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SUSTAINABLE AGRICULTURE

THE DEPARTMENT OF PRIMARY INDUSTRY AND FISHERIES IS

Definition:

COMMITTED TO THE PRINCIPLES AND PRACTICES OF

SUSTAINABLE AGRICULTURE

Sustainable agriculture is the use of practices and systems which maintain or enhance:

Principles:
I.

2.

the economic viability of agricultural production:
the natural resource base: and

other ccosystemns which are influenced by agricultural activitics.

Agricultural productivity is sustained or enhanced over the long term.

Adverse impacts on the natural resource base of agricultural and associated
ecosystems are ameliorated. minimised or avoided.

Harmful residues resulting from the use of chemicals for agnculture are
minimised.
The newt social benefit (in both dollar and non-dollar terms) derived from

agriculture s maxtmised.

Agricultural systems are sufficiently flexibie to manage risks associated
with the vagarnies of climate and markets.
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SUMMARY

The results of research conducted on soybeans on Tippera clay
loam soil at Douglas Daly Research Farm between 1980-1985 are

discussed. Also included is a review of soybean research between
1970 and 1980.

The research program can be placed in three broad sections:

cultivar evaluation; plant populaticn, row spacing and weed
control; and plant nutrition.

Results show that Buchanan is a suitable cultivar at plant
populations in excess of 400,000 ha Y in 15 cm rows. High plant
populations provide a degree of weed control. The herbicides,
treflan and basagran provide good control of grass and broadleaf

weeds, respectively if used in acccrdance with the manufacturers
recommendations.

Responses were recorded to phosphorus and sulphur and it is shown
that once adegquate levels of available phcsphorus are carried in
the =o0il, phosphorus fertilizer may not be necessary as 1loss
through fixation and/or leaching appears minimal. However
sulphur is readily moved to depth in the profiile and applications
are likely to be reguired every vear.

Inoculation with Rhizobium japonicum strain CB1809 is essential
in the initial year on virgin ground. Yield response to

supplementary and starter nitrogen are unlikely under rainfed
conditions.

On Blain sandy lcocam soil responses to phosphorus, sulphur,
potassium and zinc are likely.

It 1is concluded that the major problem threatening the
establishment of a stable soybean industry is poor quality
planting seed and suggestions to overcome this are made.



Introduction

In this volume the results of research conducted on soybeans by
the WNorthern Territory Department of Primary Production is
reported. The report concentrates on the period 1980 - 1985 but
also include a review of research conducted between 1970 - 1980.
Many of the studies conducted between 1980 - 1985 were based on
conclusions from the review.

The research program between 1980 - 1985 was conducted
concurrently with the development of the ADMA scheme. Hence, it
was necessary to design research programs that would provide
results of immediate relevance to the farming community. This
necessitated a pragmatic approach with short term goals.
However, where possible, we have attempted to conduct the
research to provide long term answers and feel that some success
has been achieved in this respect.

The volume is a collection of reports that have been prepared at
various times during the last five vyears. Hence, some
inconsistencies in the reporting of results between different
experiments is evident. Further, there may be more appropriate
analyses for some of the data and more critical interpretation of
the results may be warranted in some sections. Time does not
permit a more thorough assessment at this stage, as we feel it is
most important the results be documented in an accessible form
prior to the senior authors departure £from the Northern
Territory. It is our intention to publish at least some of the
work at a later stage.

The soybean research program between 1980 - 1985 was conducted at
bouglas Daly Research Farm and has concentrated on three broad
aspects - cultivar evaluation; plant population, row spacing and
weed control; and plant nutrition. These three aspects form
three sections of the report. Another section covers a review of
previous work, while in the final section we attempt to draw
conclusions, and suggest areas for future research.
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SECTION 1

LOCATION, CLIMATE AND SOILS

Douglas Daly Research Station is located some 250 km south of
Darwin on latitude 13°51'S and longitude 131°17'E. The area has
a typical dry monsoonal climate with well defined wet {Oct-April)
and dry (May - September) seasons. Average seasonal rainfall
(Oct - April) is 1193 mm. Monthly rainfall data for each season
between 1980-81 and 1984-85 along with the leong term mean is
shown in Table 1. As the data shows, large variations in
seasonal and monthly rainfall can be expected. Further, periods
of up to three weeks without rain have been recorded during the

wet season. Hence, the rainfall pattern cannot be regarded as
reliable.

The main agricultural soils of the Douglas-Daly Area are sandy
and loamy red earths (Day and van Cuylenburg 1977). Almost all
the soybean research was carried out on a lcamy red earth of the
Tippera family.

Reference:

Day, K.J. and van Cuylenburg, H.R.M. {1977} "Characteristics of
some red earth soils in the monsoonal region of the Northern
Territory, Australia" Proc. Clamatrops 1977 P 120-126

TABLE 1: Mean Monthly Rainfall (Oct - April) for seasons
1980/81, 1981/82, 1982/83, 1983/84, 1984/85% and
the long term mean at Douglas Daly Research
Station

Season

1980/81 1981/82 1982/83 1983/84 1984/85 Longterm

Mean
Oct 34 50 - 39 - 44
Nov 155 139 16 242 75 93
Dec 214 186 139 59 205 154
Jan 440 326 137 324 237 276
Feb 372 177 172 246 306 324
March 70 192 326 446 121 265
April - - 146 - - 30

Total 1285 1070 936 1352 944 1186



SECTION 2

REVIZW OF SOYBEAN RESEARCH 1970 - 1980

Soybeans have long been considered a potentially suitable crop
for the area of the Northern Territory between Katherine and
Darwin (lats 12-15°S). For many reasons, the potential has never

been realised and successful commercial soybean production has
never occurred.

Renewed interest in soybeans has been stimulated by the formation
of the Agricultural Development and Marketing Authority (ADMA)
and subsequent development of project farms in the Douglas Daly
area. Soybeans are seen as one of the main crops for this area.

Prior to 1970, cultivars suitable for production in low latitude
tropical regions of Australia were unavailable. However, a
breeding programme conducted by Dr D. Byth of Queensland
University, rectified this situation and suitable cultivars have
been available for the last decade. Successful production of
Byth's cultivars has been undertaken in the Ord River Irrigation
Area (ORIA) (lat 15°S) of Western Australia (Beech et al 1985 a,
b). Given the known dominance of daylength in determining
soybean adaptation (Garner and Allard 1930) cne could expect that
the same cultivars would be suitable for the Top End of the
Northern Territory (12°S =~ 15°S). Preliminary studies (Section
3~-1, this report) have shown this to be the case.

In this paper we attempt to summarise the results of research
during the last decade and to establish the reasons for generally
inconsistent and disappointing yields. 1In addition, we hope that

this review will prcvide a foundation upon which future research
can be based.

An Overview of Previous Research

Studies with scybean in the Northern Territory are in their third
phase in the last decade. Cultivar evaluation experiments and
bulk cropping studies dominated the early phase between 1970 -

1973. Most of this work was carried out in the area north of
Katherine.

The second phase centred on Katherine in 1977 - 78 and
concentrated on cultivar evaluation, plant population and

establishment studies.

The third phase commenced in the 1979 - 80 season at Douglas Daly
Research Farm with studies on cultivars, plant population, and
bulk areas sowings. Current research is being concentrated in
this area.



A striking feature throughout has been the high turnover of
personnel and during the last decade at least six different
agronomists have been involved in the research program.

Phase I (1970 - 1973)

Experimental results were variable with +the majority of
experiments producing poor yields for one reason or another. The
studies between 1970 - 1973 involved both wet and dxry season

sowings of a range of Byth's lines bred for low latitude tropical
areas.

An initial study was conducted by Ian Miller at Tipperary Station
in the 1569 -~ 70 wet season. In this study a range of Bvth's K
lines were compared with several established USA cultivars.
Although yields were poor the experiment demonstrated the greater
suitability of the K lines for this environment. From a December
20 sowing the main flowering times were 30 days after sowiag
(DAS} for the USA cultivars and 1 DAS for the K lines.
Resultant mean yields were 250 kg ha - for the USA cultivars and
620 kg ha = for the K lines. Miller noted that seed quality was
very poor and concludedc that this was due to damage caused by the
green vegetable bug. Relevant data is presented in Table 1.

In 1970 - 71 cultivar evaluation studies were conducted at
Coomarlie Creek, Thorak's Reserve, and Tipperary by Doug Airey
(File J 71/7). The results for this season were Very
encouraging, particularly for the study at Coomarlie Creek. In
each experiment seven K lines were tested along with Avoyelles
and Improved pelican at Thorak's Reserve and a number of
introduction from Angola at Coomarlie Creek. Relevant results
are presented in Table 2 (Coomarlie Creek), 3 (Thorak's Reserve)
and 4 (Tipperary).

Mean yield for the K lines at Coomarlie Creek was 3,300 kg ha™t
and they easily outyielded the other cultivars (Tables 2). ,While
mean K line yields wegﬁ_lower at Thorak's (1,750 kg ha "} and

Tipperary (1,227 kg ha ) they were sufficient to indicate the
crops potential.

Plant population is thought to have played a major part in the
yields achieved. Experience in the ORIA suggegts that plant
populations of the order of 400,000 - 500,000 ha are necessary

for maximum yield (Beech et al. 1985 a}). Mean plant popu%itions
for the K 1lines were 590,000, 440,000 and 216,000 ha for
Coomarlie Creek, Thorak's and Tipperary respectively. In a

separate study at Tipperary Station this season Brockway and
Kilpatrick (File J 71/1) showed that yield increased with
increasing plant population (Table 5) up to 860,000 plants ha ~
for the K lines.

Given the population at Thorak's higher yields could have been
expected however a relatively wide (53 cm) row spacing was used
and closed canopies were not formed. In his report on this
experiment Airey noted that vigour was less than expected and
that this could be blamed on the poor physical status of the

so0il. By contrast, at Coomarlie Creek -~ "The growth of the crop
was very vigorous, far more so than in the Thorak's Reserve
experiment. The vigour orf growth and the narrowness of the row

sEaéing produced a closed canopy early in the growth of the
plots, a fact which assisted in weed control".



No data on rainfall for any of these sites was presented but it
was noted that - "rainfall was particularly favourable for
rain-grown crops”. It was thought that neither Coomarlie Creek
nor Thorak's Reserve would have suffered any moisture stress
whereas Tipperary may have suffered some moisture stress at the
end of the season as it was planted later.

Wet season cultivar evaluation studies were carried out by Rick
Madin at Berrimah Research Farm in the 1971/72 wet season and at
Tipperary Station in the 1972/73 wet season (File No. J72/1013).
A total 20 cultivars sown at Tipperary in 1972-73 were the best
selections from 146 lines sown at Berrimah in 1971-72.

In his summary of the Tipperary trial, Madin suggested that the
relatively poor yields obtained were due to poor plant stands,
bacterial pustule disease and green vegetable bug damage. The
majority of the cultivars included in these experiments were
Byth's K lines, 49 series, and 71 series. Most had a growing
season in the range of 120 ~ 130 days and could be classed as mid
- late seascn genotypes. The best yields obtained were around
1,100 kg ha from some of the 71 series lines which were the
earlier maturing lines, e.g. 71 -~ 18 matured in 115 days and
vielded 1,120 kg ha ~.

In the 1971 - 72 evaluation these 71 segies lines had produced

the highest vields of up to 1,800 g plot ~. ©No details of plot
size are given.

Apart from these experiments, there were bulk sowings of soybean
in the 1971 and 1972 dry seasons at Lake Deane and Adelaide
River, respectively (Files J71/201 and J72/310) and the 1972 - 73
wet season at Adelaide River (File J72/983).

In the 1972 - 73 wet season cultivars Recss and Gilbert (both K
lines) were sown at Adelaide River on January 6 and harvested on
May 8 (122 days gfowing season). Machine harvested yields were
340 and 450 kg ha for Ross and Gilbert, respectively. A report
on this crop by Airey highlighted the problems as low plant
population, severe weed competition, waterlogging, nutrient
deficiency, and lack of nodulation. Captan fungicide was applied
to the seed and it is thought that this killed the Rhizobia. The
major reason suggested for low plant population was the deep
sowing of 7.5 -~ 10 cm. Airey noted that where seeding was
shallow, good stands ogfurred and quadrat yields from these areas
were up to 1,600 kg ha .

Even 1f reduced establishment due to deep seeding had not
occurred, it is felt that the initial seeding rate was I1nadequate
to provide an acceptable plant population for January sown
soybean in this environment (viz. Coomarlie Creek cultivar study;
Tipperary plant population study; experience in ORIA). Cultivars
Ross and Gilbert have a seed size in the order qf 9-11 g per 100
seeds. At the seeding rate of 34 kg ha maximum plant
populations (100% establishmeqﬁ) could only have been o¢f the
order of 300 - 380 thousand ha ~. The area harvested by quadrat
sample had a population of 300,000 plants ha ~. Airey noted that
this population was "half the density of a stand at_goomarlie
Creek in 1570 - 71 which produced yields of 3,000 kg ha ~".



The dry season irrigated crops at Lake Deane in 1971 and Adelaide

River in 1972 were both failures. At Lake Deane in 1971 sowing
was carried out in late July - early August and harvesting from
late October onwards. No vields are available but a general

comment from Airey was that "growth was extremely poor®.

The Adelaide River crop in 1972 was more successful. In this
instance sowing was carried out in mid-June. Cultivar Ross
flowered at the end of July (46 days) and harvesting commenced in
early October. At harvest, plants were still green but pods were
mature and, in fact, some had shattered. This characteristic has
also been recorded with July sown Ross in the Ord River area and
is probably associated with a photoperiodic response to
increasing day length.

Yield from the area was 730 kg haml, which was poor, however a
comment suggests that seed quality was good. Apart from the fact
that the cultivars used, Ross and Gilbert, are unsuitable for dry
season sowing, particularly so late a sowing, there are
indications that plant populations were again far from adeguate.

Certainly the use of relatively wide 50 cm rows would have been
unsuitable and the fact that grass weeds emerged as a problem in
late August suggested inadeguate ground cover.

Research into soybean was curtailed after 1973. Experiments were
planned for 1973 - 74 but wet weather did not permit sowing.
Further, loss of staff after Cyclone Tracy in 1974 stopped all
crop research for several seagons.

Phase ITI

The seccnd stage of soyvbean research was centred on Katherine and
included studies on cultivars (File 79/56), plant population
(File 79/1431), and establishment ({File 7%/1430). This work was
conducted by Stan putland in 1877 and 1978.

Cultivar evaluation studies were conducted in the 1977 - 78 wet
season ancé 1978 dry seascon. The wet season experiment was
abandoned due to extremely poor establishment even after planting
twice, on December 17 and January 16. With the initial sowing,
emergence seems to have been acceptable but there was & high
mortality immediately after emergence. Putland described this as
'wilting and dying'. Hot, dry conditions are thought to have
been responsible. With the January 16 sowing emergence was very

poor because of surface crusting. The experiment was then
abandoned. '

All the cultivars planted in the above experiment were sown in
the 1978 dry season. In this instance establishment was
acceptable although very variable between cultivars. Sowing was
carried out on April 19 and 20 at Katherine Experiment Farm.
Furrow irrigation was supplied as necessary. In this experiment
most of the lines were agzin from Byth's breeding program and the
majority of these were representatives of new early maturing
crosses called P lines (Buchanan was P27, Fitzroy was P25).
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Plant establishment was variable and population was well belo
cptimum. The highest populations were arcund 200,000 plants ha -
and hand haxvested yields from popplations of this order were

2,490 kg ha for P25, 2,328 kg ha for P32, and 2,014 kg ha
for p48.

In this eXperiment Putland collected information on
characteristics such as pod height (lowest and highest), seed
colour, shattering, determinancy, 100 seed weight, as well as
grain vyield. It i1s obvious from the 100 seed weight data that
large seeds were produced, e.g. 17.8 gm fcr P27, 13.9 g for P25,
16.3 g for P2.

The results £rom this experiment are quite valuable and give a
good indication of varietal response in the dry season. The
major limitation is that all of these lines are better adapted to
wet season production and it is a pity that they were not
thoroughly evaluated in the wet season.

Putland planted two other experiments in the 1977/78 wet season,
a plant population experiment and a method of establishment
experiment. The plant populaticn experiment encountered the same
establishment problems as the wet season cultivar experiments.
Like the cultivar experiments, it was planted twice. The early
sowing (December 19) suffered from wilting and plant death
associated with veryv hot, dry soil conditions, and the later
sowing suffered from poor emergence due to surface crusting.
This experiment was abandoned.

The establishment trial was sown on January 21, 1978, under what
Putland called "ideal conditions". In this experiment three
planting machines were used and planting was at three different
depths (2, 5 and 10 cm}. Here the results showed that there was
no difference between planting machines or planting dJdepth.
Putland concluded that providing conditions were suitable,
pPlanting method had little effect on establishment.

Suitable conditicns were described as moist socil at sowing, and

conditions that do not encourage surface c¢rusting nor high
surface temperature.

Experimental work on soybeans at Katherine was discontinued after
the 1977-78 wet season in favour of mungbeans.

Phase III

The third phase commenced at Douglas Daly Research Farm in the
1979-80 wet season with cultivar (File 79/1838), plant population
(File 79/1836), and bulk sowings (File 79/1721) conducted by
Irene Kernot.

In the cultivar evaluation study a range of Byth's lines were
sown on both Tippera and Blain soils. Sowing dates are not
known. Results from each experiment are very sketchy and no
yield data is available. The Tippera site was overgrown by weeds
and the Blain site suffered from severe nutrient deficiency. One
important response noted by Irene FXernot was an apparent
different response to nutrient status between cultivars. She

noted that Canapolis, V15 and Gilbert grow more vigorously than
the cther lines on the Blain soil.
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Information collected on phenological development suggests that
most of the P lines flowered in 29-30 days and matured in 90
days, Ross flowered in 35 days and matured in 95 days, and the V
lines flowered in 45-50 days and matured in 120-130 days.

Plant population studies were conducted on each soil type
{(Tippera and Blain). Cultivar Ross was sown at seven (7)_Plant
populations between 50,000 and 1,000,000 plants ha at
equidistant spacings to eliminate row effects. The results
sthed that the highest yields were obtained with 50,000 plants

ha on the Blain soil and 600,000 plants ha - on the Tippera
soil.

The soybeans on the Blain were observed to be nutrient deficient
and this 1is suggested as the reason for lack of response to
population. Yield component analysis suggest there was something
drastically wrong with the plants. Only 10-11 nodes were
produced regardless of population and this is considerably less
than can normally be expected from a January sowing. In the ORIA
normally 15 nodes are produced by January sown ROSs. In
addition, there was no height difference between different
treatments, a known response to plant populatiocn.

On the Tippera site height differences were recorded between
treatments and general nutrient status was regarded as adegquate.
Apparently node numbers were not reccrded. Weeds were a major
problem with the lower populations, leading to the conclusion
that higher populations could be utilized to control weeds.
Again, this lack of weed competition could in part have helped
produce the better yields from the higher population treatments.

In the bulk plantings six cultivars - Ross, Canapolis, Gilbert,
V15, Fitzroy and V10 - were sown on Tippera_.soil. Estimated
yields ranged from nothing to about 1,600 kg ha ~. Actual yields
were considerably less due to late harvesting and severe
shattering. No valid comparisons could be drawn between
cultivars due to variations .in plant population which ranged from
10,000 - 350,000 plants ha ~. The very poor yielding cultivars,

Fitzroy and v10, had the lowest plant populations.
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Conclusions

The most successful studies conducted were in the 1270/71 wet
season, particularly the study at Coomarlie Creek. The results
from that season showed that good wet season crops of soybeans
could be produced in the Top End using X line cultivars (e.gq.
Ross). However, given these results little was done to properly
utilise the findings. Follow up work has concentrated on further
cultivar evaluation while the general agronomy has been neglected
except for the establishment (Putland) and Plant population

studies (Brockway and Kilpatrick; Kernot). This, we believe has
been a major shortcoming of the entire scybean evaluation program
in the Northern Territory. Certainly, there are now more

suitable cultivars available for this area than the K lines and
exhaustive cultivar testing would have eventually shown this.
However cultivar testing in below optimum agronomic conditions
can produce very unreliable results. Intensive cultivar
evaluation for the low latitude tropics has been underway in the
ORIA since 1974 (Beech et al 1985a and b) and, given the
overriding influence of day length on cultivar performance, the
results from that area should be applicable to the low latitude
areas (12-15°S) of the Northern Territory. This in fact has been
shown tc be the case, for the Douglas Daly area at least (Section
3-1, this report). Hence, we concluded that further exhaustive
cultivar testing was not warranted at the commencement of the
latest research program on soybeans.

Throughout the reports two factors were clearly highlighted. 1In
very few instances were optimum plant populations achieved and in
many cases this resulted in severe weed competition. The most
successful gfperiment, Cocmarlie Creek, had a plant population of
590,000 ha in narrow rows and this resulted in good weed
control. Low plant populations were blamed on a number of
factors and certainly the establishment problems that plagued
Putland have played a major part. However below optimum seeding
rates and the use of relatively wide rows in many studies meant

that problems of inadequate plant population were alwavs likely
from the outset.

Other problems were mentioned throughout the reports. Some of
these were nutrition, poor nodulation, disease and insects.
Surprisingly, there was very little mention of moisture stress as
a major problem, suggesting that either researchers considered
moisture supply adeguate or other problems were so dominant that
the effect of moisture stress was minor.

The research results do show that good yields of wet season
soybeans can be obtained in the Top End of the Northern
Territory. However, they also show that extremely poor yields
are likely i1f proper agronomic practices are not employed. Most
importantly, they show the major deficiencies in our knowledge of
soybean production in the area and indicate where future research
should be directed. It is abundantly clear that our first major
problem to overcome is poor establishment. We expect that major
vield increases are likely to accrue with well established plant
stands at optimum populations. Once this is determined the weed
situation can be placed in its true perspective and we should be
able to determine what weed species are real problems and what
species are problems caused by other agronomic deficiencies.
Economic methods of control can then be devised.
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Other possible avenues for immediate attention would appear to be
plant nutrition and insect, particularly pod sucking bugs,
research. In addition, we believe that moisture availability is
likely to become a more important problem as other agronomic
deficiencies are overcome. We see moisture conservation

techniques and drought tolerant cultivars are being research
priorities for the future.

Finally, in many of the reports comments were made about poor
quality seed. This was blamed on a number of factors,
particularly pod sucking bugs. The production of good quality
planting seed is likely to assume a very important place in the

development of soybean technology for the +tropics. The
environment is such that seed production, harvesting and storage
is always likely to be a problemn. Again, considerable

information is available from the ORIA and the kev to good seed
production, apart from careful harvesting, handling and storage,
is adequate soil moisture supply until maturity. This will mean
that we will be dependant on irrigated production, for seed
supplies of adequate quality.
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TABLE 1: Grain Yield (kg ha ~) for a Range of Cultivars Grown at
Tipperary Station in 1969 - 70 Wet Season

Variety Yield (kg/ha grain)
K44 605
K53 475
K54 809
K69 707
K74 878
K152 772
K157 320
K169 399
Hernon 112
Semstar 338
Wills 327
Hill 22
TABLE 2: Results of Soybean Cultivar Evaluation at Coomarlie

Creek 1970-71 Wet Season

Cultivar Yield_, Plant 100 Seed Nodes/ Plant Ht.
kg ha ~ Population wt Mainstem (cm)
at 12y Plants m (gm dry wt)

Moist

K54 3,600 60.5 9.2 7.9 63

Daintree 3,569 63.4 8.8 7.5 64

Gilbert 3,420 56.5 8.8 6.9 58

K53 3,339 62.8 9.3 7.5 67

K152 3,326 54.2 8.8 7.7 61

Ross 3,179 61.1 8.1 7.6 74

K162 2,827 57,4 8.5 7.4 64

46412 2,558 53.1 13.0 6.5 64

46410 2,550 42.6 12.1 7.2 60

46411 2,414 40.9 12.5 7.9 75

46413 2,330 34.9 12.6 7.4 59

46416 2,252 58.8 12.1 7.6 70

46408 2,111 40.4 12.2 7.9 64

46415 1,745 21.3 15.2 6.9 54

46414 1,491 33.5 11.6 8.9 88

30725 1,278 56.5 7.0 11.4 106
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TABLE 3: Results of Soyvbean Cultivar Evaluation at Thorak's
Reserve 1970-71 Wet Season

Cultivar Yield_ Plant 100 Seed Nodes/ Plant Ht.
kg ha Population wt Mainstem {cm)
at 12y Plants m {gm dry wt)

Moist

Daintree 1,981 52.3 8.7 7.8 42

K53 1,962 46.1 8.9 6.8 43

Gilbert 1,881 42.3 9.0 7.9 38

K152 1,725 38.8 9.0 6.8 39

K154 1,637 38.4 8.0 6.9 35

Ross 1,618 57.7 7.7 7.0 41

K162 1,490 46.1 8.3 7.5 30

Avovelles 1,446 33.0 8.7 12.6 67

Improved

Pelican 907 28.4 10.7 9.8 51

CPI46415 625 22.3 14.1 7.1 30

TABLE 4: Yield Date, Soybean Variety Trial - Tipperary Station
1970-71 Wet Season

Variety Plant Density Plant Heights Grain
Yield (Plants/sg m) 1.4.71 (cms) Kg/ha
Daintree 19.5 56 1,646
K53 18.5 61 1,459
Kle62 38.2 53 565
Ross 28.4 65 1,705
K54 14.9 57 1,395
Gilbert 17.0 55 1,115
K152 14.5 56 704

TABLE 5: Results of Soybean Plant Population Study at Tipperary
Station in 1970-71 Wet Season

Inter Row Intra Row Sown Population Estale Pop., Yield _;
Spacing Spacing (seeds ha ) (Plants ha ) (kg ha 7)
(cm) (cm)

8.8 5.0 2,273,000 864,000 3,897
17.6 5.0 1,136,000 431,000 1,976
35.2 5.0 569,000 131,000 1,258
70.4 5.0 284,000 59,000 865
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SECTION 3

CUOLTIVAR EVATLUATION

3-1. Soybean cultivar Evaluation in the
1980~81 wet season

3-2. Soybean Cultivar Observations 1983-84
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As was shown in the previous section numerous studies evaluating
cultivars have been carried out over the past 10 years. Further,
detailed evaluation of over 300 genotypes was carried out in the
ORIA between 1974 and 1980 (Beech 1985a, b). Given the
overriding effect o¢f day length on soybean adaptation we
believed, when this program commenced, that further exhaustive
cultivar testing was not required in the Northern Territory to
make soybeans a commercially viable crop. Our view was that
improved agronomy was the major requirement and so cultivar

evaluation has been a relatively minor part of the research
program.

However, we thought it was necessary to check responses recorded
in the ORIA, in the Douglas Daly region so an initial experiment
was conducted in the 1980-81 wet season (Section 3-1). No
further cultivar evaluation was carried out until 1983-84 when
three Brazilian lines were evaluated in comparison with Buchanan
{Section 3-2). These were again tested in 1984/85 {Section 3-3).
These lines had the characteristic of reduced duration of the

flowering to maturity period and it was thought thev may have
some advantages for insect control.

To permit a c¢ritical assessment of the cultivar evaluation
program we have included copies of the Beech et al. 18985 a and b
papers at the rear of this report.

-

It should be noted that the evaluation of introductions eand the
breeding of new lines for tropical Australia is being continued
by CSIRO, in the Burdekin Irrigation Area, Queensland. It is
anticipated that lines suitable for the Northern Territory will
be generated from this program and that evaluation of these lines
should be an important part of any future soybean program.
However, at this stage we see very little benefit in evaluating
large qguantities of introductions in the Northern Territory.
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3-1. SOYBEAN CULTIVAR EVALUATION IN THE 1980-81 WET SEASON

ABSTRACT

A range Soybean cultivars and a bulk area of the cultivar

Buchanan were evaluated at Douglas Daly Research Farm (DDRF) in
1980-81 wet season.

The bulk area of Buchanan yielded 1.7 t hawl, a very encouraging
vield considering the well below average rainfall at the end of
the growing season.

Cultivars Buchanan (P27) an Fitzroy (P25) gave the highest
yields of 2.3 and 2.1 t ha-", respectively, in the cultivar
evaluation experiment. Yields closely followed phenology with
the earliest maturing cultivars producing the highest vields.

Comparisons of cultivar phenclogy at DDRF and the Ord River
Irrigation Area (ORIA) show that responses are similar for each
area and indicate that extrapclation of results from the ORIA to

DDRF 1is acceptable. Given the detailed cultivar evaluation
studies in the ORIA in the last decade we believe it 1is
unnecessary to duplicate these studies at DDRF. Therefore

cultivar evaluation should only be a minor part of the research
programme at DDRF in the immediate future.

INTPODUCTION

The formation of the Agricultural Development and Marketing
Authority (ADMA} and the development of project farms in the
Douglas Daly region has prcvided the impetus for renewed research
activities into field crops. The main field crops being
investigated are maize, sorghum, peanuts and soybeans.

Soybeans have been considered a potential crop for the Top End of
the Northern Territory for many vears but this potential has
never been fully realised. Previous research has concentrated
mainly on cultivar evaluation with limited success. A whole
range of problems including poor establishment, weed competition,
nutrition and insect pests have been named as reasons for poor
yields (Section 2}.

Cultivar evaluation has been a major part of soybean research in
the Ord River Irrigation area (ORIA) since 1974 and a good
understanding of cultivar response in that area is now available
(Beech et al. 1985 a and b). Given the known dominance of
daylength in determining cultivar suitability for a particular
area (Garner and Allard 1938) it is reasonable to assume that
cultivars well adapted to the ORIA (lat 15°8) will also be well
adapted to the Top End of the Northern Territory (lat. 12-15°S).
That we are considering irrigated (Ord) and dryland (NT)
production is unlikely to be of major importance in cultivar
selection at this stage as early maturity is likely to be the key
to production in both locations ~ in the Ord to allow the sowing
of a follow up dry season crop and in the Douglas Dalv area to
ensure adequate molisture availability up to maturity.
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Consequently, in the 1980-81 wet season an initial experiment was
designed to evaluate a range of cultivars, which had been
thoroughly evaluated under irrigation in the ORIA, under dryland
conditions at Douglas Daly Research Farm (DDRF). Comparisons of
growth, development and yield at the two locations were an
important part of this experiment.

Secondly, the cultivar Buchanan (P27), released for commercial
production in the Ord River Area (Beech et al. 1985 b) was grown
as a bulk planting to evaluate its performance under dryland
conditions at DDRF. Buchanan is an early maturing, large seeded
cultivar bred by Dr D. Byth at Queensland University.

SEASCONAL COMDITIONS

The 1980/81 season was characterised by above average December,
January and February rainfall but well below average March

rainfall. In fact, the 70 mm recorded for March was the lowest
since records have been kept (1965), although seasonal rainfall
was 1,285 mm, 100 mm above the mean. Details are supplied in

Table 1, Section 1.

EXPERIMENT 1: Bulk Area of Buchanan (P27)

Materials and Methods

Paddocks 72 and 73 of the Tippera experimental block were used
for this sowing. A total of 3.17 ha of Buchanan was sown on
December 18, 1980 with a Shearer Disc Seeder.

The area was ©ploughed in October and received several
cultivations before sowing. At gowing the areg was fertilized
with Superphospgfte at 200 kg ha {19.2 kg ha P} and Fertica

at 100 kg ha ~. Fertica 1is a proprietary fertilizer mix
containing:-

N - 11.4% S - 7.5% B - 0.1% Zn - 0.02%

P - 4.8% Ca - 4.3% Mn - 0.1% Co - 0.006%

All seed was inoculated with commercial peat inoculant strain CB
18038 prior to sowing and seeding rate was set to obtain a plant
population of 500,000 plants ha ~.

Pricr to sowing the area_, was sprayed with Stomp 330 E(R)
(Pendimethalin) at 3 1 ha of the product to control grass
weeds. The herbicide was incorporated with a tyne cultivatceﬁI
Four weeks after sowing EPe area was sprayed with basagran

(bentazone} at 2 1 ha to control $Sida sp. and Hyptis

sauveolens.

Two insecticide sprays were required during the season, one to
control pod sucking bugs and another to control Spodoptera
litura. Lann?ﬁF at 1.5 1 ha was used .to control spodoptera
while Thiodan {(Endosulphan) at 2 1 ha was used to control
the pod sucking bugs (Peizodorus rubrofasciatus, Riptortus

serripes).

At maturity the entire area was direct headed with a 585
Massey~Ferguson open front header.
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RESULTS AND DISCUSSICN

For the December 18 sowing flowering commenced on January 20 (33
days after sowing). Harvesting was commenced on April 4 making a
growing period cf 107 days. This is probably shorter than can
normally be expected because of the very dry end to the season
(Table 1, Section 1).

Establishment was variable with a mean plant population of
150,000 ha . However population ranged from virtually nothing
up to 606,000 ha . In areas where establishment was poor
buffalo clover (Alysicarpus vaginalis) was a major weed problem.
However with good soybean establishment buffaleo clover could not
compete. Cassia sp. occurred throughout the area. Neither it
nor buffalo clover were controlled by the herbicides. Grass

weeds, Digitaria sp. and Brachiaria sp. were recorded throughout
the area but were generally not a major problem.

A total of 5,523 kg was harvested from the 3.17 ha giving a yield
of 1,740 kg ha ~ clean seed. it had been intended to keep this
seed for planting the next season however germination was
extremely poor at Z3%. It is thought that this was due to two
reasons, firstly the very dry finish to the season having an
adverse effect on seed viability and secondly the limitaticns of
the harvesting equipment causing severe mechanical damage to the

seed. Minimum drum speed attainable was 500 rpm when we required
200-300 rpm.

Given the very dry finish to the season and the relatively low
plant popu;ﬁ;ion (populations of the oxrder of 4-5 hundred
thousand ha are thought to be necessary for this region) the
yield obtained was extremely good. A price of $250/tonne is
currently being paid for soybean produced in the Ord River.,Area
for the Perth market. This represents a return cof $425 ha for
this crog. Total variable costs are likely to be of the order of
$300 ha (Robertson 1980). Hence tﬁe current crop would have

resulted in a grcss margin of $125 ha ~.

O0il and protein contents were acceptable at 20.5% and 42.3%
respectively.

EXPERIMENT 2:

In this experiment a range of cultivars were evaluated as to
their suitability for commercial production in the Douglas Daly
Region. All the cultivars had been thoroughly tested in the ORIA
over a number cf years and an important part of this experiment
was to compare their growth at the two localities. Hence,
selection of cultivars for this experiment was such as to cover
the range of types used in the ORIA although it was known that
some of these were unlikely to be suitable for the Douglas-Daly
area. The cultivars selected and their phenology in the ORIA are
listed in Table 1.



Materials and Methods

This experiment was sown on Block 73 of the Tippera Research Area
on January 7, 1981.

Experimental design was a randomised block with 12 cultivars and
four replications. Plot size was 16 rows, each 18 cm apart, x 11
m. Sowing was with a one row hand planter at a depth of 2-3 cm.
Cultivar germination was variable and seeding ratqqyas adjusted
in order to obtain a plant population of 500,000 ha .

Prior to spwing the area,was fertilized with Superphosphate at
200 kg ha (19.2 kg ha P) and fertica at 100 kg ha ~. The
analysis of fertica is dﬁiﬁribed in experiment 1. In addition,
thglherbicide Stomp 330 E (Pendimenthalin) was applied at 3 1
ha and incorporated with a rotary hoe for grass control.

Several sprays were required during the season to control various
insect pests. An outbreak of Spodoptera litura cccurred in late
Februgry. This was unsuccessfully sprayed with Lannate L at 1.5
1l ha on Februaﬁ%)ZS. The area was then resprayed on March 35
with Lorsban 50-E (Chlorpyriphos) at 1.5 1 ha ~ with excellent
results. Pod sucking bugs, particularly Riptortus serripes, were
found in large nuqﬁ?rs in early April and tpis necessitated a

spray with Thiodan (endosulfan) at 2 1 ha - of the product on
April 8.

Recordings and Data Collection

During the season we recorded the dates of various phenological
occurrences. In particular, we noted emergence date, date of
first flower, date of 50% of plants flowering, date of
physiological maturity (95% of pods dry and brownj).

After emergence established plant population was reccrded on 5 X
1 m?®* quadrats per plot. At maturity vyield was recorded by
harvesting the centre eight rows x 10 m from each plot. Samples
were threshed and cleaned and yields reccorded. Sub-samples were
set aside for seed size, oil and protein content/determinations.

Results and Discussion

All relevant data 1s presented in Table 2.

Heavy rain two days after sowing caused erosion across some of
the plots resulting in seed loss. Erosion was so bad that only
31 of the 48 plots were deemed suitable for harvesting. The
herbicide incorporation by rotary heoe left a very fine tilth and
it is thought that this was largely responsible for the erosion.
Because of the excessive number of missing plots statistical
analysis has not been attempted and results are presented as the

means of 1, 2 or 3 replications. For this reason the results
should be viewed with caution as valid comparisons for grain
vield between cultivars are not possible. However, some

interesting points emerge and are worthy of discussion.
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Establishment was variable and for plots not affected by erosion

ranged from 314,000 for P3 to 802,000 for VI15. V1ié failed to
establish and was discarded.

On the basis of phenology the cultivars could be placed into four
maturity groups - early (P2, P3, P25, P27, P45); mid-season (P1,
P44 and Ross); mid-late (V15); and late (V10). Both P2 and P45
were very uneven with a considerable number of off types. This
probably explains the poor synchronisation of flowering and
maturity relative to other cultivars. Fxperlence in the ord

River Area would put both these cultivars in the early maturity
group (Table 1).

Considering days to flowering for each cultivar at each locality
a very similar pattern is evident. For all cultivars this
parameter is within 1-2 days. A somewhat different situation
exists for days to maturity in that the growing season was
generally shorter for DDRF. This is almost certainly due to the
very dry conditions prevailing at DDRF in the latter half of this
season as opposed to the irrigated conditions in the ORIA.

Yields closely followed maturity with the hfghest vields being

obtained from the early grouplfl 961 kg ha 7); followed by the
mid~ segson group (1,452 kg ha 7); the mid-late cu%tlvar V15 (881
kg ha 7} and the late cultivar V10 (221 kg ha . Given the

previously mentioned limitations of this experlment along with
variations in plant population it would be unwicse to make
comparisons between cultivars within maturity aroups. However,
it is intersting to note that the two released P lines, P 25

(Fitzroy) and P27 (Buchanan) have produced acceptable vyields
{Table 2).

As mentioned previously, the season was abnormal in that rainfall
in March was well below average. It is then interesting to
speculate as to which cultivar group would have given the highest
yields under a longer season i.e. adegquate rainfall until late
March. Certainly one could expect the mid-season group to yield
as well as the early group in that situation and the question
arises as to whether the early group may suffer losses by
maturing prior to the end of the wet season.

Fortunately, there is a certain degree of phenclogical
adjustment, within the early P lines, to different environmental

conditions and under adequate moisture status the growing season
is extended.

Early sowing will also extend the growing season due to
photoperiodic responses in the pre-flowering and flowering
periods. Our experience suggests that, under adequate soil
moisture, Buchanan sown between mid-December and mid-January will
mature in mid-late April, when wet weather is unlikely to cause
harvest difficulties. It is then reasonable to expect that early
maturing cultivars, such as Buchanan, will be suitable in most
seasons. The exception is likely to be a season when dry
conditions in March induce maturation and this is followed by
prolonged wet weather in April.

Data for seed size, o0il and protein content also reflect the dry
finish to the season. Compared with the irrigated situation

(ORIA) seed size and cil content was reduced and protein content
increased at DDRF. This is consistent with other moisture stress

studies (Laing 1966).
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CONCLUSIONS

The results of this study confirm that cultivar response is
similar in the ORIA and DDRF and, although it may .be for
different reasons, the same cultivar type is required in each

area. In particular early maturity is an important character for
both areas.

The cultivar Buchanan (P27), recently released for commercial

production in the ORIA appears suitable for dryland production in
the Douglas-Daly region.

Given the results obtained this season we believe that suitable
cultivars are available for commercial production in the
Douglas-Daly region. Therefore we see little benefit in further
large scale cultivar testing for this area. The research effort
should be towards improved agronomy {(e.g. plant population) and
only after acceptable management practices are developed should
we look to further cultivar evaluation.
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3-2 SOYBEAN CULTIVAR OBSERVATION 1983/84

Three soybean lines of Brazilian origin were obtained from the
CSIRO genotype evaluation program in the ORIA. An important
characteristic of these lines was that they flowered later than
Buchanan but matured at a similar time (J.D. Mayers, personal
communication} . Hence, they effectively had a shorter
reproductive pericd. We believed this may provide two important
advantages. Firstly, with later flowering, dJgreater vegetative
biomass should accumulate pricr to flowering and secondly the

critical period for insect ceontrol (reproductive period) would be
shortened.

These lines were sown in unreplicated observation plots with
Buchanan on Jan. 6, 1984 and hand harvested on April, 16 1984
(101 days after sowing).

Results and Discussion

variety Days to First Davs tc Finish Yield

Flower Flower kg/ha
CPAC-487~76 47 . 58 5,284
CPAC-639-76 44 61 5,108
CPAC-160-76 44 61 4,759
Buchanan 30 55 5,304

All three Brazilian varieties were very similar in plant type and
all had pods of a rusty brown colour easily distinguishable from
Buchanan. Hundred seed weight was approximately the same as
Buchanan, between 12 and 13 grams. Seeds of all three types had
a very dark Hilum. Yields were similar to yields obtained with
Buchanan.

The Brazilian cultivars flowered much later than Buchanan and had
a much shorter flowering period but matured at approximately the
same time. However, they also showed a strongly determinate
trait which would greatlv limit their yield potential if adverse
conditions occurred at flowering. The semi-determinant
characteristic of Buchanan is important in providing a degree of
flexibility to cope with adverse conditions during flowering. If
adverse conditions occur during early flowering this can be
compensated for by the extended flowering period. This
particular season (1983/84 - Table 1) was very favourable.

All three Brazilian cultivars lodged to a much greater degree
than did Buchanan but were not necessarily unharvestable and
quality did not appear +to have been affected. Not enough
attention was paid te shattering characteristics to fault them on
that aspect.

From this preliminary study we do not believe these lines are
likely to be superior to Buchanan but certainly warrant further
testing.
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3-3 SOYBEAN VARIETY EVALUATION 1984/85

The three Brazilian lines discussed in the previous study were
planted in a replicated experiment with Buchanan on December 28,
1984, Very poor plant stands results due to adverse seasonal
conditions and poor seed quality. The experiment was abandoned.

In order to obtain adequate seed supplies for the £following
season the Brazilian lines were re-sown in unreplicated plets at
extremely high seeding rates in 42 cm rows on Jan 23, 1985,
Buchanan was not re~sown.

Results and Discussion

Variety Establish Days to Davs tc Days to Yielé 100 Seed
Plant Pop Flowering Complete Maturing kg/ha wt (qg)

X 103ha ~ of
Flowering
CPAC 639-76 471 46 55 96 1.67 10.7
CPAC 160-76 386 47 61 98 2.21 13.1
CPAC 487-76 244 47 65 93 1.67 13.2

Days to commencement and completion of flowering were similar to
that recorded the previous season and further showed the short
duration of flowering. Yields were much lower and maturity was
earlier reflecting more adverse seasonal conditions than in
1983/84. All the genotypes lodged and shattering was observed at
maturity. Shattering was particularly bad in CPAC 487-76.
Further testing of these lines is warranted.

* Peter Hatfield was responsible for the field operations in
this exXperiment.
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SECTION 4

PLANT POPULATION, ROW SPACING, AND WEED CONTROL
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the Yield of Soybeans in the 1982/83 Wet Season
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4-1 PLANT POPULATION AND WEED CONTROL STUDIES WITH SOYBEANS IN
THE 1981/82 WET SEASON

ABSTRACT

An experiment was conducted in the 1981/82 wet season to study
the effect of plant population, primary and secondary weed
control on the growth and yield of soybean.

Soybean cultivar Buchanan was established at_?lant populations of
30, 130, 180, 260, 320, and 420 x 102 ha with, primary weed
contgel treatments of no control, treflan @ 2 1 ha ~, treflan @ 4
1 ha and hand weeding; and secog?ary weed control treatments of
no basagran or basagran at 2 1 ha .

There was a quadratic response in grain ygﬁ}d to increasing plant
populations wup to 320,000 plants ha ~. Increasing plant
population improved weed control.

Application of treflan resulted in a 60% increase in grain yield.
Application of basagran improved grain yield by only 8% but
greatly facilitated harvesting.

The yield response to plant population is discussed in relation
to weed species and seasonal conditions.
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INTRODUCTION

Soybeans are a relatively new crop to the Northern Territory with
commercial production commencing in the 1982-83 wet season.
Research, mainly genotype evaluation, has been carried out
sporadically since the late 1960's. These studies have produced
inconsistent results but poor yields have often been attributed

to low plant populations and/or severe weed competition {(Section
2)-

Little information is available on the effect of plant population
on the growth and yield of soybeans in this environment. In
studies elsewhere it has been clearly shown that the response to
plant population is closely related to genotype and sowing time
(Lawn et al. 1977). Essentially higher plant populations are
required with later sowings and earlier maturing genotypes.
Beech et al. (1985a) have confirmed this general response pattern
under irrigated conditions in the Ord Irrigation Area.

Soybeans are a rainfed wet season crop in the Northern Territory,
being sown in December-January and harvested in April. The short
duration of the wet season imposes restrictions on sowing date
and dictates suitable genotypes for the region. Essentially, the
crop must be sown between mid-December and mid-January and have a
growing perioed of 100~110 days to produce reliable vyields.
Hence, the genotype and sowing time effects on plant population
are relatively unimportant in this region.

Studies in other areas have shown that the effects of weed
competition can be reduced by increasing soybean plant population
(Felton 1976, Piggot and Farrell 1982). A number of weed species
have been identified as potential competitors with soybeans in
the Northexrn Territory. Essentially, these can be placed in
three broad groups - grasses (Digitaria spp., Brachiara sp.),
broadleafs (Sida sp., Hyptis suaveolens) and native or introduced
legumes (Vigna sp., Alysicarpus vaginalis =~ buffalo clover).
Effective chemical conﬁaol of grass weeds can be obtained with
Triflural%ﬁ) (Treflan ) and broadleafs with Bentazone
{Basagran ), but there is no effective chemical control for
native or introduced legumes in soybean crops.

In this paper the effect of different soybean plant populations
and the strategic use of trifluralin and bentazone on the growth
and yield of soybeans is reported.

MATERTALS AND METHODS

a) Seasonal Conditions

Total rainfall for the 1981-82 season was slightly below the
long term mean at 1070 mm (Table 1, Section 1). However,
distribution varied considerably from the long term mean
with well below average February and March rainfall and an
abrupt end to the wet season at the end of March.

Scil type was a Tippera clay loam which had been cropped for
a number of years. Soybeans were grown in the previous
season without any herbicide. The area had well established

ﬁopu;ations of grass, Sida sp., Hyptis sauveolens and
lysicarpus vaginalis (BufTfalo cloverT.
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Design and Management

Experimental design was a split/split plot with six soybean
plant populations as,main plots ~ 30, 130, 180, 260, 320 and
420 x 102 plants ha - four primary weed control treatments
- np control (NC}, treflan @ 2 1 ha (T2}, treflan 4 4 1
ha (T4) , and hand weeding (HW)} as sub plots - and two
secondary weed coq}gol treatments - no basagran (NB) or
basagran €@ 2 1 ha (B} - as sub-sub plots. There were
three replications. Intended plant populations were 50,
200, 350, 500, 650 and 800 x 103 plants ha ~ but relatively
poor establishment due to poor seed quality resulted in the
above populations.

All plots consisted cof three beds, each 1.5 m wide with a
0.5 m gap between beds. Hence overall plot width was six
metres. Main plots, sub-plots, and sub-sub plots were 60 m,
15 m and 7.5 m long, respectively. Ten rows of soybeans,
each 15 cm apart, were sown on each bed.

Inoculated seed of soybean cultivar Buchanan was sown on
December 22, 1981 using a small plot combine. Prior to
sowing the entire experimental area was fertil&zed with

single superphosphate & 300 kg ha { 29 kg ha of both
phosphorus and sulphur).

Treflan was applied by boomspray and immediately
incorporated five days before sowing {Dec. 17). Conditions
were hot and dry at application. All plots not treated with
treflan were given an incorporation treatment for
uniformity.

Basagran was applied by boomspray 14 days after sowing
(Januaxry 5).

Hand weeding was carried out as regquired to maintain hand
weeded plots in a weed free condition.

Insects were controlleqd as required throughout the season

with Thiodan € 2 1 ha ~. The experiment was sprayed three
times.

Recordings and data collection

Dates of the commencement and completion of flowering and
physiclogical maturity were recorded.

Established plant populations were recorded on January 4 by
counting the number of plants in the centre sgix rows x 1 m
at six locations in each plot (2 locations in each bed}.

Dry matter production was measured on two dates during the
growing season (February 3, March 23). On each occasion a
sample comprising the centre four rows x 0.5 m was taken
from each outside bed of each plot. All above ground plant
parts were collected and later divided into soybeans, grass,
Sida sp., Hyptis sauveolens, and Alysicarpus vaginalis.
These compeonents were dried separately and dry weights were
reccrded.
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At physiological maturity, 10 plants were selected from the
centre of the outside beds (5 from each) of each plot for
yield component analysis. On these plants we measured plant
height, node number, branch number, pods per plant, seeds
per plant, and seed weight per plant. Seeds per pod and
seed size (100 seed weight) were calculated from these data.

Grain yield was measured by direct heading the centre bed of
each pilot with a KEW experimental header. All seed was
cleaned and weights were recorded. Sub-samples were dried
at 20°C for 96 hrs and dry weights were recorded. These
data were subsequently used to convert vield to a dry weight
basis. Further sub-samples were set aside to determine oil
and protein content.

Prior to harvest two plants were randomly selected from each

hand weeded plot and divided into two segments. These
segments were 0-15 cm above ground level, and above 15 cm
from ground level. Seed from each segment was threshed

separately and weighed.

From this the percentage of plant yield below 15 cm was
determined. It was deemed that seed cset beleow 15 cm would
be difficult to collect with a header.

RESULTS AND DISCUSSION

1.

2.

Species Composition

Both treflan and basagran provided very good weed control of
selected species. Treflan provided good grass control,
basagran good sida and hyptis control, while buffalo clover
was not controlled by either herbicide. Hence species
composition varied with treatment. Combinations are shown
in Table 1.

Some other weed species were present in very low numbers and
these have been igncored in this experiment.

Phenology

There was no effect of any treatment on the commencement
(Jan 23, 31 days after sowing) or completion (Feb 21, 60
days after sowing) of flowering. However maturity was
delayed by four days with the lowest plant population. All
other treatments were mature on April 6 (105 days after
sowing) .

Plant Establishment

Overall establishment was poor with populations in all
treatments of the corder of 50-60% of sown seed. This was
due to a combination of poor seed quality and hot dry
conditions immediately after sowing.

Establishment was adversely effected by treflan (P 0.03),
particularly at 4 1 ha which had 80% of the establishment
of no contreol and hand weeded. There was no interaction
between treflan and plant population (Table 2).
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Dry Matter Preoducticn

Significant treatment effects on the dry matter production
of soybeans, grass, sida, hyptis and buffalo clover are
shown in Tables 3, 4, 5, 6 and 7, respectively.

a)

Soybean Plant Population Effects

Increasing soybean plant population increased soybean
dry matter (Table 3a) but reduced both grass (Table 4a)
and buffalo clover (Table 7a) dry matter. There was no
effect on sida or hyptis dry matter. This suggests
that some degree of control of grass and buffalo clover
can be obtained with plant population. The effect was
most dramatic on buffalo cleover ({(Table 7a) there being
a ten fold decrease from the lowest to the highest

plant population. For grass the decrease was only two
fold (Table 4a).

Plant population effects varied with sampling date for
soybean, grass and buffzlo clover dry weight. For
soybeans, the difference in dry weight between the
highest and lowest plant populaticons was almost six
fold with the initial sampling date but just over two
fold with the seccnd sampling date (Table 3e). This
reflects a compensatory effect from larger soybean
plants with lower plant populations later in the
growing period. For both grass and buffalo clover dry
weights there was no significant difference between
soybean plant populations for the initial sampling date
however large differences developed by the second
sanpling date with much higher dry weights at low
soybean plant populations (Tables 4e, 7d). At high
plant populations clover dry weights were similar at
both sampling dates (Table 7d} while there was only a
two fold increase in grass dry weight (Table 4e).

Primary Weed Control Effects

There were effects of primary weed control on scybean
(Table 3b), grass (Table 4b), sida (Table 35b) and
clover (Table 7b) dry weights. There was no effect on
hyptis dry weights.

The application of treflan produced large increases in
soybean dry weight ({Table 3b) mainly due to large
reductions in grass dry weight (Table 4b}. However
soybean dry weights were significantly lower with
treflan than with hand weeding because other species
sida, hyptis and clover were all still present. In
fact the removal of grass with treflan promoted the
growth of both sida and buffalc clover compared with no
control (Tables 5a, 7b). Hyptis was unaffected.

The response to primary weed control in soybean (Table
3e}, grass (Table 4f), sida (Table 5e) and clover
{Table 7e)} was also affected by sampling date.
Increasing the intensity of primary weed control (NC -
T2 - T4) had larger effects on all species eXcept grass

at the later sampling date i.e. the increase in
soybean, sida and clover dry weights in response to
primary weed control was greater at the later sampling
date whereas for all except no control there was no
difference between sampling dates for grass dry weight.
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Secondary Weed Control

There were effects of secondary weed control on sovbean
(Table 3c), sida (Table 5b) and hyptis (Table 6a).
Essentially, the application o©f basagran improved
soybean dry weights through the removal of both sida
and hyptis. Grass and buffale clover were unaffected
by basagran.

There was a secondary weed control x sampling date
effect on buffalo clover (Table 7f). On the second
sampling date clover dry weight was higher where
basagran was applied, presumably due to a reduction in
competition from sida and hyptis.

Interactions between plant population, primary and
seccndary weed control

There were no interactions between plant populatiocn,
primary and secondary weed control for soybean dry
welght. Effects were simply additive. Mean soybean
dry weights_for the lowest population with no control
was 99 gm m “° while for the highest population with no
control it was 313 gm m ~. Applving treflan with t§§
highest plant population increased yields to 563 gm m

while the combination of highest plant population plus
treflan plus bag@gran did not improve soybean dry

matter (566 gm m ")., There was a further small yield
increase (588 gm m °) for the hand weeded situation
without basagran. These results clearly cshow that

soybean dry weights are mainly influenced by plant
population and grass weed control.

For grass there was & significant plant population by
primary weed control effect (Table 4d). This reflected
the elimination of grasses, with hand weeding, with T4

at greater than 130,000 plants ha ~, and with T2 at
greater than 260 plants ha .

A primary by secondary weed control interaction was
recorded for sida. Essentially this showed that
basagran eliminated sida regardless of primary weed
control treatment. However, with the exception of hand
weeding, increasing intensity of primary weed control
(NC - T2 - T4) without secondary weed contrcl promoted
sida growth. Presumably this is due to a lack of grass
competition.

Yield and Yield Components

Treatment effects on soybean grain yield, plant height, node
number, branch number, pods per plant, seeds per pod, and
seed weight are shown in tables 8-14, respectively. There

(

was no effect of any treatment on oil ( 21.2%) or protein
39.6%) content.



b)

c)

a)

36

Plant Population Effects

There was a significant guadratic response in g;ﬁin to
increasing plant population up to 320,000 ha ~. In
absolute  terms there was no significant yie%?
difference between 260,000 and 420,000 plants ha
(Table 8a).

Increasing plant population increased plant height
{Table %a) but reduced node number (Table 1l0a) branch
number (Tabkle 1lla) and pods per plant (Table 1l2a).
There was nc effect on seeds per pod or seed size.

Primary Weed Control

Yield increased with +the intensity of primary weed
cogErol (Table 8b). The application of treflian € 2 1
ha improved yield by 60%. There was a further 24%
increase with hand weeding.

The application o¢f treflan increased plant height
compared with no control and hand weeding (Table 89bj}
increased node number {Table 10b), branch number {(Table
llb) and pods per plant (Table 12b} but appears to have
had a slightly adverse effect on seeds per pod (Table
13a) and seed size (Table l4a).

Secondary Weed Control

The application of basagran produced an 8% increase in
grain vyield (Table 8c). There was no effect on plant
height but significant increases in node number (Table
10c} branch number (Table 1llc), pods per plant (Table
l12c} and seed size (Table l4c). There was no effect on
seeds per pod.

Interactions Between Plant Population, Primary and
Secondary Weed Control

There were significant interactions between plant
population and primary weed control for grain yield
(Table 8d), branch number (Table 11d), pods per plant
{Table 12d), and seed size (Table 14d). Essentially
all these variates responded more to increasing
intensity of primary weed control at low plant
populations. At high plant populations only pods per
plant and yield were improved by imposing primary weed
control compared with no control. However at high
populations there was no difference for any variate
when primary weed control was applied.

There were no interactions between plant population and
secondary weed control for any variate measured.
However there were primary x secondary weed control
interactions for grain yield (Table 8e) plant height
(Table 9c), pods per plant (Table 12e), seeds per pod
(Table 13b) and seed size (Table 144d).
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Essentially where treflan was not applied yield was not
increased with the use of basagran. Further, in the
hand weeded situations there is a trend {(although not
significant) for basagran to have an adverse affect on
grain yield (Table B8e). This latter effect is
supported by trends in pods per plant (Table 12e) and
seeds per pod {(13b).

6. Yield Distribution

Data for yield distribution on individual plants for each
plant population in the hand weeded treatment is shown in

Table 15. Essentially the percentage of yield in the
segment (0-15 cm above ground decreased as plant population
increased. For the lowest plant population almost 10% of

the yield was below 15 cm.

GENERAL DISCUSSIOHR

The results of this study c¢learly show that maximum soybean
vields will pecnly be achieved with plant populations in excess of
250,000 ha and the controcl of grass and broadleaf weeds.
Control of grass weeds is extremely important and, as these
results show can produce a 60% increase in grain yield.

In terms of grain yield the control of broadleaf weeds was less
important only producing an 8% yield increase. Further, when
grass weeds were not controlled there was no grain yield increase
from controlling broadleafs. However, the control of sida and
hyptis facilitated harvesting. Plots with sida and hyptis were
extremely difficult to harvest and the resultant grain sample was
heavily contaminated with seeds of these species. Sida and
hyptis populations were not excessive in this experimeg} with the
worst infested plots having cf the order of 250 gr rw cn March
23. Situations where considerably more sida and hyptis are
present can be envisaged and in such cases a more significant
reduction in grain yield is likely to occur.

Buffalo clover only appears of minor importance except in low
soybean plant population areas where grass, sida and hyptis are
well controlled. It appears a very poor competitor. However,
where present, it did contaminate grain samples.

In considering the response to plant population it is worth

closely examining seasonal conditions. This season varied from
the long term mean, not so much in total rainfall, but in
distribution. Essentially well below average rainfall was

recorded for the latter part of the growing season (Table 1,
Section 1) when yield and yield components were being determined
and it is reasonable to suggest that moisture stress was having
an important impact on plant growth late in the season. This
probably explains the relatively small seed harvested from this
experiment (trial mean = 11.8 gm/100 seeds}. Studies in seasons
with more favourable conditions at the end of the growing period
suggest a seed size of the order of 13-14 gm per 100 seeds is
more normal (Table 6, Section 4-2). Although soybean plant
population did not have an overall effect on seed size the

results are probably confounded by weeds replacing soybeans in
many situations. However, for the hand weeded situatiocn there

was a general decrease in seed size with increasing soybean plant
population {Table l4c).
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We believe that moisture stress at the end of the growing period
was responsible for this and that under more £favourable
conditions seed size would have remained stable increasing grain
yvield in the higher plant population treatments.

There was some indication that both herbicides may have had some
adverse effect cn soybeans. Certainly, treflan reduced initial
establishment and there was a trend for slightly reduced yields
when basagran was applied in a weed free situation. Regardless,
these effects are minor and are Zfar outweighed by their
beneficial effects. Both herbicides were extremely effective
under the conditions of this experiment.

CONCLUSIONS

The fcllewing conclusions can be drawn from this experiment:

1. Yield increased withﬂfncreasing soybean plant population up
to 320,000 plants ha

2. Increasing soybean plant population provided a degree of
contrcl of grass and buffalo clover.

3. Control of grass weeds increased soybean yield by 60%.

4., Contrcl of broadleaf weeds (sida, hyptis) only increased

soybean yield by 8% but made harvesting easier and resulted
in a cleaner grain sample.

5. Control of broadleaf weeds did not improve soybean yields
when grass weeds were not controlled.

6. Treflan reduced soybean establishment and there were some
indications c¢f an adverse effect of basagran on soybean
yields in a weed free situation. However, the benefits of
both herbicides far outweighed any detrimental effects.

7. Both treflan and basagran were very effective herbicides in
this particular season.
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TABLE 1: Species composition with various weed control
treatments

Treatment Code Species Present

No control NC Soybean, grass, breoadleaf, clover

No contrel plus NCB Soybean, grass, clover

basagran

Treflan €@ 2 1 ha_1 T2 Soybean, broadleaf, clover

Treflan @ 2 1 ha™ ' T2B Soybean, clover

+ basagran

Treflan @ 4 1 ha © T4 Soybean, broadleaf, clover

Treflan € 4 1 haml T4B Sovbhean, clover

+ basagran

Hand weeding HW Soybhean

Hand weeding + HWB* Soybean

basagran

*
basagran on soybeans.

This treatment provides a measure of any adverse effect of

TABLE 2: Effect of Primary Weed Contrel on Soybean
Establishment

Treatment Plant Population (Plants haml)

NC 239,000

T2 214,000

T4 195,000

HW 235,000

Level of Significance *, L.S.D. = 34,000

TABLE 3: Effects of _yarious treatments on soybean dry
weight {(gm m )

ajl Plant Population Effect

plant Pepulation (x 103 ha™l) 30 130 180 260 320 420

Soybean dry wt. (gmm ) 19 362 446 506 482 496

Level of Signif: *, LS8SD 5% = 137
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b) Primary Weed Control Effect

Treatment -2 NC T2 T4 oW
Soybean dry wt (gmm “) 265 460 403 530
Level of Signif: #**, LSD 5% = 68
c) Secondary Weed Control Effect
Treatment -2 NB B
Soybean dry wt {gm m “) 388 4471
Level of Signif: **, LSD 5% = 51
d) Sample Date Effect
Sample dgte -2 Feb 4 Margh 23
Sovbean drv wt (gmm 7) 110 718
Level c¢f Signif: **, LSD 5% = 54
e) Plant Population x Sample Date Effect
Plant Population ({x 103 ha 1)
Sample date 30 130 180 260 320 420
Feb 4 28 71 102 150 167 143
March 23 357 654 790 863 796 849

Level of Signif: **, LSD 5% = 154

£) Primary Weed Control x Sample Date Effect

Primary Weed Control

Sample Date NC T2 T4 HW
Feb 4 86 126 108 121
March 23 443 795 697 938

Level of Signif: **, 1LSD5% = 102

TABLE 4: Effect§ cf various treatments on grass dry weight
(gm m

a) Soybean Plant Population Effect

Plant Population (x ﬁoa ha™) 30 130 180 260 320 420

Grass dry wt. (gm m 9 57 53 58 44 45

Level of Signif: #**, LSD 5% = 18
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b} Primary Weed Control Effect

Treatment -2 NC T2 T4
Grass dry wt (gm m °) 227 9 1

o2

Level of Signif: **, LSD 5% = 18

c) Sample Date Effect
Sample date _2 Feb 4 March 23
Grass dry wt {gm m ) 35 83

Level of Signif: **, LSD 5% = 12

a) Plant Population x Primary Weed Control Effect

Plant Population (x10% ha 1)

Primary Weed Control 30 130 180 260 320 420
NC 356 214 204 233 178 179
T2 25 15 6 0 0 0
T4 3 0 0 0 0 0
HW 0 0 0 0 0 0

Level of Signif: **, LSD 5% = 42

e) Plant Population x Sample Date Effect

Plant Population (x 102 ha-l)
Sample date 30 130 180 260 320 420
Feb 4 46 36 29 41 30 30
March 23 146 79 76 76 59 62

Level of Signif: **, L8D 5% = 27

£) Primary Weed Control x Sample Date Effect

Primaryv Weed Control

Sample Date NC T2 T4 HW
Feb 4 139 2 0 0
March 23 3le 15 0 0

Level of Signif: **, LSD 5%

[t
X8
[9;]



TABLE 5: Effectg of various treatments on sida dry weight
(gm m )
a) Primary Weed Control Effect
Treatment -2 NC T2 T4 HW
Sida dry wt (gm m ) 25 53 59 ]
Level of Signif: **, LSD 5% = 26
b) Secondary Weed Control Effects
Treatment -7 NB B
Sida dry wt {(gmm *) 68 0
c) Sample Date Effect
Sample date _> Feb 4 March 23
Sida dry wt (gmm ~) 5 63
Level of Signif: **, LSD 5% = 16
d} Primary x Secondary Weed Control Effects
NC T2 T4 W
NB 51 106 118 0
B 0 0 0 0
Level of Signif: **, LSD 5% = 36
e) Primary Weed Control x Sample Date Effect

Primary Weed Control

Sample Date NC T2 T4 HW
Feb 4 6 9 6 0
March 23 45 96 111 0

Level of Signif: **, LSD 5% = 34

£) Secondary Weed Control x Sample Date Effects
NB B

Feb 4 11 0

March 23 126 0

Level of Signif: **, LSD 5% =
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TABLE 6: Effectzof various treatments on hyptis dry weight
(gm m 7)
a) Secondary Weed Control Effect
Treatment NB B
Hyptis dry wt (gm m_z) 31 0

Level of Signif: **, LSD 5% = 20

b) Sample Date Effect

Feb 4 March 23

-2

Hyptis dry wt (gm m ) 2 30

Level of Signif: **, LSD 5% = 19

c) Secondary Weed Control x Sampie Date Effect
NB B
Feb 4 3 0
Maxch 23 59 0

Level of Signif: **, LSD 5% = 28

TABLE 7: Effects of varloEs treatments on buffalo clover
dry weight {(gm m

a) Plant Population Effect
Plant Population (x 193 ha l) 30 130 180 260 320 420
Clover dry wt. (gm m 7 49 33 11 8 7

Level of Signif: *, LSD 5% = 24

D) Primary Weed Control Effect

Treatment. -2 NC T2 T4 HW
Clover dry wt {(gm m °) 26 44 58 0
Level of Signif: **, LSD 5% = 24

c) Sample Date Effect

Sample date ~2 Feb 4 March 23
Clover dry wt (gm m ) 14 48

lLevel of Signif: **, LSD 5% = 15
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d) Soybean Plant Population x Sample Date Effect

-1
Plant Population {(x 10® ha )

Sample date 30 130 180 260 320 420
Feb 4 34 7 10 10 6 9
March 23 124 81 55 13 9 5

Level of Signif: **, LSD 5% = 34

e) Primary Weed Control x Sample Date Effect

Primary Weed Control

Sample Date NC T2 T4 HW
Feb 4 13 24 20 0
March 23 38 63 89 0

Level of Signif: **, LSD 5% = 31

£) Secondary Weed Control x Sample Date Effect
NB B

Feb 4 16 12

March 23 34 61

Level of Signif: **, LSD 5% = 21
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TABLE 8: Effects of _gfrious treatments on soybean grain
yield (kg ha 7}

a) Plant Population Effect

1

Plant Population {x 102 ha ) 30 130 180 260 320 420

725 1687 1826 2461 2665 2627

Level of Signif: **, LSD 5% = 308

b) Primary Weed Controcl Effect

Treatment NC T2 T4

1312 2111 2155

ro
b
e
wn

Level of Signif: *, LSD 5% = 179

c) Plant Population x Primary Weed Control Effect

plant Population (x103 ha )
Primary Weed Control 30 130 180 260 320 420
NC 265 1010 1382 1815 1839 1562
T2 641 1523 1761 2541 3042 3160
T4 B57 1925 1995 2710 2788 2656
HW 1136 2290 2166 2777 2992 3130

Level of Signif: *, LSD 5% = 472

d) Primary x Secondary Weed Control Effect

Primary Weed Control

Secondary Weed Control NC T2 T4 HW
NB 1271 1947 1982 2491
B 1353 2275 2328 2339

Level of Signif: *, LSD 5% = 252
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TABLE 9: Effect of various treatments on soybean plant
height {cm)

a) Plant Population Effect

1

Plant Population (x 103 ha ) 30 130 180 260 320 420

Level of Signif: **, LSD 5% = 5

b) Primary Weed Control Effect
Treatment NC T2 T4 HW
&8 94 92 87

Level of Signif: **, LSD 5% = 3

c) Primary x Secondary Weed Contrcocl Effect

Primary Weed Control

Secondary Weed Control NC T2 T4 BW
NB 90 94 92 g6
B 85 95 92 88

Level of Signif: *, LSD 5% = 4
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TABLE 10: Effect of various +treatments on main stem
node number

a) Plant Population Effect

Plant Population (x 103 ha—l) 30 130 180 260 320 420

Level of Signif: *, LSD 5% = 1.5

b) Primary Weed Cocntrol Effect
Treatment NC T2 T4 HW
21.4 23.4 23.6 23.2

Level of Signif: *, L8D 5% = 1.0

cl Secondary Weed Control Effect
Treatment NB B
22.6 23.2

Level of Signif: *, LSD 5% = 0.5
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TABLE 11: Effects of various treatments on branch number
a) Plant Population Effect
Plant Population (x 10° ha ¥) 30 130 180 260 320 420

.0 5.2 4.9 4,2 3.6 3.5

Level of Signif: **, LSD 5% = 0.7

b) Primary Weed Control Effect

Treatmant NC T2 T4 HW

Level of Signif: **, LSD 5% = 0.5

c) Secondary Weed Ccntrol Effect
Treatment NB B
4.4 4,7

Level of Signif: **, LSD 5% = 0.3

d) Plant Population x Primary Weed Contrel Effect

Plant Population (x103 ha™ 1)
Primary Weed Control 30 130 180 260 320 420
NC 3.6 4.0 3.6 2.9 3.1 2.
T2 6.2 5.2 5.6 3.9 3.8 3.
T4 6.8 6.3 5.4 5.2 3.7 3.9
HW 7.5 5.3 4.9 4.7 3.8 3.8

Level of Signif: **, LSD 5% = 1.2



TABLE 12: Effects of various treatments on pods per plant

a) Plant Population Effect

1

Plant Population (x 103 ha =) 30 130 180 260 320 420

223 152 136 119 89 88

Level of Signif: **, LSD 5% = 2]

b) Primary Weed Contrecl Effect

Treatment NC
89 1

T
R
]
i+
s
=

W
-
=
(8]
wn
| ]
o
~1

Level of Signif: **, LSD 5% = 19

c) Secondary Weed Control Effect
Treatment NB B
126 144

Level of Signaif: **, LSD 5% = 7

d) Plant Population x Primary Weed Control Effect

Plant Population (x103 ha—l)

30

Primary Weed Controcl 130 180 260 320 420
NC 102 115 95 86 68 70
T2 222 156 150 107 98 90
T4 260 174 143 154 97 100
HW 308 162 156 129 93 33
L.evel of Signif: **, LED 5% = 44

. e) Primary x Seccndary Weed Control Effects

Secondary Weed Contrcl
NB

B

Level of Signif: **, LSD 5%

99

1

Primary Weed Control

T2

122

152

T4
139

170

HW

161

153
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TABLE 13: Effect of various treatments on seeds per pod
a) Primary Weed Control Effect
Treatment NC T2 T4 HW

1.95 1.91 1.87 2.00

Level of Signif: **, LSD 5% = 0.08

b) Primary x Secondary Weed Control Effect

Primary Weed Control

Secondary Weed Contrcl  NC T2 T4 HW
NB 1.94 1.20 1.82 2.06
B 1.96 1.92 1.92 1.93

Level of Signif: **, LSD 5% = 0.1
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TABLE 14: Effects of various treatments on seed size

seed Wt gm)
a) Primary Weed Control Effect

Treatment NC T2 T4

[

11.78 11.46 11.71 12.25

Level of Signif: **, LSD 5% = 0.28

b) Secondary Weed Control Effect

Treatment NB B
11.57 12.02
Level of 8ignif: #**, LSD 5% = 0.1l6
c) Plant Population x Primary Weed Control Effect

Plant Population (x10% ha

1

(100

}

Primary Weed Control 30 130 180 260 320

NC 11.69 11.81 12.46 11.81 11.28
T2 10.95 11.52 11,56 11.51 11.46
T4 12.17 11.89 11.55 11.74 11.68
HW 13.89 12.16 12,13 11.60 11.83.

Level of Signif: **, LSD 5% = 0.72

d) Primary X Secondary Weed Control

Primary Weed Control

Secondary Weed Control NC T2 T4 HW
NB 11.58 11.13 11.31 12.27
B 11.%99 11.78 12.10 12.22

Level of Signif: **, LSD 5% = 0.36

420
11.55
11.73
11.19

11.86
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TABLE 15: Effect of plant population on vield lost due to
pods being within 15 cm of the ground

Plant POEElation % Yield
{2102 ha ) (0-15 cm)
30 10
130 9
180 5
260 3
320 2

420 2
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4~2 EFFECT OF PLANT POPULATIONS X ROW SPACING ON THE YIELD OF
SOYBEANS IN THE 1982/83 WET SEASON

ABSTRACT

Soybean cultivar Buchanan was sown at three row spacings - 15, 45
ang175 cm - and three palnt populations - 150, 280 and 430 x 103

ha in an experiment on Tippera clay loam soil at Douglas Daly
Research Farm in the 1982/83 wet season.

Grain yig}d increased with increasing plant population up to 430
x 102 ha -, was higher in 15 and 75 cm rows than 45 cm rows, was
highest with 75 cm rows at low plant population and with 15 cm
rows at higf plant population. The highest treatment yield of
4626 kg ha was obtained with a plant population x row spacing
combination of 430 x 103 ha sown in 15 cm rows.

Results are discussed in relation to specific aspects o©f this
experiment and seascnal conditions.

In considering the results cof this and the previous experiment it
is concluded that the most appropriate soybean plant pcpulation
for,Tippera clay loam is of the order of 400,000 - 450,000 plants
ha = sown in 15 cm rows.

INTRCBUCTION

Studies at Douglas Daly Research Farm in the 1981/82 wet season
showed that there was no yield.,difference between soybean plant
population of 250-450 x 103 ha sown in late December in narrcw
(15 cm) rows {(Section 4-1). However, the results also clearly
showed that higher plant populations can facilitate weed control.

The response to plant population in soybeans varies for different
localities and is very dependent of genotype and sowing time
(Lawn et al 1977). In higher latitude areas, with a relatively
long growing pgfiod {120-140 days) plant populations of the oxder
of 250,000 ha or less are often adequate. Further, wide row
spacings { 90 cm) are often used. Although these reduce the
rate of canopy closure; with a relatively long growing season
they do not necessarily have a detrimental effect on yield (Hicks
et al 1969, Felton 1976).

The growing period for wet season soybeans in the Douglas-Daly
area is relatively short at 100-110 days, so any factors likely
to limit growth rate are also likely to limit ultimate grain
vield. Although the use of wide rows (75-90 cm) will reduce the
rate of canopy closure and therefore 1light interception, wide

rows are likely to facilitate inter-row cultivation and therefore
give better weed control.

A study was initiated in the 1982/83 season to evaluate the
effects of different soybean plant populations and row spacings
on the yield of soybeans in the Douglas-Daly region, NT. This
paper reports the results of that study.



MATERIALS AND METHODS

1.

Seasonal Conditions

The 1982/83 season had well below average rainfall at only
919 mm (Table 1, Section 1l). More importantly, the season
was characterised by major variations in distribution from
the long term means with very dry December, January and
February but above average March and April rainfall. This
season contrasted greatly with the previous (1981/82) season

when plant population studies were also conducted (Table 1,
Section 1).

Soil type was a Tippera clay lcam which grew sorghum the
previous season. Prior te that the area was virgin ground.

Design, Treatments and Management

Design was a complete factorial with three row spacings -
15, 45 and 75 cm - and_ﬁhree plant populaticns - 150, 280

and 430 x 103 plants ! . Intended populations were 200,
350 and 500 x 102 ha but establishment was poorer than
expected due to very dry conditions after sowing. There

were four replications.

Plot size varied with row spacing. All plots were 20 m long
but the 75 and 45 cm row spacing were four rows wide and the
15 cm row spacing 10 rows wide. A gap of 0.5 m was left
between plots

Inoculated seed of soybean cultivar Buchanan was sown with a
small plot combine c¢n Dec 21, 1982. Wider rows were
achieved by blocking off individual outlets.

Prior to sowing the area, was fertilized with single
superphosphate at 300 kg ha ( 29 kg ha P aQQ_S), zinc
sulphate monohydrate at 15 kg iul_l ( 5 kg ha Zr and
Muriate of Potash at 100 qunha ;| 50 kg ha K)
Trifluralin herbicide (Treflan ) was applied at 2 1 ha

and incorporated one week prior to sowing.

Plots with 75 cm row spacing were inter-row cultivated on
January 18. Sida sp. and Hyptis suaveoclens were removed by
hand weeding as necessary from all plets. No other weed
control was imposed.

Very few insect prq%}ems cccurred and only one spray w%th
endosulfan (Thicdan ) was required to control pod sucking
bugs on February 22.



La)

56

Recordinas and Data Collection

Established plant populations were estimated by counting the
number of plants at four locations in each plot three weeks
after sowing. For the 75 and 45 cm rows sample size was the
centre 2 rows x 1 m while for the 15 cm rows it was the
centre 4 rows x 1 m.

No dry matter sampling was carried out during the season.

At maturity 10 plants were randomly selected from internal
rows of each plot +to measure yield components. On these
plants we recorded plant height, node number, branch number,
pods per plant, seeds per plant and seed weight per plant.
These data were used to calculate seeds per pod and seed
size (100 seed weight).

Grain vield was measured by sampling the centre two rows x 5
m in the 75 and 45 cm rows and the centre 6 rows x 5 m in
the 15 cm rows. Plots were hand harvested, threshed and
seed weights were recorded. Samples were dried at 50°C for
96 hrs to determine moisture content and yields were
converted to a dry weight basis.

Grain samples were also set aside for subsequent
determination of oil and protein content.

RESULTS

Established plant populations were 150, 280, 430 x 103 ha ~.

1

There was no effect of row spacing on plant population.

a)

D)

Plant Population Effects

Increasing plant population increased grain yield (P 0.01)
(Table 1), plant height (P 0.05) (Table 2), branch number
(P 0.01) (Table 4) but decreased pods per plant (P 0.01)

(Table 4). There was no effect on seeds per pod (Table 5{,
seed size (Table 6}, protein content (Table 7} or oil
content ( 20.3%, data not presented).

- -1
The yield increase with 430 x 102 ha 1 over 150 x 102 ha

was 90%.

Row Spacing Effects

There were significant row spacing effects on grain yield (P
0.01) (Table 1), plant height (P 0.05) (Table 2), branch
number (P 0.05) (Table 3}, seed size (P 0.01) (Table 6)
and protein content (P 0.01) ({(Table B8). There was no
effect on pods per plant (Table 7), seeds per pod (Table 5)
and clil content.

Similar yields were recorded with 15 and 75 cm rows but both
outyielded 45 cm rows by 27 and 38%, respectively (Table 1}.
Both seed size (Table 6) and protein content (Table 7) were
increased with 75 cm rows.



c) Plant Population x Row Spacing Effects

There was a significant (P (€.0l) interaction between row
spacing and plant populaticn for grain yield (Table 1).
This reflected higher yields with 75 cm rows at the lowest
plant population but higher yields with 15 cm rows at the
highest plant population. .The highest individual treatment
vield was for 430 x 102 ha sown in 15 cm rows.

DISCUSSION

The results from this experiment differ considerably from those
obtained the previous season {Section 4-1). From these resultf
it is clear that increasing plant population above 250 x 103 ha
will result in improved yields (comparison of yield for 15 cm
rows in each season). We believe the conflicting responses are
largely due to seasonal conditions (Table 1, Section 1). The
1981/82 season was characterised by a very dry finish to the
growing period whereas the current seascon was the reverse. This
is clearly reflected in much larger seed size this season (trial
mean 14.3 compared with 11.8 in 1981/82). Further, there was no
trend towards a reduction in seed size with increasing plant
population in the current season (Table 6).

There was no consistent trend in row spacing effects (15 and 75

cm giving similar yields with both outyielding 45 cm rows). We
believe this was due to a number of confounding factors in this
experiment. These factcocrs are likely to have important

implications in determining the most appropriate row spacing.

Treflan did not provide good grass control this season and grass
and buffalc clover were prevalent throughout the experiment. As
the 75 c¢m rows were inter-row cultivated goocd weed control was
achieved and this, in part, explains the higher yield with 75 cm
rows at low plant populations. However as plant populations were
increased weed competition became less important so yield
differences between row spacings were fon51dcrably reduced. At
high plant populations (430 x 102 ha more equidistant plant
arrangement appears to have had a major influence on yield. In
the wide rows, intra-row competition has prcbably been
responsible for reduced pods per plant (Table 4) and subseguently
lower yield (Table 1} than with narrow rows.

Two other factors are likely to have also benefited the 75 cm
rows. Firstly, the site was growing soybeans for the first time
so there was no established soybean rhizobia in the soil. Poor
nodulation and nitrogen deficiency were obviocus in all treatments
early in the growing period, but the effect appeared worse in the
15 and 45 cm rows. The hot dry conditions immediately after
sowing have probably been instrumental in causing rhizobium
mortality. With the 75 cm rows a higher concentration of
inoculant would have been applied tc a smaller area given the
higher density of seed placement in a row. This may well have
produced better early nodulation in the 75 cm rows. Further, the
Tippera c¢lay locam used in this experiment is very hard setting.
The effect of cultivation may have had two additional benefits.
Soil disturbance is likely to have improved water infiltration
and released more scll nitrogen. Resultant grain protein content

égagle 7) clearly shows better nitrogen status with the 75 cm
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The 45 cm rows suffered in all ways. They did not have the
benefit of high inoculant density or cultivation that the 75 cm
rows had, nor did thevy have the benefit of more equidistant
spatial arrangement that applied with the 15 c¢m rows. Hence

their vield was lower than the other row spacings at all plant
populations.

FIELD IMPLICATIONS

The results here suggest that the highest yields will be achieved
with 430 x 102 ha sown in 15 cm rows. However, they alsc show
that the use of wide rows may be beneficial in some

circumstances. Unfortunately, those c¢ircumstances cannot be
predicted prior to sowing. Firstly, the hot dry conditions
during the early part of this season were abnormal. In more

normal seasons the suspected beneficial effects of wide rows on
nodulation, water infiltration, and soil nitrogen release are
unlikely to assume the same lmportance. Secondly, once
established in  the soil soybean rhizobia  will survive
indefinitely, so the problems associated with poor nodulation on
new land are likely to disappear. Thirdly, and most importantly,
wet conditions in many seasons are likely to prevent inter-row
cultivation on tippera clay loam. In such situations major weed
problems can be expected with 75 cm rows. We then conclude that
+he use of 15 cm rows is preferred on Tippera clay loam.

However, we also suggest that the evaluation of wide rows on the
sandy soils is worth considering. Poor survival of soybeans 1is
often recorded on these soils due to high surface temperatures
causing "ring barking" of plants at the soil surface (Price and
Garside, 1983). High within row densities are likely to provide
some protection from these high soil temperatures. Further,
inter-row cultivation will be possible in most seasons.

CONCLUSIONS

The results of two seasons experiments suggest that in seasons
with a good finish to the wet season (current experiment) yields
will be, improved by increased plant population up to 430,000 x
103 ha whereas with a dry finish (previous experiment) to the
wet season yieldgiwill not be improved above plant populations of
250,000 x 103 ha ~. However, in seasons with a dry finish thgfe
is no disadvantage from populations as high as 420 x 103 ha 7,
except for some seed wastage.

It is concluded then that the best overall option for the tippeg§
clay loam soil is a plant population in excess of 400,000 ha
sown in 15 cm rows.
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TABLE 1: Effect of Plant P?pUl&thD and Row Spacing on
Grain Yield (kg ha

Plant Population x 103 ha™t

Row Spacing (cm) 150 280 430 Mean
15 1641 3471 4626 3246
45 1317 2552 3150 2340
75 3299 3260 4064 3541
Mean 2086 3094 3947 3042
Level of Signif: Row Spac = **, 6 LSD 5% = 462

Pl. Pop = **, LSD 5% = 462

Row Spac x Pl. Pop = **, LSD 5% = 800
TABLE Z: Effect of Plant Peopulation and Row Spacing on

Plant Height (cm)

Plant Population x 103 haf“1

Row Spacing {cm) 150 280 430 Mean
15 72 72 78 74
45 64 73 74 70
75 78 81 83 81
Mean 71 75 78 75

Level of Signif: Row Spac = **, LSD 5% = 5
Pl. Pop = *, LSD 5% = 5
Row Spac x Pl. Pop = NSD



TABLE 3: Effect of Plarnt Population and Row Spacing on
branch number per plant.

Plant Population x 103 ha ™t
Row Spacing {cm) 150 280 430 Mean
15 6.5 6.6 .5 6.2
45 7.3 6.6 5.5 6.5
75 6.3 5.6 4.2 S.4
Mean 6. 6.3 .1 6.0
Level of Signif: Row Spac = *, LSD 5% = 0.8
Pl. Pop = **, LSD 5% = 0.8
Row Spac x Pl. Pop = NSD
TABLE 4: Effect of Plent Population and Row Spacing on pods
per plant.
Plant Population x 102 ha %
Row Spacing (cm) 150 280 430 Mean
15 97 91 76 88
45 94 81 74 83
75 108 85 54 86
Mean ico 86 71 86

Level of Signif: Row Spac = NSD
PL. Pop = **, ISD 5% = 12
Row Spac x Pl. Pop = NSD



TABLE 5: Effect of Plant Population and Row Spacing on
seeds per pod

Plant Population x 103 ha™*

Row Spacing (cm) 150 280 430 Mean

15 1.96 2.00 1.91 1.96

45 1.90 1.87 1.87 1.88

75 1.94 1.95 1.84 .91

Mean 1.92 1.94 1.87 1.82

Level of Signif: NSD

TABLE 6: Effect of Plant Population and Rcw Spacing cn seed

size (100 seed wt) gm.

-1
Plant Pecpulaticn x 102 ha ~

Row Spacing (cm) 150 280 430 Mean
15 13.6 14.2 14.0 14.0
45 13.7 14.2 14.0 14.0
75 14.6 14.8 15.0 14.8
Mean 14.1 14.4 14.3 14.3

Level of Signif: Row Spac **  LSD 5% = 0.7
Pl. Pop NSD
Row Spac x Pl Pop = NSD



TABLE 7: Effect
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of Plant Population and Row Spacing on

grain protein content

Row Spacing {cm)
15
45
75

Mean

Level of Signif:

150
36.3
36.1
39.1
37.1

Row Spac
PL. Pop

Plant Population x 103 ha“1
280 430 Mean
35.9 35.8 36.0
35.3 37.0 36.2
39.2 38.9 39.1
36.8 37.2 37.1

Row Spac x Pl Pop = MNSD
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5~1 EFFECT OF INOCULATION ON THE VYIELD OF SOYBEANS ON VIRGIN
TIPPERA CLAY LCAM

It is well established that effective nodulation is necessary to
obtain maximum soybean yields. Unfortunately the strain of
Rhizobium japonicum (CB 1809) is not native to the soils of
Northern Australia so inoculation is essential for, at least, the
first soybean crop in an area.

By way cf demonstration two blocks of soybeans, each 0.1 ha, were
established on virgin Tippera clay loam at Douglas Daly Research
Farm in the 1981/82 wet season. One block was inoculated with
commercial peat incculant (Strain CB 1809) while the other was
not inoculated. All other cultural practices were standard.

From the cutset the non-incculated area had fewer nodules, was
generally paler in colour and showed poorer growth. Although
there was a tendency for this to dissipate late in the season the

effect was seriocus enough to result in a yield difference of 1 t
ha 7. Yields were:-

1

Inoculated 3,450 kg ha—1

Non-Inoculated 2,414 kg ha

As the blocks were adjacent and some nodules were apparent on
non-inoculated piants by the end of the season it is suspected
that some movement of rhizobia from the incculated block may have
occurred. Consequently, the relative difference between the two
areas may be less here than in a more isolated situation.
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5-2 RESPONSE OF SOYBEANS TO STARTER AND SUPPLEMENTARY NITROGEN
UNDER RAINFED CONDITIONS AT DOUGLAS-DALY RESEARCH FARM, NT

ABSTRACT

The effect of starter and supplementary nitrogen on the growth
and vield of soybeans was evaluated in the 1983/84_Yet season.

Starter nitrogen was applied at 0, 15, or 30_kg ha at sowing
and supplementary nitrogen at 100 kg ha just prior to
flowering.

Although both starter and supplementary nitrogen increased pods
per plant there was no consequent increase in grain yield due to
a reduction in seed size.

The results are discussed in terms of seasonal conditicns and it
is suggested that yield increases are unlikely to occur with
nitrogen fertilization except in seasons where high levels of
soil moisture are avalilable until physiological maturity.

Introduction

Soybeans are legumes and as such are capable of symbiotically
fixing atmospheric nitregen. Hence, the wuse of nitrogen
fertilizer is generally not an adopted practice. Nevertheless,
reports exist of responses to both starter and supplementaxy
nitrogen (de Mooy et al. 1973).

Inconsistent responses to nitrogen fertilization of soybeans have
been recorded in numerous experiments but positive responses have
normally occurred in greenhouse cstudies or field studies when
available moisture 1is high <throughout the growing period
(Mederski et al. 1958).

Recent studies have shown that nitrogen supply, even in a well
nodulated crop, often limits grain yield because the symbiotic
nitrogen fixing system breaks down during pod fill due to
competition for carbohydrate from the developing seed {Lawn and
Brun 1974). Sinclair and de Witt (1976) theorised that soybean
yields were seriously limited by inadequate supplies of nitrogen
during grain filling. This theory is supported by recent studies
with soybeans grown in wet so0il culture. With this technigue
vields have been increased through the maintenance of symbiotic
nitrogen fixation well into pod filling (Troedson et al., unpub.
data, Garside et al., unpub. data).

In tropical Australia, soybeans are a wet season Crop;, being sown
in December - January and harvested in April. The growing period
is relatively short ( 100-110 days), so reductions in growth rate
at any stage are likely to have important implications for grain
vield. Slow, insiped early growth is cften observed in soybeans
in tropical Australia and it is thought this is due to nitrogen
deficiency caused by slow early ncdulation and nitrogen fixation.
Hatfield et al. 1974 showed that the application of small
gquantities (1530 kg ha ~) of starter nitrogen at sowing can
improve early growth without inhibitory effects on the
development of the symbiotic system.
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In other studies numercus workers have reported that the greatest
response to nitrogen fertilizer in soybeans has been with
applications at flowering (Mederski et al. 1958, Enken 1953, Rios
and dos Santos 1973). Brevedan gE'Ei. (1978) showed that yield
incregses of up to 30% could occur with the application of 168 kg

N ha - at bloom, due mainly to increases in the number of seeds
per plant.

This paper reports the results of a study on the effect of
starter nitrogen applied at sowing and supplementary nitrcgen
applied at the commencement of flowering on the growth and yield
of rainfed soybeans at Douglas Daly Research Farm in the Morthern
Territcry during the 1983/84 wet season.

MATERIALS AND METHODS

Seasonal Conditions

Total rainfall for the 1983-84 season (Table 1, Section 1} was
slightly above the long term mean at 1370 mm. However,
distribution varied considerably from the long term mean. In

particular, well above average rainfall occurred in March and no
rain fell in April.

Soil type was Tippera clay loam. Soybeans were grown on the area
the previous season and levels of available soil nitrogen were
high { 100 ppm) prior to sowing.

Experiment details

Design was a split plot with three rates of starter nitrogen as

main plots - 0, 15 and 30 kg N ha - - applied just prior to
sowing (Jan 2, 1984) and two rates of supplementary nitrocgen as
sub-plots - ¢ and 100 kg N ha applied Jjust prior to the
commencement of flowering (Jan 31y. There ware four
replications.

Main plots consisted of 10 rows of soybeans, each 15 cm apart, by
30 m leng. Sub-plots were the same width by 15 m long.

Inoculated seed ¢f soybean cultivar Buchanan was sown at 500,000
seeds ha with a small plot seeder on Jan. 2, 1984. Prior to
sowing the area was fertjlized with 312 kg ha of single
superphosphate (30 kg P ha ~, 30 kg § ki ) and the pre-emergent
herbicide treflan was applied at 2 1 ha and incorporated. Scil

analysis showed that, potentially deficient nutrients potassium
and zinc were adequate.

All nitrogen was applied as ammonium nitrate, starter nitrogen
was drilled to a depth of 8 cm whereas supplementary nitrogen was
applied to the soil surface using a small plot combine with the
under carriage raised to avoid crop damage. Extended outlet
tubes permitted nitrogen application to the soil surface without
fertilizer contact with plant fcliage.

Insect pests were controlled as required with Thiodan € 2 1 haﬂl.
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Measurements and Data Collection

Dates of commencement and completion of flowering and
physiological maturity were recorded.

Established plant populations were estimated by counting the
plants in four areas, each 6 rows x 1 m in each plot.

Shoot dry matter accumulation was measured twice during the
growing period. On each occasion two areas, each 6 rows x 1 m,
were sampled from each plot. The samples were dried at 50°C for
96 hrs and dry weights were recorded. Sample dates were Jan. 31
(29 days after sowing and fjust prior to the application of
supplementary nitrogen) and February 21 (three weeks after the

application of supplementary nitrogen and Jjust prior to the
completion of flowering).

At physioclogical maturity, 10 plants were randomly selected from
each plot to measure yield components. On each plant we measured
height, node number, pod number, seed number, seed weight, stem
weight and pod case weight. Seeds per pod, 100 seed weight and
harvest index {seed weight/{seed weight + pod case weight + stem
weight)) were calculated from these data.

Grain yield was measured by direct heading each plot with a KEW
experimental header on April 17. Moisture content was determined
with a Motomco moisture meter and yields were converted to a dry

weight basis. Samples were set aside for protein and oil
analysis.

RESULTS

Established plant population was of the order of 300,000 plants
ha and did not vary between treatments.

There was no effect of starter nitrogen on the ccmmencement of
flowering (Feb 3, 32 days after sowing) and no effect of starter
or supplementary nitrogen on the completion of flowering {(Feb 28,
57 days after sowing) or the time to physiological maturity
(April 13, 102 days after sowing).

There was no effect of starter nitrogen on shoot dry matter
production (Table 1A) at either sampling date however there was a

significant increase in shoot dry matter with supplementary
nitrogen {(Table 1B).

Grain yield did not respond to either starter or supplementary
nitrogen (Table 2) but there were significant effects on yield
components. Most importantly both starter and supplementary
nitrogen produced more pods per plant (Table 3) but reduced seed
size {(Table 4). Seeds per pod ( 1.9) and node number ( 23)
were unaffected but plant height (Table 5) was increased with
supplementary nitrogen. Harvest index was unaffected and of the
order of 0.52. Similarly oil content (21.1%) and protein content
(41.3%) were unaffected.
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DISCUSSION

Although there was no grain yield response recorded in this
experiment the results indicate that potential exists for
improved grain yields with nitrogen fertilization of soybeans.
The primary yield component, pods per plant and thereby seeds per
plant, was increased substantially by both starter and
supplementary nitrogen. That this was not transferred to grain
vield is because smaller seed was produced with increased
nitrogen nutrition. We do not believe this is an inherent effect
of high rates of nitrogen but more an effect of moisture stress
during seed filling. Physiological maturity occurred on April 13
while the last rain (10 mm) was recorded some two weeks earlier
on March 31. Further, the last substantial rain (50 mm) was
recorded on March 17, almost a month prior to physiological
maturity. Conversely, good falls of rain were recorded during
flowering and for some three weeks post flowering when pod and
seed numbers were being determined. We believe that these
conditions provided an environment capable of utilising applied
nitrogen fertilizer and resulted in improved dry matter and pod
numbers but that seed cize could not be maintained with the
imposition of water stress later in the growing period.

Fow much the results have been effected by the previous soybean
crop and resultant high levels of available soil nitrogen at
sowing is not known but it could be substantial. That starter
nitrogen had no effect on early growth may well be due to the
high levels of available soil nitrogen.

However, this may have all been utilised by the plants and/or
leached from the profile by flowering resulting in the
differential effect of starter nitrogen rates on pod numbers.
The additive effect of supplementary nitrogen is consistent with
this hypothesis. Further, it 1is well established that high
levels of available soil nitrogen can inhibit nodulation (de Mooy
et al 1973). Nodule attributes were not measured in this
experiment but the possibility remains that nodulation and
symbiotic nitrogen £fixation was relatively ineffective during
early growth resulting in nitrogen deficiency when soil supplies
were exhausted. If this did occur the magnitude of the response
to supplementary nitrogen in this study may be considerably
greater than that from a well ncdulated soybean crop.

CONCLUSIONS

The results of this experiment suggest that soybean yields will
not be improved by either starter nitrogen or supplementary
nitrogen at flowering in rainfed cropping areas of the Northern
Territory. Possibly, starter and supplementary nitrogen may have
beneficial effects in seasons when rainfall continues well into
April and may produce increased yields under full irrigation.
However, further work 1is required to test the effect of
supplementary nitrogen in well nodulated svmbiotically active
soybean crops before definite conclusion can be drawn.

Although starter nitrogen did not improve early growth in this
study, its effect requires evaluation on sites with relatively
low levels of available scil nitrogen at sowing.



70

REFERENCES

Brevedan, R.E.; Egli D.B., and Leggett, J.E. (1978) Influence of
N nutrition on flower and pod abortion and yield of
soybeans. Agron. J. 70:81-84.

de Mooy, C.J.; Pesek, J. and Spaldon E. (1973) Mineral
nutrition. In B.E. Caldwell (ed) Soybeans: Improvement,
producticn and uses. Am. Soc. Agron., Madison, Wis.

Enken, V.B. 1959, Soybean. SELCHOGIZ. Moskva. 619 p. Cited in:
de Mooy, C.J. Pesek, J. and Spaldon, E 1973. Mineral
nutrition. In B.E. Caldwell (ed) Soybeans: Improvement,
production and uses. Am. Soc. Agron., Madison. Wis.

Hatfield, J.L., Egli, D.B., Leggett, J.E. and Peaslee D.E.
(1974). Effect of applied nitrogen on the nodulation and
early growth of soybeans (Glycine max (L) Merr.). Agron. J.
66: 112-114.

Lawn, R.J. and Brun, W.A. (1974) Symbiotic nitrogen fixation in
soybeans. 1. Effect of photosynthetic source =~ sink
manipulations. Crop Sci. 14:11-16

Mederski, H.J., Wilson, H.H. and Volk, G.W. {1958). Response of
soybeans to plowdown and sidedress applications cf nitrogen
on irrigated and non-irrigated soils. Ohio Agric. Exp. Stn.
Res. Circ. 59.

Rios, G.P. and dos Santos, H.L. 1973. Adubacao nitrogenada na
soja (Glycine max) em solos sob vegetacao de cerrado. Pesq.
agropec. bras., Ser. Agron. 8:63-67.



TABLE 1lA:

(
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TABLE 1B:
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Effect of starter nitrogen and shoot dry matter
production 29 days after sowing.

Starter N rate (kg ha_l)
0 15 30 Mean
37 35 39 37
= NSD
= 13%

Effect of starter nitrogen and supplementary
nitrogen on shoot dry matter I(gm m ~) 50 days
after sowing and 21 days after application of

supplementary nitrogen.

Starter N rate (kg ha™ 1)
a 15 30 Mean
Supplementary_1
N rate (kg ha )
0 226 228 249 234
100 292 280 264 279
Mean 259 254 257
Level of Significance - Starter = NSD
-  Supp = ** T1SD 5% = 24.4
Starter ¥ Supp = NSD

cv

8%
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TABLE 2: Efffct of starter nitrogen at 0, 15, and 30 kg N
ha 1 and supplementary nitrogen at 0 and 100 kg N

ha~ applled at the conencement of flowering on
the grain yield (kg ha of soybean Buchanan.
Starter Nitrogen (kg ha—l)
0 15 30 Mean
Supplemenfarv
N (kg ha
0 3396 3550 3575 3507
100 3482 3285 3439 3402
Mean 3439 3418 3507 3455
Level of significance = N.S.D.
C.V. = 13%
TABLE 3: Effect of starter and supplementary nitrogen on
pods per plant at maturity
Starter N (kg ha 1)
0 i5 30 Mean
Supplemeftaxy N
{kg ha ™)
0 87.3 101.8 107.4 98.9
100 99.5 110.6 122.6 110.9
Mean 93.4 106.2 115.0 104.9
Level of Signif: Start = *, LSD 5% = 11.96
Supp = *, LSD 5% = 9.79
Start X Supp = NSD
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TABLE 4: Effect of starter and supplementary nitrogen on
seed size (100 seed weight) at maturity

Starter N (kg haml)

0 15 30 Mean
Supplemthary N
(kg ha 7)
0 13.57 13.46 12.87 13.30
100 13.45 12.56 12.18 12.73
Mean 13.51 13.01 12.53 13.03
Level of significance: Starter = **, LSD 5% = 0.43
Supp = NSD (Signif. at 10%)
Start x Supp = NSD
cv = 1Z2%
TARBRLE 5: Effect of starter and supplementary nitrogen on

plant height at maturity

Starter N (kg ha™1)

0 15 30 Mean
Supplemthary N
(kg ha )
0 101 96 96 98
100 103 100 101 101
Mean 102 58 99 99

Level of Signif: Starter = NSD
Supp = %, LSD = 3.53
Start x Supp = NSD

cv = 7%
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5-3 RESPONSE OF SOYBEANS TO PHOSPHORUS AND SULPHUR ON VIRGIN
TIPPERA CLAY LOAM IN THE 1981/82 SEASON

ABSTRACT

The effect of different rates of phosphorus and sulphur on the
growth and yield of soybeans was studied in an experiment on
virgin Tippera Clay loam in the 1981-82 wet season.

Soybean cv. Buchanan was sown with 0, 10, 20, 40 and _ 0 kg ha 1
phosphorus in all combinations with 0, 20 and 40 kg ha sulphur.
There were significant grain yield responses to phosphorus_{p
0.01) and sulphur (p 0.05). The highest yield, 4,148 kg ha -,
was obtained with the combinaticn of 80 kg ha phosphorus and 20
kg ha * sulphur.

Although non siqﬂéficant, there was a trend for yield to increase
up to 40 kg ha sulphur in the absence of phosphorus but not
when phosphorus was applied.

Plots from +this experiment have been permanently marked and
additional rates will be superimposed in following seasons.

INTRODUCTION

The majority of soils in the Top-End of the Northern Territory
are inherently low in phosphorus and sulphur {(Jones et al 1983).
However, very little research has been conducted into the
response of crops to various rates of these elements.

Studies by Day (1977) showed there was no response to sulphur
with grain sorghum on three different red earth soils (2 clay
loams and 1 sandy loam) but a response to phosphorus which was
closely related to seasconal conditions. Undgﬁ good rainfall
conditions optimum phosphorus rate was 45 kg ha on the Tippera
clay lcocam soil. In earlier stg?ies aArndt and Phillips (1961) had
shown responses up to 35 kg ha phosphorus with peanuts, sorghum
and cotton on newly cleared Tippera clay loam at Katherine and
moxre recently Myers (1978) measured responses with up to 50 kg

ha on sorghum. Like Day (1977), Myers recorded a greater
response in a wetter year.

Although no responses have been recorded to sulphur with field
crops, responses with pasture legumes and Pinus caribea have been
recorded on a number of soil types in the Top End (Jones et al
1983; B.J. Ress and A.G. Cameron, pers. COmMMm.).

Soybeans are an important crop 1in the ADMA crop development
scheme in the Douglas-Daly region and although research with this
crop started more than 15 years ago very little work except
cultivar evaluation has been conducted ({(Section 2). As part of
the current soybean research program a long term experiment was
established on virgin Tippera clay loam soil at D.D.R.F. in the
1981/82 wet season to evaluate the effect of various rates of
phosphorus and sulphur on soybean yield.
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There is a general lack of published information on the effect of
phosphorus and sulphur on soybean yields. In recent years
soybean yield responses up to 40 kg ha phospnorus have been
measured on the red friable earth soils of the South Burnetf
area, Queensland (Dickson et al 1983) and up to 60 kg ha
phosphorus on Cununurra clay in the 0Ord Irrigation Area (Garside
and Fulton, in prep.). Dickson et al (1983) did not obtain a
response to sulphur.

MATERIALS AND METHODS

Experimental design was a fagforial with five rates of phosphorus
- 0, 10, 20, 40 and 80 kg ha and three rates of sulphur - 0, 20
and 40 kg ha ~, replicated three times. Plot size was 6 m x 30
m, with three sets of 10 {15 cm) rows planted across the 6 m. &
0.5 m gap was left between each 10 row set.

Phosphorus rates of 0, 10, 20, 40 and 80 kg ha"l were drilled as
Super King fertilizer (19.2% P and 1.5%S) with a Congﬁr Shea disc
seeder, while sulphur rates of 0, 20 and 40 kg ha were hand
applied as gypsum (14.5% S, 18%Ca). Basal dressings of 50 kg ha ~
potassium as Muriate of Potash (50% K) and 10 kg ha zinc as
zinc oxide (81 % Zn) were applied tc all plots.

Land was ploughed and cultivated severa%RBimes to provide a weed
free seedbed. Trif%ﬂralin {(Treflan ) was applied and
incorporated at 2 1 ha (product) one week before sowing. The
experiment was sowp with inoculated seed of cultivar Buchanan at

500,000 plants ha on 22 December 1981,

Broadleaf weed species (Hyptus sayygeolens and _Sida Sp) were
controlled with bentazone (Basagran' ')} at 2 1 ha (product) at
the third tri~foliate leaf stage and insects were controlled by
three sgﬁ?yings during ﬂsPe season, twice using endosulphan
(Thiodan(R)) at 2 1 he (product) and once with methomyl
(Lannate }) at 1.5 1 ha (product).

Eighteen soil samples (0-10 cm) were taken across the area prior
to sowing for the determination of initial available soil
phosphorus and sulphur levels.

After emergence plant population was estimated by taking four
guadrats, each 0.3 m2, from the centre 10 row section of each
plot.

Dry matter production was determined on day 63 (Feb. 23) by
cutting 4 rows x 1 m, from the centre of the centre 10 row
section of each plot. At this stage flowering was almost
complete. Samples were oven dried, weighed, and later milled for
tissue analyses (phosphorus and sulphur content).

At maturity, the centre 10 row area of each plot was direct
headed with a K.E.W. experimental header and plot vields were
recorded. Grain samples were taken from each plot for the
analysis of seed size, N, P, § and oil content. Protein content
was calculated by multiply grain N by 6.25.
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SEASONAL CONDITICNS

Total season rainfall (October - March) is shown in Table 1,
Section 1. Although the total was slightly below the long term
mean, distribution was good with the only significant dry period
being in late December - early January.

RESULTS AND DISCUSSION

There was no effect of treatment
experiment mean being 330 x 102 ha

©on plant population with the

Neither phosphorus nor sulphur had any effect on crop phenology.

There were significant grain yield (Table 1) responses to both

phosphorus (P 0.01) and sulphur (P 0.05). For phosphorus the
response was linear while it was guadratic for sulphur with no
vield increase above 20 kg ha S. There was no significant
interaction.

Although ncn q}ﬁnificant, a trend existed for yield to increase
up to 40, kg ha 5 in the absence of phosphorus but only up to 20
kg ha S, and then decrease, when phosphorus was applied. A
similar dry matter vield §§pression nas been recorded with high
rates of sulphur (80 kg ha ~) applied as sodium sulphate with the
pasture legume verano stylo {B.J. Ross and A.G. Cameron, pers.
comm.). No specific reason can be given for this response but it
may be due to a depressing effect of calcium applied in the
gypsum, making some applied phosphorus unavailable. However, if
this was the «case it would be expected that phosphorus
concentration in the grain would be lower with increasing rates
of sulphur. This did not occur. Alternatively, calcium may have
made phosphorus temporarily unavailable, and this has reduced pod
set, which occurred in February, in the higher sulphur
treatments. A known major response to phosphorus deficiency in
soybeans in reduced pod set (Garside and Fulton, in prep.).
Phosphorus has then become available later in the season and has
accumulated in the higher sulphur treatments which had a shortage
of sinks. Regardless, more work is required on sources and rates
of sulphur to clearly elucidate this effect.

There was a significant (P 0.01) dry matter response to
phosphorus at day 63 but no response to sulphur (Table_ }. The
magnitude of the dry matter response between 0-80 kg ha P was
greater (41%) than that for the grain yield (22%) suggesting that
the overall effect was becoming less with increasing crop
duration or that vegetative growth was excessive and harvest
index reduced with the higher phosphorus rates.

Some of the yield response to increasing phosphorus can be
explained by increased seed size (Table 3) but seed size was not
affected by sulphur. Other yield components e.g. pods per plant,
seeds per pod were not measured here. However, studies in the Ord
Irrigation Area showed a major response in pods per plant to
varying phosphorus rates (Garside and Fulton, in prep.) and it is
suspected a similar response may have occurred here. We have no
data on which yield components were affected by sulphur.
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Phosphorus and sulphur contents of the grain and dry matter
varied in accordance with applied rates but even for zero rates
of each, levels can be regarded as sufficient (Tables 4, 5, 6,

7). Further, there was no effect of the rates of one, on plant
levels of the other,

Grain protein content (Table 8) was not affected overall by
elther phosphorus or sulphur but there was a small significant (P
0.05}) interaction with an _}ncrease in response to appl%ed
phosphorus for 0 and 20 kg ha ~$ but a decrease with 40 kg ha ~S.
0il content decreased slightly (P 0.05) in response to applied
phosphorus.

Nutrient Removal and Loss

Estimates of N, P and 8 removal in the grain for each treatment
are given in Tables 10, 11 and 12. Essentially, nitrogen removal
was increased by increasing phosphorus rates but there was no
effect of sulphur. Totgl amounts of nitrogen removed,were high,
ranging from 224 kg ha for zerxrc P up to 300 kg ha for 80 P.
A number of workers have estimated q}frogen fixation by sovbeans
at somewhere between 80 - 160 kg ha N (Hardy et al 1968, 1971
b, Weber et 2l 1971) with this being 40 - 60% of the total
nitrogen requirement. Hence it would appear that with the
removal measured here there is unlikely to have been any net

nitrogen input to the soil and probably a net nitrcgen loss.

Initial soil available phosphorus and sulphur levels were of the
order of 7 and 8 ppm, respectively. On the basis of 1 ha x 1l0cm
of soil weighing 1,400,000 kg (using bulk density of 1.4- Day
1977) initial available soil phosphqﬁps and sulphur levels could
be estimated at 10 and 11 kg ha ~, respectively. Our data
sug?est that plots receiving no fertilizer removed 13 and 9 kg
ha of phosphorus and sulphur, respectively (Tables 11, 12)
wh;}e the highest yielding plots (80P x 20S) removed 30 and 16 kg
ha_1 phosphorus and sulphur, respectively. Applications of 80 kg
ha P.and 20 kg ha § ;should give initial soil reserves of 90
kg ha=- P and 31 kg ha S. Hence, available soil reserves at
the commencement of the second season (1982-83) for 80 P x 20 §
plots should be 43 ppm P and 11 ppm S, respectively. Subsequent
soil analysis at the commencement of the 1982-83 season indicate
that available soil phosphecrus and sulphur levels for 80 P and 20

S plots are 9 and 14, respectively. Although small amounts will

be contained in the stubble, these figures suggest that
considerable amounts of phosphorus are being fixed while sulphur
is remaining available. Of course the possibility remains that

this fixed phosphorus will be released at a later stage and not
necessarily losk.
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ECONOMIC ANALYSIS:-

The results from this experiment show that koth phosphorus and
sulphur fertilizers are needed to maximise the yield of soybeans
on Tippera clay loam soils. The economics of applying these

elements will be dependent or the relative costs of each element
from various sources.

In this experiment triple superphosphate and gypsum were used as
phosphorus and sulphur sources, respectively. Single superphos-
phate could be used to supply both elements at a cost of $155/t
here (freight subsidy deducted). The cost of applying various
rates of superphosphate and increased return in $/ha at $250/¢
for soybeans are shown in Table 13. From the data here the_Tost
economical rate of single supherphcsphate would be 200 kg ha

However i1f we accept that cnly 20kg ha"l sulphur is applied as
elemental sulphur at $420/t i.e. $8.40/ha and apply phosphorus as
triple superphosphate at $286/t (freight subsidy deducted) the
relative costs and returns are shown in Table 14._1On this basis
the most economical rate of phosphorus is 40 kg ha
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] . :
TABLE 1: Grain yield (kg ha ~) for soybeans grown with varying
rates of Phosphorus and Sulphur

Sulphur (kg ha 1)

Phosphorus
(kg ha™h) 0 20 40 Mean
0 2818 3063 3348 3077
10 3298 3589 3370 3419
20 3467 3818 3604 3630
40 3644 4004 3752 3800
80 3797 4148 3963 3969
Mean 3405 3724 3607
Level of Significance - P= 0.01, s= 0.05, PxS =NSD
L.S5.D. 5% Phos. 278

Sulp. 215

Phos x Sulp. 480

C.Vv. B8.1%

TABLE 2: Dry Matter (gmm-2) for soybean grown with varying rates
of phosphorus and sulphur

Sulphur (kg ha™t)
Phosphgfus
{kg ha ™) Q 20 40 Mean
0 275 296 410 327
10 262 421 374 352
20 319 420 388 376
40 546 427 492 488
80 624 448 585 552
Mean 405 402 450
Level of Significance - P = 0.01, S = NSD, P x S = NSD
L.S.D. 5% Phos. 127
Sulp. 99

Phos x Sulp. 221
C.V. 31.6%
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TABLE 3: Seed size (100 seed wt.) for soybean grown with varying
rates of phosphorus and sulphur

Sulphur (kg ha—l)
Phosphorus

(kg ha ™) 0 20 40 Mean
0 11.4 11.4 11.7 11.5
10 12.2 11.9 11.7 11.9
20 11.9 12.3 12.2 12.1
40 12.3 12.3 12.4 12.3
80 13.0 12.9 13.5 13.1

Mean 12.2 12.2 12.3

Level of significance - P= .01, S= NSD, PxS = NSD

L.5.b. 5% Phos. 0.37
Sulp. 0.29
Phos x Sulp. 0.64
C.v. = 3.1%

TABLE 4: Phosphorus percentage of grain in response to various
phosphorus and sulphur rates

sulphur (kg ha 1)
Phosphgfus

{kg ha ™) 0 20 40 Mean
0 0.47 0.47 0.53 0.49
10 0.55 0.50 0.62 0.56
20 0.56 0.54 0.56 0.55
40 0.64 0.62 0.58 0.61
80 0.71 0.71 0.73 0.71

Mean 0.58 0.57 0.60

Level of Significance - P= (0.01, S= NSD, PxS=NSD

L.S5.D. 5% Phos. 0.05
Sulp. 0.04
Phos x Sulp. 0.08
C.V. = B8.5%
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TABLE 5: Sulphur percentage of grain in response to various
phosphorus and sulphur rates

Sulphur (kg ha_l)
Phosphgfus
(kg ha ) 0 20 40 Mean
0 0.33 0.38 0.40 0.37
10 0.32 0.35 0.41 0.36
20 0.29 0.39 0.37 0.35
40 0.32 0.40 0.36 0.36
80 0.36 0.37 0.38 0.37
Mean 0.32 .38 0.38
Level of Significance - P=NSD, S = 0.01, PxS5 = NSD.
L.8.D. 2% Phos. 0.03
Sulp. 0.02
Phos x Sulp. 0.05
cC.v. B8.8%

TABLE 6: Percentage of phosphorus in dry matter sample for
different rates of phosphorus and sulphur

Sulphur (kg ha—l)

Phosphorus (kg ha ~+) 0 20 40 Mean
0 0.23 0.19 0.22 0.21
i0 0.20 0.19 0.21 0.20
20 0.24 0.23 0.24 0.24
40 0.21 0.26 0.22 0.23
80 0.26 0.25 0.24 0.25
Mean 0.23 0.22 0.23

Level of Significance - P,S, Px8 = NSD

N.S5.D,
LSD 5% Phos. 0.05
Sulp. 0.03

Phos. x Sulp. 0.08
C.V. 20.6%
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TABLE 7: Percentage of sulphur in dry matter sample for
different rates of phosphorus and sulphur

Sulphur (kg ha™ %)

Phosphorus (kg ha _l) 0 20 40 Mean

0 0.19 0.18 0.317 0.18
10 0.17 G.16 0.18 0.17
20 0.19 0.19 0.17 0.18
40 0.18 0.19 0.18 0.18
80 0.15 0.16 0.17 0.16
Mean 0.18 0.18 0.18

Level of Significance - P,S, PxS = NSD.

LSD 5% Phos. 0.02
Sulp. 0.02
Phos x Sulp. 0.04
C.V. 14.2%

TABLE 8: Grain protein content (% dry wt) in response to varying
rates of phosphorus and sulphur

Sulphur (kg haﬂl)
Phosphorus
(kg ha %) 0 20 40 Mean
0 43.1 45,8 47.5 45.5
10 47,1 41.3 49,8 46.0
20 48.8 44 .0 43.8 45.5
40 47.9 47.9 46.0 47.3
80 47.7 47.9 44.8 46.8
Mean 46.9 45.4 46.4
Level of Significance - P= NSD, PxS = 0.05
L.5.D. 5% Phos. 3.2
Sulp. 2.5

Phos x Sulp. 5.5
C.v. 7.1%
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TABLE 9: Grain oil (% dry wt) in response to varying rates of
phosphorus and sulphur

Sulphur (kg hawl)
PhosphOqu

(kg ha 0 20 40 Mean
0 21.7 22.0 22.1 21.9
10 21.7 21.6 21.9 21.7
20 21.9 22.1 21.7 21.9
40 21.6 21.6 21.7 21.6
80 21.1 21.0 20.9 21.0

Mean 21.6 21.6 21.7

Level of Significance - P= 0.01, S=NSD, PxS= HNSD

L.5.D. 5% Phos. 0.5
Sulp. 0.4
Phcos x sulp. 0.8
C.V. 2.3%

TABLE 10: Nitrogen (kg hawl) removed in grain for different rates
of phosphorus and sulphur

Sulphur (kg hawl)

Phosphoius

(kg ha Q0 20 40 Mean
0 193 225 255 224
10 261 237 268 255
20 272 268 253 264
40 280 306 276 287
80 301 317 284 301

Mean 261 270 267

Level of Significance - P= (0.05, 8= NSD, PxXxS = N3D

L.5.D. 5% Phos. 27
Sulp. 20
Phos = Sulp. 46
c.V. 10.3%
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TABLE 11: Phosphorus (kg ha ~) removed in grain for different
rates of phosphorus and sulphur

Sulphuxr (kg hadl)

Phosphgfus

(kg ha ™) 0 20 40 Mean
0 13 15 i8 15
10 19 18 21 19
20 20 21 20 20
40 23 25 22 23
80 28 29 29 29

Mean 21 21 22

Level of Significance - P= 0,01, S= NSD, PxS=NSD

L.5.D. 5% Phos. 3
Sulp. 2
Phos x Sulp. 5
C.v. 13.5%

TABLE 12: Sulphur (kg ha ') removed in grain for different rates
of phosphorus and sulphur

Sulphur (kg ha—l)
Phosphorus
{kg ha ™) 0 20 40 Mean
0 9 12 14 12

10 11 13 14 12
20 10 15 13 13
40 12 16 14 14
80 15 16 15 15

Mean 11 14 14

Level of Significance - P= 0.01, S= (.01, PxS= NSD

L.5.D. 5% Phos. 1.5
Sulp. 1.0
Phos x Sulp. 2.6
C.V. 12%
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TABLE 13:- Cost and returns of applying various rates of
Phosphorus and Sulphur as single Superphosphate

P rate_ S :ca.i:e_:L Super- Super Return Net Return ie
{kg ha *) (kg ha 7} phosphg%e cost Yield &$250/t return less
(kg ha ) @$155/t sovbeans cost
of Super
0 0 0 0 2818 705 705
10 10 100 16 3444 861l 861
20 20 200 31 3818 855 955
40 40 400 62 3752 38 938
80 *80 800 124 3963 991 991

*Yield assumed similar to 80 P and 40 S

TABLE 14: Cost and returns for applying 20kg ha—l as Elemental Sulphur
and Phosphorus at various rates as triple Superphosphate

P rate_; 5 rate ;, TSP rate Cost of* Yield Return € Return less
{kg ha 7) (kg ha ) @19.1%P P+ S {kg ha ™) $250/t Fert. cost
0 20 0 8.40 3063 766 758

10 20 52 14.80+8.40 3589 897 873

20 20 104 29.60+8.40 3818 955 917

40 20 208 59.20+8.40 4004 1001 833

80 20 416 118.40+8.40 4148 1037 910

*Elemental Sulphur @ $420/t
Triple Superphosphate @ $286/t (freight subsidy deducted)
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5~-4 RESPONSE OF SOYBEANS AND MATIZE TO PHOSPHORUS AND SULPHUR IM
1982/83

ABSTRACT

Very adverse seasonal conditions reduced the amount of useful
informaticn that could be collected. Only one replication of
soybean was harvested for grain vield. Trends suggested that
there were responses to both phosphorus and sulphur. ¥No grain
was harvested from maize.

Introduction

An experiment was commenced on virgin Tippera Clay Loam at
Douglas - Daly Research Farm in the 1981/82 season to study the
effect of phosphorus and sulphur on the growth and vyield of
soybean. Results showed that maximum yields would be obtained
with 80 kg ha phosphorus and 20 kg ha sulphur while the
most economic combination was 40 Pand 20 S. There was a trend

for yield to be depressed when 40 kg ha * sulphur was applied
with all phosphorus rates apart from zero.

In the 1982-83 season all plots from the previous season were
split to 0, 20 or 40 kg ha phosphorus as triple
Superphcsphate and to either maize or soybeans.

Materials and Methods:-

Design was a split plot with Soybean and Maize as main plots, the
198;{82 treatment i.e. all combinations of 0, 10, 20, 40 and 80
kg P and 0, 20, 40 kg P as sub-sub plots, and 1982/83 rates
as sub-sub plots. There were three replications.

Prior to sowing all plots were soil sampled (0-10cm) to determine
levels of available phosphorus and sulphur.

Land was ploughed and cultivated several times}$o provide a weed
free sgedbed after which trifluralin (treflan *) was applied at
21lha {product) and incorporated.

Inoculated seed of soybean cultivar Buchanan and Apron treated
seed of maize cultivar Hycorn 9 was sown on December 22, in 15
and 45cm rows, respectively. Nitrogen as Urea was applied at 100

—

kg ha to the maize at sowing.

Maize estah%?shment was good and the stand was thinned to 50,000
plants ha on January 4 - 5. Soybean establishment was fair
but extremely variable between plots so it was decided to
replant Hence, all soybean plots were sprayed with Reglone at
41 ha on January 5 and were replanted on January 6. The stand
from this second sowing was very good.
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Effect of Seasonal Conditions

This experiment was essentially a failure due to very adverse
seasonal conditions (Table 1, Section 1). Grain yields were only
obtained from one replication of soybeans. Samples were taken
for plant nutrient status by sampling 10 flag leaves per plot at
tasseling in the maize and 10 topmost fully expanded leaves at
flowering in the soybeans.

Soybeans - Although establishment was good with the second sowing
prolonged dry weather (3 weeks without rain) in January
resulted in severe plant mortality from charcoal rot
(Macrophomina phaseocli). Mortality was so severe that
only one replication had enough plants to warrant
harvesting.

Maize - Maize also suffered severely from the dry conditicns at
silking and tasselling and virtually no grain was
produced. The most noticeable feature with maize was
the lack of synchrony between tasseling and silking.
Tasseling commenced on February 8 yet very few silks
were observed until March 2. Conseguently there was a
total lack of pollination and no grain was formed.

Results and Discussion:-

(1) Soybean Grain Yield:-

Soybean grain yield is shown in Table 1. Given the lack of
replication wvery little can be gleaned from the results.
However, there appears to have been a response to both
residual and applied phosphorus and a residual response to
sulphur.

(2) Soybean Grain 0il, Protein & Phosphorus Levels:-

Data for oil, protein, and phosphorus ccntent of the grain

is shown in Table 2, 3 and 4. No obvious effects can be
seen.

(3) Plant levels of N, P & S in Soybean & Maize:-

Nitrogen, phosphorus and Sulphur levels in the topmost fully
expanded leaf of soybean at flowering are shown in Tables 5,
6 and 7, respectively and in the flag leaf of maize at
tasselling in Tables 8, 9 and 10, respectively.

There was no effect of any treatment on soybean leaf
nitrogen and sulphur levels but phosphorus levels responded

to both residual and applied phosphorus. For maize,
nitrogegllevels decreased with increasing applied P up to 20
kg ha , phosphorus levels increased in response to both
residual and applied P, and sulphur increased with

increasing sulphur but decreased with increasing applied P.
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Conclusions:-—

The vagueries of the season make it impossible to draw any valid
conclusions. It is intended to sow the entire area to soybeans
in the 1983/84 season without additional fertilizer application.
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Table 1: Grain Yields for Soybeans receiving various rates
of phosphorus and sulphur. (one replication only)

P rate S rate
1981-82 1981-82 P rate 1982-83 season
Season Season 0 20 40
0 0 1194 1652 2089
20 1322 1535 2399
40 1407 2228 2025
i0 0 725 1151 2292
20 1386 1770 2345
40 1226 1780 1674
20 0 1354 981 2239
20 1333 1450 1972
40 1748 2345 2420
40 0 1055 2089 1802
20 2420 3070 2665
40 1801 2665 1919
80 0 2836 2665 2633
20 1439 2089 1844
40 2633 1844 2590
Means 1981-82 0 10 20 40 80
Phos. Rates 1761 1594 1760 21711 2348
1981-82 0 20 40
Sulph. Rates 1784 1336 2025
1982-83

Phos. Rates 1562 1988 2194



Table 2

P Rate
1981-82

0
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Means

: Soybean Grain Oil Content
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{(one replication only)

S5 Rate
1981-82

0

20

40

0

20

40

0

20

40

0

20

40

0

20

40
1981-82
D Rates
1981-82
S Rates
1982-83
P Rates

|

22.1
22.2
22.2
22.0
22.5
22.0
21.8
21.9
21.98
22.5
22.0
22.2
22.0
21.8
21.9

22.1

|

21.

=

22.

(% dry wt)

P rate 1982-83

20

22.1
22,2
21.8
21.7
22.1
21.7
21.5
22.1
21.9
22.3
21.0
21.9
21.7
22.0
21.7

40

22.0
21.7
22.3
21.9
22.3
21.7
21.8
22.3
21.8
22.1
22.1
21.7
21.8
22.1
21.8
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1981/82
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Soybean Grain Protein Content (% dry wt -
replication only)

P Rate (1982/83)

S Rate
1981/82 0 20
0 39.5 39.7
20 39.5 32.9
40 39.9 40.0
0 39.8 40,1
20 39.1 39.9
40 39.7 40.2
0 40.7 40.9
20 39.9 40.0
40 40.1 40,1
0 39.4 39.3
20 40.0 39.9
40 39.8 39.9
0 40.3 40.4
20 40.5 39.9
40 39.9 40.1
1981/82 0 i0 20 40 80
P Rates 39.7 39.9 40.2 39.7 40.1
i981/82 0 20 40
5. Rates 40.0 39.8 40.0
1982/83 0 20 40
P Rates 39,9 40.0 39.9

one

40

39.8
40.1
3%9.2
40.1
39.8
40.8
40.5
39.4
40.3
39.6
39.7
40.1
40.0
39.3
40.4
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0.53 0.52
0.46 0.56
0.59 0.62
0.57 0.62
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0.48 0.53
0.51 0.54
G.53 0.54
0.51 0.53
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0.61 0.59
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0.61 0.61
0 20 40
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Table 5: Soybean Leaf Nitrogen Content (% dry wt.)

P rate (1982/83)

P Rate 5 Rate
1981/82 1981/82

o
0]
o

0 0
20

40

10 0
20

40

20 0
20

40

40 0
20

40

g0 0
20

40

s ® 5 *
. s L] . 9

« = s s
U R R R B T Lo W s e O W

. . o+ e & & s b

O s B R W TR W W

. % » .« 2

N N I T A
N S S L . N S I O T i i

.
.

Means 1981/82
P Rates

WO
.

=
o
ENTN)
» O
.

o
t=Y
.

[#9]
[¥8]
=

1981/82
S. Rates

»o
o
KoY
o

S [
»
[
=Y
.
w
.
L]
w

1982/83
P. Rates

o
o
=%
o

&> O
L]
w
K
.
L
s
.
()

No significant effects.

.
e ]

. * . = 9 . . . . . . .

(USRI S SRV U N S S SR S il i i
B Lo PO DD B RO O LD DO L b D )

»

o
oo
Lo )

.
[¥S)
o
Lo



Table 6:

P Rate
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Soybean Leaf Phosphorus Content
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P Rate
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Table 10: Maize Leaf Sulphur Content (% dry wt.)

P Rate (1982/83)

P Rate S Rate
1981/82 1981/82 0 20 40
¢] 0 0.15 0.15 0.16
20 0.15 0.15 0.15
40 0.15 0.15 0.16
10 0 0.17 0.14 0.16
20 0.16 0.16 0.16
40 0.18 0.16 0.15
20 0 0.186 0.15 0.14
20 0.16 0.16 0.16
40 0.16 0.16 0.16
40 0 0.15 0.15 0.15
20 0.15 0.15 0.16
40 0.17 0.16 0.15
80 0 0.15 0.15 0.16
20 0.17 0.16 0.15
40 0.16 0.16 0.16
Means 1981/82 Q 10 20 40
P Rates 0.715 0.16 0,715 0.15
1981/82 ] 20 40
S. Rates 0.15 0.16 0.16
1982/83 0 20 40
P Rates 0.76 0.15 0.1I5
Significant Effects - Sulphur rates 1981/82 = P 0.01

P rates (1982/83) = p 0.01

LSD 5% Sulphur rates = 0.005
P rates (198B2/83) = 0.004

o)
o

el
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5-5 PRESPONSE OF SOYBEANS TO PHOSPHORUS AND SULPHUR IN THE
1983/84 WET SEASCHN

ABSTRACT

Studies on the effect of phosphorus and sulphur on the yield of
soybeans on Tippera clay lcam were ccntinued in the 1983/84 wet
season when plots established in 1981/82 and 1982/83 were sown to
soybeans without additional phosphorus and sulphur fertilization.

vield increased with increasing rates of phosphorus applied in
1981/82 and 1982/83. There was no_yield increase from phosphorus
applied in 1982/83 when 80 kg P ha was applied in 1981/82.

A relationship was developed between grain yield and available
soil phosphorus:

Grain Yield = 1183 + 299.5 P - 10.5 P2 (R* = 0.54, P 0.01)

The results show that high rates of fertilizer phosphorus applied
in the initial season are likely to remain available in the
surface soil in subsequent seasons and it is argued that the
applicaticon of fertilizer phosphorus may not be necessary if
available soil phosphorus exceed 14 ppm.

There was no response to sulphur in this season. However, it is
argued that this was not due to adequate supplies of sulphur but
to an overall deficiency of sulphur throughout the whole
experiment due to its movement to depth in the profile. We
conclude that sulphur application will be required every season.

Introduction

An experiment to assess the response of soybean to phosphorus and
sulphur on Tippera clay loam was commenced in the 1981/82 wet

season and continued in 1982/83. It was further continued in
1983/84.

Results for 1981/82 and 1982/83 are discussed in the previous two
reports {(Sections 5-3, 5-4). Briefly, in the initial expfriment
(1981/82) all combinq}ﬁons of 0, 10, 20, 40 and 80 kg ha P and
0, 20, and 40 kg ha S were evaluated on virgin Tippera clay
loam. Results showed that yjield increased with increasing

phosphorus rpte up to 80 kg ha and with increasing sulphur up
to 20 kg ha ~.

Plots from the first season were permanently marked. In the
second season (1982/83) each replication was split to_Taize or
soybeans and each plot was split to 0, 20 or 40 kg ha P, No

additional sulphur was added. Very adverse seasonal conditions
resulted in extremely poor soybean establishment; and severe
drought stress in maize at silking and tasseling. Only one

replication of soybeans was harvested. Yield trends for soybeans
suggested responses to both applied (1982/83 rates) and residual
phosphorus {1981/82 rates}) and residual sulphur.

In the current experiment, no additional phosphorus or sulphur
was applied and all plots were sown to soybeans.
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MATERIALS AND METHODS

Design, treatments and plot size are detailed in the previous two
reports. Briefly, design was a split-split plot with 1982/83
crop (soybean, maize) as main plots, 1981/82 phosphorus and
sulphur rates as sub plots (5 P rates x 3 S rates) and 1982/83
phosphorus rates (3 P rates) as sub-sub plots. There were three
replications. Hence treatment combination were:-

Main Plots Sub-Plots Sub-Sub Plots Reps
{1982/83 Crop) (1981/82 rates) (1982/83 rates)

Soybean 0P x 0S 0P 3
208
408
10P x 0S
208
408
20P x 08§ 20P
208
Maize 408
40P x 08
208
408
80P x 08 40P
208
408

Overall then there were 90 treatments by three replications or
270 plots.

In addition, border areas on each side of the experiment, which
had not previcusly receive@Lany fertilizer phosphorus, were sown

to soybeans with 40 kg ha P applied as triple superphosphate.
No sulphur was applied.

Inoculated seed of soybean cultivar Buchanan was sown on January
2, 1984. Plot size was the same as for 1982/83. Establishmth
was good with a resultant plant population of 430 x 103 ha

Prior_}o sowing the area was treated with treflan herbicide at 2

1 ha ~. The herbicide was immediately incorporated after
application.

All plots were soil sampled to a depth of 10 cm prior to sowing.
These samples were used to determine available phosphorus
(bi~carbonate extractable) and sulphur levels. In addition, we
sampled plots that received 80 P and 40S in season 1 and 40 P in
season 2 (a total of six plots in all) at 10 cm increments from 0
- 100 cm. These samples were analysed for available phosphorus

and sulphur to determine the distribution of each in the soil
profile.

At maturity all plots were harvested with a KEW experimental
header to determine grain yield. Sub-samples were dried at 50°C
for 96 hr and these data were used to convert yvield to a dry
weight basis, Further samples were taken to determine oil,
protein, phosphorus and sulphur content of the grain.
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Seasonal Ceonditions

Seasonal rainfall (Oct - April) is shown in Table 1, Section 1.
Essentially rainfall was slightly above average with very good
falls for January, February and March. This was the best season
since the commencement of the ADMA development.

RESULTS

a)

Grain Yield

Significant effects are shown in Table 1. There were
significant effects of initial phosphcrus (1981/82 rates)
(P 0.01), supplementary phosphorus (1982/83 rates) p
0.01) and initial by supplementary phosphorus (P 0.01).
There was no effect of sulphur and no effect of the previous
crop (maize or soybeans).

Essentially, yield increased with increagﬁpg initial
phosphorus rate (1981/82 rates) up to 80 kg ha P but only
up tec 20 kg ha P for supplementary phosphcorus (1982/83
rates). The interaction reflected vield increases with
supplementary ph@sphorus for all initiqﬁ phosphorus rates
except 80 kg ha P i.e. where 80 kg ha P was applied in
season 1 there was no response in seascn 3 to additiocnal
phosphﬂyus applied in season 2. Further, where 10, 20 or 40
kg ha P were applied in season 1 yield increases were
recorded in season 3 for 20 kg ha P applied in season 2.

It was og}y where nothing had been applied in season 1 that
40 kg ha P applied in season 2 produced a yield increase
in season 3.

As no phosphorus fertilizer was applied to the experiment
this season it is not possible to assess the effect of
additional fertilizer phosphorus. However, a guide caglbe
obtained from the border plots fertilized with 40 kg ha P
this season. These yielded 3,545 kg ha -~ which was less
than 200 kg ha more than the g?mbination of 80 kg ha p

in the initial year and 0 kg ha P in seascon 2 and season
3.

Relationship between Yield and Available Soil Phosphorus

Regression analysis were conducted to relate available soil
phosphorus and grain yield. The regression equation was a
highly significant gquadratic function best represented by
the equation:-

Yield = 1183 + 299.5 P - 10.5 P2 (R? = 0.54, P 0.01)

The plot of this data is shown in Fig. 1 and shows that
vield will not be increased with available scil phosphorus
levels above 14 ppm. Data used to develop this relationship
is shown in appendix 1.
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c) Distribution of Phosphorus and Sulphur in the Profile
This data is shown in Fig. 2. Essentially applied
phosphorus remained in the 0 - 10 cm zone and there was no
change in levels below 20 cm., However, the majority of

available sulphur was between 50-80 cm from the surface.

d) Grain Chemical Composition

Significant treatments effects on oil, protein, phosphorus,
and sulphur content of the grain are shown in tables 2, 3, 4
and 5, respectively.

Grain o©il content (Table 2) was only affected by the
previous crop being slightly higher where maize was
previously grown. The reverse was true for grain protein
content (Table 3a) and presumably refiects higher levels of
available nitrogen where soybeans were grown in 1982/83. 2an
inverse relationship between o0il and protein content has
been reported in numerous studies.

For protein content there were also effects of supplementary
phosphorus (Table 3b), initial by supplementary phosphorus
(Table 3c) and crop x sulphur {Table 3d). Protein content
increased with increasing rates of supplementarzlphosphorus
when initial phosphorus rates were 0 or 10 kg ha

Grain phosphorus content increased with increasing rates of
initial (Table 4a) and supplementary phosphorus (Table 4b).
There was also a crop by sulphur effect (Table 4c¢).
Essentially grain phosphorus increased with increasing rates
of sulphur where maize was grown in 1982/83 but decreased

with increasing rate of sulphur where soybeans were grown in
1982/83.

Grain sulphur content increased with increasing rates of
sulphur (Table 5a).

DISCUSSION

The results from this study c¢learly show the importance of
adequate levels of available phosphorus in producing maximum
soybean yields. However, they also suggest that very little
phosphorus is lost through fixation and/or leaching. This is
reflected .in the relatively high yields obtained in 1983/84 from
80 kg ha P applied in 1981/82 with no further application in
subsequent seasons. This effect may not have been as large had a
crop been harvested in 1982/83. However growth of volunteer
species was profuse in failed plots in 1982/83. These were all
mown and removed at the end of the season and would have
accounted for some phosphorus removal from the profile. This is
supported by the fact that we could not detect a difference in
available phosphorus at the commencement of this season between

plots harvested for grain and harvested for volunteer species in
1982/83.
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Although there was no response to sulphur in this season, it does
not necessarily mean that sulphur was not required. We believe
its distribution in the profile (Fig 2) has made it largely
unavailable to the plants for a majority of the growing period
and that, in fact, all plots may have been deficient in sulphur.
Extraction of nutrients from depth is dependent on xoot

exploration. In an season such as this, where rainfall is high
and well distributed, deep exploration of roots is less likely to
occur. Soil samples taken prior to sowing for the 0-10 cm

increment in all plots showed an available sulphur level of 5
ppm {similar to that measured on virgin soil) with no difference
between sulphur treatments. That there was a slight difference
in grain sulphur content between different sulphur treatments
suggests that sulphur was being exploited late in the growing
season. However by this stage the main component of grain yield,
pods per plant, would have been determined.

Some circumstantial evidence supporting sulphur deficiency this
season can be gained from comparing yields in the first season of
this experiment (1981/82) and the current season. Although
rainfall was lower in the initial season we do not believe this
has had a major detrimental effect on yield. 1In 1981/82 the 40 P
x 0 S treatment yielded 3644 kg ha * (Table 1, Section 5-3) while
the border plots in this experiment wh}fh received the same

treatment (40 P x 0 S) yielded 3545 kg ha ~. The addition of 20
kg ha S iq_1981/82 (40 P x 20 S tratement) increased yield to

4,004 kg ha

We have developed a relationship which suggests that soybean
vields are wunlikely to be increased with available soil
phosphorus levels in excess of 14 ppm. However, we do not know
the effect of a small amount of phosphorus fertilizer added to
the crop when available scil levels are of this order. Available
soil phosphorus levels were of the order of 5 ppm for the border
plots in this experiment prior to sowing. On the basis of bulk
density of tippera clay loam being 1.4 (Day 1977), 1 ha of sgil x
10 ecm will weigh, 1,400,000 kg. By applying 40 kg ha P,
available soil phosphorus level in the top 10 cm will be approx.
33 ppm (28 ppm added to the soil plus 5 ppm available at sowing}
assuming no long term fixation. Yield for this treatment was
3,545 kg ha and this suggests that these higher Ilevels of
available phosphorus are only having a small effect on grain
yield. However, this suspected minor effect of phosphorus
fertilizer added to soils with relatively high levels of
available so0il phosphorus requires validation.

Field Implications

These results suggest that large gquantities of phosphorus
fertilizer applied in one season will not be lost and will
provide adequate phosphorus for a number of seasons. We see this
as an important logistical advantage for farmers in that it would
not be necessary to carry out phosphorus application in all
seasons. Further, the results also suggest that phosphorus
application can be carried out well before sowing (late dry
season) without the concern that considerable guantities will be

lost. This should greatly improve the efficiency of the planting
operation.
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However, we believe this is unlikely to apply with sulphur. oOur
results suggest that sulphur application will be reguired each
season, preferably at or immediately before planting. As
suggested previously (1981/82 report) the selection of a sulphur
source warrants investigation. We used gypsum in these studies
and showed that 40 kg ha S as gypsum gave a slight reduction in
yield when phosphorus was applied (1981/82 report). We do not
believe this was due to sulphur toxicity but was possibly due to
some short term phosphorus fixation from calcium applied in the
gypsum. Both elemental sulphur and ammonium sulphate
{(particularly for maize and sorghum) warrant evaluation.

TABLE 1: Soybean yield (kg ha™') in 1983/84 as affected by
(a) initial phosphorus rate  (1981/82), (b)
supplementary phosphorus rate (1982/83) and (c)
the interaction between initial and supplementary
phosphorus rate.

(a) Initial Phosphorus rate effects
1

P rate (kg ha;") Q 10 20 40 80
Yieild (kg ha 7) 2753 2755 291 3079 3305
Level of signif = **, 18D 5% = 240
b) Supplementary Phosphorus rate effects
0 20 40
2799 3013 3072
Level of signif = **, LD 5% = R4
c) Initial x supplementary phosphorus rate effects
. Initial P rate (kg ha ')
Supp. P rate (kg ha ") ] 10 20 40 80
0 2561 2815 2780 2852 3367
20 2616 2972 2988 3146 3214
40 30823 2977 2979 3240 3334

Level of signif = **,  1gp 5% 285 (whole table)

187 (supp. P with same rate
of initial P)

n
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TABLE 2: Effects on oil content (% dry weight)

a) Crop Effect

1982/83 Crop Maize Soybean
0il Content 21.8 21.6
Level of significance = *, LSD 5% = 0.19

TABLE 3: Effects on Protein Content (% dry weight)

a) Crecp Effect

1982/83 Crop Maize Soybean
Protein ccntent 39.1 40.0
Level of significance: *, LSD 5% = 0.9
D) Supplementary Phosphorus Effect
1982/83 Phosphorus rate 0 20 40
{kg ha ™)
Protein Content 39.4 39.6 39.7

Level of significance: **, LLSD 5% = 0.19

<) Initial x Supplementary Phosphorus Effect

1982/83 Phosphorus rate (kg ha™t)
1981/82_§hosphorus rate 0 20 40
(kg ha ™}
0 39.3 39.5 39.6
10 39.1 39.8 35.6
20 39.6 39.4 39.5
40 38.6 39.7 39.9
80 39.8 39.6 39.8

Level of signif: **, LSD 5% 54 {(whole table)

c.
0.42 (Supp. P with same level
of initial P)

n
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d) Crop x Sulphur Effect
1981/82 sulphur rate (kg ha ')
1982/83 Crop 0 20 40
Maize 38.8 39.2 29.2
Soybean 39.9 40.3 40.0
Level of Signif: *, LSD 5% = 0.6 (whole table}
= 0.5 (sulphur rate for same
crop)
TABLE 4: Effects on CGrain phosphorus Content (% dry wt)
a) Initial Pheosphorus Effect (1981/82 rates)
1981/82 Phosphorus rate (kg ha"t) o 10 20 40 80
Grain phosphorus (% dry wt) 0.46 0.47 0.48 0.51 0.56
Level of Signif: **, LSD 5% = 0.03
b) Supplementary Phosphorus Effect {1982/82 rates)
1982/83 Phosphorus rate (kg na™t) 0 20 40
Grain Phosphorus (% dry wt) 0.48 0.49 0.52
Level of Signif: **, 1LSD 5% = 0,01
c) Crop by Sulphur Effect:

Sulphur rate (1981/82)

1982/83 Crop 0 20 40
Maize 0.48 0.46 0.50
Soybean 0.53 0.52 0.50

Level of Signif: *, LSD 5% 0.09 (whole table)
0.04 (sulphur rate with same

crop)

0o
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d) Initial Phosphorus by Sulphur by Supplementary Phosphorus

Effect
Initial Phogghorus Sulphur _ Supplementagg Phosphorus
Rate (kg ha 7) Rate (kg ha ~ )} Rate (kg ha ™)
0 20 40
0 0 0.45 0.49 0.48
20 0.44 0.43 0.48
40 0.46 0.46 0.48
10 0 0.46 0.46 0.49
20 0.45 0.49 0.51
40 0.44 0.47 0.49
20 0 0.46 0.46 0.50
20 0.47 0.45 0.47
40 0.51 0.53 0.52
40 0 0.52 0.48 0.56
20 0.49 0.52 0.51
40 0.46 0.48 0.54
80 0 0.57 0.57 0.58
20 0.52 0.55 0.55
40 0.58 0.53 0.60

Level of signif: *, LSD 5% 0.07 (whole table)
0.04 (suppl. P with same levels

of initial P and

([l

sulphur)
TABLE 5: Effects on Grain Sulphur Content (% dry wt)
a) Effect of Sulphur Rates
1981/82 sulphur rates (kg ha#l) Q0 20 40
Grain sulphur (% dry wt) 0.24 0.25 0.26

Level of Signif: **, LSD 5% = 0.007
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APPENDIX 1

Data for grain yield and available soil phosphorus (0 - 10 cm)
used to develop regression equation yield = 1183 + 299.5 P - 10.5
PZ

Grain Yield Avail Soil P Grain Yield Avail Soil P
(kg/ha) (ppm) (kg/ha) (ppm}
2303 5.3 2831 8.2
2665 7.2 3226 8.8
2596 5.3 3251 8.7
2685 8.2 3205 10.2
3438 11.0 3218 13.8
2689 8.2 2978 7.0
2915 6.2 2180 6.3
2796 8.7 2884 6.8
2905 g.2 3120 6.3
3345 12,2 3242 14.2
2682 8.5 2541 6.5
2865 8.3 2931 7.8
2949 9.3 3381 8.7
2867 12.7 3441 13.7
3318 14.5 3194 8.2
2454 5.7 2809 8.5
2573 7.7 3121 9.3
2764 7.0 3219 11.0
2963 7.7 3319 16.8
3143 10.7
2562 7.2
3118 7.5
2947 8.5
3271 9.0
3282 11.8



- 110

5-6 RESPONSE OF SOYBEANS TO ZINC IN 1981/82

ABSTRACT

Soybean cultivar Buchanan was sown with five rates of zinc on a
Virgin Tippera Clay Loam in the 1981-82 Wet Season. Initial soil
tests indicated a very marginal available zinc level of 0.35 ppm.

Plant analysis tests performed during the growing season showed
significant differences in plant tissue zinc levels. However, no

response in soybean plant growth or yield occurred in this
initial year.

Post harvest soil tests showed a decline in soil zinc to 0.27 ppm

in plots where no zinc was applied and an excellent range between
other rates.

The experiment area was sown to soybeans again in 1982/83 but
very poor establishment resulted in its being abandoned.

Introduction

In +he initial stages of research and crop production in the
Douglas Daly area, zinc deficiency on several crops oxf maize was
identified.

Tests on Tippera clay loam soils on new development farms
indicated soil zinc levels ranging from 0.2 ppm to 1.2 ppm.

From these results it was expected that zinc may be a limiting

factor to crop production, either immediately or after several
seasons.

As soybeans are expected to be one of the major crops grown on
+hese soils, it was decided to set up a long term zinc experiment

to determine if zinc fertilizer was required and if so how
frequently.

Seasonal Conditions

The season was characterized by below average rainfall with a
long dry spell during the establishment phase and an abrupt end
in late March (Table 1, Section 1}.
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Materials and Methods

The site was virgin tippera, cleared and raked during the 1980-81
wet season. Initial soil samples to determine nutrient levels
were taken from numerous locations on the trial site.

Experimental design was a randomized block with four, replications
of five rates of zinc, 0, 5, 10, 15, and 20 kg ha . Each plot
consisted of 3 beds, 1.5 m wide by 30 m long. Ten rows, 15 cm
apart, were sown on each bed.

Land was prepared by conventional cultivation to provide a weed
free geedbed prior to Treflan application and incorporation at 2
l/ha on December 13, 1981.

Soybean cultivar Buchanan was inoculated with rhizolium strain CB
1809 and sown with a 10 row Conor Shea disc seeder on Dgfember
22, 1981 to obtain a plant population of 500,000 plants ha

Phosphorus at 40 kg ha_l was applied as Super King (19.2% P) and
Sulphur as Gypsum at 14 kg/ha S. Single Super was not used in
this experiment because of its usual high ziqﬁ contamination.

Muriate of Potash at 100 kg ha ~ (50 kg ha ~} K) was also
applied,.

The five rates of zinc were hand applied in the form of zinc
oxide. Zinc sulphate was avoided because of the possible
confounding effect of its sulphur component.

Basagran herbicide was sprayed at the 3 trifoliate stage on all
plots to control broadleaf weed species.

Insecticide was applied 3 times dgﬁing the growing season by
back-pack mister. Thiodan at 2 1/ha was used twice, to control
leaf eating insects early in the season and ped sucking bugs near :

Lannate at 1.5 1/ha” = was applied once in an effort to control Spo.
litura

Recordings and Data Collection

Established plant populations were determined one week after
emergence.

All plots were sampled on February 23, 1982 for dry matter

production. Samples were retained and subsequently ground and
analysed for plant zinc levels.

At maturity the centre bed of each plot was machine harvested
using a K.E.W. experimental header and plot vields recorded.

Grain samples were analysed for percentage P, Zn, 0il and
Protein.
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Results and Discussion

All results and recordings are listed in Table 1.

Plant populations were very uniform throughout with an
established mean population of 400,000 plants ha

During the growing season no visual response Wwas noted to the
varying rates of zinc applied. This observation was verified by
plant dry weight yields and ultimately by grain yvields with no
significant differences recorded be}ﬁeen rates. Average drain
yvield over all plots was 3,567 kg ha .

Grain analysis of protein, phosphorus, zinc and oil content as
well, indicated no response to zinc.

Whole plant analysis hoyever did show a significant response
(p 0.05) up to 10 kg/ha -~ of applied zinc. However, zinc levels
for all treatments were above that regarded as marginal.

Post harvest soil sampling (see Table 1) of all plots indicated
that in plots where no zinc was applied available zinc levels had
dropped to 0.27 ppm from an initial 0.35. Other rates of zigf
applied produced available so{%.levels of 1.32 ppm for 5 kg ha
up to of 4.00 ppm for 20 kg ha

Conclusion

These results show that a soybean crop grown on Virgin Tippera
soil would not directly benefit £rom an application of zinc.
However, soil zinc levels in these soils are often thought to be
marginal and certainly available levels below 0.35 ppm are quite
COMMmOon . It is then suggested thaty the current practice of
applying small gquantities (5 kg ha ) in the initial year of
cropping be continued at this stage.

Given the establishment of a range of soil =zinc levels, and
particularly the mining of the no zinc plots it is intended that
this experiment be continued for a number of years to define at
what available soil levels zinc will be a limiting factor. In

this way it is hoped that a strategy for zinc application can be
developed.
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5-7 ASSESSMENT OF NUTRIENT DEFICIENCIES ON BLAIN SANDY LOAM -
RESULTS OF POT STUDIES

ABSTRACT

The effect of withholding a number of nutrients in turn on the
growth of maize, soybean, and sword bean (Canavalia sp.) was
assessed on Blain Sandy loam soil from DDREF.

Results were seriously confounded by <chloride toxicity and
suspected overall nitrogen and sulphur deficiency in all
treatments. However, the results provided indications that
phosphorus, sulphur, potassium and zinc are all likely to be
deficient. Of course, nitrogen will be essential for maize
production. There was some indication that raize yields may be
depressed by the addition of copper.

Mr C.J. Flint, Peanut Agronomist, was a joint worker on this
study.

Introduction

The Blain sandy loam scoil is a major soil type in the
Douglas-Daly area of the Northern Territory. Indifferent growth
of crop and pasture species has often been recorded on this soil

type. In many instances symptoms of nutrient deficiency have
been obvious.

In the 1980-81 season poor growth was recorded with a number of
crop species, including maize, soybean, sword bean {Canavalia
sp.}) and cowpea grown on previously cropped Blain sandy loam at
Douglas-Daly Research Station. Plant analysis suggested that at
least zinc was deficient.

In pot studies with the pasture legume verano stylo, Day et al.
(1983) recorded responses to phosphorus, sulphur and zinc and
suggested that potassium and copper were likely to be deficient
when phosphorus and sulphur were corrected. In field studies
with the same species responses to phosphorus, sulphur, zinc and
molybdenum have been reccrded (B.J. Ross and A.G. Cameron, pers.
comm. ) .

This paper reports the results of two pot studies with Blain
sandy loam from DDRF where one element was withheld in turn. 1In
the first study, maize and soybean were grown in pots containing
virgin Blain sandy loam collected from the area now known as the
Blain Irrigation Area. In the second study maize and sword bean

were grown on previously cropped Blain soil from the stockyard
paddock.
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Materials and Methods

Experiment 1:

Virgin Blain sandy loam was collected from the area now known as
the Blain Irrigation Area at DDRF. All soil was from the surface
15 cm.

Experimental design was a randomised block with 15 nutrient
treatments and three replications on each of two crops, maize and
soybeans i.e. 45 pots for each crop.

The 15 treatments were:

Tl - complete basal based on chloride

T2 - complete basal based on sulphate

T3 - complete basal based on sulphate with chloride added as
magnesium sulphate

T5 - Nil

T6 - Basal minus nitrogen
T7 - Basal minus phosphorus
T8 - Basal minus potassium
T3 - Basal minus calcium
T10 - Basal minus magnesium
Tll - Basal minus zinc

T12 - Basal minus manganese
Tl3 ~ Basal minus copper

Tl4 - Basal minus boron

T15 - Basal minus molybdenum

Basal fertilizer for treatments T6 - 15 were based on sulphate
(T2) except that calcium chloride was applied as the calcium
source instead of calcium sulphate. Hence all treatments except

T2 (Basal based on sulphate) and T9 (Basal minus calcium) have
some chloride added. For T1, T3 and T4 this was the equivalent
of 308 kg ha = while for T6 - 15 (excluding T9) it was the
equivalent of 215 kg ha

Details of actual chemicals used and rates in kg ha™? for each
treatment are shown in appendix 1 while the actual amounts
applied to each pot are shown in appendix 2. Pot size was 250 mm
diameter at the surface and 250 mm depth. All chemical were
mixed into the top 2 cm of soil prior to sowing.

The experiment was sown on Jan. 12, 1982 in the screenhouse at
DDRF ., Four seeds were sown in each pot. After establishment
plants were thinned +o one per pot. All soybean seed was
inoculated with Rhizobium japonicum strain CB1809 prior +to
sowing. Maize seed was not treated. Cultivars used were
Buchanan soybean and QK694 maize. Pots were watered each day
with de-ionised water to avoid any visible signs of water stress,

Harvesting was carried out on March 3, 1982 (55 days after
sowing) when all above ground plant parts were removed, washed
with de~ionised water, and dried at 50°C for 96 hrs. Dry weights
were recorded and samples were then milled for plant nutrient
analyses,
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Experiment 2:

This experiment was conducted with previously cropped Blain sandy
loam collected from the stockyard paddock at DDRF. Soil was
collected from the top 15 cm. There were seven treatments and
three replications for each of maize and sword bean i.e. 21 plots
for each crop. Each plot consisted of two pots {same size as
experiment 1) with one plant per pot.

Treatments were:-

Tl - Nil

T2 - Complete basal based on sulphate (except calcium chloride) +
iron chelate

T3 - T2 - Zn

T4 - T2 - Cu

T5 - T2 - Iron chelate

w6 - Complete basal based on chloride + iron chelate

T7 - Complete basal based on chloride + sulphate + iron chelate

In this experiment all treatments except nil had some chloride.
Rates were the same as Ior experiment 1 and the same chemicals

were used. 1Iron chelate was applied at a rate which gave 8 kg
ha Fe.

The experiment was sown on June 30 and harvested on Sept. 15 (77
days after sowing. Pots were regularly watered with de-ironisea
water. Plant tops were removed, washed with de-ironised water
and dried at 50°C for 96 hrs. Dry weights were recorded and
samples were then milled for nutrient analyses.

Results
1. Soil Analvses
Experiment 1 Experiment 2
(Virgin) {(Previously
cropped)
pH 7.2 7.2
Conductivity (ms/cm) 0.04 0.02
P (ppm) 5 7
Ca (ppm) 485 453
Mg (ppm) 67 44
K (ppm) 78 63
S (ppm) 2 9
Cu (ppm} 0.27 0.5
Mn (ppm) 32 48
Fe (ppm) 6.8 10
Zn {ppm) 0.47 0.1
Extractants:
ph, cenduct - 1:5 soil: water extraction
P - 0.5 M NaHCO. extract at pH 8.5

S 0.01 M KH Pé extract at pH 4.0
Ca, Mg, K M CH3 CcoO H4 extract at pH 7.0

Zzn, Cu, Mn, Fe - 0.005 M'DTPA extract at pH 7.3
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Dryv Matter Production

Experiment 1

For both crops the highest dry matter yield was for the basal
treatment based on sulphate (Table 1). With soybeans similar
vield were recorded for Basal sulphate + chloride and Basal
chloride + sulphate and both were superior to Basal chloride.
This suggests a sulphate response in soybeans. However, such was
not the case for maize, where basal sulphate far outyielded the
other three basal treatments between which there was no
aifference. This suggests that maize is either not responding to
sulphur or any effect is being masked by a large depressive
effect of chlorine. Given the recorded response to sulphur in
other studies with other species on this socil the latter is
suspected. If this is the case it makes comparison between the
effects of other nutrients difficult.

All treatments except basal sulphate and basal - Ca received some
chlorine and further the three basal treatments with chlorine
received more chlorine (308 qu_ha ") than any of the minus
nutrient treatments (215 kg ha ). It 1is then reasonable to
suggest that the basal treatments on chlorine probably have
relatively low yields while the minus nutrient treatments have
relatively high vyields. Hence some nutrients which are not

having a significant effect on growth in this experiment may in
fact be deficient.

For soybeans we believe it is acceptable to compare basal based
on sulphate with the minus nutrient treatments whereas for maize
we have used the basal treatments based on chlorine.

For soybeans yield were depressed when no nutrients were added

and when phosphorus was removed. There was no cther significant
effect.

For maize the basal based on chlorine produced significantly
higher yields than nil, =P and -K. There were no other
significant effects. However, basal based on sulphur had
singificantly higher yields than all other treatments.

Hence the results from this experiment suggest that phosphorus,
sulphur and potassium are likely to be deficient.

Experiment 2

Yield data is presented in Table 11. The highest maize vield was
obtained with basal based on sulphur without copper. This was
significantly superior to nil, basal based on chlorine and basal

- Zn. Essentially the depressive effect of chlorine recorded
previously was still occurring but was alleviated when sulphur
was added. There is a trend for vield to be increased when

copper is removed and a trend for it to be decreased when zinc is
removed.

The same occurred with Canavalia but there was no evidence of a
depression when zinc was removed and no evidence of an increase
when copper was removed. Iron appears to have had no effect.
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Plant Chemical Analyses

Results of Plant chemical status are shown in Tables 2-10
(Experiment 1) and Tables 12-17 (Experiment 2}. In general lower
levels of specific nutrients were measured when specific elements
were not added. However for both experiments levels of nitrogen
and sulphur were very low in maize and sulphur in soybean and
sword bean. This may have also confounded the results.

One important aspect of both experiments was the accumulation of
high levels of zinc in basal treatments based on chloride {(Tables
8 and 16). No specific reason can be given for this. Similarly
there appears to have been an accumulation of manganese with
basal chloride treatment (Table 10j.

Plant levels of zinc suggest that it is generally in low supply
and that deficiencies are 1likely in all crops. Although we
didn't measure a vield depression in Sword bean toO minus Zn
obvious deficiency symptoms were apparent early in the growth of
the crop. These dissipated and weren't obvious on later leaves.

CONCLUSION

Results from these experiments are seriously confounded so firm
conclusions cannot be drawn. However it is reasonable to suggest
that phosphorus, sulphur, potassium and zinc are all iikely to be
required. There is some indication that for maize, yields may be
depressed by the addition of copper.

References:

Day, K.J., Fogarty, P.J., Jones, R.K., Dalgleish, N.P. and
Kermot, J.C. (1983) “Fertility Studies on Some Soils of the
Adelaide and Daly Basins, Northern Territory"” Censervation
Comm. of NT, Technical Report No. 5.
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TABLE 1: Dry Matter Production (gm pot 1) for each
treatment in experiment 1.
Maize Soybean
Basal chloride 41.9 8.8
Basal Sulphur 56.1 13.5
Basal Sulphur + Chloride 40.3 10.9
Basal Chloride + Sulphur 40.2 10.1
Nil 25.5 6.9
Basal -N 35.1 12.5
Basgal -P 29.72 9.5
Basal -XK 29.5 12.2
Basal -Ca 35.9 12.5
Basal -Mg 44,8 13.5
Basal -Zn 40.9 12.0
Basal -Mn 35.5 11.4
Basal =~Cu 45.8 13.5
Basal -B 37.1 11.9
Basal -Mo 38.0 12.3
LSD 5% 11.1 2.1
TABLE 2: % MNitrogen in whole tops for each treatment in
experiment 1
Maize Soybean

Basal chloride 0.80 2.9
Basal Sulphur 0.73 2.5
Basal Sulphur + Chloride 0.70 2.5
Basal Chleoride + Sulphur 0.90 2.8
Nil 0.88 2.2
Basal -N 0.68 2.6
Basal -P 1.43 2.9
Basal -K 0.98 2.6
Basal -Ca 0.87 2.5
Basal -Mg 0.63 2.4
Basal -ZIn 0.77 2.5
Basal -Mn 0.77 2.6
Basal -Cu 0.70 2.4
Basal =B 0.67 2.5
Basal -Mo 0.70 2.4
LSD 5% 0.35 0.47
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TABLE 3: % Phosphorus in whole tops for each treatment in
experiment 1

Maize Sovbean
Basal chloride 0.15 0.26
Basal Sulphur 0.15 0.28
Basal Sulphur + Chloride 0.14 0.27
Basal Chloride + Sulphur 0.13 0.31
Nil 0.08 0.28
Basal -N 0.13 0.29
Basal ~P 0.09 ¢.18
Basal =K 0.18 0.28
Basal ~Ca 0.13 0.28
Basal -Mg 0.14 0.27
Basal -Zn 0.14 0.29
Basal -Mn 0.16 0.31
Basal ~Cu 0.16 0.26
Basal -B 0.15 0.29
Basal -Mo 0.15 0.27
LSD 5% 0.04 0.05
TABLE 4: % Calcium in whole tops f£or each treatment in
experiment 1
Maize Soybean
Basal chloride 0,45 1.24
Basal Sulphur 0.36 0.96
Basal Sulphur + Chloride 0.35 1.08
Basal Chloride + Sulphur 0.45 1.10
Nil 0.28 1.10
Basal -N 0.37 1.08
Basal -P 0.37 1.02
Basal -~K 0.41 1.21
Basal =~Ca 0.32 0.88
Basal -Mg 0.39 1.10
Basal -Zn 0.27 1.09
Basal -Mn 0.37 1.17
Basal -Cu 0.37 1.02
Basal -B 0.33 1.11
Basal -Mo 0.37 1.10

LSD 5% 0.10 0.15
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TABLE 5: % Magnesium in whole tops for each treatment in
experiment 1

Maize Sovbean
Basal chloride 0.16 0.52
Basal Sulphur 0.14 0.48
Basal Sulphur + Chloride 0.20 0.56
Basal Chloride + Sulphur 0.24 0.58
Mil 0.17 0.42
Basal -N 0.15 0.40
Basal -P 0.21 0.46
Basal -X 0.23 0.45
Basal =Ca 0.14 0.43
Basal -Mg 0.15 0.37
Basal ~Zn 0.13 0.42
Basal -Mn 0.16 0.45
Basal ~Cu 0.18 0.37
Basal -B 0.15 0.48
Basal -Mo 0.17 0.40
LSD 5% 0.04 0.09
TABLE 6: % Potassium in whole tops for each treatment in
experiment 1
Maize Soybean
Basal chloride 1.84 2.15
Basal Sulphur 1.69 1.87
Basal Sulphur + Chloride 1.68 2.02
Basal Chloride + Sulphur 1.83 2.21
Nil 1.68 1.97
Basal -N 1.76 2.10
Basal =~P 2.09 2.13
Basal =X 1.43 1.83
Basal -Ca 1.62 2.10
Basal -Mg 1,52 2.09
Basal ~Zn 1.47 2.04
Basal -Mn 1.72 2.10
Basal ~Cu 1.51 1.54
Basal -B 1.64 2.10
Basal -Mo 1.78 1.97

LSD 5% 0.26 0.23
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TABLE 7: & Sulphur in whole tops £for each treatment in
experiment 1

Maize Soybean
Rasal chlecride 0.04 0.13
Basal Sulphur 0.14 0.18
Basal Sulphur + Chlorice 0.0% 0.18
Basal Chloride + Sulphur 0.09 0.17
Nil 0.06 0.14
Basal -N 0.05 0.15
Basal -P 0.10 g.l1l86
Basal -K 0.08 0.14
Basal -Ca 0.08 0.15
Basal -Mg 0.05 0.15
Basal ~Zn 0.06 0.16
Basal -Mn 0.06 0.16
Basal -Cu 0.06 0.14
Basal =B 0.086 0.16
Basal -Mo 0.06 0.15
LSD 5% 0.02 0.02
TABLE 8: Copper (ppm) in whole tops for each treatment in
experiment 1
Maize Soybean

Basal chloride 3 7
Basal Sulphur 3 5
Basal Sulphur + Chloride 4 6
Basal Chloride + Sulphur 5 6
Nil 5 6
Basal -N 3 5
Basal -P 5 11
Basal =K 3 4
Basal -Ca 4 5
Basal -Mg 3 5
Basal -Zn 3 5
Basal -Mn 4 5
Basal -Cu 3 5
Basal -B 3 7
Basal -Mo 4 6
LSD 5% 1 2
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TABLE 9: Zinc (ppm} in whole tops for each treatment in
experiment 1

Maize Soybean
Basal chloride 71 199
Basal Sulphur 25 54
Basal Sulphur + Chloride 20 68
Basal Chloride + Sulphur 80 210
Nil 23 61
Basal -N 17 54
Basal -P 40 68
Basal -K 23 60
Basal -Ca 35 44
Basal -Mg 21 52
Basal -Zn 8 23
Basal -Mn 18 47
Basal -Cu 20 51
Basal ~-B 19 45
Basal -Mo 25 54
LED 5% 14 46
TABLE 10: Iron (ppm) in whole tops for each treatment in
experiment 1
Maize Soybean
Basal chloride 129 292
Basal Sulphur 112 304
Basal Sulphur + Chloride 99 273
Basal Chloride + Sulphur 124 268
Nil 116 273
Basal ~N 124 271
Basal -Pp 114 275
Basal ~K 105 283
Basal -Ca 113 263
Basal -Mg 102 285
Basal -Zn 143 260
Basal -Mn 133 252
Basal -Cu 101 234
Basal -B 94 284
Basal -Mo 107 249

LSD 5% NSD NSD
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TABLE 11: Manganese (ppm) in whole tops for each treatment
in experiment 1

Maize Soybean
Basal Chlcride 40 345
Basal Sulphur 8 145
Basal Sulphuxr + Chloride 8 187
Basal Chloride + Sulphur 10 240
Nil 6 211
Basal -N 8 187
Basal -P 7 172
Basal -K 8 219
Basal -Ca 8 128
Basal -Mg 8 213
Basal -Zn 8 201
Basal -Mn 8 170
Basal -Cu 8 160
Basal -B 8 229
Basal -Mo 8 193
LSD 5% NSD 73
TABLE 12: Dry Matter Yield of Maize and Canavalia in
Experiment 2
Maize {(gm/plant) Canavalia (gm/plant)

Tl Nil 13.6 10.3

T2 Basal SO4 {except

CaClz) + Fé Chelate 24.5 13.3

T3 T2"=-Zn 21.5 12.9
T4 T2 -Cu 26.9 13.5
T5 T2 ~Fe 23.1 13.8
T6 Basal Cl 17.8 10.4
™7 Basal Cl + S0 24.8 13.1

4
LSD 5% 4.7 1.5
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TABLE 13: % N in Tops for Pot Trial 2
Maize (gm/plant) Canavalia (gm/plant)
Tl Nil 0.72 1.97
T2 Basal SO, (except
CaCl,) + F& Chelate 0.47 2.47
T3 T2°-Zn 0.58 2.67
T4 T2 -Cu 0.52 2.65
TE T2 ~Fe 0.47 2.15
T6 Basal Cl + Fe Chelate 0.58 2.13
T7 Basal Cl + 804 +
Fe Chelate 0.55 2.20
LSD 5% 0.10 0.37
TABLE 14: % P in Tops for Pot Trial 2
Maize (gm/plant) Canavalia fgm/plant)
Tl Mil 0.16 0.14
T2 Basal 50, {except
CaClz) + Fé& Chelate 0.29 0.24
T3 T2°-Zn 0.33 0.26
T4 T2 -Cu 0.24 0.26
T5 T2 -Fe 0.26 0.22
T6 Basal Cl + Fe Chelate 0.31 0.21
T7 Basal Cl + SO4 +
Fe Chelate 0.24 0.21
ILSD 5% 0.05 0.03
TABLE 15: % § in Tops for Pot Trial 2
Maize (gm/plant) Canavalia (gm/plant)
T1 Nil 0.05 0.11
T2 Basal SO, (except
CaClz) + Fe Chelate 0.06 0.18
T3 T2°~Zn 0.06 0.17
T4 T2 -Cu 0.05 0.18
T5 T2 -Fe 0.04 0.18
Té Basal Cl + Fe Chelate 0.04 0.09
T7 Basal Cl + SO4 +
Fe Chelate 0.05 0.22

LSD 5% 0.01 0.03
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TABLE 16: Copper (ppm) in Tops for Pot Trial 2
Maize {(gm/plant) Canavalia (gm/plant)
Tl Nil 3.7 3.8
T2 Basal SO, (except
CaCl,) + Fé Chelate 3.3 5.3
T3 T2°-Zn 5.2 5.5
T4 T2 -Cu 2.7 5.5
T5 T2 -Fe 3.8 5.0
T6 Basal Cl + Fe Chelate 4.3 4.2
T7 Basal Cl + SO4 +
Fe Chelate 2.0 5.5
1L.SD 5% 1.0 0.9
TABLE 17: zinc (ppm) in Tops fer Pot Trial 2
Maize (gm/plant) Canavalia (gm/plant)
T Nil 23 9
T2 Basal 50, (except
CaClz) + Fé Chelate 32 27
T3 T2%-Zn 20 11
T4 T2 -Cu 29 30
TS T2 ~Fe 27 30
T6 Rasal Cl + Fe Chelate 104 94
T7 Basal Cl + SO4 +
Fe Chelate 172 280
LSD 5% 31 48
TABLE 18: Iron (ppm) in Tops for Pot Trial 2
Maize {gm/plant) Canavalia (gm/plant)
Tl Nil 1197 139
T2 Basal SO, {except CaClz) 1404 178
+ Fe Cﬁelate
T3 T2 -Zn 1117 177
T4 T2 ~Cu 1506 251
TS T2 ~Fe 1802 175
T6 Basal Cl + Fe Chelate 1975 146
T7 Basal Cl + SO4 + Fe 1464 158
Chelate
LSD 5% 538 72
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APPENDIX 1

Treat 1 (Complete Basal) Cl

Urea 107 kg ha "t 50 kg ha * N
KH, PO, 200 kg ha 46 kg ha ] P
57 kg ha * K
ca €1, 2H,0 446 kg ha~! 200 kg ha ] Ca
215 kg ha Cl
Mg Cl, 6H,0 167 kg ha 't 20 kg hali Mg
58 kg ha ! ci
Zn Cl, 21 kg ha™ ! 10 kg ha™*_zn
10.8 kg ha™t c1
Mn CL,4H,0 36 kg ha * 10 kg ha—l_¥n
< 12.9 kg ha =~ Cl
Cu Cl, 2H,0 27 kg ha % 10 kg ha~t cy
11.15 kg ha * c1
Boron (H, BO,) 11.4 kg ha~t 2 kg ha ' B
Molybdenum Mo O, 0.54 kg ha"t 0.3 kg ha * Mo

Total Cl = 308 kg ha *

Treat 2 (Complete Basal) SO,

Urea 107 kg ha 50 kg ha N
KH, PO, 200 kg ha 46 kg hall P
57 kg ha * K

Ca SO, 2H,0 859 kg ha 200 kg ha_; Ca
160 kg ha ! s

Mg SO, 6H,O 203 kg ha ! 20 kg hall Mg
26 kg ha * §

Zn S0, 7H,O0 44 kg ha”? 10 kg ha:i Zn
5 kg h s

Mn SO,4H,0 40 kg ha~t 10 kg ha:i Cu
5 kg h S

Cu S0, 2H,0 40 kg ha ! 10 kg ha"} cu
5 kg ha © 8
Boron (H, BO,) 11.4 kg ha "t 2 kg ha"! B

Molybdenum Mo O 0.54 kg ha

3
-1
Total Sulphur = 202 kg ha ~
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Treat 3 (Complete Basal) SO, - with Cl

Urea 107 kg hawl
-1
RH, PO, 200 kg ha
-1
Ca SO4 2H20 859 kg ha
Mg SO, 7H,O 203 kg ha "t
-1
Zn 50, 7H,O 44 kg ha
4 2
Mn SO, H,0 31 kg ha™t
4 72
=1
Cu S0, 5H20 40 kg ha
Boron (H3 B03) 11.4 kg ha-l
Molybdenum Mo C, 0.54 kg ha™t
Total Sulphur = 202 kg hadl
Cl @ 308 kg ha ' as Mg Cl, 6H,0

Treat 4 {(Complete Basal) Cl with S0,
Urea 107 kg ha™t

-1
KH2 PO4 200 kg ha

-]
Ca C12 2H20 446 kg ha
Mg Cl, 6H,O 167 kg ha™*

-1
zn Cl, 21 kg ha

-1
Mn C124H20 36 kg ha

-1
Cu Cl, 2H,0 27 kg ha
Boron (Hy BO,) 11.4 kg ha™*
Molybdenum Mo O3 0.54 kg ha—l
Total Cl = 308 kg ha™t

504 - @ 202 kg ha~"! as Mg 80,4 7H,0

50 kg

46 kg ha_
57 kg

200 kg
160 kg ha s

20 kg
26 kg ha S

10 kg
5 kg

10 kg ha_
6 kg

10 kg ha_
5 kg ha S

2 kg

0.3 kg ha”l Mo

50 kg

46 kg
57 kg

200 kg
215 kg

20 kg
58 kg

10 kg ha ~_
10.8 kg ha

10 kg ha™l_
12.9 kg ha

%n

Cl

%n

cl
-1

10 kg ha = Cy

11.15 kg ha

2 kg ha ' B

1

cl

0.3 kg ha =~ Mo
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Treat

Treat

Treat
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TR
TR
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~N {(urea)
-1
-P (KH2P04) + KZSO4 @ 127.23 kg ha

H,O

-K (KH2P04) + Ca (H2P04) 2 Hy

-Ca
......Mg

-Zn
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APPENDIX 2
NITROGEN
Source: Urea - NH2 Co NH2
Analysis: 46 .65% N
Rate: 50 kg ha™t
Rate of Urea: 107.18 kg ha™t
Area of Pot: 0.000005
Quantity per Pot: 539 mg
PHOSPHCROUS
Source: Calcium Tetrahydrogen di-orthophosphate
- Ca(H2P04) 2 HZO
Analysis: 24.58 P
15.90% Ca
Rate: 46 kg ha ' P
Rate of -1
Ca(H2P04) 5 H20 : 187.14 kg ha
Area of Pot: 0.000005
Quantity per Pot: 936 mg

* Also supplies 29.76 kg ha™! ca
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POTASSIUM
Source: Potassium Sulphate - K SO4
Potassium Chloride - KC1
Analysis: K SO4 - 44.8% K, 18% Sulphur
k61 % 52.5% K, 47.5% Chlorine
Rate: 57 kg ha ! &
Rate of K,SO,: 127.23 kg ha *
Rate of KCl: 109.61 kg ha *
Area of Pot: 0.000005
Quantity per Pot: *K SO4 - 636 mg
ket -%548 ng
* : 01
Also supplies 22.86 kg ha Sulphur

KCl supplies 52.06 kg ha - Chlorine

PHOSPHOROUS 2AND POTASSTIUM

Source: Potassium di-hydrogen orthophosphate
- KH.,PO
2°74
Analysis: K - 28.73%
P - 22.76%
Rate: 200 kg ha™' gives 57 kg ha "} x

46 kg ha * P

Area of Pot: 0.00005

Quantity of Pot: 1000 mg



Source:

Analysis:

Rate:
Rate of -

{a) Ca S0 2H20

(b} Ca Cl 2H20

(N

Area of Pot:

Quantity per Pot:

a4 “"2
2230 mg CaCl2 2 HZO
* gulphur supplied in Ca SO 0 @ 859 kg ha L = 159.8 kg
Chlorine supplied in Ca ci, Y ,0 @ 446 kg ha ' = 215.0 kg
MAGNESIUM
Source: Magnesium Sulphate Mg SO 7H20
Magnesium Chloride Mg C12 6H20
Analysis: Mg 804 7H20 - ( 9.86 Mg
(13.01 S
Mg Cl, 6H,0 - (11.96 Mg
(34.90 C1
Rate: 20 kg ha™t
Rate of Mg SO, 7H, = 202.83 kg ha:i
Mg C12 6H20 = 167.22 kg ha

Area of Pot:

Quantity per Pot:

* Mg So4

i32

CALCIUM

Calcium Sulphate (di-hydrate)
- CaSO4 2H20

Calcium Chloride - Ca Clz 2H20

23.28 Ca)

18.60 S ) Ca So
44.87 Ca in Ca ci
48.23 C1 in Ca C12
200 kg ha ! ca

-1

859 kg ha_;

446 kg ha
0.000005 ha

4295 mg CaSO, 2H.O

7H,0 at 202.83 kg ha_;
Mg Cl, 6H50 at 167.22 kg ha

0.000005

1014 mg Mg CO, 7H O
836 Mg Cl, 68 ,0

supplies 26.39 kg S ha
supplies 58.36 kg Cl ha”
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ZINC

Source: Zinc Sulphate - Z%Zn SO
Zinc Chloride - 2Zn C1

4 7H20

2

Analysis: Zn SO4 7H20 = 22,74 Zn, 11,15 8
in 012 = 47.97 Zn, 52.03 C1
Rate: 10 kg ha
Rate of Zn SO, 7H,0 = 43.97 kg ha ]
Zn C1, = 20.85 kg ha
Area of Pot: 0.000005
Quantity per Pot: 220 mg Zn SO 7H20

104 mg Zn Clz

1

¥ Zn 80, 7H,O at 43.97 kg ha:% supplies 4.9 kg ha~ _$
Zn C12 at 20.85 kg ha supplies 10.84 kg ha cl
MANGANESE
Source: Manganous Sulphate - Mn SO4 H,O
Manganous Chloride -~ Mn C12 4H20
Analysis; Mn S0, H,0 - Mn - 32.51%
S - 18.97%
Mn Cl2 4 H20 - Mn 27.,76%
Cl 35.83%
Rate: 10 kg ha™ !
Rate of Mn S0, H,O = 30.76 kg ha ]
Mn C15 48,0 = 36.02 kg ha
Area of Pot: 0.000005
Quantity per Pot: 154 mg Mn SO4H o
180 mg Mn C124 20

* Mn So, 7H,0 at 30.76 kg ha L supplies 5.8 kg ha™l

Mn Cl, 4H,0 at 36.02 kg ha™~ supplies 12.91 kg ha™t

Cl



Source:

Analysis:

Rate:

Rate of Cu SO4 5H
Cu Cl2 2H

Area of Pot:

* Cu SO4 5H

cu c14 2u?
Z

2

Source:
Analysis:
Rate:

Rate of 53 BOB:
Area of Pot:

Quantity per Pot:

Source:
Analysis:
Rate:

Rate of Mo 03:

Area of Pot:

Quantity per Pot:

[NSJ o8]

0
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COPPER

Cu SO4 5H20

Cu 612 2H20

Cupric Sulphate
Cupric Chloxide

1

Cupric Sulphate
Cupric Chloride

1

25.45 Cu, 1
37.28 Cu, 4

10 kg ha
- 39.29 kg ha_}
= 26.82 kg ha

197 mg Cu SO4 SHZO
134 mg Cu Clz 2H20

- —
O at 39.29 kg ha_; supplies 5.04 kg ha s
0 at 26.82 kg ha supplies 11.15 kg ha

BORON

Boric Acid - Hy BOg
17.48% B
2 kg ha™t
11.44
0.000005

57 mg

MOLYBDENUM

Molybdic Acid (85%) Mo O3

66.7% Mo or 56% of 85% Mo O3
0.3 kg ha '

0.54 kg ha™t or 540 gm
0.000005

2.7 mg

2.84 5
1.59 Cl

cl
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CHLORINE
Source: Mg Clz 6H20
Analysis: 12.0% Mg, 34.9% C1
Rate/ha of Chlorine 308 Kg ha ™t
Rate of Mg Cl, 883 kg ha *
Area of Pot: 0.000005
Quantity per Pot: 4.42 gm

This also supplies 106 kg ha™* Mg

SULPHUR
Source: Mg SO4 7H20
Analysis: 9.9% Mg, 13.01% S
Rate/ha of S: 202 kg ha !
Rate of Mg SO,: 1554 kg ha™t
Area of Pot: 0.000005
Quantity per Pot: 7.77 gm

1

This also supplies 154 kg ha =~ Mg
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SECTION 6

CONCLUSIONS, RECOMMENDATIONS, AND FUTURE RESEARCH

We believe the results of these studies provide adequate
information to allow successful soybean production on the Tippera
clay loam soil in most wet seasons. However, two major problems
remain which have caused severe difficulties in nearly all
seasons. Both result in below optimum plant populations. These
two problems are those of poor seed quality and hot dry
conditions immediately after emergence causing 'ringbarking' of
young seedlings. Poor establishment has been mentioned numerous
times throughout this report.

The latter, 'ringbarking' effect, invariably occurs on the sandy
surfaced soils and we believe will be a continuing problem and
will preclude reliable production with conventional cultivation.
We never have and still don't recommend soybean production on the
sandy Oolloo and Blain soils. This may change if zero tillage
and associated surface mulching can be developed on a commercial
basis. The problem is nowhere near as severe on the Tippera clay
loam soils and plant losses have only occurred during abnormal
extended periods of extremely hot dry weather and have never been
severe enough to warrant the abandonment of any soybean crop.
Whether there is any genetic diversity in soybean lines to allow
development of some tolerance to high surface temperatures is not
known. We had intended looking at this aspect in the coming
season and strongly recommend this line of research be pursued.

The problem of poor gquality seed has been the single-most
important factor limiting soybean production. This should not be
the case. In the initial review (Section 1) we suggested that
the reliable production of good quality seed would be dependent
on the availability of irrigation to ensure adequate moilsture
supplies until physiological maturity. Nothing has occurred to
alter our views. With wvery little irrigation available in the
Northern Territory we believe that a firm commitment should be
made with growers in the Ord Irrigation Area for the supply of
good quality planting seed each season for the foreseeable
future. The Ord has demonstrated that good quality supplies of
Buchanan seed can be produced, particularly from February - March
sown crops that mature in June - July under mild conditions.
Until such time as reliable production can be guaranteed in the
Northern Territory we suggest that local production of soybean
seed be forgotten.

The obtaining of regular supplies from the ORIA will require the
lifting of gquarantine regulations with regard to soybean rust.
To say the least we feel that the imposition of these regulations
was 111 conceived. Certainly, soybean rust was found in the Oxd
in the 1983/84 season on a crop of Durack soybeans under cool,
cloudy conditions in late May. Further, it has been recorded

greviousl in the MNorthern Territory in the 1970/71 season but
as not been recorded in crops since then. We believe it 1is
probably latent in the region and will emerge on susceptible
cultivars under cool, cloudy conditions.
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The likelihood o¢f such conditions cccurring during the growing
season in the NT are quite remote. Regardless, 1f they do occur

soybean rust is likely to occur whether we have seed from the
ORIA or not.

Although our cultivar evaluation program was limited during this
pericd of research we do not believe we have neglected the
importance of well adapted cultivars. The attached publications
{Beech et &l. 1985a,pb) clearly show that comprehensive genotype
studies for tropical Australia have been conducted. Further, we
have maintained close contact with agencies conducting genotype
evaluation and breeding programs on soybeans in the tropics. At
this stage we can confidently say that %here are no genotypes
better suited to our cropping situaticn than the semi~determinant
P lines, such as Buchanan. This is not to say that better
genotypes will not emerge in future, they most certainly will.
It is our strong recommendation that close contact be maintained
with introduction and breeding programs in other tropical areas,

and particularly with the CSIRO program now being carried out in
the Burdekin.

There are two other aspects that we believe warrant immediate
attention. Firstly, the prohlem of legume weeds (Vigna sp.,
buffalo clover, cowpeas) in soybean and other legume crops. This
has bLeen stressed in two ADMA monitoring reports (Price and
Garside 1983, 1984) and is a problem that we believe will become
worse. Research into this problem 1s now commencing and we
strongly urge it be given high priority. Secondly, we feel that
research intc insect pests and the effect they are having on
grain yield is an important requirement. The hiqhest experiment
yield recorded in these studies was 4.6 t ha (Section 4-2,
table 1). However, in a c¢rop x environment experiment in
1983/84, Buchanan soybeans that were sprayed every week during
the growing season yielded in excess of 5 & ha ~. Plot yields
from other adjacent experiments whicglwere sprayed only three
times during the season were 3.5 t ha ~. We are not advocating
spraying for insect control on a weekly basis but suggest that
considerably more losses than originally thought may be occuring
through insect damage. This requires evaluation.

There are cbviously other research areas and certianly follow up
work 1is required on some of the research reported in these
studies. More work is required on zinc and we feel that follow
up work on phosphorus with other crops and sites is warranted.

Sources of sulphur also requires evaluation, as does the efficacy
of herbicides.
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CONCLUSIONS

We feel that the results reported here, combined with research
conducted in the ORIA, provide adeghate information to reliably
produce soybeans on the Tippera clay loam, 1f, and only if,
adequate supplies of good guality planting seed can regularly be
acquired. Efforts to obtain such supplies should be given the
highest priority. Attempts to grow soybeans on sandy surface
soils should be discouraged at this stage.



