













































































































































































CRDC Soil Management Training Courses

(8) GUNNEDAH SOIL MANAGEMENT COURSE,

4 JUNE 1999
Participants
Shaun Bailey Queensland Cotton
(Graham Bourke (Glencoe IAMA, Gunnedah
Paul Conradt Cotton Grower Services, Gunnedah
Rob Duns Goddard Agricultural Services
Greg Gibblet Crop Tech P/L, Tamworth
Mark Goddard Goddard Agricultural Services
Warren Lang Lang Crop Management Services
Sam Leys Seed & Grain IAMA, Quirindi
Malcolm McNiven McNiven Ag. Services
Ian Murray Glencoe IAMA, Gunnedah
Matthew Thomas  Thomas Consulting Service
Rick Thomas Thomas Consulting Service

Cooperating growers

Andrew Pursehouse, ‘Breeza Station’
Rick Thomas, ‘South Side Irmigation’
Geoff Hood, ‘Lou’s Place’

Course leaders

Dr David McKenzie, Soil Consultant, Orange
Mr Mark Hickman, Cotton Development Officer, Gunnedah

Resource staff

Dr Alison Anderson, Soil Consultant, Orange
Mr James Quinn, Cotton Development Officer, Moree

Program
Friday 4 June
3.00 NSW Agriculture Conferenceroom

{a) Welcome-- Mark Hickman

(b) ‘Cotton SOILpak’ manual; contents, methods — David McKenzie

‘Breeza Station’
(a) Pit description in dryland cotton field (black crackingclay)
(b) Farmer comments — Andrew Pursehouse

11.30 *“South Side Irrigation’
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(a) Pit description at high-yieldingend of field (silty brown soil)
(b) Pit description at poor-yielding end of field (silty brown soil)
(c) Farmer comments — Rick Thomas

230 ‘Lou’s Place’

(a) Pit description in an irrigated field with hardsetting red soil
(b) Farmer comments — Geoff Hood
(c) Concluding comments

Outcomes of Gunnedah course

The trainees have the knowledge to accurately assess soil condition on commercial
cotton farms.

The value of soil assessment in “yield map interpretation’ was emphasized. Other
topics that received detailed attention included:

— assessment of the impact of controlled-traffic farming systeins on soil structure,
— the impact of groundwater on soil structure,

— methods for improving hardsetting soil.
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Field observations, laboratory data and management options (Gunnedah)

‘Breeza Station’ — dryland cotton (black cracking clay)

Field observations:

The field has been farmed since 1994, It was under bare fallow following a dryland wheat-

wheat-cotton rotation. Roots were observed to a depth of about 90 ¢m. An effective

controlled traffic system wasin place.

Soil test results:

Depth (m) Spak { pH { EC { Cl £ CEC { ESP i Ca/ ESI 0C C F Siit § Clay | 15

score Mg sand { sand bar

Topsail L3 §4 { 018 12 52 38 14 0.05 134 0 7 21 73 33
(0-0.1)

Subsurface 14 91 £0.27 1 28 54 10.7 1.0 0.03 0.77 1 6 I8 78 34
(0.15-0.25)

Upper subsoil 1.6 93 054 281 61 197 ¢ 0.8 0.03 0.60 1 6 18 77 33
(0.4-0.5)

Mid subsoil 1.4 9.1 i 1.02 : 956 58 259 ; 07 0.04 : 0.60 H 4 22 76 33
(0.7-0.8)

Interpretation of laboratory data:

The profile is sodic below the topsoil (ESI < 0.05, ESP >5), and moderately saline below 50

cm. Self-regeneration potential is excellent (CEC > 40 cmol(+)/kg).

Management options to consider:

There is no need for deep tillage. This is fortunate, because such an operation is likely to
bring sodic clods to the soil surface. Continue to control the wheel traffic via the tram-line
system. The subsoilis strongly sodic and alkaline, and may respond to applied gypsum — test
strips are recommended. Lime application is unlikely to be effective because of the high pH
values. The presence of a moderate salinity problerns in the subsoil suggest that piezometers

should be used to monitor the groundwater height.
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‘South Side Irrigation’ — ‘high yield’ (brown silty soil)
Field gbservations:

The field was in bare fallow after irrigated cotton. The previous cotton crop was planted
soon after a major flood, so machinery had to be driven on the soil when it was very wet.
The pits were in a ‘fill” area, where the better yielding cotton was grown. Recent wheel
traffic had been well directed, but there was evidence of remnant compaction in the subsoil
from previous operations. Under the main wheel tracks, compaction extended to a depth of
about 80 cm. Bore water has been used to imrigate this field.

Soil test results:

Depth (m) Spak{ pH{ EC i Cl { CEC i ESP : Ca/ ESI | OC C F Silt ; Clay i 15

score Mg sand { sand bar

Topsoil 13 7.1 & 0.11 26 17 1.2 23 0.G9 1.49 2 24 43 32 14
(0-0.1)

Subsurface 1.5 62 | 015§ 55 14 2.1 2.1 0.07 1.29 2 23 42 33 16

(0.15~0.25)

Upper subsoil i4 7.6 : 011 ; 47 31 1.5 1.5 0.08 0.60 1 15 26 60 21
(0.4-0.5)

Mid subsoil 13 88 ;0,19 : 40 26 1.7 0.9 0.11 0.43 2 21 29 50 19

(0.7-0.8)

Interpretation of laboratory data:

The profile is stable in water (ESI > 0.05, ESP <5). There is no evidence of a salinity
problem, but the sub-surface soil is mildly acidic. Self-regeneration potential is poor near the
surface, but moderate in the subsoil. The chemical properties of the bore water (EC = 0.61
dS/m, SAR=0.66) are favorable, although regular leaching of the profile will be necessary to
flush ont the salts that accumulate.

Management options to consider:

Mixing of lime into the sub-surface soil is likely to be beneficial — the pH needs to be
increased. The surface soil is prone to hardsetting because of the high proportion of fine
sand and silt, so a cereal crop should be grown to provide an organic mulch. Continue with
the good control of wheel traffic.
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‘South Side Irrigation’ — ‘poor yield’ (brown silty soil)

Field observations:

The field was in bare fallow after immigated cotton. The previous cotton crop was planted
soon after a major flood, so machinery had to be driven on the soil when it was very wet.
The pits were in a ‘cut’ area, where the poorer vyielding cotton was grown. Recent wheel
traffic had been well directed, but there was evidence of remnant compaction in the subsoil
from previous operations.

Soil test results:

Depth(m) { Spak: pH { EC § Cl1 { CEC | ESP { Co/ ESI | OC C F Silt : Clay { 15
score Mg sand { sand bar
Topsoil 0.5 66 : 022 : 78 16 22 1.7 0.10 111 5 16 43 36 14
(0-0.1)
Subsurface Le 71 1 009 ¢ 32 25 26 T4 0.03 : 0.77 4 11 36 50 19
(0.15-0.25)
Upper subsoil 13 86 : 035 66 35 6.4 1.1 0.05 i 0.60 2 8 26 64 22
{0.4-0.5)
Mid subsoil 1.2 9.1 : 0311 54 31 9.9 1.0 0.03 0.51 4 8 34 56 20
0.7-0.8)

Interpretation of laboratorv data:

The profile has a mildly sodic subsoil (ESI < 0.05, ESP >5). There is no evidence of a
salinity problem. Self-regeneration potential is poor near the surface, but moderate in the
subsoil,

Differences in soil factors between the ‘high’ vielding and ‘low’ vielding parts of the field:

The ‘poor’ site is more sodic than the °‘good’ site, and has less organic matter near the soil
surface, Also, the ‘poor’ area has worse internal drainage because of a bigher clay content.

Management options to consider:

It is recommended that a gypsum-lime blend be used to overcome the subsoil sodicity
problem. A follow-up chisel ploughing may also be required to thoroughly mix the lime and
soil. The surface soil is prone to hardsetting because of the high proportion of fine sand and
silt, so a cereal crop should be grown to provide an organic mmlch, Continue with the good
control of wheel traffic.
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‘Lou’s Place’ — ‘problem area’ (red soil)

Field observations;

The field was in bare fallow after imrigated cotton. Recent wheel traffic had been well
directed, but there wasa continuous compact layer that extended under all the hills at a depth
of 3040 cm. It may be dueto compaction from previous wheel tracks that are now located
under hills. Bore water has been used o irrigate this field. There have been problems with
poor water penetration during the growth of previous cotton crops.

Soil test_resulis:

Depth (m) Spak | pH { EC i Cl ; CEC : ESP ; Ca/ ESI { OC C F Silt ; Clay : 15

score Mg sand | sand bar

Topsail 1.1 § 65 1005 15 11 1.9 1.8 0.03 ; 1.20 6 25 39 29 11
(0-0.1)

Subsurface 1.1 £ 67 1005 17 16 2.5 16 § 0.02 i 0.83 5 19 39 39 15

(0.15-0.25)

Upper subsoil { 1.3 : 83 i 0.10} 62 32 3.1 1.4 0.03 | 0.63 2 9 23 67 24
(0.4-0.3)

Mid subseil 1.0 ; 88 ;0233 51 29 4.9 1.1 0.05 : 0.51 3 15 34 50 21
(0.7-0.8)

Interpretation of laboratory data:

Although the ESP values are rather low, the soil is dispersive because of very low EC values.
The topsoil and sub-surface soil are mildly acidic. Self-regeneration potental is poor near
the surface, but moderate in the subsoil. The chemical properties of the bore water (EC =
0.54 dS/m, SAR = 1.11}) are favorable, although regular leaching of the profile will be
necessary to flush out the salts that accumulate.

Manageinent options to consider:

Mixing of lime into the topsoil and sub-surface soil is likely to be beneficial — the pH and ESI
values need to be increased. The surface soil is prone to hardsetting because of the high
proportion of fine sand and silt, so a cereal crop should be grown to provide an organic
mulch. Ensure that wheel traffic is confined to narrow lane-ways.
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(9) THEODORE SOIL MANAGEMENT COURSE,
8 JULY 1999

Participants

Harrod Anderson Grower

Brett Austin Grower
Greg Austin Grower
Barry Braden Queensland Cotton
Trevor Brownlie Grower

Wayne Chesher Primac Elders

Grant Colquhoun Queensland Cotton

Errol Conachan Grower

Damien Erbacher Grower

Peter French Grower

Peter Gee Grower

(Gladstone Holmes  Grower

Robert Hutchinson  Grower

Stuart Olsson Cotton Consulting Services P/L
Simon Struss Cotton Consulting Services P/L

Cooperating growers

Peter French, ‘“Nandina’
Harrod Anderson, ‘Small Thorns’
Greg Austin, ‘Gibahgunyah’

Course leaders

Dr David McKenzie, Soil Consultant, Orange

Dr Des McGarry, QDNR, Indooroopilly

(the course was planned in conjunction with Mr Gavin Inglis, Cotton Development
Officer, Biloela,and Mr David Kelly, Cotton Development Officer, Emerald)

Resource staff

Sue McCarroll, QDNR, Bundaberg
Rachae] Cull, QDNR, Indooroopilly

Program
Thursday 8 July

8.00 Hotel Theodore Conference room
(a) Welcome — David McKenzie
(b) Cotton soil managementin relation to other industries — Des McGarry
(c) “Cotton SOILpak’ manual, contents, methods — David McKenzie
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9.15

12.15

2.00

‘Nandina’
(a) Pit description in an irrigated field under permanent beds (black crackingclay)
(b) Farmer comments — Peter French

‘Small Thorns’

(a) Pit description in high-yielding end of field (red soil)
(b) Spade inspection in a poor-yielding section (red soil)
(¢) Farmer comments — Harrod Anderson

‘Gibahgunyah’

(a) Pit description in high-yieldingend of field (grey crackingclay)
(b) Pit description in poor-yielding end of field (grey crackingclay)
(¢) Farmer/Consultant comments — Greg Austin, Simon Struss

(d) Concluding comments

Qutcomes of Theodore course

¢ The trainees have the knowledge to accurately assess soil condition on commercial
cotton farms.

* The value of soil assessment 1n “yield map interpretation’ was emphasized. Other
topics that received detailed attention included:

management of sodic soil,

assessment of the impact of controlled-traffic farming systems on soil structure,
risk of water loss by deep drainage under cotton,

management of cotton soil that has becomeacidic.
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Field observations, laboratory data and management options (Theodore)

‘Nandina’ — irrigated cotton under permanent beds (black cracking clay)

Field observations:

The field was in bare fallow after 25 years of continuous cotton. Permanent beds were
introduced 5 years ago. Bore water has been used in some years to wurigate the cotton.
Despite all the years of farming, the subsoil structure was excellent. Only in the top 30 cm
was there evidence of compaction damage, duc apparently to wet harvests and slight bed
movernent to the side.

Soil test_results:

Depth{m) | Spak i pH : EC { Cl i CEC { ESP i Ca/ ESI : OC C F Silt { Clay { 15

score Mg sand { sand bar

Topsoil 1.3 9.7 1 0.15% 12 64 2.8 33 0.05 1.25 2 6 15 76 25
(0-0.1)

Subsurface 1.0 97 1023 ¢ 26 64 4.8 3.0 0.05 1.1 2 6 16 77 26

(0.15-0.25)

Upper subsoil 1.7 9.9 i 027 35 59 9.2 25 0.03 0.9 2 6 13 79 28
(0.4-0.5)

Mid subsoil 1.9 88 {0341} 308 70 14.0 2.0 0.04 0.85 2 6 14 76 28
(0.7-0.8)

Interpretation of laboratory data:

The profile is sodic in the subsoil (ESI <0.05, ESP >5). Below 50 cm, the salt concentration
is high enough to adversely affect leguminous rotation crops, but not cotton.  Self-
regeneration potentlal is extrernely good (CEC >> 40 cmol(+)/kg). The pH of the profile is
too high, ineaning that the availability of some trace elements such as zinc may be sub-
optimal.

Manageinent options to consider:

The control of traffic needs to be improved so that a smaller percentage of the soil surface is
under the threat of soil compaction from farm machinery. Use of wider equipment would
help to achieve this goal. Gypsum test strips are recommended to determine if subsoil
sodicity can be reduced in a cost-effective way. To reduce pH, use acidifying N fertilizer (eg.
ammonium sulfate) and accumulate as much organic matter as possible.
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‘Small Thorns’— ‘high yield’ (red soil)

Field observations:

The field was in bare fallow after irmigated cotton.

water penetration.

Soil test results:

Cotton had been grown continuously at
the site for about 20 years. Gypsum had been applied recently in an attempt to improve

Depth (m) Spak i pH { EC { Cl ;{ CEC { ESP i Ca/ ESI i OC C F Silt { Clay i 15

score Mg sand : sand bar

Topsoil L.5 6.7 £ 0,72 g 27 0.6 5.4 1.2 1.1 2 40 26 36 11
(0-0.1)

Subsurface 13 63 i 036 26 25 1.1 3.7 0.33 1.0 2 a9 24 36 13

(0.15-0.25)

Upper subsoil 0.8 7.9 | 0.30 24 31 24 3z 0.13 0.75 1 35 20 44 15
(0.4-0.5)

Mid subsoil 1.0 86 : 027: 26 31 7.7 2.4 0.04 0.55 2 37 16 44 16

0.7-0.8)

Interpretation of laboratory data:

The profile is very stable in water (ESI >> 0.05, ESP < 5). There is no evidence of e salinity
problem, although legume seedlings may struggle in the topsoil due to the moderately high
EC induced by gypsum application. Self-regeneration potential is moderate throughout.
sub-surface layer has a mild acidity problem.

Management options to consider:

It is recommended that lime be applied to overcome the sub-surface acidity problem. The
surface soil is prone to hardsetting because of the high proportion of fine sand and silt, so a
cereal crop should be grown to provide an organic mulch. Continue with the good control of

wheel traffic.

The
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‘Small Thorns’— ‘poor yield’ (red soil)

Field observations:

The field was in bare fallow after irigated cotton. Cotton had been grown continuously at
the site for about 20 years. Gypsum had been applied regularly over several years in an
attempt to improve water penetration.

Sotl test_results:

Depth{(m) | Spak { pH { EC { Cl { CEC : ESP : Ca/ ESI : OC C F Silt § Clay ¢ 15
score Mg send { sand bar
Topsoit L3 69 f 0.75 7 21 0.6 4,1 1.25 1.00 4 48 ¥ 33 9
(0-0.1)
Subsurface 15 53 {033: 17 22 1.4 3.5 0.24 ; 085 3 45 20 36 11
(0.15-0.25)
Upper subsoil - 70 1 022§ 23 30 3.0 2.9 0.07 0.70 2 40 13 43 15
(0.4-0.3)
Mid subsoil — 83 : 018 21 24 58 2.5 0.03 0.45 3 49 13 36 13
(0.7-0.8)

Interpretation of laboratory data;

The profile is very stable in water (ESI >> (.05, ESP < 5). There is no evidence of a salinity
problem, although legume seedlings may struggle in the topsoil due to the moderately high
EC induced by gypsum application. Self-regeneration potential is moderate throughout. The
sub-surface layer has a serious acidity problem.

The ‘poor’ site contains more fine sand than the ‘good’ site, and has less organic matter
near the soil surface. The chloride data indicates that more water passes through the ‘poor’
soil, which apparently has created a soil acidity problem. Both sites have an acidic sub-
surface, but the problem is more serious at the ‘poor’ site. Cotton has a very poor tolerance
of the soluble aluminium that is released under acidic conditions.

Managemeni options to consider;

it is recommended that lime be applied to overcome the sub-surface acidity problem. The
surface soil is prone to hardsetting because of the high proportion of fine sand and silt, so a
cereal crop should be grown to provide an organic mulch. Continue with the good control of
wheel traffic. There is no need to apply more gypsum.
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‘Gibahgunyah’— ‘high yield’ (grey cracking clay)
Field observations:

The field was in bare fallow after irrigated cotton. Prior to growing the recently harvested
cotton crop, the field had been land-formed under wet conditions. The pits are located in a
‘fill area, where the best cotton is grown within this field. Before the land-forming took
place, the cotton hills ran at right-angles to the existing hills. Dual-wheeled 4-row pickers
are used for harvest, whilst the other operations are 6-row. The pit inspection showed that
there was moderate compaction throughout much of the profile. This damage apparently
was associated with the landforming operations, and had been partially ameliorated by
shrink-swell cycles induced by the exiraction of water by cotton roots.

Soil test results:

Depth (m) Spak { pH { EC i Cl i CEC : ESP ; Ca/ ESI oC C F Silt § Clay §{ 15
score Mg sand i sand bar
Topsoil 1.2 83 : 0.19 16 40 1.6 38 0.12 1.1 2 31 19 50 17
(0-0.1)
Sabsurface 1.6 84 : 0,18 ; 14 40 2.0 4.3 0.09 1.1 2 3] 20 51 18
{0.15-0.25)
Upper subsoil 1.0 84 ;030: 35 36 4.7 35 0.06 0.7 3 38 16 47 16
{0.4-0.5)
Mid subsoeil 1.2 B9 {034 : 168 38 10,5 2.4 0.03 0.6 2 33 13 51 18
(0.7-0.8)

Interpretation of laboratory data:

The soil is stable in water to a depth of 50 cm (ESI > 0.05, ESP < 5). Self-regeneration
potential is moderate throughout.

Management options to consider:

The soil has favorable chemical properties, but is limiting cotton growth because of residual
compaction problems. Thorough drying of the soil with well-fertilized wheat (safflower
would be even better) would be very beneficial. Follow-up deep tillage (at a water content
just below the ‘plastic limit’) may be needed to thoroughly de-compact the root zone. Once
these operations bave been completed, re-establish permanent wheel tracks as soon as
possible, and maintain the improved soil structure.
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‘Gibahgunyah’— ‘poor yield’ (grey cracking clay)
Field observations:

The field was in bare fallow after irrigated cotton. Prior to growing the recently harvested
cotton crop, the field had been land-formed under wet conditions. The pits are located in a
‘cnt’ area, where the worst cotton is grown within this field. The pit inspection showed that
there was severe compaction throughout much of the profile. This damage spparently was
associated with the landforming operations, and had been aggravated by machinery operation
and cultivation under wet conditions. The previous cotton crop had hegun to ameliorate the
compacted soil via shrink-swell processes, but the roots were very deformed. They were
unable to exftract large amounts of water from a large proportion of the potential root zone.

Soil test results:

Depth {m) Spak { pH i EC i Cl : CEC | ESP : Ca/ ESTI : OC C F Silt i Clay i 15
scote Mg sand { sand bar
Topsoil 14 : 87 {0221 12 38 26 1 35 0.09 : 0.85 4 33 19 48 9
(0-0.1)
Subsurface 05 : 85 :0313 26 ; 37 4.1 3.7 0.08 { 09 3 32 i6 50 11
(0.15-0.25)
Upper subsoil | 0.3 90 { 041 ¢ 119§ 37 105 ¢ 22 0.04 0.6 3 30 16 54 15
(0.4-0.3)
Mid sobsoil 08 { B1 :252:950: 39 236 : 14 0.11 ; 04 2 29 47 23 13

(0.7-0.8)

Interpretation of lahoratory data:

The subsoil is dispersive (ESI < .05, ESP > 5). Salinity is likely to restrict the growth of
cotton roots below a depth of 0.7 cm. Self-regeneration potential is moderate throughout.
The sub-surface layer has a serious acidity problem.

The ‘poor’ site is more dispersive, saline and compacted than the ‘good’ site.
Management options to consider:

Gypsum application (5 tha, possibly with 2.5 t/ha follow-up doses) is an option that should
be assessed via the use of test strips. The soil is too alkaline for lime application to be
successful. Consider growing rotation crops for a year, rather than cotton, so that the soil is
de-compacted by shrink-swell processes. Follow-up deep tillage (at a water content just
below the ‘plastic limit’ may also be required to complete the loosening. Improve the
guidance of traffic so that furrows remain narrow and in the same position. Manage water
application so that suhsoil salt is pushed deeper (by no more than about 1 m).
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(10) WALGETT SOIL MANAGEMENT COURSE,

12 AUGUST 1999
Participants
David Allston Grower
Clive Brownlie Grower
Brad Coleman Walgett Sustainable Ag. Group
WalFriend Grower
Greg Hannaford Grower
Ian Hannaford Grower
Ackham Harkie Grower
James Moore Grower
AlexMurray NSW Agriculture, Tamworth
Ed Redfern IAMA
Greg Rummery Walgett Sustainable Ag. Group
Melinda Smith B&W Rural
Tony Taylor Taylor AgP/L
David Toohey IAMA
Simon Whyte Cotton Development Officer, Bourke
John Withers Grower

Malcolm Wright Grower

Cooperating growers

Wal Friend, ‘Talbarear’
James Duncan
Ian Hannaford, ‘Crossdale’

Course leaders

Dr David McKenzie, Soil Consultant, Orange
Mr Cameron Tonkin, District Agronomist, Walgett

Resource staff

Dr Nilantha Hulugalle, ACRI, Narrabri
Mr Luke Pearce, Soil Advisory Officer, Walgett

Program
Thursday 12 August

800 WalgettDistrict Sporting Club
(a) Welcome— Cameron Tonkin
(b) ‘Cotton SOILpak’ manual;contents, methods — David McKenzie
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9.00 ‘Talbarear’
(a) Pit description on a typical Walgett cotton soil (grey crackingclay)
(b) Pit description in an adjacent pristine arca
(¢c) Farmer comments — Wal Friend
11.30 Duncans
(a) Pit description in a dryland cotton field (grey cracking clay)
2.00 “Crossdale’

(a) Pit description at high-yieldingend of field (grey crackingclay)
{b) Pit description at poor-yiclding end of field (grey crackingclay)
(¢) Farmer comments — Ian Hannaford

(d) Concluding comments

Outcomes of Walgett course

* The trainees have the knowledge to accurately assess soil condition on commercial
cotton farms.

* The value of soil assessment in “yield map interpretation” was emphasized. Other
topics that received detailed attention included:

managementof sodic and alkaline soil,

assessment of the impact of controlled-traffic farming systems on soil structure,
risk of water loss by deep drainage under cotton,

stubble managementunder dryland conditions.
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Field observations, laboratory data and management options (Walgett)

‘Talbarear’ — ‘typical Walgett cotton soil’ (grey cracking clay)

Field observations:

The field wasin bare fallow after imrigated cotton. The rotation program is 2 years cotton, 1
year wheat. The field was developed for cotton production about 15 year ago. There were
no major compaction problems under the plant lines, due to excellent control of the wheel

traffic.

Soil test results:

Depth(m) | Spaki pH { EC { Ci { CEC { ESP  Ca/ ESI { OC C F Silt { Clay { 15

score Mg sand { sand bar

Topsoit 1.6 86 £ 0,13 26 51 3.3 L5 0.04 0.74 3 10 15 75 28
(0-0.1)

Subsurface 1.6 89 1017 50 57 6.7 1.5 0.03 0.57 3 9 13 79 31

{0.15-0.25)

Upper subsoil L5 92 1 0.27 3 37 54 20.2 0.9 0.01 0.46 3 9 11 79 30
(0.4-0.5)

Mid subsoil 1.3 92 i 041: 115 61 22.2 1.1 .02 0.49 2 8 9 79 3l

(0.7-0.8)

Interpretation of laboratory data:

The topsoil is mildly sodic (ESI <0.05), whilst the subsoil is strongly sodic (ESI < 0.05, ESP
>5). Self-regeneration potential is excellent (CEC > 40 cmol{+Ykg). The profile is strongly

alkaline.

Management options to consider:

The soil is likely to respond well fo gypsum application, so test strips should be applied. Due
to the high pH, lime application is unlikely to provide major henefits. To reduce pH, use
acidifying N fertilizer (eg. ammonium sulfate) and accumulate as much organic matter as
possible. Continue with the effective control of field traffic.
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‘Talbarear’ — ‘unformed comparison’ (grey cracking clay)
Field observations:

Even though this unfarmed site had always been under native pasture and scaitered trees,
subsoil structure was poor. The soil had been dried throughout the profile, and was very hard.
There were abundant roots in the top 50 cm of soil.

Soil test results:

Depth(m) | Spak: pH { EC { Cl i CEC  ESP | Ca/ ESI § OC C F Silt £ Clay ¢ 15

score Mg sand { sand bar

Topsoil L3 85 §{009: 15 49 4.5 1.8 0.0z : 077 3 11 13 73 28
(0-0.1)

Subsurface L3 87 {020 [36 { 58 7.4 1.7 003 : 0.62 3 12 13 75 28

(0.15-0.25)

Upper subsoil { 1.4 62 1022} 13 62 214 ¢ LS 0.01 { 057 3 12 13 75 30
(0.4-0.5)

Mid subsoil 1.2 9.4 { 0.25 6 54 19.3 13 0.01 0.51 3 11 13 76 27

{0.7-0.8)

Interpretation of laboratory data:
The topsoil is mildly sodic (ESI < 0.05), whilst the subsoil is strongly sodic (ESI < (.05, ESP

>5). Self-regeneration potential is excellent (CEC > 40 cmol(+)/kg). The profile is strongly
alkaline.

Management options_to consider:
If developed for cottor, the soil is likely to respond well to gypsum application. Due to the

high pH, lime application is unlikely to provide major benefits. To reduce pH, use acidifying
N fertilizer (eg. ammonium sulfate) and accumulate as much organic maiter as possible.

Comparison between native pasture and the cotton field:

The farmed soil was better than the pristine soil. Under cotton, the soil has become less
compact and less sodic and saline, but is slightly more alkaline near the soil surface.
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Duncans — ‘dryland cotton’ (grey cracking clay)
Field observations:
The field had been used to grow dryland cotton the previous summer, on the flat There
were no major compaction problems under the plant lines, due to excellent control of the

wheel traffic. The old cotton plants had strong, straight root systems.

Soil test results:

Depth(m} | Spaki{ pH { EC i Cl { CEC { ESP | Ca/ ESI ;i OC C F Silt | Clay ¢ 15
score Mg sand § sand bar

Topsoil 1.8 89 {0.13% IO 52 4.4 22 0.03 0.62 2 16 17 69 26
(0-0,1}

Subsurface 1.7 91 :{022: 13 54 7.0 1.9 0.03 047 2 15 16 70 29
(0.15-0.25)

Upper subsoil | 1.5 93 § 025 7 53 11.1 1.7 002 { 051 2 15 16 69 28
(0.4-0.5)

Mid subsoit 1.2 94 :039: 13 52 26.1 1.1 G.a1 0.51 2 I5 I3 71 30
(0.7-0.8)

Interpretation of laboratory data:

The topsoil is mildly sodic (ESI < 0.05), whilst the subsoil is strongly sodic (ESI < 0.05, ESP
>5). Self-regeneration potential is excellent (CEC > 40 cmol(+)/kg). The profile is strongly
alkaline,

Management options to consider:

The soil is likely to respond well to gypsum application, so test strips should be applied to /’)
determine which rate is appropriate for the farming system that is being used. Due to the "~
high pH, lime application is unlikely to provide major benefits. To reduce pH, use acidifying

N fertilizer (eg. ammonium sulfate) and accumulate as much organic matter as possible.

Continue with the effective control of field traffic.
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‘Crossdale’- ‘high yield’ (grey cracking clay)

Field observations:

The field was in bare fallow after immigated cotton. Prior to growing the recently harvested
cotton crop, the field had been land-formed under wet conditions. The pits are located in a
“fill” area, where the best cotton is grown within this field. The pit inspection showed that
there was an obvious compacted layer across much of the profile at a depth of about 15-40
cm. This damage apparently was associated with the landforming operations, and had been

aggravated by the inadvertent sideways movement of the hills onto old furrows (wheel
fracks).

Soil test_results:

Depth {m) Spak i pH { EC ! Cl i CEC : ESP i Ca/ ESI § OC C F Siit § Clay §{ 15

score Mg sand i sand bar

Topsoil 1.7 8.7 i 013 10 40 1.8 2.5 0.07 0.67 5 30 13 56 20
(0-0.1)

Subsurface I.1 89 : 0,17: 28 43 3.5 23 0.05 0.54 5 29 13 57 22

(0.15-0.25)

Upper subsoil 13 92 ;0203 26 48 6.8 23 4,03 0.57 3 25 i3 62 25
(0.4-0.5)

Mid subsoil 1.4 9.4 § 033 23 47 21.9 1.5 0.02 0.47 2 24 13 64 27

(0.7-0.8)

3
—

Interpretation of laboratory data:

The subsoil is dispersive (ESI < 0.05, ESP > 5) and strongly alkaline. Self-regeneration
potential is excellent throughout.

Management options to consider:

Gypsum application is an option that should be assessed via the use of test strips. The soil is
too alkaline for lime application to be successful. Consider growing rotatton crops for a year
(eg. well-fertilized wheat), rather than cotton, so that the soil is de-compacted by shrink-
swell processes. Follow-up deep tillage (at a water content just below the ‘plastic limit’) may
also be required to complete the loosening. Improve the guidance of traffic so that furrows
remain narrow and in the same position.
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‘Crossdale’— ‘poor yield’ (grey cracking clay)

Field ocbservations:

The field was in bare fallow after irrigated cotton. Prior to growing the recently harvested
cotton crop, the field had been land-formed under wet conditions. The pits are located in a
‘cut’ area, where the worst cotton is grown within this field. The pit inspection showed that
there was a very obvious compacted layer across much of the profile at a depth of about
15-40 cm. This damage apparently was associated with the landforming operations, and had
been aggravated by the inadvertent sideways movement of the hiils onto old furrows (wheel
tracks). The surface soil had a very coarse tilth, and the separation of fine sand and silt from
clay on the clod surfaces indicated that it was sodic.

Soil test results:

Depth (m) Spak i pH { EC { Cl §{ CEC { ESP i Ca/ ESI { OC C F Silt { Clay { 15

score Mg sand : sand bar

Topsoil 12 9.0 : 013 20 33 5.1 13 0.03 0.53 5 32 12 53 18
{(0-0.1)

Subsurface 0.9 94 : 043 : 63 38 18.2 0.9 0.02 0.47 5 33 12 54 23

(0.15-0.25)

Upper subsoil 12 97 : 047 71 46 5% 1l 0.02 0.36 5 32 11 55 24
(0.4-0.5)

Mid subsoil 1.3 98 {161 f 375 62 2061 22 0.08 0.28 5 31 11 55 22

(0.7-0.8)

Interpretation of laboratory data:

The whole profile is dispersive (ESI < 0.05, ESP > 5) and strongly alkaline. Self-
regeneration potential is moderate to good throughout. Below 70 cm, the subsoil is saline.
However, pit observations (and the chlonde data) indicated that much of the salt in the
subsoil was gypsum rather than sodium chloride.

Differences _in soil factors between

The ‘poor’ site is more dispersive, saline and compacted than the ‘good’ site.
Management options to consider:

Gypsum application (5 tha, possibly with 2.5 tha follow-up doses) is likely to greatly
mmprove the soil structure, The soil is too alkaline for lime application to be successful.
Consider growing rotation crops for a year, rather than cotton, so that the soil is de-
compacted by shrink-swell processes. Follow-up deep tillage (at a water content just below
the ‘plastic limit’) may also be required to complete the loosening. Improve the guidance of
traffic so that furrows remam narrow and in the same position. Manage water application so
that subsoil salt is pushed deeper (by no mnore than about 1 m).
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‘Talbarear’, Walgett; August 1999

‘Janbeth’, Bourke; September 1999
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(11) BOURKE SOIL MANAGEMENT COURSE,
16 SEPTEMBER 1999

Participants

Mitch Abbo Clyde Agriculture

Trevor Banfield Afterhours Agriculture

Angus Blair Clyde Agriculture

Jeremy Brown Darling Fertilisers

Jason Fritsch Darling Farms

Mark Fulton MTF Cotton Co.

Norm Hopper Darling Farms

Dale Hyland Clyde Agniculture

Des Linneman Warrego Farming

Trevor Lollback Grower

Paul Marett Afterhours Agriculture ~\
Daniel Moore Clyde Agriculture 4
Angus Peacocke Afterhours Agriculture

Kirrily Quade Clyde Agriculture

Tony Thompson Afterhours Agriculture

Will Turnbull Grower

Cooperating growers

Mitch Abbo, ‘Latoka’
Dale Hyland, ‘Janbeth’
Peter van Beuzekom, Enbros Pty. Ltd.

Course leaders

Dr David McKenzie, Soil Consultant, Orange

(the course was planned 1n comjunction with Mr Simon Whyte, Cotton Developemnt f}
Officer, Bourke) _

Resource staff

Mr Cameron Tonkin, District Agronomist, Walgett
Mr Luke Pearce, Soil Advisory Officer, Walgett

Program
Thursday 16 September

8.00 “Port of Bourke Hotel’ Conferenceroom
{a) Welcome—- David McKenzie
(b) ‘Cotton SOILpak’ manual; contents, methods — David McKenzie
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9.00

12.15

3.30

‘Latoka
(a) Pit description on a typical Bourke cotton soil (grey crackingclay)
(d) Farmer comments — Mitch Abbo

‘Janbeth’

(a) Pit description at high-yieldingend of field (brown crackingclay)
(c) Pit description at poor-yielding end of field (brown crackingclay)
(d) Pit description in an adjacent unfarmed area (brown crackingclay)
(d) Farmer comments — Dale Hyland

Enbros P/L
(a) Pit description in a red soil used for irrigated cotton
{b) Concluding comments

Outcomes of Bourke course

* The trainees have the knowledge to accurately assess soil condition on commercial
cotton farms.

* The value of soil assessment in ‘yield map interpretation” was emphasized. Other
topics that received detailed attention included:

managementof sodic soil,

assessment of the impact of controlled-traffic farming systems on soil structure,
risk of water loss by deep drainage under cotton,

managementof water penetration problems in red soil.
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Field observations, laboratory data and management options (Bourke)

‘Latoka’ — typical Bourke cotton soil (grey cracking clay)

Field observations:

The field wasin bare fallow after an irrigated wheat-cotton rotation. Under the main wheel
tracks, compaction extended to a depth of about 50 cm. Under the hills, there was a
continuous compacted layer (between a depth of 25 cm and 40 cm). It appears to have been
caused by the lateral movement of hills onto old wheel tracks. Land-forming under wet
conditions several years earlier may also have confributed to the problem. It appears,
however, that the previous cotton crop had partially loosened the compacted layer by
shrink-swell processes. Gypsum has been applied to the soil in previous seasons.

Soil test_results:

Depth(m) | Spak { pH : EC i Cl { CEC { ESP i Ca/ EST i OC C F Silt : Clay i 15

score Mg sand : sand bar

Topsotil 1.5 B4 i 0.42: 79 35 4.9 1.9 0.05 : 0.59 1 29 19 55 20
(0-0.1)

Subsurface 1.2 B3 i 045: 116 41 4.0 1.9 0.11 0.56 1 29 19 55 21

(0,15-0.25)

Upper subsoil 1.7 92 : 032 62 44 11.1 L4 0.03 0.39 i 28 13 61 23
(0.4-0.5)

Mid subsoil 1.3 95 1041 29 44 28.7 11 0.01 034 1 27 13 61 24

(0.7-0.8)

Interpretation of laboratory data;

The subsoilis sodic (ESI < 0.05, ESP >5) and sitrongly alkaline. Self-regeneration potential is
moderate to good. Salt concentration throughout the profile is high enough to adversely
affect the growth of leguminous rotation crops, but cotton is unlikely to be affected. The
chloride profile indicates that there is restricted drainage at a depth of about 30 cm, due
presumably to the compacted layer.

Management options to consider:

It is recommended that the subsoil be de-compacted by thorough drying and cracking with a
well-fertilized rotation crop. One option is to sow wheat in the furrows (but not on the hills)
immediately after cotton harvest. If there is enough moisture to establish the wheat, crack-
lines should form along the hills as water is extracted from the soil. This process is referred
to as “biological middle-busting”. Follow-up chisel ploughing may be required (at a water
content just below the ‘plastic limit’) to complete the de-compaction process. The next
step is to establish controlled traffic laneways which, if properly maintained, should prevent
major compaction probleins in the future.
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‘Janbeth’ — ‘high yield’ (brown cracking clay)
Field observations:

The field was about to be planted to cotton, after cotton in the 1998-99 season. The pits
are located in a ‘fill’ area, where the best cotton is grown within this field. Under the hills,
there wasa continuous compacted layer (between a depth of 20 cm and 45 cm). It appears
to have been cansed by the lateral movement of hills onto old wheel tracks. Land-forming
under wet conditions several years earlier may also have contributed to the problem. It
appears, however, that the previous cotton crop had partially loosened the compacted layer
hy shrink-swell processes. Recent middle-busting operations had not penetrated deeply into
the compact layer, and the soil was too moist to be shattered. Gypsum has been applied to
the soil in previous seasons.

Socil test_results:

Depth(m) | Spek: pH : EC i Cl i CEC { ESP | Ca/ ESI : OC C F Sitt { Clay £ 15

score Mg sand : sand bar

Topsoil 14 87 :014: 14 38 21 3.0 0.07 i 0.56 4 44 11 44 I6
(0=0.1)

Subsurface 13 86 ; 0.19 9 40 1.3 38 0.10 ; 059 4 44 5 47 17

(0.15-0.25)

Upper subsoil | 1.4 87 1013: 19 38 3.6 22 004 § 038 2 35 8 54 20
{0.4-0.5)

Mid subsoit 1.7 90 ;025 39 39 11.0 1.8 0.02 0.33 2 34 11 55 24

(0.7-0.8)

Interpretation of laboratory data:

The subsoil is dispersive (ESP >5 below 50 cm, ESI < 0.05). Self-regeneration potential is
moderate (CEC =2040 cmol{+)/kg).

Management options to gonsider:

It is recommended that the subsoil be de-compacted by thorongh drying and cracking with a
well-fertilized rotation crop. One option is to sow wheat in the furrows (but not on the hills)
immediately after cotton harvest. If there is enough moisture to establish the wheat, crack-
lines should form along the hills as water is extracted from the soil. Follow-up chisel
ploughing may be required (at a water content just below the ‘plastic limit’) to complete the
de-compaction process. The next step is to establish controlled traffic laneways which, if
properly maintained, should prevent major compaction problems m the future.
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‘Janbeth’ — ‘poor yield’ (brown cracking clay)

Field cbservations:

The field was about to be planted to cotton, after cotton in the 1998-99 season. The pits
are located in a ‘cut’ area, where the poorest cotton is grown within this field. Under the
hills, there was a continuous compacted layer (between a depth of 20 cm and 45 cm). It
appears to have been caused by the lateral movement of hills onto old wheel tracks. ILand-
forming under wet conditions several years earlier may also have contributed to the problem.
Recent middle-busting operations had not penetrated deeply into the compact layer, and the
soil wastoo moist to be shatiered. Gypsum has been applied to the soil in previous seasons.

Soil test results:

Depth (m) Spak { pH { EC : Cl :{ CEC { ESP : Ca/ ESI oC C F Silt { Clay ; 15

score Mg sand { sand bar

Topsoil 1.2 89 { 014 16 36 3.8 27 0.04 ; 0.44 3 34 9 54 19
(0-0,1)

Subsurface 0.9 88 :020: 14 40 34 27 0.06 ; 046 3 34 8 54 20

(0.15-0.25)

Upper subsoil | 0.6 93 {027 39 42 9.4 2.1 0.03 { 031 3 a5 9 54 23
0.4-0.5}

Mid subsoil 12 94 ;043 : 145 ¢ 38 179 ¢ 15 002 : 0.29 3 35 6 58 25
(0.7-0.8)

Interpretation of laboratory data:

The subsoilis dispersive (ESI < 0.05, ESP >>5) and strongly alkaline. The subsoil is mildly
saline below a depth of 70 cm. Self-regeneration potential is moderate to good.

Differences in soil factors between the ‘high’ yielding and ‘low’ vielding parts of the field:

The ‘poor’ site is more dispersive and saline than the ‘good’ site, and may be more prone to
waterlogging because of a greater clay content near the soil surface.

Management options to consider:

It is recommended that the subsoil be de-compacted by thorough drying and cracking with a
well-fertilized rotation crop. Ome option is to sow wheat in the furrows (but not on the hills)
immediately after cotton harvest. If there is enough moisture to establish the wheat, crack-
lines should form along the hills as water is extracted from the soil. The wheat can be
sprayed out in time for the planting of back-to-back cotton crops. Follow-up chisel
ploughing may be required (at a water content just below the ‘plastic limit’) to complete the
de-compaction process. The next step is to establish controlled traffic laneways which, if
properly maintained, should prevent major compaction prohlems in the future. Gypsum at a
rate of 5 tha is also recornmended.. Piezometers should installed to ensure that the

improvement of soil infiltration rates by gypsum application does not lead to groundwater
rises.
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‘Janbeth’ — ‘unfarmed site’ (brown cracking clay)

Field observations:

The unfarmed site was adjacent to the ‘high yielding’ site described above.

Soil test resulis:

It was used to
grow several crops of cotton about 10 years earlier, but had never been landformed. It had
reverted to native grassland, and was not being grazed. The profile had an excellent surface
structure, but the subsoil aggregates were very large and hard.

Depth (m} Spak : pH { EC i Cl i CEC { ESP : Ca/ ESI oC C F Silt | Clay { 15
score Mg sand { sand bar

Topsoil 14 88 i 0.0 9 32 24 3.3 0.04 ; 0.66 3 46 9 44 15
{0-0.1}

Subsurface 1.1 90 : 013 11 35 3.8 3.0 0.03 0.51 3 46 9 44 16
{0.15-0.25)

Upper subscil 1.0 94 1024 13 34 11.5 1.9 0.02 ; 0.36 3 44 9 47 20
(0.4-0.5)

Mid subsoil 1.1 93 § 042: 179 35 195 1.7 002 § 033 3 43 9 47 11
(0.7-0.8)

Interpretation of laboratory data:

The profile is dispersive throughout, particularly in the subsotl, and strongly alkaline. The

subsoil is mildly saline below a depth of 70 cm. Self-regeneration potential is moderate to

good.

Management options to consider:

In the unlikely event of the unfanmed soil being developed for wrrigated cotton production,

deep cutting should be avoided. A positive response to gypsum application is likely.

Comparison between native pasture and the cotton field:

The farmed and unfanned sites generally were very similar. The unfarmed soil had more
organic matter at the soil surface, but was more dispersive in water. The ‘good’ farmed site
had a better subsoil structure for root growth than the unfarmed area, but the ‘poor’ farmed

s01l was worse.
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‘Enbros’ — ‘irrigated cotton’ (red soil}

Field observations:

The field had been used for irrigated cotton production for several years, but was about to be
planted to peanuts. The soil had an excellent, well-drained reddish topsoil overlying a deep
subsoil that was dominated by the presence of gypsum crystals (~60% gypsum, 40% soil).
Between depths of 30 cm and 120 cm, lime nodules were present. A nearby deep excavation
showed that drainage at a depth of about 2.5 metres was being impeded by a sodic clay layer.
It appeared that wind-blown gypsum and lime deposited on the soil over the centuries had
not leached deeply because of this drainage impedance, Although the topsoil had favorable
characteristics when imspected under moist conditions, it is prone to dust formation if tilled
under dry conditions, and sets hard when wet and dried. The structure under the hills is
favorable for root growth — the wheel compaction is confined to narrow laneways.

Soil test_resnlts:

Depth {m) Spak i pH { EC ¢ Cl i CEC i ESP § Ca/ ESI i QC C F Silt i Clay i 15

score Mg sand { sand bar

Topsoil 1.2 85 {031 o2 27 3.0 4.0 0.10 0.67 3 53 10 36 14
{0-0.1)

Subsurface 1.4 84 ;0255 56 23 3.6 3.2 0.07 0.60 3 52 13 a3 15

{0.15-0.25)

Upper subsoil 1.5 83 i013:& 47 26 4.9 2.0 0.03 0.33 2 49 16 30 18
(0.4-0.3)

Mid subsoil 1.8 91 : 028 ¢ 63 28 11.% 1.4 0.02 0.26 2 52 20 26 17

(0.7-0.8)

Interpretation of laboratory data:

The mid-subsoil is dispersive and strongly alkaline. Self-regeneration potential is moderate.

Management options to consider:

Establish an organic surface mulch via the use of a rotation crop such as wheat, and irrigate
Because salts are present
in the deep subsoil, install piezometers to monitor the groundwater height.

the soil as slowly as possible to encourage good water peneiration.
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