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Abstract

In a field experiment 60 kgNha�1 of 15N labelled fertilizer was applied to Miscanthus� giganteus planted 1, 2 or 3 years previously.

Plots were destructively sampled at senescence 1, 2 or 3 years after labelled N was applied with aerial biomass harvested in intervening

years. The objective was to quantify N uptake and distribution within the plant, labelled N remaining in the soil (0 50 cm) and overall

losses. We report results for the 2nd and 3rd years and compare them to 1st year data previously published. Total biomass more than

doubled over 2 years of growth but N concentration did not change. More labelled N was recovered by 3 year old plants (65%) than by

2 year old plants (55%) or 1 year old plants (38%). Between 19% and 26% was found in the soil (0 50 cm) and more than 85% of this N

was in topsoil (0 23 cm). Total recovery in plant and soil was 60 71% for 1 year old plants, 76 81% for 2 year old plants and 84% for

3 year old plants. Overall losses (18 24%) from 2 and 3 year old plants are similar to those from arable and permanent grass crops on

the same soil type given similar amounts of N. Labelled (and unlabelled) N stored in rhizomes will take several years to decline because of

transfers between rhizomes and shoots. Similarly, labelled N remaining in soil will decline slowly over many years; any N mineralized in

subsequent years will be subject to plant uptake and/or loss.

r 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Growing crops as biofuels is of increasing interest as
renewable forms of energy are sought to substitute for
some of the energy derived from fossil fuels. There are
many plant species that might have potential as energy
crops [1] and one that has received considerable attention is
Miscanthus� giganteus Greef et Deu [2]. Miscanthus�

giganteus, subsequently referred to as Miscanthus, origi-
nates from Asia and was introduced into Europe in the
1930s as an ornamental plant. Miscanthus is a robust
woody rhizomatous perennial. Trials in Europe have
shown that the plant is well adapted to a wide range of
conditions with a yield range of 10–25 t ha�1 yr�1 above
latitude 371N; more if the crop is irrigated [3]. Demand for
e front matter r 2005 Elsevier Ltd. All rights reserved.
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nitrogen has been found to be low [3,4], but there have
been few studies to obtain information regarding nitrogen
cycling from year-to-year within the crop [5,6]. An
experiment was set up in which a single pulse of 15N-
labelled nitrogen fertilizer was applied to Miscanthus

planted 1, 2 or 3 years previously. The objectives were to
measure (i) how much of the 15N-labelled nitrogen
(subsequently referred to as labelled N) was recovered by
the plant, how it was distributed within the plant and how
much is recycled, (ii) the amount of labelled N remaining in
the soil and (iii) the overall losses.
We have already reported on the recovery after one

growing season of labelled N that was applied to 1-year-old
plants [7]. In this paper, we report on the recovery and
losses after two or three growing seasons of the labelled N
applied to the 1-year-old plants, recovery and losses after
one or two seasons of labelled N applied to 2-year-old
plants, and the recovery and losses after one season of
labelled N applied to 3-year-old plants.
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2. Materials and methods

2.1. Study site and experiment

The experiment was conducted at Rothamsted Farm in
Southeast England (latitude 5114803000N, longitude
012101000W, altitude 128m). The soil is a moderately well
drained flinty, silty, clay loam over clay-with-flints mapped
as Batcombe Series [8]. The FAO classification of the soil is
Chromic Luvisol [9] and the USDA classification is Aquic
Paleudalf [10]. The topsoil, 0–23 cm, contains about 23%
clay and has a pH in water of 7. Rainfall was measured at a
weather station located about 600m from the experiment.

The site had been used to grow arable crops since 1988
after a long period in grass. Following the harvest of beans
in the summer of 1992 the site was left fallow and ploughed
in the winter. The soil was cultivated in the spring and
100 kg ha�1 of phosphorus (P) and 140 kg ha�1 of potas-
sium (K) applied and mixed into the seedbed. Miscanthus

plants, produced by micropropagation, were planted in
May 1993 in a 10m� 10m block at 50 cm� 50 cm spacing.
Five weeks after planting, 60 kgNha�1 was applied to the
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roots were dug from an adjacent discard area that was
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content of the rhizome and roots at the start of the
labelling experiment. New shoots started to appear in April
1994 which was similar to emergence times reported in
Japan [11].
In early May 18 plots, each 2m� 2m, each containing

16 plants, were marked out. Six treatments, each compris-
ing three replicates, were assigned at random to the 18
plots. Three treatments (A–C) received labelled N in May
1994 (nominally 60 kgNha�1) as 15NH4

15NO3 solution
(Fig. 1) using a spreader designed to give accurate and even
application [12]. After application each plot was watered
with 2 l of distilled water to wash labelled fertilizer from
emerging shoots onto the soil. Treatments D and E
received labelled N in May 1995 and treatment F in May
1996 (Fig. 1). On treatments receiving labelled N in 1995
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returned afterwards. A fine mesh (1 cm2) nylon net was laid
over the returned litter and pegged down. This was to allow
litter to be collected separately from that from previous
years. All plots received 60 kg ha�1 of unlabelled N in the
years preceding or following labelled N application.
Treatment A was destructively sampled (complete sam-
pling including rhizomes, roots and soil) in March 1995.
Treatment B was destructively sampled in 1996 and
treatment C in 1997 with only above-ground biomass
(partial sampling) being harvested in the previous years.
Details for treatments D–F are given in Fig. 1. In addition
to the labelled plots, two control plots received 60 kg ha�1

of unlabelled N each year. These plots provided soil and
plant material on which background 15N enrichment was
measured each year.
Table 1

Rainfall (mm) during the period of the study

1994 1995 1996 1997

January 103 (+38) 128 (+63) 52 ( 13) 13 ( 53)

February 54 (+6) 84 (+36) 71 (+23) 88 (+40)

March 55 ( 2) 55 ( 2) 26 ( 31) 12 ( 46)

April 65 (+12) 11 ( 42) 26 ( 27)

May 68 (+16) 28 ( 25) 31 ( 22)

June 18 ( 39) 28 ( 29) 6 ( 51)

July 23 ( 24) 19 ( 28) 47 (0)

August 54 (+1) 2 ( 51) 49 ( 4)

September 65 (+10) 108 (+53) 17 ( 38)

October 88 (+23) 31 ( 35) 47 ( 19)

November 41 ( 24) 50 ( 15) 116 (+52)

December 90 (+21) 93 (+24) 26 ( 43)

Total 724 (+38) 636 ( 51) 514 ( 173)

Monthly differences from the long term average (1961 1990) are in

brackets.
2.2. Sample preparation and analysis

Plots were sampled in March each year when plants were
dormant. The central area (1m2) of each plot containing
four plants was taken for yield and analysis. Above-ground
biomass was cut at approximately 5 cm above soil level and
divided into stems and leaves. The four rhizomes and roots
were dug and loose soil removed and returned to the dug
area. To minimize the effect of spatial variability within the
soil under a wide-spaced perennial crop, all the topsoil (ca.
300 kg) in the 0–23 cm horizon was dug out from the
sampled area once the plants had been removed. The soil
was sieved using a 25.4mm sieve in the field, stones larger
than this were removed and any remaining root material
collected and added to the root sample (see later). Soil and
stones were weighed. The soil was thoroughly mixed and a
subsample (6–9 kg) taken. After removing topsoil the
subsoil (23–50 cm) was sampled with a 2.5 cm diameter,
semi-cylindrical auger. An equal number of soil cores were
taken from beneath and between where the rhizomes had
been. The topsoil was returned and gently compressed by
treading. To avoid gaps in the crop which might influence
growth in subsequent years, the sampled area was
replanted with plants of a similar age.

Stems, leaves and leaf litter samples were weighed,
chopped and subsampled. Soil remaining on root and
rhizome was removed and recombined, in the correct
proportion, with the subsample of bulk soil. Rhizomes and
roots were separated, weighed, chopped and subsampled.
All plant samples were dried at 80 1C and dry matter
determined. Soil was further sieved to pass through a
6.25mm mesh and the weight of the sieved soil and stones
recorded. Soil moisture content was measured and the soil
air-dried. All samples were finely ground in a disk mill
(Tema model T100) and analysed for total N concentration
and 15N enrichment using an automatic N analyser linked
to a mass spectrometer (Roboprep-Tracermass, Europa
Scientific, Cheshire UK for samples taken in 1995; Integra-
CN, PDZ Europa Ltd, Cheshire, UK for samples taken in
1996 and 1997).
The amount of N derived from the labelled fertilizer in
the crop and soil samples was calculated using the equation
given by Hauck and Bremner [13]

F ¼ T � ðp� qÞ=f ,

where F is the weight of N derived from labelled fertilizer
(kg ha�1); T the total weight of N in sample (kg ha�1); p the
atom% excess 15N in labelled crop or soil sample; q the
atom% excess 15N in control sample that did not receive
labelled fertilizer; f the atom % excess 15N in labelled
fertilizer.

2.3. Statistical analysis

All data were statistically analysed by analysis of
variance (ANOVA) using Genstat [14].

3. Results and discussion

Data from the pre-experiment sampling of rhizome and
root and from experimental plots receiving labelled N in
spring 1994 and sampled in March 1995 (treatment A) have
been reported [7]. They are included here in modified form
for completeness and comparison.

3.1. Rainfall

Rainfall in 1994 was slightly above the long-term
average but 1995 and 1996 were below average, with long
periods of below average rainfall during summer months
(Table 1).

3.2. Dry matter production

Between 1995 and 1997 the total above and below-
ground dry weight of biomass more than doubled, with all
parts of the plant, except roots and attached leaves,
showing significant increases (Table 2). Root weight did



Table 2

Dry matter yield (t ha 1) of Miscanthus 1995 1997 for plots established in May 1993

Year 15N applied Component sampled Sampling date and treatment code SED all treatments (all

components 12 df)

1995 1996 1997

Aa B C

1994 Stems 6.99 8.78 13.57

Leaves 0.70 1.29 0.46

Litter 1.72 4.98 7.45

Rhizome 4.20 6.71 10.23

Root 1.96 1.99 2.08

Total 15.56 23.75 33.80

D E

1995 Stems 8.64 11.00

Leaves 1.43 0.41

Litter 4.72 6.77

Rhizome 6.80 9.44

Root 2.09 2.26

Total 23.69 29.88

F

1996 Stems 13.51 0.915

Leaves 0.52 0.343

Litter 6.45 0.772

Rhizome 10.08 0.685

Root 2.05 0.202

Total 32.61 1.802

aData from Ref. [7].
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not change between 1994 (a year after planting) and 1997,
averaging 2.01 t ha�1 (range 1.96–2.08 t ha�1). Studies of a
natural Miscanthus community [11] found that new roots
begin to grow from rhizomes producing that years shoot
approximately 1 month after shoots start to elongate, and
that their activity declines in the following year as new root
production replace them. This annual production of root
explains why no new roots were found when plants were
dug in March and why root dry weight remained static. In
this experiment stem numbers per plant were broadly
similar over the three samplings; 19.7, 17.6 and 17.8 (SED
2.2 df 8) in 1994, 1995 and 1996 respectively. Annual
above-ground biomass (stems, leaves and litter) increased
to 15.2 t ha�1 dry matter (mean of stems, leaves and litter
for treatments C–F minus litter from previous years,
treatments B and C; Table 2) for plants established 4 years
earlier and given 60 kgNha�1 each year. Aerial dry matter
production is less than that reported for Miscanthus crops
of similar age grown in other regions of Northern Europe
[3] and a yield of 19.4 t ha�1 of aerial biomass (excluding
litter) for a 3-year-old crop grown in the same region of
England as this experiment [5].

3.3. Total N uptake

At harvest concentrations of N varied between plant
components, being greatest in the rhizome and root (ca.
1.7% and 1.3%, respectively) and least in stems and leaves
(ca. 0.6% and 1.2%, respectively) (data not shown).
Concentrations in leaf litter were slightly lower than in
leaves still attached Concentration in the various compo-
nents did not change significantly over the 3 years;
therefore as total dry matter increased so did total N
uptake (Tables 2 and 3). The N concentration in aerial dry
matter is close to that reported in other Miscanthus

experiments; one at the same site in 1996 [15], one in the
same region in three-year-old plants [5] and in Austria at
several locations [16].
In March 1997, plant components contained on average

314 kgNha�1 (mean of treatments C, E and F) and more
than half this amount was found in the rhizome and root
(Table 3). We did not sample crops in order to monitor
movement of N during the growing season but a large
proportion of the N taken up by the plant is likely to have
been transferred to rapidly growing shoots early in the
season. Some of this N is then translocated back to the
rhizome as shoots senesce later in the year [5,17,18].
The amount found in stems and leaves at harvest is
therefore that which remained after translocation ceased
and it is this N that is removed from the field. Over the
course of the experiment the amount of N removed in
stems and leaves at harvest was 234 kg ha�1 (treatments
A+B+C; Table 3). In addition, litter remaining on the soil
surface after harvest in 1997 contained 59 kgNha�1; much
of this would have been returned to the soil as the litter
decomposed.



Table 3

Total N content (kg ha 1) of Miscanthus 1995 1997

Year 15N applied Component sampled Sampling date and treatment code SED all treatments (all

components 12 df)

1995 1996 1997

Aa B C

1994 Stems 44.7 65.5 92.0

Leaves 7.3 19.2 5.5

Litter 12.0 47.2 59.0

Rhizome 73.9 124.7 145.9

Root 24.5 27.9 26.4

Total 162.4 284.5 328.8

D E

1995 Stems 58.8 75.2

Leaves 13.7 5.5

Litter 45.5 57.7

Rhizome 103.6 137.9

Root 28.4 28.8

Total 250.0 305.1

F

1996 Stems 83.2 6.39

Leaves 7.0 3.79

Litter 54.5 6.20

Rhizome 137.4 9.90

Root 27.4 2.72

Total 309.5 18.23

aData from Ref. [7].
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3.4. Recovery of labelled N

3.4.1. Recovery after one growing season

Recovery of labelled N applied to 1-year-old plants in
the first year after it was applied (treatment A; Table 4) was
37.9% [7]. Recovery of labelled N applied to 2- or 3-year-
old plants in the 1st year after application was 55.4% and
64.6%, respectively (Table 4). Significantly greater recov-
eries in both stem and rhizome in treatments D and F
accounted for most of these differences. The time available
to the plant to take up N is quite short. Shoots emerge in
April or May, begin to senesce in September and are
normally dead by mid-winter. Because new root growth
does not start until about 1 month after shoot growth,
initial shoot growth must be supported with internal
sources of N from the rhizome [6]. Therefore the period
available to the plant to take up nutrients could be only 5–6
months compared to 8–9 months for an autumn sown
cereal.

3.4.2. Recovery after two or three growing seasons of N

applied to 1-year-old plants

In the second and the third growing seasons after
labelled N was applied in 1994 to 1-year-old plants, 7.8%
and 5.9% was removed in stems and leaves at the 1996 and
1997 harvests, respectively (treatments B and C; Table 4).
The amount found in leaf litter was similar in both years
but the amount in rhizomes and root declined. However,
labelled N removed from the field in stems and leaves in
1996 and 1997 was greater than the decline in labelled N in
the rhizome and root suggesting that plants took up
additional labelled N from the soil. In fact, slightly more
labelled N was recovered from the 0–50 cm soil layer in
1996 and 1997 compared to 1995, although differences
were not statistically significant. One possible reason for
the small increase is the inclusion of detrital matter that
could not be separated by sieving. We also observed that
leaves could start to detach from stems in September,
sufficiently early for some decomposition and return of N
to the soil.
Plants may also have obtained the additional labelled N

from deeper in the soil profile. Miscanthus roots have been
reported at depths of 250 cm with about half of the root
mass present in soil layers below 90 cm; [19], they measured
a lower root density for Miscanthus in the topsoil than for
annual crops, but rooting depth was greater providing the
potential for uptake from the subsoil. Miscanthus roots
were found at a depth of 200 cm under 6-year-old plants
growing in the same field as the current experiment [20].
Another possible explanation for the apparently greater

cumulative recovery of labelled N could be site variability.
Data was collected from nine separate microplots; three
sampled in 1995 (treatment A) and three different
microplots in each of the subsequent years (treatments B
and C). It may also be that recoveries in plant and soil in
1995 were anomalously low compared to the other 2 years.



Table 4

Percentage of labelled N recovered by Miscanthus at the complete sampling 1995 1997 (plots established in May 1993)

Date 15N applied Component sampled Sampling date and treatment code SED all treatmentsa (all

components 12df)

1995 1996 1997

Ab B C

1994 Stems 11.8 6.2 (18.1)c 5.6 (24.6)

Leaves 1.8 1.6 (3.8) 0.3 (3.6)

Litter 2.6 3.5 3.1

Rhizome 16.9 16.4 13.6

Root 4.8 3.3 2.1

Soil 0 23 cm 20.0 21.8 20.9

Soil 23 50 cm 2.6 3.3 3.1

Total 60.5 56.1 (70.2) 48.8 (71.1)

D E

1995 Stems 17.7 8.6 (25.9)

Leaves 3.3 0.6 (4.3)

Litter 9.8 6.5

Rhizome 19.4 16.3

Root 5.2 2.9

Soil 0 23 cm 22.8 19.1

Soil 23 50 cm 3.0 0.6

Total 81.2 54.6 (75.6)

F

1996 Stems 24.7 1.09

Leaves 2.1 0.49

Litter 7.1 0.92

Rhizome 25.1 1.68

Root 5.6 0.32

Soil 0 23 cm 18.9 2.11

Soil 23 50 cm 0.2 1.28

Total 83.8 3.22

aComplete samplings only.
bData from Ref. [7].
cValues in brackets for stems and leaves include the percentages of labelled N removed in those crop components at partial sampling in the one year

(treatments B and E) or 2 years (treatment C) before that treatment was destructively sampled. Total values in brackets include the previous partial

sampling values.
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However there is some evidence to show that this was not
the case. The recovery of labelled N in stems and leaves
(partial samplings) in 1995 and 1996 on plots that were to
be destructively sampled (complete samplings) in 1996 and
1997 were not significantly different (data not shown) from
recoveries in the stems and leaves on plots that were
destructively sampled. By implication residues remaining in
plots not destructively sampled until 2 or 3 years after
application were not significantly different from plots
sampled after 1 year.

3.4.3. Recovery by 2- or 3-year-old plants

As stated earlier significantly more labelled N (55.4%
Table 4) was recovered by plants which were 2 years old
when the labelled N was applied compared to 1-year-old
plants (37.9%); treatment D cf. treatment A; Table 4. More
was recovered in all plant components except roots. Two-
year-old plants receiving labelled N in 1995 but not des-
tructively sampled until two seasons later (treatment E)
removed a further 9.2% in stems and leaves compared to
treatment D. Unlike treatments A–C, this additional
recovery is accounted for by the decline in labelled N
found in the leaf litter, rhizome, root and soil.
Recovery of labelled N applied in 1995 and 1996 in

above-ground biomass increased each year. There are
several possible reasons why more of the labelled N was
recovered. The main reason is likely to be that, as this
perennial plant grows, total biomass increases and avail-
able N in soil is intercepted and taken up more effectively.
Table 5 shows the increase in dry matter and total N
uptake over the 3 years of the study (treatments A, D and
F): e.g. increase in dry matter in year 3 equals total dry
matter in year 3 minus dry matter in litter, rhizome and
roots in year 2 (but not stems and leaves which would have
been removed in year 2). This increase in dry matter and
total N content will be an underestimate as some of the N
contained in litter will be lost, either gaseously or to the
soil, as it decomposes. Table 5 also shows the uptake of



Table 5

Increases in dry matter and total N uptake over 3 years

Year 1 Year 2 Year 3

1994/1995a 1995/1996 1996/1997

Increase in dry matter (t ha 1) 13.1 15.8 19.0

Increase in total N content (kg ha 1) 117 139 132

Labelled N uptake (kg 15Nha 1) 23.0 33.5 35.7

Labelled N as a % of the increase in total N content. 20 24 27

aData from Ref. [7].
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labelled N applied that year. An increasingly greater
proportion of the N taken up in years 2 and 3 came from
labelled fertilizer.

Another reason for the increased recovery of labelled N
applied in 1995 or 1996 compared to N applied in 1994
may be that 1994/95 was much wetter than the other years
with 41% more rain during the period between the
application of the labelled N and harvest than in 1995/96
and 58% more than in 1996/97 (Table 1). This probably
resulted in some N loss to subsoil by leaching [21]. Further,
the wetter conditions in 1994/95 compared to 1995/96 and
1996/97 may also have resulted in greater losses of N by
denitrification. Loss of labelled N applied to arable crops
on this soil type were positively correlated with rainfall in
the 3 weeks after application [22,23] and losses of labelled
N applied to old grassland on the same soil type were
greater when more rain fell between the date of application
and the first cut [24]. It seems reasonable to assume that
losses from a wide-spaced perennial crop like Miscanthus

would be similarly related to rainfall. Some loss by
denitrification is supported by measurements of emission
of nitrous oxide (N2O) during the cropping season of
Miscanthus on a sandy soil between April and November
were equivalent to 1.5% of the 75 kgNha�1 that was
applied in spring [25].

3.4.4. Cycling of N

It is noteworthy that the amount of labelled N removed
at the harvest of stems and leaves is relatively small in any
one year; no more than 27% (treatment F). The greatest
proportion of the labelled N taken up by the plants was
found in the rhizome. This acts as a storage organ from
where N and other nutrients can be remobilised in
subsequent seasons. After two growing seasons 16% of
the labelled N was still to be found in the rhizome
(treatments B and E, Table 4) and after three seasons 14%
was still present in the rhizome (treatment C, Table 4). Of
the N applied to older plants 25% could be found after one
growing season. (treatment F, Table 4). It is likely that
stored N will decline only slowly over many years. This
remobilization of N in subsequent years means that a
further 8–9% of labelled N is removed in the harvested
biomass in the second year (treatments B and E), another
6% in the third year (treatment C) and so on. Total
removal of labelled N in biomass over three seasons is
therefore 42% (sum of stems and leaves for treatments C–F
(Table 4), with the potential for more to be removed in
subsequent years.

3.5. Labelled N remaining in the soil

Between 19% and 26% of the labelled N was recovered
in the soil (Table 4). There were no significant differences
between the treatments. Almost certainly the overwhelming
majority of this N will be present as organic rather than
inorganic forms [26]. Of the labelled N recovered, more
than 85% was in the topsoil (0–23 cm). Where N was
applied to older plants there was slightly less found in the
subsoil (treatment F). This does not seem unreasonable. As
plants mature the rhizome and root system will expand and
will be more able to intercept nutrients.
The amounts retained in the soil are similar to those

found after harvest of autumn sown cereals given similar
amounts of N in spring [27]. Some of the labelled N
remaining in the soil, along with ‘‘native’’ unlabelled
organic N, will be mineralized and made available for plant
uptake, or loss, in subsequent seasons [24,28,29]. Some of
the labelled N taken up by the plant is returned to the soil
surface in leaf litter. Some of this would have been
incorporated into soil organic matter where it would be
mineralized and thus subject to either uptake by the plant
or loss.

3.6. Overall recovery and loss of labelled N

The overall recovery in plant and soil of labelled N
applied to 1-year-old plants was between 60% and 71%.
Overall recovery from 2-year-old plants was between 76%
and 81% and for 3-year-old plants it was 84% (Table 4).
The overall losses (16–24%) from 2 to 3-year-old plants are
very similar to those from arable crops and permanent
grass on the same soil type, given similar amounts of N
[24,27,29].

4. Conclusions

Older Miscanthus plants recovered labelled fertilizer N
more effectively than younger plants. A significant
proportion of the labelled N was stored in the rhizome
where some was translocated in subsequent seasons into
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stems and leaves. Some of the labelled N immobilized into
soil organic matter, either directly by the microbial biomass
or via roots and their exudates or leaf litter, would also be
mineralized and available for plant uptake or loss. Thus,
the cumulative removal of labelled fertilizer N over several
seasons especially by older plants could be substantial and
the overall loss of fertilizer from the plant: soil system
small. However, this statement must be qualified; when the
Miscanthus crop comes to the end of its profitable life the
land will need to be cultivated and replanted. At that time
there will be a large amount of root and rhizome to be
broken up [20]. As with ploughing long-term leys or set-
aside land, this will almost certainly release a considerable
pulse of inorganic N; some of this will be available for
plant uptake but some will be subject to leaching and
gaseous loss.

Because we sampled crops at the end of the growth
period, the dynamics of N movement within the plant
during the growing season were not established. It would
be worthwhile using labelled N to study internal transfers
of N in detail to provide further information on the most
appropriate timing of fertilizer N application.

The percentage losses of applied fertilizer N were similar
to losses from cereals or grass given the same amount of N.
However cereals and intensive grass are given much more
N than the 60 kgNha�1 yr�1 used here so if land use
changed from cereals or intensive grass to Miscanthus, the
quantity of N lost causing pollution as nitrate or nitrous
oxide would be less.
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Abstract

To accurately predict the potential environmental benefits of energy crops, the sequestration of carbon in soil needs to be quantified. The

aim of this study was to investigate the mineralisation rate of the perennial C4 grass Miscanthus giganteus and Miscanthus derived soil

organic matter under contrasting nitrogen supply. Soils were collected from sites where Miscanthus had been grown for 11 and 18 years,

respectively, and where a C3 grass (Lolium spp.) had been grown for 7 years. The soils were incubated for 4 months at two levels of soil

inorganic nitrogen with or without dead root material of Miscanthus.

Addition of root material (residues) increased carbon mineralisation of indigenous organic matter when no nitrogen was added. Added

inorganic nitrogen decreased carbon mineralisation in all soils. Nitrogen addition did not affect carbon mineralisation of the residues. Using

the 13C fraction to calculate the proportion of respiratory CO2 derived from Miscanthus showed that nitrogen addition decreased carbon

mineralisation in soils, but it did not affect carbon mineralisation of the residues. Nitrogen mineralisation was highest in the C3 grass soil

without added residues. Nitrification decreased pH, especially in the treatments where nitrogen was added. The Miscanthus derived organic

matter is at least as stable as C3 grassland derived organic matter. Furthermore, the turnover time of the organic matter increases with time

under Miscanthus cultivation.

The CENTURY soil organic matter sub model was used to simulate the organic matter decomposition in the experiment. Carbon

mineralisation was accurately simulated but there were unexplained discrepancies in the simulation of the d13C in the respiration from the

treatment with residues. The d13C in respiration did not decrease with time as predicted, indicating that lignin accumulation did not influence

the measurements.

q 2004 Elsevier Ltd. All rights reserved.

Keywords: Miscanthus; Soil organic carbon; Nitrogen fertiliser; 13C; Carbon mineralisation

1. Introduction

Growing energy crops for biofuel have been shown to be

the best way to use surplus agricultural land in Europe for

greenhouse gas mitigation (Smith et al., 2000). These

calculations were based on both the direct substitution of

fossil fuels and on carbon sequestration in the soils.

However, there is uncertainty in the estimates of carbon

sequestration in soils because the total increase or decrease

in soil organic carbon (SOC) is determined by the amount of

crop residues left in the field and their turnover-time.

Most studies of decomposition have focused on plant

litter. When predicting carbon balance, both the build-up

and the mineralisation of soil organic matter (SOM) must

be taken into account. This has been investigated in long

term field experiments where unplanted soils have also

been included (Christensen, 1990). However, process

studies under controlled conditions are lacking on this

matter. Only the temperature response of soil carbon

mineralisation has received some attention (Kirschbaum,

1995; Kättener et al., 1998; Lomander et al., 1998; Giardina

and Ryan, 2000; Ågren and Bosatta, 2002). The study of

SOM dynamics is complicated by the priming effect

(Jenkinson et al., 1985; Kuzyakov et al., 2000). In addition,

decomposition of native SOM may be influenced by

organic matter amendments, living plants, tillage and, in

some cases fertiliser additions.
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Miscanthus giganteus is a perennial C4-grass originating

from South East Asia, which has been proposed as a

promising energy crop for Europe (Lewandowski et al.,

2000; Vleeshouvers, 2001). It is also known to have a deep

and extensive root system (Neukirchen et al., 1999) and,

therefore, has a potential to increase carbon stores in the soil

(Fisher et al., 1994), at least when established on arable

land. The decomposability of Miscanthus roots is compar-

able to that of farmyard manure, while decomposability of

harvest residues and rhizomes are comparable to cereal

straw (Beuch et al., 2000). The need to know more about the

subsequent decomposition of the SOM formed was

emphasised in that study. As most of the aboveground

parts of energy crops are removed, the roots will form the

main soil carbon input.

About 1.11% of the carbon in CO2 in the atmosphere is
13CO2. As C3-photosynthesis discriminates against 13C to a

greater extent than C4-photosynthesis (Farquhar et al., 1989)

the difference in the ratio between 12C and 13C in C3- and

C4-derived material can be used as a natural tracer. This has

been used to trace recently formed carbon in fields that have

been changed from C3 to C4 plant cover or vice versa, or to

label plant material from different sources (Cheng, 1996;

Balesdent and Balabane, 1996; Six et al., 1998; Collins et al.,

1999; 2000; Bol et al., 2000; Molina et al., 2001). However,

the accuracy of estimating carbon source using this natural

labelling is somewhat lower than when using radiocarbon

(14C) because the natural discrimination varies with

growing conditions (Jenkinson et al., 1995). In northern

temperate areas as Denmark, there are no wild C4-plants and

C4-crops have not been grown until recently.

In the field, the addition of nitrogen usually results in an

increase in SOM due to greater plant production (Chris-

tensen and Johnston, 1997). It is argued that this could be

partially offset by an increased decomposition of plant

litter since nitrogen limited decomposition has been

observed in some cases (Henriksen and Breland, 1999).

However, although nitrogen content in residues is

positively correlated with decomposition rate (Melillo

et al., 1982; de Neergaard et al., 2002; Tian et al., 1995;

Mafongoya et al., 1998) the effect of inorganic nitrogen on

decomposition is variable and sometimes nitrogen addition

can even result in decreased decomposition rate (Magill

and Aber, 1998). Inorganic nitrogen seems to speed up the

decomposition of soluble carbohydrates but may well have

the opposite effect on more recalcitrant materials such as

lignin (Fog, 1988). The reason for this is still not fully

understood but it may be related to (1) a change in the

competition between different groups of decomposers; (2)

ammonium inhibition of lignin-degrading enzymes or (3)

promotion of the formation of recalcitrant compounds

(Fog, 1988; Carreiro et al., 2000).

Models are useful when predicting carbon sequestration

over long time-scales (Paustian et al., 1992; Parton and

Rasmussen, 1994; Falloon et al., 2001; Foereid and

Høgh-Jensen, 2004). Although testing the models over long

time-scales may not be possible in all cases, the description of

processes in the model can be validated. Most SOM models

either include an assumption of no or positive effect of added

nitrogen on decomposition. Consequences of violating this

assumption are unknown.

Since Miscanthus is a C4 plant, natural labelling may be

used to track the carbon in the soil that had been stored

during its cultivation in soils that have previously only been

cropped C3-plants. C3-grass was used as a control because

disturbance regime is similar to that of Miscanthus.

The objectives of this study were: (1) to determine the

stability of Miscanthus-derived carbon and plant residues to

disturbance and the addition of inorganic nitrogen; (2)

evaluate how carbon stability developed with time in

Miscanthus cultivation; and (3) test if an established

simulation model could adequately describe the develop-

ment given the assumptions of the method.

2. Materials and methods

2.1. Plant and soil sampling

Soil samples were collected on 2 July, 2001 at field sites

at Hornum in Jutland, Denmark (Lat. 56 50.18, Long. 9

25.88, 30 m above sea level), where Miscanthus giganteus

had been grown for 11 and 18 years, respectively. Five

samples were collected in each of the Miscanthus fields and

in a field of the C3-grass (Lolium spp.) with no history of C4

plants being present. Within each field the samples were

collected in a line with 5 m between each sample. All

sampling sites were within 100 m of each other. All the soil

samples were taken to 20 cm depth. The samples were

sieved (5 mm) and the roots of Miscanthus were collected

and stored ( 20 8C) until the start of the incubation

experiment. The roots were used without further treatment

in the incubations. Sub-samples of roots and soils were

taken for subsequent analysis. Details on the soil properties

are given in Table 1.

Table 1

Results of soil chemical and physical analysis

Miscanthus

18 years

Miscanthus

11 years

C3 grass

7 years

Total C** 1.86% (0.13) 1.36% (0.05) 1.47% (0.07)

Total N** 0.14% (0.01) 0.10% (0.01) 0.11% (0.01)

d13C** 225.07 (0.24) 226.51 (0.36) 228.79 (0.04)

pH** 5.43 (0.08) 5.36 (0.17) 6.02 (0.09)

Water holding

capacity

32.96% (2.27) 33.06% (2.26) 32.98% (0.53)

Clay (%) 3.4 3.6 3.0

Silt (%) 7.3 5.8 6.2

Fine sand (%) 42.4 40.0 40.8

Coarse sand (%) 43.8 48.1 47.7

Values are means with standard error in brackets ðn ¼ 5Þ: ** means that

there is a significant difference between the groups ðP , 0:05Þ:

B. Foereid et al. / Soil Biology & Biochemistry 36 (2004) 1075 10851076



2.2. Experimental set-up

Two sub-samples from each of the five soil samples

from the Miscanthus fields and four of the soils from the C3

grass field were used for incubation. The soil was wetted to

field capacity and pre-incubated for 5 days at 25 8C. The

soil was incubated in 3 l storage jars with an amount of soil

equal to 1 kg of dry soil in each. The experiment included

the following treatments: soils from the 11 and 18 years

Miscanthus plots and from the C3 grass plot, as well as

soils from the C3 grass plot with added Miscanthus roots

(30 mg fresh weight g 1 soil). All treatments were repeated

at elevated N levels by addition of dissolved NH4NO3 at a

rate of 0.5 mg N g 1 soil. There were five replicates of

each treatment. Five empty jars were included as blank

values.

A beaker with 10 ml of 2 M NaOH was left in the jar

together with a beaker of water and the jars were sealed

between measurements. The jars were incubated at 20 8C

for 135 days. The NaOH solution was changed and the

contents analysed at intervals starting from 2 days

increasing to 2 weeks.

Samples of soil were taken for analysis of mineral

nitrogen before the start of the experiment and at days 5, 33

and 83. Root samples were analysed for C, N, d13C and

lignin before the start of the experiment, and in the

remaining residues at the end of the experiment.

2.3. Analyses

The Miscanthus root material was dried at 80 8C to

constant weight and grinded (0.5 mm mesh) before analysis.

Lignin content in the plant material was analysed following

the method of Van Soest (1963). Soil samples were dried at

50 8C and grinded before analysis. The plant and soil

samples were analysed for total-C, total-N, and 13C content

in a mass spectrometer (Europa Scientific, 20 20) coupled

to an ANCA-SL sample preparation module (Europa

Scientific, Crewe, UK).

Inorganic nitrogen in soil samples was analysed by

adding 100 ml 2 M KCl into 22 26 g soil (depending on

water content) to extract ammonium and nitrate. The

mixture was stirred for 45 min and then sat for 30 min.

Then the extract was filtered (Whatman no. 42 paper filters)

and stored ( 9 8C) until the final analysis was performed

with a Technicon AutoAnalyzer II. Soil pH was measured in

0.01 M CaCl2 at the start and the end of the experiment. The

dry weight and gravimetric water content of the soil samples

was determined after drying at 110 8C for 24 h. Soil texture

was determined using the hydrometer method (Gee and

Bauder, 1986) with two replicates.

The amount of CO2 trapped was determined by

precipitation with BaCl2 and titration with 0.1 M HCl.

The d13C content in the CO2 was determined by precipitat-

ing the sample with CaCl2, centrifuging, re-suspending in

H2O, repeating centrifuging and freeze-drying as described

by Salomonsen (2000) before analysis on the mass

spectrometer.

2.4. Calculations

As the ratio 13C /12C is very small in most materials, it is

customary to express it as ‰ depletion compared to the

reference material of PDB carbonate (termed d13C)

(Amundsen et al., 1998) which is defined as:

d13C 1000 £ ðRsample RreferenceÞ=Rreference ð1Þ

where R 13 C=12C for sample and reference, respectively.

The blank value was subtracted when evolved CO2 was

calculated. It was assumed that the d13C in the analysed

Miscanthus roots represented the values for Miscanthus

while the d13C in the soil below the grass represented the

values of the indigenous organic matter. The percentage

Miscanthus derived carbon was then calculated as:

% Miscanthus derived C in sample

ðd13Csample d13CgrasssoilÞ=ðd
13Cmiscanthus d13CgrasssoilÞ

£100 ð2Þ

The implicit assumptions in this calculation are that the

distribution of 13C is uniform and that there is no

discrimination against 13C during decomposition.

Soils from the three sites were compared using one-way

ANOVA and then a t-test to test which soil was different

when overall significant differences were found. pH values

at the start and the end of the experiment were compared

using t-tests for each treatment.

Data on CO2-production and d13C and mineral N were

analysed using repeated measures ANOVA with all

interaction terms (GENSTAT 6). The treatments with and

without roots were compared in one test with root addition,

inorganic nitrogen level and time as factors and soil sample

as block. The three sites were compared in another test with

site, inorganic nitrogen level and time as factors and each

site as a split-plot experiment (with or without added

inorganic nitrogen). Log-transformation of data were used

when initial test showed that it was appropriate. Summaries

(total CO2-production and average d13C and change in

mineral N) were also compared using t-test.

Data of each treatment and each fraction (Miscanthus-

derived and indigenous) were fitted to the equation:

C 100 £ ð1 eð k£tÞÞ ð3Þ

where C is evolved CO2 C as percentage of total carbon,

k is the decomposition rate constant, and t is time. Mean

residence time was calculated as k 1 for each treatment and

fraction. k-values were compared using ANOVA and t-tests.

Measurements of d13C were fitted to straight lines using

linear regression, and it was tested if the slopes were

significantly different from zero.
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2.5. Modelling

The CENTURY model was used to simulate the growth

of the Miscanthus and grass crop in the field before the

samples were taken. The CENTURY model of terrestrial C,

N, P and S dynamics has been well described (Parton et al.,

1987; 1992; 1994). In brief, the model simulates the

dynamics of SOM by using three pools of SOM (active,

slow and passive) and two pools of organic litter (metabolic

and structural) with different turnover times. The initial

distribution of the litter into pools is determined by the

lignin:N ratio of the litter. The model also contains crop and

tree growth sub-models. It has been tested and used under

many conditions (Paustian et al., 1992; Gilmanov et al.,

1997; Romanya et al., 2000; Schiere, 2000) and has

performed well against long-term data sets (Smith et al.,

1997). The CENTURY model was originally developed for

the Great Plains in the USA (Parton et al., 1987; 1988;

1994), but Kelly et al. (1997) found that CENTURY could

simulate SOC across a variety of land use and climate types.

The decomposition part of the model performed particularly

well (Foereid and Høgh-Jensen, 2004).

To parameterise the plant growth sub-model for

Miscanthus, standard parameters for a C4 grass were used

and growth data from Vleeshouvers (2001) was used to

adapt maximum production, optimum temperature, maxi-

mum leaf area index and root:shoot allocation factors.

Climate data were from Scharling (2000). Starting con-

ditions were chosen so that the output fitted approximately

the observed carbon, nitrogen and d13C levels after 11 and

18 years. For the grass plot, standard parameters for

temperate grassland were used, only maximum production

was increased to fit observed yield levels. Then starting

conditions were adapted so that the observed levels could be

found. From the simulations it was possible to estimate the

starting conditions as the distribution of SOC into pools at

the start of the incubation experiment.

3. Results

3.1. Soils and plant before incubation

The d13C values differed in all soils ðP , 0:05Þ but only

the soil from 11 to 18 years of Miscanthus soils differed in C

and N levels ðP , 0:05Þ (Table 1). Using the d13C values for

the two soils and the plant material, it was calculated that

after 11 years, 18% of the SOC was Miscanthus-derived,

while in the 18 years plot, 28% was Miscanthus-derived.

The Miscanthus plant material had a high C:N ratio (75)

and high lignin content. The lignin fraction of the material

increased ðP , 0:05Þ during the experiment (Table 2).

There was no difference in lignin content between the

treatment with and without nitrogen addition after the

experiment. The d13C in the plant material also increased

significantly during the experiment. The slope of d13C

against time was different ðP , 0:05Þ from zero only for the

C3 grass soil with added roots and inorganic nitrogen, where

it was slightly increasing (0.0114‰ day 1).

The effect of added inorganic nitrogen and time was

significant ðP , 0:05Þ for both ammonium, nitrate and total

inorganic nitrogen level. The interaction between time and

inorganic nitrogen addition was also significant. However,

Table 2

Chemical characteristics of plant material before and after incubation

Beginning End

With added

nitrogen

Without added

nitrogen

Total C (%) 42.57% (2.40) 39.8 (0.10) 32.37 (0.18)*

Total N (%) 0.57% (0.04) 0.93 (0.55) 0.95 (0.57)

d13C 215.81 (1.75) 212.16 (4.75) 213.26 (5.35)

Lignin (%) 16.29 (1.03) 20.25 (0.77)* 22.49 (1.75)*

Values are means with standard error in brackets ðn ¼ 5Þ: * means that

the value is significantly different ðP , 0:05Þ from the starting value.

Fig. 1. Soil mineral nitrogen content in the treatments where inorganic

nitrogen was added (A) and where inorganic nitrogen was not added

(B). Values are means ^ standard error ðn ¼ 5Þ:
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the effect of added root was not significant, and the effect of

site was significant only for ammonium level.

Soil inorganic nitrogen content increased ðP , 0:05Þ

during the experiment in all treatments (Fig. 1). In all cases,

most of the inorganic nitrogen was present as nitrate (data

not shown). Root residues caused an immobilisation after

the first sampling. Where no nitrogen was added, inorganic

nitrogen content was higher ðP , 0:05Þ in the C3 grass-soil

without added roots compared to the other treatments

(Fig. 1). The increase in inorganic nitrogen predominantly

took place during the first week.

3.2. Respiration measurements

The effects of added roots, fertiliser, site and time on

CO2-production were all significant ðP , 0:05Þ (Fig. 3).

There was also a significant interaction between time and

inorganic nitrogen level and between site and both nitrogen

level and time. Carbon mineralisation was more depressed

by nitrogen addition in the Miscanthus soils than in the C3

grass soil. d13C in the evolved CO2 was affected by site and

added roots, but not by nitrogen level ðP , 0:05Þ (Fig. 4A

and B). The interactions between time and site and time and

root addition were significant.

Initially, inclusion of the plant residues increased

respiration (Fig. 2A and B). However, addition of inorganic
nitrogen decreased CO2 production in all treatments

ðP , 0:05Þ (Fig. 3). The difference in basal respiration

rate between the soils from the Miscanthus sites reflected

the difference in SOC content, but the C3 grass soil had

lower respiration than the 11 years Miscanthus soil despite

comparable organic matter content. This was even more

pronounced in the simulated results (data not shown).

3.3. Model validation

The simulated values of respiration were in fairly good

agreement with the observed values at both nitrogen levels

(Fig. 2A and B), although for the soil only treatments it

overestimated respiration. The d13C in respiration was

accurately simulated in the C3 grass soil, but it completely

failed to predict the development of d13C in the treatment

with added roots (Fig. 4A). The other soil only treatments

d13C in respiration were somewhat underestimated, and

predicted too rapid a decline in rates (Fig. 4B).

3.4. Miscanthus derived carbon mineralisation

When regressing total evolved CO2 C against time,

good agreement with first order decay kinetics were

obtained (R2 between 0.89 and 0.99 for all treatments).

When calculating how much of the respiration that came

from Miscanthus derived material, there was no effect

ðP , 0:05Þ of added nitrogen on the respiration rate of

Miscanthus roots (Fig. 5A). However, there was a significant

difference in the respiration from the soil. This demonstrates

Fig. 2. Measured and simulated results of respiration for all treatments with

added nitrogen (A) and without added nitrogen (B). Values are means ^

standard error.

Fig. 3. Measured total cumulative carbon loss in all treatments. Values are

means ðn ¼ 5Þ: Mean residence times (years) of carbon are given in

brackets in the legend of each treatment.
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that the presence of root litter stimulated respiration in the

indigenous SOM but only when no nitrogen was added.

Respiration rate of Miscanthus- derived SOC was

inhibited ðP , 0:05Þ by nitrogen application at both sites

(Fig. 6A). The Miscanthus-derived SOC in the field where

Miscanthus had been grown for 11 years did not have longer

ðP , 0:05Þ residence time than the fresh residues (Figs. 5A

and 6A), but was greater ðP , 0:05Þ in the field where

Miscanthus had been grown for 18 years (Fig. 6A). The

same trend could be seen in the simulated results, although

less pronounced (Fig. 6A). The effect of added nitrogen was

about the same in both sites. For the indigenous SOC

(Fig. 6B), nitrogen addition inhibited respiration in one of

the sites (after 11 years of Miscanthus) but not in the other

(after 18 years of Miscanthus).

Soil pH decreased during the experiment in all treatments

but most where nitrogen had been added; 0.8 1.1 pH-units in

contrast to 0.2 0.6 (data not shown). The pH decreased on

average about 0.2 pH units more in the soils from the grass

plot compared to the Miscanthus soils (data not shown),

whereas initially soil pH was higher in the grass soil than in

the Miscanthus soils (Table 1). The difference in pH between

the start and the end of the experiment was significant

ðP , 0:05Þ for all the grass soil treatments, but in the other

soils it was significant only when inorganic nitrogen was

added.

4. Discussion

4.1. Carbon mineralisation in relation to other studies

The total amount of carbon mineralisation of the residues

during the experiment is somewhat lower than those obtained

by Beuch et al. (2000) for Miscanthus roots (ca. 28 and 42%,

respectively, decomposed after 135 days). The root residues

used in our experiment were a mixture of roots and rhizomes

whereas Beuch et al. (2000) incubated roots and rhizomes

separately. The reason may be that Beuch et al. (2000) also

used a higher incubation temperature (25 8C as opposed to

20 8C in this study). In a similar experiment with tropical

grass roots, Urquiaga et al. (1998) found a much higher initial

mineralisation than that reported here, and a development of

evolved CO2 C against time that fitted a 2-compartment

model as opposed to a first order decay model as in our case.

One of the materials used in that experiment contained almost

Fig. 4. Measured and simulated values of d13C in respiration from grass soil

with and without added Miscanthus roots (A) and from soil where

Miscanthus had been grown for 11 and 18 years (B). Values are

means ^ standard error.

Fig. 5. Measured and simulated cumulative carbon loss derived from

Miscanthus roots (A) and grass soil (B) calculated from d13C. Values are

means ðn ¼ 5Þ: Mean residence times (years) for each carbon fraction are

given in brackets in the legends.
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the same level of nitrogen (0.61%) and lignin (18%) to the

material used in our experiment. The reason for the difference

may be that Urquiaga et al. (1998) used ground material while

we used whole root material. Ambus et al. (2001) reported

higher rate of CO2-evolution at the start of the incubation

from grounded than from whole plant material.

Soil respiration rates in the soil-only treatments of the

present study are similar to or slightly lower than those

obtained by Lomander et al. (1998) for grass soils under

similar conditions. Giardina and Ryan (2000) compared

many incubation experiments of forest soils incubated at

their native mean annual temperature, and obtained turnover

times similar or slightly higher than those observed here.

The reason for the lower turnover time may be that the

temperature used in our incubation was higher than the

mean annual temperature (Giardina and Ryan, 2000; Ågren

and Bosatta, 2002).

4.2. 13C signatures during decomposition

The values of d13C enrichment in the respired CO2 C

from residues (Fig. 4) agrees with those of Cadish and

Giller (2001), except that no initial drop in d13C was

observed in the present experiment. Cadish and Giller

(2001) observed no change in d13C of the decomposing

material during the experiment; a slight increase was

observed in the present study. These observations are all

contrary to what would be expected if accumulation of 13C-

depleted lignin played a large role. This is in accordance

with the results of Natelhoffer and Fry (1988) who found

that d13C increased or remained constant during decompo-

sition. Although the percentage of lignin increased during

the experiment (Table 2), the absolute amount decreased.

This indicates that significant lignin decomposition had

taken place, and a direct route from lignin to humus (Stott

et al., 1983) is doubtful. The increase in d13C during

decomposition may be caused by bacterial discrimination

against the heavier isotope. Kristiansen et al. (2004) found

that the d13C of evolved CO2 was lower than the material it

comes from. This introduces an error into the calculation of

the amount of soil C that is derived from C4 and C3 grass. It

also questions what reference value to use, as the soil may

be enriched in the heavy isotope (although that may be

partly offset by some accumulation of lignin-derived

compounds). Ideally, soils should be used as reference for

soils and plants for plant decomposition. However, as we

do not have any C4 only soil, we used the plant material as

reference. Using the plant material as reference for the C3

soil as well would introduce a larger overall error, but

probably the magnitude of the error would vary less

between treatments. However, Ekblad et al. (2002) found

that bacterial discrimination against 13C in respiration was

minor. Our results also indicate that the change in d13C

during decomposition is rather small, so that the error is not

likely to be large.

4.3. Model performance

The model accounted sufficiently for changes in CO2

production and in d13C for the soil-only treatments.

However, the d13C development during residue decompo-

sition clearly cannot be explained by the principles taken

into account in the model (Fig. 4). This is further evidence

for the point made above, that the predominant theories of
13C behaviour during decomposition have flaws. It is

possible that bacterial discrimination in some processes

could explain the results. Kristiansen et al. (2004) found

that discrimination was largest in the early stages of

decomposition. The model anyway represents a 0-hypo-

thesis, and indicates how large the error is. Although

the soil-only treatments were fairly accurately

predicted, the model tended to predict too fast a decline

in d13C in all treatments. The reason for this may also be a

small discrimination against the heavier isotope also in this

Fig. 6. Measured and simulated cumulative carbon loss from Miscanthus

derived organic matter (A) and indigenous organic matter (B) calculated

from d13C. Values are means ðn ¼ 5Þ: Mean residence times (years) for

each carbon fraction are given in brackets in the legend.
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stage of decomposition. There is clearly a need for more

work to better explain why d13C does not change much

during decomposition.

The comparatively good agreement with first order

exponential decay indicates that a model with only one

compartment would have been sufficient. This indicates that

the incubation-period was too short to determine with

certainty if a model gives an appropriate description of

SOM turnover in the long term, and to carry out a long-term

prediction based on this validation of the model does not

seem justified.

4.4. Effect of inorganic nitrogen

The addition of nitrogen decreased respiration rate in all

treatments (Fig. 2). However, our results demonstrate that

only the respiration rate of native SOM was affected,

respiration from the added litter (Miscanthus roots) was not

or only minimally affected (Fig. 5A). As found by other

authors, nitrogen addition did not increase decomposition

rate as would be expected from a simple effect of C:N ratio

(Fog, 1988; Carreiro et al., 2000). Although Miscanthus

roots have a high lignin content (Table 2), nitrogen addition

did not inhibit their respiration (Fig. 5A), as have been

observed for other materials of this type (Fog, 1988;

Carreiro et al., 2000). However, the relatively high

temperature used here (20 8C) may have contributed to

this result. There are reports that decomposition of

recalcitrant material is more retarded by low temperatures

than more easily decomposable material (Nicolardot et al.,

1994; De Neve et al., 1996), probably because more

enzymatic steps are required to break it down (Bosatta and

Ågren, 1999). It was also evident that significant lignin

decomposition had taken place in the present experiment

(Table 2). The relatively high temperature used in the

experiment may also affect the effect of nitrogen on lignin

decomposition. It has been reported that under tropical

conditions, lignin decomposition was enhanced by nitrogen

addition (Hobbie, 2000), contrary to what is commonly

observed under temperate condition (Fog, 1988; Carreiro

et al., 2000).

The inhibitory effect of added nitrogen on soil humus

decomposition has been commonly observed as pointed out

by Jenkinson et al. (1985). The mechanism could be the

observed pH decrease probably caused by nitrification (Fog,

1988; Kuzyakov et al., 2000). Another possibility is that the

increase in solute concentration kills some microorganisms

in the soil, and their decomposition may account for the

increase in decomposition rate. It could also be that certain

enzymes are repressed by high nitrogen levels (Carreiro

et al., 2000). Although the mechanism is not certain, it can

be concluded that fertiliser addition decreases decompo-

sition rate in soil.

No net nitrogen immobilisation was observed in the

present experiment, as the content of inorganic nitrogen

increased during the whole experiment (Fig. 1). This is in

contrast to a similar experiment (Urquiaga et al., 1998)

where roots of tropical grasses were found to immobilise

nitrogen in the beginning of the incubation. However, their

results also show a faster initial CO2-evolution rate, which

may explain the difference, as N-mineralisation was

correlated to CO2-evolution. Urquiaga et al., (1998) also

found that nitrogen was not limiting for decomposition in

the later stages of decomposition, which is supported by our

data. Nitrogen mineralisation rate was higher in the soil

from the grass site than the Miscanthus soils although

addition of residues immobilised nitrogen (Fig. 1). The

reason is probably that the grass sward was more intensively

managed with fertiliser than the Miscanthus field, or the

higher pH in the grass soil.

4.5. Priming effect

Respiration following SOM decomposition was nega-

tively affected by mineral nitrogen and positively affected

by addition of organic residues. When addition of a

carbon and nitrogen source increases respiration rate of

the soil humus, this is may be caused by a priming effect.

Kuzyakov et al. (2000) pointed out that priming effects

have not previously been observed with recalcitrant

organic substances like those used here. It is interesting

to note that without the labelling, the results could be

interpreted as if the fertilizer decreased the root

mineralisation rate (Fig. 3). It is possible that many of

the earlier reports (reviewed by Fog, 1988) of decreased

decomposition rate of litter under N-fertilization is really

a priming effect on soil humus, as labelling is not always

used in decomposition experiments. This priming effect

may indicate that the soil respiration measured in soil

incubation studies may be lower than in the field situation,

as residues are always present in the field.

The model fitted the treatment with added nitrogen

better than the one without added nitrogen (Fig. 2). This

may be expected as the model does not take priming into

account, and in the treatment without nitrogen there was

no priming effect of added residues. Consequences of this

on model performance under field conditions should be

investigated.

4.6. Inferences about carbon sequestration

and SOC stability

It appears that the time in Miscanthus cultivation

affects not only the amount of SOC but also its stability

(Fig. 6A). The Miscanthus-derived SOC in the 11-year-

old Miscanthus field had a mean residence time not much

longer than the fresh residues, while the mean residence

time of the oldest was much longer (Figs. 5A and 6A).

Although there was small differences in soil texture

(Table 1), it is unlikely to influence mean residence time

to any significant extent as the indigenous SOC residence

time was not much different between the two fields
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(Fig. 6B). The reason may be that Miscanthus cropping

increases the proportion of insoluble carbon in SOM,

which increases its stability upon microbial attack (Kahle

et al., 2001).

It appears that addition of inorganic nitrogen protects

SOM from decomposition. However, the importance of this

under field condition is likely to rather small, because plants

will normally take up inorganic nitrogen rapidly. However,

it does indicate that addition of fertiliser is unlikely to

increase mineralisation.

As the model described the differences in carbon

mineralisation rate between the soils sampled from the

three sites, they can be explained by differences in land use

history. The only difference in the model was starting

conditions (a larger proportion of the carbon was in stable

pools in the grass plot than in the 11 years Miscanthus plot),

and that appears to explain the observed results. The model

even predicted a larger difference between grass soil and

Miscanthus soil than observed. Although simulated results

should be interpreted with caution, it seems likely that

Miscanthus derived SOC is at least as stable as C3-grass

derived SOC.

5. Conclusion

Miscanthus appears to be a favourable crop for soil

carbon sequestration in this region. The potential of

Miscanthus appears to be at least as good as C3 perennial

grassland, which are presently thought to be some of the

best agricultural land-use for soil carbon sequestration

(Johnston et al., 1994; de Neergaard, 2000; Høgh-Jensen

and Schjoerring, 2001). This conclusion is supported by

Kahle et al. (2001) who found that SOC content in the top-

soil increased more where Miscanthus was grown than

where C3 grass was grown. Further, the turnover time of the

organic matter increases with time under Miscanthus

cultivation. However, to get a full understanding of the

effect of perennial energy crops on soil carbon sequestra-

tion, the deeper soil layers should also be taken into account

(Fisher et al., 1994).
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Ågren, G.I., Bosatta, E., 2002. Reconciling differences in predictions of

temperature response of soil organic matter. Soil Biology &

Biochemistry 34, 129 132.

Ambus, P., Jensen, E.S., Robertson, G.P., 2001. Nitrous oxide and N

leaching losses from agricultural soil: influence of crop residue particle

size, quality and placement. Phyton Ann Rei Bot A 41, 7 15.

Amundsen, R., Stern, L., Baisden, T., Wang, Y., 1998. The

isotopic composition of soil and soil respired CO2. Geoderma 82,

83 114.

Balesdent, J., Balabane, M., 1996. Major contribution of roots to soil carbon

storage inferred from maize cultivated soils. Soil Biology &

Biochemistry 28, 1261 1263.

Beuch, S., Boelcke, B., Belau, L., 2000. Effect of organic residues of

Miscanthus x giganteus on the soil organic matter level of arable soils.

Agronomy & Crop Science 183, 111 119.

Bol, R., Amelung, W., Friedrich, C., Ostle, N., 2000. Tracing dung derived

carbon in temperate grassland using 13C natural abundance measure

ments. Soil Biology & Biochemistry 32, 1337 1343.
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Abstract

Miscanthus is a perennial rhizomatous warm-season grass with C4-photosynthesis. It shows considerable production
potentials (10–20 t dry matter ha−1) under NW European growth conditions and plantations of Miscanthus are established
to provide biomass for energy. The plant senesces in the autumn in response to adverse climatic conditions, but harvest is
normally postponed until spring when the biomass is more suitable for combustion. Total pre-harvest and harvest losses may
account for as much as two-thirds of autumn standing biomass and these losses provide a signi8cant carbon input to the soil.
In this study, we examine soil organic carbon (SOC) storage and turnovers beneath 9 and 16 year old Miscanthus plantations
established at Hornum, Denmark (56◦50′N, 09◦26′E). The soil is a loamy sand (Typic Haplumbrept, coarse loamy, mixed,
mesic) with a C3 vegetation history. Soil was sampled at 0–20, 20–50 and 50–100 cm depth in the Miscanthus plantations
and in two reference sites under C3-plants. The 0–20 cm samples were divided into 8ne soil (¡ 2 mm), particulate organic
matter (POM; 250–2000 �m), rhizomes/stubbles and coarse roots. All samples were analysed for carbon content and 13C/12C
ratio. Rhizomes/stubbles accounted for 10.9–12:6 t DM ha−1 and coarse roots for 3.2–3:7 t DM ha−1 at 0–20 cm depth. No
rhizomes and coarse roots were observed in the deeper soil layers. Concentrations of SOC were higher at all soil depths under
the 16 year old Miscanthus whereas 9 years of Miscanthus and reference sites showed similar SOC concentrations. �13C
in 0–20 cm reference soil averaged −27:6( while soil beneath 9 and 16 year Miscanthus showed −25:6( and −22:8(,
respectively. Di?erence in �13C between reference and Miscanthus soils was smaller at greater soil depths. SOC inventories
at 0–100 cm ranged from 91–92 t C ha−1 in reference and 9 year Miscanthus to 106 t C ha−1 under 16 years of Miscanthus
growing. The main part of the SOC was at 0–20 and 20–50 cm soil with 30–40 t C ha−1 in each layer. Although changes
in the overall SOC storage were less signi8cant, 13% and 31% of the SOC present in 0–20 cm soil was derived from
Miscanthus beneath 9 and 16 year plantations, respectively. The organic matter recovered in POM contained 48–65% of
Miscanthus derived C. At 20–50 and 50–100 cm depth, the fractions of SOC from Miscanthus were 6–9% and 1.3–6%,
respectively. It was estimated that 26–29% of the cumulated C input from Miscanthus had been retained in the soil.
? 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Miscanthus (Miscanthus x giganteus Greef and
Deu.) is a perennial rhizomatous grass native to East
Asian tropic and subtropic regions and with a consid-
erable biomass production potential even under cool
temperate climatic conditions [1]. Miscanthus regu-
larly shows an annual aboveground biomass produc-
tion of 10–20 t dry matter ha−1 under NW European
growth conditions [2–5] and research over the past
two decades suggests Miscanthus as a potentially im-
portant bioenergy crop [1,6]. Previous research has
focused on management and economy in relation to
establishment and productivity, harvest and storage,
and combustion feasibility [6], whereas research on
the impact of Miscanthus on SOC turnover remains
scarce [5,7].
The replacement of conventional cropping systems

with annual crops, frequent soil tillage and relatively
small returns of crop residues by a highly productive
perennial bioenergy crop may introduce an increase
in SOC. Under NW European climatic conditions, the
harvest of Miscanthus is normally postponed until
spring in order to achieve biomass with a reduced
content of moisture and minerals, conditions that are
desirable for biomass intended for combustion in
energy plants. From late autumn when the crop be-
comes senescent due to adverse climatic conditions
and until harvest in early spring, 25–50% of the dry
matter (mostly leaves and non-woody tops) is shed
from the plant [1]. Total pre-harvest and harvest
losses may account for as much as two-thirds of au-
tumn standing biomass. The biomass left after harvest
will accumulate on the ground and eventually con-
tribute to the SOC pool. Studies on other fast-growing
perennial bioenergy crops (e.g. switchgrass; Panicum
virgatum L.) established on cultivated land have
demonstrated their ability to sequester carbon (C) in
the soil, although reported responses show variable
and occasionally rather moderate increases in SOC
contents [8–12]. With regard to Miscanthus grown in
NW European climate, data on C sequestration in soil
is urgently needed to fully evaluate the environmental
bene8ts of this bioenergy crop.
The discrimination against the 13C isotope asso-

ciated with photosynthesis results in plant biomass
that is depleted in 13C relative to atmospheric CO2

[13], the degree of depletion reJecting the type of

photosynthetic pathway. Plants with the Calvin cycle
pathway (C3-plants) become distinctly lower in 13C
than plants with the Hatch-Slack pathway (C4-plants).
Traditional crops and native vegetation in cool tem-
perate regions are all C3-plants, while fast-growing
grasses originating from warmer climate zones (e.g.
maize, sugar cane and Miscanthus) rely on the C4
photosynthetic pathway. This di?erence between C3
and C4 plants in 13C abundance provides a unique tool
to study C turnover on sites where long continued C3
vegetation has been replaced by C4 plants [14–16].
In this study, we report on C sequestration and

turnovers in soil beneath 9 and 16 year oldMiscanthus
plantations established on a loamy sand with an arable
history of C3 plants. Measurements of the 13C/12C ra-
tios in the soil down to 100 cm depth in Miscanthus
plots and in nearby reference plots with a C3 plant
history allow us to estimate the fraction of SOC de-
rived from Miscanthus as well as changes in overall
SOC storage. Recently a similar approach has been
adopted for switchgrass sites situated under a consid-
erably warmer climate in the south-eastern USA [10].

2. Materials and methods

2.1. Site

Soil was sampled in May 1999 from two adjacent
experimental 8elds (8eld A and H) at Hornum, North
Jutland, Denmark (56◦50′N, 09◦26′E) carrying
Miscanthus plantations of di?erent age. The Mis-
canthus was established in a 1 by 1 m2 grid (one
plant per m2) in 8eld A in 1983 (16-year old in 1999;
termed Mis-16) and in 8eld H in 1990 (9-year old
in 1999; termed Mis-9). Two nearby 8elds without
any history of C4 plants were sampled for reference,
Ref-1 in May 1999 and Ref-2 in November 2000.
Ref-1 grew a permanent grass, established in 1994.
The grass was cut every year and the plant biomass
removed from the 8eld. Ref-2 has been used for small
grain cereal production since 1990.
According to the USDA Soil Taxonomy the soil

can be classi8ed as Typic Haplumbrept, coarse loamy,
mixed, mesic [17]. The soil is based on ground
morainic deposits from the last glaciation. The clay
(¡ 2�m), silt (2–20 �m), 8ne sand (20–200 �m)
and coarse sand (200–2000 �m) in the 0–20 cm
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soil accounts for 5%, 8%, 48% and 36% of soil dry
weight, respectively. The 1961–1990 mean annual
precipitation and temperature is 706 mm and 7:4◦C,
respectively. Maximum and minimum monthly tem-
perature means are −0:4◦C (January, February) and
15:4◦C (July, August). Monthly precipitation sums
range from 33 to 79 mm.
The 8elds were previously used for various hor-

ticultural and agricultural crops, all with C3 photo-
synthesis. Until 1997 the two Miscanthus plantations
received 70–100 kg N ha−1 annually in mineral
fertilizers; during 1997–1998 no fertiliser was ap-
plied. Generally, the Miscanthus was harvested in
March–April. Prior to soil sampling in May 1999,
Mis-9 had been harvested in December 1998 and
Mis-16 in March 1999.

2.2. Sampling and sample preparations

Within each 8eld ten sampling points were selected
randomly 2–3 m apart. Surface soil (0–20 cm) was
sampled by use of a stainless steel cylinder (diame-
ter: 30 cm) that was pressed into the soil. The surface
litter layer was dominated by senescent and partly de-
composed leaves and was easily separated from the
mineral soil. This fraction was removed from the core
and stored separately. Living rhizomes and roots were
also kept whereas Miscanthus shoots were discarded
together with any weeds. The plant cover in Ref-1 was
cut at the soil surface and collected, while in Ref-2 the
newly established winter barley was discarded. The
soil within the cylinder was removed and air dried
before being sieved to ¡ 8 mm. Material left on the
sieve, mainly roots, rhizomes/stubbles and stones was
kept separately. All types of organic material from
the samples were oven-dried at 80◦C, freed of loose
soil particles and 8nally weighed. Material passing
the sieve was weighed and two representative soil
sub-samples retrieved. One sub-sample was used for
determination of soil moisture content by oven-dying
at 105◦C. The other was air dried to constant weight
and sieved to pass 2 mm.
Ten subsoil samples were retrieved from the

20–100 cm depth below each of the excavated cylin-
ders using a hydraulic auger with an inner diameter
of 15 mm. The samples were divided into 20–50 cm
depth and 50–100 cm depth. Sub-samples from
corresponding depth interval beneath each cylinder

were bulked, air-dried, and 8nally sieved to pass
8 mm. Only stones were recovered on the sieve. A
sub-sample of soil ¡ 8 mm was subsequently sieved
to pass 2 mm.
Particulate organic matter (POM; 250–2000 �m)

in the 0–20 cm soil layer was isolated along with
the sand fraction by wet sieving [18]. Air-dry soil
(¡ 2 mm, 37:5 g) was mixed with 150 ml of sodium
hexametaphosphate solution (5 g l−1 H2O) in 300-ml
Jasks and dispersed on a rotary shaker for 1 h (40 ro-
tations min−1). The slurry was then washed through
a 250 �m sieve. Two dispersions were made for each
sample. POM and sand grains collected on the sieve
was transferred to pre-weighed drying pans and dried
at 60◦C to constant weight.

2.3. Analyses and calculations

All samples were ball milled before analysis for
C and 13C/12C in an online system consisting of an
ANCA-SL Elemental Analyser coupled to a 20–20
Tracermass Mass Spectrometer (Europa Scienti8c
Ltd., Crewe, UK).
SOC derived from Miscanthus was distinguished

from that derived from the previous C3 vegetation by
13C signatures. By convention, the 13C abundance in a
sample is expressed in delta-units (�13C() according
to the following equation:

�13C(= [(Rsample=Rstandard)− 1]× 1000;

where Rsample is the isotope ratio 13C/12C of the sample
and Rstandard is the 13C/12C ratio of the international Pee
Dee formation belemnite carbonate standard (PDB).
Samples generally have negative �13C, because they
contain less 13C than the PDB standard. At a given
site, the average �13C di?erence between long-term
C3 and C4 vegetation is approximately 15( [15].
The calculation of the proportion (X ) of

Miscanthus-derived C in the soil requires knowledge
of (1) the �13C of the soil after cultivation of Mis-
canthus (�13Cnew), (2) the �13C of the soil before
introduction of Miscanthus (�13Cold) and (3) the
�13C of Miscanthus plant material entering the soil
(�13CMis):

�13Cnew = (1− X )�13Cold + X�13CMis;
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Table 1
Dry matter yields (t ha−1) of di?erent plant parts down to 20 cm depth. Standard error of the mean (SE) is shown in brackets

Field Leaves Litter Rhizomes/stubbles Roots

Ref-1 2.3 (0.22) — — 16.0 (3.01)
Mis-9 — 4.6 (0.54) 10.9 (4.54) 3.7 (0.45)
Mis-16 — 7.2 (1.02) 12.6 (3.60) 3.2 (0.34)

which can be rewritten to

X = (�13Cnew − �13Cold)=(�13CMis − �13Cold):

The �13C of the soil before introduction of
Miscanthus (�13Cold) was not known, and average
values from relevant depths of the two reference 8elds
(Ref-1 and Ref-2) were used instead. The �13Cnew is
from the Mis-9 and Mis-16 8elds while the �13CMis

is an average value of litter, rhizomes and roots from
Miscanthus.
The quantity of C on a hectare basis was based

on soil densities calculated from the amount of soil
(¡ 2 mm) in the sampling cylinders (0–20 cm) and
in subsoil cores (20–50 and 50–100 cm).
Because of imbalanced records of �13C for di?er-

ent types of samples, variables were analysed by four
models assuming that the errors of each stratum fol-
lowed a normal distribution with mean zero: (i) litter,
rhizomes/stubbles and roots of Miscanthus, (ii) plant
parts from Ref-1 and Ref-2 and POM from Ref-1,
(iii) POM from Miscanthus and Ref-1 and (iv) soil
from all 8elds and all depths. Based on these analyses
and estimated standard error of the means (SE), pair-
wise comparisons among 8elds, plant and soil sam-
ples were performed with t-tests at 5% levels. The
estimates and SE were calculated according to the re-
stricted maximum likelihood (REML) method and the
number of degree of freedoms used in t-tests was cal-
culated according to Satterthwaite. All analyses were
based on the SAS mixed procedure [19].

3. Results and discussion

3.1. Biomass production

Aboveground production and harvestable plant
biomass have been reported by JHrgensen [20]. Dry
matter yields at spring harvest varied between 8 and

15 t ha−1 in the period from 1986 to 1992 in the
Miscanthus plantation established in 1983 (Mis-16).
From 1993 to 1996, yields have been 8 t ha−1 or less
due to e?ects of severe drought in 1992 and frost in
early June 1993 [20].
The amount of dry matter recovered in rhi-

zomes/stubbles varied between cylinders (Table 1),
with average yields of 10.9 and 12:6 t DM ha−1 in
Mis-9 and Mis-16, respectively. Rhizomes were not
observed beneath the depth of 20 cm. This accords
with Beale and Long [21] who recovered the com-
plete rhizome mass within the 15–25 cm depth of
a sandy silt loam. Beuch [22] found 13 t DM ha−1

of living rhizomes in a 5-year old Miscanthus 8eld
experiment on sandy soil, while Himken et al. [3]
recorded 16 t DM ha−1 3 years after planting.
Coarse roots in 0–20 cm depth averaged 3.7 and

3:2 t DM ha−1 in Mis-9 and Mis-16 (Table 1). Beuch
[22] found 2:9 t ha−1 coarse roots under a 5 years old
Miscanthus. In our experiment, the soil beneath 20 cm
was sampled by soil coring, which does not allow
the total amount of roots to be estimated. No coarse
roots were found when sieving the soil through the 8
or 2 mm sieve and visually estimated, only few roots
were present in the subsoil. The apparent absence of
coarse roots beneath 20 cm is in contrast to results of
Neukirchen et al. [23] who found that the topsoil (0–
30 cm) of a German sandy loam contained only 28%
of the roots recorded for the entire soil pro8le with
nearly half of the counted roots being present in soil
beneath 90 cm. However, the size and the distribution
of roots in the soil pro8le depend on both management,
soil type and climate, in particular for perennial crops
such as Miscanthus.

3.2. Carbon content and 13C abundance

Sixteen years of Miscanthus growth (Mis-16) had
increased the C concentration at all depths above that
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Table 2
The concentrations of carbon (t C g−1 dry matter) in POM and in soil from three soil depths. Standard error of the mean (SE) is shown
in brackets

Field POMa Soil depth (cm)

0–20 cm 0–20 20–50 50–100

Ref-1 3.7 (0.30) 15.2 (0.49) 9.3 (0.49) 1.9 (0.22)
Ref-2 — 14.7 (0.26) 8.4 (0.80) 2.2 (0.25)
Mis-9 5.3 (0.45) 12.6 (0.39) 10.2 (0.19) 2.3 (0.14)
Mis-16 9.2 (0.63) 17.5 (0.57) 11.1 (0.29) 3.1 (0.19)

aPOM and associated sand fraction.

found after 9 years of Miscanthus (Mis-9) and that
found for the two reference sites (Table 2). The higher
C concentration under Miscanthus agrees with Kahle
et al. [7] who compared 4–8 year old Miscanthus
plantations with nearby reference sites. However, in-
terpretation of the C inventories at the Hornum site
and elsewhere is often complicated by lack of data on
the SOC content at the time of Miscanthus planting.
When data on C contents before land use conversion
are not available, it has to be assumed that initial SOC
levels were identical at all sites and that concentra-
tions of SOC at the reference site have remained con-
stant from the time of Miscanthus planting to the time
of soil sampling. Thus, spatial soil variations cannot
be accounted for and the practical limits of measuring
relatively small changes in SOC storage should not be
ignored [24].
After removing fragments coarser than 2 mm by

sieving, the �13C values of the two reference topsoils
(0–20 cm) were −27:4( and −27:8( (Table 3) and
signi8cantly di?erent from each other. However, the
di?erence is small compared to the di?erence in �13C
between C3 and C4 plant material.
The �13C decreased with depth in Ref-1 and

Ref-2 (Table 3), but di?erences in �13C between the
20–50 and 50–100 cm depths of Ref-2 were not sig-
ni8cant. This 8nding contrasts the classical pattern
of 13C distribution in soil pro8les in which the �13C
value increases with increasing depth (e.g. [25]).
However, the inverse pattern, i.e. a depletion in 13C
with increasing depth is occasionally observed (e.g.
[26]) and has been explained by the presence of resis-
tant or inert SOC derived from previous 13C depleted
vegetation.

Table 3 also shows the 13C abundance in SOC
beneath Miscanthus. The SOC under Mis-16 was
more enriched in 13C at all depths than SOC under
the two reference sites and Mis-9. In 50–100 cm
the SOC under Mis-9 was only slightly higher in
13C compared to the reference, suggesting that lit-
tle Miscanthus-derived C had been deposited at this
depth. However, for Mis-16, the �13C at 50–100 cm
suggests that at this site C derived from Miscant-
hus had accumulated after 16 years, either because
of 8ne root turnover, particle mediated translocation
and leaching of organic substances from soil layers
above or by the burrowing activity of earthworms. It
is recalled, however, that the �13C at establishment of
the Miscanthus was not available and that �13C from
the two reference sites were used as a substitute for
initial �13C values.
In Ref-1, POM was signi8cantly more depleted in

13C than the grass and root material from the same
site (Table 3). This is in agreement with results from
Benner et al. [27] and Wedin et al. [28]. The isotopic
composition of POM isolated from Mis-9 and Mis-16
ranges between that of Miscanthus plant biomass
and that of C3 vegetation, indicating that POM in-
cludes material from the previous C3 vegetation, even
after 16 years of Miscanthus growing. The source of
this POM and its chemical nature is not known, but
Skjemstad et al. [29] and Cadish et al. [30] found that
charcoal may be a signi8cant source of inert POM.

3.3. Carbon storage and turnover

The proportion of SOC originating from
Miscanthus in 0–20 cm was 13% in Mis-9 and 31%
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Table 3
�13C of plant parts, POM, whole soil and the calculated fraction of Miscanthus derived C. Standard error of the mean (SE) is shown in
brackets. Values within a column with the same small letter and values within a row with the same capital letter do not di?er signi8cantly
at P¡ 0:05

Field Plant parts Soil Soila Bulk density
0–20 cm depth (cm) 0–20 cm

(g cm−3)
Leaves Litter Rhizomes Roots POMb 0–20 20–50 50–100

�13C
Ref-1 −29:1 aC — — −28:8 bC −29:9 cD −27:4 cA −27:6 cB −28:8 cC 1.34

(0.12) (0.20) (0.10) (0.03) (0.04) (0.05) (0.10)
Ref-2 −29:2ad — — — — −27:8 dA −28:5 dB −28:8 cB 1.45

(0.20) (0.11) (0.15) (0.06) (0.02)
Mis-9 — −11:7 aA −11:6 aA −11:8 aA −21:6 bB −25:6 bC −27:2 bD −28:6 bE 1.33

(0.13) (0.21) (0.18) (0.56) (0.15) (0.08) (0.07) (0.08)
Mis-16 −11:0c −12:5 bC −11:3 aA −11:9 aB −18:3 aD −22:8 aE −26:6 aF −27:8 aG 1.20

(0.20) (0.10) (0.17) (0.23) (0.24) (0.10) (0.05) (0.05)

Miscanthus derived C, % of total C
Mis-9 — — — — 48.3 12.7 5.6 1.3 —
Mis-16 — — — — 64.8 30.8 9.1 5.8 —

aWhole soil including POM.
bPOM and associated sand fraction in the 250–2000 �m size class.
cOnly one sample of senescenced leaves.
dStraw from the previous crop of winter barley.

in Mis-16 (Table 3) whereas Miscanthus C accounted
for smaller proportions of the SOC at 20–50 cm
(5.6% and 9.1%) and at 50–100 cm (1.3% and 5.8%).
Under considerably warmer climates, Garten and
Wullschleger [10] found that 5 years after establish-
ment of switchgrass, 19–31% of the SOC at 0–40 cm
was derived from the C4-grass inputs. However, these
percentages are not directly comparable because of
di?erences in the duration of the experiments, plant
species, soil types, initial SOC concentrations and
climates. Thus, Balesdent et al. [14] showed that the
annual increase in 13C abundance was higher during
the 8rst years than during the last of 13 years, and
Wedin et al. [28] found that the estimated percentage
of new C in SOC was highest in plots low in SOC
and decreased with increasing SOC content.
Our results based on changes in 13C abundance

clearly show that the fraction of topsoil SOC involved
in short- to medium-term turnover is substantial. This
contrasts with the apparently static behaviour observed
when only total changes in SOC contents are consid-
ered. In contrast, the e?ect of Miscanthus on SOC
turnover in the deeper soil layers is much smaller.

When calculating the proportion of Miscanthus-
derived C it is assumed that the �13CMis does not
change signi8cantly during decomposition and that the
�13Cold remained constant during the experimental pe-
riod. Even though mineralisation of plant material has
been found to induce slight change in 13C abundance
(e.g. [31]), the result of the isotopic fractionation is
small compared to the isotopic di?erences between C3
and C4 vegetation (∼ 15().
Converted to an area basis, most of the SOC was

found at the depth of 0–50 cm with 30–40 t C ha−1

in 0–20 and 20–50 cm each (Fig. 1). The overall
SOC storage in the entire soil pro8le was 91,
92, 91 and 106 t ha−1 in Ref-1, Ref-2, Mis-9 and
Mis-16, respectively. It appears, that SOC storage
was somewhat higher in Mis-16 than in Ref-1
and Ref-2 especially in 20–50 cm (Fig. 1). How-
ever, the proportion of Miscanthus C accounted
for much less of the SOC at the 20–50 cm than at
the 0–20 cm depth. Di?erences in SOC storage at
0–100 cm may therefore be ascribed to initial di?er-
ences in SOC between Miscanthus and reference
sites.
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Fig. 1. SOC storage beneath the 9 (Mis-9) and 16 year old Miscanthus (Mis-16) plantations and in the two reference soils (Ref-1, Ref-2).

Table 4 shows the coeOcient of Miscanthus C re-
tention (ratio of the quantity of Miscanthus derived
C retained in soil to the total input of Miscanthus C).
The coeOcient was 0.26 and 0.29 inMis-9 andMis-16,
respectively. The coeOcient calculated for equivalent
inputs of farmyard manure (FYM) and cereal straw
using data from Christensen and Johnston [32] was
0.33 for FYM and 0.23 for straw. Similarly, Beuch
et al. [5] concluded that stubbles and rhizomes of
Miscanthus had a coeOcient of retention comparable
to straw, whereas Miscanthus roots were comparable
to FYM.

4. Conclusions

Cultivation of Miscanthus for 9–16 years caused
only moderate changes in the SOC storage on this
coarse loamy soil. However, measurements of changes
in stable C isotope ratios revealed that a large fraction
of the SOC pool was accounted for by Miscanthus
derived C. After 9 and 16 years, respectively, 13% and
31% of the SOC present at 0–20 cm was derived from
Miscanthus. This indicates that a signi8cant fraction
of the SOC in this soil layer is involved in short-
to medium-term turnovers. In the deeper soil layers,
the replacement of native C by Miscanthus derived C

Table 4
Cumulated biomass production, C balance and coeOcient of re-
tention for the 9 (Mis-9) and 16 year old Miscanthus (Mis-16)
plantations. DM = dry matter

Mis-9 Mis-16

Total production of above ground biomass 113 225
(t DM ha−1)a

Harvested biomass (t DM ha−1)b 58 114
Recycled above ground biomass 55 111

(t DM ha−1)
Recycled below ground biomass 4 30

(t DM ha−1)c

Sum of biomass recycled to soil 59 141
(t DM ha−1)

Total soil input of carbon (t C ha−1)d 27 63
Carbon derived from Miscanthus 7 18

in 0–100 cm (t C ha−1)e

CoeOcient of retentionf 0.26 0.29

aCalculated from total biomass production [33] as 1, 6, 10 and
16 t DM ha−1 in year 1, 2, 3 and 4–20, respectively (16% roots
and rhizomes of aboveground biomass production).

bOlesen et al. [33].
cAverage DM calculated from Table 1 and allowing for a

turnover every 4 years after 8 years of establishment [22].
dForty-8ve percent C in average of litter, rhizomes/stubble and

roots in Mis-9 and Mis-16 (data not shown).
eData from Fig. 1.
f Ratio of the quantity of C retained in soil to the total input of

Miscanthus C.
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was substantially smaller. Based on the cumulated C
inputs over the 9 and 16 year period of Miscanthus
growth, and the amount of Miscanthus C found in
the 0–100 cm soil, it was estimated that 26–29% of
the C inputs had been retained in the soil beneath
Miscanthus.
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Abstract

The objective of the present study was to investigate the impact of biomass development of Miscanthus×giganteus
(Greef et Deu.) on the concentration of plant nutrients and the accumulation in soil as well as quality of soil organic
matter (SOM). Field trials with 4–9 year-old Miscanthus stands were investigated and sampled at four experimental
sites in Germany in the years 1994–1999. From 1994 to 1996 the above-ground standing biomass at the end of the
vegetation periods ranged from 14.8 to 33.5 t ha−1 dry matter (DM). The below-ground growing biomass (rhizomes,
roots) reached 15 to 25 t DM ha−1 (before sprouting in spring). Mean pre-harvest losses (harvesting date:
February/March of the following year) of 4.5 t DM ha−1 originated from senescent leaves and shoot-tips fallen to
the ground during winter. This amount corresponds to about 26% of the whole above-ground biomass (harvested
biomass+pre-harvest losses+harvested residues). Direct harvested residues (stubble mass) varied between 0.7 and
3.1 t DM ha−1. Therefore 23–51% of the biomass grown could not be harvested. The mean harvested biomass was
11.7 t DM ha−1. The largest concentrations of N, P, K and Mg in plant materials were observed in the pre-harvest
losses, whereas the harvested biomass had the lowest concentrations. The concentration of nutrients in the harvested
biomass was 61% (N), 64% (P), 55% (K) and 50% (Mg) of the concentration in the biomass at the end of the
vegetation period. These differences are explained by nutrient losses due to fallen leaves and shoot-tips and nutrient
translocation into below-ground plant parts. The higher concentrations of plant available K in soil indicate that
Miscanthus cropping enhances the cycling of nutrients in the plant–soil system. As a result of the high input of leaves,
rhizomes and roots, the sandy soils were characterized by increased concentration of organic carbon (Corg;
mean:+2.0 g kg−1 and total nitrogen (Nt; mean:+0.2 g kg−1). The storage of SOM in topsoils was increased by
11.7 t ha−1. Moreover, the Miscanthus residues affected the quality of SOM. In a plot with Miscanthus, increased
proportions of alkanes, alkenes, sterols and free fatty acids were observed by pyrolysis-field ionization mass
spectrometry. © 2001 Elsevier Science B.V. All rights reserved.
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1. Introduction

Rapid changes of the global climate (green-
house effect) and limited fossil fuel resources
stimulated investigations of biomass production
from non-food crops (Van Zeijts, 1995). The
perennial species Miscanthus×giganteus (Greef et
Deu.), originating from East Asia, is one of the
relevant industrial crops (Greef and Deuter,
1993)1. It is known from North-eastern Japan that
Miscanthus sinensis (Anderss.) pioneers the gene-
sis of melanic andosols on volcanic parent materi-
als. These soils are characterized by A-horizons
up to 50 cm with concentation of organic carbon
(Corg)�6 g 100 g−1 (Shoji et al., 1993). Andosols
are able to translocate enormous quantities of
nutrients between plant and soil caused by the
processes of mineralization, mobilization and
leaching (Dahlgren et al., 1991).

In Central Europe, Miscanthus cropping was
investigated in field experiments to solve agro-
nomic problems such as plant establishment, nu-
trient supply, yield development and biomass
properties (Greef, 1996; Himken et al., 1997; Joer-
gensen, 1997; Walsh and McCarthy, 1998). The
cropping period which is assumed to be more
than 20 years, can be divided into an establish-
ment phase and the phase of main use. The first
phase is characterized by an increasing biomass
from year to year and constant development of
the below-ground storage system (rhizomes and
roots). It lasts between 3 and 5 years depending
on the site, e.g. climatic, pedologic and relief
conditions. During the period of use the above-
ground biomass is harvested regularly in spring of
the following year. At this date of harvest a high
dry matter content is achieved which is important
for its final use (e.g. combustion). There are only
a few studies on impacts of Miscanthus residues

on selected soil quality parameters (Beuch et al.,
1996, 1998; Kahle et al., 1999). The relationships
between biomass formation and the effects of
Miscanthus on soil properties have not been in-
vestigated so far. The objectives of the present
study were:
� to investigate the formation, yields and losses

of Miscanthus biomass at different sites in
Germany,

� to determine the concentrations of major nutri-
ents in various parts of the plants and in the
soil to gain new information on the nutrient
cycling in, and

� to observe effects on the concentration and
quality of soil organic matter (SOM) and dis-
cuss energetic aspects of Miscanthus cropping.

2. Materials and methods

2.1. Experiments, field measurements and
sampling

Field experiments were carried out at four sites
in Germany which included different climatic,
geological, and pedological conditions (Table 1).
During the sampling and investigation the stands
reached ages of 4–9 years. The characteristics of
biomass and the nutrient status of the plants were
measured repeatedly over the years. These investi-
gations of plant materials were carried out for
different variants of N fertilization (0, 50, 100 kg
ha−1) and plant densities (1, 2, 3 plants m−2).
The Miscanthus leaves are characterized by a
gradual senescence which means that the basal
leaves start to die at the beginning of July. The
shoot-tips stay alive until the first frost appears at
the end of vegetation period. Therefore during the
whole growth period a regular sampling of the
postmortal above-ground biomass was necessary.

Miscanthus biomass yield is characterized by
two yield components, the number of shoots per
area and weight of single shoots. The sample size
for both parameters was based on their coeffi-

1 In the following text we generally use ‘Miscanthus’ for
Miscanthus×giganteus (Greef et Deu.).
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Table 1
Location, site, climatic conditions and basic soil properties of A-horizons

Site (number) Stand age CtMATa NtPlot size Soil unit Parent Clay Silt Sand pH CaCO3

during (g kg−1),Latitude (g kg−1)(m2)/ (g kg−1) (g kg−1)°C/MAPb (g kg−1)material (g kg−1)
replicatesLongitude investigationmm

(years)

7.9/547 4–9 45/3 Luvisol MarlKlein Markow (1) 100 250 650 5.5 0 7.2 0.9
53°52�43�N
012°37�04�E

8.8/600 5–7 300/1 Cambisol Sand 30Boitzenhagen (2) 310 660 5.0 0 13.8 1.3
52°37�14�N
010°48�53�E

9.5/603 6–8 87/4 Phaeozem Loess 240Güntersleben (3) 580 180 7.4 59 25.3 2.1
49°52�11�N
009°54�31�E

9.5/603 6–8 87/2 Rendzic 30.7Lacustrine 2.6Güntersleben (4) 400 580 20 7.4 63
Leptosol limestone

49°52�11�N
009°54�31�E

a MAT=mean annual temperature.
b MAP=mean annual precipitation.
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cients of variation which were determined in a
3-year-old Miscanthus stand in North-east Ger-
many (Boelcke, 1995). The number of shoots per
area was calculated by counting distances with at
least 20 m length taking into account the space
between the planting rows (0.7–1.0 m) in every
field plot. Sample size of single shoots for yield
determination was 30 shoots per treatment. They
were counted at the end of the vegetation period
(October) to estimate the standing biomass and
the above-ground biomass residues. The described
sample sizes consider a confidence interval for a
mean of 10% for both parameters. The following
shoot characteristics were analysed: dry matter
(DM) of senescent leaves and shoot-tips during
vegetation period, length and DM of basal in-
ternodes and DM of the entire shoot at the end of
the vegetation period. Length and weight of the
basal shoot internode and length of stubble after
harvest were used to calculate the stubble mass.
The DM of above-ground biomass residues was
calculated from stubble mass and fallen senescent
leaves. Both parameters were estimated by the
formula: biomass=DM content of the single
shoot (stubble, senescent leaves)×number of
shoots per area. Biomass of the central parts of
the field plots was investigated in February or
March of the following year, excluding the two
edge rows. The mowing was carried manually at
the Luvisol (site 1) and by machine at the other
sites.

Rhizomes and roots were sampled for the deter-
mination of the below-ground biomass to a depth
of 40 cm. The Ap-horizons (0–25) contained the
majority of rhizomes but less roots. Sampling
depth to 40 cm was chosen because a significant
portion of roots also should be investigated. The
whole set included 30 samplings: Luvisol (9 in
1996, 3 in 1997), Cambisol (3 in 1995, 1996 and
1997) and Phaeozem (5 in 1995, 4 in 1996) with 1
m2 each sample per field plot. At the rendzic
Leptosol (site 4) investigations of rhizomes and
roots were not possible because of the high con-
tent of stones even in the upper soil layers. The
rhizomes and roots were separated from soil by
manual washing. The entire root mass was calcu-
lated referring to the results of Neukirchen et al.
(1999). Separation into vital and postmortal parts

of rhizomes and roots was done using parameters
like colour, consistency, specific weight and odour
(Böhm, 1979). The soil sampling was carried out
at site 1 always at the beginning of the vegetative
growth from 1994 to 1999 (April or May). At sites
2, 3 and 4 the soil samples were taken at the
beginning of the vegetative growth in 1994
(March) and at its end (October) in 1996. Gener-
ally, the treatments with 100 kg N ha−1 were
studied. Representative soil samples were col-
lected from the Ap-horizon between the rows by
an auger (3 cm diameter, 15–25 drillings per plot)
and 250 cm3-cores (six replicates per plot). The
disturbed soil samples were air dried and sieved
�2 mm. During the whole experimental period
no phosphorus (P) and potassium (K) fertilizers
were applied at any location. Treatments ‘with’
Miscanthus were compared with associated grass-
land areas (neighboured or within the field trials)
without Miscanthus, mainly cropped with Lolium
ssp.

2.2. Chemical analyses

The total carbon (C) and nitrogen (N) concen-
trations of plant and soil samples were determined
by dry combustion using a VARIO EL analyser
(Elementar Analysensysteme GmbH, Hanau,
Germany). The content of soil organic C (Corg)
was calculated by subtracting the separately deter-
mined inorganic C (dissolution with HCl and
volumetric CO2-determination) from the content
of total C. The SOM content was calculated by
multiplication of Corg with the conventional factor
1.724. The concentrations of plant available P and
K in soil were analysed by the double-lactate
method (DL), and available magnesium (Mg) was
extracted with CaCl2 (Hoffmann, 1991).

Plant samples were ashed in a muffle furnace at
550°C. The K and Mg concentrations in the ex-
tracts were determined by flame photometry spec-
trophotometry (Elex, Eppendorf GmbH,
Hamburg, Germany) and atomic absorption spec-
troscopy (AAS 30 analyser, Carl-Zeiss-Jena, Jena,
Germany), respectively. The P concentrations
were measured by spectrophotometry (Spekol 21,
Carl-Zeiss-Jena, Jena, Germany). The nutrient
contents of a Miscanthus stand were estimated by
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multiplying the concentrations of C, N, P, K and
Mg with the weight of biomass. Analogously, the
enrichment in soil was calculated.

Pyrolysis-field ionization mass spectrometry
(Py-FIMS) was carried out to investigate the influ-
ence of Miscanthus on SOM quality. Subsamples
from a reference plot (without Miscanthus) and a
plot with a planting density of three crops of
Miscanthus m−2 at site 1 were analysed. For
detailed descriptions of the Py-FIMS methodo-
logy and of statistical evaluations of sample
weight and residue, volatilized matter, and total
ion intensities (TII) see Schulten (1996), Sorge et
al. (1993) and Schulten and Leinweber (1999).

2.3. Statistical analyses

The statistical evaluations were carried out by
Statgraphics Version 7.1 (Anonymous, 1993). For
evaluating the effects of the different sites a multi-
factor ANOVA procedure was used (except har-
vested biomass at the Cambisol). Interactions

were considered at the 5% level. Differences of
biomass and soil parameters were tested by the
multiple t-test (P�0.05) for detecting least signifi-
cant differences (LSD). Evidence for significant
differences in the proportions of compound
classes, derived from the Py-FI mass spectra, was
obtained by the t-test.

3. Results

3.1. Formation and losses of biomass

Biomass at the end of the vegetation periods
ranged from 14.8 to 33.5 t DM ha−1 with an
overall mean value of 22.4 t DM ha−1. Annual
harvested biomass reached values from 6.2 to 19.8
t DM ha−1 (Table 2).

Below-ground biomass before sprouting in
spring varied between 15 and 25 t DM ha−1,
dominated by the rhizomes (65–89%). At the
same time the mass of postmortal below-ground

Table 2
Biomass structure of Miscanthus field trials

Kind of biomass Biomass (t dry matter ha−1)Period

Cambisol 2Luvisol 1 Rendzic Leptosol 4Phaeozem 3

Standing biomass (end of vegetation) 14.8a1994/95 24.0b 32.1b 17.5a

Harvested biomass 7.5� 13.5z 16.4� 6.2�

5.9B 3.5A3.8BPre-harvest losses n.d.
2.3 2.90.7Harvested residues 3.1

n.d.17.416.3n.d.Rhizomes
Roots n.d. 6.8 4.2 n.d.

Standing biomass (end of vegetation) 19.0b1995/96 17.7a 24.3a 16.6a

7.2�16.8�8.8z11.1�Harvested biomass
4.0A3.0A 3.4APre-harvest losses 4.5B

Harvested residues 1.3 n.d. 1.5 1.7
18.1 n.d.11.4Rhizomes 14.6

Roots 4.5 6.1 2.2 n.d.

Standing biomass (end of vegetation) 28.8c1996/97 23.7b 33.5 16.8a

Harvested biomass 12.6� 11.5z 19.8 8.8�

3.5A4.45.6BPre-harvest losses 7.5C

Harvested residues 2.5 3.1 n.d. 1.9
Rhizomes 12.5 16.4 n.d. n.d.

n.d.n.d.7.46.8Roots

z=calculated from the mean ratio of biomass constituents to harvested biomass at the other sites; n.d.=not determined. Same
upper case or lower case superscipt Roman respectively. �, �, � represent no significant difference (P�0.05 LSD; t-test).
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Table 3
Concentration of nutrients in the Miscanthus biomass (g kg−1 of DM, average of all trials)

Above-groundElement Below-ground biomass
(before sprouting)biomass

HarvestedHarvested Pre-harvestStanding biomass RootsWhole Rhi-zomes
lossesbiomass biomassaend of vegetation residues

Feb./March

C 476 484 465 483 448 454 429
4.40 12.8 5.27.20 11.6N 11.3 12.5
0.70 1.30 1.00P 1.701.10 1.80 1.60
8.20 14.7 13.214.8 12.5K 13.2 10.7
0.40 1.60 0.30Mg 0.60.80 0.50 1.10

110 36 93 3966 40C/N 34

a Average of rhizomes and roots considering the different biomass shares.

residues was 0.2 to 0.9 t DM ha−1, equal to
1–4% of the total below-ground biomass.

Pre-harvest losses (harvesting date February or
March), defined as the sum of senescent leaves
and shoot-tips, ranged from 3.0 to 7.5 t DM ha−1

(Table 2). These values correspond to 16–34% of
the whole above-ground biomass (harvested
biomass+pre-harvesting losses+stubble). Varia-
tion in the quantity of pre-harvest losses was a
result of the interaction between location and
weather. The actual weather conditions (intensity
of frost and wind) determined the number of
leaves either fallen (pre-harvest losses) or remain-
ing at the stems and harvested. Harvested
residues, mainly stubble, were quantified at 0.7–
3.1 t DM ha−1. This variation mainly results
from the stubble-height at harvest, which varied
between 12.4 and 22.9 cm due to the different
machinery used for harvesting and the layer of
decomposing above-ground biomass residues of
the previous year. The portion of stubble to the
whole above-ground biomass was 6–23%

3.2. Nutrient concentrations of Miscanthus
biomass

The different constituents of the Miscanthus
biomass showed specific nutrient concentrations
(Table 3). The highest concentrations of N, K and
Mg were observed in the pre-harvest losses, fol-

lowed by the below-ground biomass (rhizomes,
roots) before sprouting and the standing biomass
at the end of vegetation period. Harvested
residues and harvested biomass were character-
ized by lower concentrations of nutrients. Com-
parison of the individual nutrients showed always
the largest concentrations for K in all biomass
constituents with the exception of the roots. Until
harvest the mean concentrations of nutrients in
the plant biomass decreased to 61% (N), 64% (P),
55% (K) and 50% (Mg) of the standing biomass at
the end of vegetation period (Table 3). These
reductions are explained by losses with fallen
leaves and nutrient leaching, and by ageing of
plants (changes in dry matter content) and nutri-
ent translocation. The pre-harvest losses of
biomass also led to nutrient losses (Table 4). The
nutrient concentrations of these plant constituents
decreased on average for the Luvisol (1994/95)
and Cambisol (1995/96) by 11 g kg−1 (N), 33 g
kg−1 (P), 89 g kg−1 (K) and 66 g kg−1 (Mg)
between end of vegetation period and harvest.
These values consider a share of shoot-tips on the
pre-harvest losses by 38% (average of both sites).
The concentrations of nutrients in the mortal
rhizomes and younger vital rhizomes are shown in
Fig. 1. Comparison of N, P and K concentrations
in mortal versus vital rhizomes before sprouting
indicates that these nutrients might be translo-
cated to younger rhizomes.
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Table 4
Concentration of nutrients in the pre-harvest losses (g kg−1 of DM, average of all treatments)

CSite (number) (period) NSample P K Mg

460a 9.2a 0.7aSenescent leaves (July–November) 10.7b 1.6c

Luvisol (1) (1994/95) 467bShoot-tips (December) 17.4b 2.3b 23.4c 1.1b

476c 10.2a 0.7aMix from the ground at harvest (February)a 0.8a 0.4a

463A 10.9A 0.9A 12.5BSenescent leaves (July–November) 2.2C

427B 16.9C 1.8BShoot-tips (December) 15.5CCambisol (2) (1995/96) 1.2B

476C 12.5B 0.9A 2.2A 0.7AMix from the ground at harvest (February)a

Same upper case or lower case letters within a column represent no significant difference (P�0.05 LSD; t-test).
a Senescent leaves+shoot tips.

3.3. Effects on plant a�ailable nutrients, soil
organic matter enrichment and quality

The concentrations of plant available P, K and
Mg in the soil varied among sites depending on
parent material, sorption capacity and the level of
the previous fertilization (Table 5). The evaluation
of these values was based on guideline levels for
soil testing in Germany using the nutrient classes
‘very low’, ‘low’, ‘medium’, ‘high’ and ‘very high’
(Anonymous, 1998). For P the critical values (mg
kg−1) are�31 (very low), 31–55 (low), 56–80
(medium), 81–120 (high) and �120 (very high).
The critical values of nutrient classes for Mg are
more subdivided according to soil texture, which
led to distinctive ranges for the same class. Ac-
cordingly, the P concentrations were low to high
and the Mg concentrations were medium to very
high Mg concentration at the Luvisol (site 1) and
Cambisol (site 2). The soil samples from the
Phaeozem (site 3) and rendzic Leptosol (site 4)
were characterised by a very low P and a low Mg
concentration. There were only a few differences
in the classes of available soil P and Mg between
the treatments ‘with’ and ‘without’ Miscanthus.
Significant differences were observed in the K
concentrations of the Luvisol (site 1) and Cam-
bisol (site 2). The samples of plots ‘with’ Miscant-
hus always had a higher K concentration than
reference plots. Miscanthus cropping had no ef-
fect on the K concentrations in the Phaeozem (site
3) and rendzic Leptosol (site 4).

The Miscanthus plots were characterized by
increased Corg and Nt concentrations (Table 5).
These increases were significant for the sandy

substrates of the Luvisol (site 1) and Cambisol
(site 2). In the Phaeozem (site 3) with a higher
Corg concentration (�18 g kg−1 before Miscant-
hus cropping) the increase of Corg was smaller.
The accumulation of SOM was also obvious for
the SOM quantities, calculated from Corg concen-
tration, soil bulk density and the thickness of the
Ap horizon (0–25 cm). Treatments ‘with’ Miscan-
thus accumulated on average 11.1 t ha−1 more
SOM than the treatments ‘without’ Miscanthus.
This was calculated for the Luvisol, Cambisol and
Phaeozem (sites 1, 2 and 3). The rendzic Leptosol
(site 4) was not considered in the calculation of
SOM enrichments because of lower Corg concen-
trations in the Miscanthus plots. During the ex-
perimental period the differences in Corg

concentrations between treatments ‘with’ and
‘without’ Miscanthus increased from 1.1 to 4.6 g

Fig. 1. Concentrations of N, P, K, and Mg in rhizomes (vital
and mortal) and roots before sprouting (1996; average of the
sites 1, 2 and 3; bars represent LSD, t-test, P�0.05).
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Table 5
Contents of SOM, Corg and Nt concentrations and plant available nutrients in treatments ‘with’ and ‘without’ Miscanthus

Year Treatment with/without PLocation Corg C/N ratioNt MgSOM-storagea K
(mg kg−1) (mg kg−1)(t ha−1)Miscanthus (mg kg−1)(g kg−1) (g kg−1)

1 1994 with 9.0** 1.24 62.8** 93 283** 85 7.2
without 7.2 0.92 52.7 106 119 60 7.8

1995 with 10.6 1.40 74.6 102** 256** 72 7.6
without 9.5 1.09 70.5 67 149 70 8.7

1996 with 11.6 1.23* 78.0 78 295 72 9.4
without 9.0 0.95 65.1 76 221 56 9.5

1997 with 11.2** 1.19** 75.7** 88 249* 63 9.4
without 8.2 0.90 59.2 88 113 48 9.1

1998 with 10.2** 1.06 72.1** 59 201** 72 9.6
without 8.6 0.97 62.7 51 146 64 8.9

1999 with 12.5** 1.23** 87.3** 60 209** 93 10.2
without 7.9 0.90 57.9 59 162 71 8.8

1994 with 15.4 1.402 99.4 86 102 48 11.0
without 13.8 1.30 90.4 82 54 22 10.6

1996 with 17.5** 1.56** 110.4** 92 264** 63 11.2
without 14.5 1.31 96.6 94 123 40 11.1

3 1994 with 20.0 2.28 130.4 14 304 61 8.8
without 18.2 2.13 127.2 11 371 68 8.5

1996 with 20.1 2.20 128.4 10 255 64 9.1
without 19.2 2.17 125.8 10 294 69 8.8

1994 with 22.2 2.404 139.8 23 174 72 9.2
without 23.1 2.60 n.d. 19 139 71 8.9

1996 with 21.1 2.40 128.1 34 146 85 8.8
without 23.8 2.56 150.9 20 177 74 9.3

a Calculated by Corg×1724×bulk density (g cm−3)×depth of Ap-horizon (cm). Error probability of significant differences between ‘with’ and ‘without’ Miscanthus
*P=0.05 **P=0.01; n.d.=not determined (bulk density not determined because of high content of stones).
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Fig. 2. Thermograms of total ion intensities (upper right) and pyrolysis-field ionization mass spectra of soil samples from (a) a plot
without Miscanthus and (b) a plot with Miscanthus from the field experiment on Luvisol (sampling in spring 1999).

kg−1 in the Luvisol (site 1) and from 1.6 to 3.0 g
kg−1 in the Cambisol (site 2). In the Luvisol with
the longest experimental period, the development
of mean Corg concentrations could be described by
linear and logarithmic regression equations, which
were not significant at the P=0.05 level. How-
ever, a significant correlation was calculated with
the individual data from all plots with Miscanthus
(n=80) (Corg [g kg−1]=0.06×experimental pe-

riod [yr]−110; r=0.542***).
Pyrolysis-field ionization mass spectrometry

(Py-FIMS) was applied to assess effects of Mis-
canthus cropping on SOM quality. Fig. 2 shows
thermograms of total ion intensity (TII) versus
probe temperature and the summed Py-FI mass
spectra of soil samples ‘without’ and ‘with’ Mis-
canthus cropping. The TII thermograms show an
increase in ion intensity and a shift of the tempe-
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ratures of volatilization onset and maximum to-
wards lower temperatures in the sample ‘with’
Miscanthus. Intensive mass spectra ranging up to
m/z 500 were obtained from both samples.
Marker signals for carbohydrates (e.g. m/z 82, 84,
96, 110, 132, 162), phenols and lignin monomers
(e.g. m/z 94, 108, 124, 196, 208, 210, 212) and
alkylaromatics (e.g. m/z 134, 192, 302, 316, 330,
358) were most intensive. The spectrum from the
soil cropped ‘with’ Miscanthus covered a wider
mass range and showed larger relative ion intensi-
ties of individual mass signals. These are in partic-
ular m/z 117, 150, 162, 192, 196, 244, 256, 270,
280, and �300. Thus, there is clear indication,
that Miscanthus cropping changed the composi-
tion of SOM. A principal component analysis
with the signal intensities of m/z 50 to 550 of each
three replicate Py-FIMS measurements showed
that the first two principal components explained
68.9% of sample differences and that the two
samples could be unequivocally distinguished.

Furthermore the sample differences are also
supported by the quantitative evaluation of the
relative abundance of compound classes (Table 6).
Miscanthus cropping lead to relative enrichments
of SOM with lipids (P�0.005), sterols (P�0.010)
and free fatty acids leading to a higher hydropho-
bicity. On the other hand, carbohydrates (P�
0.010), N containing compounds (P�0.005) and
peptides were registered with larger intensities in
the references sample. The differences obtained
for the two groups of N-containing compounds
agree with the development of C/N ratios in the
Miscanthus plots which increased from 7.2 (1994)
to 10.2 (1999) at this site (Table 5).

4. Discussion

The results in Table 2 provide evidence that a
high biomass production is possible by established
Miscanthus stands in Central Europe. The yield
potential for Central European locations, as
derived from experiments in Austria (Schwarz et
al., 1993), Denmark (Nielsen, 1987) and Germany
(Himken et al., 1997; Hotz et al., 1989) was
confirmed. The variability in biomass components
at the Luvisol (site 1) can be explained by a
relative long-lasting establishment phase. At the
other sites, where the stands have been estab-
lished, the differences in annual distribution of
precipitation and soil moisture retention and
availability (Kahle et al., 1999) determined the
differences in plant growth. On average of all sites
the annual precipitation was 130 mm lower in
1995 than in 1994. The yields decreased at the sites
2 and 3. In 1996 the yields increased again due to
higher precipitation during the Miscanthus vege-
tation period compared with 1995 (Beuch, 1999).

Slight differences become obvious between the
standing biomass at the end of vegetation and the
sum of harvested biomass, pre-harvest losses and
harvested residues (Table 2). These can be ex-
plained by an possible overestimation of the
standing biomass (extrapolation from samples to
whole biomass) or underestimation of the har-
vested residues (direct harvest losses).

An assessment of Miscanthus cropping on the
investigated soil parameters has to consider both
the above-ground biomass residues and the rhi-
zomes and roots. About 4.3–10.0 t DM ha−1

yr−1 biomass (corresponding to 2.2–5.0 t ha−1

Table 6
Total ion intensities (TII), volatile matter (VM) and relative ion intensities of 10 important compound classes of soil organic matter in soils
from two plots ‘without’ and ‘with’ a 9-year Miscanthus cropping on Luvisol

SumCHYD FATTYPHLM SUBERLIPIDSamples PEPTITII STEROTII 106 NCOMPLDIMVM ALK
(%TII)(%TII)(%TII) (%TII)(%TII)(%TII)(%TII) (%TII)(%TII) (%TII)(%TII)106 counts (%w/w)

(mg−1counts
(mg−1) Corg

−1)

10.9 10.1** 0.7* 4.3 0.0 0.3‘Without’ 56.50.200* 25.3* 3.2 9.3* 10.8 4.1 5.9**
8.2 10.9‘With’ 8.10.489 1.8 3.5 0.1 1.0 56.039.1 4.9 7.5 10.1 5.0

TII=of total ion intensity; carbohydrates=CHYD, phenols+lignin monomers=PHLM, lignin dimers=LDIM, lipids=LIPID, alkylaro-
matics=ALKY, heterocyclic nitrogen containing compounds=NCOMP, sterols=STERO, peptides=PEPTI, suberin=SUBER, free fatty
acids=FATTY.
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yr−1 of C) are supplied by pre-harvest losses and
harvested residues. This amount is available for
SOM accumulation in established Miscanthus
stands (Table 2 and Table 3). Taken these
amounts, the increase of SOM results in an sur-
plus of 0.5–1.2 g kg−1 SOM yr−1 (on the basis of
50% C in organic matter, 4000 t soil ha−1) if a
microbial decomposition rate of 50% (Beuch et
al., 1998) is assumed. Furthermore, the accumu-
lated below-ground Miscanthus biomass can be
calculated to be in the range of 15–25 t DM ha−1

(11.4–18.1 t DM ha−1 rhizomes, 2.2–7.4 t DM
ha−1 roots). According to Mun (1988) and Shoji
et al. (1990) about 25% of the below-ground
biomass of Miscanthus sinensis dies off annually.
Roots have a greater impact on SOM because in
incubation experiments their C-mineralization
rate was considerably lower (about 35%) than the
corresponding rate of rhizomes (about 60%;
Beuch et al., 1998). The surplus of SOM of below-
ground residues was 1.0–1.6 g kg−1 yr−1 (rhi-
zomes) and 0.03–1.0 kg−1 yr−1 (roots).
According to these results a mean increase of the
SOM content by 4.2 g kg−1 was determined for
the Miscanthus field trials at the Luvisol (site 1)
and the Cambisol (site 2) in the period 1994–
1999. This confirms results of Katter et al. (1993),
who found an increase of SOM by 10 g kg−1 on
a holocene sand in Austria after 4 years of Mis-
canthus cropping. Furthermore, an effect of the
duration of cropping Miscanthus on the Corg con-
tents of the soil is obvious, as shown by the
significant correlation between Corg concentration
and experimental period at site 1.

At the rendzic Leptosol (site 4) the Corg concen-
trations did not increase due to Miscanthus crop-
ping. Possible reasons could be the erosion and
shallow Ap horizon at hilltop position, soil pro-
perties (high content of stones and carbonate) and
the relatively low quantities of above-ground
biomass residues (Table 3). This is in line with
results of Jodl et al. (1996), who investigated the
below-ground biomass at this site and found low
quantities of rhizomes and roots too.

Regarding the perennial character of the crop
and the high annual input of biomass residues, it
can be expected that the SOM enrichment will
continue over the cultivation period. Hence Mis-

canthus cultivation offers the possibility of an
accumulation of SOM also under Central Eu-
ropean conditions which can be the starting point
for further changes of soil properties.

We assume that the differences in the composi-
tion of SOM originate from a disproportional
enrichment of compounds from the Miscanthus
residues or from the decomposer populations.
Compared to carbohydrates and peptides which
are more easily available to soil microorganisms,
lipids, sterols and fatty acids are less decompos-
able and thus relatively enriched by Miscanthus
cropping. These compounds are also found at
higher concentrations in light density fractions
(��2 g cm−3) and coarse particle-size fractions
(Schulten and Leinweber, 1999). Therefore we
hypothesize that the lipids, sterols and fatty acids
originate from incompletely decomposed particu-
late organic matter rather than from mineral-
bound and humified proportions of SOM. These
compounds necessarily increase the hydrophobic-
ity of SOM. It was shown that hydrophobic com-
ponents of SOM are particular important for
aggregation and aggregate stability (Capriel et al.,
1990; Monreal et al., 1995) and, hence, for the
improvement of physical soil properties.

The concentrations of N, P, K and Mg in
different Miscanthus biomass constituents showed
the order: pre-harvest losses (July–November)�
below-ground biomass (before sprouting)�stand-
ing biomass at the end of vegetation
period�harvested biomass (February or March).
This agrees very well with the results of Neu-
kirchen et al. (1999) and allows the conclusion
that the storage in the below-ground biomass is
an important nutrient pool for Miscanthus. The
possibility of a nutrient mobilization out of the
rhizome at the beginning of a growth period and
a nutrient storage in the rhizome at the end of the
vegetation period is consistent with data of Greef
(1996), Himken et al. (1997), Jodl et al. (1996) and
Mun (1988).

The markedly increased concentration of plant
available K of the treatments ‘with’ Miscanthus at
site 1 and 2 can be explained by the comparatively
high K concentrations in plants (see Table 3) and
its mobility in the Miscanthus plants as well as the
subsequent transfer into soil. Especially the K
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transfer into soil probably results from the pre-
harvest biomass losses. The soil surface is covered
with these biomass constituents which form a
mulch layer. During several months this mulch
layer is leached by precipitation. Consequently,
the K concentrations in the pre-harvest-losses
clearly decrease during winter period (see Table
4). In agreement with Dahlgren et al. (1991),
Hadders and Olsson (1997) as well as Ugolini et
al. (1988) leaching of nutrients into the soil can be
assumed. Himken et al. (1997) also published K
losses due to fallen Miscanthus leaves, 14% of K
was subsequently found in the litter layer. If the
leached nutrients are still available in the rooting
zone, the nutrient cycle is closed by the nutrient
absorption from the soil at the beginning of vege-
tation period. Furthermore, the results of Shoji et
al. (1990) are confirmed, who investigated the
interaction plant–soil of Miscanthus sinensis in
North-eastern Japan and deduced circulation
rates from the ratios of nutrient absorption by the
plant and concentration in the topsoil. The
highest circulation rate was observed for K, fol-
lowed by N, P, Ca and Mg. These findings agree
with laboratory incubation experiments on the N
and C turnover of different Miscanthus biomass
constituents. These experiments showed a rapid
back-flow of Miscanthus biomass nutrients into
the soil (Beuch et al., 1996, 1998). In the present
experiments about 94 kg ha−1 K yr−1 and 68 kg
ha−1 N yr−1 were recycled to the soil by the
above-ground biomass residues (mass of stubbles
and pre-harvest-losses multiplied with the specific
nutrient concentration; average of all investiga-
tions). Because of the date of sampling pre-har-
vest losses (regularly during the whole vegetation
period) these quantities include effects of nutrient
release, leaching and decomposition. Regarding
the age of the investigated Miscanthus stands a
mean life expectancy of the below-ground
biomass of 4–6 years can be calculated for Mis-
canthus in Central Europe. After 4–6 years of
cropping only 1–4% of the rhizomes were as-
sessed as mortal and their decomposition had just
begun. Consequently, an additional amount of
about 64 kg ha −1 yr−1 of K and 60 kg ha−1

yr−1 of N was released in established Miscanthus
stands annually by the decomposition of rhizomes

and roots (mass of rhizomes and roots multiplied
with the specific nutrient concentration, assuming
an annual mortality of rhizomes and roots of
25%; average of all investigations; Beuch, 1999).

The soils at sites 3 and 4 did not show the
described increase in the concentration of plant-
available K in the Miscanthus plots. In compari-
son low K concentrations of the above-ground
biomass, the K fixing by clay minerals and the
date of the last soil sampling (autumn 1996) may
be possible reasons. Until this date the above-
ground biomass residues of the previous year were
largely mineralized. Therefore nutrients were
transferred deeper into the soil or absorbed by the
plants.

Finally, the energetic aspects of the Miscanthus
cropping will be discussed. The harvested biomass
of about 10 t DM ha−1 yr−1 equates with 10 t
polysaccharides ha−1 yr−1. Approaching a
calorific value of 17×103 J for 1 g polysaccha-
rides this means 17×1010 J for 10 t ha−1 polysac-
charides. Assuming 35×106 J energy for the
production of 1 kg mineral N fertilizer (BASF
information) the production of 100 kg N fertilizer
requires 35×108 J ha−1. In this case the energy
amount of Miscanthus harvest is about 45 times
larger than the energy amount necessary for the
production of fertilizer. The harvested biomass at
site 1 was 7.5, 11.1 and 12.6 t DM ha−1 in the
three consecutive years (Table 2). This means that
33, 49 and 55 kg N were removed from the soil
(calculated by harvested biomass in Table 2 multi-
plied with corresponding N concentration in
Table 3). Accordingly, about 50–90 kg N ha−1

yr−1 will be required to maintain the yields at
sites 1 and 3. Thus, the above calculated positive
energy balance for Miscanthus cropping is even
more improved because �100 kg mineral N ha−1

yr−1 is required and the SOM enrichment will
lead to a larger pool of mineralizable and plant-
available N in the soil.
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Böhm, W., 1979. Methods of Studying Root Systems. In:
Ecological Studies, vol. 33. Springer, Berlin.

Capriel, P., Beck, T., Borchert, H., Härter, P., 1990. Relation-
ship between soil aliphatic fraction extracted with super-
critical hexane, soil microbial biomass, and soil aggregate
stability. Soil Sci. Soc. Am. 54, 415–420.

Dahlgren, R.A., Ugolini, F.C., Shoji, S., Ito, T., Sletten, R.S.,
1991. Soil-Forming Processes in Alic Melanudands under
Japanese Pampas Grass and Oak. Soil Sci. Soc. Am. J. 55,
1049–1056.

Greef, J.M., Deuter, M., 1993. Syntaxonomy of Miscanthus×
giganteus GREEF et DEU. Angew. Bot. 67, 87–90.

Greef, J.M., 1996. Etablierung und Biomassebildung von Mis-
canthus×giganteus. Cuvillier, Göttingen.

Hadders, G., Olsson, R., 1997. Harvest of grass for combus-
tion in late summer and in spring. Biomass Bioenergy 12,
171–175.

Himken, M., Lammel, J., Neukirchen, D., Czypionka-Krause,
U., Olfs, H.-W., 1997. Cultivation of Miscanthus under

West European conditions: seasonal changes in dry matter
production, nutrient uptake and remobilization. Plant Soil
189, 117–126.

Hoffmann, G., 1991. Die Untersuchung von Böden. In: VD-
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a b s t r a c t

Biomass crops in the U.S. have the potential to reduce the dependence on foreign energy

supply, to lower net greenhouse emissions, and to diversify agroecosystems. Mis

canthus � giganteus has been extensively researched in Europe but the response to key

agronomic management factors has not been summarized. In this study we have collected

most of the relevant and up to date European literature on the response of dry biomass

production to planting density and nitrogen (N) fertilizer and we provide quantitative

estimates of the effect of these practices. The data were analyzed through non linear mixed

models which take into account the hierarchical structure of the data due to variability

among countries, locations and years. M. � giganteus responded to N fertilizer only after the

third growing season and planting density only had a significant effect on the second

growing season. The similarity among growth curves, when dry biomass production was

of thermal time, shows the stability of the cropping system against

factors.

Biofuels

Non linear mixed models

analyzed as function

other environmental
# 2008 Elsevier B.V. All rights reserved.
1. Introduction

Biofuels can be used to address three important societal

concerns: energy supply security, lower net greenhouse

emissions, and support for agriculture (Koonin, 2006). The

urgent need for a transition from nonrenewable carbon (C)

sources to renewable biosources can be realized, in part, by

dedicated biomass crops (Ragauskas et al., 2006). Mis

canthus � giganteus is an ideal biomass crop which can be

used to generate heat, power and fuel, and alleviate carbon

dioxide (CO2) emissions (Heaton et al., 2004a). It is a

perennial C4 grass with high yield potential (Heaton et al.,

2004b), efficient conversion of radiation to biomass, efficient

use of nitrogen (N) and water, and good pest and disease

resistance (Beale and Long, 1995). These are desirable

characteristics for sustainable production which can also

provide environmental services such as improved soil
* Corresponding author. Tel.: +1 217 333 9475; fax: +1 217 333 9474.
E mail address: gbollero@uiuc.edu (G.A. Bollero).

0168 1923/$ see front matter # 2008 Elsevier B.V. All rights reserve
doi:10.1016/j.agrformet.2008.03.010
quality and reduced nitrate leaching (Lewandowski et al.,

2000).

Maximizing M. � giganteus biomass productivity requires

consideration of climate, soil, genetics, and management

factors (Heaton et al., 2004a; Lewandowski et al., 2003). The

most critical phase of M. � giganteus production is planting and

establishment of the crop (Christian and Haase, 2001). M. �
giganteus is a naturally occurring sterile hybrid that must be

propagated vegetatively by either rhizomes or plantlets and this

requirement makes establishment costly (Lewandowski, 1998).

Improvements in propagation and planting technology such as

storage and mechanization of rhizome establishment are in

progress (Lewandowski et al., 2003). In addition, appropriate

temperatures and timely water supply are critical for successful

establishment of the crop (Lewandowski et al., 2000).

Growth patterns of M. � giganteus can be evaluated based

on growth across seasons and within a growing season (Fig. 1).
d.



Fig. 1 – Schematic representation of M. T giganteus growth

across three growing seasons. The arrows indicate

harvest, the solid line indicates maximum yield and the

dashed line indicates harvestable yield.

Fig. 2 – Scatter plots of M. T giganteus dry biomass and

season for Winter yield (above) and Fall yield (below). Fall

yield was harvested before December 21st and Winter

harvest after this date. Season represents the specific

growing season for the crop.
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Yearly maximum biomass yields in the fall or harvestable

biomass yields in the late fall or winter are measured to

describe growth across growing seasons. Models of growth

across seasons of M. � giganteus potential annual dry biomass

(Clifton brown et al., 2004; Price et al., 2004), have commonly

ignored the establishment phase of the crop. As a perennial

crop, M. � giganteus produces less biomass the first growing

season and annual biomass production is expected to increase

during the first 3 5 years (Fig. 1). The rate of growth depends on

environmental conditions such as soil type, precipitation, and

temperature, as well as management practices such as

harvest time, planting density, and N fertilizer application.

Describing and predicting growth patterns until ceiling yields

are realized is particularly important from the economical

standpoint since the initial investment in planting will not be

recovered immediately.

Within a growing season, M. � giganteus biomass accumu

lation normally peaks between August and October and

decreases thereafter mainly due to translocation of assim

ilates and leaf detachment (Beale et al., 1996). Yield losses

during this period range from 10 to 30% of total biomass

production (Clifton Brown et al., 2001a) and are accompanied

by lower moisture and mineral content which are desirable

characteristics (Lewandowski et al., 2000).

Common agronomical decisions in M. � giganteus produc

tion include N fertilization, initial planting density and harvest

time. Reports indicate that the response of M. � giganteus to N

fertilization is small. For example, there was a small difference

in N uptake in Rothamsted (Christian and Haase, 2001), UK

during two seasons among three N rates (i.e. 0, 60,

120 kg ha 1). Conversely, a significant response to N fertilizer

was observed with irrigation at the University of Essex, UK

(Christian and Haase, 2001) and similarly in Italy and Greece,

the highest recorded yields were obtained when the highest

rate of fertilizer was applied with irrigation (Danalatos et al.,

1998; Foti et al., 1996).

Nitrogen fertilizer requirements of M. � giganteus are low

when compared to row crops (Lewandowski et al., 2000). The

high N use efficiency is mostly a result of the ability of the crop

to recycle N (Christian et al., 2006), and of the C4 photosyn

thetic pathway (Beale and Long, 1997). This high N use
efficiency results in material low in N concentration, which is

highly desirable for direct combustion in order to minimize

pollution. Nevertheless, the high biomass yield achieved by

the crop results in nutrient off take, which needs to be

compensated with applications of N fertilizer (Beale and Long,

1997; Himken et al., 1997).

High planting density benefits the crop by improving

competition for resources with weeds, and achieving high

yields faster than when using low planting densities, yet it also

increases costs (Christian and Haase, 2001). Initial benefits of

high densities are expected to wane once the crop is mature; the

maximum dry biomass production will be the same regardless

of the initial planting density (Clifton Brown and Lewandowski,

2002). Additionally, experiments in Italy (Foti et al., 1996) and

Greece (Danalatos et al., 1998) showed that for high initial

planting densities (4 plant m 2) a large number of shoots died

back as a result of severe competition for nutrients and light.

This highlights the importance of choosing an optimal planting

density from both economical and agronomical points of view.

M. � giganteus harvestable dry biomass yield depends

strongly on harvest date (Beale and Long, 1995). The harvesting

window in M. � giganteus production is determined by the first

frost in the fall and the time of regrowth in the spring. At the

point of maximum biological yield the crop is green and the

moisture content is high. Delaying harvest after this point

improves burning quality but there are also losses of biomass

due to leaf detachment and even lodging (Lewandowski and

Heinz, 2003) thus choosing a harvest date represents a

compromise between harvestable yield and quality. In

addition, optimal harvest dates might vary among regions

depending on weather conditions (Lewandowski and

Kicherer, 1997). Lewandowski and Heinz (2003) showed that

snow precipitation before harvest caused breaking of the

upper stems and ice rain and snow caused heavy lodging.
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In the literature there are several statements about how

many years it is expected thatM. � giganteuswould maintain its

ceiling yield (Ercoli et al., 1999; Lewandowski et al., 2003;

Schwarz et al., 1994) but there are no studies which include

‘‘long term’’ yield data (i.e. the longest reported study has 12

seasons). Additionally, Jorgensen (1996) suggested that

M. � giganteus dry biomass production declines after only eight

seasons (Fig. 2). However, a closer look at this study revealed

that the lower yields were a result of extreme weather (i.e. dry

and cold) and not because the crop was deteriorating. For this

reason, the analysis did not include this study’s later years (8

12). The lack of long term experiments implies that it is not

possible to provide an accurate estimate of how long

M. � giganteus will maintain its ceiling yields. We speculate

that this will depend on soil type, climate, and management.

IfM. � giganteuswill become the carbon neutral, renewable

source of heat, power and fuel of the future (Hall and Scrase,

1998) it will be beneficial to quantitatively summarize the

effects of the most relevant management practices. Also, a

quantitative description of the growth patterns should help

identify the fundamental constrains on productivity as well as

providing predictions for potential biomass yield where this

information is lacking.

A large number of studies have focused on different aspects

of M. � giganteus production yet this information has not been

summarized. The limitation lies in part, in that many of these

studies have not been published in peer reviewed literature. On

the other hand, most modeling efforts have ignored the initial

phase of the crop which typically lasts 2 5 years (Price et al.,

2004).Still,muchof thesedatacan providevaluable information

if appropriate methods are used to analyze it. The general

framework of meta analysis (Gurevitch and Hedges, 2001) and

non linear mixed models are used here to distill the relevant

information from the vast amount of published literature.

The objectives of this analysis are: (1) to describe

M. � giganteus growth across seasons in different environ

ments as affected by N fertilization and planting density, and

(2) to describe M. � giganteus growth within a growing season

and the factors affecting it.
2. Materials and methods

2.1. Database compilation

A literature search of primary research was conducted with

Silver Platter (Ovid Technologies, New York, NY) and Web of

Science (ISI, Philadelphia, PA) electronic databases and

through location of studies included in the references. The

criteria for including studies in the analysis were different for

the different aspects of M. � giganteus growth. The literature

search was divided into those studies which included multiple

biomass measurements within a growing season and those

which reported only final biomass. Studies that reported final

biomass only were further divided in those studies which

reported biomass before December 21st (Fall yield) and after

this date (Winter yield). It would be important to establish a

relationship between harvest time and dry biomass produc

tion, however few studies reported both harvest times. For the

analysis of dry biomass production across seasons no attempt
of establishing this relationship was carried out. A description

of the studies used in the analysis across seasons and within

seasons can be found in Tables 1 and 2, respectively. The

variables included in the database were: location, country,

year, experiment, growing season, planting date, number of

stems, Fall yield, Fall moisture, day of harvest (fall), Winter

yield, Winter moisture, day of harvest (winter), plant height,

planting density, mean air temperature, total precipitation,

and N fertilizer rate.

In some studies the initial planting density was higher than

the effective final density because weather conditions during

the winter months caused loss of plants. The planting density

used in the analysis is always the final effective planting

density. Unless information is provided regarding winter kill,

it was assumed that the planting density reported is the final

effective planting density.

2.2. Statistical analysis

The first step in the statistical analysis was to define

conceptually the structure of the data and the experimental

unit. The clustering structure was organized with the country

as the first level, the second level was the location and the third

level was the experiment. This error structure was modeled as

random effects, because the interest was not to predict yield

for specific locations or countries but rather to study the effect

of management variables on the growth patterns of

M. � giganteus. Some studies reported data from different

countries, and it was considered safe to regard data coming

from different countries, although reported in the same study,

as being independent (Gates, 2002; Miguez and Bollero, 2005).

The database used to investigate the growth patterns of

M. � giganteus within a growing season included multiple

biomass harvests within a growing season rather than just one

harvest (Table 2). In this case the covariate used was thermal

time. Accumulated thermal time (TT) was calculated by

accumulation of daily average air temperature (Ta) over the

growing season, from the first (d1) to last day (dn),

TT
Pdn

i d1
Ta

i . The weather data reported in each study were

used or it was estimated from weather records from the

closest weather station available.

2.2.1. Description of the database and preliminary analysis
There were 31 studies included in the analysis of dry biomass

across seasons (Table 1). Many studies included data from

several countries and multiple seasons. Therefore, there were

645 observations total. From all the studies included in the

analysis, 55% were obtained from journal articles, 39% from

conference proceedings, and 6% from book chapters. Before

the statistical analysis was carried out, data obtained from

Winter harvests were explored and some specific observations

were not included in the subsequent analysis for the following

reasons. One data point from an irrigated study in Catania,

Italy, was removed from the analysis, because it was the only

season that was not irrigated. Therefore, it was considered

that this last data point does not reflect the potential

productivity at this site (the biomass production was

32 Mg ha 1 in the fourth season and 19 Mg ha 1 in the fifth).

Experimental units 116 and 117 (Fig. 3) did not provide planting

density and N fertilizer rate data so they were not included in



Table 1 – Studies included in the database for the analysis of M. T giganteus growth across seasons

Author(s) Categorya Country Location(s) Experiment

Acaroglu and Aksoy (2005) 1 Turkey Konya 110

Bao Iglesias et al. (1996) 2 Spain Rianxo 111

Beale and Long (1995) 1 England Essex 158

Beale and Long (1997) 1 England Essex 158

Bullard et al. (1995) 1 England ADAS Rosemound 156

Christian and Hasse (2001) 3 Austria St. Florian, Atzenbrugg, Markgraf,

Steinbrunn, Ilz

1 5

Christian et al. (2006) 1 England Rothamsted 146

Clifton Brown and Lewandowski (2002) 1 Germany Ihinger Hof 164

Clifton Brown et al. (2000) 1 Ireland Tipperary 155

Clifton Brown et al. (2001a) 3 Ireland TCD Dublin, Hyperion 6 23

England ADAS A Rickwood, ADAS B Rickwood,

IACR Oxford, Essex

Spain Santiago de Compostela

Portugal Lisboa

Netherlands BTG Enschede

Germany BFH Braunschweig, FAL Grosshansdorf,

LWG Frankfurt

Belgium SORGHAL Brussels

Italy ENEA A Tresaia, ENEA B Brasimone, Catania

Greece Pikermi

Clifton Brown et al. (2001b) 1 Sweden 24 89

Denmark

England

Germany

Portugal

Dalianis et al. (1996) 2 Greece Kefalonia 130

Danalatos et al. (1996) 2 Greece Xanthi 129

Danalatos et al. (1998) 2 Greece Lamia 127,128

Ercoli et al. (1999) 1 Italy Pisa 90

Foti et al. (1996) 2 Italy Catania 119

Himken et al. (1997) 1 Germany Rhine valley 109

Hotz et al. (1996) 2 Germany Veitshoechheim 140 142

Jorgensen (1997) 2 Denmark Hornum 112 117

Jorgensen (1996) 1 Denmark Hornum 118

Kahle et al. (2001) 1 Germany Klein Markow 94 97

Boitzenhagen

Guntersleben

Kilpatrick et al. (1994, 1996) 2 England ADAS Rickwood, ADAS Rosemound,

ADAS Starcross

137 139

Lewandowski (1998) 1 Germany Gutenzel, Hohenheim 159 163

Lewandowski and Heinz (2003) 1 Germany Gutenzell, Ihinger Hof, Durmersheim 143 145

Lewandowski and Kicherer (1997) 1 Germany Gutenzell, Ihinger Hof, Durmersheim 91 93

Petrini et al. (1996) 2 Italy Cervia 126

Pignatelli et al. (1998) 2 Italy ENEA A Tresaia, ENEA B Brasimone 120 125

Price et al. (2004) 1 England Buckfast, ADAS Bridget, ADAS HighM,

Boxworth, Gleadthorpe, ADAS Rickwood,

ADAS Rosemound

147 154

Rohricht and Beier (1998) 2 Germany Saxony 131 136

Schwartz et al. (1994) 2 Germany Fitchel Mountain, Niedere Gest, Ehrendorf,

Gauland, Ascherberg, Sulingen, Ehrendorf,

Hallertau, Ampermoos, Donauried, Boitzenhagen

98 108

van der Werf et al. (1993) 1 Netherlands ter Apel 157

a Category refers to the type of publication: 1, journal article; 2, conference proceedings; 3, book chapter.
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the analysis which tested these effects. After this preliminary

exploration of the data the statistical analysis was carried out.

There were 51 studies that reported dry biomass sampled in

the fall. A study by Clifton Brown et al. (2001a) reported data

for many genotypes and locations but here only M. � giganteus

data were considered. In addition, the crop failed in Denmark

and Sweden so data from these locations were not included.
The total number of observations included in this analysis was

184. The database used for the description of M. � giganteus

growth within a growing season included 11 studies. The

details of this dataset can be found in Table 2. Bullard et al.

(1995) was not used because it reported the first year of growth

only and yields were low. Christian et al. (2006) was not used

because it did not report data within the growing season.



Table 2 – Studies included in the database for the analysis of M. T giganteus growth within seasons

Author(s) Categorya Country Location(s)

Beale and Long (1995) 1 England Essexb

Beale and Long (1997) 1 England Essesxb

Bullard et al. (1995) 1 England ADAS Rosemound

Christian et al. (2006) 1 England Rothamsted

Clifton Brown et al. (2000) 1 Ireland Tipperary

Danalatos et al. (1996) 2 Greece Xanthib

Danalatos et al. (1998) 2 Greece Lamiab

Foti et al. (1996) 2 Italy Cataniab

Jorgensen (1996) 2 Denmark Hornum

Lewandowski (1998) 1 Germany Gutenzel, Hohenheim

Schwartz et al. (1994) 2 Germany Fitchel Mountain, Niedere Gest, Ehrendorf, Gauland,

Ascherberg, Sulingen, Ehrendorf, Hallertau, Ampermoos,

Donauried, Boitzenhagen

van der Werf et al. (1993) 1 Netherlands ter Apel

a Category refers to the type of publication: 1, journal article; 2, conference proceedings.
b Irrigated study.
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2.3. Statistical model

The non linear function used to describe the growth of

M. � giganteus over the years (Fig. 1) was the logistic growth

function (Thornley and Johnson, 2000),
fðxÞ f1

1þ expððf2 xÞ=f3Þ
(1)
Fig. 3 – Fixed (solid line) and individual prediction, fixed plus ra

logistic growth mixed model for M. T giganteus’ Winter yield. T

effects of nitrogen and planting density. The number in each p
In this case, f(x) is M. � giganteus dry biomass and x is the

input, more specifically, the season (year). To avoid confusion

the time covariate was termed season and growing season was

used when referring to growth in specific years. Also, season

was used rather than year because all of the studies were not

conducted at the same time. For this particular analysis the

domain of the function was defined to be the natural numbers
ndom effect [experimental unit (EU), dashed line] from a

his figure does not reflect the structure of the data or the

anel corresponds to the experiment in Table 1.
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in the across growing season analysis (the predictions are only

valid for whole numbers) and the positive real numbers for the

within growing season analysis. The units were Mg ha 1 for

M. � giganteus dry biomass and years for season. The first

parameter (f1) had a meaningful interpretation and it was the

asymptote (Asym), or the maximum dry biomass for a mature

M. � giganteus crop. The second parameter (f2) represented the

inflection point, or the point at which the crop achieved half of

the maximum dry biomass (xmid). The third parameter (f3)

was the scale (scal) and is normally an indication of the spread

of the function, but it can also be interpreted as the time

elapsed between the crop achieving half and approximately

three quarters of the maximum dry biomass. Due to the

aforementioned clustering hierarchy a mixed model was used

to implement this approach. The mixed model was described

as follows

yi jkl fðFi jkl; ni jkÞ þ ei jkl

Fi jkl Ai jklbþ Bi; jklbi þ Bi j;klbi j þ Bi jklbi jk;

bi�Nð0;C1Þ; bi j�Nð0;C2Þ; bi jk�Nð0;C3Þ ei jkl �Nð0; s2Þ

where M. � giganteus dry biomass (yijkl) depends on country (i),

location within country (j), experiment within location within

country (k), and the season (l). The function relating the covari

ate vector (nijk) to the specific parameter vector (Fijkl) was the

non linear function mentioned above (Eq. (1)). The group

specific parameter vector (Fijkl) was modeled through the

design matrix (Aijkl) for the fixed component where the para

meters were collected in the fixed parameters vector (b), plus

the design matrices for random effects with the corresponding

random effects vectors. In this formulation the experiment

were nested within location, which were nested within country,

so there are three levels of grouping. The model assumed that

the three random vectors have zero mean and a general

variance covariance matrix, (i.e. C1 for country random effects,

C2 for location within country random effects, and C3 for experi

ment within location within country random effects). A major

advantage of this mixed model was the flexibility in the

modeling of these variance covariance matrices. The errors,

(eijkl), were assumed to have zero mean and common variance.

Additionally, the random effects and the error were assumed

to follow a normal distribution. The random effects were

assumed to be independent for different countries, locations

and experiments and the within errors were assumed to be

independent for different ijkl and to be independent of the

random effects. The non linear mixed model was fitted using

the methods described in Pinheiro and Bates (2000), and it was

implemented with the R software (R Core, 2006). The modeling

process followed the principles in Pinheiro and Bates (2000)

and the nlme (Pinheiro et al., 2007) and lattice (Sarkar, 2007)

packages in R were used. Statistical modeling consisted of first

fitting a preliminary model with fixed components for the

three parameters of the logistic equation (Eq. (1)) and random

effects for the lower level of clustering which in this case is the

experimental unit or experiment. Later the N fertilization and

planting density factor were added and the clustering struc

ture with country and location. This process also involved the

simplification of the variance covariance matrix of the ran

dom effects. Thus, the final model has the clustering structure

as well as the N fertilization and planting density factors.

Residuals were checked for patterns, and autocorrelation.
Nested models were compared using likelihood ratio tests

and not nested models were compared using Bayesian Infor

mation Criteria (BIC) (Pinheiro and Bates, 2000).
3. Results and discussion

3.1. Biomass accumulation across growing seasons

3.1.1. Growth curve modeling and model selection for Winter
and Fall yield

The ceiling dry biomass yield attained by M. � giganteus in

some European countries was close to 40 Mg ha 1 (Fig. 2).

However, this yield was not realized in the first season and it

might take between 3 and 5 years until ceiling yields are

attained (Fig. 3). In addition, the growth pattern of

M. � giganteus across seasons differed among studies, which

represent different locations and countries (Fig. 3). Although

the general growth pattern was similar there was significant

variation in maximum yield potential and time elapsed until

ceiling yields were reached. A preliminary model was fitted for

Winter yield (Fig. 3) and Fall yield (Fig. 4), which did not

account for the clustering structure of the data or the effect of

other variables, such as N fertilization and planting density.

Biomass yield variability and differences in number of seasons

per study (i.e. unbalanced data) can be assessed with the

results of this preliminary model (Figs. 3 and 4). This model

assumed a general variance covariance matrix for the random

effects and did not converge. A simpler model with a diagonal

variance covariance matrix which included the Asym, xmid

and scal random effects was fitted instead. Figs. 3 and 4 are

useful in the modeling process because they provide a visual

evaluation of the potential of the model at explaining the data

as well as the agreement between observed and fitted values

identifying possible outliers. The next step was to incorporate

the effects of planting density and N fertilizer. These were

included in the models considering a linear dependency of the

parameters of the non linear model (i.e. Asym, xmid and scal)

on the effects of planting density and N fertilizer. For Fall yield

these were not statistically significant. For Winter yield

incorporating the clustering structure lead to two candidate

models and the simplest one was chosen based on a likelihood

ratio test. The test comparing a model with random effects for

xmid at the level of country and location and one without these

random effects favored the more parsimonious model ( p

value 0.66 and BIC 1576 vs. 1565). A test against a simpler

model without the random effect on the xmid at the level of

experiment was significant ( p value < 0.0001) so the model

was not further simplified. Thus, the final variance covariance

structure for country and location were simplified and a random

effect forAsym was included. For the experiment level a random

effects for Asym and xmid were included (Table 3).

3.1.2. Effects of planting density and N fertilization
Further analysis of the model included planting density and N

fertilizer and these effects were significant for Winter yield.

These variables were reported in most studies and they were

also considered to be relevant management practices. Clearly,

a higher planting density results in higher establishment cost

and application of fertilizer also results in additional costs and



Fig. 4 – Fixed (solid line) and individual prediction, fixed plus random effect [experimental unit (EU), dashed line] from a

logistic growth mixed model for M. T giganteus’ Fall yield. This figure does not reflect the structure of the data or the effects

of nitrogen and planting density. The number in each panel corresponds to the experiment in Table 1.
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the residual N can lead to high levels of N in drinking water or

contribute to pollution of surface waters (Dinnes et al., 2002).

The literature suggests that initial planting density does not

affect the ceiling yield but it does affect how fast the crop
Table 3 – Description of the non-linear mixed model which in
possible effects of other factors on the fixed part of the model

Fixed terms Winter yield

Asym xmid

Estimate 18.4 1.77

Random effects

Country (S.D.) 2.42

Location (S.D.) 4.58

Experiment (S.D.) 4.53 0.426

Residual 2.44

S.D. = standard deviation.

Asym = asymptote, xmid = half time until max yield, scal = time between
achieves maximum biomass (Clifton Brown et al., 2001b;

Jorgensen, 1996). In this case the hypothesis is that initial

planting density will affect xmid (time, in years, until half

maximum biomass) but not Asym. The results show that there
corporated the clustering structure but did not model

Fall yield

scal Asym xmid scal

0.301 24.9 1.79 0.48

8.13

5.04

2.61

4.02

half yield and 3/4 yield.



Table 4 – ANOVA table including the effect of initial planting density and nitrogen effects on the parameters of the logistic
regression

Source d.f. Error d.f. F value p value

Asym.(Intercept) 1 191 187.9 <0.0001

Asym.NRate 1 191 9.29 0.0026

Asym.PlantDensity 1 191 0.75 0.3877

xmid.(Intercept) 1 191 799 <0.0001

xmid.Nrate 1 191 0.13 0.7156

xmid.PlantDensity 1 191 5.11 0.0249

scal.(Intercept) 1 191 65.28 <0.0001

scal.Nrate 1 191 0.37 0.5424

scal.PlantDensity 1 191 0.06 0.8081

Asym = asymptote, xmid = half time until max yield, scal = time between half yield and 3/4 yield. Nrate = Nitrogen fertilizer rate (kg N ha 1),

PlantDensity = plant density (plant m 2).
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was no linear effect of initial planting density on the Asym

parameter estimate (p value 0.39) or the scal (p value 0.81)

but it significantly affected xmid (Table 4). The estimated effect

of plant density on xmid was 0.13 years/plant m 2 (lower:

0.212, upper: 0.050 years/plant m 2). This effect should be

interpreted as a decrease in the time elapsed until half of the

dry biomass as the plant density increases.

Predictions of dry biomass production across seven

seasons, four planting densities (1and 4 plant m 2), and four

N rates (0 and 100 kg N ha 1) are shown in Figs. 5 and 6.

Nitrogen fertilizer did not have an important effect for the first
Fig. 5 – Dry biomass of M. T giganteus sampled in the Winter (afte

the effect of N fertilizer rate (0 and 100 kg N haS1) each panel rep

panels represent the effect of N fertilizer rate (0 and 100 kg N haS

densities (1 and 4 plant mS2).
three growing seasons but it did seem to have a relatively

small effect on the maximum dry biomass in the long term (i.e.

Asym). These results suggest that the lack of N effect reported

in many studies could be due to the short length of

experimentation and the prevalence of studies conducted

during the first years of M. � giganteus growth. In fact, Beale

and Long (1997) estimated a fertilizer requirement for a dry

biomass production of 15 Mg ha 1 to be 92 kg N ha 1,

13 kg P ha 1, and 204 kg K ha 1 based on yearly crop off take.

Ercoli et al. (1999) described an interaction between irrigation

and N fertilization on M. � giganteus biomass production. In
r December 21st). (a) The two lines within a panel represent

resents a planting density (1 and 4 plant mS2). (b) The two
1) and the two lines within a panel represent two planting



Fig. 6 – Fitted values of M. T giganteus dry biomass production from two separate non-linear mixed models. One fitted to the

Winter yield and the other fitted to Fall yield.
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this study, there was almost no difference between rainfed and

irrigated M. � giganteus when no N fertilizer was applied,

however there was an increase in biomass of approximately

10 Mg ha 1 on irrigated fields that received 200 kg N ha 1.

Additionally, the authors provided dry biomass for the four

growing seasons, averaged over N fertilizer and irrigation

treatments of the study (15, 26, 27, and 26 Mg ha 1). The data

reported, however, were averaged over the four studied

seasons, so it was not possible to evaluate the interaction with

season. The large effect of N fertilization on M. � giganteus dry

biomass production at this location was likely due to the high

yields attained by the crop and consequently the large removal

of N from the system. This result seems to point to the relatively

simple interpretation that if no N fertilizer is added to the

cropping system, there will be a decrease in dry biomass

production in the long run. Clearly, when M. � giganteus is

harvested there is an off take of N from the soil that should be

replaced by an external source of N.

M. � giganteus is very effective in nutrient translocation

back to the rhizomes (Beale and Long, 1997). Yet, if the

continual removal of N in the dry biomass from the cropping

system is not replaced, the potential growth of the crop will

not be attained. The dry biomass production for the first

growing seasons is relatively low and thus the N requirements

will not be high. Christian et al. (2006) recovered 37.9% of

labeled N in 1 year old plants, but were able to recover 55.4%

in 2 year old plants. This study showed that M. � giganteus
becomes more efficient at utilizing N fertilizer when the crop is

at least 2 or 3 years old compared to 1 year old crop. This

information suggests that it is more efficient to apply fertilizer

to a M. � giganteus crop after the second growing season since

the requirements of the crop will be higher and the root

system will be well developed allowing for a high efficiency of

N fertilizer use.

Our analysis also suggests that considerably high yields can

be obtained with very little N fertilizer, because the difference

in the response to N fertilizer between 0 and 100 kg N ha 1 was

small compared with more typical row crops responses (Gastal

and Lemaire, 2002). Again, this is evidence of the high N use

efficiency of M. � giganteus and its ability to recycle nutrients

through the rhizome (Christian et al., 2006). As shown in

Table 4, the estimated effect of N fertilization on Asym was

0.0232 Mg ha 1/kg N ha 1 (lower: 0.0077, upper: 0.0386 Mg

ha 1/kg N ha 1). This effect should be interpreted as an

increase of 0.0232 Mg ha 1 in the ceiling yield for every

kg N ha 1 applied. A simple economic scenario, assuming a

cost of 1 US$ per N kg (including application), would indicate

that 1 Mg of M. � giganteus should be US$ 43 to recover the cost

of N application. However, fertilizer prices have increased in

recent years (http://www.ers.usda.gov/Data/FertilizerUse/)

and, for example, a projected price of 1.27 US$ per N kg

would require US$ 55 per Mg of M. � giganteus. A more

responsive site (0.0386 Mg ha 1/kg N ha 1) and 1 US$ per N

kg would require a break even value of US$ 26 per Mg of
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M. � giganteus or 33 US$ if 1.27 per N kg are assumed. This

analysis suggests a range of prices needed for M. � giganteus

biomass to justify the application of N fertilizer, but it should

also be considered that N prices are likely to increase and the

response to N fertilizer will strongly depend on soil attributes

as well as weather conditions. Additionally, the response of

crops to N fertilizer is usually better described by a non linear

asymptotic response (Gastal and Lemaire, 2002; Thornley and

Johnson, 2000). This reflects the fact that each additional unit

increase in N fertilizer application produces a diminishing

return in dry biomass production. In the range of N rates

studied here, it was not possible to detect a non linear

relationship between N fertilizer application and ceiling yields

(i.e. Asym).

Our results agree with Clifton Brown et al. (2007). For a 15

years of M. � giganteus biomass yields in Ireland, they

described an initial phase where biomass yields increased

during the first four growing seasons up to 16 Mg ha 1,

followed by a stable period with average biomass yields of

17 Mg ha 1, and finally a decline phase with lower biomass

yields (11 Mg ha 1). This is in agreement with the results of our

analysis compiled in Fig. 2. Although our evidence does not

allow for a definite statement about a deterioration of the

cropping system, a decline after approximately 10 years is

both suggested by our analysis and in agreement with Clifton

Brown et al. (2007). Additionally, Clifton Brown et al. (2007)
Fig. 7 – M T giganteus dry biomass accumulation during a growi

the fixed logistic function of the model and the dashed line is th

location/year. The estimates for the fixed component can be fo
found that M. � giganteus responded significantly to N ferti

lization after 9 years of cultivation. In our analysis a small

effect of N fertilization was observed after only 3 years

possibly because of the greater statistical power since

observations from 31 studies were included.

3.2. Environmental factors: harvest time (Fall yield vs.
Winter yield)

In general, Fall yields were higher than Winter yields because

the dry biomass sampled in the winter had losses due to leaf

drop and lodging (Fig. 2). The analysis of Fall yield did not

suggest an effect of N fertilizer rate or plant density. To allow

for a comparison between Fall and Winter harvests, a model

without the effect of N fertilizer or plant density was fitted to

both datasets and their fitted values presented in Fig. 6.

M. � giganteus’ yield normally peaks in August October and

decreases thereafter due mostly to leaf detachment. Therefore

the dry biomass recorded in the fall is higher than the dry

biomass recorded in the winter. The comparison further

reveals that countries at lower latitudes which have higher

yield potential (i.e. Portugal, Greece, and Italy) also have the

largest proportional decrease in dry biomass. A likely

explanation is that the colder climate at more northern

locations induces senescence before December 21st, which

separates fall from winter, and thus yield recorded in the fall at
ng season in different locations and years. The solid line is

e prediction based on the mixed model for each individual

und in Table 5.
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northern locations (i.e. England and Germany) has already

suffered reductions in yield from leaf drop. Conversely, yield

recorded before December 21st at southern locations (i.e.

Greece, Italy and Portugal) has not been affected by leaf drop as

much as the northern locations. Fig. 1 shows conceptually that

harvests at northern locations (in fall and winter) are better

represented by the dashed line while harvests at southern

locations are better represented by the difference between the

solid and dashed lines. The estimated fixed effect for Asym

(18.4 Mg ha 1 vs. 24.9 Mg ha 1) and the estimate of the

standard deviation (2.4 Mg ha 1 for winter and 8.1 Mg ha 1

for fall) associated with the Asym random effects in both

models also illustrate the larger variability in ceiling yields in

the fall. These results have implications for decisions

regarding harvest date since delaying harvests at northern

locations do not represent substantial biomass losses and

therefore nutrient recycling and lower moisture in the

biomass can be improved by delaying harvest as suggested

by Lewandowski et al. (2003). At southern locations harvesting

in the fall represents a much higher dry biomass production

and thus would be preferable albeit considering drying costs

and mineral content in the harvested biomass. Additionally,

commercial production of M. � giganteus should consider

other relevant economic and logistic factors such as storage,

transportation, suitable climatic conditions for harvesting,

and long term agronomic consequences.

3.3. Biomass accumulation within a growing season

3.3.1. Growth pattern within a growing season

The data included in this analysis show almost identical

growth patterns among different locations and years when dry

biomass accumulation is plotted against thermal time (Fig. 7).

Due to the lack of significant random effects no further effects

on the parameters of the model were investigated (Eq. (1)). The

parameter estimates and the 95% confidence intervals are

shown in Table 5. Countries at lower latitudes (Greece and

Italy) achieved higher yields as a consequence of the longer

growing season and higher temperatures. Conversely, coun

tries at higher latitudes (Denmark, England, Germany, Ireland

and Netherlands) achieved similar growth rates but lower

yields due to the shorter growing season. Although this result

is expected, the agreement is enhanced by uniformity of the

genetic material grown in these different locations. For

example, in Ireland, Clifton Brown et al. (2000) found a clear

relationship between thermal time and dry biomass accumu

lation. Although M. � giganteus biomass production is deter

mined in part by management practices, soil type, and other

environmental factors, the accumulated thermal time is
Table 5 – 95% Confidence intervals for the parameter
estimates in the within season growth analysis

Fixed term Lower Estimate Upper Units

Asym 38 41.3 44.6 Mg ha 1

xmid 1600 1831 2062 8C
scal 537 632 727 8C

Asym = asymptote, xmid = half time until max yield, scal = time

between half yield and 3/4 yield.
crucial for estimating potential production. The horizontal

shift among the growth curves (Fig. 7) might be revealing that

thermal time for these experiments was estimated rather than

recorded. Using the logistic growth function (Eq. (1)) and the

accumulated thermal time from the last frost in the winter

until the last frost in the Fall as input data, we obtain the

simplest statistical model used to predict M. � giganteus

potential dry biomass. The simplicity of the model is both

the most attractive feature of the function and the major

limitation (Thornley and Johnson, 2000).
4. Conclusions

The recent emphasis in biomass derived ethanol production

(Farrell et al., 2006; U.S.DOE, 2006) highlights the importance of

investigating the agronomic practices that will determine the

success of M. � giganteus as a renewable source of energy. A

quantitative relationship was given between the effect of

initial planting density and N fertilizer on the production of

dry biomass of M. � giganteus. It was shown that the delay of

harvest time has the most marked impact on locations where

the dry biomass yield potential is high. The analysis of the

growth within a season provides one of the simplest models

for predicting potential biomass production, based only on the

thermal units accumulated during the growing season. The

within growing season analysis shows that for the experi

ments being analyzed, a logistic growth function using

thermal time as the independent variable provides an

excellent fit. Naturally, these data were obtained from

experimental plots which were well managed in terms of

typical agronomic practices such as weed control, baseline soil

nutrient availability, water availability, etc. We do not argue

that these variables are less important than temperature

patterns and the length of the growing season. The data

suggest that once these agronomic practices are in place,

temperature seems to account for most of the variation in

growth patterns and it seems to be quite robust in many

different environments across Europe

The needed aggregation of data from multiple trials in

different countries and locations obtained with meta analysis

enhances the precision and accuracy of the pooled results. The

information generated in this manuscript will help improve

current management practices and the assessment of their

economical and environmental outcomes.
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Abstract: 

Growing interest in bioenergy production has increased efforts to breed for greater 

biomass through intra- and inter-generic hybridization.  Consequently, increasing 

emphasis in both sorghum (Sorghum bicolor) and sugarcane (Saccharum spp.) breeding 

and genetic research is being placed on enhancing both the quantity and quality of 

biomass and ensuring the sustainability of the crop by minimizing input requirements 

through breeding for biotic and abiotic stress tolerance.  The ability to consistently 

hybridize these species would facilitate the transport of complementary traits that 

increase adaptability, yields, and sustainability, from one crop to another.  Previous 

efforts to hybridize these crops have had limited success, but the discovery of a specific 

mutant in sorghum has eliminated at least one prezygotic barrier to fertilization.  

Techniques used to produce a significant amount of seed from crosses between sorghum 

and sugarcane are described.  Using these methods, our programs have grown 1,371 

intergeneric hybrids.  Seed set in the intergeneric crosses was affected by sugarcane 

pollinators, implying that breeding and selection of sugarcane pollen parents could 

further enhance successful hybridization.  The Sorghum x Saccharum hybrids described 

in this paper are being used for introgression of traits into both species.  Unlike previous 

attempts to hybridize these two genera, sufficient quantities of seedlings were produced 

to impose selection criteria with the goal of developing a new intergeneric cultivar with 

potential to be used for sugar or as a biomass feedstock. The long-term objective is to 

combine desirable traits of both sorghum and sugarcane.   



INTRODUCTION 

Both sorghum (Sorghum bicolor) and sugarcane (Saccharum sp.) have been identified 

as potentially dedicated bioenergy crops.  Consequently, increasing emphasis in both 

sorghum and sugarcane breeding and genetic research is being placed on enhancing both 

the quantity and quality of biomass and ensuring the sustainability of the crop through 

breeding for biotic and abiotic stress tolerance.  An ideal bioenergy crop has numerous 

characteristics including high biomass, low input requirements, sustainability, and stress 

tolerance (Perlack et al., 2005).    Biomass feedstocks have been explored in the past as a 

source of renewable energy, and today there are increasing numbers of studies assessing 

their strengths and weaknesses (Lipinsky, 1978; Clark et al., 1981;  Goldemberg, 2007; 

Burner et al., 2009).  Many of these strengths may be enhanced and the weaknesses could 

be overcome, if afforded the opportunity, by genes introgressed from other crops. 

Crop improvement through breeding relies on genetic variation within the species.  

When this variation does not exist, or is limited, breeders turn toward wide hybridization 

or transgenic approaches to exploit genes from other sources.  Transgenic approaches are 

effective for traits influenced by only a few genes and typically target a very specific 

trait.   In addition, regulatory approval is cost prohibitive and public perception is 

sometimes a problem.  For traits that are quantitatively inherited, introgression provides 

the most logical and effective approach to gene transfer, assuming that interspecific or 

intergeneric hybridization can be achieved.  The probability of successfully hybridizing 

different crop species increases when the species are more closely related.   

Sorghum is considered one of the closest relatives of the Saccharum complex, having 

diverged from a common ancestor as little as five million years ago (Al-Janabi et al., 



1994).  Guimaraes et al. (1997) illustrated this relationship by showing colinearity of 190 

RFLP probes on genetic maps of Sorghum and S. officinarum.  This close relationship has 

been recognized for some time as Saccharum x Sorghum crosses have been reported with 

limited success (Venkatraman and Thomas, 1932; Bourne, 1935; Moriya, 1940; De Wet 

et al., 1976).  Bourne (1935) also attempted the cross with sorghum as the female parent 

but was not successful.  Only recently, Nair (1999) reported on the production of 

progeny from a Sorghum x Saccharum hybridization, but the frequency of viable progeny 

was low.  From 3,670 well-pollinated florets only five seedlings were recovered.   While 

there is obvious interest in creating and utilizing these hybrids between the two species, 

progress could be hastened by increased seed set and the ability to make selections 

among the resulting progeny.   

 The primary barrier to interspecific and intergeneric hybridization in sorghum  is 

prezygotic; pollen tubes of alien species cease growth in pistils of sorghum before 

reaching the egg (Hodnett et al., 2005).  Laurie and Bennett (1989) identified a sorghum 

gene, Iap (Inhibition of Alien Pollen), that permitted maize pollen tube growth to 

continue through the ovary to the micropyle when the sorghum female was homozygous 

for iap, but the recovery of sorghum-maize hybrids was not reported.  Price et al. (2006) 

discovered that the same iap mutant removes the reproductive isolation between sorghum 

and several closely related wild taxa (S. angustum, S. macrospermum and S. nitidum) 

allowing the relatively easy production of new interspecific hybrids.   Following this 

work, Kuhlman et al. (2008) documented the backcrossing of the previously described S. 

macrospermum hybrid to cultivated sorghum through the derivation of stable inbred lines 

with confirmed introgression from S. macrospermum.  This introgression proves that 
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large segments of chromosomes can be moved across Poaceae species, which can 

facilitate the intergeneric transfer of important and quantitatively inherited traits. 

  Given the potential benefits to sugarcane and sorghum crops and the renewed 

interest in both crops as bioenergy feedstocks, there is a logical interest in hybridization 

to combine their desirable characteristics.  These characteristics include, but are not 

limited to, drought tolerance and wide adaptation from sorghum along with sugar 

concentration and perennial growth habit from sugarcane.  Another potential benefit of 

wide hybridization between the species is the possibility of introducing the seed 

production capacity of sorghum into sugarcane and, in the long-term, developing a 

sugarcane variety that can be planted from true botanical seed as opposed to the current 

labor-intensive whole-stalk or billet planting methods. The objective of this study was to 

determine if sorghum germplasm possessing the iap mutant can be used to increase the 

frequency of sorghum/sugarcane hybrids and to assess the relative effect of sugarcane 

pollinators on seed set and progeny viability.   

 

MATERIALS AND METHODS 

Production of Sorghum/Sugarcane Hybrids: Seed of Tx3361, a line homozygous for 

iap and segregating for male sterility (Kuhlman et al. in review), was planted in pots in 

the greenhouse from mid-July through mid-September to ensure flower synchronization  

between the sorghum and sugarcane plants. At the onset of anthesis, male sterile plants of 

Tx3361 were identified based on anther phenotype and isolated from unknown pollen by 

covering with a paper bag.  Sorghum/sugarcane pollinations were made at the USDA-

ARS Sugarcane Research Unit in Houma, Louisiana between late September and early 



November of 2007 and 2008.  Additional pollinations were made in College Station, Tx 

in January and February of 2009.  Tx3361 was used as the female parent.  A total of 67 

basic and commercial sugarcane breeding lines were used as male parents.  

In 2007 pollinations made in Houma were completed by dusting the sorghum panicle 

with freshly collected sugarcane pollen and by rubbing the sorghum panicle through the 

sugarcane tassel.  Male parents included one released commercial sugarcane variety, one 

released energy-cane variety, three commercial breeding lines, four S. spontaneum 

accessions, and one Erianthus accession.  Also included were six clones resulting from 

wide hybridization (basic breeding lines). These included clones resulting from the 

following crosses: one S. spontaneum x sugarcane (F1); one S. officinarum x sugarcane 

(F1); one spont complex (S. spontaneum x S. spontaneum); two F1 x sugarcane (BC1);  

one BC1 x sugarcane (BC2).  In addition, one cross was made using multiple male parents 

(a polycross).  In 2008, crosses were made by tapping tassels of a single sugarcane parent 

over the top of one to three sorghum panicles.  To improve pollen load on the panicle, 

this was followed by rubbing the sorghum panicles into the sugarcane tassels.  For a 

single cross, pollinations were repeated for 3-4 consecutive days during sugarcane 

anthesis.  Males included five commercially released sugarcane varieties, 24 sugarcane 

breeding lines, two Erianthus accessions, one S. spontaneum accession, and 13 basic 

breeding lines. The basic breeding lines included 12 F1 hybrids between S. spontaneum 

and sugarcane and one BC2. One polycross was also included in 2008.  Pollinated 

sorghum plants were returned to College Station for seed development and maturation.  

The sorghum x sugarcane crosses made in College Station were completed using five 

commercial sugarcane breeding lines from the Texas AgriLife sugarcane breeding 



program in Weslaco, TX.  Each sorghum panicle was pollinated only one time using the 

techniques developed in Houma in 2008. 

Seed Harvest and Germination: Seed was allowed to develop and mature for 46, 41, 

and 27 days post pollination in 2007, 2008, and 2009, respectively.   Seed from 2007 was 

stored from 30 to 90 d prior to germination.  A high frequency of vivipary was observed 

in 2007 resulting in a loss of hybrids.  To eliminate this problem in 2008 and 2009, seeds 

were not stored but were immediately germinated.  Prior to germination seeds were 

surface sterilized by soaking them in a liquid suspension of Captan and Apron (Syngenta) 

for at least half an hour and then immersing them in a 30% solution of ChloroxTM 

(Proctor and Gamble, Oakland, CA) bleach for 20 minutes.  Following surface 

sterilization, seeds were rinsed in sterile water and placed embryo side up in a petri dish 

containing a culture medium of Murashige-Skoog basal salts and vitamins (Murashige 

and Skoog, 1962) supplemented with 10 mg L-1 glycine, 10 mg L-1 L-arginine-HCl, 10 

mg L-1 L-tyrosine, 100 mg L-1 inositol, and 30 g L-1 sucrose, solidified with 0.7% agar 

(plant tissue culture grade, Phytotechnology Laboratories, Shawnee Mission, KS) 

(Sharma, 1999).  Petri dishes were maintained between 27 and 30 C under Gro-LuxTM 

flourescent lights (Sylvania, Danvers, MA) set to 14 hours per day.  All seeds that 

showed good root and shoot development were placed in 4” pots.  Once established, they 

were transferred to the greenhouse. 

Confirmation of Intergeneric Hybrid Plants: Intergeneric hybrids were initially 

classified by morphology.  As they developed, all hybrids exhibited numerous 

characteristics of sugarcane (e.g. height, tillering, and maturity) that the maternal parent 

did not possess.  Plants assumed to be hybrids based on morphology were confirmed 
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using somatic chromosome numbers.  Chromosome spreads were prepared from root tips 

using a method described by Jewell and Islam-Faridi (1994) with the following 

modifications. Young actively growing root tips were pretreated with a saturated aqueous 

solution of α-bromonaphthalene for 2.75 h at room temperature and fixed overnight in 

95% ethanol/glacial acetic acid (3:1 v/v).  Following fixation, root tips were rinsed 

several times with distilled water, hydrolyzed for 10 min in 0.2 M HCl and again rinsed 

in distilled water for 10 min.  Cell walls were digested for 35 to 60 minutes at 37 C with 

an aqueous solution of 5% cellulase (Onozuka R-10, Yakult Honsha Co. Ltd., Tokyo) 

and 1.0% pectolyase Y-23 (Seishin Corporation, Tokyo) at pH 4.5 and subsequently 

rinsed three times with distilled water.  Meristems were placed on a clean glass slide in 

an ethanol/glacial acetic acid (3:1) solution, macerated and spread with fine-tipped 

forceps, air-dried at room temperature for 2 d, and stained with Azure Blue.  Root tip 

spreads were examined using a Zeiss Universal II microscope (Carl Zeiss Inc., Gottingen, 

Germany) with 63X and 100X apochromat objectives.  Images were captured with an 

Optronics VI-470 system (Optronics Inc., Goleta, CA) and digitally stored and processed 

with Optimas (v. 6.1) image analysis software (Optimas Corp., Bothell, WA).    

Effect of Sugarcane Pollinator on Hybrid Seed Set: For each cross made in Houma in 

2008, the sugarcane parent, date of pollination, location of pollination, pollen rating, 

florets/panicle, seeds/panicle and seedlings produced were recorded.  Pollen rating was a 

subjective measurement determined at the time hybrid seed was harvested by observing 

the amount of pollen present on stigmas of the sorghum panicle.  The amount of pollen 

present on the stigmas was observed under a dissecting microscope and scored as 1, 2, or 



3 with 1 being the least and 3 being the most.  For each cross made in College Station in 

2009 the sugarcane parent, seeds/panicle and seedlings produced were recorded.   

To determine relative effect of location, date of pollination and sugarcane pollinator 

on seed set and pollen rating, PROC GLM in SAS v9.1 was used.  Only sugarcane males 

that had been used in at least three pollinations were included in the analysis.  All effects 

were considered fixed and only interactions involving the pollinator were included the 

analysis of variance.   

   

 RESULTS 

2007 Hybrid Seed Production, Confirmation and Growth: In the fall of 2007, a total 

of 24 pollinations were made using 17 different pollinators (Table 1).  Based on stigma 

reaction, it was apparent by two to three days post pollination that fertilization had 

occurred.  Seed development was slower and the size was smaller when compared to 

intraspecific hybridization of sorghum.  Embryo loss during seed development, and 

vivipary after development, became evident when the seed was prepared for germination. 

Further analysis revealed that these were common problems with 39% of the seed having 

no embryo, and 32% being viviparous.  Seedlings were confirmed as intergeneric hybrids 

through chromosome counts, and represented a wide range of phenotypes, ranging from 

very poor in growth to highly vigorous.   

From these pollinations, 23 of the most vigorous hybrids were transplanted to pots 

and placed in the greenhouse.  Somatic chromosome counts for these hybrids ranged 

from 56 to 64 (Fig. 1). These hybrids displayed a wide range of phenotypes but all had 

numerous long narrow leaves like sugarcane and most tillered profusely.  Two hybrids, 



L07-9S (Tx3361 x HoCP04-838) and L07-11S (Tx3361 x US06-9025) showed more 

vigorous growth than the others.  In seven months, stalks of hybrid L07-9S were 2.7 m in 

height and those of L07-11S were 3.1 m (Fig. 1).  Unlike Tx3361, both of these hybrids 

were photoperiod sensitive like sugarcane, and flowered from mid December through 

January in College Station whereas Tx3361 flowers in approximately 65 d regardless of 

planting date.  The panicles on these two hybrids, which were slightly more compact than 

those of sugarcane (Fig. 1), were male sterile, and attempted backcrossings with the 

sorghum parent did not produce seed.  In August, several stalks of each hybrid were cut 

to test for the ability to vegetatively propagate and to assess the accumulation of soluble 

sugars and their distribution. Vegetative propagation through nodal cuttings was 

successful and internode Brix values ranged from 8.5 to 19% with concentrations 

increasing with internode maturity as is seen in sugarcane (Whittaker and Botha, 1997).   

2008/2009 Hybrid Seed Production and Enhancement of Process: In 2008 a total of 

155 sorghum panicles (totaling 74,300 florets) were pollinated.  From these pollinations, 

10,347 seed were recovered, resulting in an average seed set of 14%.  Percent seed set 

was not measured in the 2009 pollinations, but it appeared similar to that observed in 

2008.  Seed was harvested 40 d and 28 d post pollination in 2008 and 2009, respectively.  

Germination rates for the 2008 seed still suffered some from vivipary.  In addition it was 

discovered that many of the embryos could not grow through the seed coat, which further 

limited germination rates in this year.  In 2009 an additional decrease in maturation time 

further reduced vivipary, and excising the pericarp prior to planting removed the seed 

coat barrier.  These minor modifications significantly improved germination rates from 

2.5% in 2007, to 5.7% in 2008, and to a much improved 33% in 2009.    
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From the combined 2008/2009 pollinations, a total of 1348 seedlings were 

transplanted to the greenhouse.  The phenotypic variation present in these hybrids was 

extensive, but all were morphologically more like sugarcane than sorghum. These 

hybrids are expected to follow growth and development patterns observed in the limited 

set of hybrids evaluated from the 2007 crosses.  

Effect of Pollinator Parent on Seed Set and Germination: Analysis of variance 

detected a significant effect of pollinator parent on seed set (Table 2), indicating that the 

source of sugarcane pollen is critical in the success of the production of intergeneric 

hybrids with Tx3361.  Tx3361 had good seed set when pollinated with sugarcane clones 

L06-024, HoCP05-904, Ho06-562 and L01-283 which had seed set rates of 53.0%, 

36.0%, 25.2%, and 24.9%, respectively.  These pollinators are of particular interest for 

the production of intergeneric hybrids, while other clones with poor seed set percentages 

(i.e. <10%) should be avoided (Table 3).   

Pollen rating in sugarcane (Table 2) is influenced by genotype and environment, 

with the date of pollination having a significant effect on pollen shed (Moore and Nuss, 

1987).  In our study, clones with a low mean pollen rating consistently produced crosses 

with low seed set, but using clones with a high mean pollen rating did not necessarily 

produce high seed set.  Six of the top seven sugarcane pollinators (defined by seed set 

percentage) had an average or above average mean pollen rating, while mean pollen 

ratings in males producing below average seed set varied (Table 3).  These results imply 

that males must not only produce high pollen ratings but that they must also have 

favorable genetic and/or genomic compatibility with Tx3361.  



Analysis of variance of the 2009 data indicated that once the seed was set, neither 

pollination environment nor sugarcane pollinator influenced percent germination.  Based 

on the current methods of managing seed production and germination, it is reasonable to 

expect between 25-40% of seed to be viable regardless of which pollinator is used and 

where the pollination is made.   

 

DISCUSSION 

An average seed set of 53% when using sugarcane pollinator L06-024 was 

unexpectedly high for an intergeneric cross, considering attempts by previous researchers 

resulted in no more than a few plants (Nair, 1999).  The high rate of seed production is 

attributed to the elimination of pre-fertilization barriers through the use of Tx3361 as well 

as compatibility of this line with particular sugarcane pollinators.  Once produced, 

management of the hybrid seed prior to germination was critical to maximize production.  

Marked increases in viable seedlings were observed in each successive crossing year as 

problems affecting germination were identified.  These increases resulted from the 

elimination of vivipary and physical barriers through early harvest and the removal of the 

pericarp.    

Eliminating hybridization barriers and improving the germination rate has 

substantially increased the capacity to generate hybrids when compared to previous work.  

Nair (1999) “thoroughly pollinated” 3,670 florets and produced five seedlings for a 

success rate of 0.13%.  In 2008, 16,813 florets were pollinated using males with a high 

pollen rating.  Of these pollinations, 162 plants were produced for a success rate of 1%.  

Assuming that “thoroughly pollinated” is equivalent to a high pollen rating, this 



represents a 7.7-fold increase in plant recovery between the 2008 crossing season over 

results reported by Nair (1999).   As modifications were made to the seed treatment, an 

additional 6-fold increase in recoverable progeny was achieved in 2009.  Thus, the 

combined increases resulted in approximately a 40-fold increase in recovered progeny 

when compared to the previous report.   

A limited number of male parents were screened in the current study.  It is logical to 

assume that further screening will uncover additional compatible sugarcane pollinators 

that will expand production of intergeneric hybrids by increasing seed set and by 

improving seed quality.  Therefore continued screening of Saccharum pollinators will be 

necessary to identify the best males for intergeneric hybrid production.  The capacity to 

produce large-scale quantities of intergeneric Sorghum/Saccharum hybrids opens a wide 

range of possibilities for genetic improvement of sugar and bioenergy crops. While 

successful hybridization between sorghum and sugarcane, S. spontaneum, and early 

generation Saccharum hybrids, are described in this study, there is a need to determine 

the range of germplasm that can be hybridized using the developed lines and techniques.  

It may be possible to hybridize sorghum with other grasses of the Poaceae (e.g. 

Miscanthus, Erianthus, etc.) to facilitate introgression of positive traits among the 

genera/species.   

The genetic and phenotypic variation present among the newly developed 

Sorghum/Saccharum hybrids presents significant opportunities.  Given the amount of 

variation present and the large numbers of hybrids produced, segregation is expected to 

allow for the selection of elite hybrids.   Even in 2007, the lowest of the three reported 

years for seedling production, there was enough variation among the 23 viable seedlings 



to select two that were visually superior to the others based on agronomic type.  Further 

characterization of these two selected seedlings, as well as characterization of of future 

selections is necessary to determine unique strengths and weaknesses of the hybrids.   

Selected hybrids can be used to introgress large genomic regions that control valuable 

quantitative traits from one species to the other.  For example, the potential to transfer 

drought tolerance from sorghum to sugarcane or to introgress enhanced sugar production 

from sugarcane into sorghum could significantly influence energy and sugar production 

throughout the world.  Because the initial F1 hybrids appear to be steriledo not produce 

seed when crossed with sorghum, cytological manipulations will likely be needed, but 

established procedures provide approaches to mitigate this obstacle (Kuhlman et al., 

2008).   

If the F1 hybrids possess unique and desirable agronomic characteristics and they 

perform well in agronomic trials, there is the potential to develop a new intergeneric 

hybrid crop.  For example, a “sorcane” hybrid with high sugar accumulating capacity and 

enhanced water-use efficiency may be valuable as either a seed or vegetatively 

propagated crop.  Additional research and development on sorghum seed parents and 

sugarcane pollinators must be completed to maximize seed production and development 

to make seed propagation a viable option. However, the germplasm and techniques 

described will produce seed quantities suitable for introgression, selection, and testing 

purposes.  
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Table 1.  Sugarcane parents used in the sorghum x sugarcane crosses listed by year and 

location of cross.  Number of panicles pollinated, number of seed produced and number 

of seedlings grown are listed by pollinator.  Male parents are described by generation as 

released energy cane (REC), commercial breeding line (CBL), released sugarcane (RSC), 

S. spontaneum (spontaneum), Erianthus, F1, BC1,  BC2, or polycross.  Total florets were 

counted in 2008.  

Male Generation Panicles Florets Seed Seedlings 
Houma 2007  

Ho 00-961 REC 1  4               1 
HoCP 01-517 CBL 1  8 1 
HoCP 04-838 CBL 1  59 2 
HoCP 96-540 RSC 1  46 2 
MPTH 97-003 spontaneum 1  29  
MPTH 97-107 spontaneum 1  0  
MPTH 97-194 Erianthus 2  8  
MPTH 97-218 spontaneum 1  13  
MPTH 98-388 spontaneum 1  0  
Polycrossooled Polycross 3  69              3 

US 03-145 
spontaneum 

complex 1  0  
US 03-165 F1 2  525              1 
US 03-177 F1 2  210 1 
US06Ho 06-
9014 

BC2 
2  359  

US06Ho 06-
9017 

BC1 
1  1  

US06Ho 06-
9025 

CBL 
1  152 12 

US 72-114 BC1 2   21   
Total  24  1504 23 

  
Houma 2008  

Erianthus  1 544 0 0 
HB03-364 F1 1 329 63 0 
HB03-403 F1 5 2,025 256 0 
Ho 01-564 CBL 5 3,275 334 16 
Ho 05-961 CBL 23 8,976 1,691 160 
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Ho 06-525 CBL 6 2,765 301 19 
Ho 06-530 CBL 1 975 0 0 
Ho 06-543 CBL 2 592 9 1 
Ho 06-552 CBL 2 978 10 0 
Ho 06-562 CBL 4 1,725 480 13 
Ho 06-563 CBL 1 281 85 3 
Ho 06-565 CBL 2 408 199 0 
Ho 07-613 CBL 2 1,131 316 1 
Ho 95-988 RSC 1 760 43 0 
HoCP 01-517 CBL 5 2,506 217 14 
HoCP 04-803 CBL 1 393 19 1 
HoCP 04-810 CBL 2 1,120 10 0 
HoCP 04-838 CBL 8 5,152 603 91 
HoCP 05-903 CBL 2 894 72 0 
HoCP 05-904 CBL 3 2,074 581 34 
HoCP 05-923 CBL 3 951 4 2 
HoCP 06-502 CBL 1 159 13 0 
HoCP 96-540 RSC 11 6,934 929 86 
HoL 05-953 CBL 1 240 22 0 
L 01-283 RSC 9 4,972 1,301 36 
L 06-001 CBL 1 795 31 3 
L 06-024 CBL 3 1,260 669 40 
L 06-38 CBL 2 872 32 0 
L 99-226 RSC 2 592 5 1 
L 99-266 CBL 1 475 90 21 
LCP 85-384 RSC 3 1,937 145 11 
MPTH 97-209 spontaneum 5 2,401 195 3 
MPTH 97-260 Erianthus 2 1,049 6 0 
NG 77-214 Erianthus 1 433 0 0 
Polycross Polycross 2 125 93 1 
US 02-840 CBL 1 557 2 0 
US07Ho 07-
9002 

F1 
1 532 156 2 

Ho US007-
9005 

BC2 
2 1,029 391 2 

Ho US07-9014 F1 7 3,761 204 25 
Ho US07-9016 F1 1 588 0 0 
Ho US07-9017 F1 2 516 1 0 
Ho US07-9018 F1 1 253 1 0 
Ho US07-9019 F1 2 742 271 1 
Ho US07-9020 F1 2 1,030 108 0 
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Ho US07-9023 F1 2 1,713 359 3 
Ho US07-9025 F1 3 1,160 9 0 
Ho US07-9026 F1 7 2,764 21 2 

Total  155 74,743 10,347 592 
  

Texas 2009  
TCP 00-4521 CBL 16  28 9 
TCP 01-4535 CBL 7  66 32 
TCP 02-4622 CBL 11  362 128 
TCP 03-4636 CBL 30  1,651 519 
TCP 03-4645 CBL 9   203 68 

Total  73  2,310 756 
      
Grand Total  252 74,743 14,161 1371 
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Table 2. Analysis of variance for seed set and pollen rating for seventeen sugarcane 

pollinators used to pollinate Tx3361 in Houma, La in the fall of 2008.   

 Seed Set   Pollen Rating 
Source df MS Pr>F  df MS Pr>F 
Location 3 0.031 0.216  3 0.655 0.093 
Date(Location) 14 0.025 0.283  15 0.631 0.019 
Male 16 0.047 0.010  16 0.877 0.001 
Male*Location 10 0.022 0.381  10 0.285 0.474 
Male*Date(Location) 8 0.031 0.167  9 0.739 0.016 
Error                

 



Table 3. Number of pollinations, Percent seed set on Tx3361 and mean pollinator pollen 

rating for 17 different sugarcane cultivars and/or breeding lines in the fall of 2008 in 

Houma, La.   Only pollinators that were used in at least three pollinations were included 

in this analysis.  Pollen rating for each panicle was 1 (low), 2 (medium) or 3 (high).  

Saccharum 
Pollinator Pollinations 

Seed 
set 

Pollen 
Rating  

 -----no.-----  ---%---  
L 06-024 3 53.0 2.33 
HoCP 05-904 3 36.0 2.67 
Ho 06-562 4 25.2 2.50 
L 01-283 9 24.9 2.00 
Ho 05-961 23 18.2 1.65 
HB03-403 5 15.6 1.80 
HoCP 04-838 8 15.3 2.10 
HoCP 96-540 11 13.6 1.64 
HoCP 01-517 5 10.1 1.40 
Ho 01-564 5 8.9 1.40 
Ho 06-525 5 8.6 1.80 
MPTH97-209 4 8.2 2.00 
LCP85-384 3 7.5 3.00 
Ho US07-9014 7 5.7 1.86 
Ho US07-9026 7 0.7 1.00 
Ho US07-9025 3 0.6 1.67 
HoCP 05-923 3 0.4 1.00 
Mean  14.8 1.80 
L.S.D.     18.5 0.70 
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Figure 1.  Photographs of sorghum x sugarcane intergeneric hybrids grown in College 

Station, Texas.  (A) Two seven month old sorghum x sugarcane hybrids; (B) An 

inflorescence of a sorghum x sugarcane hybrid; and (C) mitotic chromosome spread from 

a sorghum x sugarcane hybrid.  Scale bar = 10 µm.   

 

 

 

 

 
 



From: Miss Pamela Benton
To: Bill Rooney
Subject: RE: CV
Date: Tuesday, September 01, 2009 2:16:41 AM
Attachments: CV.docx

Sorry Bill,
 
Got it this time!
 
Cheers, Pam

From: Bill Rooney [wlr@tamu.edu]
Sent: Tuesday, September 01, 2009 4:39 AM
To: Miss Pamela Benton
Cc: 'Karen L Prihoda'
Subject: RE: CV

Pam

We got the information and Karen is working it now. 
 
I didn't see a C.V. attached? 
 
regards,
 
bill
 
 
Dr. William L. Rooney
Professor, Sorghum Breeding and Genetics
Chair, Plant Release Committee
Texas A&M University
College Station, Texas 77843-2474
979 845 2151 

-----Original Message-----
From: Miss Pamela Benton [mailto:pamela.benton@uqconnect.edu.au] 
Sent: Sunday, August 30, 2009 7:36 PM
To: wlr@tamu.edu
Subject: CV

Hi Bill,
 
Just checking in to make sure that everything is moving along according to plan. I sent all that
paperwork off a few weeks ago; I trust it got to you ok?
I've attached a copy of my CV, it's breif, but if there's anything else you wanted to know,
feel free to ask.
 
Cheers, Pammy Benton  



 Pamela Jane Benton 

10/19/1987  

 

33 Robert St 

Forest Hill 4345  

QLD  

Australia 

 
0407992141 

 
pamela.benton@uqconnect.edu.au 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
     
 

  

 

The Scots PGC College, QLD 

To Whom It May Concern:     

 I am in my second year of studies in a Bachelor of Applied Science with The 
University of Queensland, majoring in agronomy. 

  During my schooling I was actively involved in representative sport as 
well as community activities, displaying my ability and willingness to cooperate 
and work well within a team environment. A Rotary citizenship award, numerous 
commendations and community awards are testament to this.  

  Subsequent to completing my Higher School Certificate I worked two 
years full-time as a stationhand, whilst at the same time studying to complete two 
Certificate IV qualifications, demonstrating both my commitment, and my ability 
to manage numerous responsibilities.  

I am currently a board member of the The University of Quseensland 
(Gatton Campus) Student Association, in addition to holding positions of 
responsibility for a number of sporting clubs and competitions.    

 



Pamela Jane Benton 
 

 

Page 2 

 

2001 

Completed years 7 and 8 

 

Holy Trinity School, NSW 

2003 

Completed year 9 and School Certificate 

 

Glen Innes High School, NSW 

2005 

Completed year 11 and Higher School Certificate 

 

TAFE, Glen Innes, NSW 

2007 

Certificate IV in Woolclassing 

Certificate IV in Agriculture  

 

The University of Queensland 

2008-current 

Bachelor of Applied Science (Agronomy) 

 

 

 

E M P L O Y M E N T  
Stationhand (trainee)  
2005 – 2007 

 



Pamela Jane Benton 
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Shearing shed hand 

2006- 2007 (casual) 

 

Assistant vet nurse 

2003- 2006 

 

 

Q U A L I F I C A T I O N S  
 Certificate IV in Agriculture (Beef Production) 

 Certificate IV in Woolclassing 

 Senior First Aid Certificate 

 Chainsaw Operation (Level II) 

 Farm Chemical Accreditation 

 Forklift Operator Ticket 

 Front-end Loader Operator Ticket 

 Australian Drivers’ License 

 

 

 
R E F E REES 

Mrs Sandy Fitzgerald 

Teacher- Glen Innes High School 

Phone: 0267321322 

 

Mr Bart Trott 

Teacher- TAFE Inverell 

Phone: 0267219042 



From: Stelly David
To: Stelly David
Cc: Bill Rooney; "Avant Bob"; "Mullet John"; "McCutchen Bill"
Subject: Re: DARPA draft
Date: Thursday, September 03, 2009 10:47:56 AM
Attachments: Goal 3ds.doc

Done with this round for Objective-3:  see attached, please.

Bill and I concurred to expunge the backcrossing for trait 
introgression ... better save this for another proposal .... though we 
certainly need to do this work ... not ostensibly under this project 
funding.

David

On Sep 3, 2009, at 8:11 AM, Stelly_David wrote:

> OK ... will try to finish by 10:30.
>
> DAvid
>
> On Sep 2, 2009, at 6:36 PM, Bill Rooney wrote:
>
>> David:
>>
>> I'm going to wait for your full revision rather than get partials 
>> started
>> back and forth.
>>
>> Bill
>>
>> Dr. William L. Rooney
>> Professor, Sorghum Breeding and Genetics
>> Chair, Plant Release Committee
>> Texas A&M University
>> College Station, Texas 77843-2474
>> 979 845 2151
>>
>>
>> -----Original Message-----
>> From: Stelly_David [mailto:stelly@tamu.edu]
>> Sent: Wednesday, September 02, 2009 5:51 PM
>> To: Avant Bob; Mullet John; Rooney Bill; McCutchen Bill
>> Cc: Stelly_David David M.
>> Subject: Re: DARPA draft
>>
>>
>> I have obligations for a few hours, so I will send out now what I 
>> have
>> completed (thru Research Plan Objective-1) and resume work later.
>>
>> I simply focused on the Version that Bill Rooney shared for the WH 
>> work.
>>
>> David
>>



>>
>> On Sep 2, 2009, at 3:18 PM, Avant, Bob wrote:
>>
>>> Under the Project Deliverables section,  I think we should include
>>> logistics and economics bullets.  I won't have time until Thur 
>>> evening
>>> on way back from Albuquerque to edit more.  Have to prepare for that
>>> meeting by 9 am in morning.
>>>
>>> Bob Avant
>>> Program Director
>>> Texas AgriLife Research
>>> 979/845-2908
>>> 512/422-6171 (Cell)
>>> bavant@tamu.edu
>>> http://agbioenergy.tamu.edu
>>>
>>>
>>> -----Original Message-----
>>> From: John Mullet [mailto:jmullet@tamu.edu]
>>> Sent: Wednesday, September 02, 2009 8:06 AM
>>> To: Avant, Bob; Bill Rooney; Stelly_David Stelly
>>> Cc: McCutchen, Bill
>>> Subject: DARPA draft
>>>
>>> All,
>>>
>>> I revised the front part of our proposal and provided space for the
>>> GOAL
>>> implementation plans/budgets we are developing.
>>>
>>> Thanks,
>>>
>>> John
>>>
>>
>



From: Bill Rooney
To: "John Mullet"; "Bob Avant"; "Stelly David Stelly"
Subject: RE: DARPA R&D Draft
Date: Wednesday, September 09, 2009 7:57:00 AM
Attachments: DARPA RD Plan 90909wlr.doc

John et al.,

Per our discussion, I've gone back and merged the most recent version of Goal 1 with John's comments
and then put that revised Goal I in the draft that John sent out this morning around 7:37 am. 

Thus the most up-to-date Goal I draft is in the attached document. 

I also know that David Stelly will have some additional edits on Goal 3.  Not sure when those will be
ready, but we'll need to make sure that they replace the document that is currently in use. 

Regards,

Bill

Dr. William L. Rooney
Professor, Sorghum Breeding and Genetics
Chair, Plant Release Committee
Texas A&M University
College Station, Texas 77843-2474
979 845 2151

-----Original Message-----
From: John Mullet [mailto:jmullet@tamu.edu]
Sent: Wednesday, September 09, 2009 7:37 AM
To: Bob Avant; Bill Rooney; Stelly_David Stelly
Subject: DARPA R&D Draft

Bob, Bill and David,

I combined the latest versions of GOALs 1-3 with the Introduction of 
our proposal.  Please work from this version from now on so I can keep 
track of modifications.

I am making some suggestions on GOAL 1 for your consideration.

Thanks,

John



From: Steve Searcy
To: Bob Avant; John E Mullet; James Richardson; David M Stelly; Bill L Rooney
Cc: Bill McCutchen
Subject: RE: DARPA R&D Draft
Date: Wednesday, September 09, 2009 8:08:34 PM
Attachments: DARPA RD Plan 90909 (2).docrva-Searcy revision.doc

All
 
Sorry I was off line this morning, had to take care of classes.  After noon, I figured the time crunch was
off somewhat.
 
Attached is my revision of the latest version Bob sent.   Basically, I cut down the text in objective 1.4 so
it would better match the rest of the document.  Please get these changes into the final document.  I am
ok with the budget allocations as indicated in the document I edited.
 
Steve
 
 
Stephen W. Searcy, P.E.
Professor and Associate Head
2117 TAMU
Biological and Agricultural Engineering
Texas A&M University / Texas AgriLife Research
College Station, TX  77843

Email:  s-searcy@tamu.edu
Office phone:  979-845-3668
Fax:  979-862-3442
 
Improving Life Through Science and Technology.

>>> "Avant, Bob" <bavant@tamu.edu> 9/9/2009 9:38 AM >>>
Attached are my track changes to this version.  Mainly consistency
issues but significant.  One issue we need to resolve-- In the
introduction we only mention Phase 1 for 3 years, but under each
objective we list the budget for a 5 year program.  This is confusing.
If we are going to Phase project we need to do so throughout or just
present as a 5 year program.

I think this version looks good and we are close.

I have attached an excell spreadsheet of the budget which shows (unless
I mis-entered something) a budget of $3.15,$3.15,$5,$5,$5

Bob Avant
Program Director
Texas AgriLife Research
979/845-2908
512/422-6171 (Cell)
bavant@tamu.edu
http://agbioenergy.tamu.edu

-----Original Message-----
From: John Mullet [mailto:jmullet@tamu.edu] 
Sent: Wednesday, September 09, 2009 7:37 AM
To: Avant, Bob; Bill Rooney; Stelly_David Stelly
Subject: DARPA R&D Draft



Bob, Bill and David,

I combined the latest versions of GOALs 1-3 with the Introduction of our
proposal.  Please work from this version from now on so I can keep track
of modifications.

I am making some suggestions on GOAL 1 for your consideration.

Thanks,

John



From: John Mullet
To: Bill Rooney
Subject: Fwd: DOE FOA 0000123
Date: Tuesday, August 18, 2009 7:33:46 PM
Attachments: Salt Energy Sb Mullet.docx

ATT00011.htm
Importance: High

Bill,

How about modifying this mini-proposal and send it to GA.

John



file:///C|/Documents and Settings/Kbrashear/Local Settings/Temporary Internet Files/Content.Outlook/MJFB1BQD/ATT00011 htm[3/24/2010 11:26:29 AM]

Begin forwarded message:

From: "Avant, Bob" <bavant@tamu.edu>
Date: August 18, 2009 6:59:41 PM CDT
To: "John Mullet" <jmullet@tamu.edu>, "Bill Rooney" <wlr@tamu.edu>
Cc: <bmccutchen@tamu.edu>, <dbaltensperger@ag.tamu.edu>, "Jaroy Moore" <j-moore@tamu.edu>
Subject: DOE FOA 0000123

John and Bill,
 
General Atomics is assembling a consortium in response to a recent DOE FOA for cellulose production and they 
would like us to submit a mini proposal to develop salt tolerant energy sorghum varieties for production at Pecos 
and the Southwest.  (Ceres is also part of the consortium to evaluate compositional analysis of sorghum.) 
 
I suggested a budget of $1 million per year for 3 years including IDC.  Would you be interested in participating?  If 
so GA needs a 2 page miniproposal within a week.
 
Bob Avant
Program Director
Texas AgriLife Research
979/845-2908
512/422-6171 (Cell)
bavant@tamu.edu
http://agbioenergy.tamu.edu
 



From: Stelly David
To: John Mullet
Cc: Stelly David; Bill Rooney; Adam Helms; Bob Avant; Steve Searcy; Bill McCutchen
Subject: Re: Draft DARPA STO slides
Date: Monday, October 12, 2009 2:29:43 PM
Attachments: DARPA STO slides 081209ds.ppt

I took a little bit different approach to some slides ... you might 
compare them to what you had for text and choose according to your 
best judgment.  I put in revised png figure.  Note dup slide on 
Milestones for 3.

DS

On Oct 12, 2009, at 11:42 AM, John Mullet wrote:

> All,
>
> I have drafted a template for us to use to create the DARPA STO 
> slides.  Recall that these will be used by Doug Kirkpatrick when he 
> presents this project to the STO committee.  Clearly we will need 
> Dr. Giroir's input once we have a good draft ready.
>
> Please look over this draft.
> - modify slides pertaining to your Goal and send modifications to 
> Adam so he can create an updated version for review
> - add in 1-3 key milestones/time point for each Goal (currently 
> blank spaces).
> - I will work on Goal 2 milestones
>
> David, I did not have a final version of the WH slide (slide 12 in 
> the attached I think).  I would suggest changing letter colors where 
> they are difficult to see (orange on orange for example).
>
> Thanks,
>
> John
>
>
> <DARPA_STO slides_081209.pptx>
>
>



From: McCutchen, Bill
To: McCutchen, Bill
Cc: Avant, Bob; Schuerman, Peter L.; lrooney@tamu.edu; Turner, Nancy; Rooney Bill
Subject: RE: Draft Executive Summary
Date: Monday, September 07, 2009 11:04:32 AM
Attachments: Silver Palate McCutchen.doc

My fault Bob and Peter.  I launched the email prematurely.
 
Again, here is the Draft Executive Summary entitled ”A Collaborative Research and
Development Initiative in Sorghum to Commercialize Supersorghums for Healthy Foods”
that we discussed last week. The proposed sponsored R&D would be part in attempt to
obtain much larger sums of money from the state of Texas though a submission to the
CPRIT RFP.  We would also provide internal matching funds of over $250K for proposed
R&D in an attempt to secure approximately $1M in overall funding for these efforts.
 
We would be happy to discuss next steps.  We should also discuss how we might link your
contacts and our contacts at MD Anderson to potentially integrate the (three) institutes into
an overall proposal with Silver Palate and Texas A&M AgriLife, but this may not be
necessary.
 
Thanks again,
 
Bill 
 
--
Bill F. McCutchen, Ph.D.
Associate Director
Texas AgriLife Research
Texas A&M University System
113 Jack K. Williams Administration Building
2142 TAMU College Station, TX 77843-2142
979-845-8488 Tel
979-458-4765 Fax
bmccutchen@tamu.edu

From: McCutchen, Bill 
Sent: Monday, September 07, 2009 10:51 AM
To:  
Cc: Avant, Bob; Schuerman, Peter L.
Subject: Draft Executive Summary
 
Bob and Peter,
 
Please find attached a Draft Executive Summary
 
--
Bill F. McCutchen, Ph.D.
Associate Director
Texas AgriLife Research
Texas A&M University System
113 Jack K. Williams Administration Building
2142 TAMU College Station, TX 77843-2142
979-845-8488 Tel
979-458-4765 Fax
bmccutchen@tamu.edu
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Executive Summary 
 

The Texas A&M University System (TAMUS) and its System components, 
primarily Texas A&M University (TAMU) and Texas AgriLife Research are uniquely 
positioned to help Texas and the U.S. develop information that will lead to the utilization 
of sorghum and related products in human foods based on development of special 
sorghums with high levels of antioxidants, dietary fiber, unique phytochemicals and other 
components.  Texas A&M Agriculture has information obtained on essential components 
of sorghum that have potential food, feed and health applications. The combination of 
breeding, selection for quality components, food processing and nutritional evaluation 
and documentation will optimize the production of phytochemicals and related healthy 
components in sorghums. 

Silver Palate Foods has capabilities, expertise and infrastructure for production 
and marketing of specialty health foods based on sorghum.  Collaboration between Texas 
A&M Agriculture and Silver Palate Foods could potentially include other institutions, 
industries, and government agencies to help address genetic, agronomic, production, and 
processing components as well as policy, trade, marketing, and educational parameters. 

Texas A&M Agriculture and Silver Palate wish to collaborate with MD Anderson 
to further test and evaluate special sorghum products as anti-cancer agents.  This would 
or could involve participation in long term research to develop special sorghums with 
optimum levels of unique polyphenols and other components.  The A&M team includes 
Dr. Turner a nutritionist who has documented that sorghum bran containing 3-
deoxyanthocyanins and tannins have the ability to suppress colon carcinogenesis in a rat 
model of colon cancer.  She has initiated research to determine if similar brans, including 
high tannin and black sorghum brans, can reduce inflammation and adipose deposition, 
which may be one mechanism contributing to the reduction in colon cancer.  Dr. Awika 
has demonstrated that black and tannin sorghum extracts significantly reduce colon and 
esophageal cancer cell growth in vitro. Other research done elsewhere has suggested that 
special sorghums are effective against different cancer cells. 

L. Rooney’s lab has found sorghums with unique 3-deoxyanthocyanins, high 
levels of flavanones and flavones, and high levels of condensed tannins. The factors 
affecting the levels of these components are being determined and his lab is providing 
analytical support to the Texas AgriLife breeding programs that is developing new 
hybrids to provide optimum levels of the active components. 

 
Research Activities 
a) Intersection of obesity, inflammation and carcinogenesis (N. Turner):  N. Turner 
has demonstrated that sorghum bran containing 3-deoxyanthocyanins and condensed 
tannins suppress colon carcinogenesis through their ability to beneficially influence 
endogenous antioxidant enzyme activities, and suppress proliferation and enhance 
apoptosis. These brans also influence short chain fatty acid production by the microbiota 
present in the colon, which affects energy available for colon epithelial cell metabolism.  
These effects will likely influence both the inflammatory status of the colon and reduce 
the nutrients available for adipose tissue growth.  This potential is being evaluated in a rat 
model of inflammatory bowel disease in which we will document changes in the 
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expression of several inflammatory mediators, nutrient transporters, and receptors on 
colon epithelial cells that recognize the colon bacteria. 
 
b) Starch digestibility (L. Rooney, Awika): A process for utilization of sorghum brans 
has been disclosed suggesting that tannin sorghums heated with starch forms polymers 
that are slowly digested.  Rapidly digestible starch (RDS), slowly digestible starch (SDS) 
and resistant starch (RS) contents will be measured for key treatments that we think may 
produce reduced caloric value and increased fiber foods. This will include combinations 
of different types of sorghum in in vitro assays demonstrated to confirm that some 
sorghums produce highly indigestible products when heat-processed. Comparisons will 
be made with other appropriate cereal flours and brans. 
 
c) In vitro measurements of cancer chemoprevention potential of sorghum (J. 
Awika): Studies will be conducted using cancer cell lines to provide key information on 
how sorghum compounds can suppress cancer initiation or reduce cancer cell growth.  
The objectives include measurements of Phase II detoxifying enzymes because an 
enhancement of these enzymes would increase our ability to detoxify potential 
carcinogens and thus reduce cancer initiation.  The other objective will be to determine 
proliferation in order to document how the various sorghum varieties/compounds affect 
growth of pre-formed cancer cells. We will use human esophageal (OE33) and colon 
(HT-29) carcinoma cells for this assay.  
 
d) In vitro anti-inflammatory properties (J. Awika): The anti-inflammatory potential 
of sorghum bran isolates will be determined in the same cell lines by measuring their 
ability to inhibit hyaluronidase activity because its activity is typically increased in 
chronic inflammation, and thus inhibiting the enzyme activity could reduce adverse 
effects of chronic inflammation.  
 
e) Flavonoid profiling and antioxidant properties (L. Rooney).   We have effective 
methods to determine phytochemicals in sorghums using HPLC. We will provide detailed 
analysis of the components in sorghum brans and extracts that are used in feeding trials 
and in vitro tests of their efficiency as anticancer agents. We will develop faster, less 
expensive methods to predict sorghum flavonoids and antioxidant activity levels using 
NIR analysis. Such methods would improve the efficiency of the breeding process.  
Traditional profiling and quantification methods for flavonoids and antioxidant activity 
(HPLC, UV-Vis spectroscopy, and LC-MS) will continued to determine the effect of 
environment and genotypes on bioactive compounds.  
 
f) Genetic x environment analysis of antioxidant content (L. Rooney and W.L. 
Rooney):  The sorghum improvement programs of Texas AgriLife Research have 
worked with specialty black, tannin, and lemon yellow sorghum parental lines and 
hybrids for the past five years.  From these programs, selected lines and hybrids of each 
type were planted in four locations in Texas (Weslaco, Corpus Christi, College Station 
and Halfway) to determine the effect of environment on antioxidant and flavonoids.  In 
each location, agronomic data will be taken to determine adaptation and grain quality. 
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g) Food Products (L. Rooney/Awika):  The effects of food processing on estimated 
glycemic index, starch properties, antioxidants, and bioactives of sorghum-based foods 
will be determined.  Breads with and without tannin sorghums and their brans, a 
traditional porridge (high moisture), and extruded sorghum products like cheerios will be 
compared for EGI, RS, and other components. These sorghum products will also be 
assayed for bioactivity as described previously. 
 
Projected Budget Needs per Year for Years for CPRIT match 
In vivo rat studies $75,000 
 Dr. N. Turner  
In vitro screening 60,000 
 in human cancer cell lines 
Analysis/food processing 50,000 
Breeding/agronomics 50,000 
  $235,000 



From: John Mullet
To: Bill Rooney
Subject: Re: Energy R-line genetic diversity analysis
Date: Tuesday, August 18, 2009 2:46:22 PM
Attachments: UPGMA 18742 NgoMIV markers in 30 lines.pptx

ATT00072.txt

Attached.
On Aug 18, 2009, at 12:59 PM, Bill Rooney wrote:



From: Bill Rooney
To: "Delroy Collins"; "dustin borden"; "Karen L Prihoda"
Subject: RE: f405 br
Date: Monday, August 10, 2009 9:30:00 PM
Attachments: 405 F6 Inventory.doc

405 F4 Inventory.doc
405 Inventory F4 and F6.xls

Inventory for the 405 selections.  I assumed that if there was a brix value that 2 selections were taken
from those rows.  F4 and F6 inventories are on separate sheets. 
 
bill
 
 
Dr. William L. Rooney
Professor, Sorghum Breeding and Genetics
Chair, Plant Release Committee
Texas A&M University
College Station, Texas 77843-2474
979 845 2151 

-----Original Message-----
From: Delroy Collins [mailto:delroy@tamu.edu] 
Sent: Monday, August 10, 2009 5:41 PM
To: Bill
Subject: f405 br

Bill:
 
Brix references:
 
F6 13.5% - harvested in a.m.
F4  16.0% - harvested in p.m.
 
Mr. S. Delroy Collins, Research Associate
Sorghum Breeding and Genetics
Dept. of Soil & Crop Sciences
Texas A&M University
370 Olsen Blvd.
College Station, TX 77843
delroy@tamu.edu
(979) 845-2151
 
 



From: Lloyd Rooney
To: Bob Avant; Bill McCutchen
Cc: David Baltensperger; Bill A Dugas; Bill L Rooney
Subject: Re: Fw: Proposed Conference Call
Date: Tuesday, September 01, 2009 2:23:10 PM
Attachments: Sorghumblurbssuperhealthfoods..doc

Draft of Sorghum Benefits as a SUPERHEALTHFOOD.  These are a starting point for the one page
summary we talked about . They are a starting point for consideration.  Best Lloyd R

>>> "McCutchen, Bill" <bmccutchen@tamu.edu> 8/31/2009 7:23 PM >>>
Bob,

Per our call, the saga continues...

From: McCutchen, Bill 
To:   
Cc: 'wlr@tamu.edu' <wlr@tamu.edu>;   Slovacek,
Jackie 
Sent: Mon Aug 31 19:08:20 2009
Subject: Re: Proposed Conference Call 

I would like to elaborate and propose topic for any telecon discussion...

I see the goal as a teaming agreement, which will express that we (TXAM, SilverPalate, MD?) are
working towards obtaining funding to support research in the area of developing phytochemical-rich
(antioxidants and anti-cancer cmpds) sorghums - quantify the health (e.g. potential preventive cancer)
benefits thereof. 

Under the agreement, the parties would agree that if funding is obtained, SP would receive a license to
any lines that are the subject of research as well as any novel discoveries from "extracts" used in tissue
culture, animal (and/or clinical trials vis-à-vis MDA) RD.  Also, any new sorghum lines and corresponding
future RD would be included in the same license to SP.

Again and bottom-line, is that we need a significant level of sponsored RD to help cover match by the
state and by internal funding by AM and NSP - not extraordinary levels, but enough to show commitment
to our faculty, State of TX, and TXAM over 4 year period. 

I have little IF ANY doubt that such a commitment and collaboration would pay huge dividends for all.

Let us know.

Thanks,

Bill

From: McCutchen, Bill 
To   
Cc: 'wlr@tamu.edu' <wlr@tamu.edu>;   Slovacek,
Jackie 
Sent: Mon Aug 31 18:17:34 2009
Subject: Proposed Conference Call 

Bob and Peter,

I think it would be prudent for the 4 of us to have a telecon sometime this week (the earlier the better) to



discuss several items - opportunities and previous issues. This way we can hopefully align thoughts and
expectations on how we might proceed, and make sure we are not wasting anyone's valuable time or
resources.

Does this sound reasonable? If so I will ask Jackie to arrange the timing/logistics.

Thanks,

Bill

From: Robert M. Harris  
To: McCutchen, Bill 
Cc: Bill Rooney <wlr@tamu.edu>; Lloyd Rooney <lrooney@tamu.edu>; Turner, Nancy; Peter Harris

 
Sent: Mon Aug 31 17:56:50 2009
Subject: Re: meeting on September 8 at 4 PM at MDACC 

We always believed that and that is why we want to be associated with you. I finally realized that
there is a point of difference in our basic plan of action. That explains why you are wanting
“significant” funding from a corporate partner (and we want you to avoid that and allow us to do a
major clinical study (FDA accepts no animal studies). My feeling is that MDA should pay its own way
if they get funding while we supply product and pay for consumer support. Our idea, Bill, is to not
expect a miracle cure from sorghum of any type but to include it in a dietary approach of “balanced”
ANTIOXIDANTS. This is the only grain to offer that benefit and to create a dietary program for
patients and non-patients alike involving high levels of fruit, vegetables, whole grains and sorghum
bran. I proposed to Anderson that we use each current drug trial and feed half the patients on the
antioxidants (the other half normal diet) and then switch halves.

Yes, you are right it is worth finding out if sorghum is a miracle cure or miracle prevention therapy
but chances are, the antioxidant total diet is a better bet to win the competition and the testing
procedure. Thanks for your understanding.

Bob

On 8/31/09 6:27 PM, "McCutchen, Bill" <bmccutchen@tamu.edu> wrote:

Bob,

The other factors are many, but having and RD Alliance (and PR) with Texas AM, National
Sorghum Producers and perhaps MD Anderson might be significant to marketing as well - especially
if we secured the Cancer Grant.

Let me assure you and Peter and based on most recent history, we will be true collaborators to
include setting objectives, milestones, etc as well as protecting IP.  We now have a very good track
record. 

Bill

From: McCutchen, Bill 
To: Robert Harris  
Cc: Peter B. Harris ; Bill Rooney (wlr@tamu.edu) <wlr@tamu.edu>;
Slovacek, Jackie 
Sent: Mon Aug 31 15:46:50 2009
Subject: RE: meeting on September 8 at 4 PM at MDACC 

Bob,
 



We can discuss, and yes let’s try to set a meeting.  I would like to include Bill and Lloyd
Rooney in these discussions, and we are also trying to make contact with MD Anderson
through our other collaborator Nancye Turner – who will be conducting cell line and animal
studies at A&M.  Would like her to attend as well; so that we are all on same page.
 
I have cc:d Jackie to see if we can arrange a time to talk and/or set up a meeting as you
propose.
 
Bill
 

--

Bill F. McCutchen, Ph.D.
Associate Director
Texas AgriLife Research 
Texas A&M University System
113 Jack K. Williams Administration Building
2142 TAMU College Station, TX 77843-2142
979-845-8488 Tel
979-458-4765 Fax
bmccutchen@tamu.edu

From: Robert Harris  
Sent: Monday, August 31, 2009 1:19 PM
To: McCutchen, Bill
Cc: Peter B. Harris
Subject: Re: meeting on September 8 at 4 PM at MDACC

Keep in mind, Bill that MDACC also wants us to help them sponsor clinical testing. With
the pressure to launch the advertising and marketing of a new line to the consumer and
research that may or may not relate to that research activity, my thought would be for you
to meet with MD Anderson on the 8th of September with us and, perhaps, meet with us
beforehand in Houston to negotiate how best we can work together and make important
contributions to the state as well as the nation.

Much of the research that could have great credibility with the world at large would be MD
Anderson medical research - or at least to consider that possibility. Although cancer
therapy and prevention is not directly related to our project, we are interested in helping
make gains in that area. Since MDACC would possibly be a major partner with both you
and us, is that not something that should be considered by the University? 

This morning, a research oncologist stated that he believes a 3-way partnership can jointly
get more funding from the state (with whom they also have been in contact) for a clinical
cancer  study - or at least to explore it. I'm willing if you are.Let us talk.

Bob

----- Original Message ----- 



From: McCutchen, Bill <mailto:bmccutchen@tamu.edu> 

To: Robert Harris   

Cc: Peter B. Harris   

Sent: Monday, August 31, 2009 1:53 PM

Subject: RE: meeting on September 8 at 4 PM at MDACC

Robert,
 
With the recent TX Cancer Initiative, we are indeed looking for a potential
corporate partner to sponsor R&D especially as it relates to the
characterization of different sorghum extracts and their potential anti-cancer –
therapeutic and/or preventative components.  This proposed R&D would also
look at other health factors.  At this time there are 3 primary PIs that will
conduct characterization to include cell-culture and animal studies here at
A&M.  I think we are clear on the sorghum lines.  The bottom-line is that we
are seeking significant sponsored RD (funding) to leverage as a match to
RFP, which will also include matching $ from Texas A&M.  If you and
SilverPalate sponsored this R&D you would more than double your
investment and have first rights to any IP property developed.
 
Thanks,
 
Bill 
 

--

Bill F. McCutchen, Ph.D.
Associate Director
Texas AgriLife Research 
Texas A&M University System
113 Jack K. Williams Administration Building
2142 TAMU College Station, TX 77843-2142
979-845-8488 Tel
979-458-4765 Fax
bmccutchen@tamu.edu

From: Robert Harris  
Sent: Monday, August 31, 2009 11:31 AM
To: McCutchen, Bill
Cc: Peter B. Harris
Subject: meeting on September 8 at 4 PM at MDACC

I will call you but wanted to give you time to think about the issues. When
Peter called me on a trip to Washington to say you would not be continuing
the discussions with us since you were looking for a corporate partner to go
after state funding, we regretted that decision but went on about our
business. That included:

1. Completing our product and market plan  development.



2. Introducing our Grain Berry line in test markets. (Kroger approved all
seven SKUs) for test marketing as well as other retailers.

3. Discussion with MDACC for testing our products - with no particular
motivation about state funding at that time. However, MDACC was very
aware of that program and was intending to pursue it.We have a meeting set
up for September 8 and I would like to invite your attendance to explore the
opportunity without making a final determination.

4. Discussion with Dr. Kenneth Hayes of Brandeis University to do animal
testing of our products with no final decision at this time.

I'm attaching one of the latter discussions we had with Peter with his
comments in blue and ours in red. Since we could not seem to get together
based on our successful experience with licensing in the past, we finally
proposed a straight royalty program with minimum guarantee to allow the
Rooney's to hire help in their endeavors. That is more than we had with
Brandeis who earned major royalties on Smart Balance sales with no
guarantees on volume or level of royalty.

Be assured, we have no argument about your owning the sorghum lines you
develop and have developed. Quite the contrary is the case.

I will call you.

Bob



Sorghum Functionality as a SUPERFOOD or SUPERHEALTHFOOD:  
 
Black sorghums are the only known common source of unique 3-
deoxyanthocyanins that are stable food colorants which induce strong 
chemoprotective and anti-inflammatory response in human cell cultures.  
 
High levels of FLAVANONES and FLAVONES are found in sorghums which make 
them an excellent source of rare anti-inflammatory compounds.  
 
Sorghum non-grain tissues have very high levels of unique flavanoids  which are  
potential co-products of biomass conversion to alcohol.  
 
Sorghums contain large quantities of condensed tannins that bind proteins and 
carbohydrates and reduce the digestion of foods which provides relief to type II diabetics 
and overweight humans.  
 
The condensed tannins provide anti-cancer activities as measured by in vivo and in vitro 
tests in several laboratories around the world especially for colon cancer. 
 
These special sorghums are easily grown, processed into a wide variety of foods and are 
inexpensive sources of antioxidants with reduced starch hydrolysis .   
 
The black and tannin sorghums have large quantities of pigments that are extremely 
stable and could be used as natural pigments and anti-imflammatory treatments.  
 
Sorghum is a popular food choice among Celiacs.  It provides an inexpensive healthy 
ingredient for a wide variety of foods enjoyed by gluten intolerant people. Flavor varies 
from bland for white sorghums to a strong whole grain flavor for the pigmented 
sorghums.  
 
Unique sorghums can be produced, stored and processed into a wide array of food 
products and extracts for SUPERHEALTHFOODS .   They may prevent type II diabetes, 
gastro intestinal and inflammatory diseases  
 
Special sorghums produce natural, stable pigments that compete with synthetic colorants.   
 
Sorghum can be processed to concentrate the phenols effectively by abrasive milling 
procedures as used in rice polishing/   This causes a 4-5 fold increase in tannins and 
antioxidants depending on the sorghum.   
 
Sorghum can be easily produced, stored and processed into a wide array of extracts and 
milled fractions for various applications to enhance antioxidants in food systems ranging 
from granola bars to extruded RTEBC, snacks etc etc.    
 
Special hybrids are available or are being developed to provide high levels of different 
active components.   They can be protected via plant variety protection.    



From: Travis Miller
To: Steve Hague; "Russell Jessup"; Bill L Rooney
Cc: David Baltensperger
Subject: Re: FW: Departmental Visits
Date: Tuesday, August 18, 2009 4:48:17 PM
Attachments: oilseedsl.docx

Bill;
See attached.
Travis

>>> "Bill Rooney" <wlr@tamu.edu> 8/18/2009 3:40 PM >>>
Travis, Russ, Steve

As you may have seen, Dr. Hussey will be here for a discussion on
departmental opportunities on August 26th.  Dr. Baltensperger has asked me
to present on activities/opportunities in the bioenergy
production/improvement areas, with specific reference to ongoing activities
and future opportunities.   

We have very limited time (5 minutes) so I'm leaning toward a simple outline
(single page) provided to Hussey and a discussion (no slides).   A draft
outline follows: if you can add/delete and/or provide your comments, I sure
would appreciate it.  

Regards, 

Bill 

OUTLINE of Bioenergy Activities/Opportunities for the Department

1. Algal Bioenergy Production - "agronomics" of algae production for
oil/cellulose, etc.  This program complements current activities in the GA
project and these will be major issues if algal production progresses past
small testing.  

2. Oilseed Agronomics/Improvement
a. Agronomics (Chevron Funded Projects) (Travis - please help here)
b. Oilseed improvement 
Steve - update on your activities, funding opportunities
(ties to Chevron)
Travis - peanut improvement is ongoing, anything else here?

3. Perennial Grasses - Russ - please give me a few highlights

4. Sorghum
Agronomy - Ceres, Federal Funds
Energy Sorghums - Ceres
Wide Hybridization Platform and connection to perennial energy
grasses (including genomics via Chevron)

5.  ANYTHING ELSE (ie, who else should be contacted?)



Dr. William L. Rooney
Professor, Sorghum Breeding and Genetics
Chair, Plant Release Committee
Texas A&M University
College Station, Texas 77843-2474
979 845 2151 

-----Original Message-----
From: David Baltensperger [mailto:DBaltensperger@ag.tamu.edu] 
Sent: Tuesday, August 18, 2009 10:13 AM
To: Dirk Hays; Jim Muir; C. Wayne Smith; Frank Hons; Charles Thomas
Hallmark; James L Heilman; J Cothren; Larry Redmon; Lloyd Rooney; Mark L
McFarland; Richard White; Tony L Provin; Travis Miller; Bill L Rooney
Subject: Fwd: Departmental Visits

Presentation Team:

In view of these updated directions from Dr. Hussey, please keep your
comments to five minutes maximum.  We will only be able to hit the high
points and these should emphasize the changes we would like to make.
Examples are: enhance graduate training capacity in forages, enhance water
education delivery, explore role in production of algae, expand wide
hybridization of C-4 species, develop integrated solution to aflatoxin
problems.  If you have questions please feel free to give me a call.  

I have attached a blank slide show for your use in preparing any slides that
we might want to present, but you may use any presentation type you are
comfortable with.  We would like to have any ppts loaded prior to the
meeting so would request them by noon the day of the meeting.  Please
provide on a stick or send them to Judy Young.  Thanks.   

David D. Baltensperger
Professor and Head
Soil and Crop Sciences
Texas A&M University
2474 TAMU
College Station, Texas 77843-2474

Phone 979-845-3041
Fax 979-845-0456
Email dbaltensperger@ag.tamu.edu 

>>> "Hussey, Mark" <mhussey@tamu.edu> 8/15/2009 10:39 AM >>>
All,

As you know I will be visiting each of your departments over the next few
weeks. My intention is to make a few opening remarks (< 15 minutes) and then
to have a round-table discussion with faculty (45+ minutes) on a variety of
subjects (their choice or mine). Please do not go out of your way for my
visit. I would like for it to be as informal as possible.



Mark

Mark A. Hussey

Vice Chancellor & Dean

  Agriculture and Life Sciences

113 Jack K. Williams Administration Building

2142 TAMU

College Station, TX 77843-2142

979.845.4747 (voice)

979.845.1637 (fax)



From: Steve Searcy
To: Avant, Bob; Mullet, John E
Cc: McCutchen, Bill; Richardson, James; Rooney, Bill L; Simpson, Shay; Stelly, David M
Subject: RE: GOAL 1
Date: Tuesday, September 08, 2009 9:03:07 AM
Attachments: Text.htm

I like both James and John's suggestions.  They certainly fit in with my year 1 activities of identifying
the most appropriate logistic system elements for the individual sites.  James' suggested text should be
included.  This approach tightly integrates the four objectives.

Steve

Stephen W. Searcy, P.E.
Professor and Associate Head
2117 TAMU
Biological and Agricultural Engineering
Texas A&M University / Texas AgriLife Research
College Station, TX  77843

Email:  s-searcy@tamu.edu
Office phone:  979-845-3668
Fax:  979-862-3442

Improving Life Through Science and Technology.

>>> "Avant, Bob" <bavant@tamu.edu> 9/8/2009 7:20 am >>>

Good suggestion.  Steve what are your thoughts?

Bob Avant
Program Director
Texas AgriLife Research
979/845-2908
512/422-6171 (Cell)
bavant@tamu.edu
http://agbioenergy.tamu.edu

From: John Mullet [mailto:jmullet@tamu.edu]
Sent: Tuesday, September 08, 2009 7:06 AM
To: Avant, Bob
Cc: Steve Searcy; Bill L Rooney; James Richardson; stelly@tamu.edu; McCutchen, Bill; Simpson, Shay
Subject: GOAL 1

Bob and Bill,

Would it be useful to include the following as the first objective of this goal?

1. Assess the potential for producing energy crops at sites of national security interest.

- This objective would engage DARPA and TAMU in a discussion of potential sites, an assessment of
each site in terms of production potential, environmental constraints, etc. prior to attempting to deploy
and test energy crops.  The depth of this assessment could vary of course (small scale experimental
production to GIS-based analysis on larger scales).  This activity would also allow a discussion of
production/conversion in site A with delivery to military installations.



John

On Sep 7, 2009, at 9:36 PM, Avant, Bob wrote:

I combined Steve’s and Jame’s Goal 1; please make sure I didn’t do you any harm.  Bill Rooney, please
work off this copy for your changes.

Bob Avant
Program Director
Texas AgriLife Research
979/845-2908
512/422-6171 (Cell)
bavant@tamu.edu
http://agbioenergy.tamu.edu

From: Steve Searcy [mailto:s-searcy@tamu.edu]
Sent: Monday, September 07, 2009 5:07 PM
To: Avant, Bob; Mullet, John E.; Bill L Rooney
Subject: revised Objective 3 text and budget

Bob et al.

Attached is my revised text for objective 3 based on discussion this afternoon.  There were too many
tracked changes, so I accepted them all and generated a new version.  Look at the items related to
objective 3, including the deliverable and objective 3 text.

Regarding budget, I have run some estimates for what I anticipate the work would require based on
testing in three distinct locations.

Year 1 - $250,000
Year 2 - $600,000
Year 3 - $750,000
Year 4 - $750,000
Year 5 - $750,000

These numbers are large, but getting the equipment in place for demonstrations in three different
locations will be expensive, as much of the equipment is likely not available from local custom
harvesters.  Year 2 is especially a problem as we were talking $1MM total for Goal 1.  If you tell me
what is allowable from the budget standpoint, I will cut back the scope of the activity.  If it is $250k for
year 2, that means probably one evaluation location.  Unfortunately, that will be after the end of the
Edwards DOE project, so we could not piggie back on that as one site.  I will be a team player on this,
but I wanted to let you know what my initial estimates are.

Steve

Stephen W. Searcy, P.E.
Professor and Associate Head
2117 TAMU
Biological and Agricultural Engineering
Texas A&M University / Texas AgriLife Research
College Station, TX  77843



Email:  s-searcy@tamu.edu
Office phone:  979-845-3668
Fax:  979-862-3442

Improving Life Through Science and Technology.
<Goal 1 Searcy and Richardson Combined.doc>



From: Patricia Klein
To: Stelly David
Cc: Stelly David; Bill Rooney
Subject: Re: Iap mapping objective
Date: Thursday, October 01, 2009 10:45:33 AM
Attachments: GOAL 3 Milestones Deliverables.docx

David and Bill

I have taken a first crack at the milestones and deliverables for
Goal 3, objective 5.  Please make comments/additions/corrections as
you see fit.  I included the development of a more rapid phenotypic
screen as well as the development of additional population resources
for iap mapping as part of the milestones and deliverables.  Please
look over that and make sure you are comfortable with that.  I need
to get this as well as the budget and budget justification turned in
by the end of today.

Thanks
Trish

At 08:41 AM 9/30/2009, Stelly_David wrote:
>I had class all yesterday and have annual reports and other paperwork
>due today.  Due to those obligations, I realistically can address this
>seriously tonight and tomorrow, but not before.  I will meet briefly
>again today with George to talk about specifics for the WH.
>
>David
>
>On Sep 30, 2009, at 8:35 AM, Patricia Klein wrote:
>
>>David and Bill
>>
>>Attached is a budget for Goal 3 objective 5 as well as a budget
>>justification.  Please provide me with any feedback that you feel is
>>appropriate.  I have also talked with John to include additional
>>funding in years 3-5 for the Illumina DGA work that he intends on
>>materials coming from the wide hyb breeding program.  If something
>>is missing or needs adjustment please do not hesitate to point it
>>out.  Since this is due tomorrow I am just trying to get the numbers
>>to work out to what was originally proposed.
>>
>>When it comes time to develop the GANTT chart on quarterly
>>activities, I will need your input as to how long it will take to
>>develop additional materials for high res mapping, development of
>>the rapid phenotypic screen, etc.  Based on our earlier
>>conversations, I know that it will likely take ~9 months during year
>>1 to phenotype Les's original population but will need help with the
>>other activities that you guys will be associated with.
>>
>>Thanks
>>Trish
>>
>>
>>



From: Pamela White
To: Bill Rooney
Subject: RE: INTSORMIL - Years 4 & 5
Date: Thursday, August 20, 2009 10:51:38 AM
Attachments: Year Four.xls

Dr. Rooney:

Attached is the revised budget.  Please let me know if it looks OK.

We will submit the budgets/workplans once we have done the routing.

Thanks,
Pam

>>> "Bill Rooney" <wlr@tamu.edu> 8/20/2009 10:26 AM >>>
Pam:

The student will be a 12 month appointment at 50% time.  Thus the tuition
should be based on 24 hours 9 Fall/9 Spring/6 Summer.

The US tuition is to pay for another student who's salary is supported on
another source of funding (from which we cannot pay tuition and fees).  So,
I need that reinstated at the same rate as the funded student. 

Once you make these changes, see how close it is to the funding level of
105,000.  If there is a difference you can make appropriate adjustments to
the materials and supplies category (U.S.)

Questions, please call me on my cell phone (79 220 1951). 

Finally, will you submit to INTSORMIL or should I send? 

Regards,

Bill

Dr. William L. Rooney
Professor, Sorghum Breeding and Genetics
Chair, Plant Release Committee
Texas A&M University
College Station, Texas 77843-2474
979 845 2151

-----Original Message-----
From: Pamela White [mailto:pwhite@rf-mail.tamu.edu]
Sent: Thursday, August 20, 2009 8:43 AM
To: wlr@tamu.edu
Subject: INTSORMIL - Years 4 & 5
Importance: High

** High Priority **

Good Morning Dr. Rooney:



I am working on the budget/routing for the INTSORMIL Continuation Proposal.
Attached is a preliminary budget.  Quick question - is the graduate student
one student who will work on the project 25% time on behalf of El Salvador
and 25% time on behalf of Nicaragua for a total of 50% time, 9 months?
Also, I took tuition out of the US category since the grad. student was not
budgeted there.  It made a difference in the figures.  Please just look this
over and let me know what changes you wish to make.

Thanks,
Pam

Pam White
Senior Proposal Administrator I
Texas A&M Research Foundation
400 Harvey Mitchell Parkway South
Suite 100
3578 TAMU
College Station, TX  77845
(979) 845-6273
(979) 862-3250 (fax)
E-mail:  pwhite@rf-mail.tamu.edu
http://rf-web.tamu.edu



on behalf of on behalf of
DIRECT COSTS US El Salvador Nicaragua TOTAL

Salaries
     William Rooney 0 0 0 0
        Principal Investigator
        11% Time, 12 Cal Mo.

     To Be Named 0 10,000 10,000 20,000
        Graduate Student
        50% Time, 12 Cal. Mo. 

     Student Workers 5,654 0 0 5,654
        Hourly As Needed

   _________  _________  _________  _________
        Subtotal 5,654 10,000 10,000 25,654
              _________  _________  _________  _________
  Total Salaries and Wages 5,654 10,000 10,000 25,654
  Fringe Benefits 548 2,128 2,128 4,804

   _________  _________  _________  _________
  Total Personnel Costs 6,202 12,128 12,128 30,458

     Materials & Supplies 18,358 3,500 3,500 25,358

     Travel 5,000 0 0 5,000

   _________  _________  _________  _________
  Modified Total Direct Costs (MTDC) 29,560 15,628 15,628 60,816

     Tuition - $344/hr x 24 hrs 8,256 4,128 4,128 16,512
   _________  _________  _________  _________

  Total Direct Costs 37,816 19,756 19,756 77,328

INDIRECT COSTS
   Indirect Costs     MTDC *45.5% 13,450 7,111 7,111 27,672

   _________  _________  _________  _________
TOTAL PROJECT COSTS $51,266 $26,867 $26,867 105,000

Texas A&M Research Foundation
RF# 0902141

Project Dates: 9/30/2009 - 9/29/2010

YEAR FOUR



Medical & Fringe Calculations

Monthly FTE Salary Mon. Ins Actual % Months Name Fringe Benefits
Year 1 Year 2 Year 3 Total

10,788.75 $129,465 659 0% 12 Rooney 0 0 0 0

3,333.33 $40,000 386 25% 12 Grad Student 0 2128 2128 4256

Student Workers 548 0 0 548



From: LRooney@ag.tamu.edu
To: Eheinric
Cc: LRooney@ag.tamu.edu; PLittlej@ag.tamu.edu
Subject: Re: INTSTORMIL Program Review
Date: Friday, October 16, 2009 10:09:23 AM
Attachments: ATT00099.bmp

EEP Review Milestones 5th Yr from L Rooney per Heinrichs Request.doc

Dr. Heinrichs:
Attached, see TAM 103 section.
Pamela (on behalf of Dr. Lloyd Rooney
 

 
 
 
 

Dr. Lloyd W. Rooney
Regents Professor and Faculty Fellow
Cereal Quality Laboratory
Texas A&M AgriLife Research
2474 TAMU
College Station, TX   77843-2474   USA
phone 979 845 2910; fax 979 845 0456
<lrooney@tamu.edu>    http://soilcrop.tamu.edu  http://tamufood.org
)
>>> On 10/9/2009 at 4:55 PM, Eheinric <eheinric@vt.edu> wrote:

INTSORMIL PIs,

USAID will be appointing an External Evaluation Panel (EEP) to review the INTSORMIL Program in Yr
4. The purpose of the evaluation is to determine whether the agreement will be terminated at the
end of the 5th year or whether the agreement will be continued for a second 5 year period. To assist
the Panel in their review our AOTR has requested that we submit for each project a list of (1)
Program objectives, (2) Targets/indicators for each objective listed and (3) Milestones (what we
expect to achieve by Yr 5 (2011) for each target/indicator. This information will be utilized by the 
EEP as one component of the review. To compile the list I have taken what you have previously
submitted (if you have) and tried  to select milestones that can  be measured by the Panel and which
we believe can be achieved. Please review the Milestones on the attached table for your respective
project and indicate any changes that you want to make.  Where there are "X"s please insert a
number. In reviewing your milestones please keep in mind that we want  to limit the Objectives and
milestones selected to only a few key ones for each project and we need to select milestones that you
can document as we have been told to expect random audits by the USAID Inspector General's
Office. Thus, if you don't agree with what I have listed for your project please indicate changes and
send me your comments by Friday, October 16 at the latest. 

Thanks,

Short

E. A. "Short" Heinrichs
Assistant Director, INTSORMIL
Research Professor, UNL Entomology
Consultant, IPM CRSP
Secretary General, IAPPS
email: eheinric@vt.edu
Phone:402-805-4748 (Home)
402-472-6011 (UNL- INTSORMIL)
Skype: short62
IAPPS website: http://www.plantprotection.org/
UNL Ent. website: http://entomology.unl.edu/
INTSORMIL website: http://intsormil.org





2. INDIVIDUAL PROJECT PERFORMANCE AND PRODUCTIVITY  
 

Projection of achievement of Targets/indicators and Milestones of each project in 
accord with workplans by Yr 5 

Project Program 
objectives1-8 

Targets/ 
indicators 

Milestones 
(5th year) 

    

Sustainable Plant Protection Systems 
 
KSU 101 
“Grain molds, mycotoxins 
and stalk rots of sorghum 
and millet” 

John Leslie,  Kansas State 
University 

 

 

1.  Supply 
chain/market 
development 

 

Grain quality 
improvement by 
reducing toxin 
content 

 
 
Recommendations to 
manage pathogens 
developed and 
disseminated to 
farmers in their local 
language 

  

2. Nutrition, health and 
grain quality  

 

Identify target toxin-
producing fungi 
which reduce 
sorghum and pearl 
millet yield and 
lower grain quality  

 
 
List of key toxin- 
producing fungi in  Mali, 
South Africa and 
Uganda sorghum and 
pearl millet developed 

  

8. Capacity building 
via short term and 
degree training 

 

Participants trained 
in degree programs, 
Fusarium Laboratory 
workshops and 
Scientific Writing 
short courses. 

 
 
X M.S. and PhD. 
degrees granted, X 
scientists trained in 
Fusarium Laboratory 
workshops and X 
persons trained in 
Scientific Writing short 
courses. 

    

 

WTAM 101 
“Ecologically based 
management of sorghum 
and pearl millet insect 
pests in Africa and the 
U.S.” 

Bonnie Pendleton, West 
Texas A&M University 

 

4. Develop and 
disseminate 
information on the 
management of biotic 
stresses to increase 
grain quality in the 
field and in storage 

 

Efficient pest 
management  tactics 
(IPM packages) 
developed  

 
Four varieties with 
insect resistance 
released 



  

 

 

 

Increased tolerance 
to grain insects and 
pathogens in 
storage 

 
 
 
20% decrease in 
insect-damaged grain 
in project sites 

Sustainable Production Systems 
 
KSU 104 
“Integrated soil,water, 
nutrient and crop 
management strategies for 
improving productivity in 
sorghum and millet-based 
cropping systems” 

P.V. Vara Prasad, Kansas 
State University 

 

3. Increase the 
stability and yield of 
sorghum and pearl 
millet through crop, 
soil and water 
management while 
maintaining or 
improving the natural 
resources of soil (land) 
and water. 

 

Increased and 
stable grain yields 
(Integrated Crop and 
Soil Management  
[ICSM] components 
identified).  

 
Identification of ICSM 
components that would 
provide 30% yield 
increase if adopted in 
project areas. 
 
Baseline: 980 kg/ha in 
low production areas. 

   

Improved crop, soil 
and  water 
management  
(integration of ICSM 
components into 
packages)  

 
 
60% of farmers in 
project areas adopting 
some components of 
the ICSM practices 

    

 
UNL 101 
“Crop, soil and water 
management to  optimize 
grain yield and quality for 
value-added markets in 
eastern & southern Africa” 

C. Wortmann, University of  

Nebraska 

 

3. Increase the 
stability and yield of 
sorghum and pearl 
millet through crop, 
soil and water 
management while 
maintaining or 
improving the natural 
resources of soil (land) 
and water. 

 

Increased and 
stable grain yields 
(Integrated Crop and 
Soil Management  
[ICSM] components 
identified).  

 
 
Identification of ICSM 
components that would 
provide 30% yield 
increase if adopted in 
project areas in 
Uganda. 

  

 

 

Improved crop, soil 
and  water 
management  
(integration of ICSM 
components into 
packages)  

 
 
50% of farmers in 
project areas in Uganda 
adopting some 
components of the 
ICSM practices 

Germplasm Enhancement and Conservation 
 
ARS 101 

 

2.  Improve the food 

 

Higher grain quality 

 

Ten millet varieties with 



“Breeding pearl millet 
with improved 
performance, stability, 
and resistance to pests”. 
Jeff Wilson, USDA  

 

and nutritional quality 
of sorghum and pearl 
millet to enhance 
marketability and 
health 

(high digestibility) 
cultivars selected 

high grain quality 
developed and 
released 

  

6. Genetic resources 
and biodiversity 

 

Higher yielding 
genotypes selected 

 
More than 400 African 
and Indian pearl millet 
acquisitions will be 
entered into the U.S. 
National Plan 
Germplasm System  
 increasing U.S. 
holdings by 36% 
 

 

 

    

 
PRF 101  
“Breeding sorghum with 
improved resistance to 
Striga and drought” 

Gebisa Ejeta, Purdue 
University 

 

4. Integrated Striga 
management 
strategies 

 

Parental sorghum 
lines with Striga 
resistance 
developed 

 
 
X parental lines with 
Striga resistance 
developed and 
provided to breeders 

  Striga resistant 
varieties adopted by 
farmers 

X Striga resistant 
varieties adopted by 
farmers and resistant 
varieties grown on  X 
acres  

    

 
PRF 104 
“Developing sorghum for 
improved grain quality, 
agronomic performance 
and resistance to biotic 
and abiotic stresses” 

Mitch Tuinstra,Purdue 
University 

 

 

 

2. Improve  the food 
and nutritional quality 
of sorghum and pearl 
millet to enhance 
marketability and 
consumer health 

 

 

Higher grain quality 
(high digestibility) 
cultivars selected 

 
 
 
One ALS-herbicide 
tolerant food-grade 
cultivar that can be 
used as a parent to 
breed food-grade 
hybrids 

 5. Enhance the 
stability and yield of 
sorghum and pearl 
millet through the use 

Stable yielding 
genotypes released 

Four stable yielding 
genotypes released 



of genetic 
technologies 

  More efficient water 
use by genotypes 
(decrease in drought 
damage) 

Eight drought tolerant 
genotypes released 

    

 
TAM 101 
“Breeding sorghum for 
improved grain, forage 
quality and yield for 
Central America” 

W. Rooney, Texas A&M 
University 

 

5. Enhance the 
stability and yield of  
sorghum and pearl 
millet through use of 
genetic technologies. 

 

Stable yielding 
genotypes 

 
Four stable yielding 
genotypes released. 

  More efficient water 
use by genotypes 
(decrease in drought 
damage) 

Six drought tolerant 
genotypes released 

    

 
TAM 102 
“Breeding sorghum for 
improved resistance to 
biotic and abiotic stresses 
and enhanced end-use 
characteristics for 
southern Africa” 

Gary Peterson, Texas 
A&M University 

 

4. Develop and 
disseminate 
information on the 
management of biotic 
stresses in an 
integrated system to 
increase grain yield 
and quality  

 

Efficient pest 
management tactics 
packages (IPM 
packages 
developed) 

 
 
Three varieties with 
genetic resistance to 
insect released for use 
in an IPM package in 
either southern Africa 
or the U.S. 

  

5. Enhance the 
stability and yield of 
sorghum through the 
use of genetic 
technologies 

 

Stable yielding 
genotypes 
developed 

 

 
Five stable yielding 
genotypes released in 
southern Africa and the 
U.S. 

Crop Utilization and Marketing 
 
KSU 102 
“Enhancing the utilization 
and marketability of 
sorghum and pearl millet 
through improvement in 
grain quality, processing 
procedures and 

 

 

1. Facilitate the growth 
of rapidly expanding 
markets for sorghum 
and pearl millet 

 

 

Increased use of 
sorghum as a feed 
source 

 
 
 
A 200% increase in the 
use of sorghum as a 
feed source in project 
areas where there has 
been little to poultry 
industry e.g. southern 



technology transfer to the 
poulry industry” 

 

Joe Hancock, Kansas 
State University 

Niger. 
Baseline: $0 

  

2. Improve the food 
and nutritional quality 
of sorghum and pearl 
millet to enhance 
marketability and 
consumer health 

 

Higher grain quality 
(high digestibility by 
poultry) cultivars 
selected 

 
Nutritional deficiencies 
in poultry diets 
decreased by 25% 

  

7.Partnerships and 
networking 

 

Develop 
partnerships with 
relevant 
stakeholders 
engaged in the 
improvement of 
sorghum and millet 
production   

 
Networks developed 
including key feed 
companies, poultry 
producers, research 
scientists and students 
at institutes in Mali, 
Burkina Faso, Niger 
and Nigeria and 
collaborative research 
with Nigerien scientists 
 

 
OSU 101  “Market 
development in support of 
sorghum and millet 
farmers in Tanzania and 
Zambia” 

J. Mark Erbaugh and 
Donald Larson 

 

 

1. Facilitate the 
growth of rapidly 
expanding markets 
for sorghum and 
pearl millet 

 

Increased farmer 
incomes 

 
 
Farmer incomes in 
project sites increased 
by 10% 

   

Increase in markets 
for sorghum as a 
feed source 

 
 
A 25% increase in 
markets for sorghum as 
a feed source in project 
area 
 

  

7. Partnerships and 
networking 

 

Effective 
partnerships with 
relevant 
stakeholders 
developed 

 
 
Effective partnerships  
developed including 
private industry, 
farmers’ associations, 
NGOs, CG Centers, 
technology transfer 
agencies and national 
research programs 
 



    

 
PRF 102 
“Product and market 
development for sorghum 
and pearl millet in West 
Africa” 

Bruce Hamaker, Purdue 
University 

 

2. Improve the food 
and nutritional quality 
of sorghum and pearl 
millet to enhance 
marketability and 
consumer health 

 

High grain quality 
varieties developed 
and released 

 
 
Two high grain quality 
varieties developed and 
released 

    

   

Increased nutritional 
quality of sorghum 
and pearl millet-
based foods (high 
starch digestibility) 

 
 
Nutritional deficiencies 
in sorghum-based 
foods  decreased by 
10% in project areas 

  

7. Partnerships and 
networking 

 

Effective 
partnerships with 
relevant 
stakeholders 
developed 

 
Working collaboration 
in Senegal, Mali and 
Niger with IER, ITA, 
NGOs e.g. Sasakawa 
Global 2000, ICRISAT 
and  10 entrepreneurs 
(women processing 
groups) in northern Mali 
(Mopti/Gao) 

    

 
PRF 103 
“Development of the input 
and product markets in 
West Africa for sorghum 
and millet” 

John Sanders, Purdue 
University 

 

 

1.Facilitate the growth 
of rapidly expanding 
markets for sorghum 
and pearl millet  

 

 

Increased yields and 
incomes 

 
 
 
Yields of sorghum 
increased from 1.0 t/ha 
to 1.5 t/ha and millet 
increased from 0.6 t/ha  
to 1.3 t/ha in project 
sites in Mali, Niger and 
Senegal  

   

Increased number of 
participants 
(farmers) and 
hectares in 
demonstration sites 
in Mali 

 
Number of participants 
and ha of 
demonstration plots in 
Mali to be increased 
from 1,000 in 2008 to 
3,000.  

  

7. Partnerships and 
networking 

 

Effective 
partnerships with 
relevant 

 
Increased number of 
collaborators e.g. 
research 



stakeholders 
developed 

agencies,,extension 
agencies, NGOs, 
farmers’ associations, 
millet food producers, 
poultry industry and 
feed mixing industry 

    

TAM 103 
“Product and market 
development for sorghum 
and pearl millet in 
southern Africa and 
Central America” 

Lloyd Rooney, Texas A&M 
University 

1. Supply chain / 
market development 

Introduce use of CTI 
Omega VI grinders 
for use in processing 
sorghum / other 
grains 

Stimulate the use of 
sorghum as a 
substitute for wheat 
and maize in 
processed foods in 
El Salvador 

Extension of this 
technology to 
Nicaragua 

Number of small 
grinders being used 
successfully 

Increased number of 
bakers using sorghum 
as a partial substitute 
for wheat in El Salvador 

Number of workshops 
and training programs 
with large and small 
bakeries, PVOS and 
food aid programs 
using the technology of 
sorghum 

 2. Nutrition, health and 
grain quality 

Develop and 
demonstrate the 
unique attributes of 
potential Super 
Health Sorghums to 
improve the overall 
image and 
marketability of 
sorghum in foods 
and nutraceuticals 

The development of 
hybrid varieties with 
high levels of unique 
phytochemicals and 
bioactive compounds 
with health-promoting 
properties 

 3. Sorghum products 
for Celiacs produced 
and technology 
accepted 

A number of different 
food products using 
sorghum commercially 

Sorghum used in 
celiac or gluten free 
diets is expanding.  
It is used in Japan 
for snacks and other 
products 

Availability of sorghum 
for use in foods is 
increasing with 
improved varieties and 
special health types in 
food products.  

 4. Training Complete graduate 
students for MS & 
PhD and short term 
training for key 
people – EAP in 
Honduras 

Upon completion of 
degrees/training, 
students will return to 
home countries to 
relevant industry and 
government positions 

    



 
UNL 102 
“Building a sustainable 
infrastructure for product 
development and food 
entrepreneur/industry 
technical support: a 
strategy to promote 
increased use of sorghum 
and millet in East Africa” 

David Jackson, University 
of Nebraska 

 

 

1. Supply 
chain/market 
development 

 

 

Stabilized 
farmer/family 
incomes by 
increasing the 
number of new food 
products created 
and women 
impacted 

 

 
 
 
Increased number (X) 
of  food products 
developed  

    
Increased number of 
entrepreneur (X) 
(women food 
processors) businesses 
established or existing 
entrepreneurs upscaled 

    

 



From: Brummett, Robert G.
To: Bill Rooney
Cc: Brummett, Robert G.
Subject: RE: Material Request Form (Selahattin Aydn)
Date: Tuesday, September 15, 2009 10:20:48 AM
Attachments: Research Material Disclosure Form - Aydin- NEEDS Q1 ANSWERED AND NAME TYPED.docx

Bill,

Could you resubmit the attached with the line ID ( -
question 1) re-completed?  I'm guessing everything else is the same for
this line.

Janie also wanted me to ask again if this was a line shared with Ceres
under an MTA - to make sure we've covered everything we need to.  I
recall in the RMD form that you didn't identify any funding this was
tied to.

Thanks,
Robert

Robert Brummett,
Licensing Associate
The Texas A&M University System
Office of Technology Commercialization
3369 TAMU
800 Raymond Stotzer Parkway
College Station, TX 77845
(979) 862-3002 direct
(979) 204-0766 cell
(979) 847-8682 office
(979) 845-1402 fax
brummettr@tamu.edu
http://technology.tamu.edu

-----Original Message-----
From: Bill Rooney [mailto:wlr@tamu.edu]
Sent: Thursday, August 13, 2009 12:47 PM
To: Brummett, Robert G.
Subject: RE: Material Request Form (Selahattin Aydn)

I assume RMDF is for the Aydin materials. 

If so, here it is. 

Bill

Dr. William L. Rooney
Professor, Sorghum Breeding and Genetics Chair, Plant Release Committee
Texas A&M University College Station, Texas 77843-2474
979 845 2151

-----Original Message-----



From: Brummett, Robert G. [mailto:brummettr@tamu.edu]
Sent: Thursday, August 13, 2009 8:59 AM
To: Bill Rooney
Cc: Brummett, Robert G.
Subject: RE: Material Request Form (Selahattin Aydn)

Thanks Bill,

I've attached the Research Material Disclosure form.

Is this material something we need to look at regarding the Ceres
agreement?

I know things are busy, but we need to get the disclosure forms for the
other recent agreements we've done - do you want me to get with Karen on
that?

Thanks,
Robert

-----Original Message-----
From: Bill Rooney [mailto:wlr@tamu.edu]
Sent: Thursday, August 13, 2009 6:14 AM
To: Brummett, Robert G.
Subject: RE: Material Request Form (Selahattin Aydn)

Robert:

I propose that we send F2 population seed to Selahattin.  An F2
population
between two lines is the point in a breeding program in which there is
maximum genetic variation and little to no genetic uniformity, ie, every
plant is genetically different although all plants in the population are
related. 

Other than the characteristics of the parents, there is little to
disclose
because there is not descriptors that can be assigned to anything in
specific. 

Because these are F2 populations, IF he was to develop anything of
commercial value, then he would do the vast majority of the work (all I
did
was make a cross and grow it for one generation).  We would be entitled
to
5-10% of the value (maximum), IF something was to develop.  As I
understand
it their interest is research - you would have to ask if they are
interested
in commercial development.  I would consider it research material.....

Bill

Dr. William L. Rooney
Professor, Sorghum Breeding and Genetics



Chair, Plant Release Committee
Texas A&M University
College Station, Texas 77843-2474
979 845 2151

-----Original Message-----
From: Brummett, Robert G. [mailto:brummettr@tamu.edu]
Sent: Wednesday, August 12, 2009 9:45 PM
To: wlr@tamu.edu
Cc: Hurley, Janie C.
Subject: FW: Material Request Form (Selahattin Aydn)

Bill,

Received the Material Request Form this evening from Selahattin Aydn.

I need a disclosure form on this.

Would you consider this purely research material? If so, a Research
Material
Disclosure can be completed instead of a Plant Variety/Germplasm
Disclosure.
Note that if we go with the Research Material Disclosure and at a later
date
the material is wanted for commercial purposes, a Plant
Variety/Germplasm
Disclosure form would need to be completed.  For purely research
purposes
with another institution, the Research form is fine, but if you
anticipate
future commercial interest (even with the Dr. Aydn), we would need a the
PV/Germplasm form.  You're call on which to go with for this Material
Request if this is purely research material. 

Thanks,
Robert

Robert Brummett
Licensing Associate
The Texas A&M University System
Office of Technology Commercialization
1700 Research Parkway, Suite 250
MS 3369
College Station, TX 77845
ph.        979.847.8682
direct   979.862.3002
cell      979.204.0766
brummettr@tamu.edu
http://technology.tamu.edu

-----Original Message-----
From: Selahattin Aydin
Sent: Wed 8/12/2009 5:59 PM
To: Brummett, Robert G.
Subject: Material Request Form



Dear Mr. Brummett,

I am so sorry for interrupting you, but I am sending this massage to
request
a material that we need in our mapping project.

The form is attached for requesting the material. At the form I put
Yuksel
Bolek as contact person. He is the supervisor of the project.

If you have any question, please feel free to contact with me, best
regards...

Selahattin Aydin, Ph.D



 

 RMD Form Revised 05/16/08 

RESEARCH MATERIAL DISCLOSURE FORM 
Please use the form fields to answer the questions regarding your research material. Complete only 
one form for each material, or set of materials, that you may want to distribute to others for research 
purposes. 

(attach additional pages as necessary) 

1. Research Material Designation (name or label for material): 
      

2. Research Material Description: 
This is an F2 population segregating for various traits, but specifically sugar concentration, biomass yield, plant 
height and maturity. 

3. Please describe typical and expected uses for this Research Material: 
The cooperator will use the population to develop an RIL population in order to map QTL for biomass yield and 
composition.   

4. Principal Investigator(s): 
William Rooney 

5. List all Texas A&M System creators of the Research Material: 
Name Department Center System Member 

William Rooney 
      
      
      
      

Soil & Crop Science  
      
      
      
      

                                     
                                     
                                     
                                     
                                     
 

6. List all other creators of the Research 
Material  

Institution / Company / Organization Name 

      
      
      
      
      
 

      
      
      
      
      
 



 

 RMD Form Revised 05/16/08 

RESEARCH MATERIAL DISCLOSURE FORM 
(attach additional pages as necessary) 

7. Identify the grants, contracts, or other sources of funding contributing to the development of 
the Material. Please provide the grant number, granting entity, as well as the name of the Office 
and contact person that manages each grant. 
none 
 

8. Were these materials originally created using A&M facilities and resources? 
Yes No   If No, please explain below. 

      
 

9. Does this material relate, in whole or in part, to any disclosure previously submitted or 
anticipated for submission in the future, to the Office of Technology Commercialization? 

Yes No   If Yes, please provide details below. 
      

10. Does the Research Material incorporate materials that have been provided by a third party? 
Yes No   If Yes, please identify the providers of the other materials. 

      

11. Do you anticipate any commercial entities having interest in this material? 
Yes No 

If yes, please identify any that have expressed interest and check if this disclosure is being 
submitted specifically in response to that entities’ interest. 
         
         
         

12. Supporting Documents: 
Please attach any documents relevant to this material and that may be important for our 
consideration, e.g., publications, Material Transfer Agreements, etc. 
By typing my name below and emailing this completed form to mta@tamu.edu using my 
tamu.edu email account, I certify that the above information is complete and accurate. 
 

 

      

  

      

 Principal Investigator Date 

 
Answer all questions on this form and email  to the Office of Technology Commercialization at mta@tamu.edu  

 



From: Stelly David
To: Adam Helms; Shayna Spurlin; Shay Simpson
Cc: Stelly David David M.; Mullet, John E; Patricia Klein; Gould Mike; Nael El-Hout; Juerg Blumenthal; Avant Bob; 

Rooney Bill
Subject: Re: milestones, justification
Date: Monday, October 05, 2009 7:18:23 AM
Attachments: Darpa budget-Stelly oo.xls

ATT00012.htm

Adam and Shayna,

Attached:  Excel file containing 
Budget, 
Budget details, 
Milestones and 
Annualized schedule

I do not have the Budget justification done.  I need to know if some IDC will be 
applicable to equipment needs -- these are needed;  if not, I need to delete some 
work items.  I will complete the budget justification this afternoon.  I have guests all 
morning.  You can try to reach me at lab, if urgent (tell that to whomever answers 
the phone).

David

On Oct 4, 2009, at 2:44 PM, Bill Rooney wrote:

Adam and Shayna:
 
I sent a budget last week; attached you’ll find a justification, milestones and timelines.  
Deliverables are still in the original proposal provided to DARPA in September. 
 
These can certainly be changed; so feel free to do so as needed.  I will be out for 
vacation this week but I will check my e-mail regularly.  
 
Regards,
 
Bill
 
Dr. William L. Rooney
Professor, Sorghum Breeding and Genetics
Chair, Plant Release Committee
Texas A&M University
College Station, Texas 77843-2474
979 845 2151 
<Budget Justification - Rooney.doc><Milestones Timelines and 



From: Avant, Bob
To: Bill Rooney; gkganjegunte@ag.tamu.edu; Mullet, John E.
Cc: Baltensperger, David
Subject: RE: mini proposal
Date: Friday, August 21, 2009 1:55:50 PM
Attachments: FAO 0000123 Salt Tolerance in Sorghum.docxrva.docx

Attached are my very significant mark ups with a budget added.  I need a response by COB today if
at all possible.
 
Bob Avant
Program Director
Texas AgriLife Research
979/845-2908
512/422-6171 (Cell)
bavant@tamu.edu
http://agbioenergy.tamu.edu
 

From: Bill Rooney [mailto:wlr@tamu.edu] 
Sent: Thursday, August 20, 2009 11:57 AM
To: Avant, Bob; gkganjegunte@ag.tamu.edu; Mullet, John E.
Cc: Baltensperger, David
Subject: mini proposal
 
Bob:
 
I've visited with David, Girisha and John.  Attached is a draft two page proposal that attempts to cover
a few topics as defined by the earlier e-mails.  John and Girisha have not had a chance to edit - if they
would like I would ask them to make edits and send directly to you as I will be out tomorrow and I won't
have time to work on this again until late next week (which will be too late).  I assumed that I did not
need to detail a budget.  If that is wrong, please just make a best guess based on the funding level (or
have these other guys attempt to do so). 
 
If no edits from them, please use as needed. 
 
regards,
 
bill
 
Dr. William L. Rooney
Professor, Sorghum Breeding and Genetics
Chair, Plant Release Committee
Texas A&M University
College Station, Texas 77843-2474
979 845 2151 
 



From: Virgil Smail
To: Virgil Smail; lrooney@tamu.edu; dbaltensperger@tamu.edu; wlr@tamu.edu; d-gilliland@tamu.edu
Cc: Jeff Dahlberg; Tim Lust
Subject: RE: Needed update and clarification on USCP/TAMU contract R0031A
Date: Wednesday, October 14, 2009 4:57:14 PM
Attachments: R0031A-09.PDF

Please find a copy of the contract R0031A-09 for your records. Thanks. Virgil
 

From: Virgil Smail 
Sent: Wednesday, October 14, 2009 4:57 PM
To: lrooney@tamu.edu; dbaltensperger@tamu.edu; wlr@tamu.edu; d-gilliland@tamu.edu
Cc: Virgil Smail; Jeff Dahlberg; Tim Lust
Subject: Needed update and clarification on USCP/TAMU contract R0031A
 
Lloyd, This email is to ask for an update and some action on the contract with USCP/TAMU
(R0031A) “Development of new uses for sorghum in healthy foods and neuticeuticals” for $51,213. 

On September 17th we sent you notification that the USDA had approved the contract.  Per the
contract we need to have TAMU invoice USCP for 50% of the value of the contract ($25,607) so
that we know the contract has been activated with USCP.  The project completion date is May 20,
2010.  We would like to get an update on your research progress and once we do we can be
invoiced for an additional 25% of the contract value.  Once we receive a final report for the entire
project (joint with Dr. Haub at KSU) we can then be invoiced for the final 25%.  Please expedite this
invoice with TAMU so that we know the project has been implemented.  Thanks.
 
Dr. Virgil W. Smail
4201 North Interstate 27
Lubbock, TX 79403
Tel. 806-687-8727
Fax 806-749-9002
Cell 806-577-4644
 

















































































From: Stelly David
To: David Baltensperger
Cc: Stelly David; Amir M Ibrahim; Dirk Hays; Hongbin Zhang; Seth C Murray; cwsmith@tamu.edu; 

sfinlayson@tamu.edu; Bill L Rooney
Subject: Re: New Sequencing Instrumentation--An opportunity
Date: Friday, October 30, 2009 10:07:55 AM
Attachments: Plate 2 sample A1.pdf

ATT00361.htm
Plate 1 sample B6.pdf
ATT00364.htm
P1000702.JPG
ATT00367.htm
P1000711sm.jpg
ATT00370.htm

My take on it:  
Illumina = Superb instrumentation ("gold standard" for genotyping)
Excels at moderate and large-scale genotyping (should have bought a couple of 
years ago... following advice below) 
High degree of multiplexing requires batch-mode designs, laydown of big chunks, 
e.g. ~$15 or $50k per set up (96 or 384), and cannot be adjusted (inflexible) 
without reinvestment; also 3-4 weeks required per set up of each multiplex
(Very good complement to the newly installed Kbiosciences, which is much more 
(fully) flexible (simplex) and superior at lower throughputs, but also more expensive 
per data point at higher throughputs.  It runs PCR in about 1 hour, with capacities 
ranging from 1 96-well plate (~96 genotypes) to 16x384 (~6144 genotypes/hr); and 
if we were to buy the 1536-plate replicator, 16x1536, i.e., ~25,000/hr.  Cost runs 
about 10-cents per genotype; you can pick and chose SNPs on an ad hoc basis.)
Perhaps most important:  Capacities of the Illumina platform will likely exceed 
demands of COALS and AgriLife, so COALS/AgriLife should only buy this as a partner 
(CVM, HSC, ...), and use savings toward director and personnel for handling and 
bioinformatics that have personalities, desires and abilities to work with diverse 
groups --- a bigger limitation on this campus, and much more difficult to purchase 
externally.    
I think it is to be expected that this kind of technology and large-scale genotyping 
platform (e.g., Illumina) will lose ground quickly in 3-5 years as single-molecule 
sequencing comes on-line and drop sequencing costs so much that use of high-
throughput sequencing of "bar-coded" genome samples and genome subfractions 
will replace much of the high-end genotyping.  Examples of those are the Helicos 
and Pacific Biosciences platforms.  The latter is looking to soon be sequencing 
human genome equivalents in 15 minutes for about $100. supposedly.  Mullet's 
"Digital Genotyping" is one of several such strategies reliant on this general 
approach, as is Floragenex, which we are presently using as part of our NSF project.   
If AgriLife and COALs want to get ahead, and lead, they need to save dollars on 
Illumina by sharing, and get a collective group together and get into the single-
molecule sequencing game.  THAT is where the vanguard will soon  be operating.

David
PS:   The Accuri Flow Cytometer w/ Autoloader demonstration yesterday was very 
impressive.  I will send you a note next week, after I get some additional files (see 
attached for 1-2).  Basically, we analyzed experimental material, a few ploidy levels 
of Gossypium, sorghum, sugarcane and various hybrids and chromosome-doubled 
materials.  Many of these were done using SCSC 603-prepared samples.  Results 
attest to the anticipated high degrees of applicability to SCSC research and teaching 
needs.   This instrument cost $65K and should be a high priority.  (If DARPA funds 
our large proposal, I will buy it .... I asked to include it in the grant proposal, as it is 



so critical to my projects, and will be very useful to others, too.)  CONFIDENTIAL 
INFORMATION AND FILES -- PLEASE DO NOT DISTRIBUTE

Capacities beyond what COALS/AgriLife will use; very significant investment
On Oct 30, 2009, at 8:50 AM, David Baltensperger wrote:

I need your thoughts/money on this proposal.

David Baltensperger
Professor and Head
Soil and Crop Sciences
Texas A&M University
2472 TAMU
College Station
Texas 77843-2474

979-845-3041 
From: "Dugas, William" <w-dugas@tamu.edu>
Date: October 30, 2009 7:39:39 AM CDT
To: "Keeton, Jimmy" <jkeeton@tamu.edu>, "Acuff, Gary R." 
<gacuff@tamu.edu>, "Baltensperger, David" 
<dbaltensperger@ag.tamu.edu>, "Davis, Tim" <t-davis5@tamu.edu>, 
<bchowdhary@cvm.tamu.edu>, "Reinhart, Gregory" <gdr@tamu.edu>, 
"Gross, Dennis" <plpm-head@ag.tamu.edu>, "Kevin Heinz" 
<kheinz@ag.tamu.edu>
Cc: "Marty Dickman" <mbdickman@tamu.edu>, "McCutchen, Bill" 
<bmccutchen@tamu.edu>, "Lunt, David" <d-lunt@tamu.edu>, "Nessler, 
Craig" <cnessler@tamu.edu>, "Jeff Seemann" 
<jseemann@vprmail.tamu.edu>, "Hussey, Mark" <mhussey@tamu.edu>, 
"Debra Cummings" <DACummings@ag.tamu.edu>
Subject: New Sequencing Instrumentation--An opportunity

Gentlemen,
 

Based upon input from several of you and your faculty, the Director’s Office is 
contemplating the purchase an Illumina's BeadStation 500.  This system is a complete, 
bench-top solution for genetic analysis that enables a wide range of sample throughput 
and multiple applications. Both RNA and DNA-based applications are easily accessible on 
the system. 
 
I am offering each of your units a chance to partner w/ the Director’s Office in the 
purchase of this technology platform.  With the recent purchase of a second Illumina 
Genome Analyzer II (and upgrading of the first analyzer) and other instrumentation, we 
believe the purchase of the BeadStation will greatly facilitate the ‘omics’ capabilities and 
capacity for our faculty and units.  
 
The proposal is simple: The Director’s office will pay 50% of the cost and I am asking 



each of you to contribute a fraction of the other 50% (ca. 10% each). Obviously, the more 
partners the lower the cost per partner. Total cost is ca. $0.45M, so each of your shares 
would be ca. $40K, if there were 5 of you.  If we can’t find the other ½ of the cost, the 
Director’s office cannot afford to purchase this device at this time.
 
In return for your ‘contribution’, your faculty will get first access to the device and will pay 
a much reduced rate for use (we propose to charge usage fees to partially cover ongoing 
O&M costs, as we do now w/ the Illuminas).  The BeadStation would be housed with our 
other high-thru put sequencers in the IPBG and would be managed by Dr. Dickman.
 
Please visit w/ Bill McCutchen if you have any technical questions and please let me 
know by 16 Nov. if you are interested in participating.
 
We are excited about the prospects of this addition to our capabilities to support research 
of the agency and University.
 
Here is more from Bill Mc. about the BeadStation 500:
·              High-Performance - Powerful assay technology combined with leading-edge 
scanner technology delivers high-quality data and reliable results
·              Scalable - Multiple applications, multi-sample array formats and 
automation/LIMS options make it easy to meet changing needs
·              Easy-to-Use - Manual or automated protocols integrate easily into laboratory 
workflow
·              Sensitive - BeadArray™ technology enables lower sample inputs and reagent 
requirements . ideal for clinical sample types/applications
·           The BeadArray Reader, scans 3 micron features assembled into the highest-
density arrays available for genetic analysis.
 
Illumina Assay Technology Supported on the BeadStation 500:
·              GoldenGate® GenoTyping - Linkage and fine mapping standard content panels 
and custom SNP panels from 96- to 1536-plex
·              Infinium™ Whole-Genome Genotyping - Integrated solutions for 100, 300 and 
500K SNP loci.
·              Direct Hybridization Gene Expression - Whole-genome and focused array 
solutions
 
Thanks.
 
Bill
           
Wm. A. Dugas
Associate Vice Chancellor for Agriculture and Life Sciences
Associate Dean, College of Agriculture and Life Sciences
Interim Director, Texas AgriLife Research
113 Jack K. Williams Administration Building
2142 TAMU
College Station, TX 77843-2142
979 862 6712
 







From: Slovacek, Jackie
To: Bill Rooney; lrooney@tamu.edu; Juerg M Blumenthal; dbhays@neo.tamu.edu; jawika@ag.tamu.edu; Frank

Hons; Stelly David; pklein@tamu.edu; Mullet, John E.; louis.prom@ars.usda.gov; t-isakeit@tamu.edu;
Wickersham, Tryon A.; Magill, Clint

Cc: Baltensperger, David; Gross, Dennis; McCutchen, Bill; Lacewell, Ron; Payton, Stephanie; Zak, Kendra; Judy
Young

Subject: RE: NSP Visit- August 26th
Date: Wednesday, August 05, 2009 9:56:52 AM
Attachments: FinalAgendaNSPVisit.docx
Importance: High

Dear All:
 
Attached is the FINAL agenda for the NSP visit on August 26th.  The meeting will be held in our
Corporate Relations office – 101 A Centeq conference room.
 
Please review the final agenda and confirm your attendance by responding back to
this email.  Everyone is welcome to attend the overview given by NSP at 8:30 am but with space
being limited, we ask that you leave and return at the time specified on the attached agenda. Again,
please confirm your attendance ASAP by responding to this email.
 
Thanks
Jackie
 
 
Jackie Slovacek
Assistant to the Associate Director
Texas AgriLife Research
113 Jack K Williams Administration Bldg
College Station, Texas 77843-2142

 
979.845.7980
979.458.4765 Fax

From: Slovacek, Jackie 
Sent: Monday, July 27, 2009 1:49 PM
To: 'Bill Rooney'; 'lrooney@tamu.edu'; 'Juerg M Blumenthal'; 'dbhays@neo.tamu.edu';
'jawika@ag.tamu.edu'; 'Frank Hons'; 'Stelly_David'; 'pklein@tamu.edu'; Mullet, John E.;
'louis.prom@ars.usda.gov'; 't-isakeit@tamu.edu'; Wickersham, Tryon A.
Cc: Baltensperger, David; Gross, Dennis; Dugas, William; Avant, Bob; Lunt, David; Boleman, Larry;
Hussey, Mark; Helms, Adam; Simpson, Shay; McCutchen, Bill
Subject: NSP Visit- August 26th
Importance: High
 
 
Dear All:
 
Dr. McCutchen asked that I send you all the below email!
 
Virgil Smail and Tim Lust of NSP have requested a meeting with our campus faculty as it relates to
sorghum-only R&D programs.  They will be here in College Station on August 26th. 
 
Please see the attached DRAFT agenda for times & logistics, and please let me know if these times
work and/or if I am missing any faculty and other areas of sorghum R&D.
 
Please mark your calendars and Jackie will be following up on details of this visit.  Please have your
feedback on the DRAFT agenda to Jackie and me by COB, Wednesday, July 29th. 
 



Thanks
Bill McCutchen
 
 
 
 
Jackie Slovacek
Assistant to the Associate Director
Texas AgriLife Research
113 Jack K Williams Administration Bldg
College Station, Texas 77843-2142

 
979.845.7980
979.458.4765 Fax

 



AGENDA 
NSP Visit 
August 26, 2009   
7:30 a.m. – 5:00 p.m. 
101 A Centeq 
 
 

7:30 a.m. – 8:30 a.m. Breakfast- Dugas, Baltensperger, Boleman, 
McCutchen, Avant 
 

 
 

 

8:30 a.m. – 9:30 a.m. Overview of NSP and Purpose of Visit 
 
 

Virgil Smail 
Tim Lust 

 

9:30 a.m. – 11:00 am 
 
 
 
 
 
 

Sorghum Breeders  
  Grain Quality  

Bill Rooney 
Lloyd Rooney 

Dirk Hays 
Joe Awika 

 

11:00 a.m. – 12:00 p.m. 
 

Agronomy Juerg Blumenthal 
Frank Hons 

12:00 pm – 1:00 p.m.  
 

Genomics David Stelly 
Patricia Klein 
John Mullet 

2:00 p.m. – 3:00 p.m. Pathology 
 

Clint Magill 
Louis Prom 

Tom Isakeit 
 

3:00 p.m. – 3:30 pm 
 

Animal Feeding Research Tryon Wickersham 

4:00 p.m. – 5:00 p.m. Appropriation Issues and Wrap Up Ron Lacewell 
Bob Avant 

Bill McCutchen 

 



From: Schmitt, Brian C.
To: McCutchen, Bill
Cc: Bill Rooney; Schuerman, Peter L.; Avant, Bob; Stelly David
Subject: RE: NSP Visit- August 26th
Date: Monday, August 10, 2009 8:44:52 AM
Attachments: Hodnett et al 2009 Sorghum-Saccharum - final review anna.doc

Bill:
 

 
 

 
 
 
 
 

 
 

 

 
Regards,
 
Brian Schmitt
 

From: McCutchen, Bill 
Sent: Sunday, August 09, 2009 7:29 AM
To: 'wlr@tamu.edu'; Schmitt, Brian C.
Cc: 'stelly@tamu.edu'; Schuerman, Peter L.; Avant, Bob
Subject: Re: NSP Visit- August 26th
 

 

 

Bill
 

From: Bill Rooney <wlr@tamu.edu> 
To: Schmitt, Brian C.; McCutchen, Bill 
Cc: 'Stelly_David' <stelly@tamu.edu> 
Sent: Fri Aug 07 15:24:29 2009
Subject: FW: NSP Visit- August 26th



    

 

 

 

 

 
 
regards,
 
bill
 
 
Dr. William L. Rooney
Professor, Sorghum Breeding and Genetics
Chair, Plant Release Committee
Texas A&M University
College Station, Texas 77843-2474
979 845 2151 
-----Original Message-----
From: Stelly_David [mailto:stelly@tamu.edu] 
Sent: Thursday, August 06, 2009 8:15 AM
To: Slovacek, Jackie
Cc: Stelly_David; Bill Rooney; lrooney@tamu.edu; Juerg M Blumenthal; dbhays@neo.tamu.edu; 
jawika@ag.tamu.edu; Frank Hons; pklein@tamu.edu; Mullet, John E.; louis.prom@ars.usda.gov; 
t-isakeit@tamu.edu; Wickersham, Tryon A.; Magill, Clint; Baltensperger, David; Gross, Dennis; 
McCutchen, Bill; Lacewell, Ron; Payton, Stephanie; Zak, Kendra; Judy Young
Subject: Re: NSP Visit- August 26th
Importance: High

Jackie, 
 
I will attend.  If space and convenience allow, I would like to stay from 8:30 through 
the pathology talks so as to learn more about sorghum and our research portfolio, too, 
at least if my schedule allows.
 
I will certainly attend genomics section, though I recommend listing me last, after 
John and Trish, as they are much more the leaders on that topic than I am.  
 
It would seem to me worth mentioning the wide-hybridization program in the context 
of this meeting, too, as it offers avenues for introducing valuable traits and variations 
into sorghum; also, sorghum producers are perhaps among those most likely to take 
interest in products directly resulting from wide-hybridization, e.g., sorcanes.  These 
topics could be addressed by Bill Rooney in the breeding part; details would not be 
requisite, but the main ideas and potential impacts would seem worth a slide for each.  
 
An area that I strongly recommend we develop rapidly for sorghum is doubled haploid 



extraction.   Such a system would have immense value in sorghum improvement now, 
and it value will continue to escalate, due to the synergistic benefits achievable by 
concerted use of DH extraction, MAS, SNPs and genome-wide genotyping. The IP 
value of such a system would seem to be very high, both for breeding and research.  
Bill -- care to comment?
 
I will return to CS on the 16th.
 
David
 
 
On Aug 5, 2009, at 9:56 AM, Slovacek, Jackie wrote:

Dear All:
Attached is the FINAL agenda for the NSP visit on August 26th.  The meeting will be held in 
our Corporate Relations office – 101 A Centeq conference room.
Please review the final agenda and confirm your attendance by responding 
back to this email.  Everyone is welcome to attend the overview given by NSP at 8:30 am 
but with space being limited, we ask that you leave and return at the time specified on the 
attached agenda. Again, please confirm your attendance ASAP by responding to this email.
Thanks
Jackie
Jackie Slovacek
Assistant to the Associate Director
Texas AgriLife Research
113 Jack K Williams Administration Bldg
College Station, Texas 77843-2142
979.845.7980
979.458.4765 Fax

From: Slovacek, Jackie 
Sent: Monday, July 27, 2009 1:49 PM
To: 'Bill Rooney'; 'lrooney@tamu.edu'; 'Juerg M Blumenthal'; 'dbhays@neo.tamu.edu'; 
'jawika@ag.tamu.edu'; 'Frank Hons'; 'Stelly_David';'pklein@tamu.edu'; Mullet, John E.; 
'louis.prom@ars.usda.gov'; 't-isakeit@tamu.edu'; Wickersham, Tryon A.
Cc: Baltensperger, David; Gross, Dennis; Dugas, William; Avant, Bob; Lunt, David; Boleman, 
Larry; Hussey, Mark; Helms, Adam; Simpson, Shay; McCutchen, Bill
Subject: NSP Visit- August 26th
Importance: High
Dear All:
Dr. McCutchen asked that I send you all the below email!
Virgil Smail and Tim Lust of NSP have requested a meeting with our campus faculty as it 
relates to sorghum-only R&D programs.  They will be here in College Station on August 
26th. 
Please see the attached DRAFT agenda for times & logistics, and please let me know if these 
times work and/or if I am missing any faculty and other areas of sorghum R&D.
Please mark your calendars and Jackie will be following up on details of this visit.  Please 
have your feedback on the DRAFT agenda to Jackie and me by COB, 
Wednesday, July 29th. 
Thanks
Bill McCutchen
Jackie Slovacek
Assistant to the Associate Director
Texas AgriLife Research
113 Jack K Williams Administration Bldg
College Station, Texas 77843-2142



979.845.7980
979.458.4765 Fax
<FinalAgendaNSPVisit.docx>
 



From: George L Hodnett
To: Brian C. Schmitt
Cc: wlr@tamu.edu
Subject: RE: paper
Date: Tuesday, August 04, 2009 5:47:46 PM
Attachments: Hodnett et al 2009 Sorghum-Saccharum - final review anna.doc

Brian,

Bill has suggested I send you the latest version of the paper.  I have received the changes and remarks
from our collaborator in Houma and I have made a few of my own.  There aren't many changes and
they are highlighted.  Notice Table 1 has a new column describing the sugarcane parent.

I know you guys are busy but a quick turn around if possible would be appreciated.

Regards,

George 

>>> "Schmitt, Brian C." <Brian.Schmitt@tamu.edu> 7/29/2009 1:58 PM >>>
Bill:

 

Regards,

Brian Schmitt



From: Bill Rooney [mailto:wlr@tamu.edu]
Sent: Monday, July 27, 2009 3:41 PM
To: Schmitt, Brian C.; Schuerman, Peter L.
Cc: 'George L Hodnett'
Subject: paper

Brian and Peter:

Now that the IP is filed, do we have permission to proceed with the
publication of manuscript describing the hybridization of
sorghum/sugarcane?  (Brian, I know you've seen it). 

I think we need to submit it as soon as possible (once all the legal
issues are resolved). 

Let me know - George and I are modifying it as I send this your way. 

regards,

bill

Dr. William L. Rooney

Professor, Sorghum Breeding and Genetics

Chair, Plant Release Committee

Texas A&M University

College Station, Texas 77843-2474

979 845 2151




