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Abstract RESIDUES of green-harvested sugarcane con-

tribute to nutrient recycling in production systems. There-

fore, better understanding of trash decomposition dynamics

can help crop fertilisation management. This study was

conducted during the 2006–2008 seasons in Jaboticabal,

north-eastern Sao Paulo State, Brazil and aimed to evaluate

the nitrogen recovery rates from the previous crop residues

or from urea applied on sugarcane planting in a minimum

tillage system, thus without trash and rhizome incorpora-

tion in crop renewal. Previous crop residues consisted of 9

and 3 t/ha of sugarcane trash (dry tops ? leaves) and root

system (roots ? rhizomes) enriched with 1.07 and 0.81%
15N isotope, respectively. These contributed 51 and 33 kg/

ha of N. 15N labelled trash laid on the soil surface and

buried 15N-root system attempted to simulate the original

field residues disposal. The SP81-3250 variety was planted

with 80 kg N/ha of a 5.17% 15N-labelled urea. Recovery of

sugarcane residues-N (trash-N and root system-N) or urea-

N incorporated to the soil at planting were evaluated in

distinct plant parts (stem, tops and dry leaves) during three

consecutive harvest seasons. Recovery of urea-N was

higher in the first harvest season (31% of initial N rate) and

its uptake decreased in the second and third to 5 and 4%,

respectively. In later harvested seasons, urea-N had prob-

ably been turned-over as soil organic matter and/or

microbial biomass but remained in the soil N pool and

available for plant recovery. Trash-N uptake closely

resembled urea-N uptake, and only 13% of its N content

was recovered in the first year, followed by 7 and 3% in the

second and third seasons. Root system-N recovery was

different since the second cut uptake was higher than the

first followed by the third, 9, 6 and 2% respectively. Three

year cumulative recovery of urea-N, trash-N and root

system-N was 39, 23 and 17%, respectively. Most recov-

ered N was found in stems followed by tops and dry leaves.

Keywords Green-cane � 15N labelled urea � Sugarcane

trash � Nitrogen uptake � Mineralisation

Introduction

Brazil is the world’s largest sugarcane producer, totalling 7

million hectares of which more than 50% of harvest is

performed without burning in Sao Paulo State (Yank

2009). Sugarcane under green cane trash blanket (GCTB)

has been adopted by many producers worldwide as a

conservative crop system, reducing soil erosion and

greenhouse gas (GHG) emissions. Likewise, minimum or

no-tillage systems also present benefits in cost savings for

highly competitive growers (Wood 1991).

Residues of GCTB contribute to nutrient recycling in

production systems; therefore, better understanding of trash

decomposition dynamics can help crop fertilisation man-

agement. Those crop residues provide annually about

40–120 kg/ha of N thereby increasing the amount of

organic matter and nutrients in the soil (Trivelin et al.

1996; Wood 1991; Oliveira et al. 2002).

Nitrogen tracer (15N) trials indicate that fertiliser-N

recovery by the sugarcane crop varies from 5 to 40%

(Basanta et al. 2003; Franco 2008; Gava et al. 2005; Meier
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et al. 2006; Trivelin et al. 1996). These low recovery rates

might be due to N losses from soil by denitrification and/or

ammonia volatilisation, and gaseous losses from leaf can-

opy of plants (Trivelin et al. 1996) and microbial immo-

bilisation of N in the soil (Gava et al. 2005; Oliveira et al.

2002).

Crop residues mineralisation is dependent on environ-

mental factors such as temperature, soil moisture and aer-

ation. Nevertheless, chemical composition of residues such

as C:N ratio, lignin, cellulose, hemicellulose, and poly-

phenols content also play an important role in trash

decomposition and nutrient dynamics (Janzen and Kucey

1988; Meier et al. 2006; Oliveira et al. 2002).

Sugarcane trash presents on average 390–450 g/kg of

carbon and 4.6–6.5 g/kg of N, thus a C:N ratio about 100.

Under these conditions, a strong immobilisation of soil N

by microbial biomass and a reduced net N mineralisation

for the subsequent growing season after harvested

unburned sugarcane is expected, as pointed out by several

trials using 15N tracer (Franco 2008; Gava et al. 2005; Ng

Kee Kwong et al. 1987; Oliveira et al. 2002; Meier et al.

2006).

Nitrogen recovery from crop residues incorporated into

the soil varies from 2.4 to 15%. The recovery rate depends

basically on residues quality regarding N content, higher

than 20 g/kg and a C:N ratio lower than 25. This allows

faster mineralisation compared to N immobilisation and

enables higher N uptake by plants from those organic

sources (Ng Kee Kwong et al. 1987; Janzen and Kucey

1988; Chapman et al. 1992; Gava et al. 2005).

Most studies have considered only one or two harvest

seasons to evaluate the effect of N uptake from fertilisers

and crop residues. This study was conducted in north-

eastern Sao Paulo State, Brazil and aimed to evaluate

nitrogen recovery rates from the previous-cycle crop resi-

dues and from urea applied to sugarcane under a minimum

tillage system during three consecutive harvest seasons,

2006–2008.

Materials and Methods

Location, Trial Design and 15N Labelled Fertiliser/Crop

Residues

The trial was planted on March 2nd, 2005 in Jaboticabal

county, north-eastern Sao Paulo State (Lat 21�170 S, Long

48�120 W) on a clayey Typic Hapludox under minimum

tillage system. The previous sugarcane crop, 5th ratoon of

RB855536 variety, had been desiccated with herbicide and

succeeded by a single subsoiling operation, attempting to

preserve previous crop residues on the soil surface.

Soil 0–25 cm layer analysis indicated: 135, 227 and

628 g/kg of total sand, silt and clay, respectively, pHðCaCl2Þ
5.2; OM (g/dm3) 31; P (mg/dm3) 42 and K, Ca, Mg, and

CEC, 3.1, 31, 9, 77.4 (mmolc/dm3), respectively.

A randomised block design was adopted with four repli-

cates of 12 rows with 15 m length and spaced 1.5 m apart.

Plant-cane fertilisation (N:P205:K2O) was 80:120:120 with a

planting density of 12 viable buds per metre of SP81-3250

variety. On ratoons, fertilisation was only KCl (150 kg/ha

K2O) applied as a row top dressing after each harvest.

In each plot replicate for plant-cane, micro plots

comprising 2.0 m length furrows were assembled and a

5.17% 15N enriched urea was buried as done with

ordinary urea in the remaining plot area (Trivelin et al.

1994).

Attempting to simulate past crop residues left on the soil

surface, hereafter known as previous crop trash (PCT) and

rhizomes (PCR), a small plot of the previous variety

(RB855536) was cropped outside this trial, and the plants

were labelled by foliar spraying with a 28% 15N urea

solution, according to Faroni et al. (2007). The achieved

concentrations of C, N (g/kg) and 15N (%) on PCT and

PCR were 402, 5.7, 1.07% and 334, 6.6, 0.81%, respec-

tively. Thus, C:N ratios on those materials were around

71:1 for PCT and 51:1 for PCR.

Furthermore, dry leaves and rhizomes were harvested

out of this plot in order to assemble other 15N labelled

residues micro plots (2.0 9 1.5 m), settled separately in

each replication. To simulate the original disposal of crop

residues, 9 t/ha of PCT was laid on soil surface and 3 t/ha

of PCR was buried into soil as in Franco (2008). Thus, the

total N (kg/ha) added by urea, PCT and PCR were 80, 51

and 33, respectively.

Rainfall during the studied seasons was: 1767, 1715 and

1367 mm for plant-cane, first and second ratoons, respec-

tively. Average maximum and minimum temperatures (�C)

in these seasons were 30.4 and 18.0, respectively.

Harvesting, Sampling and Statistical Analysis

The trial has been conducted over three consecutive harvest

seasons: 18 month plant-cane was harvested on August

10th, 2006 and first and second 12 month ratoons on

August 21st, 2007 and 25th July, 2008, respectively. Agro

industrial yield data were evaluated but will not be dis-

cussed in this paper.

Harvest of urea, PCT and PCR micro plots comprised

the collection of cane in 1.0 m of the central and two

adjacent rows, in the same contiguous position as described

in Trivelin et al. (1994) and performed in several trials

(Trivelin et al. 1996; Basanta et al. 2003; Franco 2008;

Gava et al. 2005). All plant parts were harvested separately
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(stems, dry leaves and tops). Plant parts fresh mass were

evaluated directly in the field with a weighing scale and

crushed in mechanical forage chopper as in Franco (2008).

Homogenised sub-samples were prepared according to

Trivelin et al. (1996) (65�C drying for 72 h and finely

ground on Willey type mill) for determination of total N

(%) and 15N abundance analysis in a mass spectrometer

model Hydra 20-20 SerCon Co., UK, coupled to an auto-

matic N analyser ANCA-SGL (Barrie and Prosser 1996).

Nitrogen recovery from fertiliser and crop residues was

calculated using formulae described below (Trivelin et al.

1994, 1996):

Ndfs ¼ ½ A� 0:367ð Þ= B� 0:367ð Þ � NC

R %ð Þ ¼ ½ Ndfsð Þ= NRð Þ� � 100;

where Ndfs, N in plant part derived from 15N source (urea,

PCT or PCR); A and B, 15N abundances of harvested

samples (plant part) and from 15N source, respectively

(0.367% is the natural 15N abundance); NC, nitrogen

content in each plant part (stem, dry leaves or tops); R, N

recovery from a N source in each sample (plant part); NR,

applied N rate (via fertiliser or crop residues).

ANOVA and F test statistical analyses were performed.

Means detected as significant by the F test were compared

by the Tukey test at 1 and 5% of probability.

Results and Discussion

Nitrogen Recovery from Planting Fertiliser (Urea)

Plant-cane urea-N recovery was higher in the first harvest

season, 24.7 kg/ha (31% of applied N) (Table 1). This

result is consistent with 28% (22 kg/ha of urea-N) by plant-

cane obtained by Franco (2008) who evaluated two other

field trials using the same sugarcane variety and planting

fertiliser rate (80 kg N-urea/ha). Bologna-Campbell (2007)

also used the same N rate in a study with SP80-3280

variety planted in pots and obtained 35% of urea-N util-

isation for the whole plant (above ground parts plus roots

and rhizomes).

Chapman et al. (1992) also found that 32% of buried

urea on planting was present in the first crop, despite the

applied rate was twofold compared with this case (160 kg/

ha). Basanta et al. (2003) concluded that 63% (40 kg/ha) of

Table 1 Nitrogen (15N) recovery (R%) from fertiliser (urea) applied at planting, previous crop trash (PCT) and rhizomes (PCR) in 2006, 2007

and 2008 growing seasons

Stems Dry leaves Tops Above ground

kg/ha R (%) kg/ha R (%) kg/ha R (%) kg/ha R (%)

Urea

2006 18.9 23.6 a** 3.10 3.90 a** 2.70 3.40 ns 24.70 30.9 a**

2007 1.25 1.57 b** 0.64 0.80 b** 2.01 2.52 ns 3.91 4.89 b**

2008 0.86 1.07 b** 0.60 0.74 b** 1.43 1.78 ns 2.88 3.60 b**

2006–2008 21.0 26.2 4.34 5.45 6.14 7.70 31.49 39.4

LSD 1.43 1.79 0.65 0.83 1.72 2.15 2.92 3.66

CV% 9.39 9.40 20.72 20.97 38.70 38.57 12.80 12.84

PCT

2006 5.90 11.6 a** 0.46 0.91 b** 0.34 0.66 b** 6.70 13.1 a**

2007 1.87 3.67 b** 0.70 1.37 a** 1.17 2.30 a** 3.74 7.34 b**

2008 0.90 1.77 c** 0.18 0.35 c** 0.26 0.51 b** 1.34 2.63 c**

2006–2008 8.67 17.0 1.34 2.63 1.77 3.47 11.8 23.1

LSD 0.93 1.82 0.16 0.31 0.64 1.25 1.51 2.95

CV% 14.8 15.1 16.3 16.2 49.7 49.9 17.7 17.9

PCR

2006 1.45 4.40 a** 0.30 0.91 b** 0.22 0.67 b* 2.00 6.0 b**

2007 1.57 4.75 a** 0.69 2.09 a** 0.85 2.58 a* 3.11 9.43 a**

2008 0.20 0.61 b** 0.07 0.21 b** 0.23 0.70 b* 0.50 1.53 c**

2006–2008 3.22 9.80 1.06 3.21 1.30 3.95 5.61 17.0

LSD 0.20 0.62 0.26 0.78 0.51 1.55 0.93 2.83

CV% 8.8 8.7 33.7 33.7 54.3 54.4 23.0 22.9

Same letters on columns are not statistically different by Tukey test * 5% and ** 1%, respectively

LSD least significant difference (Tukey), CV coefficient of variation
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N applied on planting was recovered by plant cane. Note

that those authors utilised a lower N dose (63 kg N/ha) as

ammonium sulfate applied 50 days after planting. Kor-

ndörfer et al. (1997) found 53% of apparent urea-N

recovery applied on plant cane measured using a non-iso-

topic method (difference method). Those authors empha-

sised this method usually overestimates real fertiliser-N

uptake.

Slight differences of urea-N accumulation on plant-cane

parts were found, compared to literature results. Data

shown in this study presented higher uptake by the stems

(77%) followed by tops (12%) and dry leaves (11%)

(Table 1). Franco (2008) obtained 54% of total urea-N

applied on stems, 22% on dry leaves and 24% on tops of

plant cane, similar to Basanta et al. (2003) who concluded

that 56% of planting fertiliser-N uptake was on stems, 23%

dry leaves and 22% on tops.

Korndörfer et al. (1997) found that 56% of urea-N

uptake remained on stems; 16% on dry leaves and 28% on

tops, respectively. These differences could be explained by

the higher tonnage obtained in the present work (average

156 t/ha, data not shown) which could lead to higher urea-

N accumulation in millable stalks. This could also reflect

on N uptake by cane tops in further years since there were

no significantly differences in three seasons for this specific

plant part (Table 1).

The cumulative urea-N uptake in three seasons

(2006–2008) reached 31.5 kg/ha (21 in stems, 4.5 dry

leaves and 6 on tops). The overall recovery of urea-N

applied at planting in three consecutive seasons was 39%

of which 66% was found in stems, 14% in dry leaves and

20% in tops (Table 1). After the first year, urea-N had

probably been turned-over as soil organic matter and/or

microbial biomass but remained in the soil as an available

N pool for plant recovery.

These results concord with those of Chapman et al.

(1992) who obtained 32% of N recovery from buried urea

application in the first year and an average of 5% was

recovered by the crop above ground part on the second cut.

In the present results, 5 and 3.5% of urea-N was recovered

in the second and third harvest seasons, respectively

(Table 1). Basanta et al. (2003) concluded that 77%

(49 kg/ha) of planting fertiliser-N (ammonium sulfate) was

recovered after three cropping seasons. From that amount,

53% was exported by stems, 24% dry leaves and 23% by

cane tops, respectively.

The urea-N uptake by the whole above ground part over

time (1st to 3rd cut) was 31, 5 and 4%, the same pattern

obtained by Basanta et al. (2003), 63, 11, 4%, for first

second and third cuts, respectively.

Nitrogen Recovery from Previous Crop Residues

(PCT and PCR)

Nitrogen recovery from PCT and PCR by plant cane was

13 and 6%, respectively (Table 1). These results are con-

sistent with those of Ng Kee Kwong et al. (1987) who

observed up to 14% of trash-N recovery, when this residue

remained for 18 months in field conditions. Bologna-

Campbell (2007) found 14% of crop residues-N utilisation

by sugarcane after 12 mouths planting by using a mixture

of sugarcane trash (tops ? dry leaves) and rhi-

zomes ? roots labelled with 15N incorporated to the soil;

74% of crop residues-N remained in the soil at the end of

the 1st season harvested.

PCT-N uptake decreased from the first to third cropping

season, 13, 7 and 3%; respectively. PCT-N amount found

in stems was 74, 11% in dry leaves and 15% in cane tops

(Table 1). This distribution agreed with Gava et al. (2005)

who found trash-N uptake as 52% in stems, 7% in dry

leaves and 29% in cane tops. PCT-N uptake was closely

related to urea-N recovery and was remarkably higher in

the first cut, decreasing in the second and third harvest

seasons (Table 1). This also indicates that the urea-N added

to soil under GCTB and minimum tillage system could

have enhanced crop residues mineralisation.

In contrast to PCT-N, a larger amount of PCR-N was

recovered after the plant-cane cycle, 9% during the second

harvest season, followed by 6% on the first and 2% on the

third season (Table 1). This could have happened because

this residue was previously buried into soil in a minimum

tillage system environment, thus with limited aeration

capacity leading to lower mineralisation rates in the first

year (Janzen and Kucey 1988). This result differs from

those obtained by Chapman et al. (1992) who stated that

4% of the N from a 15N-labelled crop residue (roots and

stubbles) was assimilated by sugarcane after two cropping

seasons. They mentioned that sometimes temporary

flooding may lead to lower decomposition rates of crop

residues and can reduce its N availability to plants.

Unburned cane and in this case, minimum tillage sys-

tem, can lead sugarcane root system to be more superficial

and take advantage of surface nutrients (Meier et al. 2006;

Oliveira et al. 2002). PCR-N recovered by crop was 57% in

stems, 19% in dry leaves and 23% in tops.

After three cropping seasons, N recovery from PCT and

PCR by sugarcane aerial part was 12 and 6 kg/ha,

respectively. As those residues contributed initially with 51

and 33 kg N/ha, N uptake was approximately 23 and 17%

after three harvests (Table 1). Basanta et al. (2003)

obtained 7 kg/ha (5%) of trash-N recovered by sugarcane
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in two consecutive cropping seasons, of which 51% was in

stems, 24% in dry leaves and 29% in tops.

Overall N uptake from PCT and PCR found herein (23

and 17%—Table 1) are larger than ones found by Ng Kee

Kwong et al. (1987) and Gava et al. (2005), 14 and 9%,

respectively. This could be explained by the lower C:N

ratio on residues applied during this work (PCT: 71:1 and

PCR: 51:1) compared with those used by authors where

C:N ratio was higher than 125:1. Furthermore, higher C:N

ratios can decrease mineralisation rates as stressed by

Janzen and Kucey (1988). Another point to consider is the

total time of each trial (three seasons in this work against

one in the others) and the local environment temperature,

an important factor to be considered in this kind of

evaluation.

It is also clear that trash composition is dependent on

variety characteristics. Meier et al. (2006) used a 15N-

labelled trash from Q166 variety (C:N 105:1) in their

research in Queensland, Australia but stated that this ratio

usually varies from 70:1 to 120:1. Oliveira et al. (2002)

found C:N = 95:1 on recently harvested trashes of two

distinct varieties (SP79-1011 and SP80-1842) and two

locations in Sao Paulo State, Brazil. Bologna-Campbell

(2007) obtained similar values of C:N ratio compared to

the present work, 89:1 for trash and 57:1 for root system

grown in pots.

Wood (1991) stated that unburned cane management

provided 50% of overall urea-N recovery compared to less

than 40% in burned cane but emphasised that variety

suitability for GCTB crop management is mandatory for

successful sugarcane growing.

In general, the amount of N recovered decreased in the

order stems [ tops [ dry leaves. These results are con-

sistent with those of Basanta et al. (2003), Gava et al.

(2005) and Ng Kee Kwong et al. (1987) indicating that,

despite crop residues-N having slow release and is mainly

immobilised in the soil, it can become a complementary

source of N for succeeding crops.

Conclusion

Nitrogen recovery from urea, PCT and PCR after three

harvest seasons was 39, 23 and 17%, respectively, indi-

cating that N from crop residues is an important long-term

source of nitrogen to sugarcane.

The larger portions of recovered nitrogen from urea and

crop residues were found on stems followed by tops and

dry leaves.
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