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Abstract

The practices of mechanical harvesting of sugarcane (Saccharum offininarum L.), without
prior burning, and retention of the residues as a surface mulch or ‘trash blanket’ were introduced
in the Australian sugar industry during the 1980s, and more than a third of the crop is now
managed in this way. Experimental data on the long-term effects of these practices on soil fertility
and crop yield, and on their impact on the environment, are scarce, and difficult and costly to
obtain. To address this problem, the CENTURY model was adapted to study the long-term effects
of sugarcane trash management on soil organic matter (SOM) levels, N minemalization, nitrate
leaching and crop yields with different fertilizer N inputs. Simulations were run using a 91 year
weather record for unirrigated sugarcane grown on two soils in the Herbert River district of north
Queenstand. The model indicated that adoption of trash blanketing on old cultivated soil would
lead to an increase of approximately 40% in SOM after 60-70 years and that about half of this
increase would occur in the first 20 years. After about 20 years of trash blanketing, N fertilizer
applications could be reduced by 40 kg N ha™ without loss of yield in the first subsequent cycle
of a plant crop and five ratoon crops. However, yield reductions of 10-15% in a few years with
high rainfall reduced the long-term average yield by 1.5-2.2% during the 70 years after reducing
N fertilizer applications. The model results also showed that reducing fertilizer application rate by
40 kg N ha! for the plant crop would reduce average annual nitrate leaching for the full crop
cycle by 29% with little reduction in crop yield (< 2%). Nitrate lcaching was sensitive to

* Comrresponding author. Tel.; 61 7 33770373; fax: 61 7 33713946.

0167-1987 /96,/815.00 Copyright © 1996 Elsevier Science B.V. All rights reserved.
PiI S0167-1987(96)01014-8
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excessive N fertilizer. and was greater with trash blanketing than with trash buming because of
less evaporation of soil water early in the growing season. For the same reason. simulated yields
were higher in trash blanket systemns than in bumnt trash systems at all levels of fertilizer N.

Keywords: Century model; Leaching; Nimogen; Soil organic matter; Sugarcane; Trash

1. Introduction

Before 1980, the usual practice in the Australian sugar industry was to bumn standing
cane and dispose of post-harvest crop residues or trash by buming. Weed control was
achieved largely by cultivation. Mechanical harvesting of green (unburnt) cane and trash
retention as a surface ‘blanket” was tried in north Queensland in the early 1980s because
of difficulties in buming cane in wet weather. Practical advantages of the new system,
savings in cultivation and concerns about soil degradation and crop yield decline (Wood,
1985, Prove et al., 1986), triggered a rapid adoption of the new system, particularly in
north Queensland, where 73% of sugarcane producers were using green harvesting and
trash retention by 1989 (Wood, 1991). Some of the perceived benefits of using green
cane harvesting include soil water conservation, reduced erosion, increased soil fertility,
increased yields, increased soil organic matter (SOM) levels, and improved soil structure
(Wood, 1991). This paper focuses on the long-term implications of harvesting green
cane and retaining crop residues on soil fertility, SOM dynamics, yields and crop
fertilizer requirernents. A modelling approach was employed because of the long time
periods involved, which limits the availability of experimental data. The CENTURY
model (Version 4.0, Metherell et al., 1993) was selected because of its successful use
elsewhere in the interpretation of long-term field trials where the impact of different
fertilizer and residue management practices was measured (Carter et al., 1993; Paustian
et al., 1992; Parton and Rasmussen, 1994).

The paper addresses the impact of different nitrogen (N) fertilizer levels on cane
yields and nitrate leaching and interactive impact of retaining crop residues. There is
considerable interest in the impact of N fertilizer levels and management practices on
nutrient losses and on nitrate leaching to the ground water in agricultural catchments
where sugarcane is grown (McShane et al., 1993; Bramley et al., 1994; Mitchell and
Furnas, 1994). The impact of N fertilizer levels on nitrate leaching and suggested
management practice to reduce nitrate leaching is also evaluated.

2. Materials and methods

The CENTURY model was adapted for sugarcane and used to simulate the long-term
impact of different burning, cover crop, and fertilizer management practices on soil
organic carbon (C) and N levels, sugarcane yield, soil N mineralization, and leaching of
nitrate. Simulated seasonal patterns for plant biomass and N in above ground sugarcane

30



1. Vuliis et al. / Soil & Tillage Reseurch 38 (1996} 115132

Table 1
Characieristics of the surface 10 cm al the trash management trial sites. The site at Abergowrie was previously
referred to as Trial 1, and the site a1 Coldwater as Trial 5{Wood, 1986)

Site Mechanical analysis (%) Total C * (%) Total N ® (%) pH
Sand Silt Clay

Abergowrie 57 32 1 0.92 0.08 5.0

Coldwater 68 22 10 0.70 0.06 5.0

* Walkley-Black: ® Kjeldaht.

plant parts were compared with experimental values for a crop grown with a nonlimiting
supply of water and fertilizer N to test and parameterize the model. Simulated and
observed sugarcane yields and soil organic C and N contents were then compared for a
12 year field experiment with burnt and unbumt trash management systems near
Ingham, Queensiand. Finally, long-term effects of management practices on status,
nutrient cycling and crop yield were investigated by camying out simulations for a 91
year period.

2.1. Field sites

The two sites for the trash management studies were approximately 35 km NW of
Ingham, Queensland. The median annual rainfail at Ingham is 2275 mm. Approximately
74% of the mean annual rainfall occurs from December to March, and evaporation
exceeds median rainfall from May to November. Mean monthly maximum temperatures
range from 25°C to 32°C, and mean monthly minimum temperatures from 13°C to 23°C
(Bureau of Meteorology, 1970). Some characteristics of the soils at the sites are given in
Table 1. The soil at Abergownie is a moderately well drained Dystropept, while that at
Coldwater is a well drained Haplustalf.

Full details of the trials have been published by Wood (1986). Each trial had three
unreplicated strips large enough for cane weight and sugar content determinations at the
mill. Treatments began with the harvest of the plant crop at Abergowrie in 1981 and at
Coldwater in 1982. Both sites had been used for sugarcane production with the trash
burnt for many years prior to the commencement of the trials. Onginally each trial had
three treatments but this paper deals with only the following two:

1. green cane harvest, trash raked and bumt, normal cultivation, fertilizer banded
beneath the soil surface;

2. green cane harvest, trash blanket, zero cultivation, fertilizer broadcast or dropped as a
band on top of the trash in the interrow.

Burning prior to harvest was not attempted because of the difficulty of fire control.
The treatments were continued for five ratoon crops at each site, after which the cane
was ploughed out and the sequence repeated at both sites. Urea was surface applied at
around 160 kg N ha' for each crop. However, on the model runs, only 100 kg N ha™
per crop was used because ammonia volatilization losses from surface applied urea in
cane fields are typically 30-40% (Freney et al., 1992, Freney et al., 1994).
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2.2. Model description

The latest version of the CENTURY model (Version 4.0, Metherell et al.. 1993}
includes generic models for trees, crops. grasslands and savanna systems. The generic
plant production sub-models can be parameterized for a variety of different systems and
have been set up to simulate most of the major crops {e.g. corn, soybeans, wheat.
sorghum) and tropical and temperate grassland systems (annual and perennial systems)
around the world (Parton et al., 1993). The model simulates the dynamics of C, N,
phosphorus and sulphur in the soil plant system using 2 monthly time step. In this paper
only the flows of C and N for a sugarcane plant-soil system will be simulated. The
sugarcane production model was developed by parameterizing the tree version of the
model (Sanford et al., 1991).

2.3. Sugarcane production model

The major compartments of the plant production model are live leaf, stalk and fine
root (Fig. 1). A fixed C allocation scheme was assumed where during the first month of
plant growth 80% of plant production is allocated to live leaf growth, 16% to stalk and
4% to fine root. Thereafter the allocation is 25% to live leaf, 60% to stalk and 15% to
fine root. For caiculating biomass yield 43% C in the biomass was assumed, and for
cane yield 27% water in mature cane stalks was assumed. Plant production was assumed
to start 2 months after harvest for ratoon crops and 2 months after planting a new crop,
given adequate soil water. This represents the observed pattern of low plant growth for 2
months following harvest or planting of sugarcane (Muchow et al., 1993). Monthly
potential plant growth (Pp ¢ C m™? month™') is calculated as a function of the maximum
potential growth rate (Pmx = 650 g C m” month™'), and the effects of soil water (E,,,),
soil temperature (E,) and live Jeaf area index (E,,) on growth using the foilowing
equation;

Pp=E,,, X E, X E,; X Pmx

The effect of soil water on plant growth { £,,,) is calculated as a function of the ratio
of monthly precipitation plus stored soil water to the polential evapo-transpiration rate.
The effect of soil temperature (E,) is calculated as a function of the mean monthly near
surface soil temperature, while the impact of live leaf area index on plant growth ( E, ;)
is calculated as a function of the effective live leaf area index at the beginning of the
month. The soil water budget model is used to calculate the stored sotl water at the
beginning of the month, and average monthly soil temperature near the soil surface is
calculated from the monthly maximum and minimum air temperatures and canopy
biomass. Note that prior to full canopy cover, soil temperatures are reduced for the trash
blanket system due to shading of the soil surface by the surface litter. The soil
temperature response curve is based on data for a C, grass community (Christie and
Detling, 1982). The impact of leaf area index (LAI) on plant growth is based on the
Beer’s Law light interception curve with higher plant production and light interception
associated with increasing LAL The equations used for E,, , E, and E,; are presented
by Parton et al. (1993). The effective LAI is calculated as minimom of the LAI
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Fig. I. Soil C and N flows for the sugarcane version of the CENTURY model.

calculated from live leaf biomass (120 g m™? biomass is equivalent to an LAI of 1.0) or
the LAI calculated as a function of stalk biomass (Fig. 2(a)). Fig. 2(a) is based on
observed sugarcane data (B.A. Keating and V.R. Catchpoole, personal commununica-
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as a function of month of the year.

tion, 1994) and represents the maximum LAI that can occur with a specified stalk
biomass.

Actual monthly plant production is reduced from the maximum potential plant
production rate if there is insufficient N available from the soil mineral N pool or stored
plant N. The C:N ratios for the different plant parts vary as functions of the ratio of total
N available for plant growth to maximum plant N demand (piant N uptake assuming
maximum N concentration and maximum plant production). Fig. 2(b) shows that the
C:N ratio can vary from 160 to 220 for stalks, from 60 to 80 for live roots and from 30
to 80 for live leaves. These values are based on observed sugarcane data from different
N fertility treatments (B.A. Keating and V.R. Catchpoole, personal communication,
1994). The stored plant N pool is represented in the model and receives N by
translocation of 60% of the N from live leaves when they die. The model assumes that-
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stored plant N will be used first for growth and that N mineralized from the soil will be
used if demand is greater than stored plant N.

The death rate of leaves (Fig. 2(c)) is low before closure of the canopy (November—
December, LAl < 3). The death rate then increases, owing to shading of leaves in the
lower part of the canopy (January— May), with a maximum value of 20% per month
from May until harvest {August—October). Fine roots have a constant death rate of 0.08
month ™' for the whole year until harvest, when we assume that 50% of the fine roots
die. The elevated death rate at harvest is based on the idea that many of the roots
associated with the harvested live leaf and stalk biomass will die, and be replaced when
the crop regrows (Hunsigi, 1993). Field data are needed to verify these assumptions.

2.4. Soil model

The generalised flow diagram for C and N flow in soil (Fig. 1) shows that the model
simulates both surface residue and root litter decomposition and that the SOM is
separated into soil microbe, slow and passive pools. The SOM pools are simulated for
the 0-20 cm layer of soil. The soil microbe pool includes live microbe biomass and
metabolites and has a high maximum decomposition rate (7.3 year™'). The slow pool
includes stabilised plant and microbe decomposition products with an intermediate
maximum decomposition rate (0.2 year') while the passive fraction includes highly
stabilised and recalcitrant organic matter with a low maximum decomposition rate
(0.0045 year™') Dead plant material (surface litter and roots) is divided into structural
and metabolic material as a function of the initial lignin to N ratio of the plant matenal.
The structural material has lower maximum decomposition rates (3.9 year™ for surface
material and 4.8 year™ for soil material) than the metabolic material (14.8 and 18.5
year™! for surface and soil material), which decomposes rapidly. The model assumes that
the lignin from plant matenial goes directly to slow organic matter, that soil silt plus clay
content influences the amount of C stabilised as slow organic matter (increasing with
higher silt plus clay content), that the formation of passive SOM increases with
increasing clay content, and that the leaching of organic C and N is controlled by sand
content and the amount of water leaching through the soil.

Nitrogen is considered 1o be mainly in C-bonded forms with the N flows following
the C flows. The N flows are calculated as a function of the C flows and the N content
of the recipient SOM pool. The N content of material entering a SOM pool is a function
of the soil mineral N pool, with higher C:N ratios for low soil N mineral levels. The N
model also includes leaching of mineral N from the soil, addition of fertilizer N and
gaseous losses of N (N,0, N,, NO,, and NH,). Nitrogen is generally mineralized when
surface and soil microbes and slow organic matier decompose, while decomposition of
structural plant material results in immobilization of N from the mineral N pool. A
complete description of the soil C and N sub-models is presented by Parton et al. (1993).

The CENTURY model also includes a water-balance submodel and a soil tempera-
ture sub-modet (Parton et al., 1993). The water-balance model calculates monthly
evaporation and transpiration water loss, water content of the soil, and saturated flow of
water between soil layers. In the present application the soil water balance was
simulated to a depth of 1.2 m. Evaporation is a function of the monthly rainfall, potential
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evapotranspiration, and the surface litter and standing aboveground biomass. Transpira-
tion water loss is a function of live LAI. Average monthly soil temperatures near the soil
surface are calculated using equations developed by Parton (1984). The equations
calculate pear surface maximum soil temperature as a function of the maximum air
temperature at 2 m above ground level and the aboveground plant biomass (lower for
high biomass), and the minimum soil temperature as a function of the minimum air
temperature at 2 m above ground level and surface litter and standing plant biomass. A
complete description of the sotl temperature and water-balance model is presented by
Parton et al. (1993).

3. Results and discussion

3.1. Model testing

The performance of the model was tested in two stages: {a) comparison of the output
with the seasonal pattern of biomass and N accumulation measured for an imrigated and
heavily fertilized crop grown near Ingham, Queensland {(Muchow et al., 1993), and (b}
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Fig. 3. Simulated and observed accumulation of: (a) plant biomass and (b) N for an irrigated and heavily
fertilized crop of variety Q117 (observed data from Muchow et al., 1593),
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trash either burnt or retained as a surface mulch (trash blanket).,

comparison of the output with the crop yields and measured soil C and N levels from the
trash management trials at Abergowrie and Coldwater, The data from Muchow et al.
(1993) were used to parameterize the model.

3.1.1. Seasonal patterns for C and N in aboveground plant parts.

The simulated accurnulation and distribution of aboveground biomass and N for a
plant crop supplied with nonlimiting water and N is compared with field data in Fig. 3.
The patiern of simulated biomass accumulation was similar to that in the field data,
although the final yields for the simulation were approximately 15% lower than for the
field data. On the other hand, the model underestimated N uptake during the first 200
days after planting, and thus did not fully represent the pattern of rapid uptake of N early
in the crop cycle followed by dilution of the N during stalk elongation. Nitrogen
accumulation in stalks one year after planting was approximately 8% lower in the
stmulation than in the field data, whereas the final N yield in leaves was overestimated.
We were not able to adjust the vadable C to N ratios of the different plant parts (see Fig.
2Ab)) in accordance with the observed data. A more sophisticated model for plant N
uptake would be needed to duplicate the observed data.

3.1.2. Comparison with observed crop yields

The model overestimated cane yield for the ratoon crops during the first five years
after the start of the trash management treatments (¥Fig. 4). Agreement between the
model and observed cane yields for the subsequent plant crop and four ratoon crops was
better, and the model successfully simulated the decrease in yield with number of
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ratoons and higher yields for the trash blanket treatment. Part of the discrepancy
between simulated and observed yields was probably due to incomplete recovery of cane
during machine harvesting. Cane losses of 3%-7% during machine harvesting are
common (Hurney et al., 1984). Other possible explanations include pest and insect
damage, soil compaction and damage to cane stools by the harvester. Another possible
problem is an overestimate of the initial fraction of SOM in the slow SOM pool and thus
overestimated initial soil N mineralization rates. Paustian et al. {1992) has shown that
varying the initial slow SOM level can substantially alter model results.

3.1.3. Comparison with observed soil C and N data

The observed soil C data showed some large yearly fluctuations, particularly for the
soil at Abergowrie (Fig. 5). These reflect the inherent difficulties in accurately sampling
and measuring soil C in large field plots. Nevertheless, the model simulated the main
features of the data. These were: (a) apparently steady state levels of soil C where trash
was burmnt before crop harvest, (b) slowly increasing levels of soil C where the crop was
harvested ‘green’ and the trash retained as a surface mulch, and (c) a sharp decrease in
soil C when the Iast (fifth) ratoon crop was ploughed out and cane replanted. The pattern
of changes in soil organic N was similar to the pattern for soil organic C {(data not
shown).

3.2. Long-term simulations: Impact of management on sugarcane production systems

The long-term effects of trash management and N fertilizer on soil organic C, N
mineralization, and cane yield were examined. The effect of trash management on the
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response to N fertilizer, and opportunities for reducing inputs of N fertilizer were also
studied.

3.2.1. Long-term trends

The long-term effects of trash management and N fertilizer on SOM status and the
consequences for yield of sugarcane were examined by running simulations using 91
years of rainfall and temperature data from Ingham. A factorial combination of trash
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management (burnt, retained) and N fertilizer levels (0. 48, 80, 100, 120, 160, 200, 300
kg N ha') with two initial values for soil organic C was used. These fertilizer inputs
represent the net input after initial ammonia volatilization losses from the surface
applied urea. For example the input of 120 kg N ha' year™ represented an annual
application of 200 kg ha' as urea with an average 40% loss by volatilization of
ammonia. Such a scenario approximates the likely current management, where a 40%
loss by volatilization of ammonia is typical (Freney et al., 1992; Freney et al.. 1994),
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Fig. 6 shows a companson of the impact of burning trash on soil C levels, soil N
mineralization rates and cane yield for two different N fertilization levels (0 and 100 kg
N ha! per crop). A combination of trash retention and fertilizer N was essential to
improve the C content of previously cultivated soil {Fig. 6(a)). With 100 kg fertilizer N
ha' year™ the soil C content increased by approximately 40% after 50 years when trash
was retained, but fell by approximately 4% when the trash was burnt. The simulations
showed that the omission of N fertilizer would lead to a large loss of soil C under both
systems of trash management. The results for N mineralization show a similar pattem as
the soil C levels with the combined effects of N fertilizer and trash retention being much
greater than the effect of either of these factors alone (Fig. 6(b)). Net N mineralisation
during the fallow-replant years was from 2 to 2.5 times as much as during the other
years (data for individual years not shown). However the same responses to the
treatments were evident in the data for the fallow-replant years alone, the nonfallow
years alone or the mean data as shown in Fig. 6(b).

Cane yield was affected more by N fertilizer level than by trash management (Fig.
6(c)). The yield without N fertilizer was about 35 t ha' less than with 100 kg fertilizer
N ha' initially, and declined with time in response to the decline in level and N
mineralization. In contrast, cane yield was maintained in the fertilized treatment where
trash was bumnt, and increased by approximately 10-20 t ha' during the 91 year period
with a combination of fertilizer N and trash retention.

The impact of changing to a trash blanket system after using a trash bum system for
42 years is shown in Fig. 7 for soil C levels (Fig. 7(a)), soil N mineralization (Fig. 7(b)),
and cane yields (Fig. 7(c)). These simulations used the same initial soil C and N levels
as Fig. 6 and the N fertilization level was 100 kg N ha™'. The results show that a change
10 a trash blanket approach results in a rapid increase in soil C levels and N
mineralization rates and that after 50 years the N mineralization rates and soil C levels
are similar to those for the continued trash blanket treatment. Most of the increases in
soil C and N mineralization occurred during the first 20 years after initiation of the trash
blanket treatment. The cane yield also followed a similar pattern, with yield increasing
rapidly following initiation of the trash blanket treatment.

3.2.2. Trash management and the response to fertilizer N

Fig. 8(a) shows the average response at the two sites to different fertilizer levels for
the trash blanket and burning treatments. The results for plant yield are averaged for four
planting cycles {24 crops) after the start of N and trash treatments while results of nitrate
leaching are averaged for the fourth planting cycle (6 crops). The fourth planting cycle
for leaching was used because leaching was increasing with time and the fourth planting
cycle was more indicative of the longer-term effects of high rates of N fertilization.
While trash blanketing gave Higher cane yields at all rates of fertilizer N, the shape of
the response curve was hardly affected (Fig. 8(a)) and showed a rapid increase in yield
with the first increments of annual fertilizer levels followed by diminishing responses
until maximum yields were reached with 160 kg N ha'. The observation that the effect
of trash blanketing persisted in’the presence of surplus N fertilizer indicated that part of
the effect was due to more efficient use of soil water. At lower fertilizer levels, trash
blanketing increased yield, water use efficiency and the rate of soil N mineralization.
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Nitrate leaching losses (Fig. 8(b)) were low with N fertilizer levels below 120 kg N ha™'
in the trash blanket system and 160 kg N ha' in the trash burn system. Leaching
increased rapidly above these fertilizer levels. In general, these results suggest that
increased N fertilization levels above 160 kg N ha' year™' primarily result in increased
nitrateN losses and minimal increase in cane yield. Further, they are consistent with the
general recommendation of 160 kg N ha™' for the cane industry in northeastern Australia
(Chapman, 1994).

3.2.3. Opportunities for reducing fertilizer applications

Field and model results suggest that there are two major ways in which N fertilizer
inputs can be reduced without reducing cane yield. These are reducing N fertilization
during the plant crop, and reducing N fertilization after the system has been in a trash
blanket system for two to three planting cycles (14-21 year period). Model results
averaged for a 91 year run showed that, for both the trash blanket and trash burning
treatments, reducing fertilizer from 120 kg N ha' to 80 kg N ha! for the plant crop
while holding the N rate at 120 kg ha™' for the ratoon crops caused less than 1%
reduction in the average yield of plant and ratoon crops. Nitrate leaching was reduced by
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29% (detailed results not shown). These results show that the fallow period associated
with the replanting process results in high soil N mineralization rates and less need for N
fertilizer for the plant crop. The current general recommendation for most cane growing
districts in Queensland, based on a large number of field trials, is to apply 40 kg N ha’'
less 10 plant crops than to ratoon crops (Chapman, 1994). The results of our simulations
were in agreement with this recommendation.

A test was run to see whether SOM accumulated after a number of years of trash
retention could reduce the need for fertilizer N (Fig. ¥a), Fig. 9(b)). Simulated cane
yields with continual annual N applications were compared with those where N
applications were reduced after different periods of trash retention (one, two, three, four
crop cycles). Reduction of fertilizer N applications from 120 to 80 kg ha'' after one crop
cycle (7 years) caused significant yield reductions averaging 5.t--5.2% during the
subsequent crop cycles (Fig. 9{a)). When the fertilizer rate was reduced after three crop
cycles (i.e. after 21 years), the average yield reduction during the subsequent 70 years
was only 1.5% at Abergowrie and 2.2% at Coldwater. This was due to reductions of
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10-15% in years with high rainfall, when 80 kg fertilizer N ha'' was insufficient for
maximum yield. The result for soil nitrate leaching (Fig. 9(b)) showed that reducing the
N fertilization level after one to four crop cycles caused a 30-60% reduction in nitrate
leaching during the first subsequent crop cycle. Further reductions occurred in subse-
quent crops. and the cumulative reduction was 80-90% after two to three cropping
cycles. These results suggest that reducing N fertilization level would greatly reduce
nitrate leaching losses and have little impact (less the 1% decrease) on plant production
level after 21 years of using trash blanket management (three crop cycles). This is
consistent with theoretical expectations and anecdotal evidence that extra mineralization
of N from accumulated SOM will reduce the need for fertilizer N after some years of
trash return to the soil (Chapman. 1994).

4. Conclusions

The sugarcane production model successfully simulated the total biomass production
and distribution of biomass and N at harvest for a crop grown with a non-limiting supply
of water and fertilizer N. The pattern of biomass accumulation through the season
agreed well with experimental data, but the pattern of N uptake did not fully represent
the observed rapid uptake of N from 3 to 6 months after planting followed by little N
uptake and declining plant N concentration as biomass accumulated. The present method
of controlling plant C:N ratio in the model through the ratio of available N:plant N
demand needs modifying 1o take into account either the size or age of the sugarcane
crop. This could require a plant growth submode! specific to sugarcane that incorporates
features from the present forest and grassland /crop growth submodels. In a comparison
with field data for sugarcane grown without irrigation under nonmal farm management,
the model over-estimated cane yields for the first 5 years, but showed reasonable
agreement with the field data for the 4 to 5 years after the Tand was fallowed and the
crop replanted. Possible reasons for the overestimation during the first 5 years were
given in Section 3.1.2, We conclude that the sugarcane growth submodel was adequate
for testing long-term effects of management practices.

Rigorous testing of the simulation of changes was hampered by a lack of precise
long-term field data. There is an urgent need to further test the model against long-term
data for sugarcane production systems.

The results of the simulations supported field observations of higher ratoon crop
yields on adequately drained soils where trash blanketing was practised (Wood, 1991).
Simulated yields were higher in trash blanket systems than in trash bum systems at all
levels of fertilizer N. An important factor in this was more efficient use of soil water
because of less evaporation in trash blanket systems in the early part of the growth
season. The simulations showed that changing to a trash blanket systern on a soil with a
long history of sugarcane production under 2 trash burn systemn would increase the level
of SOM by almost 40% after 60-70 years. Approximately half of this change would
occur in the first 20 years after changing to the trash blanket system. After about 20
years of a trash blanket system, fertilizer N inputs could be reduced by 40 kg N ha™'
year™' without significant loss of yield and a large reduction in leaching of nitrate. The
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work highlights the value of combining experimental and modelling approaches in the
study of complex issues of cropsoil management that have long-term implications for
system performance.
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3.3-4

prdx(1) potential aboveground monthly production for crops (gC/m2)
ppdf(1) optimum temperature for production for parameterization of a Poisson
Density

Function curve to simulate temperature effect on growth

ppdf(2) maximum temperature for production for parameterization of a Poisson

Density Function curve to simulate temperature effect on growth

ppdf(3) left curve shape for parameterization of a Poisson Density Function

curve to simulate temperature effect on growth

ppdf(4) right curve shape for parameterization of a Poisson Density Function

curve to simulate temperature effect on growth

bioflg flag indicating whether production should be reduced by physical
obstruction = 0 production should not be reduced = 1 production

should be reduced

biok5 level of aboveground standing dead + 10% strucc(l) C at which
production is reduced to half maximum due to physical obstruction

by dead material (g/m2)
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+10 strucc(l)

pltmrf planting month reduction factor to limit seedling growth; set to 1.0 for
grass
fulcan value of aglivc at full canopy cover, above which potential production is

not reduced
Canopy aglivc

frtc(1) initial fraction of C allocated to roots; for Great Plains equation based on

precipitation, set to 0

Great Plains 0
frtc(2) final fraction of C allocated to roots
frtc(3) time after planting (months with soil temperature greater than rtdtmp)

at which the final value is reached
rtdtmp

biomax biomass level (g biomass/m2) above which the minimum and
maximum C/E ratios of new shoot increments equal pramn(*,2) and

pramx(*,2) respectively

C/IE pramn(*,2) pramx(*,2)
(g m2)
pramn(3,1) minimum C/E ratio with zero biomass
(1,1)=N 2n=P 31)=Ss
C/E
pramn(3,2) minimum C/E ratio with biomass greater than or equal to biomax
(1,2)=N 22)=P (3,2)=S
Biomax C/E
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pramx(3,1)

pramx(3,2)

prbmn(3,2)

intercept

prbmx(3,2)

intercept

fligni(1,1)

fligni(2,1)

fligni(1,2)

fligni(2,2)

maximum C/E ratio with zero biomass
(1,1) =N 21)=P 3.1)=S
C/IE

maximum C/E ratio with biomass greater than or equal to biomax
(1,2)=N 22)=P (3,2)=S
biomax C/E

parameters for computing minimum C/N ratio for belowground matter
as a linear function of annual precipitation
(1,1) = N, intercept (2,1) = P, intercept 3,1 = S,

(1,2) = N, slope (2,2) = P, slope (3,2) = S, slope
C/N

parameters for computing maximum C/N ratio for belowground matter
as a linear function of annual precipitation
(1,1) = N, intercept (2,1) = P, intercept (3,1 = S,

(1,2) = N, slope (2,2) = P, slope (3,2) = S, slope
C/N

intercept for equation to predict lignin content fraction based on annual

rainfall for aboveground material

slope for equation to predict lignin content fraction based on annual
rainfall for aboveground material. For crops, set to O.
0
intercept for equation to predict lignin content fraction based on annual

rainfall for belowground material

slope for equation to predict lignin content fraction based on annual

rainfall for belowground material. For crops, set to O.

49



himax

hiwsf

himon(1)

himon(2)

efrgrn(3)

vlossp

fsdeth(1)

fsdeth(2)

harvest index maximum (fraction of aboveground live C in grain)

)

harvest index water stress factor
= 0 no effect of water stress

= 1 no grain yield with maximum water stress

number of months prior to harvest in which to begin accumulating
water stress effect on harvest index

number of months prior to harvest in which to stop accumulating water
stress effect on harvest index

fraction of the aboveground E which goes to grain
(1)=N =P (3 =S
E

fraction of aboveground plant N which is volatilized (occurs only at
harvest)

maximum shoot death rate at very dry soil conditions (fraction/month);
for getting the monthly shoot death rate, this fraction is multiplied times

a reduction factor depending on the soil water status

I)

fraction of shoots which die during senescence month; must be greater
than or equal to 0.4
0.4
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fsdeth(3)

fsdeth(4)

fallrt

rdr

rtdtmp

crprtf(3)

snfxmx(1)

dell3c

co2ipr(1)

additional fraction of shoots which die when aboveground live C is
greater than fsdeth(4)
fsdeth(4)

the level of aboveground C above which shading occurs and shoot

senescence increases

fall rate (fraction of standing dead which falls each month)

maximum root death rate at very dry soil conditions (fraction/month);
for getting the monthly root death rate, this fraction is multiplied

times a reduction factor depending on the soil water status

1)

physiological shutdown temperature for root death and change in
shoot/root ratio
/

fraction of E retranslocated from grass/crop leaves at death

M=N (=P  (3)=S

symbiotic N fixation maximum for grass/crop (Gn fixed/Gc new growth)

Gn /G )

delta 13C value for stable isotope labeling
A C

in a grass/crop system, the effect on plant production ratio of doubling
the atmospheric CO2 concentration from 350 ppm to 700 ppm
CO2
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co2itr(1) in a grass/crop system, the effect on transpiration rate of doubling the
atmospheric CO2 concentration from 350 ppm to 700 ppm
/ CO2

co2ice(1,2,3) in a grass/crop system, the effect on C/E ratios of doubling the
atmospheric CO2 concentration from 350 ppm to 700 ppm
(1,1,1) = minimum C/N (1,2,1) = maximum C/N
(1,1,2) = minimum C/P (1,2,2) = maximum C/P
(1,1,3) = minimum C/S (1,2,3) = maximum C/S
/ COo2 C/IE

co2irs(1) in a grass/crop system, the effect on root-shoot ratio of doubling the
atmospheric CO2 concentration from 350 ppm to 700 ppm
/ CO2 /
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Rajburi

2004 9 6

0.8 —1.2%, sandy loam
N:P:K 15:15:15

60kg/rai

Tambon: sabpha

Amphoe:
2000 180
1700 Kitty
10 ton/rai
12

90%

20ton/hour

Prasart

650

200

Cane

10%

53

10

15




Chun Waraeeksri
N:P:K  25:10:10
100 kg/rai

Tambon:
Amphoe:

1200 800
6000 ton/rai 750
max. 13ton/rai, 390t/200rai

4 — 13 ton/rai
3 4
11.5
12 3
42 27
15 -50 rai/day
13 3
K88-65

505 1 , 50kg/rai 7

10

200 1200

54

15

60 kg/rai



N:P:K 15:15:15, 16:12:8
40 80

15:15:15 - 450BHT/50kg
16:12:8 - 395BHT/50kg

21:0:0 - 230BHT/50kg

Tambon:

Amphoe:

200 100
10 ton/rai

min 8ton/rai

max l1lton/rai

4933 40

12 3

12.7

15 frai 20
frai 25

21:0:0
kg/rai

55

2



N:P:K 21:0:0
100-150kg/rai

Tambon:
Amphoe: Buu Pai
500
10
500 100
15 ton/rai
min 10ton/rai
max 20ton/rai
80%
60

12 23 3

15 , 30

5%
11.138

12

15
12

400
Land development
80 3
22 4 8

10
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Puwan Ninsai
N:P:K 21:0:0,46 0 0O P K
100kg/rai

Tambon: Bun pai
Amphoe:
all 10
350 8
12ton/rai (max. 25 ton, min 8 ton
12 22 2

25 3

25
11.01

800kg/rai

2.5

60

1.6ton/yr x rai  4.8ton/ha

16:20:20 — 25kg/rai after sowing, 25days after planting, 25kg/rai after 2 months

1,000 - 1,200 kg/rai

15 35
800 —900 stalks/rai, 2kg/stalk
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Weng acuwong

N:P:K 18:4:5 ( 2 ) 21:.0.0 4
1)30, 2)25-30, 3)30kg/rai

N:P:K 21:0:0 ( 2 ) 21:0:.0
1)40-50, 3)20kg/rai

Tambon:
Amphoe:
100
ftruck, 12,000 L/truck
600 120 20
11 ton/rai (max 15-18ton, min 9-10ton)
12 22 3

1000ton (harvester), 8900ton (manual)
cane grabber

30 30

10.9 2
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Paddy poodipon
N:P:K 15:15:15, 21:0:0

850

12000L/rai, 600BHT/ L

30% 82

200

50kg/rai
7
Tambon:
Amphoe:
4 5
900 170
13ton/rai 11,700ton/900rai (max. 18ton, min 10ton)
12 20 3
5% 95%
34 10
11.3
3% 5% filtercake
70

12 15 frai 3 20
11 12 frai 3 17

59

30m



90%

Phranon
N:P:K 15: 15: 15, 21:0:0 3

filter cake

15kg/rai

Tambon: Noon pam chan

Amphoe: Bang ka

50
290 15
13 14 15ton/rai 11ton/rai
12 4 35
15
10.95
KS92, K764 K200
30
Others Stalk
3 5
10m
40 1 11 [rai, 50 15
30%
—7 3 50 BHT/rai 40%
60% 140 /ton 110
/ton

60



Tonchua
N:P:K 15: 15: 15, 20:0:0
50 kg/rai x 2

Tambon: Bamka

Amphoe:
10%
110
14 ton/rai
10
10
10

150BHT/ton, 110BHT/ton (

20% 80%
FTA
5 BHT/Kg

61

70%

50BHT/ton

30%



Wittaya Netww
N:P:K 15: 15: 15, 21:0:0

50 kg/rai 2 2 filter cake
10%
Tambon:
Amphoe:
200 7
8
500 60
5800 ton/500rai 1lton/rai (max. 20ton/rai, min 10ton/rai) 4
12 20 3 50
27 100
60 100bht/ton 120
20 18 /day, 6day/week = 108 ton/week

12Bht/ton, 480Bht/day

70%

25%

15 Irai
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Patanang
N:P:K 15: 15: 15, 21:0:0

50 kg/rai x 2 2
21:0:0

Tambon:
Amphoe:

150 5 200

2100 ton/200rai 10.5ton/rai
max 18ton/rai (+ filter cake) min 10ton/rai

12 18 3 25
25 15

100 Bht/ton cut & loading, 120 BHT/ton

H

18 8000stalks/rai, 2kg/stalk
10
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