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controlled temperature range of 20-250 C.

Thermocouple calibration curve.

A sample of a week day/night temperature and relative

humidity changes inside the glasshouse with a nominally

o}
controlled temperature range of 15-20 C.



ABSTRACT

Stand establishment of crops by direct drilling i1s a funetion of
seed germination and seedling emergence and their interactions with the
soil physical micro-environment at or near the seed soil interface which
itself is influenced by the design of direct drill openers. The main
objectives of this project were to study the effects of opener types on
seed germination and seedling emergence under continucusly wet warm
conditions. Experiments were conducted in the field under variable

climatic conditions and in a labeoratory under controlled conditions.

A field experiment showed that continuocusly wet s0il conditions
after drilling, resulted in significantly lower seedling emergence and
root/shoot weights than non-irrigated conditions. Both field and
laboratory experiments indicated that there were three strong influential

variables; opener types, the presence or absence of surface residue, and

the presence or absence of earthworms.

Five opener types and a surface broadcasting treatment were tested.
Best results (in terms of barley seedling emergence} came from surface
broadcasting on the untilled sc0il in all residue and earthworm
conditions, and a winged (inverted "T" shaped groove} in the presence of
both residue and earthworm conditions. A hoe opener ("U" shaped groove)
in these latter c¢onditions was marginally inferior to the winged opener
in this respect. 1In the absence of both residue and earthuorms <there
were few opener effects although the increased mechanical disturbance of
a power-till opener (100 mm wide "U" shaped groove) gave the highest
seedling emergence of all other "true" opener types in these conditions.
Worst results involved a punch planter (discontinuous "U" shaped holes)

and a triple disc opener ("V" shaped groove) in almost all conditions.

Crop residue conditions resulted in significantly higher numbers of
emerged seedlings and greater root/shoot weights than no-residue
conditions, under both simulated rain and temporary high water table
conditions. Long residue (200 mm) showed a significantly larger number
of emerged seedlings than short resjidue (40 mm) or bare soil
(no-residue). Two opener types (Wwinged and hoe) benefitted from the
presence of crop residue, whereas with a triple disc opener the presence

of crop residue was a disadvantage. This was because the function of the



winged opener Kept the residue over the s0il surface and the hoe opener
swept it aside, whereas the triple dis¢ opener pushed the residue down
inside the grocve and seed/residue contact appeared to have phytotoxic
effects on seeds and seedlings. The performance of the +triple disc

opener groove wWas improved when residue was artificially removed from

inside of the grocve.

The narrow discontinuous "U" shaped holes c¢reated by a2 punch planter
opener, the wide "U" shaped groove of a powered power-till opener and a
surface broadcasting treatment did not appear Lo be influenced by the
presence or absence of crop residue. Because precipitation was
artificially regulated in these experiments, the latter technique was
felt to be of limited practical importance, for untilled soils, because
of the uncertainty of natural weather conditions following seeding in the

field and the ctherwise poor potential for seed/so0il contact.

In the presence of residue there were higher oxygen diffusion rates
(ODR}) and 1lower s0il bulk densities, together with increased earthworm
populations and activity arcund the groove profiles of the winged, hoe,
power-till and punch planter openers than under no-residue conditions.
With the triple disc opener grooves, this trend was reversed, possibly

because of compaction and smearing created by this opener.

The presence or absence of earthworms had a marked effect on
seed/seedling performance. In the absence of earthworms the contrasting
crop residue conditions and opener types had little or no effect on
seedling emergence and seed/scil environment were in fact adversely
affected by the absence of earthworms. The compacted and smeared groove
of the triple disc opener showed lower numbers of earthworms around the
groove profile than all other opener Lypes under both residue and
ne-residue conditions. It was found that a high s0il bulk density (1.4
g/cm3), and to a 1lesser extent a heavy smear were detrimental to

earthworm activity.

The absence of earthworms resulted in 7-9 fold 1lower cumulative
infiltration around the groove profiles than where earthworms were
present. Opener effects on infiltration strongly favoured the winged

design in the presence of earthworms, but only when infiltration was

measured to a depth of 100 mm.



It is therefore recommended that where surface residue and
earthworms are present, use of a winged cr perhaps hoe or power-till type
opener is preferred in seil conditions likely to remain saturated during
the germination and emergence phases. A power-till cpener is preferred
where residue o¢r earthworms are absent. Use of triple disc or punch

planter openers in any of these conditions is not reccommended.



1. INTRODUCTION

Stand establishment of crops is markedly influenced by the efficacy
of seed germination and seedling emergence. The total environment
influencing germinating seeds is composed of physical, biclogical and
chemical parameters. Within the broad range of non-limiting biclogical
and chemical conditions, the streas imposed by physical factors in wet
scil conditions may become the dominant force which might then limit seed
germination and/or seedling emergence in the field. An understanding of
80il physical factors and their inter-relationship with seed germination
and seedling emergence 1is therefore fundamental to the precise
functioning of seed drills, especially in relation to the design of

furrow openers.

Seeds of field crops have been traditionally S0wWn into
conventionally  tilled seed-beds. Considerable data are available
concerning the characteristics of so0il tillage profiles in such
conventionally tilled seed-beds which have aimed at encouraging
consiatently coptimum responaes from seeds and seedlings during
germination and emergence. In direct drilling (or no-tillage), because
the technique is based on the avoidance of general seed-bed tillage {(with
or without herbicides}, the seed is sown directly into the untilled soil.
Moat of the comprehensive work to date at Massey University, New Zealand
has sought to characterise the micrec-environments created by direct
drilling openers in dry scils, and has centered on three opener types
(winged, triple disc and hoe). Under wet s0il c¢onditions, 1little
comparable data exist for untilled seed-heds. If the experience 1in dry
soils is to be followed, extrapolation from tilled seed-beds might be (at

best) unwise, and (at worst) distinctly misleading.

Phytotoxic effects of decomposing crop residues under the cool wet
soil conditions in the United Kingdom have been described, but no
interactions with opener types have been studied. Moreover, 1little
information has been available regarding the comparative performance of
opener types in the presence or absence of c¢rop residues and/or
earthworms under wet soil conditions. The cbjective ,therefore, of this
study was to identify and investigate the salient physical and biological
parameters which might be altered by the action of different direct

drilling opener designs in wet soils, and in turn to study the effects



that these might have on seed germination and seedling emergence cof

barley.



2. REVIEW OF LITERATURE

2.1 PHYSICAL, BIOLOGICAL AND CHEMICAL INFLUENCE OF
CROP RESIDUES ON DIRECT DRILLING

2.1.1 Physical influence:

fa) B0il moisture:

The most frequently quoted determinant of evaporation and soil
moisture content in no-tillage has been surface residue. Crop residues
have been reported toc reduce the evaporation of water from the s0il
surface and the lower evaporaticon rate from a mulch has allowed greater
atorage of water in the so0il profile and availability to the crop during
the growing season (Larson, 1970). Some authors have attempted to
quantify these effects (Triplett et al, 1968; Anon, 1961). These
authors found that s0il with residue occupying 80 ¢ ground cover
sustained higher soil moisture contents than soil with "normal®™ residue
(40 ¢ ground cover). Even lower scil moisture contents were observed in
these experiments in the absence of crop residue. However, Jones et al
(1969) found no significant difference in water contents below 300 mm
with or without surface muleh, tut they were unable to explain the reason
for this. These findings were confirmed by Lal (1978} under Nigerian
conditions who found that tillage treatments (with and without muleh) had

ne significant effects on moisture storage capacity at 300 mm depth in

8o0oils with low moisture helding capacity.

In no-tillage situations, mulches, by definition, are confined to a
surface covering. However, following normal tillage they may be left on
the surface or incorporated in soils in many ways. Aldefer and Merkle
{1943) observed that the moisture content beneath a surface mulch never
fell below 20 §¢ in any season in Pennsylvanian scils but he failed to
produce comparable data for incorporated mulches. Others (Schneider,
1979; Stobe, 1980) considered standing stubble to constitute a mulch.
They showed that tall stubble greatly increased moisture availability to

plants, particularly in dry seasons. Further, under a no-tillage system



trash preovided an excellent medium on which snow mould could grow,

according to Stobe {(loc cit).

Crop residues are not only important on dry soils. In irrigated
s0ils crop residues have had an influence on water-use-efficiency under
no-tillage systems. For example, Allen et al (1975) found that wheat
residue in irrigation furrows promoted a high rate of water advance which
resulted in more uniform so0il wetting. In these experiments the
water-use-efficiency averaged 1.8 and (.97 kg/m respectively, for
no-tillage and tillage experiments. They concluded that total
water-use-efficiency could be attributed to the early season residue

effect on slowing evaporation loss, and increased growth and yield in

most years.
(b} Infiltratiocn:

The infiltration rate of a soil has been defined by Richard and
Wadleigh (1952) as when a soil, in a given condition at a given time, can
absorb rain. It may also be defined as the maximum rate at which a soil
will absorb water impounded on the surface at a shallow depth when
adequate precauticons are taken regarding border or fringe effects.
Quantitatively, infiltration rate has been defined as the volume of water
passing into the s0il per unit of time. It has the dimen®ions of
velocity, The term infiltration capacity of the soll was the same as
infiltration rate, according to the Soil Science Society of America

subcommittee on permeability and infiltration {Richard and Wadleigh (loc

cit).

Mulching effects soil structure both directly and indirectly. Lal
(1976) found that under Nigerian cenditions crop residue minimized the
direct impact of rain drops, there was minimal crustation and therefore,
the initial pore space was maintained. Indirectly, mulching influenced
the activity of micrefleora and fauna and hence soil structure. Othar
authors (Lal, loc cit} Perr and Bertrand, 1960) claimed tha£ plant
residues and the additien of microbial decomposition products of plant
residues resulted in a marked 1increase in water stability of soil
structure which increased the water infiltration rate of the soil. This

work seemed to indicate that microbial by-products played an important

role in increasing infiltraton rate of soils.



The amcunt of crop residue per unit area may affect bulk density and

s0il infiltrabilitf both in initial run and wet run. For example,
Triplett et al (1968} showed that infiltration at the end of one hour
during both initial and wet runs with corn stover mulch (80% ground
cover) exceeded other <treatments (40% ground cover, no-till bare soil,
ploughed bare). However, Aldefer and Merkle (19M3) claimed that surface
mulching was always better than incorporation of mulching material under

no-till systems.
(¢} Soil bulk density:

Bulk density is a weight per unit volume that indicates the amount
of scil compaction and is inversely associated with the amount of
porosity. Porosity is reduced by compaction which in turn reduces the
size and volume of space between soil particles. Surface mulches effect
earthworm activity and this biological activity, influences soil bulk
density and porosity. For example, Lal (1976) reported that a 10 mm
thick layer of dead crop residue on the surface of mulched tillage plots
not only prevented\%rustatioﬁ!but stimulated biological activity and the
bulk density of the surface soil horizcon was generally low. Further he
claimed that in temperate regions of western Nigeria a c¢rop rotation
under a2 no-till system lowered soil bulk density significantly
{Lal,1978). Others { Triplett et al, 1968; Jones et al, 1969) claimed
that so0il with 80 & cover of crop residue lessened rain drop impact and
lowered soil bulk density, while with 40 § residue cover or bare soil,

bulk density was higher than with 80 % residue cover.

Less soil compaction due to tractor and implements, less resistance
toc penetration and lower bulk density, compared with conventional tillage
have been claimed for direct drilled maize (Zea mays) crops by Rahman
(1979) and Hoag et al (1980). No specific reasons for these claims were

reported by these authors, However, Hoag et al (loc cit) felt that the

extent and persistence of these changes would vary with soil type, the

previcus e¢rop residues and the cropping system.
(d) Soil erosion and run-off:

Tillage practices without crop residue on the s0il surface may

result in high losses due to erosion and run-off, particularly on sloping



soils. Lal (1978) observed that ercosion increased exponentially with the
increase of slope wunder high intensity storms. He felt that a
continucusly maintained cover of partially decompesed crop residue might
decrease run-off and soil losses for seils of 1 to 15 % slope. However,
under Nigerian conditions the mean water loss was 15 % lower in a no-till
system compared with a conventional tillage system (Lal, 1976; Harrold
et al, 1970). Larson (1970} observed that under high intensity rain only
1.0 t/ha 90il was 1ost when covered with 3 t/ha of wheat straw. He
commented that soil losses due toe erosion and run-off were inversely

proportional to the amount of c¢rop residue on the s0il surface.

Not only quantity, but quality of crop residues were impertant in
reducing soil losses in a no-tillage system. Phillips (1973) reported
that small grain straw and chaff provided excellent soil protection for a
larger period of time than soybean residue. Further, corn stalks and
grain sorghum stalks, when 1left standing after harvest, afforded
considerable resistance to wind and water erosion, according te Phillips
(loc cit). However, chopping stalks distributed them more uniformly and
provided inereased protection against the impact of rain and water
erosion {Anon, 1861). The combination of taller soybean stubble, small
grain stubble and the residues of both crops were found excellent in
affording resistance against wind and water erosion (Phillips, loc cit).
hs a result authors have been in favour of proper crop rotation sequences

to reduce scil losses and run-off {Cannel,1981).

(e) Soil temperature:

Crop residues influence not only soil moisture, infiltration, soil
bulk density, soil erosion and run-off, but also soil temperature. In
this respect, the amount of crop residue is of great importance. For
example, the findings of Burrows and Larson {1962) showed that each tonne
of c¢rop residue applied reduced average s¢0il temperature at 100 mm depth
by about 1.6) C. These findings were confirmed by Larson (197G), and
Guard and Shaykewich {1980) on Manitoba soils. Harrapic (1980} felt that
reduction in s¢il temperature due to crop residues on Manitoba soils were
due to reflecting more sclar energy with no-tillage (with residue) plots
than with a tilled surface, and by acting as an insulating layer which
inhibited heat movement into the soil. Schneider {(1979) agreed with

these findings with crop stubbles, and others (Stobe, 1980) also saw



advantages in winter, because of increased s0il temperatures. According
to these authors better snow retention with stubbles meant warmer soil
temperatures, and snow cover could be as deep as the height of the
-stubble. They claimed that soil temperature could be 100 C warmer under
no-tillage (with rape seed stubble) and never allow soil temperatures to
reach ——16O C which could be a critical temperature for killing winter
wheat. Pidgeon (1980) supported these findings on the sandy soils of

Scotland with cereal stubbles.

Both erop residue and the nature of the erop canopy affected scil
temperatures under Nigerian conditions, according to Lal (1976). He
observed that close canopy crops such as cow-pea (Vigna sp)} had lower
maximum s0il temperatures than maize. He further ¢laimed that
differences due to tillage treatments (no-tillage, conventicnal tillage)
at 50 mm depth were as high as 110 C for maize {Zea mays L.), 90 C for
goybean (Glycine max}, and 60 C for cow-pea, two weeks after planting.
However, residue and the nature of the crop canopy had less effect at
greater scil depths (Lal, 1978). He observed that under Nigerian
conditions the differences in goil temperature {(no-till, and till system)

O O
were 10 C at the gurface and U C at 200 mm depth, and very little

differences were found at a depth of 300 mm,.

2.1.2 Biclogical influence:

(a) Beed germination and seedling growth:

Under cool or webt s¢il conditions crop residues might reduce soil
temperatures with a resultant reduction in initial crop growth. Larson
(1970) described that in Chio mulched treatments reduced soil
temperatures and corn seedling growth. Harrold et al (1970) commented
that this initial growth reduction under mulched treatment conditions was

due to a cooler, wetter and denser seed and root environment especially

under a no-till system.

Under normal conditions the proper amcunt of crop residue has been
found helpful in increasing plant height. In this respect, Triplett et
al (1969) noted that plant height under no-tillage with "double" residue
(80 ¥ cover) was significantly higher than plant height with "aingle"



residue (40 % cover) or without residue. These findings were similar to
those reported earlier by the USDA {(Anon, 1961). In these trials the
plant heights in no-till (with residue} were almost double those in

conventional fillage. These authors were unable to describe any

particular reascn for this effect.
(b} Crop yields:

Crop yield is influenced by the physical, biclogical and <¢hemical
properties of crop residues in no-tillage systems., Lal (1978) reported
that the effect of mulching on crop yields was an integrated effect of
innumerable factors and that it was difficult fo attribute yield
increments to any one variable. Despite this complex influence of crop
residues Larson {1970} found that on a crusting silt-loam scil following
corn sod with no residue cover, corn yields with no~tillage treatments
were lower than ploughed plots, but yields with no- tillage with complete
mulch cover were greater than the ploughed plots on the same soil. He
further noted on Wooster scoils that the advantage of no-tilliage corn

vields was greater following a fescue sod than corn, because the sod gave

a better mulch cover.

The amount of muleh cover in no-tillage has been found to be a
determinant in increasing some crop yields. Many authors have reported
that about 50% mulch c¢cover was necessary for no-tillage to equal
conventional tillage corn yields (larson, 19703 Barreold et al, 1970;
Doren et al, 1973). 1In this respect, Triplett et al (1968} found that
corn yields with 880 % residue cover were higher than 40 % residue cover
or without residue. However, he c¢laimed that during high rainfall
pericds the mulch cover had adverse effects on corn yields. This effect
had been more severe on poorly drained scils. However, Doren et al ({(loc
cit) suggested that growing corn under mulch tillage (stirring of the
30il to a depth equivalent to the depth of the mould —board plough yet
retaining all or most of the previous crop residues at the soil surface),
would seem to be an important factor over ploughing or a neo-tillage
system. Others, (Triplett et al, 1973; Blevins et al, 1971) reported
that with so0ils with low water holding capacity (such as sandy or silt
loam soils) mulch under a no-tillage sysfem gave better crop yields.

Further, the standing residue of no-tillage had an advantage over

shredded residue in plant growth and yields, according to Allen ef al



(1975).
{¢) Crop residue and earthworm activity:

There have been many reports in the literature of cultivation
decreasing earthworm populations but there is also evidence that one or
two light cultivations had little effect on earthworms and could favour
earthworm activity and temporarily increase numbers (Hopp and Hopkins,
1946). Edwards and Lofty {(1972), however, reported that cultivation over
a number of years had tended to decrease earthworm populations. There
was some evidence that this effect had been caused less by mechanical
damage, or bringing the earthworms to the surface where they c¢ould be
preyed upon by birds, than because of a gradual decrease of organic
matter status in land that was continuously cultivated. Evidence 1in
support of this had als¢ been provided when the effects of mulching with

the residue of the previous crop had been studied (Hopp and Hopkins, 1loc

eit).

More recently with the advent of minimal cultivation and =zero
tillage or direct drilling, it has been shown that large populations of
earthworms could build up even on regularly cropped land (Edwards and

Lofty, 1975, 1982).

It has long been known that se¢ils which contain organic matter or
previous crop residues had large populations of earthworms (Edwards and
Lofty, 1975}, because the most important factor controlling the earthworm
populations in arable land was the amcunt o¢f organic matter that was
available as food {Bdwards and Lofty, 1972). They found that in a
stubble-mulch farming system where crop residue was left on the surface
and soil was worked underneath this layer, earthworm populations were
three times higher than in plcughed plots. Further, they reported that
Graff had pointed out in 1964 that mulching favoured the deposition of
casts on the surface of arable land. These findings were confirmed by
Lal (1976) under Nigerian conditions. He claimed tc have counted 2400/1112
earthworm casts for ne-tillage with crop residue, compared with less than
100/1112 for ploughed pleots. Others concluded that the rate of earthworm
cast producticon depended on the species, soil temperature, scil moisture

and availability of organic matter and crop residues {Lal and

Vleeschauwer, 1982).
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The burning of straw 1in cereal fields after harvest has been
increasingly common in the United Kingdom. Studies at Rothamstead since
1974 have shown that the deleterious effect of straw burning upen
earthworms were due more to the removal of the straw which was a source
of organic matter, than to any direct effect of burning (Edwards, 1981}.
Edwards {loc cit) concluded that removal or burning of straw or other
crop residues had severe adverse effects on earthWworm populations,

particularly when the straw was burnt.

2.1.3 Chemical influence:

(a) Crop residves and plant nutrients:

Plant nutrients and chemical properties of scil are greatly affected
by the decomposition of crop residues under neo-tillage systems. Larscn
(1970) reported that plant nutrients were not a problem under a mulched
no-tillage system for corn planting, as N applied to the s0il surface
moved through the profile with so0il moisture. These findings were
confirmed by Shear (1967) who claimed that on the silt loam soils of
Virginia, N and P were higher under a no-tillage mulched system compared
with ploughed treatments. However, other USDA experiments showed nec

difference of N, P and K contents of leaves with a grass mulch under

no-tillage and a ploughed system (Anon, 1961).

Sch neider (1979} noted that increasing stubble height increased
available water and as a result nutrient uptake was increased. These
results were supported by Tocsey (1973} in the United Kindcm. He felt
that frequent failure of crops occurred because of omission of stubbles
during direct drilling. Nevertheless, he suggested that up to 125 kg/ha N
might be justified for stubble brassica drilled in July on fields that

had grown cereals for several years.

The continuous cover crop residues retained in mulched tillage plots
have helped maintain the ever dwindling organic matter content of the top
goils at acceptable levels. In this respect, Lal (1976) claimed that
under tropical soil conditions mulched tillage plots had higher
concentrations of divalent cations on the exchange complex, more nitrate

and nitrogen, and available P than ploughed treatments. He felt that
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crops which left more residue on the surface maintained the organic
matter concentration at higher levels {e.g. maize), than those which had
little or ne residue (soybean). This indicated that the role of suitable
crop residues was important under mulched treatments. These findings
were supported by Joe and Lal {1979) who reported that no-tillage led to
the stratification of =o0il pH in the 0-500 mm profile and crop residues
in the system resulted in higher concentrations of C, N, P and
exchangeable Ca, K than ploughed plots in the 0-100 mm layer. They
commented that nutrient depletion in conventionally tilled plots was

mainly due to accelerated ascil erosion.,

It has been reported , however, that during a normal rainy seascn
irrigation might enhance leaching of fertilizer, andg fertilizer
requirements even under mulched tillage might be higher asa a result. Lal
(1978) reported that during a normal rainy season plants under
unfertilized mulched tillage showed frequent symptoms of N and P
deficiency. These results were supperted by Syriffuddin and Zaudstra
(1981) who claimed that "in rice fields because of puddling and flooding
P was not sufficiently available to the corn plants sown in rice fields

after harvest®.
(b) Crop residues and toxicity:

Experiments in the United Kingdom have demonstrated that crop yields
could be decreased if straw residues from the preceding crops were not
removed, particularly when direct drilling in a wet autumn {(Ellis and
Lynch, 1977}. Similar problems have been encountered in U.S.A. where
straw was deliberately 1left on the sc¢il surface to conserve moisture
(stubble mulch) in the Mid-West (McCalla and Norstadt, 1974) or to

prevent water ercsion in the Pacific North West {Lynch et al,1980).

Several explanaticns for the harmful effects of straw have been put
forward, such as mechanical difficulties in drilling, immobilization of
nutrients {(particularly N) and production of phytotoxins. Lynech (1977)
claimed that when wheat straw was subjected to aerobic and anaerobic
decomposition in a suapension of soil, the product of aerobie suspension
stimulated the reot extension of barley seedlings, whereas the anaerobic
fermentation yielded products whieh iphibited growth. He found that

acetic acid was the phytotoxin present in the greatest amount in these



12

experiments. Ellis et al (1975} ccmmented that a possible explanation
for this was that toxic substances were produced by anaercobic microbial
activity on the wunburnt straw of the preceding crop which was

incorporated with the seed during drilling.

Lynch {1978) conducted a series of experiments to explain the
Phencmenon of phytotoxieity under anaerobic conditions. He found that
when acetic acid, which had accumulated in slurries of peat, lcam and clay
80ils was mixed with wheat straw the growth of roots of young barley was
reduced. He felt that break-down of acetic acid was slow in flooded
30ils, and that maximum accumulation took place under these conditions.
By contrast, aeration of the soil prevented its accumulaticen. Solutions
in which straw had fermented, produced inhibitory effects on seed
germination and the growth of seedlings in atmospheres containing between
3 and 21 ¥ oxygen. More recent observations demonstrated that phytotoxic
concentrations (10 mM) of acetic acid could accumulate in the water in
contact with straw 2L hours after insertion into wet soil. In the field
seedlings were affected mainly when their roots came into c¢lose contact
with the decomposing straw (Lynch et al, 1980). 1In this respect, Cannel
(pers.comm, 1982) suggested that incorporation of straw at the time of
sowing should be aveided. He felt that early incorpeoration of straw
could minimise the potential of toxin production during winter. He
further pointed out that where the straw residues were mixed into the
soil 3 weeks after harvest and 3 weeks before drilling (so 'that
decomposition of straw had already started) the effects on subsequent
crop yields were less, but still important. Lynch (1977} suggested
dusting the seed with powdered chalk tc '"mitigate™ phytotoxicity.
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2.2. INFLUENCE OF EARTH-WORMS ON SOIL FERTILITY
AND PLANT GROWTH

Earthworms influence s¢il structure in a number of ways. They are
particularly important in the latter stages of s0il formation and their
main contributions are in the turn-over and mixing of the soilj the
formation of the aggregates; improving soil aeraticoni perosity and
drainage; and in the breakdown and incorpcration of organic matter into

the so0il.
(a) Turn-over of soil:

Edwards and Lofty (1977) reported that large amounts of soil layers
were brought to the surface and deposited as casts. The amount turned in
this way differed greatly with habitat and geographical region, ranging
from 2 to 250 tonnes per hectare. This was equivalent ¢to bringing up
layers of =s0il, between 1 mm and 50 mm thick, to the surface every year.
In addition large amounta were deposited either as surface casts, or
within burrows, so that soil turn-over was even greater. The type and
placement of cast materials differed with the species. Typical of those

which cast large amounts of soil on the surface were Allobophora fLonga in

Europe and Hyperodrilus africanus in Africa. Other apecies lined their

burrcws with cast material or at random in the wupper socil layers. An
active earthworm population produced a well broken down and mixed soil in
the top 150 mm to 200 mm of the so0il profile (Edwards, 1981).

Allclobophora longa mixed the scil vertically compared to the lateral

activity of Allolobophora caliginosa and Lumbricus rubellus {Springett,

1983).

{(b) Formation of aggregates:

Aggregates consist of mineral granules linked together into larger
and more stable particles. They can resist wetting, erosion and
compaction and contribute considerably to a good soil structure. It has
been considered that soil which has passed through the intestines of
earthworms usually contain a higher proportion of aggregates than before

ingestion (Hopp and Hopkins, 19463 Chadwick and Bradley, 1348). It was

not known how earthworms produced these aggregates but there was evidence



that the addition of organic matter to soil could increase the degree of
aggregation (Dutt, 1948). It was possible that the association of
organic matter with larger microbial populations was the main reason for
the increased aggregate formation by earthworms in scoils, according to
Edwards, (1981). These findings have been supported by Stockdill {1859)
in New Zealand , by Barley (1959) in Australian and by Lal (1976) in

Nigeria. The latter, at least discussed work carried out under a

no-tillage system.
{c¢) So0il aeration:

There have been many reports of 1increases 1in soil porosity and
drainage due to earthworm activity {(Hopp and Slater, 1948, 1949; Ehlers,
1975)}. HNot only have soils with earthworms drained more freely, but also
capillary water tended to be retained better and there have been reports
of earthworm activity increasing the field capacity of the soils (Dixon
and Peterson, 1971). Ehlers {loc¢ cit) claimed that earthworm channels
were more effective in transmitting water in untilied plets compared to
tilled plots. He commented that earthworm channels might not have
continuity on ploughed plots while on untilled pleots the continuity of
these channels was not disturbed. Further, soils with earthworm channels
drained 4 to 10 times faster than soils without earthworms (Hopp and
Slater,1649). Earthworms have increased the field capacity of some New

Zealand soils compared with seils without earthworms; by as much as 17%

(Stoekdill, 1959).

However, little or no quantiiive data are available on soil aeration
status with and without earthworms, particularly in direct drilling
systems when the #0il is wet. Nevertheless, Barley {(195%9) observed that
earthworm channels provided a path of gaseous excahnge from 200-500 mm in
depth in the red brown wet soil of South Australia., He further observed,
however, that the total cross sectional area of earthworm channels in the

subsoil was too small to make a ugeful contribution to gas exchange by

diffusion.
{d) Break down and incorporation of organic matter:

Many species of earthworms have been favoured by the presence of

organic matter. Barley {(1961) observed that dead leaf litter was removed



rapidly from the so0il surface and incorporated 1into the so0il by the
earthworms. Earthworms could consume and incorporate into the soil,
c&éiderable amounts of organic matter. Even soil inhibiting species
could consume as much as 40 mg per gram of body weight per day. " Such
movement of organlic matter is particularly important in the natural
habitat, particularly wood lands, in orchards and, also in agricultural
s0ils that are under a zero or minimal tillage system., Their activity is
also increasingly important in arable soils to which they have been
added”. (Edwards, 1981). These findings were supported by Edwards and
Lofty (1982) who recommended that on arable land straw should not be
removed or burnt and to maintain soil fertility minimal tillage or direct

drilling techniques should be adopted.

Stockdill (1959%) observed that in New Zealand soils in the absence
of earthworms all dung and dead vegetation had accumulated on the surface
to a depth of about 12 mm while the soil beneath lacked organic matter
and waa of poor structure. These results were supported by Edwards
(1981) who claimed that soils poor in earthworms often had a mat of

undecomposed organic matter at the solil surface.
{(e) Effects of earthworms on plant growth:

There is a considerable body of evidence in the scientific
literature t¢ show that earthworm activity in soil favoura plant growth.
The earthworma have apparently provided channela ideal for root growth,
and increased so0il drainage and aeration. It has also been reported to
be difficult to separate the relative contributions of these different
factors in improving scil fertility {Edwards, 1981; Edwards and Lofty,

19773 Stockdill, 1959; Lal, 1978).

When root growth was not restricted by physical properties of the
Spil, such as temperature and aeration, the main physical factor
controlling root growth seemed to be soil strength (Barley and Graecen,
1967}, which varied with bulk denaity and water content of the soil (Camp
and Lund, 1968), In this respect, Ehlers et al (1983) under a no-till
syatem on non-swelling loess soil, claimed that in tilled and wuntilled
s50il, soil satrength appeared to be the main physical factor controlling

root growth, They found that in tilled soil, mechanically produced

planes of weakness seemed to influence penetration resistance and

15
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probably roct growth, depending in part, on their number and extention
per unit volume of scil., Also in a rigid soil matrix of untilled soil,
roots followed pathways of low, or practically no resistance, according

to Ehlers et al (loc eit). They concluded that these were either

¢hannels created by earthworms or smaller pores created by the roots of
preceding crops, and the percentage of rocts growing in these channels
was higher in untilled seil, particularly in deeper layers of the scil.
Most of the roots were thriving within these channels and the number of

roots in the bulk soil was minimal.

Edwards and Lofty {1980) supported these findings and claimed that
on untilled plets the root growth and yields of barley were significantly
higher than on tilled plots with 1less numbers of earthworms. They
commented that most of the effects seemed to be due to the provision of
channels for roct growth but these might have been enhanced by the

placement of essentizal nutrients in earthworm burrows.

There is evidence from field experiments in HNew Zealand that the
addition of European species of earthworms to sown pastures could
inerease crop yields by 2B-100 % (Stockdill, 1loc c¢it; Waters, 1955).
"It has been estimated that in New Zealand earthworm introducticn cculd
increase the carrying capacity of at 1least 3.25 million hectares of
pastures between 1 and 2.5 stock units per hectare over a period of the
next two decades. This represents a potential inecrease in annual export
earnings of between $120 million and $300 million per annum for an
initial single investment of about $10 per hectare ($32.5 millon)"

(Springett, 1983a}.

Even although there is useful knowledge about the rele of earthworm
.activity in increasing crop growth, there is little or no information
available indicating the effects of earthwWwerms on roct development and
crop yields in asscciation with drilling copeners in direct drilling

systems, particularly under wet scil conditicns.
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2.3. S0IL OXYGEN AND PLANT GROWTH

Soil aeration is one of the more important determinants of soil
productivity. Lemon and Erickson (1952) claimed that Russell believed
that evaluation of conditions at the interface between the root surface
and the gso0il system presented the greatest possibility of ascertaining
the influence of s0il aeration on plant growth. As the active root
surfaces were covered with water films, this interface was the
cell-wall-liquid-face of the rcot and the water film. Movement of oxygen
from the atmosphere to the actively respiring cells of the plant root,
therefore, involved not only diffusion through the gaseous phase of the
soil but also movement through the gas-liquid-phase boundary. In the
water-film-cell-wall portion of the oxygen chain, movement was probably
by diffusion only. Under normal conditions the directicen of oxygen
diffusion was down a concentration gradient from the soil atmosphere into
and through the water films of the s¢il to cell walls of the roots. This

concentration gradient may at times, if not always have been very marked.
{a) Diffusion in gaseous phase:

Diffusion of gases through the s0il depends not only upon the
concentration gradient of the gas but upon the ability of the soil to

transmit the gas.

fpparently changes in the s¢il bulk density resulted in changes in
oxygen diffusion rate in the so0il, For example, Bertrand and Kohnke
(1957} observed that oxygen diffusion rate was slower in dense than in
locse soils. They concluded that restricted root growth in a dense so0il
was partly the result of the subsoil acting as a mwmechanical impedance,
and partly due to lack of oxygen. These findings were supported by Raney
(1949) who claimed that diffusion rates for regular ploughing and
subsurface tillage were similar. Disced and rotary hoed plots gave
higher values for soil bulk density and lower diffusion rates, according
to Raney {loc cit). Be observed general agreement between diffusion
rates and yields of vegetables. Taylor (1949 '} showed that oxygen
diffusion rate was reduced by increasing bulk density, but the changes

were not independent of the material used. He felt that entrapped air
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and shape of the particles had an influence. However, he proposed that
the diffusion impedance, rather than relative diffusion rate, be used to

characterise soil aeration.
{(b) Diffusion in liquid phase:

" The final segment of the diffusion path to a root must take place
through the hydration film or shell surrounding the root®. (Hillel,

1980).

Lemon and Erickson (1952) had already made a similar statement, as
active root surfaces were covered with a water film, and since oxygen was
only slightly scluble in water, the oxygen diffusion rate in the so0il was
considered an important factor (and not necessarily only the absolute
percentage of oxygen). According to these authors the thickness of water

film on the root was quite important to oxygen movement.

Taylor (1949) made a careful analysis of different soil factors that
affected the so-called "effective diffusion distance™. 1In studying the
influence of moisture and the effect of time on partial pressure of
oxygen resulting from diffusion through a core of Ontario loam of uniform
density, he observed great differences due to varying amounts of
moisture. When investigating the relation of diffusion in soils at
different moisture tensions, he found that very 1little diffusion took
place at tensions lower than 20 c¢m of water. At tensions higher than 30
cm, there was little effect of moisture on diffusion, a conclusion which

was in agreement with that of Kristensen and Lemon (1964).
{¢) Direct Drilling and soil aeration:

* Tillage can have a profound effect on aeration of soil, with the
magnitude of change depending upon the initial soil properties. For
example, tillage of a dense soil with poor aeration characteristics with
the proper tool at the right moisture conditions can correct,
temporarily, the aeration problem. A coarse textured or well aggregated
5301l without an aeration problem cannct be improved by tillage and is a
prime candidate for no-tillage agriculture™ (Erickson,1982). Burnet and
Houser (1968) felt that deep tillage was not a panacea for all crop

production problems associated with physical or chemical soil properties.



Where certain soil factors that limited plant growth could be identified

deep tillage might have been beneficial.

Several authors ¢laimed that more restricted aeration might he
expected in wuntilled soils due to higher bulk densities (Triplett et al,
1969; Soane et al, 1975; Cannel and Finney,1973; Baeumer,1970). On
the other hand:; aeration may have been promoted in untilled scils as the
cracking of the soils in dry weather had not been destroyed by crop
cultivation {Ehlers,1975). Dowdell et al {1979) reported that anaerobic
s0il conditions were expected when soil was compacted in direct drilling
because of the restricted entry of oxygen especially in wet soils.
However, no large decrease in concentration of oxygen in soil appeared to
have been caused by direct drilling. Direct drilling resulted in higher
oxygen concentration than ploughing during wetter winters {averaging 10.2
and 7.2%, respectively). They felt thatahigher oxygen concentration
found following direct drilling was possible due to a system of large
pores and earthworm channels which developed in direct drilled plots, but
which were destreoyed by annual ploughing. These findings were supported

by Erickson {loec cit) in wet soils.

It is evident from the literature that while some measurements have
been made of these factors in the general scil matrix, few attempts have
been made to highlight the results of specified direct drilling opener
designs through untilled scils. Even 1less interest has been shown in
separating the physical socil properties in the groove from those of the
undisturbed matrix between the grooves, or of the interface between the
two. No specific information relating to oxygen concentration around the
groove profile is avajlable when crop residue is pushed inte the groove

and decompesed during a wet season.
{d} Plant responses to soil oxygen diffusion rates:

After oxygen diffusion rates (ODR) have been measured  and

calculated, they must be empirically related to plant responses.
(i) Root growth and ODR

Root elengation is one plant function that apparently, has c¢ritical

ODR values. Stolzy et al {1961} showed that root growth of snapdragon
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-8 2
reduced or satopped when ODR in the goil wag 18 to 23x10 gm/cm /min.

Oxygen diffusion ratea above 23x10 gm/cm /min permitted relatively good
growth. Letey et al (1961a) studied the effect of temperature and ODR on
sunflower{Helianthus annuus) and cotton, and concluded that ODR values of

- 2
approximately 20x10 gn/cm /min prevented root growth, independent of

temperature. In another experiment with sunflower growth at different
soil and air temperatures, roots failed to grow when the ODR was less
2

than 20x10 gn/cm /min (Letey et al, 1962a).

A study with blue grass (Poa Pratansis) showed that an ODR of
20x10 gm/cme/min was required for root growth (Letey et al,1964)., The
optimum , however, was an QDR of HOXTO- gm/cmz/min. Barley {(Hordeum
vulgare)} had a higher tclerance for low cxygen and could grow roots at an
ODR value as -low as 15x10 gn/cm /min  {Letey et al, 1962b). Other
authors (Bertrad and Kohnke, 195T) used bulk density and the distance to
a water table as variables, and found that ODR values below 20 to 30x10-
gm/cm2/min were detrimental to root growth of corn. Van Diest (1962)
claimed that the least number of roots were counted in the compacted
plots with OCDR values of 13110“ gm/cmglmin, while the aerated plots had
the most roots, and ODR values of 36 to MTXTOH gm/cmz/min.

Data from various investigators suggest that an ODR value about
20x10- gm/cm2/min inhibited root growth of most crops. Values between
20 and 30x10ﬂ _gm/Cmg/min retarded root growth. However, this has
depended upon such physical factors as soil type, soil moisture content,
s0il bulk density, drained or undrained and the distance of the water
table below the soil surface. Little information is available relating

ODR values and the geometry of various grooves in direct drilling.

(ii) Shoot growth and ODR:

The effect of scil oxygen on shoot growth has been important in
controlled studies with different degrees of scil aeration. Because of
differences in ODR values in various parta of the roots, however, it has
been difficult to assess a single value as critical. Studies by Letey et
al (1961a, 1962a, 1962b, 1964) showed a pronounced effect of reduced soil
aeration on shoot growth. One study {(Letey,1962a) on sunflower showeg

that as a very general guide, diffusion rates greater than 40x10

2
gn/cm /min could be <considered near optimum for shoot growth. However,
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according to these authgrs, the optimum diffusion rate for barley was

less than 40x10 gm/cm /min.

Lemon and Erickson (1952), using different distances to water table
2

to control ODR, found values of 30 to 40x10 gm/cm /min at 200 mm soil

depth critical for tomatc (Lycopersicon esculentum) plants {although

these authors did not specify that the observations were on shoot growth
alone). Bertrand and Kohnke (1957) studied corn using soil bulk density
and distance to free water as a means of varying oxygen. They found that
shoot growth increased as 0ODR increased to about 19x10_8 gm/cm /min when
-0.65 V potential was applied. However, Van Diest (1962) found no
difference in shoot growth of corn due to differences in soil ODR. His
values varied from a low QDR of 10x10_8 gm/cmE/min, on compacted soil, to
a high of 50x10- gm/cmz/min on aerated soil. This author did not
explain the reason for the absence of differences in shoot growth at

different levels of ODR.

"Information on ODR in relation to plant growth indicates that soil
oXygen has a wide range of influence con the species and the stage of
growth, For plants in the vegetative stage, ODR values of N0x10-8
gm/cmg/min or less are criticaly at flower and fruit producing stages
the optimum ODR is somewhat higher. Plant species vary in their response

to low oxygen". (Steolzy and Letey, 1964).
{e) Measurement of s0il aeration status:

According to Taylor and Asheroft (1972), there were three properties
of soil air that were of interest in crop production studies. These
were: the aeration porosity, the chemical composition of gases, and the
rate of exchange of gases. The latter involved the mass flow of gaseous

phase and also the diffusion of dissolved gases through soil seolution to

an oxygen absorbing rcot.

Several methods have been used to measure the s0il aeration status,
An early approach to the problem of measuring soil aeration was to
determine the fractional air space, or "Yair filled porosity", at some

atandardised value of matrix potential.

Russell {1949) and Page {1947) considered air space as a function of
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total porosity and they used an apparatus called an "air picnometer"™ for

laboratory measurements of air filled porosity.

Taylor and Ashcraft {loc cit) stated that "The composition of the
gases in the sSoil 1is constantly changing. A determination of gaseous
exchange is, therefore, valid only for the time the gas sample is taken,
and may not be representative of the average composition or the
composition for some other time. There are several objections ¢to

aspirating samples from the soil for analysis:

1. The source of sample is never Known. There might be sSmall or
large porea in the vicinity of the sampling tube or the sample might

stream out of the large pores or even come directly from the atmosphere

through the large pores.

2. It is unlikely that such samples are in equilibrium with the

gases that are dissclved in the so0il selution.

3. It is not possible to determine the amount of gases per unit

volume of so0il but only the relative concentration; it is desirable to

know both".

However, according to Yamaguchi et al (1962), a gas chromatographic
technique, using a syringe to extract small samples (0.5 ml in volume)
helped to make the measurements more reliable. The usefulnesa of this
technique has been gupported by sSeveral authors (Lai et al, 19763

Dowdell et al, 1979). Dowdell et al (loc eit) used this technique to

determine oxygen concentration while comparing the effects of different
tillage techniques on soil propertiea including direct drilling. An
alternative method permitting repeated monitoring of oxygen concentration
in soil without extraction of samples was based on the use of

membrane-covered electrodes, such as described by Williams and Willardson

(1g964).

Hillel (1980) stated that a  quite different approach to
characterising soil aeration was to measure the air "permeability", such
as the coefficient governing convective transmiasion of air through the

soil in response to a total pressure gradient. This measurement could

provide useful information on effective sizes and the continuity of air
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filled pores. The technigues «hich had been used included constant
pressure and falling pressure devices. Grover (1956) applied these
methods in the field and found them useful for assessing the "openneas"
of the surface layer to the entry of air, as affected by such cultural

practices as tractor traffic and tillage

Other techniques have been proposed for measuring diffusion
processes in the soil, btoth in the gas phase and 1liquid phase.
Kristensen and Lemon (1964} emphasized the importance of soil parameters
such as Mapparent 1liquld path length"™ for diffusion, the "effective
diffusion coefficient" in soil and the oxygen concentration in seil air
(liquid-gas interface). These authora integrated OXygen supply
characteristics of soil, as measured with platinum micro-electrodes, with
oxygen demand characteristics of plant roots. They commented that
platinum micro-electodes could be used for measurement of oxygen
diffusion only when the soil was sufficient wet, so that the only factor
limiting the current Flow was oxygen diffusion. This may not have been a
serious draw-back for the method, as it was in such soils that the

aeration problem occurred.

McIntyre (1970) made a severe critique of the method for measuring
ODR with platinum wmicro-electrodes. But the previous and subsequent
reviews indicated that the technique of platinum micro-electrodes, to
measure oxygen diffusion rate in the soil, had been ,considered simple,
economical and probably functioniad properly for measuring soil aeration
status in situ (Lemon and Erickson, 1952; Birkle et al, 1964; Letey and
Stolzy, 1964;  Erickson, 1982). Erickson (loc ecit) recommended the
platinum micro-electrode method for measuring oxygen diffusion rate to
study the effects of tillage on soil aeration in terms that were

related to plant growth.
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2.4, DESIGN PARAMETERS OF DIRECT DRILLING OPENERS

Suitable design specifications for direct drilling openers are
essential for obtaining satisfactory performance in a range of field
conditions. It is clear that the so0il micro-environment in seed grooves
created by direct drilling openers in dry soils has affected seed
germination and seedling emergence. In this respect, Choudhary and Baker
(1981) proposed specific functionsfor direct driling openersand covering
devices based on their detailed research of the seed soil
micro-environment created by a range of opener designs in theae dry

conditions.

2.4.1 Opener functions:

A planter or seed drill performs twe major functions:

1.To meter and distribute the seed (and fertilizer).

2.To place the seed {and fertilizer) intoc the soil.

Seed metering and distribution are independent of soil conditions,
but placement of seed 1in the secil is affected by the conditions of the

soil in which the planter or seed drill operates.,

2.4.2 Design and modifications of drills for direct drilling

Several advances have been made to the openers of drills for tilled
seedbeds, in order to improve penetration of untilled soil and
undisturbed residue; to reduce blockage from residue; and to more

accurately control seed and fertilizer placement. These modifications

are reviewed below:
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(a} Openers with rolling components:

4 common modification of conventional openers for planting in
no-tillage conditions has been to mount a rolling disc coulter in front
of the furrow opener. The functions of the rolling disc coulters have
been to cut plant residue and to till a narrow strip of soil, thereby
enabling the furrow copener tc penetrate to the desired depth and the
furrow-closing mechanism to cover the seed (Allen et al, 1975; Carreker

et al,1972; Gard and McKibben,1973; Triplett et al, 1963}).

Allen et al {(loc cit} used a fluted dise coulter i front of a double

disc opener on a maize planter, The fluted coulter cut residue and
loosened a =zone of sc¢il about 60 mm wide by 75 mm deep. Gard and
McKibben (loe¢ eit) used a no-till maize planter with openers which
consisted of a ripple disc coulter, & narrow runner opener behind and in

line with the coulter, an angled dise coulter to close the seed furrow,

and a press wheel for depth control. Triplett et al (loc eit) used a
serrated rolling disc coulter ahead of a 360 mm wide flat sweep operating
100 mm deep, followed by three rotary hoe wheels which ‘conditioned” the

30il in front of a furrow opener.

Most of the no-tillage drilling in the United Kingdom had been done
with triple disc planters (Logan and Gowman, 1977), until recently (P.D.
Aitchison, pers.comm, 1984). In the USA, Morrison and Abrams (1978}
developed an experimental triple disc opener assembly that used a rolling
disc coulter ahead of a double disc opener. The trailing portion of the
smooth rolling coulter was located between the discs of the double-disc

opener. Angled wheels were used to close the furrow.

A drill developed at the Scottish Institute of Agricultural
Engineering used a single disc coulter followed by a self-sharpening
A-blade opener with angled lateral wings (Butterworth, 1980). The angled
wings lifted soil to either side of the rolling coulter slit and formed
planting cavities beneath the soil. Baker et al (1979a) developed a
winged opener, which they first called a ‘'chisel coulter', for no-tillage
drilling. The rolling disc¢ coulter cut plant residue, and the side
blades widened the furrcow and lifted two strips of soil under which seed

and fertilizer were placed.
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Decker et al (1964), Jones et al (1979), and Squires et al (1979),
in their evaluations of furrow openers for planting in sod described the
openers as using combinations of rolling disc ceoulters and hoe openers to

clear a strip of sc¢il into which fhe seeds were planted.

(b) Openers with powered components:

Logan and Gowan (1977) evaluated two machines for planting with no
previous tillage. The first was a modified rotary cultivator that made
20 mm slots at 125 mm spacings. The second was a rotary cultivator that
revolved against the direction of travel and could be adjusted against

the direction of travel by angling the rotor to vary the slot width.

Smith et al (1967) developed a powered disc furrow opener, and Suith
et al (1973) used the device for furrow openers on a grassland renovator,
which was later commercialised by John Deer Ltd. (C.J.Baker, pers.comm,
1982). Erbach (1978} developed furrow openers with powered disc
coulters, for planting without previous tillage. One used a hoe furrow
opener, and as plant residue s8lid over the top of the opener, it was
sheared by the powered serrated cculter. Others used powered serrated
coulters driven in a reverse direction of travel in order to open a slot
ahead of a runner or double dis¢ furrow c¢peners. The coulters were run

in a reverse direction to prevent plant residues from being pulled into

the seed zone.

Buchele (1979) developed a rotary tiller slot planter with rotary
blades mounfted on either side of a split-tube chisel furrow opener. The
rotary blades cleared plant residue from the chisel and tilled the soil

in the seed zone.

It is interesting tc note that most of the openers referred to above
performed a degree of tillage as a primary function, but there have been

no specific data offered to support the need for tillage of this nature.

{c) Openers for fertilizer placement:

One of the earliest reports of a special tocol for separating seed
and fertilizer in direct drilling grooves was by Hyde et al (1979). They

opted for vertical separation. Soon after Baker et al (1§79b) reported a
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device for horizontal separation. They applied fertilizer to one side
and seed to the other side with their winged {“chisel") opener assembly.
Scme authors described planters with split-tube hoe openers in which
fertilizer was dropped down the front tube and soil was placed over the
fertilizer to separate it from the seed. The other was dropped down to
the rear tube (Buchele,1979; Decker et al,196l; Jones et al, 1969;

Triplett et al, 1963).

2,4.3 Performance of openers and modifications for no-tillage

Formation of the seed groove ¢

A rolling disc coulter often improved opener operation in
no-tillage, aceording to Allen et al (1975); Logan and Gowman {1977);
Morrison {1978); Richey and Griffith {(1977). Allen et al {loe¢ eit)

reperted that a fluted coulter disc¢ mounted in front of a unit planter
provided more uniform seed placement at a desired depth in large amounts
of residue than did a grain drill with single-disc furrow openers.
Erbach (1980} quoted Krall who had apparently concluded that a straight
disc coulter ahead of double disc openers worked well when planting into
standing stubble. Logan and Gowman (loc ¢it) found that a fluted disc
coulter mounted either ahead of or behind double disc openers improved
in-furrow soil conditions in a wet clay soil. Erbach (loc e¢it) reported
that Gallaher found in 1980 that coulters with a serrated edge cut better
and needed less weight for penetration but did less tillage than rippled

and fluted coulters.

When s¢il was wet and loose, a disc coulter was reported to press
residue into the seed zone. If the coulter was set deep enough to cut
the residue, it cculd turn up wet soil and plant roots that clogged
planter furrow-closing devices. When the s0il was dry , it was often
difficult for the coulter to penetrate and to 1loosen enough =so0il for
uniform seed coverage. Baker et al (1979a) found that discs could not be
relied upen to cut all residue, but a pertion could be expected to be
deflected or pushed dinto soft soil. The winged ("chisel"} opener
developed by Baker et al (1979a) was followed by press wheels, and the

combination was reported to create a good seed and seedling environment

in dry soil conditions.
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Draught penetration force requirements of direct drilling openers
are a function of opener design and operating conditions of the soil.
For example, Koronka {1973) reported that cpener draught and the force
required for penetration were generally lower for triple disc openers
than for disc-hoe openers. He concluded that a triple disc opener
penetrated residue better and wear was more even than a disc-hoe opener,
but the triple disc did not work well in stony soils. Baker et_al (1979
reported that the draught for their winged ("chisel") opener was greater
than that for triple disc or hoe openers but the penetration force was
similar. Koronka {loc cit) and Logan and Gowman {loc cit) found that tip
wear of a hoe opener was rapid and that, when the ¢tip was worn,

penetration was poor and draught was high.

In hard so0il, apparently neither runner nor disc furrow openers
penetrated well. In wet conditicns, both dis¢ and runner furrow openers
have been reported to smear the furrow walls (Dixen, 1972). Hoe openers
penetrated so0il under most conditions but became blocked with residue
(Baker, 1981). - In this respect, Lindwall and Anderson (1977) found that
double disc and triple dise drills generally failed to penetrate untilled
surfaces adequatelg when the scil bulk density in the upper 50 mm
exceeded 1.2 gm/cm or when the quantity of surface residue exceeded
3,700 kg/ha. However, according to these authors, hoe openers penetrated
the soil but failed to clear heavy residue when stubble and straw lengths
were greater than 250 mm. They alsc claimed that in wheel traffic areas

the disc openers did not penetrate and gave planting problems.

Interference between adjacent drill furrow openers and between
components of the same drill unit could cause blockage with residue or
poor performance. Baker et al {197%a) found that plant residue could not
be cleared with non rclling components spaced 150 mm apart unless the
components were in partial or intimate contact with accompanying discs cor
were 80 angled or shaped that residue could be deflected under, over, or
to one side. Multiple opener assemblies did not always clear as much
residue as a single opener having unlimited side clearance. Baker et al
(loc ¢it) found that the problems of "soil waves" from one opener
interfering with the operation of adjacent openers could be eliminated by
staggering ranks of furrow openers usually but only if the stagger was
relatively large. Erbach (1978) noted that depth control wheels should

be located near the point of seed discharge but they must be in contact
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with stable scils. He claimed that if these wheels were running on soil
that was in motion (because of the action of the furrow opener) the
wheels might not roll, and might push residue and scil and thus become

blocked.

2.4.Y4 Physical, biological and chemical influence of

groove openers in direct drilling

Littie work has been reported in the literature on the physieal,
bicleogical and chemical influence of openers in direct drilling. The
opener designs most critically tested have been a commercial triple disc
opener with plain front disc¢ {(which usuvally formed a neat "V"-shaped
grocove); a commercially availabe hoe opener (which usually formed a torn
or shattered "U"-shaped groove); and an experimental winged ("chisel")
opener preceded by a plain front dise (which formed an inverted
UT"_shaped groove, torn or shattered beneath the surface). The latter
device was developed at Massey Universty, New Zealand, and was later
succeeded by a more advanced design centered on a scalloped disc with
angled side blades rubbing on either side of the disc, ©but which
continued to form an inverted "TY".shaped groove (Baker, 1976a; Baker,
1979¢). The seed groove micro-environments studied can be categorised
inte physical, bioleogical and chemical influences of the furrow opener

design.

(a)} Seed groove micro-environment -physical:

Moisture status:

The effects of various c¢pener designhs on the moisture status of
direct drilled seed greooves has been the subject of recent
investigations. Choudhary (1979) was able to show that, although liquid
50il moisture was required for seed germination, moisture in the vapour
phase was responsible for sub-surface seedling survival. The type of
seed groove cover was important in affecting the relation of groove
moisture vapour. A winged {"chisel") opener (Baker, 1976a) which was
reported to wutilize a vegetative mulch of relatively undisturbed sod or
other residue to cover the seed groove, was shown to pore effectively

retain groove vapour moisture and thereby promote seedling emergence than
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either hoe or triple disc openers in dry soils (Choudhary, loc cit;
Baker, 1976a,b; Choudhary and Baker, 1980). Choudhary{loc ecit) alsc
found that when a triple disc opener was employed the in-groove relative
humidity decreased at a rate of 4.23% per day for the first six days
after sowing. This rate was significantly higher than that of the wWinged
opener groove (2.34%) and hoe opener groove (2.75%). Choudhary (loc cit)
also felt that the winged opener left the seed groove well covered by a
vegetative muleh and separated the seed from the atmosphere. This
accounted for the slower drying rates, while the triple disc opener left
the seed groove open to the atmosphere and thus 1lest wmoisture vapour
qQuickly. However, under moist so0il conditions these opener designs did

not differ in their effect on in-groove relative humidity, according to

Follas(1982).
Mechanical impedance:

Acording to Russell (1877), "So0il mechanical impedance is a
phenomencn which effects seed and seedling emergence in two distinct
ways; impedance to the roct system and impedance to the seedling
emergence. The root has a plastic property. The path of growth would be
along the 1line of least resistance. When growing rocts enccunter pores
in a sclid medium which are smaller than their diameter, continuing
extension is possible conly if they are able to exert sufficient pressure
to expand pores or to decrease in diameter thus passing through existing
pores". Many authors have 1indicated that soil crust strength limited
seedling emergence and growth in tilled soils (Hanks and Thorpfe, 1956a,b;
Taylor et al, 1966a; Ehlers et al, 1983), but little similar work has

been undéﬁaken in no-till soils.

It appears that =so0il bulk density and mechnical impedance are
dominant factors 1in the development of roota and shoots. Compaction of
the base of the seed groove and smearing of the side walls have been
reported for a triple disc opener (Baker, 19763 Dixon, 1972; Mai, 1978;
Mai and Baker, 1982). Dixon (loc cit) identified the zone of influence
{(regarding compaction, smearing and scil shattering) of the grooves
created by winged, triple disec and hoe openers at different levels of
"available" soil moisture contents at the time of drilling (Appendix 1a).
Mai (loec cit) eclearly described the zone of influence created by the

winged and triple disc openers. This zone of influence was approximately
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U5-55 mm either side from the cé%re of the groove and about 50 mm down
from the base of the groove (Appendix ib). J. Mitchell {pers.comm.1983)
supported the results of the above two authors and was able to define
more clearly the zone of influence of the grooves of winged, triple disc
and hoe openers. Her "iso-scil-strength" lines (Appendix 1Ci, 1Cii,
1Ciii) indicated the shape of the zone of influence of the three opener

types on either side and base of their respective grooves.

While seed groove compaction might have occurred with some openers,
it was unlikely to impede the penetration of roots of direct drilled
seeds until soil bulk density became high (Baker and Mai, 1982). These
authors found that when initial so0il bulk densities were favouratle
(1.0-1.04 g/cma), resulting compaction to 1.15-1.18 g/em with a triple
disc opener groove had 1little or no noticeable effect on seedling root
development of either lupin (Lupinus sp)or wheat (Tricitcum aestivum).

However, when the intial bulk density was 1.32 gfem , a resulting

compaction arising from the triple disc opener (1.44 gm/ecm ) had a marked
effect on 1lupin root development and in some instances caused
deterioration and deflection. This appeared regardless of whether or not
the grooves had been allowed to dry after drilling or had remained moist
thereafter. In contrast to this, a winged opener was reported to have
had a tendency to deccmpact the seed groove and did not impede emergence

or root growth in any of the soils tested.

As described earlier seedling emergence can be influenced by soil
strength. In his respect, Choudhary (1979) investigated the effects of,
and measured impedance to penetration of soil above the seed using a
rigid needle pushed up from beneath. He found a trend for higher energy
expenditure for penetration through the soil surface when a hoe opener
was used (119.1x10 ~ Nm) compared with winged (99.1x10"° Nm) and triple
dise (97x10—3 Nm) openers. Further, the application of 70  KkPa
press-wheel pressure by the opener directly over the covered seed groove
increased the energy expenditure by approximately 28% compared with when
0 or 35 KkPa press-wheel pressurea were applied. However, visual
examination of emerged wheat seedlings in these experiments failed ¢to
reveal any effect which might have been attributed to soil resistance.
Choudhary (loe e¢it) characterised the hoe opener groove by the quantity

of loose so0il (due to shattering) compared with the more cleanly cut

triple disc opener groove, and somewhat hollow nature of the winged
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opener groove. It was perhaps not surprising, therefore, that the
mechanical seedling he used encountered slightly higher penetration
forces in the hoe opener grooves compared with the winged and triple disc
opener grooves. In any case Choudhary and Baker (1977) claimed that soil
penetration resistance noted under varying humidity conditions with the
different openers were in the range of 7000 mbars ({(for most cereals)
which had earlier been described as being favourable by Taylor et _al
{1966a). Thus it was possible that soil impedance, per se in these

experiments was of a level likely to have had little effect on seedling

emergence of cereals.
S0il temperture:

Many scil properties influence soil temperature, bdut soil bulk
density, porosity, moisture content and the presence or absence of
surface mulch are apparently those most likely te be affected by
cultivation. Specific information availabtke in relation to in-groove
temperature, as affected by opener design, is not extensive. In this
respect trials conducted under dry soil conditions at Massey University,
New Zealand, have indicated little or no effect of the geometry of the
greove on in-groove soil temperatures. For example, neither Baker (1376)
nor Choudhary (1979} were able to detect any significant differences
amongst direct drilling opener types in the mean day and night
temperatures even although large differences in seedling emergence were
noted. However, Baker {loc cit) found that in-groove minimum temperature
of the winged opener groove was slightly {although) significantly higher
than both the hoe or +triple disec opener grooves. Under continuously
drying conditions Choudhary and Baker (1977) reported a steady increase
in in-groove temperature of 0.5o C and 1O C (day and night respectively)
with all the above openers. They felt that these temperature changes
were merely reflections of changes in liquid soil meisture contents and

that they would have had only minor effects on seed germination.

It appeared, therefore, that opener design had 1little effect on
seed-grocve temperature. This was alsc confirmed by Follas (1982) under
moist scil conditicns {slightly higher than field capacity). He observed
that triple disc cpener grooves had slightly higher temperatures than

winged and hee opener grooves, but was unable to explain the reason for

this.
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S0il aeration:

Seed germination is a process which involves the respiration of
living cells and consequently requires an adequate supply of oxygen
(Mayer and Poljkeff-Mayber, 1963). Some work has been reported on the
301l aeration status in the general matrix of the s0il as affected by
direct drilling and ploughing (Dowdell et al, 1979; Triplett et al,
1968). However, in direct drilling there appears to be little or no
infermaticon regarding the effect ¢f opener designs on 50il aeration.
Similarly, while it is possible that soil aeration problems would be more
commen in water-logged soils, there appears to be a lack of information
regarding the possible extent of soil aeration problems in relation to
the performance of direet drilled seeds. It has, therefore, not been
possible to specify design criteria for direct drilling machines in terms

of seed groove aeration parameters.

(b) Seed groove micro-enviromment - biclogical:

Earthworas:

Little information is available relating the influence of opener
designs to in-groove earthworm populations and activity, particularly
where their presence might have affected the seed-s0il micro-environment.
In this respect, Mai (1978} attempted to obtain a measure of the
population of earthworms in direct drilled greooves and to observe if
there were any interactions between earthworm populations and drilling
and compaction treatments in his comparison of two openers. He observed
that populations of earthworms were not significantly affected by soil
density or opener treatments with wheat or Jlupin on day 21 after
drilling. However, on day 35, there was a significantly higher earthweorm
popjulation in the plots using a winged opener compared with those wusing

a triple disc opener.

It was also noted that in these treatments the total numbers of
earthworms had increased between days 11U and 35, although this trend was
not analysed statistically. However, these findings confirmed the

results of Lal (1976) who claimed that earthworm activity under

no-tillage increased with increased time after drilling. Mai {loc cit)
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had been unable to explain the reason for the difference in earthworm

activity in the different grooves.
Fungi:

Fungi that grow on or in seeds can be divided into two greups -field
fungi and storage fungi. Many field fungi are soil borne due to crop
residues. They are high humidity or high moisture growing organisms
(M.J. Hill, pers comm, 1982). It has been reported that straw provided
substrates for both the growth of micro-orgnisms and the formation of
microbial products (Barber and Standell, 1976). The inhibition of seed
germination and seedling establishment could have been the result of the

action of micrcbes, directly or indirectly, or by their metabolites.

Letcombe Laboratories in the United Kingdom published a series of
repoerts indicating the effects of fungi on seed germination and seedling
growth. They claimed that compared with conventional tillage, direct
drilling encouraged the development of a more diverse microflora which
was concentrated in the upper layers of the scil. They felt that 1if,
during the process of drilling, additional organic matter was
incorporated into the soil (as may have occurred if straw remained from
the previocus crops) the microbial activity would be further stimulated.
It was therefore not surprising (in their views) that in such
circumstances conditicns adversely affecting the establishment of direct

drilled crops might rapidly develop. These findings were confirmed by

Lynch (1977},

Lynch et al {(1977) later alsc claimed that early growth of roots and
shoots was pooresat in the presence of straw when the seeds were lodged
tightly in "V"-ghaped slits made by triple disc openera. They attributed
this in part, to the development of fungus colonies on the seeds. This
waa confirmed by Penn and Lynch (1980) 4in glasshouse experiments on

barley seeds and seedlinga.

Little information 1is available regarding the interrelaticnship
between opener designa and seed groove fungi development. However, the
vwork by Choudhary and Baker {1681} showed that an artificially created
high moisture zome in a triple disc groove (which was created by a

polythene cover over the groove) allowed full seed germination but was
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accompanied by strong evidence of fungal growth within the groove and on

the seedlings. As a result 37% of the seedlings died.

It appears that no comparative studies using other opener designs
have been made. It 1is therefore, not surprising that no authors have
offered clear conclusions relating to the effects of machine design on
fungi develecpment in the presence or absence of crop residues under wet

so0il conditions.

(c¢) Seed groove micro-environments - chemical:

Toxicity:

It has been reported that seed germination and seedling growth in a
direct drilled groove ¢an be impeded by phytotoxic effects of decomposing
crop residues, anaerobic conditions of the so0il and the position of
fertilizer placement in the groove. Phytotoxic effects of crop residues
have already been discussed under the heading of '"chemical influence of

crop residues". {Section 2.1.3).

Little information regarding in-groove toxicity from fertilizer in
relation to opener designs is available. Afzal (1981}, in applying
ammonium sulphate (21-0-0) at an equivalent rate of 360 kg/ha (75 kg/ha

of N), together with rape (Brassica napus) seed in grooves created by a

winged (Y"chisel") opener, found toxieity, but only when fertilizer was
vertically separated from the seed, mixed with the seed, or horizontally
separated from the seed by 10 mm or less. However, he also found
evidence of reduced toxicity where the horizontal separation distance was
20 mm. These findings have been supported in a report from Scottish
Institute of Agricultural Engineering which indicated that fertilizer
should be placed to one side of the seed and slightly above it so that it
could be distributed by water percolating through the soil, and should
not cause damage to the seed {Buston, 1978). The Scottish Institute of
Agricultural Engineering designed an "A"-blade drill to separate seed and

fertilizer from each other in this manner.
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3. EXPERIMENTS

3.1 FIELD COMPARISONS OF DIRECT DRILLING OPENER PERFORMANCE.

{Experiment 1)

3.1.1 Introduction:

Little information has been available regarding the comparative
performances of direct drilling openers in the presence or absence of crop
residue under wet soil conditions. In order that broad responses of seeds
and seedlings to the grooves of different direct drilling openers, in the
presence or absence of surface resldue and varying soil moisture status,
might bte obtained, a comprehensive field experiment was conducted in a scil

(Tokomaru silt-loam) of poor natural internal drainage characteristics

(Pollok, 1875).

3.1.2 Materials and methods:

(a) Preparation of surface residue conditions:

Many reports in the literature had indicated possible adverse effects
from the herbic¢ides glyphosate and paraquat on seed germination and seedling
growth {(Warboys, 1974; Klingman and Murray, 1976; Choudhary, 1979;
Faulkner, 1980). 1In this respect, Davies and Davies {1981) claimed that
adverse effects of glyphosate (at 1.44 kg/ha) on seedling growth were
minimal when seeds were sown 1Y days after spraying and were reduced to
almest nil after 21 days. Little information was avallable on possible
adverse effects of dicamba on seedling growth, as this chemical had almost
always been wused in combination with the other two herbicides named above.
Accerdingly, the pasture was sprayed with glyphosate and dicamba 28 days

before the seed drilling operation.

Three residue conditions were imposed. These were; *bare soil"™,

"short residue" and "long residue™. All residue conditions were on
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irrigated and non-irrigated soil.

In a field of Tokomaru silt-loam soil, under a permanent rye grags

(Lolium sp) and white clover (Trifolium repens) pasture, an area (71x52 m )

was sprayed with 5.6 1/ha glyphosate plus 1.5 l/ha dicamba using a knap-sack
aprayer. After 7 days the grass on the sprayed area was mown to ground
level with a garden type rotary mower. The mown area was sprayed again to
kill close-growing under-cancopy vegetation. At the same time the balance of
the area was sprayed to prepare "short" and "long" crop residue. After a
further 14 days the area designated for "short residue" was cut about 40 mm
above the s0il surface (equivalent to approximately 1000 kg IM/ha
remaining), while the "lonhg residue was left about 200 mm long {(equivalent

to approximately 3000 kg DM/ha remaining).

(b) Opener types: Selection:

There are a variety of direct drilling openers available, both
commercially and experimentally. These include opener assemblies with
chisels, discs, sweeps and powered rotary strip tillers. The wvariety of
direct drilling machines available demonstrates that no cne machine is yet

recognised as providing satisfactory results under all field conditions.

However, most openers have been developed with the following common

points in mind.

One pass operation.

Trash handling ability.

Satisfactory wear rates.

Ability to penetrate uncultivated soils.
Depth control.

Provision of seed cover.

Sufficient structural strength.

Adequate work rate.

Three selected openers appeared to provide contrasting groove shapes

and also exhibit different reactions to surface residue. The salient
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features of each opener are described below.

(i)} Winged Opener

The winged opener is shown in Figure 1. It was developed and assembled
at Massey University, New Zealand. In the form it was tested, it was almost
ready for commercial release. This version of the opener featured a Y50 mm
diameter scalloped disc with side blades located on each side of the disc.
The base of these side blades formed wings which created a degree of soil
shattering, because o¢f their 5o angle to the horizontal. Seed and
fertilizer were directed separately down either of the side blades. A pair
of angled depth control/press wheels trailed behind the side blades. These
wheels closed the grocve slit in such a way that the s0il and surface
residue was folded back from whence they came. In this way an inverted "T"
shaped groove of approximately 40 mm width at the base, was c¢reated, and

surface residue was not pushed down into the groove.
(ii) Triple Disc Opener

The triple disc opener was an early commercially available assembly (P
and D Duncan Ltd; Figure 2} and consisted of a flat vertical pre~disc of
325-mm diameter followed by two flat discs angled towards each other at
approximately 150. A narrow "V shaped slit was formed approximately 40 mm
in width at the surface {Koronka, 1973). Little damage or disturbance to
the s80il was created by this opener. Under surface residue conditions,
trash was sometimes pushed into the groove close to the seed {Christian and

Ellils, 1977). Surface residve was not pushed bodily aside.
(iii} Hoe Opener

The hoe opener used was also a commercially available unit (P and D
Duncan Ltd, Figure 3). It consisted of a flat vertical pre-disec (250-mm
dia) followed by a tapered hee tocl. The horizontal cross section of the
tool at ground level was 35 mm from the point to tail and 40-mm wide.
Vertically, it tapered to a pocint 10-mm ahead of the shank at ground level
and was relieved behind this point by a 400 cut-avway. This opener was
deaigned to give some shattering effects, particularly in dry and firm
s0ils, creating scil cracks near the row. The "U" shaped groove created by

this opener had a surface width of approximately L0-mm. Unlike the triple
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Front view of winged opener assembly.
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Figure 3: Side view of hoe opener assermbly.
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disc cpener, nc surface residue was pushed down into the groove, but instead

was pushed bodily aside clear of the groove area.

(¢} Experimental design:

The experimental design was a split-plot with three replicates, and is
showm in Figure 4. Each plot was 0.45 m wide and 8 m long with a 2.6 m
boundary between plots. Plots were split for irrigation and non-irrigation
with a boundary of T m between treatments. With this arrangement any
possible effect of wheel compaction on the experimental blocks was avoided
as the tractor straddled each plot and operated on the 2.6 m boundary zonej
and the drift onte non-irrigated areas (especially during windy days) was
avoided by the 7 m boundary zone. During naturally rainy days irrigation

was not applied.

On irrigated plots simulated rain of 20 mm a day with an intensity of
5 mm/hour was applied, :

The drilling operations were performed 28 days after the first
herbicide application. Three designs of copeners (winged, triple disc and
hoe), described above, were used, attached to a field experimental rig
designed for this purpose. The seeder on the rig was calibrated for about

50 seeds of barley {(Hordeum Vulgare, variety Magnum, with 96% laboratory

germination) per meter of row with a 40 mm nominal depth of sowing.

(d) Data analysis:

In this experiment there were three plot-treatment factors, viz;
irrigation, opener types and surface residue conditions. A standard
"GENSTAT" programme for a "PRIME 750" computer was used to perform analyses
of variance and to test the interactions of opener types and crop residue
conditions, in terms of seed fate, oxygen diffusion rate {ODR), soil

moisture and s¢il hbulk density in the vicinity of the grooves .
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¥ = Winged opener

TD= Triple disc opener

H = Hoe opener

IRR = Irrigated

NIRR= Non-irrigated

Ro = Bare soil
Rs = Shert residue

RL = Long residue
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3.1.3 Measurements:

{a) Oxygen diffusicn rates {0ODR) in

the vicinity of the grooves:

As described in Section 2 the platinum micro-electrode technique for
measuring OCDR in situ had been considered simple and economical compared
with other methods {such as measuring soil porosity, using an Yair
picnemeter” or a gas chromatographic technique)} for measuring ODR. Thus, =
platinum micro-electrode technique was used to measure ODR in the vieinity

of the grooves created by direct drilling openers.

Principle of platinum micro-electrode technique:

Lemon and Erickson (1955) reported that the short length of platinum
wire that formed the electrode (pushed longitudinally into the s0il)
simulated the gecmetry of a root passing through the aggregates. They felt
that Fick's law of diffusion c¢ould be successfully applied to the
calculation of the current obtained in the reduction of an electro-reducible
material at a platinum surface. According to these authors, the "diffusion
current” due to the reduction of oxygen at the platinum surface, was
governed by the flux or the rate of oxygen diffusion to the surface of the
electrode. The relationship between current and oxygen flux was given by
MeIntyre (1966} as follows:

-6 2
f= ixmx60x10 /nFA g/cm /min.

where:

f= oxygen flux or oxygen diffusion rate.

i= current in micro-amperes.

m= molecular weight of oxygen (32 g/mole).

n= number of gram equivalent{s) per mole of oxygen (=4).
F= Faraday = 96,500 ¢/g- equivalent.

A= surface area of the electrode in contact

with the scil surface, in square centimeters.
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In this project, all the platinum micro-electredes used were of uniform
diameter (0.7 mm) and length (4.0 mm). The above c%ted2 relationship was

used to convert current in micro-amperes into gx10 /em /min, representing

oxygen diffusion rate {(ODR).

According to Hillel (1982}, the method of measuring ODR with platinum
micro-electrodes was not based on solution of the diffusion equation for
definable boundary conditions, and the results did not provide a value for
the effective diffusion coefficient for soil oxygen in the s¢il air or soil
water. Rather, what was measured was a flux, which of course, depended on
the size and shape of the electrodes and the location of their insertion, as

well as on the diffusion coefficients of the surrounding porous media.

Thus the absolute wvalues of ODR reported here are at best an
approximation of what a rcot might experience. Nevertheless, as all openers
and treatments were imposed in a common original soil matrix, using ccommon
electrodes, the measurements were felt to realistically reflect the relative

oxygen diffusion rate (ODR) of the s0il, as affected by the treatments

imposed.

Calibration of platinum micro-electrodes:

The components required to measure ODR were a battery, variable

resistor, voltmeter, ammeter, reference electrode and platinum electrode.

The apparatus is shown in Figure 5.
This apparatus had three main functions:

To provide an external electric potential.

To measure the current in the external circuit connecting

the two electrodes.
To apply a holding voltage to the other electrodes (if

the instrument was designed to use more than one electrode).

The instrument circuit was in three main parts (Fig 5).

(1)  Applied potential and measuring section.



Figure 6: Extraction of samples for root studies with
pespex pin-board.

44
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{2) Electrode aelector.

(3) Saturated silver-silver cloride electrode.

Deapite care during construction, individual electrodes varied in the
area of platinum wire which was exposed, which affected the current
drawn-off. Electrode surfaces also ccntacted different films that impeded
current flow. These variations were checked by using a calibration medium
of standard oxygen-aupplying capacity. For this purpose a 3 per cent
suspension of sodium bentonite in 0.7 M sodium chloride was used. Prolonged
agitation in a milk-shake mixer brought the bentonite into suspension. The
formation of a uniform suspension was aided by sprinkling the bentonite
gradually on the surface of the agitated solution in the milk shaker. The
suspension was aerated by bubbling air through it for 5 minutes. The medium
was then allowed to settle, convection currents being damped out by the

viscosity of the bentonite.

A platinum electrode, held immovably in a retort stand, was inserted,
and a reading of current was made after 5 minutes. Currents of
approximately 3.5 micro-amperes at -0.65 V potential were usually obtained.

All the electrodes were calibrated and couwpared in the same way.

Cholce of potential:

Oxygen begins to reduce at a potential of about -0.2 veolts. As the

numerical negative potential is Increased, current also increases.

Authors have differed in their views about the choice of potential.
Birkle et al (1964) stated that any potential between -0.55 and -0.75 volts
could be used. However, in several instances, particularly with 0.9 mm
electrode, they found that the ODR departed from linearity at a potential of
-0.8 volts, and ~0.75 V might be too close to that point of departure. They
gsuggested measuring as high a current as possible for a given soil oxygen
status, if the currents involved were already low. These authors also
observed that with 1low currents, the increase in amperage with increase in

potential was also low. Stolzy and Letey (1964) had published results of

measurements made at -0.65 V. Since no compelling reason existed for using



any other potential, Birkle et al (loc.cit)} also recommended -0.

measuring oxygen diffusion rate.

In all the experiments reported here a potential of -~0.65

chosen. All the electrodes were alsc calibrated in sodium

suspension at this potential.

6.

Procedure for ODR measurements

in the vicinity of the grooves:

At the start of a seriea of measurements, the

ancde and bridge, which were normally kept dry,

were filled with a saturated solution of potassium
chloride.

Electrical connections, which were left open between
measurements, were then closed, (L.e. the cohnections

to the anode and that from the poaitive end of the
battery to the rheostat).

The rheostat was adjusted to apply a potential of

-0.65 V to the cathecde. Care was taken to maintain this
-0.65 V constant throughout the experimental period

while making ODR measurements.

The platinum electrode was pushed into the soil to the
required depth. It has been recommended that the distance
between an electrode and ceramic tip should not be

more than 2.5 m (Birkle et al, 1964). Therefore, the
ceramic tip was inserted into the scil at a distance of
approximately 0.5 m from an electrode. When the ceramic
tip ¢f the anode bridge was pressed against the soil
surface a large initial surge of current cccurred as oxygen
near the platinum surface was reduced. Contact of the
ceramic tip with the soil surface was maintained and the
current began to fall, becomming constant in U4-5 minutes.
Five minutes after closing of the circuit, the micro-ampere
meter was gently tapped to ensure that the mechanical
movement of the meter had equilibrated, and the current
recorded.

Any mechanical vibration or movement of the platinum
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electrode during the % minute flow of current, might
cause an upsurge of current, and this would bring the
platinum closer to the region of unreduced oxygen
(Birkle et al, 196#4). Such movements, therefore,
were avoided.

7. Oxygen diffusion rate (ODR) measurements were taken
at the centre of the grooves by inserting platinum
micro-electrodes 5 mm below the centre of the grooves.
Oxygen diffusion rate measurementa were taken only from
the irrigated conditions, on days 0, 10 and 21.

B. "Poisoning" of the electrodes (probably from a chemical
deposit that changes electrode reaction) may occur if
the electrodes were left in the 30il for more than a week.
A "poisoned" electrode may give a faulty reading

(Birkle et al,loc cit}. Therefore, after

taking the measurements, the electrodes were immediately
remcved from the soil and washed in clean water.

9. So0il factors such as temperature, concentration of salts
and electrical conductivity may affect ODR measurements.
In this project only relative values of ODR (as affected
by the treatments imposed on a common soil) were measured.
Thus ne attempt was made to measure soil temperature, salt
concentration or electrical conductivity of the soil around
the groove profiles, in order to express absolute values
of ODR.

10. Calibration of each electrode was undertaken before taking

ODR measurements on each measuring day.

{b) So1l bulk density:

501l bulk density is the most widely accepted measure of compaction.
Within a given s¢il, the bulk density provides a measure of the packing
condition of scils but does not yield any information about the arrangement
of so0il particles. However, if the specific gravity of the s¢il grains is
known, then bulk density values can also be used to devise a measure of

porosity or void ratio (Gradwell, 1974).
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A major difficulty in determining soll bulk density is the measurement
of volume occupied by solids. Various methods have been suggested and used,
but each method appeared to be applicable to a specific situation and for a
certain objective (Stace and Palm, 1962). 1In direct drilling experiments a
piston type core sampler had been used by Choudhary {(1979). This author
used a core sampler with a 15 mm effective length and 6.25 wm diameter. A
similar sampler was used by Mai (1978) with effective length of 13 mm and 11
mm diameter. Both of these authors had reported that Willardson and Taylor ™ -
had found that small diameter samples were as accurate as large diameter
samples, and the variance associated with the smaller cores was low enough
for most uses. In a pilot experiment, Mai (loc.cit) compared two samples of
11 mm and 52 mm diameters with effective 1lengths of 13 mm and 33 mm

respectively, and feound no significant difference in measurements of scoil

meisture or soil bulk density.

In the experiment reported here a similar scil sampler to that used by
Mai (loc.cit) was used. The same svil samples collected for soil moisture
measurements were also used for s0il bulk density measurements as a means of
indirectly representing scil ODR measurements. The scil bulk density

measurements were taken only from the irrigated conditions on day 21.

(¢) Soil moisture content:

S0il water deals with three aspects: surface Tetention, infiltration
and soil moisture {Blake, 1973). "The accurate measurements of the soil
moisture potential near to the soil surface/atmospheric interface has been a
frustrating exercise because ¢of continuity of 1liquid and gaseous water
fluxes" (Painter, 1976). Measurements of the scil moisture status cleose to
the groove in this study. were considered to invelve problems associated with
near surface measurements because of the proximity of both the drilled
groove {which was sometimes open to the atmosphere) and the true scil
surface. MNoble {31973) suggested that the techniques for measuring soil
water could be grouped under the folowing main headings:

1. Those which measured soil water directly.
2. Those which measured soil water indirectly.

3. Those which invelved destructive sampling of

the scil at the experimental site.
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y, Those which did not involve destructive sampling.

Of these, the long established destructive gravimetric procedure is the
cnly one which comes close to category (1), although the neutron technique
might alsc be included. Virtually all techniques which measure electrical,
thermal, or acoustic properties of the scil or sensors come within category
{2). Techniques measuring potentials were separated from this group because
they measured parameters directly assoclated with moisture status and its
importance to soil plant association (Noble, loec cit). Painter (loc.cit)
reported that tensiometers were not useful for the determination of soil
moisture near the surface, because tensiometers broke down at -9 J/kg or
below. A neutron prcbe caused problems because of limits in the sampling
volume, which was affected by the steep gradients in soil moisture near the
surface. For similar reasons, other methods such as gamma ray absorption,
thermal methods and electrical capacitance were considered not to be useful

tools for measuring moisture levels near to the surface.

Choudhary (1979) considered and tested psycho-meters, electrical
resistance blocks, gypsum beads, glass paper and direct thermo-gravimetric
methods for measuring meisture content of soll immediately adjacent to and
within direct drilled grocves. Be concluded that a direct gravimetric
method for measuring soll moisture was simple and reliable. The usefulness
and reliability of this method had already been reported by several authors
{Painter, loc.cit; Holmes et al, 1967). This method had been widely used
by 2 number of authors in direct drilling experimpents. (Mai, 1978; Lal,

1976; Afzal, 1981; Follas, 1982).

The experiment reported commenced at initial soil moisture contents of
22,5% (d.b) in "bare scil®™ and "short residue" conditions and 26.0% (d.b) in
"long residue® conditions. A thermo-gravimetric methed was used for soil
moisture measurements. These measurements were taken only at the centre of
the grooves and only from the irrigated conditions, on day 21. The soil

samples collected for scil bulk density measurements were also used for soil

noisture measurements.
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(d) Seed and seedling performance:

The response of seeds to the imposed scoil-climate-machine 1interactions
was measured in terms of seedling emergence, sub-surface seed fate and plant
growth. Barley was used 1in all experiments because of its economic
importance and tolerance to temperature variations. Seeds were considered
to have emerged when they appeared above the horizontal plane of the ground

surface, regardless of whether or not they could be seen in an open groove

below this arbitrary plane.

Final individual seed fate counts, {as originally explained by Baker
(1976} and later wused by Choudhary (1979)) were determined after day 21.
The purpose of this was to classify seedlings that had failed tc emerge as

germinated but unemerged" or "ungerminated/dead¥.

In these experiments the ungerminated seeds and/or unemerged seedlings
were counted by separating them from se¢ll removed with a 300-mm long
semi-cylindrical hand scoop. These counts were added to the teotal pool
which included emerged seedlings. Each treatment within an experiment was
represented by a sample of approximately 50 seeds {variety Magnum) of 96%
laberatory germination. From day 5 when the seedlings usually started
emerging, daily counts of emergence were taken until the count of total

emergence had stabilized which usually occurred by day 21.

{e) Root/shoot weights:

Extraction of samples for root studies, from both field and bin soils,
used shovels, spades, sharp knives and pinbecards. The pinboard technique
was found time consuming and difficult to use, but had been recommended by
Dixon (1972), Mai (1978) and J. Springett (pers comm, 1983). A pinboard of
5 mm thick perspex, measuring 200 mm x 300 mm with pin holes arranged in a
square pattern 10 mm apart, was used {(Figure 6). When sampling, care was
taken to aveid disturbance of adjacent seedlings. Samples were soaked in

gently-flowing tap water for 24 hours, after which the remaining so0il was

Separated from the roots by a hand-held, fine low pressure jet of water.



Care was taken to minimise the loss of fine root material during washing.

On day 21, root dry matter weights were determined using the pinboard
technique. By that time it was felt that a reasonable record of seedling
emergence, vigour and growth could be made by harvesting and weighing
geedlings. The dry matter weights of roots were measured after drying in an
oven at 800 C for 24 hours. Shoots were cut from the roots and their

respective dry weights were measured separately.

2.1.4 Limitations:

{a) In the field experiment, no control was possible over maximum
precipitation, because of unpredictable climatic conditions, which also
affected ambient temperatures. Variation in so0il tewmperature at 100 mm
depth and ambient temperature during the month of December and January is

shown in Appendix 2a.

{b} The capacity of the ODR meter which was available for this
experiment, restricted measurements to two at a time. This restricted the

data available for this parameter.

(¢} The non-irrigated plots could not be relied on to remain dry,
because of natural weather changes. However, the rainfall data {(Appendix
2b) for the month of December and January showed that the experimental
period remained without substantial rain (except for three days), and thus
maintained a contrast between the s0il moisture content of irrigated and

non-irrigated conditions.

Unless specifically described, the materials and methods adopted in

this experiment also related to all subsequent experiments in this project.

51
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3.1.5 Results and discussion {Field experiment):

(a) Seedling emergence:

Table 1 shows the effects of contrasting irrigation conditions, opener
types and contrasting crop residue on seedling emergence, and the
interactions amongst these parameters. It appears from the Table, that
contrasting irrigation conditions had a highly significant (P<0.01} effect
on percentage seedling emergence. The non-irrigated (78.9%) plots showed
significantly 1larger numbers of emerged seedlings than the irrigated

conditions (U6.0%).

Opener types had a significant (P<0.05) effect on percentage seedling
emergence. The triple disc opener (55.7%) showed a significantly lower
seedling emergence percentage than the winged (68.8%) and hoe (62.8%)

openers, which were not significantly different.

The contrasting crop residue conditions had. a highly significant
(P<0.01) effect on percentage seedling emergence counts. The "long residue"
(68.9%) showed a significantly larger number of emerged seedlings than the

"short residue" (57.3%) and "bare soil" (61.1%) which were not significantly

different.

The interactions amongst contrasting irrigation conditions, opener
types and contrasting crop residue conditions confirmed the generally lower
emergence counts under the irrigated conditions compared to the
non-irrigated conditicons, although the winged and hoe openers in "long
residue” under irrigation recorded reasonable emergence counts of 75% and
67.7% respectively. In fact the only treatment which was superior to the

winged copener in residue was the same treatment in the absence of

irrigation.

The triple disc opener was observed to push residue inside the groove
while the winged opener kept residue over the groove and the hoe opener
swept residue aside. Hmergence from the triple disc grooves under both
irrigated and non-irrigated conditions improved slightly as the amount of

residue was reduced while in the winged and hce opener grooves {at least



Table 1: Effects of contrasting soil moisture conditions,direct drilling opener types and
contrasting crop residue conditions, on the fate of direct drilled barley seeds.

Treatments/ Irrigation Openers Residue Interactions

Non~Irr Irr Winged Triple Hoe Bare Short Long Openers/ Winged Triple Hoe
disc Irrigation/ disc

Seed fate Residue

Non-Irr
Seedling Bare

emergence Short
(%% 78.9 46,0
Ba Bb

57.3 ©68.9 Long
Bb Aa

Irr
Bare
Short
Long

[male el o]
PR\t ]
100

LUNIWALY S

QU
-

O OwW

Ungerminated

or dead seeds
g.7 26.3
Bb

Non=-Irr
Bare

15.9 Short
Ab Long

Irr
Bare
Short
Long

=10

Germinated but

Non-Irr

SED1=6
SED2=H
SED3=5.

"
o0
Yo

SED1=3.68
SED2z3.0
SED3=3.72

unemerged Bare }

seedlings 11.5 27.6 18.4 19,1 20.7 22.7 15.3 Short
(%) Bb Aa Aa Aa Aa Aa Aa Bb Long

Mo

-l

»

Mo
=10

Irr SED
Bare 30
Short 31. 28B.
Long 16 2

(UYWL

Unlike letters in a row dencte significant differences

{upper case, P<0.01; lower case, P<0.05).

SED1=Standard error of difference within irrigation types.
SED2=Standard error of opener and irrigation interactive differences.
SED3=Standard error of all other interactive differences.
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under irrigation} there was a marked decline in seedling emergence when the
amount of the residue was reduced. Perhaps the lower emergence in the
grooves of the triple disc opener in "long residue™ under irrigated
conditions might have been due to adverse phytotoxic effecta of the
decomposing crop residue inside the grcove, as reported by Ellis et al

(1975); Lynch (1977, 1978) and Lynch et al (1980).

Figures 7 and 8 show the rates of seedling emergence under irrigated
and non-irrigated c¢onditions respectively. Figure & shows that under
non-irrigated conditions all the curves fellowed similar ahapes and
plateaued at day 13. However, under 1rrigated conditions (Figure 7)
plateauing in all treatments was extended to day 16. This probably
reflected the less-than-optimal conditions resulting from excessive moisture
which slowed down seed germination and seedling growth. Both sets of curves
also illustrate that under both non-irrigated and irrigated conditions the
winged and hoe copeners benefitted frem the presence of "long residue”
compared to the triple disc opener which in both s0il moisture conditions

showed the lowest rate of percentage seedling emergence in "long residue'.

(b) Ungerminated/dead seeds.

Table 1 also shows the effects of contrasting irrigation conditions,
opener types and crop residue conditions on ungerminated/dead seeds, and the
interactions amongst these parameters. From the Table, it appears that the
non-irrigated conditions showed significantly (P<0.01) lower numbers of

ungerminated/dead (9.7%)} seeds than the irrigated conditions {(26.3%).

The opener types had a significant (P<0.05} effect on ungerminated/dead
seeds. The grooves of the triple disec opener showed a significantly larger
number of ungerminated/dead seeds (25.3%) than the grooves of both the
winged (12.7%) and hoe ({16.0%) openers, which were not significantly

different.

The contrasting crop residue conditions had a signifiecant (P<0.05)
effect on percentage of ungerminated/dead seeds. The "long residue" showed
a significantly lower number of ungerminated/dead seeds {15.9%) than either
the "“short residue" {20.1%) or "bare soil" (18.2%), which were not

significantly different.
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The interactions showed a generally lower number of ungerminated/dead
seeds under non-irrigated conditions than under irrigated conditions. Under
irrigated conditions the "long residue" appeared to favour the winged and
hoe openers, while it disadvantaged the triple disc opener, which showed the
largest number of ungerminated/dead seeds of all opener types in "long
residue”, The numbers of ungerminated/dead seeds in the grooves of the
triple disc opener under "long residue" and non-irrigated conditions were
little different than those in the grooves of the winged and hce openers in
irrigated "bare s0il" and "short residue® conditions. This might suggest
that with the triple disc opener, the presence of "long residue® was more

important than irrigation.
(c) "Germinated but unemerged" seedlings

Table 1 alse lists the effects of contrasting irrigation conditions,
copener types and crop residue conditicons on "germinated but unemerged™
seedlings, and the interactions amongst these parameters. The non-irrigated
grooves showed a significantly (P<0.01) lower number of "germinated but

unenmerged” seedlings (11.5%) than the irrigated conditions (27.6%).

Opener types had no significant effects on the percentages of

"germinated but unemerged" seedlings.

The contrasting crop residue conditions had a highly significant
(P<0.01) effect on "germinated but unemerged" seedlings. The "long residue"
showed a significantly lower number of "germinated but unemerged" seedlings

(15.3%) than the "short residue” (22.7%} and "bare soil® {20.7%), which were

not significantly different.

The interactions showed a consistent trend with each opener and residue
treatment towards lower numbers of "germinated but unemerged" seedlings in
non-irrigated conditions than in irrigated conditions. Under irrigation the
"long residue" again appeared to favour the winged and hoe openers while
with the triple disc opener it had 1little effect. However, in "short

residue” and “bare soil' conditicns there appeared to be little difference

between any of the openers.
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Summary of seed fate:

Flgure 9 shows the collective data of seed fate. The Figure
illustrates that the major problem with the triple disc opener was
ungerminated/dead seeds, especially in "long residue", both under
non-irrigated and irrigated conditicns. Most other openers in all
conditions had "germinated but unemerged” seedliings as their largest
problem. The Figure also illustrates that the highest maximum seedling
emergence was cbtained by using the winged and hoe openers in 'long residue

under beth non-irrigated and irrigated conditions.
{d) Dry matter weight of roots:

Table 2 shows the effects of contrasting irrigation regimes, opener
types and c¢crop residue conditions, on root weights per plant, and the
interactions amongst these parameters. From the Table, it appears that
irrigated conditions (24.3 mg) showed significantly {P<0.01} lower dry

matter root weights per plant than non-irrigated conditions (U6.5 mg}.

The opener types had a significant (P<0.05) effect on dry matter root
weights per plant. The grocves of the winged opener showed significantly
(P<0.05) higher root weights (#1.7 mg)} than the grooves of the triple disc
opener (29.5 mg), but this latter opener was not significantly different

than the hoe opener {(35.0 mg}, which was also not significantly different

from the winged opener.

The contrasting crop residue conditions had a highly significant
(P<0.01) effect on dry matter root weights per plant. The "long residue"
showed significantly higher root weights (44.5 mg) than both the T™short
residue™ {33.1 mg) and "bare soil" (28.6 mg), which were not significantly

different.

The interactions amongst the three parameters discussed above, showed
that most of the non-irrigated plots recorded higher root weights than under
the irrigated ccnditions. The most notable effect was that hoe opener in
"long residue” was unaffected by irrigation. Under irrigated conditions the
most notable advantage with any of the treatment combinations was with the
winged and hoe openers in "long residue® compared with all other

opener/residue combinations. Perhaps the poor performance of the triple
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Table 2: Effects of contrasting soil moisture conditions, direct drilling opener types and contrasting

crep residue cenditions, on the root/shoot weights of direct drilled barley seeds.

Treatments/ Irrigation

Realdue

Interactions

Root and Noen-Irr Irr Winged Triple Hoe Bare Short Long Openers/ Winged Triple Hoe
shoot : Irrigation/
welghts Residue
Non-Irr
Root weight Bare 44,6 38 36.0
(mg ) Short 56.0 52.3 33.6
416.5 24.3 28.6 33.1 Hu.5 Long 64.3 h1.3 52.3
Aa Bb Bb Bb Aa
Irr SED1=6.EO
Bare 19.0 16.0 17.6 SED2=5.37
Short 19.0 18.6 19.3 SED3=7.61
long U47.3 10.3 51.3
Shoot weight Non-Irr
(mg) Bare 306 307
384 198 246 283 343 Short 382 317
Aa Bb Be Bb Aa Long 8 5T
Irr
Bare 18 147 182 SEDT:;?.B
Short 19 205 194 SED2=31.7
Long 286 158 228 SED3=38.9

Unlike letters in a row denote significant differences
(upper case, P<0.01; Lower case,

SED1=Standard error of difference within irrigation types.
SED2=Standard error of opener and irrigation interactive differences.
SED3=Standard errcr of all other interactive differences.

09
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disc opener in "long residue" under irrigation resulted from the effects of
deccmposing crop residue pushed inte the grooves under the wet soil

conditions (Ellis et al, 1975; Lynch, 1977, 1978; and Lynch et al, 1980).

{e) Dry matter weight of shoots:

Table 2 also lists the effects of contrasting irrigation regimes,
opener types and c¢rop residue conditions, on dry matter weights of shoots
per plant, and the interactions amongst these parameters. From the Table,
it appears that there was a highly significant (P<0.01) effect of
contrasting irrigation conditions on shoot weights per plant. The irrigated
conditions showed significantly (P<0.01) lower shoot weights (198 mg)

compared to the non-irrigated conditions (384 mg).

Surprisingly, opener types had no significant effects on dry matter
shoot weights per plant. However, the contrasting crop residue conditions
had significant (P<0.05) effects on shoot weight. The "long residue" showed
significantly higher shoot weights (343 mg) than the "short residue"™ (283
mg), which itself was significantly higher than the "bare soil" (246 mg).

The interactions amongst contrasting scil moisture regimes, opener
types and crop residue conditions showed consistently higher shoot weights
for opener/residue combinations under non-irrigated conditions than under
irrigated conditions. The triple disc opener in "long residue" under
irrigated conditions showed slightly lower shoot weights compared with the
winged and hoe openers in these c¢onditions, but there were no such
differences with other residue lengths in irrigated conditions, nor with
most of the residue lengths under neon-irrigated conditions. In fact in
"short residue" in the latter soil conditions, the hcoe cpener promocted less

shoot welght than the triple disc opener.

(f) Oxygen diffusicn rates (ODR) at

the centre of the grooves:

Table 3 lists the effects of opener types and contrasting surface
residue conditions, on ODR at the centre of the groove, in the irrigated
s0il, and the interactions between these parameters. It appears from the

Table that on day O cpener types and the contrasting crop residue conditions

had ne significant effects on ODR values at the centre of the grooves.



Table 33 Effects of direct drillin% opener types and contrasting crop residue
usion rate at the centre of the grooves,

conditions, on oxygen dif
under irrigated conditions.

Days from Openers Residue Interactions

sowing

Winged Triple Hoe Bare Short Long Openera/ Winged

Triple Hoe
disc Reaidue disc
-8 2
ODR {gx10/cm/min}
Bare 4o.2 48.3 3B.B
C 43.2 44,8 41.2 2.4 43,1 U43.7 Short L2.3 U6.3 U0.5 SED1=3.21
Aa Aa Aa Aa Aa Aa
Long 47.0 39.8 44,3 SED2=3.58
Bare 15.3 1.7 14,8
10 18.4 12.9 17.6 13.8 4.7 R20.4 Short 16.2 12.0 16.0 SED1=1.54
Aa Ba Aa Bb Bb Aa
Long 23.8 15.0 22.3 SED2=1.61
Bare 4.8 12.0 13.7
21 7.4 13.4  17.1 13.5 14.4 19.9 Short 14.5 14.2 4.7 SEDI=1.37
Aa Bb Aa Bb Bb Aa
Long 22.8 14,0 22.8 SED2=1.53

Unlike letters in a row denote significant differences
{upper case, P<0.01; lower case, P<0.05).

SED1=8tandard error of difference within opener types.
SED2=Standard error of all other interactive differences..
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However, on days 10 and 21, the grooves of the triple disc opener recorded
significantly {(P<0.01) 1lower ODR wvalues compared with the grooves of the

winged and hoe openers, which were not significantly different.

On day 0 there appeared to be no significant effects of contrasting
erop residue conditions on ODR values. However, on days 10 and 21 the "long
reaidue"” showed significantly (P<0.0%1) higher ODR values compared with the

*short residue" and "bare soil®, which were not significantly different.

The interactions between opener types and crop residue conditions
showed an increase in ODR when 'long residue"™ replaced Ybare se¢il" for the
winged opener and a corresponding decrease for the triple disc opener on day
0. On day 10 "long residue" appeared to favour all openers, while on day 21
only the winged and hoe openers benefitted by the presence of Ylong

residuet.

Figure 10 shows the changes in ODR values at the centre of the grooves
in irrigated plots with time. There was a rapid reduction in ODR values in
all grooves and residue conditions between days 0 and 10, although the ODR
values in the triple disc opener grooves declined more than in the grooves
of the winged and hoe openers. Between days 10 and 21 the ODR values at the
centre of the grooves of the winged and hoe openers either remained constant
or declined slightly. Under "short residue" and "bare so0il" the ODR values
in the triple disc opener grooves increased slightly between days 10 and 21,
No logical explanation could be given for this latter effect. The Figure
also 1llustrates that with the winged and hoe openers under "long residue"
conditions, the ODR values between days 10 and 21 were higher than all c¢ther

treatments.

(g) Soil bulk density at the

centre of the grooves:

Table U shows the effects of opener types and contrasting crop residue
conditions, on soil bulk density in the irrigated scil, and the interactins
between these parameters. It appears from the Table, that as with ODR,
openers had a highly significant (P<0.01) effect on scil bulk density at the
centre of the grooves. The triple disc ¢pener grocve showed a significantly
higher soil bulk density value (1.32 g/cm3) than the grecoves of the winged

3
{1.17 g/cm ) and hoe (1.15 g/cm ) openers, which were not significantly
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Table Y4: Effects of direct drllllng opener types and contrasting crop residue
conditions, ¢n s0il bulk density and soll moisture content, at the
centre of the greoves, under irrigated conditlons.

Cpeners Residue Interactions

Winged Triple Hoe Bare Short Long Openers/ Winged Triple Hoe

isc Residue disc
So0il bulk Bare 1.22 1.31 1.23
density
3 1.7 1.32 1.15 1.26 1.25 1.12 Short 1.23 1.30 1.22 SED1=0.052
{(g/cm ) Bb Aa Bb Aa Aa Bb
Long 1.05 1.34 0.98 SED2=0,059
Soil moisture Bare 31.3 33.5 32.6
content
(% d.b) 30 4 33.7 3t.4 32.5 31.9 31.2 Short 30.8 33.1 31.7 SED1=1.64

Aa Ab Aa Aa Aa
Long 29.2 34.5 29.9 SED2=1.79

Unlike letters in a row dencote significant differences
{upper case, P<0.0%1; lower case, P<0.05).

SED1 Standard error of difference within opener types.
SEDZ2=Standard error of all other interactive differences.
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different.

The contrasting crop residue conditions had a highly significant effect
(P<0.01) on mean scil bulk densities across all opener types. The M"long
residue" had a significantly lower soil bulk density (1.12 g/cm ) compared
to "short residue™ (1.25 g/cm ) and "bare soil" (1.26 g/cm ) conditions,

which were not significantly different.

The interactions between opener +types and c¢rop residue conditions
indicated that the ™"long reaidue compared with "short residue® and "bare
90il" favoured the winged and hoe openers but had no effect on the triple
disc opener. Bulk density 1levels in the ™"long residue" variant of the
triple disc opener appeared to be higher than the corresponding variant of

the winged and hoe openers.

(h) Scil moisture content at the

centre of the grooves:

Table 4 also shows the effects of opener types and contrasting crop
residue conditions on 30il moisture contents (%d.b.) in the irrigated soil,
and the interactions between these parameters. It appears from the Table,
that opener types had a significant (P<0.05) effect on percentage soil
moisture content at the centre of the grooves. The grooves of triple disc
opener showed a gignificantly higher scil moisture content (33.7% d.b) than
the groocves of the winged (30.4% d.b) and hoe (31.4% d.b) openers, which

were not significantly different.

The contrasting surface residue conditions had no significant effects

on the moisture content at the bases of the grooves.

The interactions showed that in "long residue™ the grooves of the

triple disc opener were slightly wetter than the grooves of the winged and

hoe openers.
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3.1.6 Discussion of experiment {(Field experiment)

It 1s clear from the results of the field experiment, that under
non-irrigated c¢onditions opener types and contraating surface residue
conditions had significant effects on seed germination and seedling growth.
Despite changing weather conditions in the field, it appeared that "long
residue", both in irrigated and non-irrigated conditions, benefitted those
opener types which did not either cause compaction or push the residue into
the grooves in contact with the seed. In this respect, the triple dise
opener was observed to push residue into the grooves and was known to cause
compaction (Mai, 1978}, while the winged opener retained the residue over

the grooves and the hoe opener swept it aside.

There was a total natural rainfall of approximately 105.5 mm during the
21 days of the experimental period, of which approximately 60 mm fell on two
consegtive days (4 and 5) (Appendix 2b). Thus the non-irrigated plots were
also very wet for a period, which might have resulted in some decomposition
of the c¢rop residue. Therefore, even under non-irrigated conditions, the
poor pérformanoe of the grooves of the triple disc opener in "long residue"
mwight be attributed to the adverse effects of the decomposing residue inside
the groove of this opener. Cn the other hand, under non-irrigated
conditions, the performance of the grooves of this opener in terms of
seedling emergence, appeared to be marginally superior to the winged and hoe

cpeners, both under "bare s¢il" and Y“short resjdue® conditicns.

Several authors (Baker, 1976; Mai, loc e¢it, Choudhary and Baker, 1980;
and Choudhary and Baker, 1982} have reported that the biological performance
of triple disc opener grooves was more sensitive to so¢il moisture in both
moist and dry conditions than the grooves of the winged or hce openers.
They felt that the performance of the grooves of the triple disc opener was
strongly affected by changes in soil moisture and ambient conditions, and
was at greater risk in dry conditions than grooves created by winged or hoe
openers. According to Mai (loc cit}, the triple disc opener groove could be
expected to have a higher scil compacticen and smear at the sides and base of
the groove compared to the groove created by the winged opener. He found
that this had a marked effect on 1lupin rcot development, and in some
instances caused distortion and deflection. This author also claimed to

have counted a lower number of earthworms around the groove profile of the
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triple disc opener compared to the grooves of the winged opener, but he was

unabtle to suggest any possible reason for this.

From a review of the literature (Section 2), it appears possible that
in the present experiment the low ODR values at the centre of the grooves of
the triple disc opener under irrigated conditions might have been the result
of soil compaction at the sidea and base of this groove, which apparently
did not occur in the grooves of the winged and hoe openers. Mai {loc eit)
had tested only the winged opener in this respect, but Dixon {1972} included
all three openers in his tests. Perhaps earthworm populations and their
activity might have responded to the groove profile of the +triple dise

opener, which did not promote a high ODR at the centre of this groove.
It appearg from ODR data that after day O a decline in ODR might have
been partialy because of irrigation.

It seemed logical to study QDR regimes arcouna tne groove profiles of
direct drilling openers together with earthworm populationa in the presence
and absence of crop residue. In the fleld experiment the <c¢hanging weather
conditions also made it difficult to define clearly the effects of treatment
factors on seed ge&ination and seedling growth. Therefore, it was felt
deairable to study the effects on seed germination and seedling growth of
opener types and crop reaidue conditions in a controlled wet soil under

contreolled ¢limatie conditions.
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EFFECTS OF DIRECT DRILLING OPENERS ON SEED/SEEDLING
PERFORMANCE IN THE PRESENCE AND ABSENCE OF CROP
EESIDUE, UNDER CONTROLLED CLIMATIC CONDITIONS

3.2.%1 Introduction:

The performances of three direct drilling opener deslgna were
tested, in terms of their ability to promote barley seedling emergence in
wet scils, in the presence and absence of crop residue. The eXperimental
technique utilised large (0.5 tonne) undisturbed turf blocks which were
drilled in the field with a special rig and then removed to a glasshouse
under a controlled temperature for 3 tc 4 weeks. Two experiments {2 and
3) were conducted. Experiment 2 was conducted under simulated rain
conditions, while Experiment 3 involved a rising temporary water table

without rain.

Measurements included oxygen diffusicn rates around the groove
proefiles, soil moisture content, s0il bulk density, soil temperature,

numbers of earthworms, seed germinatiocn, seedling emergence counts and

root weights.

Specific Objectives:

The main objectives of these two experiments were:

To compare the performance of three opener types in their

ability to form suitable habitats for seed germination and

seedling emergence.

To assess the effects of surface crop residue on seed

germination and seedling emergence.

To study the effects of the groove geometry and surface

residue on oxygen diffusion rates {(ODR) arcund the groove
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profiles.

To examine the effects of residue and openers on earthworm

populations in the vicinity of the grocve profiles.

3.2.2 Materials and methods:

(a) Tillage bin technique:

The use of soil bins is not new in scientific studiezs of soil-
plant-machine relations. Scientists and engineers have used disturbed
soil samples and/or artificially packed bins for some time to study soil
physical behaviour, s0il machine mechanics, and soil-plant interactions.
(Scotter, 1976; Choudhary and Baker, 1977; Gupta, 1967). Variable
ambient conditions have made it necessary to use such techniques mainly
indeors, and even in controlled climatic conditions, in order to

accurately formulate qualitative and quantitative interactions.

By definition, it is c¢learly necessary to use undisturbed =so0il
samples, representative of field conditicns, for direct drilling studies.
The importance of wusing a tillage bin technique in direct drilling
studies is supported by the fact that fundamental soil physical
parameters and their interactions with opener designs and ambient
conditions have not been well ‘understood and interpreted using field

studies (Baker, 1976).

Baker (loc cit) explained a mechanized technique for extracting
"undisturbed”® turf blocks from the field and outlined the merits of their
usge in laboratory tillage studies. This technique has been used by
others, in order to accurately formulate qualitative and quantitative
interactions (Mai, 1978; Choudhary, 1979; J. Mitchell, pers comm,
1983}. 1In the present study, use was made of these soil bins (with a
modified technique) to investigate the interactions of soil physical

factors, ambient conditions and direct drilling techniques.

Open-ended steel-sided bins (measuring 1.8 m long, 660 mm wide and

200 mm deep) were pulled into turf-ccvered Tokomaru silt-loam soil,
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situated at Massey University, using a special cutter (Baker, 1G76).
These bins remained in the soil which were drilled with a special
tractor-operated rig. Baker (loc c¢it), Mai (loc.cit) and Choudhary
{loc.cit) had used a technique where the bins were drilled in the
laboratory with a travelling gantry and tool testing apparatus. The
pre-drilling of tillage bins in the field provided nearly normal
conditions for each opener while working in the field, such as operating
speed. It was considered that laboratory drilling of the tillage bins
may not have provided true field speed conditions which may have had some
effect on so0il shattering. This was thought to be an important aspect of
opener function in a wet soil. The method of extracting these soil

blocks is shown and summarised in Figure 11 .
(b) Preparation of surface residue conditions:

Because of the time of the year, no recent crop stubble or trash was
available in the experimental field. To create surface residue
conditions a pasture was allowed to grow to about 200-mm in length. The
pasture was sprayed with glyphosate, at a rate of 5.6 1/ha, mixed with
dicamba at 1.5 1/ha, uaing a pedeatrian knapsack boom sprayer, 21 days
before the seed drilling operation. The tillage bins were pulled into
the soil with its sprayed pasture, 7 days before drilling. At the same
time the crop residue was cuf and removed from half the bin surfaces (see

experimental design} to create no-residue conditions.

{(c} Experimental design:

The feollowing treatments were considered important to =attain the

objectives of this study.

1. Three contrasting opener types (winged, triple disc and hoe).

2. Two levels of surface residue {"no-residue" and the residue
remaining from the herbicide-killed pasture - "residue").

3. Metheds of maintaining a soil of high meisture content
(simulated rain conditions; and temporary high water table

conditions).



Figure 11: Turf block extraction process.

(a). Initiationofturf cutter and bin
travel into soil,

(b). Tillage bin at full depth.

(2). Tillage bin after drilling in situ.

‘-

gL
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Constraints:

A number of limitations were 1impeosed on the experimental design

because of the facilities available.

There were a maximum number of 12 bins available at any

one time.

There was only one climatic room (glasshouse) available

at any one time which could comfortably accomodate 9 tillage

bins.

In each soil block a total of three grooves at 150-mm spacing

were possible.

In order to minimise the possible influence of one groove or opener

ypon an adjacent groove, only one type of opener was used per bin.

Because of these restrictions it was not possible to compare all
treatments in one large experiment under controlled conditions. This
also limited the numbers of replicates to three. It was therefore
decided to divide the experimental programme into two separate
experiments. The comparisons to be made within each of these experiments

involved the opener types and two contrasting surface residue conditions.

Experiment 2:

Tillage bins were drilled at random in the field at a moisture
content in the mid zone of the "available" range, and then
removed te the glasshouse where they were kept under a
simulated rain cendition, with an intensity of 5 mm per hour

for 4 hours a day, for 21 days.
Experiment 3:

Tillage bins were drilled at random in the field at a moisture
content in the mid zone of the M"available" range, and then

removed to the glasshouse where they were kept under



74

conditions of a temporary high water table for 4 hours a day,

for 21 days.

Bins were arranged in blocks of 3 in the glasshouse. In this way,
each  split-plot experiment consisted of 6 treatments with  three
replicates. For each experiment new bins were extracted. Each s0il bin
was divided into two residue levels by cutting and removing the residue
from ¢ne half. The bin was then drilled with one opener type (main
treatment). Secil blocks remained in the glasshouse until seedling
emergence counts had satabilised, which was usually after 21 days. Figure

12 shows the split-plot deslgn in the glasshouse for both experiments.

{d) Climatic conditions during experimental period:

It was thought appropriate to test the grooves of direct drilling
openers in eclimatic conditions representative of a wet-warm regime. Data
relating to wet-cool conditions were available from English studies
(Ellis et al, 197%; Lynch, 1977, 1978; and Lynch et al, 1980); but
little comparable information was available relating to wet-warm
conditions. Thua, all bin experiments were conducted in a glasshouse in
which the nominally controlled temperature range was maintained at 20-25%
C day and night. A sample of a daily record of day/night (for a week}
temperature and relative humidity changes inside the glasshouse within a

neminally controlled temperature range is shown in Appendix 3a.

These climatic conditions prevailed from the day the drilled soil
blocks were brought into the glasshouse, until a seedling emergence

plateau had been reached.

For simulated rainfall onto the undisturbed so0il blocks in these
tillage bins, a socak-hose was suspended above the bins, and 20-mm of
"rain™ applied per day, with an intensity of 5 mm per hour. The
soak-hose technique had been used by Mai (i1978). This technique was
considered to be econcmical, simple and efficient in creating a simulated
rain condition of the desired intensity, although no control over droplet
size was attempted. Indeed the droplets appeared to be somewhat finer

than might be expected from natural rainfall of this intensity.
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To study the effects of a temporary high water table on seed
germination and seedling performance after direct drilling, a high water
table condition was created by placing the tillage bins in steel trays
and adding water to within 150 mm of the surface of the soil. The
bottoms of the bins were perforated for this purpose and wWere raised
50-mn above the surface of the trays. The temporary high water table

condition remained for I hours a day, after which the bins were drained.

Water in simulated rain or high water table conditions was not
applied to all replicates simultanecously. Rather each replicate was
wetted in a sequence of ODR and other measurements in such a way that
there was a consistent time interval between wetting and measuring with
each replicate. This was considered important as drainage intervals were

then constant (20 hours) which were thought to influence ODR in

particular.

3.2.3 Measurements:

{(a) Oxygen diffusion rate {ODR)

around the groove profiles:

Four platinum micro-electrodes were available to take
ODR measurements arocund the groove profiles at any

one time.

1. Measurements were made around the groove at sixteen
points in a square grid pattern (Figure 13) where each
point was separated by 30 mm. The first set of
measurements at one depth was made with four points
{row (a) in Fig. 13). After five minutes the micro-ampere
current readings were recorded and all four electrodes
vere then relocated at deeper positions to form the second
four-point row (row (b) Fig. 13 ). The same procedure was
repeated for taking measurements at 30 mm incremental depths
{rows (¢) and (d) in Fig. 13).

2 As the capacity of the equipment was limited, in order to
save time in recording all 16 measurements, the ODR

measurements were restricted to one randomly selected side of
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the symmetrical grooves. The other side of the groove was
used for soil bulk density and soil moisture measurements.
Nevertheless, with all grooves a periodic check was made

to compare ODR measurements from each side of sample grooves,
and no differences were found between sides. This confirmed
the symmetry of the grooves created by the direct drilling
openers.

3. In this way a total of 16 measurements were made on one
side of the groove profile including a point at the centre
of the groove. This took approximately 20 minutes per
replicate.

4 The measurements, recorded in micro-ampergs were converted
into oﬁygen diffusion rate (ODR} in gx10‘ /cmz/min using

the conversion given in Section 3.1.3.

(b) Measurement of seed fate and root weight:

The measurements of seed/seedling performances and root weights were

made after day 21, adopting the techniques described earlier in Section

3.1.

(¢} Soil bulk density and soil

molsture measurements:

In these experiments a similar soil sampler to that used in field
experiment and described in Section 3.1, was used. The so0il samples
collected for soil bulk density measurements, were also used for soil

moisture measurements, as a further means of indirectly representing the

scil aeration status.

The samples were taken on an identical grid pattern of sixteen
points, as was used for ODR measurements. Usually soil bulk

density/moisture content sites were located in the opposite side of the

groove to the ODR side.
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Figure 14: Core sampler (120 mm dia x 100 mm length) used

for estimating earthworm populations around a
direct drilled groove.
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(d) Soil temperature:

Soil temperature measurements were felt to be important to help
explain the effects of the contrasting opener types on the so0il
micro-~environment. A number of thermocouples were constructed, using
copper-constantan and were moisture-sealed in epoxy resin. These were
buried within the direct drilled grooves at seed 1level after drilling.
Daily in-groove soil temperature measurements were recorded in the same
sequence, using a micro-voltmeter with an in-built reference Jjunction.
S0il temperature was measured until seedling emergence counts had
stabilized. Choudhary (1979) and Baker (1976) had used a similar
technique to measure in-groove s0il temperatures when direct drilling
under dry scil conditions. A thermocouple calibration curve is shown in

Appendix 3b.

{e} Estimation of earthworm populations:

To estimate earthwora populations, a c¢hoice of methods existed.
These included hand sorting, soil washing, electric current, chemicals,
and heat extraction. Several workers have compared the relative
efficiency of extracting earthworms from the s0il by these methods
(Svendson, 1955; Raw, 1959; Edwards and Lofty, 1972; J. Springett,
pers. comm, 1963). These workers felt that each method was suitable for
specific requirements, but all agreed that a hand sorting technique was
the most reliable and efficient. Mai (1978) used a hand sorting
technique to estimate earthworm populations around direct drilled greoove

profiles.

In the present study, soil samples were collected from arcund the
groove profiles by collecting a vertical core of 120 mm diameter and 100
mm effective length {Figure 14). Earthworms were hand sorted and the

numbers recorded. The earthworms dissected (half) by core sampler were

also counted.
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3.2.4 Experiment 2

Seedling emergence under simulated. . rain conditions

{(a} Introduction:

The principal obJective of this experiment was to study the effects
of three opener types on seedling emergence under simulated rain
conditions, in the presence and absence of crop residue. Care was taken
that the simulated rainfall of 20 mm a day (with an intensity of 5 mm per
hour) was identical for each plot and replicate. The glasshouse
temperature was maintained at 20-250 C day and night. Oxygen diffusion
rate measurements in the profile around the direct drilled grooves were
taken on days 0, 5, 10, 15 and 20, using platinum micro-electrodes at =z
potential of -0.65 volts. Temperature variations in the viecinity of the
seed grooves were measured using thermocouples. A hand sorting technique
was used to count earthworm populations around the groove profiles at the
end of the experiment. Barley seed (variety Magnum, of 94% laboratory

germination) was sown.

(b) Results and discussion:

Seedling emergence:

Table -5 shows thé effects of opener types on seedling emergence and
seed fate of direect drilled barley in the presence and absence of crop
residue, together with the interactions between these two parameters.
Analyses of variance of main plots showed that all differences in
seedling emergence percentages, attributable to opener types, were
significant (P<0.05). The grooves of the winged opener recorded the
highest seedling emergence count of 58.6%, followed by the grooves of the
hoe opener (48.3%). The percentage count for the grcoves of the triple

disc opener was only 25.7%.

The contrasting crop residue conditions had a highly significant

effect (P<0.01) on seedling emergence percentages. The percentage



Table 5: Effects of opener types and contrasting c¢rop residue conditions,
on the fate of direct drilled barley seeds, under simulated rain

conditions.
Seed fate Openers Residue Interactions
E ] L& 3
Winged Triple Hoe NR R Openers/ Winged Triple Hoe
disc Residue disc
emergence 58.6 25.7 U48.3 34,3 5,1
R 73.3 25.2 63.8 SED2=z1.07
) Aa Be Ab Bb Aa
Ungerminated NR 15.5 46,3 29.1 3SED1=2.94
or 1.5 53.1 23.5 30.3 28.4
dead seeds R 7.5 59.8 17.9 SED2=2.78
(%) Ce Aa Bb Aa Aa
Germinated
unemerged
see%%%ngs Aa 4b Aa Aa Bb R 18.7 14.9 17.3 SED2=2.72
Dry matter
weights of 17.2 9.3 15.2 10.4 17.3 NR 10.3 9.6 11.3 BSED1=10.3
roota {mg)
Aa Bb Az Bb Aa R 24.0 g.0 19.0 SED2=3.0
ENR No surface residue present

w2g

Surface residue present

Unlike letters in a row denote Sigpificant differences
‘lupper case, P<0.01; lower case, P<(0.05)

SED1=z3tandard error of difference within opener types.
SEDZ2=3tandard error of all other interactive differences.

28
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seedling emergence across all opener types was 34.3% under no-residue

conditions compared with 54.1% under surface residue conditions.

There were strong interactions between cpener types and crop residue
conditicns, with residue appearing to be more influential than opener
types; at least with the winged and hoe openers. For example, the
grooves of the winged opener under residue showed the highest emergence,
followed by the grooves of the hoe opener in residue. The grooves of the
hece and winged openers without residue, appeared to be superior te those
of the triple disc opener with and without residue. The apparent
insensgitivity of the triple disc opener to residue may be explained by

the seed fate data discussed below.

Fig. 15 shows the rate of seedling emergence for the three g¢pener
types under the two c¢rop residue conditions. It appears that all
treatments plateaued at about the same time {day 15), although those
which eventually experienced the highest maximum emergence counts also
showed the most rapid rates of emergence, especially during the first 5

days.
Ungerminated/dead seedst

Table 5 also shows the effects of opener types and contrasting crop
residue conditions on ungerminated/dead seeds, and the 1interactions
between these two parameters. . Table 5 shows that there was a
significantly (P<0.01) larger number of ungerminated or dead seeds in the
triple disc opener grooves (53.1%) compared with those of the hce opener
(23.5%), which itself had a significantly larger count than the grooves

Of the winged opener (11.5%}.

The contrasting surface residue conditions had ne  significant
effects on the number of ungerminated seeds. However, the interactions
between copener types and surface residue conditioens clearly favoured the
winged opener operating in residue. "~ On the other hand, the triple disc
opener in residue resulted in the highest count of dead or ungerminated
seeds. As this was the only opener which was sSeen to push residue down
into the greove in-contact with the seeds, perhaps fthis had had an

adverse effect on germination as suggested by Ellis et al {1975)3 Lynch

{(1977,1978); and Lynch et al (1980).
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Figure 15: Effects of direct drilling ovener types and contrasting
erop residue conditions on seedling emergence rates of barley,

under simulated rain conditions.
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"CGerminated but unemerged" seedlings

Table 5 also lists the effects of opener types and contrasting crop
residue conditions on "germinated but unemerged" seedlings, and the
interactions between these two parameters. From the Table there appeared
te be only a comparatively small difference in counts of "germinated but
unemerged” seedlings although there were significantly (P<0.05) larger
numbers of such seedlings in both the winged {(29.7%) and hoe {(27.7%)

opener grooves than in the grooves of the triple disc opener (21.2%).

The contrasting c¢rop residue conditions appeared to have had a
highly significant (P<0.01) effect on the numbers of "germinated but
unemerged" geedlings. Counts of such seedlings in no-residue conditions

(35.4%) were more than twice those in the residue conditions {16.9%).

The interactions between opener types and surface residue conditions
showed that all openers were consistent in responding favourably to
residue. This might suggest, at least in the grooves of the triple disc,
that seed/residue contact had had more effect in retarding seed
gernination, than in retarding growth of those seedlings which had

germinated.
Summary of seed fate:

The collective seed fate data are shown in Figure 16, From the
Figure it 1is apparent that with the triple disc cpener the major problem
was dead or ungerminated seeds, whereas the largest category of seeds not

counted as emerged in the winged and hoe ocopener grooves wWere ‘“germinated

but unemerged".

The Figure alsc shows that under these scil and c¢limate conditions a
reasonable level of barley seedling emergence could be gained through

residue by using either the winged {(58.6%) or hoe (48.3%) openers.

Dry matter weight of rocts:

Table 5 also shows the effects of opener types and crop residue
conditions on dry matter weights of roots per plant, and the interactions

between these two parameters. From the Table, roct weights per plant
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were significantly {P<0.01) lower in the triple disc opener grooves (9.3
mg) compared with both the winged ({17.2 mg) and hoe (15.2 mg) opener

grooves, which were not significantly different.

The contrasting crop residue conditions had a highly significant
(P<0.01) effect on root weights per plant. The mean root weight per
plant across all cpener types under residue conditions (17.3 mg) was 66%

higher than the mean root welght per plant under no-residue conditions

(10.4 mg).

The interactions between opener types and surface residue conditions
indicated that both the winged and hoe openers under residue conditions

performed better than the triple disc with or without residue.

Oxygen diffusion rate {CDR)

around the groove profiles:

Table 6 lists the effects of opener types and contrasting surface
residue conditions on ODR, and the interactions between these two
parameters on days 0, 5, 10, 15 and 20. From the Table it is apparent
that on days 0 and 5 the mean ODR values of all sixteen monitoring points
were not significantly different in the prefiles arcund the grooves of
the winged, triple disc and hoe openers. On day 10, the grooves created
by the triple disc showed a slightly, but significantly {(P<0.01), lower
ODR regime (15.6x10-8 g/cmz/mifé compgred with the regimes_aaroung the
grooves of the winged {16.0x10 g/em /min) and hoe (17.0x10 g/cm /min)
openers, which were not gignificantly different. The same trend
continued until day 15. However, ¢on day 20, although the ODR regime near
the groove profile of the triple disc opener was still significantly
{P<0.01) the lowest of all three openers, the grooves of the hoe opener
had by then attained a significantly (P<0.01)} higher regime than those of

the winged opener.

The contrasting residue conditions appeared to have no significant
effect on the ODR regimes on days 0 and 5. But on days 10, 15 and 20C,
the mean ODR of all opener types under crop residue conditions was

significantly (P<0.01) higher than under no-residue conditions.



Table 6: Effects of direct drilling opener types and contrasting crop residue
conditions, on oxygen diffusion rate {ODR}, under simulated rain

conditions.

Days from Openers Residue
sowing

Interactions

Winged Triple Hoe NR®* R*#® Openers/ Winged Triple Hoe
disc Residue disc
-8 2
ODR {(gx10/cm/min)
0 y7.2 L6.9 UB.8 47.9 47.3 NR 46.5 47.86 49,5 SED1=0.81
Aa Aa Aa Aa Aa R h7.2 45.2 48,0 SED2=0.83
5 17.4 18.3 16.2 17.1  17.5 NR 16.8 19.1 5.3 3ED1=1.01
Aa Aa Aa Az Aa R 18.0 17.4 17.2 SED2=0.94
10 i6.0 15.6 17.0 1.7 17.8 NR 4.7 14.5 14.8 SED1=0.27
Ab Bb Aa Bb Aa R 17.4 16.8 19.1 SED2=0.23
15 13.5 11.8 13.0 11.0 14,5 NR 11.8 10.2 11.1 SED1=0.43
Aa Ab Aa Bb Aa R 5.1 13.4 14.9 SED2=0.29
20 13.9 13.0 14.9 11.6 16.3 NR 12.1 10.3 12.3 SED1=0.L44
Bb Cc Aa Bb Aa R 15.8 15.7 17.4 SED2=0.57
¥NR = No surface residue present.
®#R - Surface residue present,

Unlike letters in a row denote significant differences

{upper case, P<0.0%1; lower case P<0.05}.

SED1=8Standard error of difference within cpener types.

SEDZ2=S8Standard error of all other interactive differences.
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The interactions between opener types and crop residue conditions
did not appear to show any consistent trends between days 0-5. But
between days 10-20, each of the openers showed consistently higher ODR

regimes in residue than no-residue conditions.

Figure 17 shows the changes in ODR regime for each opener type with
time under the contrasting crop residue c¢onditions. It appears from all
curves that between days 0 and 5 there were rapid reductions in mean ODR
values under both contrasting residue conditions, regardless of the
geometry of the grooves. However, between days 5 and 15, ODR regimes
remained almost constant under residue conditions, but continued to fall
slightly in the absence of surface residue. The curves also illustrate
that as the experiment advanced, ODR appeared to be consistently greater

under c¢rop residue conditions than under no-residue conditions.

Figures 18 (a-c) are a family of iso-0ODR lines which illustrate the
average cumulative ODR regimes (days 5-20) for each groove and residue
condition. The data represent measurements from one side of the grooves
but are shown for both sides because of the symmetry of the grooves (see
Section 3.2.2). The Figures are arbitrarily divided into three =zones,
which are based on the published tolerance data for barley (Letey et al,

19620, see review of literature}. The low ODR zZone represents ODR values
15-18x10
2

of 15x10- g/em /min and below. The medium zone is between
g/cmzlmin, and the high zone represents ODR values of 18x10 g/ca /uin
and above. The Figures show that wunder c¢rop residue conditions the
medium ODR range extended down to 60-75 mm below the base of the grooves
of thé winged (Fig. 18a above) and hoe (Fig. 18c above) openers. By
contrast, under no-residue conditions the depth of this medium ODR zone
was much shallower (30-%5 mm) in these grooves (Figures 18a and 18c¢
below). Both these openers showed large zones of high ODR immediately
beneath the groove bases under residue conditions. The width of the
medium ODR zones with the winged and hoe openers, under both residue and
no-residue conditions, extended upto 90 mm either side of the groove

centre {which was the limit of measurement).

With the grooves of the triple disc opener, the medium ODR zone
extended down to 75 mm and 45 mm in the residue (Fig. 18b above) and

no-residue (Fig. 18b below) conditions respectively. However, the width

of this zone was very restricted, being about 25 mm either side of the
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groove with no-residue, and only 15 mm under residue conditions. The
cccurrence of a secondary medium ODR zone with the +triple dise, was
thought to be of no ceonsequence as a 20 mm zone of low ODR separated the
two medium ODR zones. The grooves created by the triple disc opener
showed no zone of high ODR except one which was also isolated from the

groove by a 20 mm zone ¢f low ODR.

Earthworm populaticns:

Table T shows the effect of opener types and contrasting surface
reaidue conditions on earthworm populations around the groove profiles,
and interactions between these f{wo parameters. From the Table, it
appears that a significantly (P<0.01}) larger number of earthworms
occurred around the groove profiles of the winged (20.3) and hoe {19.0}
openers, compared with that of triple dise (7.3) opener. In this respect

there was no significant difference between the winged and hoe openers.

The contrasting c¢rop residue conditions also appeared {o have a
significant effect on earthwWworm populations around the groove profiles.
Under residue conditions, the numbers of earthworms were significantly

(P<0.01) larger (20.7)} than under no-residue conditions (10.4).

The interactions between opener types and contrasting crop residue
conditions suggested’ that even under residue conditions earthworms were
leas attracted to the grooves of the +triple dis¢ opener than to the
grooves of the winged {and perhaps also the hoe) openers without residue.
Az expected, the groocves of the latter twe openers attracted the greatest

number of earthworms in all treatments, when residue was present.

In-groove soil temperature:

Table 8 shows the effects of opener types and c¢eontrasting surface
residue conditions, on mean in-groove soil temperatures acress all
sampling dates, and the interactions between these two parameters. From
the Table there appeared tc be no asignificant ({P<0.05) effects on
in-groove temperature which were attributable to opener types. These

findings were similar to those obtained under dry soil conditions by

Baker (1976) and Choudhary {(1979)}.



Table 7: Effects of direct drilling cpener types and contrasting crop residue

conditions, on earthworm populations around the groove profiles, under
simulated rain conditicns.

Openers Residue Interactions
Winged Triple Hoe NR®  R*® Openers/ Winged Triple Hoe
disec Resldue disc

Populations (numbers per core *#¥)
20.3 7.3 19.0 10.4 20.7 NER 13.3 6.7 11.3 SED1=2.49
Aa Bb Aa Bb Aa R 27.3 B.0 26.7 SED2=1.79

Table 8: Effecta of direct drilling oEener types and contrasting crop residue
conditions, on in-groove soil temperature, under simulated rain conditicons.

Openers Residue Interactions
Winged Triple Hoe NR® REE% Openers Winged Triple Hoe
disc Residue disc

O
In-groove 30il temperature ( C)

22.1 22.2 22.4 21.8 22.6 NR 21.6 21.9 22.1 SED1=0.195
Aa Aa Aa Bb Aa R 22.5 22.5 22.T7 SED2=0.12Y4
ENR = No surface residue present.
ERR - Surface residue present.
*%%Core = 1.13 litres volume

Unlike letters in a row denote significant differences
(upper case, P<0.01; lower case P(05.05).

SED1=Standard error of differences within opener types.
SED2=Standard error of all cther interactive differences.

S6
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On the other hand, the contrasting surface reaidue conditions had a
o}
small (0.8 C), but highly significant {P<0.01) effect on the mean

in-groove soll temperature of all opener types.

The residue conditions caused a rise in the mean in-grocve so0il
temperatures which the interactions showed to be consistent for each of
the opener types. This rise might at first have appeared inconsistent
with other published data for untilled seedbeds {Lal, 19763 Lal, 1978;
Larson, 1970}, but it must be appreciated that the data above related
only to the groove area (which usually had some or all of the residue
removed from immediately over the seed zone - the winged opener being the
exception), and that soils were very wet. Perhaps micro-organism
respiratory activity was also greater under the wet residue, leading to a

small temperature rise.

Scil bulk density around

the groove profiles:

Sc0il bulk density measurements were taken around the groove profiles
on days 0, 5, 10, 15 and 20. Scil samples were collected from sixteen

points on a similar grid to those selected for ODR measurements.

Table § shows the effects of opener types and contrasting surface
residue conditions on so0il bulk density around the groove profiles, and
the interactions between these two parameters. From the Table, there
appeared to be noc significant (P<0.05) differences in soil bulk
densities, as a function of opener types on day 5. However, on days O,
10 and 15 the s0il around the grooves of the triple disc opener showed a
significantly (P<0.01) higher bulk densities than the soil around the hoe
opener grooves which was itself significantly mcore dense than that around
the winged opener grooves. Mai (1978) had earlier noted high bulk
densities at the base and sides of the grooves of the triple dis¢ opener,
compared with the grooves created by the winged opener. On day 20 the
bulk density around the grooves of the hoe opener (1.17 g/om3) was
significantly (P<0.05) lower than that of the winged opener {1.19 g/cm ),
which has itself less than the triple disc opener (1.21 g/em ), It is
difficult to see any logical reason for the reversal of the ranking of
the winged and hoe openers on day 20, since at all other previous

readings earthworm activity had not been different between these two



Table §: Effects of direct drillin
conditions, on so0il bulk

simulated rain conditions.

de

opener types and contrasting crop residue
nsity around the groove profiles, under

from

Days Openers Residue Interactions
sowing
Winged Triple Hoe NR®  R#® Openers/ Winged Triple Hoe
disc Reaidue disc
3
Bulk density (g/em )
0 1.02 1.09 1.06 1.06 1.04 NR 1.05 1.09 1.05 SED1=0.012
Be Aa Ab Aa Bb R 0.98 1.08 1.06 SED2=0.010
5 1.11  1.14%  1.13 .13 1.13 NR 1.12 f.14 1.13 SED1=0.016
Aa Aa Aa Aa Aa R 1.1 1.15 1.12 SED2=0.017
10 1.1 1.19 1.15 1.18 1.15 NR 1.17 1.20 1.18 SED1=0.004
Be Aa Bb Aa Bb R 7.13 1.18 1.13 SED2=0.005
15 1.15 1.22 1.19 1.21 1.17 NR 1.19 1.24 1.21 SED1=0.,004
Bc Aa Bb Aa Bb R 1.12 1.19 1.18 SEDR2=0.005
20 1.19 1.21 1.17 1.23 1.16 NR 1.22 1.24 1.21 SED1=0.006
AD Aa Be Aa Bb R 1.17 1.18 1. 14 SED2=0.007
"\fl."
®NR = Surface residue present.
E¥R - No surface residue present.

Unlike letters in a row denote significant differences

SEB

SEDZ2=Standard error of all other interactive differences.

per case, P<0,01; lower case P{0.05).

1=Standard error of difference within opener types.

L6
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openers.

As with the opener - bulk density readings, the contrasting crop
residue conditions appeared to have no significant effects on so0il bulk
densities on day 5. However, on days 0, 10, 15 and 20 the mean bulk
density across all opener types under c¢rop residue conditions was

significantly (P<0.01) lower than under no-residue conditions.

The interactlons between opener types and surface residue conditions
appeared to confirm that the trends of the main and sub-treatment

effects, applled to each opener and residue condition.

S0il moisture content around

the groove proflles:

The experiment was initiated at average soil moisture contents {at a
40 mm depth) of approximately 23.0% {(d.b.) and 25.0% (d.Db.) for the
no-residue and surface residue c¢onditions respectively. Soil moisture
contents were taken after drilling from around the groove profiles at the

same 16 points as for s0il bulk density measurements, and were recorded

on days 0, 5, 10, 15 and 20.

Table 10 shows the effects of opener types and contrasting surface
residue conditions, on soil moisture contents around the groove profiles,
and the interactions between these two treatment factors. It appears
from the Table, that on day 0 the grooves of the triple disc and hoe

openers had significantly (P<0.05) lower soil moisture contents than the

grooves of the winged opener.

On days 5 and 15 there were no significant differences amongst
opener types, but on days 10 and 20 the moisture content of the grooves
of the hoe opener was the lowest, while the grooves of the triple disc
and winged openers remained not significantly different freom each other.
Perhaps this reflected the more open (drying) nature of the hoe opener
grooves compared with the closed {winged) or narrower {triple disc)

grooves.,

The contrasting surface residue conditions had a significant

{P<0.05) effect on soil moisture contents around the groove profiles on
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Table 10: Effects of direct drilling opener t{pes and contrasting crop residue

conditions, on soil moisture content around the groove profiles, under
simulated rain conditions.

Days from Openers | Residue Interactions
sowing

Winged Triple Hoe NR* R¥# Openers/ Winged Triple Hoe
disc Residue disc

Soil moistue content (% d.b)

0 25.3 24.9 24.8 24.5 25.3 NR 25.0 24,2 24.1 SED1=0.18
Aa Bb Bb Bb Aa R 25.7 25.6 25.4 SED2=0.23
5 32.1 32.8 32.4 32.0 32.9 NR 32.1 32.3 31.7 SED1=0.89
Aa Aa Aa Aa Aa R 32.2 33.3 33.1 SED2=0.63
10 33.9 33.6 33.3 33.9 33.3 NR 33.8 33.8 34.0 SED1=0.19
Aa Aa Ab Aa Bb R 33.9 33.5 33.6 SED2=0.22
15 34,8 35.8 35.3 35.8 34.9 NR 35.3 36.2 33.7 SED1=0.40
Aa Aa Aa Aa Bb R 34.3 35.3 34.9 SED2=0.29
20 35.1 35.4 34.5 35.9 34.1 NR 35.9 35.9 35.9 SED1=0.34
Aa Aa Bb Aa Bb R 34.3 34.9 33.0 SED2=0.43
¥NR = No surface residue present.

¥%¥R - Surface residue present.

Unlike letters in a row denote significant differences
(upper case, P<0.01; lower case, P<0.05).

SED1=Standard error of difference within opener types.
SED2=Standard error of all other interactive differences.

66
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all days except day 5. On day 0 the c¢rop residue conditions showed
higher soil moisture contents (25.3% d.b) compared with the no-residue
conditicns (24.5% d.b). On days 10, 15 and 20, s0ill moisture contents
under no-residue conditiona were slightly but significantly higher than

those under surface residue conditions.

The interactions showed no consistent trends and there appeared to

be only minor differences amongsat subtreatments.
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3.2.5 Experiment 3

Seedling emergence under temporary

high water table conditions:

{a} Introduction:

Experiment 2, under simulated rain conditions had shown low ODR and
high se¢il bulk density regimes around a range of groove profiles under
no-residue conditions. This situation was improved with two openers
where surface residue remained in place, while with one other opener the
situatlon remained unchanged, or deteriorated further. It was considered
possible that these effects might have been influenced by the effects of
lmpacting “rain" dreps especially in the mere open grooves. The main
objectives of Experiment 3, therefore, were to study the performance of
the three opener types used in Eexperiment 2 under 2 rising, but
temporary high water table within the tillage bins. The high water table
was malntained for 4 hours a day and then allowed to drain for 20 hours
by using the technique explained in the Materials and Methods Section
{3.2.2). In all other respects and measurements Experiment 3 was

identical to Experiment 2.

{b) Results and discussion:

Seedling emergence:

Table 11 shows the effects of opener types on seedling emergence and
seed fate of direct drilled barley in the presence and absence of crop
residue, and the interactions between these twe parameters. From the
Table, it appears that the grooves of the winged and hoe openers were not
significantly different, and recorded the highest seedling emergence
(mean 50.5%) of the three openers tested. The percentage count for the
grooves of the triple disc copener {(42.1%) was the lowest of the three

opener types, but was not significantly (P<0.05) different from the hce

opener.

The contrasting crop residue conditicns had a highly significant



Table 11: Effects of direct drilling opener types and contrasting crop residue conditions,

on the fate of direet drilled barley seeds, under temporary high water
table conditions.

Seed fate Qpeners Reaidue Interactions
* 1 3
Winged Triple Hoe NR R Openers/ Winged Triple Hoe
disc Residue disc
Seedling NR 35.7 57.1 31.9 SED1=5.12
emergence 54.8 42,1 L6.2 41.6 53.8
R 73.8 27.1 060.5 SED2=5.52
(%) Aa Ab Aab Bb Aa
Ungerminated NR 28.5 20.8 32.4 SED1=5.09
or 17.8 32.9 21.6 25.2 23.0
dead seeds R 7.2 51.0 10,9 SEDz=6.65
(% Bb Aa Bb Aa Aa
Germinated
but 27.3 24,8 32.4 30.3 23.3 NR 35.8 21.9 35.7 SED1=5.56
unemerged
se%%%ings Aa Aa Aa Aa Ab R 18.9 21.8 29.2 SED2=3.79
Dry matter
weight of 23.1 17.8 22.0 19.6 23.3 NR 26.0 143.0 19.0 SED1=1.3
roots {mg)
Bb Aa Bb Aa R 21.6 20.3 25.0 SED2=1.2
®NR = No surface residue present.
®*R = Surface residue preasent.

Unllkeletters in a row denote 3ignificant differences
Bper case, P<£0.01; lower case, P<0.05).
1=8tandard error of difference within opener Lypes.
SED2 Standard error of all cother Iinteractive differences.
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(P<0.01) effect on seedling emergence percentage. The counts across all

opener types was 53.8% under residue conditions compared with 41.6% under

no-residue conditions.

There were strong interactions between opener types and crop residue
conditions, with residue appearing to be a more influential factor than
opener types. For example, the winged opener, under residue, showed the
highest emergence count followed by the hcoe opener under residue. As in
Experiment 2, the triple disc opener performed tetter under no-residue
than under residue conditions, (although in this experiment the
difference was much greater). In fact the grooves of the triple disc
opener apeared to be superior to both the winged and hoe openers under
no-residue conditions. It 1is difficult to see a reason for this latter
effect. It might be suggested that the improved performance of the
triple disc opener under no-residue conditions could have been because of
the absence of Mrain"™ drop impact in the more open grooves without the
protection of the reaidue. On the other hand in no-reaidue, although the
grooves of the hoe opener, (which were also open} performed better in
this experiment in relation to the winged opener, their absolute
emergence counts differed little between the two experiments. It was
more a factor of the winged opener grooves performing leas well, than the
hoe opener greoeves improving under the high water table conditions. The

role of rain drop impact with the winged opener would appear to be

obacure.

Figure 19 shows the rate of seedling emergence as affected by opener
types under the two crop residue oonditions. As with Experiment 2, it
appears that all treatments plateaued at about.the same time (day 15),
and that those which experienced the highest maximum emergence counts,

also showed the most rapid rates of seedling emergence, especially during

the first 5 days.
Ungerminated/dead seeds:

Table 17 shows the effects of opener types and contrasting crop
residue conditions on ungerminated or dead seeds, and the interactions
between these two parameters. From the Table, there appeared to be a

gignificantly (P<0.01) 1larger number of ungerminated/dead seeds in the

grooves of the triple disc opener (32.9%) compared with the grooves of
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Figure 19: Effects of direct drilling opener types and contrasting crop
residue conditions, on seedling emergence rates of barley,
under temporary high water table conditions,
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winged (17.8%) or hoe (21.6%) openers, which were not significantly
different.

The contrasting surface residue conditions appeared %to have no
significant effects on the numbers of ungerminated or dead seeds. The

reason for this may be apparent from the interactions described below.

The interactions between opener types and surface residue conditions
clearly favoured the winged and hoe openers operating in residue. 0On the
other hand, the presence of residue clearly disadvantaged the triple dise
opener. This contrast between openers would undoubtedly have resulted in
the non-significant overall differences between residue and no-residue
noted above. The winged cpener in residue actually performed better than
the triple disc opener in no-residue in this experiment. As in
Experiment 2, the triple disc opener alone, was seen to push residue down
inte the groove in contact with seeds. Again, perhaps this resulted in
an adverse phytotoxic effect on seed germination as suggested by Ellis et

al {1975); Lynch (1977, 1978) and Lynch et al (1980).
"Germinated but unemerged" seedlings:

Table 1 also shows the effects of opener types and contrasting crop
residue conditions on ‘"germinated but unemerged" seedlings, and the
interactions between these two parameters. From the Table, there
appeared to be no significant effects on the numbers of U"germinated but
unemerged" seedlings due to opener types . However, the contrasting crop
residue conditions had a significant (P<0.05) effect on these counts of
seedlinga. Counts of such seedlings 1in no-residue conditions were

gignificantly higher (30.3%) than under residue conditions (23.3%).

The interactions between opener types and surface residue conditions
showed that the grooves of the winged opener responded favourably to
residue. In contrast to the simulated rain conditions (Experiment 2) the
behaviour of the grooves of the ¢triple disc and hoe openers with a
temporary high water table was little different under residue and

no-residue conditions. Jt is difficult to see a logical explanation for

this.
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Summary of seed fate:

The collective seed fate data are shown in Figure 20. As with
Experiment 2, it is apparent from the Figure that under the high
temporary water table conditions, the major problem with the grooves of
the triple disc cpener was dead or ungerminated seeds, while the biggest
problem seen with the winged and hoe opener grooves was ‘"germinated but
unemerged™ seedlings. However, in all cases, emerged seedlings made up

the largest counts of the three seed fate categories.

The Figure also suggests that a reasonable level of barley emergence
was obtalned where surface residue was present, by using either the

winged or hoe openers.
bry matter weight of roots:

Table 11 also lists the effects of opener types and contrasting crop
residue conditions on dry matter weights of roots per plant, and the
interactions between these two parameters. The Table shows that the
welghts of roots per plant were significantly (P<0.01) lower in the
grooves of the triple disc opener (17.8 mg) compared with both the winged

(23.2 mg}) and hoe opener (22.0 mg) grooves, which were themselves not

signifivantly different.

The contrasting surface residue conditions had a highly signifiecant
(P<0.01) effect on the root weights per plant. The mean root weight per
plant across all opener types, under residue conditions (23,3 mg) was

almost 20% higher than the mean root weight under no-residue conditions

(19.6 mg).

The interactions showed a surprising result. It appears that the
winged and hoe openers produced plants with the highest root weight of
all treatments, but with the winged opener this occurred under no-residue
conditions, while with the hoe opener it occurred  under residue
conditions. Otherwise both the hoe and ¢triple dis¢c opener grooves
appeared to benefit from the presence of residue. It is difficult tec see
in what manner the winged openher benefitted from an absence of residue,

especially as this contrasted with the results of the previous

experiment. Accordingly, no explanation is offered, although it 1is
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interesting to note that even the lower of the two root weights recorded
for the winged opener {(under residue} probably outyielded the highest

reading recorded for the triple disc opener groove.

Oxygen diffusion rate (ODR)

around the groove profiles:

Table 12 shows the effects of opener types and contrasting surface
residue conditions on the ODR regimes around the groove profiles,
together with the interactions between these two parameters on days 0, 5,
10, 15 and 20. It is apparent from the Table, that under the temporary
high water table conditions, the effects of opener types and surface
residue conditions on QDR regimes, were similar to those under simulated
rain conditions. For exwample, on days O and 5 the mean ODR values of
all sixteen points in the present experiment were not significantly
different 1n the profiles around the grooves of all opener types. 0On day
10 the grooves created by triple disc opener showed a significantly
(P<0.05) lower ODR regime (T3.6x10— g/cmzfmin) compared with the regimeg
around the grooves of the winged (15.7x10— g/cmzfmin) and hoe (17.8x10-
g/cmzfmin) openers, wWhich were themselves not significantly different.

The same trend continued through day 15 until day 20.

The contrasting residue conditions appeared to have had no
significant effects on the ODR regimes on days 0 and 5, but on days 10,
15 and 20, the mean ODR of all opener types under crop residue conditiocns

was gignificantly (P<0.05) higher than under no-residue conditions.

The interactions between opener types and suface residue conditions,
on days 0-10 did not show any consistent trend=s. However, on days 15 and
20, all the opener types showed higher ODR regimes under residue
conditions than under no-residue conditions. On days 10, 15 and 20, the
ODR values associated with the winged and hoe openers were higher than

those of the triple disc opener under residue conditions.

Figure 21 shows the changes in ODR regime for each opener type with
time, under the contrasting c¢rop residue conditions. The curves appeared
similar to the simulated rain experiment {2). With all curves it appears

that between days 0 and 5 there was a rapid reduction in the mean QDR

values under both contrasting residue conditions. However, between days



Table 12: Effects of direc¢t drilling opener types and contrasting crop residue

conditions, on oxygen diffusion rate (ODR}, under temporary high water
table conditions.

Days from Openers Residue Interactions
sowing

Winged Triple Hoe NR® PRa% Openers/ Winged Triple Hoe
disc Residue disc

-8 2
ODR {gx10/cm/min)

0 49,0 51.1 50.6 50.6 Uu4g.9 NR 45.6 50.9 51.4 SED1=0.99

Aa Aa Aa Aa Aa R 4a.5 51.3 49.8 SED2=0.62

5 19.4 19.7 19.4 19.4 19.6 NR 19.2 20.7 18.3 SED1=1.30

Aa Aa Aa Aa Aa R 19.6 18.8 20.5 SED2=1.32

10 15.7 13.6 17.8 Mm,2 17.2 NR 13.8 12.7 16.2 SED1=1.00
Aa AD 4a Bb Aa R 17.6 14.6 19.2 SED2=0.35

4a Ab Aa Bb Aa R 17.7 15.3 17.9 SED2=1.08

20 5.0 13.9 15.9 13.2 16.6 NR 12.6 2.7 14.4 SED1=0.67
Aa Ab Aa Bb 4a R 17.5 15.1 17.3 SED2=0.66

*NR No surface residue present.

g

E#R Surface residue present.

Unlike letters in a row dencte significant differences
{upper case, P<0.01; lower case P<0.05).

SED1=5tandard error of difference within opener types.
SED2=Standard error of all other interactive differences.
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5 and 20 {the terminal day}, ODR regimes remained almost constant under

residue conditions, but fell further under no-residue conditions.

The majority of the residue effects appeared to take place between
days 5 and 10. This contrasted with the simulated rain experiment where
further decline after day 5 appeared to continue, at least until day 15.
The curves alsco illustrate that as the experiment advanced, CODR appeared
to be consistently greater under crop residue conditions than under

no-residue conditions.

Figures 22(a-c) are a family of iso-ODR lines which illustrate the
average cumulative ODR regimes {days 5-20) for each groove and residue
condition. In common with the simulated rain conditlons of Experiment 2
the Figureg are 2arbitrarily divided intg the fgllowing three ODR zonef'
low é15x70 g/em /min), medium (15-18x10 g/em /min) and high (18x10

g/cm /min and above).

The Figures show that under crop residue conditions the medium DR
range extended down to 75-90 mm below the base of the grooves of the
Winged (Fig. 22a above) and hoe (Fig. 22¢ above) openers. By contrast,
under no-residue conditions (Figures 22a and 22c below) with these two
openers, the depth of the medium ODR zone was much shallower (35-65 mm).
Both of these former openers showed large zones of high ODR immediately

below and to either side of the grooves under residue conditions.

Beneatn the groove of the triple disc copener the medium ODR zone
extended down to U5 and 65 mm below the base of the groove, in residue
(Fig. 22b above) and no-residue (Fig. 22b  below) conditions
respectively. However, the width of this zone was very restricted, being

about 25 mm to elther side of the grooves, under residue.

In contrast to the simulated rain conditions (Experiment 2) under
no-residue conditions a zone of high ODR occurred near the groove of the
triple disc opener. This zone extended to 35 mm below the goove base and
about 25 mm on either side of the groove. This high ODR <zone near the
seed/scil environment may have resulted in the higher seedling emergence
count recorded under no-residue conditions, that the triple disc opener
showed in this experiment compared with the winged and hoe openers under

similar no-residue conditions (Table 11). The occurrence of a secondary
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medium ODR zone under residue conditions with the triple disc¢ opener, was
thought to be of no comnsegquence as a 15-20 am zone of low ODR separated
the two medium ODR zones and wmight have been expected to sericusly
restricet root growth. The grooves created by the triple disc opener,
under residue conditicns showed no useful zone of high ODR except 50 mm
to the side, which was also of little value because it too was isclated

by the low CDR zone discussed above.

Earthworm populations around

the groove prefiles:

Table 13 shows the effects of opener types and contrasting surface
residue conditions on earthworm populaticons around the groove profiles,
and the interactions between these two parameters. From the Table, 1t
appears that a significantly (P<0.01) larger number of earthworms
occurred around the groove profiles of the winged {22.0) and hoe (23.0)
openers compared with those of the triple disc opener (6.7). There was

no significant difference between the winged and hce openers.

The contrasting crop residue conditions also appeared to have had a
significant (P<0.01) effect on earthworm populations around the groove
profiles. Under the residue condition the numbers of earthworms were

significantly greater {23.2) than under the no-residue condition. (13.2).

In common With the simulated rain conditions of Experiment 2, the
interactions between opener types and surface residue conditions showed
that even under residue conditions earthworms were less attracted to the
grooves of the triple disec than te either the hoe or winged opener
grooves without residue. As expected, the grooves of the latter two

openers attracted the greatest number of earthworms of all treatments

when residue was present.
In-groove scil temperature:

Table 14 shows the effects on mean in-groove soil temperature, of
opener types and contrasting surface residue conditions and the
interactions between these two parameters. From the Table, there

appeared to be no significant (P<0.05) effects on in-groove soil

temperature which were attributable to opener types. These findings were



Table 13: Effects ¢of direct drilling opener types and contrasting crop residue
conditions, on earthworm populations around the groove profiles, under
temporary high water table conditions.

Openers Residue Interactions
Winged Triple Hoe NR¥ RE# Openers/ Wlnged Triple Hoe
disc Resaidue disc

Populations (numbers per core®#®)
22.0 9.7 23.0 13.2 23.2 NR 15.0 8.7 16.0 SED1=2.18
Aa Eb Aa Bb Aa R 29.0 10.7 30.0 SED2=1.97

Table 1U: Effects of direct drilling opener types and contrasting crop residue
conditions, on 1ln-groove s0il temperature, under temporary high water

table conditions.

Openers Residue Interactions
Winged Triple Hoe NR#® TFRE# Openers; Winged Triple Hoe
disc Residue disc

o

Temperature { C}
19.4 19.3 19.3 19.1 19.6 NR 19.2 19.1 19.1 SED1=0.22
Aa Aa Aa Bb Aa R 19.7 19.5 19.6 SED2=0.14

®NR = No surface resildue present.

Lol 1 Surface residue present.

E%%Core = 1,13 litres volume.

Unlike letters in a row denote significant differences
{upper case, P<0.01; lower case P<0.05).

SED1=8Standard error of difference within opener types.
SEDZ=Standard error of all other interactive differences.
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similar to those obtained under dry soil conditions by Baker (1976) and

Choudhary (1979).

On the other hand, as had occurred under the simulated rain
conditions of Experiment 2, the contrasting surface residue conditions
had a small (0.5o C)} but a highly significant {P<0.01) effect on the mean
in-groove so0il temperature of all cpener types. This small temperature
rise appeared to be consistent across all opener types, according to the
interactions. As with Eperiment 2 this rise wmight appear inconsistent
with published data for untilled seedbeds {(Lal, 1976; Larson, 1970);
although the present data relate to the groove area, and it 1is possible

that a similar explanation to that ocutlined for the former experiment is

alsc appropriate to this experiment.

301l bulk density around

the groove profilea:

Table 15 shows the effects of opener types and contrasting surface
residue conditions on the soil bulk density regimes around the groove
profiles, and the interactions between these two parameters. ?rom the
Table, there appeared to be significant (P<0.05) differences in soil bulk
densities, as a function of opener types on day 0. The greooves of the
triple disc opener showed a small but significantly higher soil bulk
density {1.08 g/cm3) than the grooves of the winged (1.06 g/cm3) and hoe
(1.06 g/em ) openers, which themselves were not significantly different.
The higher bulk density around the grooves of the triple disc opener
(compared with, at least, the winged opener) had been noted earlier by
Mai (1978). Similar bulk density trends to those on day 0, were
continued on days 10 and 20. However, on the intermediate reading of day
5 the grooves of the winged opener, and on day 15 the grocves of the hoe
opener, recorded significantly (P<0.05) the lowest soil bulk densities of
all copener types respectively. The grooves of the triple disc opener
showed significantly (P<Q.05) the highest soil bulk density of all opener
types on all sampling days. It is difficult to see any 1logical reason
for the reversal eof the ranking of the winged and hoe copeners on days 5
and 15 compared with almost all other readings, as noc significant

differences in earthworm activity had occurred between those two openers.

The contrasting crop residue conditions appeared to have had no



Table 15: Effects of direct.drilling opener types and contrasting crop residue
conditiona, on scil bulk density around the groove pro%iles, under
temporary high water table conditions.

Days from Openers Residue Interactions
sowing

winged Triple Hoe NR#® Ra# Openers/ Winged Triple Hoe
disc Residue disc

3
S0il bulk density (g/cm )

0 1.06 1.08 1.06 1.07 1.06 NR 1.06 1.09 1.06 SED1=0.10
Ab Aa Ab Aa Aa R 1.05 1.08 1.05 5ED2=0.12
5 1.09 1.16 1.11 1.13  1.12 NR 1.11 1.16 1.12 SED1=0.016
Ac Aa Ab Aa Aa R 1.07 117 1.10 SED2=0.0134
10 1.13 1.19 1.14 1.18 1.12 NR 1.7 .21 1.18 SED1=0,012
Bb Aa Bb Aa Bb R 1.09 1.17 1.10 SED2=0.010
15 1.7 1.20 1,15 1.20 1.14 NR 1.20 1.22 1.18 SED1=0.012
Ab Aa Ac Aa Bb R T.14 1.17 1.11 SED2=0,013
20 1.16 1.18 1.15 1.19 1.14 NR 1.19 .21 1.19 SED1=0.01
Ab Aa Ab Aa Bb R 1.13 1.16 1.12 SED2=0.01
®NR = Surface residue present.

®RR =~ No surface residue present.

Unlike letters in a row denote aignificant differences
(upper case, P<0.01; lower case P<0.05).

3ED1=3tandard error of difference within opener types.
3EDZ2=3tandard error of all other interactive differences.

8Ll
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significant effects on soll bulk densities on days 0 and 5. However, on
days 10, 15 and 20, as in the simulated rain conditions of Experiment 2,
the scil mean bulk density, across all the opener types, under crop

resldue conditions was significantly (P<0.01) lower than under no-residue

conditions.

The interactions between opener types and surface residue conditions

appeared in the main to confirm the main and subtreatment effects.

Scil moisture content around

the groove profiles:

The experiment was started at average scil moisture contents { at
40-mm depth) of approximately 21.5% (d.b.) and 24.5% (d.b.) for the
no-residue and surface conditions resgpectively. 3o0il moisture contents
were taken from around the groove profiles at the same sixteen points as
those used for so0il bulk density measurements and were recorded on days

0, 5, 10, 15 and 20.

Table 16 shows the effects of opener types and contrasting surface
residue conditions on soil moisture contents arcund the groove profiles,
and the interactions between these two parameters. It appears from the
Table, that on days 0, 5 and 20 there were no significant (P<0.05)
differences in soil moisture contents around the groove profiles, as a
function of opener types. However, on day 10, the grooves of hoe opener
showed a significantly (P<0.05) lower so0il moisture content (31.8%)
compared to the grooves of the winged (33.7%) and triple disc {(34.4%)
openers, which were themselves not significantly different. By contrast,
on day 15 the grooves of the winged opener (33.3%) showed a significantly
lower s0il moisture content than the grooves of the triple disc (34.1%)
and hoe (33.8%) openers. On day 10, perhaps the lower soil moisture
content around the greoove profile of the hoe copener, reflected the more
open {drying} nature of this groove, compared with the closed {winged) or
narrower {triple disc) grooves. However, it is difficult to see any
logical reason for the reversal of ranking of the winged and hoe openers

on day 15, compared with almost all other readings, especially on day 10.

Tne contrasting surface residue conditions had a significant effect

{(P<0.05} on all days except days 5 and 15. As expected, on day O the



Table 16: Effects of direct drilling opener types and contrasting crop residue
conditions, on scil mocisture content around the groove profiles, under
temporary high water table conditions.

Days from Openers Residue Interactions
3owing
Winged triple Hoe NR® R Openers/ Winged Triple Hoe
dise Residue disc
Soil moisture content (%d.b)
0 23.7 23.7 24,0 23.2 24.4 NR 23.0 23.1 23.4 SED1=0.14
Aa Aa Aa Bb Aa R 24.4 24.3 24,5 SED2=0.15
5 30.8 31.2 31.3 30.7 31.5 NR 30.5 30.3 31.3 SED1=0.51
Aa Aa Aa Aa Az R 31.1 32.2 31.4 SED2=0.61
10 33.7 34.4 31.8 33.8 32.7 NR 34,6 34.6 32.2 SED1=0.43
Aa Aa Bb Aa Bb R 32.7 34,3 31.3 SED2=0.37
15 232.3 34,1 33.8 34,0 33.6 NR 33.5 3.2 34.3 SED1=0.48
Ab Aa Aa Aa Aa R 33.2 34,0 33.4 SED2=0.65
20 35.5 34,9 34.6 35.6 3b.4 NR 36,14 35.2 35.2 SED1=0.38
Aa Aa Aa Aa Bb R 34,6 3H. 7 34.1 SEDZ2=0.39
*NR = No surface resldue present.
¥¥XR = Surface residue present.
Unlike letters in a row denofe si%nificant differences
(upper case, P<D.01; lower case, P<0.05).

SkED1=Standard error of difference within opener types.

SEDZ2=Standard error of all other interactive differences.
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crop residue conditions (24.4%) showed a significantly higher soil
moisture content than the no-residue conditions (23.2%). As with the
simulated rain experiment (2), on day 10 and 20 the soil moisture
contents under no-residue conditions were significantly (P<0.01} higher
than under residue conditions. No 1logical reason could be seen to
explain the higher s0il moisture contents in the absence of residue,
except in the latter part of the experiment, where earthworm activity

might have Dbeen lower under the no-residue condition, creating fewer

channels for drying air.

The Iinteractions appeared to confirm that the trends of the main and
subtreatments, had applied to the winged and hoe openers, but that trends

were inconslatent with the triple dise opener.
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3.2.6 Discussion of Experiments 2 and 3

The most noteworthy aspect of these two experiments was that the
treatment effécts were mainly clear and the differences relatively large.
Furthermore, the trends recorded were remarkably similar in the two
experiments, regardless of whether soil saturation had been caused by
simulated intermittent rainfall or intermittent high water table
conditions. Thus, any possible effects of rain-drop splash on exposed
s0il surfaces or grooves appears to have had a negligible influence on

seed or seedling survival.

The results of these twoc experiments also indicated that the effects
the major treatments (opener types and crop residue conditions} had on
physical parameters {(ODR, soil bulk density and soil moisture content)
and bioclogical parameters {seedling emergence) occurred after day 5. For
example, measurements of physical and biological parameters up to day 5
showed either 1little or no significant differences in opener types or
contrasting crop residue conditicons. This suggests that under wet soil
conditions, the scil parameters responsible Ffor influencing seed fate

were only affected over a periocd of time.

Under both the simulated high rainfall and temporary rising water
table conditions, there had been greater seedling emergence and rcot
weights per plant where the winged and hoe openers had been used,
compared with the triple disc opener, particularly under surface residue
conditions. The grooves created by the triple disc opener resulted in
the lowest counts of seedlings, and the lowest root weights per plant of
the three openers tested. The differences between openers, in terms of
seedling performances and root weights per plant, were greatest under
surface residue conditions. At least part of the reason for this might
have been that the triple disc opener had been observed to push residue
down into the seed groove, and the resulting contact with the seed under
wet conditions might have produced phytotoxic effects of decomposing crop
residue on seed germination and seedling growth. By contrast, it was
observed that the winged and hcoe openers did not push crop residue into
the seed grooves. The hoe opener swept it aside and the winged opener
left it in place on the soil -surface, and opened the groove mainly from

beneath the residue. With this opener seeds were at no time in direct
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contact with decomposing crop residue.

In these experiments under residue conditions, it was also found
that a significantly higher number of dead seeds {59.8%) accumulated in
the grooves of the triple disc¢ opener than in those of either the winged
{7.4%) or hoe (17.8%) openers. This adds further support to the
pcssibility of phytotoxic seed mortality, although no attempt was made to

measure the existance of phytotoxic substances in these experiments.

The second determinant which appeared to affect seed fate was oxygen
diffusion rate (ODR) in the so0il zone around.the grooves. From the ODR
analyses it appears that scil around the grooves created by the triple
disc opener produced significantly the lowest ODR regimes, both under
crop residvue and no-residue conditions, compared to 30il around the
grooves formed by the winged and hce openers. Barley seeds and seedlings
apparently had a high tolerance of low scoil oxygen and were able to grow
roots at an ODR value as low as 15x10-8 gm/cmz/min (Letey et al, 1962b},
although no specific data were available for a Tokomaru silt- lcam soil.
From Tableg it is apparent that while the mean ODR around the grooves of
the triple disc opener apprecached this range on occasions, on most cf the
measuring dates it was lower than the minimum requirements reported for
barley. This was clearly reflected in poor seed/seedling performance.
On the other hand, the grooves of both the winged and hoe openers

produced extensive zones of high QDR close to the seed, especially under

residue.

The importance ¢of a low ODR regime near the grooves of the triple
disc opener, c¢ompared with the o¢other openers, was supported by
measurements of other soil determinants such as bulk densaity and soil
moisture content, together with the extent of earthworm activity. The
50il around the grooves of the triple disc opener recorded a
significantly higher bulk density compared with both of the other two
openers. Many authors have reported a relationship between high soil
bulk densities and reduced ODR values (Bertrand and KXohnke, 195T;
Taylor, 1949; Raney, 1949}). Ano‘ther author has noted that factors,
such as so0il moisture content and the shape of the soil particles could

also be important (Taylor, loec cit).

There have been numercus reports in the literature that earthworm
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channels could increase the path of gaseous exchange into the soil
(Barley, 1959; FEdwards and Lofty, 1977). In the experiments reported
here, the earthworm populations in the scil surrounding the grooves of
the triple disc opener were significantly lower than around the grooves
of either the winged or hoe openers. It is possible that this could have
affected the ODR regimes in these zones and thus have had an indirect
effect on seedling growth and/or survival. In this respect, iso-0DR
lines drawn around the grooves of the triple disc opener clearly
indicated that these grooves were only marginally able to meet the
minimum range of ODR required for barley near the seed
micro-environments, compared with the more favourable situvations for the

winged and hoe openers.

The contrasting surface residue conditions had significant effects
on earthworm populations. It was c¢lear from the data that earthworm
populations under c¢rop residue conditions were almost double those under
no-residue conditicons. Similar effects have been reported by several
authors {Edwards and Lofty, 1972,1975; Lal, 1976). These earthworm
populations might have affected s0il aeration around the grooves, and

thus have indirectly affected seed germination and seedling growth.

The results of these two experiments suggest a need to study the
influence c¢f opener types on seed germination and seedling growth in the
presence and absence of earthworms and in the presence and absence of
crop reaidue. Both the experiments described had suggested indirect
effects of surface residue and earthworm activity on seed fate. It was

possible that opener types could have interacted with both earthworms and

residue in influencing these results.
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3.3 EFFECTS OF CARBARYL ON EARTHWORMS, SEEDS
AND SEEDLINGS IN A WET SOIL

3.3.1 Introduction:

In order te study the effects of the presence or absence of
earthworms on seed germination and seedling emergence and the seed/soil
environment around a direct drilled groove (see Experiments 7, 8 and 9
later), pilot experiments were conducted to develop a suitable procedure
for killing earthworms. A set of three pilot experiments was conducted
to quantify the effects of carbaryl on the mortality of the earthworms,
and possible toxic effects on barley seed germination and seedling

growth. The pilot experiments are outlined below in Sections 3.3.2,

3.3.3 and 3.3.4.

3.3.2 Effect of carbaryl on the mertality of earthworms:

{(Pilot experiment, Experiment 4 )}

{a) Objectives:

The objectives of this experiment were to study the effects of
solutions of carbaryl applied to the s0il surface on the mortality of
earthworms and to identify the populations of different earthworm species

with respect to their depth in the s0il.

(b) Materials and methods:

An area in the experimental field (on a Tokomaru silt-loam scil) was

sprayed with 2 kg/ha a.i. carbaryl in 3000 ppm water dilution, while =2



126

similar area was left unsprayed. After day 3, two core s0il samples of
100 mm in diameter and 200 mm deep were collected from each area. These
were cut inteo two depths of 0-100 mm and 100-200 mm in order to count the
numbers of earthworms within each depth zone. This pilot experiment was
not replicated as it was designed only &$o note any major effect of

carbaryl which would need to be examined in more detail at a later date.

{(c) Results and discussion:

Table 17 shows the earthworm populations {(in two depth zones 0-100
mm and 100-200 mm} and earthworm species after day 3 in the sprayed and
unsprayed plets. From the Table it appears that at day 3 there had been
only a slight reduction in earthworm numbers in the sprayed area, but
those earthworms that had survived appeared all to be in poor condition

and did not appear to be feeding. They appeared to be inactive.

At day 7, there was about 80% mortality of earthworms in the sprayed
plots. Furthermore, during the total experimental pericd of 20 days no
earthworm casts or holes wWere observed on the scil surface of the pots
collected from the sprayed plots. This suggested that earthworm
activity, if not mortality, completely stopped, which was confirmed by
final counts of earthworms in all the pets on day 20. This was later

confirmed in Experiment 7 (see Tables 22 and 23).

Table 17 has shown that in the experimental field only three species

of earthworms were present. These were Allolobophora longa (Ude},

Allolobophora caliginosa (Sav) and Lumbricus rubellus {Hoff). All three

species were mostly active on the top soil of 0-100 mm depth, although

Janson (198Y4) showed that Lumbricus rubellus was more likely to be active

in the direct drilled zone than Allclobophora caliginosa.




Table 1T7: Earthworm populations in Tokomaru silt-loam
s0il, 3 days after spraying carbaryl.

Area Depth from Earthworm A. longa L. rubellus A. caliginosa
soll surface specles/- - -
Grand
totals
total ME JE® Total M J Total M J

Populations (numbers per core¥®¥}

§ 0-100mm 91 25 10 15 38 13 25 28 19 g
100-200mm B e 1 1 5 2 3 1 |
0-200mm 99 27 11 16 43 15 28 29 20 9

5 0—100mm 126 39 7T 32 46 10 36 41 10 31
100-200mm 4 3 2 1 1 i - - - -
0-200mm 130 42 g9 3 N7 11 36 41 10 31

*M = Mature

®®J- Juvenile

E#¥Core volume = 0.8 litres

A= Area sprayed withearbaryl at the rate of 2 kg/ha a. 1i.
Bz Unsprayed area.

L2t
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3.3.3 Effects of carbaryl on roots and shoots

of barley sown in seil

(Pilot experiment, Experiment 5).

{(a) Objectives:

Little information on the possible effects of carbaryl on seed
germination or seedling growth of barley was available from the
literature. A pilot experiment was, therefore, designed to study these

effects with barley {variety Magnum) sown in soil in a glasshouse.

{b} Materials and methods:

Carbaryl was sprayed onto the undisturbed surface of field plots at
two rates; 2 kg/ha a.i. and 3 kg/ha a.i, both in an aqecus solution of
3000 and 4000 ppm respectively. 4 third plot was left unsprayed.
Undisturbed soil samples of 160 x 160 x 200 mm size were taken from each
plot and placed into plastic pots of the same size. The pots were
shifted to a glasshouse and kept under simulated rain of 5 mm/hour
intensity for four hours. After a further 16 hours drainage (total 20
hours) 50 seeds were sown manually at U0 mm depth in each pot by using a
spatula to loosen a zone of scil and forceps to insert individual seeds.
This represented a higher than normal seeding rate but was used in order
to examine a reasonable seed sample size in the small pots. In the pots,
placement of such a number of =seeds resulted in considerable surface
disturbance, but this was not thought to be important in an experiment
conducted in an adequate moisture regime. The field plots, from which
pot samples were collected, were arranged in a completely randomised
block with three replicates. The sample pots wWere arranged 1in the
glasshouse in a similar experimental design. Irrigation water was
applied as required to maintain the so0oil moisture regime in the

Mavailable" range. Terminal seedling emergence counts and root/shoot

weights were obtained after 15 days.
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{(c) Results and discussion:

Table 18 shows the effects of the two rates of carbaryl on seed
germination, seedling growth and root/shoot weights. It appears from the
Table that the effects of carbaryl on seed germination and seedling
emergence was negligible and certainly not aignificant. Seedling
emergence for the contrcl treatment was 95.4% while the 2.00 kg/ha a.i.
carbaryl was 96.6% and the 3.0 kg/ha a.i. carbaryl, G6%. Similarly,
there were no significant effects of carbaryl on root and shoot weights
of the barley seedlings. All rocts and shoots in the treatments appeared

to be normal.

3.3.4 Effects of direct seed/carbaryl contact

on seed germination and seedling growth

of barley

{Pilot experiment, Experiment 6)

{a) Objectives:

In the previous pilot experiment (5), it could not be said with
certainty that seed had always been in direct contact with the carbaryl
solution, due to unpredictable percolation of the simulated rain and
carbaryl solution, especially in the deeper soil. The main objectivesa of
the third pilot experiment were, therefore, to examine the effects of
carbaryl on seed germination and szeedling growth when seeds had remained
in direct contact with the carbaryl insecticide (of different

concentrations) during the experimental period.

{(b) Materials and methods:

Carbaryl solutions of seven concentrations 0, 100, 1,006, 1,500,
2,000, 2,500 and 3,000 ppm were prepared and germination papers were
scaked for about 5 minutes in these respective solutions. A hundred

barley seeds were placed on each of the treated germination papers which



Table 18: Effect of carbaryl on seed germinaticn and seedling growth
of barley seeds, sown in undisturbed soil blocks.

Seed fate NT¥ CARC®* CAR3**%
Seedling
emergence (%) 95.4 g6.6 §6.0
Aa Aa Aa
Root weight
(mg ) 48.3 53.0 54.3
Aa Aa Aa

Shoot weight

(mg) 75.7 76.7 73.0
Aa Aa Aa

® NT = Non %treated.
¥XCAR2 = Treated with carbaryl at the rate of 2 kg/ha a. 1i.
EX¥CAR3= Treated with carbaryl at the rate of 3 kg/ha a. i.

Unlike letters in a row denote significant differences
{upper case, P<0.01; lower case P<0.05).

oct
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Figure 23: Effects of different concentrations of carbaryl
on root/shoot dévelopment of barley.

A, Non-treated E. 2000 ppm
B. 100 ppm F. 2500 ppm
C. 1000 ppm G. 3000. ppm
D. 1500 ppm ,

Notes: 1. E, F and G are magnified more than A, B, C and D.
) 2. Adverse effects on root/shoot development with carbaryl |
solutions of 2,500 ppm and 3,000 ppm (F and G).
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were wrapped and placed in a temperature controlled germination room at
o]

20 C, and 60% RH. Each treatment was replicated twice. The experiment

was terminated after 15 days and the numbers of emerged seedlings

counted, together with weights of roots and shoots.

(c) Results and discussions:

Table 19 shows the effects of different concentrations of carbaryl

solution on seed germination and seedling growth.

It appears from the Table that the effects of different carbaryl
concentrations on seedling emergence were not significantly different
(P<0D.05). However, the different contentrations of carbaryl had
significant (P<0.05} effects on root/sheot weights. Seeds with carbaryl
concentrations of 2,500 and 3,000 ppm showed the lowest root and shoot
weights compared with the untreated control and concentrations of 100,
1,000 and 2,00C ppm. The reoot weights at 2,000 ppm solution of carbaryl
were alsoc significantly lower than the control, 106, 1,000 and 1,5C0 ppm

solutions.

It was also observed that carbaryl solutions of 1,500 and 2,000 ppn
cauged root shortening and thickening types of seedling development
symptomatic of toxicity. However, this effect was only temporary and
these roots were later classed as normal (D. Meech, pers comm, 1983).
The adverse effects of the carbaryl solution at 2,500 and 3,000 ppm were
much clearer and the roots under these treatments failed to develop fully
even after two weeks. They remained short and were classed as abnormal.
Figure 23 illustrates the effects of different concentrations of carbaryl

on seed/seedling performance of barley placed on germination paper.

3.3.5 Discussion of pilot experiments

{Experiments 4, 5 and 6)

The results of the pilot experiments indicated that carbaryl sprayed
onto the soil at the rate of 2.0 kg/ha a.i. (in a solution of 3,000 ppm)
was effective in killing earthworms and that the effect was similar on

all of the earthworm species present in the Tckomaru silt-loam soil.



Table 19: Effects of cconcentration of carbaryl sclution con seed germinatiocon
and seedling growth of barley, on germination paper.

Carbaryl solution
Concentraticns/
0.0 ppm 100 ppm 1000 ppm 1500 ppm 2000 ppm 2500 ppm 3000 ppm

Seed fafte
Seedling 92.5 91.5 93.0 88.0 8g9.0 82.5 87.5
emergence
Aa Aa Aa Aa Aa Aa Aa
Root weight 8.5 8.7 9.0 8.5 7.0 3.5 2.7
(mg) Aa Aa Aa Aa Ab Be Be
Shoot weight 7.5 8.0 8.0 9.0 8.2 3.7 3.0
(mg) Aa Aa Aa Aa Aa Bb Bb

Unlike letters in a row dencte significant differences
{upper case, P<0.01; lower case, P<0.05).

12}
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It also appeared that the three earthworm species identified, were
present in roughly equal numbers in the top 100 mm of soil. It was
thought, therefore, that changes in the soil which occurred as a result
of opener types or surface residue treatments might influence the
earthworm populations in this zone. On the other hand, it was not
possible to study the indirect effects of earthworms on seed fate without
introducing an earthworm-free treatment. As no such natural soil was
available, it was necessary to kill earthworms (in this case using
carbaryl in situ) and also to know what the residual effects of the
killing agent {carbaryl) were likely to be on seed fate. The pilot
experiments indicated that carbaryl, applied to the soil at 2.0 kg/ha a.i
was not toxic to seed germination or seedling growth. There were severe
toxic effects on seedlings from direct seed contact with c¢arbaryl

soluticns of 2,000 ppm and abeve, but in this respect several facters

should be kept in mind.

The concentration of carbaryl in the germination
papers would be higher than the final concentration
in the soil as a result of irrigation, because of
dilution by water and other scil solutes during
infiltration and percolation.

(T. Holland, pers comm, 1983)

Seeds which had been affected, had remained continuously
in direct contact with the carbaryl sclution in the

germinatiocn papers for two weeks.

The application of the carbaryl sclution to the sc¢il was
acccmpanied by simulated rainfall of 20 mm before

sowing the seed. It is possible therefore, that most of

the carbaryl had penetrated beyond sowing depth before

seeds were introduced, and its residual effects on seeds
might thus have been reduced. Holland (loc.cit} felt

that with rain water in a permeable soil, carbaryl penetrated
into the deeper layers of scil, and no residual toxic effects
could be observed at seed level. Carbaryl has alsc been
considered by other workers to be non-toxic when used at

rates of 0.25-2.00 kg/ha a.i. {anon, 1979).
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It was therefore felt that the results of these three _pilot
experiments supported the use of carbaryl at the rate of 2.0 kg/ha a.i.
as a means of killing earthworms, with little or no risk of toxic effects

on seed germination and seedling growth of barley in the soil.
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3.4 EFFECTS OF OPENER TYPES, RESIDUE AND EARTHWORM
ACTIVITY CH SEED/SEEDLING PERFORMANCE.

3.4.1 Objectives:

In the earlier experiments (1, 2 and 3) the triple disec opener
appeared tc have performed consistently poorly in terms of seedling
emergence, earthworm populations, oxygen diffusion rates (ODR) and soil
bulk density measurements arcund the grocve profiles. Unlike the winged
and hoe openers, under surface residue conditions the performance of the
triple disc opener deteriorated significantly. Therefeore, it was felt
desirable to conduct a series of experiments to study the effects of
earthworm activity and contact of seeds with decomposing crop residue, on

seed germination and seedling growth.

3.4.2 Materials and methods:

Surface residue and neo-residue conditicns were created in the same
way as for tillage bin experiments (described earlier, Experiments 2 and
3). To eliminate earthworm activity in the soil, carbaryl was sprayed at
the rate of 2.0 kg/ha a.i. {on both residue and no-residue conditions),
7 days before the drilling c¢operation. After spraying carbaryl, simulated
rain conditions were activated on the first day with an intensity of 5 mm

per hour for 4 hours-to ensure rapid percolation of the carbaryl into the

deeper soil.

Three opener types, winged, triple disc and hoe were compared. The
drilling operation waa performed in the field using a special
tractor-drawn drilling rig, after which rectangular soil blocks measuring
160 mm x 160 mm x 200 mm were cut with a spade and placed in plastic pots

of the same size.

The field plots and residue treatments were of a split-plot design

with openers as the main treatments and residue conditions as
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subtreatments. Two Separate experiments: 7 and 8 (without and with
earthworms) were conducted in the same manner side by side with three
replicates each. All the pots were shifted to a glasshouse and arranged
in the same split-plot design. Ten seeds of barley (variety Magnum, with

95% laboratory germination) were sown manually in each treatment using

forceps.

The size of the pots was small compared to the size of tillage bins.
Therefore, all four sides of a soil sample in a pot were covered with
molten wax before. placing them in the pots. This was done to reduce
possible interchange of atmospheriec oxygen through the sides of the

sample and its effects on oxygen diffusion rate (ODR).

Both of these experiments were conducted under simulated rain
conditiens {20 mm a day at an intensity of 5 mm/hour)} in a glasshouse at

o
20-25 C,

The following measurements were taken in both experiments.

Oxygen diffusion rate {QDR) was measured around the groove
profiles using 12 points (instead of 16 as used eariier,
Figure 13}. The measurements were taken on days 0, 5, 10,

15 and 20. As in the fillage bin experiments the small

holes of the electrodes were filled with slurry immediately
after taking the measurements. Figure 24 shows a grid pattern

adopted for measuring ODR regimes around the groove profiles.

No detailed soil bulk density measurements were taken during
the experimental periocd, because such measurements were
destructive, and there was insufficient room within these small
pots to allow for destructive sampling. Therefore, soil bulk
density and soil moisture content measurements were taken in

the general soil matrix on the final day (day 21).

Seedling emergence, seed fate counts and root weights were

taken.

EarthwWworm populations and species were counted cn the
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last day.

3.4.3 Results and discussion:

(a) Experiment 7 (absence of earthworms):

Seedling eméergence:

Table 20 shows the effects of opener types and contrasting surface
residue conditicns on seedling emergence and seed fate of the direct
drilled seeds in the absence of earthworms, and the interactions between
these parameters. From the table there were no significant differences

(P<0.05) in seedling emergence percentage amongst opener types.

Similarly, there were no significant effects of contrasting surface

residue conditions on seedling emergence.

The interactions showed that there was lower seedling emergence from
the grooves of the triple dis¢ opener in residue compared with those of
the winged and the hoe cpeners in no-residue. The low emergence from the
grooves of the triple disc opener might have been due to the phytotoxic
effects of the decomposition of the crop residue as earlier described in

Section 3.2.
Ungerminated/dead seeds:

Table 20 also lists the effects of opener types and contrasting crop
residue conditions on ungerminated/dead seeds, and the interactions
between these two parameters. From the Table, there appeared to be no
gignificant effects of opener types on the percentage of ungerminated or
dead seeds. However, the contrasting surface residue conditions had a
highly significant {(P<0.01) effect on the numbers of ungerminated/dead
seeds across all opener types. The presence of surface residue appeared
to cause a higher number of ungerminated (38.9%) seeds than  the

no-residue conditions (29,8%).



Table 20: Effects of opener types and contrasting crop residue conditions,
on the fate of direct drilled barley seeds, in the absence of
earthworms, under simulated rain conditions.

Seed fate Openers Residue Interactions
5 i
Winged Triple Hoe KR R Openers/ Winged Triple Hce
diac Residue disc
Seedling NR 63.3 53.3 ©60.0 SED1=15.15
emergence 56,7 46.7 58.3 58.9 Uu48.9
R 50.0 H0.0 56.7 SED2= 9..43
(%) Aa Aa Aa Aa Aa

Ungerminated NR 29.3 33.3 26.7 SED1=10.18

or 33.0 L40.8 23.2 29.8 238B.9
dead seeds R 36.7 48.3 31.7 SED2= 3.72

(%) Aa Aa Aa Bb Aa

Germinated

but 10.3 12.5 12.5 1.3 12.2 HR 7.3 13.3 13.1 SED1= 4.54
unenperged
se?g%ings Aa Aa Aa Aa Aa R 13.2 11.3 11.7 SED2= 4.41
Dry matter
weights of 71 7.3 6.5 7.2 7.2 NR 7.4 8.1 6.2 SEDI= 1.5
rocts (mg)

Aa Aa Aa Aa Aa R 8.3 6.5 6.9 BSED2= 1.0

®NR = No surface residue present.

#&R - Surface residue present.
Unlike letters in a row denote significant differences
(upper case, P<0.01; lower case, P<0.05)}.

SED1=Standard error of difference within opener types.
SEDZ2=Standard error of all other interactive differences.

Ovrl
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The interactions between opener types and surface residue conditions
showed that the use of the triple disc opener in residue may have
resulted in higher counts of dead or ungerminated seeds than either of
the other cpener/residue combinaticns. Perhaps this again reflected the
adverse effect of seed/residue contact on germination under wet scils as
discussed earlier, although the comparison between the triple disc opener
with and without residue was less marked than the compariscn between this

opener with residue and the other openers without residue.
"Germinated but unemerged" seedlings.

Table 20 also shows the effects of opener types and contrasting crop
residue conditions, on "germinated but unemerged" seedlings, and the

interactions between these two parameters.

The Table shows that there were no significant effects of opener
types on the percentage of ‘''germinated but unemerged™ seedlings.
Similarly, the contrasting surface residue conditions had no significant

effects on "germinated but unemerged” seedlings.

The interactions showed no differences amongst treatment

combinations.
Summary of seed fate:

Figure 25 shows the rate of seedling emergence in the absence of
earthworms under surface residue and no-residue conditions. The more
open grooves (eg, hoe and triple disc} appeared to promote more rapid
initial emergence {(from days 5 to 10} than the closed grooves of the
winged opener, even although these early trends did not necessarily
reflect total emergence over a longer period. All openers, except the
winged opener either plateaued about that time or at least declined in

their rates of further emergence.

Figure 26 shows the overall effects of opener types and crop residue
conditions on seed fate. It is apparent that with all openers the major
problem was dead or ungerminated seeds, and that this was me¢re important

in the absence of surface residue.
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Dry matter weight of roots:

Table 20 also lists the effects of opener types and contrasting crop
residue conditions, on root weights per plant, and the interactions
between these two parameters. The Table shows no significant effects of

opener types or contrasting surface residue conditions on the dry matter

weight of roots.

The interactions did not appear to show any effects of importance.

Oxygen diffusion rate {ODR)

around the groove profiles:

Table 21 shows the ODR regimes around the groove profiles, as a
function of opener types and the contrasting residue conditions, together
with the interactions between these two parameters. The ODR measurements
were taken on days 0, 5, 10, 15 and 20 (the final day}. From the Table,
there appeared to be no significant effects of opener types or
contrasting surface residue conditions on ODR regimes around the groove

profiles on any day during the experimental period.

Figure 27 shows the effects of opener types on changes in (DR
regimes with time under the two crop residue conditions. It appears from
all curves that between days 0 and 5 there was a rapid reduction in mean
ODR values under both contrasting residue conditions, regardless of the
geometry of the grooves. However, between days 5 and 20 the ODR regimes
remzined almost conatant with no apparent difference between residue and

no-residue conditions.
Earthworm populaticns:

The size of the experimental pot (160 x 160 x 200 mm) was small
compared to the size of the tillage bins used in earlier experiments.
Therefore, earthworm counts were made from the full pet rather than from
discrefe cores taken from around the groove profiles. Table 22 lists
earthworm counts in the main and subtreatments. From the Table, it
appeared that carbaryl had been very effective 1in eliminating the

earthworms from the experimental site. The average numbers of earthworms

per treatment were very small (less than one per pot}) both under crop



Table 21: Effects of direct drilling opener types and contrasting crop residue

conditions, on oxygen diffusicn rate (ODR), in the absence of earthworms,
under simulated rain conditionsa.

Days from Openers Residue Interactions
sowing

Winged Triple Hoe NR® R¥%® Openers/ Winged Triple Hoe

dise Residue disc
-8 2
ODR (gx10/cm/min)

0 34.9 33.9 35.6 34.6 34.9 NR 3.y 33.3 36.2 SED1=1.27

ia Aa Aa Aa Aa R 35.5 34,5 34,9 SEDZ2=1.28

5 8.3 8.1 8.6 8.2 8.5 NR 7.9 7.8 8.7 SED1=0.43

Aa fa Aa Aa Aa R 8.6 8.3 B.5 SEDZ=0.26

10 7.9 7.8 8.2 7.9 8.1 NR 7.8 7.7 8.3 SED1=0.29
Aa Aa Aa Aa Aa R 8.0 7.9 8.1 SED1=0.30

15 7.9 T.7 8.3 7.9 8.0 NR 7.9 7.6 8.2 SED1=0.21
Aa Aa Aa Aa Aa R 7.8 T.7 8.2 SED2=0.19

20 8.3 8.0 8.3 8,2 8.3 NR 8.3 7.9 B.4 SED1=0.21
ha Aa Aa Aa Aa R 8.4 8.1 8.3 SED2=0.22

®HR = No surface residue present.

®%Q - Surface residue present.

Unlike letters in a row denote significant differences
(upper case, P<0.01; lower case P<0.05).

SED1=Standard error of difference within opener types.
SEDZ2=Standard error of all other interactive differences.

Sti
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Table 22: Effects of direct drilling opener types and conftrasting crop residue
conditions, on earthworm populations around the groove profiles, under

simulated rain conditions, in carbaryl treated pots.

.Openers Residue Interactions
Winged Triple Hoe NR* RE* Openers/ Winged Triple Hoe
disc Residue disc

Populations per potb¥*¥*%
1.0 1.0 1.7 1.1 1.3 NR 0.7 0.7
Aa Aa ha Aa Aa R 1.3 1.3

2.0 SED1=0.91
1.3 SED2=1.0

*NR = No surface residue present.
*¥R = Surface residue present.
&% %

14

Pot volume approx 5.0 litres.

Unlike letterz in a row denote significant differences
{upper case, P<0.01; lower case P<0.05).

SED1=Standard error of difference within opener types.
SEDZ2=Standard error of all other interactive differences.

"



Table 23: Effects of direct drilling opener types and contrasting crop residue
conditions, on populations ¢f earthworm species in the pots treated
with carbaryl, under simulated rain conditions.

Earthworm
species Openers Residue Interactions
¥ e
Winged Triple Hoe NR R Openers/ Winged Triple Hoe
disc Residue disc
Populations per pot##®
NR 0.0 0.3 1.3 SED1=0.71
A. longa 0.5 0.7 1.0 0,6 0.9
- R 1.0 1.0 0.7 SED2=0.79
Aa Aa Aa Aa Aa
L. rubellus 0.3 0.2 0.5 0.4 0.2 NR c.3 0.3 0.7 SED1=0.48
Aa Aa Aa Aa Aa R 0.3 0.0 0.3 SED2=0.27
A. caliginosa 0.3 0.0 0.2 0.1 0.2 NR 0.3 0.0 0.0 SED1=0.32
Aa Aa Aa Aa HE] R 0.3 0.0 0.3 SED2=0.39
*NR No surface residue present.

R#R = Surface residue present.

b Pot volume approx 5.0 liters.
Utike letters in a row denote significant differences
{upper case, P<0.01; lower case, P<0.05).

SED1=Standard error of difference within opener types.
SED2=Standard error of all cther interactive differences.

vl
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reaidue and no-residue conditions. It also appears from the Table that
there were no significant effects of opener types or contrasting surface

residue conditions on these small earthworm populations.

Table 23 showa the effects of carbaryl on the earthworm species

(Allolobophora longa, Lumbricus rubellus, Allolobophora caliginosa). It

appears from the Table that all the earthworm species were equally
affected by the use of carbaryl and in all the pots there appeared to be
very few unkilled earthworms, regardless of their species and the imposed

opener/residue treatments.
S50il bulk density:

Table 24 shows the effects of opener types and contrasting surface
residue conditions, on matrix scil bulk density, and the interactions
between these two parameters. From the Table, it appears that opener
types and contrasting surface residue conditions had no significant
effects (P<0.05) on s0il bulk densities around the grooves in the absence
of earthworms. The soil bulk density wunder residue (1.47 g/cmB) and
no-residue conditions (1.47 g/cm ) were alsc not significantly different.
This was despite the fact that placement of seeds and electrodes had

caused visible disturbance of the s0il in the early stages of the

experiment.
So0il moisture content:

Table 25 shows the effects of opener types and contrasting surface
residue conditions, on matrix soil molsture content and the interactions
between these fwo parameters. From the Table, it appears that opener
types and contrasting surface residue conditions had no significant
effects (P<0.05) on matrix soil moisture content (¥ d.b.) in the absence

of earthworms.



Table 2d: Effects of direct drilling opener types and contrasting crop residue
conditions, on matrix soil density, in the absence of earthworms,under
simulated rain conditions.

QOpeners Residue Interactions

Winged Triple Hoe NR#® R#E Openers/ Winged Triple Hoe
disc Residue disc

3

Soil bulk density (g/cm )
1.42 1.49 1.50 1.47  1.47 NR 1,40 1.50 1.51 SED1=0.078
Aa Aa Aa Aa Aa R 1.43 1.49 1.49 SED2=0.079

Table 25: Effects of direct drilling opener types and contrasting crop residue
conditions, on matrix soil moisture content, in the absence of earthworms,
under simuiated rain conditions.

Openers Residue Interactions

Winged ‘Triple Hoe NR® REA Openers/ Winged Triple Hoe
disc Residue dise

Soil moisture content (% d.b)
40,2 40.0 bi.2 40,1 40.8 NR 339.4 39.9 41.0 S8ED1=2.28
Aa Aa Aa Aa Aa R 1.0 40.1 41.4% SED2=2.21

®NR = No surface residue present.

R Surface residue present.

Unlike letters in a row denote significant differences
ugBer case, P<0.0t1; lower case, P<0.05}.

SED1=Standard error of difference within opener types.
SED2=Standard error of all other interactive differences.

0stL
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(b} Experiment 83 {In the presence of earthworms):

Seedling emergence:

Table 26 lists the effects of opener types and contrasting surface
residue conditions, on seedling emergence, and the interactions between
these two parameters. The Table shows that there were significant
(P<0.05) effects of opener types on percentage seedling emergence when
earthworms were present. The grooves of the triple disc opener showed
significantly lower numbers of seedlings (60.0%) compared with the
groovea of the winged (70.0%) and hoe (77.5%) openers, which were not

significantly different.

The contrasting surface residue conditions also had a significant
(P<0.,01) effect on the mean percentage seedling emergence across all
opener types. The crop residue conditions showed significantly higher

numbers of seedlings (77.2%) compared to the no-residue conditions

(61.1%).

There appeared to be strong interactions between opener types and
erop residue conditions, with both residue and openers sharing about the
same magnitude of influence. The hoe and winged openers promoted clearly
the most emergence in residue conditions. Perhaps the hoe opener in
no-residue was superior to the winged opener. The triple disc opener, on

the ofher hand, was less sensitive to the presence or absence of residue.

Figure 28 shows the rates of seedling emergence under the two crop
residue conditions. 1t appears that all treatments plateaued at about
the same time (day 10). Those openers which eventually experienced the

highest maximum emergence also displayed marginally steeper gradients
during the first 5 days.

Ungerminated/dead seeds:

Table 26 also shows the effects of opener types and contrasting crop

residue conditions, on ungerminated/dead seeds, and the interactions



Table 26: Effects of cpener types and contrasting crop residue conditions,
on the fate of direct drilled barley seeds, in the presence of
earthworms, under simulated rain conditions.

Seed fate Openers Resgidue Interactions
® ¥
Winged Triple Hoe NR R Openers/ Winged Triple Hoe
disc Residue disc
Seedling NR £53.3 63.3 66.7 SED1=5.77
emergence 70.0 60.0 77.5 61.1 T7.2
R 86.7 56.7 @&B.3 SED2=6,87
(% Aa Ab Aa Bb Aa

Ungerminated NR 11.7 29.0 13.3 SED1=3.13

or 7.2 26.3 9.2 17.0 11.4
dead seeds R 2.7 33.3 5.0 SED2=3.19

(% Bb Aa Bb Aa Ab

Germinated

but 22.8 13.7 13.3 21.9 11.3 NR 35.0 10.7 20.0 SED1=3.66
unemerged
se?d%ings Aa Ab Ab Aa Bb R 10.7 16.7 6.7 SED2=4.11

¥
Dry matter
wei%ht of 15.6 12.0 19.9 13.5 18.2 NR 12.0 12.9 15.5 SED1=1.2
rocks (mg)

Bb Be Aa Bb Aa R 19.3 11.7 24.3 SEDZ2=1.1

*NR No surface residue present.

Hon

1¥R

Surface residue present.

Ulike letters in a row denote significant differences

\UpPpED case,

P<0.01; lower case, P<0.05)

SED1=Standard error of difference witthin opener types.
SED2=Standard error of all other interactive differences.

A=
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between these two parameters. From the Table there appeared to be highly
significant {P<0.01) effects of opener types on ungerminated/dead seeds.
The grooves of the triple disc opener showed significantly higher numbers
of ungerminated or dead seeds (26.3%) compared with the grooves of the

winged {7.2%) and hoe openers (9.2%), which were not significantly

different.

The contrasting surface residue conditions had a significant
(P<0.05) effect on the mean of ungerminated/dead seeds in grooves of all
opener types. The no-residue conditions (17.0%) showed significantly
higher numbers of ungerminated/dead seeds compared with the residue

conditions {11.4%).

The interactions between opener types and crop residue conditions
appeared to favour the winged and hoe openers in residue. Again the
triple disc copener appeared to be almost insensitive tc the presence or
absence of residue. The benefit which the winged and hoe openers gained
by operating in residue was an approximately 3 fold reduction in

ungerminated or dead seeds.
"Germinated but unemerged” seedlings:

Table 26 also shows the effects of opener types and contrasting crop
residue conditiona on Vgerminated but unemerged™ seedlings. The grooves
of the winged opener (22.8%) showed significantly (P<0.05) higher numbers
of "germinated but unemerged" seedlings than the grooves of the triple

disc (13.7%) and hoe (13.3%) openers, which were not significantly

different.

The contrasting surface residue conditions had a highly significant
(P<0.01) effect on the mean of ‘"germinated but unemerged" seedlings
across all opener types. The no-residue conditions appeared to have
experienced higher counts of "germinated but unemerged" seedlings {21.9%)

than surface residue conditions (11.3%).

The interactions between opener types and surface residue conditions
showed that the grcooves of the winged and hoe openers clearly benefitted

from residue, while the grooves of the triple disc opener were

unaffected. The highest counts of 'éerminated but unemerged” seedlings
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occurred with the winged opener in the absence of residue.
Summary of seed fate:

Figure 29 shows the collective seed fate data. The Figure shows
that the lower counts of seedling emergence in the grooves of the triple
disc opener reflected a relatively high number of ungerminated/dead
seeda. By contrast the higher seedling emergence performances in the
grooves of winged and hoe openers appeared to be accompanied by lower
numbers of ungerminated/dead seeds. The Figure alsoc illustrates the
relatively high numbers of "germinated but unemerged" seedlings in the

grocves of the winged opener in no-residue conditions.
Dry matter weight of roots:

Table 26 alsc shows the effects of opener types and contrasting crop
residue conditions on the dry matter weights of plant roots, and the
interactions between these twc parameters. From the Table it appears
that the grooves of the hoe opener recorded significantly {P<0.05) higher
root weights per plant (19.9 mg) than the grooves of the winged opener
(15.6 mg), which was itself significantly greater than the grooves of the
triple disc opener (12.0 mg).

The contrasting surface residue conditions had a significant
(P<0.01) effect on the mean root weights per plant across all opener
types. The surface residue conditions showed significantly higher root

weights per plant {18.2 mg) than the no-residue conditions (13.5 mg).

The interactions between opener types and surface residue conditions
appeared again to illustrate the insensitivity of the triple disc opener
to the presence or absence of residue, which was in contrast to the

winged and hoe copeners which responded favourably to residue conditions.

Oxygen diffusicn rate (QODR)

around the groove profiles:

Oxygen diffusion rate measurements were taken on days 0, 5, 10, 15,
and 20. Table 27 shows the effects on ODR regimes, of opener types and

contrasting crop residue conditions, and the interactions between these



Table 27: Effects of direct drilling opener types and contrasting c¢rop residue

conditions, on oxygen diffusion rate (ODR), in the presence of earthworms,
under simujated rain conditions.

Days from Openers Residue Interacticns
sowing

Winged Triple Hoe NR® R** Openers/ Winged Triple Hoe

dise Residue disc
-8 2
ODR (gx10/cm/min)
0 y7.7 U4.9 45,14 46.7 45.3 NR 47.1 46.9 46,1 SEDI=1.66
Aa Aa Aa Aa Aa R 48,4 42.9 44,7 SED2=1.67
5 18.2 15.1 16.3 15.5 16.7 NR 15.9 15.0 15.5 SED1=0.69
Aa Bb Bb Bb Aa R 20.4 15.1 14,7 SED2=0.81
10 15.5 14,1 15.9 13.7 16.5 NR 14.2 2.4 14,7 3ED1=0.57
Ab Ab Aa Bb Aa R 16.8 15.8 17.1 SED2=0.63
15 15.2 12.6 14.8 12.3  16.2 NR 13.1 10.9 12.8 SED1=0.78
Aa Ab Aa Bb Aa R 17.3 4.4 16.8 SED2=0.68
20 4.8 13.5 14.9 13.1 15.7 NR 13.0 131 13.2 SED1=0.36
Aa Ab Aa Bb Aa R 16.5 13.8 16.6 SED2=0.29
®NR = No surface residue present.
##R - Surface residue present.

Unlike letters in a row denote significant differences
(upper case, P<0.01; lower case P<0.05).

SED1=3tandard error of difference within copener types.
SED2=Standard error of all other interactive differences.

LS



Key:

Resdue O

- 60r . NO~residue —— — -y ——
= [
-
c

S50} . . .
GIO% ] Winged opener Triple disc opener Hoe opener
40
)
o
|

30t
-
©
‘0
-
—20
- >t\“““““-x
o AT — - %
21 Ot -
X
O

O L b b i L H 1 I I

O 5 10 15 20 O 5 10 15 20 O 5 10 15 20

Days from sowing

Figure 30: Effects of direct drilli
oxygen diffusion rate(OD

)

opener types and contrasting crop residue conditions cn chinges in
with time, in the presence of earthworms, under simulsted rain conditions,

g51



1598

two treatment factors. It appears from the Table that on day 0, there
were no significant effects of cpener types on ODR regimes. However, on
days 5, 10, 15 and 20 the effects of opener types on ODR regimes were
significant. On these days, 2 trend developed where the grooves of the
triple disc opener showed significantly (P<0.05) lower ODR regimes
compared to the grooves of the winged and hoe openers which were not

significantly different.

The contrasting surface residue conditions had a significant
(P<0.01} effect on the mean ODR across all opener types on days 5, 10, 15
and 20. On these days, the crop residue conditions shcwed consistently

higher ODR regimes compared with no-residue conditions.

The interactions between opener types and surface residue conditions

appeared to confirm the beneficial residue effects for each opener from

day 10 onwards..

Figure 30 shows ODR regime changes for each opener type with time,
under the contrasting residue conditions. It appears from all curves
that the small pots in the experiment behaved in a similar manner to the
larger tillage bins of the earlier experiments. Between days 0 and 5
there was a rapid reduction in mean ODR wvalues wunder both contrasting
residue cconditions, regardless of the geometry of the grooves. Between
days 5 and 20 the ODR regimes remained almost constant under residue
conditions, but continued to decline slightly under no-residue
conditions. The curves also illustrate that as the experiment advanced,
the CODR values appeared tc be consistently greater under residue

conditions than under no-residue conditions.

Earthworm populations:

A3 with experiment 7, the numbers of earthworms were counted in the
whole pots. Table 28 shows the effects of opener types and contrasting
crop residue conditions, cn earthwoerm populations, and the interactions
between these two parameters. The Table shows no significant effects of
opener types on earthworm populations. However, the contrasting surface
residue conditions had a significant (P<0.05) effect on the mean of
earthworm counts across all opener types. The crop residue conditions

(26.4) showed signifieantly higher numbers of earthworms compared to the



Table 28: Effects of direct drilling cpener types and contrasting crop residue

conditions, on earthworm populations around the groove profiles, under
gimulated rain conditions.

Openers Residue Interactions
Winged Triple Hoe NR* R*¥ Openers/ Winged Triple Hoe
disc Residue disc

Populaticns per poL¥*¥¥

22.3 21.2 21.5 16.9 26.14 NR 19.3 6.7 14,7 SED1=6.10
Aa Aa Aa Bb Aa R 25.3 25.7 28.3 SED2=5.27
ENR = HNo surface residue present.
H#R - Surface residue present.

ExE Pot volume apprex 5.0 litres.

Unlike letters in a row denote significant differences
{upper case, P<0.01; lower case P<0.05).

SED1xStandard error of difference within copener types.
SED2=Standard error of all cother interactive differences.

091



Table 29: Effects of direct drilling opener types, and crop residue conditiens,
under simulated rain conditions.

on pelpulaticns of earthworm species,

Earthworm
species Openers Residue Interactions
* x 8
Winged Triple Hoe NR R Openers/ Winged Triple Hoe
disc Residue disc
Populaticns per pot#*¥
A. longa 3.8 4.0 6.0 4,6 6.0 NR 4.3 4,3 .0 SED1=1.84
Aa Aa Aa Aa Aa R 3.3 3.7 .0 SED2=1.50
L. rubellus 9.7 10.2 7.8 5.2 13.2 NR 6.0 5.0 4.7 SED1=3.16
Aa Aa Aa Bb Aa R 13.3 15.3 11.0 SED2=3.32
A. caliginosa 8.8 7.0 7.7 T 8.7 NR 9.0 7.3 5.0 SED1=2.55
Aa Aa Aa Aa Aa R 8.7 6.7 10.3 SED2=1.86

®NR =

LT

YY)
Untike

(upper case, P<0.01; lower case, P<0.05)

No surface residue present.
Surface residue present.
Pot voclume approx. 5.0 litres.

letters in a row denote significant differences

3EDT1=Standard error of difference within opener {ypes.
SED2=8tandard error ¢f all other interactive differences.

Lol
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no-residue conditions (16.9).

It was thought that the apparent insensitivity of earthworm numbers
to greove shape in this experiment (which contrasted with the early bin
experiment) may have been a reflection of the sampling procedure (of
harvesting the entire pot c¢cmpared with 120 mm dia x 100 mm discrete
cores in the groove) as much as treatment effects. It seemed possible
that any differences in populations which may have been very close to the
grooves (as captured in a core of 1.13 litres volume) may have been cover
shadowed in these experiments by the general worm populations in the pots

in general, which had volumes of approximately 5.0 litres each.

The interactions between cpener types and surface residue conditions
showed that the hoe cpener benefitted most from the presence of crop

residue.

Table 29 shows the total numbers of earthworm species active in the
pots as a functlion of opener/residue treatmenta. The Table shows that

only Lumbricus rubellus was more numercus in residue conditions compared

with no-residue conditions (by a factor 2-3 fold}). The interactions
confirmed that this effect was consistent for each opener type. The

numbers of Allolobophora longa and Allolobophora caliginosa were almost

unchanged by the presence or absence of residue except that the numbers

of Allolobophora caliginosa were twice as high in residue as in

ne-residue conditions with the hce opener treatment. This may indicate
that crop residue was more effective in increasing the earthworm

populations (esapecially Lumbricus rubellus) than were opener types per

se.
S0il bulk density:

Table 30 shows the effects of copener types and contrasting surface
residue conditions, on matrix se¢il bulk density, and the interactiocna
between these two parameters. From the Table it appears that opener
types had no significant effects on so0il bulk density, but the
contrasting surface residue conditions had a significant (P<0.01) effect.
The no-residue conditions {1.25 g/cm3) showed a higher soil bulk density

than the residue conditions {(1.10 g/cm ).



Table 30: Effects of direct drilling opener types and contrasting crop residue
conditions, on matrix soil bulk density, in the presence of earthworms,
under simulated rain conditions.

Openers Residue Interactions

Winged Triple Hoe NR*® RE% Openers/ Winged Triple Hoe
disc Residue disc

3

Soil bulk density {g/cm )
1.12 1.19 1.23 1.25 1.10 NR 1.19 1.27T 1.29 SED1=0.061
Aa Aa Aa Aa Bb R 1.06  1.07 1.17 SED2=0.049

Table 31: Effects of direct drilling opener types and contrasting crop residue
conditions, on matrix soil moisture content, in the presence of earthworus,
under simuiated rain conditlions.

Openers Residue Interactions

Winged Triple Hoe NR* R¥® Openers/ Winged Triple Hoe
disc Residue disc

Soil moisture content (% d4.b)

31.3 29.9 32.7 31.0 31.6 NR 30.8 30.7 31.5 SED1=1.62
Aa Aa Aa Az Aa R 31.7 29.2 33.9 SED2=1.05
*NR = No surface residue present.
*¥R = Surface residue present.

Unlike letters in a row denote significant differences
(upper case, P<0.01; lower case, P<0.05).

SED1=8tandard error of difference within opener types.
SEDZ=Standard error of all other interactive differences.

€91
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The interactions between opener types and surface residue

conditions, showed that the residue effect was consistent across each

opener type.
So0i1l moisture content:

Table 31 lists the effects of opener types and contrasting surface
residue conditions on matrix soil moisture content, and the interacticns
between these two parameters in the presence of earthworms. It appears
from the Table that opener types and contrasting surface residue

conditions had no significant effects on matrix soil moisture content.

3.4.0 Discussion of Experiments 7 and 8:

The two almost identical experiments showed contrasting results. In
the absence of earthworms there were no significant effects of opener
types on seedling emergence, ungerminated/dead seeds, "germinated but
unemerged" seedlings or dry matter weights of plant roots. Similarly,
the contrasting surface residue conditions had no significant effects on
these parameters, with the exception that a significantly higher naumber

of dead seeds was found under surface residue conditions than under

no-residue conditions.

Figures 31 {a,b,c) show seedling root and shoot development in the
absence and presence of earthworms. In the absence of earthworms (Fig.
31 (a and b)) root and shoot development appeared stunted compared with
the situation when earthworms were present (Fig. 31 {(a and c¢)}). There
also appeared to be a large number of ungerminated/dead seeds at the base
of the groove in the absence of earthworms as illustrated in Fig. 3ib.
Figure 32 shows the effects of opener types on barley seedling emergence

in the presence and absence of earthworms.

In the absence of earthworms the two major determinants, opener
types and surface residue conditions, also had no significant effects on
ODR regimes during the experimental period. The ODR values, in fact,
were found to be much lower than the minimum requirements Ffor barley (15

- 2
x 10 g/cm /min; Letey, 196Y) in the grooves of all opener types and
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Figure 31:

Responses of barley seedlings to earthworms in a ¢
direct drilled groove,

(a). Note the shoot/root development in the absence

and presence of earthworms,

(b) and (c). Note the glazed soil ' ..1 appearance and
ungerminated/dead seeds at the base of the direct
drilled groove in the absence (b) of earthworms.
This contrasts with the aerated appearance of soil
in the presence of earthworms (c),

"GS9l



166

Figure 32: Effects of opener types and earthworms on barley seedlings,
under simulated rain conditions.

Note the positive effects of earthworms on seedling
emergence with all openers (above), compared with the

poor emergence without earthworms (below).
Chisel = Winged opener; TD = Triple disc opener; Hoe = Hoe opener,
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Fogure 33: The cast soil surface, with earthworns (above); and |
uncast soil surface without earthworms (below), !

under simulated rain conditions,.
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under both residue and no-residue conditions. They remained almost at

the same level during the experimental pericd (Figure 27).

The s0il bulk density and scil moisture measurements indicated that
in the absence of earthworms, the mean so0il bulk density under both
surface residue conditions was high and there was no significant
difference between treatments in this respect. Similarly, soil moisture
contents were high under both residue and no-residue conditions and again
were not significantly different between treatmenta. In general, the
s0il surface 1in the absence of earthworms had a plastic appearance and
was at times slurried. Figure 33 illustrates the appearance of a soil
surface in the absence of earthworms under wet soil conditions. The
contrast between the appearance of the soil surfaces in the presence and
absence of earthworms 1is clearly illustrated in the Figure. This was
further illustrated by the absence of earthworm castings or holes on the
s0il surface. The adverse effects of so0il compaction and high soil
moisture content on ODR have been reported by several authors (Bertrand
and Kohnke, 19573 Taylor, 1949; Raney, 1949). Others (Edwards, 1681;
Edwards and Lofty, 1977; Springett, 1983) noted that earthworms turned
over soil and helped in the formation of soll aggregates, while atill
other authors (Hopkin and Slater, 1949) claimed that soil with earthworms
drained four to ten times faster than sc¢il without earthworms. Clearly
few of these desirable processes were occurring in this silt leam soil in

the absence of earthworms.

By contrast the results obtained in the presence of earthworms were
almost identical to those obtained earlier in the larger tillage bin
experiments under simulated rain or temporary high water table
conditions. It would be reascnable +to conelude therefore, that the
processes which affected the seed/soil environments around the profiles
of the grooves created by the varying opener types in the presence of

earthworms were similar to those already described in Experiments 2 and 3

(Section 3.2).

Earthworms, per se, appeared to be a very important factor in
relation to seed and seedling responses, arnd all other treatment effects
(seed sowing technigues and residue) had only indirect effects on seeds

and seedlings, through their influences on earthworm numbers and

activity.
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It is also interesting to note that the different species of

earthworms reacted differently to the imposed treatments. There were

three earthworm species (Allolobophora longa, Lumbricus rubellus and

Allolobophora caliginosa) present in the earthworm experiment. The

presence and absence of crop residue had an effect on earthworm numbers,
with 1.6 times more earthworms in the residue treatments than no-residue
treatments. This difference was caused mainly by the difference in

numbers of Lumbricus rubellus. The residue treatments had approximately

2.5 times more of this species than the no-residue treatments. There

were much smaller differences in the numbers of Allolobephora caliginosa

and Allolobophora longa between the two treatments. According to J.

Springett (pers comm, 1983), 'Lumbricus rubellus is a dung and litter

feeding worm, highly pigmented dorsally and active at the s0il surface.
The two other species are soil dwelling and are less mobile.

Allolobophora longa in particular has deep, relatively permanent

burrows".

In residue treatments, Lumbricus rubellus made up 49% of the total

worm population whereas it comprised only 30% of the population of

no-residue treatments. The mobility and activity of Lumbricus rubellus

could explain the observed differences in total worm populations which
occurred within days of removing the crop residue from what were to

become the "no-residue®™ plots. As Lumbricus rubellus is active at the

soil surface, it was alsc thought that this species could have been
making a notable contribution f£c¢ the numbers ¢f channels open tc the
atmosphere (J. Springett, pers. comm, 1983), which could explain scme
of the higher ODR readings in residue conditions. Such a source of
aeration could have indirectly benefitted seed germination and seedling
growth, provided that the c¢rop residue was not pressed down in contact

with the seeds, as apparently had occurred with the triple disec opener.



170

3.5 PHYTOTOXIC EFFECTS OF CROP RESIDUE
IN THE PRELSENCE OF EARTHWORMS

(Experiment 9}

3.5.1 Objectives:

While much has been published about the phytotoxic effects of crop
residue in-contact with seeds in wet cool {and at times anaerobic)
conditions (Ellis et al, 1975; Lynch, 1977, 1978; Lynch et al, 1980),
there is very 1little comparable information under wet warm conditions.
Experiments (2, 3 and 8) indicated lower counts of seed germinpation and
seedling emergence in the grooves of the triple disc opener in the
presence of surface reaidue. This opener was seen to push the surface
residue into the groove in such a way that it rested in contact with the
seed. In these experiments, however, it was not clear whether the
adverse effects on seed germination that were assoclated with crop
residue, were a function of phytotoxicity alone or also a function of the
geometry of the direct drilled grooves. An experiment was therefore
conducted to study the effects of crop residue, pushed into the grooves
created by different designs of openers, on seed and seedling performance

under wet warm conditions.

3.5.2 Materials and methods:

The drilling cperation was carried out in the field under surface
residue conditiona wusing triple disc and hoe openers. The winged opener
was not used in this experiment, because it was not possible to push
residue inside the groove created by this opener without disturbing the
30il around the profile of this groove and thus modifying the groove
geometry. Because the grooves created by the two test openers remained
open at the soil surface, 1t was a simple matter to push the residue

inside the grooves without disturbing the s0il around the sides and

bottom of the grooves.

There were three replicates of each of two treatments. These were



residue "in-contact' (when residue was pushed inside the groove) and
mot-in-contact® (where the residue was placed over the groove), with the
two types of grooves (V' and "U* shaped)}. Undisturbed so0il blocks of
160 mm x 160 mm x 200 mm were cut with a spade and placed in plastic pots
of the same size. These pots were shifted to a glasshouse and arranged
in a split-plot design. Ten seeds were placed manually in each treatment
in the same manner as previously described in Experiments 7 and 8. The
residue was placed over the groove and pushed gently into them manually
using forceps. Care was taken that in this process the geometry of the
groove was not modified. The glasshouse climatic conditions involved
simulated rain (20 mm a day) similar to those used in Experiments 7 and

8.

Seedling emergence, seed fate, root weights and earthworm

populations were measured on the final day (day 21) of this experiment.

3.5.3 Results and discussion:

Seedling emergence:

Table 32 shows the effects of opener types and contrasting surface
residue placements, on seedling emergence, and the interactions between
these two parameters. From the Table, it appears that there were no

significant effects of ¢pener types on percentage seedling emergence.

The contrasting residue placements {residue "in-contact®, and
residue "not-in-contact") . had a significant (P<0.05) effect on the mean
of seedling emergence counts across both opener types. In this respect,
residue *"in-contact' showed significantly lower numbers of emerged
seedlings {(60.8%) than when the residue was "not-in-contact" with the

seed (78.3%).

The interactions between opener types and contrasting residue
placements showed that the grooves of the hoe opener benefitted from

residue "not-in-contact'.

Figure 34 shows the rate of seedling emergence, as affected by

opener types under the two crop residue placements. If appears that all

171



Table 32: Effects of direct drillin% opener types and contrastin% residue placements,
on the fate of direct drilled barley seeds, under simulated rain conditiona.

Seed fate Openers Residue Interactions
#* E
Triple Hoe RC RNC Openers/ Triple Hoe
disc Residue disc
Seedling 65.8 73.3 60.8 78.3 RC 60.0 61.7 SED1=7.73
emergence
1) Aa Aa Ab Aa RNC T1.7 85.0 SED2:=8.08
Ungerminated 18.3 14.8 24.2 9.0 RC 25.0 23.3 SED1=3.97
or
d?%? seeds Aa Aa Aa Bb RNC 1.7 6.3 SED2=4.01
Germinated
but 15.8 11.8 15.0 12.7 RC 15.0 15.0 SED1=4.06
unemerged
se%%%ings Aa Aa ha Aa RNC 16.7 8.7 SED2=4.56
Dry matter
weight of 4.8 17.5 12.5  17.2 RC 12.5 13.0 SED1=1.54
recots (mg)
Aa Aa Bb Aa RNC 17.2 22.0 3ED2=1.59
*RC Residue "in-contact" with the seed.

2RRNC Residue "not-in-contact! with the seed.

Unlike letters in a row denote significant differences
(quer case, P<0.01; lower case, P<0.05)

SED1=Standard error of difference within opener types.
SED2=Standard error of all cother interactive differences.

oLl
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treatments plateaued at about the same time {day 15). As expected, those
treatments which experienced the highest maximum emergence counts also
showed a slightly more rapid rate of emergence between days 5 and 10.
This was slightly slower than with the tillage bin experiments (2 and 3)

which showed the most rapid seedling emergence gains during the first 5

days.
Ungerminated/dead seeds:

Table 32 also shows the effectas of opener types and contrasting
surface residue placements, o©on ungerminated/dead seeds, and the
interactions between these twe parameters. From the Table, there
appeared to be no significant effects of opener types on the percentage
of ungerminated/dead seeds. However, the contrasting surface residue
placements had a highly significant (P<0.01) effect on the mean of
ungerminated/dead seeds across both opener types. The "in-contact®
residue conditions showed significantly higher numbers of

ungerminated/dead seeds (24.2%) than the residue '"not-in-contactft {g9.0%).

The interactions between opener types and residue placenents
appeared to favour both openers where the residue was "not-in-contact"”

with the seed.
*Germinated but unemerged" seedlings:

Table 32 also shows the effects of opener types and contrasting
surface residue placements, on "germinated but unemerged® seedlings, and
the interactions between these two parameters. As with the other
categories of seed fate, there appeared to be no significant effects of
opener types on the numbers of '"germinated but unemerged" seedlings. The
contrasting surface residue placements also appeared to have had no

significant effects on the mean of "germinated but unemerged" seedlings

across both opener types.
Summary of seed fate:

The collective seed fate data are shown in Figure 35. From the
Figure it 1is apparent that with the triple disc opener, in both residue

positions, and the hoe opener with M"in-contact™ residue, the major
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problem was dead or ungerminated seeds. The hoe opener Wwith residue
"not-in-contact" appeared t¢ have little problems and sustained a high
seedling emergence. The Figure also shows that under these climatic
conditions a reasonable level of barley emergence could be gained through

ensuring that residue was "not-in-contact" with the seed, regardless of

the geometry of the groove.
Dry matter weight of roots:

Table 32 lists the effects of opener types and contrasting residue
placements, on dry matter weights of roots (mg/plant), and the
interactions between these two parameters. It appears from the Table
that there were no significant effects of opener types on root weights.
However, the contrasting surface residue placements had a significant
(P<0.01} effect on the mean dry matter weights of plant roots across both
opener types. The residue "in-contact" showed a significantly lower root

weight per plant (12.5 mg) than the residue "not-in-contact" (17.2 mg).

The interactions between residue placements and opener types showed
a consistent trend for both opener types ftowards highest root weights
with residue "not-in-~contact"., In this residue condition the hoe opener

recorded a higher root weight than the triple disc opener.
Earthworm populations:

Table 33 shows the effect of opener types and contrasting crop
residue placements, on earthworm populations, and the interactions
between these two parameters. It appears from the Table that there were
no significant effects of opener types and contrasting crop residue

i in-con y resi -in-
placements (residue "in-contact® sidue M"not-in-contact") on earthworm

pepulations.

However, the interactions between opener types and contrasting
residue placements favoured the hoe opener under residue "not-in-contact®
compared to the triple disc opener under both residue positions, and the
hoe opener under residue "in-contact" conditions. The grooves of the hoe
opener experienced 1.5 times more earthworms than the grooves of the

triple disc opener under residue "not-in-contact™ conditions. The hoe

opener also showed 1.6 times more earthworms under residue



Table 33: Effects of direct drilling opener types and contrasting residue placements,
on earthworm populations, under simulated rain conditiona.

Openers Residue Interactions
® L& ]
Triple Hoe RC RNC Openera/ Triple Hoe

disc Residue

dise

Populations per pothi#
24,2 28.0 23.0 249.2 RC
Aa Aa Aa Aa RNC

24.7 21.3 SED1=3.50
23.7 4.7 SED2=3.59

ERC = Reaidue "in-contact™ with the seed.

®AENC = Residue "not-in-contact! with the seed.

ol Pot volume approx 5.0 litres.

Unlike letters in a row denote siﬁnific nt differences
{upper case, P<0.01; lower case, <0.05§.

SED1=Standard errcr of difference within cpener types.
SED2=8tandard error of all other interactive differences.

Lil



Table 34: Effects of direct drilling opener types and contrasting residue placements,
on populations of earthworm species, under simulated rain conditicns.

Earthwornm
specles Openers Residue Interactions
® e
Triple Hoe RC RNC Openers/ Triple Hoe
dise Residue disc
Populations per pot®##
4. longa 4,2 5.5 3.3 6.3 RC 4,0 2.7 SER1=1.12
Aa Aa Ab Aa RNC .3 8.3 SED2=21.33
L. rubellus 8.2 1.7 9.3 10.5 RC T3 11.3 SED1=3.64
Aa Aa Aa Aa RNC 9.0 12.0 SED2=2.41
A. caliginosa 10,8 10.8 9.2 12.5 RC’ 11.3 7.0 SED1=2.20
Aa Aa Aa Aa RNC 10.3 4.7 SED1=2.87
®RC Reaidue "in-contact™ with the seed.

nn

RERNC Residue "not-in-contact" with the seed.

ol Pot volume approx 5.0 litres.

Unlike letters in a row dencote significant differences
(upper case, P<0.01; lower case, P<0.05)}

SED i=5tandard error of difference within cpener types.
SED2=Standard error of all other interactive differences.

gLl



"not-in-contact™ conditions than the grooves of the hoe opener in residue
"in-contact™ conditions. This might suggest that not only was soil
compaction detrimental to earthworms with the triple disc opener, but an
acid environment resulting from residue being pushed inside the groove

might also have adversely affected earthworm populations.

Table 34 lists the three earthworm species in opener type/residue-

placement treatments. The Table shows that with the triple disc¢ opener

grooves, each of the three earthworm species (Allelobophora longa,

Lumbricus rubellus, Allcleobophora caliginosa) were present in equal

numbers, regardless of whether the residue was placed inside the groove
or over the top of the groove. However, the pots with the hoe opener

grooves, Allolobophora longa and Allolobophora caliginosa were twice as

numercus wWhere residue was placed over the top of the grocves than where
it was placed inside it. In contrast to this the populations of

Lumbricus rubellus were about equal with residue inside the groove cor

over the top of the groove, in the hoe opener grooves. Perhaps this

indicates more tolerance of Lumbricus rubellus to fermenting residue

decay (which would net be surprising as this gpecies is a residue-feeder)

than Allolobophora longa or Allolobophora caliginosa, which both appeared

toc reject decemposing residue which had otherwise been accessable in the

non-compacted hoe opener grooves. Lumbricus rubellus was also more

numerous in the hoe opener groove with "residue-in-contact" than in the
triple disc opener groeve with "residue-in-contact®. Several authors had
already reported that some earthworm apecies were sensitive to acid
environment (Edwards and Lofty, 1972; Piearce, 1972). Therefore, these

findings may support the results of these authors.

3.5.4 Discussion of Experiment 9:

The results of this experiment suggest that the geometry of the two
contrasting grooves did not greatly affect seedling emergence, seed fate
and root growth, so long as the residue was prevented from contacting the
seeds in the grooves. Although no specific tests were conducted to
identify the possible presence of toxins, it seems likely that phytotoxie
effects of decompesing surface residue under these wet warm conditions

may have occurred in a similar manner to those reported under wet cool

conditions in England (Ellis et al, 1975; Lynch, 1977, 1978; Lynch et



180

at, 1980).

3.5.5 Conclusions of Experiments 7, 8§ and 9 :

From the results of Experiments 7, § and 9, it seems clear that
under no-earthworm conditions neither the geometry of the grooves created
by the three types of openers (winged, triple disec and hoe), nor the
presence or absence of surface reaidue had any significant effects on
seed germination or seedliing growth. Overall, seed and seedling
performance was poor in fthe absence of earthworms, partly because of low

ODR regimes around all groove profiles.

On the other hand where earthworms were present under wet warm
conditions, there were c¢lear effects of opener types {favouring the
winged and hoe designs) and surface residue (favouring the retention of

residue on the groove surface).

It seemed reascnable, therefore, to investigate the effects of =a
wider range <¢f opener types on seed germination and seedling growth in
the presence and absence of earthworms and different surface residue

under wet warm controlled climatic conditions.
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3.6 DIRECT DRILLING SEED SOWING TECHNIQUES, EARTHWORMS,
AND SURFACE RESIDUE IN A WET SOIL.

(Experiments 10 and 11)

3.6.1 Intoduction:

Results of Experiments 7 and 8 in {Section 3.4) in the absence and
presence of earthworms under contrasting surface residue conditions, had
strongly suggested the importance of earthworm activity and its indirect
effects on seed germination and seedling growth. In the earlier
experiments three contrasting types of openers {winged, triple disc¢ and

hoe} were used.

The two experiments reported below were designed to test the
performance ¢f a wider range of opener types, together with surface
brecadcasting of seeds, in the presence and absence of earthworms and
under ccntrasting surface residue conditions. Although a greater
variation in the groove geometry was sought, it was decided alsc to
resubmit the winged, triple dise and hoe designs for re-evaluation. This

was for the following reasocns:

In the earlier experiments the glasshouse temperature
range (20-—25o C) was thought to be a little high for

New Zealand conditions, and may have stimulated essential
{and perhaps atypical) earthworm activity and ODR

regimes around the groove profiles. Thus it was felt
appropriate to test all opener types under a lower range

0
of temperature (15-20 C).

The experiments conducted in the absence (7) and
presence (8) of earthworms had used small pots. It was
considered possible that these may have unnaturally
restricted the range of earthworm travel. Thus, it

was felt desirable to study the effects of all opener
types in the larger soil volumes of the tillage bins, in

the presence and absence of earthworms. This had not

been under-taken previously.
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The "V" and "U" shaped grocoves of the triple disc and hoe
openers formed continucus narrow grooves at their

bases, but were cpen at the scil surface. It was felt
appropriate to compare these with the "groove™ of the punch
planter opener which formed a series of discontinuous narrow

"U" shaped holes, also opened at the scil surface.

In earlier experiments, assessment of earthworm influence
had been limited toc counting the numbers of earthworms
arcund the groove profiles. In the experiment described
below, in addition to the numbers of earthworms, an
assessment was to be made of the activity of the earthworms

by observations of castings and holes.

Thus it seemed appropriate to inelude &ll possible direct drilling
" gseed sowing techniques, even at the expense of repeating some of those
tested earlier. In any case, because of the magnitude of the differences
between earlier experiments, repetition of some aspects of the

experiments seemed appropriate.

3,.6.2 Materials and methods:

The experimental constraints of performing two experiments in the
glasshouse with 12 tillage bins at the same time, have been discussed in
Section 3.2. Therefore, two separate experimenta under contrasting
surface residue conditions (Experiment 10, in the absence of earthworms
and Experiment 11, in the presence of earthworms) were conducted
sequencially. In these experiments the glasshouse temperature was
maintained at 15-—200 ¢ {compared with the 20-25% C in earlier
experiments). Simulated rain conditions of 20 mm a day were created with
a soak-hose in the same manner as used and described in earlier
experiments. A sample of day/night temperature and relative hunmidity
changes 1nside the glasshouse with a nominally controlled temperature

ol
range of 15-20 C is shown in Appendix Bb?
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(a) Selection of opener types:

As explained above, of the five opener types and one 3urface
broadcasting technique used in these experiments, three of the openers
{winged, triple disc and hoe) were used and described in Section 3.2. A
deacription of the remalning two opener types and the surface
broadcasting technique follows:

!

Power-~till opener

A garden-type rotary hoe (Figure 36) was used to create a groove 100
mm wide, and to a depth of 40 mm. The machine pulverised the scil and
partially mixed the surface residue into the loose s0il of the groove.
The resulting groove was typical of that produced by some powered direct
drilling openers (Dunbar et al, 1979). The width ¢f 100 mm was also

similar to at least the machine reported by Dunbar et al (loc c¢it) and

was considered appropriate as it represented a marked increase in the
cross-sectional area of the disturbed zone, compared with all of the

other opener types.
Punch planter opener

Although a prototype punch planter was available {R. Lal,
pers.comm, 1983) but this was not used in the experiment, as there was no
convenlent way of decreasing the intra~row seed spacing and increasing
depth to standardise with the other treatments. Instead a simple core
sampler of 11 mm diameter was used to make cylindrical holes of 40 mm
depth (Figure 37). 1In this way a total of 50 holes per plot were made in
each of the contrasting surface residue conditions. In residue
conditions, the heles were made with the residue in place but care was
taken to avoid pushing residue down into the seed zone. It is {important
to note, however, that the deaign of R. Lal (loc cit) would be unlikely
to avoid pushing some residue down into the seed =zocne in normal
operation, as it employed more of a wedging action. Moreover, and for
the same reason, the machine reported by R. Lal {loec cit}) might have

produced some so0ill compaction which was probably absent with the corer.



184

Figure 36: A garden rotary hoe assembly to create a
power—till groove of 100 mm width.
Note only one side of the assenbly was used.

| [P
em1 2 3

Figure 37: A core sampler (11 mm dia) used to meke discrete holes
(11 mm x 40 mm) to represent a punch planter opener.
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Surface broadcasting

Seeds were manually placed in a row, both in no-residue and residue
conditions in each plot. Care was taken in the residue condition to
ensure that the seed rested on the s0il surface, a situation likely to be

more advantageocus to the seeds than in general practice.

(b) Tillage bin technique:

Tillage bins were pulled into the residue covered so0il and the
contrasting surface residue conditions were created in the bins once they
had been positioned, adopting the technique already explained in Section
3.2. To eliminate earthworm activity in the soil of the tillage bins,
carbaryl was sprayed on the undisturbed soil blocks in bins at the rate
of 2.0 kg/ha a.i. one week before the pre-drilling operation. The

spraying technique was identical to that used in Section 3.3.

The predrilling operation of drawing the opener through the so0il
without sowing seed into the grooves, was performed in the field with the
bins in place, after which the bins were shifted to their positions in
the glasshouse. Fifty seeds in each treatment were manually =sown using
forceps. In the surface broadcasting operation, the fifty seeds were

placed in a row of approximately 20 mm width.

(¢) Measurements:

Measurements were made of seed fate, oxygen diffusion rate regimes
(ODR), soil moisture contents, soil bulk density, earthworm populations,
adopting the techniques used and discussed 1in Section 3.2, In those
experiments, soil bulk density and scil moisture measurements were taken
on the same day as the ODR measurements. In the present experiments, ODR
measurements were taken on days G, 7, 14 and 21, but so0il bulk density
and soil meoisture measurements were taken only on day 21. This was to
eliminate any possible effect on ODR during the experimental period from

the holes left after taking soil samples for soil bulk density or soil

&
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moisture measurements.

The pattern of measurements to reflect ODR regimes in the viecinity
of the grooves created by opener types, were identical to those patterns
used beneath the row of the broadcasted =seed. A similar pattern was
adopted for all measurements of s0il bulk density and soil moisture
.contents. Ne measurements of scil temperatures in fthe centre of the
grooves wWere made because of the increased size of this experiment. The
numbers of earthworms in the vicinity of the grooves were counted using a
hand sorting technique from 120 mm diameter x 100 mm deep cores centered

on the groove.

Observations of earthworm castings and holes were also made in the
vicinity of the grooves. The area-index of earthworm activity used a 120
mm strip centered on the | - groove along the full length of the groove
(1 m). For this purpose a quadrat of 3 mm diameter steel wire was placed
parallel to and centered on the grooves. FEach quadrat was divided into
square sections of 120 mm x 120 mm area for ease and accuracy of sampling
{(Figure 38). Calculations of area-indices of earthworm activity were
made as follows.

Area covered by earthworm holes or castings (m )}

Area index =

P24
0.12 m

{d} Experimental design:

The following comparative treatments were considered important.

Two levels of surface residue ("no-residue" and the residue which

remained from the herbicide-killed pasture - "residue®).

S8ix direct drilling seed sowing techniques (winged, +triple disc,

hoe, power-till and punch planter openers, and surface broadcasting).

Two earthworm levels (with and without earthworms).
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Figure 38: A quardrat used for measuring area index of
earthworm activity.

(Cchisel = Wimged opener)
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{e) Consatraints:

A number of limitations were imposed on the experimental design
because of the facilities available. These included the availability of
the tillage bins (12) and glasshouse facilities at any one time. The
size of each tillage bin was considered to be an additional constraint.
It was not feasible to have six seed sowing treatments in one tillage bin
of 0.67 m width and 2 m length. Therefore, three direct drilling seed
sowing techniques were used at 150 mm spacing in each of two tillage
bing. These represented cne block of the experiment. Thus with three
blocka in one experiment, a total of six tillage bins at one time were

used.

Because of those restrictions it was not possible to compare all
treatments in one large experiment under contrcllied conditions. It was
therefore, decided to divide the experimental programme into two separate
experiments with three replicates in each. Experiment 10 was conducted
in the absence of earthworms, while Experiment 11 was conducted with
natural earthworm levels. The treatment comparisons to be made within
each of these experiments were identical and involved =ix direct drilling

seed sowing techniques and two contrasting surface residue conditions.

Experiment 10 was conducted in the absence of earthworms. Tillage
bins were drilled in the field at a moisture content in the mid zone of
the M™available' range and then removed to the glasshouse where they were
kept under a simulated rain conditions of intensity 5 mm per hour for 4

hours a day, for 21 days.

Experiment 11 was conducted in the presence ¢f earthworms. Tillage
bins were drilled in the field at a similar moisture c¢ontent to
Experiment 10 and then removed to the glasshcuse where they were kept

under identical simulated rain condititons of Experiment 10.

In this way each experiment consisted of © main treatments x 2
sub~treatments in a split-plot design with three replicates. For each
experiment, 6 bins were pulled into the soil. Each s0il bin was split

into two residue 1levels by.- cutting and removing the residue from one

half. Fach bin was then treated with three randomly allocated direct
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drilling seed sowing techniques and was then extracted from the socil.

The pretreated bins uwere shifted to the glasshouse and rearranged in
a split-plet design, blocked into 3 replicates. Fifty seeds were placed
manually (using forceps) in the grooves of the opener types and surface
broadcasting f{reatment. The bins remained in the glasshouse under

simulated rain conditlon for 21 days.
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3.6.3 Effects of direct drilling seed sowing techniques

and surface residue in the absence of earthworms.

{Experiment 10)

(a) Objectives:

The principal cbjective of this experiment was to determine the
effects on seed and seedling performance, and scil physical conditions,
of 8ix techniques of seed sowing in an untilled seedbed, and contrasting
surface residue conditions under simulated rain, in the absence of

earthwerms, in a saturated socil.

{b)} Results and discussion:

Seedling emergence:

Table 35 shows the effects of direct drilling seed sowing techniques
and contrasting surface residue conditions on seedling emergence and seed
fate, together with the interactions between these two parameters, under
wet s0il conditions in the absence of earthworms. There were significant
(P<0.08) differences in seedling emergence percentage, due to direct
drilling seed sowing techniques. Surface broadcasting recorded clearly
the highest seedling emergence count of 89.0%, followed by the grooves of
the power-till opener (42.3%). The grooves of the hoe (23.3%) and winged
(21.0%) openers came next with a further group of openers comprising the
triple disc {17.0%) and punch planter (15.0%) showing less emergence than

any other treatment except the winged design.

The contrasting surface residue conditions appeared to have no

significant effects on seedling emergence percentage (P<0.05).

The interactions between.direct drilling seed sowing techniques and

contrasting surface residue showed only the grooves of the triple disc to



Table 35:

Effects of direct drilling seed sowing techniques and contrasting crop residue
conditions, on seed fate of barley, in the absence of earthworms,
under simulated rain conditions.

Seed fate Seed sowing techniques Residue Interactions
Winged Triple Hoe Power- Punch Surface NR¥* R*¥ Winged Triple Hoe Power- Punch Surface
disc till planter broad- Seed disc till planter broad-
caating sowing casting
techniques/
Residue
Seedling 21.0 17.0 23.3 42.3 1i5.0 84.0 34.9 3.3 NR 22.0 18.7 22.7 41.3 16.0 8B.7 SED1=1.53
emergence cd d C b d a a a
R 20.0 15,3 24.0 43.3 14.0 89.3 SED2=1.65
Ungerminated
or 41.5 45.7 H1.0 29.7 47.7 4.7 34.3 35.7 NR UL4.7 40.0 39.3 29.3 Uu7.7 5.0 SED1=3.14
dead seeds a a a b a e a a
(%) R 38.3 51.3 L42.7 30.0 Au7.7 4,3 SED2=2.27
Germinated
but 3.5 37.7 35.0 27.7 37.3 6.3 30.6 29.9 NR 33.3 42.0 36.7 28.7 36.3 6.3 SED1=3.07
unemerged a a ab b a c a a
seedg}ngs R 41.7 33.3 33.3 26.7 38.3 6.3 SED2=3.30
[2F]
Root 3.7 Te1 9.0 1U.6 5.5 11.6 9.1 9.2 HR 7.0 7.6 9.0 14.3 5.0 12.0 SED1=1.7
weight d d c a e b a a
(mg) R i) 6.6 9.0 15.0 6.0 11.3 SEDZ2=2.2
Shoot 22.3 19.1 20.3 29.1 15.1 22.1 21.8 20.9 NR 22.3 21.3 21.6 29.0 15.0 21.6 SED1=2.3
weight b be b a c b a a
(mg ) R 22.3 17.0 19.0 29.3 15.3 22.6 SED2=z1.9
*NR No surface residue present.

&R

Surface residue present.

Unlike letters in a row denote significant differences ( P<0.05).
SED1=3Standard error of difference within opener types.
SEDZ2=Standard error of all other interactive differences.

LG 1
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be sensitive to residue {and then as a negative response). All opener
effects in the main treatment analyses were confirmed except that the
winged opener was superior to the triple disc and punch planter openers

in both residue and no-residue conditions.

Figure 39 shows the rate of seedling emergence, as affected by
direct drilling seed sowing techniques under the two c¢rop residue
conditions in the absence of earthwerms. The Figure illustrates that
those treatments which experienced the highest maximum emergence counts

also showed the most rapid rates of emergence, and plateaued at day 9.
Ungerminated/dead seeds:

Table 35 also shows the effects of direct drilling seed sowing
techniques and contrasting surface residue conditions, on
ungerminated/dead seeds, together with the interactions between these two
parameters, in the absence of earthworms. From the Table, there appeared
to be a significantly (P<0.05) larger number of ungerminated or dead
seeds in the grooves created by the winged (41.5%), triple disc (45.7%),
hoe (41.0%) and punch planter (47.7%) openers compared with the grooves
of the power-till {29.7%), which was itself significantly higher than
surface broadcasting (4.7%). The percentage ungerminated/dead seeds in

the grooves of the former four openers were not significantly different.

The contrasting surface residue conditions had no significant

effects on the numbers of ungerminated/dead seeds.

The interactions between direct drilling seed sowing techniques and
surface residue conditions showed that both surface broadcasting and the
next most favourable treatment {power-till) were unaffected by surface
residue. All other opener treatments, except the punch planter opener
responded to the presence or absence of residue, although the triple disc

opener was disadvantaged by the presence of residue.
"Germinated but unemerged" seedlings:

Table 35 also shows the effects of direct drilling seed sowing

techniques and contrasting surface residue conditions on the numbers of

"germinated but unemerged" seedlings in a wet so0il in the absence of
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earthworms. From the Table there appeared to be a significantly {P<0.05)
higher number of "germinated but unemerged" seedlings with the grooves of
the winged (37.5%), triple disc¢ (37.7%), hoe (35.0%) and punch planter
(37.3%) openers, compared with the grooves of the power-till opener

{(27.7%), which was itself significantly higher than surface broadcasting

(6.3%).

The contrasting surface residue conditions had no significant

effects on the percentages of Y“germinated but unemerged" seedlings.

The interactions between direct drilling seed sowing techniques and
surface residue conditions showed that only the winged and triple disc
openers were affected by the presence of residue. In the former case, a
positive response resulted, while with the latter opener the response was

negative.
Summary of seed fate:

The collective seed fate data are shown in Figure H4C. From ¢the
Figure it is apparent that with the grooves of the triple disc and hoe
openers under residue conditions; the winged opener under no-residue
conditionsy and the punch planter opener under beth residue and
no-residue conditions; the major problem was ungerminated/dead seeds.
The grooves of the power-till opener showed about equal numbers of
ungerminated/dead seeds and “germinated but unemerged™ seedlings in both
residue conditions, but overall lower numbers of both compared te all
other seed sowing techniques except surface broadcasting. This probably
reflects higher oxygen availability at the surface for the uncovered
seeds in a continuously wet s¢il. In the case of the grcoves of the
power-till opener the greater zone of disturbed soil (100 mm wide strip)
appears tc have increaséd oXxygen in the seed 2zcne meore than the more
confined grooves of other openers. The seed and seedling performance of
the grooves of the power-till opener was the next most favourable after

the surface breadcaating treatment.

The Figure also showa that under these soil and c¢limatic conditions
a reascnable level of barley seed emergence could be gained through

surface breoadcasting or by the use of a power-till opener compared with

the other three different openers and punch planting systems.
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Dry matter weight{ of roots:

Table 35 alsc shows the effects of seed sowing technigques and
contrasting surface residue conditions, on dry matter weights of roots
(mg/plant), and the interactions between these two parameters. The
grooves of the power-till yielded significantly (P<0.05) heavier root
weights (14.6 mg) than surface broadcasting (11.6 mg) which achieved
significantly heavier root weights than the grooves of the hoe (9.0 mg)
opener. This in turn vyielded significantly heavier roots than the
grooves of the winged (7.3 mg) and triple disc (7.7 mg) openers, which

were followed by a significant reduction by the punch planter to 5.5 mg.

The contrasting surface residue conditions had no significant

effects on root weight per plant.

The interactions between direct drilling seed sowing techniques and
surface residue conditions showed that even in no-residue the grooves of
the power-till opener produced heavier root weights than all other
combinations of openers and residue, except surface broadecasting. In
fact, all openers appeared t¢ be almost insensitive to the presence or
absence of surface residue. Of 1interest, was the fact that although
surface breoadcasting showed superior seedling emergence, its root weight
was lower than the power-till treatment. Perhaps this reflected an
effect of incomplete seed/scil contact, which may have reduced

penetration of the radicle under surface broadcasting.
Dry matter weight of shoots:

Table 35 also shows the effects of direct drilling =seed sowing
techniques and contrasting surface residue conditions on shoot weights
per plant, together with the interactions between these two parameters.
It appears from the Table that there were significant (P<0.05) effects of
direct drilling seed sowing techniques on dry matter weights of shoots
{mg/plant). The seedlings from the grooves of the power-till opener
showed significantly higher shoot dry weights of (29.1 mg) compared with
the seedlings from the grooves of the winged (22.3 mg), triple disc (19.2
mg) and hoe (20.3 mg) openers, together with surface broadecasting

technique (22.1 mg). Seedlings from the grooves of the punch planter

(15.1 mg) showed a significantly lower shcot weight per plant than all
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other openers except the triple dise.

The contrasting surface residue conditions had no significant effect

on shoot weight per plant.

The interactions between direct drilling seed sowing techniques and
surface residue conditions confirmed the cconsistent superiority of the
grooves of the power-till opener over other opener types and surface

broadcasting, under both residue conditions.

Oxygen diffusion rate (ODR)

around the groove profiles:

Table 36 lists the effects of direct drilling seed sowing techniques
and surface residue conditions on ODR values in the zone of =s0il around
the grooves, together with the interactions between these two parameters.
From the Table , there appeared to be a significant (P<0.05) effect of
seed sowing techniques on day 0 and a restricted number of aguch
differences on days 7, 14 and 21. On day 0, the grooves of the winged
opener showed a significantly higher ODR regime (36.9x10_8 g/cmz/min)
than all other treatments except for the grooves of the power-till
(36.3x10- g/cm2/min) and hoe (35.1x10~ g/cmz/min) openers. This latter
group was also not significantly different from the grooves of the triple
disc opener, but the larger group showed a significantly higher QDR
regime than that around the grococves of the punch planter opener
(32.9x10- g/cm2/min) and surface broadcasting (32.2x10~8 g/cmz/min).
However, on days 7, M and 21 the ODR regime in the vicinity of the
grooves of the power-~till was the only one which maintained significant
superiority cver the ODR regimes around the grooves of all cother opener

types and surface breoadcasting.

The contrasting surface residue c¢conditions had no significant
effects on ODR regimes arcund the groove profiles on any of the measuring

days of the experiment.

The interactions between direct drilling seed sowing techniques and
crop residue conditions appeared only to confirm the main and

sub-«treatment effects.

Figure 41 shows the ODR regime changes with time, for each of the



Table 36 : Effects of direct drilling seed sowin%oteohniques and contrasting crop residue

conditions, on oxygen diffusion rate
simulated rain conditions.

DR}, in the absence of earthworms, under

Days from Seed sowing techniques Residue Interactions
sowing
wWwinged Triple Hoe Power- Punch Surface NR® R¥#* Winged Triple Hoe Power- Punch Surface
disc till planter broad- Seed disc £ill planter broad-
casting sowin casting
techniques/
Residue
-8 2
ODR {gx10/cm/min)
0] 36.9 34.7 35.1 36.3 32.9 32.2 3.6 34.8 NR 35.9 34.1 35.2 36.8 33.4 31.5 SED1=1.39
a be ab ab cd d a a :
R 38,0 35.3 35.1 35.8 31.9 32.9 SED2=1.51
7 5.5 4.9 5.3 7.3 4.5 5.2 5.6 5.4 NR 5.6 5.3 5.3 7.4 4,3 5.4k SED1=0.48
b b b a o b a a
R 5.4 4.6 5.2 7.0 4.8 4,9 SED2=0.37
14 .6 5.0 5.2 8.3 .7 4.9 5.5 5.4 NR 5.u 5.0 8.5 4.7 4,7 SED1=0.36
b b b a b b a a
R u.s ,406 50” 8.1 ua? ,409 SED2=Oq29
21 h.8 4,6 5.7 8.1 5.1 4.6 5.3 5.6 NR 4.6 ., 5.3 8.3 4.9 4 SED1=0.55
b b b a b b a a
R -8 T 6.1 7.8 5.3 4.7 SED2=0.28
¥NR = No surface residue present.

*¥R - Surface residue present.

Unlike letters in a row denote significant differences (P<0.05).
SED1=8tandard error of difference within cpener types.
SEDZ=Standard error of all other interactive differences.
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seed sSowing techniques, under contrasting c¢rop residue conditions.
Between days 0 and 7, there was a rapid reduction in the mean ODR values
under both contrasting residue conditions, regardless of the geometry of
the grooves. However, between days 7 and 21 {the terminal day) ODR
regimes remained almost constant wunder both residue conditions. The
curves also illustrate that as the experiment advanced, ODR under residue
and no-residue conditions appeared tc be consistent. This trend seemed
to be similar to that in experiment T (Section 3.4), in the absence of

earthworms.

Earthworm populations around

the groove profiles:

Table 37 shows the effects of direct drilling seed scowing techniques
and contrasting surface residue conditions, on earthworm populations,
together with the interactions between these two parameters. From the
Table, it appears that the use of carbaryl had caused mortality of almost
all earthworms around the groove profiles, regardless of the gecmetry of
the grooves. There were no significant effects of seed sowing techniques
or contrasting surface residue conditions on earthworm populations around

the groove profiles.

Soil bulk density around

the groove profiles:

Table 38 shows the effects of direct drilling seed sowing techniques
and contrasting surface residue conditions, on soil bulk density around
the groove profiles, together with the interactions between these two
parameters. From the Table , there appeared to be a very small but
significant (P<0.05) effect of direct drilling seed sowing techniques on
30il bulk densities arcund the groove profiles. The grooves of the
winged (1.3M g/cm3), triple dise {(1.34 g/cm ), and power-till (1.3Y4
g/cm3) openers showed significantly higher bulk densities than the
grooves of the puneh planter (1.33 g/cm ) and hoe {1.33 g/cm3) openers

and the surface broadcasting (1.33 g/cm ) technique.

The contrasting surface residue conditicons had no significant

(P<0.05) effects on soil bulk densities around the groove profiles.



Table 37 : Effects of direct drilling seed sowing techniques and contrasting crop residue
conditions, on earthworm populations arcund the groove profiles, in the absence
of earthworms {in carbaryl treated pots), under simulated rain conditions.

Seed sowing fechniques Residue Interactions
Winged Triple Hoe Power- Punch Surface HNR¥ R¥# Winged Triple Hoe Power- Punch Surface
disc £ill planter broad- Seed disc £ill planter broad-
casting sowing casting
techniques/
Residue

Populations per cope®¥#

0.8 0.5 1.2 2.0 1.5 0.7

‘l-? 005 NR 107 003 1-3 J"-0 2&7 0;3 SED‘I:‘I.&B
a a a a a a a a

R 0.0 0.7 1.0 0.0 0.3 1.0 SED2=1.73

*NR No surface residue present.

* ¥R Surface residue present.

*x Core volume 1.13 litres.

Unlike letters in a row denote significant differences { P<0.05).
SED1=Standard error of difference within opener tyeps.
SED2=Standard error of all other interactive differences.

Loz



Table 38: Effects of direct drilling seed sowing techniques and contrasting crop residue

conditions, on soil bulk density and soil moisture content around the groove prefiles,
in the absence of earthworms, under simulated rain conditions.

Seed sowing techniques Residue Interactions
Winged Triple Hoe Power- Punch Surface NR* R*® Winged Triple Hoe Power- Punch Surface
disc till planter broad- Seed disc till planter broad-
casting sowing casting
techniques/
Residue
soil bulk 1.34 1.34 1.33 1.34 1.33 1.33 1.33 1.34% NR 1.34 1.33 1.33 1.34 1.34 1.32 SED1=0.005
density a a b a b b a a
- ? R 1.33 1.35 1.34 1.34% 1.33 1.34 SED2=0.006
(g/cm

S0il moisture

content 38.4 39.6 38.9 39.1 38.6 38.2 38.7 38B.9 NR 37.6 39.6 38.9 39.5 39.5 37.9 SED1=0.339
(% d.b) d a be ab cd d a a

R 39.2 39.5 39.0 38.7 38.6 38.5 S5ED2=0.383

*NR No surface residue present.

¥*R = Surface residue present.

Unlike letters in a row denote significant differences (P<0.05).
3ED1=Standard error of difference within opener types.
SED2=Standard error of all other interactive differences.

c0z
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The interactions between direct drilling seed sowing techniques and
surface residue conditicns did nog show any consistent trends. All
values however (range 1.33-1.34 g/cm ) were reasonably high in relation

to favourable root growth conditions (1.32 g/cm ), as reported by Mai

(1978).

S0il meoisture content around

the groove profiles:

Table 38 also lists the effects on s0il meisture contents around the
groove profiles of direct drilling seed sowing techniques and contrasting
surface residue conditions, together with the interactions between these
two parameters. The Table shows that there were small but significant
{P<0.05) effects of direct drilling seed sowing techniques on percentage
5011 moisture contents (d.b) arcund the groove profiles. The grooves of
the triple disc (39.6%) opener were slightly, but significantly, wetter
than all other grooves except that of the power-till opener (39.1%). The
next largest group of grooves were those o¢of the power-till and hoe
(38.9%) openers. This was fcllowed by a group containing the grooves of
the hoe and punch planter (38.6%) openers, which were themselves followed
by a group of the punch planter and winged cpener together with the
surface broadcasting technique (38.2%9). There were no significant
differences between the grooves of <the triple disc and power-till

openers; nor between the grooves of hoe and power-till openers.

The contrasting surface residue conditions showed no significant

effects on soil moisture content.

The interactions showed that while the winged opener gained so0il
moisture from the presence of residue, the power-till and punch planter

openers lost s0il moisture under the same conditions.
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3.6.4 Effects of direct drilling seed sowing techniques

and surface residue in the presence of earthworms

{Experiment 11}

{a) Objectives:

The principal objective of this experiment was Lo determine the
effects on seed and seedling performance and =30il physical conditions of
six techniques of seed sowing in an untilled seedbed, and contrasting
surface residue conditions under simulated rain, in the presence of

earthworms in a saturated soil.

In this experiment, the aix direct drilling seed sowing technigques
used were again the winged, triple disc, hoe, power-till and punch
planter openers, and surface breoadcasting. #ll other conditions during

the experimental period were identical to Experiment 10.

{b) Results and Discussion:

Seedling emergence:

Table 39 shows the effects of direct drilling seed sowing technigues
and contrasting surface residue conditions on percentage seedling
emergence, and the interactions between these two parameters, in the
presence of earthworms. There were significant (P<0.05) differences in
percentage seedling emergence, due to opener tLypes. The surface
broadcasting showed a signifieantly higher percentage of seedling
emergence (85.3%) than all other treatments. The power-till (62.3%) and
winged (61.7%) openers were the next highest group, followed by a group
containing the winged and hoe (52.3%) openers, which was itself followed
by a group comprising the triple disc (21.0%) and punch planter (16.0%)

openers.

The contrasting surface residue conditieons had a significant

{P<0.05) effect on the mean of seedling emergence across all opener

types. The presence of surface residue showed a significantly higher



Table 39: Effects of direct drilling seed sowing techniques and contrasting crop residue

conditions, on seed fate of barley, in the presence of earthworms, under simulated
rain condiéions.

Seed fate Seed sowing techniques Residue Interactions
winged Triple Hoe Power- Punch Surface NR¥ R#A Winged Triple Hoe Power- Punch Surface
disc till planter broad- Seed dise till planter broad-
caating sowing casting
techniques/
Residue
Seedling 61.7 21.0 52.3 62.3 16.0 85.3 46.0 53.6 NR U8.,0 2U4.7 u0.0 62.0 14,7 86.7 SED1=6.15
emergence bc d c b d a b a
(%) R 75.3 17.3 64,7 62.7 17.3 B84.0 SED2=7.16
Ungerminated
" or 16.7 U5.3 21.0 15.3 43,7 5.8 26,0 22.8 ¥R 20.3 42.0 26.7 16.7 U6.7 6.3 BEDY=4,62
dead seeds b a b b a c a b
(%) R 13.0 48.7 15.3 14.0 40.7 5.3 SED2=4.06
Germinated
but 21.7 33.7 26.7 22.3 U0.3 8.0 27.6 23.6 NR 31.7 33.3 33.3 21.3 138.7 7.0 SED1=4.76
unemerged c¢ b ol c a d a b
seeQi}ngs R 11.7 34,0 20.0 23.3 42.0 10.7 SED2=5.45
L
Rooct 13.3 8.5 13.5 21.5 8.5 12.8 11.4 14.6 HNR 11.0 9.6 12.3 18.3 6.3 11.0 SED1=1.6
weight b c b a c b b a
{mg) R 15.6 7.3 14.6 24.6 10.6 14.6 SED2=1.2
Shoot 33.0 20.5% 29.1 45.5 24,0 27.1 28.1 31.6 NR 21.3 22.3 26.0 41,6 22.6 24.6 SED1=2.3
weight b d c a C c b a
{mg) R 34,6 18.6 32.3 49.3 25.3 29.6 SED2=2.1
¥NR = No surface residue present.

¥R - Surface residue present.

Unlike letters in a row denote significant differences (P<0.05},
SED1=Standard error of difference within opener types.
SEDZ2=Standard error of all other interactive differences.

s0¢
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Effects of direct drilling seed sowing techniques and
contrasfing crop residue conditions, on seedling emergence
ratea of barley, in the presence of earthworms,under
simulated rain conditions.
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number of emerged seedlings (53.6%) than where the surface residue was

absent (146.0%).

There appeared to be strong interactions between direct drilling
seed sowing techniques and surface residue conditions. The surface
broadcasting, with and without surface residue, was superior te¢ other
openers and residue treatments, except the winged opener in residue. The
latter opener was also similar te the hoe opener in residue and
power-till opener with and without residue. Only the winged and the hoe
openers in residue, and the power-till opener both with and without
residue, promoted more than 50% seedling emergence. Under residue
conditions the performance ¢f the triple disc¢ and puneh planter openers,

appeared to be very similar.

Figure 42 shows the rate of seedling emergence as affected by direct
drilling seed sowing techniques in the two surface residue c¢conditions.
It appears that those treatments which eventually promoted 50% or more
seedling emergence experienced an emergence rate almost twice that of
those which achieved less than 50% maximum seedling emergence. However,

all treatments plateaued at about the same time {day 11).

Ungerminated/dead seeds:

Table 39 also shows the effects of direct drilling seed sowing
techniques and contrasting crop residue condticns, on ungerminated/dead
seeds, and the interactions between these two parameters. The Table
shows  that there was a significantly (P<0.05) larger number of
ungerminated/dead seeds in the grooves of triple disec (45.3%) and punch
planter (43.7%) openers, compared with the grooves of the winged (16.7%),
hoe {21.0%) and power-till (15.3%) openers, which were themselves more

numerous than the surface broeoadecasting (5.8%) treatment.

The contrasting surface residue conditions had a significant
{P<0.05) effect on the percentage of ungerminated/dead seeds. The
absence of surface residue {26.4%) resulted in significantly (P<0.05)

more dead or ungerminated seeds than where surface residue had been

present (22.8%).

The interactions appeared to confirm trends from earlier experiments
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that the presence of surface residue reduced the numbers of
ungerminated/dead seeds in the winged and hoe openers. Lowest overall
numbers of such seeds were recorded with surface broadcasting (with and
without residue) and the winged cpener with residue. The best performed
true opener ¥ residue combinations appeared to be the winged and hoe
openers In residve and the power-till opener with or without residue.
The triple disc and punch planter openers both with and without residue,
resulted in the highest counts of ungerminated/dead seeds. Perhaps the
high number of dead seeds with the punch planter was due to 1its very
confined discontinuous Ygroove' which was observed to accumulate water,

in which the seed might have remained for an extended period of time.

"Germinated but unemerged! seedlings:

Table 39 also shows the effects of direct drilling seed sowing
techniques and contrasting surface residue conditions, on "germinated but
unemerged™ seedlings, and the interactions between these two parameters.
From the Table it appears that there were significant (P<0.05) effects of
opener types on the percentage of "germinated but unemerged" seedlings.
The “grooves" of the punch planter sustained the highest counts (40.3%)
followed by the grooves of the triple dise (33.7%) opener, which were
significantly greater than the grooves of a group of openers containing
the winged (21.7%), hoe (26.7%)}) and power-till (22.3%) openers. The
lowest count of "germinated but unemerged"™ seedlings was with the surface

broadcasting treatment (8.0%).

The contrasting surface residue conditions had a significant
{P<0.05) effect on the counts of "germinated but unemerged' seedlings
with the lower count being associated with the retention of residue on

the s0il surface.

The infteractions between direct drilling seed sowing techniques and
surface residue conditions appeared to favour surface broadcasting and
the winged cpener in residue. The punch planter and triple disc openers
were the only treatments to show reasonably large numbers of "germinated

but unemerged" seedlings in residue.
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Summary of seed fate:

The collective seed fate data are shown in Figure 43. Collectively
the six treatments seemed to group themselves roughly into 3 groups. The
surface broadcasting gave a very good performance and appeared to be
little affected by the presence or absence of surface residue. The
winged, hoe and power-till openers all performed reascnably well in
residue but suffered a little without residue {except the power-till
which was unaffected, possibily because it mixed the residue with the
soil). Finally, the triple disc and punch planter openers both performed

poorly although residue did help the performance of the punch planter a
little.

Dry matter weight of roots:

Table 39 also shows the effects of direct drilling seed sowing
techniques and contrasting surface residue conditions, on dry matter
weights of roots, and the interactions between these two parameters in
the presence of earthworms. From the Table, it is apparent that there
were significant {P<0.05) effects of direct drilling seed s0wing
techniques on the per plant dry matter weights of rcots. Roots in the
grooves of the power-till opener were significantly heavier (21.5 mg)
than roots in the grooves of the winged (13.3 ng) and hoe (13.5 mg)
openers, together with surface broadcasting (12.8 mg). These, in turn
were significantly heavier than roots in the grooves of the {riple disc

(8.5 mg} and punch planter (8.5 mg) openers.

The contrasting surface residue conditions had a significant
{P<0.05) effect on the dry matter weights of roots per plant. The
surface residue conditions (14.6 mg) showed significantly heavier root

weights per plant than the no-residue conditicns (11.4 mg).

The interactions between direct drilling seed sowing techniques and
surface residue conditions showed that all treatments increased root
weights in the presence of surface residue except the triple disc opener
which decreased root weights by approximately 20%. This together with
the punch planter opener in no-residue, appeared to record the lowest

root weights of all direct drilling seed sowing techniques. The

power-till opener recorded the highest root weight readings in the
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presence of surface residue. Even Without residue this copener recorded

higher root weights than any other seed sowing technique.

Dry matter weights of shoots:

Table 39 also lists the effects of direct drilling seed sowing
techniques and contrasting surface residue conditions, on dry matter
weights of shoots and the interactions between these two parameters.
From the Table, it appears that the shoot weight data were very similar
to the root weight data. The grooves of the power-till opener hnad the
heaviest shoots (44.5 mg), which were significantly (P<0.05) heavier than
in the grooves of the winged opener (33.0 mg). These in turn were
significantly heavier than the grooves of the hoe (29.1 mg) and punch
planter (24.0 mg) openers and the surface broadecasting (27.1 mg)
treatment, which were significantly heavier than in the grooves of the

triple disc opener {20.5 mg).

The contrasting surface residue conditions had a gignificant
(P<0.05) effect on sheot weights per plant. The presence of surface
residue showed significantly higher shoot weights per plant {(31.6 mg)

than where surface residue was absent {(28.1 mg).

The interactions between direct drilling seed sowing techniques and
surface residue conditions indicated that the power-till and hoce openers
and surface broadcasting benefitted from the presence of surface residue.
The triple disc opener was disadvantaged by the presence of residue, and
in fact, showed the lowest shoot weight per plant of all treatments.
Again this might have reflected residue/seed contact. The shoot weights
of the power-till opener, in residue, were higher than the next best

treatments, which were the winged and hoe openers in residue.

Oxygen diffusion rate (ODR)

around the groove profiles:

Table 40 shows the effects of direct drilling seed sowing techniques
and contrasting surface residue conditions, on ODR regimes around the
grooves profiles, and the interactions betuween these two parameters on

days 0, 7, 14 and 2%. From the Table, there appeared to be ne¢



Table 40: Effects of direct drilling seed sowin% techniques and contrastin% crop reaidue
conditions, on oxygen diffusion rate (ODR) around the groove profiles, in the
presence of earthworms, under simulated rain conditions.

Days from 3eed sowing techniques Residue Interactions
sSOWing
Winged Triple Hoe Power- Punch Surface NR® R¥#* Winged Triple Hoe Power- Punch Surface
disc tili planter broad- Seed disc till planter broad-
casting aowin casting
techniquesa/
Residue
-8 2
ODR (gx10/cm/mi)
0 49,7 L9.8 U49.9 49,6 47,8 L48.3 48.9 4¥9.5 NR #49.2 U49.9 U48.9 U49.6 47.7 U8.4 SED1=1.48
a a a a a a a a
R 50.2 u49.8 50.8 49.6 U48.0 L48.3 SED2=1.54
T 18.2 16.8 17.8 21.0 17.1 16.8 17.3 18.6 KRR 16.9 17.1 17.4 20.3 16.1 16.0 SED1=0.49
b c b a c c b a
R 19.4  16.4 18.1 21.7 18.0 17.7 SED2=0.59
14 4.4 12.7 14.3 17.8 t4.1 14,4 12.5 16.7 ¥R 11.8 11.2 11.8 16.8 11.2 12.1 SED1=0.45
b c b a b b b a
R 16,9 14.3 16.8 18,9 17.0 16.6 SED2=0.46
21 5.3 12.9 14.9 14,7 13.4 13.2 12.2 15.9 ¥R 12.7 11.3 12.4 13.9 11,1 11.8 SED1=0,44
a b a a b b b a
R 17.9 14.4 17.5 15.4 15.7 1L4.7 SED2=0.38

13

*NR No surface residue present.

*#E = Surface residue present.

Unlike letters in a row denote significant differences ( P<0.05),
SED1=Standard error of difference within opener types.
SEDZ2=Standard error of all other interactive differences.

cLe
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significant effects of direct drilling seed sowing techniques on 0DR
regimes on day 0. However, on days 7, 14 and 21, the effects of direct
drilling seed sowing techniques wWere significant (P<0.05). On day T, the
ODR regimes around the grooves of the power-till opener were
significantly higher (21.0x10F g/cmzfmin) than that around 8t.he gErooves
of the winged (18.2x10_ g/cmzfmin) and hoe (17.8x10‘ g/cmzfmin)
openers. These twe were in turn significantly higher t%an the COCDR
regimes around the grooves of the triple disec (16.8x10" g/cmz/min),
punch planter (I?.1x10- g/cmz/min) openers and surface broadeasting
(16.8x%10 g/cmz/min). This situation was similar on day 14, except that
the ODR regimes around the punch planter and surface broadcasting had
increased to be not significantly different from the winged and hoe
openers. This meant that the triple disc opener now showed significantly
the lowest ODR regimes of zall treatments on this day. By day 21 the QDR
regimes in the vicinity of the grooves created by the winged (15.3x10-8
g/cmzlmin), hoe (1&.9x10- g/cmzfmin), and  power-till (1”.7x10_

g/cmzfmin) were significantly (P<0.05) higher than theSODR re%imes in the
vicinity of the grooves of the triple disc (12.9x10 g/cm /min), and
punch planter (13.Nx10-8 2g/cm2/min} cpeners together with surface

broadecasting (?3.2x10— g/cm /min).

The contrasting surface residue conditions had a significant
{(P<0D.05) effect on ODR regimes on day 7, 14 and 21, but not on day 0.
The presence of surface residue showed a significantly higher QDR regimes
on days 7, 14 and 21 than the absence of surface residue. The magnitude

of this difference, in fact increased with time.

The interactions between direct drilling seed sowing techniques and
surface residue conditions did not show any consistent treands on day 0,
but on days 7, 14 and 21 (with two exceptions; viz triple disc and hoe
on day 7) the ODR regimes around the groove profiles in residue,
regardless of the geometry of the grooves, were consistently higher than
in no-residue conditions. These higher ODR values in residue might be

attributed to increasing earthworm activity, with time (see Table 43).

Figure 44 shows the ODR regime changes for each seed sowing
technique with time, under the contrasting crop residue conditions. It
appears from all curves that between days 0 and 7 there was rapid

reduction in mean ODR values under both contrasting residue conditions,
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regardless of the geometry of the grooves. However, between days 7 and
21 {the terminal day), under residue, ODR regimes remained almost
constant with the winged, triple disc and hoe openers, but continued to
decline with the punch planter, power-till openers and surface
broadcasting. HNo logical explanation for the slight deeline of ODR
regimes could be given, as earthworm activity under the residue was
considered to be high. By ceontrast, under no-residue conditions,
regardless of the gecmetry of the grooves and surface broadcasting, the
ODR regime between days 7 and 231 was generally lower and continued to

decline slightly compared with residue conditions.

Figures U45a-f are a family of iso~0DR lines which illustrate the
average cumulative ODR data for days 7-21 for each groove and residue
condition. As described in Section 3.2, the Figures are arbitrarily
divided igto three zcnes. The low ODR zone represents ODR valueg of 15 x

10 g/em /min  and below. The medium zone is 15-18 ; 10 g/cm /min and

the high zone represents ODR values of 18 x 10 g/ecm /min and above.

The Figures show that the ODR zones under the constrasting residue
conditions around the grooves of three openers, winged, triple disc and
hoe were similar to those described in Secticn 3.2. For example, under
crop residue conditions the medium ODR range extented down to 60-70 mm
below the base of the grooves of the winged {Fig. 45a above) and hoe
(Fig. U5c above) openers. By contrast, under nco-residue conditions
(Figures U45a and U45c below) the depth of the medium ODR zone was much
shallower {30-45 mm) in these grooves. The width of the medium zones
With the winged and hce o¢peners under both residue and no-residue
conditions extended upto 90 mm either side of the grocove centres (which
was the limit of measurement). Both these openers showed a large zone of

high ODR immediately beneath the grooves under residue cconditions.

The grooves of the triple disc opener, extended the medium ODR =zone
down to only 13 mm and %0 mm in the residue (Fig. U45b above} and
no-residue {Fig. U45b below) conditions respectively. The width of this
zone was also very restrictive, being about 20 mm either side of the
groove with no-residue and only 5 mm under residue conditions. The
cceurrence of a secondary medium ODR zone under residue conditions with
the triple dise was thought to be of no consequence, as a zcne of about

40 mm of low ODR separated the two medium ODR zones. The grooves of the
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triple disc opener showed no zones of high ODR, except 50 mm to the sides
of the grooves under the residue conditions, which was thought to be of

no consequence as it was alsc isclated from the groove by a 40 mm zone of

low ODR.

The depth ¢f the medium ODR zones in the grooves of the power-till
opener, extended to 75-80 mm and 50-7T0 mm below the base of the groove
under residue (Fig. 454 above) and no-residue (Fig. 45d below)
conditions respectively. Under both residue conditions, this opener
showed large zones of high ODR immediately below the groove base. The
zone of high ODR gradually became shallower as it extended from the
centre of the groove and had a maximum width of 50 mm either side from
the centre of the groove. The width of the medium ODR zone with this
opener under both residue and no-residue conditions extended up te 90 mm

either side of the groove centre (which was the limit of measurement}.

The grocve of the punch planter opener under residue conditions (Fig
45e above) extended the zone of medium ODR 60-75 mm down from the base of
the groove. The width of this zone in residue extended to at least 90 mm
either sides of the groove, This opener showed a high ODR zone
immediately below the groove ©base under crop residue conditiona. The
punch planter opener showed a zone of medium ODR only 10 mm down from the
centre of the groove in no-residue (Fig. 45e below) conditions. The
width of this 2zone was very restrictive, being only about 20 mm either
side of the groove, This medium CODR zone was totally encircled by a low
ODR zone on both sides of the groove centre. Another small medium QDR
zone started B0 mm away from the centre of the groove, but this zone was
thought to be of no consequence as both medium QDR zones were isolated by

about 60 mm of a low ODR zone in between.

In the undisturbed soil of the surface broadcasting treatment under
residue conditions (Fig.Y45f above), the zones of medium and high ODR
extended 50-70 and 20-35 mm respectively below this U0 mm point. The
width of medium ODR <zZones extended at least 90 mm either side from the
centre of the undisturbed area. Under no-residue (Fig. U45f below), the
surface broadcasting treatment extended a medium ODR zone to only 10-25
mm below a point where seeds were deposited with the opener treatments

(viz 40 mm below the soil surface). Surprisingly, the undisturbed soil

surface had a larger zone of medium ODR value than the punch planter
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opener in no-residue. HNo logical explanation could be given for this.

Viewed as a family of curves the overall impression is that only the
power-till and triple disc openers substantially altered the distribution
of ODR zones, compared with the ‘"undisturbed" soil under surface
broadcasting. The response of the soil per.se. to surface residue was
clear. Introcduction of residue resulted in a high ODR 2zone, where a
medium ODR zone, had been the maximum available in the absence of surface
residue. Even then, the power-till opener had its major effect with
no-residue, when it disturbed {(aerated) a 100 mm wide zone and thus
promoted an artificially high ODR zone where none existed with any of the

~other openers.

The effect of the triple disc opener was all negative. It clearly
reduced porosity around the groove, which Mai (1978) had earlier
demonstrated. The result was to isoclate the groove itself from any
beneficial effects which residue might have had on the soil, and in the
absence of such residue, to do nothing to promote even a continuous zone

of medium ODR which would have been the maximum available with

no-residue.

Earthworm populations around

the groove profiles:

Table H1Ishow3 the effects of direct drilling seed sowing technigques
and contrasting surface residue -conditions, on earthworm populations
around the groove profiles, and the interactions between these two
parameters. It appears from the Table , that the grooves of the winged
{18.7), hoe (17.3), and power-till {18.7) openers together with surface
broadcasting (18.0) had a significantly (P<0.05) higher number of
earthworms around their grooves than was the case with the punch planter
opener {14.2) which itself had significantly more earthworms than the

triple disc opener (8.7).

The ceontrasting surface residue conditicns had a significant
(P<0.05) effect on earthworm populations around the groove profiles. The
presence of surface residue encouraged significantly more earthworms

(19.9) than where resiude was absent {11.9).

The interactions between seed sowing techniques and surface residue



Table 41: Effects of direct drilling seed sowing techniques and contrasting crop residue

conditions, on earthwerm Eogulations arcund the groove profiles, in the presence
a

of earthworms, under simu ed rain conditions.

Seed sowing techniques Regidue

Interactions

Winged Triple Hoe Power- Punch Surface NR* R¥*#

Winged Triple Hoe Power- Punch Surface

disc till planter broad- Seed disc till planter broad-
casting sowing casting
techniques/
Residue
Populétions per core¥¥¥
18.6 8.7 17.3 18.7 1.2 18.0 11.9 19.9 NR 12.7 8.0 12.7 14.3 10.0 13.7 SED1=2.06
a c a a b a b a
R 24,7 9.3 22.0 23.0 18.3 22.3 SED2=2.17

¥NR No asurface residue present.
¥R = Surface residue present.
%%  Core volume=1.13 litres.

1

Unlike letters in a row denote significant differences (P<0.05).

SED1=Standard error of difference within opener types.
SED2=Standard error ¢of all cther interactive differences.

vyeg
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le 42:

Effects of direct drilling seed sowing techniques and contrasting crop residue
conditions, on populaticns of earthworm species around the groove profiles, in
the presence of earthworms, under simulated rain conditions.

Earthworn Seed sowing techniques Rezidue Interactions
species .
Winged Triple Hoe Power- Punch Surface NR¥® R%¥ Winged Triple Hoe Power- Punch Surface
disc till planter broad- Seed disc till planter bread-
casting sowing casting
techniques/
Residue
Populations per core®%®
A. longa 2.7 0.7 0.8 1.8 1.2 1.8 1.4 1.6 NR 2.3 1.3 0.0 1.7 1,0 2.0 SED1=0.96
- a a a a a a a a
R 3.0 0.0 1. 2.0 1.3 1.7 SED2=0.91
L. rubellus 9.7 5.2 9.8 8.8 T.5 6.0 5.5 10.2 HNR y.7 5.0 7.0 6.3 5.7 4.3 SED1=2.69
[ a a a a a a b a
R 1“0? 5-3 12-7 11 9»3 TO? SEDZ=3-O”
A. caliginosza 6.3 2.8 6.7 8.0 5.5 10.2 5.0 8.2 NR 5.7 1.7 5.7 6.3 3.3 7.3 SED1=2.19
- T b o] ab ab b a b a
R 7.0 4.0 7.7 9.7 7.7 13.0 SED2=2.17
ENR = No surface residue present.
::ﬁ = Surface residue present.

Core volume=1.131litres.

Unlike letters in a row denote significant differences {P<0.05}.
SED1=Standard error of difference within opener types.
SED2=3Standard error of all cother interactive differences.

Sege
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conditions shewed a consistent trend amengst all direct drilling seed
sowing techniques (except the triple disc opener) towards greater numbers

of earthworms under residue than under no-residue conditions.

Table 42 shows the effects of direct drilling seed sowing techniques
and crop residue conditions, and the interactions between these two
parameters, on the distribution of the three earthworm species

(Allolobophora longa, Lumbricus rubellus, Allolobophora caliginosa)

present in the undisturbed soil. The Table shows that direct drilling
seed sowing techniques had no significant effects on numbers of

Allolobophora longa and Lumbricus rubellus, but there appeared to be a

significant effect of direct drilling seed sowing fechniques on

Allclobophora caliginosa. The triple disc copener grooves promoted the

lowest numbers of this species. ' Surface broadcasting together with the

hoe and power-till openers promoted the highest numbers of Allolobophora
caliginesa. There appeared to be no significant differences amongst the

grooves of the winged, hce, power-till and punch planter openers with

Allolebophera caliginosa.

The contrasting crop residue conditicns had a significant effect on

Lumbricus rubellus and Alleclobeophora caliginosa. Both species were more

numerous under residue than with under no-residue conditicns. However,
the contrasting c¢rop residue conditions had no significant effect on

numbers of Allolobophora longa.

The interactions between direct drilling seed sowing techniques and

crop residue conditions showed higher numbers of Lumbricus rubellus in
the grooves of the winged, hoe and perhaps power-till openers in residue,
than in no-residue conditions. Such results were similar teo pot

éxperiment 8. Allolobeophora caliginosa responded positively to residue

in the surface broadcasting treatment.
Area indices of earthworm activity:

The area indices of earthworm activity {(the preportion of ground
adjacent to the groove which was covered by earthworm holes and/or casts)
were measured on days 7, 14 and 21. Table 43 shows the area indices of
earthworm activity arcund the groove profiles, as a function of direct

drilling seed sowing techniques and contrasting surface residue



Table 43: Effects of direct drilling seed sowing techniques and contrasting crop residue
conditions, on area indices of earthworm activity around the groove surfaces,
in the presence of earthworms, under simulated rain conditions.

SED1=0.0114
SED2=0.0136

SED1=0.014
SEDZ2=0,015

SED1=0.0134
SED2=0.0136

Days from Seed sowing techniques Residue Interactions
sowing
Winged Triple Heoe Power~ Punch Surface NR* R¥¥ Winged Triple Hoe Power- Punch Surface
disc till planter broad- Seed disc £ill planter broad-
casting sowing ' casting
techniques/
Residue
Area index¥*®¥
T 0.073 0.040 0.068 0.073 0.074 0.07H 0.060 0.074 NR 0,060 0.046 0,062 0.063 0.063 0.066
: a b a a a a b a
R 0.086 0.034 0.074 0.082 0.084 0.081
14 0.085 3.045 0.078 0.088 0.081 0.086 8.069 0.085 NR 0,072 0,046 0.064 0.079 0.073 0.078
a a a a a a
R 0.098 0.045 0,091 0.097 0.088 0.093
21 0.099 0.049 0,084 0,094 0.088 0.093 0.075 0.094 NR 0.085 0.048 0.069 0.083 0.079 0.084
a b a a a a b a
R 0.112 0.050 0.098 0.105 0.098 0.101
*NR = No surface residue present.
¥¥R = Surface residue present. 2

2
®%¥%  prea of casts or earthworm holes (m )/0.12 m soil surface area.
Unlike letters in a row denocte significant differences {(P<0.05).
SED1=z=3tandard error of difference within opener types.
SEDZ2=Standard error of all other interactive differences.

L2282
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conditions, and the interactions between these two parameters. The Table
indicates significant {P<0.05) effects of direct drilling seed sowing
techniques on the area indices. On each of the measuring days 7, 14 and
21 the grcocoves of the triple disc cpener showed significantly lower area
indices (day 21; 0.049) than all other grooves ( day 21; winged, 0.099;
hoe, 0.084; power-till, 0.094; punch planter, 0.088 and surface
broadecasting, 0.093).

The contrasting surface residue conditions had a significant effect
on area indices. On each of the measuring days 7, 14 and 21 the surface
residue conditions showed a significantly higher area index than

no-residue conditions.

The interactions between direct drilling seed sowing techniques and
surface residue conditions emphasized the low level of earthworm activity
around the groove profile of the triple disc opener in residue compared
with all other direct drilling seed sowing techniques under residue

conditions on all sampling days.

These data closely parallel the c¢cunts of earthworm populations,
which suggests that the area indices of earthworm casts may be a

reasonably accurate way of reflecting populations as well as activity.

Spil bulk density around

the groove profiles:

Table U4 lists the effects of direct drilling seed sowing techniques
and contrasting crop residue conditicns, on soil bulk density around the
groove profiles, and the interactions between these twc parameters. It
appears from the Table that the grooves of the triple disc opener showed
a significantly (P<0.05) higher bulk density (1.25 g/Cm3) than the
grooves of the power-till (1.20 g/cm ), punch planter {1.21 g/cm )}
openers, together with surface broadcasting (1.21 g/cm }, which were
themselves significantly higher than the grooves of the winged (1.16
g/cm )} and hoe {1.17 g/em )} openers. The latter two openers were not

gignificantly different.

The contrasting surface residue conditions had a significant

(P<0.05) effect on the scil bulk density around the groove profiles. The



Table U4: Effects of direct drilling seed sowing techniques and contrasting crop residue

conditions, on soil bulk density and soil moisture content around the groove profiles,
in the presence of earthworms, under simulated rain conditions.

Seed sowing brechniques Residue Interactions
Winged Triple Hoe Power- Punch Surface NR* Ri# Winged Triple Hoe Power- Punch Surface
disc £ill planter broad- Seed disc till planter broad-
casting sowing casting
techniques/
Residue
s0il bulk 1.16 1.25. 1.17 1.20 1.21 1.21% 1.23 1.17 HR .20 1.27 1.21 1.22 1.23 1.23 SED1=0.008
density ¢ a c b b b a b
i 3 . R 1.12 1.23 1.13 1.17 1.19 1.18 SED2=0.007
{g/cm ) _

Seoil moisture
content 32.7 34.2 33.1 32.8 33.7 33.4 33.7 32.9 NR 33.2 34.4 33.5 33.0 34.5 33.9 SED1=0.249
a

(% d.b) d a cd b be
. R 32.2 34.0 32,7 32.6 33.0 32.9 SED2=20.192

ENR No surface residue present.

¥¥R - Surface residue present.

Unlike letters in a row denote significant differences {(P<0.05).
SED1=Standard error of difference within opener types.
SEDZ2=8Standard error of all other interactive differences.

[EI 31
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crop residue conditicons showed a significantly lower soil bulk density

3
(1.17 g/em ) than the no-residue conditions (1.23 g/cm3).

The interactions between direct drilling seed sowing techniques and
crop residue conditions confirmed the main and subtreatment effects, with
a censlstent trend of lower soil bulk density around the groove profiles
in residue, with each opener. The triple disc opener, both in residue
and nc-residue displayed the highest soil bulk density of all treatments

which might cenfirm the data of Mai (1978).

Soil moisture content (% d.b.)

around the groove profiles.

Table 44 also shows the effect of direct drilling seed sowing
techniques and . contrasting crop residue conditions, on scil moisture
content around the groove profiles, and the interactions between these
two parameters. It appears from the Table, that the grooves of the
triple disc opener were slightly but significantly (P<0.05) wetter
(34,2%) than the grecoves of all other direct drilling seed sowing
techniques. The next wettest group of groovea were those ¢f the punch
planter opener (33.7%) and surface broadecasting (33.4%). This was
followed by a group containing the hoe (33.1%), winged (32.7%) and
power-till (32.8%) openers. The grooves in the latter group were not
gignificantly different. There were nco significant differences between

the Y“groovea' of the punch planter and surface broadcasting; nor between

surface broadcasting and the hoe opener.

The contrasting surface residue conditions had a significant
{(P<0.05) effect on soil moisture contents (% d.b.) around the groove
profiles. The no-residue conditicns showed slightly but significantly
(P<0.05) higher so0il moisture contents (33.7%) than residue conditions

(32.9%).

The interactions between opener types and crop residue conditions
appeared to confirm the main and subtreatment effects (with the possible
exception of the triple disc and power-till openers} of reduced soil

moisture contents in the presence of residue.
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3.6.5 Discussion of Experiments 10 and 11

Although these two experiments were conducted separately, the soil,
direct drilling seed sowing techniques, residue, ambient temperatures and
simulated rainfall were as nearly identical as possible. The experimehts
were conducted under controlled climatic conditions for this reason. The
two experiments are, therefore, compared and contrasted below. The

combined impressions of these two experiments are:

1. The effects of direct drilling seed scwing techniques in the
absence and presence of earthworms were confirmed (insofar as the winged,
triple disc and hoe openers were concerned), together with an almost
predictable extension of these principles for three further seed sowing

methods.

2. A high level of agreement was noted between measurements of
seedling emergence, ODR regimes, earthworm numbers and activity, and soil

bulk densities, in reflecting treatment differences.

Most of the comparable results of Experiment 10 {(in the absence of
earthworms) were similar tc those of Experiment 7 (Section 3.Y4) described
earlier {alsc in the absence of earthworms) under simulated rain
conditions. Experiment 10 compared a wider range of direct drilling seed
sowing techniques, than Experiment 7, including surface broadcasting,
power-till and punch planter openers. Unlike Experiment 7, however, {or
because of the increased treatment numbers) the effects of the major
treatment factor (direct drilling seed sowing techniques} did show some
significant differences in seedling emergence, seed fate, root/shcot
weights and ODR regimes, although there were still no differences in soil

bulk densities and sc¢il moisture contents arcund the groove profiles.

The power-till, punch planter openers and surface broadcasting
treatments were introduced to examine treatments which might have been
expected tc represent the extreme ends of the range. The power-till and
surface broadcasting treatments were expected to introduce high levels of
ODR, while with the punch planter, which disturbed the s0il the least but
3t£ill buried the seeds, ODR might have been low. The power-till

disturbed a wider than usual zone of soil (100 mm).
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Perhaps, therefore, in the absence of earthworms, it was not
surprising that the surface broadcasting treatment showed the highest
level of seedling emergence (89%). 1In the absence of earthworms, the
rates of emergence from the power-till grooves and surface breoadcasting
during the firat five days were also higher than all other direct
drilling seed sowing techniques. Clearly the surface broadecasted seeds
were exposed to the maximum atmospheric oxygen and under the simulated
rain there was always sufficient moisture for rapid germination of seeds
and seedling emergence. Similar reasoning {although with a reduced
availability of atmospheric oxygen) could be applied tc the grooves of
the power-till opener. The surface broadecasting treatment, however,
could not be expected to form the basis of a commercial practice for
untilled s¢ils to sow cereals 1in variable c¢limates, because of the
unreliable precipitation moisture supply that could be expected to occur
in the field. It should also be noted that under the experimental
conditions, seeds were delié;ately placed under the residue on the seil
surface (using forceps) which.éould not be expected to be realistically
duplicated in the field. The power-till copener on the other hand, could
be viewed as something close to a fully tilled seedwbed, or at 1least as

strip tillage.

In contrast to the above results, in the presence of earthworms the
two major treatment factors (direct drilling seed sowing techniques and
contrasting crop residue conditions) had significant effects on 3seedling
emergence, seed fate, root/shoot weights, ODR regimes, earthworm
populations and their activity, soil bulk densities and =s0il moisture
contents around the grcove profiles. Seedling emergence, in general, was
lifted mérkedly by the presence of earthworms, and in many cases could be
considered highly satisfactory from a practical stand point. For
example, surface breadecasting (beoth with and without residue) and the
winged opener with residue, promoted mecre than 75% seedling emergence. A
group of treatments including the power-till opener {(with and without
residue) and the hoe opener with residue promoted more than  60%
emergence. These results were similar to the experiments (2, 3 and 8)
reported earlier. The reasons for the good and poor responses,
particularly in <the grooves of the winged, triple disc and hoe openers,
might also have been similar to those already discussed {(i.e.

interactive effects of earthworm channels, ODR regimes and the position

of surface residue). Figures 46 (a-f) show the effects on seed/seedling
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Figure 46 (a, b): Effects of opener types on..barley seedling emergence
in the absence of earthworms, -under simulated
rain conditions. '

Note poor performance in the grooves of triple disc (D),
punch planter (narrow U) and winged (chiSel openers.,
Note also good emergence with broadcasting (broad )
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Figure 46 (c, d): Effects of opener types on barley seedling emergence
in the presence of earthworms, under simulated rain
conditions.

Note poor performance in the grooves of triple disc (D)
and punch planter opener (Narrow U) openers. .

CHISEL = Y¥inged opener; TD= Triple disc opener; Hoe = Hoe opener;
RH = Power-till opener; NARROW¥ U = Punch planter opener;
BROADC = Surface broadcasting.
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i - i in the
- Fi : Typical seedlings from direct drilled grooves the
sy 45 oy 2 gzz:ence of earthworms, under simulated rain conditions.

NR= No-residue; R= Residue.

Chisel = Winged opener; Trip.Disc = Triple disc opener; Hoe = Hoe opener;
Rotary Hoe = Power-till opener; Narrow U = Punch planter opener;
Broadeasting = Surface broadcasting.



238

performance, of direct drilling seed sowing techniques and crop residue

conditions in the absence and presence of earthworms.

The figures illustrate:

Figures 46 (a and b): Poor barley seedling performance in the

absence of earthworms.

Figures 46 (¢ and d): Favourable performance of barley seedlings in

the presence of earthworms.

Figures 46 (e and f}: The contrasting root and shoot performances
of barley seedlings in respconse to different direct drilling seed sowing

techniques in the presence of earthworms.

Comparing experiments (10 and 11), surface broadcasting of seeds and
the use of the punch planter opener, showed almost no response {in terms
of seed germination and seed fate) to the presence or absence of
earthworms. The grooves of the power-till opener promoted approximately
20% more seedling emergence in the presence of earthwerms than in the
absence of earthworms. In the presence of earthworms the grooves of the
winged and hoe openers promoted almost 3 times more seedling emergence
than in the absence of earthwcerms. Similarly, the grooves of the triple
disc opener promoted only a small level of seedling emergence, in the
presence of earthworma compared with the absence of earthworms. This
suggests . that there were both direct and interactive effecta of
earthworms én seed germination and seedling growth. Perhaps the
unresponsive perfeormance of the punch planter in the presence of
earthworms might have been the result of the diacrete heles which it
formed (11 mm in dia) with the seed deposited at their bases. These
holes were obhserved to fill with water and the seed remained submerged
during simulated rain conditions. This pooling might have counteracted
possible effects from the activity of earthworms. Figures 47 (a,b) show
the ‘effects of earthworms on seed germination and seedling emergence in
the "grooves" of the punch planter opener. Figure 47a shows an increased
number of ungerminated or dead seeds in the absence of earthworms.
Figure 47a also illustrates that the shape of the "grooves" remained
undisturbed in the absence of earthworms, where as the presence of

earthworms (fig. 47b) shows that their activity had destroyed the



WITH

LEARTH woRMS

Figure 47 (a, b): Dissections of typical punch planter "groove",

(a) without earthworms (b) with earthworms.

Note the less aerated appearance without earthworms.

(Narrow U = Punch planter opener )
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criginal shape of the holes.

In contrast te the non-earthworm situvation, in the presence of
earthworms, there appeared to ©be sStrong interactions between direct
drilling seed sowing techniques and contrasting crop residue conditicns.
The c¢crop residue conditions consistently benefitted the winged and hoe
openers {in terms of seedling emergence performance). It is interesting
that the power-till 6pener showed practically no respcense to reaidue
conditions in the presence of earthworms. An explanation for this might
be that the power-till opener incorporated the crop residue in the soil.
Either this diluted its influence to be 1little different than bare
cultivated soil, or there may have been some adverse effects of
phytotoxicity from the incorporated decomposing crop residue as has been
reported under cooler climatic conditions of England (Lynch, 1978; Lynch
et al 1980). In addition some mortality of earthworms could have
cccurred. On the other hand, a much smaller preportion cof seeds would
have had intimate contact with the residue in this way in the power-till
groove, with its pulverised soil, than had appeared to be the case in the
triple disc opener, which nevertheless, behaved in a similar manner to
the power-till opener. Only the winged and hoe openers were cbserved to

separate residue from intimate contact with the seed.

It appears from a comparisgen in the absence and presence of
earthworms that ODR regimes between days 7-21 across all direct drilling
seed sowing technigues, in the presence of earthworms, were almost 3 fold
higher than in the absence of earthworms, under both residue and

no-residue conditions.

The geometry and. characteristics of the individual direct drilled
grooves  {excluding surface broadcasting) appeared also to create
differences in ODR values amongst direct drilling openers under the
contrasting crop residue conditions and in the absence and presence of
earthworms. For example, in the absence of earthworms and in both
residue conditions, the ODR values around the grooves of the power-till
opener were almost 50% higher than the grooves of the other opener types
between days T-21. Even so these ODR values were almost 50% below the
minimum requirement for barley (15x10- g)cmzfmin; See review of
literature). Similarly, in the presence of earthworms the ODR values

around the grooves of the power-till opener appeared to be significantly
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Figure 48 (a, b): Typical grooves created by triple disc opener in
the presence and absence of earthworms.

Note the more crumbled nature of the groove created
in the presence of earthworms,
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higher than any other opener types in no-residue conditions, which might

have resulted in higher seedling emergence than other true openers.

The triple disc grooves {with compaction and smearing on the sides
and bases of the grooves) and the punch planter 'grooves" (with narrow
"N shaped discrete holes allowing accumulated water) showed the lowest
ODR regimes of all opener types on most of the measuring days. This

might have been partially responsible for their low seed/seedling

performances,

Figures Y48 {a,b) illustrate the areas around the surface of a triple
disc opener groove in the presence (fig. Y48a) and absence (Fig. U8b) of
earthworms. Figure Y48b shows particularly, the undisturbed compacted
groove created by the opener in the absence of earthworms. In the
presence of earthworms {Fig. U48a) the effect of compaction was not s0

evident.

The wide range of direct drilling seed sowing technigques tfested
under contrasting creop residue conditions in the absence and presence of
earthworms in these two experiments showed that in the absence of
earthworms the exposure of seed to atmospheric oxygen {such as with the
power-till and surface broadcasting) gave high seedling emergence counts.
In the presence of earthworms, although surface broadcasting continued to
promote high seedling emergence, those openers with shattered grooves and
residue over the top of the grooves (such as with the winged opener) or
residue remaining in the vicinity of the grooves (such as with the hoe
opener) benefitted, in terms of seedling emergence performances, by the
presence of e¢rop residue. Residue inside a compacted and/or smeared
groove (triple disc opener) or over the top of the "groove™ with puddled
water inside the ‘"groove™ {punch planter opener) might have been
partially disadvantaged (in  terms of seed germination and seedling

emergence)} in both the presence and absence of earthworms.
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3.7 EFFECTS OF SMEARING AND SOIL COMPACTION ON EARTHWORM
ACTIVITY AND OXYGEN DIFFUSION RATES

3.7.1 Introduction:

In earlier experiments, it had been noted that soil bulk density
around the groove profiles of the triple disc opener was significantly
higher than that around the groove profiles of the winged, hoe,
power-till and punch planter openers. Mai (1978) reported that under
drying soil conditions earthworm populations around the groove profiles
of the winged and triple disc openers were not significantly affected by
801l bulk density or opener treatments after 21 days. However, when
climatic conditions became more moist {due %o heavy rainfall)} the winged
opener grooves showed a significantly larger number of earthworms than
the triple disc opener grooves after 35 days. Mal did not attempt to

explain the reason for this effect.

Earlier experiments in this report confirmed the findings of Mai
{loc.cit). Lower numbers of earthwWworms were found around the groove
profiles of the triple disc opener compared with the other openers used,
which included the winged opener. It was also observed that the grooves
of the triple disc opener showed a lower area index (discussed in Section
3.0) of earthworm activity compared with the winged, hoe, power-till and
punch planter openers, and with surface broadcasting, both under residue
and no-residue conditions. It seemed likely that this was the result of
differences in soil compaction around the grooves, but no attempt was
made to verify this. Little information was alsc available about
earthworm activity in a drying soil. Experiments reported herein studied
the response to smear or compaction of earthworm activity inside the
s0il. Their activity at the 30il surface was observed by counting
earthworm holes and castings on the soil surface. In addition little
information was available regarding the effects of smears or compaction
on earthworm activity while they were congregated on the surface of the

s0il, such as might occur when they entered the intericr of a drilled

groove.
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Three experiments were therefore conducted, with the following

objectives:

Experiment 12:
To study the effects of scil smearing and compaction
on earthworm populations and their activity, together
with ODR in a continucusly wet soil.

Experiment 13:
To study earthworm populations and their activity
in responsge to smearing and compaction in a drying soil.

Experiment 14:
Examination of the effects of so0il surface smearing
on the activity of earthworms congregated on the

s3¢il surface.

3.7.2 Effects of scil smearing and compaction on earthworm

populations and activity

(Experiment 12)

(a) Materials and methods:

A bare soil surface in the experimental field of Tokomaru silt-loam
soil was compacted to three different soil bulk density levels (1.0
g/cm3, 1.2 g/cm3 and 1.Y4 g/cm3) by using a heavy steel roller. The bare
s0il surface had been created by removing all residual plant material 8
weeks earlier, and the so0il moisture content was 29% (d.b). From each
compacted zone of undisturbed soil, samples (160 mm wide x 160 mm long x
200 mm deep) were cut with a spade and placed in plastic pots of the same
size. All the pots were shifted to a glasshouse and were arranged in a
completely randomised block design with three replicates. Three levels
of smear (zero, light and heavy smear) were created on the surface of the
s0il using the back of a spatula. HNo drilled grooves were made. "“Light"
smearing of the surface resulted from rubbing the spatula over the so0il
surface twice and '"heavy" asmearing, by rubbing Ffive times. Ho

quantitative measurements of intensity of smearing were attempted.

The 30il bleceks were a 'snug' Fit in the pots and the surface edges
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against the pots were sealed with molten wax, so that earthworms could
reach the atmosphere cnly through the horizontal surface. To ensure a
reasonable level of earthworm activity, crop residue was placed cver the
surface of all the pots after they had been smeared. Simulated rain
conditions of 5 mm per hour for 4 hours per day were created by using a
soak hose as described earlier. The glasshouse temperature wWas
maintained at 15—200 C day and night. It was clear that the residual
earthworm populationa in the plots were reasonably uniform (since uniform
casting was cobserved)} although specific populations were expected to be

relatively low because the soil had not been residue-covered for B weeks.

Daily measurements of accumulated numbers of earthworm holes in the
soil surface of the pots were taken for 21 days. For this purpcose small
map pins with round cclour-coded heads were used. The map pins were
placed in the earthworm holes, with new pins with heads of a different
colour being placed in new holes at each observation. In this way
sequential sampling of numbers of earthworm holes were made daily for 21

days. Statistical analyses of cumulative numbers of holes were made on

days 1, 7, 15 and 21.

Measurements of QDR at a depth of 40 mm were taken on days 1, T, 15
and 21. The ODR values were the average of two randomly selected points.
The holes made by electrodes at each ODR measurement were filled with a
slurry. On the final day, the soil blocks were removed and divided into
two depth portions, 0-60 mm and 60-200mm. Numbers of earthworms (total

of all species)} were counted in each scil portion, by hand sorting.

{b) Results and discussion:

Cumulative numbers of earthworm holes:

Table 45 shows the effects of smearing intensity and soil bulk
density levels, on cumulative numbers of earthworm heles, and the
interactions between these tw¢ parame ers. It appears from the Table,
that there were small but significant (P<0.05) effects of amear intensity
on numbers o¢f earthworm holes on the scil surface on day 1. The pots
with "zero" smear showed significantly higher numbers of earthworm holes

(5.4) than the pots with "heavy" smear ({(3.6), but were not significantly



Table 45; Effects of smearing intenaity and scil bulk density, on cumulative

numbers of earthworm holes, under simulated rain conditions.

Daya Smear Bulk density Interactions
{g/cm )
Zero Light Heavy 1. 1.2 1.4 Bulk density/ 1.0 1.2 1.4
Smear
Holes per pot*®
1 5.“ 4 2 3-6 8-8 3.0 1-“ Zero 12-3 303 007
Aa Aab Ab Aa Bb Ce Light 7.7 3.0 2.0 SED=1.216
Heavy 6.2 2.7 1.7
T 35.2 26.4 16.8 4g.6 26.4 16.8 Zero 59.3 29.3 17.0
Aa Bt Be Aa Bb Bo Light S4.0 30.7 17.7 SED=6.43
Heavy 35.3 19.3 15.7
15 57.1 48.2 34.1 79.9 38.0 21.6 Zero 103.3 45,3 22.7
Aa ABb Bo Aa Bb Ce Light 83.3 40.0 21.3 SED=8.46
Heavy 53.0 28.7 20.7
20 64.7 51.1 37.7 91.8 3.6 22.1 Zero 120.7 49.7 23.7
Aa ABb Be Aa Bb Cec Light 92.0 40.0 21.3 SED=8.55
Heavy 2.7 29.0 21.3
Z

* Pot surface area=0.0256 m

Unlike letters in a row denote significant differences.

(Upper case, P<0.01; lower case P<0.05).
interactive differences.

SED=Standard error of all

Py
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different from the "light" smear (4.2). Hewever, ¢n all asubsequent
sampling days there appeared to be increasing and significant (P<0.05)
differences in the numbers of earthworm holes amongst pots between, on
the one hand, "light" and "“heavy" smears, and on the other hand, "zero"

and "light" smears. The cumulative data con day 21 werej *zero" (64.7},

"light" (51.1), "heavy" {37.7).

The contrasting soil bulk density 1levels had highly significant
(P<0.01) effects on cumulative numbers of earthworm holes throughout the
experiment. The s0il surface overlying a bulk density of 1.0 g/cm on
the terminal day, showed f{he highest number of cumulative numbers of
earthworm holes {91.8) compared with a scoil bulk density of 1.2 g/cm

(39.6) which itself was significantly higher than where bulk density had
3
been 1.4 g/em  (22.1).

It appears from the Table, that there were strong interactions
between smearing intensities and soil bulk densities. The combination of
Mzercoh" smear and s¢il bulk density of 1.0 g/cm had clearly the highest
cumulative numbers of earthwerm holes {(terminal, 120.7). Conversely, the
combination of heavy smear and a soil bulk density of 1.2 or 1.4 g/cm
showed the lowest cumulative numbers of earthworm holes (terminal, 29.0
and 21.3 respectively), although at the higher level of soil bulk density
(1.4 g/cm3), the three levels of smearing had little additional effect on
reducing the earthworm activity. In fact, throughout the experiment,
bulk density appeared t¢ have a greater effect on numbers of earthworm

holes than the intensity of smearing.

Figures 49 (a,b,c) show the effects of smear intensities and soil
bulk density levela under continuvously wetting soil conditions. Each
coloured pin-head represents an earthworm channel visible at the surface.
The detrimental effect on earthworm activity of a high s0il bulk density
level (1.4 g/em ), regardless of smearing intensity, is illustrated in
Figure U9c, by the low number of pins in all pots. An intermediate
effect, of s0il bulk density at 1.2 g/em is shown in Figure 49b, and a
favourable effect of a soil bulk density level of 1.0 g/cm is clearly

illustrated in Figure 49a.

Figure 50 shows the effects of soil compaction levels and

intensities of smear, on the rate of increase of numbers of earthworm
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Effects of smearing intensities and soil compaction
levels on earthworm activity (cumulative numbers
of earthworm holes). s

Soil bulk density level 1.0 g/cm3

Soil bulk density level 1.2 g/cm3

Soil bulk density level 1.4 g/cm

Note that the combitign of "heavy" smear and soil
bulk density 1.4 g/cm c) had the most adverse
effect on earthworm activity. :

(Round colour-coded. map pins represent earthworm holes)

9vce
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holes with time. The curves 1llustrate that differences in the rate of
increase were greatest in t{he lowest soll bulk density (1.0 g/cm ) and
decreased with increasing bulk density, to be negligible with the highest
80il bulk density of 1.4 g/cm . The curves a21s0o show that as soil bulk
density was ralsed the rates of increase of earthworm holes of all three

Smear levels decreased, to be almost negligible after day 7 with the 1.4

3
g/cm  bulk density.
Oxygen diffusion rate (ODR):

Table 46 shows the effects of smearing intensity and bulk density
level on O0ODR, and the Interactions between these two parameters. It
appears from the Table, that there were significant (P<0.05) effects of
levels of smear on ODR measurements. On day 1, the pots with "zero"
smear showed clearly the highest ODR Eggime 2(23.3x10- g/cmzlmin)
followed by the "light" samear (14.4x10 S/E% /min).2 ODR in the pots
with the T"heavy" smear was only 8.3x210 g/cm /min. Perhaps
surprisingly, these differences decreased with time. On day T, the
“zerg" smear still had a significantly h} er gDH regime (13.1x10_
g/cm /min} than the ‘“heavy" smear (8.6x10 g/cm /min), but neither was
significantly different than the "light" smear on that day. Although the
significant differences amongst the treatments were re-established on day
15. On day 21, only the pota with 'zero" smear {14.2x10- g/cmzlmin) had
a significantly higher ODR than any other treatment. The "light™ and

"heavy" smears were not significantly different.

Table 46 2lso shows significant effects of s80il bulk density
(P<0,05) levels on the ODR regimes on days 1, 7, 15 and 21; Cn days 1, 1
and 15 the pots with a s0il bulk density of 1.0 g/cm showed
significantly {P<C.05) higher ODR regimes than the pots with a soil bulk
density of 1.2 g/cm3, which were themselves significantly higher than the
pots with a bulk density of 1.4 g/cm . The magnitude of these
differences appeared to decrease with time, and on day 21, while the ODR
regime with a g0il bulk density of 1.0 g/cm3 {12.2x10- g/cmz/min) was
still significantly (P<0.05} higher than the QDR with s0il bulk density
of 1.2 g/cm (7.2x10— g/cmzlmin), the latter was not significantl
different than where the bulk density had been 1.4 g/cm3 (5.8x10—

2
g/cm /min).



Table U6; Effects of smearing intensity and soil bulk density, on oxygen
diffusion rate (ODR), under simulated rain conditions.

Days Smear Bulk density Interactions
(g/em )
Zero Light Heavy 1.0 1.2 1.4 Bulk density/ 1.0 1.2 1.4
Smear
-8 2
ODR (gx10/cr/min)
1 23.3 4.4 8.3 24,4 13.3 8.3 Zero 4o.0 21.7 8.3
Aa Bb Ce Aa Bb Be Light 20,0 11.7 11.7 SED=3.53
Heavy 13.3 6.7 5.0
T 13.1 11.1 8.6 16.7 g.2 6.9 Zero 20.0 10.8 8.3
Aa ABab Bb Aa Bb Be Light 16.7 9.2 7.5 SED=2.36
Heavy 13.3 7.5 5.0
15 12.5 9.4 7.2 15.6 8.9 4,7 Zero 18.3 11.7 7.5
Aa Bb Be Aa Bb o] Light 15.8 9.2 3.3 SED=1.80
Heavy 12.5 5.8 3.3
21 1h.2 6.4 4.7 12.2 T.2 5.8 Zero 18.3 12.5 11.7
Aa Bb Bb Aa Bb Bb Light 10.8 5.0 3.3 SED=2.75
Heavy 7.5 4.2 2.5

Unlike letters in a row denote significant differences
(upper case, P<0.01; lower case, P<0.05).
SED=Standard error of all interactive differences.

6v¢
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The interactions between smear intensities and contrasting soil bulk
density levels (Table #6) showed that on most of the recording days th%
combinations of "zero" or "light" smear and soll bulk density 1.0 g/cm

maintained the highest values of ODR regime of all treatment

combinations.

Figure 51 shows the changes in ODR values with time for each smear
and bulk density level. The curves 1llustrate that under "zero" smear
conditions with 2 soil bulk density of 1.0 g/cm and 1.2 g/em there was
a rapid reduction in ODR values between days 1 and 7, but thereafter the
CDR values remained almost constant. At a scil bulk density level of 1.4
g/cm , the ODR values in the Yzero" smear treatment remained constant at
first (days 1-7) but thereafter declined steadily. The "heavy" smear
with all scil bulk density levels appeared to behave in much the asame
manner as the "zero" smear with a bulk density of 1.4 g/em . The ™light"
smear appeared to be intermediate, behaving in a similar manner to the
"zero" sgmear (but to a lesser extent} in bulk densities of 1.0 g/cm and
1.2 g/em , but in  a manner not related to either the "heavy" or "“zero®
smears at a bulk density of 1.4 g/om3. Perhaps of equal interest, was
the clear illustration that as bulk density increased, the differences
between smear intensity decreased, indicating that bulk density was the

dominant parameter, at least within the ranges studied in this

experiment.
Earthworm populations:

As already described, earthwoerm peopulations were counted at two

depth ranges (0-60 mm and 60-200 mm) in undisturbed soil blocks.

Soil depth 0-60 mm:

Table U7 shows the effects of smear-intensity and contrasting soil
bulk density levels on the earthworm populations, and the interactions
between these two parameters. The Table shows a significant (P<0.05)
effect of smear-intensity on the numbers of earthworms in the 0-60 mm
depth range of the soil blocks. The Y“zero"™ (8.9) and "ilight" (10.1)

smears were not agignificantly different, but together showed



Table 47: Effects of smearing intensity and soil bulk density, on earthworm
populations, at different depths, under simulated rain conditions.

Depth fronm
s?il)surface Smear Bulk density Interacticns
o :
(g/cm )
Zero Light Heavy 1.0 1.2 1.4 Bulk density/ 1.0 1.2 1.4
Smear
Populations per soil volume®
0-60 8.9 10,1 T 13.8 6.8 6.3 Zero 14.3 6.3 6.0
ABa  Aa Bb Aa Bb Bb Light 16.0 7.0 7.3 SED=1.24
Heavy 11.0 4.7 5.7
60-200 10.4 11.2 10.0 11.0 10.6 10,1 Zero 10.7 9.7 11.0
Aa Aa Aa Aa Aa Aa Light 1.3 10.7 11.7 SED=1.71
Heavy 11.0 11.3 7.7

% S0il volumes: 0-60 mm depth = 1.5U4 litres.
60-200 mm depth= 3.58 litres.

Unlike letters in a row denote significant differences

(upper case, P<0.0t1; lower case, P<0.05).
SED=Standard error of all interactive differences.

ase
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significantly higher numbera of earthworma than the "heavy" smear (7.1).

The contrasting soil bulk density conditions also had a significant
(P<0.05) effect on the numbers of earthworms in the 0-60 mm depth range.
At this depth the pots with soil at a bulk density of 1.0 g/cm (13.8)
showed significantly (P<0.05) higher numbers of earthworms than the pots
with a bulk density of 1.2 g/cm {6.8) and 1.4 g/cm3 (6.3), which were
themselves not significantly different (P<0.05).

The interactions between smear and bulk densities, showed that the
low (1.0 g/cm3) 301l bulk density in the 0-60 mm zone had a greater
beneficlal effect on earthworm numbers than had levels of smear
intensity. In this respect, this soil bulk density averaged 2.4 times
mere earthworms' than any other level of soll bulk density at that depth.
Interestingly, the highest number of earthworms recorded was with the
"light" smear on a soil bulk density of 1.0 g/em , but no logiecal
explation can be seen for this. Where reduced counts of earthworms were
reccrded, earthworms were observed to have accumulated in the interspaces
between the s0il blocks and the plastiec pots. In faect 1In the "heavy"
smear and high bulk density treatments some earthworms had even dragged

surface residue down into these relatively aerated gaps.
Seil depth 60-200 mm:

Table U7 alsc shows the effects of smear intensities and contrasting
soll bulk density levels, on earthworm populations at the 60-200 mm depth
range, and the interactions between these two parameters. The Table
shows that there were no significant effects of smear intensities or soil
bulk density levels on numbers of earthworms in the depth zone 60-200 mm
of the wundisturbed soil blocks. The interactions showed that the
combination of ‘'theavy" smear and 8o0il bulk density level of 1.4 g/cm

resulted in the lowest numbers of earthworms of all treatment

combinations.
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3.7.3 Effects of scil smearing and compaction on

earthworm activity and populations under

decreasing se¢il moisture conditions

(Experiment 13)

(a) Materials and methods:

The experiment was conducted using potsa in a similar manner to
Experiment 12 above, except that no simulated rain was, created, and the
pots were not watered further. Daily measurements of cumulative numbers
of earthworm holes were taken for 21 days. The numbers of earthworms
were counted at two depth ranges (0-60 mm and 60-200 mm), using a hand
sorting technique in a simllar manner to Experiment 12. No ODR
measurements were taken in this experiment, because after day 5, the soil
blocks in the pots became so dry that it was difficult to push the
electrodes into the soil to a depth of 40 mm.

(b} Results and diascussion:

Cumulative numbers of earthworm holes:

Table 48 shows the effects of intensities of smears and soil bulk
densitles, ¢on cumulative numbers of earthworm holes, and the interactions
between these two parameters. Unlike the continuously wet conditions, it
appears from the Table that on day 1 there were very few earthworm holes,
and statistically, the effects of smear i1ntensitlies and scil bulk
densitlies were not significantly different (P<0.05). However, by day 7,
the effects of smear intensities on the numbers of earthworm holes were
highly significant (P<0.01). The "zero" smear showed a significantly
larger number of earthworm holes (7.4} than the "light" smear (4.6) and

"heavy" smear (3.9), which were themselves not significantly (P<0.05)

different.

Similarly, with scil bulk density levels, there were no significant

(P<Q.05) differences on day 1. On day 7, the soil bulk density of 1.4

g/cm showed a significantly (P<0.01)} lower number of earthworm holes



Table 48: Effects of smearing intensity and soil bulk density, on cumulative
numbers of earthworm heles, under decreasing soil moisture conditicns.

Days Smear Bulk dengity Interactions
{(g/ca )
Zero Light Heavy 1.0 1.2 1.4 Bulk density/ 1.0 1.2 1.4
Smear
Holes per pot®
1 1.6 1.0 0.0 7.1 0.8 1.4 Zero 1.7 1.3 1.7
Aa Aa Aa Aa Aa Aa Light 1.0 0.3 1.7 SED=0.57
Heavy c.7T 0.7 1.0
T T.4 4.6 3.9 6.4 5.4 4.0 Zero 9.0 8.7 4.7
Aa Bb B Aa Aa Bb Light 6.3 4.0 3.3 SED=1.03
Heavy L. 3.7 4.0

¥ Pot surface area = 0.0256 m
Unllke letfers in a row denote significant differences
Bper case P<0.0%; lower case, P<0.05).
Standar error of all 1nteract1ve differences.
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Figure 32: Effects of soil compaction levels and smearing intensities, on cumulative

mumbers of earthworm holes
under continuously drying scil conditions.
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3
(4.0), than soill bulk density 1levels of 1.0 g/em (6.4) and 1.2 g/cm

{5.4), which were not significantly different.

The interactions between smear intensities and so0ll bulk density
levels showed only that on day 1 the "light" smear with a soil bulk
density of 1.2 g/cm  yielded fewer earthworm holes than most of the other
treatment combinations. This apparent insensitivity of earthworms to
levels of smear and s¢ll bulk density in the drier so0il on day 1
contrasted with the data presented above for the wetter seoil. On day 7
the 'zero" smear with soil bulk density 1.0 and 1.2 g/cm3 and the "light"
smear with s0il bulk density 1.0 g/cm clearly promoted the highest

numbers of earthworm heoles.

Figure 52 shows the effects of s0il compaction and smear intensities
on the change of cumulative numbers of earthworm holes with time. In
contrast to the wet conditiona, the curves illustrate both the small
increases in the cumulative numbers of earthworm holes with time ({(days
1-7) and the small differences between treatments. The curves also
illustrate no additional earthworm activity between days 7-21 in all

treatments under continuously drying soll conditions.
Earthworm Populations:

As with Experiment 12, earthworm populations were counted at two

depth ranges (0-60 mm and 60-20C mm) of the undisturbed soll blocks under

the continuously drying soil conditions.
Depth range 0-60 mm:

Table 49 shows the effects of smear intensity and soil bulk density
levels on earthworm populations at 0-60 mm, together with the
interactions between smear and bulk density. In contrast to the wet soil

conditions, the numbers of earthworms at the depth range 0-60 mm were
very small and there were no significant (P<0.05) effects of smear

intensities or soil bulk density levels on earthworm populations at this

depth.



Table U49: Effects of smearing intensity and soil bulk demsity, on earthworm
poepulaticons, under decreasing soil moisture conditions.
Depth from
30il surface
{mm ) Smear Bulk density Interactions
(g/cem )
Zero Light Heavy 1.0 1.2 1.4 Bulk density/ 1.0 1.2 1.4
Smear
Populations per s¢il volume®
0-60 1.9 2.0 1.7 2.2 1.6 1.8 Zero 2.3 1.3 2.0
Aa Aa Aa Aa Aa Aa Light 2.0 2.0 2.0 3ED=0.55
Heavy 2.3 1.3 1.3
60-200 9.2 Te3 Tl 8.6 8.0 7.1 Zero 10.7 8.7 8.3
Aa Ab Ab Aa Az Aa Light 7.3 7.7 7.0 SED=1.33
Beavy 7.7 7.7 6.0

% Soil volumes: 0-60 mm depth = 1.54 litres.
60-200 mm depth= 3.58 litres.
Unlike letters in a row denote significant differences
(upper case, P<0.01; lower case, P<0,058).
SED=Standard error of all interactive differences.
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Depth range 60-200 mm:

Table 49 also lists the effects of smear intensities and s0il bulk
density levels on earthwerm populations at 60-200 mom, and the
interactions between these two parameters. It appears from the Table,
that "zere" smear resulted 1n a slightly, but significantly (P<0.05)
larger number of earthworms (9.2) than either the "light" (7.3) or
Yheavy"™ (7.1) smears, which were themselves not significantly different.

The soll bulk density levels had no significant effects on earthworm

polpulations at this depth.

The3interactions showed that the "zero" smear with scil bulk density
1.0 g/cm. promoted more earthworms than any other treatment except "zero!

smear with soil bulk density 1.0 and 1.4 g/cm .

Under continuously drying soil conditions the depth range of 60-200
mm was observed to contain more s0il moisture than the depth range of
0-60 mm. Perhaps these higher s0il moisture levels might have attracted
earthworms to the lower part of the undiasturbed so0il block. However, the
earthworms in this portion of the 30il were observed to be less active

compared toc the continuously wet s0il conditions previcusly examined.

3.7.4 Earthworm behaviour when confronted by a smear

(Experiment 14)

(a) Materials and methods:

Six holes of 120 mm diameter and 100 mm depth were made in a block
of undisturbed Tokomaru silt-loam scil (at 27% d.b.scil moisture content)
using a corer of the same size. The base and one half of the hole wall
were given a "light" smear by wiping twice with the back of a apatula.
Any possible smearing on the other half of the holes (which might have
been caused as the holes were cut) was destroyed by light rubbing with a

tooth brush. Ten earthworms (of mixed species) were placed in each hole.
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Close observaticna of the movements of the earthworms were made.

Photographs of the activity and movement of the earthworms were taken at

one minute Intervals.

(b) Results and discussion:

Figures 53 (a-d) are a series of photographs illustrating the
continuous activity and movement of earthworms at the soil surfaces.
During minute one, all earthworms circled at the bases of the holes.
During minute 2, they all seemed to move tcowards the "zero" smear soil
surface. During minutes 4 and 5 almost all earthworms had disappeared
through the "zero" smear soil sufface. Surprisingly, none of the
earthworms seemed tc make their way into the soil through the base or
wall of the hole with the "light" smear. Perhaps this may support the
suggestion that earthworms may follow the path of least resistance (J.

Springett, pers comm, 1983).

This experiment, together with the previoua two experiments also
suggested that perhapa the response of earthworms to a smeared soil
surface was similar, regardless of whether they approached the smear from

within the so0il or from outside the soil surface.

3.7.5 Discusasion of Experiments 12, 13 and 14

The results of experiments 12, 13 and 14 clearly demonstrate the
slgnificant effects on earthworm activity (as reflected by cumulative
numbers of earthworm holes) of contrasting so0il bulk densities and
surface smear intensitiea. The "heavy" smear and high soll bulk density
(1.4 g/cm ) were clearly detrimental to earthworm activity, with the scil

bulk density appearing to have the stronger influence in a wet soil.

These effects of 30il compaction levels and smear intensities on
earthworm activity, were further confirmed by fthe fact that the
combination of low g0il bulk density (1.0 g/cms) and "zero" smear gave
the highest maximum c¢umulative numbers of earthworm holes. This number

was six times greater than the least active treatment.
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Figure 53 {a,b,c,d}: "ffects of amearing on movenesnt and activitiy
of earthvorms.

Hote earthworms moved towards the soil surface witheout
gmear and eventually penetrated this areas.

(a)

(b

(s

After 2 minutes.
After 3 minutes.
After 4 minutes.
After 5 minutes,.

il
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Between days 15 and 21 earthWorm activity appeared tc be stopping in
the "light" and "heavy" smear conditions at scil bulk density 1levels of
1.4 g/cm Similarly, in the medium soil bulk density level (1.2 g/cm )
the cumulative numbers of earthworm holes appeared to be constant across

all smear intensities during this time.

The earthworm activity in the higher level of soil bulk density (1.4
g/cm3) appeared to be stopping after day 7. By contrast, under the
"zero" smear and/or low 801l bulk density (1.0 g/cm )} a consistent
increase in the cumulative numbers of earthworm holes was cobserved during
the entire experimental peried (days 1-21). This suggested that higher
levels of s0il bulk density and/or intensive surface smears might be
detrimental to earthworm activity, especially with time. Converaely,
earthworm activity might be promoted and increased under a "zero" smear,

and increased under a "zero® smear and low soil bulk density (1.0 g/cm )

regime.

These results paralleled earlier results of earthworm activity
measured in &terms of area-index around the surface of grooves created by
direct drilling openers (Section 3.6). In those experiments the triple
disc opener grooves were noted to have been associated with a high soil
bulk density and intensity of internal smear, compared to the grocves of
any other opener types. This had resulted in a low number of earthworma
and level of earthworm activity around the groove prefile, compared to

the grooves of other opener types under both no-residue and residue

conditions.

It seems clear, therefore, that at least some of the mechanisms by
which earthworms are either encouraged or discouraged from being active
around (and even in) direct drilled grooves, are localised soil bulk

density and 1n-groove smearing, egpecially the former.

The ODR data confirmed ¢the direct effects of smear and so0il
compaction. The lower smear intensities and soil bulk density levels
resulted in the highest ODR regimes. Perhaps these CDR valuea might be
attributed to¢ the high earthworm activity under "“zero" smear and low
levela of s0il bulk density, although equally well, the reverse effect

may be the case (i.e. the earthworms were more active in the high QDR

Zones)., These experiments have not distinguished clearly between these
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two possibilities.

The results of these experiments also support the importance of the
obgervations made in previous experiments of low QDR regimes around the
groove of the triple dis¢ opener, compared to the ODR regimes around the
grooves of most other opener types. Many authors had reported a
relationship between high 2¢il bulk densities and reduced ODR values
(Bertrand and Xohnke, 1657; Taylor, 1949; Raney, 1949). An other
author had noted that factors, such as so0il -moisture content and the

shape of the s0il particles might be important (Taylor, loc.cit}.

J. Springett {(pers.comm., 1983) considered that earthworms might
follow the path of 1lowest resistance. This might be supported by the
fact that in the soils of depth range of 0-60 mm, the numbers of
earthworms in the lower bulk density (1.0 g/cm ) were at least twice
those found in the soils of higher bulk density levela of 1.2 g/em and
1.4 g/cm3. Furthermore, Experiment 14 showed that when earthworms were
placed on a s0il surface they were equally sensitive to smearing and as a

result, made their way into the soll through a surface without smearing.

At a soil depth of 0-60 mm, heavy surface gsmearing also had a
lowering effect on numbers of earthworms, compared to "zero! and "light®
smear treatments. By contrast, in the 60-200 mm depth zone, numbers of
earthworms were relatively insensitive to surface smearing and soil bulk
density levels. Thus the numbers of earthworms around the groove profile
of the triple disc opener could have been affected by smearing, whereas
at deeper depths any smearing effect of such an opener would be expected

to be less pronounced on earthworm numbers and activity.

Figure 54 shows the effects of soll bulk density levels on earthworm
activity in the vertical section of the undisturbed soil blocks wunder
continuously wet conditions. The Figure shows clearly a large number of
earthworm channels in the soil bloeck where the s01l bulk density was 1.0
g/cm3 (right hand =side), whereas with a soil bulk density level of 1.4
g/cm  (left hand side)} the earthworm activity in the undisturbed soil

block appears to be much reduced, especially near the top of the profile.

Under dry so0il conditions, earthworm activity was clearly reduced to

a minimum level. After day 7 earthworm activity appeared to be stopping
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Figure 54: Effects of soil bulk density levels on earthworm channe%s.
Note large numbers of earthworm channels in the soil with
bulk density 1.0 g/cé {ri ht), and reduced earthworm activity
(particularly near the top) at soil bulk density 1.4 g/cm”(left)

Figure 55-: Effects of continuously wetting (left) and
drying (right) soil on earthwornm actiyity
with a bulk density level of 1.0 g/cm’.
Note reduced numbers of earthworm holes
under drying conditions.



compared to wet so0ll conditions where it continued. It was therefore,
difficult to see any significant effect of smear or 3oil compaction on
earthworm activity and earthworm populations in such soils, particularly

in the otherwise sensitive zone of 0-60 mm.

Figure 55 shows the numbers of earthworm holes on the =s0il surface
under continuously wetting and drying soil conditions (represented by
colour pin-heads), with a soil bulk density level of 1.0 g/cm . There
appears to be a larger number of earthworm holes under the continuously
wetting 90il conditions (left hand side} compared with continuously

drying soil conditions (right hand side).

2865
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3.8 EFFECTS OF EARTHWORMS ON WATER INFILTRATION RATE
AROUND THE PROFILES OF DIRECT DRILLED GROGVES

3.8.7 Introduction:

In earlier experiments 1t was observed that under simulated rain
conditiens the s0il surface, in the absence of earthworms, had the
appearance of a slurry. In some o¢f the replicates, gravimeiric soil
moisture contents at a depth of 140 mm were lower than those 1n the top
layers. It was thought posslible that this was due to 1low infiltration
rates in these conditions (J. Springett, pers.comm, 1983). The absence
of earthworms may alsc have caused the low CDR values recorded, which in
turn cculd have been expected to adversely affect seed germination and

seedling growth.

Experiments 2, 3 and 8 indicated that under surface residue
conditions the number of earthworms and their activity was greater than
under no-residue conditions. It was also shown that the s0il meoisture
content (% d.b.)} around the groove profiles under surface residue
conditions was slightly but significantly, lower than around the same
groove proflles wunder no-residue conditions. It was thought that this
might also have been due to differences in infiltration rates under
contrasting surface residue conditions, and that these differences might
have occurred because of the differences in numbers of earthworms and

their activity.

It has already been seen in Section 3.3 (Pilot Experiment 4) that
most of the earthworm = species present were active on the top 100 mm of
soll. It is possible that this might have affected water infiltration
rates. However, it was also possible that the geometry of the grooves
might have partially affected infiltration around the groove profiles.
It waz therefore decided to measure infiltration rates around the groove

profiles and to do this at two infiltrometer depths (100 and 140 mm from

the soil surface).
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Three field experiments were conducted. The c¢bjectlives of these

were:
Experiment 15:
Determination of water infiltration rates into the greoove

profiles of five opener types and undisturbed s0il in the

presence of earthworms under no-residue conditions.
Experiment 16:
Determination of water infiltration rates 1nto the groove

profiles of five opener types and undisturbed s0il in the

absence of earthworms under no-residue conditions.

Experiment 17:

Determination of water infiltration rates into the groove
profiles of five opener types and undisturbed soil in the

presence of earthworms under crop residue conditions.

3.8.2 Materials and methods:

(a) Design of a rectangular infiltrometers:

Different types of infiltrometers have been used by workers to
determine water infiltration rates into scil. Each type of infiltrometer
has been considered suitable under specific conditions. Cylindriecal
ring-type infiltrometers have been the most c¢ommonly used because of
their simplicity (Scotter et al, 1982). Earlier experiments in this
study have showmn that the critical zone of influence (in terms of
changing ODR values, and numbers and activity of earthworms) was
approximately 60 mm distance either side from the centre of the groove.

Therefore, a rectangular infiltrometer of 120 mm width x 200 mm length x

300 mm depth was made of 3 mm steel plate. The outer edges on one side
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of the infiltirometers were sharpened to ease entry into the soil. Twenty
four such infiltrometers were made. Figure 56 illustrates the design of

the rectangular infiltrcmeter.

{b) Experimental design:

The experimental design involved main treatments of five true opener
types and one undisturbed =s0il surface treatment, in a completely
randomised block design with two replicates. This design was common to
the three experiments. In the experimental field of Tokomaru silt-loam
s0il, 3 blocks of Tx10 m2 each were marked cut for each experiment. For
the no earthworm/no-residue experiment {16) the plots were sprayed with
herbicides (glyphosate at the rate 5.6 1/ha and dicamba at the rate of
1.5 1/ha), mown and then asprayed with carbaryl at the rate of 2 kg/ha
a.i. to kill the earthworms as described in Section 3.3. For the
earthworm/no-residue experiment (15) the blocks were sprayed with
herbicide and mown but remained untreated with ecarbaryl sc that the
natural earthworm populations remained. For the earthworm/residue
experiment {17} the blocks were treated as for experiment (15) except
that surface residue was left in place a=s a result of spraying 3 weeks

previcusly (as deseribed in Section 3.2}.

(c) Opener types:selection:

Five designa of openers were used on a mobile field rig, to create
grooves. These were winged, triple dise, hoe, power-till and punch
planter openers, together with an undisturbed soil treatment ({(with and

without surface reaidue)}. No seed was sown in any treatment.

(d) Procedure:

The experiments were initiated at initial soil moisture contents of
23.3% (d.b} in no-residue and 27.0%f {(d.b) in crop residue conditions.
Water infiltration rates into the groove profiles were measured 24 hours
after the drilling operation. It was assumed that earthworm activity

which might have been disturbed around the groove profiles during



A rectangular infiltrometer used for measuring
infiltration rate arcund the groove profiles
created by direct drilling openers,
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drilling would by then have resumed.

Rectangular infiltrometers were pushed into the =s¢il with gentle
blows from a wooden hammer. Two depths of measurement, 100 mm and 140 mm
from the soill surface, were used. Both of the following procedures were

adopted in all three experiments.

1.The infiltrometers were pushed into the s0il, centered on the
groove, to a depth of 100 mm from the s30il surface. A graduated marker
was placed inside each inflltrometer to show the initial and final height
of water, in millimeters. Each infiltrometer was filled with water to a
height of 70 mm above the 30il surface and the infiltration rate was

recorded at 20 minutes intervals for 2 hours.

2.Infiltrometers were pushed into the so0il, centered on the groove
profile, to a total depth of 140 mm fom the soil surface and infiltration
rate was measured as described above. Care was taken to place the

infiltrometers at least one metre apart on a given drilled groove.

3.8.3 Results and discussion:

(a) Infiltration rate in the presence of earthworms
and absence of surface residue

(Experiment 15)

Infiltrometer depth 100 mm:

Table 50 shows the effects of opener types and the undisturbed 3oil
surface on water infiltration rates and cumulative infiltration around
the groove profiles to a depth of 100 mm in the presence of earthworma
and absence of Bsurface residue. From the Table, there appeared to be a
gignificant (P< 0.05) effect of opener types on water infiltration rate
during the first 20 minutes. The grcoves of the winged opener showed a
gignificantly higher infiltration rate (195.0 mm/hr) compared to the
grooves of all other openers and bare so0il (mean 90.0 mm/hr). This

relative difference persisted during measurements at 40,60,80,100 and 120

minutes, although the rate of infiltration decreased during this time.



Table 50: Effects of direct drilling opener types on infiltration rates
and cumulative infiltration around the groove profiles, in the
presence of earthworms and abaence of surface residue.

Infiltrometer depth = 100 mm Infiltrometer depth = 140 mm
Openera/ Winged Triple Hoe Power- Punch Bare Winged Triple Hoe Power- Funch Bare
disc till planter soil disc £il11 planter soil
Time (min)
Infiltration rate (mm/hr)

20 195.0 T75.0 105.0 82.5 §2.5 105.0 180.0 §&2.5 82.5 97.5 97.5 112.5
Aa Bb Bb Bb Bb Bb Aa Ab Ab Ab Ab Ab

Lo 165.0 T8.0 82.5 75.0 75.0 82.5 112.5 60.0 97.5 T75.0 75.0 82.5
Aa Bb Bb Bb Bb Bb Aa Ac Aab Abec Abe Aabe

60 127.0 67.5 75.0 52.5 67.5 67.5 82.5 52.5 60.0 67.5 55.5 64.5
Aa Bb Bb Bb Bb Bb Aa Aa Aa Aa Aa Aa

80 123 bl.5 67.5 Lg.o 60.0 63.0 60,0 37.5 4L8.0 52.5 40.5 52.5
Aa Bb Bb Bb Bb Bb Aa Aa Aa Aa Aa Aa

100 117.0 52.5 60.0 46.5 62.5 48,0 52.5 37.5 40.5 45.0 37.5 45.0
Aa Bb Bb Bb Bb Bb Aa Aa Aa Aa Aa Aa

120 106.5 5u.0 45.0 48.0 51.¢ 45,0 37.5 31.5 37.5 37.5 34.5 37.5
Aa Bb Be Bbe Bbec Be Aa Aa Aa Aa Aa Aa

Cumulative 834 392 U35 353 389 K11 525 302 336 375 341 395
infi%tr?tion Aa Bb Bb Bb Bb Bt Aa Ab Ab Aab b Aab
mm

Unlike letters 1n a row denote significant differences
(upper case, P<C.01; Lower case, P<0.05).

122
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At 100 minutes the grooves of the winged opener had an infiltration rate
of 117 mm/hr which was still significantly greater than the grooves of
all other openers and bare soil, which averaged 51.9 mm/hr. After 120
minutes while the groove of the winged opener continued its highly
signifieant superiority over all other openers, by then the triple disc

opener was superior tc the hoe opener and bare soil.

Not surprisingly, the grocves of the winged opener showed a
significantly (P<C.05) higher cumulative infiltration (834 mm)} than all

other grocves which averaged 396 mm.
Infiltrometer depth 140 mm:

Table 50 also shows the effects of opener types and the undisturbed
501l surface on water infilltration rates and cumulative infiltration
around the groove profiles tc a depth of 140 mm in the presence of
earthworms and absence of surface residue. It appears from the Table,
that during the first 20 minutes the infiltration rate of the grooves of
the winged opener (180 mm/hr) was significantly (P<0.05} higher than the
infiltration rates c¢f the grooves created by all other openers (mean 94.5
man/hr). These diferences remained largely unchanged at 40 minutes.
However, during all subsequent time intervals (60,80,100 and 120 minutes)
the infiltration rates amongst the grooves of all opener types and

undisturbed soll were not significantly different {P<0.05).

The cumulative infiltration in the grooves of the winged opener {525
mm) was significantly (P<0.05) higher than the grooves of the triple disc
(302 mm}, hoe (336 mm), power-till (375 mm} and punch planter (341 mm)
openers, but the grooves of the power-till opener were not significantly
different from bare soil (395 mm). The latter two treatments were also

not significantly different than the triple dise, hoe and punch planter

openers.
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(b) Infiltration rate in the absence of
earthwornms and surface residue.

{Experiment 16)

Infiltrometer depth 100 mm:

Table 51 shows the effects of opener types and undisturbed/bare soil
on water infiltration rates and cumulative infiltration to 100 mm in the
abgsence of earthworms and surface reaidue. The Table shows that during
the first 20 minutes the grooves of the winged opener showed a
significantly (P<0.05) higher infiltration rate (48.0 mm/hr) than all
other grooves. The groove of the triple disc opener (33.0 mm/hr) was
also superior to the undisturbed/bare soil {16.5 mm/hr). The
infiltration rates in the grooves of the hoe, power-till, and punch
planter openers, and undisturbed scil were not significantly different.
A similar trend of infiltration rates was found after U0 minutes except
that the triple disc opener was by then not significantly different from
the winged opener, but these two were significantly higher than all other
openers except the hoe. However, at all other time intervals (60,80,100
and 120 minutes) the infiltration rates amongst the grooves of all opener

types and the undisturbed/bare soil were not significantly different.

In terms of cumulative infiltration, the grooves of the winged
opener showed a significantly (P<0.05) higher infiltration (111.0 mm}
than all other grooves and the undisturbed soil surface. The grooves of
the triple disc opener (78.0 mm)} were higher than all other treatments
except the grooves of the power-till opener {52.0 mm). The grooves of
the hoe -(48.0 mm) and punch planter ( 48.0 mm) openers and the

undisturbed/bare soil (43.5 mm} were not significantly different.

Infiltrometer depth 140 mm.

Table 51 also shows the effects of opener types and undisturbed bare
s0il on water infiltration rates and cumulative infiltration to 140 mm in
the absence of earthworms and surface residue . From the Table, it

appears that there were no significant differences in infiltration rates

amongst the grooves of all opener types and undisturbed/bare soil at any



Table 51: Effects of direct drilling opener types on infiltration rates
and cumulative infiltration arcund the groove profiles, in the
abaence of earthworms and surface residue.

Infiltrometer depth = 100 mm Infiltrometer depth = 140 mm

Cpenera/ Winged Triple Hoe Power- Punch Bare Winged Triple Hoe Power- Punch Bare

disc till planter soil disc till planter soil
Time (min)

Infiltration rate (mm/hr)

20 48.0 33.0 18.0 24.0 21.0 16.5 22.5 19.5 25.5 13.% 15.0 18.0
Aa ABbL Bbe Bbe Bbe Be Aa Aa Aa Aa Aa Aa
bo 25.5 18.0 10.5 9.0 T.5 T.5 0.5 12.5 10.5 10.5 T.5 13.5
Aa ABab Bbe Be Be Be Aa Aa Aa Aa Aa Aa
60 13.5 12.0 6.0 T.5 7.5 6.0 10.5 6.0 7.0 7.5 6.0 7.5
Aa Aa Aa Aa Aa Aa Aa Aa Aa Aa Aa Aa
80 10.5 6.0 4.5 4.5 4.5 6.0 10.5 4.5 7.5 T.5 4.5 6.0
Aa Aa Aa Aa Aa Aa Aa Aa Aa Az Aa Aa
100 T.5 6.0 4.5 4.5 y,5 4.5 6.5 3.0 6.0 4.5 4.5 6.0
Aa Aa Aa Aa Aa Aa Aa Aa Aa Aa Aa Aa
120 6.0 3.0 4.5 3.0 3.0 3.0 6.5 3.0 6.0 4.5 3.0 3.0
Aa Aa Aa Aa Aa Aa Aa Aa Aa Aa Aa Aa
Cumulative 111.0 78.0 u8.0 52.0 48.0 3.5 67.0 u8.0 63.0 48.0 40.5 54.0
infiltration Aa ABb Be Bbe Be Be Aa Az Aa Aa Aa Aa

{mm )

Unlike letters in a row dencte zignificant differences
{upper case, P<0.01; lower case, P<0.05).

vig
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of the time intervals (20,40,60,80,100 and 120 minutes). Similarly,
there were no signifcant differences in cumulative infiltration amongst

the grooves of all opener types and undisturbed/bare soil.

(e) Infiltration rate in the presence of
earthworms and surface residue

{Experiment 17)

Infiltrometer depth 100 mms3

Table 52 shows the effects of opener types and undisturbed soil on
infiltraticon rates and cumulative infiltration to 100 mm in the presence
of earthworms and crop residue. From the Table, it appears that during
the first 20 minutes there were no significant differences in
infiltration rates amongst the grooves of all opener types and
undisturbed soil surface. However, after U0 minutes the infiltration
rates in the grooves of the winged (163.5 mm/hr} and power-till (153.0
mm/hr) openers were significantly (P<0.05) higher than the infiltration
rates of the grooves of the hoe (145.5 mm/hr), triple disc (96.0 mm/hr)
.and punch planter (99.0 mm/hr) openers, together with the undisturbed
soil surface {(103.5 mm/hr). The infiltration rates of the grooves of the
hoe and power-till openers were not significantly different. However, at
all other time intervals (60,80,100 and 120 minutes) the  infiltration
rates of the grooves of the winged opener were significantly higher than
the grooves of all other opener types and the undisturbed soil surface.
The triple disc opener showed significantly (P<0.05) the lowest
infiltration rate compared to all other opener types and the undisturbed

gcil surface.

The cumulative infiltration in the grooves of the winged cpener was
glgnificantly {(P<0.05) higher (841.0 mm) than the grooves of all other
opener types. The hoe {633.0 mm) and power-till opener (649.5 mm)
grooves showed higher cumulative infiltrations than the undisturbed soil
(546.0 mm), which itself was superior to the triple dise (419.0 mm). The
punch planter opener (576.0 mm)} was not significantly (P<0.05%} different

from the hoe and power-till opener treatments.



Table 52: Effects ¢of direct drilling opener types on Infiltration rateas
and cumulative infiltration around the groove profiles, in the
presence of earthworms and surface residue.

Infiltrometer depth = 100 mm Infiltrometer depth = 140 mm

Openers/ Winged Triple Hoe Power- Punch Bare Winged Triple Hoe Power- Punch Bare

dise till planter soll disc till planter scoll
Time (min)

Infiltration rate (mm/hr)

20 190 5 174.0 166.5 169.5 156.0 163.5 169.5 133.5 160.5 105.0 76.5 78.0
fa Aa fa fa Aa fAa ABab Aa ABabe Be Be
4o 163.5 96.0 145.5 153.0 99.0 103.5 145.5 91,5 118.5 81.0 70.5 64.5
Aa Be Ab Aab Be Be Aa Ce Bb Ched Dd De
60 156.0 63.0 111.0 114.0 96.0 79.5 112.5 U8.0 69.0 60.0 48.0 42.0
Aa Cd Bb Bb BCb Ce Aa Ce Bb Bbe Ce cd
80 117.0 42.0 75.0 B84.0 B1.0 69.0 64.5 28.5 U3.5 34.5 30.0 31.5
Aa Cc Bb ABb Bb BCb Aa Bd Bb Bbe Ed Bed
100 108.0 27.5 7T0.5 64.5 75.0 656.0 6.5 24.0 36.0 25.5 25.5 R2.5
Aa cd Bbe Be Bb Be Aa Ce Bb BCc BCe Ce
120 106.5 22.5 64.5 64.5 69.0 64.0 58.5 22.5 27.0 22.5 25.5 22.5
Aa Ce Bb Bb Bb Bb Aa Eb Bb - Bb Bb Bb
Cumulative 841.5 419.90 633 0 649.5 576.0 546.0 615.90 348 Q0 454,5 328.5 276.0 261.0
1nf1%tr?t10n Aa Cd Bb Bbe Be Aa Cc Bb Cecd Ced Cd
mm

1

Unlike letters in a row dencte significant differences
(upper case, P<0.07; lower case, P<0.05).

9Le



277

Infiltrometer depth 140 mm:

Table 52 also liats the effects of opener types and the undisturbed
80ll surface on water Infiltration rates and cumulative infiltration to
140 mm in the presence of earthworms and surface residue. It appears
from the Table, that during the first 20 minutes the infiltration rates
of all grooves were aimilar except for the punch planter and the
undisturbed soill surface, which were significantly slower than all
treatments except the power-till opener. Thereafter, a trend developed
where the grooves of the winged opener showed consistently and
significantly (P<0.05) faster infiltration than all other openers and the
undisturbed soil surface. There were some inconsistent changes amongst
these other treatments as the experiment progressed, but no clear trend

emerged other than the superiority of the grooves of the winged opener.

Not surprisingly, the grooves of the winged opener had a
significantly (P<0.05) higher cumulative infiltration (615.0 mm) followed
by the grooves of the hoe opener (L54.5 mm). The grooves of the triple
disc (348.0C mm),power-till (328.5 mm)} and .punch planter (276.0 mm)
openers had significantly lower cumulative infiltrations compared to all
other opener types. The undisturbed soil surface had a significantly
(P<0.05) lower cumulative infiltration than all but the grooves of the

power-till and punch planter openers.

Figures 57 {a, b} and 58 (a, b) show the infiltration rates in the
presence and absence of earthworms (in no-residue) respectively, at the
two inflltrometer depths (100 and 140 mm). Similarly, Figures 59 (a, b)
illustrate the infiltration rates at the same two infiltrometer depths,
both in the presence of earthworms and surface residue. These curves
illustrate the magnitude of differences amongst groove types and the
undisturbed/bare s50il in the presence of earthworms, and the relative
insensitivity of opener types in the absence of earthworms. The curves
also illustrate the declining inflltration rates of all treatments with
time, except with the 100 mpm infiltrometer depth in the absence of

earthworms where the infiltration rates were very slow in all treatments.
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3.8.4 Discussion of Experimenta 15, 16 and 17:

The characteristica of the geometry of the drilled grooves appeared
to affect infiltration rates around the groove profiles. The winged
opener at both infiltrometer depths (100 and 140 mm} and in the presence
of earthworms ({and in both the presence and absence of surface residue)
showed almost twlce the cumulative infiltration of any other opener type
or the undisturbed scil surface. Perhaps this might be attributable to
the characteristics of the winged opener groove which 1lcosened and
shattered the so0il at the sides and hases of the grooves compared to the
grocves created by most other opener types and the undisturbed soil
surface. For example, the triple disc¢ grcoves had a compaction and
amearing effect, and in these conditions even the hoe and power-till
openers created grooves which appeared to have lower soll shattering at
the bases of the grooves than the grooves of the winged opener. The
punch planter opener with narrow "U" shaped discrete holes (11 mm in dia)

appeared to disturb the soil very little.

The performance of the grooves of the winged opener (in terms of
cumulative infiltration) was 8 times higher in the presence of earthworms
and residue than in the absence of earthworms and residue. Nevertheless,
the winged opener grooves in the absence of earthworms and residue showed
significantly higher cumulative infiltration than any other opener type
or the undisturbed so0il surface when the infiltrometer depth was 100 mm.
This superiority disappeared with an infiltrometer depth of 140 mm, in
the absence of earthworms and surface residue. As the seedling emergence
performance of the groove of the winged opener was inferior to that of
the power-till opener in the absence of earthworms, it would appear that
the infiltration characteristics (at 1least as measured in these

experiments and in this so0ill) were not clearly related to seedling

emergence.

Comparisons of earthworm effects are more difficult as they
represented separate, but otherwise identical experiments. As described
earlier, most of the earthworm species which were identified, were active
in the 100 mm top layer of scil. The results, however, might suggest a

direct effect of earthworm activity on water infiltration rates around

the groove profiles. The average cumulative infiltration of all opener
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types and the undisturbed Bs0il surface with the 100 mm infilltrometer
depth in the presence of earthworms and abaence of surface residue was
28% higher than where the infiltrometer depth had been 140 mm in the same
experiment. This difference might bte partially attributable to the
greater numbers of earthworms and their activity in the 0-100 mm depth
zone compared with that in the more extended zone to 140 mm below the
30il surface. On the other hand, in the experiment which 1Iincluded the
absence of earthworms and surface residve, the difference in the average
cunulative infiltration across all opener types and undisturbed soil
surface between the two infiltrometer depths was small (63.5 mm for 100

mm depth, and 53.3 mm for 140 mm depth).

In comparing experiments, it seems that when earthworms and residue
were present, the infiltrometer depth of 100 mm recorded approximately 9
times greater cumulative infiltration compared with when earthworms and
residue were absent. The presence of earthworms alone might have
accounted for a T fold increase in infiltration compared to the absence
of earthworms at this depth. Hopp and Slater (1949) had reported 4 to 10
times higher infiltration rates with earthworms compared with

no-earthworms. The results in this set of experiments might add weight

to that report.

It might therefore be concluded that in the absence o¢f earthworms
the differences 1in the geometry of the grooves had less effect on
infiitration around the groove profiles than where earthworms were
présent. In that situation, the geometry of the groove could be a strong

determinant in influencing infiltration rates around the groove profiles.

It could also be concluded with greater certainty that the effects
of opener types {(and also perhaps earthworm activity) were strongest when

infiltration was measured to 100 mm depth beneath the soil surface.

The results also show clearly, the beneficial effects on
infiltration of the i1inverted "T" shaped groove created by the winged

opener, especially when earthworms were present.
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3.9 LIMITING FACTORS CAUSING SEEDLING EMERGEMNCE
FATILURE WITH THE TRIPLE DISC OPENER GROOVE
(Experiment 18)

3.9.7 Introduction:

In earlier experiments (2, 3, 8§ and 11) the ¢triple disc opener
appeared to have performed poerly in terms of seedling emeréﬁce. In wet
sclls, seedling emergence from the grooves created by this opener was
consistently lower thaﬁ all other opener types (except the punch planter
opener) under crop residue conditions, even although it was significantly

improved under residue when contact between residue and seed was

prevented.

It was felt that any improvements which could be made to a poorly
performed opener, would help explain the mechanisms by which copeners, in
general, affected seedling performance. Furthermore, this particular
opener was amongst the most commercially used designs, and improvements

to its performance were likely to be direct of benefit to the industry.

An experiment was therefore designed to test a number of different
modifications to the grooves of the triple disc copener, which might be

expected to improve its ability to promote seed germination and seedling

.emergence.

3.9.2 Materials and methods:

The opener options were used to create 40 mm deep "V'-shaped grooves
in plots in the experimental field of Tokomaru silt-lcam so0il, with
natural levels of earthworms, and where crop residue was removed prior to
drilling. The experimental design was a randomised complete block with
three replicates. Soil blocks with their drilled grooves (250 mm wide x
320 mm long x 200 mm deep) were cut and extracted with a spade and placed
in steel pots of the same gsize. The under sides of solil blocks were
trimmed so0 that they rested flat on the bases of the pots. A11 four

3ides of these blocks were covered with molten wax using the same
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technique as described in Section 3.3. The aoil blocks were transported

to a glasshouse where they were placed in a randomised block design with

three replicatea of each treatment.
The treatments were as listed below:

Grooves were created using a triple disc opener (with plain front
disc) in the normal manner. Any surface smearing or in-groove compacticn

was considered to be a characteristic of the grooves.

It had been observed that the grooves created by this version of the
triple opener were ameared by the opener in the ccurse of creation. In
some of theae groovea the surface-appearance of these smears was
destroyed by light rubbing with a tecoth brush in such a manner that the
shape of the groove was not altered. It is possible that this
smear-destruction technique had little more than a cosmetic effect, but
it was difficult to see any other simple technique which would destroy

the smear (which was of unknown thickness) without altering the gecometry

of the groove in some way.

In the undrilled undisturbed =scil blocks "V" shaped greooves of

identical gecmetrical shape to those created by the triple disc opener

were cut by hand using a knife.

Contrasting crop residue conditions were created as described below.

The s0il blocks were cleared of surface reaidue
after spraying with 5.6 1/ha a.i. glyphosate and
1«5 1/ha a.i. dicamba. Crop residue was added to

the other treatments.

The "Residue-~on-top" treatment had the residue

spread evenly on the scil surface.

The "Residue-in-groove" treatment was created
by pushing the residue into the grooves using a
spatula. Care was taken to maintain the shape of

the groove during this operation.

Twenty seeda were placed in each treatment with forceps in the same
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manner as in earlier experiments (7, 8, 9, 10 and 11). All the
undisturbed soil blocks were kept under simulated rain conditiona of 20
mm a day at an intensity of 5 mm per hour. The glasshouse temperature
was maintained between 15-200 C. The experiment continued for 21 days.
Seedling emergence, root/shoot weights and earthworm populations were
taken after 21 days. The measurements of ODR regimes around the groove
profiles were taken on days 1, 7, 15, and 21. For ODR measurements, a
pattern was used of 16 points around the groove profiles, in an identieal
manner to earlier experiments (2, 3, 10 and 11). The heles left by the

electrodes were immediately filled with slurry after the electrodes were

removed.

3.9.3 Results and discussion:

(a) Seedling emergence:

Table 53 shows the effects of *"V-shaped groove types and
contrasting crop residue conditicons, on percentage seedling emergence and
seed fate, and the interactions between these parameters. From the
Table, it appears that the grocvea cut by the knife promoted a
significantly {P<0.01) higher percentage seedling emrgence {T71.7%)
compared with either of the grooves created by the triple dis¢ opener,
regardless of smearing or "“destruction" o¢f the same. The latter two

types of grooves {which averaged 148.0% emergence) were not significantly

different (P<0.05).

The contrasting c¢rcop residue conditions also had a highly
significant {P<0,01) effect on seedling emergence. The
"reaidue-in-groove' showed significantly less seedling emergence {26.1%)
than the “"residue-on-top"™ (71.1%} and "no-residue" (70.6%) conditions,
which were not significantly different. Avoiding this residue condition
appeared to be more important than avoiding smearing, as the overall

performance with residue in the groove was half that of smearing.

There appeared to be strong interactions between groove types and
contrasting crop residue conditions. Grooves cut by the hand-drawn knife

with either no-residue or with the residue confined to the surface,

shewed the higheat maximum seedling emergence. By contrast it was also



Table 533

on seed fate of barley, under asimulated rain conditions.

Effects of "V" shaped grocve types and crop residue conditions,

Seed fate "y" shaped groove types Residue Interactions
Knife Opener Opener  NR®* RTR® RI%Ex
cutb created created
(SD#) (Si4) Grooves/ Knife Opener Opener
cut created created
) (SD) (s)
Residue
Seedling 71.7 46.7 49.4 70.6 T1.1 26.1 NR 93.3 53.3 66.3
emergence
% ta Bo Bo ha Aa Bb RT 91.7 65.0 56.7 SED=7.5)
RI 30.0 21.7 26.7
Ungerminated 15.4 26.7 25.6  12.2 11.6 43.9 NR 1.7 20.0 15.0
or dead seeds
(%) Bb Aa Aa Bb Bb Aa RT 3.0 13.3 18.3 SED=4.35
RI 41.7 46.7 43.3
Germinated 12.9 26.7 25.0 17.2 17.3 30.0 NR 5.0 26.7 20.0
but unemerged
Se?g%ings Bb fa Aa Bb Bb Aa RT 5.3 21.7 25.0 SED=4.66
RI 28.3 31.7 30.0

*NR
®RRT
RREQT
#5D
##S
Unlike
{upper

Imar 11

No surface residue present
Surface residue on top of the grooves
Surface residue pushed into the grooves

Smear destroged
Smear presen

letters in a row denote significant differences
case, PC0.01; lower case, P<0.05).
SED=Standard error of all interactive dlfferences.
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¢lear that residue in the groove was the strongest deterrent to seedling

emergence.

Figure 60 shows the rates of seedling emergence as affected by the
contrasting methods of creating "V'-shaped grooves under the three crop
residue conditions. It appearas that all "no-residue® conditions
plateaued on day 11%. Two other types of the grooves also plateaued on
this day. These were triple disc with smear ("residue-on-top™) and
triple disc with smear ("residue-in-groove"). The latter treatment,

however, attained a very low maximum emergence., All other treatments

plateaued on day 13.

It appears from the curves that the treatments which showed the
lowest maximum emergence rates all involved residue pushed into the
grooves., The treatments with the highest maximum emergence counts also

showed the most rapid rates of emergence during the first 5 days.

(b) Ungerminated/dead seeds:

Table 53 also lists the effects of "VM-shaped groove types and
contrasting crop residue conditions, on ungerminated/dead seeds, and the
interactions between these two parameters. The Table shows a highly
significant (P<0.01) effect of groove types on ungerminated/dead seeds.
The grooves cut with a knife showed the iowest numbers of ungerminated
seeds (15.U4%) compared with the grooves created by the triple disc opener
with smear (25.6%) and the same with no-smear (26.7%), which were not

significantly different.

The contrasting crop residue coditions had a significant (P<0.01)
effect on the percentage of ungerminated/dead seeds. The
"residue~in-groove™ showed a significantly larger number of
ungerminated/dead seeds (43.9%) than either the "residue-on-top" (11.6%)
or "no-residue" (12.2%) conditions. It was considered 1likely that, as
before, this might have been due to the reported phytotoxic effects of
the decomposing crop residue in contact with the seed in wet soils (Ellis

et al, 1975; Lynch, 1977,1978; Lynch et al, 1980).

There appeared to be strong interactions between groove types and

contrasting surface residue conditions. Grooves with "residue-in-groove"
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conaistently showed the highest number of ungerminated/dead seeds. This
supports the possibility of phytotoxie effects from decomposaing crop
residue. By contrast, clearly the least seed damage occurred in the
knife-cut grooves with either "no-residue" or ‘"residue-on-top™ of the

groove, compared with all combinations c¢f other treatments.
(¢c) "Germinated but unemerged' geedlings:

Table 53 alsc lists the effects of groove fypes and contrasting crop
residue conditions, on "germinated but unemerged" seedlings, and the
interactions between these parameters. It appears from the Table, that
the knife-cut grooves showed significantly (P<0.01) less "germinated but
unemerged" seedlings ({12.9%) compared with the grooves created by the

triple disc opener with (25.0%) or without (26.7%) smear.

The contrasting crop residue conditions had a highly significant
(P<0.01) effect on "germinated but unemerged® seedlings. The
"residue~in-groove® showed the highest numbers of "germinated but
unemerged” seedlings (30.0%) compared wWith the "residue-on-top" (17.3%)

and "no-residue" (17.2%) conditions.

There appeared to be reasonably strong interactions between
treatments. Generally, these interactions favoured the same combinations
of treatments as for ungerminated seeds. This 3uggests that the
beneficial effects of the knife-cut groove with the 'residve-on-tcp", or

"no-residue", had affected seedling survival in a similar manner to seed

germination.
(d) Dry matter weight of roots:

Table 5S4 shows the effects of the various "VM-shaped groove types
and contrasting crop residue conditions on root weights per plant and the
interactions between groove types and surface residue conditions. The
knife~cut grooves showed significantly (P<0.01) higher root weights per
plant (22.3 mg)} than the grooves created by the triple disc opener with
no-smear (i17.4 mg) and with smear (17.5 mg), which were not significantly

different.

The contrasting surface residue conditions had a highly significant



Table 54: Effects of "V" shaped groove types and crop reaidue conditions,
on dry matter welghts of roets and shoots of barley, under simulated

rain conditions.

"y" ghaped groove types Residue Interactiona

Knife Opener Opener NR® RT*® RI®ESR

cut c¢reated ¢reated
{3D#) (S#) Grooves/ Knife Opener Opener
cut created created
{3D) (38)
Residuve
Root 22.3 iT.4 17.5 20.8 23.5 12.8 NRE 24.0 19.0 19.6
Weight
(mg} Aa Bb Bb Bb Aa Ce RT 30.0 20.6 20.0 SED=1.53
RI 13.0 12.6 13.0
Shoot 55.0 48.7 47.6 57.0 63.1 31.3 NR 62.6 53.6 54,6
weight
(g ) Aa Bb Bb Ab Aa Bc RT 70.0 61.0 58.3 SED=3.92
RI 32.3 31.6 30.0
*NR No surface residue present
RERT Surface residuve on top of the grooves

Smear deatroyed

Smear present

Unlike letters in a row denote significant differences
(upper case, P<0.01; lower case, P<0.05).

SED=Standard error of all interactive differences.

l“BI'-.' Surface residue pushed into the groovea

£6¢
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(P<0.01} effect on dry matter weights of roots. The "residue-on-top"
showed a significantly higher root weight (23.5 mg) compared with
"no-residue" (20.8 mg), which itself was significantly higher than

"residue~in-groove® (12.8 mg).

The interactions between groove +types and contrasting surface
residue conditlons appeared tc show a conslistent trend of low yields with

the residue in the groove.
(e) Dry matter weight of shootas:

Table 54 also shows the effects of groove types and contrasting crop
residue conditions, on shoot weights per plant, and the interactions
between these parameters. From the Table, it appears that there were
highly significant (P<0.01) effects of groove types on shoot weights per
plant. The knife-cut grooves showed a significantly higher shoot weight
per plant (55.0 mg) compared with the grooves created by the triple disec,
both with no-smear (UB.7 mg) and with smear (47.6 mg}. The latter two

grooves were not signifiecantly different.

The contrasting surface residue conditions had a highly significant
_(P<0.01) effect on shoot weight per plant. The "residue~con-top™ of the
groove showed a signifiecantly higher shoot weight(63.1 mg) compared with
"no-residue" (57.0 mg) and "residue-in-groove™ (31.3 ag). The
"no-residue™ also displayed significantly (p<0.05) higher shoot weights

than "residue-in-groove™,

There appeared to be strong interactions between groove types and
contrasting surface residue conditions. The strongest trend was for the
lowest shoot weights to be consistently asgociated with
"residue-in-groove™,., Perhaps the single highest weight was from the

combination of knife-cut grooves and "residue- on-top".

(f) Oxygen diffusion rate (ODR)

around the groove profiles:

Table 55 shows the effecta of the contrasting "V"-shaped groove
types and grocove/residue conditions, on ODR regimes around the groove

profiles, and the interactions between these parameters. From the Table



Table 55: Effects of "Yy" shaped %Soove types

and crop residue conditions, on

oxygen diffusion rate DR), under simulated rain conditions.
Days from ny" shaped groove types Resldue Interactlons
sowing .
Knife Upénér Upener RA¥ RTH% RI¥*¥
cut created created
(sp#) (Sti) Grooves/ Knife Opener Opener
cut created created
(SD) (8)
Residue
-8 2
ODR {gx10/cm/min)
i 33.2 29.1 28.1 31.8 29.8 28.9 NR 35.2 31.0 29.2
Aa Bb Be Aa Bb Be RT 33.0 28.4 2B.1 SED=0,84
RI 31.5 28.1 27.1
7 17.2 14.3 14.5 14,9 16,3 14.7 NR 17.0 141 13.7
Aa Bb Bb Bb Aa Bb RT 18.5 15.1 15.3 SED=0.44
RI 16.2 13.7 14.4
15 15.6 13.9 1h.4 13.9 15.3 14.7 HR 14.5 13.3 15.5
Aa Bb Bb Ce Aa Bb RT 16.7 14.3 14.2 SED=0.52
RI 13.8 15.1 14.4
21 15.9 13.7 13.3 13.7 15.1 14.2 NR 14.4 13.4 13.2
Aa Bb Bb Bb Aa Bb RT 17.4 14.3 13.5 SED=0.42
RI 16.0 13.5 13.1
®NR = No surface residue gresent
®#RT = Surface residue on top of the grooves
RBR#RI- Surface residue pushed into the grooves
#3D = Smear destroied
##S = Smear presen

Unlike letters in a row denote siﬁ%ificant differences

{(upper case, P<0.01; lower case,

0.05).

SED=Standard error of all interactive differences.

Sgl
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it appears that on dayas 1,7,15 and 21 the ODR regimes around the
knife-cut grooves were significantly (P<0.05)} higher than around the
grooves created by the triple disc opener with no-smear, which except for

day 1, were neot significantly different from the same grooves with a

Smear .

The contrasting groove/residue conditions had a highly salignificant
(P<0.01} effect on the mean ODR measurements around the groove profiles.
While on day i, the grooves with "no-residue’ showed asignificantly the
highest ODR, on all subsequent readings the grooves with "residue-on-top"
had clearly the highest ODR regimes. The grooves with "no-residue" and

"residue-in-groove" were not significantly different on days T and 21.

The interactions between "V"-shaped groove types and contrasting
groove/reaidue conditions showed that in the main on almeost all sampling

days, the main treatment effects had bkeen consistent across all

subtreatments.

Figure 61 ahowa the ODR regime changes for each groove type with
time under the contrasting crop residue conditions. It appears from all
curves that between days 1 and 7, there was a rapid reduction in mean QDR
values under all three contrasting residue conditions. However, the
knife-cut grooves under "residue-on-top" and "residue-in-groove" tended
to rise again between days 15 and 21. This might have been due to
greater earthworm activity around the knife-cut groove (because of the
absence of smearing and the presence of reaidue, compared with other
t:eatments). The effects of soil smearing on earthworm activity have

been discussed in Section 3.7.

By contrasat, ODR values around the groove profiles where the triple
disc opener had been used (without or with smear, and/or residue)
continued to decline except for a small rise in ODR values between days

15 and 21 under "“residue-on-top" conditions.

(g) Earthworm populations around

the groove profiles:

Table 56 shows the effects of the contrasting "V".shaped groove

types and groove/residue conditions, on earthworm populations around the



Table 56: Effects of "V¥" shaped groove types and crop residue conditions, on
earthworm populationa around the groove profiles, under simulated

rain conditions.

"y" shaped grcecove types Residue Interactions
Knife Opener Opener NR* RT##* RI#*¥
cut created created
(SDi) (S##) Grooves/ Xnife Opener Opener
cut created created
(SD) (8)
Residue
Populations per coreiift
18.9 9.9 8.7 9.9 16.0 11.7 NR 13.0 8.7 8.0
Aa Bb Bb Be Aa Bb RT 25.0 13.0 10.0 SED=1.36
RI 18.7 8.0 8.3
®NR = No surface residue gresent
REAT = Surface regidue on top of the grocves
ERRRT = Surface residue pushed into the grooves
#SD = Smear destroyed
#4#S = Smear present

3 Core volume = 1.13 litres.

Unlike letters in a row denote significant differences
(upper case, P<0.01; lower case, P<0.05)}.

SED=Standard error of all interactive differences.

B¢
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groove profiles, and the Iinteractions between these parameters. It
appears from the Table that the knife-cut grooves had a significantly
larger number of earthworms around the groove profiles (18.9) than the
grooves created by the triple disc opener with (8.7) or without (9.9}

smearing, which were not significantly different.

The contrasting surface residue conditions had a highly significant
(P<D.05) effect on the numbers of earthworms arcund the groove profiles.
The "residue-on-top" encouraged the most earthworms (16.0) followed by
"regidue-in-groove® {11.7), which was significantly higher than the
"no-residue® (9.9) conditions. These data were dominated by the knife
cut grooves, which because of the absence of smearing or compaction,
favoured residue addition (even in the groove). It might also confirm
the suggession put forward that the later rise in ODR values in the

knife-cut grooves with "residue-on-top" was attributable to earthwornm

activity.

The interactions between groove types and contrasting surface
residue conditions confirmed the superiority of "residue-on-top" compared
to "no-residue™ and Mresidue-in-groove™ conditions. With both of the
grooves made by the triple disc opener, the numbers of earthworms under
"no-residue"” or ‘fresidue-in-groove™ were little different. The triple
disc opener groove {(smear destroyed) with "residue-on-top" recorded more
numbers of earthworms compared with the triple disc opener groove with
all other treatment combinations. With the knife-cut grooves, however,
there were higher numbers of earthworms in "residue-in-groove" than
"no-residue®™ conditions, even although some earthworm species were
reported to be senszitive to an acid environment in the s0il (Edward and
Lofty, 1972; Piearce, 1972). The s9ingle largest number of earthworms

was recorded in the knife-cut groove with "residue-on-top".

3.9.4 Discussion of Experiment 18:

It appears that in the grooves of the triple disc opener two factors
were detrimental to seedling emergence and root/shoot weights of the
emerged seedlings. These factors were smearing and perhaps compaction
within the groove and the presence of c¢rop residue pushed inside the

groove. The decomposing crep residue inside the groove, regardless of
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groove smearing {and perhaps compaction), had an adverse effect on 3seed
germination, seedling growth and root/shoot weights of the plants. Such
decomposing crop residue had earlier been found to cause adverse effects
on seed germination and seedling growth, regardless of the geometry and

characteristics of the "¥" or "U" shaped grooves {as discussed in

Experiment 9, Section 3.3).

Figures 62 (a, b, ¢) illustrate the effects of "Vy" shaped groove
types and the position of the c¢rop residue. These Figuresa also show that
root/shoot development was restricted in the grooves when residue was-
pushed 1nside the grooves to be 1in contact with the seed. The

“"residue-on-top" had markedly improved seedling performance compared with

"no-~residue’,

Earlier experiments had also indicated the adverse effects of s0il
smearing and/or compaction on earthworm activity (Sections 3.2, 3.6 and
3.7). 1In particular, the triple disc opener groove, with its often
smeared and/or compacted walls, had shown lower numbers of earthworms
around the groove profiles ccompared to the grooves of other opener types.
In the present experiment, it seems clear that these two environmental
factors, which were somewhat hostile to earthworms {soil smearing and
perhaps compaction, together with acidity in the grooves) existed at the
same time around the groove preofiles created by the triple dise opener.
Perhaps this also led to the lower ODR regimes which were observed around
the greove profiles of this opener, operating in residue in a wet soil.
The "V"-shaped grocove cut by a hand-drawn knife showed higher ODR regimes
than where the triple disc opener had been used, both with and without an
asscoclated smear. It i3 probable that such a smear represented the
peripheral layer of more extensive compaction around this groove (as
identified by Mai, 1978). Other workers had also reported adverse
effects of soil compaction on ODR values (Bertrand and Kohnke, 19457;
Taylor, 1949; Raney, 1949 ). However, the effects of scil aggregates

and soil moisture could alsc be important, according to Tayler, (loc

cit}.

It i3 possible that 1low seed germination and aseedling growth
recorded in the grooves of the triple disc opener might have been due to
the adverse effects of lower QDR values in the vicinity of the groove

profiles. On the other hand the low ODR values may themselves have been
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a result of low earthworm activity and/or smearing and compaction caused

by the opener.
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b, SUMMARY AND DISCUSSION

An understanding of the interrelationship between s0il physiecal
factors, seed germination and seedling emergence was thought to be
fundamental to the funectional design of seed drill openers. This project
was initiated againat a background of limited published data concerning
the effects of different direct drilling furrow openera on the
micro-environments at or near the seed-scil interface, and any
interactions between seed germination and seedling emergence in the
presence or absence of surface residue and earthworms, under wet warm

so0il conditiona.

The ohjective of this study was to identify and characterise the
salient so0il physical parameters which might have been altered by the
actions of different designa of direct drilling openers; and in turn to
note the effects that these had on the germination and emergence of
barley seedlings. To the extent that these factors could be influenced
by mechanical design, such information was felt to be a valuable

pre-requisite for improvement te planter designs.

The research work was conducted under four basic experimental

conditions. These were:

(a) Field experiments comparing openér performance, aseed/seedling
micro-environment, earthworm activity and infiltration rate under

variable prevailing climatic conditions.

i
(b) Laboratory {glasshouse} studies of seedling emergence, earthworm
activity and seed/soil micro-environments, conducted at an ambient

0
temperature of 20-25 C and simulated rainfall of 20 mm per day for 21

days.

(e) Laboratory (glasshouse) studies of seedling emergence, earthworm
activity and seed/soil micro-environments, conducted at an ambient

o
temperature of 20-25 C and temporary high water table conditions with

added s0il water equivalent to 20 mm a day for 21 days.



304

(d) Laboratory {glasshouse) studies of seedling emergence, earthworm
activity and seed/soil micre-environments conducted at an amblent

o}
temperature of 15-20 C and simulated rainfall of 20 mm a day for 21

days.

In all experiments the seed was drilled under Mavailable® so0il
moisture conditions, which (except for the unirrigated portion of the
field experiment) was followed by sufficient regular daily precipitation

to ensure that very wet soil conditicns prevailed.

The results showed c¢learly that there were three important
inter-related variables. These were: opener types, which influenced the
geometry and other characteristics of direct drilled groovesg the
presence of earthworms; and crop residue. All of these factors were
important in relation tc¢ seedling emergence and the seed/soil

environments around the grooves under wet soil conditicens.

With all the parameters monitored there were few if any differences
recorded when the added s0il water was changed from simulated rain
(experimental condition b above} to temporary high water table
(experimental condition ¢ above}. Thus, effectively, comparisons are
deacribed below, in terms of three basic experimental conditions which
varied mainiy in their ambient temperature regimes {although the field

experiment also experienced largely unpredictable soil water conditions).

4.1 OPENERS

Each opener type used in the fleld and laboratory experiments

created a groove of identifiable characteristics and shape.

The winged opener created an inverted "T" shaped groove {in cross
section) with subsurface shattering of soil and repositioned the surface
s0il over the groove (from whence it came) which then became cleosed to

the atmosphere. In 80 doing this type of groove also returned the c¢rop

reaidue to the area above the groove.
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The hoe opener created a "U" shaped greoove, which was not compacted
and during 1its formation, residue was swept to either side of the groove
and the groove remained open to the atmosphere. No attempt was made to

cover such grooves under the prevailing wet conditions.

The triple disc opener created a "V" shaped groove which was open to
the atmosphere and was known to be compacted or smeared at the Dbase and
sides (Baker and Mal, 1982). This type of opener pushed a portion of the

regidue into the groove in the seeding =zone.

The power-till opener created a wide grcoove (100 mm) using a powered
"L" blade configuration rotating in the forward direction of travel. In
80 doing, it Incorporated crop residue with pulverised soil but created
no obvious smearing, and c¢learly provided a strip of tilled so0il for the
seed. This type of groove might have created some degree of so0il
compaction at the bhase of the groove, as is typical of 1large "L" blade

configurationa, but no measurements were made of this.

The simulated punch planter opener (using a ¢ylindrical corer)
created discrete and regular narrow "U" shaped holes which were open to
the atmosphere. These holes appeared to be created without compaction or
smearing on their sides or basges and no crop re=sldue was pushed inside
the holes. However, this might not be typical of other field punch
planters guch as that described by R. Lal (pers. comm, 1982), which

used more of a wedging action.

A surface-broadcasting technique was also used later in the study.
In this treatment, the 3seed was spread uniformly on the
undisturbed/untilled scil surface which wasg either covered with crop

reaidue or was left bare.

In both the field and lakboratory experiments there were
significantly different effects of cpener types on seedling emergence and
seed/s0il environments around the grecove profiles, but these were
confined almost entirely to when earthworms were present. The

performances of the grooves of each opener types are summarised below in

descending order.

Tables 57a (in the presence of earthworms) and 57b (in the absence



Table 57a: Summary of interactive responsea of direct drilled barley seeds to opener
t¥pes, crop residue and earthworms in a saturated soil.
(Percentage seedling emergence)

PRESENCE QF EARTHWORMS:

Experiments Residue Opener types

Winged Triple Hoe Power- Punch Surface

disc till planter broad-
casting

Field Expt. No-residue 47.0 38.3 41,7
(Irrigation) Resgidue 5.0 30.0 67.7 NOT TESTED
Sec, %.1 SED1=4.26; SED2=3.26
Tillage bin No-residue 43.8 26.2 32.9
{Glasshouse- Residue 73.3 25.2 63.8 NOT TESTED
simulated rain)
Sec. 3.2 SED1=3.15h; SED2=1.07
Tillage bin No-residue 35.% 571 81.9
(Glasshouse- Residue 73. 27.1 0.5 NOT TESTED
Temporarg high
water table)
Sec. 3.3 SED1=5.12; SED2=5.52
Pot Expt. No~residue gg.B 6%.3 66.7
{Glasshouse- Residue .7 56.7 88.3 NOT TESTED
simulated rain)
Sec. 3.4 SED1=5.77; SED2=6.87
Tillage bin No-residue 48.0 24,7 40.0 62.0 14.7 86.7
{Glasshouse- Residue 75.3 17.3 6lU.7 62.7 7.3 84.0
simulated rain)
Sec. 3.6 SED1=6,15; SED2=z7.16

SED1=3tandard error of difference within opener types.
SEDZ2=5tandard errcor of all other interactive differences.

go0¢



Table 57b: Summary of interactive responses of direct drilled barley seeds to
opener types, c¢rcop residue and earthworms in a saturated soil.
{Percentage seedling emergence)

ABSENCE OF EARTHWORMS:

Experiments Residue Cpener types

Wlnged griple Hoe Power- Punch Surface

isc till planter broad-
casting

Pot Expt. No-residue 63.3 53.3 60.0
(Glasshouse~ Residue 50.0 0,0 56.7 NOT TESTED
gimulated rain)
Sec. 3.H SED1=15.15; SED2=G.43
Tillage bin No-reaidue 22.0 18.7 22.7 41,3 16.0 BB.7
{Glasshouse- Residue 20.0 15.3 24,0 43,3 14,0 £89.3

simulated rain)
Sec. 3.6 SED1=1.53; SED2=1.65

SED1=Standard error of difference within opener types.
SEDZ2=Standard error of all other interactive differences.

;i0¢E



Table 58: Summary of interactive responses of earthworms to direct drilling
opener types and crop residue in a saturated soil,
(Earthworm populations around the groove profiles )y

Experiments Residue Opener tyeps

Winged Triple Hoe Power- Punch Surface

disc till planter broad-
casting

Tillage bin No-residue 13.3 6.7 11.3
{Glasshouse- Residue 27.3 8.0 26,7 MNOT TESTED
aimulated rain)
See. 3.2 SED1=2.U49; SED2=1.T9
Tillage bin No-residue 15.0 8.7 16.3
(Glasshouse- Residue 29.1 10.7 30.0 HOT TESTED
Temporarg high
water table)
Sec. 3.3 SED1=2.18; SEDZ2=1.97
Pot Expt. No-residue 19.3 16,7 1.7
{Glasshouse- Resldue 25.3 25.7 28.3 NOT TESTED
simulatﬁd rain)
Sec. 3. SED1=6,10; SED2=5.27
Tillage bin No-residue 12.7 8.0 12.7 14.3 10.0 13.9
(Glasshouse- Residue 24,7 9.3 22,0 23.0 18.3 22.3
simulated rain)
Sec. 3.6 SED1=2.06; SED2=2.17

SED1=Standard error of difference within opener types.
SEDZ=standard error of all other interactive differences.
ENote: The EOt experiment did not have the same unit soll mass {rom

which earthworm populations were counted, as the other 3 experiments
listed.

g0t
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of earthworms) show interactive responses of direct drilled barley seeds;
and Table 58 shows the interactive responses of earthworms, to direct

drilling seed sowing techniques and contrasting crop residue conditions

in a saturated soil.

(a) Surface broadcasting:

Surface broadcasting was included to provide an "unlimited®
atmospheric oxygen treatment 1In these situvations. It is a treatment,
however, not known to be used in practice with "direct drilled"™ cereals
in untilled scils. In the two experiments in which six direct drilling
seed sowing techniques were compared {(in the presence cor absence of
earthworms; both at 15-200 C}y the technique which involved surface
broadcasting onto untilled 8c¢il gave the highest overall seedling
emergence of all direct drilling seed sowing techniques. However, in the
presence of earthworms and crop residue the winged opener had an
equivalent performance to surface broadcasting. In the presence cof
earthworms, but in the absence of crop residue, surface broadcasting gave
¢learly the highest maximum emergence of all direct drilling seed sowing
techniques. Similarly, in the absence of earthworms, and under both
residue and no-residue conditions, the surface broadcasting technique
gave the highest maximum emergence of all direct drilling seed sowing
techniques. In fact, 1in the absence of earthworms and residue, surface
broadcasting gave more than twice the seedling emergence of the btest of
the "true™ openers {power-till}. This was probably due to “unlimited"
atmospheric oxygen, the warm temperature and consistent frequent rain
{which in these experiments was 20 mm a day for 21 daysj). Under the
prevailing experimental conditions, the surface broadcasting technique
must be regarded as having been successful, regardless of the preaence or
absence of earthworms or surface residue. This treatment however, would
be of limited practical importance in the field (for sowing cereals in
untilled s0il) because of the limited potential for 'seed-soil contact’
and thus possible reliance on duplication of the experimental conditions
for germination. No attempt was made to examine the potentlal of this

treatment in other environments.

The surface broadcasting technique in the presence of earthworms and
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residue, showed lower final oxygen diffusion rates (ODR} than the grooves
of all openers except the triple disec. This might indicate that the
unlimited availability of oxygen above the scil in the surface
broadcasting treatment more than compensated for any low soil ODR, as the
seeds wWere largely isolated from the true s0il environment. ©On the cther
hand, once the radicle had penetrated inte such a soil environment,
seedling performance might have been eXpected to respond in a similar
manner to drilled seeds. 1Indeed root/shoot weights reflected this effect
as the surface broadcasting treatment ranked only second or third {to the

power-till treatment) in these respects.

{b) Winged opener:

In three of the four experiments in which only the three main copener
types were compared {winged, ¢triple disec, hoe), seedling emergence
performance of the winged opener grooves in the presence of earthwerms
and residue was the highest of the three copener types. In the remaining
one experiment it was equal to the hoe opener ag the highest. 1In a
further experiment in which the range of direct drilling seed sowing
techniques was extended tc six, the winged, hoe and power-till openers in
the presence of earthworms and residue performed equally well. The
winged opener, however, was also equivalent to the highest ranked surface
broadcasting in this specific situvation (as earlier described). In the
presence of earthworms and surface residue, the grooves of the winged
opener showed 2-4 fold increases over those of the triple disc and punch
pianter openers; but this difference was all but eliminated in the
absence of earthworms. In the absence of earthworms the grooves of the
winged opener were inferior to those of the power-till opener, in terms

of seedling emergence.

In a total of five experiments, the winged opener showed no
gignificant differences in earthworm populations, ODR regimes and soil
bulk densities around the groove profiles compared with the hoe opener
grooves, but together +these <two openers recorded the most favourable
measurements of these factors. In these five experiments the winged

opener averaged 2 fold greater numbers of earthworms, 24% higher ODR

values and 9% lower scil bulk densities than the triple disc¢ opener
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grooves.

In the presence o¢f earthworms, and with two infiltrometer depths
(100 and 140 mm) the winged opener showed a higher cumulative
infiltration than any other opener type, and the undisturbed soil
surface, both in residue and no-residue conditions. For example, the
winged opener in the presence of earthworms, under no-residue conditions
and with an infiltrometer depth of 100 mm, showed an approximately twice
the cumulative inflltration compared to the average of all other direct
drilling seed sowing techniques. Similarly, under residue conditions
this opener showed 50% higher cumulative infiltration compared to the
average of all other treatments. Furthermore, in the absence of
earthworms and surface residue the groove of the winged opener showed
significantly higher cumulative infiltration than any other seed sowing
technique, but only with a 100 mm infiltrometer depth. With a 140 mm
infiltrometer depth there were no sgsignificant differences in cumulative
infiltration amongst seed sowing treatments in the absence of earthworms

and residue.

The performance of the grooves of the winged opener was thought to
have been due te¢ the inverted "T" shaped grooves, which shattered the
s0il beneath the surface and retained the residue over the top of the
grooves {(and thereby avoided residue contact with the seeds). It is
thought that this might have attracted a greater number of earthworms to
the groove profile which Impreoved the seed-soil environment, thereby

helping to promote seed germination and seedling emergence.

(c) Hoe opener:

Although in the presence of earthworms and residue the seedling
emergence performance of the hoe opener grooves wWas slightly inferior to
that of the winged opener in scme experiments, it also showed 2-3 fold
inereages in seedling performance compared with the grooves of the triple
disc opener in the five experiments in which these three openers wWere
compared. Again, however, these differences were all but eliminated in

the absence of earthworms or residue. In the one experiment in which six

direct drilling seed sowing techniques were compared the grooves of the
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hoe opener performed similarly to these of the power-till and winged

openers. The former two were alsc lower than the surface broadcasting

technique.

In all five experiments the mean oxygen diffusion rate (ODR},
earthworm populations and 30il bulk densities around the groove profiles
of the hoe opener were identical to those of the winged opener, but as
described above, this was not neceasarily matched by seedling
performance. 1In all five experiments, the hoe opener grooves showed
significantly greater numbersa of earthworms, higher ODR regimes and lower
50il bulk densities than the triple disc opener. It appears that with
the hoe opener grooves, even residue swept to either side of the grooves
remained c¢lose enough to have contributed to earthworm populations and

activity around the groove profiles.

(d) Power-till opener:

In the one experiment in which s8ix direct drilling seed sowing
techniques were compared {condition d above at ?5—20o C), the average
seed/seedling performance of the power-till opener grooves in the
presence of earthworms and residue was identical t¢ that of the
performance of the grooves of the winged and hoe openers {as earlier
described). In the absence of earthworms and residue the power-till
opener promoted the highest seedling emergence of all “true®™ openers,
although it was less than half the values obtained following surface
broadcasting. Clearly the power-till opener relied on physical
disturbance, rather than the attraction of earthworms to «create a
desirable seed micro-environment, because in the absence of earthworms
itas grooves showed significantly higher seedling emergence than all other
true cpener designs (winged, triple disc, hoe and punch planter).
Nevertheless, the seedling performance of the power-till was 20% less
than that which it suatained in the presence of earthworms, although this
was not affected by the presence or absence of crop residue. Such an
effect might have been due tc the wide shattering action of this opener
and the fact that any surface residue present was incorporated by its

action, thereby aiding aeration.



In the presence of earthworms soil bulk densities around the groove
profiles of the power-till opener were similar to the grooves of the
punch planter opener and surface broadcasting technique. However, the
ODR values around the groove profiles of the power-till opener, in the
presence and/or absence of earthworms were higher than any other direct
drilling seed sowing technique during the experimental periced. The
power-till opener had similar earthworm numbers to the winged and hoe
openers and surface broadeasting, but showed greater earthworm numbers
than the triple disc and punch planter openers. The relatively high
earthworm numbers arcund the groove profiles of the power-till opener,
compared with the triple disc and punch planter openers, might have been
due to the wide shattered grooves of the power-till {(despite some
probable killing of earthworms by its action}). By contrast, there was
compaction and smearing with the triple disc opener, and puddling of
water in the discontinucus holes of the punch planter opener, which might

have discouraged earthworms, but not killed them.

{e) Triple disc opener:

In all the experiments in which the triple disc opener was compared
with the winged and hoe openers in the presence of earthworms and
residue, its groove performed poorly in terms of seedling performance,
ODR regimezs and earthworm populations around the groove profiles. It
also compared poorly with the power-till and surface broadcasting
treatments in fthe one experiment in which they were alsc involved.
However, in this latter experiment the grooves of the triple disc opener
showed nc significant difference in seedling emergence compared with the
grooves of the punch planter opener. The triple disc opener created
smearing and compacktion which resulted in higher s30il bulk density
readings around the groove profiles compared with al)l other direct

drilling seed sowing techniques (inecluding the punch planter opener).

The triple disc opener was observed to push residue inside the
groovesa, where they remained in contact with some of the seeds. The
resulting phytotoxicity of decomposing residue night have been

responsible for the adverse effects on seed germination and seedling

emergence, especially when operating in residue conditions. Such
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phytotoxic effects, therefore, appear to be relevant to wet so0il
conditicns, ranging from the c¢old autumn temperatures of the United

o
Kingdom to the warm {15-25 C) conditions used in these experiments.

It had earlier been reperted by Mai (1978), and Baker and Mai (1982}
that s0il compaction and/or smearing wWere detrimental to seedling
emergence. Cutting a "V" shaped groove with a knife {in such a way that
smearing and compaction was minimised) significantly improved seedling
emergence, root/shoct weights, ODR regimes and earthworm populations
around the groove profile, compared with when such a groove was created
by a triple disc opener with a plain front disc. Similarly, when residue
was artificially placed over the top of "V* or "U" shaped grooves,
improved seedling emergence counts and seed/soil micro-environments
resulted, compared with where the residue was artificially pushed into
the grooves, which was detrimental tc seedling emergence. This occurred

whether the "V* shaped groove was knife-cut or created by a triple disc

opener.
(f) Punch planter opener:

In the one experiment in which six direct drilling seed sowing
techniques were compared, in the presence of earthworms and residue, the
seedling performance cof the "groovea™ of the punch planter opener was
inferior to all other opener types and the surface broadcasting
technique, except the triple disec c¢pener. Similarly, this opener shewed
lower ODR wvalues and earthworm populations around its “groove" profiles
compared to all other direct drilling seed sowing techniques, except the
triple disc opener greooves which showed lower ODR values and almost 2
fold lower numbers of earthworms than the punch planter opener. The
punch planter opener in the presence of residue and earthworms also
showed a lower soil bulk density than the triple disc opener, but was
higher in this respect than the winged and hoe openers. The improved
performance of the punch planter opener compared with the triple disc
cpener {in ¢terms of ODR values, earthworm populations and soil bulk
densities) might have been due tc the nature of its "grooves® which were

a series of uncompacted and/or unsmeared discontinuous holes, compared to

the continuous wedged nature of the triple disc opener grooves.
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4.2 CROP RESIDUE

Both field and laboratory experiments indicated that the presence or
absence of crop residue on the s0il surface influenced seedling emergence
and the seed-soil micro-environment in the presence of earthworms. In
this respect, crop residue conditions showed 28% higher seedling
emergence, 40% increased root weights, 27% higher ODR regimes, 70%
greater earthworm populations and 25% greater area index of their casts,
together with 8% lower soil bulk densities around the groove profiles,

than no~residue conditions.

The experiments also showed that seed/residue contact was an
important aspect of the geometry of the grooves in affecting seed
germination and seedling emergence. For example, the perfeormances of
both the triple disc opener grooves ("V' shaped) and hoe opener grooves
("U" shaped), in terms of seedling emergence and root weights, were
gignificantly improved when residue was presgent but was prevented from
contacting the seed (by artificially removing them from inside the triple
disc grooves and placing them, instead, over the grooves; the hoe opener
did not push the residue into the grooves in the first place) compared to
when the residue was artificially pushed into the grooves. For example,
the residue placed over the groove showed 70 % higher seedling emergence
and 54% greater root weights than when residue was pushed into the
groove. The major problem which arose when residue was pushed into the
grooves in contact with the seed, was ungerminated or dead seeds under

the prevailing wet soil conditions.

The beneficial effects of the presence of residue were most
pronounced with the winged opener, when earthworms were present. This
opener returned the residue tec approximately its original position on the
soil, thereby covering the groove. It was thought that the beneficial
response of earthworms to the pcogition of the surface residue was the
main reason this opener benefitted in this way, as the response in the
absence of earthworms was minimal. The hoe opener was the next most
beneficially influenced by the presence of residue. As this opener swept
the residue aside, the reduced benefit compared with the winged opener is

perhaps understandable. This opener too showed no response to residue in

the absence of earthworms. A1l other direct drilling seed sowing



techniques experienced either negligible response toc residue (power-till,
punch planter, surface broadcasting) or were disadvantaged by them
{triple disc opener). The latter treatment alsc showed 1little response

to the presence or absence of earthworms under residue conditions.

4.3 EARTHWORMS

A characteristic aspect of these experiments was that opener types
and crop residue lost most of their influence on the seeds and seedlings
in the absence of earthworms. In this sense earthworms c¢culd be
considered to have been an important factor in affecting (either directly
or indirectly) seed germination and seed-soil envirconments under wet scil
conditions. For example, there were practically no significant effects
of opener types or crop residue on percentage seedling emergence,
root/shoot weights, oxygen diffusion rate regimes (ODR), soil bulk
densities and soil moisture contents around the groove profiles in the
absence of earthworms. These effects were difficult to quantify
absolutely, as the presence ¢r absence of earthworms constituted separate

pairs of simultanecus {(but otherwise identical) experiments.

Two particular experiments showed these effects, although in one of
these experiments (which extended the number and range of direct drilling
seed'sowing techniques from 3 tc 6) significant beneficial effects on all
of the above parameters were shown by a power-till cpener which tilled
2/3 of the s80il area, together with a surface broadcasting treatment, in
the absence of earthworms. - Nevertheless, the differences that were
attributable to direct drilling seed sowing techniques in the absence of
earthworms, were minor by comparison with those which occurred in the
presence of earthworms. Furthermore, the absolute performance of the
"best™ opener/residue treatments {(excluding surface broadcasting) in the
presence of earthworms was far greater than the "best" opener/reaidue
freatments in the absence of earthworms. The mean of all direct drilling
seed sowing techniques and residue conditions showed that the experiments
with earthworms had 136% higher oxygen diffusion rates {ODR), and 34%

greater seedling emergence counts than those without earthworms.

Three earthworm species {Allolobophora Longa, Allclobophora

caliginosa and Lumbricus rubellus) were found to be most active in the




317

top 100 mm of soil. Thias is thought to have been partially presponsible
for the higher infiltration rates shown with a shallow infiltrometer
depth of 100 mm compared with 140 mm. For example, the average
cumulative infiltration into drilled grooves using an infiltrometer depth
of 100 mm was 60% {(in residue) and 244 {(in no-residue)} greater than where
an infiltrometer depth of 140 mm was used under these conditions in the
presence of earthworms. 1In the absence of earthworms and surface residue
the differences in average cumulative infiltration between the two depths
was very small (i0 mm). The cumulative effect of earthworms and residue
on infiltration acrogs all direct drilling seed sowing techniques (at an
infiltrometer depth of 100 mm) was to increase total infiltration by 9
times compared to that recorded 1in the absence of both earthworms and
residue. The presence of earthworms alone accounted for a 7 fold
increase in infiltration. Thus it might be concluded that the ability of
an opener to influence the presence of earthworms and crop residue is an

important design determinant in affecting infiltration rates around the

groove profiles.

This restricted zone of Influence on infiltration may be explained
by the apparent 1limited extent of effectiveness of each opener, and its
assoclated earthworm activity and the changes which they brought to the
seed/soil micro-environments (ODR, scoil bulk density, soil moisture
content) around the groove profiles. This zone appeared to be limited to

60 mm to either side of the grooves and a similar distance down from the

groove bases.

Direct drilling seed sowing techniques had aignificant effects on
earthworm populations only within this 60 wm square =z2zone of so0il
centefing on the base of the groove profile, under both residue and
no~residue conditions. This observation, however, depended to some
extent on the position of the c¢rop residue (if any) and physical
characteristica of the groove (particularly the extent of soil compaction

around the groove profile).

Numbers of earthworms were not significantly different amongst those
openers which avoided compaction around the grooves (winged, hoe and
power-till). The "V shaped triple disc opener grooves (which were
compacted) showed 2 fold lower numbers of earthworms and 80% lower

activity of earthworms than the mean of all other direct drilling seed
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sowing techniques. This opener also resulted in the lowest ODR and
seedling emergence counts in beth residue and no-residue conditions.
This might have been a result of s0il compaction or smearing by the
opener. The punch planter opener had the second Ilowest numbers of
earthworms even although it appeared to aveoid compaction. Perhaps this
reflected the puddling of water in its discontinuous holes. Disturbance
from the power-till opener was maximized, but this effect may have been

partially offset by the physical damage done to a number of earthworms.

Later experiments showed that under continucusly wet soil
conditiona, a high degree of smear, together with high levels of s0il
bulk density, disccuraged earthworm pcpulations and activity. A similar
negative effect on ODR at 40 mm depth was observed in these smeared and
compacted soils. Absence of a smear, and a soil bulk density 1level of

1.0 g/em , showed the highest earthworm activity and ODR of the

conditions tested.

Under continuously drying soil conditions earthwornm activity
appeared to stop after 7 days, but up te that time the avoidance of a
smear and maintenance of so0il bulk density at 1.0 g/cm3 encouraged more
earthworm activity than where any form of smear existed or the bulk

density level was higher than 1.0 g/cm .

Observationa of the movements and activity of earthworms in partly
smeared cylindrical holes showed that all earthworms were attracted
towards surfaces without smears, rejecting those surfaces which were
smeared. Together with other experiments involving earthworms, this
seemed to suggest a sensitivity to smearing and/or compaction which
occurred regardless of whether the earthworms were approaching or exiting
from a soil surface. 3uch a sensitivity may explain the lower numbers of
earthworms and reduced activity around the groove profile of the triple

disc opener, which compacted and/or smeared the sides and base of the

grooves.

It is possible that an acid environment {due to decowmposing residue
in the groove) may also have been hostile to earthworm populations and
their activity. For example, the hoe opener groove with residue

artifieially pushed into the grocve showed lower numbers of earthworms

than when the residue was over the groove. On the other hand, the triple
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disc opener grcove with residue pushed 1intc the groove showed almost
equal numbers of earthworms conmpared to when the residue was placed over
the top of the grocve. Overall, in this experiment the residue on top of
the grooves showed 26% higher numbers of earthworms, compared to when

residue was pushed into the groove.

4.4 CONCLUSIONS

The results of all fleld and glasshouse (laboratory) experiments
showed a high 1level of conslatency. From the results of these

experiments the following conclusions could be drawn.

1. The geometry and characteristics of direct drilled grooves,
together with the presence or absence of crop residue and the presence or
absence of earthworms c¢could all be expected to influence seed/soil

micro-environments in wet soils.

2. In the presence of earthworms, strong beneficial effecta from

the presence of surface reaidue can be eXpected.

3. Such a benefit from surface residue will be negated if the

residue is pushed into the grecove in contact with the seed.

4, Under wet soil conditions containing earthworms and residue a
shattered groove with c¢rop residue over the top of the groove, such as
that created by the winged opener (inverted "T" shaped groove), or in the
vicinity of the groove {such as the "U"™ shaped groove of the hoe opener)
will be bepeficial in promoting seed germination, seedling emergence and

a favouraple seed/soil environment.

5. The success of the winged, hoe and power-till openers might be
due to an improvement in QDR regimes and encouragement of more earthworms
than the grooves of the triple disc opener, under wet soil conditions in

residue.

&. In the absence of earthworms and regardless of surface residue,
a power-till opener which tills a strip at least 100 mm wide, should

result in a higher ODR and seedling emergence count than other opener
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types.

7- Surface broadcasting of seed onto untilled seedbeds, despite its
high level of emergence in these experiments, is not recommended as
continuous or regular (daily) precipitation might be needed in the field

over an extended period of time.

8. A direct drilled groove with compacted or smeared sides and/or
base (such as that created by a triple disc opener} will be detrimental
to seedling emergence and the seed/soil micro-environment around the

groove profiles.

9. Physical disturbance, per se, is 1likely to be beneficial to
earthworm activity in the groove, so long as it is not accompanied by
compaction, smearing, puddling of water, pushing of residue into the

groove or killing of large numbers of earthworms by the physical action

of the opener.

10. Decomposition of crop residue under wet warm soil conditions,
where it is in contact with the seed in the groove, and regardless of the
geometry of the groove, will adversely affect gseed and seedling
performance {especially the former} in ambient temperature conditions

ol
ranging from 15-25 C.

17. The narrow "U'" shaped grcoove of a punch planter under wet soil
conditions will perform poorly, even under crop residue, if the grooves

remain filled with water for asubstantial periods.

4.5 RECOMMENDED FURTHER RESEARCH WORK

It is suggested that further research work should bte conducted in

the following areas.

{a) Further improvements of equipment and techniques for

measurements of seed/scil micro-environments around the groove profile

under wet warm conditions.

{b} Residue from different crops should be examined to evaluate
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their effects on seedling performance.

{¢) Other sown c¢rop species might be compared with barley used in

this project in the wet warm test conditions.

{d) Tt was not clear whether so0il compaction and low oOXygen
diffusion rates (ODR} simultaneously affected earthworms or whether
earthworms were discouraged by soil compaction alone. Studies might seek

to examine the individual reles of these parameters.

{e) The effects on earthworm activity of an acid environment from

decomposing crop residue might be studied.

(f) Mathematical models might be established to further define

oxXygen diffusion rate (ODR}) regimes around direct drilled groove

proflles.

(g) The wet warm conditions might be varied to examine the effects

of different greoove depths and rain intensities.

(h) Further field experiments might be conducted to improve the

reliability of extrapolating the laboratory findings in this project.

(i) Simple instrumentation should be devised to test the suitability
of direct drilled grocves for given on-farm conditions involving wet
soils after drilling. Oxygen diffusion rate would seem to be the most

sultable parameter to meonitor in the field.
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7. APPENDICES
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Key:

= Heaving of soil

Sod displacement during coul ter passage
= Loosening and cracking of soil

Zone of compaction

= Smearing of slot walls
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Appendix 1a: The principal cherecteristics of direct drilling grooves in a
silt loam soil at moisture contents, 15%, 20%, and 27%.

(From Dixon, 1972 )
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Fig. 1% . Soil resistance at either side of triple disc (upper)  Figlpli - Soil resistance at either side of triple disc (upper)
and chisel coulter (lower) at 23% soil moisture content. and chisel coulter (lower) at 29% soil moisture content.

x 1b: Limits of the effects of direct dArilling opener types on soil resistance, from the

centre of the grooves,
(From Mai, 1978).
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Appendix 1ci: Iso-soil strength lines on either side of a direct drilled groove (Winged opener).

(From J. Mitchel, pers.comm, 1983),
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Appendix 1cii: Iso-strength lines on either side of a direct drilled groove (Triple disc opener)

{From J. Mitchel, pers.comm, 1G83%),
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Appendix 1ciii: Iso-strength lines on either side of a direct drilled groove {Hoe opener)

(From J, Mitchel, pers comm, 1983),




Appendix 2a: Manawatu Scil and ambient temperatures during
December, 1982 and January, 1983.

Date 50il temperature at Ambient Temperatures
10 cm depth
o} 0
() ( C)
December January December January
Max Min Max Min
1 1.7 14,1 4.0 2.7 18.8 6.6
2 11.5 15.1 16.7 2.2 22.1 7.2
3 13.4 17.9 15.1 10.0 20.0 12.9
by 11.8 17 .1 18.9 5.4 22.0 114
5 14,1 18,1 21.8 9.4 19.2 15.5
6 14.8 16.8 19.1 12.5 18.7 13.9
T 15.0 4.9 168.8 10.7 18.3 11.2
8 15.0 4.5 18.7 10.1 17.2 11.0
9 15.0 14.4 20.7 6.8 18,2 10.6
10 16.7 16.1 22,0 13.0 19.7 13.7
11 18.0 16.4 19.5 14.7 23.9 13.2
12 16.0 18.7 15.5 12.6 24.3 14.9
13 14.0 19.4 16.2 11.0 19.3 16.6
14 13.5 15.0 16.5 5.0 16.3 11.9
15 15.5 15.8 17.9 11.7 18.7 11.7
16 16.1 15.4 19.6 12.6 18.6 12.8
17 16.3 14.8 20.0 11.1 18.7 13.0
18 16.3 16.0 20.0 11.4 19.6 13.4
19 17.1 16.9 23.1 16.5 18.5 13.5
20 17.5 14,4 18.5 15.2 16.8 g.4
21 16.6 14,7 21.6 13.6 18.7 7.3
22 ' 15.5 15. 8 18.3 12.6 16.4 12.3
23 14.7 14.5 18.5 11.1 18.0 11.8
2y 15.4 4.5 18.9 13.5 18.3 6.9
25 15.7 16.0 20.5 13.7 19.5 13.0
26 15.7 15.8 15.9 11.7 18.3 11.6
27 13.6 13.8 15.6 10.4 19.C 5.5
28 13.3 16,1 17.1 7.5 19.5 10.0
29 14.9 17.0 16.6 9.2 21.4 4.5
30 13.9 16.0 16.2 7.4 18.3 13.0
31 13.8 15.9 17.1 4.5 20.0 13.6
Average 14.9 15.9 18.4 10.3 19.4 11.7
o o}
Highest Max 23.1 C 24.3 C
o} o}

Lowest Min 2.2 C 6.6 C
Source: Grassland Division, Department of Scientific and Industrial
Research (DSIR), Palmerston North ,New Zealand.



Appendix 2b: Manawatu rainfall data (December, 1982; January, 1983)

Date December, 1982 January, 1983

" =

Rainfall Evaporation Rainfall Evaperation
(a) (b) (a) (b)
(mm ) {(mm ) {mm ) (mm )
1 - 4.0 - b,8
2 8.7 5.1 - 6.3
3 3.0 2.4 - 6.0
Yy 0.3 4.8 5.7 6.4
5 - 5.7 - 4.5
6 - 4.y 1. sEs 2.7
7 - 6.9 - 5.1
8 - 10.0 - 6.0
9 - 4.0 - 3.5
10 8.0 0.0 - 1.5
11 33.4 6.8 - 3.0
12 0.6 12.4 6.6 4.6
13 0.3 4,5 7.6 4.6
14 - 5.2 2.1 8.1
15 - 2.6 5.1 6.2
16 - 4.0 - 6.0
17 - % 6.9 0.1 5.4
18 0.6 3.8 11.7 B.4
19 4.9 6.0 .2 6.4
20 27.8 1.5 0.1 4.5
21 32.3 3.1 - T7
22 - 6.8 - ]
23 - 5.5 - 5.7
24 0.9 3.9 1.8 S5.U
25 30.7 T.7T 10.7 6.7
26 1.5 3.5 1.9 4.5
27 - 7.6 - 4.4
28 - 7.0 0.2 5.5
29 - 6.8 0.5 4.3
30 - 4.0 - 5.3
31 - 4.0 - 6.7
Total 160.0 160.9 59.7 164.2

E From class A evaporation pan.
*%  Experiment started on December 17, 1982
##¥% FExperiment terminated on January 6, 1983

Source: Grassland Division, Department of Scientific and
Industrial Research (DSIR), Palmerston North, New Zealand.
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Appendix 3a: A sample of week1J day/nlght temperature and relative humidity changes inside the glass house
with a nominally controlled temperature range of 20-25° ¢,
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Appendix 3b: Thermo-couple calibration curve.
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Appendix 3c: A sample of - weekly day/nlght temperature and relatlve humidity changes inside the glass house
with a nominally controlled temperature range eof 15- 20° ¢,





