clovers. 

4. The percentage decline in root weight with depth vas very 

consistent tor all species. Although the clovers tended to ba.w 

a greater proportion at their roots in the top two inches in the 

early stages, by the time the plants were a year, old, all species 

had pre.otioally 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 speoies by no mare than o.577i 

from the mean percentage wbioh Wis 66.1!,Jb. 



SI~<J.rION V. 

ROOT DECOMPOSITION 

A. INTRODUC'I'ION 

In Section IT three measureable root olwraoteristios were men­

tioned as possible factors in:f'luenaing physical oondi tions in the 

soil in which the roots are growing. The variations in root weight 

and root tn.llibers between species were dealt with there. Root decom­

position will be dealt mth in this section. 

It is generally acoepted that deoomposing organic matter in the 

soil has a favourable ettect on aggregate formation ( 8.5) • Thus the 

effect of' plant roots in oho..ngi.ng the soil structure !DBJf' be due to 

the residues left when the roots die in addition to (a) the actual. 

bi?lliing ei':feot that the roots may have on the soil particles ana/or 

(b) the compression of the soil into more or less stable crumbs by 

the grow.ing roots as they ramify through the soil (72). 

The decomposition of root material commences very- earzy in the 

life of plants, but is one. relativezy emnll scale being almost solezy 

confined. to the root hairs. However, within the first few months of 

the life of a grass plant the seminal roots begin to deteriorate, and 

they make some contribution to tho supply of organic matter to the 

soil ( 107) 9 Also, under pasture conditions, there :is a considerable 

mortality of young grass and clover pl.rults in the establishment period 

extending u,p to twelve months from sO\ving, and the roots of these 

pl.an.ta represent a considerable but as yet unmeasured proportion of 

the additions to the soil orgrutlc matter in tmt tine. Even were 

grass roots have not died, there is usuo..lly a gradual deterioration 

'With age am. this involves the slough:l.ne off of the cortex (29) while 
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the stele still remains operative. 

In view of this more or less continuous supply of food in the 

form of plant roots to the soil orgrutlsms which ·takes place under 

pasture, it was decided to measure the rapidity of brenkdow.n in soil 

of the roots of' the different species under consideration, a.ni also 

to see whether the rate of' this breakdown could be related to the 

stability o£ the soil structure. 



( a) General. 

In this seotion,soil taken from an area adjacent to the plots 

already mentioned was used in pots. This soil had been under cult­

ivation for aver four years and was lON in stability of structure in 

collq)a.rison with neighbouring pasture ar1S<'ls. Too method used was to 

add equal .weights of roots of the different species in the soil to 

pots and thoroughly mix the two. Water was added to appro:idma.tely 

field capac~:tY and the pots ,vere pla.oed in an unheated glasshouse. 

~lea were taken at intervnls, and the Warburg .Apparatus was used 

to determine the rate of decomposition of organic nntter in them. 

At rather longer intervals, the pots ,vere sampled far structure stab­

ill ty which was· determined by means of wet sieving. 

(b) Material ond E • 

The soil was obtained from an intensely cultivated area ruld, 

after air-dtying, it was passed through a 3 nm. round. holed sieve, 

praotioall,y all of it going through quite easily. It was then sieved 

on a 1 ~ round holed sieve and the material retained on this sieve 

was used for potting. :Brom previous experience, it was lmown that 

such material containing particles of a very narrow size-nmge would 

provide much more consistent sub-samples than could be obtained from 

the complete soil bulk. It was important to have a. standard soil 

sample on whioh to 8±'.)ply the treatments. 

200 @11S• of this air--dried soil was mixed with 3 gms. of oven­

dried roots obtained from the root separations described in Section 

'IV. Where sufficient root nn teria1 ,vas available, pots oontnining 

soil with 6 gms. of roots were nnde up also. In order to get an 

intimate and even mixture between the roots and the soil; the roots 

,vere first put through a hammer mill. The mixture was of sufficient 

size to fill a plastic pot of 3½ inch top diameter and 2 inch-bottom 

diameter to within½ in. of the top. Duplicate pots of each treatment 
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were put down. 65 gms. of tap water ,ms gently added to each pot 11 

this being su:f'i'ioient to bring the moisture content of the samples 

up to about 375'~, this being nell.X' the field ca.pa.city of' the soil. To 

reduce evaporation to a minimum a polythene plas·l:;ic cover was fitted 

wer the top 0£ each pot and secured by ru1 elastic bani. Thus with­

out reducing aeration conditions it was possible to m!lintain an even 

moisture content in the pots, only 011e watering being necessacy in 

three months, and that only to the extent of' .3 gtn.s. per pot. 

The following treatments were applied in d.u;plicate :-

111 No added roots. 

2. White alover roots from plots sown 4- months. 

3. White clover roots f'ran plots sovm 12 months. 

4- Red clover roots from plots sown 4 months • 

.5e Red clover roots from plots amm 12 months (fibrous roots only) 
6. Red clover roots from plots sown 12 months ( ti:ip root only) 

7 • Chewings fesoue roots from plots sO\m 4 months. 

8. Chewings fescue roots from plots sown 12 months. 

9. Chewings :f'esoue roots :from plots sown 12 months. ( 6 gms. :i;er p.o t~) 
10. Cooksfoot roots from plots sown 4 months. 

11., Cooksf'oot roots from plots sown 12 months. 

12. Perennial ryegra.ss roots from plots smm 4 months. 

13. Perennial ryegra.sa roots f'rom plots sovm. 12 months. 

14. Perennial ryegrass roots from plots sown 12 months. ( 6 gns. :per p.ot.) 

15. Italian ryegrass roots from plots sown 4 months. 

The pots ava.ilahle were not all the same colour an:i so as to avoid 

any effects of light they 'lirere placed in.aide 4 inch clay pots into 

which they fitted snugly. Light was excluded frOm the surface by 

placing a tin tray over the top of' the grouped pots. Duplicate 

rand.oJDized blocks each oonaia•l:;ing of 15 pots vrere set out on a glass 

house shelf' where ventilation and temperature were considered uniform. 

The layout is shown in Fig. IX. 

In addition to the above, Bingle pots of the f'ollooing treatments 

were included also. 

1.., Red clover roots .from plots sown 12 months (taproot aiw, 6nms. :fe[' pot.) 

2. Cooksfoot roots from plots sown 12 months ( 6 gms. per p:o t ). 
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Dia.gram showing layout of' the po·t experiment in the glasshouse. 
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Minimum day temperatures varied from 44-°F to 62°F rurl maximum 

dDy temperatures varied :f'rool 73°F to 103°F during the period that 

the pots -were in the glasshouse. 

The normal m:9thod of n:easuring the rate of decomposition of soil 

organic matter has been by reoo:roing the evolution of carbon dioxide 

(68., 93) or the rucygen up take of ·that soil (68). In view of the 

:faot that a Warburg apparatus was a:vailable in the Botany Department 

of' the Oollege, it Vttl.a deoided. to use it :for this purpose. The 

apparatus is of standard design ( 13) £ll'ld. was .xmde in the College 

workshop. It oontaina twelve wmometers. Each trentnent was done 

in triplicate in order to obtain satisfactory accuracy, so that only 

four treatments oould be oonq;>ared at any one ru.i"l of the appa.ra:tus. 

(o) Method. 

1. Root De sition Rates. 

The pots were filled with the soil-root mixture and wa:tered on 

the 1ot1-1 November 1953. Twenty-four hours later sampling commenced. 

As all pots could not be 88lnpled. at the same tine it was necessary 

to have a control. treatment in eaoh run of the apparatus. This left 

three other treatments vi1ioh could be incluied. The apparatus was 

availablEi tor only two days in succession which limited the trea.tioonta 

tm t could be tested to six. It was decided therefore to make a 

oarq,orison of the grasses the main object,, and to concentrate on those 

pots to vhich the 12 month old roots had been added. This root 

me.teria1 v.as very :rree from the roots of~ other grass species, weeds, 

etc. In addition it was possible to inol.ude acme of the olover po·t;s 

to give a general idea of hov, they behaved in comparison with the 

grasses. 

The pots to be sampled were brought into the laboratory just 

before sampling. On the first dtey" 5 gm.s. of the wet soil was token 

from each pot. Thia was weighed to the nearest milligram on the 

Sarl;orlus ba.Jance in a weighirig dish with the lid on., .A:fter ·the 

first srurq:>ling the amount of soil .vua reduced to 3 gms. as this amount 
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made the manometer readings simpler. The transfer of this soil to 

the flask was arranged by plugging up the well with a stopper on a 

thin aha.ft, and fitting a paper funnel over the inlet to avoid any 

loss of tl~ soil particles in the transfer. The soil was distrib­

uted evenly aroum the well. Into the latter a small filter paper 

strip was pla.oed. am three mioro litres of 2(f& potassium b,ydroxide 

were carefully added with a pipette. This was to absorb the carbon 

dioxide produced. Rea.dings on the manometer scale thus indicate 

the runow1t of oxygen absorbed by the soil, and this respiration rate 

indicates the aotivity of soil micro organisms and thus the decompo­

sition of the organic natter present. 

0 
The tGlllperature of the water bath was maintained at 30 o. No 

continual shald.:ng of the apparatus was praotioed.. Shaking has been 

shown to be unnecessary by Webley ( 99) ani Rovira ( 67) where soil 

S8JI!Ples are used in the Warburg apparatus. 

Readings of ~he mananeter soales were made evezy half-hour, but 

an analysis of the results was ma.de on the average hourly absorption 

of o:xygen 11 this being obtained. from the finn.l reading, generally six 

hours after the start. .A:f'ter this final reading, the soil was Oli.re­

fully washed from each of the flasks into small porcelain drying 

dishes and dried for 16 hours in a drying oven at ·10.5°F. These were 

then cooled in a dessios.tor and tll:l oven-dried soil was weighed to 

the nearest milligram. Oxygen absorption per gm. o£ oven dried soil 

was used as the basis o:f' oon:po.rison between treatments. 

The pots were sampled. four times over a period of two months 

viz:-

1. 11th ani 12th November, 19.53. 

2. 18th and 19th November, 19.53. 

3. 3rd am 4th December, 1953. 

4. ,5th January, 1954• 

2. ~ta.bili;tY of Sm1oture Meaeurezoonts. 

Thirty days after the soil in the pots had been moistened it was 
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removed from too pots of Block A and spread out to air-dcy. This 

was on the 10th December, 19.53. On the 24th December when dry it 

was put into airtight bottles. Four series of eamples were taken 

from these bottles over the next ioonth and wet sieved to measure the 

stability of t]l9 soil aggregates. 25 gm.a. was the sample size used, 

this being soaked for 3 minutes and sieved -ror 5 minutes on a o. 251 

mm. sieve. 

Forty days later too soil f'rom Block B was spread to air-dry. 

This was on the 19th Januar.,, 1954. This "18.S bottled on the 9th 

February, 1954 and ana.J,ysed for stability of aggregates on the two 

following days in the same manner ae Blook A. 
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c. Reaul:ts 

(a} ~sition. 

In Fig. X the ra·tes of a.bs0%ption of oxygen over the f'our 

sampling periods are graphed. Tables XXVI to XXIX give the results 

of the individual Sl:)Jnplings and. the significance of the differences 

l008.SUrEld at each aa.npling. 

TABIE XXV'I. Hate of ox;ygen absorption in micro litres par gm .• of -
o·vsn-dried soil one day after moisture add.ea. 

.Analysis of Variance~ 

-.-.-..,~--~ 

Sou:t•ce of Vari.ation d.f. Mean Square 

Species 5 261.886.3 a.57 2.a1 l,..3lt, 

Residual. 17 30.51t50 
Tota.l 22 

Coefficient of Variation ::: 

** ind:1.a1.tes aign:tfioanoe at the 11~ l~~l of probalrl.lity. 

Result 

(1$ 

CompElr:1.son of Speoiesi miorolitres of o2 absorbed per gm. of dry soil. 

Control PR CK OH RO (New) WC (New) 

7e1q. 9e61 9.71 

:E'or sig:nific.ance at the 5;~ { 15~) level, difference must exceed 9.52 (13.07) 

~-~ ~.! Rate of o:x;ygen absorption in micro litres per gm. of 
cwn-drled soil eight days after moisture added. 

Anal.3'sifJ of Variance. 

-
Source of V'ariation d.f. Mean Square ]1 Result 

- - --
Species 6 49.643 9.94 2.70 4.10 ... 
Residual 17 4-993 
Total ,., .. 

... :;i -
Coefficient of' Variation ··- 32.~ 

*t!t indioates significance at ·!;he 11~ level of probabil:i:t;y. 

Comparison of' Species: mio1"0litres of o2 absorbod per gm. of dry t30il. 

Control ~ PR OH WC (old) RC (old) WC (new) 
6.89 a.93 14-51 

For sign.i.ficen.oe a.t the 5)~ ( 1;~) level, difference must exceed 3.8l1- (5.27) 
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TABIE n.'VIII Ra·te of oxygen absorption in m:!.croli tx-ea per gm. of -
oven-dried soll 23 days after moisfaire aikled. 

Analys.ia of Variance. 

Species 7 .4,341 .,.52 2.66 4.03 
Residual 16 ,.1232 

To·tal 23 

Coettioient ot Variation ·- 16e0fo 
• indicates signitioo.:noe a·I; the ,!r,,b level 01• probability• 

Conperison of speoies: microlitres of o2 absorbed per gm. of dry soil. 

Control 
1.81 

OK 

1.88 
PR( 6gms) PR . 

2.ot,. 2.oa 
WC{old) RO(old) OH(6 gms) 

For significance at the !,Ji~ level, difference must exoeecl. o.6o8. 

TABIE XXIX Rate of cxxygen absorption in mi.croli tres 1:>er gm. of 

oven-dried soil 56 d£\Ys after moisture added. 

.Analysis of Variance. 

-

Source of Variation d.f. 

Species 3 1.2517 1:2.31 1,...07 7.59 ** 
Residual 8 0.1017 

!r.1otal 11 

Coefficient of Variation = 15.1% 
ii,$ indicates eignifieanoe a.t the 1?~ levsl of probability. 

Comparison of species: .miorolitres of o2 absorbed per gm. 0£ dry soil 

Control 
1.18 

CH 

For significance a.t the ,fo ( 150 level, ditterenoe must exoeed 0.60 (0.87) 

Discussion of Tables XXVI to XllX. 
•• ■ -·• ...... •••••••■■-- ■ I ■- -■•-■■■ I 

1. OJcy-gen absorption has 'been consistent~ lower in the tmtrea.ted 

soil a.t all. stages of the experimen•lio 

2. Soils treated with clover roots have b(:3en beti;er, weight fc,r 

·weiglrl;, tlum the grasses in ruc;ygen tl.bscn,;>tion • 

. 3. Rates of absorption are high initially and taper ott n~:pidly 
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T.ABIE XXXI. ;& stability of soil aggregates 70 days after addition 

of grass and olover roots. 

Anal.ysis of Varia.noe. 

Source of Variation a..r. Mean Square F F Recuired Result 5}h 1:;~ 

Replioa.tions 3 3.1.i-7 
Treatments 16 124.99 1a.94 1.88 2.44 *"' 
Residwu liB 6.€0 

Total 67 

Coe.f:fioient of Variation = 3 • .5}~ 

•
11.t indicates signifioenoe at the 1JS level o£ probability. 

Oon:g;arison of Treatments: % aggregates retained on a o. 251 mm. sieve 

Treatment .Aggregate Stability 

Control 61.7 
CK (old) 67.1 
PR (old) 69.8 
CM (old) 70.6 
Cl£ (young roots) 71.7 
RO (old) 71.8 
vm (old) 73.8 
IT (young roots) 7l..-1 
CK (young roots) 74-8 
WC (young roots) 74-8 
RO (young roots) 74.8 
PR (young roots) 75 .. 7 
RO (oldz tap roots) 7.5.9 
!=R. (old: 6 gms.) 76.1 
CK (old: 6 gms.) 76.9 
CH (old: 6 grns.) 79.2 
RC (old: 6 gm.a: tap root) 88.7 

For signifioa.noe at the 51~ ( 1%) level, difference must exceed 3.66(11 .. 88) 

A oanparison was me.de o:f' the four treatments that were applied 

at the two different rates viz; 3 gms., and 6 gms, per pot. These were 

analysed separately and the results appear in Table XXXII. 



The ettect of adding grass and clover roots at two 

different rates on the Percentage Stability ot Soil 

Aagrega.tea 70 deys after treatment commenced. 

Analysis of Variance. 

Source of Variation a..:t. Mean Square F F Re<uired Result 
5% 1~, 

Replications 3 o.,s 
Amount of Added Roots 1 68l...50 109.17 4.32 a.02 ** 
Treatments 3 179.10 28.56 3.07 4.87 •• 
Amount X treatment 3 14.59 2.33 3.07 J+.87 N.S., 

interaction 
Residual 21 6.27 

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

N. s.indioates not significant. 

Comparison of' etteot of varying amounts of roots: % ~gates retained 
on a o'~ 251 mm. sieve. 

6 gms.. 

With five treatments, comparisons were available between young 

roots, harvested :four months after sowing and old roots :froJa plants 

12 months old. In Tables XXXIll and XXXIV the etteot of these two 

root san:g;,les is shown for both the 30 ~ and 70 day structure 

determinations. 

The ettect of young and old root additions on the% 

Stability of Soil .Aggregates 30 days atter treatment 

oonmenoeo.. 

Source of Variation d.f'. Kean Square F 
F Re~.-, -.,;i 

Result 
~ 19b 

Replications 3 113.72 16.39 2.96 4.(0 •• 
.Age of' Roots 1 119.72 16.20 4.21 7.68 •• 
Treatments 4 41.27 .5.58 2. 73 1.,.11 •• 
Age X Treatment 4 31.54 4.27 2.73 4.11 ** 
interaction 

Residual il:l 7.39 

Coefficient of Variation = 4.0% 
•• indicates aignitioanoe at the 1% level of probability" 



Table of Keane: % Aggregates retained on a 0.251 mm" sieve. 

Species RO WO PR OK OH Age ot 
Roots 
Keans 

Old Roota 67.0 71.3 64-6 66.6 6.5,.9 67.1 
Young " 76.1 70 • .5 10.1+ 68.8 66.9 70.5 
Species 71.6 70.9 67.5 67.7 66.1+ 
means 

f. 
· ~ XXXIV The otteot ot young and old root additions on the % 

Stability of Soil. Aggregates 70 days after treatment 

.Analysis of Variance. 

souroe ot Variation a.t. Mean Square F F Recruired Result 
.WO 1% 

Replicationa :, 9.oa 1.a,.. 2.96 J;..60 N.s. 
A&• td Roota 1 139.88 28.32 4.21 7.68 ** 
Treatments 4 16.35 3.31 2.73 ~11 

,,, 

~e X Treatment 4 17.19 3.J+,8 2.13 ,4..11 • 
interaction 

Residual 27 4.94 

Total 39 

Ooeffloient ot Variation = 3.1% 
•$ indioa.tes eignit'icanoe at the 1% level of probability. 

* indicates aigniticance at the !ffa level of probability, 
N.,S.,indicates not significant, 

Table ot Meanas 
Age or 

Species RO WO PR OK OH Roots 
lleans 

Old Roots 71.s 73.s 69.8 67.1 70,6 70,6 
Young" 71+-8 71+-8 75.7 7J..,8 71.7 71+-I+ 
Speoies 73.3 74.3 72.a 71.0 7-1.2 
Keana 

D:1.scusaion of Taol.es XXX to nxrv .. 

1. In the me.in the treatments have produced oomparable results 

e.t each ot the two liftings. Although the improvement recorded in 

structure at the later determination 'WB.S bighl_y significant, it cannot 

be concluded that it \1118.B due solely to the oontinuing biologioal. 

activity 1n the aoil. h;perience has shown that ditterent conditions 



of temperature and moisture, during the preparation of samples can 

a:f'feot the stability of the soil aggregates. Nevertheless, the 

result is the expected one with organic material that decomposes 

slowly. But a stage mas be reached when the eff'eotiveness of 

organic matter may be lost, and the aggregation decrease (85).. It 

is perhaps signi:f'ioant here to note that the only two samples which 

showed a decrease in aggregation at the later date ,vere red clover 

samples which had shown rapid decanposi:l;ion in the Warburg a,pparatus 

and gave the highest stability of aggregates in the first determin­

ation. 

2. Soils from the control pots gave the lowest struc·l;ure stab­

ility. The addition of' roots has improved the structural condition 

of the soil and in praotioally' all cases the i.o:g;)rovement is signi:f'icent. 

3. Those pots to which the addition of' double quantities of roots 

was made have consistently resulted in soilsv.i.th a highly significant 

improvement in struotural stability. Emerson (16) has suggested 

that this effeot and that in (2) ie due to the vecy appreciable con­

tact angle ot water advancing into soil containing much organic matter. 

There is however• some inconsistency in the extent of increase in 

stability resulting from tl1e larger ac1.dition of' plant roots. 

4. There is a tendency for soils treated with clover roots to 

be better in stability of structure than those treated. vd th grass 

roots. In most cases this is significant. 

5. The ad.di tion of young grass and clover roots has been more 

effective in improving the stability of soil structure than the use 

of old roots. This reached a highly significant level in each of 

the two determinations. 



SECTION VI 

STRUCTURE IN RELATION TO ROOT 
CHARACTERISTICS. 

A. 4 months Sample. 

Correlation coefficients between the aggregate stability and 

the weight and number o:r roots present in the soil at the time the 

stability \'ia.S measured, ,vere ca1oula.ted.. Table.XXXV and Fig. XII 

ab.ow the results of these correlations. 

TAB.IE XXXV 

Depth 

0 11-211 layer 

2"-4" J.as'er 

0"-4-" lcyer 

Correlation ooe:f'ficients between aggregate stability 

and root yield four months after sowing. 

-
4-Grass species arxl 4 Grass species only 
2 clover species. 

• .513 ** .41+9 ** 
.2.59 N.s. .277 N.s., 

.!;>14 ljll(t .416 • 
* indicates signi:t'ioanoe o.t the 5)t level of probability 

** indwa.tes signif'ioa.noe at the 1J& level of proba.bili ty 

No reJ.a.tionahip existed between the root numbers attached to 

tillers and the aggregate stability of the soil. Nor was aggregate 

stability related to the top growth as measured by the yield of 

herbage at the first cutting period. 

8,5. 
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B. Eight Months Sample. 

No relationship could be established between root oharaoter­

istios and structure at this stage of developmnt. Grasses only 

,vere sampled. Italian ryegrass, the only non-pererutla.1 grass, 

gave the best structure but at this season of the year yielded the 

lowest root. .-reight • Chewings f'esoue, perennial ryegrass and cooks­

foot occupied the same respective positions in structure stability 

and root yield but no signif'ioant correlation between these two 

factors could be este.blished. because of the marked variation between 

replicates especially in regard to root weight. 

c. Twelve Months Sample. 

When grass and clover treatments va:-e considered together a 

highly significant correlation between root weight and structure 

was :found. This disappeared, however, when attempts ,vere ma.de 

to relate root weight and structure of tho grass species anly. 

As can be seen from Table XXXVI and Fig. XIII similar results vvere 

obtained from eaoh o:f the soil depth sub-samples and in the whole 

Depth 

Correlation ooettioienta between a.ggregaw stability 

and root yield twel w months after sowing. 

3 grass speoies and 2 clover species. 
--

0"-2" J.as"er + 0.444 ** 
2n-411 layer + 0 • .586 ** 
4-"-6 If layer + 0 • .515 ** 
011-6•• layer + 0.635 ·~· 

. 

** indicates signifioanoe at the 1~{ level of probahili ty. 
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De Twenty Months Sanq;>le. 

At this stage of development of the pasture species, a highly 

significant correlation was again obtained. between root weight and 

struoture. (Fig. XIV). This occurred when all plots were included 

in the oaloulations. The correlation ooe.f:f'ioient was •1- o.613 using 

the root weight in the 2"-4" layer, and the mean structure of the 

0"-2" and 4-11-6" layers. Havever, the main object o:f the sanplings 

at this time ,ms to find out what relationship, if' any, there was 

between root weight a.n::l structure within the grass species only. 

For the number of oomples that could be analysed. no relationship 

oould be established either using the combined yields of all the 

species or for eaoh species separately. 

E. Pot EJg?eriment 

The number of treatments that could be eva1uated by tJ1e Warburg 

apparatus was restrioted to se-iren in the first run inaluding two 

oon·l::rol samples. One satt!Ple was lost as a result of teething troubles 

in using the apparatus. In the seoond run there -were eight samples 

including two controls; in the third, eight samples with 011e ooa:trol; 

and in the fourth, four samples with one control. Very few com­

parisons were thus available for establishing any relationship between 

rates of organic matter deoomposi tion and charges in aggregate stab­

ility • and very high correlation ooe:f'fioiente 1\lere neoesaa.ey- to obtain 

signifioanoe. Fig. X'f and Table XXXVII show the relationship between 

the rate of root deo~sition and the subsequent stability of 

aggregates. 



30 I I DAY 

• 

r• •ll:J • 

I 
~ 

: 2·0 
-c: 

... 
" q,. 

• • ... .... 
~ 
l 
I 
z 
0 -.... 
0. 
Ck 
0 
fJ') 

cD 
-c( 

z 
UJ 
C) 

>-
X 
0 

I • 

10 I •• 

I .. 

I 5 1 8 DAYS 
• 

I ra •1191 

IO I • 
• 

I • 

5 • 
• 

I ' 
0 

· 23 DAYS 

s I r• .7.4 • • • •• 

• • 

06 -
AGG.REGATE 

• 

80 
STABILITY 

FIGURE Xv. Scatter diagrams showing the relationshiu between 
~ a ~ 

oxygen absorption and subsequent aggregate stability of' soils ex 
pots. .Aggregate stability is the mean of determinations !DD.de 
af'ter 30 days and 70 days incubation. Rate of oxygen absori_.?tion 
vvas measured af'ter 1 day, 8 days and 23 days incubationo 



aa. 

TABLE XXXVII Correl.a.tion ooettiaients o£ stability of aggregates 

with .re.te of root deoaaposition. 

Aggregation 30 daJ's .Aggregation 70 ~s 
after addition of after addition ot 
roots. roots. 

Rate of 0~ ah~tion 1 day 
after mo sture added. .893 "'* .a90 "'* 

Rate of o2 absorption fJ &.Ys 
after moisture added. .846 •• 089.5 *"' 

Rate of o2 absOl.'ption 23 
days after moisture added. .759 * .789 * 

*!Ct indicates aignifioanoe at the 19t level of probability. 

* indicates signifioanoe at the .5}~ level of probability. 

Despite the small number of samples a highly significant relation­

ship was found. Before considering the value of this information, 

it must be remembered that the pot conditions used ,rrere highly art­

ificial. The soils oonprised dry aggregates or a limited ola.ss 

size, viz. , 1 - 3 mm. They had. been in an air-dried. oo:ndi tion for 

a week or more prior to the start of' this treatment. The added roots 

had been, own-dried an:l \trere thus in an artifioial condition, and 

some changes may have ooau:rred in their organic mak.e-u;p. These 

roots \rere also smashed to small pieces a.rd the internal components 

uere possibly much more readily available to micro o.rganiama than 

under naturaJ. conditions. After wetting,the soils were held at 

tetqperatures higher than those experienced in the field and conse­

quently the mioro organic population oould .. oonoeivahly have been 

mu.oh different from a ncxrmal one for this soil. However, no effort 

was ma.de to encourage the development of one or more types o:f organisms 

as COJli?8:t'f3d with others. 

Despite the artificial conditions present, the high significance 

o:f' the correlation ooef:f'ioients relating to root d.eool!lposition and 

soil struoture improvement indicates that the roots of the species 

examined show a marked vnriation in their ef'feot on the :physioa.J. 

condition of the soil. By aooentu.ating the differences in root 

material present, it has been possible to get a very highly significant 

effect on the resulting structure. 
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in thH soils from the different treatments. Et'f'orts ·to illustrate 

these ·t,YPioal struo·tures by photography were also unauooess~ul, as 

they invol·ved not onl~' such features aa the t'":tne.ness lmd. shape of 

the mtural 8.2':,Srega:fies, but also the readiness with which the soil 

disil1'i;egrated under pressure men dry or slightJ.s· a.amp. The only 

:figure:~ wh:toh ind:!.oate Bl\Y dii'ferenot) between the three grass species 

were obtitlned during the dry sieving of the soils for the :$-6 mm. 

fraction. The latter figure recorded. aa a peroen·tage of the to·ca.l. 

soil from which it was re:rnoved showed consistent trends with each 

species, (.Appendix V) especially in the top two inch level. Only 

3~ o£ this soil in the Chewings f'eaou.e plots waFJ retained. 011 a 3 ran. 

sieve. 39f~ of the soil 0£ the cocksf'oot plots was r,::rta.:1.ned and 1,5Ji 

of the pe:-ennial ryegra.as soil. These figures bear out the obee~ 

ations on the soil atruoture made during the course of the expe~nt. 

It -was :noticeable that under ryegrass, the no:tl structure was 

oonsiatently olodiiy in nature. There was dif'fioulty in breaking up 

the larger lun:ps into smaller granules once they had dried out, and, 

when ·they did break they tended to produce sh.aJ.l) edged partiol.es. 

In this respect the structure was like tho.t of the clovers I particularly 

'Wbi te clover. But they reac·ted qu:l:te diff'erentzy under wet sieving. 

There was a harsh £eel about the soil whioh llr-\V' have oon:hrib11ted in 

the past to fannera • oonmen·t;s tha:t; r,regrass wa.s not ae good as coaks­

f'oot in structure inprovament. 

The soil from the ooolmfoot plats broke up into what seemed. to 

be natural 8.&'J~ga.tes nD.1Ch more f'reely. The ramification of fine 

roots through the soil ·was more noticeable and the granules were 

genera.lly' ro,.mded.1 and a big proportion of them were of pea size. 

The term "o:rumb structure'' a..df)quately described th£) condition of th.is 

soil, which had a sof't, m9llow teel and even large li.:mq>s of air dried 

soil broke down evenly und.er light pressure. 

The soil :t'ro.m the Chewi11gs .f'esoue plots showed praotioal.JJ no 

i;ra.ce of cl.oddinese. It 'broke ciown easily v,hen being dry sieved into 





3 ... 6 mm. partiolea were predominantly angular in shape, am, JJJ1UV of 

them had a tendency to oolleJ?se when imnersed in water, the bare 

ground sou being more aeriousl.3' atteoted in thia respect, but no 

evidence ot eJQ?loai.ve eha.tter.lng of such aggregatea 'WaB found. All 

three soils were readil,y wetted whea imnereed. 

Some explanation of the improvement of the structure of the bare 

ground. soil.a during the oou.rse ot the experiment is required, and 

there are two poaaible reasons tor 't;his ohange:• 

1. As the loss on ignition figures indicate, (.Append:.uclVJ there 

wa.e a considerable reserve ot organic matter in the soil at the start 

ot the experiment. Thia had been maintained by previoUB orop ~s 

which had been 1'0l"k8d into the soil and fed ott with sheep. And 

although the uai.ze crop grown Just prior to sowing down the plots 

had been pulled ·out and removed, a oonsiclerabl.e amount of root ma.teria.1 

was certainly still lett in the soil. Now the literature showa that 

organic matter plqa a very iq,ortant part in structure 1mprove,tnent 

and no doubt, in this oase there was suttioient present to be res­

ponsible 'tor some of the improvement recorded. nxring this time 

structure deatroying factors ~ as aul.tivation would be at a. mimmum. 

2. A1though this 1.r$a.tment was kept as :tree as possible from 

vegetation, complete control wa.a not obtained. Some organic matter 

therefore was returned to the soil in the top growth that was soraped 

ott at the time of hoeing am left lying on the surf'aoe of the plots. 

Some would be returned in the roots ot the plants also. worms were 

a.oti ve near the surtaoe of this plot• and would help to incorporate 

organic matter throughout the soil. 

Although oompariaona between liftings a.re not strictly valid, 

the change in aggregate stability over the twenty month period is 

auffl.ciently regular and of such magnitude to leave no doubt about it 

being real. (Fig. XVI). Seasonal variatiane which have been reported 

trcm Alnerioa ( 104.), and variations resulting from poaaible ditterent 

experimental. conditions at different liftings have apparently been 
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Jl(l.sk:ed l:>y the greater etteats of the treatments. It appears also 

that, a.a IDN.su:red by the teohniqae desor.l.bed, the structure has 

almost reached that ot a neigbboudng old pasture whioh oan be re• 

ga1'ded as having maximum stability. This is in agreement with 

Russian { 26) rather than British eJQ;>erlenoe (39) J the latter finding 

that the atruotur& build up was inoompl.ete even after 25 years. It 

is poaaible however that a more searching technique would ab.ow up 

the old pasture soils 1n a better light. It ia intended that, after 

three~ i'rom aow.tn,g, tho plots will be cropped, and a reaord of 

~ structure alw,ges will be kept and compared. with those b'Om 

similar treatments given to a neighbouring virgin soil. From theee 

results it should be posaible to decide ha.v efficient this wet sining 

teohnique is in .judging the structure of soils in better than e.verege 

conditions. 

In the two later liftings o£ the A plots, separe.ti, analyses were 

made on O • 2 inch, 2 ... ,4. inch and ,4. - 6 inoh depths. stability 

decreased w1 th depth in eveey case and generally there was little if 

aey- variation 1n the relative position ot each treatmetnt at the dittor­

ent depths. It was tound howewr, that in the top two iooh level, 

the clover and bare ground soils ioore olose'.cy approached the grass 

soils than in the other two depths. An explanation of this is amtred 

in (o) ot this eect:ton. Structure stability decrease with depth ia 

normal (94), and the results of' Watkins (95) on an adjacent alluvial 

soil where he found :the greatest degree of aggrega:ti,on in the ,4. ... 6 

inch aoil lewl are unusual. .Among the three grasses the pattern 

~ variation with depth 'V8ried oonsiderably. As already indicated 

differences between them at the three depths for the 12 month and 20 

month samplings were not significant. But at both these times• in 

the O ... 2 inah level ryegraas tended to be superior to oockstoot which 

in turn was auperior to Chewings tesoue in aggregate stability. As 

~ depth increased; so did Chewings f'esoue improve its position 

relative to the other two species so that in the 4- - 6 inoh level it 



was the best. (Tables XVII & XIX). The tact that this ooourred e.t 

two '\d.dely eepara.ted aa,rplil'Jg times and ~ a large JlUDilsr o~ rep­

lications gives some crldence to it being real. Observations of 

the o ... 2 in. aamplee ot acreened. •oil used '£or wet aiev.lng analyaia 

ab.O'W8d 'that the Chewing• tescua oonta.ined a great proportion of its 

partiolea near the nd.nim.un adze i.e. 3 mm. ; cooks:toot a. less number 

and perennial eyegrass fewer still. Thia appears to have had 1 ts 

etteot on the amount of aoil retained. on the 1. 676 -. siew. The 

anal.Jrtd,s ot the complete soil samples taken e.t the 12 month lifting 

alao.oonfirma the aetioiencv- of Chew.lnga tesaue in the to;p 2 inch 

level. (Table v). This gives a figure far aggregate-size distrib­

ution and ehows that the Chewinga :t'esaue san,ple is even poorer than 

the bare ground aa.rqpl.e 1n this respect. stability of structure may 

have ooam-red, but the aize ot JD8lV" ot the aggregates so stabilised must 

be ·small enough to paaa through a. 0.251 mm. tdsve. It would seem. 

that root rem1£ioa.tion bas proceeded to a. atage that ha.a exoeeded 

the requiremmxta neoessar,- tar the building up ~ aggregates ot a 

she n~ associated with satiataotory tilth conditions, i.e. 

somewhere in the region ot 2 mm. in diameter. 

In the B plots• one might have expected the krllium treatment to 

haw given aindlar reaulta in the 2 ... 4 inch 1ewl a.a in the O - 2 

inch level. However, the etteot o~ depth baa bean rather similar to 

that tound 1n other treatments. The decrease in the 2 - 4 inah level 

is not a.a great a.a the average, but there is then a. big drop to the 

4 ... 6 inah level. (Table XVII) o The ~ explanation of this is 

that, when the krill.um was spread on the surtaoe and workBd in to a 

depth of aix inch.ea• the diatr.lbution a£ it e~ throughout this 

depth was not as aat!afaotor,y as was anticipated. 
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totaJ. roots f'ound in the six inah level examinedt were present in the 

top third of it, i.e. the O - 2 inch level. The variation in atruo­

ture decrease between apeoies could not therefore be acoounted tor by 

varying decreases in root weight. Weaver (96) bas shown that specdea 

normall3' dA); ,8bow variation 1n their root diatribution th.rough the soil 

prot':Ue, partiaularly- where depths greater then the 6 inohes used 

1 .f'.~ ,- '., (~·:ot L ~>.;t 
; . \" 1 : I;· i ;? T ~ i, f';, .~:, 



( o) The Role of Plant Roota in Structure 
development. 

100. 

The importance of organic matter in the development or structure 

he.a been recorded in Seotion II, and pasture plants al.moat oerta.inls 

react on soil stru.cture mainly through their organic residues, part­

icularly dead roots, left in the soil. Thia experiment indicates 

that li'Ving roots too "ttJa3' have some etteot, because w:1 thin four mcmlhs 

of aow:lng, all soils on 'Which species had been sown were higbJJ sig­

nificantly s~rior to the unsom baregrouni plot. Thia improvement 

could have resulted through the formation ot aurt'a.ces ot :fracture in 

the soil ma.es th.rOugh the penetration of roots and the drying out ot 

the soil ad,jacent to them. The stabilising of the soil on these 

surfaces oou.ld be through the agency ot bacterial and fungal activity 

consequent on the shedding of root caps and root hairs or on the 

excretion of organic compounds from. the roots., The important tee.tu.re 

ia that there 'WaS a signitioant relationship between the amowit of 

gre.aa roots and the structure at this early stage which is one time 

when the yield of roots recorded was likelJ' to be a good indication 

ot what had actually grown there in the previous .four months. It 

would not be entirely so, however, because a certain amount of oom­

petition between plants in the establiabment period would have caused 

some deaths. The roots of these plants would become available for 

breakdown by the soil micro t"lora. Some loss o'f seminal roots would 

also have ooourred in the eurviving plants. 

On the other hand the pot experiment shows conclusively that d&ad 

roots are etteotive in atabilising structure even if their d:l.stributim 

is not all :1.t .might be. For the short time that the pot experiment 

'WaS running, the beat inq,rovemsnt in structure came trom the re.pidlJr 

deoa.ying roots. Thia :la in agreement with Martin & Waksman (46), but 

as Stallings ( 8.5) points out this atruoture ate.bill ty oould reach a 

peek end then deoline. The more slowq d&oompoa:l.ng root material 

might then a.t some more distant time have proved itself' superior. It 
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1a al.ear that more aoourate information on the abangea taJd:ng place 

in the aoil cxrgenio matter content o:£ the plots would have enabled 

a better intei,,reta.tion of the results. The method used to indioa.te 

organic natter content was the loss en ignition. This was detemined 

tor each plot at each sampling time, but the method was not sufficiently 

aoourate to present more than a general picture ot organic matter 

ohangea during the course of the experiment. (Appendix IV)~ The 

figures showed an upward trend, with no treatment standing ou.t. 

There was no correlation between root weight and. structure at the 

later l.if'tings. '!'his is in agreement with Feng' s results quoted by 

Ward (94). The OlllJ' report of root weight being correlated with 

structure, apart tram the tour month's figures reported here, is trom 

WilJiama at Hurley (102). In hie plots he had mixed sowings of 

gre.ssea and clovers and, llhere auoh 1~ _the case, a fal.se conclusion 

oan be reached if a con-elation is attempted. This is demonstrated 

olear:13' 1n Table XXXVI where a highly s1gni:f'ioant relationship was 

established between root yield and at&.bili ty when clovers and grasses 

were oombined in the calculation. All that ha.a been done is to com­

bine clover figures which are low in both oharaoteriats snd. grass 

figures which are high in both, and a aignit"ioant result JIil.lat be cbbdned. 

But it ia olear that .there are other unknown :f'actara operating which 

make it impossible to gain a signitioant result when only Glovers or 

gra.saea are considered at a time. So that William's OO:."Tela.tion 

would a;ppear to be merely the reaul:t of more or less o:tover being 

present in his samples and giving a lower or a higher structure res­

peotiveli}". Any yields o'£ roots taken a£ter the establishment period 

will not indicate the extent of the total root initiation to date, 

beoauae of the unmeaaureable amount of root de093 that baa taken 

place along with new growth, and more will have to be known about 

these two taotora bei'ore the tull story of the etteot of grass and 

ol.over roots en :soil structure can be written. 

In all pastures some ot the leaves and stems of the grasses and 
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clovers die back and :find their wa:y onto the soil surface. As they 

decay, they a.re incorporated into the soil by worms and other micro 

flora. In the plots under consideration, this occurred to a greater 

extent than if' grazing had been practised. It 1.vas noticeable that 

the clover leaves in particular ,rere inclined to drop and undoubtedly 

there 11vas a considerable return of' organic matter to the soil in this 

wa:y. It is possible that this explains 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 depths. (See Table v.) The bare 

ground plot also shows this rather high surface stability and this can 

be accounted for in the weed residues which 1.rere left on the soil 

surface after hoeing. Worm activity was particularlJr noticeable in 

these plots, and assisted in incorporating the organic matter into the 

soil. 

The investigation as a whole, then has demonstr-d.ted that there is 

a close relationship between pasture plant root growth and the structure 

of the soil supporting those plants. The relationship hoi.rever is not 

a s~le one. The build up of' structure to a great extent acts in­

directly through the soil microf'lora and our information on structure 

will not be conq;>lete until a lot more is learnt about what is required 

by the soil flora and fauna for their optimum growth. 



SECTION nn. 
StJMM:A:RY AND CONCLUSIONS,, 

The following is a aum:nary of the reBUlts and. the oonolusions 

reached during the course ot the experiments. 

( 1) A aatistaotox,- teabnique tar assessing struoturel. abangea 

in the soil ooncerned was evolved. 

(2) thier the conditiona existing in the experimental plota, 

the grass apeoies were more ettioient in building up soil structure 

than the clowrs which in tum were better than the bare ground 

1.reatment. 

(3) Further intormaticm ia required on the longevity of pasture 

plant roots. 

01-) Quiokly deoompoaing root systems were found to have a. more 

repid improving etteot on soil atructure tor a start than those which 

decompose slowly. A longer term experiment is neoessar.r to determine 

whether the same applies in the long run. Deoomposition etteots can 

be overshadowed under pasture oonditione by ~er factors suoh as 

bulk of root growth. 

(5) The grass species yielded a. heavier crop of fibrous roots 

than the clovers at each ot the sampling dates. 

( 6) The two tutted grasses per se did not appear to have any 

advantage over the mizome farming grass used in the e:x;periment in 

regard to soil structure iq;)rovement. 

(7) It appeared that, up to a point, intensity ot root dewlop­

ment was advantageous in the formation of water stable aggregates of 

satisfactory size. Very intense root growth however tended to reduoe 

the aggregates to a. sise normally regarded. as below the optimlm tor the 

prodUction at good seedbed oonditiona. 

(8) Aa a. result of observations made in this experiment, it is 

ccnaidered that the beat type ot plant for structure inprovement would 

be one with roots that were quick growing, widely ramifying, ah.art lived 

and easily decomposed. 

103. 
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Speoies 

Perennial. ryegra.ss 

Oooksfoot 

Ohewings tesoue 
White clover 

Red clover ( cowgrass) 

Species 

Perennial ryegra.ss 
Italian r,vegra.as 

Cooksf'oot 

Chewings :fesoue 

White clover 

Red clover (cowgrass) 

Grade a£ Grass and Clover 
Seed Used in Plot Sow:1.ngs 

19.52 A,, Plots 

Certified Pedigree 
Certified Pedigree 
QOllm:)roial 

Certified Pedigree 

Certified Pedigree 

12,5:z, Bo Plots 

Grede 

Certified Pedigree 
Certified Pedigree 

Certified Pedigree 
Oonmeroial. 
Certified Pedigree 

Certified Pedigree 

"Graaslandstt Station No. 

Bao51 
Bc.617 
Bl.115 

Aoo.:50 

Aa.750 

"Grasslands" 

Ba..61 

Station No. 

Bbe4-12 

Bo.630 

Bl.116 
Ao.,O 

.Aa.764 



10.10.52 

.AP.EE,'NDIX II 

ManuriaJ. Treatment of Grass 
and Clover Plots 

A. Plots 

28 lb. ni troobalk per acre 

56 lb. serpentine superphospbate per ao. 

140 lb. sulphate of potash per aore. 

56 lb. nitroobalk per acre. 

112 lb. serpentine su;peiphospha.te per ac1"e• 

112 lb. sulphate of ammonia per aore. 

224 lb. ground limestone per aore111 

112 lb. serpentine eupe11>hosphate per acre., 

112 lh. sulphate o£ ammonia per acre. 

112 lb. serpentine wperphospbate per acre. 

B. Plots 

112 lb. sulphate of anmonia. per acre. 

224 lb. sezpentine au;perphosphate per acre111 

56 lb .. nitroohalk per acre,, 

112 lb. sulphate of potash per acre. 

112 lb. serpentine su;pel'l)hosphate per acre. 



APffiNDIX III 

Herbage Yields from A Plots. 

Io Pouna.s ~~ Plo;t ot:, ,1,Pft. __ b.;y; ~ :rt,. (Green Weight) 

Block No. 
Treatxoont I D.i' II ID III IIlF 'N IVF V 

Perennial 3.5 3.3 3.0 2.6 2.7 2.5 3.3 3.4 3.5 
Coakaf'oot o.a o.a 0.7 0.9 0 • .5 0.9 o.a o.a o.6 
WhiteCloret" 5.2 446 5.0 4.2 1.9 4.li- 4.1 4.6 4.li-
.Red Clover 2.7 2.6 3.3 2.3 4.2 4.0 ;.a 3.9 4.2 

(b) cut 8th December,_~ 

Bloak No. 
Treatment I IF n IIF III IIIF IV IVP V 
~-~~~-/#$! 

P8l"elllU.8.l. 2.1 2.1 2.6 2.2 2.5 1.9 2.6 1.2 2.1 
Cooksfoot 5.4 3.2 4.2 3.3 ~8 3.6 3.0 5.1 3.1 
\'hl.te CD.over 1.3 1.1 1.7 1.5 1.6 2.0 0.7 1.3 1 • ., 
Red! iClover a.4 10.1 11.1 10.6 11.,7 9.3 9.0 10.8 11.9 

11 Ill lll=ll. lllli 111!:lll- t ' llld I~~ 

Dloak No. 
Treatment I 1~ II IIF1 III IIIF IV IVF V 

Perennial 0 • .5 - - - - 0 • .5 0.25 
Cookafoot 4.0 1.2,5 2.0 1.75 1.0 2.2.5 1.5 2.5 2.0 
Chew:ings F. 1.2.5 1 • .5 0.75 0.75 1.2.5 0.75 0.75 1.75 1.0 
Red Clover 7.75 9.0 12.2.5 7,,5 11.25 14.0 11.2.5 11. 25 10.$ 

VF Tocal 

2.4 30. 2 
1.2 a.o 
5.6 41+,.0 
3.9 34.9 

VF TotaJ. 

2.a 22.1 
445 40.2 
1.0 13.7 
5.5 sa.4 

VF Total 

1.25 
4.25 22 • .5 
0.25 10.0 
7.25 101.75 



APPENDIX III ( continued) 

( d) Cut !tth ;M&:1 19~• 

Blook No. 
Treatment I IF II IIF III Im' IV IVF V VF Total. 

Perennial a.25 5.75 9 .• 2.5 a.25 6. 75 7.75 a.25 6.25 11.25 9.25 s1.o 
Cooksfoot 13.25 1.:,.25 15.25 13.75 15.75 18.2.5 13.2.5 17.75 14.25 18. 75 153-5 
Cllewings E 11.25 1}25 10.25 13.75 1::1.75 12.7.5 9.75 7.75 12.7.5 7.75 110.0 
WhiteOD\a' 6.25 3.25 2.25 a.25 :;.75 6.75 6.25 6.75 5,.75 6.2.5 55.5 
Red " 7.25 6.75 6.25 5.75 6.75 a.,75 11.25 7,.75 9.75 5.75 76.0 

Bloak No. 
Treatn:»3nt I IP II Ill' III lilF IV IVF V VF lJbtal 

Perennial 10.7 10.a 9.0 10.0 9.6 10.0 15.4 1a.6 14.4 11;. 7 ·j 23. 2 
Oooksfoot 12.z.. 6.a 12.1 10.1 12.9 1·1. 1 10.2 16.4 14.5 ·15.Ji. 121.9 
~F. 6.o 5.3 3.2 6.9 9.2 5.2 9.0 14.3 10.1 9.9 79.1 
ihite ~ 14.6 9.7 11. 7 13.7 9.9 12.9 11,..5 13.4 14.7 13.a 12a.9 
Red tf 15.5 11.3 11.0 14.1 16.4 13.9 15.6 16.a 15.a 14.3 144-7 

41\'liiJII •• ills Ii ...-.w#>~""w~$¥~11~,.,,._.., • ,w 111 

Block N'o. 
Treatment I IF II IIF III IIIF rr IVF V VF 'lbtal 

Perennial. 4,.2 .3.9 4.0 2.6 4,.2 3 •. 3 4-4 J.,..6 5.5 .5.6 42.3 
Coaksf'oot 10.2 9.3 10.7 7.6 10.9 9.5 9,.6 10.8 11.6 1.3.1 103.3 
Qe.,dngaP. s.a 6.5 4.9 5.7 6.3 4.7 4.6 .5.1 4,.8 6.2 54.6 
YhiiaCJ.miet- 6.3 4,.6 4.9 a.a 3,6 6 •. , 4,,. 7 3.0 3.4 l;.O lt-9.6 
Red n 1.5.5 ·19.5 17.2! 13.9 21.4 17.4 18.3 18.2 14.9 13.1 169.4 



Cutting PR CK WC RO 
Date. I •• D.M. M D.H. I • .M D.Y. I M D.M. 

per~ 
(lb) 

per oo. 
(lb) 

pera:J. 
(lb) 

per EC. 

(lb) 
:per oo. 

(lb) 

a.10.52 22.9 1003 24.4 2~ - - 14-4 921 17.5 887 
a.12.52 .30.4 976 23.4 1366 - - 18.0 3.58 16.4 2343 
5. 2 • .53 28.6 52 23.6 771 33.2 482 - - 28.8 4255 
4. .5 • .53 32.3 3799 28.2 628,5 29.7 47L.4 1.5.1 1217 26.9 2968 

21.10..53 21.9 3920 24-4 4322 25.a 2965 13.2 2472 14.9 3133 
31.12.53 .:;o.6 1881 30.6 4593 31.a 2.523 19.9 11i,34. 22.3 .5489 

Total 11631 17621 10714 6402 19075 



.AP.0!:NDIX IV 

Content af Soil at Timi, 
far structure . • 

(9b af oven-dried soil) 

(a) A Plots 

Date of lifting 
Trea.tioont August 1952 ~ 1952 .April 19.53 Deoe.mber 19.53 

PR 39.3 3.5.9 31.6 30.7 
OK 37.4- 31.1 28.4 26.6 
CH 37.,J+ 29.4 271116 26 • .5 
WO 33.4- 29.7 28.4 27.4 
ro 34.lr 32.3 29.9 25.a 
:BG 351111 27.6 30.7 2.5 • .5 

Mean .36.2 31.0 29.4 27.1 

(b) B Plo1a:i1, ep 1923 

PR 3a.7 
OK 39.1 
OU 38.3 
WC 37.7 
RC 38.5 
m 37.0 

IT 37.7 
ItR 35 • .5 



1 1 

7.3 1.a 9.4. 

a.1 9.0 
7.7 2 

1 

1 



(a) A Plots 

.APfflIDIX V 

Struo1;ure Analyses 

r.~ 

1. ~i 3-6 mm. air dry soil retained on 1.676 lIII1. sieve. 

Block Sanpling~ 
Ne Position No. PR OK CH 

A 
1. 
2. I 1. l3 2. 

A 
1. 64.8 Go.o 60.a-

IF 2. 6,2 2 .. 60.o 6,q.~* 

B 1. 66.6 61.2 68.2 
2. 66.4 61.0 70.6 

A 1. 

II 2. 
B 1. 

2. 

A 1. 62.a 53.0 
IIF 2. t~ 2z.2 

B 1. 59.0 
2. 66.o 58.o 59.4 

A 1. 
III 

B 59.2 

A 
1. 6.3.0 58.4 63.2 
2. 

'~~-~ 
@t,2 62.0 

IIIF ~. 
38.4 B 1 •. 54.[i. 

2. 51.6 61.2 60.6 

A 1. ,58.6 

. ·1. .. ·-~.t B 2. 62.4 

A 1. 70.6 69.4- 75.2 
2 • . ~-~ 68.6 z1.~: 
1. 
. . ~s·.s 72.4 B .o 

2. 64..4 64.2 69.8 

* Missing values estimated by fonmil.Eh': ... 

I = b:B ➔• v'iT .... G 
1b-·I) (v-1 j 

WC BO :00. 

56.4 61.2 57.a 
.~8 62-~ 2lttfJ 

64-2 60.6 ,54.8 
65.a 60.6 56.0 

.55.2 

62.4 64.4 62.4 
59.2 61.6 60 8 

5i).4 b6.ci 5.5.2 
,58.0 62.0 62.2 

.5a.o t2 . s 
62.6 

72.6 71.2 62.a 
66.6 t1.2 62.2 
t;7.a 7.?; • • · sEJ.o 
65.4 61.4 57.2 

.. 



.APPENDIX V ( oont:tnue,d) 

Bloak Sanpling fuplica.te 
No. Position No. PR CK CH WO RC BG 

A 1. 70.8 65.a 67.2 64.4 65.a 60.2 
2. 6z.2 60.2 6 ,0, 61.0 62.8 6o.8. 

V 1. 70.2 66.2 b9. b2.i;"" ~7.2 bi;. 
B 2. 72.6 61.2 68.6 63.0 66.2 60.8 

A 1. .58.0 60.2 54-6 .51.0 li13.8 44-2 
VF 2. ¾2·8 ~-o 61.0 56.8 t~ ~-4 

B 1'. 5.6 .a 68.li. 49.4 .5.a 
2. 63.6 67.2 64-6 60.J.i. 63.2 53.0 

Total 2,563.6 21i21.a 2;00.2 2425.,0 24-15.2 2263.8 
Jl[ean 6li-.1 60 • .5 62 • .5 60.6 60.3 56.6 



.APPENDIX V ( continued.) 

2. % 1-3 mm. air dxy soil retained on a 0.251 mm. sieve. 

Block Sruqpling Dupaoate 
No. Position No. PR CK CH WC RC BG 

A 1. 71 • .50 77.50 71.00 68.75 71 • .50 71 • .50 
2. 72.50 75.00 71 • .50 69.50 71 • .50 72.7.5 

I 

B 1. 7.5.50 75.00 75.00 72.00 71.50 70.00 
2. 77.00 7,5.50 77.00 74-eOO 73.50 70.75 

A 1. 75.00 75.25 1a.50 73.75• 73.25 72.25 
2. 74.75 7J+..50 76.00 73.75• 72.00 71.50 

IF 

B 1. 76 • .50• 72.25 79.00 73.50 75.25 71.00 
2. 76.75* 73.75 1a.oo 75.50 75.25 71.2.5 

A 
1. 72.75 71.00 70.00 71.75 72 • .50 71.75 
2. 74.25 74-eOO 72.75 71 • .50 74.75 73.50 

II 

B 1. 74-eoo 70.00 73.50 7.5.25 72.50 72.50 
2. 74-eOO 7J+..50 74-eOO 72.50 74.25 72.75 

A 1. 77.50 68.,50 70.00 72.2.5 71.7.5 70.00 
2. 76.25 7.5.00 72.00 73.00 73.50 70.25 

Ill1 

B 1. 74.50 72.50 70.00 70.00 76.50 73.50 
2. 74.50 72.50 72.25 69.25 74-e 75 72.25 

A 1. 78.50 71,...50 69.7.5 71.50 72.00 73.50 
2. 75.75 75.00 71.25 77 • .50 72 • .50 73.25 

III 

B 
1. 74.75 71.00 73.50 75.2.5 71.00 73.00 
2. 74-e 7.5 72.1.5 73.25 11.00 72.75 73.2.5 

z:: J ,;:::,;;::;;;; l I m i ::::::: :: ::: 

Total 1501.00 14,iQ.00 11+68.25 1453..50 1lib2•50 1440,.50 

• Missing values eetimted by formula :-



APPENDIX V ( continued) 
... I 

(b) B Plots 

% 3-6 mm.. air dey soil retained on a 1. 676 rmn. :sieve. 

Bloak No. KR PR IT CH CK WC RC :00. 

0"-2" 1. 77.6 4-5.4 43.4 .52.0 46.2 46.6 41+.6 27.0 

2. 73.2 50.2 42.4 55.1;. 42.8 43.1;. 41+.0 34.6 

3. 81.8 39.0 4.8.4 46.4 ,40.0 42.0 36.0 22.6 
4- 76.2 l._2.2 50.8 52.0 41+-6 4.5.2 42.0 27.2 

5. 6.5.2 5•1.0 55.0 1+5.0 36.8 47.4 42.8 31.4 
6. fr/.O li:J .4 ,58.6 54-8 40.l,- .53.6 55.6 29.6 
7. 76.8 52.2 50.2 .56.2 45.6 61.a 43.2 29.2 
a. 86.6 55.8 52.6 64.o 57.2 6o.o 61.4 42.8 

2"-4" 1. 84.2 34.1., 33.8 40.a 33.2 29.2 36.0 21.0 

2. 70.0 29.6 39.0 42.8 27.6 29.2 32.2 22.6 

3. 57.4 31.a 41.4 36.4 34.li- 31 -4: 30.6 20.8 

J+. l1-9o6 34.0 48.2 47.2 32.8 36.0 38.6 26.2 

.5. 45.4 43.8 .52.6 34-8 28.8 34-4 38.4 31.s 
6. 83.2 37.6 43.4 4.5.2 33.a 41.a 43.6 27.2 
7. 67.8 46.6 41.4 li,}.6 31.2 44-0 34-6 24.6 

a. 78.0 56.0 38.0 62.2 .50.0 48.0 49.2 38.2 

Total 0'1-4tt 
1160.0 697.0 739.2 ne.a 625.4 694.0 672.8 456.8 

Mean 72.50 43 • .56 46.2) 48.ffi 39.(J) 43.J:3 42D.5 28 .. .55 



APPENDIX V ( continued) 

II. E .. &1?:t Montp ~lea. 

(a) A Plots., Main Treatment C · sons. 

Block No Sampling 
Position PR CK CE! WO 

I A 79.8 83.0 76 .. 4 73.2 
B 81.6 79.6 81.,2 74.,6 

IF A 72.s 77.0 78.8 78.8 
B 76.4 79.4 77.6 73.6 

II A 74-4 77.2 79.6 76.4 
B 66 .. 6 78.8 ao.o 74-6 

IIF A 80.4 74..0 so.a 74.0 
B 80.6 81.2 81.6 72.4 

III A 76.6 73.6 81.,0 78.4 
B 72.4 77.2 77.8 75.2 

IIIF A 76.0 77.8 77.8 72.4 
B 77.6 76.4 78.8 71.0 

IV A 68.2 69.2 · 70.6 77.4 
B 74.2 71.a 73.,6 74.8 

IVF A 83.4 ao.4 85.4 82,4 
B 85.2 ao.6 83.,8 78.2 

V A 79.0 78 .. 2 85.0 72.6 
B 81.0 83.4 86.6 75.0 

VF A 72.6 75.0 71.8 66.,2 
B 80.,8 81.,2 83.,2 72.8 

Total 1539.6 1,555.0 1.591-4 1q.94oo 
Mean 76.,98 77.75 79 • .57 74-70 

RC BG 

76.2 62.8 
74.0 55.0 
76.8 57.0 
66.8 ,58.8 

1a.4 .54-6 
78.8 61.0 

72.a 56.6 
71.J+ 59.2 
74-6 70.6 
73.2 62.0 
63.8 57.6 
61.0 .55.2 
69.0 62.8 
68.o 61,0 
76.8 66.8 
00.1.i. 67.8 
73.6 62.6 
76.0 61.2 
70.0 61.4 
76.6 61.2 

14.53.2 121.5 .. 2 
72.66 60.,76 



.APPENDIX V ( cont,inued) 

(b) B Plots, ~C2,S:~!;!BOn!9!!,..,20:£.f .iS!!ie~·:!!a_]:T~i me~s. 

Block No. Sieving 
Time. PR CK Cii WC RO BG 

IF 3 78.0 89.4 93.6 79.2 79.0 63.li-
5 76.4 81.2 77.8 77.8 71.2 54.4 

15 63.2 1 70.4 67.a 62.8 63.8 45.6 
30 56.2 67.4 59.4 6o.o 57.6 1.,0.6 

II 3 74.2 a6.o - 77.6 76.2 67.2 
5 73.8 76.8 80116 78.6 72.2 61.2 

15 63.0 66.4 67.4 63.2 61.0 49.0 
30 54.4 55.0 59.0 58.o 58.2 l,5.0 

IIF 3 84-8 83.8 96.0 77.2 78.2 65.6 
5 78.2 76.6 79.4 70.4 7li-e0 57.0 

15 71.0 66.8 67.4 63.2 .58.2 41 .. 4 
30 6o.6 58.4 62.,8 51.2 56.,4 39.a 

III 3 81.6 80.8 83.8 83.6 78.0 78.8 
5 77.2 73.8 81.4 76.8 70.4 65.8 

15 64.2 61.2 67.0 64.8 60,,2 48.0 
30 51.2 61.2 57.4 .53.6 45.8 44.4 

IIIF 3 82.4 82.4 82.0 82.6 77.2 63.4 
5 79.2 78.4 79.0 73.4 65.4 57.2 

15 63.a 65.0 65.6 60.8 52.0 45.4 
30 55.4 51.2 56.2 47.4 l-1-3e2 32.2 

3 73.0 7~ .. 8 79.8 74.6 66.o 57,8 
5 69,2 65.2 73.4 68.8 63.6 51.!i. 

15 57.2 53.a 55.a 60.2 55.2 41.2 
30 53.4 46.6 51.8 53.8 48.2 34-6 

V 3 87.8 89.2 90.4. 84.8 82.2 70.4 
.5 82.,6 83.0 86.6 76.8 75.4 f)q.. 2 

15 68.2 72.2 75.0 64,.2 .59.2 45.4 
30 60.6 62.6 67.2 48.8 4.9.2 37.2 



APPENDIX V ( continued.) 

Depth Blook PR CK CH WC RC ro KR rr 

0"-2" I 69.3 73.7 75♦0 68.3 66.o 6o.3 93.0 67.3 
II 73.3 70.,6 75.6 63.7 57.3 65.3 91.0 69.7 

III 63.3 78,,0 67.3 70.6,:,, 71.3 73.0 67.3 78.8 
IV 81tJ i:!2113 78 .. o 80.7 79.7 73.7 94.0 82.7 
" V 75'0 81., 7 79.0 77.7 71.0 68.o 91.3 79.7 

VI 71.7 77,/'I 76.o 78.0 78.0 66.o aa.7 79.7 
VII 77.3 69.3 71;...7 71.0 79.0 73.0 92.0 72.0 

VIII 69.3 67.0 76.3 87.0 ao.o 66.7 92.3 76.8 

2"-4" I 52. 7 55.,7 66.7 57.0 6o.3 4!).0 84.7 57.0 
II .54.3 60.0 69.7 56.3 45.7 56.o 87.0 67.3 

III 52.7 64--0 61.0 58.3 66.,o 53.3 90.0 62.0 
IV 62.7 68.7 76.3 68.7 76.7 67.0 83.7 66.7 
V 67.7 72.0 62,3 68.3 72.0 59.3 90.3 66.7 
TI 63.3 68.7 71.,3 65.7 67.3 61.7 86.o 65.0 

VII 62.3 59.0 68.3 62.0 65.3 61.3 89.3 60.7 
VIII 62.0 66.o 77.3 75.7 73.7 58.3 92.3 57.3 

4"-6'' I 4.5.0 67.3 69.7 53. 7 67.0 li-3• 7 71.0 57.3 
II 61.0 44-7 65.3 49.0 55.0 45.7 78.5 77.0 

III sa.7 54.3 54-0 58.3 65.7 71.0 89.3 52.3 
IV 63.0 75.0 80.7 69.7 7'40 47.7 .59.3 67.0 
V 57.0 6.!~3 55.0 52.7 65.7 61.3 76.7 67.0 
VI 59.7 6o.o a2 • .3 71.7 6.5.3 51.0 75.7 68.o 

VII 55.3 6l¼40 84.0 62.0 74-0 62.0 74-3 54.7 
VIII 63.0 68.o 82.0 64.7 76.0 65.,0 72.7 61.0 

Grand Total 1,52)69 1602.0 1727.8 1530..8 $0 14;0.3 2£)10.4 161,;. 7 
Mean 63.4 66.7 72.0 66.3 68.8 6o.4 83.8 67.2 

• SU;pplied by missirlg plot forrtRlla.. 



(d) B Plots. 

APPENDIX V ( continued) 

Sampled for Root & Structure Determinations. 
(Two depths used for structure). 

Percentage Oven.;.ar.ted soil retained on a 1. 676 111.in. sieve ( 3-6 :mm. size 
f'raotion) or 0.2.51 mm. sieve ( ·l-3 rmn. size :f'ra.otion) .. 

Depth Block N<>• Size Fraotion CH CK IT PR 
of Dry sieved 

soil. 

on-211 I 3-6 63.4 57.0 67.7 57.1 
1-3 71.2• 73.6 75.6 73.6 

II 3-6 70.1 72.4 67.3 64,.3 
1-3 72Jo 77.2 77.6 74.0 

III }-6 64.8 59.9 71.5 62.3 
1-3 75.2 75.6 79.2 76.4 

J.V 3-6 72 • .5 62.3 77.9 61.4 
1-3 7a.1 7a.a 84.8 75.6 

V 3-6 68.1 .. 60.2 83.2 7~ .. 9 
1-3 72.4 76.4 &1-.8 ao.4 

VI 3-6 64..4 57.6 63.4 62.9 
1-3 74-4 7a.o 78.8 74.8 

VII 3-6 62.8 69.9 66.o 66.2 
1-3 73.2 79.6 79.6 78.8 

VIII 3-6 73.0 56.7 60.3 64,.6 
1-3 82.1 78.8 79.2 79.2 

4tt-61t I 3-6 74.0 60.1 1.t9.7 53.7 
1-3 68.4 70.6 67.6 69.2 

II 3-6 ~.6.8 52.a 64.6 .52.6 
·1-3 58.S 73.6 69.2 69.2 

III 3-6 61.5 57._3 66.3 64-0 
1-3 68.o 69.2 75.2 74-11-

IV .3-6 69.e 53.0 65.7 45.7 
·t-3 71+.lt- 76.8 76.4 66.4 

V 3-6 414 .. 5 62.8 60.6 55.1 
1-3 59.2 77.2 72.8 67.8* 

VI 3-6 52.0 61 • .5 52.9 61.4 
1-3 70.4 76.0 75.9 71.6 

VII .3-6 79.3 51.5 59.4 50.6 
1-3 81.0 75.2 74,.8 73.6 

VIII 3-6 68.o 67.5 53.1 52.0 
1-3 72.a 75.6 72.0 69.6 

* Supplied by missing plot fo:nm.tla.i." 



.AP.FENDIX V ( continued) 

III. Twelve Month §!?mp1.es 

(a)~• Main Treatment C risons at Three D ths. 

Percentage 3-6 mm. air-dry soil retained. on a 1.676 no. sieve. 
Transfonned to angles. 

Depth Block No. Sanpling PR OK CH WC RC 
Position 

0"-2" I A 74.3 74.3 66.5 63.4 6l,..6 
B 78.9 74.8 n.o 71.2 76.3 

IF A 68.o 69.1 72.0 66.3 ,54.0 
B 75.a 74-.1+ 76.4 70.2 66.3 

II A 75.6 71.6 63.9 69.6 66.7 
B 69.1 74-3 66.1 66.5 62.a 

IIF A 72.2 71.4 71.1 68.o 67.1 
B n.6 72.6 73.1 69.0 69.0 

III A 75.4- 75.,4 72.6 72.a 66.9 
B 74-.3 75.1 77.1 7.5.1 67.7 

IIIF A 73.9 66.o 70.4 68.2 67.5 
B 76.3 73.5 74-1 71.4 63.9 

IV A 72.3 69.0 61.a 73.3 63.6 
B 73.5 72.6 73.1 73,,,3 59.7 

IVF A 75,,,8 73,7 75.6 75.8 69.3 
B 75.4 74-8 76.2 76.1 73.9 

V A 74.6 75.5 73.7 69.8 67.2 
B 76.6 78.9 77.1 73.3 73.7 

VF A 71.0 71.6 65.4- 69.6 67.1 
B 1a.o 73.5 76.J+ 74.3 75.6 

~1-i..tt I A 73.3 71.6 70.4 62.5 56.9 
B 76.1 75.4 74.1 71.8 70.0 

II' A 67.7 69.0 72.0 64-3 51.9 
B 73.3 72.2 74.8 68.4 61.7 

II A 69.5 75.4 70.4 64.6 61.6 
B 68.2 72.6 71.0 55.a 58.2 

IIF A 10.0 69.3 70.6 63.7 51.4 
B 76.6 73.3 72.0 62.s 59.3 

III A 72.2 71.6 72.2 66.5 6o • .5 
B 67.7 75.4 75.a 65.6 61.3 

IIIF A 68.4 69.1 70.6 66.7 62.9 
B 71.6 10.6 72.3 66.9 61.8 

'IV A 66.5 63.6 . 64.0 67.7 58.1 
B 69.6 67.7 70.0 6.5.0 56.0 

59.4 
66.3 
51.3 
.58.1 
57.a 
51.a 
6o.a 
66.2 
66.5 
64.2 
61.2 
65.3 
60.7 
6.5.1 
67.9 
65.0 
53.3 
63.1 
58.3 
67.2 

57.2 
67.9 
48.0 
52.3 
55.3 
53.3 
54.3 
64-.2 
59.4 
61.1 
57.2 
57.1 
56.1 
59.2 



AP:EmIDIX V ( qontinuej!) 

Depth Blook No. Saxipling PR CK CH WC RC 
Pos.ition 

2"-4" IVF A 70.2 73.1 74.8 69.0 67.1 59.8 
B 74.1 75.1 76.6 73.1 69.1 61.a 

V A 71.1 .. 74-1 72.6 65.3 59.9 51.3 
B 76.3 1a.9 7~ .• 6 64.8 65.1 59.7 

VF A 69.3 69.1 68.4 63.2 60.9 54-8 
B 7.5.1 71.6 76.3 72.2 71.6 61 • .5 

li!'-6° I A 68.6 64.0 69.3 61.5 61.5 60.7 
B 73.3 7.5.1 72.2 67.2 69.1 63.4 

IF A 67.2 64.8 69.8 62.7 .54,.6 48.3 
B 73 • .5 71.6 73.7 65.0 57.5 50.6 

II A 65.3 73.<;, 68.8 65.0 56.2 52.1 
B 65.4 1,.3 68.2 62.1 60.8 57.6 

IIF A 72.0 69.8 71.8 62.7 51.9 56.5 
B 71.4 71.6 75.4 61.a 59.9 63.2 

III A 69.1 64.8 71.2 64.2 56.4 54-6 
B 69.6 71+--6 72.0 59.a 57.5 55.6 

IIIF A 62.0 66.2 63.7 59.2 6o.1 49.4 
B 68.2 62.9 68.2 62.a 5a.9 60.5 

rv A 63.7 64.0 60.8 71.0 53.9 60.8 
B 65.6 65.3 65.9 67.1 53.9 .59.5 

IVF A 67.5 71.6 73.7 68.o 67.2 60.7 
B 74-6 72.2 76.1 71.6 66.7 61.9 

V A 65.7 71.6 72.8 Go.a 58.9 .52.7 
B 75.1 74-6 7-J.O 66.9 68.4 59.2 

VF A 65.4 68.8 66.9 63.7 60.B 53.0 
B 72.6 74-6 73.9 70.4 69.6 .56.7 

TOT.AL 4~ 429).6 Ji,a?a.2 li0:9,6 517'40 l:>18.o 
ME.AN 11.s 71.6 71 • .5 67.2 62.9 58.7 



APPENDIX V ( continued.) 

(b) A Plots. 

Percentage of tmscreened sample retain<~d on a 1. 676 lill1- sieve• 

-
Depth Block No. - PR CK CH WC RO 00 

011-2" I 48.2 35.3 29.8 41 • .5 41.3 35.7 
IF 43.6 38.2 30.6 47,,,2 34-6 30.1 
II 46.0 36.5 34-3 4.1.0 37.1 26.9 
III 49.2 35.9 40.1 .51.7 41.9 38.3 
IIIF 46.9 .38.1 33.3 1 .. 7.6 34-6 36.0 
'IV l.,6,,,2 37.a 25.a 47.8 36.2 41.3 
IVF 45.9 .33.7 30.7 46.9 47.5 38.5 
V 43.a 45.5 31.0 46.2 45.1 35.6 
VF 47.3 40.4 32.~. J+7 .a 46.0 38.9 

2"-4-" I 45.·1 ~-3.7 3.5.4 38.1 34.3 38.9 
IF 47.9 37.8 42.3 38.9 27.8 26.8 
II 44.4 36.7 38.1 29.2 39.a 23.9 
l::i:I 35.1 43.1 45.1 36.~. 40.4 31 ... 3 
IIIF ~9 1.,2.5 41.9 40.3 31.1 30.3 
IV 39.6 35.a 36.7 37.2 .35.9 33.1 
IVF 42.7 43.6 41.0 q.1.5 3a.3 37.5 
V 49.1 119.a 38.9 39.3 34.8 31.0 
VI! 44.8 35.5 37.8 ii.o.a 39.0 38.8 

4••-6" I 45.5 50.9 36.3 43.3 4.3.1 .. 33.8 
IF 44--4 39.1 .. 37.7 37.1 36.1 39.0 
II 41.7 42.0 39.a 41.9 36.5 32.4 
III 42.7 43.2 44.4 .34.2 37.0 34-1 
IIIF 41.3 39.1 42.7 41.2 32.5 33.7 
IV 42.5 42.1 39.a 40.0 33.7 37.1 
IVF 49.1 38.9 48.8 41.7 45.0 40.4 
V .51.9 47.9 41.1 1.,0.1,. 39.9 3.5.1 
VF 45.a 42.3 41.5 45.3 39.3 35.7 

Total 1215.6 1100 • .5 1017.3 1123.9 1029.0 937.3 
Mean 45,.0 40.8 37.7 41.6 3a.1 34.7 



APJ:ENDIX V ( continued) 

(e) A Plots. 

Percentage of unsoreened sample retained. on a 0.251 mm. sieve. 

Depth Block No. PR CK CH WC RC :00. 

0 1•-2° I n.5 75.6 65.1 74.5 n.1 70.3 
IF 77.5 74.3 69.6 79.7 78.2 71.7 · 
II 77.9 74.7 71.7 79.9 n.o 67.4 
III 78.8 71.1 72.0 so.a 77.7 72.4 
IIIF 79.3 74.3 69.6 78.9 74.3 70.9 
IT n.9 74.4 65.4 79.2 74.1 T!>.6 
IVF 76.8 73.8 66.2 76.7 77.7 7li..1 
V 75.3 75.5 68.6 77.3 78.7 72.1 
VF 76.8 75.5 71.3 77.1 78.4 72.a 

2'*-4" I 74.0 71~1 70.5 71.9 70.7 71.9 
IF 77.9 73.8 7li..5 75.3 71.5 70.0 
II 76.2 70.9 74.0 69.4 76.7 65.5 
III 70.5 73.9 75.6 73.1 74.0 70.9 
IIIF 74.6 74.0 73.9 74.2 69 • .5 68.1 
r{ 7'J.6 71.0 71.7 72.9 71.3 70.1 
lVF 75.2 74.9 72.9 74.li- 72.3 7li,.. 1 
V 77.3 76.2 73.3 74.4 10.a 71.1 
VF 75.4 72.1 72.7 74.8 72.8 73.0 

4"-6" I 75.2 78.1 73.3 74.6 76.5 72.3 
IF 76.6 73.7 71.3 73.2 12.1 75.7 
II 74.5 71.,.1 74.1 76.6 73.4 70.9 
III 72.9 71.,.1 74.7 70.6 72.2 68., 
IIIF 73.4 72.2 73.6 74.9 70.9 71.3 
'IV 75.3 74-8 75.0 7!i-. 7 70.4 71+ .. 5 
IVF 78.1 72.3 77.5 74.8 76.5 77.8 
V 80.9 76.8 76.8 76.7 75.1 iiJ+-2 
VF 78.2 75.4 7.5.1 76.2 74.7 72.1 

Total 2057.5 2001 .3 1949.a 2036.5 2005.1 1936.9 
Jlean 76.2 7~1 72.2 75.4 74.3 71.7 



APPENDIX V ( con _ ed.) 

(d) A Plots. 

Pe:roentage of 3-6 lllll. size f'raotion in the whole soil. 

Depth Bloak No. PR CK CH WC RC ro 

0"-2" I 45.1 36.9 'Z'/.0 42.9 47.1 44.8 
IF 46.3 38.3 29.3 l;6.6 40.9 38,.8 
II 49.5 38.6 28.1 54.3 37.s 45.1 
IIF 1,.2.a 35.2 25.7 49.5 40.3 43.3 
III 39.6 40.0 36.7 52.7 ~.o 49.3 
IIIF 46.7 37.0 27.6 i..s.a 48.2 46.9 
'IV 45.1 38.4 31.6 50.5 49.a 1.,.7.2 
IVF 10.6 45.3 35.9 52.2 45.7 50.2 
V 45.4 39.9 37.0 50.7 47.6 45.5 
VF 4li-.1 37.9 22.8 46.6 44,.6 49.6 

2tt-411 I .51.5 45.9 37.6 46.4- 39.7 47.2 
IF 4-3.3 44.4 35.3 41.6 .39.2 4-1.9 
II 48.7 42.6 44.2 49.3 4-1.4 45.2 
IIF 42.4 i.o.3 36.7 45.0 34-4- 42.5 
III 42.5 4-3.6 1.,.9.1. 44.3 46.3 413.1 
IIIP 54-2 44-6 35.1 49 • .5 47.1 50 • .5 
IV 47.5 43.3 38.9 46.5 44.9 47.4 
IVF 4-7.4 47.9 47.6 l.+lt-.6 39.a 51.1 
V 4-9.6 4-1.9 45.9 4,3.3 43.3 l.4,.9 
VF 45.1 38.8 36.0 47.4 37.a 49.3 

l1-"-6" I 45.0 49.a 1i2.o 49.2 43.1 53.4 
IF 4$.8 37.9 4-1.4 42.6 42.5 4$.1 
II 49.0 4-7.9 4-9.0 47.2 48.4 43.7 
IIF 4lre1 53.2 4.3.1 4-7.2 43.6 51.a 
III 40.a 46,9 50.3 42.1 49.7 47.3 
IIIF .50.6 4f:>,7 40.9 50.0 48.0 47.3 
IV 47.a 44-6 44-1 .50.3 50 • .5 50.6 
IVF 46.8 42.9 44-.3 50.a 45.7 55.0 
V 51.2 47.1 43.5 ~., 46.2 .51.3 
VF 45.7 46.7 37.0 49.2 · 40.3 54-eO 

Total 1390.2 1284-.2 114..3.6 1421.8 13,.~.5 1432.2 
Mean 46.3 42.8 38.1 47.4 411-.1 47.7 

Table of Means of Grass Treatments 

Depth PR CK CH 

0°-2n 4A...82 38.75 30.17 
2 11-ti.11 47.22 43.23 40.6li-

0"-2" : For signif'leanoe at the 5% ( 1%) level. differences must 
exoeed 3.19 (4.23). 

211-411 . For significance at the !3}~ ( 17~) level ditterenoes must • 
exceed 3. 74 (5.12). 

4"-6" . Differences not significant • • 



.APP.ENDIX V (gont~,l 

(a) AP ots. Main Treatment C ,B;OllS at Three D. £ths. 

Percentage oven,..dried 3-6 nm, soil fraction retained. 011. a 1,676 mn. sieve. 
(Transformed to Angles) 

Depth Block No. PR CK OH WC RC BG 

0"-2•1 I 72,5 72.2 70.0 74.3 71.9 68.o 
IF 73.3 74-0 72.2 71.6 72.2 68.6 
II 75.0 76.2 74-7 75.8 74-7 64,9 
IIF 72.2 72.5 74.7 72.2 73.3 6.l ... 9 
III 75.0 73,6 73.3 73.3 73.3 72.5 
IIIF 75.5 72,5 77.1 12.a 73.3 60.5 
IV 73.9 74-7 71.4 73.3 70.0 63.2 
IVF 75.5 76,2 74.7 75.0 7·1.9 68.9 
V 74-3 73.9 72.2 74.3 73.9 69.5 
VF 73.3 75.0 75.5 72.8 71.9 59.2 

211-4-H I 70.6 71.9 70,4 70.4 66.4 63.7 
IF 68.6 70.6 71.3 6.5.1 62.2 60.2 
II 72.8 73,6 73.6 71,3 69.7 57.2 
IIF 72.2 71.3 71,9 65,,li- 67.0 63.2 
III 72.2 72.2 69.7 68,o 65.7 67.5 
IIIF 7:.5.0 69.5 73.3 67,.8 67.5 59.8 
r:v 69.5 70.9 68.o 70.,0 55.7 62.9 
IVF 72.8 72.5 72.2 68.6 70.9 65.1 
V 72.5 69.1 73,3 69.5 73,3 68.o 
VF 69. 7 71.9 72.5 66.5 68,6 54,8 

411-6tt I 69.7 67.5 69,6 67.5 64,.4 62.0 
IF 69.5 68,0 73.3 58,5 50,4 59.5 
II 68.6 70.0 72.6 67,8 60.2 51.5 
IIF 69,1 71.3 72,,2 63.4 62.5 63.9 
III 70.6 68,o 68.2 65,4 57.2 64.4 
IttF 70.0 64.2 67.s 63.7 56.4 56.0 
IV 64.7 67.2 67.5 60.7 55.7 58.7 
IVF 69.1 71.6 69.5 63.9 67.a 63.9 
V 72.8 66.4 71.0 65.9 62.7 68.6 
VF 70.4 69.5 70.4 65.1 64.9 54.3 

Total 21.50. 9 2138,0 2154-1 20.59.6 1995.6 188.5.4 

Kean 71.60 71.27 71.ao 68.6.5 66.52 62.a.5 

---------------------------------------------,., 



APffiNDIX V ( continued) 

(b) A Plots. 

Percentage oven-dried 3-6 mm. soil fraction retained on a 1 .. 676 mm. sieve. 

Depth :Block No., PR CK Cii WC RC ::00 

011-2" I 87.3 80.7 81.0 ss.o 82.3 65.7 
IF 87.3 84.0 86.o 84.0 85.3 76.3 
II 87.3 90.0 88.3 89.0 a1.1 68.7 
IIF 85 .. 7 82.7 86.o 82.0 81.3 66.o 
III 88.7 89.0 84.7 86.3 84.0 84,.0 
III]' 90.0 87.0 87.8 83.7 84.0 68.o 
r,; 89.7 87.0 83.0 83.0 76.0 64 .• 3 
IVF 86.7 aa.o 87.7 83.3 86.o 75.0 
V 8a.3 87.3 86.3 84.7 84.0 74.3 
VF 84-3 88.3 90.3 80.o 84.0 6o.o 

2"-4tt I 82.3 78.7 82.7 79.7 74.0 66.3 
IF 7a.o 78.0 82.7 70.0 66.3 62.7 
II 83.3 83.7 86.3 79.0 71.7 59.3 
IIF 83.7 82.3 81.3 70.7 73.3 59.7 
III 83.7 83.7 79.7 75,,7 70.7 70.7 
IIIF1 82.3 ao.o 85.0 74.3 68.3 57.7 
IV ao.o 79.7 75.3 71.7 54-3 sa.7 
IVF 84.0 84.0 82.3 77.7 75.3 71.3 
V 83.7 79.7 86.o 71.7 70.0 69.0 
VF 80.o a1.7 87.0 71.0 72.3 li-9•7 

4"-6tt I 80,3 77.0 00.3 76.3 68.7 67.3 
IF 79.0 77.7 86.3 62.0 49.0 65.3 
II 77.3 79.7 00.7 69.3 59.3 50.7 
IIF 7a.3 81.0 84.3 67.7 69.7 68.3 
III 80.7 78.o 79.3 73.3 .54.3 66.3 
IIIF 75.3 71.3 75.7 66.,3 54.0 57.0 
IV 75.3 77.7 74. 7 59!17 57.3 62.3 
IVF 7s.7 79.7 ao.3 71.3 73.7 73.0 
V 84.3 75.3 83.1 69.3 61.0 70.0 
VF 79.3 79.3 82.7 69.0 68.7 48.0 

Total 2484.8 2452.2 2496.8 2269.7 2146.5 1955.6 

Kean 82.83 a1.74- 83.23 75.66 71 • .5.5 65.19 
- I I 1t••· I I . ... p .. I . - ................ ·-- .. ·--·· 



AP.FENDIX VL 

Root Determinations 

I.. Four Month Samples 

(a.) B Plots.. Root weight in mgms. per 44-.89 sq. ams* at two depths. 

Depth Block No. PR CK cu WC RC IR 

0"-2" 1. 400 .538 321 363 393 539 
2. 547 522 436 277 384 488 
3. 465 464 360 280 464 438 
4. 524 411,i. 378 324 390 589 
5. 638 ~-49 456 437 459 684. 
6. 787 506 482 515 537 759 
711 806 705 ~ 690 475 689 
8. 705 618 688 446 6.52 6o2 

2"-4" 111 178 1.50 ·i rn 103 155 187 
2. 265 194 158 91 141 295 
3. 198 219 154 127 127 201 
4. 222 148 188 108 149 157 
.5. 263 183 197 135 161 269 
6. 286 233 210 1n 171 325 
711 394 303 235 189 171 200 
8. 287 268 239 178 261 276 

-
Total 6965 5914 5264 5090 6668 



(b) B Plots. Crown root nuni>ers :p3r 1.,1+..89 sq. ams. 

Blook No. PR CK CH WC RC m 

1. 261 413* 137 49 12 32.5 
2. 26.5 401 175 45 13 178 
3. 227 565 23.5 30 28 207 
4o 200 366 300 40 16 313 
5. 258 472 288 66 13 296 
6. 40.5 270 311 36 1.5 426 
7. 339 723 485 68 10 322 
8. 354 295 31.5 27 18 166 

Total 2309 3505 2211.6 361 12.5 2233 

* Calculated :f'rom missing plot formula,·. ( 83) 

(c) B Plots. Crown rooi:Bper tiller. 

Block No. PR CH WC IR 

1. 3.390 12.906 1.191 0.961 0.400 6.915 
2. 3.786 8.184 1.3.57 o.833 0.317 4-9-44 
3. 3.547 8.561 1.822 0.7.50 0 • .500 4.928 
4. 3.846 a • .512 1 .-48.5 0.909 0.421 .5.906 
.5. 3.634 10.977 1.674 0.9.59 0.382 6.727 
6. 4-35.5 10.000 1.312 1.()(X) 0.40.5 8.520 
7. 3.568 10. 791 1.497 0.986 0.4,35 7.1188 
a. 6 • .5.56 10 • .536 1.886 0.844 0.563 a.300 

Mean 4.08.5 10.0.58 1.528 0.90.5 0.428 6.716 



APPENDIX VI ( conti11ued) 

(d) No. of tillers per sample of .!i,4.89 sq. ems. 

Block No. PR CK CH WC RC IR 

1. 77 32 11.5 51 30 47 
2. 70 49 127 54 41 36 
3. 61.. 66 129 40 56 42 ,~ 52 4J 202 44 38 53 
5. 71 43 172 69 34 41+-
6. 93 27 237 36 37 .50 
7. 95 67 324 69 23 43 
a. 54 28 167 32 32 20 

Total 576 355 1473 39.5 291 33.5 

(e) No. of ,vorros per sample of 44.89 sq. om.a 

Blook No. PR CK OH WC RC IR 

1. 1 1 1 2 1 2 
2. 3 2 2 2 2 0 
3. 1 2 0 2 0 ·1 
4- 0 3 0 0 0 1 
.5. 0 2 1 1 1 0 
6. 1 0 0 1 0 1 
7. 1 0 0 0 0 3 
8. 0 1 0 1 1 1 

Tota2 7 11 9 5 9 



APP.EN.DIX VI ( cqntinued) 

II. Eight Month Samples. 

(a) B Plots. Root weights in mgms. per 20.15 sq .. cm.s. at the 
2"-4" depth. 

Block No. CK CH IT 

1. 189 1,50 202 143 

2. 123 170 13.5 17.5 

3. 1.59 125 143 129 

4. 146 138 1lt.8 134 

.5. 206 149 141 148 

6. 143 15.5 143 1.32 

7. 166 143 176 120 

8. 108 118 177 126 

Total 1148 1265 1107 



.APPENDIX VI ( continued) 

III. Twelve Month Sample 

(a) A Plots. Root weight in mgm.s. per 44,.89 sq. ams., at 
three depths. 

Depth Block No. PR CK CH WC RC 
(Fibrous 
Roots) 

0"-211 I 1093 10.59 1711 68o 44b 
IF 1739 1453 1281 485 383 
II 1147 9.56 11:33 530 261 
IIF 1335 1164 1023 382 385 
III 876 729 1888 635 393 
IIIF 918 1082 1338 374 481 
rl 1071 az..a 1105 779 455 
IVF 870 837 1268 550 339 
V 1049 922 1451 663 3.50 
VF 1249 726 1919 421 .545 

2"-4" I 396 240 364. 149 286 
IF 4,98 245 414 195 282 
II 420 381 453 159 129 
IIF 301 374 399 126 160 
III 302 321 .506 252 107 
IIIF 3.56 291 479 100 157 
IV 341 241 395 16.5 90 
IVF 261 228 308 214 120 
V 350 250 348 1.51 287 
VF 233 225 481 119 212 

• 
4•'.-6" I 297 190 324 87 254 

IF 304 196 288 89 268 
II 272 270 290 102 212 
IIF 272 21.,J+ 269 131 93 
III 255 249 419 139 107 
IIIF 234 168 430 109 13!1-
rv 226 187 250 128 76 
IVF 192 149 300 190 142 
V 198 190 289 116 17.li-
VF 169 216 319 63 109 

Total 17224 14631 21442 8282 7437 

RC 
(Taproot) 

- I• • I 

1873 
2174 
701 
813 
6l,D 
474 
41+5 
405 

1704 
1253 

688 
767 
283 
374 
72 
68 

84-
487 
339 

220 
274 

81 -
9 

42 -
41 
99 

14453 



APPENDIX VI ( continued) 
•I-■■ 

( a) A Plots. Root weight in mgms. per 20.1.5 sq. oms,. at 
the 2°-4" depth. 

Block No. PR CK CH WC RC RC 
_ ____(__ ~brousl ( Ta;e 

I 1n 128 306 6.5 62 92 
IF 181 158 21.5 118 .58 340 
II 155 112 314 48 100 10.5 

IIF 172 168 24,3 82 62 179 
III 1.52 139 280 101 70 201 

IIIF 228 131 358 15.5 88 186 

IV 184 139 233 126 1.53 324 
IVF 15.5 1.53 . 288 81 88 102 

V 192 120 331 68 li03 388 

VF 22.5 124 324 139 81 

Total 1821 1372 2892 983 ., 16.5 1917 

BG 
ot) 

16 

13 

21 

47 
49 
41 
28 

40 
29 
38 ,, 

322 
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APffi?IDIX IX.. 

Grass Grub and ]I:a.rthwo:rm Cotm:ts. 

In the autumn following ··the final soil ea.mpling grass grub 

(Odontria zealandioa) made a. noticeable appearance 6n some of the 

plots. Wlrl.te clover plots vitlch had been vigorous in their growth 

up ·to this ti.Im were partioulnrly hard hi't; and by the end of April 

were showing no growth and the turf' oould be rolled up l:i.ke a carpet. 

It was decided therefore to make a count o:f• the gnibs present 

at this t:i.rre and also to sample some of the a:peoies with a view to 

find.:lng out whether the pulverising etteot of the grass grU:b would 

be rAcorded by the wet sieving a,pparatus. This was done and the 

following table r;Htr., out the number 0£ grubs obtained :f'rom an area. 

1 fc>ot square e.rui nine inches deep on five of ·the roplioatione. 

---....,~-~,-----------------..... ··. 
Blook.N:.,. 00. CK PR CH RC VIC Total - .. ·-·· -- . ----- . ... ·---- ·-

I 33 62 63 71 !1B 56 333 
II 3 28 54- 47 47 49 228 

IIF 22 1 16 21 18 36 1111-

III 59 57 4.;; 62 52 33 306 
IIIF .54 26 18 10 44 73 22.5 ---·- ·-· 

Total 171 174 194 211 209 2J+.7 1206 - --
.AnalJsis of variance showed that the differences 'be-tvreen species 

were not s.1.gnificant, many more samplings were required to give sig­

nif'ioance and time was not available, to proceed. :f'urther with this. 

~L'he heaviest infestation was in the white claver plots where an 

tiverage of 49 grubs 1>0r sq1:w.re foot were fotmd. The mean -weight of 

these grubs was 162 mgms. On this basis these plots were carrying a 

weight of appro:x:1.ma:tely 7 cwt, of gre.ss grubr; per a.ore tmder the 

ground, a weight som3what aim:l.J.ax. to wha·t oan ba carried above ground 

in terms oi' sheep or cattle on a good pasture. 

Samples for ,vet sieving have been air dried and stored in sealed 





.APPENDIX X. 

Original Structure in Soils of B Plots 

Peroenta.ge o:f 3-6 mm. soil :fraction retained on a 1. 676 mm. sieve. 

Replicate 0"-2" 2"-4" 0"-4" 

A 42.i.. 35.4- 38o9 

B 36.8 2a.o 32oli-

C 33.2 35.8 3li-..5 

D 3Li-.6 31.2 32.9 

Mean 36.7 32.6 3li-o 7 

1 (, 




