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Abstract

The long-term effects of green cane harvesting with trash re-

tention, compared with burning, on soil fertility were evaluated

using data from the long-term trash management trial at Mount

Edgecombe (BT 1).  Total and potentially mineralisable soil N

were greater under green cane harvesting than burning in the

surface 0-10cm layer of soil.  As expected, fertiliser applica-

tions induced increases in extractable soil P and also some

accumulation in soil organic P (particularly under trash reten-

tion).  Both exchangeable and non-exchangeable soil K con-

centrations were higher in fertilised than non-fertilised

treatments.  Exchangeable K concentrations were also increased

markedly by trash retention reflecting the large amounts of K

that are returned in trash and demonstrating their positive ef-

fect on K fertility.  Soil pH was lowered considerably by ferti-

liser applications and this effect was evident to 30cm.  Mean

pH to a depth of 20cm was 6.0 for unfertilised plots and 5.4 for

those fertilised.  Fertiliser induced acidification is attributed to

annual applications of nitrogenous fertilisers at a rate of 140 kg

N/ha.  Trash retention also tended to result in a decline in pH

due to the greater amount of N cycling in the system.  It was

concluded that recommended fertiliser rates are likely to be

reduced under green cane harvesting and that regular lime ap-

plications are important when acidifying nitrogenous fertilis-

ers are being used routinely.

Introduction

The practice in much of the South African sugar industry is to

burn standing cane and scatter the burnt cane tops or other

crop residues.  During burning, large amounts of C, N and S

present in crop residues are lost by volatilisation (Raison, 1979).

The ash that is returned has a high basic cation (Ca, Mg, K)

and P content, is alkaline, and its nutrient content is generally

released rapidly to the soil (Raison, 1979).  Thus, returns of ash

to the soil, rather than unburnt crop residues, tend to lead to a

decline in organic matter content and a rise in soil pH

(Biederbeck, 1980; Rasmussen and Collins, 1991).

A decrease in soil organic matter (and thus total N) content

under long-term sugarcane production has been recorded in

many parts of the world and it is considered to be the major

factor associated with soil degradation in most sugar produc-

ing areas (Van Antwerpen and Meyer, 1996, Hartemink and

Wood, 1998; Haynes and Hamilton, 1999).  There is also con-

cern regarding soil acidification under sugarcane monoculture

(Schroeder et al., 1994, Haynes and Hamilton, 1999).  The most

common cause of such acidification is thought to be the use of
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high rates of ammonium-containing or forming nitrogenous fer-

tilisers.

Green cane harvesting with retention of a trash blanket is a

common practice in several sugar producing countries (Hud-

son, 1984; Ng Kee Kwong et al., 1987; Wood, 1991) and its

adoption has been advocated in South Africa.  In general, very

little information exists on this practice on soil fertility.  How-

ever the long-term trash management trial at SASEX, Mount

Edgecombe after 25 years cropping provided useful informa-

tion on the effects of burning and trashing in the presence and

absence of fertiliser treatment on soil fertility (Thompson 1965,

1966).  This trial which has now continued for 61 years and

offered a further opportunity for re-assessing the effects of

these cultural practices on soil fertility.  The purpose of this

paper is to provide a report and discussion on how soil fertility

has been affected by trash retention and fertilisation.

Material and Methods

The trial (designated BT1) is situated on a Vertisol (Acardia

form, Lonehill family: Soil Classification Working Group, 1991)

with an A horizon about 500 mm deep and it was established in

1939 (Thompson, 1965).  Mean annual rainfall at the site (longi-

tude 31E 04′ 29″ and latitude 29E 43′ 20″ is 950 mm.

The main experimental treatments are: (i) green cane harvested

with retention of a trash blanket (100% cover) (T), (ii) burnt

with tops left scattered on plots (Bt) and (iii) burnt with tops

raked off (Bto).  The treatments are either (a) unfertilised (Fo) or

(b) fertilised annually with 140 kg N/ha, 20 kg P/ha and 140 kg

K/ha (F).  The treatments are replicated four times in a

randomized split-plot design.

Three replications of the experiment were sampled in March

1998, 59 years after the experiment was initiated.  Plots were

sampled within the inter-rows using a 50 mm diameter soil sam-

pler (10 samples per plot, 0 - 30 cm) and sectioned into the 0 -

2.5, 2.5 - 5, 5 - 10, 10 - 20 and 20 - 30 cm layers.  Samples from

each plot were bulked.  Soil samples were sieved (< 2 mm) in a

field moist state.  A subsample was air-dried and a further

subsample was ground (< 150 :M) for subsequent analysis of

total N.

Total N was determined by semi-micro Kjeldahl digestion with

colorimetric determination of the liberated ammonium (Foster,

1995).  Readily mineralisable N was estimated as the difference

between the quantity of mineral N (ammonium and nitrate - N)

extracted from field-moist soil before and after aerobic incuba-

tion at 25oC for 10 days.  Mineral N was extracted from soil
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samples with 2 M KCl and exchangeable ammonium and nitrate

were determined using a steam distillation apparatus (Keeney

and Nelson, 1982).

Available P was determined by extraction with Truog reagent

(0.05 N H
4
SO

4
) (Beater, 1962).  Organic soil P was determined by

an ignition method (Olsen and Sommers, 1982).  Exchangeable

K, Ca, Mg and Na were extracted by shaking 50 g of soil with

200 ml of 1 N ammonium acetate for two hours (Beater, 1962)

and cations in the extracts were analysed by atomic absorption

spectrophotometry.  Nitric acid-exchangeable K was extracted

with 1 N boiling HNO
3
 over a period of 25 min (Helmke and

Sparks, 1996), and the extract was filtered and analysed by

atomic absorption spectrophotometry.  Non-exchangeable K

was calculated as the difference between HNO
3
-extractable and

exchangeable K.  Soil pH was determined in a 1:2.5 soil:water

extract using a glass electrode.

Results and Discussion

In this paper, the burnt cane treatments with tops removed

(BtoFo and BtoF) treatments were compared with the trash

retention treatments (TFo and TF).  The burnt cane treatments

with tops scattered over the surface (BtFo and BtF) generally

showed results intermediate between the Bto and T treatments

and are not presented here.

Both trash retention and fertilisation caused an accumulation

of total N in the surface 10 cm of soil (Figure 1).  The pattern of

accumulation of N was similar to that for organic C (Graham et

al., 1999) although there was a tendency for the C/N ratio to be

lower under trash retention.  The mean C/N ratio (0-10 cm) for

burnt treatments was 19 and for those trashed was 16.

Fertilisers are applied to soils in order to maintain or improve

crop yields.  In the long-term, increased crop yields usually

result in increased returns of organic matter to soils (i.e., from

roots and tops) and thus a higher soil organic matter content

(Haynes and Naidu, 1998).  Indeed, in this study mean cane

yields (1978-1990) were 41, 97, 43, 103, 54 and 106 t/ha for the

BtoFo, BtoF, BtFo, BtF, TFo and TF treatments respectively

(J.H. Meyer, personal communication, 1999).  Accumulation of

soil organic matter induced by fertiliser applications has been

noted on several other long-term field trials (Johnston, 1986).

As noted previously (Graham et al., 1999) the large inputs of

organic matter under green cane harvesting have induced a

substantial accumulation of organic matter, and particularly N,

in the surface soil.  In comparison with burning, where large

amounts of C and N are lost to the atmosphere, up to 10t/ha of

crop residues are left on the soil surface after green cane har-

vesting (Ng Kee Kwong et al., 1987).

Readily-mineralisable N was also increased by fertilisation (Fig-

ure 1) and there was a notable positive interaction between

fertilisation and trash retention.  Indeed, readily-mineralisable

N was higher under trash retention than burning, to a depth of

30 cm and this effect was much amplified under fertilisation.

This suggests that N inputs originating from either organic

(i.e., from trash) or inorganic (i.e., from urea fertiliser) forms are

preferentially accumulated into a readily mineralisable pool of

soil organic N.  In general, recently immobilized N is more read-

ily mineralized than the bulk of the native soil organic N

(Haynes, 1986).  Certainly, the data presented here suggest

that soil N availability under green cane harvesting will be con-

siderably greater than that under burning.

As expected, Truog-extractable P concentrations were much

higher in fertilised than unfertilised treatments (Figure 2).  Thus,

over the 59-year period of the trial, the annual applications of P

resulted in an accumulation of residual P in the soil (Barrow,

1980).  Interestingly, Troug P accumulation, induced by fertili-

sation, was evident in the 5 - 10 and even 10 - 20 cm soil layers.

Such a downward redistribution of applied P is surprising since

P is known to be extremely immobile in soils and it characteris-

tically accumulates near the soil surface (Barrow, 1980).  How-

ever, this probably reflects the downward redistribution of

applied P during tillage which may have occurred in the earlier

years of the trial.  In fact, the experimental site was convention-

ally tilled prior to replanting, every 7 - 10 years for the first 30

Figure 1.  Effect of burning or green cane harvesting with

trash retention on fertilised and unfertilised plots on the

total N and readily mineralisable N content in the soil

profile.

Figure 2.   Effect of burning or green cane harvesting with

trash retention on fertilised and unfertilised plots on the

Truog-extractable P and organic P content in the soil

profile.
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years, after which minimum tillage has been used.  The ten-

dency for Truog P to accumulate in the surface 5 cm of soil

(Figure 2) under trash retention is attributable to the addition

of P held in the trash.  This P is released during trash decompo-

sition.

Accumulation of P in soil organic forms, due to long-term an-

nual applications of fertiliser P (Figure 2), has been observed in

other long-term experiments (Haynes and Williams, 1992).  As

expected, accumulation of organic P was much more pro-

nounced in trashed than burnt plots (due to the higher soil

organic matter content).  Accumulation of P from fertiliser and

trash inputs into soil organic forms essentially represents a

removal of P from plant-available forms.  This organic P is re-

leased into plant-available mineral forms through the process

of mineralisation during soil organic matter decomposition (for

example following tillage of the field).

Concentrations of exchangeable K were notably lower in

unfertilised than fertilised plots (Figure 3).  Such an effect is

not unexpected since K removal during sugarcane cropping is

notably high (i.e., 125 - 250 kg K/ha per 100t/ha cane crop) and

this can result in depletion of both exchangeable and non-

exchangeable K reserves (Naidu et al., 1995).  Vertisols contain

2:1 clay minerals which include K as part of their mineral struc-

ture.  When soil solution K concentrations become depleted,

the clay lattice may partially open and non-exchangeable K can

be released to the exchangeable form in order to supply the

demands of the sugarcane crop (Wood and Meyer,1986).

Non-exchangeable K concentrations were considerably higher

under trash retention than burning and accumulation of non-

exchangeable K in the TF treatment was very marked to a depth

of 30 cm (Figure 4).  This suggests that added K has been fixed

into non-exchangeable forms thus building up reserves of soil

K.  Data presented here suggest that non-exchangeable K can

act as both a source and sink for plant-available K in this soil.

Potassium is not lost via volatilisation during burning.  The

lower exchangeable and non-exchangeable K concentrations

on burnt compared with trashed plots do, however, suggest a

loss of K during burning.  This loss is possibly as a result of

ash being blown off burnt plots by strong winds (R. Van

Antwerpen, personal communication, 1999).  An assessment

of the nutrient content of third leaf cane samples generally

confirmed the soil findings that trash retention improved nutri-

ent uptake relative to burnt cane harvesting under similar ferti-

liser treatments (see Table 1).

Where fertiliser was applied, trash retention improved N, P, K

and S uptake by 11, 17, 29 and 17% respectively.  In the ab-

sence of fertiliser, the advantage due to trash retention was

lower for N (5%) and S (14%), but higher for P (23%) and K

(37%).  While much of the additional nutrient uptake from the

trash treatment is due to recycling of these nutrients from trash,

Thompson (1966) suggests that the improved uptake may also

be due indirectly to improved efficiency brought about by bet-

ter moisture relationships in trashed areas.  Whatever the rea-

son there appears to be some justification for modifying

fertiliser recommendations for cane fields under trash manage-

ment. In Australia,  field evidence suggests that after 10 years

or more of trash conservation ,that lower fertiliser N rates may

well be justified (Chapman 1994). In studying the fate of the N

contained in the trash blanket , Thorburn et al 1999, concluded

from longterm field trial measurements and results from a  soil

carbon modelling excercise, that as much as 200 kg N/ha could

be made available through each cropping cycle under a long-

term trash management system.

This implies that N fertiliser recommendations may be reduced

by up to 40kg N/ha for cane grown under a continuous trashing

cycle.

Under the fertilised plots of this experiment, significant soil

acidification has been previously reported (Van Antwerpen and

Meyer, 1997; Graham et al., 1999).  As shown in Figure 4, acidi-

fication was evident to a depth of 30 cm and it was more pro-

nounced under trash retention than burning.  The main cause

of this acidification is likely to be nitrification of the annual

Figure 3.  Effect of burning or green cane harvesting with

trash retention on fertilised and unfertilised plots on the

exchangeable and non-exchangeable K  content in the soil

profile.

Figure 4.  Effect of burning or green cane harvesting with

trash retention on fertilised and unfertilised plots on the

soil pH and exchangeable Ca content in the soil profile.
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applications of ammonium sulphate which are applied at 140 kg

N/ha.

Soil acidification produced by nitrification will only be perma-

nent if the nitrate is lost from the system (e.g., by nitrate leach-

ing) effectively leaving the H+ ions produced behind (Wild,

1994).  Thus, the substantial acidification observed suggests

that there is a considerable loss of nitrate from the soil through

leaching.  The greater acidification under trash retention com-

pared with burning is presumably attributable to nitrification of

ammonium produced during mineralisation as the trash blanket

decomposes.  Thus, the greater quantity of N cycled by the

practice of trash retention probably causes greater nitrate leach-

ing and more acidification.  As shown in Figure 4, acidification

resulted in a loss of Ca (and Mg; data not shown) from the soil.

The higher exchangeable Ca content under trash retention com-

pared with burning may therefore reflect  loss of Ca in ash

which has been wind blown.

Acidification under sugarcane is not usually considered a prob-

lem since the crop is relatively tolerant to soil acidity and thus

high concentrations of exchangeable and soluble soil Al

(Hetherington et al., 1988).  The crop is, however, sensitive to

Ca deficiency (Baver and Ayres, 1962) so the loss of exchange-

able Ca that accompanies soil acidification is of concern.  Fur-

thermore, if less acid tolerant crops are to be grown following

sugarcane there may be a problem.  Regular lime applications

to counteract the acidifying effect of fertiliser N seem desir-

able.  In this connection, acidification of the soil profile to a

depth of 30 cm is of concern.  Subsoil acidity is characteristi-

cally difficult to ameliorate, due to the immobility of lime, and

the use of other ameliorants such as gypsum may need to be

considered (Summer, 1997).

Conclusions

Green cane harvesting with retention of a trash blanket results

in an accumulation of soil organic matter.  As a consequence of

this, there is an accumulation of total N in the surface soil and

a substantial increase in the size of the pool of readily-

mineralisable soil N to a depth of 30 cm.  Crop residues play an

important role in the cycling of nutrients in agricultural sys-

tems and as a result, there is an increase in available P and

exchangeable and non-exchangeable K under trash retention

compared with burning.  In the long-term, recommended N,P

and K  fertiliser rates for sugarcane are likely to be lowered if

there is a shift from burning to green cane harvesting.

Soil acidification is induced by annual applications of fertiliser

N and by trash retention.  This is thought to be caused by

nitrification of N originating from fertiliser and trash applica-

tions and the subsequent leaching of nitrate.  Improved man-

agement of soil N in sugarcane production systems with im-

proved fertiliser recommendations (e.g., split applications of

fertiliser-N) will be required in order to minimize this effect.

While sugarcane is relatively tolerant of soil acidity it is sus-

ceptible to Ca deficiency.  The loss of exchangeable Ca that

accompanies soil acidification is therefore a concern.
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