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GENERAL INTRODUCTION

The aim of this study is to carry out a state of art and to recommend guidelines in order to
envisage sustainable development of herbaceous lignocellulosic crops in the European
socioeconomic context. This study has been initiated in the framework of the third EC research
programme by Agriculture and Agroindustry Research programme (AAIR). Nonfood crops is one
of the interest areas of this AAIR programme. Moreover, the evaluation of the potentialities of new
productions under European situations represents a significative part of this programme.

Among nonfood productions, agricultural raw materials which can be used for energy purposes
represents the major potential market at the European Union level. Nethertheless, today the
actual utilisation of biomass for energy production represents only a small part of the total energy
consumption in Europe. Besides classical use of wood through combustion which represents the
largest utilisation of biomass in Europe, the energy production from biomass can be envisaged
through the two following axes:

- Dbiofuels, or liquid and gaseous fuels such as rape methy! ester, alcohol or ETBE from
wheat, sugar beet and biogas.

- biocombustibles, or solid fuels produced from lignocellulosic raw materials.

The present study is concerning the analysis of the production stage, ie agricultural aspects, of
lignocellulosic crops which are potentially interesting in Europe. Three species will be analysed:
sorghum including fiber and sweet sorghum, miscanthus and cynara. These three species have
been chosen in order to cover a wide range of geographical and pedoclimatic conditions which
can illustrate the European variability.

For each species, we will envisage a synthesis of the state of art, the main recommendations
which are possible to do today in order to improve the situation and viability of this crops. The
following topics will be developped in detail:

- the agricultural techniques from the plantation to the harvest through all the techniques
of crop protection,

- the production evaluation in terms of quantity, using an analysis method which will allow
an easy and reliable estimation of yield potential in different farming systems or
pedoclimatic conditions,

- the quality of the raw material according to its potential utilisations and its variability in
relationship with production systems, C

- the energy balance and environmental balance with specific recommendations
concerning methodological requirements, gaps and missing informations in order to
improve reliability of these balances.

For these different topics, examples from in progress research programmes will be given and
adapted to different pedoclimatic conditions.

vili




GROWTH TECHNIQUES




1.1.1

GROWTH TECHNTIOQUES

L

This introduction provides a general presentation of each of the three species sorghum,
miscanthus and cynara, an analysis of the growth techniques used for each, under the headings
soil, sowing or planting, fertilisation, weed control, pesticide spraying treatments, varietal
selection, irrigation and harvesting. The main information sources were the European networks for
sugar sorghums (DGXII-JOULE & AIR), miscanthus (JOULE & AIR), and cynara (JOULE & AIR),
as well as national experimental work conducted on various species (ADEME in France,
A'BIOTEC in ltaly, ETSIA in Spain and FAL/KWS in Germany).

SORGHUM

Sorghums are tropical plants having C4-type photosynthetic metabolism. It is not possible to state
with any accuracy when sorghum was first used as an agricultural crop, but de Wet et al. (1970)
suggested that it may have been introduced into Egypt from Ethiopian taxa around 3000 BC. The
sorghum genus belongs to the Andropogonae tribe, of the Panicoidae sub-family, which comes
under the Graminaceae. The annual sorghums used in agriculture belong to the species Sorghum
bicolor (L.) Moench {2n=20). This species exhibits a high degree of genotypic and phenotypic
variability extending from grain sorghum to sugar sorghum via fibre sorghum. It is difficult to
distinguish between the different types as a whole range of intermediates exist between such as
fibre sorghum and sugar sorghum, and similarly sugar sorghum and grain sorghum.

Soil preparation

Sorghums produce small seeds with limited seed reserves for germination, and all research
shows very slow development during the initial stages. For this reason, crop planting is the
determinant factor for the crop’s success. Given the wide-ranging variability of soils and climates,
a universal formula for soil preparation does not exist, although every effort should be made to
obtain the typical profile shown in Figure 1.

The way to achieve this profile is generally as follows:

- stubble plough the previous crop as soon after harvesting as possible (using disc tillers,
tine harrows, chisels or rotavators, etc.);

- deep cultivate as early in autumn as possible on clayey soils, or as close to the sowing
date as possible on loamy or sandy soils (using ordinary and chisel ploughs, etc.);

- prepare the seed bed from January onwards by using a cultivator on clayey soils to
break up inadequately ploughed soils, and then, just prior to sowing, using a circular
spike harrow and cylinder roller-packer. In the absence of any clearly defined references
for fibre sorghum or sugar sorghum, these recommendations were drawn up using the
results obtained for grain sorghum (ITCF, 1992; Jacquin and Maruejouls, 1993).
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' 1.1.3 Sowing

The sowing depth depends on the size of the seeds, from 2 cm for the smallest seeds to 4 cm for
the largest such as in fibre sorghum. The seeds are normally sown individually using either
mechanical or pneumatic drills. The sowing date depends on the pedoclimatic ¢onditions; the soil
must have a temperature of at least 12°C, otherwise if the soil temperature is too low, the seeds
will not germinate correctly and the reserves may be exhausted before autotrophy is established.
In addition, sowing must occur early enough to allow the plants to complete their growth cycle. In
arid areas, sowing too late could prove difficult due to the seed bed being too dry (Belletti and
Petrini, 1990). In central Europe, the optimum sowing date is around 15 May.

The optimum planting density is approximately 100,000 per hectare in the case of sugar sorghum,
and up to 140,000 for fibre sorghum. Achieving optimum density can prove difficult for the
following reasons:

- there is a high degree of variation in seed viability between seed batches;

- although sorghums tiller very little if the mean temperature at the start of the growth
cycle exceeds 23°C (i.e. the Mediterranean region), plants may produce up to 4 or 5
tillers each at lower temperatures (e.g. as in the Paris region);

- too high a planting density may lead to lodging at the end of growth;

- too high a ptanting density may also result in etiolation, lower stem diameters and
poor quality raw material for industrial processing.

Whilst the distance between rows ultimately depends on the seed drills and harvesting equipment
available, a recommended row separation of 70 cm for sugar sorghum and 40 cm for fibre
sorghum should provide good crop and canopy structure.

Under very specific conditions such as early sowing on cold, wet soil, or sowing on former
grassland or on land frequently invaded by wireworms, the seeds may need to be protected using
pesticide products. In these cases, seed will need to be treated with lindane (1350 g/ha) either a
full 15 to 20 days prior to sowing, or a few days before sowing if followed by a soil application of
Chiorpyriphos-ethyl plus lindane, or finally by localization at the time of sowing with Bendicarb,
Carbosuifan or Furathiocarb (ITCF 1992).

1.1.4 Weed control

Weeding may be required especially when spring conditions are unfavourable, i.e. cold and wet,
and Atrazine may be used at a dose of 1500 g of active ingredient per hectare, or 750 g for later
treatment (sorghum being more sensitive than maize to Atrazine persistence). In countries where
the use of Atrazine is no longer permitted and where there is a high risk to summer graminae,
Propachior could be used after sowing and prior to emergence. Where dicotyledons develop,
either Fluroxypyr (for bindweed and brambles), Bromoxymilphenol, a mixture of Bentazone and
Atrazine, or finally Chlopyralid may be used. Such chemical treatment may be complemented by
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hoeing at the 4 to 5 leaf stage. Hoeing also encourages soil warming. Additional references are
available in the ITCF (1992) and from Jacquin and Maruejouls (1993).

1.1.5 Fertilisation

With regard to phosphorus-potassium feeding, sorghum’s requirements are similar to those of
other crops, in particular maize. Nutrient supply methods depend in particular on the techniques
employed locally: strict application of sorghum’s nutritional requirements or application at the start
of rotation of all the rotation requirements.

With regard to nitrogen fertilisation, sorghum'’s ability to extract nitrogen from the soil proves to be
of especial interest. This ability is very much greater than in other crop species. After conducting
experiments over a four year period on a European scale (under the JOULE & AIR programme),
little or no nitrogen effects were observed in nitrogen-free treatments. Nevertheless, yield for yield,
sorghum’s requirements were similar to those of other crops and the application of fertiliser
incorporating nitrogen can be justified as follows:

- the crop’s requirements are met using the so-called “intake-output balance”, which is
one method of obtaining expected yields,

- another perhaps more environmentally-friendly management method may be , given its
ability to exploit soil nitrogen, application of a starter dose of around 60 units/ha which,
during growth, would then be exhausted by the sorghum. Whilst satisfying the plant's
requirements, this technique would ensure that the soil profile is residual mineral
nitrogen-free in autumn, thus reducing nitrate leaching into the water courses over -
winter. This more environmentally-friendly management procedure does not exclude the
fact that higher nitrogen applications may be required for the following crop.
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1.1.6

1.1.7

Pesticide spraying treatments

At European latitudes, sorghums, and in particular sugar sorghum and fibre sorghum, are
relatively invulnerable to parasitic attack during growth. Potential risks are in fact wireworms (cf
1.1.3 Sowing), damping-off (commercial seeds are treated with captan or thiram-type fungicides)
and aphids (in which case a grain-specific product should be employed). In the case of other
threats such as smuts, fusaria, sesamia, etc., no special precautions are currently normally
warranted. Colletotrichum graminicola attacks have been observed on the Keller varlety of sugar
sorghum in Portugal. :

The health quality aspects of bagasses prior to factory processing are not covered by this article.

Irrigation

Sorghum has good drought resistance, its water requirements being limited and significantly less
than for maize. Total requirements (ground water plus rain water plus irrigation where required) to
satisfy potential production are of the order of 400 mm as opposed to around 550 mm for maize.
This good drought resistance is due to its ability to economize on the ground water reserve. Its
root system is particularly efficient as it is able to consume up to 45% of the useful reserve without
any change in productivity levels whereas other crops show a drop in yields after a consumption
of just 30% of the useful reserve (ITCF 1992). Finally, sorghum exhibits excellent growth recovery
after water stress has been applied, even during the most sensitive stages of growth (Jacquin and
Maruejouls, 1993), i.e :

- at the time of sowing, with irrigation ensuring good uptake in dry regions;

- during growth, with the period of rapid stem elongation would appear to be the most
sensitive;

- at the maturation stage, a reduction in water supply resulting in the increase in cane
sugar content, as is the case with sugar cane.

Except in southern European regions, sorghum crops should grow without any need for irrigation.
Research recently conducted in Bari and Potenza show that physiological criteria such as
predawn leaf water potential may be used to set irrigation regimes. Where predawn leaf water
potential remains greater than -0.3 MPa, the water status of sorghum may be considered as being
satisfactory. Under the experimental conditions in Sicily (Catania), the water supply requ1red to
maintain optimum production was estimated at between 150 and 250 mm. :

There is currently no accurate research being conducted on the effect of irrigation water quality on
sorghum production.
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1.1.8 Harvesting

The main bottleneck to both sugar sorghum and fibre sorghum crop production may be found in
those aspects related to harvesting, further complicated by the fact that the problems associated
with sugar sorghum harvesting are different to those for fibre sorghum.

Different techniques are used to harvest fibre sorghum depending on the climatic zone,
with the aim being to harvest dry raw material before poor autumn conditions set in. In
the Mediterranean region, cutting using a forage harvester, then windrowing and
recovery after drying using a Heston-type high pressure press, represents the best
available technique, and one tested in particular in Italy and France. The resultant raw
material may then be processed and enhanced thermochemically or used for paper pulp
production. Where climatic conditions do not allow windrow drying, the sorghum could
be harvested using silaging (with the material being less finely shredded than for animal
feed). Silage storage has been successfully tested in France, although scope remains
for further optimization. In addition, storage using this method would appear to improve
fibre accessibility during paper pulp production.

The procedure for harvesting green material has still to be established as currently very little
information is available on fibre ageing at the end of the growth period. Lodging and poor weather
conditions are the two principal obstacles against harvesting fibre sorghum.

In harvesting sugar sorghum, the aim is to harvest a “cane” raw material which has
undergone minimal chemical transformation (oxidation, fermentation, etc.), and the
meteorological constraints are similar to those for fibre sorghum harvesting. Sugar cane
harvesting machines are especially well adapted for harvesting sugar sorghum, with the
CLAAS 1400-type heavy machinery being able to cut approximately one hectare per
hour, separate the leaves from the stems, and produce stems in 20 to 50 cm lengths.
They are well adapted to very large farming structures, but in southern Europe, their
size and bulk make them impracticable (unlike grain crop combine harvesters, the
cutting bar cannot be removed from the rest of the machine). The cane sections thus
produced may then be stored from 3 to 5 days prior to factory processing. The
Australian company Austoft Industries markets a smaller machine based on the same
principle to be adapted to European scales (Figure 4). The capacity of the Austoft
Series 7000 machine is 80 tonnes of cane per hour, or approximately 1 ha/hr. Similarly,
in the U.S.A., CAMECO is marketing a “cane combine harvester”, the CHW-2500
(Figure 5) having similar specifications.

In parallel with the standard equipment available, the Italian company Pasquali is developing a

small prototype for harvesting and defoliating whole cane (Figure 6). The advantage of this
prototype is that it can harvest a raw material which will store well (around 15 days), although the
prototype is currently at a stage of development which does not yet make it demonstrable. In
particular, the rate of harvesting, currently around 0.2 hectares per hour, should be increased
significantly as it is presently highly insufficient for any practical application.
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