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SUMMARY

Objective

The primary objective of the Wetland Biomass Production Project at the University of
Minnesota has been that of identifying, testing, and evaluating production practices
necessary to capitalize on the considerable potential of emergent aquatic plants as
sources of biomass. In order to make use of existing European knowledge and
technologies as well as develop biomass production practices suitable to North American
wetlands, this project has been directed toward work on the following four tasks:

® Stand Management Research Objectives: Continued investigations of
establishment methods, yields, nutrient and water requirements, and other
management practices; investigations of promising genotypes of Typha,
Phragmites, and other emergent plants.

° Relevant Emergent Technologies Survey Objectives: Continued
investigations of relevant research findings, management practices, and
costs from other programs working with emergent aquatic plants;
investigations of methods of incorporating appropriate existing technologies
into Typha management and harvest research.

° Rhizome Harvest Research Objectives: Evaluations of field characteristics
in which harvesting equipment will need to operate; investigations of a
variety of engineering conceptual designs for components of a belowground
harvesting system for Typha rhizomes.

® Management Options Evaluation Objectives: Evaluation of production
scenarios developed from information gathered in the first three tasks.

Discussion

Wetlands dominated by Typha spp. (cattails) and other emergent vegetation, such as
Phragmites (reeds) and Scirpus (rushes), are one of the most productive natural systems
in the temperate zone (Westlake, 1965). Minnesota, with over 2 million hectares (95.2
million acres) of peatland and 1.4 million additional hectares (3.5 million acres) of wet
mineral soils (Center for Urban and Regional Affairs, 1981), appears to have considerable
potential for wetland crop production. Outside of Minnesota, an estimated 33 million
hectares (82 million acres) of wetlands exist in the United States (excluding Alaska and
Hawaii), some of which could be suitable for wetland bio-energy production (Frayer et
al., 1983). Among the attractive features of this system is the fact that wetland crops
would not compete with traditional crops for prime agricultural land. The use of
peatlands for the production of a renewable resource also offers an attractive alternative
to peat mining.

The high yield potential and attractive chemical composition of Typha make it a
particularly viable energy crop. The Minnesota research effort has demonstrated that
total annual biomass yields equivalent to 30 dry tonnes/ha (13 tons/acre) are possible in
planted stands (Andrews & Pratt, 1978). This compares with yields of total plant
material between 9 and 16 dry tonnes/ha (4-7 tons/acre) in a typical Minnesota corn field
(Minnesota Agricultural Statistics, 1979). At least 50% of the Typha plant is eomprised
of a belowground rhizome system containing 40% starch and sugar (Pratt et al., 1981).



This high level of easily fermentable carbohydrate makes rhizomes an attractive
feedstock for aleohol production. The aboveground portion of the plant is largely
cellulose, and although it is not easly fermentable, it can be gasified or burned.

The high produectivity of Typha can be explained in a number of ways. Of primary
importance is the fact that cattails in a natural wetland are not limited by the
availability of water. Also, the canopy architecture appears to increase the efficiency
with which directly incident and reflected sunlight can be utilized in photosynthesis.
Because of the upright leaf angle in the foliage canopy, a greater proportion of the leaf
area is exposed to direct sunlight. In contrast with most crop plants, Typha begins
growth early in the spring from shoots developed the previous fall, and remains active
until the leaves are killed by frost in the fall. Because of their adaptability to a wide
range of temperatures, they are able to remain active through a greater proportion of
the growing season. Each of these factors undoubtedly contributes to Typha's success as
a solar energy collector, but the relative importance of each has not, as yet, been
carefully assessed.

The rate of Typha biomass accumulation is greatest, and almost constant, between June
15 and September 15 (Moss, 1977). Thus, the decreasing day length through July and
August appears to be compensated for by increased photosynthetic capacity as the
foliage canopy develops. Growth rates of ha during the period of maximum
production have bgen reported as high as 40 g/m“/day in agricultural soils (Moss, 1977),
and about 30 g/m“/day in peat soils (Pratt et al., 1980). Growth rates for agricultural
crops of nearly 50 g/mz/day have been reported, but normally for only relatively short
periods of two or three weeks. A growth rate of 30-40 g/m*/day sustained for a period
of more than two months is unusual. Thus the high seasonal yields of cattails are due
more to a prolonged moderate level of growth than to an unusually high spurt of
photosynthetic activity.

Based on maximum wetland area existing in Minnesota and demonstrated yield figures
equivalent to 20-30 tonnes/ha (9-13 tons/acre) (Andrews & Pratt, 1978; Pratt et al.,
1982), potential gross energy available from a Typha bio-energy system could be 1.3-1.8
quads per year. Estimates of net energy will depend on answers to research questions
involving stand establishment and management practices, harvesting and drying methods,
equipment needs and design, environmental and land use constraints, and the overall
economies of wetland energy crop production.

Conclusion
. The Minnesota research effort has demonstrated that a total annual biomass
vield equivalent to 30 dry tonnes/ha (13 tons/acre) are possible in planted
stands.
) The rate of Typha biomass accumulation is greatest, and almost constant,
between June 15 and September 15.
° Following the period of maximum biomass accrual, translocation of nutrients

and dry weight compounds to the belowground tissue occurred. Harvesting
at the end of September in Minnesota Typha stands would probably maximize
aboveground biomass while minimizing nutrient removal.



The modified potato harvester concept provides a primary basis for further
development because of its demonstrated performance. Extrapolation of
results from small scale tests to commercial size machines should be
attempted to identify limiting factors.

Based on maximum wetland area eXisting in Minnesota and demonstrated
yield figures of equivalent to 20-30 tonnes/ha (9-13 tons/acre), potential

gross energy available from Typha bioenergy system could be 1.3-1.8 quads
per year,
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SECTION 1.0

INTRODUC TION

The primary objective of the SERI[-sponsored Wetland Biomass Production Project at
the University of Minnesota has been that of identifying, testing, and evaluating
production practices necessary to capitalize on the considerable potential of emergent
aquatic plants as sources of biomass. Wetlands dominated by Typha spp. (cattails) and
other emergent vegetation, such as Phragmltes (reeds) and Scirpus (rushes), are one of
the most productive natural systems in the temperate zone (Westlake, 1965). Minnesota,
with over 2 million hectares (5.2 million acres) of peatland and 1.4 million additional
hectares (3.5 million acres) of wet mineral soils (Center for Urban and Regional Affairs,
1981), appears to have considerable potential for wetland crop production. Outside of
Minnesota, an estimated 33 million hectares (82 miilion acres) of wetlands exist in the
United States (excluding Alaska and Hawaii), some of which could be suitable for
wetland bio-energy production (Frayer et al., 1983). Among the attractive features of
this system is the fact that wetland crops would not compete with traditional crops
for prime agricultural land. The use of peatlands for the production of a renewable
resource also offers an attractive alternative to peat mining.

The nigh yield potential and attractive chemical composition of Typha make it a
particularly viable energy crop. The Minnesota research effort has demonstrated that
total annual biomass yields equivalent to 30 dry tonnes/ha (13 tons/acre) are possible
in planted stands (Andrews & Pratt, 1978). This compares with yields of total plant
material between 9 and 16 dry tonnes/ha (4-7 tons/acre) in a typical Minnessta corn
field (Minnesota Agricultural Statistics, 1979). At least 50% of the Typha plant is
comprised of a belowground rhizome system containing 40% starch and sugar (Pratt et
al, 198l). This high level of easily fermentable carbohydrate makes rhizomes an
attractive feedstock for alcohol production. The aboveground portion of the plant is
largely cellulose and aithoucgh it is not easily fermentabie, it can be gasified or burned.

The high productivity of Typha can be explained in a number of ways. Of primary
importance is the fact that cattails in a natural wetland are not limited by the
availability of water. Also, the canopy architecture appears to increase the efficiency
with which directly incident and reflected sunlight can be utilized in photosynthesis.
Because of the upright leaf angle in the foliage canopy, a greater proportion of the
leaf area is exposed to direct sunlight. In contrast with most crop plants, Typha begins
growth early in the spring from shoots developed the previous fall, and remains active
until the leaves are killed by frost in the fall. Because of their adaptability to a wide
range of temperatures, they are able to remain active through a greater proportion of
the growing season. Each of these factors undoubtedly contributes to Typha's success
as solar energy collector, but the relative importance of each has not as yet been
carefully assessed.

The rate of Typha biomass accumuiation is greatest, and almost constant, between
June 15 and September 15 (Moss, 1977). Thus, the decreasing day length through July
and August appears to be compensated for by increased photosynthetic capacity as the
foliage canopy develops. Growth rates of ngha during the period of maximum preduction
have been reported as high as 40 g/mZ/day in agricultural soils (Moss, 1977), and about
30 g/m /day in peat soils (Pratt et al,, 1980). Growth rates for agricultural crops of
nearly 50 g/mzfday have been reported, but normally for only relatively short periods
of two or three weeks. A growth rate of 30-40 g/m /day sustained for a period of
more than two months is unusual., Thus the high seasonal yields of cattails are due
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more to a prolonged moderate level of growth than to an unusually high spurt of
photosynthetic activity.

Based on maximum wetland area existing in Minnesota and demonstrated yield figures
equivalent to 20-30 tonnes/ha (9-13 tons/acre) (Andrews & Pratt, 1978; Pratt et al.,
1982), potential gross energy available from a Typha bio-energy system could be [.3-
1.8 quads per year. Estimates of net energy will depend on answers to research
questions involving stand establishment and management practices, harvesting and drying
methods, equipment needs and design, environmental and land use constraints, and the
overall economics of wetland energy crop production.

The potential of wetland vegetation for fuel and fiber production has been widely
recognized in regions of northern and eastern Europe where research programs are
investigating plant characteristics and production methods. M™Much of this research has
focused on Phragmites australis which is a dominant wetland species in that area. In
order to make use of existing European knowledge and technologies as well as develop
biomass production practices suitabie to North American wetlands, this project has been
directed toward work on the following four tasks.

e Stand Management Research Objectives: Continued investigations of
establishment methods, yields, nutrient and water requirements, and other
management practices; investigations of promising genotypes of Typha,
Phragmites, and other emergent plants.

® Relevant Emergent Technologies Survey Objectives: Continued investigations
of relevant research findings, management practices, and costs from other
programs working with emergent aquatic plants; investigations of methods of
incorporating appropriate existing technclogies into Typha management and
harvest research.

e Rhizome Harvest Research Objectives: Evaluations of field characteristics
in which harvesting equipment will need to operate; investigations of a variety
of engineering conceptual designs for components of a belowground harvesting
system for Typha rhizomes.

e Management Options Evaluation Objectives: Evaluation of production scenarios
developed from information gathered in the first three tasks.

This report is organized in a manner that focuses on the evaluation of management
options task. Resuits from stand management research performed at the University of
Minnesota during 1982 and 1983 are integrated with findings from an extensive survey
of relevant emergent aquatic plant research and utilization. These results and findings
are then arranged in sections dealing with key steps and issues that need to be dealt
with in the development of a managed emergent aquatic bio-energy system. A brief
section evaluating the current status of rhizome harvesting is also included along with
an indexed bibliography of the biology, ecology, and utilization of Typha which was
completed with support from this SERI subcontract.

In addition to these SERI-supported tasks, the state-funded Bio-Energy Coordinating
Office at the University of Minnesota is supporting associated work in areas of plant
nitrogen fixation in wetlands, micropropagation of wetland species, economics, iand use
planning, and equipment development. This comprehensive approach to wetland biomass
production research fits well with the stated SERI objective of timely development of
technology in preparation for its transfer to the private sector. Ultimately, information

2



gained from this project can be ‘used to develop a bio-energy system that maximizes
output while minimizing inputs, resulting in a renewable energy resource that is
economically competitive and environmentally benign.



SECTION 2.0

WETLAND SPECIES COMPARISON

2.1 BACKGROUND

The first step in establishing a system for bio-energy production on wetlands is
identification of appropriate plant species. Several criteria have been used to select
potential wetland energy crops based on information gathered from literature reviews
and natural stand surveys (Andrews & Pratt, 198l). Screening began by identifying
productive species which are adapted to the wetland habitat and occur naturally in
monoculture or in mixed stands with species of similar harvesting requirements. Of
these species, those for which seed or vegetative propagation methods are known or
would be easy to develop were selected.

Table 2-1. SUMMARY OF WETLANO PLANT YIELDOS IN NATURAL STANDS
OF THE NORTH CENTRAL UNITED STATES

Range of Aboveground Yields

Species (tonnes/hectare) Referenced
Typha iatifolia 4.3 - 14.9 5,6,7,8,9
Typha angustifolia 12,3 - 21.1 8,9

Typha x glaucaP 6.7 - 23.2 1,2,3,8,9,11
Phragmites australis 7.8 - 11.8 9,10,11,12
{arex atherodes 7.9 - 22.3 4,6,9,10
Scirpus fluviatilis 4,5 - 9.8 6,9,10,11,12
Spartina pectinata 5.9 - 11.46C 10
Sparganium eurycarpum 5.9 - 10.5 10,11,12
Phalaris arundinacea 7.6 - 13.5 6,9

3Reference numbers: 1) Bray, 1960. 2) Bray, 1962. 3) Bray et al., 1959.

4) Gorham and Bernard, 1975. 5) Gustafson, 1976. €) Klopatek and Stearns,
1978. 7) McNaughton, 1966. 8) Pratt, 1978. 9) Pratt et al., 1980.

10) Pratt et al,, 1982, 11i) van der Valk and Davis, 1978. 12) Van Dyke, 1972.
Da hybrid of I, latifolia and T. angustifolia

Cmixed stand with Carex spp.



Using this screening process for wetland plant communities in the north central United
States, nine species were identified as potential wetland bio-energy crops. Table 2-1 shows
the productivity of natural stands of each species as reported in the literature.

2.2 WETLANO SPECIES PRODUCTIVITY COMPARISON

To test the feasibility of establishing stands of these potential wetland biomass species,
and to compare their productivity under identical growing conditions, an experiment was
established in artificial paddies in St. Paul (see Appendix A for experimental design).
Phalaris arundinacea was not included in this comparison since extensive information on
its productivity in managed stands is available from current forage crop research (Marten
et al.,, 1973, 1979, 1980; Mason & Miltmoare, 1370). Typha spp. were also not included in
this trial since more extensive experiments concerning establishment, productivity, and
genotypic variation were being carried out concurrently. Results of Typha studies are
discussed elsewhere in this report.

Table 2-2. TWO YEAR PROOUCTIVITY IN WETLAND SPECIES
COMPARISON PAODIES

Mean aboveground dry weight Shoot density (per m2)*
(tonnes/ha)
Plant Species 1981 1982 1581 1982
Spartina pectinata 5.60¢ 14.18 8ab 2643b
Carex atherodes 4.4¢ 12.62 105b 3234
Scirpus fluviatilis I 7.58b 12.68 1688 3174
Scirpus fluviatilis If 9.28 12,38 1473 2738b
Phragmites australis 0.5d 7.2b 26C 134€
Sparganium eurycarpum 6.0BC 6.00 1090 182bc

* For each column, numbers with the same letter beside them are not significantly
different according to Tukey's Honestly Significantly Different Test (= 0.05).

Tabie 2-2 shows the biomass yield of each species after one and two seasons of growth.
For the biomass yields at the end of each season, values with the same letter beside
them in the table are not significantly different according to Tukey's tHonestly
Significantly Different Test (HSD) (=< = 0.05). Scirpus fluviatilis was the maost productive
species in the first season. Scirpus I, which was planted with material collected from
a natural stand at Fort Snelling State Park near St. Paul, did not produce significantly




more than Scirpus I, which was planted with material purchased from a commercial
nursecy.

During the first season, Scirpus and Sparganium biomass yields were similar to yields
found in natural stands., Carex and Spartina, on the other hand, produced less than
was expected based on natural stand values. FPhragmites productivity was very low,
although this appears to be an establishment problem rather than a measure of the
potential productivity of this piant. Most of the rhizome material which was planted
in these paddies died, so the yield represents productivity of very few shoots. (See
SERI final report subcontract number XK-1-1087-1 for a full discussion of the first
season results (Pratt et al., 1982)).

During the second season, as shown in Table 2-2, biomass yields were much more
homaogeneous, with the different species falling intc two productivity groups based on
Tukey's HSD test. Scirpus remained one of the most productive species with a mean
yield increase of 33% in the second year. <Carex and Spartina moved into the high
productivity class in the second year with an increase of 65% and 60% respectively.
Sparganium, on the other hand, made no advances in the second year, probably due to
extensive flowering and early senescence. Despite problems with establishment,
Phragmites biomass production increased substantiaily in the second season. Compared
to natural stand productivity, Spartina and Scirpus performed better than expected,
Carex performed in the middle of the range, and Phragmites and Sparganium produced
amounts of biomass comparable to the least productive natural stands surveyed as shawn
in Tables 2-1 and 2-Z2.

{n addition to this wetland species comparison triat set up in artificial paddies, plcts
af three of the potential biomass crops under consideration, Scirpus, Sparganium, and
Phragmites, were planted at a field site near Zim in northeastern Minnesota to
demonstrate the ability to establish stands under different land preparation schemes
(see Pratt et al, (1982) for a full discussion of establishment season resuits). No
statistical comparison of species productivity can be made from these demanstration
plots since there is no replication. However, they do represent the only information
on stand establishment under field conditions of other potential biomass crops besides
Typha. The plots were established on a tilled site and on two sites with varying
amounts of peat removed to simulate conditions after peat mining (see Appendix A for
details of land preparation). There appeared ta be no relationship between land
preparation and success of stand establishment for these three species. On the average,
all three species groduced less at the field site where the planting density was nine
rhizome pieces/m# than in the artificial paddies where rhizome pieces were planted
at 17/m2, Sparganium produced 4.8 and 5.3 tonnes/ha in the first and second seasons
in the field, respectively, and Scirpus produced 5.8 and 5.6 tonnes/ha in the two years.
[t was noticed in the third growing season that Scirpus plots in the two excavated
areas had not survived, perhaps due to high water levels during the fall and spring.
Phragmites showed very poor stand establishment, and consequently, low productivity,
as was seen in the paddies.

2.3 WETLANO SPECIES NUTRIENT COMPARISON

In addition to a comparisan of productivity of several potential wetland biomass crops,
the study conducted in paddies in St. Paul provides some baseline information on nutrient

iKester's Wild Game Food Nurseries, [nc., Omro, Wiscensin.



status of the species. Table 2-3 lists the concentration of several macro- and
micronutrients in the plant tissue during early October of the second growing season.
For each nutrient in the table, values with the same letter beside them are not
significantly different according to Tukey's HSD test ( o« = 0.05). Potassium and
magnesium are the only nutrients which did not differ significantly in the tissue of the
various species.

Sparganium contained among the highest tissue concentrations of all elements except
sodium, with significantly more calcium and zinc than any other species. Sparganium
also demonstrated one of the lowest mean yields in the second year as seen in Table 2-2.
Low productivity is perhaps accounted for by the fact that Sparganium flowered more
extensively than the other species, followed quickly by senescence in mid-August. High
rates of nutrient removal coupled with low productivity as exhibited by Sparganium in
this experiment would not be desirable for wetland bio-energy production since
fertilization represents a large potential cost.

Phragmites did not produce significantly mare biomass in the second year than
Sparganium. Unlike Sparganium, however, tissue nutrient concentration in Phragmites
was among the lowest for all elements. Since Phragmites received the same fertilizer
treatment as the other species and there is evidence that its low productivity was due
to establishment problems rather than some other factor such as nutrient stress, it is
encouraging that Phragmites removed relatively small amounts of nutrients. Researchers
investigating Phragmites as an energy crop in Sweden also found low levels of most
nutrients in the aboveground tissue {Graneli, 1980). In fact, nutrient concentration in
shoots sampled in the winter, the recommended harvest time for this species, were
found to be lower than reported here.

Spartina also contained reiatively low concentrations of mast nutrients. This coupled
with high second year productivity makes Spartina a promising potential wetland biomass
crop. Limited flowering was observed in Spartina paddies in the second year, and it is
not known what effect, if any, this might have had on yieid.

The two planting stocks of Scirpus resulted in tissue which did not differ significantly
from each other in the concentration of any element. The tissue concentration of all
nutrients except phosphorus was in the middle of the range found over all species.
Phosphorus was very low in Scirpus tissue.

The ash content of potential bio-energy crops is of interest because it decreases the
effective energy yield per unit dry weight, and because it represents a waste product
to be dealt with in any conversion system. Based on two samples from each species in
the wetland species comparison paddies, Sparganium has the highest ash content at
6.7% ash, and Phragmites has the lowest at 2.0% ash. This ranking is similar to the
ranking of nutrient concentrations in the plant tissue, probably due to the fact that
elements such as potassium, calcium and magnesium contribute to the ash content of
plant tissue. Other elements may contribute significantly to the ash content, however,
such as silicon which reportedly serves as a structural element and represents up to
38% of the ash content in Phragmites shoots (Graneli, 1980). Spartina tissue contained
2.6% ash, the second lowest ash content. Carex and Scirpus [ and Il fell into the middle
of the range with 3.6%, 4.7%, and 3.4% ash, respectively.




FTable 2-3, MEAN NUTRIENT CONCENTRATION i ABOVEGROUND TISSUE FROM
WETLAND SPECIES COMPARISON TRIAL

Mean Nutrient Concentration*

Plant Genus Percent Percent Percent Percent Percent Percent  PPM PPM PP PPM PR
N P K Ca Mg Ma Fe Mn Zn Cu {3
Sparganium 0.648b 0.17@ 1.2948 1.858 0.188 6.07b¢ 1108 6948 518 p9a 198
Carex 0.992 0.14ab L.uga 0.62b Q168 a.u2e 69bC 43580 25D peaD  gbe
Scirpus | 0.46P 0.04d 0.868 0.40PC 0.148 0.108b 62bc 359D 146 g4bc j3ab
Scicpus Il 0.54b 0.048¢ 0,993 0.455¢ 0,148 0.133 gedb - 315bc  sbe g sbe3ab
Spartina G.58ab g.113be 0,942 0.29bc 0.i1a 0.03¢ 56C 196bc 6C 0.3bc 3C
Phragmites 0.758b 0.09bcd 558 0.27¢ 0.108 0.07b¢ 59bc 72€ 9c¢  0.2¢ 3¢

* For each column, numbers with the same letter beside them are naot significantiy different according to
Tukey's HSD Test ( oc = 0.05).



2.4 PHRAGMITES PROPAGATION TRIALS

Despite low productivity of Phragmites australis in both paddy and fieid trials, it was
decided to continue to investigate the potential of this plant for bio-energy production.
First, based on natural stand productivity figures and observation of poor planting stock
survival in field and paddy trials, it was determined that stand establishment problems,
rather than low genetic yield potential, were responsible for {ow productivity. Interest
in Phragmites was also sustained because some success has been achieved by Swedish
researchers in growing and harvesting this plant for energy production, providing a base
of information for propagation methods, nutrient requirements, and harvesting technology
(Graneli, 1980). A winter harvesting scheme has been proposed for Phragmites which
allows nutrient recycling through leaf fall, field drying of the erect shoots to about
25% maoisture, and equipment operation on ice rather than saturated soils. Many other
emergent aquatic plants being considered for biomass production lodge during the winter,
making this harvest system fairly unique to Phragmites.

Two Phragmites propagation trials were carried out in an attempt to overcome previous
problems with stand establishment. Selection of propagation methods was based on the
experience of Graneli (1980). According to their trials, stand establishment by seeding
was generally not successful; planting shoot cuttings with a portion of rhizome attached
represented the most successful propagation method. The material which was
successfully transplanted was collected before flowering when the shoots had two to
four leaves. This represented the period of maximum meristematic activity. Also, a
portion of the shoct was allowed to extend abave the water level after transplanting
to ensure oxygen supply. Graneli also found that rhizome pieces, cut shoots without
rhizome attached, and whole plants represented viable planting materials, although
survival was samewhat lower using these methods.

A Phragmites propagation trial was established in artificial paddies in St. Paul to test
four of the more promising establishment methods. M™aterial was coliected and
transplanted in late May, 1982, when two to four leaves had emerged on the shoots.
A representative diagram of the Phragmites plant at this developmental stage in shown
in Fig. 2-1. Treatments included rhizome pieces, rhizome pieces attached to shoot
sections with the shoot tip removed, rhizome pieces attached to intact shoots, and
shoot tip sections. Table 2-4 shows the success of the various methods as indicated
by initial survival of planting material, periodic shoot density over the course of two
growing seasons, and final yield at the end of the second growing season. Significant
differences according to Tukey's HSD test (< = 0.05) between initial survival of planting
stocks and final densities and yields are shown by different letters in Table 2-4. Survival
of planting material was comparable in all treatments except the shoot cuttings where
only 8% survived. Planting material which had at least one live shoot was said to
have survived. More than one shaot grew from many of the survivors, which accounts
for the fact that most shoot densities had increased beyond the planting density of
10/mZ within one month, even though there was less than 100% survival,

Shoot cuttings produced new shoots which were much smaller in height and diameter
than those produced by all other planting stocks. New, greenhouse rooted shoot cuttings
were planted after removing old cuttings in an attempt to increase survival and produce
normal shoots. Aberrant shoots were observed soon after replanting, and again in the
spring of the following year. The shoct cutting paddies were replanted once again in
July, 1983, and this time, none of the cuttings survived.
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Figure 2-1. PHRAGMITES AUSTRALIS WITH FOUR LEAFED SHOOTS AS USED FOR
VEGETATIVE PROPAGATION

A. Previous year's shoot (leaves dropped in the fall).
8. Internode.

C. Node.

). Adventitious roots.

£. New shoot.

F. Rhizome.



The second season vyield of 11.2 tonnes/ha aboveground biomass achieved with
shoot/rhizome planting stock was significantly higher than with any other planting stock
and is comparable to expected productivity based on natural stand surveys as presented
in Table 2-1l. A similar pattern was observed for final stand density at the end of
two growing seasons when paddies established from shoot/rhizome planting stocks
demonstrated a significantly higher mean density than any other planting stock. Yield
was not measured at the end of the first growing season, but, based on first season
densities, it appears that two seasons will be required to establish a productive stand.

Granelli also observed that two growing seasons were required for successful Phragmites
stand establishment (Graneli, 1980).

Table 2-4. PLANTING STOCK SURVIVAL AND PRODUCTIVITY IN
PHRAGMITES PROPAGATION PADOIES

Cut Shoot/ Shoot/

Rhizome  Shoot Cutting* Rhizome Rhizome
Mean Survival Percentage 648 gb 663 722
(July, 1982)
Mean Shoot Oensity
(per mZ)
Juty, 1982 12 1 1] 19
October, 1982 69 15 80 151
July, 1983 150 54 120 153
October, 1983 235b gc 2070 3052
Mean Apoveground Ory Wt 8450 oc 8040 11198

(g/m2), October, 1983

* replanted after first measurement in July, 1982, and again after measurement in
July, 1983,

Shoot material would be the easiest planting stock to obtain for Phragmites production,
so a greenhouse trial was established to try to overcome the low survival encountered
in transplanting shoot cuttings. Several factors were considered in determining
treatments which might result in the best root and shoot development. Node maturity
was considered since the developmental stage of the meristematic region can affect
the potential for differentiation of root and shoot tissue (Salisbury & Ross, 1978).
Presence or absence of leaves was considered since cuttings are subject to wilting
before rooting occurs, and since the presence of leaves on cuttings is known to exert
a stimulating influence on root initiation in some species (Hartmann & Kester, 1983).
Response to auxin was of interest since auxins are known to promote formation of

12



adventitious roots under some conditions (Esau,1977; Hartmann & Kester, 1983; Salisbury
& Ross, 1978). Finaily, wounding was considered because root formation is frequently
observed as a wound response (Esau, 1977; Hartmann & Kester, 1983). To examine the
affect of these various factors on survival of shoot cuttings, a factorial experiment
was conducted in which all possible combinations of five different rooting stocks, auxin
or no auxin, and wounding or no wounding are represented (see Appendix A for details).
Four of the rooting stocks were tip cuttings with one or two nodes and leaves removed
or present; the fifth was a stem section from the middle of the shoot. The auxin
supplement was 0.8% [BA in talc and wounding was accomplished by lightly scoring the
node with a razor blade. Cuttings were maintained in a temperature and humidity
controlled chamber in the greenhouse to avoid wilting.

Table 2-5 shows the mean percent of shoot bud and root formation achieved with the
various types of cuttings at the end of three weeks. In most cases, both roots and one
or more new shoots formed on the cuttings which survived. Occasionally, new shoot
buds would form on cuttings which had not successfully rooted. Root development
without shoot formation was rare. Analysis of variance testing cutting type, auxin
treatment, and wound treatment as main effects revealed that cutting tvpe was the
only factor which significantly arfected root and shoot formation. Auxin and/or wound
treatment did not significantly =ffect survival of the cuttings overail. For this reason,
the auxin and wound treatments for each cutting type are averaged together in Tabie 2-5,
Analysis of variance using a nested classification of the factors in this experiment
showed that within each cutting type, auxin and/or wound treatment had nc significant
affect on survival,

Table 2-5. ROOT AND SHOOT CEVELOPMEMT IN PHRAGMITES
SHOOT CUTTINGS

Mean Percent

Mean Percernt Mean Percent with Root and

Cutting Type Rooted with Shoot OCevelopment Shoot Oevelopment
S.T.* Single Node

with Leaves 36,70 40.0bc 34.20¢C
S.T.* Single Node

without Leaves 13.3¢ 16.6¢€ 13,3¢€
S.T.* Double Node

with Leaves 40.6b 54,20C 40,00
S.T.* Double Node

without Leaves 21.76¢c 22.5¢ 20.0bc
Mid-Shoat Section

Ooubie Node 7i,78 89,23 70.83

* Sheot Tip

For each column, numbers with the same letter beside them are not significantly
different according to Tukey's HSO test (< = 0.05).

13



Table 2-5 shows that the cutting taken from the mid-section of a Phragmites shoot
resulted in significantly better root and shoot bud development than any shoot tip
cuttings according to Tukey's HSD test ( = = 0.05). Among the shoot tip cuttings,
presence or absence of leaves seemed to have more effect on survival of the cutting
than number of nodes. There was no significant difference in root and shoot formation
between single nodes with leaves and double nodes with leaves, or single nodes without
leaves and double nodes without leaves. There was, however, generally better survival
in cuttings which had leaves than in cuttings with leaves remaved. For example, single
nodes with leaves showed significantly more root formation than single nodes without
leaves and double nodes with leaves showed significantly more shoot formation than
double nodes without leaves.

Cuttings from the mid-section of Phragmites shoots gathered before flowering in the
two to four leaf stage represent a potentially viable option for vegetative propagation.
Rooting and shoot bud development have been successfully achieved in cuttings kept in
a controlled humidity and temperature chamber. Transfer of the rooted cuttings to
the outdoors has been less successful, however. Shoot cuttings were planted three
times in the Phragmites paddy experiment discussed previously, twice using previously
rooted cuttings from the greenhouse. Survival ranged from zero to 21 percent at each
planting. Further experimentation is needed to determine a method to increase survival
of cuttings transplanted from the greenhouse.

2.5 CONCLUSIONS

° Wetland species screening through literature review and, paddy trials has
identified Spartina pectinata, Carex atherodes, and Scirpus fiuviatilis as highly
productive, potentially visble wetland biomass crops. Al are perennial plants
with annual aboveground biomass yields ranging from 4.5-22.3 tonnes/ha in
mature stands. Belowground biomass production is low in these species, and
the small rhizomes are difficult tc extract from the soil.

e Despite initial problems with propagation, Phragmites australis stands can be
successfully established and represent another productive, potentially viable
wetland biomass crop. Because of the potential advantages of the somewhat
unique shoot harvesting system for Phragmites which allows equipment
operation on frozen, rather than saturated, soils and recycling of some nutrients
through leaf fall, Phragmites production research should continue even though
it is a more difficult biomass system to establish.

e Investigations of shoot cutting propagation methods for Phragmites have
identified mid-shoot sections from plants in the two to four leaf stage as a
potentially successful cutting type. Methods to increase survival of cuttings
after transplanting need to be worked out to pravide a more cost efficient
system for Phragmites stand establishment than planting rhizome pieces. Cost
of transplanting would be high for either rhizome pieces or shoot cuttings,
but these represent the only currently potentially viable stand estabiishment

14



SECTION 3.0

SITE SELECTION

3.1 INTROOUCTION

If Typha is toc be developed as a biomass crop, it is important to know the range of
site conditions under which it is most productive. This information could be used to
select optimum sites to estabiish energy farms, and, conversely, to judge the potential
value of Typha for energy production under a given set of conditions. Both natural
stand surveys and experimental field trials can provide information to help define
optimum site conditions for cattail production.

3.2 NATURAL STAND SURVEYS

Surveys of natural stands indicate that Typha spp. is adaptable to a wide range of
physiographic conditions. One study conducted in Michigan {Segadas-Vianna, 1951) found
Typha latifolia, Typha angustifolia and Typha x glauca growing cn soiis ranging from
clay and sandy clay minerai soils to fibric and hemic peat soils. Soil pH ranged from
4.0 to B.l, with the Huik cf the sites clustered around pH 6. L.ake edges, marshes,
and roadside ditches represent the majsr sites where Typha spp. were found; water
levels at these sites varied from no standing water during =arly summer and fall io
30 cm of standing water throughcut the season. No correlation between species and
the various site conditions was evident.

Other naturai stand surveys conducied in Michigan and Wisconsin (Kiopatek & Stearns,
1978; Veatch, 1933) verify the wide range of snil conditions under which cattails grow.
One study conciuded that Typha thrives in ciayey and decomposed peat soils with a
neutral to alkaline pr, althougn less preductive stands on sandy soils and fibrie, acid
peats were also found. The only extensive naturai stand survey conducted in Minnesots
measured water, rather than soil factors associasted with the stands (Bonnewell, 1981).
This study found Typha stands growing on sites with 0 to 63 cm standing water. Levels
of nitrate and phosphate in water were measured at each site, and found not to correlate
with stand productivity.

3.3 fFIELO TRIALS

Field experiments concerning Typha production practices alsc provide information on
site conditions conducive to cattail growth. Experimental stands of Tzeha have been
established on different soil types at two locations in Minnesota: near Aitkin in central
Minnesota and near Zim in northeastern Minnesota.

Table 3-1 illustrates the range of soils on which Typha stands have been successfully
established. This range is fairly representative of the estimated 1.4 million ha of wet
mineral soils and 2.1 million ha of peatlands potentially available for bio-energy
production in Minnesata (Anderson & Craig, 1983), Of the pestland area in Minnesota,
80% is reed sedge peat, 18% is sapric peat, and only 2% is fibric peat found in raised
sphagnum bogs (Malterer et al., 1979). The hemic peat described in Table 3-1 was

formed from reed and secTc]e plant material. The sapric peat is a highly decomposed
material of unidentifiable plant origin with a iarge degree of mineral contamination
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Table 3-1. SITE CHARACTERISTICS Of THREE TYPHA FIELD SITES

Location LLandform Soil Type® Soil pr Bulk Density (g/cmB)
Zim minerotrophic fen hemic peat 5.2 0.14
Aitkin river flood plain sapric peat 5.4 0.54
Aitkin river flood plain loamy sand 5.4 c

aS0il Taxonomy 7th Approximation (Soil Survey Staff, 1960).
bpH"in 0.01 ™M CaCly.

CNot determined. Typical value for a loamy sand is 1.6 g/cm’ (Brady, 1974).

from river flooding. The loamy sand is the only mineral soil on which a Typha stand
has been established in these studies. The soil pH at the three different sites was
very similar and does not represent the wide range of soil pH found on wet mineral
and organic soils. Soil pH on some wetland sites sampled in Minnesota ranged from 2.4
to 6.8 (pH in 0.01 m CaClp) (Minnesota ONR, 1982; Qlson et al.,, 1979; Severson et
al., 1980).

Table 3-2 iliustrates that the range of Typha productivity achieved on the three different
soil types overlap considerably. The range for each site represents mean aboveground
.yields in two-year-old stands established under different experimental conditions.
Because different species of Typha and different methods of stand establishment were
used in the various experiments at each site, it is difficult to make a strict comparison
of productivity based on soil type. The most productive stand, for instance, is the
only stand in our studies which was established by sowing seed rather than planting
seedlings or rhizome pieces. It is also the only pure stand of the species Typha
angustifolia. The planting method and/or species, rather than soil factors, may be
primarily responsible for the yield difference. With this in mind, the data can only
suggest that all three soil types may potentially provide a viable substrate for Typha
production as a bio-energy crop.

In addition to productivity, effects of soil type on biomass quality characteristics such
as ash content are of interest. Again, the data in Table 3-2 are not conclusive since
many variables are inherent in the comparison, e.g., differences in climate, species,
and cultural practices used. The values do suggest that the mineral content of the
soil will not have a significant effect on biomass ash content.

In addition to primary energy production through establishment of energy farms, Typha
may be valuable for reclaiming mined peatlands with energy production serving a
supplementary function. A site preparation study conducted in 1980 by Pratt et al.
near Zim, Minnesota suggests that cattail stands can be successfully established on
sites with 20 cm of peat removed (Andrews et al., 1981). To further assess the potential
value of Tzeha spp. for reclamation of mined [ peatlands, another study was conducted
near Zim in 1981 and 1982. The reed sedge peat deposits on this site are similar to 80%
of the peat deposits in Minnesata, and represent the type of peat which is being most
seriously considered for mining as an energy source (Malterer et al,, 1979).
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Taple 3-2. TYPHA PROODUCTIVITY AND ASH CONTENT
ON THREE OIFFERENT SOILS

Mean % Ash Range of meand
Mean in Aboveground Aboveground Typha
Soil Type Soil Ash % Typha Tissue Yield (tonnes/ha)
hemic peat 11.7 5.3 4.7 - 8.1
sapric peat 57.7 5.3 5.8 - 10.5
loamy sand 93.6 5.8 6.1 - 13.8

8Second year stands sampled in late September/early Octaber.

Three areas were prepared for this study, two by removing varying amounts of peat, and
a thirg by simply tilling the soil surface. The two excaviaiicn depths were 1.5 m and
0.6 m. The hemic peat deposit at this site is about 1.8 rn deep, so bDoth =2xcavated
areas maintained a peat layer over the mineral sub-scil.

Table 3-3 itlustrates diffzrences in the soil at the three depths in the soil profile. The
soii in the unexcavated area is more decomposed than the underlying soil, as indicated
by the fiber content and bulk density. Orainage of tnhis site for the past 25 years
probably accounts for the accelerated decomposition of the surface scil. Along with
decomposition comes mineralization of nutrients, explaining the elevated values for
availabje N-P-K in the unexcavated area as compared to the 0.6 and 1.5 m excavation
depths. To overcome productivity limitations due to nutrient deficiencies, ali three
areas were fertilized with macro- and micronutrients (see Appendix A for details).

Table 3-3. SOIL CHARACTERISTICS FOR PEATLAND RECLAMATION STUDY

Excavation Fiber Centent Buik Native Availacle Nutrients
Depth Rubbed Unrubbed Density pH?2 in Soil {ppm)P
N P K
Unexcavated 33 i2 0.18 5.3 272 24 248
0.6 m 48 18 0.12 5.2 56 S 44
1.5 m 48 12 0.12 5.0 63 0.1 25

8H measured in 0.01 m CacClp ,
ONitrogen measured as NO3 and NHg, Phosphorus is measured as water soiuble P,
Potassium is measured as exchangeable K. See aopendix A for method.
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Figure 3-1 shows that yields in the first and second season were not affected by these
differences in native soil fertility, although tissue nutrient concentration may have
been. Under the conditions created by mining peat at the Zim site, low initial soil
fertility appears not to be ultimately limiting to growth under the fertilization regime
used.

The probable cause of reduced yield on the unexcavated site as shown in Fig. 3-1 is
the proliferation of weed species. Removal of the seed bed and roots and rhizomes
of perennial plants with the surface peat greatly reduced the number of weeds present
on the two excavated sites. [n terms of competition from native plants, cattail stands
established on mined sites might have an advantage over tilled sites, although promising
cultural and chemical weed control methods which could mitigate that advantage are
being studied and are discussed in Section 7.0 of this report.

In addition to soil factors, water availability and control will affect the selection of a
site for cattail bio-energy production. Cattails grow under a wide range of wet soil
conditions as reported in the natural stand surveys mentioned earlier. Field sites
established at Aitkin and Zim were maintained with 10-20 cm of standing water
throughout the growing season. This represents the middle of the range of water depths
found in naturally occurring stands (Klopatak & Stearns, 1978; Segadas-Vianna, 1951;
Veatch, 1933). The water depth on experimental plots occasionally fell to zero or rose
to 45 cm for short periods of time. The effects of drawdown or high water levels on
Typha spp. productivity is unknown.

The apparent tolerance of Typha to a wide range of water depths suggests that unaltered
wetlands could potentially be used for commercial biomass production. Natural wetiands
would have an advantage over ditched and drained areas since the cost of tand preparation
and subseqguent irrigation to maintain flooded paddies would be much greater on prepared
wetlands. Other factors need to be considered, however, to determine the potential
of natural wetlands for commercial bio-energy production. Information on Typha water
requirements and the effect of drawdown on productivity should be obtained. Availability
and costs of planting, fertilizing, and harvesting equipment that can operate on submerged
soils versus equipment that requires a drained site must also be considered.

3.4 CONCLUSIONS
e Managed and naturally occurring Typha stands have been established on hemic
and sapric peats, and on a range of wet mineral soils, suggesting that these

are potentially viable substrates for commercial bio-energy production.

] The pH tolerance of Typha spp. is not conclusively defined in the literature
and should be further researched.

. Typha water requirements and the effect of extended periods of high or low
water levels on productivity should be studied.

e The effect of native soil nutrient levels on the success and cost of ngha

bic-energy production should be further researched. This topic is discussed
more thoroughly in Section 6.0 of this report.
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SECTION 4.0

STAND ESTABLISHMENT

4.1  INTROOUCTION

Foliowing site selection and land preparation, a method of establishing stands of Typha
must be employed. Three possible establishment methods have been examined: seeding,
transplanting seedlings, and transplanting portions of the rhizome system. Each has
advantages and disadvantages which are discussed below.

Criteria for selecting appropriate establishment methods are based on the goals of
minimizing establishment costs and ensuring rapid, uniform, stand establishment and
development. Costs include those for labor, equipment, materials, and, possibly, storage
of plant material and greenhouse space. Additionally, the possible costs of fo