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ABSTRACT 

Dur ing  the process of direc t  drilling different shaped drill coul ters 

have been ob served to creat e  different micro-environments  a t  the seed 

zone . This study has been to examine possible changes in soil 

structure and the s tate of soil compact ion around the groove, which 

in t urn might affect root penetrat ion . 

Several methods and pieces o f  equipment were developed to  inve s t igat e  

t h e  influence o n  the soi l  of  two contra sting coul ter shapes . These 

were  the commerc ially-avai lable triple disc coult er and an experimental 

chise l  coulter . To measure soil bulk density in the drilled groove 

zone , a small  core sampler was des igned and tested . Soil strength 

wa s a ssessed using a modif ied mul t i-point penet rometer which could be 

in serted vert ically into t he soil  or normal to t he groove walls. 

The instantaneous and permanent soil pressure zone of influence 

around the groove , which wa s created  by the passing of the coulters , 

was monitored using a l iquid-fi l led tub e  with a terminal d iaphrapnand 

a minipressure t ransducer . 

Macro scopic visual asses sment of the compac t ion of soil a t  the seed 

l evel was undertaken using a free z ing sampl ing t echnique which 

fac ilitated thin section subsamples to be studied by photographic 

t echniques. In addi t ion, 3 mm3 subsamples were taken dire c t ly f rom 

the grooves for electron microscopy study . 

S upplementary measurements  included draft force and the coulter­

p assage-disturbance-zone at  the soil  surface using a load cell and a 

d i splacement t ransducer respec tively . 



Wheat and lupin seeds were sown to s tudy the e ffec ts of  so il changes 

on root gro wth of a f ibrous and tap root system .  

The data sugges ted that the triple disc  coulter tended t o  compac t 

well-defined zones around the groove while the chisel coulter produced 

no apparent  compac tion . 

Such soil compaction in a moist  silt  loam of  init ial bulk dens ity less 

than l . lg/cc  d id not resul t in any apparent differences in plant r oo t  

responses between the t wo coulter types .  I n  a drier , harder soil 

ho wever (greater than 1 . 32g/ cc)  there appeared to be a c lear 

d i sadvantag� from use of the triple disc coul t e r  in this respect . 

With lupin , root growth was restricted-and deformed from use o f  the 

lat ter coulter, while in the case of  wheat ,  seedl i ng emergence was 

r e stricted in comparison with the chisel coul ter . 

Smearing was found on the groove wall  in moi s t  so il with the triple 

disc coulter but the experiments  were not able t o  show any mechanical 

restriction to root and plant development arising from the smear . 

In the f ield conditions , in contra s t  to the laboratory conditions 

( where seedling performance and root growth were bet ter with the 

chisel coulter in almo s t  all of the tested conditions except with 

moist  and loose soil where it  was equivalent t o  the triple disc)  any 

localised compaction o f  soil by the triple disc  c oulter (particularly 

at  and near t he base of the groove) appeared to be compensated by 

o ther factors (weathe r ,  earthworms e tc . ) during the plan t 's full 

g rowth cycle . 

Compac tion and mechanical impedance i n  isolation did not appear to be 

solely responsible for the root and plant growth responses . 



A physiological study o f  soil moi sture transpor t  proce ss and soil 

water vapo ur availability  in the see d  zone should therefore be the 

subj ect  of f urther studie s. 



1. GENERAL INTRODUCTION 

Direc t drilling or no-til lage is general ly def ined as a practice  

where seeds are introduced by  mechanical devices into until led soil with 

or withou t  chemical treatment of the vegeta tion . 

There has been a considerable amount of work invol ving compara t i ve 

studies o f  crop yields result ing from direc t drilled and convent ional ly 

t i l l ed seedb eds . (55,57,78,127,154) However l i ttle knowledge has 

apparen t ly been gained of the physi cal micro-environment in untilled 

seedbeds which is  created by the passage of drill coul ters . This micro­

environment in turn can be expec ted to affect roo t growth and o ther 

essential p lant funct ions . Better information is  therefore necessary to 

pro vide real istic spe c i f ications for des igning drill coulters or furrow 

openers to fulfil the requiremen ts of plants .  

The dynamic  a c t ion of the passage of drill coul ters, af fec t s  

t h e  state  o f  compac tness  and s t rength of the soil environment, thus 

al tering i t s  void  rat io and shi f t ing  the balance of l iquids and sol ids in 

the mat r i x .  If the poros i ty of a given soil is adequa te, then roo t s  will 

grow through the inters tices be tween par t ic les . Otherwise the roo ts 

will  be required to e i ther displace the soil grains or deform the 

roo t ing medium, if the ir growth is no t impeded . (20,45,165) 

I t  has been reported that shallow or branched roo ting was 

ob tained in direc t dril led trea tments, and tha t this pat tern of roo t 

development ref lect ed the increased mechanical impedance o f  the soil  to 

root penet ration . (10,134) Dixon (68) and Baker (103) sugges ted tha t 

localised compac t ion in the seed grooves may have been undesirab le. 

They fur ther repor ted tha t  one of their tested  coul ters assembl ies 
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( the  t riple disc coulter)  appeared to have compacted the soil at  the 

base of  the grooves . 

The study reported herein has been an a ttemp t to inves tigate  

by what means and to what extent differen t designs of  drill  coul ters 

affect  the physical s tate of compaction of  a given soil as a resul t o f  

thei r  passage through that soil . Further to this , the study also sough t  

t o  measure plant roo t response s  to variations o f  in-groove compac t ion . 

In order to achieve these obj ectives the s tudy was required to 

ful f i l  the following specific aims . 

(a)  To develop techniques and ins truments which would permi t 

s tudy of  the e f fects of var ious coulter designs on changes in s oil 

physical conditions within and adj acen t to direc t drilled grooves . 

(b)  To make quan t i t a t ive and qual i tative comparisons of 

selected coulter designs in terms of  their abilities to create ·::hanges 

in selected soil properties such as bulk density , penetrometer 

res i s t ance , soil s tress , and pore space dis tribution . 

( c )  To study the e ffects on root growth o f  these soil changes 

when sowing a tap roo ted and a f ibrous roo t ed species . 



2 .  THE INTERACTION OF SOIL AND DRILL COULTER PASSAGE 

2 . 1 INTRODUCTION AND REVIEW OF LITERATURE 

3 .  

Over the last  two decades , the envi ronmental requirement s  for 

cult i va ted seedbeds and rootbeds have been the subj ect  of  much s t udy. 

Reports in the literature have deal t in whole or in par t with the 

physical factors af fec ting germinat ion of seed and development of  roo t  

growth . ( 3-8)  Work has also been undertaken in order to unders tand 

spe c i fically how mechani cal impedance of soil , whe ther cult iva ted or no t ,  

affected the exp lorat ion of  roots . ( 1 9-2 4 )  

Li ttle wo rk , however appeared t o  b e  related t o  the direct 

drilling situa tion where the micro seedbed in the drilled groove is 

af fected by coulter  shape . ( 19 , 103)  Reports indicated that the mos t  

critical  period i n  a direc t drilled crop was during germinat ion and 

es tablishment which could be influenced by physical condit ions of the 

mic ro-environmen t in which the seeds were drilled . ( 25 , 26 )  O ther 

report s  further sugges ted that direct drilled seeds required e ither 

some firming of  loose d is t urbed  soil around the seed to es tab l ish mois ture 

contact  with soil  ( 4 , 9 ,  1 1 ,  1 2 , 2 7 ) or some pressure exerte,d on the so il at  

seed level and then some loose soil left  above the seed . ( 10 )  

Wilkinson ( 2 7 )  fel t that in a d i rect  dril ling situat ion , where 

seeds were sown into undis turbed soil , the soil at seed level  should 

provide ( a )  an adequate  dep th of  f r iab le and wel l developed aggrega tes;  

(b ) a surface soil which was sufficiently mechanical ly weak to allow the 

drill  to work satisfactorily , and for the free flow of gases and wa ter;  

and ( c )  a soil  surface on which crop residues were kep t in such a 

way as not to complicate dri lling or to harbour pes t s . 
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2 .  1. 'l Soil Water and Compac t ion 

Water movement in the soil is generally acknowledged as being 

governed by the dist ribut ion of air filled pore space where pore 

diame ter is more than 30�. In clay soils , small  voids and/or small 

grains of clay a llow packing to smaller voi ds before intergranular s t ress 

resists  further decrease in void size . Therefore clay is more 

s us cep t ible to compaction in moist conditions . The to tal soil water 

and so il grain s ur face con ta c t  is greater , which in t u rn ,  increases the 

cap illary water force . Under compac t ion , it is generally recog�ised 

that the pore system tends towards a sma l ler proportion of larger pores . 

Dire c t  d rilling or no tillage soil  was found to have a smaller 

number of larger pores compared to those of  t illed soil . ( 2 8 , 2 9 )  I t  

i s  therefo re reasonable to conclude tha t soil under direct drilling or 

no tillage condit ions is s ubj ect to more natural compaction than that 

under tillage conditions . The soil mo isture content had also been found 

higher in the absence o f  c ul tivation , particularly near the surface 

(30,31) , and further work in the United S tates attributed this to the 

mulching action of crop residues and the generally higher leve ls of  

organic matter  in the surface soil . (32) 

Baeume r and Bakermans (33) reported that Ehers had s uggested 

t hat the difference in soi l  water content be tween til led and unt illed 

soil was relatively small  and inconsis ten t  compared to the dif ference in 

the soil water tension and hydraulic potential . Dire c t  drilled soil , 

with a simi lar water content had a lower soil water t ension which 

indicated a smaller resistance to water up take by p lant roo t s  and higher 

conductivity of soil water . It  was repor tedly unl ikely however , tha t 

so il water per se was a l imit ing fac tor to root growth , but roo t growth 
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was reduced as soil water potential was decreased . ( 34 )  Taylor and 

Ratcliff ( 35 )  went further in the ir experiment s  to show that soil 

s trength was also af fected by soil moi s t ure . They grew co t ton in roo t 

observation boxes f illed  wit h  a sandy loam soil at several water contents  

and several soil  strengths , which were es tima ted by penetrometer  

. Th d h 1 h f _<2°
C res1s tances . ey reporte  t at roo t engt o cotton grown at . 

and 0 . 05 bars penetrometer  resis tance was not affected by water po tential 

b e tween - . 17  and -7 bars . 

Attemp ts were also made to take mois ture tension measurements 

independent of o ther soil  variables by growing pea seedlings without soil 

and allowing their roo ts to grow against  the surfaces of a vert ical 

porous ceramic plate which remained s aturated as the moisture tens ion 

was adj us ted with a manometer . Roo t  length was reported sligh t ly 

affected at the 10 to 300 mm tension level but there were no differences 

at  higher tens ion level s .  ( 2 3) 

The compac tion p rocess can b e interpreted as a change in volume for 

a given mass  o f  soil , and one of its  mos t  widely used measures is bulk 

dens ity .  Bulk density is found by weigh t  of dry soil tha t occupies a 

known volume . I t  provides a measure of how close the soil particles are 

packed but doe s  not yield any informat ion about their geome t ric 

arrangement s . Compac t ion o f  a soil therefore reduces the total  pore spaces 

and consequently reduces the conduc t i vi ty of the soil when saturated with 

wat e r .  The readiness  of a soil to t ransmit water under saturated  and 

unsaturated conditions is referred to as hydraulic conduc t i vity . 

Inc reases o f  dry bulk dens i ty have resulted in a marked reduc t ion in 

hydraulic conduc tivi ty . For example , in one experiment ,  an increase o f  
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bulk densi ty from 1 . 2 g/ cm3 t o  1 . 4 g/ cm3 caused a ten-f old decrease in 

hydraulic c onduct ivity . ( 36 )  

O ther researchers us ing a modified Proctor compact i on tes t ,  have 

rep orted that after the point of maximum compaction was reached; the 

reduced c ompactability of s oil  reflected the e ffect of saturation .  In 

other words,  as all v oids in the s oil were f il led wi th water  at 

saturation t o  achieve more s oil c ompac tion, water had to be squeezed out 

of s oi l .  As moisture c ontent increased, compaction increased t o  an 

opt imum p oin t . Ab ove the op timum m oisture con tent c ompac ti on decreased 

as pores were partly f illed and therefore less able t o  reduce in volume . 

( 37 '  38)  

2 . 1 . 2 S oi l  air and C ompaction 

S oi l  compac t i on res ults  in the col l apse of large p ores which 

are resp onsible for ef fective drainage and aeration .  Gases flow through 

air filled pores and the quantity of flow is d irec t ly prop ortional t o  the 

air p orosity  of a given s oil . ( 16 )  However, diffus i on rather than mass 

flow was also believed to be  the maj or process  for aera t ing  s oils . 

( 39 , 40, 4 1) Work has also indica ted  that wind turbulence caused greater 

mass flux in shallow l ayers than a t  greater depths . (42 , 4 3 )  

The calculations of Wooley ( 44 ) ,  based on a diffusi on 

theory, indicated that 4% by volume of interconnec ted gas filled p ores 

would s upply adequat e  oxygen f or respirat i on of roots at a soil  dep th 

up to 1 meter or more . He felt t hat t rans fer of gases through wa ter 

f ilms surrounding root and micro organism was a critical part of s oil  

aerat i on .  Mass f l ow of gases thr ough waterfilm was unl ikely . Rather, 

he felt that by c onsuming 02 and p roducing C02 wherever s oils were warm 
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enough to need ventilation , roots  and soil  micro organism continuous ly 

created concen tration gradients  for di ffusion . 

A number  of s tudies of pore space distribution have been 

rel a t ed to the direct drilling situa t ion . I t  was generally faun. that 

any decrease o f  large and mos t ly air f il led pores reduced aeration .  Air 

capa c i ty of p F2 was found to be below 10%  (
v/ ) on medium to hea 'ry 

V 

textured undis turbed soil . ( 28)  

Anaerobic soil condit ions were e xpected when soil was compacted 

in direct drilling because of the res t ri c ted entry of oxygen especially 

in we t soil . However no large decreases in concentration o f  oxygen in 

soi l  had appeared to have b een caused by direct dri l l ing . (46,47) 

I t  is evident therefore from the litera ture that while some 

measurement s  h ave been made  of these fac tors in the general soil ma trix, 

l i ttle  or no a ttemp ts have been recorded which sought  to highli ght the 

res ul t of the passage of specified coul ter designs through untilled so il . 

Much less has been the apparent interest in separating the phys ical soil 

properties in the groove from these of the und is turbed ma trix be tween 

the grooves , nor of the in terface between the two . 

2 .  1. 3 Soil temperature and Compa c t ion 

Soil heat flow appears to be influenced by bulk dens ity , porosity,  

moisture con tent and surface mulch cover . Willies and Raney (48) 

reported ful ly on the effects of  compaction on the content and t ransmission 

of heat in soil  and concluded that compaction caused increases in density 

wi th a resul tant increase in thermal conductivi ty and a p robab l e  increase 

in thermal d i ffusivity . Kohnke and Barber (49) , experimenting on 
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a dry and unmulched soil , found that unt illed soil showed wider 

temperature f l uctuat ions at  lOcm depth than cul t ivated soil , even though 

the lat ter in  their experiments had a lower bulk density . 

Temp erature was also reported to have varied more than 25°C 

thro ughout the year in the sur face few centimeters o f  so il . ( 50 )  

S teep temperature and moi sture depth  gradients might be  also expec ted 

at the undis turbed soil surface and this was believed to be due to the 

dynamic nature of the soil  water f l ux in the surface zone o f  a field soil 

sub j ected to diurnally varying environmental conditions . ( 5 1) 

The s e  generalised condi t ions were found to be  also consis tent 

wi th the s i t ua t ion under direct  drilling . Soil under direct drilling 

appeared to  be denser (higher bulk density ) , and usual ly had been at  a 

higher moi s t ure conten t , thus increasing the thermal capac i ty o f  the 

so il . ( 3 3) A marginally narrower range o f  temperature fluc tuat�on at 

lOcm depth in uncultivated denser soi l  (which was o f ten of higher 

mo is t ure conten t )  than comparable cul t iva ted soil was also found. ( 5 2) 

Hea t  t ransfer in soil was also influenced by such things as 

season of t he year , soil colour , soil cover , surface roughness , thermal 

conductivi ty and air movement .  Temperature has been reported to vary 

with soil profiles . Richard e t  al . ( 5 3 )  quo ted Hagan as reporting 

diurnal variat ions whi ch amoun ted to about 10°C in the surface centimeter  

of  soil  and  less than 1°C at  about 5 00cm. Exp eriment s  in Virginia and 

Kentucky s eparately indicated that t rash cover on uncult ivated soil 

ac ted as an insulating layer which reduced the temperature fluc tuation 

near the surface . ( 54 , 55 )  
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While  not denying the above f indings , Elevens and Cook 

( 5 5 )  reported that the e f fects  o f  temperature fluctuat ions were probab ly 

no t important although they did not elaborate on why they formed this 

c onclus ion . Baker ( 5 6 )  claimed that Larsen had found that crop 

residues o f  6 , 2 70Kg/ha l e f t  on the sur face were capable of reducing 

t emperature by 1°-2°C in the top lOcm o f  soil , a conclusion which 

was confirmed by Lal ( 5 2 ) . 

2 . 1 . 4  Soil  Compact ion , so il bulk density  and pore sys tem 

Bulk density is a measure o f  soil  compac tion . An increase in 

bulk den s i t y  reduced mac roporosi ty , resulting in decreased water intake 

and res tric ted gas movement ( 5 8 ) . The resulting compac t ion f rom a 

given p ressure ( f rom b iophys iological or mechani cal sources ) depended 

also on the mineral and me chanical compact ion and internal consolidation 

of the soi l . The void ratio was used to illus trate how the packing 

relationship o f  soil grains related to soil bulk density . ( 5 9 )  

For a given type o f  s o i l  and amount o f  compac tive e f fort , the compac t ion 

achieved was s trongly dependent on the mo isture conten t . These findings 

were conf i rmed by Lambe ( 38)  who fur ther s tated that dry bulk 

densi ty ob tained at a given optimum moisture content was rela ted to the 

size distrib ution and the shape o f  soil  particles . 

The consequence s  o f  compact ion are o f  more concern than 

compac t io n  pe r se . Considerab le work has been undertaken in s tudying 

the relat ionship between soil compact ion and machine operat ions . ( 2, 39 ) 

However ,  s imilar work relating  to  direc t drilled soil has been undertaken 

only recen tly . Cannell and Finney ( 6 2) found that soil  after dire c t  

drill ing was usually more compacted than after ploughing and conventional 

cul tivat ion . Although this had also been observed in the upper zones o f  
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the pro file in soil varying from loamy sand to  s ilty clay loam. 

( 3 1 , 45 , 6 3 , 64 , 66 )  Hughes ( 6 7 )  and Baker ( 6 8 )  claimed that a "Tokomaru" 

s i l t  loam, which had been sprayed wi th he rb icides and direct drilled 

was signi f icantly more resistant to soil s t ruc tural damage than the same 

so i l  ploughed and conven t ionally cul t ivat ed whi ch i tself was better than 

ro tary cul t ivation . These differences apparent ly increased with t ime out 

of pas ture and involved both dry and wet sieving assessmen ts . 

e t  al . 

O ther reports had rela ted compac t ion to  po re spaces . Beaumer 

(69)  found that the pore sys tem in a direct drilled soil 

was more con t inuous and finer than t hat o f  a cul tivated soil . Al though 

others found a great e r  continuity o f  pores after direct  drilling ( 3 1 )  

the increase was no t very much . ( 7 0 )  Another aspect o f  the soil/drill  

interac tion appeared to be the tendency o f  some coulters to smear the 

sides of the groove in damp condi t ions . Al though Soane et al . 

had observed some p roblems associated with smearin g ,  incomplete slit  

closur e ,  and seed/soil  contact with speci fic drill coul ters , most 

s tudies o f  soil perameters have been res tric ted to the general :3oil 

matrix . 

2 .  1. 5 Soil  Strength and Compaction 

The mechanical strength o f  soil is the ab ility or  capacity o f  

( 6 6 )  

a particular soil i n  a certain condition t o  resist  or  endure an app l ied 

force . I t  is therefore a force i t self , a phys ical quan t i ty . However , 

i t  is difficul t  to measure and describe . A wide range o f  soil s t rengths 

c an be observed for dif ferent soils and the s t rength changes when force 

is applied and movement occurs . Therefore , test result s  may only be 

quantitatively compared wi th those undertaken under the same tes tin g  

condit ions . 
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One of  the mos t widely accepted measures of  evalua ting soil 

s trength is  the pene tration tes t .  Depending on the shape and type o f  

penetrome t ers used , cut t ing , s epa ration , shear failure , compress ion , 

tension , fraction , plas t ic failure or  any combination o f  these may occur 

as the penetrometer is forced into  the soil . ( 7 1 )  The resis tance to 

penetration of  the soil was cons idered to be some comb ination of these 

poss ible failures and was therefo re a compos ite property . 

The concep t o f  penetra t ion involve s  a measure o f  resis tance  as 

it changes wi th dep th .  Consequently , a pene trometer a ttemp ts to measure 

resis tance near i t s  t ip . There are o ther methods o f  evalua ting so il  

s t rength such as the  measurement of  bearing s trength ( 7 2 )  and crushing 

streng th .  ( 7 3 , 7 4 )  

Chancellor ( 75 ) , i n  s t udying the e f fects o f  compaction o n  soil 

s trength , suggested that so il s trength was closely associated wi th 

s tres s densi ty factors . Various strength p arameters such as t ensile 

strength modulus of rup ture , compressive s t rength , modulus of  compression , 

shear s trength and pulverisation energy were dis cussed . Veloc ity o f  

s tress wave propaga t ion a s  i t  is  related to  soil s t rength was also 

s tudied.  ( 76 , 7 7 )  The findings indicated l i t t le o r  no increases  of the 

velo c i ty of s tress wave propagat ion with an increase in bulk density 

when soil was moi s t  and penet rometer resis tance was also  increased  with 

propagation velo c i ty .  

Compa red t o  tilled soil , unt illed soil was smo o ther , even , firmer , 

dense r  ( 33)  and s t ructurally mo re stable . ( 6 7 )  There fore more energy 

would be  needed t o  mechanically manipulate the soil . Thus unt il led soil 

could b e  expected to have a higher soil s t rength than t illed soils . 

Higher impedance was found in t he top 0-Scm layer o f  soil which had been 
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app roximately five fold increase in mechanical resis tance to a cone 

penetrome ter . Soil shear s trength of  general ly about doub le the val ues 

for "normally" ploughed treatment s  were obtained from the 0-Scm horizon 

of soil subj ected to d irect dri l l ing.  

2 . 1 . 6 Soil stress and Compaction 

Soils comprise discrete  solid part i cles and spaces between them . 

These spaces or voids may be f illed with gas and /or l iquid . There fore , 

soils  are multiphase in nature consisting o f  a mineral phase and a pore 

phase . These phases interac t chemically in a manner described b y  Young 

and Warkentin . ( 1 1 9 )  

Firs tly , l iquid and air o r  both , could flow through the soil  and 

al ter the forces a t  the points o f  contact be tween the individual particles.  

These forces were those o f  repulsion and a t t ractive forces . Repulsion 

forces resul ted from the intera c tion between overlapping dif fus ion layers 

of adj acent particles and from absorp tion of water on the surfaces o f  

adj acent particles . Attract ive forces were o f  two kinds : London-van 

der Waals and Coulomb ic . The Van der-Waals ' forces occurred between 

unchanged molecules and coulomb i c  forces were electrical forces between 

parti cles . 

Secondly , when a load was applied t o  a soil mass  a part o f  i t  

was t ransmit ted through soil a t  the poin t s  o f  contac t between adj acent 

particle s , and was carried by the pore f luid . 

Because l iquid could be considered almost  incompressible , all 
pY�s�re:. 

the applied force was res is ted by an increase in the pore fluid�for a 

fully saturated soil . However ,  water could slowly flow through the 
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pores in the soil mass  and with t ime the applied load was slowly 

transferred to soil grains , the rate depending on the pore s ize . This 

process has b ecome known as consol idation . As water escapes from so il 

pores , the soil compresses , the amount of compression depending upon 

the difference between applied s t ress  and the s tress in the water in the 

pores . 

The concep t  o f  force per uni t  area (i . e .  surface p ressure ) 

appears to be o f  res t ri cted value in a three dimensional semi-infinite 

medium such as soil where nei ther the direc tion of the applied force nor 

a f in i te area is fixed . The concept o f  s t ress at  a point can be 

visualised as forc�per uni t  area act ing across  an infinitesimal area . 

VandenBerg (79) was the firs t to apply continuum mechanics to  the study 

" 
of  soil compac tion . According  to Soehn (80)  Boussinesq was the firs t  to 

obtain a solution o f  s t ress d i s tribution in a semi finite medium. His 

" 
work was apparently mod i f ied by Froel i ch with the intro duc t ion of a 

concentrat ion facto r .  

The ultima te in t eres t in the force dis t ribution i s  the resul t ing 

soi l  compaction; lower forces result in lower compac t ion . Consequently 

i f  forces can be lowered by some design changes , less compac tion should 

resul t . 

The basic concept of  s t ress measurement s  was to place in the soil 

a device tha t would experience the same pressure as an equivalent volume 

o f  soil and would s ignal the magn i t ude of those pressures ( 8 1 , 8 2 ) . 

Such devic e s  had one o r  more p ressure sensi tive faces that could be 

oriented t o  obtain measurements in the d irect ion of interest . 
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Us ing electrical resis tance gauges , s everal e f forts  have been 

made to measure the dis tribution o f  force under vehicular loads . (84 , 85 )  

One o f  the effects o f  pressure has been to cause a reduct ion o f  size  and 

number o f  larger pores , thus s lowing water movement .  ( 8 5 )  A brief 

summary on the subj ect  o f  s t ress  induced by compaction was given by 

Cohron in 19 7 1  ( 8 6 ) , but few of his conclus ions were cons idered relevant 

to the specific work reported herein . 

2 . 3 . 7  Draft 

Draft force was affected by three categories of variables 

according to Telischi e t  al . (13) . These variables were l isted as 

follows : 

Soil variab les 

Particle s i z e  d istribution,  includ ing  the type of colloidal 

material 

Chemical composition , including the ef fect of o rganic mat ter  

Mois ture pe rcentage 

S tate of  comp ac t ion or bulk density 

Soil  s t ruc tur e ,  includ in g  soil cementation effects  

Effect  o f  vegetation and crop res idues 

Effect of slope of soil 

Implement variab les 

Kind of implement 

Kind of  metal 

Surface condit ion and sharpness o f  the implement 

Bearing area against the soil 

Curvature and the shape o f  s urface applying force 
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Other  variables 

Speed 

Width and dep th of  the furrow 

Draft is therefore clearly governed by a comb ination of  

interactive variables . According to  recent at temp ts a t  formulating 

analyt ical methods to predict  draf t  had not been proved s uc cessful.  

Prior to tha t  a small number o f  authors had successfully developed 

partial mechanics to p redict dra f t  force . ( 120 , 105)  Zelen in ( loc. c i t ) 

sugge s te d  that draf t and working dep th were parabolically related to the 

rela t ion p = khn (where p was the draf t of  a horizontal b lade , k the 

coe f f i c ient of  soil res istance , h t he depth of opera t ion and n a 

coe f f i cient 1 .  35 ) . 

Payne ( 120)  noted that draft increased wi th working depth and the 

angle o f  approach , he also indicated that soil cohes ion which was 

influenced by so il moi sture , soil  t exture , soil  organic mat ter , was 

linearly proportional to the dra f t  of a cul t ivation force . 

Payne and Tanner ( 12 1 )  also s tudied the soil reaction as it  was 

governed by the dire c tion o f  the applied fo rce . A tool operating with an 

0 angle app roach of  less than 4 8  usually resul ted in an upheaval o f  soil . 

I f  the angle o f  approach was inc reased above 1 30° , the main react ion o f  

the soil  was direc ted downwards , s o  that an undis turbed appearance resulted . 

Data ob tained from their experimen ts indicated a linearly proport ional 

relationship between rake or l i ft angle and d ra f t  force . 

Bowditch ( 12 2 )  found that the energy required by t i llage 

operat ions increased rap idly as the size o f  the clods produced was 

decreased and as prior compac t ion o f  the soil was increased . 
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Tillage requires a l arge total energy input compared to d i rect  

dril l in g  which also incurred less in investment and operating costs . 

Lit t le work has been reported , however , which compares dra f t  measurements  

of  d i fferent dire c t  drilling machines . Koronka (lOO) e xperimented with 

a specific direct dril ling coul ter ( triple disc)  and found that i t  

required less draf t  fo rce than disc and knife  coulter . 

2 . 1. 8  Visual assessments o f  macrostructural changes 

2 . 1. 8 . 1  Thin Sec tions . 

Thin sectioning techniques have been widely used in petro graphical 

s tudies and in s tudies of the geometrical arrangement of soil part icles 

in a friable organ i c  soi l .  Thi s  technique was also found use ful in the 

study of particle orientation . ( 8 7 )  Lund ( 88 )  used  thin sect ions to 

s tudy particle o r ientation at t he root / soil  surface . He found that a 

l imited number o f  sec tions failed to show how much orientation had taken 

place but did show a packing ef fec t . The choice o f  a suitable filler 

material wi th desirable phys ical and chemical properties ( e . g . viscosity , 

refraction and hardness )  and technique s  o f  impregnat ing moist  soil  samp les 

have been the dominant p roblems . 

"Kollol i th"  was used but it was found that this resin woul d no t 

penetrate readily into compacted soil ( 8 9 ) . "Bakelite" was also t ried 

but its refractive index was reportedly too high . 

Buol and Fadness ( 9 0 )  c laimed that epoxy "Castolite" was 

sat i sfactory and s ugges ted that soil samples to be impregnated should be 

predried at 105°- 110°C for twenty four hours and evacuated prior to 

flooding with the epoxy res in . This was to minimise the e f fect  o f  

surface tension which was encountered when evacuation followed flooding  
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o f  the soil samp les with epo xy resin . lnnes and Pluth ( 9 1 )  claimed 

tha t they had achieved complete impregnation o f  high bulk density soil 

clods us ing epoxy "Scotch Cas t  No . 3" . 

Moi s t  samples o f  organic so il impregnated with "Carbowax" (a 

polyethylene glycol compound) apparen tly resul ted in less shrinkage than 

oven dried and lyophylised samples impregnated with thermal polyester 

resin . ( 9 2 ) Others also claimed success  in the use o f  " Carbowax 6000" 

mounted with "Castoglas" to prepare imp regna ted samples with lit tle 

shrinkage . ( 9 3) 

Sampl ing o f  f riab le ,  organic undis turbed soil was claimed to have 

been made easier with a technique of freezing  "in s i tu" . ( 8 7 )  This 

technique involved applications of liquid nitrogen on the soil until  the 

soil block was frozen hard . The f rozen samp les were then air dried 

and impregnated with epoxy resin . The technique was found to be 

success ful in the s tudy of the influence of tree roots on physical 

properties and spat ial arrangement of adj acent soil material . 

Whatever method o f  extrac t ion and impregnation has been used , 

thin sections cut from a larger b lock o f  impregnated soil have usually 

been examined us ing optical methods . Polarised light was used to 

evaluate  soil fractions and the fabric o f  compacted c lay ( 82 )  with 

samples prepared wi th thin sectioning . 

The only apparent adopt ion of  these  techniques to the s tudy o f  

direct drilling and its effects o n  soil has been b y  Boone e t  al . ( 7 0 ) . 

They used a thin sec tioning technique in their macromorphological 

analysis  o f  the d i f ference in soi l structure between cul t ivated ahd 

no- tillage soil . They reported t hat no-tillage soi l  was more dense 
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and more homogeneous in which aggregate stab i l i ty increased . However ,  

as wi th s tudies o f  o t her aspect s , their work failed to note any 

relevant e ffects from the passage o f  drill coulter in e i ther situation , 

or o f  the interface area between the drilled grooves and the int e�r- groove 

soil . 

2 . 1 . 8 . 2  S canning electron micro s cope technique . 

S canning elec tron micros cope techniques ( S . E . M . )  have permi t ted 

examinat ion of  the s urfaces of  soil  materials and the microstructure o f  

the soil mat rix . The technique has been widely found to be  a useful 

adj unc t  to the field ob servat ions o f  soil mo rphology and has also been 

use ful in the study of  soil f abric . ( 9 6 )  

O ther researchers used the technique at  various magnification 

levels to s uccessfully s t udy the micro pore s truc ture o f  

ferromangan.·ferrous so il  concretions ( 9 7 )  and the root s o i l  interface . ( 9 8 )  

However , l i t tle or n o  work has b e en reported i n  the l itera ture using this 

technique in a dire c t  drilling s i t uation . 

2 . 1 . 9 Funct ional requirements o f  drill coul ters 

The difficul t ies whi ch are involved in the determination o f  

the l imit ing  physi cal factors that govern the satis fac tory performance 

of  a given design of d rill cou�ter , have so fa r provided farm machinery 

desi gners with litt l e  o r  no a l ternatives to an approach o f  trial and 

error when designing direct  dri l l ing coul ters . 

Baker (68)  reported that t here had been lit tle  work directed 

to answer the quest ions "Wha t physical conditions best suit  seeds sown 

into undis t urbed seedbeds" and thus "What mechanical designs of seed 
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drill coult e rs and ancilla ry equipment best ful fil these demands ? "  

Completely sat isfactory answers may s t ill be  some way o f f  b u t  the 

collect ive obs e rvat ions of researchers might contribute to the 

solution o f  the problem , the nature of which is very inter discip l inary , 

involving aspects of  agronomy , soils and engineering .  On the other 

hand , many of the observations recorded in the literature to date have 

been of limit e d  value only , as l i tt l e  effort had been made to monitor 

the cl ima t i c  and biologi cal factors p revailing at the time ; nor to 

compare performance of any one device agains t  a repeatable base line . 

Nevertheless Lillard e t  al . ( 12 ) , in a study o f  planter requirements 

fo r uni form perfo rmance and optimum seed germinat ion in killed sod and 

no-tillage seed beds , d rew the following conclusions : 

(A) An assis t in g  tool in front of a corn planter opener 

was necessary to : 

ensure penetrat ion 

provide limi ted s ubsurface tillage in the 

immediate seedling environment zone , and 

remove enough dead sod from the row surface 

to minimise impedance to plant emergence . 

(B) A seed p ress  wheel was necessary to firm grains into the 

soil , and a coverer was needed to completely close the 

s li t  opened by the opener so as to eliminate a i r  pocket s  

i n  the vicinity o f  the s eed . 

( C )  A press wheel of appropr iate shape was needed to firm 

soil over the seed row . 
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Baker ( 6 8 )  reported that Koronka ( lOO ) had reviewed the design 

speci fications underlying the development of  a specific coulter ( triple 

disc ) but que s tioned the insu fficiency of  the criteria in providing 

an adequate foundation on which to formulate a mechanical design .  

Phillips and Young J r  ( 10 1 ) contended that a no-t illage planter 

mus t fulfil several basic requirements . I t  mus t :  

(A) - Be heavy and s trong enough to  plant under adverse soil 

cond i t ions and cut through various crop residues . 

(B ) - Provide a narrow band o f  t il lage for receiving the seed . 

A 50 to 75mm wide and 75mm to  lSOmm deep zone o f  soil  

manipulation would be  suf f icient . 

( C) - P lant s eed a t  different depths . Seed size , soil  

temperature and dep th of  adequate  moisture should dictate 

the dep th o f  seed placement . Accurate control o f  plan t ing  

dep th from 25mm to 75mm wo uld b e  required . 

(D) - Cover and firm soil around seed . Coverage was 

important to assure germinat ion and pro tection from b i rd 

and roden t damage .  Firming o f  the soil in the row was 

needed to reduce air pockets and to maintain des i rable 

mois ture condit ions aroun d  the seeds . 

Russell ( 10 2 )  saw the definite need for the development o f  a 

suitable light and mul t i  p urpose drill . The basic requirement s  o f  such 

a drill were t hat  it should :  

(A) - Place the seed at an even dep th below the soil s urface . 

(B ) - Create l i ttle  smearing o f  the wall and bottom o f  the 

s l i t  in whi ch s eeds were dropped , so that water did no t pond 

in the s l i t . 
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( C) - P lace some loo se soil over the seed s o  that the s l i t  

was no t left open . 

(D) - B e  able to cope as effec tively as pos s ible with any 

crop o r  weed resi dues left  on the surface and poss ible 

should al low for "comb ine d rilling" o f  ferti l iser and the 

see d . In add i t ion , they fel t  that in much o f  the direct 

d r illed land , a drill that created a narrow band of  

loo sened so il in  which the  seed  coul d  be  placed was to be  

preferred . 

Although i t  is  difficult to trace any of  the fundamental data 

on whi ch the abo ve lis ted design criteria have been based , the numerous 

sugge st ions , observations and comment s  have led to a number o f  commercial l ' 

available dire c t  drilling machines . Phil l ips and Young Jr ( 10 1 )  

group ed these machines into three general types - Chisel type , angle 

coul ter , and fluted no- tilla ge plante r .  These aut ho rs also l in ted the 

advantages and d isadvantages of each of these types although again , no 

data was quo ted  to indicate the reasons for these opinions . 

Dixon ( 103)  and Baker (56 )  both believed that it was 

impo rtant to understand the effects of changes in soi l  physical condit ions 

at t he seed zone when desi gn ing a suitable drill coulter  for any given 

s i tuation . They b o th sugges ted smearing and compaction in the groove 

migh t  have some e ffects  on seed emergence and roo t growth but that such 

factors  should be s tudied in detail b e fore conclus ive  s tatements were 

made  and action taken whi ch might  inf l uence coulter  shapes . Dixon ( 10 3) 

conducted early experiment s  in  this respec t  using a modified experimental 

technique deve loped by Baker ( loc . ci t ) . Although the work itself  

I 



was not con clusive i t  pointed to the need for a more detailed and 

e xpansive s t udy . 
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A wholly success ful dire c t  drilling technique is s till  to be  

found but it  appears that  this  is not the  only factor which has so  

far  limited the technique . At  least in  the  U . K . , Allen ( 10 4 )  l is ted 

the contribut ing fac tors as follows : 

Failure to achieve cons is tently s imilar yields to 

tho se o f  tradit ionally sown crops 

Development of "Couclt' and other pe rennial 

grass weeds where d irect  drilling was p rac tised . 

Soil  type and s t ructure 

Lack of a "farmer" direct drill 

Regenera t ion of paraquat sprayed swards and 

annual gras s weeds 

Slugs 

Lack of convinc ing " farm management "  evidence 

in favour of direct drilling 

Inconsis tency of results  obtained when direct 

drilling grass into grass 

Reluctance o f  farmers to buy an expensive direct 

drill which they felt would commit them to far more direct 

drilling than they could contemp late with confidence 

Insufficien t  conf idence in the " idea" of direct 

drilling both outside and within the I . C . I .  Limited  group . 
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Two categories o f  experiments were employed in this s tudy . 

Bin experiments involved the removal f rom the f ield o f  bins o f  

undis turbed s o i l  for treatment in a laboratory . Field experiments 

involved the s i t ing of f ield plot s  on appropriate soil types . 

2 .  2 .  1 Soil Bin experiment s  

2 . 2 . 1 . 1 S i te and soil type selection . 

The soil  type used in all b in and field experiments was 

" Tokomaru" silt  loam. The mechanical p roperties o f  this soil are given 

in table 1 .  Two sites were used f rom which trial blocks were extracted . 

The use o f  different extract ion s ites may have been expected to  introduce 

some lack o f  uni formi ty in physical properties of  the soil , but such 

he terogenei ty o f  this soil type was apparently not typical according 

to  Pollo ck ( pers-comm) ( 106 ) . In the speci fic soil p roperties t hat  might 

be expected to  be  impor tant for thin sectioning o f  small sub s amples , 

Gradwell ( 10 7 )  had reported that the groups o f  soil known as 

"Manawatu s i l t  loam" of which "Tokomaru" silt  loam is a part , had no t 

displayed marked signs o f  swellin g  when wet ted . He also found that the 

mean poro s i ty in the wet ted areas exceeded that in the dry by only 1 .  4% . 

The p arent vegetation o f  the extract ion s ites was pred ominantly 

e s tablished rye grass ( Lolium perenne)  and whi te c lover (Trifolium 

repens L)  with some flat weed species . 

The specific soil management history was no t recorded but the 

pas ture had been grazed by sheep for the past four to f ive years . There 

was no a ttemp t  made to conduc t a bo tanical analy s is o f  the parent cover 

because i t  was to be chemically killed later . 
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As a check of  the consistency o f  roo t  material in the top so il 

of individual turf blocks , predrilling checks were carried out in the 

following manne r .  Ovendried soil  cores were soaked in water , then 

broken up by hand and gently rubbed through an . 125mm apeture sieve 

until all soil was removed from the roo t s . These were then ovendried 

and wei ghed .  

O ther soil characteri s t ics were determined as l i st ed below : 

1 .  Field  capacity and soil dry bulk density . Fiel d  capac i ty is the 

moi sture content to which soil  in the field drains under gravity 

a f ter thorough wet t ing . In the laboratory an approximation of  

f ield  capacity was obtained by measuring the water content 

( g .water/ 100g of  ovendried soil)  o f  undis turbed soil  cores 

( 52mm diameter  and 33mm long) in equilib rium with  a tension of 

2 00 cm of water in a tens ion table apparatus and / o r  a pressure 

p late apparatus . Soil dry bulk densi ty was determined by direct 

mea surement s  o f  volume weigh t  after the test cores had been 

ovendried at 105°- 1 10°C for twenty four hours . 

2 .  Permanent wilt ing point . 

Permanent wil t ing point is reached when plant s  canno t ext ract 

water from soil quickly enough to replace that lost  by 

t ranspira tion . This was measured using test soil  cores enclosed 

and drained in  a pressure membrane apparatus at  15 a tmospheres 

for forty eigh t  hours . The water content at this point was 

taken as an e xpression of wil t ing point and expressed as 

g .  water/ lOOg of solid soil . 
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The ava ilable water cap aci ty o f  a soil is the maximum amount o f  

water the sample can s tore that i s  available to the p lant . This 

was determined by d i f ference between the f ield capacity and 

wil t ing point . Fi gure 1 is a graphical rep resentation o f  the 

ava ilable moisture calibration o f  the so i l  used in the b in 

experimen t s . 

4 .  Soil  porosity . 

The poro s i ty was determined using the fol l owing equation : 

D 
n = 100 - I d 

where n = porosity % 

D soil bulk dens ity (g/cm3) 

d particle densi ty = 2 . 6 7 g/ c c  

Gradwell  ( 108)  



Horizon Dep th 
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Ah , 0-8 

* 
Ah1 0-5 

cm 

refer-
ence 

Ah2 8-20 

TABLE 1 :  Mechanical propert ies o f  "Tokomaru" silt  loam soi l . 

Clay S i l t  Sand Bn Poro s i ty Field Wil t ing Available  

g/cm3 % capacity point water g 
g/water g/water (water)  
lOOg of  lOOg of  lOOg of  
solid solid solid 
soil  soil  soil 

2 3% 68 . 5% 8-9% 1 . 07 60 4 3 . 2  1 5 . 3  2 7 . 9  

* * * * * 
1 . 04 6 1  40 14 . 2 6 . 

2 2 %  6 9  % 8 .  7 %  

* = Experimental data . Otherwise , all data is  f rom Gradwell ( loc . ci t )  

Roo t  
g/ lOOg 
o f  
soli d  
soi l  

* 
1 . 4  

N 
a-
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Soil Type 

Tokomaru silt  loam ( Tuapaka farm 

Massey University) . 

Soil Growth : Central yellow grey earth . 

Parent : loess . 

Al titude o f  site : 7 0m 

Rainfall :  1 050mm 

Locat ion of site : 

Qid reference NZMS 1 

Slope a t  

poin t  of sampling 

Soil layer of interes t :  

N/ 149  I 1 14 300 

0° ( degrees ) 

top 5 cm ( sp rayed pas ture soil ) . 

2 7 .  



1 4 23 32 37 43 5 1  �{moi sture c ont ent 

Fig. 1 .  Soi l  moi sture cont ent and suc t i on curve of 

"Tokomaru silt loam " ( 0-50mm) . 
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2 . 2 . 1 . 2  Soil b in collec t ion procedures . 

Turf blocks were extracted from the field using twelve s teel 

b ins  measuring 1 . 80m long x . 66m wide x 0 . 2 0m deep . The turf extra c t ion 

me t hod and equipment were both developed by Baker ( 68) and are illust rated 

in figures 2 ,  3 and 4 .  

An e ffort was made to choose extraction sites a t  random.  

However ,  some selection o f  sites was undertaken as i t  was considered 

des irable to maintain a fairly even soil surface and also to seek 

homogeneous soil , in so far as this was reflected by an even vegetative 

cover . 

Undue machinery traffic was avoided during collection o f  tur f  

b locks a s  wheel compaction could have affec ted the initial soil condi t ion . 

(a ) Pos t collect ion prepara t ion o f  turf blocks . 

After collecting,  the t urf  blocks were numbered and trimmed 

at both ends . Loose mat erial was then removed from the ends and mol ten 

paraffin wax was applied to prevent moi s ture loss from these o therwise 

exposed vert ical soil faces . The tur f  b locks were then placed in s teel 

t rays (measuring 2 . 40m x . 9 lm x . 15m) which were housed under  four removable 

t ransparent rain canopies . A pilot s tudy of soil mois ture loss under these 

rain canopies compared with field conditions was reported by Baker ( 68 ) . 

He concluded guardingly from the data obtained in his l imited inve s t i gation 

that although the rain canopies appeared to have been e ffective in 

intercepting rainfall they had not materially a f fected evapo- t ranspiration . 

The resul t was that soi l  mois ture under the canopies had been reduced , 

s uggest ing that the soil in bins should behave in mos t  respec ts as i f  they 

were in rainless  condit ions in the f ield , at  least where mo isture supply 
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was not greatly a f fected by ground wate r from beneath . In this manner , 

during the predrilling pe rio d ,  each o f  the rain canop ies w&s consi de red 

to be a replicate wi thin which three tillage bins were randomly positione d .  

Prio r to drilling , water was intro duced to each o f  the trays 

to a p re determined depth fo r 12-24 hours to sa turate the soil , a fter 

which the water was drained from th e trays . Daily evapor&t ion loss 

from the soil bin surface unde r the rain canopies was estimated using 

the "bucket" method described in appendix 5 .  

Two days be fore drill ing , the t ur f  blocks were spraye d at the 

rate of 5 . 6 litre s  paraquat/ha . 

2 . 2 . 1 . 3 Experimental design . 

I .  Experiments 1 ,  2 and 3 :  

The comparison o f  interest was be tween the two coul. te r types . 

Supplemen tary comparisons wh ich we re con side red to be important  were 

be tween wet and dry post drilling soil re gimes ; lupin and wheat as examp le s  

o f  t a p  rooted and f ibrous rooted varieties ; and the me chan ical response 

of the soil in the vicinity of the grooves . 

Using the tillage bin techn ique describe d in sect ion 2 . 2 . 1 . 2 , 

ce rtain limitat ions were imposed in the experimental desi gns . 

we re that : 

These 

1 .  It was not po ssible to drill each plot (or  bin) in total isolat ion 

as mi ght be expected in a fie l d  expe riment . This was be cause 

o f  the need  to p rovide lead-in and run-out bins at e ither 

end o f  each treatmen t bin . Clearly it would have been 

imp ractical to p rovide sufficient lead-in and run-out bins 

to dril l each treatment  bin separately . 

Instead a line o f  3 t reatment bins (figure La ) were posit ione d 

end to end on the s upport bed . Pre ceding the first o f  these 
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b ins  \-las a lead-in bin and a run-out bin was placed a fter the 

last one . In effect , treatment bin No . 2  be came also the lead-

in bin for t reatment bin No . 3  and this , in turn , became the 

run-out bin for treatme nt b in No . 2 . This  physical limitat ion 

was no t fel t  to have se riously a ffe cted the validity of  

the experimen tal design , e xcept that it dictated to some extent 

the o�de r of  drilling . 

I t  wa� considered important to conduct the physical soil meas ure­

men ts immediately a fter the bins were drilled , in order to 

minimize any possible soil biological activity aro und the 

created grooves which might have arisen as a funct ion o f  

time and altered the physical cha rac terist ics of  the soil . 

I t  was impractical and une conomic to use a full bin as a sin gle 

plot fo r each treatment because of the number of bins thus 

require d ,  and the difficulties in phy s ical handling of a 

large number o f  bins in a reasonable time . 

With these limi tat ions in mind , the following expe rimental 

designs were use d .  Five separate expe riments were 

laid out and conducted simultaneously , with 12 bins . This 

arrangemen t was felt to have ut ilized the expensive bin facil ity 

to its maximum potential . 

The a'rangement of  each o f  the firs t  three expe riments (Experiments 

1 ,  2 and 3 ) , conducted in partly con trolled cl imatic condit ions was s imilar . 

Within each expe riment , the gene ral layout o f  the five separate sub-expe riments 

is illus t rated in fig ure 1 b  

The main comparisons we re between the two rows drilled wi th 

each coul ter in each bin wi th each species ( " Chisel" and "Triple Dis c" , 

Fig.1  b .  

c or t .  

A third drilled  row in each bin is labelled in figure1b as 

This row did not have seed sown in it  and became a separate 
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s ub-experiment fo r dest ruct ive meas urements o f  soil phys ical parame t e rs . 

Immediately a fter l;irilling , each bin was partitione d us ing a 

stee l p la t e  which was driven vert ically into the soil . Each hal f  o f  

the bin was maintaine d a t  one o f  two mois ture regimes which were also 

considered to be separate sub-experiments . The se were "low" (no furthe r 

moisture a dde d) and " a dequate" (wate r added as p recipitat ion from above 

to maintain the level close to the p re-drilling initial mo ist ure content ) .  

The se bins are labelled as "WET" an d "DRY" in figure 1 b .  

In this manne r ,  five sub-expe riments  were conducted in the 12  

bins as fol lows : 

A .  

B .  

c .  

D.  

E .  

A comparison o f  the physical response o f  soil to two coul ter 

types (one row in each o f  two bins ) . 

A comparison o f  wheat root responses in a low soil mo ist ure regime 

as a function o f  the two coulter types (two rows in each plot  

o r  ha l f  bin)  . 

A comparison o f  wheat root response s  in an "adequate" moisture 

regime as a funct ion o f  the two coul ter type s (two rows in 

each plot or half  bin) . 

A comparison o f  lup in root  responses in a "lm•l" moi sture regime 

as a funct ion of  the two coul ter type s (two rows in each hal f 

bin ) . 

A comparison o f  lup in roo t responses in an "adequate" moisture 

regime as a function of the two coul ter types ( two rows in 

each hal f  bin )  . 

In this manne r ,  with s ub-experiment A ,  each bin was consi de re d  

to b e  a p l o t  o f  one ful l row length . A full row length was used  be cause 

the de struct ive phys ical soil meas urements were conducted prior to the 

divis ion o f  the bin into two smaller plots with the steel plate . Thus 

expe riment A involved two t reatments wi th six rep licates . Each bin was 
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a plot and each pair o f  bin s  was a blo ck . The blocking o f  two p lo t s  

( and therefore two bins)  in the design o f  experiment  A was f e l t  t o  be 

des irable for the following reasons : 

1 .  

2 .  

The o rder of  randomizat ion use d  in this particular s ub-experiment 

necess itated a change o f  coul te r types for each 2-bin run .  

The two bins whi ch were to be blocke d  had been p �_ace d under 

the same rain canopy prior to positioning them on the testing 

rig . . 

In experiment B ,  each bin con taine d two p lots (viz . two coul ter 

type t reatments)  of hal f row length . Thus each bin became a block o f  

which the re we re s ix conta ining wheat in the " low" mo isture regime ( dry) . 

Simila rly , experiment C consis ted o f  s ix blocks each o f  two 

bins , each of  which contained half  row plots o f  wheat in the " adequate" 

mo i sture regime (wet) . Experiment D consisted o f  s ix blocks o f  bin s  each 

o f  which as in C contained half  row plots  of  lup in in the low moisture 

regime (dry) . 

Exper iment E consisted of  s ix blocks o f  bins as fo r D and C 

but ·in this case each con tained hal f row plots o f  lupin in the " adequate" 

mo ist ure conten t (wet ) . 

Bake r ( 6 8  ) ,  in his  expe riments involving plant emergence 

counts of direct  drilled barley and wheat , fe lt  that his experiment s  

had faile d t o  account for the apparen tly large variability amongs t p lo t s  

t reated alike be cause o f  t h e  small number o f  repl icates ( S )  used in his  

experimental des ign . As mos t  o f  his expe rimen ts compared  three  main 

treatments and the experiments describe d here in were to compare in many 

cases only two treatments , a larger number o f  replicates than had been 

used  by Bake r seeme d j usti fied in the present study to increase the sensit ivity 

o f  t reatment di fferences . This was a l l  the mo re so because the t rea tment 

compa risons to be made we re of unknown magnitude and variab ility , due 
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to the dearth o f  publishe d data on the subj ect . 

The s tandard error of the di f ference be tween two means decreases 

as S decreases and n increases ( Sd =�2) . 
It was there fo re felt that , even though no val id co rre lat ion 

coul d be made between the two studies o f  different s ubj ective s , any experi-

mental designs which utilized more than three rep licates was l ikely to be 

s tat ist ically mo re sat i s factory than that of Bak e r  (loc . cit . ) . 

The data obtained from the experimen ts des cribe d herein were 

interpreted us in g  a two-day analysis o f  varian ce (randomized complete 

block design )  . A computer programme was developed (which was similar to the 

"Teddybear Burro ugh" software packages for statistical purposes)  and used  

to  analyse the res ults . Listings o f  the computer p rogramme are given 

in appendix 1 1 . 

II . Experiment 4 :  

In expe riment 4 ,  2 4  boxes o f  "Tokomaru S i l t  Loam" ( see sect ion 

5 . 5 . 1 ) were randomly samp le d  and co llected from a Massey Unive rsity farm 

s ite . The boxes we re grouped in four . blocks of six boxe s each . One 

box in each block was ass igned to a drilling t reatment (one o f  the s ix 

groove shape s )  and two crops (wheat and lupin ) . Thus , two separate sub-

expe riments we re conducte d in each box ( fig . 1 c) .  

Re s ul ts obta ined were interp reted usin g  a two-way analysis 

o f  variance ( fo r  completely randomized block expe riments) . Treatmen t 

means we re then compared us ing Duncan ' s  range test . The computer programme 

developed for the analysis o f  the results is given in appendix 11 . 

Ill . The des i gn s  of  field expe riments 5 and 6 :  

The experimental designs  for expe riments 1 ,  2 ,  3 and 4 can be 

rega rded as facto rial experimen ts in wh ich two factors were involved 

( the treatments : trip le disc  and chisel coulters fo rm one factor and 

the blo cks fo rm another factor) . 

The experimental designs fo r the field experiments  5 and 6 ,  
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howeve r,  we re conven tional factorial expe riments involvin g two different 

t reatments , each wi th two different levels (coulter types : t riple disc 

and chisel coulte r ;  and soil condit ions : ro lled and unrolled) . 

The reasons fo r this des ign were to investigate the longer term 

in te ractions that soil condit ions and coul ter types may have had on crop s 

in fie l d  condi tions . 

Four t reatment combinations (or four t reatments)  were assigne d 

to a block . There were four blo cks for each crop (lupin and wheat ) .  

In this manner , two separate sub-experiments were conducte d simultaneous ly .  

One involved wheat and the other involve d lup in as the response variables .  

Ano ther response variable in clude d in the experiments was earthworm popula-

tion . The data was in terpre ted using a three-way analysis o f  variance , 

the computer programme for which is given in appendix 11 . 



Y i g . 2 . ( fr o m  B a k e r ( 6 8 ) ) T u r f  b l o c k  e xt ra c t i o n pro c e du r e s .  

Uppe r : T h e  turf c u t t er and t i l lage b i n a t ta c h e d .  

C e nt r e : Wa t e r ( u s e d  a s  a lu br i c an t ) d i s c h a r g i n g  from t h e  

t u r f  c u t t e r b la d e .  

Lowe r : C onne c t i on o f  a t i l l age b i n  t o  t h e  t u r f  c u t t er 

b la d e . 



E i g . ) . T u r f  b lo c k  e xtra c t i on pro c e du re s ( c o n t d ) .  

Upper : T h e  turf b l o c k  s l i d e s  i n  a s  e x trac t i on be g i n  

C en tre a A  t i l l a�e b i n  a t  fu l l  d e pth ( no t e  t h e  4 

l i f t i n g  r in g s ) - to be i s 0 la t e d  a t  b l o c k  e nd s .  

Lowe r a U p l i ft i ng a turf b l o c k . 



F i g . 4 . Tu r f  b l o c k  e xtra c t i on pro c e dure s ( c o n t d ) . 

Uppe r s Tr i mm i n� o f  b lo c k e n d s .  

C en tre : Wax i n� R ft e r  t h e  remova l o f  l o o s e  s o i l  from 

t h e  turf b lo c k  e n d s  w i th a w i re bru s h . 

Lowe r a P l a c e me n t  o f  a pre par e d  t i l lage b i n  i n t o  i t s  

tray , w i th t h e  ra i n  c an o py i n  t h e  ra i se d  po s i t i on . 



F i g . 5 . T h e  e xper i m enta l d e s i gn o f  1 2  b i n s  grou pe d 

i n t o  4 r e p l i ca t e s  o f  3 b i n s  e a c h , p l a c e d  u n d e r  

4 ra i n  cano p i e s . 



F ig . 6 . T h e  c h i s e l  c o u lter a s s em b ly . 

F i g . ? . Th e  tri p l e  d i s c c o u lter a s semb ly . 



2 . 2 . 2  Drilling of turf b locks 

2 . 2 . 2 . 1 Pre-drilling . 

35 . 

In preparat ion for dril l ing , three bins taken from beneath the 

rain canopies were p laced end to end on an eleva ted support bed 

des cribed by Baker ( loc . ci t ) . P receeding  the f irs t o f  these bins was a 

lead-in b in .  A "run-out" b in was also placed after the last t reatment b in . 

Thus , in this manner ,  all  f ive b ins f it ted snugly together forming a 

shallow continuous tillage b in .  Care was taken to ensure the continuity 

o f  the soil  surface . 

A tool carrier s traddled the b ins and was supported on t racks 

running parallel to the bins . Three pairs o f  trailing arms were p ivotally 

attached to the sha f t  of the moving rectangular gantry , on which the 

coulter assemblies were mo unted . The two coul ters used  in the s tudy were 

a commercially availabl e  triple disc  coul ter and an experimental ehisel 

coulter ( fi gure 6 and 7 ) . Brief descriptions o f  these coul ters are given 

in appendix 9 .  

Each coul ter was used with a p receeding s ingle 2 00mm d iameter 

vertical f la t  disc  to cut turf . Prior to drilling , the coulter 

assemblies were adj usted so tha t the base o f  this leading disc was level 

with the lowermo s t  portions of the following coulter bodies . All tests 

involved positive cont rol of depth using a pair o f  lOOmm diameter wheels 

which rested on the undisturbed  soil alongside the leading disc . 

2 . 2 . 2 . 2 Drilling operations . 

At the s tart o f  a dri l l ing run , the moving gantry was posi t ioned 

above the " lead in" b in where all final adj us tments ( i . e .  penetra t ion , 

operation depth , pit ch , seeder operat ion , pre-disc alignmen t )  were made 
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before the coulter entered the f i rs t  treatment b in at  a predetermined 

but adj us table operating speed . 

In this s tudy , an operating speed of 1m/mfu was chosen to allow 

observat ion of seed p lacement and to facilitate o ther measuring operations 

whi ch took place while  the coul ters were pas s ing  through the soil . 

At the end o f  run one , the coulters were left  res t ing  on a wooden 

track provided to gradually take the load as the coul ter left  the final 

experimental b in .  The coulter and the s eeder wheel were raised and the 

moving gantry was returned to the "lead-in" bin . 

To drill ano ther row , the coulter assembly was disconnected from 

i ts pair o f  trailing arms and reconnected to an identical adj acent pair 

150mrn across  the b in ,  and the process was repeated . 

The inter row spacing o f  1 50mrn was chosen to leave the outer 

rows (of the three rows per bin) 190mrn distant f rom the b in walls . This  

was fel t  to  be desirable to  avoid any possible influence from the narrow 

zone o f  disturbed so il alongsi de the edge o f  the b in Baker (loc . cit ) . 

Three rows per b in were drilled in this manner . No interrup tion 

or adj ustments were made to an operating coul ter  during a run unless for 

emergency purposes . After drillin g ,  the covering operat ion was undertaken 

using a section of bar harrow which had a scuffing action ( 6 8 ) . Each b in 

was then returned to its predetermined position under its  respective rain 

canopy fo r s ampl ing and harves t .  

2 . 3 . 3  Field experiments 

Two field e xperiments were laid out during Autumn-Winter 1 9 7 7  

and Spring/Summer 1 9 7 8  seasons o n  the "Tokomaru" s il t  loam locat•:d o n  the 
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Universi ty No . 4 Dairy Unit . Each was a factorial e xperiment with four 

randomised complete blocks involving two soil bulk dens i t ies , two c rops 

( l upin and wheat ) and the two coul ters . Detailed descript ions of 

each experiment are given in sect ions 3 . 7  and 3 . 8 .  



2 . 3  MEASUREMENTS 
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Al l physical measurements were made either at the t ime of , or 

immediately after the p as sage of the drill coul ters through the soil . 

2 . 3 . 1  Soil Bulk density 

Soil bulk density is the most  widely accep ted measure o f  

compaction . Within a given soil , the bulk densi ty p rovides a meastire 

of the packing cond i t ion of solid s  but does no t yield any informat ion 

about the arrangement of soil particles . However , i f  the specific gravi ty 

of the soil grains i s  known , then the bulk dens i ty value can also be used 

to derive a measure of poro s i ty or void ratio (n% = 100 - J ) .  
2 . 3 . 1 . 1  Core samp l ing method . 

The principal di fficul ty in determining soil bulk density is the 

measurement of volume o ccupied by the so l ids . Various methods ha�·e been 

sugges ted and used . ( 109 , 1 10 , 1 1 1 )  However ,  each method appeared to be  

appl icable to a specific si tuat ion and/or  a certain obj ec t ive . 

A p i ston-type drive core sampler wi th the following dimensions 

was used to determine soil bulk dens ity and soil  moisture content in 

these experiments prior to drilling . The same device was used for sampling 

from undis turbed soil between the rows a fter drilling . 

Core dimensions . 

Diameter 

Length o f  core 

Wall  thickness 

To tal volume 

o f  core 

= 52mm 

3 3mm 

4mm 

70cm3 



40 . 

2 . 3 . 1 . 2  Small core sampler . 

Willardson and Taylor ( 1 12 )  reported that small d iameter samples 

were as good as , or b e t ter  than large d iame ter samples and that the 

var iance associated with the smaller cores was low enough for mos t  uses . 

Thus , a small pis ton-type drive co re s ampler was designed to enable core 

samples to be  taken from the ac tual grooves left  after the pass ing o f  

d ri l l  coul ters . A p ilo t t rial testing the reliability o f  this instrument 

compared with the l arger instrument described previously showed good 

res ults . Comparing bulk densi ty and soil mois ture content obtained us ing 

bo th samplers there were no s i gnificant dif ferences (p = 0 . 05 )  between 

twenty pairs of samples tested . 

Co re dimensions : 

Diameter 

Length o f  core 

Wal l  thickness  

Volume o f  core 

2 . 3 . 1 . 3  Procedures . 

= l lmm 

1 3mm 

1mm 

1 . 2 35cm3 

Core samples were taken randomly from the undis turbed soil  

b etween the  rows in  each b in after the passing of the drill  coulters . 

Soil moisture content and soil bulk density were determined 

gravime t rically from each sample . Five small core samples were taken 

from the base of the grooves in each b in to determine pos t-dril:ting soil 

bulk densi ty in that region . Extreme care was taken to minimize any 

compaction that could have arisen as the 9vnpl er was being driven s teadily 

and gently down into the soil . 
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2 . 3 . 2  Mechanical resistance of soil 

2 . 3 . 2 . 1 Description o f  the measuring equipmen t . 

Soil s t rength i s  usually exp ressed as a parameter o f  soil 

res is tance which must be overcome to cause physical deforma t ion of a body 

o f  soi l ,  and is normal ly assessed by penetrometer tests . 

The penet ra ting elements  are generally e ither circular or 

rectangular flat plates or cone shaped t ips . The methods o f  advancing 

the penet rometer into the soil are either s tatic ( 1 1 3- 1 16 )  or impact 

me thods . ( 1 1 7 )  

The lack o f  s tandardisation o f  pene trometers has caused 

diff icul ties in the interp retation of data ob tained from d ifferent 

penet rome ter  models . This has resulted in the development of various 

types o f  penet rome ters , needle ( 1 1 3 ,  1 18 ) , cylindrical t ips  ( 1 14- l .L S )  and 

vane ( 1 16 )  each suited to the experimenter ' s  needs and experimental 

conditions . 

The mul tipoint penetrometer used in these experiments  was first 

developed by Baker ( loc . ci t )  and reported by Dixon ( loc . ci t ) . I t  was 

modified by the author for this s tudy . 

Twenty square ended s teel cyl indrical probes o f  9 0mm length and 

1mm d iameter are mounted 10mm apart on a crossbar attached to an adj us table 

frame in such a way that each probe can be clamped individually . In this 

manner ,  individual probes can be  adj us ted in heigh t  to conform to the 

irregularit ies of a so il s urface before being clamped and pushed into the 

soil profile . The p robes can be inserted into the soil in one of three 

positions ; horizontally , ver tically and perpendicular to the groove wall . 
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Once in the desired position , two symmetrically spaced pairs 

o f  p robes are locked by thumbscrews . In this way , five separate readings 

are able to be ob tained for one position o f  the inst rument .  Each reading 

becomes the average o f  four probes . By positioning symme trically paired 

probes ,  it is assumed that a uni fo rm distribution of force on the mount in ) 

bar will resul t .  Even i f  complete symmet ry o f  force is not always 

achieved variat ions are usually only minor and have not greatly affected 

the function o f  the ins trument .  Should an occas ional s tone b e  encountered 

by a solitary p robe , the resul tant imbalance is easily detected and that 

reading discontinued . 

Penetration o f  the p robes is facilitated by a threaded telescopic 

sha f t  o f  1 2 . 7mm diameter driven by a hand held , electric motor a t  2 0mm 

per minute . A nominal dep th of penetration of lOmm was arb i t rarily chosen 

and an induct ive d isplacement t ransducer ,  a ttached across the diameter of 

a proving rin g ,  reco rded the deflec t ion o f  the ring as a function o f  soil 

resis tance to the p robes . 

The feed-in mechanism is rigidly a ttached to a c ircular p late 

which can be  angled in relation to  a similar backing plate ( fig .  8 ) . 

The latter pla te is i tself adj us table for both height and lateral pos i tion 

on a frame which s t raddles the t illage bin and is  clamped onto the runner: 

on either side , for rigidity . In this manner ,  the resis tance to 

penetrat ion o f  the p robes with depth was recorded in any o r  all of three 

positions . For example , the base and side wall positions in the grooves 

could be p robed either vertically or normal to their s urfac e . Vertical 

insertions recording res is tance acro s s  the pro file of a formed d i rect  

drilled groove were also made . ( fig . 9 )  Indications o f  zones of 
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compac t ion and of smearing interfaces were therefore determined by 

comparison with penet rometer readings of the undis turbed so il  between 

the groove s . 
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Fig. 8. The multipoint penet romet er. 
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2 . 3 . 2 . 2  Procedures . 

Measurements  were taken at a randomly pos itioned s i te in a drilled 

but unseeded groove . Because the sampling is des tructive a special 

area was reserved for these phys ical measurements . For comparative 

purposes one set of f ive measurements of the original soil  s trength was 

also taken for each b in . At all s tages , care was taken to avoid excessive 

dis turbance to the soil surrounding the grooves . Once the probe was 

p laced in position , the displacement transducer  was connected through a 

converter to  a chart recorder . Force being recorded as a function of 

dep th .  Typical curves drawn o n  the chart recorder are given i n  fig . 1 1 .  

The curves are presented here because they are not presented in this 

form in the Results  sect ion . Rather the area under each curve was measured 

as an indicator of mean force . Calib ra tion was ach ieved using a dead 

load tes t . Interpre tation o f  data was achieved by the use of the 

calibration curve given in appendix 6 .  

Five readings were taken for each posit ion excep t the measurements  

o f  penetrat ion across the groove , this latter  test  was des igned to detect 

the extent of localised compac ted soil layers on either s ide of the 

grooves . In this measurement probes were posi tioned symmetrically 50mm, 

4 0mm ,  30mm, 20mm, and 10mm from the cent re o f  the groove . 
c ' o 

Figure 9 :  Sampling of the mul tipoint pene trome t er . 

A :  a t  the base o f  the groove 

B :  no rmal to the groove wall 

C,  D :  across the groove a t  posi tions equidistan � from the 

centreline . 
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1 st readi nd· 

1<'-------------· -- ---- --------

2nd readi n,' 
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jrd reading 

4th read i ng 

Si d ewal l po sit ion 

/� 
1 st reading 

3 rd  reading 

4th reading 
·--- ---------- -1-L---------- -- . 

5th read i ng 
� -- - - ­/__ 5th reading 

l.lepth of penet rat io n ( 0-1 0mm ) 

Fig. 1 1 . Typic al  so i  1 s t r ength curves obt ai ned wi th the mult i po i nt­

p enet romet er apparatus ( t ri p l e  di sc cou l t er ) . 
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2 . 3 . 3  The instantaneous zone o f  influence 

No attemp ts were made to measure the pore water s t ress or the 

e ffective s tress which was responsible fo r comp ac t ion in this inves tigation . 

Rather ,  a technique was deve loped based on the behaviour o f  soil under 

load , to monitor the ins tantaneous zone o f  influence at both side.s of the 

direct drilled groove c reated by the pass ing coulter . Stress and s tress 

p ropagation developed by the passing coul ter was expected to be t ransmitted 

through the soil a t  the poin t s  o f  contact b e tween adj acent particles . These 

forces could be  expected to comprise both normal and tangent ial component s 

at each point of contac t .  Measurements in this s tudy were however 

res t ric ted to the normal components , to facilitate ease of measurement . 

2 . 3 . 3 . 1 Descript ion of the equipmen t .  

As an indica to r  o f  the ins tantaneous zone o f  influence in the 

horizontal p lane perpendicular to the direction of travel of drill coul ters , 

soil s t ress measurements  were taken . Pressure sensing tubes were 

cons tructed using a rubber sens ing d iaphra�in the end of a brass tube . 

The surface diaphra� ( figs .  12  and 1 3 )  represents a plane on which 

the s t ress vector acts . The device was no t designed to measure shearing 

s tresses and responds only to the normal component of the s t ress vec tor . 

The b rass tube wi th its  rubber d iaphra�held in place by a wire rin g ,  

is filled with water which a c t s  a s  the p ressure t ransmit t ing l iquid . 

To eliminate ent rapped air in the tub e ,  bleed valves are p rovided on a 

detachable threaded end boss . A syringe is  used to inj ect  water into the 

tube through one valve whi l e  the whole pressure tube assembly is  

submerged vertically underwa ter and air  is allowed to discharge from the 

other valve . 
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A miniature s train gauge pressure t ransducer ,  measuring 6mm in 

diame ter  and 7mm long ( fig . 1 3 ) , is sealed within the detachable end boss . 

By this means , internal pressure is relayed to a recorde r .  This design 

was used in preference to  direct  placement of the transducer within the 

soil to lessen the extent of damage to the expens ive transducer uni ts 

in the event of contact  with a coulter travelling through the soi l .  

2 . 3 . 3 . 2  Pro cedures . 

Each pressure tube was inserted careful ly into the test soil 

through holes drilled in the s teel tillage b ins p rior to the passage of 

coul ters . Two holding magnets and clamps ( f ig . 1 2 )  located each p ressure 

t ube  in contact with the soil surface at the end of the hole , but also 

al lowed for mechanical release in the event of excessive horizontal 

deformation of soil and occas ional vert ical contact with some coul ters . 

Each hole was drilled a predetermined distance into the so il . 

In thi s  way the rubber diaphra was located at  a pre-selected dis tance 

from the centre of the anticipated coul ter path . With the tillage b in 

and tool test ing apparatus used the coul ter path was known in ad,•ance , 

so that the d iaphra�mwas ab le to be  lo cated laterally with a tolerance of 

+ 5mm. Where vert ical holes were used to insert  tubes from beneath a 

t illage b in , the tolerance margin was increased because coul ter dep th ,  

although controlled b y  dep th wheels t ravelling on the soil surface , was 

influenced by minor contour changes o f  the undis turbed soil sample and 

could not therefore be anticipated wi th the same accuracy . 
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S i x  ( 1 7 . 5mm�) holes ( four through the sidewall and two through 

the base of each s teel b in) were drilled p rior to filling the b ins with 

turf b locks from the field . Once filled with the turf blocks , smal l  

diameter pilot holes were drilled through the soil from the holes i n  the 

walls  and base of the s teel b in .  These holes were then enl arged to 

accommodate the pressure tube  devices . ( figure 1 4 )  

Jus t  p rior t o  drilling , a p ressure tube was inserted and 

s ecurely held by its  magnet ic c lamps . ( figure 12 ) . After the pass ing 

o f  each coul ter ( during which time cont inuous reco rding o f  s tress was 

made ) , the same p rocedure was repeated for the next reading . In this way , 

the number of  sensing devices required was reduced . This p rocedure could 

even be used to ob tain several readings in a single row by s topping the 

coul ter  t ravel and moving the sensing tube to another position ahead , in 

sequential s teps . The signals from the p ressure tube were amplified through 

a microvol tmeter and traced on a char t  recorder . 



A 

pressure sensi ng tube 

B 

end e l evat ions 

Fig. 1 4o A:the posit ion of the pressure s ensing tube in the 
groove c reat ed by the t riple di sc coult er . 

B : th e  position of the pressure sensing tub e  i n  the 
groove c reat ed by the chi s el coult er. 

5 2  
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2 . 3 . 4  The assessment o f  macros tructural changes by visual me thods 

2 . 3 . 4 . 1  Materials and Methods . 

The aerial componen ts o f  herbage and organic debris which are 

le f t  after the pass ing of a drill coul ter we�e carefully removed prior to 

the introduction of liquid air  to the surface of drilled grooves and also 

into the grooves . Small quan t i t ies o f  liquid air (SOmls ) were repeatedly 

int roduced in the above manner un til fro s ts appeared , indicating the soil 

was adequately frozen and there fore rigid enough to be  excavated . Frozen 

soil blocks were then isolated from the surrounding soil by a sharp kni fe 

and s calpel and were marked to indicate the ir orientation in relation to 

the drilled grooves . They were wrapped in plastic  bags for pro tection and 

kept in a vacuum flask for transportat ion to the labora tory . 

S t udy o f  the soil samples in the laboratory was by one of the 

two following me thods : 

( a )  Thin sectioning 

( b )  Electron microscopy 

a .  Thin sectionin g .  

Frozen s o i l  blocks were trimmed to a rec tangular shap e  having 

the app roximate dimensions o f  3cm3 . Thes e  were t rans ferred to a drying 

room at 2 7°C and left  to air dry for 72  hours . After drying , the blocks 

were carefully t rans f erred to a vacuum impregnation apparatus ( fi g .  15b ) . 

This consisted o f  a glass cyl inder ,  connected by means o f  a three-way 

cock to a water j e t  vacuum pump which provided a negative pressure o f  

1 5-20mm Hg . 
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An air-tigh t  packing flange , onto which could be  fitted various glass 

cups for the imp regnation p rocess , was in contact with the lower end o f  

the cylind e r .  

Impregnating. 

The impregnation resin , which was a mixture by volume of 8 

* 
parts o f  Epo f ix" resin and 1 part o f  "Epofix" hardening liquid was 

passed into a disposab le cup and mixed by s t irring with a disposable 

spatula . The soil specimen was placed on a piece of cardboard and 

affixed to the cup wall one third of the dis tance from i t s  top . The cup 

was then filled to j us t  beneath the cardboard with "Epof ix" mixture and 

placed on the packing flange . Figure 15a illus tra tes the arrangement 

at  this s tage . 

Cardboard 

disposable 
cup 

packing  flange --'--"----=--: 
__ _:::;.---

glass cylinder 
----

---

Figure 15a : The arrangemen t of a soil specimen in the 

glass cup . 

* Manufactured by S t ruers , Denmark . 

( Specifica t ions given in Appendix 1 0 ) . 



Fig. 1 5b . The impregnation apparatus. Impregnat ed soi l  samples were 

mount ed on wooden pegs on the l eft hand . 



r 
- � 

(-

� 
I 

• 
(/} 
(!) 

rl 

� (/} 
rl 
·rl 0 (/} 

� 
· rl  s:: 0 ·rl .p 0 (!) (/} 
s:: 

·rl � .p 
H 0 c.... 
� 
(/} 

� 
0 � ·rl '"d 
(!) tl 

• 0 l1"'\ 
..-

• Qo 
· rl rr.. 



5 7 . 

Any air t rapped in the cylinder and soil specimen was removed 

by evacuation o f  the impregnation apparatus whi ch had been closed and 

sealed . The specimen , which was then under vacuum was t ipped into the 

disposable cup so that i t  was completely immeq;;ed in "Epofix" , by 

gently tilting the whol e  apparatus to one s ide . 

With s ubsequent introduction o f  air through a three-way cock , 

res in was forced into all open cavities . The specimen became impregnated 

and was removed f rom the "Epof ix" after forty seconds . The specimen , a t  

that s tage s ti l l  wet ,  was then glued onto a 2 5mm x 2 5mm x 80mm piece o f  

wood and lef t  t o  a i r  dry for 72  hours . 

Sectioning. 

Full st rength hardened soil  specimens were s l iced using a 

80mm diameter diamond saw , operating a t  4000 rpm .  ( f i g . 1 5 c ) 

Three soil slices of 2mm thickness , lOmm apart were cut for each 

of the chosen specimens . Wi th the use of the diamond saw ,  s lice 

thicknesses of  1 to Smm were poss ible , but a 2mm slice was preferred for 

examining with standard photographic techniques . 

b .  Elec tron microscopy . 

Small  soil  samples o f  3mm3 were e ither taken directly from the 

dire c t  dri l led  grooves us ing s calpels , or from frozen samples us ing the 

method described above . The cube  samples were placed in labellE�d container 

depic ting their orientation and posi t ions in the grooves and kep t  in a 

des> iccato r .  Prio r  t o  coating with gold each 3mm3 sample was fractured . 

Extreme care was exercised while choosing a smoo ther surface o f  the sub 

sample  and while moun t ing  i f  on a s tub , artificially loosened particles 
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were removed while  naturally loose particles were retained where possible . 

F o u;· s uch sub samples were mounted on one stub and marked before being 

examined  under an elec tron s canr..:ll'l-� microscope . 



59 . 

2 . 3 . 5  Draft Measurements 

In this s tudy attempts  were made to compare the dra f t  forces 

developed by two direct drilling coulter designs . The two designs 

contrasted in their actions within the soil . Because o f  thi� direct 

measurements were felt to be  important as support data for the direc t 

measurements of soil parame ters described earlier . The two coulters 

chosen were the comme rc ially available triple disc  coul ter Koronka 

( loc . ci t )  and an e xperimental chisel coul ter Baker ( loc . ci t ) . A brief 

description o f  these coulters l S  given in appendix 9 .  

2 . 3 . 5 . 1 Draft force measurement apparatus . 

The draft  measuring inst rumentat ion was designed to be at tached 

to the sligh tly modified tool testing apparatus developed by Baker ( loc . cit  

The basic  tool test ing apparatus consis ted of an  inverted stirrup shaped 

moving gantry which s traddled a series of t illage b ins on a raised support 

bed . The special facil ities provided on the gantry for draught force 

measurement in this s tudy are described below : 

A horizontal rectangular sub frame is mounted beneath the upper 

horizontal member of the gantry . The method o f  mounting uses four p airs 

o f  sealed roller bearings placed above and below the machined faces of 

both ends of the sub frame so that the ent ire frame can move horizontally 

fore and aft with minimal frictional drag ( fig . 16 ) . A vert ical 

rectangular f rame with three pairs o f  trailing parallel arms ( for 

coul ter attachment )  is pivotally a t tached to the end o f  the horizontal 

rectangular frame . I t  can b e  angled 20° either s ide o f  the vertical 

pos i t ion by two threaded adj us tment shafts  whi ch complete the triangular 

mo un ting . 
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At the t ra iling end o f  the horizontal sub frame , moun t ings are 

provided on both sides for insertion of a standard s train gauge load 

* 
transducer . A screw adj us tment block is interchangeable with this 

load cell and is used at  the other end for alignment purposes and fo r 

pre-loading to ensure good contact between the sub frame and load 

trans ducer .  

When meas uring draught force , the pair of trailing arms whi ch 

are at tached to the centre of the vertical sub frame ( fi g .  1 7 )  are 

usually used in preference to e i ther of the two t railing arms alongside , 

to avo id the necessity for corrective calculations due to the lack o f  

symme try . 

Vertical components of draught were considered to be isolated by 

the use o f  parallel trailing arms which were adj us ted to be horizontal 

when a drill coul ter was in operat ion , and by the roller bearing mounting 

of the horizontal frame . 

Signals received from the t rans ducer are amplified and fed to a 

chart  recorde r .  The speed o f  chart paper was set at  0 . 18 X the speed 

of the tes ting rig .  The mean draught i s  calculated f rom the area bounded 

by the reco rded curve and any two convenient ordinates . The calibration 

curve was obtained by dead load tests  and is shown in appendix 6 .  

* 
Kyowa model LU1 TE 
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2 . 3 . 5 . 2  Procedure s . 

Draft mea suremen ts were t aken at the same t ime as the apparatus 

was being used to dril l seeds into the soil b ins . Penetration o f  

individual coulters (which was controlled by dep th wheel at  35mm) was 

provided by weights loaded on top of the coulter assembly ( fi g .  1 8 ) . 

Variations in depth due to the unevenl'1e,_•, o f  the soil  s urface on which the 

depth wheels t rave lled were unavoidable but  were considered to b e  only 

of minor significance . Measurements  indica ted that depth varied between 

35 to 40mm. 

A very slow forward speed of 1m/minwith the tool tes t ing apparatus 

was chosen to permit observat ion o f  seed placement and to facilitate the 

various measuring operations which took place while the coulters were 

pas s ing  t hrough the b in . Greater speeds coul d be e xpected to al ter the 

dynamic propert ie s  of the individual coul ters but such speeds would also 

have been expected to intro duce soil inertia as another variable . While  

consi de rat ion o f  this variable is understandably important , accurate 

measurements  of i ts extent or influence was beyond the scope of this study . 

2 . 3 . 6 Asses smen t of the zone o f  d is turbance at the soil s urface . 

To gain some understanding o f  the extent o f  the disturbed zone 

at the soil surface within the bins during the pas s ing of any one coul ter , 

a simple displacement ins t rument was developed . ( fig . 1 9 )  The apparatus 

consists of  a 9 0mm long cylindical probe  o f  1 . 5mm diameter which is 

inserted 50mm deep into the soil a t  a p reselected distance from the 

anticipated path of coulters . An uns t retchable thread , which was also 

insensit ive to humidity , was at tached to the top o f  the p robe and was 

passed over a 40mm diameter pulley . The free end of the thread was 
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attached to the moveable magnetic core o f  a displacement transducer . 

Ho rizontal displacement o f  the probe ( through soil displacement )  caused 

displacement of the core , thus induc ing an electrical signal which was 

fed through a converter to a chart recorder . By placing probes at  

predetermined distances f rom the antic ipated centreline of  the drilled 

groove , the extent o f  so il disturbance could be observed . 

Resul t s  ob tained by this me thod were not considered to be 

quantitative as only the horizontal component of disturbance of  the 

needles was measured . They were however o f  value as indications of  the 

magnitude of the dis turbed zones at the surface of the so il in the b in .  

Interpretat ion of  this data was subj ect  to the sensi t ivity of  the 

ins trument ,  which was no t high , but the technique was useful in seeing 

i f ,  for example , the influence of  one coul ter had extended beyond the mid 

point of  the in ter-row space . 



F i g . 1 8 . Th e  vert i c a l  penetra t i o n f o r c e  o bt a i n e d  by 

d e a d  l oa d . 



F i g . 1 9 . T h e  i n s t rumen t a t i on for mon i toring t h e  z on e  o f  

i n f lu e n c e  around c o u l t e r  ( A ) an d  t h e  d i sturban c e  

z on e  on t h e  so i l  surfac e , ( B ) th e  prob e , ( C ) t h e  

transduce r . 



3 .  THE RESPONSE OF PLANTS AND ROOTS TO CHANGES IN SOIL 

PHYSICAL CONDITIONS AT SEED LEVEL 

3 . 1 INTRODUCTION AND REVIEW . 

66 . 

Although the literature reveals  s tudies of the e ffec ts  on roo t 

growth o f  each maj or physical property of soil in isolation , less 

impor tance seems to have been given to the interdependence and 

in tera c t ive nature of these properties . A survey o f  9 3  reports in the 

literature s ince 1 9 6 0 ,  on the sub j e c t  of  the e f fects on root  growth of 

soil bulk dens i ty , soil strength , mechanical impedance and l iquid and 

gas s tatus , has shown that in approximate�30 papers the emphasis was on 

the effects  o f  bulk density on root growth ; 40  papers on soil s trength 

or mechanical impedance ; 8 papers on so il  pore spaces or pore size  

distribution , and 1 5  papers on liquid and gas  s tatus . 

In 60 English language papers , dealing with all  aspec ts o f  direc t 

drilling s ince 1960 , mos t  of  the work appears to have originated in U . K . , 

particularly during the period of 1 9 70- 19 7 6 . Other countries , for 

example U . S . A . , Netherlands , Germany and New Zealand , have also made 

subs tantial contribut ions . 

A summary o f  the inter-rela tionship of soil roots  is given in 

the flow diagra�hown in Fig . 2 0  which was comp iled from a review o f  

9 1  reported s tudies , 6 3  o f  which were i n  part concerned wi th direct 

drilling . 

Apart from the genetic charac ter of the plant , soil factors such 

as moisture , temperature , aeration and soil s t rength cons iderably 

influence roo t  growth . Cams ( 1 2 5 )  reported that insufficient  anchorage 
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frequen t ly resulted from mechanical impedance to root  growth . Roo ts 

were also found fla ttened or growing in a dis torted manner when they 

encountered severe restraints .  

Under extreme cond i tions the roo t might grow in a small pocke t 

unt il that was f illed , with the result  that the roots became severely 

dis torted . Branching of roo ts  was also less when they encountered 

impedance and the roots were of ten thick and shortened . ( 12 6 )  

In dire c t  drillin g ,  the early growth o f  cereal roo ts was reported 

to be usually res t ricted in their dis tribut ion down the soil profile . 

( 1 2 7 )  Apparently larger p roportions o f  the root  sys tem than under 

normal cult iva t ion were in the surface laye r ,  but the total weight of 

the roo t sys tems was l i t tl e  affected . 
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3 .  1 .  1 The e ffects o f  soil bulk dens i ty on roo t  growth . 

Bulk dens i ty and pore space are the mos t  common indices o f  soil 

comp ac tion . Numerous research reports have shown that where an 

increasing soil bulk density was associated with a decreasing porosity 

a decrease in roo t growth usually resul ted . ( 7 , 8 , 9 )  However , roo ts  

of different species have shown varying abilities to penetrate soil of  

different  bulk densi ties ( 12 8 )  and d if ferent types o f  c lays . ( 7 , 1 1 , 4 )  

Roots  o f  "common plants"  were found impeded in soil o f  bulk density 

1 . 9  g/cm3 ( 13 1 ) and could no t penetrate a silty clay o f  1 . 5  g/cm3 ( 1 3 1 , 1 3 2 :  

Al though there do . no t appear to have b een reports in the 

li terature relating to l upin and whea t crops specifically in their 

responses to soil mechanical impedance and soil bulk densi ty ,  r eports 

on the e ffects of  soil compac tion with o ther species may have some 

relevance and are therefore reviewed . 

Phillips and Kirkham ( 9 )  no ted that the r a t e  o f  c o rn seedling 

root e longation was decreased with increased bulk density and with 

decreased dep th of pene tration . The rate o f  elongation was found to 

decrease l inearly as bulk densi ty o f  clay increased from 0 . 94 g/cm3 to 

1 . 30 g/ cm3 . B ranching of tomato roots  was found to have been res tricted 

to the top 2 5mm in po ts of soil compac ted to a bulk density of 1 . 7  g/ cm3 

while they extended to the 100 to 150mm layer when the bulk densi ty 

was 1 . 40 g/cm3 • ( 1 34 ) Maximum rice seedl ing roo t growth and 

penetrat ion o ccurred when soil bulk density was 1 . 6  g/cm3 . A subsequent 

increase in bulk dens ity above this level decreased root  growth . ( 1 35)  

These authors al so introduced an index called penetration pressure . 

The c ri tical value of this index , whi ch equated wi th 1 . 6  g/cm3 bulk 
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dens ity , was 36  Kg/cm3 . 

Compacted zones in t he furrow bottom af ter mouldboard ploughing 

have been found to impede root penetration in many crops ( 1 36 , 1 3 7 ) , 

but roo ts were able to pene trate the furrow bottom o f  a f ine sandy loam 

i f  the bulk dens i ty was less than 1 . 76 g/cm3 . ( 1 38) 

Uncultivated soi l  was reported to b e  denser and firmer than 

cul tivated soi l . ( 6 6 , 3 3) The overall compac t ion caused by natural 

or mechanical sources may have been greater with uncult ivated soil but 

it has also been pointed out tha t channels lef t  by dead , decaying roo ts 

and by ear thwo rms may have facil itated root elongation . ( 6 5 )  Goss 

and Drew ( 139 ) suggested also tha t even when roots  were impeded , 

absorp tion o f  nutrients and shoot growth may not have been a ffec ted . 

In the direct  drilling  s ituat ion smearing o f  groove walls , 

incomplete groove closure  and water logging had been no ticed with a 

triple  disc coul ter . ( 6 6 )  Wilkinson ( 2 7 )  also suggested that an 

induced smear and compac tion of the groove sides , particularly after 

drilling into soil of  plas tic cons i s tency , may have increased surface 

compaction which affec ted the bulk density and mechanical s trength 

of the soil  at the interface . However ,  no corresponding root growth 

results  were reported in ei ther of the latter s tudies . 

Baker ( 68 )  and Dixon ( 10 3 )  sugges ted tha t localised compaction 

at the bottom of the groove , whi ch was created by some direct drill 

coul ters may have affected root  growth but again no quantitative data 

was given to support the i r  observat ions . 
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3 .  1 .  2 The e ffects o f  mechanical so il strength on root growth . 

Extensive work has b een undertaken to inves tigate the e f fects  

o f  increased soil strength on root growth and development .  From the 

experimental data reported , it is apparent that several d i fferent 

approaches have been adop ted in search of an understanding of mt:!chanical 

impedance as it  affects root explorat ion . 

Pfeffer in 1893  ( 128)  was probably the first to s tudy the maximum 

pressure that a growing root  could exert on the soil  and reported  that 

this was in the range of 5 - 1 2  bars . 

Eavis et  al . ( 2 3 )  found average axial root growth pressures 

of cotton ( Gossypium hirsutum L . )  and p ea (Pisum satorium L . )  were 1 1  

and 12 bars respect ively . They also reported that roo t  growth pressure 

was influenced by ambient oxygen concen trations . 

The above results were repor tedly ob tained in an a tmosphere 

of 2 1% oxygen and at - 1 / 3  bar matric po tential . Roo t  growth p ressures 

of peas were s imilar at 8% and 3% oxygen but the 3% oxygen level reduced 

the roo t  growth p ressure of cotton to 5 bars . 

An unbonded s train guage force  transducer was used to measure 

cotton , pea and peanut roo t growth forces ( 35 ) . I t  was found that roo t  

growth pressure averaged 9 . 4 ,  1 3 . 0  and 1 1 . 5  bars respec tively , but 

the val ue s  varied widely within each varie ty . Thes e  f indings confirmed 

earl ier f indings o f  Taylor and Gardner ( 128)  who also reported that 

the roo t  p enetrating ability of legume roo ts was not s ignificantly greater 

than tho se o f  non legumes . 
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As a means o f  assessing resistance to root  p enet ra tion the 

pressure experienced by a penetrating probe could not be considered 

as equivalent to  that experienced by the actual growing root  according 

to Barley et al . ( 12 3 ) . Even i f  the p robe was made to resemble the roo t  

shape , other  characteris tics could no t be s imulated , because o f  

( 1 )  The capac ity of the root apex to deform in response 

to external p ressures . 

( 2 )  The ability of the root  to curve round obs tacles . 

( 3 ) The lub ricating e f fects  o f  the roo t  cap . 

Greacen ( 14 )  reported that Eavis had suggested that the growth 

force was less than � of the force opposed to a fine cylindrical metal 

probe in a weak soil and les s  than 1 / 8  of that opposed to the probe 

in s t rong soils . Barley and Greacen ( 12 3 )  described how est ima tions of 

the mechanical resistance mus t be  based on a type of deformation produced 

by the plant root  and this would determine both the soil properties to 

be measured and methods of measurement .  

Nevertheless ,  the mechanical impedance in soil has usually been 

characterised by the results of penetrometer s tudies . 

Taylor and Gardner ( loc . ci t )  measured the s trength o f  the soil 

surface by a force-g�ge s tatic pene trometer , and reported that no 

roots  pene trated core samples of soil strength greater than 30 bars . 

Taylor e t  al . ( 1 16 )  also found that no cotton roots  penet rated 

a " Samarillo" soil ( si l ty loam) with soil s trength greater than 2 5  bars 

as measured with a force gauge s tatic penet rometer . Their further work 

on the relationship between soil strength and co tton root penetration 

" 
through soil materials with dif ferent textures confirmed previous findingE 
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and claimed t ha t  root  penet rat ion was reduced dras tically a s  soil 

s t rength increased to 2 5  bars . There was no root  penetration when 

the so il  s t rength was greater than 25 bars , regardless of soil type . 

Carp e t  al . ( 1 3) gave a critical value of soil s t rength o f  2 2  bars , 

above which no cot ton roo t pene tra tion was expected . 

Other groups o f  researchers believed that an understanding of 

a minimum applied pressure which may have reduced root extension was of 

more importance . However ,  maj or diff icul ties arose because an increase 

in the s t rength of soil ( compac tion) was fel t likely not only to alter 

its mechan ical resis tance to roo t  pene tration , but it was also o f ten 

associated with an altered solid-liquid phase in the soil s t ructure . 

Gill and Miller ( 9 9 )  claimed that an applied  soil s tress o f  

5 x 106 dynes / cm2 was necessary t o  retard roo t elongation . 

Barley ( 2 1 , 140)  app l ied s tress to elongating roots  by using 

a f lexibl e  membrane and found that a s tress of  4 to 5 x 106 dynes/cm2 

was necessary to retard roo t growth . He furthe r suggested tha t this 

finding did agree with the proposition that cellulose expansion o f  

roo t exerted a p ressure o f  1/ 10 o f  imbib i t ional press ure . 

Barley ( 142 ) , and Barley , Farrell  and Greacen ( 140)  again 

found tha t  a s tress of  6 x 105 dynes / cm2 caused retardment of root 

expansion . In further experimen ts of Barley and Greacen . (l L 3)  

they indica t ed that the mature roo t  o f  maize , when undergoing cellulose 

expansion , was capable of exerting a maximum pressure of 5- 10 x 106 

dynes / cm2 • 

Goss  and Drew ( 1 39 )  s t udied the effects o f  mechanical impedance 

on the growth o f  seedlings , and found that when germinating roots  and 
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shoo ts  had to  exert very small p ressures , their rate o f  elongation 

was slowed down . 

Ano ther group of researchers investigated the capability of roo ts 

to decrease their diameter in order to penet rate pores which could no t 

be readily expanded but were o f  smaller cross-sectional areas than the 

roo t s . The work of Wiersum ( 20 ) , Auber tin and Kardos ( 16 5 )  S co t t ­

Rus sel l ,  Cannell and Gos s  ( 4 5 )  all provided a clear negative answer to 

this p roblem .  The latter autho rs claimed that roo ts were incapable 

of decreasing their d iameters to enter pores narrower than themselves 

and instead sugges ted that the rate of extension of roo ts was much 

reduced if they had to res i s t  a small p ressure to expand the pores . A 

presence o f  0 . 2  bar was apparently suf ficient to reduce the elongation 

by 50% . 

The mechanical res is tance of dire c t  drilling soil between rows was 

repor ted to b e  five fold greater than similar cul tivated so il . This 

could help explain roo t  growth data ob tained by Ellis and Elliot ( 6 5 )  

as they found t ha t  the elongation o f  seminal roo ts was s lower af ter 

direct drilling than a f ter conventional cul tivation . 

Perhaps the mos t  helpful guide to roo t penetration as affected 

by soil condi tions was given by Eavis et  al . ( loc . ci t ) who completed 

the following table . 



TABLE 2 :  Values of probe pressure at which roo t e longat ion ceased . 

Eavis e t  al . (loc . ci t )  

Plant Soil Soil suct ion Soil dens i ty Soil pressure Reference 
Texture (bar ) ( g/ cm3) (bars)  (number in  the 

b ib liographies ) 

Corn Clay . 0 1-0 . 1 0 .  9- 1 .  3 8 35 

Cotton Fine sandy 0 . 2-0 . 7  1 . 55 - 1 . 85 34 1 14 
loam 

Pea and loam 0 . 3-0 . 7  1 . 5- 1 .  7 36 140 

Wheat loam 0 . 3-0 . 7  1 .  5- 1 . 7  36 140  

Pea Sandy 0 . 05-0 . 2  1 . 1- 1 . 7  33  141  
loam 

Corn 18  142  

Corn and 
loam 0 . 1 5-8 . 6  1 .  0- 1 . 8  50 143  

Soya bean 

Cot ton loam 25 144 I ........ 
V1 
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The effects on roo t growth of the interactions amongst 

soil moisture, soil compac tion and soil  s t rength . 

"Given that other soil physical fac tors are favourable when 

soil is compressed , the to tal pore volume is reduced" .  This s tatement 

( 1 14 )  was par ticularly true with pores the d iameters o f  which were 

comparab le to the root axes . Thus , this author concluded that an 

inverse relationship between bulk density and the ease with which roo t 

p enetration coul d o ccur in any one soil was to be  expec ted . S imilarly 

as a soil  was compacte d ,  resistance to pene trometers and res trict ion o f  

roots could both increase in a related manner .  

Barley and Greacen ( 140)  s tressed the importance o f  soil  water 

poten tial in determining the abi l i ty o f  roo ts to penetrate compac ted 

soil . However , recent f indings by Greacen and Oh ( 14 6 )  sugges ted that 

this aspec t may have been important only when the po tential was low . 

Reduction in the pe rcentage o f  air f illed pores when water 

content of soil was high may have resulted in lack o f  oxygen and the 

accumulat ion of toxic sub s tances ( including ethylene) which may ' have 

had detrimental effects on root growth . ( 1 4 5 )  

Hopkin and Patrick ( 16 1 )  found that compaction and oxygen 

content interac ted in their effects on root penetra tion . At the highest 

compac t ion levels , or at the lowes t oxygen content , they found that 

l ittle or no penetration occurred . 

Crossett  et  al . ( 16 4 )  reported tha t ,  the rate o f  roo t  extension 

of a number of species was markedly reduced also by concentrations o f  

ethylene o f  less than 1ppm i n  soil air . However , they specula ted that 

ethylene at these concen trat ions may not have reproduced all the symp toms 

o f  water loggin g ,  such as inj ury to s hoots . 
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3 .  1 .  4 The e f fects  o f  d irect drill ing on crop yield . 

There have been repo rts inves tiga ting yields p roduced by 

dire c t  drilled c rops and mo re convent ional cul tivation techniques . 

However , the yield results o f  direct drilled crops were not consis tent 

and varied from superior ( 154 , 1 5 5 )  to equal or less than ( 156 ) , compared 

to o ther conventional techniques . 

Davies e t  al . ( 158)  made a review on reduced cul tivation and 

dire c t  drilling in U . K .  and s uggested that yields varied with soil 

and weather condit ions but also wi th agronomic experience wi th the newer 

techniques and poor perfo rmance of drills . 

To support this view he fur ther reported that after 1 9 70 the 

mean yield o f  direct drilled winter wheat was 7% higher than eatlier 

experiments . A similar 7 %  increase had also been found with winter­

spring  barley . 

Other researchers went further to suggest that dire c t  drilling 

may have required more nitrogen fertiliser to reach their maximum 

yiel d . ( 14 7 )  Howeve r the rate of mineralisation o f  nitrogen could 

be slower after drilling and that the nitrogen requirement of d irect 

drilled c rops may have been less a fter several years . ( 14 8 )  This 

highlighted the need for further research in to this field . Little 

research , however was repor ted comparing yields produced by seedbeds 

prepa red by different coulter  shap e treatments . 



3 . 2  EXPERIMENTAL METHODS USED IN  ROOT S TUDIES 

78 . 

Extract ion of samples for roo t s tudies from both field and bin 

soils used shovels , spades , sharp knives and p inboards . A pinboard 

was cons tructed of 5mm thick Per;pex measuring 200mm x 300mm with 

pinholes in a square pat tern 10mm apart .  ( Fig . 2 1 ) Use o f  the p inboard 

technique was found to be o f  limited value because i t  p roved difficult 

to retain the f ine roo t  sys tem of young seedlings 3 to 5 weeks of age . 

When sampling , care was taken to avoid dis turbance of adj acent 

seedlings . Samples were soaked in gently flowing water for 24  hours , 

a fter which , the remaining soil was separated from the roots  by a 

hand held fine low pressure j et o f  water . 

Care was taken to minimise the loss  o f  fine roo t  materi al 

during washing . 

3 .  2 .  1 Laboratory tillage bin experiments . 

Twelve turf b locks were drilled wi th lup�n and whea t  s eeds and 

placed under four rain canopies . ( Fi g .  5 )  Each turf block was then 

parti tioned by driving a 2mm thick s teel wall into the soil . This 

effectively isolated the two halves of the b in fo r d i f ferent soil  

water treatmen ts (wet and dry regimes ) .  

The whea t crop was harvested at  two intervals ( 3  and 7 weeks ) 

in experiments 1 and 2 while the lupin c rop was harvested only a t  the 

end of week 3 .  Lupin harves ts were ceased a t  this t ime because o f  the 

pos s ib i l ity o f  root elongat ion being impeded by the s teel base of the 

b in a f ter this t ime . 



Fi g. 21 . Ex:t rac t i o n  of s amp l es for root studies wi th pers 1 ex pinbo ards . 
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In experiment 3 ,  both crops were harves ted a t  the end of  the 

third wee k .  

Due t o  the limited number of emerged seedlings i n  some 

t reatments (an eventual i ty which was no t foreseen) only two or three 

seedlings per experimental plot were taken at each samp l ing for measuremen 1 

o f  root dry weigh t  and o ther parameters . I t  would have been desi rabl e  to 

be able to harve s t  a greater number of plants in these s ituations and 

the resul t s  reported should therefore be interpreted wi th some caution . 

The sequence o f  roo t related measurements is given in table 3 .  

TABLE 3 :  The Sequence of roo t related 

measurements . 

Whea t  Lupin 

Experiment 1 Roo t  dry weight Root  dry weight 

(3  and 7 weeks ) and penet ration . 

( 3  weeks ) 

Experiment 2 Roo t  dry weight Roo t  d ry weight 

(3 and 7 weeks ) and penetration . 

( 3  weeks ) 

Experiment 3 Root  d ry weight Root  dry weight , 

( 1  , 2 , 3 weeks ) root penetration , 

height o f  aerial 

portion o f  seedling� 

seedling s tem 

diameter . 

( 1  , 2 , 3 weeks ) 



3 . 2 . 2  Box experiments ( e xperiment No . 4 )  

8 1 . 

In the box experiment ,  lupin roots  reached the base of the 

experimental boxes (measuring 450mm long x 300m wide x 100mm deep) 

quickly . This is shown in figure 6 3 .  

Acco rdingly , one measurement only o f  root dry weight  for each 

crop was made . This  was on day 7 after sowin g .  

3 . 2 . 3 Field expe riments (experiments 5 and 6)  

The following measurements were undertaken during the two 

fiel d experiments which involved all seasons o f  the year . 

( 1 ) Root dry weight ; at  the end of 5 weeks 

( e xperiment 5 ,  Autumn-Winter) . 

( 2 )  Roo t  dry weight ; a t  the end o f  3 ,  5 and 7 weeks 

(experiment 6 ) . 

( 3) Seedling populat ion ; at  10  days and 15  days 

( e xperiment 6 )  

three s eparate meter lengths o f  plant roo ts were 

randomly sampled by countin g ,  and the resul ts pooled . 

( 4 )  Earthworm populat ions a t  1 4  and 35 days 

( expe riment 6 )  

Soil samp les measuring 140mm x 120mm x 120mm, were 

taken in areas which were bisected by the drilled rows 

in each plot . These soil blocks were broken open and 

the number of earthworms counted . 



3 . 3  Seedl ing eme rgence . 

8la . 

Seedling emergence counts we re taken for the field experimen ts 

(experimen ts 5 and 6) an d we re used  as complementary data to the studies 

of root growth . 

No at tempts  we re made to de termine germinat ion per se ; nor 

to co rre late seedlin g  emergence and germination counts  wit h seedling roo t 

growth data ; or to examine the e ffects o f  soil parameters on seedlin g  

emergence and ge rminat ion . These studies have been adequately reported 

e lsewhere by other work ers (56 , 85 ) . 

It  was howeve r fel t  that measuremen ts of early seedlin g  establish­

men t  in the field coul d be of some value when considerin g  the whole plant 

es tabl ishmen t p ro cess . 

Counts  o f  see dling eme rgence were the refore taken in experiments 

5 and 6 at  dif ferent in tervals during the plan t growth cyc l e . Three 

separate met re lengths o f  row per treatment were randomly samp led for these 

counts . 



4 .  THE INFLUENCE OF SOIL FAUNA IN DIRECT DRILLED SOIL . 

4 . 1 Review . 

82 . 

The effects o f  earthworm populations in direct drilled so il  

have only been investigated recently . Earthworms o ften had a 

b eneficial influence in soil s t ructure by improving aeration and 

produc ing stabl e  aggregates . ( 149 ) They brought considerable quantity 

o f  s ubsoil to the surface and took down decaying organic mat ter into 

soil . Moreover , they created channels which favoured roo t  elongation 

and helped to improve drain age . ( 150 , 15 1 , 152  and 1 5 3 )  However , 

the problems o f  i dentifying a number o f  useful species o f  soil animals 

and minimising soil pes ts was one of complexi ty . In dis turbed soils 

these animals may have included earthworms , insects , spiders , milipedes , 

woodlice , mites , springtails and s imilar insects . ( 15 2 )  Springgett  

( 152 ) indica t ed that surface feeder earthwo rms (Lubricus terres ti s ) , 

in cont ras t to s ubsurface feeders ( Allolobophora caliginosa) , fed by 

dragging the t rash from the surface down into their burrows , making 

many deep vertical tunnels .  

Edwards ( 1 34 ) reported that the to tal earthworm population 

was g reater in d i rect  drilled plots than in ploughed plots . These 

were between two and five t imes more surface feeder earthwo rm in 

dire c t  drilled plots than in ploughed  plo t s . 



S . i  OBJECTIVES AND RESULTS OF INDIVIDUAL EXPERIMENTS 

4 . 1 GENERAL OBJECTIVES . 

8 3. 

The techniques used in the experiments  can b e  grouped in two 

main categories : ( a )  laborato ry and (b ) field experiments . 

(a )  Laboratory experiments . 

Experiments  conducted in the laborato ry utilised two dif ferent 

soil containe rs ; t illage b ins and smaller boxes . 

- Tillage b ins (expe riments 1 ,  2 and 3 ) . 

Some selected soil p roperties ,  such as bulk densi ty , so il 

s t rength and soil  press ure were measured during and a f ter  the passage 

of direct drilling coul ters under partially controlled conditions in 

o rder to iden t i fy the soil and/or seedbed properties thought mos t  l ikely 

to e f fect roo t growth in a direct drilling s i tuation . At the same t ime 

the development o f  root systems o f  selec ted plant  species were measured .  

C lose observat ion was made o f  the pattern o f  soil reactions to the 

passage of coul ters of different designs . 

Box e xperiment ( experiment 4 ) . 

These smaller "undis turbed" b locks o f  soil were used to 

investigate the e f fects  on roo t growth o f  a larger number of seed groove 

exposure and smearing t reatments , than was possible wi th the larger b ins . 

The latte r ,  however , was cons idered to be  mo re accurate as they 

represented larger samples of turf . 

(b)  Field expe riments . ( experiments 5 and 6 )  

The obj ectives o f  the two f ield
. 

experimen ts were 

/ 



( 1 ) To investigate the effects on root  growth o f  

soil bulk dens ity and dif ferent seed drill 

coulter designs . 

( 2 )  To investigate the extent to which any 

differences in soil bulk density and root  

development at , or  soon after sowing persis ted 

thro ughout the product ive l i fe o f  selected 

plant spe cies . 

84 . 



5 . 2  

5 .  2 . 1 

EXPERIMENT 1 • 

Objec t ives . 

85 . 

The obj ectives of this experiment were to gain an unders tanding 

of the different e ffects  that a commerc ially available t riple disc  coulter 

and an experimental chisel coulter had on some selected soil physical 

proper t ies in the soil microenvironment at  seed level . The changes in 

soil conditions in turn might be expected to affect roo t elongat ion 

and root growth . The physi cal factors measured were those  arising 

from ( a )  permanent so il deflection ; whi ch were soil bulk densi ty 

( co re sampling) and soil s trength (pene t rome ter) , and ( b )  ins tantaneous 

soi l  deflection ; whi ch was soil pressure ( p ressure sens ing tubes ) .  

In additio� the draught force ( load cel l )  o f  each coul ter was measured .  

Twelve "undis turbed" so il b ins o f  ini t ial soil bulk density 

1 . 00g / cm3 were dried to an average soil mois ture potential o f  0 . 5  bar 

which corresponded to a soil  moisture content o f  2 3% ww . In order that 

the d i fferent e f fe c ts o f  soil drying after drilling , compared with 

remaining moist  througho ut the experiment ,  could be measured , each soil 

was partitioned after drilling , by a s teel wall at  the mid point . One 

end o f  the b in was kep t  at the mois ture content at which i t  was drilled 

throughout the experimental period (wet regime )  and the o ther end was 

left  to air  dry ( dry regime ) . 

I t  was felt tha t  the effect  on root growth o f  any localised 

smearing within the groove , could be  dependent upon whether o r  no t 

the smear dried or s t ayed mois t .  This too might interact with the 

coulter  design acco rding to the abil ity of the latter to p rotect  the 

smear from drying in the firs t place . 



86 . 

Lupin ( L .  angus t ifoliu s ) , as an example o f  a tap roo ted system ,  

and wheat  (Karamu) whi ch exhibits  a fibrous roo t  sys tem , were sown 

for comparison . S amples from each were taken a t  the end o f  the third 

week and later from wheat  at the end of seven weeks . 

5 . 2 . 2  Resul t s  and Discus s ion.  

( a )  Bulk density (permanent deforma tion ) . 

Resul t s  Table 4 l is t s  the s o i l  bulk dens ity data before dri l l in g ,  and 

at the base of the groove after  drillin g ,  as affected by coul ter design . 

Detailed data are also given in appendix 1. 

TABLE 4 :  The effec ts o f  dri l l  coul ter designs on soil 

bulk density a t  the base of direct drilled groove . 

Triple Disc Chisel S tatis t i cal 
Coul ter Coulter Significance 

of differences 

Soil mois ture content 2 5 %  2 3% NS 

at  drilling w/w 

Soil bulk dens ity 

before drilling 1 . 00 1 .  00 NS 

g/ cm3 

Soil bulk density 

a f ter drilling 1 .  18  l .  07  * *  

g/cm3 

* *  p 0 . 0 1 
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DISCUSSION : 

From a common s tarting poin t , there appeared to be a c learly , 

and s ignificantly greater increase in bulk density p roduced by the 

t riple disc coul ter at the base o f  the groove than was produced by the 

chisel coul ter . While the absolute increase created by the triple disc  

coulter  was only 1 1 % ,  this  mus t be viewed again s t  an acceptable upp er 

bulk density  limit o f  1 . 4  to 1 . 5  g/ cm3 ( o r  in this instan ce an increase 

of 40  to 50%) , above whi ch roo t  growth could be  expected to be 

retarded . ( s ee experiment 3 )  



88 . 

( b )  Soil S t rength (permanent deformation ) . 

Result s  Soil s t rength data at  the bases and s idewalls o f  the groove , 

are given in table 5 .  De tailed data are given in appendix z· .  

TABLE 5 :  The e f fects o f drill coulter  des igns 

on soil s t rength around the groove . 

Triple Disc Chisel Statistical 
Coulter Coulter s ign i fi c ance 

of differences 

Original soil 

s t rength (N)  0 . 37 2  0 . 35 3  NS 

Soil s t rength at the 

base o f  the groove 0 . 6 37  0 . 2 7 9  * *  

(N )  

Dif ference from 

o ri ginal soil +4 1 . 6% ** -20 . 9%* 

s t rength 

Soil s trength at the 

s i dewall o f  the 0 . 4 09 0 . 146  ** 

groove (N)  

Dif ference from 

original soil +9 % * -5 8 . 6%** 

s t rength 

* s igni fican t  at  P = 0 . 0 1  

** significant at P 0 . 05 
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DISCUSSION : 

The data s ugge s t  that the t riple disc coul ter increased soil 

s t rength , at  both the base and walls of the groove whi le the chisel 

coul ter decreased i t .  Visual appraisal confirmed that soil was 

pulverised and dis turbed at both sidewalls o f  the chisel coul ter created 

grooves which con t rasted with the triple disc coul ter where the sidewalls  

appeared to  be  consolidated . 

Measurement s  o f  soil s t rength on e ither s ide of the groove were 

also taken in an a t tempt to locate any pos s ible local ised compacted soil 

layers that may have been created at the soil surface due to the dynamic 

action o f  the passing coul ters . These data are presented in Tabl e  6 

and figure 22 . In addition figure 2 3  is included here to illus trate 

the variability between replicates for these t rends . 



TABLE 6 :  

Dis tance away 

from groove 

center (mm) 

Triple disc 

coulter 

Comparison with 

so il  s t rength 

be fore drilling 

Chisel Coul ter 

Comparison with 

soil s t rength 

befo re drilling 

9 0 .  

The e ffects o f  different coulter 

designs on so il s t rength on ei ther 

s ide of the groove . 

1S 2S 3S 4 S  s s  

Penetration force (N)  

• 372  . 4S6 . 4 79 . 48S . S 1S 

+ . 084 + . 107  + . 1 1 3  + . 1 4 3  

. 156 . 190 . 2S 1  . 260 . 2 79 

- . 1 9 7  - .  1 6 3  - . 102  - . 09 3  - . 0 74 
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t ripl e di sc (upper ) and ahisel coul t ers. 

Each curve repres ent s one rep l i c at e .  
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DISCUSS ION : 

From Table 6 the data suggests  that soil was shat tere d  and decom-

pacted on both side s o f  the groove created by the chisel coul t e r .  This 

shat tering e f fect was more visible neare r to the soil/ coulter  interface 

where soil was no ticeably loose and fluffy . In con tras t ,  the t riple 

dis c coul ter p roduced a groove where the soil adj acent to the groove was 

less dis rup ted an d o f  greater dens ity than the soil befo re drillin g .  

A greater p roportion o f  kine t ic energy o f  the passing trip le disc coul ter 

appeared thus to have been expended in conso lidating  soil around i t  than 

was the case with ch isel coul te r .  On the other hand , more energy in 

heaving and burs t ing appea rs to have been expended by the chisel coul te r .  

The triple disc coul ter appeared t o  have its greatest comp� ing e ffect 

55  mm from the groove centre , which is also the dis tan ce at  which the chisel 

coul ter pro duced its least pulveriza t ion . Surprisingly , the triple 

disc coul ter  appeare d to have its leas t compact ing in fluence at the closest 

measuring site ( 15 mm) , although this was re fle cted by the chisel coul ter 

which had its  greates t pulverizing e ffe ct at the zone . 

It  is reasonable to view pulverizing as roughly the re cipro cal 

of compactin g ,  and in this respe c t  the patterns o f  in fluence of both coulte rs 

is not unalike . The curves for both coul ters also appeared to plateau 

be tween the ext remes . 

A complete unde rstanding o f  the soil dynamics alongside each 

cou l ter  path wo ul d require a s t udy of d i f ferent orientat ion and a background 

of soil dynamics . The absolute dynamic val ues o f  the parame ters measured 

in the p resent study were no t cons idered to be of sufficient importance 

to j us t i fy such a change d app roach to the study . Rather , the comparat ive 

data obtaine d we re cons idered to be o f  direct relevance to the agronomic 

implicat ions of the drilling t e chn ique s  use d .  Accordingly this s tudy 

has ut ilized only the comparat ive data and no impo rtance should be placed  



on the absolute figure s  o f  membrane p ressure or coul ter loading from a 

soil phys ical viewpoint . 

93a . 
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( c) Soil pressure ( ins tantaneous deformation ) . 

Res ul t s  Resul ts o f  measurements of the maximum ins t an taneous zone o f  

influence a t  the base o f  the grooves are given in Table 7 .  

In this and the sidewall  measurements repo rted later ,  no attemp t 

is made to infer that the values given for s tress normal to the sens ing 

membranes are meaningful in any o the r con text than as s trictly 

comparative values . 

TABLE 7 :  

Dis tance from the 

cent re of the 

groove 

DIS CUSSION : 

The effects o f  coul ter designs 

on maximum soil p ressure at  the 

base of the drilled groove . (kPa) 

Triple disc Chisel 

Coul ter Coulter 

30mm no t measuredt 

SOmm 1 16 

t mal function o f  equipment 

35 

2 7  

Not unexpectedly , the chisel coulter  appeared to exert less 

pressure than the triple disc on the base o f  the groove . Al though 

these data were no t s tatis t ically analysed they appeared to confirm 

the permanent deformat ion ( i . e .  bulk density ) resul ts given in Table 4 .  
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What was perhaps unexpected was the magnitude o f  the di ffe rence 

between the two co ul ters . At 50 mm from t he coul te rs the chisel 

coun ter produced approximately one quarter of  the p ressure p ro duced 

by the t riple disc coulter . This four- fol d  differen ce is difficul t  

t o  explain a s  forces req uired for the two coul ters differed only 

by two- fol d  (see Table 38) . • 
The res ult s o f  s idewall p ress ure measurements a�e given 

in Figure 24  and Table 8 .  

TABLE 8 :  The e ffects o f  coul ter des i gns on maximum soil p ress ure 

at the s i dewall o f  the drilled groove . (kPa) 

Dis tance from 

cent re of groove 

30 mm 

50 mm 

Trip le Di s c  

Co ul ter 

12 3 

69  

Chisel 

Coulter  

124 
t not meas ure d 

t mal funct ion of  e xpe rimental equipment 

The maximum s i dewall p ressures showed no diffe rence between 

the two coulte r des i gns , sugge s t in g  that the res ultant s  o f  &11  

soil  fo rces for  the two de signs we re largely , ve rtically downwards . 

Soi l  p ress ures in the ve rtical p lanes we re not compare d .  

I t  woul d be re asonable t o  expect the total ene rgy input 

to each co ul ter to be dissipated in a dif feren t manne r by each 

o f  the con tras ting coulte r shape s . In these cases the energy 

input was comp rise d  o f  the ve rtical pene t rat ion fo rce indire c t ly 



meas ured from the loading we i ghts  p lus the ho rizontal draught 

fu r� . Howeve r i t  i s  di ffi cult to explain by what means t he 

trip le dis c  coul te r exe rted four t ime s mo re soil  p ress ure than 

the chise l  coulter when the fo rme r require d  only twi ce the pene­

t ra t ion loading and app roximately 0 . 8  t imes the draft  fo rce . 

The p atterns o f  bui ld-up and de crease o f  ins t antaneous 

diaphragm p ress ures at  the base an d s i dewalls o f  the grooves are 

shown in f igure s 25 an d 24  respe ct ive ly .  

96 . 

Both the base and s i dewall  p re s sures  created by the pas s ing 

chisel  coulte r assembly were fi rs t de te cte d when the assembly 

was app ro ximate ly 100 mm away f rom the re co rding p o s i tion .  

The f i rs t  peak shown on both curve s fo r that coul ter assembly 

appeare d  to re co rd the leading dis c , the purpose o f  which was to 

cut t rash . The se cond peak appeare d  to be from the coulte r bo dy 

i t se l f . This l arge r peak ( as for the t riple disc ) was the value 

ext racte d for Tables 6 an d 7 .  Th is  peak commence d when the t ip 

o f  the coulte r bo dy was le ss  than 30 mm away from the re cording 

pos i tion , indicating that the re was an app re ciable zone of in fluence 

ahe ad o f  the co ulte r i ts e l f  even tho ugh there was a mo re extens ive 

zone ahe ad o f  the pre-dis c .  By comparison , the comp re ssive s t re sses 

p ropagate d by the pas s ing t riple disc  coul ter we re fi rs t  re co rde d 

when the assembly was 150 mm away from the re co rdin g pos i t ion . 

The firs t  peak appeare d  again , to r ise from the leading dis c an d 

the se cond peak arose from the doub le di sc coulte r  when i t  was 

50 mm away . 
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I t  would no t be reasonable to attemp t a complete explanation 

of these different e ffects as the collection o f  data relating to the 

forward p ropaga t ion of soil s t ress was no t one of the maj o r  obj ectives 

of this s tudy . Furthermore , the validity of such data , even if it had 

been avai lable ,  would be questionable as one coul ter  assembly was 

totally roll ing whi le the o ther was r igid with only a rol ling pre-dis c . 

Payne ( 1 2 0 )  s tudi ed the format ion o f  soil wedges ahead o f  rigid bodies 

and reasoned that shear failure surfaces exis ted , which passed along 

the s i de of the tool as well as the bo t tom of the tool . The vertical 

shear surfaces intersec ted each o ther as well as the bot tom curved 

surfaces . I f  such a wedge was created by the chisel coul ter i t  would be 

expected to have been p ushed fo rward and upward as the coul ter advanced . 

While this might account for the no ticeab le heaving effect  characteris tic 

of  this coulter  it  mus t be app rec iated that unlike the triple disc coul ter , 

the chisel coulter  was no t vertically symmetrical in design and thus the 

interac tion o f  the various soil forces which this lack of symmet ry is 

likely to have created is likely to have been quite comp lex.  

It  should also be  pointed out tha t  the studies o f  Payne 

( loc . ci t )  did not involve hetero geneous natural soils in which root  and 

organic mat te r  might have been impo rtant . In the direct drilling 

situat ion , the extent of disturbance created by the passing chisel coulter 

in part icular ( and other rigid coul ters in general ) might be  expec ted to 

be no t only dependent on t he geomet ry of the coulter but also on the 

abundance and s t rength of roo t and o rganic mat ter , the type of soil and 

i ts mois ture content . 
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There was no apparent heaving of soil with the triple disc 

coulter assemb ly and very l i t t le loo se soil was observed in its  grooves . 

In moi s t  soil s ,  in fac t ,  smearing a t  the soil coulter interface was 

observed in the groove . 

As the forward s t ress propagation o f  nei ther coul ter body 

appeared to pass ahead of their associated pre-disc s ,  ( the centres o f  

whi ch were located 50mm and lOOmm ahead o f  the chisel and double disc 

bod i es respect ively) , the first peaks can be  safely assumed to have 

rep resented the passing disc  in isola t ion . On the tes t ing apparatus 

used , the pre-disc assembly was in fac t common to bo th coul ter bodies . 

Thus , the only logical explanat ion o f  the difference in forward 

propaga tion of s tress from this common disc in the two s i tuations appears 

to arise from the dif ferent net vertical loadings on the dep th wheels 

which operated alongs ide the d isc . This would not be  unexpected , as 

the forces balance between the penetration resistance of any one 

coul t e r  assembly and the appl ied vertical load ing changes and readj ust s  

itself  constantly in a field s itua t ion . 

Even though care was taken in the measurement o f  pressure around 

the groove , some erro rs were found to be unavoidable . Apart from those 

discussed above , the sources o f  errors were thought to be  due to the 

difficulties experienced in accurately placing the pressure sensing 

tubes , the imperfect contact surface be tween the soil and the rubber  

membranes , the heterogena ty of the soil , and variation in  operating dep th 

of the coulter assemblies . 
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Occasional mal func t ions o f  the del icate measuring equipment 

were encoun tered when measurement s  were being  re corded while the coul ter 

passed through the two p redetermined measuring loca t ions within each b in .  

The readings o f  two locat ions we re abandoned when the coulters 

encountere d  small  stones or gravel . Such occurrences were difficul t to 

p redict due to the het e rogeneous nature of the undis turbed soil in the 

bin s .  On two occasions , press ure sensing t ube s were dest royed by the 

approaching coulter and on the othe r  occas ion the rubber diaphragm was 

overst ressed . 
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( d )  Draft  Force . 

Res ul t s  Dra f t  measurements were taken while the tested coul t ers 

t ravelled at an operating speed of 1m/m i� . Clearly because of the slow 

spee d ,  the absolut e values of draught reco rded are of comparative value 

only and have no d irec t relationship with f ield pract ice . The data 

are shown in Table 9 .  Mean dra f t  values were calculated from the 

comb ined areas of curves t raced for each run . Individual replicate 

runs for each coul ter are shown in appendix 3 .  

TABLE 9 :  

DISCUSSION : 

Draft 

Force (N)  

Draft  forces required by two drill 

coulter types in a silt  loam a t  2 3% ww 

moi s ture conten t . 

Chisel Coulter 

2094 ** 

** p 0 . 0 1  

Triple Disc 
Coul ter 

1684 

The data suggests  that s i gnificantly more force ( 2094 N) was 

needed for the chisel coul ter (which was decompac ting , breaking and 

pulverising a band of soi l )  than was required by the t riple disc  coulter 

( 16 84 N )  which appeared to be compac ting and smearing soil par ticles 

within a band containing the groove . 
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This data , to gether wi th the previously discussed data 

concerning the dissipat ion of forces exerted by the two coulters , 

suggests  that the energy required to heave , decompact and pulverise 

the soil (at least  to the extent that the chisel coulter achieved this ) 
was greater than the energy necessary �O r the triple disc  coul ter to 

bring about almos t the complete oppos ite ef fect ( i . e .  smearing and 

compaction ) . 



103 . 

( e ) Roo t  S t udies . 

Results  One sampling o f  the  lupin crop (at the end of week 3)  and 

two samplin gs o f  the whea t crop (at the end o f  week 3 and 7 )  

were taken . Resul t s  o f  roo t s t udies are presented in figure s 

2 6 , 2 7  and 2 8 .  

DISCUSSION : 

Figure 26  indicates that there we re no signi ficant di fference s 

in lupin roo t dry we ight per plant be tween coulter treatments 

in both soil mo isture regimes at the 5% leve l of probability . In 

the wet re gime the diffe rence was , howeve r ,  signi ficant at  the lower 

orde r  o f  probability p = 0 . 1 0 .  

In figure 2 7 ,  it is apparen t that no significan t diffe rences 

in the depth of lup in roots pene tration per plant were found between 

the coul ter in both mo ist ure regimes at p = 0 . 05 .  In the we t regime , 

howeve r ,  the diffe rence was significan t at  the lowe r orde r o f  

p robability p = 0 . 10 .  

Figure 2 8  shows no signi ficant di ffe rence s be tween the dry 

we ight per plant o f  wheat roo ts as a funct ion o f  coul ter type at 

bo th sampling dates . Penetrat ion o f  wheat roots  was not meas ure d 

fo r pract ical reasons . 

Howeve r ,  i t  is noteworthy that a gene ral vi sual appraisal 

suggested tha t the re had been a cons iderably greater eme rgence 

of bo th seedling specie s in all chise l coulter t rea tments than 

with the triple disc coul te r ,  parti cularly in the dry regime treatmen t s . 

I f  this observa tion was correct , it wo uld con firm the previously 

reported data of Bake r (68 )  and Cho udhary ( 95 ) . 

I t  is also notewo rthy tha t overall , roo t dry we ights fo r lupin 

and wheat  we re lowe r in the dry soil regimes than in the we tter  regimes . 

These diffe rences we re significan t (p = 0 . 05 )  in the fol lowin g situ-

a t ions , and we re also mirrore d  by lupin root length measuremen ts : 



"-' 
Q) 
w 
M 
::l 
0 "-' 
u Q) 

w 
u M 
rJJ ::l 

·.-I 0 
"Cl u 

Q) M w 

M Q) ..c 
0.. rJJ eo 

•.-I •.-I ·.-I 

"-' ..c Q) 

E--' u :3 

r - · ,7- - --1 :>-. 
... .L_.c�_-d __ _ _ __ 

-o 

w 
0 
0 
"-' 

c:: 
·.-1 
0.. 
::l 

M 

c:: 
0 

rJJ 
c:: 
eo 

-.-1 
Cl) 

Q) Q) s "Cl 
·.-I 
eo ,_. 
Q) Q) 
H w 

M 
:>-. ::l 
H 0 

p u 

eo 
c:: 

·.-I 
Cll M 

.!<l M 
Q) •.-I ( � O ' O=d ) G ' S ' 1 
Q) H 

:3 -o 

M w 
u 
Q) 
H 

Q) •.-I 

s "Cl 
·.-I 
eo 4-1 
Q) 0 
H 

Cll 
w w 

Q) u 

:3 Q) 
4-1 
4-1 
Q) 

Q) 
..c 
E--' 

"' 
N 

eo 
·.-I 
� 

8 2:  



• 

' 

� 
� I  'd 

E E' CO  0 
r-4 

......... 
.c:: +" 
tU. c 
(!) '()  r--1 

+" 0 0 0:: 
.::t 

N 

0 
1 1  

-

Qa. 
VI 
....1 

! 

�I 
. " "' ' � � i'?: 
Wet regime Dry regime 

3 Weeks 

V"'' 
0 

. 
0 11  A.. 

......... 
0 
(/'; 
>---1 

��I ·� T r i p l e  d i s c  
J cou l t e r  

Ch i s e l  

coul ter 

Fig . 27 . The effects of  d irec t drill ing coul ter desi gns on lup in root length 
. ' t-­

o 
V1 



i '  

.. 
/ / / 

// 

I· - ·  

/ /  
/ 

/ 

( � o · o=d ) 

' / ,/ •'/ // ,· 

/ / /' 
.· / / / 

a · s · 1 

/ / 
' ,/ 

/ 
,• 

I i 
/ / / 

/ / 
/ ' 

/ 

,... 
(\) 
� 
.--1 
::l 
0 ,... 
u (\) 

� 
u .--1 
C/J ::l 

·� 0 
"Cl u 

(\) .--1 
.--1 (\) 
0. C/J 

·� ·� 
,... ..c: E-< u 

1//,//i I 
I 

/ /  / / / / / / / / 
/ / 

/ / 

··;/, ./ // // ' / / ,' 
. / ' 

// ,/ ,/ // / 
/ 

/ / / ,/ / , '/ ////� 
( � o · o=d ) 

t([ 2 1  

a · s · 1 
� 

I 
i 

/ /////// //�' 
I 
I ---- l/?:-//�?//77 

I- -· � 
( S' 0 .  U=d ) Q .  S ' 'I 

0 1  8 9 
( �w )  + �� T oM �J P + O O H  

///� 

//// 

r.--- 'J 

� 
.r: 
or; 

·.-< 
(1) :::: 

� :>--
,... 

H "Cl C,!;) 
w � 
!X: 0 

0 
>< ,... 
!X: 
Q � 

Ul m 
:.G (\) 
w ..c: 
w :::: 
3: 

w c: 
::>:: r-- 0 
H 
C,!;) C/J 
w c: 
!X: or; 

·.-< 
E-< Ul 
w (\) 
3: "Cl 

,... 
(\) 
� 
.--1 
::l 
0 
u 

0[ 
c: 

·.-< 
.--1 � .--1 
·.-< 

H ,... 0 "0 � .u 
u 

� (\) 
,... 

Q Ul ·.-< 
:.G "Cl 
w 
w ....., 
3: 0 � M Ul 

H � 

� u 
Cl) 

....., 
....., 

E-< Cl) 
w 
3: Q) 

.r: 
E-o 

CO 
N 

0[ 
·rl 
� 



Lupin dry weight ( 3  weeks ) 

Whea t  dry weigh t ( 7  weeks ) 

Lupin roo t length ( 3  weeks)  

5 . 2 . 3  Brief summary o f  experiment 1 .  

107 . 

Even under the favourable climatic conditions under which this 

experiment was conduc ted (even in the dry regime ) , the two coulters 

r�s ulted  in con trast ing soil physi cal conditions at seed level . The 

mechanical impedance to roo t growth ( as indi cated by soil s trength 

measured with the multipoint penetrometer) and bulk density d i fferences 

created  by these coulters appeared to have af fected seedling emergence 

more than they affected per p lant root  growth . 



5 . 3  EXPERIMENT 2 .  

5 . 3 . 1 Objectives . 

108 . 

I t  was felt tha t  the resul ts ob tained f rom experiment 1 ,  as a 

means o f  charac teris ing the performance o f  the two chosen drill 

coul ters ( i . e .  triple disc  and chisel coul ter s )  us ing b ulk density and 

mechanical impedance as ind i ca tors needed further s tudy . Al though some 

st�J\.i fi c.;"�n.t differences in the physical parameters were o b.Pe wed the 

b iological data were i �onclusive . The second experiment 

was there fo re designed to examine the repeatab ility of the physical 

measurements and to a t tempt to highligh t  the changes in the soil 

macros t ructure as i t  affected seedling root growth . The same methods and 

equipment used in experiment 1 were app l ied , e xcept that in experiment 

2 ,  the soil mois ture was increased to an average o f  2 9 %  w/w which 

corresponded to 0 . 1 bar mat ric potential . 

All phys i cal measurements as in the p revious experiment were 

repeated . In addi t ion , any in-groove smearing effects , due to the 

wet ter  soils , were investiga ted using  thin sections and electron 

microscopi c  techniques . 

5 . 3 . 2  Result s  and Discussion . 

Results The e ffec t s  tha t  the contras ting drill coul ter designs had 

on soil bulk density , soi l  s t rength and soil p ressure are given in 

Tables 1 0 ,  1 1 ,  12 , 1 3  and 14 respectively and figures 29 and 30 . 

Detailed data are given in appendices 1 and 2 .  



TABLE 10 : 

Soil mois ture c ontent 

at  drilling % ww  

Soil bulk densi ty 

before drillin g  g/cc 

Soil bulk densi ty 

after drilling g/cc 

** p 

The effects of  direct drilling coulter designs  

on soil  density around the groove . 

Trip le Disc Chisel Coulter S tatistical 
Coul ter s i gnificance of 

d i fferences 

28 28 NS 

1 .  04 1 . 04 NS 

1 .  15  1 . 03  * *  

0 . 0 1  ....... 0 \0 



TABLE 1 1 :  The e ffects o f  d i rect  drilling  coulter des igns  

on  soil  s trength . 

Triple Dis c Chisel Coul ter S tatistical 
Coulter significance of 

dif ferences 

Original soil s t rength . 330 . 356 NS 

(N) 

Soil s trength at the 
. 42 7  . 342 * *  

base o f  the groove ( N )  

Difference a s  compared 

with original soil +29 . 4% - 3 . 9 %  

strength 
-

Soil s tren g th at the 
. 39 1 . 249 * *  

sidewall o f  the groove 

Difference as compared ,_. 
,_. 

with original soil + 18% - 30%  0 . 

s trength 

** p = 0 . 0 1  
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TABLE 1 2 : The e ffects of  direct  drilling 

coulter des igns on soil s t rength 

on eithe r s ide o f  the groove . 

Dis tance away from 

the groove centre (mm) 
1 5  2 5  3 5  4 5  5 5  

Penetration force (N)  

Triple Disc  coul ter . 42 7  . 4 7 3  . 4 38 . 35 7 . 374  

Comparison with 

the soil  s t rength + . 09 7  + . 1 4 3  + . 108 + . 02 7  + . 044  

before drilling 

Chisel Coulter . 199  . 26 3  . 333 . 308 . 32 7 

Comparison with 

the soil s t rength 
. 1 39 . 0 7 5  0 . 005 0 . 030 0 . 0 1 1  

before dri l l ing 
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25 35 45 55 
distanc e  away from c ent er o f  groove 

(mm) • 

5 

Fig. 29 . So i l  resi stanc e  at either sides of  the tripl e  di sc ( upp er ) 
and chi sel  coult er. 
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Figo 30 .Vari at ion of so i l  resi st anc e  at either sides of the 

triple disc (upper) and chi sel c oult ers . 
Each curve represent s one repl icat e .  



TABLE 1 3 :  

Dis tance from 

the centre of 

the groove 

TABLE 14 : 

Dis tance from 

the centre o f  

the groove 

1 14 .  

The effects of  direct drilling 

coul ter designs on maximum soil 

pressure a t  the base o f  the 

drilled groove ( kPa ) 

Triple Disc Chisel 
Coulter Coulter 

30mm 16 7 59  

50mm 124 3 1  

The effects o f  direc t drilling 

coulter designs on maximum soil  

pressure at  t he s idewalls o f  the 

groove (kPa ) 

Triple Disc Chisel 
Coulter Coulter 

30mm 96  64  

50mm 50  not measured 

t malfunc tion of equipment .  

t 
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DISCUSSION : 

All phys ical measurements ( i . e .  bulk density , soil s trength 

and soil pressure ) indicated a h igh level of consi s t ency when compared 

to experiment 1 ,  al though the magnitude of the differences was no t 

necessarily the same . For example , in the soil s trength data , al though 

the trends are iden tical to those of experiment 1 ,  in experiment 2 ,  

the t r iple disc coulter appeared to compac t  the groove base less  and 

the sidewalls more than p reviously recorded . The chisel coul ter appeared 

to decompac t bo th the base and s idewalls less  than previously . Mos t  

of these d i fferences were no t unexpected a s  the higher initial  soil 

moisture content could be  assumed to have increased the plas ticity of 

the soi l .  

With the ins tantaneous measurements ( i . e .  soil pressure) the 

greater soil plas ticity could also have accounted for the greater 

recordings as the coul ter passed by the sensors . This would also 

correspond to lower permanent readings than in experiment 1 when the 

more plas t ic soil had had t ime to recover and reach a new equil ibrium .  

A t  the groove sidewalls , an almos t opposite effect  appears to 

have taken place . The more p lastic  soil resul ted in less ins tantaneous 

transmis s ion of so�l pressure with both coul ters and a correspondingly 

greater  final soil s t reng th increase above the original soil at leas t 

with the triple disc coul ter ( i . e .  +18%  in experiment 2 ,  compared to 

+9% in experimen t 1 ) . 

The pattern with distance from the groove centre was also 

altered in experiment 2 .  Maximum compaction ( triple disc)  and minimum 

pulverisat ion ( chisel)  occurred in the 2 5  to 35mm zone but again was 

roughly c omparable in bo th ins tances . Both pat terns were wave l ike 
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about these maxima and minima . This pattern is again d i ff icul t to 

explain . 

5 . 3 . 4  Draft force 

Results and Discuss ion 

Typi cal draft curves are shown in appendix 3 .  The mean draft 

values for each coul ter are given in Table 1 5 . The tab l e  indicates that 

draft force for the chisel coulter was 40% higher than for the t riple 

disc coulter . These findings s upport those o f  the first experiment s . 

The reduced  difference between the two coul ters in this experimen t  is  

a t t ributed to the weaker soil  s trength of the wet ter soil . ( 2 8- 30%
w/w

) .  

TABLE 1 5 : 

Draf t  Force 

(N)  

* *  p 

The effects o f  direct drilling 

coul ter designs on draft force in 

w/w a s i l t  loam at 28- 30% 

Chisel Coul ter 

1853 

0 . 0 1 .  

Triple Disc 
Coulter 

1 2 10  ** 
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5 . 3 . 4  Macros tructural changes o f  soil under compression . 

The s t ruc tural changes arising from compression o f  the soil 

matrix was s tudied wi th two techniques ( a )  thin sectioning and 

(b ) electron microscopy . 

5 . 3 . 4 . 1 Results  and discussions . 

( a )  Thin sectioning . 

The e f fects  of  different coulter designs on the geometrical 

arrangement o f  soii particles and their associated vo ids ( soil fabric)  

were investigated by  macro and micro morphological analyses . Using 

the techniques and equipment described in 2 . 3 . 4 .  photographic prints 

were ob tained whi ch are presented in figures 32-38 . 

Figure 3 1  i l lustrates the pos i t ions from which the thin 

sections we re removed in relat ion to the groove . 

Al though soil fab ric changes could be expec ted to be amongst the 

mos t  obvious effects  of compac t ion , the determinat ion o f  fabric and 

fabric changes are one of the mos t  di fficul t measurements  to make . Thus , 

in this investigat ion , only qualitative information is given . This is 

presented pho tographically in an attempt to illustrate differences in 

soil fabric which a rose due to the passing of the two coulters (viz 

t riple disc and chisel coulter) . 

Figure 32 shows two sections of soil in their original "undis turbed" 

cond i t ions . A high p roportion of vo ids , roo t holes and cracks can be 

seen in these samples which were taken 20mm beneath the top soil 

surface . Figures 33  and 34 show the difference between the soil fab rics 

after mechanical disturbance by the two coulters . Both samples were 

taken 10mm away from the soil coulter interfaces in the pos i tions shown 
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in f i gure 3 1 .  The a c t ua l  samp l ing s i tes in ea ch groove were cho sen 

accord ing to t he ease of the removal of the subsamp les . Fo r examp l e , 

samp l ing from t he base o f  the t r ip l e  d i s c  groove wa s imp ra c t i cal  b e cause 

t he groove base was in fac t  the apex o f  an inverted t r i an gle . Samp l ing 

from the groove wal l  o f  the chi sel cou l t e r  was a l s o  impract ical because 

it was sha t tered and no t we l l  def ined . While t he arb i t rarily cho s en 

samp l ing s i te s  could t hus be ar gued as no t being t ruly rep resenta t ive o f  

each gro ove , the s o i l  s t rength data o b t a ined p revio usly ( see exp e r imen t s  

1 and 2 )  suggested t ha t the wa l l s  o f  the t r iple d i s c  groove was the 

l eas t compac ted of tha t  groove . Thu s  any apparen t d i f ference be tween 

thin sec t ions f ro m  t hat  zone and the base of the chisel cou l t e r  groove 

are l ike ly to be conse rva t ive . 

I n  f i gure 3 3 ,  the s o i l  is s een to b e  mor e  c l o sely packed and the 

vo l ume of vo id s , roo t ho les and cracking is  relat ively sma l l . Th is  

was probab ly due t o  the col lapse of  t h e  larger pores and roo t  ho les . 

By comp arison , f igure 34 shows tha t the chisel coulter had no t 

compacted the s oi l . In fac t comparison w i th figure 3 1  sugge s t s  tha t i t  

may have sha t tere d t he so i l  somewha t a t  the base o f  the groove . 

Mos t  no tewo r thy is the p resence o f  a large r  number o f  pores and 

roo t  ho les t han can be seen in f i gu re 3 3 . The se ob serva t ions are in 

agreemen t wi th the data obtained fo r the measurement s  of s o i l  b u lk 

den s i ty an d s o i l  s t rengt h .  

The same t rends can b e  seen in fi gures 35  and 36 ; and 37 and 38 

which were taken 2 0mm and 30mm away from the groove interfaces 

respec t ive ly . S o i l  again appeared to be more compac ted w i th fewer pore 

spaces under the t r ip l e  d i s c  t rea tment s  than under the chisel coul t e r  

t rea tmen ts . 



( b )  E l e c t ron m i c ro s co p i c  t echnique . 

1 2 3 .  

The t e chni q ue o f  e l e c tron micro s co p y , w h i c h  was d e s c r ib e d  

earl i e r , was f ound us e fu l  in p roviding s up p o r t ive qual i t a t ive comp a r i s o n s  

o f  s o i l  f ab r i c  change s .  

Al l mi cro graphs were ob tained a t  the ma gn i f i c a t i o n  o f  1 7 0 .  

The grea t e r  ( x5 20 )  and sma l l e r  ( xS O )  leve l s  o f  magni f i c a t ion were a l s o  

t e s t e d  b u t  f o un d  n o t  t o  b e  us e ful for t h e  p u rp o s e s  o f  t h i s  s t udy . 

Four s e t s  o f  m i c r o graph s were t aken o f  3mm 3 s ubsamp l e s  o f  s o i l  

removed f rom t h e  f o u r  d i f f e r e n t  p o s i t i on s  i l l u s t r a t e d  i n  f i gure 39 . Aga in , 

t h e  c ho i ce o f  the s e  po s i t ions was a rb i tra r y , b e i ng gove rne d  by the e a s e  

an d p r a c t i ca l i ty o f  s ub s amp l e  r emova l . 

The mi cro graph t aken f rom s o i l  b e f o r e  d r i l l in g  ( f i gure 4 0 )  

reve a l e d  that a n umb er o f  p o r e s  ( a )  and s i l t  p ar t i c l es ( b )  w e r e  

s ur ro un d e d  b y  o r gani c  a n d  c lay p a r t i c l e s  ( c ) . The r e  was no apparent 

o r i en ta t i on o f  c lay p a r t i c l e s  i n t o  s t ra t i f i e d  l ay e r s , ind i c a t in g  tha t the 

s o i l  was no t comp a c t e d . 

F i gure 4 1  s hows s o i l  par t i c le s  a t  the g ro ove in t e r f a c e  a f t e r 

p a s s age o f  the t r ip le d i s c  c ou l t e r . P o r e  numb e r  and vo l ume app e c:r to have 

b e en r e d u c e d  and s me a r in g  e f fe c t s  c an be ob s erved w i t h  s ome c emen t ing o f  

the s o i l . B y  con t r as t ,  s o i l  a t  the b a s e  o f  the c h i s e l  c r e a t ed groove 

can b e  s e en to con ta in vo i d  s p a c e s  be twe en s o i l  pa r t i c l e s  ( f i g . 4 2 ) . 

Figur e s  4 3  and 44 s how mi c ro graphs taken a t  l 0- 2 0mm from the s o i l  

c o ul t er in t e r f ac e s . F i gure ( tr i p l e  d i s c )  revea l s  a l a r g e r  n umb e r  o f  

s o i l  p a r t i c le s  comp a c t e d  a nd s ur ro un de d  b y  o r ganic ma t t e r  than d o e s  

f i gure 4 4 . Al s o  some o r i e n t a t ion o f  c l ay p a r t i c l e s  i s  apparent i n  

f i gure 4 3  whi c h  c o n t ra s t s  w i th the m i c ro graph o f  t h e  o r i ginal s o i l  

( f i g . 4 0 )  and t he chi s e l  c o ul t er t rea tme n t  ( f i g .  4 4 ) , where s o i l  wa s much 
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l e s s  compac ted and the pore s y s t ems rema ined ab undan t .  S imilar t rends 

can b e  s een in  f i gures 4 5  and 4 6  which were from s i tes 20- 30mm from 

the in terfaces . 

The con t ra s t in g  e f f e c t s  on so i l  aggrega tes found w i th this 

techn i q ue are cons idered to b e  comparable to those ob tained with the thj n 

sec t ion techniques . 

Figures 4 7  and 4 8  i l l us t rate micrographs o f  s ub samp le s  taken f rom 

each o f  t he groove base s .  Th is  was possible  in a few ins t ances b ecause 

of the very smal l s amp l es required . S imilar trends to those des c r ibed 

fo r the s idewa l l s  are a ga in app aren t .  

Any bene f i cial  o r  det riment a l  e f fe c t s  which migh t res ul t f rom 

the opera t ion of  ei ther of the se two coulters in und i s t urbed so i l  wo uld 

depend on many o ther fac to rs than are i l l us t rated in the f igures 

presented here in .  Both pho t o graphic techniq ue s , howeve r , proved to be 

useful as s upport  info rma t ion in cha rac teris ing the ef fec ts  o f  the 

dri l l  c o ul ters in a given s o i l , and info rma t ion of a q uan t i t a t ive na t ure 

could be e x t rac ted f rom the mic rographs wi th f ur ther re finement of the 

t echn iq ues . No a t temp ts  have b een made to quan t i fy the pho to graphi c  

evidence i n  this  inve s t i gat ion . 



I C h1  
2 Cin 
3 cm 

F i g . Jq , Subsampl ing s i te s  for e le c tron m i cro s c o p i c 

study . 

F i g . 40 . �i crograph ( x 1 70 ) o f so i l  i n  the o r i g inal  

cond i t i on .  



F ig . 4 1 . �i crograph ( x 1 70 ) o f  a so i l/tr i pl e  d i sc cou lter  

interfa ce . 

F ig . 42 . � i crogra ph ( x l ?O ) o f a so i l/c hm e l  cou l ter  

interface . 



F i g . 4 } . M i crograph ( x 1 70 ) taken 1 0 - 2 0�m from 

t h e  so i l/tr i p le d i sc  cou lter interfac e . 

F i g . 44 . M i crograph ( x 1 70 ) taken 1 0 -20mm from 

t he so i l/chi se l  cou lter i nterface . 



F i g . 4 5 . � i crograph ( x 1 70 ) taken  2 0 - JOmm from 

t h e  so i l/tr i ple d i sc coulter  i nterface . 

F ig . 46 . � i crograph ( x 1 70 ) ta ken 2 0 - JOmm fro� 

the so i l/c h i s e l  c ou lter  i nterfac e . 



F i g . 4 7 . M i c ro graph ( x 1 70 ) o f  a s o i l  a t  t h e  ba s e  o f  

t h e  t r i p l e  d i s c cou l t e r  c r e a t e d  gro ove . 

F i g . 48 . M i cro graph ( x 1 70 ) o f a so i l  a t  t h e  ba s e  o f  

t h e  c h i s e l  c o u l t e r  c r e a t e d  groove . 



5 . 3 . 5  Roo t  responses . 

1 30 .  

Res ul ts Wheat and lupin species were drilled in this experiment in 

the same manner as in expe riment 1 .  Res ul ts of root and plant responses 

are shown in figures 49 , 50  and 5 1 .  

DIS CUSSION . 

No significant dif ferences were apparen t at three weeks between 

lupin per p lant root dry weights for the two coul ter types ( fig . 50 ) . 

With per plant r9ot length of lupin (which was also sampled a t  3 weeks) 

however ,  those in the triple disc treatment a t  both wet and dry soi l  

regimes appeared to be  s i gnificantly larger (P  0 . 05 )  than those in 

the co rresponding chisel treatments . This trend contras ted with 

experiment 1 .  

I t  should be noted that even the maximum bulk densi ty produced 

by the triple disc coulter ( an increase from 1 . 04 g/ cm3 in original soil 

to l . 1 5g/ cm3 after passage of the coul ter) , is well wi thin the accepted 

roo t l imi ting range of 1 . 4- 1 . 5g/ cm3 . Thus it was no t unexpected tha t the 

roots  were no t re tarded in the triple disc treatments .  However to 

explain their increased roo t length relat ive to the chisel coul ter 

t reatmen t is more di fficult . It  is pos sible tha t within the l imited 

dep th of  the tillage bin used ( 200mm) the wedging action of th'� triple 

disc coul ter may have produced a microscopic ver tical crack beneath the 

groove . Certainly Dixon ( 10 3 )  suggested that this had occurred in his 

similar experiments , but i f  this was a fac tor in the investiga t ion 

reported he rein , it is difficul t to see why this had not also happened in 

the drier so i l  o f  experimen t l .  Figure 5 1  indicates tha t there 

were no signif icant differences between the dry weight per plant of  

whea t roo ts as a function of  coul ter types in both moisture regimes 



1 3 1 . 

(dry and wet )  at  7 weeks . Al though there was also no significant 

differences , in term of whea t roo t dry weigh t , at three weeks with the 

dry regime treatments ,  a s tatistical difference (at  the lower o rder o f  

probability P = 0 . 10)  was found be tween the two coul ter treatments in 

the we t regime . The triple disc co ul ter in this condition appeared to 

produce more roo t weigh t  than the chisel coulter .  
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5 . 4  EXPERIMENT 3 .  

5 .  4 .  1 Obj e c t i ves . 

Data ob tained f rom the p revious two exper iment s  indicated  tha t 

the s o i l  had reacted d i f f erent ly to  the d i f feren t  shapes o f  c o ul t e rs . 

The t ri p le d i s c  coul ter gave a na rrow ( smeared i f  we t )  and compac ted 

groove w i t h  l i t tle  loose s o i l . The ch i s e l  co u l t e r  tended to p ulverise 

the s o i l  and leave mo re loose s o i l  in the groove . However , the effec ts  

of  mechanical impedan ce and/or compact ion on roo t growth were 

inconcl us ive , largely b ecause the so i l  had b een of low s t rength and b ulk 

dens i ty to s ta r t  with . The third experiment which was conducted in the 

Sp ring/ S ummer seasons of 1 9 76 was therefore des i gned to inves t i ga t e  the 

effec t s  of coul ters on a hard s t rong so i l  and the s ub s eq uen t i n f l uence 

on the deve lopmen t of roo t s . The same " Tokomaru" s i l t  loam s o i l  as 

was used previously wa s precompacted  with a 1 . 4  tonne vibrat ing ro l ler 

prior to extra t ion o f  the t i l lage b ins f rom the f ield . A p il o t  s tudy 

on compac t ion by this r o l l er indica ted that the s lowe r  the operat ing 

speed or the longer t ime the rol l e r  was in contact w i th the s o i l  the 

higher the bulk den s i ty appeared to b e  a t t ained . The n umb e r  o f  passes 

and �peed interac t i ons to give a bulk dens ity of 1 . 32 g/ cm3 in the 0-50mm 

laver are given in Table 1 6 . 

TABLE 1 6 : The e f f e c t s  on so i l  comp a c t ion o f  

mul t ip l e  runs wi th a vib ra ting ro l ler 

Numb e r  of 

Passes 

( final b ulk den s i ty in each case = 1 . 3 2 g / cm3) 

3 . 5  

6 

Opera ting Speed ( Km) 

5 

7 

8 

9 
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Fo r t he purpose o f  this exper imen t the comb inat ion of 3 . 5km/hr 

was used . The same phy s i cal measurements , p ro cedures and equipment as 

for exp e r imen t 1 and 2 were app l ied . The meas uremen t of  the ins tantaneous 

zone of inf luence was no t carried out in th i s  exper iment as i t  app eared 

to b e  of l imi ted val ue . However , meas uremen t s  we re in t ro duced of the 

s o i l  surface dis turbance , in an at temp t to b e t te r  inves t i gate the 

d i s t urbing e ffec ts on b o th s ides of the grooves at the s o i l  surfaces . 

5 . 4 . 2  Res u l t s  and Discuss ion 

( a )  Bulk den s i ty . 

Res ult s .  

The resul ts o f  bulk dens i ty and s o i l  s t rength measuremen ts are 

given in Tabl e s  1 7  and 1 8 . 

DI S CUS S I ON .  

The t ri p l e  d isc coul ter appeared to inc rease s o i l  b ulk den s i ty 

at the base o f  the groove from 1 . 32 to 1 . 4 4 g / cm3 . This  was s i gn i f ican t l y  

grea ter than the effec t o f  the c h i s e l  coul ter which appeared no t to a l t e r  

t h e  bulk dens i ty from the o r i ginal value . Thi s  t rend fur the r con f i rms 

the p revious findings and was a gain s upported by the soil  s t rength 

data ob tained b y  pene t rometer s t ud ie s  which a re p resented in Tab l e  18 . 
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TABLE 1 7 :  The e f f e c t s  o f  d i r e c t d r i l l in g  

coul t e r  d e s i gn s  on s o i l  b ul k  

d en s i t y . 

Trip l e  D i s c  Ch i s e l  S t a t i s t i ca l  
Co u l t er C o u l t e r  s i gn i f i canc e  o f  

d i f f e r e n c e s  

S o i l  b ul k  dens i t y  

b e fo r e  d r i l l in g  
1 .  3 2  l .  3 2  NS 

g / cm3 

So i l  bulk den s i ty 

a f t e r  d r i l l in g  1 . 4 4 1 .  32 '/o'< 

cm3 

io'< p 0 . 0 1 . 

No t unexp e  , mo r e  f o r c e  was r eq u i r e d  f o r  b o th co u l t e rs t o  

p ene t ra te the s t ro n g e r  s o i l s , a l tho ugh the t ri p l e  d i s c  c o u l t e r  s t i l l  

main t a i n e d  i t s  h i gh e r  f o r c e  requ i r emen t o v e r  the c h i s e l  co u l t e r  

( Tab l e  3 9 ) . The r e s p e c t i ve p e n e t r a t io n  f o r c e s  req ui r e d  w e r e  1 2 1 0 N 

and 4 16 N f o r  t r ip le d i s c  and c h i s e l  r e s pe c t ively . 



TABLE 1 8 : The ef fects  o f  direct  dri l l ing coulter  des i gn on 

Original soil s t rength 

( N )  

So i l  s t rength at the 

base of the groove 

Dif ference as compared 

with o r i ginal so i l  

s t rength 

S o i l  s t rength a t  the 

si dewa l l  of the gro ove 

Dif ference as compared 

wi th o r i ginal s o i l  

s t reng th 

so i l  s t r ength . 

Tri p l e  Disc Coul ter 

2 . 82 

3 . 38 

+ 19 . 8% * 

3 . 1 1  

+ 1 0% * 

* p = 0 . 0 5 

Chi s e l  Cou l t e r  

2 .  8 5  

3 . 04 

+6 % NS 

2 . 4 3  

-1 4% * 

S ta t i s t ical  s i gni f i cance 
of d i f ferences 

NS 

** 

** 

...... 
w 
CO 
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( b )  S o i l  s ur f a c e  d i s t ur b ance . 

With the "Tokoma ru "  s i l t  l oam u s e d  in i t s  c o mp a c t e d  s t a t e  p r i o r 

t o  the d r i l l in g  o p e r a t i o n , the o r ga n i c  roo t  p e r c e n t a ge w a s  l . 4 g / 1 0 0 g o f  

o ven d r i e d  s o i l . Re s ul t s  a r e  g iven i n  f i gu r e  5 2 . The in s t rumen t a t io n  

d e s c r i b e d  in s e c t i on 2 . 3 . 6  w a s  u s e d  t o  d e t e c t  d i s turban c e  z on e s  o n  the 

s o i l  s ur f ac e . 

D I S CU S S I ON : 

The curves in Fi g .  5 2  d ep i c t  the l at e r a l  d i s p l a cemen t o f  the 

p ro b e  t o p s  away f ro m  t h e i r  o r i gi n a l  p o s i t io n s  whi c h  w e r e  30rnrn f ro m  the 

an t i c ip a t e d  gro ove c en t re s  in b o t h  t r e a tmen t s . The twine wa s a t t a ched 

t o  each p ro b e  4 0 mm above the s o i l  s u r fa ce wh ich was as c l o s e  to the 

s ur f a c e  as p r a c t i c a l  wi thout inte r f erence by s u r f a c e  vege t a t ion . Howeve r ,  

b e c a u s e  t h e  me a s u re men t s  o f  d i s p l a c eme n t  were n o t  a t  the s o i l  sm: f a c e  

they c o u l d  re f le c t  e i th e r  angu l a t ion o f  t h e  p ro b e s  o r  b o d i l y  d i s p l a c emen t 

o f  t h e  p ro b e s , o r  b o t h . Fur the rmo re to p reven t b reakage o r  p e rmanent 

bending of the p rob e s , r e s i s l ie n t  s ta in l e s s  s te e l  w a s  u s e d . The 

re s i l ience c o u l d  h ave a l s o  cont r ib u t e d  t o  d e f l e c t ion of the p ro b e  t o p s . 

Thus i t  i s  d i f f i c u l t  to in t e rp r e t  the c a u s e s  o f  the a p p a r e n t  

d i sp l ac e me n t  r e c o r de d  w i th t h e  c h i s e l  c o u l t e r ,  comp a r e d  t o  t h e  l e  

d i s c  c o u l t e r . Neve r th e l e s s  the ma gn i t ud e  o f  t h e  d i f f er en c e  b e tween the 

two w a s  l ar ge . Th e s e  r ea d in gs we re rep l i c a t e d  only twi c e  ( b e c au s e  o f  

the l imited numb e r  o f  d i s p l a c emen t t ra n s d uc e r s  ava i l ab l e ) , s o  no ana l y s i s  

o f  v a r ia n c e  w a s  ap p l i e d  t o  t h e  r aw d a t a . 

O f  p a r t i cu l a r i n t e r e s t i s  the ma gn i tude o f  t o t a l  def l e c t ion shown 

by the c hi s e l  c o u l te r .  The s ub s u r f a c e  a c t in g  componen t s  o f  t h i s  c o ul t e r  
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(w in gs ) w e re much w i d e r than the s u r f a c e  a c t in g  s h an k . I t  i s  

r e a s o nabl e ,  t he r e fo re , t o  h av e  e xp e c t ed gre a t e r  d i s turbance b en e a th 

t h e  s u r f a c e  wh i c h  m i gh t  h ave e i t h e r  t i l ted the p ro b e  t o p s  i nwa r d s  t owa r d s  

t h e gr oove , o r  a t  l e as t p a r t l y  c o un t e r e d  any o u tward t o t a l  d i sp l a c emen t o f  

t hem . Howeve r ,  c l e a r ly t h e  n e t  d i sp l ac emen t e f f e c t  was t o  t i l t  and / o r  

d i s p l a c e  t h e  p r o b e s  o utwa r d s  b y  a n  appr e c i ab l e  amoun t . Thi s  s u g ge s t s  

tha t s o il d i s t urban c e  b y  the chi s e l  coul t e r , wha t ever i t s  nJ t ur e  was 

ind e e d  q u i t e  s ev e r e , and l en d s  supp o r t  to t h e  p e rmane n t  s o i l  d e f o rmat ion 

chara c t e ri s t i c s  me a s u r e d  by o th e r  me an s . 

Ano th e r  p o in t  o f  i n t e r e s t  i s  th a t , the t r i p l e  d i s c  coul t e r  

app e a r e d  to ge n e r a t e  s o i l  moveme nt when t h e  c ou l te r  a s s emb l y  w a s  1 50mm 

away f ro m  the r e c o r d in g  p o s i t ion . The c h i s e l , howeve r , s h a t t e r e d  a 

s o i l  r e g i on wh i ch wa s d i s p e r s e d  mo re i n  the l a t e r a l  d i r e c t io n , and t h e  

f o rwa r d  p ro p a g a t ion o f  s t re s s  wa s d e t e c t e d  when t h e  c o u l t er w a s  o n l y  

lOOmm away f rom the r e c o r d ing pos i t i on . T h e  d i ff e ren c e s  in t h i s  r e s p e c t  

may h av e  b een d u e  t o  g r e a t e r  g e ome t r i c a l  c on ta c t  o f  t h e  t r i p l e  d i s c  

c o ul t er w i t h  th e s o i l  and i t s no t i c e a b l e  w e d gin g a c t i on . 

F i g ur e  5 ind i c a t e s  t h e  l a r g e  and symme t r i c a l  l o n g i t ud inal 

c on t a c t  o f  t h e  d o ub l e d i s c  componen t o f  t h e  t r i p l e  d i s c  c o ul t e r  

a s s e mb l y  w i th t h e  s o i l . F i g ure 5 4  shows how the c hi s e l  cou l t e r  b ur s t s  

the s o i l upwa r d s , and a ls o  i n d i ca t e s  t h a t  c o n t a c t  t h rougho u t  the l en g t h  

o f  t h e  r i gi d  c o u l t e r  i s  no t symme t r i ca l , b e i n g  r e l i e v e d  a ro un d  t h e  

c en t re p o in t .  



F i � . S J . T h e  t r i p l e  d i s c cou l t e r  has a gre a t e r  long i tu d i n a l  

so i l/c ou l t e r  c o n t a c t . 

F i� . 54 . T h e  c h i s e l  c ou lt e r  s � a t t er s  s o i l abrupt ly 

on both s i d e s  of t h e  c o u l t e r . 
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( c ) Root Responses . 

Results 

Root harvests  of  bo th the lupin and wheat crops were carried 

out on days 4 ,  7 ,  14  and 2 1 ,  using the same methods as for experiments  

1 and 2 .  The results are presented in Tables 1 9  and 2 0 . 

DIS CUSS I ON : 

Af ter four days , wheat roo ts in the chisel coul ter t reatment 

s eemed to be growing mo re s t rongly than in the triple disc treatment 

( elongat ion of  1 1mm and 3mm respectively ) . The day four data , however ,  

were no t s tatis tically ana lysed b ecause insuf ficient  p lants had emerged 

at that s tage , particularly in the triple disc  treatment . Those wheat 

and lupin seedlings which had emerged in this latter trea tment appeared 

thinne r and weaker than their counterparts . This failure to emerge 

also l imi ted the number of �a nts  wh ich could be des tructively harvested 

at  later sampling  dates and resul ted in the termination of the l upin 

trial  after 3 weeks , and abandonment in the case of  wheat . 

From Table 1 9  there appeared to be a general trend towards 

larger and more extensive roo t sys tem of lupin with the chisel coulter  

compared to the triple disc  coul ter . These differences were highly 

s ignifican t  in the dry regime at day 2 1 .  Aerial shoots  followed a 

similar trend and were also highly s ignificant at  day 2 1 .  The trends 

were no t affected greatly by so il mo isture content and appeared to be 

simi lar in the we t regime , although the levels of s tatistical 

significance were lowe r (P  = 0 . 05 ) . 

The larger roo t  sys tems were re flected in s tem diame ter as well  

as  heigh t  o f  the aerial portion of  the plan ts above ground . 
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The ma ximum i n c r e a s e  in any p arame t e r  at day 2 1  due t o  the 

c h i s e l  c o ul t e r  wa s a 100% increas e i n  h e i gh t  o f  the p lan t in the we t 

r e g ime , whi l e  the minimum increase was 32 % ,  b e in g  roo t  d r y  we i gh t  in the 

d ry re g ime . All o t her p e r cen tage i n c r ea s e s  we re w i th in t h i s  range and 

coul d t he r e f o r e  b e  regarded a s  l a r g e  a s  wel l  a s  s t a t i s t i caLl y  s i gn i f i c an t . 

The l imi t e d  d a t a  ava i l a b l e  f rom the ab o r t ive whe a t  saving 

( Tab l e  2 0 )  sugge s t s  that a s im i l a r  s i gn i f i can t sup e r i o r i t y , to tha t 

s hown w i th l up i n  a l s o  e x i s t e d  w i th t h e  chi s e l  c o u l t e r  when s owing whe a t . 

The inc r e a s e d  s o i l  s t rength and bulk d en s i ty measur e d  a t  the g roove b a s e  

fo r t h e  t r ip l e  d i s c  coul t e r  appeared t o  h ave a f f e c t e d  l up in r o o t 

b ranchi n g . Almo s t  a ll o f  the o b s e rv e d  l u p in t ap ro o t  s y s t ems were 

somewh a t  f l a t t ened and d i s to r t ed whi ch i s  shown in f i gure s  5 5 , 56 and 

5 7 .  In the s e  f i gures the a f f e c t s  f ro m  i mp e dan c e  of hardened s o i l  

l a y e r s  i s  s e e n  whe r e  t h e  ro o t  h a d  had to n e go t ia te c racks i n  the s o i l  

and h a d , a s  a c o n s equen c e , b ecome b e n t  or d i s t o r t e d  ( f i gures 5 5  and 5 6 ) . 

A c ro s s  s e c t i on o f  a r o o t  wh i ch wa s s e en to b e  d i s t o r t e d  thus i s  s hown 

in f i g .  5 7 .  The f l a t t ene d n a t ur e  o f  the r o o t  can b e  s e e n  and t h i s  

con t ra s t s  w i th a c ro s s - s e c t ion o f  a lup in r o o t s p e c imen g rown i n  

unc o mp a c t ed s o i l . (Fig . 5 8 )  



TABLE 1 9 : The ef fec t o f  d irect  d r i l ling coul t e r  des ign on p lant and roo t p ropert ies 

of  lup in s eedl ings sown in we t and dry so ils . 

Triple D i s c  Coulter Chi s e l  Co ulter S ta t i s t i c al 
s i gnifi cance 
of dif fe rence 

7 days 14 days 21 days 7 days 14 days 2 1  days at 2 1  days 

Roo t  length 28 . 30 7 7 . 20 88 . 20 83 . 60 99 . 50 1 14 .  10  * 
(mm) 

� Hei gh t  o f  ae rial 
5 1 . 00 5 7 . 20 50 . 90 53 . 60 76 . 70  102 . 10  * *  H p l ant  (nnn) CC> 

� Roo t  dry we igh t  no t 
0 . 0 3 3  0 . 045 0 . 0 12 0 . 035 0 . 0 7 7  * 

E-< ( g) measured � � Plan t s t em dia-
me t e r  OOnnn 20 . 00 26 . 70  ** 
above the 
ground ) (mm) 

Roo t  len g th 25 . 00 70 . 00 72 . 50 40 . 00 95 . 70 103 . 20 ** 
(mm) 

� Height of  aerial 
44 . 00 4 7 . 20 58 . 50 45 . 70  68 . 50 89 . 70 ** H CC> p lan t (mm) 

� 
Roo t d ry we igh t  no t 0 . 0 32 0 . 062  0 . 0 10 0 . 0 3 3  0 . 082  * � measured ,..... � 0 
Plan t  s tem dia- V1 

me t e r  ( 30mm above 18 . 00 2 8 .  10  ** 
the ground (mm) 

�o'< p = 0 . 0 1  * p = 0 . 0 5 



TABLE 20 : 

Roo t  Length 

( mm) 

The effects o f  direct  dril l ing coul t e r  design on roo t 

len gth of wheat  seedlings at  day 4 in wet so i l . 

Triple Disc Co ulter Chisel Coul ter 

2 . 90 1 1 . 34 

S tatis t ical 
s i gni ficance o f  
d i f ferences 

** 

....... 
-P­
O' 
.• 
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F i g . 5 5 . Di storted  root  growth o f  a lup i n  s e e d l i ng 

i n  the  tri p le d i sc �roove . 



F ig . 56 . A lupin roo t  wh i c h  has been d e f le c t e d  

a t  the  base  o f  a tr i ple d i sc  gro ove . 



F i � . 5 ? . Cert e x  port i o n o f  l u p i n  cro s s  s e c t i on f la t t e nn e d  

b e c a u s e  o f  hard s o i l ( le s s  t han 1 4  d ay s ) .  



F ig . 58 . Lup i n  root  cro ss  s e c t i on grown in  uncompacte d 

so i l ( less  t han  1 4  days ) . 
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5 . 4 . 3  Brief Summary. 

The widely opened groove observed with the t riple disc coul ter 

appeared to  be a disadvantage in thi s  experiment ,  particularly in the 

dry so i l  condit ions . Thi s  may have been associated wi th more rap id 

evapora t ion o f  drying o f  seeds due to their exposure to the air . 

In t he more moi s t  soils however ,  smearing of t riple disc groove 

wal ls  wa s observed and this supported the observat ion of Dixon , Baker , 
.. 

Ellis  e t  al . B . D .  Soane (loc . ci t ) . Thi s  smearing ef fect in a so i l  I 

of init i al high bulk density combined with the addi t ional compaction at , 

and near the base of the grooves was clearly det rimental to the 

development of lup in roo t sys tems ( and poss ibly a l so whea t )  and may also 

somehow have affec ted eme rgence o f  these seedl ings . The effe c t  was more 

severe when an induced dry pe riod fo l lowed the dril l ing . 

Figures 5 9  and 60 i llus trate the poo r emergence of wheat in the 

dry regime of the triple disc  trea tmen t and the better ( though s t i l l  

weak ) eme rgence i n  the chisel coul te r treatmen t  by comparison . 



F i� . 59 . Poor seed l ing e stab l i shment i n  the  trj p le 

d i sc  cou l t e r  treatment . 

fi � . 60 . Improved  s e e d l ing e stab l i s hment i n  the  

c h i se l  cou lter  treatment . 
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5 . 5  EXPERIMENT 4 . 

5 .  5 .  1 Object ives . 

Al though e xperiments 1 ,  2 and 3 showed consis tent differences 

be tween the two tes ted coulter des igns , these experiments  were no t ab le 

to provide answers as to how the performance of the triple disc coul ter 

migh t  be improved , al though some observat ion were made . Fo r example , 

the grooves of that coul ter gave the appearance of being open a f ter 

dril l ing ( Fig . 6 1 ) , and did not improve in this respec t even after 

harrowing when the soil  was mo is t .  The chisel coul ter grooves were also 

no t always closed in mo i s t  soil e i ther , but the drilled seeds in the 

grooves seemed to be less exposed to the drying air and radiat ion because 

of the basic shape of the groove i tsel f .  

In o rder to inve s t iga te more closely , the ef fec ts  of  smearing , 

compac t ion and groove e xposure wi th in dif ferent grooves on roo t growth 

and seedl ing emergence , an experiment  was conducted using small  s cale 

soil blocks . Each o f  the "undis turbed" blocks was contained in a wide 

wooden box measuring 450mm long x 300mm wide and 100mm deep . 

The speci fic obj e c tives o f  this box experiment were aimed a t  

gaining an insigh t  into the underlying causes o f  the fol lowing effects , 

first  not iced in experimen ts 1 ,  2 and 3 .  

( 1 ) Under dry cond i t ions , seedl ing roo t growth in exposed 

grooves was poo r . 

( 2 )  The seedling emergence and roo t  growth per formances o f  

the "V" shaped triple disc coul ter t reatment s  were poorer 

than those of the chisel coul ter t reatments  which had a 

cross-sectional shape be tween an inverted "V" and an 

inverted "T" . ( f i g .  6 2 )  
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( 3 )  Smearing , a s  observed on bo th s idewalls o f  the V shaped 

grooves c reated by the triple disc coul ter may have 

con t ributed to the decreased seedling roo t  growth no ted 

in this trea tmen t .  

The s ix treatments us ed in expe riment 4 were as fol lows : 

( 1 ) V shaped grooves were cut by hand wi th a sharp knife  so 

as to ensure that  the groove walls  we re no t smeared and the 

bases were no t compacted . 

( 2 )  The chisel coul ter was us ed unmodified to c reate i t s  

charac teris t i c  groove . 

( 3 )  V-shaped grooves were cut b y  hand wi th a knife  and then 

t rowelled carefully to create a degree o f  smearing and 

then ro lled with a V-shaped press wheel to compac t the 

base . 

( 4 )  V-shaped grooves we re cut by hand w i t h  a knife  and 

then t rowelled only , to smear the groove walls  wi thout 

b ase compac t ion . 

( 5 )  V-shaped grooves we re cut a s  for treatment 4 but af ter 

seed depos i t ion the grooves were wel l  covered by loose 

soil to the ground s urface level . 

( 6 )  W-shaped grooves equal i n  wid th t o  the chisel grooves 

were cut wi th a kni fe so tha t  ne ither the s idewal l s  

nor bases were smeared o r  compacted . 



Fig . 6 1 .  

The c haracteri s t i c  

shape d groove o f  t he 

Triple  d i s c  cou l t e r .  

F ig . 6 2 . The c hara c teri s t i c  subsurface shattering o f  

t h e  c h i s e l cou lte r . 
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All grooves were cut 35mm deep and the experiment was 

conducted using a "Tokomaru s i l t  loam" soi l  at an ini t ial mois ture 

content of 25%  ww .  The init ial soil bulk dens i ty was 1 . 04g/ cm3 and 

this was increased where appropriate at the base of the groove to 

1 . 2 5 g/ cm3 with 8 passings of a 1 0kg V-shaped p ress wheel . Exertion o f  

h igher p ressures o n  the groove base was no t applied , t o  avoid  poss ible 

cracking a t  the base o f  the shallow soil blocks . 

Lup in and wheat seeds were sown by hand into the grooves 

of all  t rea tmen t s .  All except treatment 5 were covered by a thin layer 

of s o il , j us t  suf fi cient to  hide the seeds from the naked eye �nd thus 

avoid direct exposure to  radiat ion ) , but no t suf fi cient to f i ll the 

grooves with loose soi l .  Four blocks o f  6 t reatmen ts  i n  a randomised 

block design , were kep t under rain  canopies throughout the experiment .  

Observat ions and measurements were taken only on the seventh day after 

sowing , b ecause it  was found that  the  root s  in  some t reatment s  had 

a l ready reached  the base of the boxes by tha t time . 

Resul t s . 

The resul ts  o f  seedling emergence are presented in Table 2 1 . 

The resul ts  of  p lan t height , roo t  length and roo t  dry we i ght  are 

given in Table 2 2 . Due to poor seedling es tablishment in t rea tments 

3 and 6 ,  these two t reatments  are no t included in Table 2 2 . 

DISCUSSION : 

Seedling emergence from the U-shaped groove appeared to be 

negl i gible ( Tabl e 2 1 )  and s igni f ican tly poorer than all o ther 

trea tments  excep t t reatment 3 .  This  might appear to be  due to the 

e f fects  o f  excess ive exposure in that groove . However , t reatment 6 
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had in common with treatment  1 ,  3 and 4 ,  exposure above the seed . I t  

i s  not likely there fore tha t this factor alone , was respon s ible for the 

poor per fo rman ce as t reatment  4 and 1 were signi ficantly b et ter than 

t rea tmen t 6 .  Pe rhaps the exposure ef�ect was partly o f fs e t  because the 

seed was wedged at  the base of a V ( and thus in better  d i re c t  contact  

wi th the s idewalls as well  as  the  base of  the  groove) , whereas seed 

in t reatment 6 lay on essent ially a fla t groove base . This explana t ion 

too is no t complete in en t irety as seed in t rea tment 3 was also wedged 

and yet was not s i gni ficantly supe rior to treatmen t  6 .  In this case , 

base compact ion o f  the groove was an additional factor and may have 

played an importan t  ro le . 

Apart  f rom the e f fects  of  wedging , there was also a 

signif ican t  cont ra s t  be tween t rea tments  3 and 6 ,  and t reatment 2 .  The 

soil flaps on bo th  sides o f  the chisel coul ter groove ( t rea tment 2 )  

may have helped to p reven t seeds from being exposed to the air  and 

certainly appea r to have played a part in the superior performance o f  

tha t  t reatmen t .  Cove ring ( t rea tmen t s  5 and 2 )  appeared t o  have been 

more important to seedling eme rgen ce than the avo idance o f  smeari�g 

( t reatment 1 ) . In fac t ,  the smeared but no t well covered V-shaped 

groove ( t rea tment 4 )  was no t s i gni fican tly inferior to the two covered 

treatmen ts  (5 and 2 ) . No r was t rea tmen t 4 s igni fican tly superior to 

the non smeared poorly covered groove ( t rea tment 1 ) . Smearing alone , 

in the V-shaped grooves there fore , i s  unlikely to have been the 

dominant fac tor in the diffe rent perfo rmance of the V-shaped t reatmen ts 

under  these soil mo is ture and c l ima te cond i t ions , which we re generally 

favourable . 
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There were no s igni ficant dif ferences between treatments 1 ,  2 ,  

4 and 5 in terms o f  roo t dry we ight , plant heigh t  or roo t length o f  

indivi dual plan t s  ( Table 2 2 ) . Thus i t  seems that with those plants  

which did emerge , groove shape e t c , had no  further effect  on  their 

developmen t .  

The conclus ions concerning seedl ing  emergence were largely 

supported by visual appraisal and pho tographs of the grooves which are 

shown in figures 6 3  and 64 . The pho tographs also depict  early roo t 

growth , data for which are given in Tab les 2 1  and 2 2 .  



Fig . 6 ) . The  e ffects  o f  smearing on s e e d li ng performance  

from var i ou s  shapes  of  groove s ( trts 1 , 2 , ) , 4  and 5 ) . 

F i� . 64 . C lo s e -up v i ew of  s e e d l i ng emergence from 

the s�eared V s hape d groove s ( t� S . ) . 



Treatment 

and No . 

Lupin 

Wheat 

TABLE 2 1 :  The effects of direct dri l l in g  groove format ion 

techniques on seedling emergence . 

(No . p lants per row) · 

Chisel V Shaped knife-cut grooves 
Coulter 
groove 

smeared and smeared no t non-smeared smeared and 
well covered well  covered not well compacted 

covered 

2 5 4 1 3 

7 . 5  ab* 10 . 25 a 9 . 7 5 ab 6 . 50 b e  3 . 50 e d  

1 0 . 75  m 9 . 5  m 4 . 25 n 2 . 0  _g£ 1 .  25  .E. 

* Unl ike let ters in a row deno te s i gnifican t  differences ( P  0 . 05 )  

U shaped 
groove 

6 

0 . 25 d 

0 .E. 

...... 0\ 0 



• 

Chise l 

( 2 )  

Knife-cut V shaped 

wel l covered 

( 5 )  

TABLE 22 : 

Knife-cut V shaped 

groove smeared groove 

walls  ( 4 )  

Knife-cut V shaped 

groove non smeared 

groove walls ( 1 ) 

The effects of  s hape , smear , compaction and cover 

of dire c t  drilled grooves on wheat  and lupin p lan t s . 

LUPIN WHEAT 

R . D .W .  * 0 . 0 18 a 0 . 0 14 f 

P . H .  * 5 1 . 50 c 87 . 00 h 

R . L .  * 90 . 00 e 104 . 50 j 
--

R . D . W .  0 . 024 a 0 . 0 14 f 

P . H .  44 . 70 c 90 . 00 h 

R . L .  9 3 . 50 e 102 . 50 j 
-

R . D . W .  0 . 029  a 0 . 0 16 f 

P .H .  40 . 20 c 9 7 . 00 h 

R . L .  107 . 50 e 1 2 3 . 20 j 

R . D .W .  0 . 02 3  a 0 . 0 17 f 

P . H .  40 . 20 c 7 7 . 00 h 
R . L .  89 . 5  e 85 . 00 j 

* R . D . W .  : Root dry weigh t  ( grammes )  * P . H .  : P lant heigh t  (mm) * R . L . : Root  length (mm) 

Unlike chronological  letters in a columo dep ict significant differences (P  = 0 . 05 ) . 
...... 
"" 
...... 



In the pho tographs , the smeared surface s o f  the V-shaped 

groove walls  (t rea tment s  3,  4 and 5 )  did not  appear to af fe ct the 

growth of  roo t s  any more than the non-smeared walls  ( treatmen t s  

1 and 2 ) , the smear was gene rally above the see d po s i t ion and the 

roo ts tended to grow and elongate  towards , and through the base 

of  the groove . The smeare d  surfaces did no t there fo re appear to 

present a mechanical impe dance problem to seedl ing roo t growth . 

5 . 5 . 2  Brie f Summary 

162 . 

The above re sul t s  sugge s t  that o f  the four groove fac tors 

which we re partly or wholly isola ted (viz . smear ,  compac t ion , shape 

and cover) , cove r and compa ct ion we re the mos t  inf luent ial on 

seedling eme rgence . The re were no s igni fi cant diffe rences in terms 

of see dling emergence between the ch i sel coulter groove and any 

of  the forms of the s imulated triple dis c coul ter grooves  excep t 

where the lat t e r  was smeare d ,  compacted and uncove red .  I t  was 

fe lt  that those contra s t ing groove shapes may have been more 

impo rtant than the data suggested but the small  samp le plots  and 

des t ruct ive sampl ing te chniques  limit e d  the amount of use ful data 

collected and thus l imi ted examinat ion o f  the inte ract ions o f  

shape and cove r .  Smear was the least  important factor cons idere d .  
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5 . 6  EXPERIMENT 5 ,  (Field experiment )  

5 .  6 .  1 Objec tives . 

Evidence ob tained in experimen t  3 sugges ted tha t coul ter types 

and their effect  on soil physical properties at the s eed l evel micro-

environmen t could be impor tant to roo t  growth . However ,  it was fel t 

that these effects in the top so il might be  relat ively short-lived 

if time allowed the e f fec t s  of natural soil and biological chan ges to 

take p lace in field condi t ions . 

This f ield experiment was designed to inves t igate : 

( a )  The repeatab ili ty o f  the plant responses o f  the t illage 

b in results in a field s it uation , and 

( b )  To what exten t the natural growth cycle of the plants 

and b iological activity of the soil would mod i fy , over 

time ,  the short term changes in soil parame ters brought about 

by different co ul ter shapes . 

The factorial experiment with  4 randomised complete b locks 

involved 2 coul ters , 2 so il bulk densities and 2 crop species ( lupin 

and whea t ) . I t  was laid down in the middle of Autumn 1 9 7 7  on a 

"Tokomaru" silt  loam soil . 

Prior to the experimen t ( and having regard to the roo t 

retarda t ions recorded in experiment 3 when using a relatively h igh bulk 

density soil )  an extensive survey was conducted in the dis trict  to 

a t tempt to locate a field soil o f  bulk dens ity approxima t ing 1 . 30 to 

1 . 40g/cm3 • Enquiries were also made  from districts  as far away as 

150km to s ee if soils o f  this nature could ins tead be transported in 

tillage b ins  to Massey University . Eventual ly , the mos t  satis factory 
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experimental site  chosen was a field s i te on the Massey Univers i ty 

No . 4 dairy farm .  This soil i n  i t s  natural s tate had a bulk densi ty 

of 1 . 10 to 1 . 2 5 g/ cm3 in the top Bern . Al though this was a t  the lower 

end of the arbitrary bulk dens ity range preferred , it was found tha t the 

bulk densi ty could be increased sufficient ly using a 1 . 4  ton vib rat ing 

ro ller before drilling . 

S ix passes o f  the roller were found necessary to increase top 

soil density from 1 . 10g / cm3 to 1 . 32g/cm3 . Three days before drilling 

all experimental plots (measuring 3m x Sm) were sprayed with Glyp hosate 

at  6 1/ha in 350 1/ha o f  water . 

Harrowing was carried out af ter drilling wi th a bar harrow 

to help cover those  grooves s till  e xposed to the air . S lug pellets  

were also app lied as a blanket t reatment .  

The triple disc grooves appeared not to be wel l  covered despite  

harrowing . The open nature of these grooves appeared to be largely 

due to t he high soil water con tent (24%  ww) , the abundance of roo t 

material in the soil and the s low operating speed o f  the drill (2km/hr) 

which was l imited because of the p lo t  s i z e .  The s o i l  flaps on b o t h  sides 

of the chisel groove were also no t very effective in covering the groove 

in these soil cond i t ions . 

Differences in the apparent pre-drilling grass kill by 

glyphosate were no ticed . The greatest  kill appeared to b e  on those plo ts 

where t he roller was used . This was poss ibly partly due to the grasses 

having been pre-damaged when compac ted by the roller , and also part ly 

due to the increased surface conta c t  of  the grass  leaves wi th the 

herb icide droplet s .  
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I t  was intended tha t samplings would take place a t  weeks 5 ,  

7 and 9 ,  but slow and poor seedling emergence due to  the poor seed 

placement ( and compounded by unusual ly wet winter wea ther )  and serious 

fulsarium a ttacks on roo ts resulted in mos t  of the experiment being 

abandoned . 

Clima tic data for the experimental period are given in 

appendix 8 .  

Resul ts . Only the week 5 samp lings o f  lupin and wheat crops were taken . 

These are presented in Tables 2 3  and 24 . 

DISCUS SION : 

Poor seedling  emergence was generally found in all coult er 

trea tments a l t hough from observation , the emergence o f  whea t seedlings 

may have been sligh tly superior to all o thers in the compac ted plot s  of 

the trip le disc coulter treatmen t s . Per plan t measurement s  o f  roo t  

dry weigh t s  were possible a t  week 5 but because o f  the low number o f  

plan ts and their isola t ion in term of  intra speci fic competi tion , the 

validi ty of this da ta is by no means sure i f  it was to be extrapolated 

to a "normal "  density field crop . 

There were no sign ificant d i f ferences in wheat root dry weight · 

be tween any o f  the 4 trea tments  ( Table 2 3 )  and their interactions . Wi t l  

lupin , however the t rends were dif ficul t to unders tand . The triple dis c 

coul ter opera t in g  in compac ted soil appeared to p roduce s ignificant  

larger ( P  = 0 . 05 )  root s  than its  coun terpart in  uncompacted soil . 

The intera c t ion ( soil  coulter)  for lupin , shown in Tabl e  2 4  

is highly signi fican t .  The t reatment combina t ion o f  triple d i s c  coulte 

and rol led soil appeared to  b e  s uperior to all  o ther trea tment s . 
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I t  is poss ible that the soil compaction produced by rolling 

after both coul ters was alleviated by the high soil water content . The 

so il water  molecules acting as a lubricant with in the soil ma trix could 

be expec ted to decrease the soil  s trength and the soil might therefore 

be expected to impede roo t exploration less ( i f  at all) , than when the 

soil was drier . Water logging and lack o f  oxygen were also clearly 

eviden t with this poorly drained "Tokomaru" silt  loam .  Short  periods 

of anaerob ic cond i t ions in so il seem to have caus ed irreparable damage 

to the root sys tem of many plants . ( 130) 



TABLE 2 3 :  The e ffects of soil and drill coul ter desi gns on lup in and 

wheat root dry weights  ( g) in f ield condit ions . 

Coulter t reatments 

Chisel coul ter 

Triple disc  coulter 

Sta ti s tical significance 

of dif ferences 

Soil t reatments 

Rolled 

Unrolled 

S tatist ical significance 

of differences 

* p 0 . 05 .  

Wheat 

0 . 0 30 

0 . 029 

NS 

0 . 0 30 

0 . 02 9  

NS 

Lupin 

. 12 4  

. 1 33  

* 

. 1 29  

. 1 28  

NS  

� 
(j\ 
'-.1 



TABLE 24 : The e ffects o f  soil  x coul ter interact ions on lup in and 

whe a t  root dry weights  ( g )  in field condi tions . ( experiment 5 )  

Soil x Coul ter Treatment s  

Chi sel 
Coulter 

Triple 
Disc 
Coulter 

S t a t i s tical 

s i gnificance o f  

d i fferences 

Rolled 

Unro lled 

Rolled 

Unrolled 

** p = 0 . 0 1  

WHEAT LUPIN 

0 . 03 1  

0 . 029  

0 . 030 

0 . 029  

NS 

. 1 1 8  

. 1 30 

1 .  4 1  

1 .  26 

* *  

..... 0\ CO 



5 . 7 EXPERIMENT 6 ( Field experimen t )  

5 . 7 . 1 Objectives . 

169 . 

Experiment 6 was conducted in Spring/S ummer 1 9 7 7 / 78 on the same 

area as experiment 5 .  The obj ectives o f  this experiment  were identical to 

those described in experiment 5 except that in addit ion , counts o f  

earthworm populat ions were made . Prior to drilling , wheat and lupin 

seeds were treated wi th a mixture o f  "Th iram" and "Benlate" to p revent 

fungus attacks . No irrigation or nutrients were applied during the whole 

experimental period . Samp l ings were taken a t  three intervals (vi z . 3 ,  5 

and 7 weeks ) . There were eigh t randomised experimental plots in e ach o f  

four blocks . The plants were randomly sampled per plot for measurements 

o f  herbage dry mat ter and root  dry weigh t . 

Measurements o f  seedl ing emergence were taken at  two intervals 

( 10 and 14 days ) . Three separate meter lengths o f  rows o f  seedlings were 

randomly chosen and counted per plot . 

Reported s tudies ( 149 , 1 5 2 )  on the e ffects o f  earthworms and 

other soil animals have indica ted tha t they could create tunnels  and 

burrows in the soil which might ; ( 1 ) prevent undisturbed soil from 

becoming compacted and/or ( 2 )  modify any compaction effects af ter drilling . 

An a t temp t was therefore made to obtain a measure o f  the population of 

earthworms in each t rea tment in o rder to see i f  there were any interac tions 

between earthworm populations and the drilling and compaction t reatments . 

No attemp t  was made to closely s tudy the ac tions o f  the earthworms and 

by what  means they a f fected , or were themselves a f fec ted by the soil 

t reatments . The populat ions were es t imated by counting earthworms in 

extracted soil blocks (which measured 1 40mm x 1 2 0mm x 1 20mm) . One soil 
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b lo ck was taken per p lo t .  Te rminal measurements o f  yields o f  whea t  

and lupin crops we re taken i n  late Summer 1 9 78 . 

Results . The sequential resul ts o f  roo t and herbage dry weights for 

weeks 3 ,  5 and 7 are presen ted in Tables 25 , 26 ; 2 7 ,  2 8 ;  29 and 30 . 

Seedling emergence counts on days 10 and 14  were given in 

Tables 3 1  and 32 respect ively . 

Earthworm counts a t  weeks 3 and 5 are shown in Tab les 3 3  

and 3 4  respectively , and terminal yields o f  both crops a re given in 

Tables 35 , 36 and 3 7 . 



TABLE 25 : The effects of direct dril l ing coul ter des i gn and soil  compac t ion 

on roo t and shoo t growth o f  wheat and lupin crops at 3 weeks . 

(main treatment e ffec t s )  

Main Treatments WHEAT LUPIN 

Roo t  dry Herbage dry Roo t  dry Herbage dry 
wei ght weight wei ght weight 

( g) ( g )  ( g )  ( g )  

Coul ter Treatments 

Chisel Coulter 0 . 300 0 . 354 0 . 665  1 .  355  

Triple disc  coulter 0 . 2 1 2 0 . 295  0 . 783  1 .  5 19 

Statis t ical s igni f icance N . S .  N . S .  N . S .  N . S .  between coul ters 

Soil Treatments 

Rolled 0 . 25 1  0 . 3 1 7  0 . 6 54 1 . 357 

Unrolled 0 . 2 6 1  0 . 32 3  0 . 745 1 .  5 1 7 

Stat i s t i ca l  s i gnif ic ance N . S . N . S .  N . S .  N . S .  between soi l  t reatments 

...... 
-....! 
...... 



TABLE 2 6 : The ef fects of  direct drilling coul ter des i gns and soil  

compac t ion on root  and shoot  growth o f  wheat and lup in crops 

at 3 weeks ( interac tions ) 

Intera c tions WHEAT LUP IN Soil X Coul ter t reatments 

Roo t  dry Herbage dry Root  dry Herbage dry 
weigh t  wei gh t  weight weight 

( g )  ( g) ( g )  ( g )  

Chi s el Rolled  1 0 . 2 7 8  0 . 33 7  0 . 6 10 1 .  29 1 

Coul ter Unrol led 2 0 . 32 3  0 .  3 7 2  0 .  720 1 .  4 19 

Triple Dis c  Rolled 3 0 .  2 2 4  0 . 3 1 7  0 . 69 7  1 . 4 2 3  

Coulter Unrol led 4 0 . 200 0 . 2 7 3  0 .  7 78 1 .  6 15 

Statistical s i gn i ficance 

of the interac tion 
N . S . N . S .  N . S .  N . S .  

....... 
........ 
N 



TABLE 2 7 : The e f fects of direct  drilling coulter design and soil  compac t ion 

on roo t  and shoo t growth of wheat and lupin crops a t  5 weeks 

(main t reatment effects)  

Main Treatments WHEAT LUPIN 

Roo t  dry Herbage dry Roo t dry Herbage dry 
weigh t  weight weigh t  weigh t  

( g) ( g )  ( g )  ( g) 

Coulter  Treatment s  

Chisel Coulter 0 . 5 32 1 . 3 7 7  1 . 205  3 . 064 

Triple Disc Coulter 0 . 49 1  1 . 54 5  0 . 896 2 . 69 1  

S t a t i s t ical significance 
N . S .  N . S .  N . S .  N . S .  

between coulters 

Soil Treatments  

Rol led 0 . 5 30 1 . 48 7  0 . 9 8 3  2 . 52 5  

Unrolled 0 . 49 3  1 . 4 35 1 . 1 1 7 3 . 230  

S ta t i s tical s igni ficance N . S . N . S .  N . S .  N . S . 
be tween soil treatments  

...... -.....1 w . 



TABLE 2 8 :  The e f fects o f  direct drilling coulter desi gn and soil compac tion 

on roo t  and shoot growth of wheat and l up in crops at 5 weeks . 

( in terac tions ) 

Interact ions 
WHEAT LUPIN Soil X Coulter Treatments 

Roo t  dry Herbage dry Roo t  dry Herbage dry 
weigh t  weight  weight  weight 

( g) ( g) ( g) ( g) 

Chisel Rolled  1 0 . 5 7 1  1 .  336 1 .  144 2 .  728  

Coul ter Unrolled 2 0 . 49 3  1 .  4 19 1 .  266  1 .  40 1 

Triple Disc Rolled 3 0 . 4 89 1 .  640 0 . 822  2 . 32 2  

Coulter  Unrol led 4 0 . 49 3  1 . 45 1 0 . 969 3 . 060 

S tatistical signi ficance 
N . S . N . S .  N . S .  N . S .  

o f  the interact ions 

...... 
-....J 
.p.. 



TABLE 29 : The effect s  o f  direct  drilling coulter  design and soil compac t ion 

on roo t and shoot growth o f  wheat and lup in crops at 7 weeks 

(main treatment e ffects ) . 

WHEAT LUPIN 

Roo t dry Herbage dry Roo t  dry Herbage dry 
weight  weigh t  weight weight 

( g )  ( g) ( g )  ( g )  

Coulter Treatment s  

Chisel Caul t e r  3 .  1 0 1  6 . 565  2 . 185  7 . 788  

Triple Disc  Coulter 2 . 65 7  5 . 550 1 . 80 5  7 . 1 12 

Statis tical significance  
N . S .  N . S .  N . S . N . S .  between coult ers 

Soil Trea tments 

Rolled 2 . 7 4 2  5 . 890  1 . 806 6 .  2 9 1 

Unrolled 3 . 0 16 6 . 2 2 4  2 . 184 8 . 6 10 

Statistical s ignificance 
between soil treatments N . S .  N . S .  N . S .  N . S . 1-' 

-...J 
Vl . 



TABLE 30 : The effects of  direct dri l l ing coulter design and soil compaction 

on root and shoot growth of wheat and lupin crops at 7 weeks 

( in teraction) 

Interac t ions 
Soil X Coulter Treatment s  WHEAT LUPIN 

Root dry Herbage dry Roo t dry Herbage dry 
weigh t  weight  weight  weigh t  

(g)  ( g )  ( g) ( g )  

Chisel Coul ter Rolled 2 . 908 NS 6 . 462  NS 1 . 89 8  6 . 202  

Unrolled 3 . 295  NS 6 . 668 NS 2 . 4 7 2  9 . 375  NS 

Triple disc Rolled  2 . 5 7 6  NS 5 . 3 1 8  NS 1 . 7 14 6 . 380 

Coulter Unrolled 2 .  7 38 NS 5 . 78 1  NS 1 . 89 6  7 . 845  

S tatistical s i gnificance 
N . S .  N . S .  N . S .  N . S .  

of the interactions 

...... -...J 0\ 



TABLE 3 1 : The effects of direct drilling coulter design and soil  compaction 

on seedling emergence of wheat  and lupin (main t reatment effects ) 

WHEAT SEEDLING COUNTS LUPIN SEEDLING COUNTS 

10 days a fter 14 days af ter 10 days af ter 14 days after 
drilled drilled drilled drilled 

Coulter Treatments 

Chisel Coulter 22  2 1  1 7  2 1  

Triple Disc Coulter  2 1  19 1 7  1 9  

Statistical sign ificance N . S .  N . S .  N . S . N . S .  between coulters 

Soil Treatment s  

Rol led 2 3  2 1  1 7  1 9  

Unrol led 19  20  18  2 1  

Statistical significance N . S . N . S .  N . S .  N . S .  
between soi l  t reatments 

....... 
" 
" 



TABLE 32 : The effects o f  direct  drilling coul ter design and soil 

compaction on seedling emergence of wheat and l upin ( interactions )  

Soil X Coul t er Treatments WHEAT SEEDLING COUNTS LUPIN SEEDLING COUNTS 

10 days  after 14 days after 10  days after 14  days after 
drilled dril led drilled drilled 

Chisel Rolled 1 2 4  2 1  1 7  20  

Coul ter Unrolled 2 2 0  2 1  1 7  2 2  

Triple Rolled 3 2 3  2 0  16  18  
Disc 

Unrolled 4 1 9  1 8  1 8  2 0  Coul ter 

S tatis tical significance 
N . S .  N . S .  N . S .  N . S .  of the interactions 

...... 
-...J 
CXl 



TABLE 3 3 :  The effects o f  direct dril ling coul ter des ign and soil 

Coulter  Treatment s  

Chi sel Coul ter 

Trip le Dis c Coulter 

S ta t is tical signi f i­
cance between 
coul ters 

Soil Treatment s  

Rolled 

Unrol led 

Statistical signi fi­
cance between soil 
treatments 

compact ion on earthworm populations (ma in treatment effects ) 

WHEAT 

Earthworm counts 
at  3 weeks 

4 .  75  

4 . 2 5 

N . S .  

4 .  1 2  

4 . 87 

N . S .  

Earthworm counts 
at  5 weeks 

7 . 50 

7 . 37 

N . S .  

6 . 75 

8 . 1 2  

N . S .  

LUPIN 

Earthworm counts 
at 3 weeks 

3 . 50 

4 . 1 2 

N . S .  

3 . 62 

4 . 00 

N . S .  

Earthworm coun t s  
at  5 weeks 

9 . 00 

7 . 6 2 

* 

7 .  37 

9 . 25 

* 

....... 
'-l 
\.0 



TABLE 34 : The effects of  direct  dril ling coulter design and soil 

Soil  X Coul ter Treatment s  

Chisel 

Coulter 

Triple 
Disc 
Coul ter 

Rolled 

Unrolled 

Rolled 

Unrol led 

S tatis tical significance 
of the interactions 

compac t ion on earthworm popula tions ( in teractions ) 

WHEAT LUPIN 

Earthwo rm counts  
a t  3 weeks 

4 . 25 

5 . 25 

4 . 00 

4 . 50 

N . S . 

* p = 0 . 05 .  

Earthworm co unts 
at 5 weeks 

7 . 2 5 

7 . 7 5 

6 . 25 

8 . 50 

N . S .  

Earthworm counts 
at 3 weeks 

3 . 2 5 

3 . 7 5 

4 . 00 

4 . 2 5 

N . S .  

Earthworm coun.ts 
at 5 weeks 

7 . 75 

10 . 7 5 

7 . 00 

8 . 25 

* 

...... 00 0 



TABLE 35 : The effects o f  d irect drilling coul ter des igns and soil 

Coulter  treatments 

Chisel 

Triple Disc 

Statistical signi­
fi cance between 
coul ters 

Soil Treatments 

Rolled 

Unrolled 

Statistical signi­
ficance between 
soil  t reatment s  

compaction on wheat yield . 

WHEAT YIELD 
number o f  heads / 1m o f  

drilled row 

5 5 . 37 

5 6 . 25 

N . S .  

5 3 . 50 

5 8 . 1 2  

N . S .  

Interact ions 

Chisel 

Triple 
Disc 
Coulter 

Rolled 

Unrolled 

Rolled 

Unrolled 

Significance 

WHEAT YIELD 
number of heads / 1m of 

drilled row 

5 1 . 00 

59 . 75 

5� 

56 . 50 

N . S .  

...... 
(XI 
...... 



Coulter  t reatment s  

Chisel Coulter 

Triple Disc 
Coul ter 

S tatis tical sign i-
ficance between 
coul ters 

--

Soil t reatments 

Rolled 

Unro lled 

Statistical signi-
cance between soil  
t reatments 

TABLE 36 : The effects of  direct dril l ing coul ter designs and soil 

compact ion on lupin yield . 

Seed dry weights To tal number o f  To tal number of Number of pods / 
grams pods seeds plants 

39 . 9 5 10 1 352 4 . 2 5 

4 3 .  16 1 10 39 1 4 . 4 7 

N . S .  N . S .  N . S .  N . S .  

36 . 42 9 2  32 1 4 . 18 

46 . 69 1 19 4 2 1 4 . 5 3 

N . S .  
s i gnificance N.  S .  N . S .  

at  10% 

-
CXl 
N 



TABLE 3 7 : 

Soil X Coulter  Treatments 

Chisel Rolled 1 

Coul ter Unrolled 2 

Triple Dis c Rolled 3 

Coulter Unrolled 4 

S tatistical significance 

of the interactions 

The e f fects of direct  drilling coulter des igns and soil 

compaction on l up in yield . ( in teractions ) 

Seed dry weigh t  Total number Total number 
( g) of  pods o f  seeds 

33 . 62 88 302 

46 . 29 1 15 402  

39 . 22 9 7  34 1 

4 7 . 09 124  44 1 

N . S .  N . S .  N . S .  

N . S .  = Non significan t . 

Number o f  pods 
per p lant 

3 . 95 

4 . 55 

4 . 42 

4 . 52 

N . S .  

....... 
CX> 
w 



DIS CUSS ION 

( a )  Roo t  and he rbage d ry weights . 

184 . 

Result s  from Tables 2 5  to 30 inc lusive indicated that roo t dry 

weigh ts and herbage dry weights  o f  both wheat and lupin c rops were no t 

significan tly affected by co ulter designs no r by the s ta te o f  compaction 

of the soil prior to drillin g ,  nor were there any signi ficant interact ions 

between soil  compac t ion and coul t er treatments . With some excep t ions , 

there did appear however to be a sligh t  but statistically insignificant 

trend towards lower weights  of  roo t and shoo ts with bo th coul ters in the 

compacted plots  and also with the triple disc coulter  in b o th soils , 

compared to the chisel coul t e r .  This was more noti ceable with lupin 

than wheat . 

Lupin had earlier ( e xperiment 3 )  been shown to be more sensi t ive 

to the soil compaction than wheat . Lupin seedling development in this 

experiment appeared to be  generally more rap id in the uncompacted p lots  

especially in the  triple disc  coul ter treatments . No clear and/o:r 

s ignificant difference in development o f  roo ts compared wi th shoo ts 

could be seen in any of the treatments however .  

( b )  Seedl ing eme rgence . 

Results of  seedl ing counts at days 1 0  and 14  ( Table 3 1  and 3 2 )  

alsQ failed t o  expose any s i gni ficant d if ferences between the two 

coul ter treatmen ts in both soil conditions . 

There may have been a sl ight but statis ti cally ins ignificant 

advan tage with wheat  at day 10 from compac t ing the soil prior to 

drilling with both coul ters , but this was no t con firmed at day 14 . 

Again , no s igni fican t  interact ions could be found between coulter types 

and soil compactio n .  



185 . 

( c )  Earthworms . 

In Table 33 the populat ion of earthworms was no t found to be 

s ignificantly a f fec ted by soil density or coult er t reatments under 

e i ther crop at day 2 1 .  With wheat ,  there were s t i l l  no significant 

di fferences in earthwo rm populations between coul ters within e i ther soil 

density no r between so il dens i t ies wi th either coul ter at day 35 

( Tab le  34) . Howeve r with lupin a t  day 35 , there was a significantly 

higher earthworm populat ion in plots using the chisel coul ter compared 

with the t riple disc  coulter ( Table 33) , and a s imilarly s igni ficant 

d i fference favouring uncompac ted soil with lup in using both coul ters 

compared to compacted soil at  day 35 ( Tab le 34 ) . 

I t  was also noted that the total number o f  earthwo rms had 

increased in all treatmen ts between day 14  and 35 al though this trend 

was not analysed s tatistically ( Table 34 ) . 

I t  is  difficult to ascertain whe ther or no t the soil  was 

compac ted sufficiently to affect the l i fe cycle and reproduc t ion of the 

earthworms . Perhaps an earlier populat ion count immedia tely a fter the 

soil  was rol led might have y ielded use ful informa t ion in this regard . 

I t  i s  also possib le that much o f  the s tructural differences o f  the soils , 

bro ught about as a resul t o f  rolling and non-rolling may have been 

reduced because of the ra ther extreme climatic  condi t ions during the 

first  two weeks o f  the experiment (heavy rainfall followed by a dry ho t 

period ) . For this reason , the ove rall increase of earthworm populat ion 

recorded at the 35th day may have s imply reflec ted the improving c l imat ic 

condit ions . There was insuffic i ent data collec ted on the earthworm 

activi ty in this experiment to draw s t rong conc lusions as to the relat ive 
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e ffects of  the two coul ters per se on popula tions and l i fe cycles and 

vice versa . 

( d )  Yields . 

The terminal crop yield data of Table  35 , 36 and 37 indicate tha t 

the t erminal seed yields of both wheat and lupin appeared not to b e  

signi ficantly affec ted b y  coul ter designs or compac t ion i n  this experiment .  

This  is in agreemen t  with the previously dis cussed data ob tained 

for roo t dry weight , herbage dry weight and seedl ing counts . The l imited 

data ob tained fo r wheat yields (number o f  heads / 3  meter lengths of 

drilled row) was no t considered adequate  and there fore does no t j us ti fy 

detailed discuss ion . However measurement of aspects  o f  lup in yield 

involved determining seed dry weight , to tal number of pods , to tal number of 
wtu. i'ctKen , 

seeds and numb ers of pod per plant� No statistically significant 

differences were found in these parameters b e tween coulter  treatments 

although the trends seemed to sugges t  tha t l up in y i e l d  may have been 

marginally b e t ter in the triple disc plots  than in the chisel coul ter 

plot s .  Likewise , the uncompac ted plots  overal l  may have been marginally 

superior to the compacted plot s , and in terms of total pods , this t rend 

was s igni fican t  at the lower order o f  probab i l i ty of 10% . If  this t rend 

was indeed real , i t  probably reflec ted the marginally b e t ter ( though no t 

signi fican t )  seed l ing perfo rmance o f  lup in crop found in the uncompacted 

p lo t s  at  earlier s amp l ings . 



6 .  SUMMARY AND DISCUSSION 

A .  EQUIPMENT AND MEASURING TECHNIQUES 

187 . 

There has been little reported wo rk on the development of 

equipment and techniques associa ted with the 'investigation o f  direct 

drilled groove charac teris t ics . ( 6 8 , 103)  The designin g ,  modifying and 

testing of equipment and techniques used to detect changes in soil 

physical p roperties at  seed level microenvironment have been an 

important part o f  this s tudy . 

There is  no single measurement which adequately reflects the 

s tate  of compact ion of soils in relation to the tests  which were 

envisaged in this s tudy . In o rder , there fo re , to gain as much 

informat ion as poss ible from the various alternative measurements that 

were feasible a number of simul taneous s tudies were made . Individually 

all of  these s tudies had limi tations which are discussed below , but 

col lectively they presented a good p ic ture of the physical changes that 

were taking (or had taken) place in the soil as a result o f  the passage 

o f  the coulters . I t  is possible that in future s tudies o f  this type 

some of the less fruit ful techniques might be el iminated but it  is 

difficult to see any one technique in isolat ion providing all the answers 

required . 

One o f  the maj or des ign difficul t ies has been the problem o f  

lo cat ing measuring equipmen t i n  the soil without caus ing excessive  

dis turbance to  soils at  the test  site . 

In the meas urement of soil bulk density at the groove base a 

s teel mini-core s ample with sharpened leading edges was vertically driven 
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down into the soil . S amplings were taken wi th great care to minimize 

compact ion a t  the edges o f  the core samp l er . Nevertheless some compact ion 

was inevit able  because of the drag force which was developed through 

soi l  contact with the in side o f  the sampler tub e .  This force could be 

app reciable when the soil  was wet an d s ticky . 

In the measurement o f  soil  s t rength the mult i  point penetrometer 

was developed for use with turf blocks that had been extrac ted from the 

field . One of the obj ectives of this mul t ipoint penetrome ter was to 

at temp t  to reduce some of the variability ob tained with s ingle point 

penetrometers by sampling each t ime with a cluSter o f  four probes . I t  

was found advantageous t o  locate  a transducer across  the proving ring 

of this device . In thj s manner , as the penetrometer advanced into the 

soil at a s t eady rate , a continuous record of penetrat ion as a function 

of depth was obtained . A measure of soi l  s t rength could thus be obtained 

between given soil dep ths by averaging the penetrome ter readings from 

the trac ings within the appropriate ordinates . Where soil resis tance 

at  a specific  depth was of interest , the penetrometer res istance at  that 

depth could also be taken dire c t ly from the curve produced by the chart 

recorder . The penet rometer resis tance readings � not only depended 

upon the combined inf luence of soil cohes ive and frictional charac teris t ic , 

but also the shape o f  the ins t rument .  Some comb ination o f  cutt ing , 

separat ion , shea r ,  f ric t ion and compression failure may have been 

respons ible for the readings . Thus these readings were no t regarded as 

being ab solute , but ins tead were considered to be use ful fo r comparison 

s t udies only . 
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In the measurement o f  soil pressure ( ins tantaneous zone o f  

influence ) t h e  pressure sensing  tubes were des igned t o  monitor only the 

normal component of s tress developed by the passing coul ters . They were 

not des igned to s tudy the complete s tate of s t ress  in the soil a t  a given 

poin t .  

I t  was recognised tha t  t he measurement of soil pressures alone 

could no t be used to evaluate the soil compac t ion which resul ted from 

these exerted pressures .  The resul ting compac t ion for a given pressure 

depends on the mineralogical and mechanical compos ition of the soil , 

i t s  moist ure content and the in' itial consolidat ion of the soil . The 

resul t s  repo rted were fel t to be of value in supporting the data 

obtained f rom measurement s  of permanent deforma t ion , and in attemp ting 

to locate the zones o f  influence of the passing coul ters . The data 

could nei ther be expected to represent the maj or principal s t ress 

responsible for compac tion ( 79 ) , no r t he mean s tress ( 7 5 ) . Furthermore 

only the normal component o f  the s t ress tens ion acting on the pressure 

memb rane was measured , and this therefo re assumed that all of  o ther 

shear s t resses were negligible . In fact  i t  is probab le that o ther shear 

s t resses were created while the coulter was passing and that these should 

have been ac coun ted for if a to tal s t ress analysis of the situa tion was to 

have been at tempted .  

The pressure on  the rubber diaphra��was required to  be  transmit ted 

by wa ter . Thus its  accuracy may have been influenced by ambient tempera ture 

variat ions . Specif ically the main dif ficul t ies associated wi th this 

measuring technique were found to be : 

( a )  The pressure sensing tube could no t always b e  expected to 



respond to the forces on i t  in exac tly the same way as 

the cylinder of soil which i t  replaced ; 
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(b ) The p rocess of plac ing the sensing tubes in the soil inevi tably 

caus ed some dis t urbance of soil  around it ; 

( c )  The soil/ rubber diaphraymsurface contact could have been 

far from desirab le because of the inab il ity to examine 

them once they were in place ; 

( d )  Because o f  the po t ential temperature sensi tivity of the 

device , it is poss ible that soil temperature gradients 

will have affected the sensing tubes while measur ing was 

in p rocess . 

In the  measurement s  o f  draft  force while the actual results 

could be  regarded as an accurate re flection o f  the draft requirement s  

o f  the coul ters i n  the b ins , they could no t be extrapolated directly 

to a field s i t uation b ecause o f  the extremely slow forward speed used in 

the b ins . 

The ins t rumentat ion used to monitor the dis turbance on the surface 

of the soil on either s ides of the coul ter crea ted grooves produced 

resul ts of a qual itat ive na ture because the device was no t in anyway 

designed to measure the propagat ion s t ress as i t  may have a ffected soil 

changes . Nei ther we re the probe charac teristics ( e . g .  resilience , force 

pattern exerted on the p robe , deformat ion pattern of soil around the 

probe)  ident ified or s t ud ied . 

Visual assessment o f  thin soil sections and the electron 

microscopic technique we re two techniques which were found to be use ful . 

More careful preparat ion and impregnat ion o f  samples may lead to 

eventual quantificat ion o f  the charac teris t ics (e . g .  vo id and pore s ize)  
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o f  the soil sec t ions obta ined . X-ray examinat ion of soil sect ions were 

attempted but was found unsat is facto ry for the purposes of this s t udy 

because t he maj o r  intere s t  was of changes in macrosoil s t ructure , which 

is not adequa tely shown by X-ray . 



B .  SOIL PHYSICAL CHANGES AND ROOT RESPONSE DATA 
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The soil physical data ob tained in these experiment s  were aimed 

at : ( a )  gaining an unde rs tanding o f  the permanent effects on a soil 

of the passage of two con t ras ting dire c t  drilling  coul ter des i gns ; 

( b )  measuring simplis -'_ t i cally the two maj or component s  o f  input energy 

requi red to operate each of the two coul ter des i gns and ( c )  monitoring 

the instantaneous dissipat ion of soil s t resses as the coulters passed . 

a .  Permanent soil  de fo rmation (bulk density and soil s trength)  

The summarised results  o f  experiment s  1 ,  2 and 3 are represented 

in Table 38 . 

Bulk densi ty.  

Compared w i th both the chisel coulter treatment and the 

o ri ginal soil , the common and highly significant trend of the t riple disc  

coul ter  was to  produce higher soil bulk dens i ties at the groove base , 

irrespec tive o f  the ini t ial soil b ulk dens i ty .  

The t r iple disc coul ter increased soil  s trength at b o th the groove 

sidewalls  and bases whi le the chisel coul ter in mos t  ins tances decreased 

the soil s t rength in these zones . In any cas e , the dif ferences between 

the two coulter  types was highly signi ficant . 

The triple  disc coul ter al so appeared to create  narrow , smeared 

( if wet )  and compac ted grooves with l i t t le visible loos e  soil . The soil 

mois ture content which appeared to sus tain the mos t  compact ion by the 

t riple disc coul ter was 2 3% w/w . Soils wet ter than this ( 28- 30% w/w) 

and drier ( 2 0% w/w) appear to be  less suscep t ible  to compac t io. by this 

coul te r .  S imilarly , the lower the ini t ial soil bulk densi ty ,  the greater 

appeared to be the increase in bulk dens ity at the base of the t riple disc 
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groove , although clearly there may have been an interaction in this 

respect wi th soi l  mois ture content . 

In all soil condi t ions , the chisel coulter appeared to have no 

effects  on soil bulk dens ity at the groove base . The soil bulk density 

data obtained in these experiment s  (and which are summarised in Table 38) 

can be rewr i tten as soil poro s i ty (N%) data according to the expression 

N% = 100 - D;d where D and d are soil bulk density and par t icle density 

respectively . These data are also shown in the Table 38 . 

Soil s trength .  

Parti cles a t  both s idewalls and at the base o f  the triple disc 

grooves were seen to b e  smeared , which was considered to be  an indirect 

indication that an increasing soil s trength was l ikely to develop as 

they dried to form crus ts where the smears had been . 

Some smearing was also ob served at the edges o f  the soil flaps 

generated by the chisel coul ter . However ,  this smeared region was not 

at seed level and was eventually dis turbed by the following harrowing 

operation . The smear created at the soil/metal interface of the triple 

disc coulter  groove was ,  at f irs t believed to have partly impeded seedling 

roo t  elongat ion , particularly when the soil had been subj ected to a dry 

period ( 2-3  days ) a fter drillin g .  However data ob tained from a subsequent 

experiment (4) sugges ted that the smear on both s idewalls  of the triple 

disc created groove did not , in fac t , mechanically impede the seed l ing 

roo ts . Rather the roots  appeared to elongate  axially and well  beyond the 

smeared surfaces . Moreover ,  the smearing e ffect appeared to be more 

severe at a zone two thirds of the d is tance down from the top of the triple 

disc groove , and no t in the areas immediately adj acent to the seeds . 



TABLE 38 : Summary o f  the effec t s  o f  direct drilling coulter desi gn s  on 

bulk den s i ty , poro s i ty and soil s trength . 
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(b )  Coul ter operational forces . 

Table 39 summarises t he two maj or componen t s  of  force requi red 

to operate the two coul ter typ es in the experiments in which these were 

measured . 

The penet ra t ion forces were those forces found  necessary to 

c reate grooves with average dep ths of 35-40mm . I t  was observed that 

induced vertical cra cking of the turf block was possible with the 

applicat ion of excessive pene tration fo rce , particularly in the case o f  

the t riple disc coulter , and i n  the drier soils . The data presented 

represents t he gross weigh t  applied above each coulter in the form o f  

ballas t .  The net  force required a t  any po in t  in t ime was not known as 

the dep th wheels carried the difference . Thus , s tatistical analysis 

o f  this data was felt t o  be  meaningless . 

I t  was apparent tha t  the triple dis c coul ter pro duced a 

downward and wedging action which contras ted with the upward action o f  

the chise l  coul t er . In as much as the lat ter action , (because of its  

proximity to the unres tricted soil  surface)  was able to  be relieved by  

surface heaving ,  it is  no t surpris ing that the triple disc coulter 

required cons istently , more vertical downward force to achieve 

penet ra t ion than did the chisel coul ter . The o rder o f  magni tude o f  this 

difference averaged X4 . 0 .  



TABLE 39 : Summary o f  forces required for penetra t ion o f  two direct 

drill ing coulters . 

Experiment Moisture Chisel coulter Triple Disc Coul ter 

Force requi red 
for coul ter 
penetrat ion 
(N)  

Draft (N)  

No . 

1 

2 

3 

1 

2 

Content 
w/w 

2 3% 

28% 

20% 

2 3% 

28% 

treatment 

2 2 1  

2 0 3  

4 16 

2096 

1852  

treatment 

882 

842 

1 2 1 0  

1 6 84 

1 2 10 

...... 
1.0 
0\ 
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The summarised results  o f  dra f t  measurements presented in 

Tabl e  3 9  indicate t hat a s i gnificantly greater  draft  was required for 

the chisel  coulter  in bo th  o f  the experiments in which this force 

component was measure d .  This was thought t o  be  due t o  the greater energy 

needed by the chisel to shat ter and pulverise the soi l . The t riple disc 

coul ter in requiring less draf t ene rgy was seen to cut through and 

wedge the soil . I t  is also interes t ing to no te tha t the draf t 

requirement s  of the two coul ters by comparison was o f  the reverse order 

(but not o f  the same magnitude)  as the individual penetration forces . 

The mean o rder of draft dif ference in favour o f  the triple disc coul ter 

was Xl . 25 .  Thus i t  might be  concluded tha t i f  the input energy for both 

coulters can be reso lved to these two simple component s  ( draft and 

penetration) the to tal energy requirement for the chisel coul ter was 

somewhat less than the triple dis c coul ter .  Such a s implistic  

resol ut ion would  no t be entirely realistic  however as  energy losses in 

the form of hea t  and wearing o f  components were no t accounted for .  

The pure dra f t  resul ts however appear to support those o f  Koronka (lOO) 

who was one o f  the few workers to measure this parameter . 

The da ta for both coulters also showed an inverse relationship 

with soil mois ture and soil s t rength data . As soil became drie r ,  soi l  

s trength increased whi ch resulted in higher dra f t  forces . 

( c )  Ins tantaneous d iss ipa tion o f  soil s t ress . 

Table 40  lists  the s ummarized data for the two experiment s  in 

which the ins t an taneous diss ipation of soil s t ress was recorded . This 

data s uggests  that p ressures generated by the t riple disc  coulter were 

cons istently greater than those generated by the chisel coul ter . This 
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was especially so when measured directly under  the base o f  the coulter 

path . The triple disc coul ter p roduced , on average , three t imes the 

pressure in th�s posit ion and 1 . 2  t imes the pressure at the s idewalls 

compared to the chisel coul t e r .  

Again , t h e  mos t  reasonable explanation f o r  these differences 

appears to lie in the compa rat ive modes of action of the coul ters . The 

chisel coulter in i ts loosening process p roduced an upward fo rce and 

energy was expended in shattering and pulverising soils . The triple 

disc by contra s t  expended energy in packing soil particles at  the base 

and to a lesser extent at  the groove wal l s . Because the measurements o f  

p res sure a t  t he base o f  the chisel coul ter grooves were small ,  the 

recorded s t ress is l ikely to have been an hydro s tatic  s t ress rather than 

deviatoric . The same si tuat ion may have been o c curring with the triple 

disc coulter but because of the greater magni tude o f  measured s t ress 

this could no t be hypo thesised wi th any confidence .  Both mus t remain 

speculat ive however . 

The recorded s t ress  data were in s t rong agreement with the 

data obta ined for measurement s  of soil s t rength and bulk dens ity . 
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TABLE 40 : Summarised e ffects o f  direct drilling coul ter designs 

3 cm 

5 cm 

3 cm 

5 cm 

on soil pres sure . 

EXPERIMENT I EXPERIMENT II  

Pressure measured a t  base  pos ition (kPa ) 

Triple Disc 
Coulter 

1 16 
( 2 )  

t 

69  
( 4 )  

Chisel Coul ter 

35 
( 1 ) 

2 7  ( 4 )  

Triple Disc 
Coulter 

167 
( 1 ) 

124  
( 1 ) 

Chisel Coul ter 

59  ( 2 )  

no t 
measured 

Pressures measured at the s idewall pos ition (kPa ) 

125  ( 2 )  1 2 3  
( 3) 9 5  ( 3) 

not 7 3  
( 3 )  

49  
( 3) measured 

t f igures in parenthesis rep resen t the number of replicated 

readings found pos sible . 

6 4  
( 3) 

30 
( 3) 

"""' 
\.0 
\.0 



(d )  Interactions 

The da ta collected were of limited value in establ ishing 

broad inte ract ions . Fo r each coul ter type , it was poss ible 

howeve r to examine the re lat ionship between soil mois ture content 

and soil bulk density p roduced at  the base o f  the drilled grooves 

in experimen ts  1 and 2 ,  when in it ial soil bulk densities had been 
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almo s t  identical . Similar data from expe riment  3 we re no t include d 

because the initial soil bulk density di f fered  marke dly frcm those Qv 

experiments 1 and 2 .  The t rends are shown in figure 65 . 

From this limi ted data it  appears that as the soil mo isture 

con ten t increase d ,  the difference be tween the two coul ter types 

also increase d ,  sugge s t ing that  the compact ion associated with 

the t riple disc coul ter in this soil at  initial bulk dens ity approxi­

mating 1 . 00 g/cm3 had increase d wi th so il moist ure content . 

(e )  The e f fe cts o f  coulter shape s on roo t growth 

I t  is well known that roo ts  canno t pene t rate voids narrowe r 

in diameter than the ir root t ip s  unless the vo id can be widened 

by pressure . Cemented o r  highly compacted pans present mechanical 

barrie rs to the elonga tion o f  roots . In soils with a de formable 

ma trix,  al though root  penetrat ion is influence d by the he terogene ity 

of the soil , roots  tend to have a geo tropic response and create 

their own channels or elonga te through cracks in the solid matrix . ( 1 2 6 )  

The two contrasting drill coul ter shape s tested in this inve s tiga-

tion crea ted different micro-envi ronmen ts  at the seed  level . 

Th is , in turn , brought about local ized changes in the compactness 

o f  the soil and soil mechanical resis tance . 
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I t  was however difficul t to determine whether or not this mechanical 

resis tance was important in isolation , as a change in one set of  physical 

propert ie s  affects not only that property but also o ther fac tors such as 

soi l , a i r ,  temperature and wa ter s upply . The resul t s  of the first two 

experiment s  reported herein , in which the soil moisture s tatus was 

reasonably controlled and ambient conditions were not considered to be 

limi ting , highl ighted the e ffects of  coul ter designs in changing so il 

phys ical condit ions in di rect dril led grooves , but failed to show any 

indication o f  t he effec t s  of these soil physical  changes on roo t growth . 

Al though the groove cr�ated by the triple d is c  coul ter appeared to be 

compacted in all experiment s ,  c l early the desirab i l i ty o r  o therwise of 

this compac t ion was subj ec t  to the init ial soil cond i tions ( i . e .  loose or 

dense )  and i ts mo isture con ten t  ( i . e .  dry or wet ) . Thus , it  is poss ible  

that in  a mo is t ,  loose soil  a t riple disc coul ter assemb ly could be  more 

advan tageous than a chisel coulter  assemb l y .  On the o ther hand , i n  a 

dry , dense soil cond i tion , the chisel coul ter was seen to be 

advantageous . The latter effect was shown in experiment 3 where a newly 

sown l up i n  crop was more sensitive to the soil compact ion at the groove 

base created by the triple disc coulter than it was to the chisel grooves . 

The mo s t  no ticeab l e  e ffects on the young lupin roo ts were 

reduced branching , f lat tening and distortion ( fig . 5 7 ) . Whea t roo t 

sys tem were more diff icul t to separate from grass  root s  and o ther dead 

roo ts than were lupin . However , by vol ume they too appeared to be greater 

in the chisel coul ter t rea tments than the triple disc  coul ter treatment s  

in experimen t 3 .  In any roo t s t udy . some hydrotropic response of roo ts 

migh t be  expec ted as a consequence o f  an uneven distribution o f  wa ter 
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in the soil  p ro f ile in the plants '  environment . ( 16 6 )  I t  was therefore 

difficult  in t hese experiments to dif ferent iate between roo ts being  

impeded by the e ffect s  o f  the  mechanical resis tance o f  soil and from 

responding to any hydro tropic s timul i .  

In all the dry soil regimes , the number o f  emerged wheat 

seedlings was low ,  pos s ibly due to the drilled seeds either failing to 

germinate or germinat ing and failing to emerge . 

In experiment 3 ,  in which the soil was precompact e d ,  i t s  soil 

s trength was probab ly further increased during the experiment as soil 

water evaporated ( particula rly from the " dry" ends o f  the b ins ) . In 

this s i t ua t ion i t  is possib le that the development o f  t he radical end 

of the hypoco tyl and the plumule end of hypogeal of the seedling may 

have been under some stress . These cen tres o f  growth may no t have been 

in s uf f ic ient contac t wit h  the soil at that s tage of growth , or were 

impeded by soil mechanical res istance ( even though nutrient availability 

and the soil environment should have been favourable had the plants  been 

able to utilise them to advantage ) .  

By contras t ,  in experiments 1 and 2 ,  it  appeared that where the 

soi l  mois ture contents were no t limi ting ( 2 3% w/w and 28% w/w 

respe c t ively) and where soil bulk dens it ies in the groove were no t high 

( 1 . 1 8g/cm3 and 1 . 1 5 g/ cm3 respec t ively)  seeds p robably had a suitable 

medium in whi ch to init iate  germinat ion and p roceeded to emergence . 

Lupin seedlings also re flected d i fferences between the coul ter 

t reatmen ts . Emergence in the chisel coul ter treatments was s ignif icantly 

greater than in the t riple disc treatment and the tap roo t  d iame ter was 

also significantly larger in the fo rmer treatment .  The above ground s tem 
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d iame ter o f  lupin in the triple disc coulter  treatment was also smaller 

in exp eriment 3 t han in the chisel treatment . This may simply be a direct 

re flec t ion o f  the reduced roo t diameter but may also be an indirec t e ffec t 

result ing from the smaller triple disc roots being less ab le to exp lore 

nutrient reserves and respond to hydrotropic s timuli .  

The field experiment s  were designed to inves t igate whe ther or 

not t ime p ermitted  compensating effects to take p lace within the 

respective crop s .  

The resul t s  o f  the two field experiment s  were inconclusive . 

While i t  was expected that the soil bulk density  would b e  mod i f ied  by the 

two coulters in a similar manner to that recorded in the bins wi thin a 

laboratory si tua t ion , insufficient plant response data could b e  col lec ted 

to monitor any soil effects in terms o f  plant growth through its full 

cycle . In the second exp eriment while plant growth was relatively 

unres tric ted by outside influences , no responses attributable to coulter 

treatments could be  de tected at  any s tage o f  growth . I t  is possible  tha t 

in the active growth period of the latter exper iment ,  roo t decomposit ion 

of the sprayed pas ture , and earthwo rm ac t ivity may have been of sufficient 

importance to override any localised coul ter inf luences . Certainly the 

greates t concentrat ion of earthworms was found to be in the top l OOmm 

o f  soil , and this popul ation increased during the season . This explanat ion 

is no t entirely satisfac tory howeve r because earthworm popula tions them­

selves differed signif icantly between coulter and compact ion trea tment s  

under lupin , b u t  no t under wheat . Fur ther explanations therefore can 

only remain speculative . 
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7 .  

CONCLUS IONS . 

The s tudy reported herein a ttempted to i dent i fy some o f  the 

soil physical properties which were affected by cont ras t ing designs o f  

dire c t  drill ing coul t ers and t o  relate these soil physical properties t o  

roo t growth and plant development .  The practical value o f  us ing any one 

of the physical measurement s  as a soil indicato r  may be argued but 

together with all o f  the o ther me thods and techniques , consis tent data 

was able to be col lected , and t hese helped to def ine the in-groove 

. microenvironments created by the two chosen coulter designs and relate 

these to plant roo t growth . 

The data suggests  that the des igns o f  drill coulters and their 

consequent e f fects  on soil phys i cal properties are indeed important 

cri teria in the technique o f  direct dril l in g .  

An experimental chisel co ulter developed b y  Baker ( 68 ) , 

under varying moisture condit ions pulverised a narrow band o f  sub surface 

so il and allowed seeds to drop into the base of the groove while  the 

overlying turf flaps were held apa rt . 

A commercia l ly availab le t r iple disc coulter , by contrast ,  

formed a V-shaped open groove with lit tle sha t tering and left  the seeds 

partly exposed at its base . 

Smearing was foun d  on the groove wall  in moi s t  so il with the 

triple disc  coul ter  but exper imen t s  indicated that mos t  roo ts elongated 

axially t hrough the base of the groove and although the smeared surfaces 

may have had some effect  on the movement of soil water  vapour , they did 

not in anyway rest rict  roo t or plant developmen t in these experiments . 

No smearing in the seed zone was observed with the chisel coulter and 
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some loose soil covered the s eed in all  soil condi t ions . 

Neither coulter  p roduced any detrimental compac t ion alongside 

the groove walls , al though the triple disc  displayed a greater compressive 

tendency in this area . The maj or zone of compaction was at  the groove 

base where the t riple  disc coul ter increased bulk density and soil 

s trength consis tently , particularly in the drier soil regimes . The 

chisel coul ter  produced  no measurable compac t ion at any soil mois ture 

content , and in fac t may have had a s l ight tendency to decompact ;  

In the l abo ratory cond i t ions , no t surprisingly , seedling 

performance and roo t  growth were be t ter  with the chisel coul ter in almost  

all  o f  the tested  conditions except  with moist ,  loose soil  where i t  was 

equivalen t  to the triple dis c .  No roo t responses were observed with o r  

wi thout coul ter compac t ion until  the p re-dri l l ing so i l  bulk density 

exceeded 1 . 32g/cm3 , and then root s  were res tric ted only with the triple 

dis c coul ter when sowing lupin and no t at all with the chisel coul ter 

treatment s  or with e ither trea tment sowing wheat .  

In the field cond it ions , any compaction o f  the soil by the 

triple disc coul ter (particularly at and near the base o f  the groove) 

appeared to be  compensated for by other fac tors during the plant ' s  full 

growth cycle . The practical signi ficance of the ob served effects o f  the 

coul ters on the soil is there fore ques tionnable , although it  mus t be 

recognised that the field trials described were by no means exhaus tive . 

The compaction and mechanical impedance p ro duced by the 

t riple  d is c  coul ter did no t appear to be responsible  for seed and/or 

seedling e s tablishmen t failures ��� · The soil mo isture transpo rt pro cess 

and soil water vapour availability within the top l OOmm are l ikely to have 

been more impor tant factors than loca l ised compact ion (M . A .  Choudhary , 
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pers . comm. ) .  

The complex mechanism o f  roo t growth and i t s  dependence on 

the soil microenvironment is no t fully unders too d .  I t  i s  therefore 

appropriate now , tha t  physiolo gical s tudies be directed towards exploring 

the l inks between seed and seedl ing perfo rmance in relation to the 

micro-so il  environment at seed level p roduced  by d irect  drilling  coul t ers . 
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REPLICATE No . 1 

Soil  moisture 

content at 2 1  

dril l ing 

w/w % 

Soil  b ulk 0 . 99 

dens ity before 

drilling g/cc 

Soil b ulk density 

after  drilling  

g / c c  1 . 20 

N S  = non-signif icant 

APPENDIX 1 .  

TABLE A . l  SOIL BULK DENSITY MEASUREMENT (Expt . l )  

TRIPLE DISC COULTER CHISEL COULTER 

2 3 4 5 6 . Average 1 2 3 4 

29  28  2 7  2 4  25 25 2 3  24 20 2 7  

1 . 04 0 . 99 0 . 92 0 . 94 1 . 00 1 . 00 0 . 9 3 1 . 06 1 . 88 0 . 95 

5 

2 7  

1 . 07 

6 Average 

16  23  
NS 

0 . 99 1 . 00 
NS 

1 . 16 1 . 20 1 . 17 1 . 18 1 . 20  1 . 18 1 . 12 1 . 0 3  1 . 11 1 . 01  1 . 02  1 . 1 3  1 . 0 7  
* *  



TABLE A . 2  SOIL BULK DENSITY MEASUREMENTS ( Expt , 2 )  

REPLICATE No . 1 

Soil mois ture content 

at drilling 

% w/w 

Soil  bulk densi ty 

be fore drilling 

3 g/cm 

Soil bulk dens ity 

after drilling 

3 
g/cm 

2 7  

1 . 0 3 

1 . 20 

Trip le Disc Coulter 

2 3 4 5 6 Average 

3 1  2 8  26  2 9  2 7  2 8  

0 . 9 8 1 . 0 7  1 . 08 1 . 06 1 , 04 1 . 04 

1 . 09 1 . 15 1 . 1 7 1 . 18 1 . 1 7 1 . 15 

** Significant leve l P = 0 . 01 

Chisel  Coulter 

1 2 3 4 5 6 

30 2 7  2 9  2 4  30 2 7  

1 . 04 1 . 05 1 . 00 1 . 06 1 , 06 1 . 07 

1 . 04 1 . 05 1 . 0 3  1 . 03 1 . 02  1 . 04 

Average 

28  

1 . 04 

1 . 03  
** 



TABLE A . 3  SOIL BULK DENS ITY MEASUREMENTS AT SOIL MOI STURE 2 0w/w ( Expt . 3 ) 

REPLI CATE No . 

Soil  bulk dens ity 

b e fore drilling 

3 g / cm 

Soil  bulk dens i t y  

a f ter  drilling 

g/cm3 

1 

1 .  36 

1 . 45 

Triple Disc Coulter 

2 3 4 5 6 Average 

1 . 3 8 1 . 2 3 1 . 36 1 . 32 1 . 32 1 . 33 

1 . 46 1 . 40 1 . 46 1 . 41 1 . 44  1 . 44 

* *  = Signi f i can t level P = 0 . 01 

Chisel Coulter 

1 2 3 4 5 6 Average 

1 . 36 1 . 38 1 . 2 3  1 . 36 1 . 32 1 . 32 1 . 32 

1 . 30 1 . 32 1 . 32 1 . 30 1 . 29 1 . 39 1 .  32 
** 



APPE NHX 2 Upper figures = Expt . l .  

TABLE A . 4  SOIL STRENGTH MEASUREMENTS (EXPERIMENTS 1 , 2 , 3 ) ( In N)  
Centre figures = Expt . 2 .  
Lower fi gures = Expt . 3 . 

Q) Q) eo Q) Q) eo 

Triple Disc Coulter ...c: ...c: � Chisel Coulter ...c: ...c: t::: 
+J +J ...c: ·� +J +J ...c: ·� 

+J ....-1 +J ....-1 
+J +J eo ....-� +J +J eo ....-� 

DISTANCE AWAY FROM THE GROOVE CO CO t::: ·� DI STANCE AWAY FROM THE GROOVE CO CO � •rl 
a.J H a.J H 

"0 "0 ....-1 H O  "0 "0 ....-1 H O  
Q) Q) ....-1 +J Q) Q) ....-1 +J 
H S H CO (/) Q) H S H CO (/) Q) 
::l 0 ::l � H ::l 0 ::l � H 
CIJ +J CIJ Q) ,...., 0 CIJ +J CIJ Q) ,...., 0 
CO +J CO "0 •rl 4-l CO +J CO "'  ·� 4-l 

REPLICATE 15 25 35 45  55 Q) 0 Q) ·� 0 Q) 15 25 35 45 55 Q) 0 ClJ •rl 0 Q) 
;:f: >Q  ;:f: CJ:l  CJ:l >Q  ::8 �  � (/)  (/) �  

. 2 38 . 2 87 . 5 1 3  . 4 31 . 333 . 762 . 333 . 325 . 050 . 132 . 1 74  . 2 59 . 3 13  . 2 32 . 1 19  . 294  
1 . 4 65 . 482  . 41 8  . 360 . 330 . 389 . 4 80 . 284 . 2 1 8  . 2 57  . 2 82  . 2 59 . 259  . 242  . 1 86 . 2 86 

3 . 15 3 . 04 2 . 50 2 . 80 2 . 48 2 . 6 1  

2 
. 396  . 5 80 . 458 . 4 85 . 649 . 6 83 . 392 . 384 . 180 . 260 . 380 . 308  . 181  . 259 . 186  . 3 74  
. 4 26 . 448  . 3 76 . 460 . 365 • 379 . 37 7 . 311 . 1 7 4  . 2 52 . 36 7  . 309  . 338 . 355 . 32 0  . 409  

3 . 39 3 . 1 1 2 . 90 3 . 30 2 . 2 8 2 . 50 

3 
. 21 8  . 2 84 • 311 . 2 10 . 208 . 311 . 169 . 308 . 19 8  . 2 18  . 4 1 1  . 2 89 . 284 . 306 . 156 . 384 
. 311 . 382 . 384  . 377  . 328  . 4 18 . 311  . 330 . 2 55 . 350 . 32 3  . 2 7 7  . 31 1  . 289 . 2 76 . 30 1  

3 . 00 3 . 11 2 . 47 3 . 08 1 .  9 3  3 . 11 

4 
. 6 54 . 815 . 695 . 801  . 9 13  . 6 73 . 666  . 463  . 14 7  . 12 7  . 1 7 4  . 20 8  . 2 1 3  . 2 23  . 162 . 325  
. 48 3  . 55 1  . 49 7  . 350 . 4 29 . 507  . 36 2  . 350 . 19 6  . 230 . 32 8  . 240 . 409  . 31 8  . 2 32 . 426  

3 . 4 7 2 . 46 2 . 90 2 . 9 7  2 . 52  2 . 81 

5 
. 14 2  . 16 1  . 2 37 . 394 . 316 . 340  . 235 . 318  . 15 2  . 184 . 17 9  . 206 . 265 . 12 0  . 11 2  . 26 2  
. 48 3  . 5 2 7  . 4 31 . 38 2  . 429 . 406 . 4 1 1  . 340 . 14 4  . 208  . 3 70 . 38 2  . 345 . 303 . 208 . 320 

3 . 85 3 . 2 3 2 . 15 2 . 9 7 2 . 52 2 . 81 

6 . 58 8  . 6 1 2  . 605 . 59 2  . 6 73 1 . 063 . 546 . 50 2  . 180 . 220 . 309 . 2 7 2  . 31 8  . 529  . 127  . 480 
. 39 7 . 448  . 5 19 . 31 6  . 365 . 455 . 40 6  . 367  . 206 . 284 . 33 1  . 284 . 304 . 2 74  . 299 . 2 84 

3.  7 3  3 . 7 3 3 . 43 3 . 00 2 . 96 3 . 24 



APPENDIX 3 .  

Typical draft  curves are given in Figs . A . l and A . 2 for 

experiments 1 and 2 respect ive ly . The mean drafts for each coulter 

are given in Table A . 5 .  

TABLE A . 5 DRAFT FORCES REQUIRED BY TWO DRILLING COULTER 
TYPES IN A SILT LOAM 

Replicate 

Draf t  

Forces 

(N)  

* *  p 0 . 0 1  

1 

2 

3 

TREATMENTS 

Chisel  
Coul ter 

1545 
1879  

1988  
1966  

2026  
2415  

1853  
2094 

Triple Disc 
Coulter 

1320 
1 384 

1101  
1 6 7 7  

1 2 10 
1 9 2 2  

1210  
1684  * *  

Upper figures : Measurements  with soil at  2 8-30%m . c  
Lower figures : Measurements with soil a t  22-24%m. c 
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Whec.t 

3 weeks a f ter drilled 

( g) 

Lupin 

3 weeks after drilled 

( g )  
-

Wheat  

7 weeks a fter drilled 

(g )  

APPENDIX 4 .  

TABLE A . 6 ROOT DRY WEIGHT PER PLANT ( EXPERIMENTS 1 AND 2 ) 

Exp . l  Soil �oisture 2 2 -24%w/w Exp . 2  Soil Mois ture 28-30% w/w 

Trip le Disc Chise l  Triple Disc Chisel 

We t Dry We t Dry We t Dry We t Dry 
Regime Regime Regime Regime Regime Regim�--- Regime Regime 

0 . 01 2 8  0 . 0098 0 . 01 4 7  0 . 0090 0 . 0143 0 .  0112  0 .  0116  0 . 01 1 1  

0 . 02 8 7  0 . 0200 0 . 0358 0 . 02 70 0 . 0155 0 . 0140 0 . 0 1 5 3  0 . 0133  

0 . 0293  0 . 0225  0 . 0209  0 . 0 109 0 . 0314 0 . 02 9 7  0 . 0282  0 . 02 7 3  



TABLE A . 7 

Chisel 

Knife-cut V shaped 

groove , wel l  covered 

Knife-cut V shaped 

�meared groove wall  

Knife-cut V shaped 

non-smeared groove wal l  

THE EFFECTS OF DIRECT DRILLED GROOVE SHAPE , SMEAR , COMPACTION AND COVER 

ON LUPIN SEEDLINGS 

REPLICATE 1 2 3 4 

RDW 0 , 01 8  0 . 018 0 , 02 1  0 . 01 9  

PL 5 7  4 8  4 3  5 8  

RL 90  8 7  9 3  9 0  

RDW 0 . 020 0 . 01 2  0 . 020 0 . 04 6  

P L  4 8  38  38 55  

RL 70 85 7 3  146  

RDW 0 . 04 3  0 . 016 0 . 033  0 . 02 5  

PL 38 42 4 3  38  

RL 120  75  120  1 1 5  

RDW 0 , 01 8  0 . 04 3  0 . 01 8  0 . 01 3  

PL 35 38  4 8  4 0  

RL · 1 1 3  105 70  7 0  

*RDW = root dry weight in grammes 
*PL = plant height (mm) 
*RL = root length (mm) 



TABLE A . 8  THE EFFECTS OF DIRECT DRILLED GROOVE SHAPE , SMEAR , COMPACTION AND COVER ON WHEAT SEEDLINGS 

REPLICATE 1 

RDW 0 , 01 3  

Chisel PL 88 

RL 115  

RDW 0 . 007  
Kni fe- cut V shape 

groove , we ll sovered 
PL  80 

RL 65 

Kni fe-cut V shape RDW O , Oll 

smeared groove wall 
PL 100 

thin cover 

RL 130 

Kni fe-cut V shape RDW 0 . 018  

non-smeared groove wal l 
PL 65  

-
thin cover 

RL 70  

RDW = root dry weight ( grammes )  
PL = plant height (mm) 
RL = root length (mm) 

2 

0 . 01 7  

105 

1 35 

0 . 025 

100 

l l 8  

0 . 026  

106 

158 

O . Oll 

70  

; ()  / V  

3 

0 , 01 7  

80 

9 3  

0 . 015 

80 

9 7 

0 . 011  

80  

100 

0 . 021  

90  

100 

4 

- 0 . Oll 

75 

75 

O . Ol l  

100 

130 

0 . 016 

105 

105 

0 . 018  

85  

100 



APPENDIX 5 .  

ESTIMATION OF WATER FROM TURF BLOCKS UNDER RAIN CANOPIES 

Dai ly evaporat ion from turf b locks deposited under c lear P . V . C .  

rain pro tect ion canopies was est imated by the ' bucket ' method . The 

metho d was des cribed as follows : 

Soil cores taken from the tested soil block (having had the exposed 

surface area measured)  were snugly fitted into beakers sligh t ly larger 

than the cores in s uch a way that disturbance of  soil and lateral 

evaporation of soil cores we re avoided . 

The beakers were placed into predri lled holes with the soi l surface 

in the beakers levelled with the surface of  soil of  the turf b lock 

outside . 

Evaporation was teken as the difference between the two water contents 

measured on two consecut ive days 

ESTIMAT ION OF WATER EVAPORATION IN THE SPRING- SUMMER 1 9 7 6  

Evaporat ion ml /58cm2 ( surface area o f  a soil core ) 

REPLICATE 
SAMPLE No . 1 2 3 

1 5 . 53 5 . 4 3 5 . 50 

2 5 . 15 4 . 5 1 4 . 20 

3 5 . 50 5 . 20 5 . 10 

4 5 . 09 4 . 9 1 4 . 00 

5 5 . 9 7 4 . 05 6 . 40 
Mean 
5 . 10 

Average 5 . 45 4 . 82 5 . 04 



Total surface area of  the t urf block 

Daily evaporat ion 

2 14 , 000cm 

5 . 10ml x 14000 

5 8  

/ll200ml /block 

Evaporat ion o f  � of the soil b lock was there fore est imated at 600ml 

of water per day . 

ESTIMAT ION OF EVAPORATION IN THE AUTUMN-WINTER 1 9 76 

2 
Evapo ration ml /soil core ( 58cm ) /day 

REPLICATE 

SAMPLE No . 1 2 3 

1 

2 

3 

4 

5 

Average 

0 . 76 0 . 8 3 

0 . 85 0 . 94 

1 .  31 1 .  35 

0 . 86 1 . 08 

1 . 06 1 . 00 

0 . 9 7 1 . 04 

Daily evaporat ion per soil  block 

1 ml X 1400 

58 

241 ml /day 

0 . 9 2 

0 . 82 

0 . 96 

1 . 14 

1 . 06 

0 . 98 Mean 
1 . 00 



APPENDIX 6 .  

CALIBRATIONS 

1 .  THE PRESSURE SENSING TUBE 

A mercury column was used to obt ain calibrated curves ( Fig A . 3 ) 

for the pres sure sens ing apparatus . Mercury was poured into a glass 

tube , the end of  which was in contac t  with the rubber d iaphragm of 

the pressure t ube whil e  the other end of  the sens ing apparatus was 

connected to a chart recorder . 

To avoid errors incurred due to the e ffects o f  changing 

temperature and humid ity on the pressure sens ing assemlHies , each 

was calibrated prior to each drilling experiment . 

celumn e f  mercury 
/___./ 

�·--·"' 

rubber diaphram 

_// 
TO chart recerder 

clamp helder l -



2 .  THE DISPLACEMENT TRANSDUCER AND THE LOAD CELL 

Weights were used to ob tain calibrated curves for the 

measurement s  of penetrome ter resis tance in the soils ( displacement 

t ransducer)  and the draf t fo rce ( load-cel l ) . Speed o f  the Char t  paper 

was set  a t  1 / 10  the speed o f  the tes t ing rig ( 1m/min) in all 

calibra t ions . 



Cl) H 
H s 

1 2 0 2 4 0  4 n o 

C urve 1 ( Ex pt 1 )  
t = 1 8 -2 0  

2 ( Expt 2 )  
= 1 0 - 1 2  

72 0 8 0 0 
mmH� 

F i�. A3 c � l i br� t i on c u rv e s  f o r  pre s s u r e  � e a s u r e � e n t  w i t h  

�yowR t ra n s d u c e r  PS - 5KB . 



4 1 2  1 6  

.v = . 4 56 x + . c H 4  
1 0 (1 

s = . 2 ) 1 / 1 0 0 
e 

F i � . A 4  T h e  c a l i bra t i o n c u r v e  for m e a s u r e m e n t  

w i t h t h e  �u l t i po i n t pen e t r o � e t e r . 



Cl) H H s 

! 0 1 70 00 
K-!; 

F i� . A S . T h e  c � l i bra t i on c u rv e  f o r  d r a ft m e a sur e � e n t 

w i t h  K y o w a  l . T l o a d  c e l l .  



APPENDIX 7 .  

DETERMINATION OF ROOT PERCENTAGE IN SOIL CORES 

Core samp les ( d ia 34mm, 50mm long) were soaked in a 

dispersing solut ion to fac ilitate root washing for 2 4  hrs . The soil 

was d isplaced out of  the root sys tems by gently washing , mos t ly 

under water , wi th a low pressure water hose . Roo ts and o rganic 

mat ter  remained on t he screen mesh o f .125mm , were oven-dried and 

weighted , Detailed  results  are given in tab le A ,  9 .  

TABLE A . 9 ,  THE ORGANIC  ROOT PERCENTAGE IN SOIL 

SAMPLE 

NUMBER 1 2 3 4 5 6 7 8 9 10 

1ST 1 . 9  1 . 0  1 . 2  1 . 0  1 . 5  1 . 2  2 . 0  1 . 0  2 . 1  1 . 9  

SAMPLING 

2ND 2 . 1  1 . 2  1 . 6  1 . 3  1 . 2  1 . 0 1 . 2  1 . 3  1 . 2  1 . 5  

SAMPLING 

MEA..f>l' 

11 Average 

1 . 5  1 . 45 

1 . 2  1 . 4 7  

1 . 46 



APPENDIX 8 ,  

METEOROLOGICAL DATA 

The data was recorded at the Massey University sub-stat ion 

E05464 during the experimental period , 

They are s hown in Fig A .6 . - Fig A . l 2 inc1 us ive1y . 

EXPERIMENT 

1 

2 

3 

4 

5 

6 

PERIOD 

2 7 /  1 / 7 6  - 1 5 /  3 / 7 6  

2 8 /  6 / 7 6  - 1 5 /  8 / 7 6  

1 2 / 1 1 / 7 6  - 1 6 /1 2 / 7 7  

1 8 /1 2 / 7 7  31/12 / 7 7  

6 /  5 / 7 7  9 /  6 / 7 7  

2 1 / 10/ 7 7  1 5 /  0 2 / 7 8  
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APPENDIX 9 .  

SOIL BINS 'AND TESTING APPARATUS 

Detailed descript ion o f  this equipment and inst rumentation 

was given by Baker ( 6 8 ) , Only brief description was given here for 

reference purposes . 

Tillage bins : rectangular , portable and cons t ructed o f  6 . 4mm 

s teel plat e ,  the base lined with lmm gauge s tainless stee l . Turf 

s amples were ext rac ted from any suitable site  by a special turf 

cutter moving ahead of/and attached to a collect ion t i llage bin . 

Tool Carrier and track : An e levated support ing bed is  

cons t ructed of rolled s teel j o ist s . Two parallel 150mm x 75mm j oists  

from the bed  on t o  \vhich maximum of 5 t il lage bin s  could be placed . 

At tached alongs ide each of the lOm bed j o ists , but supporting only the 

Weight Of tool carrier are tWO 1 20mm X 75mm j oistS  which form the 

carriage track . 

Tool Carrier : An inverted s t irrup-shaped tool carrier o f  

2 00mm x 75mm we lded channel iron travels a course parallel t o  the 

t illage bins and is supported on each s ide by four cas t iron wheels 

running above and below outer t rack . 

Drive : Mot ivat ion o f  the tool  carrier is by a 7�Hp . elect ric 

motor driving through a me chani cal clut ch and variable speed hydraulic 

drive . 



DESCRIPTIONS OF THE COULTERS Baker ( 6 8 ) . 

a ,  The commercially available type disc  coulter . 

This coulter cons ists  of  two flat discs (305mrn) vertically 

inclined to each other and approximately 1 5 ° included angles , forming 

a V slightly ahead of the base where they touch . Preceding this is a 

vertical flat p re disc , All discs have no breast  (or disc)  angle . 

Thus the drill coul ter is  more apt ly termed a double disc coulter ,  but 

common usage has tended to include the flat p re-disc as part o f  the 

drill coulter i tself  with the result that the drill coulter  assembly has 

become known as a t riple d isc coul ter (Fig .  7 ) . 

b ,  The experimental chise l coulter . 

A drill coulter featuring a rigid upright member as the soil 

engaging componen t and which has a narrow par t ly hollow vertical shank , 

to the base o f  which is attached at right angles a wider , slightly 

inclined , chisel shaped flat plate ( Fi g .  6 ) . 



APPENDIX 10 , 

EQUIPMENT 

MEASUREMENT OF PENETRATION FORCE 

displacement transducer 

Phillips model PR9 314 /10  

converter 

power supply 12v 

chart recorder (Rikidenki F . S . =2v) 

MEASUREMENT OF DRAFT FORCE 

load cell Kyowa LU 1 TE 

power s upply 12v 

microvol tme ter F . S .  set at O , Sv (Kikidenki)  

MEASUREMENT OF INSTANTANEOUS ZONE OF INFLUENCE 

pressure transducer Kyowa model P . S  SKB 

power supp l y  1 2v 

-microvoltmeter (used as an ampli fier ) F . S . =lO�v 

chart recorder F , S . =  0 . 2v 

MEASUREMENT OF THE DISTURBANCE ZONE ON THE SOIL SURFACE 

displacement t ransducer Phi llips model PR9314/10  

power supply 1 2v 

converter 

chart ·re corder F . S ,  set  at  10mv 



PHYSICAL PROPERTIES OF EPOFIX RESIN (manufactured by Struers , Denmark) 

Epo fix res in is soluble in alcohol and in acetone . Epofix 

hardening liquid is also soluble in alcohol , acetone and in water . The 

l iquid resin hardener mixture as used in the s tudy has the following 

propert ies : 

TEMPERATURE VISCOS ITY (cp )  

550  

150  

VAPOUR PRESSURE 
mm Hg 

0 . 5  

2 . 0  

POT LIFE 
( minut e s  ) 

30 

15 

Degree of hardness when comp letely hardened 1 8-24Kg/mm Vickers . 
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