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Abstract

Cultivation practices for ratoon cane establishment in Kenana fields are rather
intensive. Conventionally, four to five operations are performed to reform the ridge and
furrow system and to incorporate fertilisers in the furrow soil. A Cane Field Cultivator
(CFC) was designed to carry out in a once-over manner the required ridge and furrow
profiles with fertilisers placed at the sides of the furrows, adjacent to cane rows. The ridge
and furrow profiles produced by the CFC were similar to those produced by Kenana
conventional practice. CFC energy requirements in terms of (kW-h/ha) were 65 to 68% of
those for the conventional cultivation methods. Tractor time per hectare, to accomplish the
required cultivation operations was approximately 30 % of that required for the
conventional operations. Use of CFC is likely to result in improving field productivity due
to better placement of fertilisers.

I ntroduction

Sugarcane is grown as an irrigated crop in Kenana Estate (Latitude 13° N and
Longitude 30° E) over an approximate area of 40,000 hectares using ridge and furrow
system. A cropping cycle starts with plant cane and may continue to the 9™ ratoon
according to the productivity of the particular field. Ratoons constitute more than 80%
of the total area under cane.

Conventional cultivation practices for ratoon cane in Kenana are intended to
enhance adequate irrigation, to incorporate fertilisers in the furrows and to provide
traffic lanes. Operations start with chiselling the furrows to an approximate depth of
10 cm to loosen surface soil followed by using double-row ridgers for ridge and
furrow reformation. Triple supper phosphate (TSP) and Urea are then separately
broadcasted on the furrows and incorporated in the soil with chisel cultivators.
Alternatively, single row disc implements are sometimes used to reform the ridges
without prior loosening of the furrow soil. In such cases, chiselling was used once, for
incorporation of fertilizers. Four to five operations are therefore necessary to re-
establish ridge and furrow profiles with fertilisers incorporated in the furrows. The
majority of evidence, according to Wilson (1968), appeared to support the conclusion
that the fewer the operations that are necessary in afield, after planting or harvesting,
the better the performance of the subsequent crop.

A cane field cultivator that could accomplish the required operations in a once-
over pass across the field is an obvious requirement for Kenana cane fields. The
objective of this article is to document:

|. The design details of a cane field cultivator (CFC) that reforms

furrow and ridge profiles and places two granular fertilizers at the
sides of theridgesin one pass.
[1. The results obtained during evaluation trials of the machine.
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| ntroduction

Inter-row cultivation work according to Bakker (1999) is likely to be of no
benefit to the root system of sugar cane. Under Kenana conditions El Negay (1996),
found that chiselling of the inter-row to 10 and 20 cm depths has no significant effect
on cane and sugar yields. Leibbrandt (1985), investigated the effect of ripping with
tines or chisels on irrigated ratoon cane on five soils in Swaziland. His results showed
no significant benefits from the treatment, and in one experiment, ripping actually
produced significant yield reduction. He concluded that the essential post-harvest
operations of inter-row shaping and mounding-up should be limited to shallow
chiselling operation. But, in Colombia, Torres and Villegas (1993), reported that
ripping of the inter-rows seemed to have detrimental effect, thought to be due to root
pruning that affected the growth of the succeeding ratoon crop. And, in agreement
with that, The South African Experiment Station (1993) reported: Under average
conditions, there is no evidence to recommend the use of the ripping in ratoon cane.
Yield losses are considered possible due to pruning when ripping or cultivating to
break surface crust in obviously compacted soils. Therefore, avoiding stool pruning
altogether was considered the most effective method for crop maintenance (de Beer
et. a., 1993).

However, in normal soil conditions, research results are in favour of minimum
tillage for sugar cane plant and subsequent ratoons (Hunsigi, 1993). It is worthy to
mention here that, the concept of minimum tillage includes not only the elimination of
avoidable field operations, but also the combination of as many operations as possible
in asingle passage of atractor through the filed (Wilson, 1968).

Application of commercial fertilizers is an economic necessity on many soils
to promote crop production with nitrogen, phosphorous and potassium being the
common fertilizer elements (Brady, 1990). Nitrogen promotes rapid succulent growth;
phosphorus gives early root growth, blooming, and resistance to pest and weather
damage. Potassium lends toughness and strength and pest resistance to plants,
(Plaster, 2003).

Adoption of proper method of fertiliser application is essential to minimise
nutrient losses from the soil and for increasing fertiliser use efficiency. According to
Verma (2002), fertilisers should be placed close to the root zone to enable the roots to
derive its benefit immediately. Beside increasing cane yield, proper placement also
reduces volatilization losses of nitrogenous fertilisers and lowers the fixation of
phosphatic fertilisers. Deere & Company (1993) mentioned that when applied to the
soil, urea [CO(NH,),] is converted to ammonia (NH3) by an enzyme called urease,
then to ammonium (NHy). If that reaction occurs at the soil surface, some of the
nitrogen will be lost to the atmosphere. However, if it occurs in soil the ammonia will
convert to ammonium and will be held by the clay particles.

Phosphorus, from TSP, [Ca (H2POy),], moves very little in minera soils.
Because of this low mobility, it is critical that phosphate fertilizer be placed where it
is to be used; near seed during planting or mixed into the soil near plant root (Brady,
1990; Plaster, 2003). According to Bakker (1999) Phosphate should be placed in a
band as close to the developing root system as practicable. Such placement (or
banding), according to Deere and Company (1993), promotes rapid and uniform
growth as the young plant roots quickly penetrate the fertiliser zone and absorb
nutrients.

Irrigation water from the White Nile presumably supplies sufficient amounts of
potassium (K) for crop growth and therefore this element is not added to Kenana cane
fields.



Description of the Cane Field Cultivator (CFC)

The CFC was a two-furrow, tractor mounted machine (Plate 1 and 2). It was
designed to comprise functional components of a chisd cultivator, a fertiliser
applicator and afurrower (Plate 1 and 2).

The cultivator consisted of six rigid tines, equipped with replaceable chisel
points, staggered on a rugged tool bar in two rows, 30 cm apart. For each furrow there
were three tines, two 60 cm apart in the front row, and athird in the second row, at the
centre of the two front tines. The front tines were to loosen the sides of the furrows
and to provide grooves for placement of fertilisers. The centre tines were to loosen the
middle of the furrows to provide more loose soil for coverage of fertilisers and
reshaping of the ridges and furrows.

The fertilizer applicator consisted of fertiliser hopers, metering devices, and
delivery tubes. There were two main hopers, one for each row. Each main hoper
consisted of two compartments; one for urea and the other for triple super phosphate
(TSP), both in granular form. Capacities of the compartments were 200kg and 100kg
respectively.

The metering devices were tractor-PTO driven mechanisms specially designed
for the machine. Each device consisted of two metering units, one for metering urea
and the other for metering TSP. The two metering units were contained in one outer
case. Fertiliser displacement (flow) was controllable through the setting of the drive
linkages. Déelivery tubes, attached to the outlets of the metering devices and clamped
to the backs of the front tines, facilitated placement of fertiliser at the bottom of
grooves made by those tines .

The furrowing unit was a set of two mouldboards welded together and sized to
suit the dimensions of the furrows in Kenana fields. In addition to ridge and furrow
reformation, furrowers in the CFC were to cover fertilisers placed in the grooves at
the sides of the furrows. The furrowers were vertically supported to the main frame by
screw links that allowed tipping of the units and controlling of the relative clearance
between the bottom edges of the furrowers and the furrow surface. Those two
adjustments allowed setting of the units to achieve required furrow and ridge profiles
and to provide proper coverage of fertilisers. Two vertical sliding links were added for
greater lateral stability during operation.

The complete machine was 250 cm wide, 163 cm long and 117 cm in height and
weighed 642 kgf. Torque to operate the metering mechanism was 0.95 N.m

Field test and Experiment

Kenana fields as described by Hammad and Dawelbeit (2001) are of heavy clay
soil with 15% sand, 22% silt and 63% clay. Plastic and liquid limits range
respectively, between 30 — 37% and 66 — 74% gravimetric soil content. The plastic
limit is considered, according to Baver et al. (1972), to represent the moisture content
at which the soil ceases to be friable. Gravimetric soil moisture content during the test
varied widely across the field and within the top 10 cm. Composite samples from the
cultivated zone aong the length of the field were found to have gravimetric moisture
contents varying between 12 to 30%. However it was found possible to do effective
cultivation within such a range of soil moisture (Hammad and Dawelbeit, 2001; Will
cocks, 1980). Bulk density for the top 10 cm was measured before the operations and
found to range between 1.23 to 1.42 g cm™.

The CFC was designed and fabricated in 2000 and tested under commercial
field conditions for more than two seasons, on areas over 100 Hectares to measure its
performance in terms of field capacity, speed for operation, and power requirements.
Performance of the implements comprising the conventional system was aso
measured. That was then followed by two experiments conducted during the seasons
2003/04 and 2004-05 seasons on two different first ratoon fields to compare the ridge



and furrow profiles produced by Kenana two conventiona methods with those

produces by the CFC. However, Kenana conventional methods were:

1. Conv.1, comprising chisel ploughing to loosen furrow soil to a depth of 10 cm, on-
barring with a two-row implement to reform the ridges and furrows, broadcasting
of TSP followed by broadcasting of urea, and chiselling for incorporation of
fertilisersin the furrows ( five consecutive operations)

2. Conv.2, consisting of ridge reshaping using a single-row disc harrow, broadcasting
of TSP followed by broadcasting of urea, and chiselling for incorporation of
fertilisersin the furrows ( four consecutive operations).

A randomised complete block design with treatments replicated three times was
used. The treatments were Conv.1, Conv.2 and CFC representing three cultivation
methods. Plots in the year 2003 were six meters wide (four cane rows) and 950 meters
long. In 2004, plots were nine meters wide (six cane rows) and 200 meters long.

Ridge and furrow profiles were measured using a profile meter, consisting of a
rectangular frame with horizontal rods fixed at 2.5 cm spacing and vertical sliding
rods at 10 cm spacing across the span. Three ridge and furrow profiles measurements
were taken from each replicate (nine in total for each treatment). The average of the
two seasons for each treatment (18 in total) was worked out and considered to
approximate the general shape produced by each method in normal field conditions.

Drawbar pull for each machine was measured in the commercial fields using a
simple hydraulic pull meter consisting of a hydraulic cylinder and a pressure gauge.
The tractor carrying a cultivation implement was pulled using another tractor, running
at the normal speed for the operation. Values for draw bar pull were averaged from
readings recorded over distances more than 500 meters long, in at least two different
fields, to encounter variations normally found in large scale conditions. Each time the
same tractor was also pulled with the implement raised to measure the rolling
resistance of the tractor. The value was then subtracted from the average gross values
of drawbar pull to obtain the net force for pulling each implement.

For the fertiliser broadcasters, power requirements consisted of a portion to
operate the metering mechanisms and another to overcome the increase in rolling
resistance resulting from loading the hoppers with fertilisers. To measure the
component related to the increase in rolling resistance, the tractor was pulled with
empty and loaded hoppers and the two readings were subtracted. Power to operate the
metering devices was obtained by measuring the torque necessary to operate the
metering mechanism by gradually increasing a weight hanging at a known length
from the centre of a power input shaft used to drive the mechanism. The torque was
then multiplied by the rated angular velocity of the tractor PTO.

Results and discussion

Table 1 shows a summary for performance in the commercial fields. Average
ridge and furrow profiles produced by the three methods are shown in Fig. 1 and 2.
The three profiles are practically similar in shape, with small differences in favour of
the CFC. The machine produced dlightly thicker ridges which are favourable to plant
anchorage and dlightly flatter furrows which are good for even distribution of
irrigation water to the sides of the cane ridges. Similarity of profiles was a main
purpose in designing the CFC and therefore considered as a measure for achieving the
objective.

However, in spite of the apparent similarity between the profiles, there were
important differences between the practices in terms of depth of root pruning, method
of fertiliser application and power requirements. With Mechanical inter-row
cultivation, some root pruning by soil engaging tools, like chisel implements, is



inevitable. However, in this respect Conv.1 method differed from the two other
methods in that two runs of a chisel plough were utilised. The second pass being
carried out on afirm surface, after removing the loose soil for ridge reshaping, was to
an additional depth and consequently would cause additional root pruning. With the
conventional method 2, root pruning would occur twice but to a shallower depth in
comparison with conventional 1.

In both conventional methods, fertilisers were first broadcasted and then
incorporated in the furrows. Due to root pruning, fertilisers incorporated in the
furrows, away from the sides of the ridges, would not be easily accessible to the roots
of the ratoon cane. Additionaly, it was observed that chiselling did not completely
cover the broadcasted fertilisers and that would eventually lead to loss of urea through
volatilization. Moreover, it was also observed that during broadcasting, fertilisers
were sometimes drifted to the top of cane rows, where they could not be incorporated,
and thus provided an additional source for losing ureato the atmosphere.

The CFC placed and covered the fertilisers in groves at the bottom sides of the
cane rows to make them accessible to the old and new roots of the ratoon cane and to
decrease the chance of loosing urea to the atmosphere. Loosening the inter-row was
done once and only to the depth necessary for covering the fertilisers.

Fig. 3a shows a comparison between energy requirements for the three
cultivation methods, as calculated from Table 1. CFC required the lowest energy
[12.32 (kW-h)/ha] and that was 63 -72% of the conventional methods. Time required
for a unit area with CFC was around 30 % of that required by the two conventional
systems (Fig. 3b)

It is worthy to mention here that broadcasting of fertilizers in separate
operations represented an inefficient use of tractor power and time. The broadcasters
required only fractional power to operate the metering mechanism (0.05 kW). The
weight of filled fertiliser hoppers added 1.68 kW to the rolling resistance of the
tractor. Maximum power for a broadcaster was therefore around 1.73 kW. This
practically means that the power of the tractor was only utilized to transport itself
across thefield.

Good machinery management, according to Hunt, (2003) requires that the
individual operations in a machine system must be adjusted and combined in a
manner so that their overall performance returns the greatest profit to the farm
business. Any time a grower can eliminate a pass through the field, compaction is
reduced and time and fuel are saved (Plaster, 003). In fact it is not unusual to find that
the difference in profit from one farm to another is due solely to differences in the
machinery selected and the way it is managed (Deere & Company, 1999).

The primary objective of the study was to compare the ridge and furrow profiles
produced by the three cultivation methods and measure their power requirements and
that was achieved in the manner already discussed. However, the field of the first
experiment was harvested in 2004 to compare the effect of the three cultivation
methods on cane yield. Results are graphically shown in Fig. 3c. The differences were
highly significantly (0.01 confidence level). Root pruning and method of fertiliser
application were postulated as being main underlying causes for the differences. The
result isin good agreement with the reviewed literature that underpinned the design of
the Cane Field Cultivator (CFC).



Conclusions

Conventional methods for cane cultivation in Kenana Estate are rather intensive,
power consuming, and do not provide proper fertiliser placement on ratoon fields.

I. The CFC provided furrow and ridge profiles comparable to those provided by
the conventional methods with the advantage of placing the fertilisers in
grooves at the bottom sides of the cane rows.

[1. Energy for the CFC was 32 to 35% lower, and time per unit area for the CFC
was about 30% of that required for the conventional methods. In other words,
CFC requires only 30% of the tractors required for conventional method.

1. Use of the CFC may lead to an increase in cane yield due to better placement
of fertilisers.
Recommendation

For the saving of tractor power requirements, operationa time, and adoption of
efficient methods for application of fertilizers in sugarcane fields, a combined machine
for operations chisel ploughing, fertiliser placement and furrow reshaping could be
recommended.
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Plate 1. Cane Field Cultivator (CFC) in Kenana fields

Plate 2. Cane Field Cultivator (CFC)
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Table 1. Performance of cultivation implementsin Kenana fields.

*: Torgue to input shaft of fertiliser metering mechanism.
**: Rolling resistance of aload fertiliser applicator (KN).

SD: Standard deviation.
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Fig. 1. Effect of cultivation method on average ridge profile.
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