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The aim of this study was to detecmine the interactions belween direct drilling
opencr design specilications and seed groove micro-environments responsible for
seed /scedling performance in a wet soil. Three openers the winged, hoe and triple
disc were used. In the presence of carthworms and crop residuc, the winged opencr
which created inverted T-shaped groove, together with hoe opener {(U-shaped
groove) resulted in greater number of scedling emergence, oxygen diffusion rates
and carthworm activity than V-shaped groove created by the triple dise opencr. In
the absence of earthworms the opencrs and crop residue had no positive elfect on
micro-environments arocund the grooves. A compacted zone adversely affected Lhe
seedling performance and carthworm aclivity around the groove profiles.

INTRODUCTION

Several  authors  (Baker, 1976,
Choudhry and Bakcr, 1980) have defined the
requircments ol seads and scedlings drilled
direct into dry, untilled soils, Direct dedling
machinery technology has now been devel-
oped in New Zealand and Australia which is
able 1o mcel these requiremcents. Interna-
tionally dircct drilling 1s primarily used in
dry soils, and early research work on direct
drilling was also undertaken on dry soils,

Not much rescarch work has been
undertaken in wet soils. Ellis e af. (1975)
and Lynch et ai (1980) highlighted the
problem of lauty acid production from de-
caying plant residues and the resulting

scedling mortality in the cold saturated soils
of the Uniled Kingdom, They reported that
applications of substances which neutralised
acctic acid and scparation of the seed and
plant residue, overcame the problem, but
they did not adentify differcnces amongst
opencr designs in terms of their ability to
separate the seed from the plant residues.

This paper summarises the results of a
scrics of experiments in which the micro-
cnvironmental requirements of barley sced
(Hordeum vulgarae) drilled direct 1nto a
Tokomaru silt loam soil which subsequently
became very wel. Attempts Lo define design
criteria for the openers of seed drills were
made and the management practices Lo
overcome the problems associated wath wel
soils and crop residues are discussed.
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MATERIALS AND METHODS

Details of materials and mcthods and
individual cxperimental results have been
reported by Chaudhry (1985), Chaudhry et
al. (1987), and Baker et al. (1988). Four
experiments were carricd out. Each was a
split plot design with threc replicatcs.

Experiment 1 compared seed and
seedling responses from slots made by three
openers in plots with different amount of
residues. These plots were split for irrigation
and no-irrigation. Experiment 2 examined
the same openers and residue treatments as
in Experiment 1, but was conducted under
irrigation and in the partly controlled atmo-
sphere of a glasshouse. Measurements in-
cluded seed and seedling responses, earth-
worm numbers and oxygen diffusion rates.

Experiment 3 compared the  samc
opener and residue treatments as in experi-
ments 1-2 in the glasshouse. It also com-
pared cffects arising from earthworms with
those where natural carthworm numbers
were maintained. Experiment 4 was con-
ducted to prove the cffeets of direct opener
design specifications on the response of
carthworm aclivity around the seed grooves
made by these opencrs.

The experiments were conducted both
in the ficld and laboratory. In the ficld
cxperiments broad responses o excessive ir-
rigation and the presence of surface residuc
were delermined, while in the laboratory ex-
periments undisturbed soil from the field
was collected in large bins (up to 0.5 tonne
each) and irrigated in a glasshouse so that
the climate around the seed would be con-
trolled aflier drilling, and the fate of
scedlings monitored. The temperature,
moisture content and bulk density of the soil
in the groove produced by each opener was
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also monitored. The seeds in the field and
laboratory experiments were drilled al a
normal speed (8 km/hr) and at a normal
soil moistute level, since few openers would
normally drill seed into an alrcady saturated
soil. The soils in the ficld were then satu-
rated using spray-irrigation. In the labora-
Llory, garden soak hosc was used to wet Lhe
soils in their bins at the rate of 5 mm/hr. In
this way, soils were soaked for 4 hours per
day for a pcriod of 21 days. Ambient tem-
poralurcs in the glasshouse were maintained
at 20-25°C (night and day) in some expen-
ments (2 and 3) and at 15-20°C in experi-
ment 4,

The drill openers and their resulting
soil slots are described as follows:

Winged opener: This created a closed
groove with an invert T-shape by returning
the residue-covered soil over the groove.
The seed and residue were physically scpa-
rated by distance of 40 mm.

Hoe opener: This created an uncovered
groove with U-shape by sweeping residue to
cither side of the groove. The seed and
residuc were separated by a distance of
aboul 50 mm.

Triple disc opener: This created an uncov-
ered compacted groove with a V-shape. A
proportion of the residue was pushcd into
contact with seed.

The number of seedlings which
emerged was counted. Visible seedlings
from all treatments were therefore listed as
"Seedling emergence”. Counts were also
made of ungerminated secds which had
germinated but not emerged from the soil.
Cylindrical cores of 120 mm diameter and
100 mm depth centered on the rows were
taken around the slot made by the openers,



and the number of whole earthworms pre-
sent was counted, The oxygen diffusion rate
{ODR) was measured in situ in a 16 point
grid pattern Lo one side of and below the
seed (Letey and Stolzy, 1964). Soil bulk den-
sity and moisture contents were mcuasured in
soil sampled in a similar grid pattern on the
other side of the seed. .

To study the elfect of soil compaction
on carthworm activities a bare soil surface in
the experimental field of Tokomaru silt-
loam soil was compacted to three diflferent
soil bulk density levels (1.0 g/fem?, 1.2
g/cm3 and 1.4 g/cm3) by using a hcavy stcel
roller. The barc soil surface was created by
rcmoving all residual plant material 8 weeks
carlicr and the soil moisture conlent was
29% (d.b). From cach compacted zone of
undisturbed soil the samples (160 mm wide
x 160 mm long x 200 mm deep) were cut
with a spadc and placed in plastic pot of the
same size. All the pols were shilled Lo a
glasshouse and were arranged in a com-
pletely randomized block design with three
replicates. Three levels of smear (zcro, light
and heavy) were created on the surface of
the soil using the back of a spatula. No
drilled grooves were made, "Light" smearing
of the surface resulted from rubbing the
spatula over the soil surface twice and
"heavy" smearing by rubbing five times. No
quantitative measurements ol inicnsity of
smearing were attempted,

To ensure a reasonable level of
carthworm activity, crop residuc was placed
aver 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. Daily mcasurcments of cumulative
numbers of earthworm holes in the soil
surface of the pots were taken for 21 days.
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Statistical analysis of cumulative numbers of
holes were made on days 1, 7, 15 and 21,

RESULTS

Scedling emergence and the earth-
worm populations of experiments 1,2 and 3
arc summarised in Tables 1,2, and 3. In Ta-
bles 1 and 2 there was strong interaction in
the number of seedlings emerging as a result
of surface residue and openers, but only in
the presence of earthworm (Table 1),
Where carthworms were absent (Table 2)
the only influence that cither sowing mcthod
or residue had ansen from exaggerated me-
chantcal acration or from removing the seed
from the soil and exposing it to the atmo-
spheric oxygen and adequate water.

Where  earthworms  were  preseat
(Table 1), winged and hoe opencrs re-
sponded consistently and markedly to the
presence of surface residue which was re-
fleccted in increascd scedling emergence.
This appearcd to be directly influenced by
both the number of carthworms and their
activity around the groove (Table 3}, both of
which favourably influenced oxygen diftusion
rate (Fig. 1-3) and the bulk density of the
soil in the seed zone. The triple disc opencr
did not result in increased seedling emer-
gence in the presence of earthworms and
crop residue, probably because the decaying
grass was pushed down into the groove with
its compacted sides and base. The bulk den-
sity of the soil was lower around the grooves
produced by each opener when the residuc
was present than when the soil was bare and
all openers produced lower bulk densities
than the triple disc opener. It is likely that
the influence of soil compaction reflected
carthworm aclivily since carthworms were
generally high when bulk densities of the soil
were lower.



Pak. I. Agri. Sci,, Vol. 28, Neo. I, 1 991

Table 1.  Effects of direct drilling openers and surface residues on emergence of barley
seedlings from a saturated soil with natural levels of earthworms (% secdling

emergence)
Experiments Residue Opener type
Earthworms Winged  Triple Hoc S.E. diffcrences
present disc opener interaclions
Field experiment No-residuc 47.0 38.3 41.7 4.3 3.3
(Irrigation) Residue 75.0 30,0 67.7
Tillage bin No-residue 43.8 20.2 32.9
{glasshouse- Residue 73.3 25.2 63.8 32 1.1

simulated rain)

AP
——

Table2,  Effects of direct openers and surface residue on emergence of barley seedlings
lrom a saturated sovil (% seedling emergence)

Experimenls Residuc Opener Type

Earthworms Winged Triple Hoe S.E. differcnces
absent disc opener nteractions
Pot experiment No-residuc 63.3 53.3 60.0

{glasshouse- Residuc 50.0 40.0 56.7 15.2 9.4

simulated rain)

Table 4 indicates the cffects of soll of 1.2 or 1.4 g/cm3 showed the lowest cu-
compaction and smearing on carthworm ac- mulative numbers of carthworm  holes
tivity. It appears [rom Table 4 that therc (tcrminal, 29.0 and 21.3 respectively), al-
were strong inleractions belween smearing though at the higher levels of soil bulk den-
intensities and soil bulk densitics. The com- sity (1.4 g/cn13), the three levels of smearing
bination of "zero" smear and soil bulk den- had little additional effect on reducing the
sily of 1.0 g,fcm3 had clcarly the highest cu- carthworm activity. In fact, throughout the
mulative numbers of earthworm holes experiment, bulk density appeared to have a
(terminal, 120.7). Conversely, the combina- grcaler effect on numbers of earthworm

hon of "heavy smear” and a soil bulk density holes than the intensity of smearing,
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Table 3.  Efffects of direct drilling openers and surface residue on earthworm numbers in
saturated untilled soil
{(Number per soil core)

e,

I
|
i

Experiments Residue Opencr Ty;c
Winged  Triple Hoe S.E. differences
dise opener interactions
Earthworm numbers |
1. Tillage bin No-residue 13.3 6.7 11.3
{glasshouse- Residue 27.3 8.0 26.7 2.5 1.0
simulated rain)
2. Pot experiment No-residue 19.3 16.7 14.7
(glasshouse- Residue 253 25.7 283 6.1 53

simulated rain)

rietices
sy

Table4.  Effects of smearing intensity and soil bulk density on cumulative numbers of
earthworm holes, under simulated rain conditions

i

Days Smcar Bulk density interactions
(g/cm?)
Zero Light Heavy 1.0 1.2 1.4 Bulk density/ 1.0 1.2 1.4
SIMear
Holes per pot*

1 54 42 386 88 3.0 14 Zero 12.3 33 0.7
Aa Aab Ab Aa Bb Cc Light 7.7 3.0 2.0 BSED = 1216
Heavy 6.2 2.7 1.7

T 352 264 168 496 264 16.8 Zero 59.3 29.3 17.0
Aa Bb Bc Aas Bb Be Light 54.0 30.7 17.7 - SED = 643
Heavy  35.3 19.3 15.7

15 571 482 341 799 380 218  Zero 1038 453 929
Aa  ABb Be An Bb Ce Light 83.3 40.0 21.3 SED = 8.48
Heavy  53.0 28.7 20.7

21 647 511 377 918 396 221 Zero 120.7 49.7 23.7
Aa ABb Be Aa Bb Cc Light 920 400 213 SED = 8.55
Heavy  62.7 28.0 21.3

*  Pot surface area = 0.0256 m?2,
Unlike letters in a row denote signilicant dilferences.
(Upper case: P<0.,01; lower case: P <0.05),
SED = Standard error of all interactive differences.
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DISCUSSION

The most vivid cffect in these ex-
peniments was ‘the contrast between the
presence and absence of carthworms. In the
absence of earthworms and perhaps other
soil fauna there appearced to be a little clfect
of the openers or interaction with plant
residue. In the presence of carthworms the
winged and hoe openers increased cmer-
gence almost three fold and these openers
benefitted markedly [rom crop residue. The
effectivencss of the winged opener under
these sub-optimal soil conditions 1s particu-
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larly noteworthy as it had carlier bcen
shown to be similarly elfective in very dry
soil for different reasons (Baker, 1976;
Choudhry and Baker, 1980). This indicates a
wide tolerance of varying soil conditions by
this opcner. With the triple disc there were
intcractions beiween openers and  plant
residue, but these reduced seedling emer-
gence. It is probable that the triple disc
opener may have incrcased contact between
seed and the residue, This opener was also
observed by Mai (1978) (o reducc porosity
close to the groove which is an obscrvation
that was confirmed by the is0-ODR figures
in these experiments (Fig. 1-3).



The failure of the triple disc opener
might be cxplamed by the lower porosity
(Mai, 1978) and decaying residue which ap-
peared not only to have a dircct mortality
effect on seeds, but also to have discouraged
carthworm activity, Earthworm  numbers
were closcly related to both bulk density and
oxygen diffusion ralcs which were them-
selves related, and both appeared 1o have an
influence on seediing cmcrgence. Because
the earthworms were sensitive to soil com-
paction and oxygen and their behaviour was
similar whether they were getting out of the
soil or entering into the soil.

Conclusions:

1. The influences of opencrs and residucs
on sced and seedling performance in a
wel directly dritled sotl appears to
centre  around  their  inlluence  on
earthworm activily, bulk density and
oxyeen diffusion rate in a zonc close w
the drilled grooves.

2. When dircet drilling takes pluce in soils
with  reasonable  populations ol
carthworms, satisfactory  levels  of
scedling cmergence might be expected
to occur if winged opencer is used, Hoe
opener will also perform satislactorily
provided plant residue is present.

3. In wet soils, regardiess of the presence
or absence of earthworms or residuc,
triple disc opener s likely 1o result in
poor seedling emergence and low
ODR regimes around the groove
profiles. The compacted soil adversely
affects secd/soil micro-environments
and particularly the acivity ol soil
[auna.

By giving attention to the shape of the
seed groove created by drill opencrs, and
deliberate positioning of surflace residucs, it
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scems possible to promote direct drilling
(no-tillage) with a substantially lower bio-
logical risk in a range of field conditions,
than is being achicved by some of the nar-
row-tolerance technology currently in use.
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