Chapter 6.

ENHANCED MANGANESE CONTENT OF BARLEY
SEED

6.1 Introduction

Reserves of nutrients in the seed must be sufficient to sustain growth until the root
system has developed sufficiently to supply adequate nutrients from the growth medium.
During plant establishment nutrients are supplied partly from the seed reserves and partly
from the soil. Obviously, high levels of seed nutrients are more important in soils of low
nutrient availability as a larger root system is required before the soil can supply the needs
of the crop. Low nutritional status of seeds has been reported to reduce plant growth

under conditions of low nutrient availability (Asher 1987).

The effect of the nutrient status of seed on both seed viability and seedling vigour was
reviewed in Chapter 2; Table 2.1 in that chapter reports the currently available literature
on minimum seed concentrations below which seedlings will not grow normally. In
addition to being important for subsequent plant growth, seed nutrient levels may also be
an important consideration in quality for end-product use (Welch and House 1984, Welch
1993), especially in areas where a high dependency on grain food may result in nutrient
deficiencies (notably iron and zinc) in susceptible human populations. Seedling nutrition
has also been shown to be an important factor in plant susceptibility to pathogens (as
reviewed by Graham 1983, Graham and Webb 1991); seed nutrient levels which fail to
maintain adequate nutritional status of seedlings in infertile soils may result in a decrease

in plant resistance to some seedling diseases.
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For South Australian farmers on soil types low in Mn, seed Mn concentration may be an
important consideration for the successful establishment of cereal crops (Marcar and
Graham 1986; Longnecker et al. 1991). Whilst soil applications of Mn at sowing have
been shown to increase levels of Mn in the grain (Graham et al. 1985) in conditions of
severe Mn deficiency (highly calcareous soils of high pH), the increases are not large.
This is because Mn applied at sowing is quickly rendered unavailable (Reuter and Alston
1975) and inadequate to supply the full Mn requirement of cereals. Applications must be
followed by at least one and sometimes two or three foliar applications of Mn during
tillering for optimal grain yield. Even then, in spite of large increases in yield, this will
still result in low levels of Mn in the seed (as low as 5 mg Mn kg-! of seed or on average
0.17 pug of Mn seed-! for barley). This is at the lower end of the range of seed Mn levels
reported by White ez al. (1981) in a survey involving 15 sites in Western Australia, in
which wheat seed concentrations ranged from 6 to 118 mg Mn kg-!. Longnecker and
Uren (1990) reported that seasonal effects had a small influence on the Mn content of
seed, whereas site variations (soil type, pH, Mn availability) had a large effect.
Artificially enhancing seed Mn by soaking seeds in MnSOj4 prior to sowing was effective
in supplementing internal seed Mn (Longnecker et al. 1991). However, this technique
may not be easily adapted to broad-acre farming, since seed that has imbibed nutrients
and water may be prone to mechanical damage during storage and sowing. Growers
who retain their own seed therefore may benefit from other strategies to ensure that grain
being kept for seed has adequate Mn content. Seed coating with Mn has been suggested
as a method of ensuring adequate Mn during the establishment phase and has resulted in

increased grain yield of Galleon barley (McEvoy et al. 1988, Chapter 5).

This chapter concerns the Mn status of seed itself which may be manipulated by fertiliser
strategies during the management of the seed mother-crop. The experiments reported
here develop a strategy for farmers on soil types low in Mn to ensure improved Mn status

of barley seed. A comparison is then possible between the relative performance of high
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Mn content seed and Mn coated seed as potential techniques of ensuring adequate

seedling nutrition of the subsequent crop and hence maximum productivity.

6.2 Fertiliser strategies to enhance manganese content of
barley seeds.

6.2.1 Materials and methods

A field experiment was conducted to investigate whether post-anthesis foliar applications
of Mn could increase the Mn concentration and content of seeds. The experiment used a
randomised block design with three replicates and was continued over three years. In
1989, the barley cultivar used was Schooner whereas 1990 and 1991 the cultivar was
Skiff. The experiments were conducted in a farmer's field at Marion Bay on the Yorke
Peninsula, South Australia, on a calcareous sand (pH (1:5, soil:water) 7.9, 77% calcium
carbonate). The crop was sown by the farmer (on the 3rd June 1989, 22nd June 1990
and 11th June 1991) in his usual way using seed coated with MnSO4.H,O (0.8 kg Mn
ha-1), followed with an early foliar spray of Mn (0.5 kg ha-!) 6 to 8 weeks after sowing,
a further foliar Mn application (0.25 kg ha-1) combined with a weed spray at 10 weeks,
and a third application at 14 weeks (0.5 kg hal). These farmer treatments were
uniformly applied to all plots. Plots 0.75 X 6m were superimposed on the farmer's field
by applying foliar sprays of 1.3 kg Mn ha-! as MnSO, using a small hand held boom.
The number and timing of foliar sprays varied with the season (listed in Table 6.1);
experiments were randomised complete block designs with three replications. After
harvest, grain samples were analysed in triplicate by ICP after digestion in nitric acid

(Zarcinas 1984). Grain numbers and weight were recorded for each digest.

6.2.2 Results
Manganese content of seed was increased by application of foliar sprays during grain
filling (Table 6.1). For the 1991 experiment, without a late foliar application of Mn, the

seed Mn content was 0.25 pug Mn seed-!. One foliar spray at the water ripe stage



increased seed Mn content to 0.43 tg Mn seed-! and a second spray 4 weeks later further
increased seed content to 0.95 [Lg Mn seed-! (Table 6.1). A single foliar application at
hard dough increased seed content to 0.79 g Mn seed-!. For the other seasons the
results were similar, the later spray being more effective in increasing seed Mn content
than the early application and two sprays being more effective than one (Table 6.1).
Foliar application of Mn during grain filling, did not affect seed size or the concentration
of any other element measured including Cu, Zn and P (data not presented; see for
comparison however, some data included in Table 6.2).

Table 6.1 The effect of foliar Mn applications during grain filling on the Mn
concentration and content of barley grain produced at Marion Bay.

Foliar Mn application Mn concentration Mn content
Growth stage DAS™ (mg/kg) (ug/seed)
1989 Schooner barley
Nil 6.9 n.a.t
Early dough 147 12.5 n.a.
Late dough 164 13.2 n.a.
Isd (P<0.05) 2.0
1990 Skiff barley
Nil 4.7 0.17
Week 1 Early dough 140 11.9 0.43
Week 2 149 12.5 ‘ 0.45
Week 3 Hard dough 156 11.1 0.42
Week 143 140+156 20.7 0.76
Isd (P<0.05) 1.4 0.06
1991 SKiff barley
Nil 7.0 0.25
Week 1 Caryopsis water ripe 122 12.3 0.43
Week 2 133 16.7 0.58
Week 3 Early Dough 136 15.7 0.56
Week 5 Caryopsis hard 152 22.1 0.79
Week 143 122+136 19.1 0.70
Week 145 122+152 27.2 0.95
Isd (P<0.05) 2.6 0.11

+n.a. not available. *“DAS = days after sowing
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6.3 Comparison of seed Mn content and Mn seed coating for
barley

6.3.1 Materials and methods

General: Four experiments were conducted over four years to examine the relative
advantages of seeds with a higher Mn content compared to seeds that were coated with
MnSO4.H,0 or sown using the more conventional technique of applying Mn fertiliser to
the soil. The experiments were conducted in the farmer's field at Marion Bay described
earlier (Chapter 5 and Section 6.2). In the first two years, seeds were collected from
different sites to give a range of different Mn seed contents; in the second phase of this
program seeds were collected from plots that had received post-anthesis foliar Mn
applications (Section 6.2) and were used for experiments on the same soil. By varying
seed Mn content in this way, rather than selecting seed from various sites, other factors
which affect seedling vigour, for example the status of other nutrients or environmental
effects during grain filling, were minimised. Seed sources used in these experiments are

listed in Table 6.2.

Seed coating was carried out in an inclined pharmaceutical tablet coating pan (30 cm
diameter) rotating at approximately 30 rpm. MnSO4.H2O was finely ground to <150
micron with 1% w/w of Hexacol Amarynth Lake (a water insoluble dye). Seeds were
sprayed in short bursts with adhesive interspersed with additions of MnSO4.H0 + dye
until the total amount had been added, and finally the coating was dried at 45°C whilst
tumbling in the pan. In the first three experiments, methyl cellulose (Celecol HPM 450
0.5g/100 ml of water) was used as the adhesive whereas in 1992 a polyvinyl alcohol
adhesive (Gelvatol 40-10: Air Products Inc., Pennsylvania) was used at 12.5 g/ 100 ml
of water .

A basal fertiliser of mono-ammonium phosphate (MAP) and urea was applied to deliver
23 kg N, 20 kg P, 1 kg Cu and 3 kg Zn ha'l. Soil Mn (6 kg ha-l) was applied where

required as granules of manganese oxysulphate mixed in with the seed using the
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magazine system and cone seeder described by Graham et al. (1992). Plots were 4 rows
(0.8 m) x 4.5 m. Vegetative samples were collected at early and late tillering and maturity
(where possible) by sampling 0.5 m of each of the two inside rows. Plant samples were
dried at 80°C, weighed and ground using a stainless steel grinding mill to pass through a
0.5 mm sieve. Tissue analysis was conducted by ICP spectrometer after digestion in
nitric acid using the method described by Zarcinas (1984). Since no grain was produced
in the first year, due to severe Mn deficiency, a foliar application of Mn at tillering was
applied (1.3 kg ha-! Mn as MnSOQy) in subsequent experiments to ensure grain
production. Plants were assessed visually for severity of Mn deficiency at tillering on a
scale of 1 to 5 (as described in Chapter 5). Data were statistically analysed using

standard analysis of variance procedures.

Table 6.2. Seed source, nutrient concentration and seed weight for barley seeds used
in Experiments 1 to 4. Values in parentheses are standard errors of 3 replicates.

Experiment Source Nutrient concentration Seed weight
Mn Zn Cu P
mg kgl mg seed]
1. 1989  Wangary 303) 3203 3.4(0.03) 2100 (60) 38.0 (2.6)
Galleon  Karoonda 8.1 27(L1) 3.0@©01) 2900(40) 382 (14)
Turretfield 14 ©0.1) 3915 520200 2500 (27) 41.8 (0.0)
Brentwood 2140 1907  4.8(.01) 1900 (35) 41.0 (1.8
2. 1990  Warooka 301 2710 50020 3700 (160) na*
Schooner  Marion Bay ~ 6(02) 12(0.0) 2.2(0.04) 1700 (20) n.a
Bute 8 (0.3) 13 (0.6) 3.0 (0.10) 3200 (160) n.a
Cooke Plains: 10 (0.1) 12 (0.1) 3.0 (0.10) 2900 (115) n.a
Marion Bay 12 (0.3) 1101 23003 1700 (30) n.a
Borrika 1402 1907  4.0(0.100 2800 (43) n.a
3. 1991  MarionBay 5003 19(03) 3.2(0.100 2600( D) 37.7 (0.9)
Skiff Marion Bay 14 (0.6) 21 (1.0) 3.8 (0.10) 2700 ( 2) 36.4 (0.5)
Marion Bay 21 (0.6) 20(04) 3.40.03)  2500(5) 37.6 (1.6)
4. 1992  MarionBay 702 212 3.10.04 3000 (10 34.1 (0.6)
Skiff Marion Bay  12(0.3) 2007  3.30.07) 2900 (10) 35.2 (0.6)
Marion Bay  15(0.8) 22(04) 3.5(0.05 3000 (4 32.7 (0.6)
Marion Bay 1705 1906 3.00.10 2700 ( 4) 35.0 (0.3)
Marion Bay 2107 19(03) 2.6(004) 2700 ( 3) 36.5 (0.7)
Marion Bay 2617y 2105 2.7 ©.04 3000 (4) 33.3 (0.7

*n.a. not available
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Details of each experiment

Experiment 1 (1989): Galleon barley seed was selected from 4 locations resulting in a
range of seed Mn contents (Table 6.2). Seeds were sown (on 22nd June) with or
without Mn coated at 0.8 kg Mn ha-l. The experimental design was a randomised
complete block with 4 replications. Vegetative sampling was conducted by sampling 2 x
0.5 m sections of two inside rows at 74 DAS. In 1989 the Mn deficiency was so severe
that plants died after the first sampling even where Mn had been applied as seed coatings:

no further measurements were possible.

Experiment 2 (1990): Six sources of Schooner barley were selected from 5 locations
with varying Mn content as shown in Table 6.2, and one source where the Mn seed
content had been increased by treatment of the mother crop at the same site (Marion Bay).
Seeds were sown (on the 10th July) without Mn or coated at 0.8 kg Mn ha-l. The
experimental design used was a split-plot to allow a foliar application of Mn (1.3 kg ha-!
as MnSOQy4) applied at mid-tillering to one half of each block. Thus, the foliar Mn
treatment corresponds to the main plots, whilst the factorial combinations of seed source
and coating were randomly allocated to the subplots within each main plot. Four
replicates were used. Plots were sampled at early tillering, 69 DAS (nil foliar spray plots
only), late tillering, 84 DAS, and maturity by sampling 0.5 m of row in each of the 2

adjacent inside rows.

Experiment 3 (1991): Three levels of seed Mn in Skiff barley were selected from plots
that had received post-anthesis foliar applications of Mn in 1990 (as described in Section
6.2 above). Seeds were sown (on 26th June) without added Mn, coated at 0.8 kg Mn
ha-!, or with drilled granules of Mn fertiliser (Micromate 280 containing 28% Mn, 11%
S, approximately 50% as MnO and 50% as MnSO4.H70, Stoller Chemical Company
Houston, Texas ) at 6 kg Mn ha-1. Foliar Mn was applied at early tillering (1.3 kg hal
as MnSOy4, 35 DAS) to half of each block in a split plot design as for Experiment 2.
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There were 5 replicates. Plots were sampled at early tillering (nil foliar spray plots only,
35 DAS) and again at maturity by sampling 0.5 m of row in each of the 2 adjacent inside

rows.

Experiment 4 (1992): Six levels of seed Mn in Skiff barley were selected from plots that
had received post-anthesis foliar applications of Mn in 1991 (as described in Section 6.2
above). Seeds were sown (on 18th June) either without added Mn, coated at 0.8 kg Mn
ha! or with soil-applied Mn (6 kg Mn ha-1, Micromate 280 as described for Experiment
3). Foliar Mn was applied at mid and late tillering (1.3 kg ha-! as MnSQy, 49 and 104
DAS) to half of each block in a split-plot design as for Experiments 2 and 3. The
experiment consisted of 5 replicates. Plots were sampled at early tillering at 45 DAS (nil
foliar spray plots only) and ear peep (115 DAS) by sampling 0.5 m of each of the 2

adjacent centre rows. Grain yield was measured by Wintersteiger small plot harvester.

6.3.2 Results

Experiment 1 (1989): In the initial experiment in 1989, where seed was chosen from
different locations, the effect of seed Mn content on early vegetative production and
consequently Mn uptake was large. Plants grown from seeds low in Mn were smaller
than those from seeds with higher Mn concentrations from different locations (Figure
6.1). The yield advantage from higher seed Mn concentration appears to be about 3 fold
in the absence of applied Mn. The effect of seed coating was complex, there being an
increase in dry matter due to coating at all levels of seed Mn; however for Mn uptake
there was no effect of seed coating at the highest level of seed Mn. At low levels of seed
Mn (3 and 8 mg kg!) the effect of Mn seed coating on dry matter and Mn uptake was
large; however, at higher concentrations of Mn in the seed, the effect of seed coating on
both dry matter and Mn uptake by shoots decreased. The largest dry matter production

was attained by coating seed with Mn concentration 8 mg kg! with Mn.

131



0.5 ((a) I Seed source x treatment 4 ( (b) :[ Seed source, treatment
0.4t Mn Coated Mn Coated
_ w© 3t
< <
(2]
E: 03| Y Nil Mn
g Nil Mn i 21
©
= o2} s
Z- [=
o] =
01} (
0 1 1 'l 1. J e L 1 1
] 5 10 15 20 25 0 5 10 15 20
Seed Mn concentration (mg/kg) Seed Mn concentration (mg/kg)

Figure 6.1. (a) Vegetative yield and (b) Mn uptake at tillering of Galleon barley grown
from seed with different Mn concentrations selected from various sites and grown at
Marion Bay in 1989 (Experiment 1). Vertical bars indicate the Isd (P = 0.05).

Experiment 2 (1990): 1In the absence of foliar Mn, the effect of seed Mn content was
small or negative and this result was carried through to grain yield; plants in all treatments
were Mn deficient and grain yield was significantly reduced compared to plants that were
treated with foliar Mn (Table 6.3). By the second sampling, plants in the Mn coated
treatments were Mn deficient (shoot Mn concentration approximately 7 mg kg-!) and
consequently treatment effects were no longer significant (Table 6.3). Where Mn had
been applied as a foliar spray there was a significant effect of seed content on grain yield
in the nil coating treatments, but not where seeds had been coated with Mn and plants
given a foliar Mn spray; seed coating with Mn compensated fully for the low seed Mn
content and there was no effect of seed source on grain yield (Table 6.3, Figure 6.2).
The reduced yield, where the seed came from Marion Bay, may be due to the fact that this
seed had poor general nutrient status (P: 0.17%, Zn: 11 mg kg-!) compared with seed
from the other sites (P: 0.2-0.3%, Zn 17-28 mg kg~!); moreover, within this pair also
the Mn content was no advantage. Omitting these Marion Bay treatments and looking at
data for seed from the other four locations (Figure 6.2), the trends have some similarity

to Experiment 1 (Fig 6.1). The effect of seed coating, whilst still advantageous,

decreased at seed Mn concentrations of 10 mg kg-! and above.
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Table 6.3. Effect of seed source on dry matter yield, Mn uptake and grain yield of Schooner barley grown with and without seed-coated
Mn. Experiment 2. Marion Bay 1990.

Seed Source Seed Mn Ist Sampling 2nd Sampling Grain Yield (t/ha)

mg/kg seed Dry Matter Yield Dry Matter Yield Mn Uptake No Foliar Mn + Foliar Mn

(t ha-1) (t ha-1) (g ha-1)
Mn Nil Coat Nil Coat Nil Coat Nil Coat Nil Coat

Marion Bay 6 042 043 4.33 4.65 29.2 324 1.8 1.8 2.4 2.4
Marion Bay 12 053 052 5.05 4.42 344 303 1.7 2.3 1.9 2.4
Warooka 3 0.66 0.73 5.16 5.03 38.5 32.0 2.1 2.3 23 2.7
Bute 8 058 0.73 6.65 5.44 32.1 41.4 1.9 22 2.5 2.6
Cooke Plains 10 0.53 0.64 4.55 4.72 25.5 304 1.9 2.0 2.6 2.7
Borrika 14 0.55 0.8 5.04 4.66 39.1 31.8 2.0 2.0 2.5 2.7
LSD (P<0.05)

Mn treatment 0.13 N.S. N.S. 0.29
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Figure 6.2 (a) Dry matter yield 69 DAS and (b) grain yield of Schooner barley sown
from seed from different locations and with different Mn concentrations at Marion Bay in
1990 (Experiment 2). The two seed lots collected from Marion Bay (Table 6.4) have
been omitted from this graph. Vertical bars indicate the Isd (P =0.05).

Experiment 3 (1991): The effect of seed Mn content and method of Mn application on
dry matter production and the appearance of visual symptoms of Mn deficiency at tillering
are shown in Plate 6. Seed selected from the same site with varying levels of seed Mn
from 5 to 21 mg Mn kg'1 had no uniform effect on dry matter production or Mn uptake at
early tillering or on grain yield (Table 6.4, Figure 6.3). At the first sampling Mn
deficiency symptoms were apparent at all levels of seed Mn in the nil and drill treatments
but not in any of the coated treatments (Table 6.5). Plant establishment was not affected
by any treatment; however plants in the coated treatments had more tillers (Table 6.5).
There was an increase in dry matter, Mn uptake and grain yield due to applications of Mn
at sowing (Figure 6.3). Drilled applications of 6 kg Mn ha-! increased all these
parameters, seed coating applications of 0.8 kg ha-! resulted in even greater increases in
yield and Mn uptake. The effect of seed coating again decreased with increasing
concentrations of Mn in the seed. The foliar application at mid-tillering was effective in
increasing grain yield in all cases, but not successful in alleviating Mn deficiency, as
indicated by the low grain yields. The benefit of a small addition of Mn by seed coating

was carried through to maturity and resulted in the greatest gréin yield (Figure 6.3).
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Table 6.4. Vegetative yield and Mn uptake (35 DAS) of Galleon barley seedlings
grown from seed with varying levels of seed Mn with and without Mn fertiliser applied to
the seed or soil at sowing at Marion Bay 1991.

Source Seed Mn Veg yield Mn Uptake
conc mg kg'1 (kg ha-1) (g ha-1)
Nil Coat  Drill Nil Coat  Drill

Marion Bay 5 46 109 70 0.48 235  1.07
Marion Bay 14 54 101 65 0.56 227  1.09
Marion Bay 21 59 91 74 0.64 2.01 1.03
LSD (P<0.05)

Mn treatment 10 0.23

Table 6.5. Visual score, number of plants established/metre of row, number of tillers
per plant and plant height of barley seedlings, 35 DAS, grown from varying levels of
seed Mn with and without Mn fertiliser applied to the seed or soil at sowing at Marion
Bay 1991.

Seed Mn Visual Score™ Plants/m Tillers/plant Plant height

conc mg kg‘1 cm/plant
Nil Coat Drill Nil Coat Drill Nil Coat Drill Nil Coat Drill

5 2 5 3 29 29 32 1.3 2.7 1.6 12.8 13.7 13.0
14 3 5 4 31 29 26 1.3 2.6 1.8 12.6 13.5 12.7
21 3 5 3 30 28 28 1.6 25 20 129 13.5 13.3
LSD (P<0.05)
seed Mn 0.4 NS NS NS
Mn treatment 0.4 NS 0.75 0.5
Seed Mn x Mn treatment 0.7 NS NS NS

* A lower visual score indicates more severe Mn deficiency
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Figure 6.3 Effect of seed Mn content and Mn application on (a) Dry matter production

at 35 DAS, (b) Mn uptake at 35 DAS and (c) Grain yield of Skiff barley grown from

seed with different Mn concentrations at Marion Bay 1991 (Experiment 3). Vertical bars
indicate the Isd (P = 0.05)

Experiment 4: (1992): In this experiment, as in Experiment 3, there was no effect of Mn
seed content on vegetative yield at early tillering (49 DAS), ear peep (115 DAS) or
maturity (Table 6.6, only ear peep data provided). Seed coating with Mn produced
greater yield than applying eight times as much Mn to the soil when a foliar application of

Mn was also applied (Table 6.6, Figure 6.4) but was not always more effective without



foliar Mn. Seed coating was generally advantageous, compared with nil Mn, for all

levels of seed Mn (Figure 6.4).
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Figure 6.4 Yield and Mn uptake of Skiff barley grown from seed with different Mn
concentrations and treated with nil, seed coated or drilled applications of Mn at Marion
Bay 1992. (a) Dry matter production 45 DAS (b) Mn uptake of shoots 45 DAS, (c) dry
matter production 115 DAS, (d) Mn uptake of shoots 115 DAS and (e) grain yield at
maturity. Vertical bars indicate Isd (P = 0.05).
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Table 6.6 Effect of Seed Mn content and Mn application on dry matter production and
Mn uptake at ear peep (115 DAS) of Skiff barley. Experiment 4, 1992.

Source Seed Mn Veg yield Mn Uptake
conc mg kg‘1 (t ha-1) (g ha-1)
Nil Coat Drill Nil Coat Drill
Nil foliar
Marion Bay 7 1.84 2.37 2.32 22 19 16
Marion Bay 12 1.43 238 2.36 15 17 17
Marion Bay 15 1.75 2.32 2.23 14 16 18
Marion Bay 17 2.12 291 1.64 16 21 14
Marion Bay 21 1.76 2.35 2.72 13 18 23
Marion Bay 26 1.63 244 2.77 13 17 20
LSD (P<0.05) Mn treatment 0.035 N.S.
+Mn Foliar Applied
Marion Bay 7 3.12 477 4.24 298 484 405
Marion Bay 12 374 5.39 3.34 355 464 307
Marion Bay 15 4.19 5.83 3.63 400 534 419
Marion Bay 17 3.63 4.14 4.07 357 475 361
Marion Bay 21 3.82 429 3.49 399 410 375
Marion Bay 26 394 5.15 17.78 450 498 367
LSD (P<0.05) Mn treatment 0.36 49
Seed Source x Mn treatment  0.89 : N.S.

6.4 Discussion

Post anthesis foliar applications have been effective in increasing the Mn concentration
(content) of barley seed without affecting the concentration or content of other elements.
The timing of these applications was not critical, but, since the farmer's final foliar spray
(at 14 weeks after sowing, by which time the flag leaf had unfolded), still resulted in low

seed Mn it appears this late application must be after grain development commences.

Manganese seed coating compensated completely for low seed Mn content; and greatest
productivity resulted from treatments with Mn seed coating plus foliar Mn at tillering.
This is consistent in field work conducted over 4 years. Seed coating with Mn was

generally, more effective, per unit of applied Mn, in increasing yield and reducing Mn



deficiency, than soil applied Mn fertiliser. Seed coating with 0.8 kg Mn ha-! produced
greater yields than 6 kg Mn ha-! drilled with the seed. In the absence of a foliar Mn
application plants in all treatments became acutely deficient in Mn and subsequently

treatment differences were smaller.

Manganese seed content had a significant effect on dry matter and grain yield only when
seed was selected from different locations and no foliar spray was applied. When seed
from the same site but with different concentrations of Mn was sown, seed Mn
concentration did not influence dry matter or grain yield significantly although it is
possible that where seed had been selected from different locations some other factor
(factors) correlated with seed Mn could be affecting seed performance (for example
embryo size, other nutrients, protein levels). The Marion Bay site is highly alkaline with
a high CaCO3 content, so that the availability of Mn, P and Zn is low. At this site, seed
sources with high contents of P and Zn as well as Mn may be beneficial in conferring a
starter effect. The Marion Bay seed used in Experiment 2 was lower in P, Zn and Cu
than the other seed sources selected; consequently, tissue concentrations of these
nutrients were marginal at early tillering and deficient by late tillering. Seed selected from
other sites may be conferring benefits in terms of these nutrients as well as Mn. Ayers et
al. (1976) demonstrated that seedling vigour is related to the protein content of the whole
seed and the endosperm, and to the salt soluble and insoluble fractions of the endosperm.
Manganese applied by late foliar sprays may be deposited in tissue other than the
provascular material in the base and mid-region of the radicle (Lott and Spitzer (1980);

Mazzolini et al. (1985)) and hence may be less available to the developing seedling.

Longnecker et al. (1991) reported that high amounts of seed Mn increased dry weight of
roots and shoots, Mn content of roots and shoots, number of early tillers, plant survival
and number of grains per plant. These workers used seed of Galleon barley that had

been grown at different sites with a range of Mn concentrations (3 to 27 mg kg-1) and
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content (0.14 to 1.2 ug seed-1). The ranges of seed Mn content/concentration are similar
to the present study and compare with the results of Experiment 1, but contrast with
results of the other three experiments. In addition Longnecker et al included seed that had
been soaked in 0.25 M MnSOg4 for 6 h; this treatment had the effect of enhancing seed
Mn concentration from 27 to 1151 mg kg-! and Mn content from 1.2 to 53 g Mn seed-!.
They reported increased grain yield from plants grown from a high seed Mn source
irrespective of whether these plants were fertilised with additional Mn, although the effect

was smaller where Mn fertiliser was applied to the soil.

Three main differences exist between the present study and that of Longnecker ef al.: (1)
the severity of the deficiency; the experiments reported by Longnecker et al. were
conducted at Wangary on the Eyre Peninsula, which is a site more deficient in Mn than
the Marion Bay site used in the present study In addition, the Marion Bay site is also
marginally deficient in Cu and Zn so that early seedling vi gouf may also be dependent on
the Cu and Zn content of seeds. (2) choice of varieties; Longnecker et al. used the cultivar
Galleon which is more sensitive to manganese deficiency, exhibiting symptoms in the
field much earlier than either Schooner or Skiff used in this study. Seed of Galleon
barley selected from plants grown at different locations was used in Experiment 1 and the
results from this experiment agree with those of Longnecker et al. 1991 but, contrast with
Experiments 2, 3 and 4. (3) Apart from the seed that had been soaked in Mn solution to
increase the seed Mn content, Longnecker et al. used seed collected from different sites,
so that factors other than Mn content, for example concentrations of other nutrients,
protein content, embryo size, may have influenced their results. Manganese contained in
the seed as a result of soaking seeds in MnSO4 was approximately 50 times greater than
the highest seed Mn content used in the present study. In addition, Mn transported to the
seed via the stem or by soaking the seed in MnSO4 may be in a more available form than
that applied by a late foliar application of Mn and therefore more readily available to the

emerging seedling.
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Further research is required to explain the phenomenon that seed collected from plants
grown at other locations performs better than seed from the same paddock. Enhanced
seed concentrations of Cu, Mn, Zn and P may confer added benefits in situations where
more than one element is limiting. Post-anthesis foliar applications enable manipulation
of the Mn concentration (content) of barley seed without affecting the concentration or
content of other elements. This technique may enable identification of the importance of
Mn seed content on seedling vigour. Preliminary results with Zn are encouraging, post-
anthesis foliar applications of Zn have increased seed Zn concentration. Enhancing seed
levels of Zn, Cu, Mn, P or combinations of these nutrients by applying late foliar
treatments may avoid confounding factors involved in selecting seed from other
locations. Using seed prepared in this way to investigate the effect of seed nutrient
status on seedling vigour and crop performance may clarify the relative importance of
these nutrients in the seed for seedling performance at the Marion Bay site. More
understanding is required of the effect that seed nutrition has on seedling vigour, disease

resistance and grain quality.



Chapter 7.
GENERAL DISCUSSION

Strategies that enable the applied fertiliser to remain in plant available forms rather than
being immobilised by soil chemical and microbial processes lead to better efficiency of
fertiliser usage. For the soil immobile (diffusion limited in soil) nutrients these strategies
require that the elements are placed so that they can be readily taken up by the growing

plant.

The experiments conducted in this thesis have concentrated on techniques of application
of P (a soil immobile macro-element) and Mn (a soil immobile micro-element). Whilst
the demand for P by cereals is generally (although not always) greater during the first
eight weeks of growth, (Brenchley, 1929; Sutton et al., 1983; Jones et al., 1992), the
demand for Mn is throughout the whole growing season. The challenge is to supply each
nutrient in a plant available form to meet this demand. For P then, the requirement is to
supply P in a plant available form placed close to the seed for easy access of seedlings.
For Mn, the required strategy involves placement of a small amount of Mn in close
proximity to the seed, followed with foliar applications when symptoms of Mn deficiency
first appear. This discussion attempts to integrate the results of the experiments

conducted and to review the relevance of the findings for agriculturalists in Australia.

The potential for coating seeds with P or Mn as a method of delivering small, precise
quantities of nutrient close to the seed was investigated. The studies with P seed coatings
demonstrated that whilst seed coating may improve the availability of applied P and hence
the efficiency of fertiliser usage, it can result in severe injury during germination and
emergence. In the emergence study comparing tolerance of species to P seed coating, it

was demonstrated that in general the legumes were intolerant of P placed close to the seed
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whereas the cereals were most tolerant and hence were good candidates for P seed
coating. Of the cereals tested barley and oats were more tolerant to seed coating than
wheat. Scott et al. (1987) reported that whilst oats could tolerate seed coatings of 10 kg
P ha-! (as MCP) without reduction in emergence this rate reduced the emergence of
wheat. The tolerance of oats to fertiliser injury by superphosphate was explained by
Guttay (1957) as due to the protection provided by the lemma and palea compared to the
naked seed of wheat. This argument that seed structure can protect the seed from
fertiliser injury was suggested for pasture seed by McWilliam and Phillips (1971) and
Silcock and Smith (1982) and was further developed by Scott (1986) and Garotte ef al.
(1987 and 1989a).

The injury during germination/emergence due to P coatings was shown to be more
severe where soil moisture was limiting and on coarse textured sandy soils. The time to
first emergence was the most sensitive parameter for assessing the injury during

emergence. The rate of emergence was also severely affected.

The pot experiments with wheat to investigate the efficacy of P seed coating compared to
conventional drilled applications of P indicate the importance of environmental conditions
on the availability of applied P. Under conditions of low light intensity and wetter soil
conditions seed coating was more effective than drilled applications of P. However,
under high light intensity and drier soil conditions this efficacy was reduced (in terms of
yield per unit of applied P). Choice of variety also appears to be an important factor in
the efficacy of seed coating. Although only two varieties of wheat were studied, it
appears that the variety which is more responsive to P applications may obtain greater
benefit from the closer placement of P than the variety with smaller response to P

applications.

Under field conditions, fertiliser injury was exacerbated by coarse sandy soil texture and

lower soil moisture so that coatings of 3.5 kg P ha-! to wheat reduced emergence
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(compared to previous applications of 7.5 kg P ha-! with no apparent injury in the pot

experiments).

The experiments described in this thesis have demonstrated that where moisture is not
limiting during germination and on fine textured soils P seed coating can confer benefits
in terms of increased fertiliser efficiency; it has also highlighted the need to understand
mechanisms of fertiliser injury in order to reduce injury and improve the effectiveness of
seed coatings. Whilst such mechanistic work was originally planned as part of this thesis

it was not possible owing to the already heavy work load.

This study has highlighted the need for the development of 'safe coatings'. Before P
seed coating can be adopted for broad scale farming systems, reliable coatings that are
safe on seeds over a wide range of soil texture and moisture need to be developed.
Polymer coatings have been investigated to reduce the injury during germination, (Smid
and Bates, 1971; Scott, 1986). These coatings may act by delaying imbibition and hence
allowing changes in availability of applied P rather than excluding P uptake (Scott and
O'Donnell, 1987); and hence these polymer coatings may in turn be less effective in

supplying P.

In the case of Mn seed coatings, fertiliser injury is much less of a problem since much
smaller amounts of nutrient are applied. The experiments described in Chapter 5
investigated sources of Mn for coating. Of the fertiliser sources tested Mn sulphate and
Mn dextrolac were most effective in increasing yield. However under the severely
deficient conditions of this study, none of the Mn coatings was sufficient to attain
maximum yield without an additional foliar application of Mn. Addition of the seed
dressing Mancozeb, on top of the Mn coating, further improved yield. This effect is
unlikely to be due to its fungicidal properties since, in some experiments, seeds were

dressed with Baytan before coating with Mn. Coating Mn and Zn at the same rate as

145



contained in the fungicide had a similar effect on dry matter production at tillering but a
smaller effect on grain yield than the fungicide, suggesting perhaps that the Mn in the
dithiocarbamate complex may be in a more plant available form for a longer time. In all
of the experiments reported here the Mancozeb dressing was applied after the Mn coating,
and was thus not in contact with the seed. Mancozeb dressings resulted in a further
increase in grain yield above the Mn coating treatments, ranging from 17 to 45% in the
four experiments described. This yield increase warrants further investigation as to
whether Mancozeb seed dressings could be recommended for cereals grown on
calcareous soils provided farmers were warned against long term storage of treated seed.
In fact Mancozeb dressings improved yields even when no Mn was applied either to the
soil or as seed coating; in these experiments there was no reduction in emergence due to
Mancozeb being in contact with the seed. This result may have important consequences
for farmers in marginally Mn deficient soils; seed coating with Mn plus a dressing with
Mancozeb may be sufficient to supply the full Mn requirement of cereals avoiding the

necessity of a foliar Mn application.

Mn seed coating (0.8 kg Mn ha-!) resulted in greater yields than drilled applications (6 kg
Mn ha-1) of Mn as granules of Mn oxysulphate (Micromate 280). However, when Mn
seed coating was compared with drilled applications of macronutrient fertilisers coated
with Mn the relative effectiveness of seed coating was reduced and plants in seed coated

treatments yielded similarly to drilled applications at the same rate of Mn applied.

A further complication was discovered in the experiments described in Chapter 5. In
years that were drier (rainfall, May-September, 300 mm) basal fertilisers of MAP + Urea
(18:20:0) + Cu, Zn, Mo, Co resulted in higher grain yields and a larger response to
applied Mn than basal fertiliser of DAP (18:20:0) + micronutrients at the same rate of
application, the levels of all nutrients in plant tissue being adequate. However in wetter

seasons, (rainfall, May-September > 400 mm) nutrients applied with DAP resulted in

146



more grain yield and a larger response to applied Mn; in these years however, analysis of
plant tissue indicated that plants were marginally deficient in Zn. This result is difficult to
explain in terms of current knowledge of fertiliser chemistry. All nutrients were applied
at the same rate. It may however help to explain the observation among growers,
agronomists and scientists of South Australia, that in years where Zn deficiency is
predominant the severity of Mn deficiency is reduced and in seasons where Mn

deficiency is acute reports of Zn deficiency are fewer.

The inherent nutrient content of seeds has recently been addressed as an important
consideration for seedling establishment and early plant nutrition (see for example studies
on P content of seed by Bolland and co workers and Mn content of seeds: Longnecker et
al. 1991, Marcar and Graham 1985, 1986, and was the topic of a recent review, Ascher
et al. 1994). The P content of seed can be manipulated by applying large amounts of P at
sowing (Bolland and Baker 1988). Farmers on severely Mn deficient soils however,
were unable to enhance the Mn content of cereal seed grown on their poorer soil types.
They were faced with the expensive prospect of buying seed from registered growers
(grown under more fertile conditions) or the less costly, but more risky alternative of
swapping seed with neighbours on better soil types and risking importation of weeds.
The experiments in Chapter 6 (Section 6.2) developed a strategy of enhancing the Mn
content of barley seeds by applying one or two foliar applications of Mn during grain
filling. This technique has been readily adopted by growers on the Eyre and Yorke
Peninsulas in South Australia, and in situations of less severe Mn deficiency, may reduce

the need for additional Mn through foliar or seed coating techniques.

Mn content of seeds has been shown to be important for the establishment of cereals on
soils low in Mn (Marcar and Graham 1986, Longnecker ef al. 1991); however these
researchers used seed collected from other sites. In this case factors other than Mn

content of seeds could be confounding their results. The technique of post-anthesis foliar
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applications of Mn (described in Section 6.2) allowed material to be collected from the
same site so that the content of elements other than Mn and the conditions during grain
filling/ripening were the same for all seed-treatments. The experiments described in
Section 6.3, were designed to test whether barley seeds with enhanced Mn content
improved establishment and to test whether Mn seed coating was as effective as enhanced
seed Mn content in improving seedling establishment and nutrition. The results of these
experiments may have been confounded by the fact that the Marion Bay site is highly
calcareous and consequently P deficient and in some seasons Zn deficient so that the
seeds produced were low in both P and Zn. Under these conditions enhanced Mn
content of seed was ineffective in improving dry matter yield of seedlings or increasing
grain yield. However when seed from other sites were compared, Mn seed content
improved dry matter production and Mn uptake of barley seedlings. Seed coating with
Mn was able to compensate completely for low seed Mn content. From these
experiments farmers on severely Mn deficient soil types would benefit most from seed
coating, whereas those on more marginal soil types would benefit from post-anthesis
foliar applications of Mn to enhance seed Mn content, providing other elements were not

limiting in the seed.

Since fertiliser recommendations must consider cost, productivity and efficiency of the
strategy used, seed coating with Mn sulphate in combination with a seed dressing of
Mancozeb at sowing followed with a foliar application of Mn would be a general
recommendation for farmers on severely Mn deficient soils. For less severe deficiency a
combination of seed with Mn concentration greater than 26 mg kg-! coated with
Mancozeb in combination with a foliar application of Mn when Mn deficiency symptoms

appear, may be adequate to ensure maximum grain yield.

The results of this research have demonstrated that seed coating with P or Mn can be an

effective method of supplying these nutrients to cereal crops. Since seed coating has
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been demonstrated to improve the efficiency of P and Mn applications further research is
warranted to develop safe effective coatings. It may be necessary to formulate slow
release coatings that keep the applied nutrient in a plant available form. Possible
approaches are polymer coatings, combinations of soluble and partially soluble
compounds to enable the release of nutrient over time; incorporating S in the coating to
decrease the pH of the coating, thus increasing the availability of the applied P or Mn;
incorporation of Mn reducing microorganisms in the coating material to maintain the
applied Mn in the reduced form; or the use of anti-microbial or fungicidal agents that may
prevent oxidation of Mn to unavailable forms in the immediate vicinity of the seed. In
addition problems associated with long term storage of coated seeds need to be identified,

it may be necessary to recommend a storage life for coated seeds.

149



BIBLIOGRAPHY

Abdou, F. M., and El Kobbia, T. (1976). Effect of seed pretreatments with
phosphorus on the yield and phosphorus uptake of barley. Agrochimica 20, 29-36.

Adams, F. (1966). Calcium deficiency as a causal agent of ammonium phosphate injury
to cotton seedlings. Soil Science Society America Proceedings 30, 485-488.

Aleshin, E. P., Sheudzhen, A. Kh., and Rymar' V. T. (1989). Vestnik
Sel'skokhozyaistvennoi Nauki, Moscow, USSR, 7, 107-111.

Alley, M. M., Rich, C. 1., Hawkins, G. W., and Martens, D. C. (1978). Correction of
Mn deficiency in Soybeans. Agronomy Journal 70, 35-38.

Allison, F. E. (1918). Some availability studies with ammonium phosphate and its
chemical and biological effects upon the soil. Soil Science 5, 1-80.

Al-Samerria, I. (1984). The effect of nitrogen supply on the response of wheat to zinc.
Ph.D. Thesis. University of Western Australia

Anghinoni, 1., and Barber, S. A. (1980). Predicting the most efficient placement
method for corn. Soil Science Society America Journal 44, 1016-1020.

Ascher, J. S., Scott, J. M., and Jessop, R. S. (1987). Tolerance of a range of crop
species to seed coating with monocalcium phosphate. In 'Agronomy 1987-
Responding to Change' Proceedings 4th Australian Agronomy Conference La Trobe
University Melbourne Victoria. The Australian Society of Agronomy, Victoria. pp.
239.

Ascher, J. S., Scott, J. M., and Jessop, R. S. (1989). Effect of soil texture on injury to
crop species by seed coating with monocalcium phosphate. In 'Proceedings of the
Sth Australian Agronomy Conference' Perth. The Australian Society of Agronomy,
Perth. pp. 532a.

Ascher, J. S., Graham, R. D., Elliott, D. E., Scott, J. M., and Jessop, R. S.(1994)
Agronomic value of seed with high nutrient content. In 'Wheat in heat-stressed
environments: Irrigated, dry areas and rice wheat farming systems'. Ed D. A.
Saunders and G. P. Hettel Mexico, D. F. CIMMYT. (in press).

Asher, C. J. (1987). Crop nutrition during the establishment phase: Role of seed
reserves. In 'Crop Establishment Problems in Queensland: Recognition, Research
and Resolution." Australian Institute of Agricultural Science Occasional Publication
No 20. pp. 88-106.

Atkinson, D. (1973). Some general effects of phosphorus deficiency on growth and
development. New Phytologist 72, 101-111.

150



Aubert, H., and Pinta M. (1977). Trace elements in Soils. Elsevier Scientific Publ. Co.:
New York

Austin, R. B. (1966). The growth of watercress (Rorippa nasturtiu aquaticum (L)
Hayek) from seed as affected by the phosphorus nutrition of the parent plant. Plant
and Soil XXIV: 113-120.

Ayers, G. S., Wert, V. F., and Ries, S. K. (1976). The relationship of protein fractions
and individual proteins to seedling vigour in wheat. Annals of Botany 40, 563-570.

Barber, S. A. (1984). Soil nutrient bioavailability. A mechanistic approach. John
Wiley and Sons,

Barber, S. A., and Kovar, J. L. (1985). Review principles of applying phosphorus
fertiliser for greatest efficiency. Journal of Fertiliser Issues 2, 91-94.

Beleva, L. (1974). The role of manganese, zinc and boron in raising the resistance of
tomatoes to the causal agent of bacterial canker. Gradinarska i Lozarska 11, 79-87.

Berkenkamp, B., and McBeath, D. K. (1966). Effect of seed-pelleting treatment on
grey speck of oats. Phytopathology 56: 349-350.

Blair, G. J., Mamaril, C. P., and Miller, M. H. (1971). Influence of nitrogen source on
phosphorus uptake by corn from soils differing in pH. Agronomy Journal 63, 235-
238.

Bliss, R. D., Platt-Aloia, K. A., and Thomson, W. W. (1986). The inhibitory effects of
NaCl on barley germination. Plant Cell and Environment 9, 727-733.

Boatwright, G. O., and Haas, H. J. (1961). Development and composition of spring
wheat as influenced by nitrogen and phosphorus fertilisation. Agronomy Journal
53, 33-35. '

Bolland, M. D. A., and Baker, M. J. (1988). High phosphorus concentrations in seed
of wheat and annual medic are related to higher rates of dry matter production of
seedlings and plants. Australian Journal of Experimental Agriculture 28, 765-770.

Bolland, M. D. A., and Baker, M. J. (1989). High phosphorus concentrations in
Trifolium balansae and Medicago polymorpha seed increases herbage and seed yields
in the field. Australian Journal of Experimental Agriculture 29, 791-795.

Bolland, M. D. A., and Glencross, R. N. (1991). Effectiveness of partially acidulated
rock phosphate and fused calcium-magnesium phosphate compared with super
phosphate. Division of Plant Industries Technical Report 317.

Bolland, M. D. A., Paynter, B. H., and Baker M. J. (1989). Increasing phosphorus
concentration in lupin seed increases grain yields on phosphorus deficient soil.
Australian Journal of Experimental Agriculture 29, 797-801.

151



Boswell, F. C. (1980). Factors affecting the response of soybeans to molybdenum
application. Proceedings World Soybean Research Conference II. pp. 417-432
(Field Crop Abstracts 34, 7802).

Boswell, F. C., Ohki K., Parker, M. B., Shuman, L. M. Wilson, D. O. (1981).
Methods and rates of applied manganese for soybeans. Agronomy Journal 73, 909-
912.

Boxma, R., and de Groot, A. J. (1985). Development and effectiveness of a soluble
manganese silicate compound in controlling manganese deficiency in plants. Plant
and Soil 83, 411-417.

Brady, N. C. (1974). 'The nature and properties of soils'. MacMillan Publishing Co.,

Brenchley, W. E. (1929). The phosphorus requirement of barley at different periods of
growth. Annals of Botany 43, 89-110.

Bridger, G. L., Salutsky, M. L., and Starostka, R. W. (1962). Metal ammonium
phosphates as fertilisers. Journal Agricultural Food Chemistry 10, 181.

Bromfield, S. M. (1958). The properties of a biologically formed manganese oxide, its
availability to oats and its solution by root washings. Plant and Soil 9, 325-338.

Brown, P. H., Welch, R. M., and Cary, E. E. (1987). Nickel: A micronutrient essential
for higher plants. Plant Physiology 85, 801-803.

Bukovac, M. J., and Wittwer, S. H. (1957). Absorption and mobility of foliar applied
nutrients. Plant Physiology 32, 428-435.

Bureau of Agricultural Economics (1986). Commodity Statistical Bulletin. Agriculture,
Fisheries, Forestry. (Bureau of Agricultural Economics: Canberra ACT)

Burnell, J. N. (1988). The Biochemistry of Manganese in Plants. In 'Manganese in
Soils and Plants." Eds. R. D. Graham, R. J. Hannam and N. C. Uren. Kluwer
Academic Publishers, Dordrecht. pp. 125-137.

Callan, I. W. (1975). Achievements and limitations of seed treatments. Outlook on
Agriculture 8, 271-273.

Cantliffe, D. J., and Wilcox G. E. (1972). Effect of surfactant on ion penetration
through leaf wax and a wax model. Journal of American Society of Horticultural
Science 97, 360-363.

Cardwell, V. B. (1984). Seed germination and crop production. In 'Physiological
Basis of Crop Growth and Development." American Society of Agronomy, Crop
Science Society of America. pp. 53-92.

Carter, O. G. (1967). The effect of chemical fertilisers on seedling establishment.
Australian Journal of Agriculture and Animal Husbandry 7, 174-180.

152



Carter, O. G. (1969). The effect of fertilisers on germination and establishment of
pastures and fodder crops. Wool Technology and Sheep Breeding July, 69-75.

Castles, I. (1994). Year Book Australia 1994. Ed. P. Howell. Australian Bureau of
Statistics, Canberra.

Claassen, N., and Barber, S. A. (1976). Simulation model for nutrient uptake from soil
by a growing plant root system. Agronomy Journal 68, 961-964.

Collis-George, N., and Lloyd, J. E. (1979). The basis for a procedure to specify soil
physical properties of a seed bed for wheat. Australian Journal Agricultural Research
30, 831-846.

Colliver, G. W., and Welch, L. F. (1970a). Toxicity of preplant anhydrous ammonia to
germination and early growth of corn: 1 Field studies. Agronomy Journal 62, 341-
346.

Colliver, G. W., and Welch, L. F. (1970b). Toxicity of preplant anhydrous ammonia
to germination and early growth of corn: 2 Laboratory studies. Agronomy Journal
62, 346-348.

Colwell, J. D. (1963). The estimation of phosphorus fertiliser requirements of wheat in
Southern NSW by soil analysis. Australian Journal Experimental Agriculture and
Animal Husbandry 3, 190-197.

Cook, P. J. (1983). World availability of phosphorus: an Australian perspective. In
'"Phosphorus in Australia.'" Eds. A. B. Costin and C. H. Williams. Centre for
Resource and Environmental Studies, Australian National University. Canberra ACT
pp- 5-41

Cooke, I. J. (1962). Toxic effect of urea on plants. Nature 194, 1262-1263.

Court, M. N., Stephen, R.C., and Waid, J. S. (1962). Nitrogen toxicity arising from
the use of urea as a fertiliser. Nature 194, 1263-1265.

Court, M. N., Stephen, R. C., and Waid, J. S. (1964). Toxicity as a cause of the
inefficiency of urea as a fertiliser. Journal of Soil Science 185, 49.

Creamer, G. W., and Fox, R. H. (1980). The toxicity of banded urea or diammonium
phosphate to corn as influenced by soil temperature, moisture and pH. Soil Science
Society of America Journal 44, 296-300.

Crosbie, J., Longnecker, N. E., Davies F., and Robson. A. D. (1993). Effects of seed
manganese concentration on lupin emergence. Plant and Soil , 55 (in press).

Cummins, D. G. and Parks, W. L. (1961). The germination of corn and wheat as
affected by various fertiliser salts at different soil temperatures. Soil Science Society
Proceedings 47-49.

Dale, A. (1984). Grain sorghum planting guide. Agfact P3.4.7, Department of
Agriculture NSW.

153



De Marco, D. G. (1990). Effect of seed weight, and seed phosphorus and nitrogen
concentrations on the early growth of wheat seedlings. Australian Journal
Experimental Agriculture 30, 545-549.

Donald, C. M., and Prescott, J. A. (1974). Trace elements in Australian crop and
pasture production, 1924-1974. In 'Trace Elements in Soil-Plant-Animal Systems.'
Ed. D. J. D. Nicholas and A. R. Egan. Academic Press, pp 7-37.

Donald, C. M., and Spencer. D. (1951). The control of molybdenum deficiency in sub-
terranean clover by pre-soaking the seed in sodium molybdate solution. Australian
Journal of Agricultural Research 2, 295-301.

Draycott, A. P., and Farley, R. F. (1973). Response by sugar beet to soil dressings and
foliar sprays of manganese. Journal Food Science and Agriculture 24, 675.

Drennan, D. S. H., and Berrie, A. M. M. (1961). Prevention of manganese deficiency
of oats by soaking the grain in solutions of manganous chloride. Nature 190, 824.

Drews, M. (1974). The effect of chloride, sodium and sulphate on the fertility of soils
used for vegetable growing under glass and plastic. Archiv fur Gartenbau 22, 27-
39.

Du Toit, J. J. (1962). N Molybdeentekart by mielies. Said-Afrikaanse Tydskrif vir
Landbouwetenskap 5, 127-132.

Eastwood, D., and Laidman, D. L. (1971). The mobilisation of macronutrient-elements
in the germinating wheat grain. Phytochemistry 10, 1275-1284.

Ensminger, L. E., Hood, J. T., and Willis, G. H. (1965). The mechanism of
ammonium phosphate injury to seeds. Soil Science Society America Proceedings
29 320-322.

Epstein, E. (1972). Mineral Nutrition of Plants Principles and Perspectives. Wiley New
York.

Farley, R. F. (1980). Manganous oxide as a seed-pellet additive for controlling
manganese deficiency in sugar-beet seedlings. Plant and Soil 54, 451-459.

Farley, R. F., and Draycott, A. (1976). Diagnosis of manganese deficiency in sugar
beet and response to manganese applications. Journal of the Science of Food and
Agriculture 27, 991-998.

Farley, R. F., and Draycott, A. P. (1978). Manganese deficiency in sugar beet and the
incorporation of manganese in the coating of pelleted seed. Plant and Soil 49, 71-
83.

Ferguson, 1. B., and Clarkson, D. T. (1975). Ion transport and endodermal
suberization in the roots of Zea mays. New Phytologist 75, 69-79.

154



Fiedler, R. J., Sander, D. H, and Petersen, G. A. (1983). Relative performance of seed
versus broadcast fertiliser on the yield of winter wheat. Agronomy Abstracts of the
American Society of Agronomy 168.

Fitts, J. B., and Forbes, R. B. (1968). Relative availability to plants of manganese from
several sources. Proceedings Soil Crop. Soc. Florida 28, 243.

Fitts, J. B., Gammon, N. Jr., and Forbes, R. B. (1967). Relative availability of
manganese from several sources. Proc. Soil Crop. Soc. Florida 27,243-251.

Fletcher, B., and Prince, J. (1987). Seed Treatments and dressings. British Sugar Beet
Review 25-27.

Fujimoto, C. K., and Sherman, G. D. (1948). Behaviour of manganese in the soil and
the manganese cycle. Soil Science 66, 131-145.

Gale, M. D., and King, R. W. (1988). Semi-dwarf genes in Australian wheats. Journal
Australian Institute Agricultural Science 1, 18-20.

Garrote, B. P., Scott, J. M., and Blair, G. J. (1987). Effect of seed structure on the
tolerance during emergence of five grasses to phosphorus seed coating. In
'Agronomy 1987-Responding to Change." Proceedings of the 4th Australian
Agronomy Conference La Trobe University Melbourne Victoria. The Australian
Society of Agronomy, Victoria. pp.248.

Garrote, B. P., Scott, J. M., Sale, P. W. G., and Blair, G. J. (1989a). Effect of seed
structure on the water relations of germinating pasture grass seeds. In 'Proceedings
of the 5th Australian Agronomy Conference September 1989." The Australian
Society of Agronomy, Perth. pp.444.

Garrote, B. P., Scott ,J. M., Sale, P. W. G., and Blair, G. J. (1989c). Effect of
nitrogen and phosphorus seed coating on the emergence of tall fescue. In
'Proceedings of the 5th Australian Agronomy Conference September 1989." The
Australian Society of Agronomy, Perth. pp.543.

Gault, R. R., and Brockwell, J. (1980). Studies on seed pelleting as an aid to legume
inoculation. 5. Effects of incorporation of molybdenum compounds in the seed pellet
on inoculant survival, seedling nodulation and plant growth of lucerne and
subterranean clover. Australian Journal of Experimental Agriculture and Animal
Husbandry 20, 63-71.

Gawade, J. R., and Somawanshi, R. B. (1979). Presowing seed coating with P-Zn
mixtures: their influence on available P and Zn and dry matter yield of wheat
(Triticum aestivum L.). Journal of Maharashta Agricultural Universities. 4, 274-
277.

Ghiorse, W. C. (1988). The biology of manganese transforming microorganisms in the
soil. In 'Manganese in Soils and Plants'. Eds. R. D. Graham, R. J. Hannam and
N. C. Uren. Kluwer Academic Publishers, Dordrecht. pp.75-85.

155



Gilbert, M. A., and Shaw, K. A. (1979). A comparison of sulphur fertilisers and
sulphur seed pellets on a Stylosanthes guianensis pasture on euchrozem in North
Queensland. Australian Journal of Experimental Agriculture and Animal Husbandry

19, 241-246.

Gilkes, R. J., and McKenzie, R. M. (1988). Geochemistry of manganese in soil. In
'Manganese in Soils and Plants'. Eds. R. D. Graham, R. J. Hannam and N. C.
Uren. Kluwer Academic Publishers, Dordrecht. pp. 23-35.

Glushchenko, L. T., Dutchenko, Z. Ya., and Mishnev, A. K. (1991). Efficiency of
chelates and trace elements on sunflowers. Khimizatsiya Sel'skogo Khozyaistva 8,
75-717.

Graham, R. D. (1983). Effects of nutrient stress on susceptibility of plants to disease
with particular reference to the trace elements. Advances in Botanical Research 221-
276.

Graham, R. D. (1984). Breeding for nutritional characteristics in cereals. Advances in
Plant Nutrition 1, 58-101.

Graham, R. D. (1978). Nutrient efficiency objectives in cereal breeding. In Plant
Nutrition 1978. Eds. A. R. Ferguson, R. L. Bielski and I. B. Ferguson.
Proceedings of the 8th International Colloquium on Plant Analysis and Fertiliser
problems, Aukland. pp.165-170.

Graham, R. D. (1988). Development of wheats with enhanced nutrient efficiency:
progress and potential. In Wheat Production Constraints in Tropical Environments.
Ed. A. R. Klatt. Proceedings, CIMMYT/UNDP International Symposium on
Tropical Wheat Production, Jan 19-23, 1987, Chiang Mai, Thailand. pp. 305-320.

Graham, R. D., and Rovira, A. D. (1984). A role for manganese in the resistance of
wheat to take-all. Plant and Soil 78, 441-444.

Graham, R. D., and Webb, M. J. (1991). Micronutrients and disease resistance and
tolerance in plants. In 'Micronutrients in Agriculture'. 2nd ed. Eds. J. J. Mortvedt,
F. R. Cox, L. M. Shuman and R. M. Welch. Soil Science Society of America,
Madison. pp. 329-370.

Graham, R. D., and Quirk J. P. (1988). An Historical Preface. In 'Manganese in Soils
and Plants'. Eds. R. D. Graham, R. J. Hannam and N. C. Uren. Kluwer Academic
Publishers, Dordrecht. pp 1-5.

Graham, R, D., Ascher, J. S., and Hynes, S. C. (1992). Selecting zinc-efficient cereal
genotypes for soils of low zinc status. Plant and Soil 146, 241-250.

Graham, R. D., Davies, W. J., and Ascher, J. S. (1985). The critical concentration of
Manganese in field-grown wheat. Australian Journal Agricultural Research 36,
145-155.

Graham, R. D., Hannam, R. J. and Uren N. C. (1988) 'Manganese in Soils and
Plants'. Kluwer Academic Publishers, Dordrecht.

156



Grasmanis, V. O., and Leeper G. W. (1966). Toxic manganese in near neutral soils.
Plant and Soil 25, 41-48.

Gupta, U. S., and Singh, L. (1973). Early response of a tall, one-, two, and 3 gene
dwarf wheat varieties to increasing levels of nitrogen. Biochemie und Physiologie
der Pflanzen . 164, 153-162.

Gupta, U. C., Jame, Y. W., Campbell, C. A., Leyshon, A. J., and Nicholaichuk, W.
(1985). Boron toxicity and deficiency: a review. Canadian Journal of Soil Science
65, 381-409.

Guttay, J. R. (1957). The effect of fertiliser on the germination of wheat and oats.
Michigan Agricultural Experiment Station Quarterly Bulletin 40, 193-202.

Hackett, C. (1972). A method of applying nutrients locally to roots under controlled
conditions, and some morphological effects of locally applied nitrate on the branching
of wheat roots. Australian Journal Biol. Science 25, (1) 169-180.

Hadas, A. (1982). Seed-soil contact and germination. In The Physiology and
Biochemistry of Seed Development. Elsevier Biomedical Press. pp.507-527

Hallmark, W B., and Barber, S. A. (1984). Root growth and morphology, nutrient
uptake and nutrient status of early growth of soybeans as affected by soil P and K.
Agronomy Journal 76, 209-212.

Hallock, D. L. (1979). Relative effectiveness of several Mn sources on Virginia-type
peanuts. Agronomy Journal 71, 685-688.

Hamilton, H. A. (1966). Effect of nitrogenous and potassic salts with phosphates on the
yield and phosphorus, nitrogen, potassium, and manganese contents of oats (Avena
Sativa L.). Soil Science Society of America Proceedings 30, 239-242.

Hannam, R. J. and Ohki, K. (1988). Detection of Manganese Deficiency and Toxicity
in Plants. In 'Manganese in Soils and Plants’. Eds. R. D. Graham, R. J. Hannam
and N. C. Uren. Kluwer Academic Publishers, Dordrecht. pp.243-260

Hannam, R. J., Davies, W. J., Graham, R. D., and Riggs. J. L. (1984). The effect of
soil- and foliar-applied manganese in preventing the onset of manganese deficiency in
Lupinus angustifolius. Australian Journal Agricultural Research 35, 529-535.

Hannam, R. J., Graham, R. D., and Riggs, J. L. (1985). Redistribution of manganese
in maturing Lupinus angustifolius cv. Illyarie in relation to levels of previous
accumulation. annals of Botany. Annals of Botany 56, 821-834.

Harris, H. C., and Brolmann J. B. (1966). Comparison of calcium and boron
deficiencies of the peanut II. Seed quality in relation to histology and viability.
Agronomy Journal 58, 578-582.

Hawthorne, W. A. (1986). Drilling superphosphate with lupin seed reduces plant
establishment. In 'Proceedings of 4th International Lupin Conference'.

157



Henriksen, K. (1978). Sowing depth and N fertilisation in relation to emergence, yield
and quality of onion (Allium cepa L.). Tidsskrift for Planteav 82, 353-367.

Henkens, Ch. H., and Smilde, K. W. (1967). Evaluation of glassy frits as
micronutrient fertilisers. Il Manganese frits. Netherlands Journal Agricultural Science
15, 21-30.

Hirota, H. (1972a). Studies on surface sowing in grassland establishment. I. Effects and
applicability of wet methods of coating seeds. Journal of Japanese Society of
Grassland Science 18, 299-309.

Hirota, H. (1972b). Studies on surface sowing in grassland establishment. 2. Making
tablets with seeds by the direct compression method. Journal of Japanese Society of
Grassland Science 18, 310-319.

Hocking, P. J., Pate, J. S., Wee, S. C., and Mc Comb, A. J. (1977). Manganese
nutrition of Lupinus spp. especially in relation to developing seed. Annals Botany
41, 677-688.

Hoeft, R. G., Walsh, L. M., and Leigel, E. A. (1975). Effect of seed-placed fertiliser
on the emergence (germination) of soybeans (Glycine max L.) and snapbeans
(Phaseolus vulgaris L.). Communications in Soil Science and Plant Analysis 6,

655-656.

Hood, J. T., and Ensminger, L. E. (1964). The effect of ammonium phosphate and
other chemicals on the germination of cotton and wheat seeds. Soil Science Society
of America Proceedings 28, 251-253.

Hornby, D. (1985). Soil nutrients and take-all. Outlook on Agric. 14, 122-128.

Hossner, L. R., and Richards, G. E. (1968). The effect of phosphorus on the movement
and uptake of band applied manganese. Soil Science Society of America Proceedings
32, 83-85.

Huber, D. M. (1980). The role of mineral nutrition in defence. In Plant Disease. An
advanced treatise. Eds. J. G. Horsfall and E. B. Cowling. Vol V. pp 381-406.
Academic Press: New York.

Huber, D. M., and Dorich, R. A. (1988). Effect of nitrogen fertility on take-all disease
of wheat. Down to Earth 44, 12-16.

Huber, D. M., and Wilhelm, N. S. (1988). The role of manganese in disease resistance.
In 'Manganese in Soils and Plants'. Eds. R. D. Graham, R. J. Hannam and N. C.
Uren. Kluwer Academic Publishers, Dordrecht. pp. 155-173.

Hunter, J. R., and Erickson, A. E. (1952). Relation of seed germination to soil
moisture tension. Agronomy Journal 44, 107-109.

Ignatieff, V. and Page, H. J. (1960). Efficient use of fertilisers. (FAO: Rome, Italy).

158



Ismail, A. S., El-Nenna, M., and El Halawany, K. (1980). Effect of seed pretreatment
on the uptake of some micronutrients by barley seedlings. Egyptian Journal of Soil
Science 20, 137-144.

Jones, G. P. D. (1986). Genotypic variation in phosphorus efficiency and utilization by
wheat. Ph.D. Thesis. University of New England, New South Wales.

Jones, G. P. D., Jessop, R. S. and Blair, G. J. (1992). Alternative methods for the
selection of phosphorus efficiency in wheat. Field Crops Research 30, 29-40.

Kereszteny, B. (1973). Tests with maize seed treated with solutions containing trace
elements. Mosonmagyarovari Mezogazdasagtudomanyi Kar Kozlemenyei 16, 23-
48.

Kerridge, P. C., Cook, B. G., and Everett, M. L. (1973). Application of molybdenum
trioxide in the seed pellet for subtropical pasture legumes molybdenum deficiency.
Tropical Grasslands 7, 229-232.

Khalid, B. Y., and Malik, N. S. A . (1982). Presowing soaking of wheat seeds in
copper and manganese solutions. Communications in Soil Science and Plant
Analysis 13, 981-986.

Khan, A. H., and Hedge S. V. (1989). Effect of molybdenum seed treatment on
nodulation and growth of pigeon pea, Cajanus cajan (L) Millsp. Indian Journal
Experimental Biology 27, 919-920.

Khodzhaev, D. Kh., and Stesnyagina, T. Ya. (1989). Effect of trace element dressings
on cotton grown at different levels of macroelements. Uzbekiston Biologija Zurnali
3, 19-22.

Klepper, B., Rasmussen, P. E., Rickman, R. W. (1983). Fertiliser placement for cereal
root access. Journal of Soil and Water Conservation May-June, 250-252.

Knezek, B. D., and Davis, J. F. (1971). Relative effectiveness of manganese sulphate
and manganous oxide applied to organic soil. Communications in Soil Science and
Plant Analysis 2, 17-21.

Kotowski, F. (1927). Semipermeability of seed coverings and stimulation of seeds.
Plant Physiology 2, 177-186.

Kudushkin, M. I. (1989). Trace elements for enhanced agricultural production. Him.
Sel'sk Kohl 6, 29-31.

Kurth, S., Jensen A., and Epstein, E. (1986). Resistance of fully imbibed tomato seeds
to very high salinities. Plant Cell and Environment 9, 667-676.

Labanauskas, C. K., Jones, W. W., Embleton, T. W. (1969). Low residue
micronutrient nutritional sprays for citrus. Proc. Ist Int. Citrus Symp. 3, 1535-
1542,

159



Lapinskas, E. B. (1990). Effect of rhizotropine in combination with boron and
molybdenum on yield and quality of clover and lucerne. Agrokhimiya 1, 82-87.

Large, E. C. (1954). Growth stages in cereals. Plant Pathology 3, 128.

Larsen, S. (1976). Evaluation of native and residual phosphorus in soil as a source of
phosphorus for plants In Reviews in Rural Science 3. The efficiency of phosphorus
utilisation'. G. J. Blair Ed. University of New England Publishers. pp 31-33.

Lazenby, A. (1976). Fertiliser resources and the sub and super philosophy. In Reviews
in Rural Science 3. The efficiency of phosphorus utilisation'. G. J. Blair Ed.
University of New England Publishers.

Leeper, G. W. (1947). The forms and reactions of manganese in the soil. Soil Science
63, 79-94.

Leonce, F. S., and Miller, M. H. (1966). A physiological effect of nitrogen on
phosphorus absorption by corn. Agronomy Journal 58, 245-249.

Linss, H. (1984). Trials on the germination behaviour of damaged barley after seed
treatment. Gesunde Pflazen 36, 204-207.

Lipsett, J. (1964). The phosphorus content and yield of grain of different wheat varieties
in relation to phosphorus deficiency. Australian Journal Agricultural Research 15,
1-8.

Lipsett, J., and Dann, P.R. (1983). Wheat - Australias hidden mineral export. Journal
of the Australian Institute of Agricultural Science. 49, 81-89.

Loneragan, J. F. (1988). Distribution and Movement of Manganese in Plants. In
'Manganese in Soils and Plants’. Eds. R. D. Graham, R. J. Hannam and N. C.
Uren. Kluwer Academic Publishers, Dordrecht. pp. 113-124.

Loneragan, J. F., Snowball, K., and Robson, A. D. (1976). Remobilisation of
nutrients and its significance in plant nutrition. In "Transport and Transfer Processes
in Plants'. Academic Press, New York. pp.463-469.

Longnecker, N. E., and Uren, N. C. (1990). Factors influencing variability in
manganese content of seeds, with emphasis on barley (Hordeum vulgare) and white
lupins (Lupinus albus). Australian Journal Agricultural Research 41, 29-37.

Longnecker, N. E., Graham, R. D., and Marcar, N. E. (1988). The effect of seed
manganese on barley (Hordeum vulgare L.) growth and yield. In 'International
Symposium on Manganese in Soils and Plants: Contributed Papers'. Eds. M. J.
Webb, R. O. Nable, R. D. Graham, and R. J. Hannam. Manganese Symposium
1988 Inc, pp.47-49.

Longnecker, N. E., Marcar, N. E., and Graham, R. D. (1991). Increased manganese
content of barley seeds can increase grain yield in manganese deficient conditions.
Australian Journal Agricultural Research 42, 1065-1074.

160



Lott, J. N. A., and Spitzer, E. (1980). X-ray Analysis studies of elements stored in
protein body globoid crystals of triticum grains. Plant Physiology 66, 494-499.

Lowe, L. B., Ayers, G. S. and Ries, S. K. (1972). The relationship of seed protein and
amino acid composition to seedling vigour and yield of wheat. Agronomy Journal
64, 608-611.

Lowther, W. L., and Johnstone, P. D. (1979). Coating materials for commercial
inoculated and coated clover seed. New Zealand Journal of Agricultural Research
22, 475-478.

Lutrick, M. C., Robertson, W. K., and Cornell, J. A. (1980). Disposal of liquid
digested sludge in three paleudults. 2- crop growth. Agronomy Abstracts 72nd
Annual meeting, American Society of Agronomy.

Lutz, J. A. Jr., Terman, G. L., and Anthony, J. L. (1961). Rate and placement of
phosphorus for small grains. Agronomy Journal 53, 303-305.

Magistad, O. C., Ayers, A. D, Wadleigh, C. H., and Gauch, H. G. (1943). Effect of
salt concentration, kind of salt, and climate on plant growth in sand cultures. Plant
Physiology 18, 151-166.

Mao, D-R., Lock, M-J., and Wang, X-R (1980). On a summer maize experiment with
fertiliser seed pelleting. Acta Agriculturae Universitatis Pekinensis 1, 45-46.

Marcar, N. E. (1986). Genetic variation for manganese efficiency in cereals. Ph.D.
Thesis. 201 pp. University of Adelaide, South Australia.

Marcar, N E., and Graham, R. D. (1985). Effect of cultivar, seed source and
manganese supply on the growth of wheat under manganese deficiency. In 'Proc.
Third Aust. Agronomy. Conference.' Hobart, Tasmania, 30 January - 1 February pp.
254,

Marcar, N E., and Graham, R. D. (1986). Effect of seed manganese content on the
growth of wheat (Triticum aestivum) under manganese deficiency. Plant and Soil

96, 165-173.
Marschner, H. (1986). 'Mineral Nutrition of Higher Plants'. Academic Press, L.ondon.

Marschner, P., Ascher. J. S., and Graham, R. D. (1991). Effect of Mn-reducing
bacteria on the growth of Gaeumannomyces graminis var. tritici and on Mn uptake of
wheat. Biology and Fertility of Soils 12, 33-38.

Mascagni, H. J., and Cox, F. R. (1985). Effective rates of fertilisation for correcting
manganese deficiency in soybeans. Agronomy Journal 77, 363-366.

Mason, M. G. (1971). Effects of urea, ammonium nitrate and superphosphate on
establishment of cereals, linseed and rape. Australian Journal Experimental
Agriculture and Animal Husbandry 11, 662-669.

161



Mason, M. G., and Cox, W. J. (1969). Calcinated rock phosphate as fertiliser for
pasture and cereal production in Western Australia. Australian Journal of
Experimental Agriculture and Animal Husbandry 9, 99-104.

Mazzolini, A. P., Pallaghy C. K., and Legge, G. J. .F (1985). Quantitative
microanalysis of Mn, Zn and other elements in wheat seed. New Phytologist 100,
483-509.

McLean, F. T., and Gilbert, B. E. (1925). Manganese as a cure for a chlorosis of
spinach Science 61, 636-637.

McClelland, V. F., and Price, G. H. (1970). Calcined rock phosphate as fertiliser for
cereal crops. Journal of Australian Institute of Agricultural Science 36, 141-142.

McEvoy, B. J., Ascher. J. S., Graham R. D., and Hardy, P. (1988). Seed coating with
manganese sulphate is a method of reducing manganese deficiency and improving
early seedling vigour. In 'International Symposium on Manganese in Soils and
Plants: Contributed Papers'. Eds. M. J. Webb, R. O. Nable, R. D. Graham, and R.
J. Hannam. Manganese Symposium 1988 Inc., Adelaide. pp.77-79.

McWilliam, J. R. (1976). Preface. In 'Reviews in Rural Science 3. The efficiency of
phosphorus utilisation'. G. J. Blair Ed. University of New England Publishers.

McWilliam, J. R., and Phillips, P. J. (1971). Effects of osmotic and matric potentials on
the availability of water for seed germination. Australian Journal of Biological
Science 24, 423-31.

Mengel, D, B., Leonards, W. J., and Sedberry, J. (1978). Effect of zinc seed coatings
on the growth and yield of Saturn rice. Louisiana State University, Agricultural
Experiment Station 70th Annual Progress Report. Louisiana State University,
Agricultural Experiment Station 70th Annual Progress Report. 63-67.

Miller, E. C. (1939). A physiological study of the winter wheat plant at different stages
of its development. Kansas Agricultural Experiments Station Technical Bulletin. 47

Miner, G. S., Traore, S., and Tucker, M. R. (1986). Corn response to starter fertiliser
acidity and manganese materials varying in water solubility. Agronomy Journal 78,
291-295.

Mortvedt, J. J., and Giordano, P. M. (1970). Manganese movement from fertiliser
granules in various soils. Soil Science Society of America Proceedings 34, 330.

Mortvedt, J. J., and Giordano, P. M. (1975). Crop response to manganese sources
applied with ortho- and phosphate fertilisers. Soil Science Society America
Proceedings 39, 782.

Mujumdar, A. J., and Somawanshi, R. B. (1979). Effect of presowing seed soaking on
emergence, dry matter production and uptake of phosphorus by wheat (Triticum
aestivum L.). Journal of Maharashta Agricultural Universities. 4, 259-261.

162



Murphy, L. (1983). Fertiliser placement: A primer. Journal of Soil and Water
Conservation 246-249.

Murphy, J., and Riley, J. P. (1962). A modified single solution method for the
determination of phosphate in natural water. Anal Chim. Acta 27, 31-36.

Nazari, V. (1910). Staz. Sper. Agric. Ital. 43, 667.

Norrish, K., and Rosser, H. (1983) Mineral Phosphate. In 'Soils an Australian
Viewpoint'. CSIRO Melbourne Academic Press. pp. 335-361.

Northcote, K. H. (1971). A Factual Key for the Recognition of Australian Soils.
Technical Publications Glenside South Australia.

Norvell, W. A. (1988). Inorganic Reactions of Manganese in Soils. In 'Manganese in
Soils and Plants'. Eds. R. D. Graham, R. J. Hannam and N. C. Uren. Kluwer
Academic Publishers, Dordrecht. pp. 37-58.

Nyborg, M. (1961). The effect of fertilisers on emergence of cereal grains, flax and
rape. Canadian Journal of Soil Science 41, 89-98.

Nye, P. H., and Marriott, F. H. C. (1969). A theoretical study of the distribution of
substances around roots resulting from simultaneous diffusion and mass flow. Plant
and Soil 30, 459-72.

Olsen, R. A. and Drier, A. F. (1956). Fertiliser placement for small grains in relation to
crop stand and nutrient efficiency in Nebraska. Soil Science Society America
Proceedings 20 19-24.

Oruk, N., and Kilic, M. (1975). Effects of ordinary and triple superphosphate on the
emergence of wheat under two different moisture levels and five phosphorus rates.
Ziraat Dergisi, Ziraat Fakultes, Ataturk Universitesi 6, 91-100.

Palmer, B., and Jessop R. S. (1982). The relative value of water-soluble and
ammonium citrate soluble phosphorus for wheat production. Journal Agricultural
Science Cambridge 98, 467-470.

Paterno, E. S., and Espiritu, B. M. (1978). Phosphate pelleting of Centrosema
pubescens Benth. Philippine Journal of Crop Science 3, 46-52. (Herbage Abstracts
49, 3358)

Pearson, C H., and Kirkham, M. B. (1980). Osmotic potential of wheat grown with
fertiliser placed in strips or broadcasted. Fertiliser Research 1, 227-234.

Peterson, G, A., Sander, D. H., Grabouski, P. H., and Hooker, M. L. (1981). A new
look at row and broadcast phosphate recommendations for winter wheat. Agronomy
Journal 73, 13-17.

Petrie, S. E., and Jackson, T. L. (1984). Effects of fertilisation on soil solution pH and
manganese concentration. Soil Science America Journal 48, 315-318.

163



Price, C. A. (1970). 'Molecular approaches to plant physiology'. McGraw-Hill Book
Co., New York. pp. 239-234.

Prummel, J. (1957). Fertiliser placement experiments. Plant and Soil 8, 231-253.

Rader, L. F. Jr., and White, L. M., and Whittaker, C. W. (1943). The salt index a
measure of the effect of fertilisers on the concentration of the soil solution. Soil
Science 55, 201-218.

Rajan S. S. S. (1976) Phosphate reactions with soil constituents and prospects for
manipulation. In Reviews in Rural Science 3. The efficiency of phosphorus
utilisation. G. J. Blair Ed. University of New England. pp.35-39.

Raza, S. J., and Tiagi Y. D. (1977). Differential effect of various nitrogen sources on
the germination of wheat. Geobios 4, 199-201.

Reisenauer, H. M. (1988). Determination of Plant-available Soil Manganese. In
'‘Manganese in Soils and Plants’. Eds. R. D. Graham, R. J. Hannam and N. C.
Uren. Kluwer Academic Publishers, Dordrecht. pp. 87-98.

Rerkasem, B., Bell. R. W., and Loneragan J. F. (1990). Effect of seed and soil boron
on early seedling growth of black and green gram (Vigna mungo and V. radiata).
Kluwer Academic Publishers, In 'Plant Nutrition-physiology and applications'. pp
281-285.

Reuter, D. J. and Alston, A. M. (1975). Immobilisation of divalent manganese in
calcareous soil. Journal Australian Institute of Agricultural Science March 61-62

Reuter, D. J., and Robinson, J. B. (1986). Plant Analysis . An Interpretation Manual.
Inkata Press, Melbourne.

Reuter. D. J., Alston, A. M., and McFarlane, J. D. (1988). Occurrence and Correction
of Manganese Deficiency in Plants. /n Manganese in Soils and Plants. Eds. R. D.
Graham, R. J. Hannam and N. C. Uren. Kluwer Academic Publishers, Dordrecht.
pp.205-224.

Reuter, D. J., Heard, T. G., and Alston, A. M. (1973a). Correction of manganese
deficiency in barley crops on calcareous soils-1. Manganese sulphate applied at
sowing and as foliar sprays. Australian Journal Experimental Agriculture and Animal
Husbandry 13, 434-439.

Reuter, D. J., Heard, T. G., and Alston, A. M. (1973b). Correction of manganese
deficiency in barley crops on calcareous soils-2. Comparison of mixed and compound
fertilisers. Australian Journal Experimental Agriculture and Animal Husbandry 13,
440-445.

Reuter, D. J., Heard, T. G., and Alston, A. M. (1973c). Correction of manganese
deficiency in barley crops on calcareous soils-3. Application of elemental sulphur.
Australian Journal Experimental Agriculture and Animal Husbandry 13, 446-451.

164



Rhodes, E. R., and Nangju, D. (1979). Effects of pelleting cowpea and soybean seed
with fertiliser dusts. Experimental Agriculture 15, 27-32.

Ries, S. K., Moreno, O., Meggitt, W. F., Schweizer, C. J., and Ashkar, S. A., (1970).
Wheat seed protein: chemical influence on and relationship to subsequent growth and
yield in Michigan and Mexico. Agronomy Journal 62, 746-748.

Roberts, W. O. (1948). Prevention of mineral deficiency by soaking seed in nutrient
solution. Journal Agricultural Science 28, 458-467.

Russell, E. W. (1973). The sources of plant nutrients in the soil: Phosphate. In 'Soil
conditions and plant growth'. Longman, London.

Samuel , G. S., and Piper, C. S. (1928). Grey speck (manganese deficiency) disease in
oats. Journal Department Agriculture South Australia 31, 789-799.

Saurat, A., and Boulay, H. (1985). Sulphate of Potash fertiliser. Potash Review 1985
subject 16, 103rd suite No. 68 pp.

Scheffer, J. J. C. (1978). Cauliflower: molybdenum nutrient pellets. New Zealand
Commercial Grower 33, (10) 21 (Horticultural Abstracts 49, 4989)

Schjorring, J. K., and Jensen P. (1984). Phosphorus nutrition of barley, buckwheat
and rape seedlings. I Influence of seed borne P and external P levels on growth, P
content and 32P/31P-fractionation in shoots and roots. Physiol. Plant 61, 577-
583.

Schultz, J. E. (1975). Effect on wheat yield and grain phosphorus content of deep
placement and foliar application of phosphate. Agricultural Record, 2 (July 1975)
51-53.

Schweizer, C. J., and Ries, S. K., (1969). Protein content of seed: increase improves
growth and yield. Science,. 165, 73-75.

Scott, D. (1975). Effects of seed coating on establishment. New Zealand Journal of
Agricultural Research 18, 59-67.

Scott, D., and Archie, W. J. (1978). Sulphur, phosphate, and molybdenum coating of
legume seed. New Zealand Journal of Agricultural Research 21, 643-649.

Scott, D., and Hay, R. J. M. (1974) Some physical and nutritional effects of seed
coating. Eds. Iglovikov V G; Movsisyants A P In '12th International Grassland
Congress. Section 1. Biological and physiological aspects of intensification of
grassland utilisation'. Moscow. pp. 523-531.

Scott, J. M. (1986) Seed Coating as an Aid to Pasture Establishment. Ph. D. Thesis.
University of New England, New South Wales. 203 pp.

Scott, J. M. (1989). Seed coatings and treatments and their effects on plant
establishment. Advances in Agronomy 42, 44-83.

165



Scott, J. M. (1989). Developing effective nutrient seed coatings for grasses and legumes.
Proc XVI International Grassland Congress, Nice, France. pp. 91-92.

Scott, J. M. and Blair, G. J. (1985). Nutrient seed coating of phalaris and Lucerne. In
Proceedings of the 3rd Australian Agronomy Conference. pp.180.

Scott J. M. and Blair, G. J. (1988). Phosphorus seed coatings for pasture species II.
Comparison of effectiveness of phosphorus applied as seed coatings, drilled or
broadcast applications in promoting early growth of phalaris (phalaris aquatica L.)
and lucerne (Medicago Sativa L..) Australian Journal Agricultural Research 39, 447-
456.

Scott, J. M., and O'Donnell, L. M. (1987). The susceptibility of lucerne to soluble
phosphate during germination. In ‘'Agronomy 1987-Responding to Change.
Proceedings of the 4th Australian Agronomy Conference' La Trobe University
Melbourne, Victoria. The Australian Society of Agronomy, Victoria. pp.247

Scott, J, M., Hill, C. B., and Jessop, R. S. (1991) Growth chamber study of
phosphorus applied as drilled granules or as seed coatings to wheat sown in soils
differing in P sorption capacity. Fertiliser Research 29, 281-287.

Scott, J. M., Jessop, R. S., Steer R. J., and McLachlan, G. D. (1987). Effect of
nutrient seed coating on the emergence of wheat and oats. Fertiliser Research 14,
205-217.

Scott, J. M., Mitchell, C. J., and Blair, G. J. (1985). Effect of nutrient seed coating on
the emergence and early growth of perennial ryegrass. Australian Journal Agricultural
Research 36, 221-231.

Sharples, G. C., and Gentry, J. P. (1980). Lettuce emergence from vermiculite seed
tablets containing activated carbon and phosphorus. Horticultural Science 15, 73-
75.

Shepherd, L., Lawton, K., and Davis, J. F. (1960). The effectiveness of various
manganese materials in supplying manganese to crops. Soil Science Society of
America Proceedings 24,218-221.

Sherrel, C. J., Ketcheson, J. W., and Miller, M. H. (1964). The effect of placement of
banded fertiliser on fertiliser phosphorus absorption and yield of oats in greenhouse
and field experiments. Canadian Journal Soil Science 44, 329-336.

Shuman, L. M., Boswell, F. C., Ohki, K., Parker, M. B., and Wilson, D. O. (1979).
Soybean yield, leaf manganese and soil manganese as affected by sources and rates of
manganese and soil pH. Agronomy Journal 71, 989-991.

Silcock, R. G., and Smith F. T. (1982). Seed coating and localised application of
phosphate for improving seedling growth of grasses on acid, sandy red earths.
Australian Journal Agricultural Research 33, 785-802.

Singh, D. K., and Bharti, S. (1985). Seed manganese content and its relationship with
the growth characteristics of wheat cultivars. New Phytologist 101, 387-391.

166



Smid, A. E., and Bates, T. E. (1971). Response of corn to small amounts of fertiliser
placed with the seed V. Seed coating compared with banding. Agronomy Journal
63, 380-384.

Smith, A. N. (1983). Australias dependence on phosphorus. In Phosphorus in
Australia. Eds. A. B. Costin and C. H. Williams. Centre for Resource and
Environmental Studies, Australian National University. Canberra ACT pp 70-91.

Smith, and Bressman. (1930). Some effects of seed treatment on the germination and
subsequent growth of wheat. Journal Agricultural Research 40, 25-36.

Sokal, R. R., and Rohlf, F. James (1969). Biometry: The principle of practice of
statistics in biological research. W.H. Freeman and Company, U.S.A.

Stankov, N. Z., and Ladonina, T. P. (1976). Effect of salt concentrations on seed
germination. Khimiya v Sel'skom Khozyaistve 14, 20-21.

Stevenson ,C. K., and Bates, T. E. (1968). Effect of nitrogen to phosphorus atom ratio
of ammonium phosphates on emergence of wheat (Triticum vulgare). Agronomy
Journal 60, 493-495.

Storrier, R. R. (1975). Wheat Nutrition. In 'Australian Field Crops 1: Wheat and other
temperate cereals’. A. Lazenby and E. Matheson. Eds. Angus and Robertson. pp
256-287.

Subrahmanyam, M. V. R., and Misra, N. M. (1980). Effect of potash seed treatment on
yield and yield components of high yielding wheats under rainfed conditions. Seeds
and Farms 6, (10) 21-24 (Field Crop Abstracts 34, 8732).

Sutton, P. J., Peterson G. A., and Sander, D. H. (1983). Dry matter production in tops
and roots of winter wheat as affected by phosphorus availability during various
growth stages. Agronomy Journal 75, 657-663.

Tanaka, F., and Fujinuma, Y. (1974). Adverse effects of fertilisers on plant growth. 1.
effects of some fertiliser salts. 2. Effects of osmotic pressure of fertiliser solution on
radicle elongation. Soil Science and Plant Nutrition 21, 306.

Teows, W. H., and Soper, R. J. (1978). Effect of nitrogen source, method of
placement and soil type on seedling emergence and barley crop yields. Canadian
Journal of Science 58, 311-320.

Thomson, C. J. and Bolger T. P. (1993). Effects of seed phosphorus concentration on
the emergence and growth of subterranean clover (Trifolium subterranean). Plant and
Soil 155, (in press).

Thomson, L., and Kasireddy, N. R. (1975). Zinc fertilisation of rice by seed coating.
Rice Journal 78, (7), 28-29

Thomson, B. D, Bell, R. W., and Bolland, M. D. A. (1992) Low seed phosphorus
concentration depresses early growth and nodulation of narrow leafed lupin (Lupinus
angustifolius cv. Gungurru). Journal Plant Nutrition 185, 1193-1214.

167



Tisdale, S. L., and Nelson W. L. (1975). 'Soil fertility and fertilisers'. McMillan
Publishing Co. New York.

Uren, N. C. (1981). Chemical reduction of an insoluble higher oxide of manganese by
plant roots. Journal Plant Nutrition 4, 65-75.

Uren, N. C., and Leeper, G. W. (1978). Microbial oxidation of divalent manganese.
Soil Biol Biochem 10, 85-87.

Vartha, E. W., and Clifford, P. T. P. (1973). Effect of seed coating on establishment
and survival of grasses, surface-sown on tussock grasslands. New Zealand Journal
of Experimental Agriculture 1,39-43.

Vines, H. M., and Wedding, R. T. (1960). Some effects of ammonia on plant
metabolism and a possible mechanism for ammonia toxicity. Plant Physiology 820-
825.

Voelcker, J. A. (1903). Woburn Experiment Station Report 21

Voth, R. D. and Christenson, R. (1980). Effect of fertiliser reaction and placement on
availability of manganese. Agronomy Journal 72,769-773.

Walter, K. H. (1988). Manganese Fertilisers. In 'Manganese in Soils and Plants'.
Eds. R. D. Graham, R. J. Hannam and N. C. Uren. Kluwer Academic Publishers,
Dordrecht. pp.225-241.

Walter, K. H. (1989). Addition of supplemental macro and micro nutrients to granular
phosphatic fertilisers. Australian Patent 601 099

Walter, K. H., and Wetherly, D. (1985). Production of granular trace element
fertilisers. Australian Patent 554 749.

Weil., R. R., Krootje, W., and Jones G D (1979). Inorganic nitrogen and soluble salts
in a Davidson clay loam used for poultry manure disposal. Journal of Environmental
Quality 8, 86-91.

Weir, R. G., and Hudson, A. (1966). Molybdenum deficiency in maize in relation to
seed reserves. Australian Journal Experimental Agriculture and Animal Husbandry.
6, 35-41.

Welch, R. M. (1993). Zinc concentrations and forms in plants for humans and animals.
In 'Zinc in Soils and Plants'. Ed. A. D. Robson. Kluwer Academic Publishers.
pp. 183-195.

Welch, R. M., and House, W. A. (1984). Factors affecting the bioavailability of
mineral nutrients in plant foods. In 'Crops as Sources of Nutrients for Humans'.
Eds. R. M. Welch and W. H. Gabelman. American Society of Agronomy, Madison,
WI. pp. 37-54.

White, C. L., Robson, A. D., and Fisher, H. M. (1981). Variation in nitrogen,
sulphur, selenium, cobalt, manganese, copper and zinc contents of grain from wheat

168



and two lupin species grown in a range of Mediterranean environments. Australian
Journal Agricultural Research 32, 47-59.

Widowson, F. V. and Penny A. (1977). Results from two sets of experiments with
spring barley the first comparing injected with broadcast nitrogen granules, the
second comparing injected and combine-drilled NPK solutions with broadcast
granules. Journal of Agricultural Science, Cambridge 88, 35-45.

Wild, A. (1957). The phosphate content of Australian Soils. Australian Journal of
Agricultural Research 9, 193-204.

Wilhelm, N. S., Graham, R. D., and Rovira, A. D. (1988). Application of different
sources of manganese sulphate decreases take-all (Gaeumannomyces graminis var.
tritici) of wheat grown in a manganese deficient soil. Australian Journal Agricultural
Research 39, 1-10.

Zarcinus, B. A. (1984). Analysis of soil and plant material by inductively coupled
plasma-optical emission spectroscopy. Comparison of digestion procedures for
major and trace constituents in plant material. Aust. CSIRO Div. Soils Div. Rep. No.
70

Zehler, E. (1982). Potassium and magnesium sulphate fertilisers: advantages over non
sulphate forms in terms of crop quality and yield. In 'Sulphur' 1982 Vol 1 A. L
Moore Ed.

169



Appendix 1

DESCRIPTION OF SOILS USED IN EXPERIMENTS

Soil 1 Used in Experiments 3.1, 3.2 and 3.3 and pot experiments 4.1 and 4.2. Note
only the A1 horizon was used. (from Godwin D C (1981) M. Rur. Sc. Thesis, U.N.E.)

Classification:
Australian”

Northcote Key
Location:
Topography

Climate
Parent material
Profile drainage

Bleached Eutropic Grey Chromosol; medium, non-gravelly,
loamy/clayey, moderate

Gleyed podzolic. Dy 4.42

NE corner 'Kirby' farm University of New England, Armidale, NSW
Gently undulating terrain, N W facing slope (4°). Profile described at
slightly convex mid slope position.

Armidale. Sub-humid, summer rainfall dominant

Mount Duval ademellite

Imperfect

Vegetation Cleared, native grasses, Panicum spp. dominant

Land use Sheep and cattle grazing

Morphology

Horizon Depth (cm)

Al 0-20 Dark brown (7.5YR 3/2 moist) coarse sandy loam; weak fine
subangular blocky; earthy fabric; moist friable, wet slightly
sticky, slightly plastic. Abundant roots. Field pH 6.0

A2 20-29 Pale brown (10YR 6/3 moist, 7/3 dry) with yellowish brown

(10YR 5/8 moist) common fine distinct mottles; loamy sand;
weak fine subangular blocky; earthy fabric; moist friable, wet
non-sticky slightly plastic. Few roots. Field pH 6.5

B1 (gleyed) 29-37 Light brownish grey (2.5YR 6/2 moist) with strong brown

(7.5YR 5/8 moist) few fine distinct mottles; coarse sandy clay;
strong coarse angular blocky (peds 8mm across); smooth ped
fabric; moist firm, wet sticky, very plastic. Field pH 6.0

B2 37-80 Brownish yellow (10YR 6/5 moist) with yellowish brown (10YR

5/8) many coarse distinct mottles; coarse sandy clay; strong
coarse angular blocky (peds 12 mm across) smooth ped fabric;
moist firm, wet sticky very plastic. Field pH 6.0

B3 80-90 As above with 40% of soil volume consisting of soft micaceous

saprolite weathered from Mount Duval ademellite; massive,
sandy clay loam. Field pH 7.0

C 90-  Soft micaceous saprolite

Chemical Analysis 0-10 cm
pH (1:5 water) 54
Organic carbon (% w/v) 0.9
Phosphorus (bicarbonate extract) (mg kg-1) 5.0
Potassium (meq 100 g-1) 0.21
Calcium (meq 100 g-1) 1.45
Magnesium (meq 100 g1 0.85
Sodium (meq 100 g1 0.04
Conductivity (millisiemens cm-1) 0.03
Copper (mg kg-1) 0.5
Zinc (mg kg-1) 0.7

Manganese (mg kg-1) 8.0



Soil 2 Used in Experiment 3.3 Note only the A1l horizon was used.

Classification:

Australian” Epicalcareous Self-Mulching Black Vertosol; non gravelly,
medium fine/very fine, moderate.

Northcote key Black Earth

Location: Trevenna, University of New England, Armidale

Topography Gently undulating terrain, W facing slope .

Climate Armidale. Sub-humid, summer rainfall dominant

Parent material Basalt

Profile drainage Imperfect

Vegetation Semi improved pasture

Land use Sheep grazing

Morphology

Horizon Depth (cm)

All 0-10 10YR 2/2 medium clay; pH 6.0

Al2 10-35 10YR 2/2 medium clay; pH 6.5

AC (gleyed) 35-100 10YR 2/2 heavy clay; pH 7.5-8.0

Chemical Analysis 0-10 cm

pH (1:5 water) 6.1
Phosphorus (bicarbonate extract) (mg kg-1) 13

Potassium (mmol (p*) kg-1) 11.6
Calcium (mmol (p*) kg1) 213.7
Magnesium (mmol (p*) kg-1) 183.3
Sodium (mmol (p*) kg'1) 6.0

Australian” A Classification System for Australian Soils (3rd approximation, Dec 1993
Update), R. F. Isbell CSIRO Soils Divisional Report 2/1993



I

Soil 3 Used in the Gunnedah field experiment Chapter 4
Described by Ian Holford NSW Agriculture, Agricultural Research Centre, Nemington
NSW

Classification:
Australian” Calcic Eutotrophic Demosol; medium, non-gravelly,
clayey/clayey, moderate
Northcote Brown clay Ug 5.3
Location: Gunnedah
Topography Undulating
Climate Sub-humid, summer rainfall dominant
Profile drainage Imperfect
Vegetation Cropping
Land use Annual cropping
Morphology
Horizon Depth (cm)
Al 0-10 Dark red brown (5YR 3/3) loamy clay; friable self mulching.
Abundant roots. Field pH 7.6
A2 15-30 Dark red brown (5YR 3/2) clay, friable
Field pH 7.6
B1 (gleyed) 30-60 Dark red brown (5YR 3/4) clay, cloddy
Field pH 7.7
B2 60-90 Reddish brown (5YR 4/4 ) clay, cloddy
Field pH 7.95
B3 90-120 Yellowish red (SYR 4/6 ) clay, cloddy
Field pH 8.1
C 90-
Chemical Analysis 0-10 cm
pH (1:5 water) 7.6
Organic carbon (% w/v) 0.86
Total nitrogen (%) 0.09
Nitrate N 6.3

Phosphorus (bicarbonate extract) (mg kg-1) 21.0

Australian” A Classification System for Australian Soils (3rd approximation, Dec 1993
Update), R. F. Isbell CSIRO Soils Divisional Report 2/1993



Soil 4 Used in the Monarto field experiment Chapter 4
Described by J Hall Primary Industries South Australia

Classification:
Australian”

Northcote
Location:
Topography
Climate
Vegetation
Land use

Morphology
Horizon
Al

B21

B22

BC

Calcic Subnatic Red Sodosol; medium non gravelly, loamy/clayey,
moderate
Sandy Red Brown Earth
Monarto, South Australia
Undulating
Warm temperate, winter rainfall dominant
Cleared mallee scrub
Cropping / pasture rotation
Depth (cm)
0-10 Dark brown (7.5YR 3/3), non-calcareous, sandy loam; pH6;
Massive structure; with abrupt boundary change (over 5-20 mm).
Field pH 6.0
10-50 Red (2.5YR 4/6), non-calcareous, medium heavy clay. Weak to
massive structure and a strong consistence when dry (unable to
break piece between thumb and forefinger). Dispersive in
distilled water. 2-10% soft orange siltstone fragments. Gradual
boundary change (over 50-100 mm).
Field pH 8.0
50-84 Red (2.5YR 4/6), calcareous (high fizz), silty medium clay.
Massive structure with 2-10% soft orange siltstone fragments,
with a gradual boundary change .
Field pH 8.5
84-90 Yellowish -red (5YR 5/8), calcareous (high fizz), silty medium

clay, 2-10% soft carbonate segregations. Massive structure with
2-10% soft orange siltstone and 2-10% soft grey schist.
Field pH 9.0

Australian” A Classification System for Australian Soils (3rd approximation, Dec 1993
Update), R. F. Isbell CSIRO Soils Divisional Report 2/1993



Soil 5 Used in the Marion Bay field experiments Chapters 5 and 6
Described by J Hall Primary Industries South Australia

Classification:

Australian” Shelly Calcarosol; thin, non-gravelly, loamy/sandy, moderate
Northcote Calcareous Sand

Location: Marion Bay, Yorke Peninsula. South Australia

Topography Rise in swale.

Climate Cool temperate, winter rainfall dominant

Parent material Shell grit
Profile drainage Rapidly to well drained

Vegetation Cleared mallee scrub
Land use Barley /pasture rotation/sheep
Morphology
Horizon Depth (cm)
Al 0-6 Sandy loam, 74% CaCOs. - FieldpH 7.9
BAI 6-22 Sandy loam, 72% CaCOs. Field pH 8.1
BA2 22-45  Sandy loam, 86% CaCO3. Field pH 8.3
B1 45-102  Sandy loam, 81% CaCO3. Field pH 8.6
B2 -~ 102-162 Coarse loamy sand, 80% CaCO3 Field pH 9.0
B3 162-178 Sandy loam, 95% CaCOs. Field pH 8.8
Chemical Analysis 0-10cm
pH (1:5 water) 7.9
Organic carbon (% w/v) 3.1
Phosphorus (bicarbonate extract) (mg kg-1) 50
Potassium (meq 100 g-1) 0.34
Calcium (meq 100 g-1) 13.6
Magnesium (meq 100 g-1) 1.04
Sodium (meq 100 g-1) 0.18
Conductivity (millisiemens cm-1) 0.43 dS/m
Copper (mg kg-1) 0.4
Zinc (mg kg-1) 0.8
Manganese (mg kg-1) 2.9

Australian” A Classification System for Australian Soils (3rd approximation, Dec 1993
Update), R. F. Isbell CSIRO Soils Divisional Report 2/1993
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