rrigal Beef Cheque Group and
atchment Landcare Network,
2015

Western Port Catchment
Landcare Network

st F Lgrivres



501l tests - Help!
@ | stop the confusion?

.’-‘ s "
DISORIENTED JBEWILDERED)

p—

However ¢

Fha



J1g Saw Puzzle of Knowledge

AOWATIany pieces of the puzzle do you now

[ [ [ [ = [E

Soil biology

Structure of soils
Plant nutrition
Soil health

Soil carbon
Farm ecology



ssion/questions on soil analysis
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News

ve Between Grass and Clover Leads to
arvest

Peak phosphorus inevitable

Scared grasshoppers change soil chemistry
ABC Science




ark System of Farming
Robert Elliot - 1908

‘ulture depends on cheapening of



re space (air & water)
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Assessing Soil Quality

Seil
Analysis
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| Analysis
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analysis assists in nutrient budgeting where
anding the inputs and outputs of the system

- avoids the purely input approach, ‘tops up’
‘nutrients where there is a demonstrated need.

11



sential Plant Nutrients

Table 1. Essential Plant Nutrients

Nutrient lons Absorbed by Plants
Structural elements
Carbon, C CO;
Hydrogen, H H,O
Oxygen, O 0O,
Primary nutrients
Nitrogen, N NO5, NH,"
Phosphorus, P H,PO,, HPO,”
Potassium, K K’
Secondary nutrients
Calcium, Ca Ca™
Magnesium, MG Mg**
Sulfur, S S0,*
Micronutrients
Boron, B H;BO4
Chilorine, Cl cr
Ccbalt, Co Co*
Copper, Cu Cu*?
Iron, Fe Fe*, Fe™
Manganese, Mn Mn*?
Molybdenum, MO Moog'2

Zinc, Zn Zn'

Carbon Sunhg_h; -~
dioxide —_— _'

e w k
oxygen

Decomposing matter



Why do analyses and
ecommencdations from different
aPorTatories appear to vary so much?

ical extractants used by labs

ments used to detect the
ant

ethod of reor _

13



H:u,,,mo rus can be extracted

ethodologies

Bray & Kurtz P1 | original "standard" extractant, developed for acid

Bray & Kurtz P2 version of P1 that identifies less soluble P,

(An improvement, to include micronutrient analysis)
M (Developed for the acid, low CEC Southeast soils)
8. (A modification of Mehlich 1 for higher CEC, Midwest soils)

14



Niroduction to a Soil Analysis

Reliability Issue

s are taken and are not
y ea sampled

debris may have't

1 included in the sample.

pled are contaminated by soil amendments or
rs resulting in misleading soil test results and
ecommendations.

sampling
51 Laboratory variation

15



sampled?

1t a teaspoon of soil in the lab

16






UNIT 2 UNIT 3
~slope

[P SUPIN SEE . ———

creek flats

ke

Suggested sampling patterns indicated by
arrows, for three different topographical
units (Vimpany et al, 1985)

Sample Collection

-fields of differing fertiliser
treatments

-areas of built -up animal
manures

-differing soil types
-the greater the number of

samples taken the more
reliable the results

- grid sampling is preferable

18



Niroduction to a Soil Analysis

A standard soil test rer

DON.

ogen and ogen (an additional suggested analysis)

ole Rhé’sphorus (P) and t bhosphorus( an additional suggested

‘potassium (K).
ulphur (S).

ments -boron, manganese, iron, molybdenum, zinc

J 1ange capacity (CEC).

changeable nutrients

Soil salinity: electrical conductivity (EC) and salt level (% Na).
@ Recommendations for fertiliser application (if requested).

19



JNits of Measurement

Soil test results fc
expressed as:

ilogram), =

1crograms per gre
atter, carbon, exchangeable nutrients

20



= the base cation saturation ratio - the concept that

'~ maximum yield is only achieved by creating an ideal ratio of calcium
(Ca), magnesium (Mg) and potassium (K).

21



Soil Texture




Mineral Particle Size

e S
iicing  0.05-002 mm

o Clay L
less than 0.002 mm - ~%j

23



hat does texture tell us?

n aspects

hange capacity

24



Soil Texture

<5% clay
- 10-15% clay

30-35% clay
35-40% clay
>40% clay

25
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vironmental Trivia

27



The degree of ¢
from 0 (mostly
neutral.

28



5011 Acidity in Victoria

Surface Soil pH

)

WVWMW (4.5-5.0)
B Strongly ackd (5.0 - 5.5)
0 Moderatoly acid (5.5 - 6.0}

Slightly acité (8.0 - 7.0)

Slightly slksiine (7.0 - 8.0)
[0 Moderatety alkaling (8.0 - 8.5)
B Stongly akaline (8.5 - §.0)
I Very strangly alkaline (8.0 - §.5)




pH (watner]
Vary strongly acld (4.5 - 5.0)
B Strongly ackd (50 - 5.5)
Moderately acid (5.5 - 8.0}
Slighthy acic (8.0 - 7.0)
Slighithy alkslire (7.0 - 8.0)
Moderately alsaling (8.0 - 8.5)
B Stongly akaline (8.5 - 5.0)
B Ve sirangly alkaline (8.0 - B8]

Pubiic Land

30



Plant pH Preference

50il Acidity and Desirable Ranges for Garden Crops,
Ornamentals and Turfgrasses

: : f— Acid Neutral Alkaline I—h-
n m I —. I

1 4.0 2.0 b.0 7.0 8.0

Most crops, shrubs, trees, & turfgrasses

Asparagus, spinach, okra, bluegrass,
junipers, & clover

Melons

Fotatoes, camellias. tobacco, pine trees,
centipede turf

Elu-leaa._ gardenias, hyvdrangeas




2

ils become aci

do so

32



40W Do Soils Become Acid?

Major reasons fo

legume based pasture
of high-yielding crops

1se of nitrogen fertilisers

KX)



gations and Anions

CATIONS (+) POS. ANIONS (=) NEG.

Ca’ T CALCIUM NO3 NITRATE

Mg "MAGNESIUM | POF ORTHO PHOS

K" POTASSIUM SOz SULPHATE
NHZ AMMONIUM

HY HYDROGEN

Nat SODIUM

cu't COPPER

ZN*tY  ZINC

Mm' T MANGANESE




Positively Charged Cations
Attracted to a Negatively

(sharged Soil Particle
CATIONS ATTACHED Soil Colloids are Clay

TO SOIL COLLOID & Humus

K
4

CAL tcA

Magnetic Field Therefore Magnets
Lines Link. Attract Each Other

35



dfect of pH on Cations

AS SOIL NUTRIENTS BECOMES DEPLETED
HYDROGEN (H™) BASE SATURATION INCREASES




SO H and Element Availability

H
4045 5055 606570758085 90

STRONGLY J | STRONGLY
ACID NEUTRAL ALKALINE

t NITROGEN

P

4.5 5.0 5.5 405" -85 70 7.8 0

>
k alci
R D g ey e S S Y
: A Phowphates 1L S o a, i POTASSIUM
lron -\'- | L 1 T I I 1 1
"I {ITiT (LT LA AT NS ER AT AR ANARES [l

E SULFUR
1 D 4 ) 4 1 . ot ) b |

CaLCiuM

Jies ZiINC

T I 1 1 | | |
@oenw
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oIl pH

pH in CaCl

st is more useful for long-term monitoring
1igronomists tend to use for fertiliser

ethod has been the test most commonly used in
Victoria for over 30 years and more readily reflects current soil
conditions than does the calcium chloride method it is expressed
as the water method is more subject to
seasonal variations and can vary as much as 0.6 unit.

39



11 pH Oon Sal

Enter the soil pH on
and CaCl - notice the

Refer to the soil pH che

1ple Analysis

40



sl nd Phosphorus Availability

Enter on our work
phosphorus is like

Is this likely t
(check results «

4



jheoptimum pH range of
pasture plants

5.5t07.0

- 5.0 tc 5.8t06.5

ve 4.3to6.0 5.0to 6.5

5.3 t0 8.0 6.0 to 8.5

52to 7.5 5.8 to 8.0

4.3 t0 6.8 50to 7.5

52to7.3 6.0 to 8.0

Fescue 43to06.4 50to 7.0

DPI, Victoria, www.dpi.vic.gov.au/agriculture/dairy/pastures...dairy.../chapter-8
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Icium Prince of Nutrients

“maybe corrected by applying
al lime (Ca CO3) or dolomite

' (Ca,Mg CO3).

n't lime to fight soil acidity. Use lime to
eed the plant”. Wm Albrecht

Potassium Magnesium valcium
Chloride Cnloride Chloride Acetate

43



father starves the son

ear old saying
nse, 1941

* better structure, crumbly, air
* neutralises acid
* worms

* better grasses

44



1mental Trivia

these learned men researched &
aworms & what was his name?

Bonus who are the other two men?

45



Lel’s Have a Break

46



——

Cation Exchange

e City to
absorb certain
impogtant nutrients.

Higher the score

the better.
.

47



5Ol exture and Cation
Exchange

Knowing our soil textt
matter/humus, es

CE

-5
10

over 30

Humv

Enter the Effecti
your D S¢ D(C

48



=ffect of Cation Exchange on
’lant Growth

49



SUGGESTED CEC,
‘ SATURATION

| CALCIUM
l 651070%

MAGNESIUM 14 -16°/o

HYDROGEN
10-11°/0=6.3 Ph.

POTASSIUM 3-7°/o| o

Gation Balancing Based on
Wim Albrecht’s Research

William A. Albrecht

50



ancing Based on Wm

cht's Research

Ideal *
65-70%
14-16%
-7 %
7%
10-11%

f Wm Albrecht

51



dngeable Cations

Ideal *
65-70%
14-16%
-7 %
1.7%
10-11%

Southern Cross and SWEP analysis?

52



An exchangea ¢
deficiency. C

1.7%
10-11%

potassium

53



rfonmental Quiz

hibit trace element deficiencies.
ium deficiency?

54



Vieasurement of Salinity

be measured by determining the
electrical conducti of a solution, obtained by
iple with water (a soil

0il / water).

on extra

eater the salt content the greater the current.
nductivity meters give readings in
Siemens {

55


http://www.science.org.au/nova/035/035glo.htm#electrical conductivity

_‘-_

Saline and Sodic Soils

- the chlorine has been G ATIONS ATTACHED

TO SOIL COLLOID

unstable soils which don’t stick

together. Easily erodible by wind and
water

56



Dryland Salinity

/£ .
-

. ™

N

250 0 250 500 Km w
e s

MAP 1 Dryland Salinity Risk"




Sodic Soils In Australia

58



sturement of Salinity

.

xamine our Soil analysis

/m (S.Cross) 0.179 <.20
EP) 178.2 <990

s conductivity is reported in deci Siemens per meter (dS/m)
ersion is 1 dS/m = 1000 uS/cm.

vle salt (T'SS) is a measure of dissolved solids and its
usu ally on a weight for volume basis so 178 ppm in water means
there are 178 mg of solids per litre

59



viedsureme

From the Sthn Cro
on your sheet, but fi

t of Salinity

results (0.179 dS/m) tc

uS/cm. )

From the S

60



Vieasurement of Salinity

0-800 uS/cm 1 drinking water
irrigation

800-2500 pS/ecm
care required when t

ed by humans
1 for irrigation

for all livestock

2500-10,0| - not recommended for human consumption

ormally used for irrigation

ivestock can tolerate levels up to 10,000 uS/cm

000 - not suitable for human consumption or
irrigation

- beef cattle can consume up to 17,000 uS/cm

61



Exchangeable Sodium
ercentage (ESP)

an ESP greater than 6 % is

atelySodic Strongly Sodic Very strongly Sodic
)-15 15-25 25

From the Sthn (
Percentage (

Is that within 11 T

62



Reclaimation of Sodic Soils

amount of sodium in the soil and it

ery compact and hard. Water does
ot permeate and plants struggle.

5‘(WATE Rr> 6

1. When there is o large
amount of sodium in the soil,
the soil becomes hard and
compact like a brick. The

1 compacted soil will not per-

mit water to pass down-
ward readily, and, as a
result, plant growth is re-
tarded.

FESES

~S0DIUM

. ——————— - ———————————————————————
- —




SOLUBLE CALGCIUM FROM
WATER GYPSUM

b

TR N e . g —— —— — " ——" —— -

eclaimation of Sodic Soils

dium in a sodic soil must be replaced

. Gypsum supplies soluble

calcium to the soil and the
calcium replaces the sodium.
At this time, if o large
amount of irrigation water
is added to the soil, the
water will leach the sodium
downward and out of reach
of plant roots.

64



Reclaimation of Sodic Soils

e 501l now full of calcium and clay
rearrange themselves into loose, open
lusters & excess salt leaches downwards.

3. The surface scil is now full
of calcium, which causes the
clay particles to rearrange
themselves into loose, open
clusters and the excess salts
fo leach downward. The
result is a more open soil
that contains sufficient water
and air for normal plant
growth.

FIG. 17.3. How soluble cal-
cium reclaims
black-alkali soils.
Source : Daniel G.
Aldrich, Jr., and
W.R. Schoonover,
" Gypsum and
Other Sulfur Mate-

EXCESS ‘ SALT rials for Soil Con-
* ) + ditioning, " Calif.
Agr. Exp. Sta. Cir.

No. 403, 195].




Environmental Quiz
Who is Neil Douglas?

ationist/artist whose paintings hang in

yhn Brumby’s cabinet
ace in the 1980’s

F APPSR

66



eil Douglas

67



Organic Matter

Living
organisms e
<5% %o

Stabilized

organic  Decomposing
matter organic matter

(humus) (active
33% -50% fraction)

33% - 50%

68



- Adpine humes soils

Krasnozems
Humic gleys
« Readainas
Xanthczems
Praire soils
Calcareous sands
Podzols and hurmus padzols
Gray-brown padrolic soils
Terra rossa soils
Red podzolic soils
Euchrozems
Black earths
__ Lateritic podzolic soils
Yellow podzolic soils
Gleyed podzolc soils
Soloths
- Grey, brown and rnd clays {beigalow)
Nen-caloie brown soils
Solonetz, solodired-solonetz & solodic soils
_ Sodie red-brown earths
Red earths
Solonized brown soils
Red brown earths
Grey, beown and red clays
Yellow earths, groy carths
Siliceous sands
_ Earthy sands
Desart loams

% Organc carbon
Flg. 34.3 Organic carbon levels in Australian soils. Great Soil Group medians, interquartile ranges and the number of records available.

Dr Brian Tunstall of the Environmental Research and Information Consortium, formerly with CSIRO



Jie Benefits of Humus

Storehouse of essentic

*




_‘-_

16 Benefits of Humus

s more soluble & available to plants
ins tances that stimulate plant growth
ovides substances that bind soil particles together

vides high water absorption & N

ient holding capacity -\ Particles 45% _/

tributes to good soil structure- Orsamc Matter 5%

&,

= Buffers soil against high salt levels & toxic chemicals
= Provides food for beneficial soil organisms

71



Carbon

e the amount of organic matter
is analysed and then multiplied

72



otal Nitrogen

1s an indication of what reserves

73



Nitrogen Levels in Australian Soils

Alpine humus soils
Krasnozems

Humic gleys

Rendzinas

Prainie soits

Xanthozems

Calcareous sands

Terra rossa sous
Grey-brown podzolic soils
Red podzolic sols; -
Euchrozems

Biack earths

Podzols and humus podzols
Grey, brown and red clays (brigalow)
Yellow podzohc soils
Soloths

Gleyed padzolic soils
Lateritic podzolic soils
Sodic red-brown earths
Non-calcic brown soils
Solonetz, sclodized-solonetz & solodic soils
Solonized brown 50ils
Red-brown earths

Grey, brown and red clays
Siliceous sands

Earthy sands

Desert loams

Fig. 34.4 Nitrogen leveis in Australian soils. Great Soil Group medians, interquartile ranges and the number of records available

I
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L Available Nitrogen

n of soil tests for nitrogen
pversial as levels fluctuate

rels between 10-20ppm for are
erally suggested as good levels.

is just as available to
s as is nitrate N (NO;-N), but generally
little accumulates in the soil because it is
readily converted to nitrate under most
conditions.

75



dhe Nitrogen Cycle

Volatilisation

NH;

Denitrification
{water-logging)

N,O+N,

Pasture
residues

NOF— NH- v
Mineralisation = M inera!isation¢
L.eaching
(sandy soils)

@ Principle pathways of nitrogen cycling in cropping systems involving ley pastures
CSIRO, Pevrill, 1999

76



Nitrogen

> N per ha will be released
1itrate) annually from each 1

s the organic matter on your Southern
0il test?

77



Nitrate Nitrogen

Enter on your wc
(nitrate) from the
analyses.

_ SWEP
Organic mat
Nitrate N

ember organic mater contains up
0 95% of soil nitrogen

78



nvironmental Trivia

hair in cattle are signs of
deficiency?

79



Phosphorus

= The difficulty in analysing for soluble phosphorus
lies in the fact that its composition is so variable.

@ Soil P exists in several chemical forms in the soil.
This includes both inorganic complexes (with

calcium, iron, aluminium) and organic forms.

@ “In perennial pastures, organic matter tends to
accrue and net mineralisation of P from the
microbial biomass and organic residue pools may
be a significant source of P ”. Pevrill, 1999

80



Phosphorus

The Phosphorus Cycle

Animal
manures
and biosalids

Organic phosphorus
=ficrabial

Plant residue
-Humus

Soil solutian
phosphaorus
"HPO ;2
-H, PO,

(Usually minar)

W

Los= fram =ail

ineral

fertilizers

Frimary
minerals
(apatite)

Funoff and
erasian

Mineral
s5UMaces
(clays, Fe and
Al oxides,
carbonates)

Secandary
compounds

_(CaP, FeP, MnP, AIP)
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10rus Methodologies

Colwell a Na HCO3 extractant ratio of. 1:100 & a 16 hour shake.
s quantity.

er amount of P than the Olsen method.

ests in Victorian conditions is rare.

(Reams Test) is supposed to closely measure plant available P. The test
- appears to have no merit over existing tests.

Note: Other available phosphorus tests (for example, Colwell or Bray) are used by various laboratories, but
field calibration of these tests in Victorian conditions is rare.

83



hosphorus

1S a measure of
* tenswely calibrated against

84



evels or Olsen P and Levels of
Jdant-Available Phosphorus

iry Farms Project established that, to maintain a
Olsen P of 18 to 22 mg/kg is suitable,
d be satisfactory for lower stocked farms

Marginal

High

EPI, Victoria, www.dpi.vic.gov.au/agriculture/dairy/pastures...dairy../chapter-8

85



Phosphorus

us (TP)* reports P extracted by
ac1d and includes unavailable

sult is not well correlated to plant
le P but does indicate the amount of P in
hosphorus cycle.

86
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10rus Application

mendation perhaps does not
lon unavailable phosphorus

activity to release the bound
us?

88



ATHIgh Total Phosphorus -
What Might it Mean?

If most Austral
0.02%(200ppm) pk
analysis indicates le

What migh indica

)

o

89



0%.

perature
e — generally low CEC soils have higher soil P tests
1c matter

90



hos_'phorus Solubilising
Microorganisms

wing bacteria and fungi around the rhizosphere can solubilise
iC phosphate (Mohammad Saghir Khan, Almas Zaidi, Parvaze A. Wani, 2007)

Aspergillus flavus, A. niger, Oxalic, citric, gluconic succinic
Penicillium canescens

Bacillus, Pseudomonas Gluconic, 2-ketgluconic, oxalic,
citric
91



Sulphur

, >70%S

Sulphur like phosphorus is
the positively charged
bl S enel] iron and aluminium

o . Ineal M nly be taken up

solutlon moterial
SR
ampnate (DV4) is an anion

92



Available Sulphur

ogy for extracting sulphur (KCl)

t some of the sulphur that

_ e from the breakdown of
nic matter. This is relevant for dairy

res, which often have thick root mats

therefore a significant potential to supply

1ur via organic matter breakdown.

93



Potassium in Soil

K+ KO K+ K#[(’

K* Soil Colloid

I K¥ KTt

Soil Water
K* K*

94



Potassium Analysis

assium is measured by several
estimated from exchangeable

@A77 lasa vigorous ¢ ant (sodium bicarbonate), or
Skene actant (hydrochloric acid) removes soluble,

ple and some fixed potassium. These values are
orted in milligrams per kilogram of soil
extractant does not remove quite as

95



=nvironmental Trivia

ion with these images?

96



race Elements

retation is difficult as critical
between soil types and plants, and
or elements can vary between

issue testing is the preferred method for
ing trace element toxicities, deficiencies, and

has reported poor correlations between the
levels of trace elements measured in soil tests against
the responses to trace elements in the paddock.

97



race Elements

ents considered to be essential

PI recommend that clover samples are
used to diagnose trace element
lencies in dairy pastures, although
ryegrass can be used where it is the dominat
~ species.

98



Copper
Zinc
Manganese
Iron

Boron

Reported
0.8ppm

2.6ppm
15ppm
359ppm

0.42ppm

Desirable

1.6ppm

4ppm

18ppm

18ppm

1.4ppm

Reported
15ppm

43ppm
164ppm
722ppm

20ppm

Adequate
6-7ppm

16-19ppm
25-30ppm
50-65ppm

25-30ppm

ure Soil & Tissue Tests

Reported
11ppm

43ppm
168ppm

225ppm

o6ppm

Adequate
6-7ppm

14-20ppm
50-300ppm
50-60ppm

5-15ppm

99
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| deposition caused by wind and rain

ration, flood or groundwater, and
- sedimentation

m From runoff.

101



Conventional Systems
Feed the plant

102



tion i1ssues
e a need for strategic soil aeration?

1 Additions of biological stimulants to further
stimulate soil biological activity

103



o “f. \<m~ , Soil Stabilized Fzaithy Soil Boosystem

Pasture with cows-urine/excreta cycled 3 times
through foliage during the season- Thanks to
soil food webs

104



Ihe Soil Food Web

= The Soil Food Web

=
Root-feoders
/8
9

s

Arthropods

Shredders

-

Arthropods
Pradators ”
Birds
Nematodes
Fungal: and
hacterial-feiders
Nematodes

Predators

First trophic Second Third trophic Fourth trophic Fifth and

level: trophic level: level: level: higher trophic
Photosyntheszers Decomposers Shredders Higher level levels:
Mutualists Predatoes predators Higher level
Fatt . parasites Grazoes predators

Root-feeders

Relationships between soil food web. plants, organic matter, and birds and mammals
Image courtesy of USDA Natural Resources Conservation Service
http://soils.usda.gov/sgi/soil_quality/soil_biology/soil food web.html,



Nutrient Budgeting

WHOLE- FARM

INPUTS

Fegd Milk
Animals Animals
Bedding

I _ Manure
Seed "R

| Crops
Fertiliser =~ Silage
N fixation ' Hay
Imgation _, :
Precipitation 5 Irrigation
Manure T

Surplus or deficit



Value Your Observations

154 ++++ $154.00
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PDiscussion



h Break

i

)
“ 3 e —v— -~~W

109



