AN EVALUATION OF MINERAL
ROCKDUST IN FIELD
EXPERIMENTS

THE UNIVERSITY OF QUEENSLAND



AN EVALUATION OF MINERAL ROCK DUST
IN FIELD EXPERIMENTS

FINAL REPORT

by

R.C. Gutteridge

November 1993

Institute for Sustainable Tropical Agriculture
and Resource Management

The University of Queensland



CONTENTS

Page

TERMINOLOGY ... ... 2
SUMMARY .. 3
INTRODUCTION . . e e 4
MATERIALS AND METHODS . ... ... ... 4
RESULTS . . 7
MRD ANALYSIS . . . 7

CROP YIELDS .. .. 8
CHEMICAL COMPOSITION OF PLANT MATERIAL ............ 22

SOIL ANALYSIS .. . e 28
DISCUSSION .. 30
ACKNOWLEDGEMENTS . . ... e, 32
REFERENCES . . . . e 32

APPENDIX ... .. 33



"SIUSUREBAN U29MIAG S0URIJJIp Surssardxe 10 poylow [eonsneIs prepue)s
B SISIYY, (60'0>d) 19A9] %G ay1 st 110dar s1yj Inoy3noryy pasn 2oueojudis JO [9A9] yJ,

aduedyudig
210U IO SInoY g4 I0] D, (09 3B UdAO ur ul [erajew juerd Surkip

AQ paAsIyoe St JySom oy], CEreOSny Ul uonejussard Blep Jo poylew prepuels e ‘SIseq
1ySrom AIp usa0 ue uo passardxe ore (ureid pue 1240)s) [ewejew jueld 103 syFrom [y

3R L1
uadAxo = 0
wnurunge = v
u0qJed = 9)
1addoo = tig}
ourz = uz
aseuedurw = URN
uon = el |
winpos = BN
wnisaugew = 3K
wniofed = 159
aydins = S
wnrssejod = Bt
sruoydsoyd = d
uagoniu = N

"M0[2q USAIT ST sfoquuiks a3 Jo uoneuedxe uy -uodar sy
Ul POsn U93Q 9ABY SJUSWI[D Y} I0J S[OQUIAS PazIuS09ar AJ[RUONEUIUL 9} IOUIIUIAUOD IO,

S|OQUIAS [BIUIWId] Y

ADOTONIWYH.L



SUMMARY

Field experiments were conducted to examine the effect of applications of mineral rock
dust (MRD) in combination with nitrogen and phosphorus fertilizers on the growth of the
summer crops maize and soybeans and the winter crops oats and field pea grown in
consecutive seasons over two years (November 1991 - October 1993) on two acidic soils
one of reasonable soil fertility status and the other of poor fertility.

On the more fertile soil at Redland Bay, applications of MRD improved the growth of
soybeans in the first season while dressings of nitrogen (100 kg N/ha) and phosphorus (40
kg P/ha) fertilizers were relatively ineffective. Maize on the other hand responded to
nitrogen fertilizer on this soil but MRD even at the highest rate of 10 t/ha had little effect
on maize yield.

In subsequent seasons, although applications of MRD often produced higher crop yields,
the responses were not significant. Responses to applied N and P fertilizer were also non-
significant possibly due to the relatively high inherent soil fertility on this site.

On the infertile soil at Mt Cotton applications of MRD increased the yield of maize in the
first season both with and without the addition of fertilizer,but the differences were not
significant. By the second year however, MRD significantly increased maize yields
particularly in the presence of nitrogen fertilizer.. Oats appeared to be less responsive to
both fertilizer and MRD and in both years, although there was a trend for higher yields
with MRD application, the differences between treatments were not significant.- Yields of
both soybeans and field pea were always low at this site but there was a response to
applied phosphorus fertilizer in both years. Generally MRD increased yields but, except
for the second year with field pea, the responses were not significant.

These experiments have indicated that, although responses to applications of MRD were
not spectacular, there were small-positive benefits to crop yield when MRD was used
particularly on the less fertile site.



INTRODUCTION

Preliminary experiments were conducted in the glasshouse at The University of
Queensland in 1990 to evaluate mineral rock dust (MRD) as an ameliorant on low fertility
acidic soils. These experiments showed that increasing the rate of MRD application up to
a level of 20 t/ha increased the top growth of maize in the presence of nitrogen fertilizer
but had little or no effect when nitrogen was not applied. Root growth was also favoured
by MRD application in both soil types tested.

These results indicated that further investigations with MRD were warranted particularly to
evaluate its effects when applied under field conditions and to assess its long term
effectiveness for soil amelioration.

This report details the results of field trials undertaken at The University of Queensland
Research Farms at Redland Bay and Mt Cotton over two years from November 1991 to
October 1993,

MATERIALS AND METHODS
Sites
The field experiments were undertaken at two sites.

1) The University of Queensland Research Farm at Mt Cotton on a low fertility grey
podzolic soil with a pH of 5.4 and impeded drainage.

2) The University of Queensland Research Farm at Redland Bay on a higher fertility
krasnozem soil with a pH of 5.9 and good drainage.

Crop Species

Maize (Zea mays variety 1.94) and soybeans (Glycine max cv. Fitzroy) were used as the
test crop species for the summer season (November to April) at both sites. During the
winter season (April to October) oats (Avena sativa cv. Quamby) and field pea (Pisum
sativum cv. Dunn) were used as the test crops. Soybeans and field pea were used because
of their ability to fix nitrogen, an element which has been shown to be lacking in MRD.
Soybean and field pea seed were inoculated with the appropriate Rhizobium striins before
sowing.

Experimental Design

At both sites, two experiments were conducted. Experiment one was a randomized
complete block design which contained all combinations of two levels of nitrogen (0 or
100 kg N/ha designated N, and N,) and phosphorus fertilizers (0 or 40 kg P/ha designated
Py and P,) with or without MRD at 5 t/ha. There were three replications of the following
treatiments:



N,P, £ MRD
N,P, £ MRD
N,P, = MRD
N,P, £ MRD

Experiment two was also a randomized complete block design with five levels of
MRD (0, 1, 2.5, 5 and 10 t/ha) with or without nitrogen and phosphorus fertilizers applied
at the same rates as in experiment one. There were also three replications for this
experiment but only maize or oats were used as the test crop. At the Redland Bay site,
the fertilizer and MRD treatments were not reapplied after the initial application and the
three subsequent crops grew on residual nutrients. At Mt Cotton, MRD treatments in
experiment one were reapplied after one year, just prior to planting the second summer
crops. Fertilizer was reapplied to both experiments at this time at this site.

Procedure

Both sites were cultivated in October 1991. Plots were then marked out and appropriate
fertilizer and MRD treatments applied before final cultivation with a rotary hoe 1o
incorporate the treatments and provide a well prepared seed bed for establishment.

Plot size was 2.25 x 3.50 m and consisted of four crop rows spaced 0.75 cm apart. Seed
of both maize and soybean was sown at a rate of 3 seeds/hil spaced at 0.25 ¢m within
each row. The plots were thinned to 1 plant/hill 2 weeks after establishment o provide u
plant density of 53,300 plants/ha for both crop species.

The same plot size and row spacings were used for the winter crops. Field pea was sown
using the same procedure as for soybean to provide a plant density equivalent to 53,300
plants/ha. Oats were sown in a band along each row at a rate of 25 g/plot (32 kg/ha).

The time of sowing and harvesting for each crop at each site is presented in Table 1. At
Mt Cotton the first winter crops were sown on 1 April 1992 but 75 mm of rain tell on the
following day causing the plots to be flooded for 7 days. Germination was poor and it
was decided to resow the site. This was not possible until 26 June 1992 due w0 heavy
autumn and early winter rainfall.

When necessary the plots were irrigated after sowing and irrigation was apphied
throughout the growing period whenever rainfall was not sufficient to maintiin soil
moisture.

At harvest, plants in the two central rows of each plot were cut at ground level ufter
allowing a border of 0.50 m from each adjacent plot. The harvested plants were weighed
fresh in the field and a subsample taken for dry weight determination. For maize, all cobs
were stripped from the plants and also weighed. Grain yield was assessed from sample
cobs after drying. Soybean grain yield was also assessed in a similar manner. Grain yield
was not determined separately for field pea and oats and was included in the ol yield
for these crops.

Subsamples of stover and grain for all crops were used for chemical analysis.
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After harvest of the first summer crops, the root systems of 5 representative soybean
plants were excavated and the nodule numbers on the plants ranked on a scale of 1-5
where 1 = no nodules and 5 = well nodulated.

After each harvest the residues from the crops were removed and the sites cultivated with
a rotary hoe in preparation for sowing the next crop.

Table 1. Sowing and harvest times for summer and winter crops at both sites

Redland Bay Mt Cotton
Crops ) .
Sowing Date | Harvest Date Sowing Date Harvest Date
Maize/soybeans | 6/11/1991 4/3/1992 8/11/1991 26/2/1992
Oats/field pea 9/4/1992 20/8/1992 1/4/1992 14/10/1992
Resown 26/6/1992

Maize/soybeans | 27/10/1992 1/3/1993 23/10/1992 2/3/1993
Oats/field pea 30/3/1993 25/8/1993 31/3/1993 9/9/1993

Soil samples were taken from both sites prior to application of treatments in October 1991
and from treatments 0 t/ha MRD - Fert., 10 t/ha MRD + Fert. and 10 t/ha MRD - Fert. in
experiment two after harvest of the first winter crops in October 1992. These samples
were air dried, ground in a mill and analysed using the techniques outlined in Table 2A of
the Appendix. Three separate samples of MRD were also analysed using the same
techniques. Samples of MRD described as "course" and "fine" were examined under the
electron microscope and photographed. The neutralizing value of these samples was also
determined. '



RESULTS
MRD Analysis

The electronmicrographs of the two samples of MRD are shown in Plates 1 and 2. The
larger particle size is apparent in the "course” sample.

The chemical analyses of three samples of MRD are presented in table 1A ot the
Appendix. There was some variability between the samples for some parameters but in
general pH was very alkaline; nitrate nitrogen, copper, zinc, chlorine and electrical
'conductivity were very low while calcium, magnesium, manganese and cation exchuange
capacity were medium. Potassium levels were reasonably high.

The neutralizing value of "course" and "fine" MRD was virtually identical indicating no
significant benefit in milling the dust to a finer texture (Table 2). A neutralizing value of
22 indicates that MRD is approximately one-fifth as effective as lime (Ca CO,) in
reducing acidity in soils. Pure Ca CO, has a neutralizing value of 100 (Aitken and
Cowles 1992).

Plate 1. Electronmicrograph of "course” MRD


























































































