yielded results that partly inspire confidence among university administrators. In
addition? the education budgeté and regulations are cons.tructed in such a way
that cuts cannot be easily commdated, nor funds switched to other purposes.
High proportion of the budget goes to paying the salanes of university personnel.
The rest goes towards constructing and maintaining university building. Only a
very small percentage |s available for high cost information technology.

Another problem of information technology that results, as a consequence
after Installing the technology is tachﬁical problem. New Information technology Is
not free from technical problems, and technical problems in any new information
technology fof education, is usually possibie, at a cost. The technology that are
offered to us are not Indefintely re!iabie. adaptablé and flexible. Tecﬁnical support
is necessary ‘

The purpose of education is. o change people to a better quality of life.
Educators want people especially young people to tum out differently from what
they would be if left o themselves. if we look at education as a system of changing
people to the ultimate goal of education, then university administrators employ
educational technology in order to help students achieving the goal of education.
Then educational technology is kind of rational problem solving approach to
education. It is a way of thinking systématica!ly about teaching and leaming, We
can not change our style of living, nor we can resist the advance of technology.
Anyway, the technology that we chose have to be considered very carefully not
only in the aspect of education, but also in aspect of economies and politics,

including the problems that might arise from the technology.
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Abstract |

Losses of dry weight,N,P,Ca.and Mg from emergent macrophiyte litter in
Theresa Marsh were studied during September 18,1977 to August 31,1878. Dry
weight remains of shoot litter of Typha latifolia, Spargarxium eurycarpum,Scirpus
fluviatilis in the marsh after 348 days were 47.5, 26.9, 51.4 % respectively,and for
the root-rhizome litter were 59.1 ,42.1, 27 8 %(Scirpus>Sparganium>Typha). Under
controlled conditions,the rates of dry weight loss of Typha leaves at 18 °C in both
artificial and distilled water were significantly faster than those at 10 °c: weight
losses in distilied water were faster than those in artficial water at both temperature
levels. Stenlized and antibiotic treated Typha leaves showed refatively stable dry
weight after leaching loss in the first two weeks. Initial weight .N.P.Ca, and Mg
losses resuited chiefly fro'm leaching. These elements accumulated in sphng and
summer ; N exhibited the highest accumulation (about three times the initial content
in the shoot litter). in the laboratory, N accumulation occumred within 15 days.as a
result of microorganisms inhabiting the litter. There were no significant increase in
C and N in sterilized leaves,while increases in the controls of both antibiotic and

sterilization experiment fluctuated between 38.9 - 47.9 %(C) and .39-1.43% dry
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'weight(N). N increases in antibiotic treatment probably resulted from adsorbtion of
- antibiotics. Increases in P,Ca,Mg In later stage of decompasition were attributed
to mjcreorganisms.epiphytes.and precipitation from the soclution. High C:N ratios
and relatively low P,Ca,Mg in onginal standing crop may be the cause of low
herbivore consumption,W'horoas the relative increases in N,P,Ca,Mg in decomposed
litter provide a more nutrient-rich substrate for detn‘tiveres.. There were significant
interrelationships between nutrients in the litter(N,P,Ca ,Mg)and marsh water
nutrients(NH4-N sefuble reactive P,Ca,Mg). Levels of NH4-N and soluble reactive P
suggested neither N nor P are Iimitir.\g' in the marsh water. Much of the nutrient
uptake in the annual cycle is via microblal and dstritrivore growth rather than by
macrophyte producers. The release of energy tied up in the dead plant materials
| depends on the microbi-al degradation to make ii available to higher trebhic levels.
INTRODUCTION
Decomposition is the major process which results in dissipation of energy
and release of nutrients stored in organic matter. Though some decomposition
may accomplished through physical—-—chemiCaI mechénisms,the dt;minant pathway
utilizes biological mechanisms. The concepts of trophic level and food Qhain'have
traditionally emphasized the plant—herbivore—camiv,ro sequence,but awaren]ass
of the bl:oportion of primary production utilized directly by deboinpoSers is
increasing. ‘ |
There have been many studies on the productivity and nutrient content of
themarshspecies {0.g.BemardandMacDonald,1874;Kiopatek, 1974;Linds!ey,
1977;stake,1967),but little attention has been gliven to the decomposition ‘of
emergent macrophytes. These plants represent ihemain source dfautoch’thonous :
litter iﬁ most marshes. |

In Wisconsin,Theresa Marsh(Klopatek,1874)and McNaughton Marsh
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(Lindsley,1877)were investigated iﬁ terms of productivity and nutrient fluxes.
This study adds information on decomposition of Typha latifolia, Sparganium
eurycarpum.and Scirpus fluviatilis ,three dominant emgrgent macrophytes with high
prod uctivity’_ in Theresa Marsh(Klopatek,1975).

This work documents 'and compares tne rates of decomposition,
losses of dry weight and mineral nutrients from the shoot and from root- rhizomparts
of the three species and determined the nutrient value of tne litter in terms of crude
protein. Correlations between nutrients in the marsh water and nutrients in the litter
are examined.

To further elucidate interppretation of decomposition in themarsh, two.
laboratoryexperiments were designed to study the effects of temperature, water

nutrient,antibiotics,and sterilization on decomposition of Typha lafifolia shoot.

SITE DESCRIPTION

Theresa Marsh is-a wildlife area owned and managed by the Wisconsin
Department of Natural Resources. It is located on the east branch of the Rock
River in Dodge and Washington Countigs. The marsh lies between U.S. Highway
41 on the east and the Soo Line Railway un the west. The area of approximately
2025 ha contains 600 ha of shallow impoundment. The surrounding drainage basin
consists of nearly 19,000 ha of which 80% is in pasture dr under cultivation. The
area was completsly covered by the Green Bay lobe of late Wisconsin glacier )
more than 10,000 years ago. The Cincinnati shale bed lies under the entire
impoundment. The soil is a Histasol of the Houghton mucky peat senes. The marsh
is supplied by three major inflows: Kohlsville Creek,the east branch of the Rock
River,and Lorrira Creek. The watersfrom these inflows mix within the marsh before

passing through the Rock River outflow.
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Two sites were sampled fdr each speCies and two .25 m quadrats were sampled
at each sampling site. All bioinass within the quédrat was excavated to a depth of
30 cm v Shoots were separated from root—rhizomes and all material was washed
to remove excess soil. Roots and rhizomes were washed over a brass sieve(0.5
cm mesh)using a high spray of cold tap water. The samples were cut into pieces
of about 7 cm for shoot and about 10 cm for roots and midees ,and then dried at
50 OC,shoots for 3 days and root-rhizome for 6 days. The dry samples were wéighed
and placed in 15x15 cm fiber glass bags. Weights ranged from 4.980-6.912 g for
shoot and 8.574 - 17.420 g for root-rhizome matenal. For eéch species,forty bags
of shoot litter and twenty four bags of root-rhizome méteﬁ'al we_ré deployed at each
sampling site on Septémber 18,1877, Five shoot bags and three root - rhizome
bags were removed from each sampling site on October 14,1977 and November
11, 1877 and on April 22,1978 ahd June 7,1978. The rast were collected an August
51,1978, Water samples were obtained at a depth of 130 cm at the vegetation
sampling sites on the same dates.

In the laboratory,the litter hags were opened and gently washed in white
trays ofdistilled water to remove soil and animals. The litter was then dried at 50 °C
for 3 days after.‘which it was weighed and ground through a 20 mesh sieve in a
Wiley Mill. | .

Phosphorus,calcium & magnesium were- determined colorimetrically by
molybdenum blue method{Alien et al.,1974),glyoxalbis 2 hydfoxyanil(Kerr.1960).and
titan yellow method(Allen et al.,1974) respectively after mixed acid digestion with
pérchloric.nitric,and sulphuric acids. Total nitrogan content was measured by the

indophenol blue method after Kjeldahl digestion. Crude protein was estimated by
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muitiplying the total nitrogen by 6.25."NH4-N of the water was measured by the
Nessler method; soluble reactive P.Ga'.and Mg followed the same methods used

for piant material after filtering through: No. 44 filter paper.

Laboratory experiments
Typha shoots used in the first laboratory experiment were from 6 month old
greenhouse material,started from Typha rhizomes énd sediment collected from
Theresa Marsh. Drying,weight recording,bag size,and chemical analyses were
similar to those used in the field experiment. Six bags were submerged in each of
- 12 plastic buckets, each containing 6 liters of water. Six buckets had distilled water .
the ether six had distilled water with CaC@a 1.498:g, MgS04 71120 2.37 g, KNO3
1.60 g, KH2P04 .06 g,KCL .05 g.and NaCi .35 g. The amounts of chemicals were
based on the mean values of nutrients present in Theresa Marsh
water(Klopatek,1974). Six mjlliliters of a trace elemant mixture were added to each
bucket of artificial marsh water. One Milliliter of the mixt.ure contains FeCl 61120
3.15mg, MnCi2 41120 .18 ug, CuS04 51120 .01mg, ZnSC4 THZO .022mg, CoCI3
61120 .0Img,NaMoQ4 21120 .006 mg(Guillard,1961). Ten milliliters of water from
the growing tank were added to each bucket as an inoculum. One set of six buckets,
three of which contained artificial marsh water were placed at 18 9C in a Sherer
controlled chamber Model CEL 4-4. The other set were placed at 10 °C in a chamber
of the same model. Light in each chamber was limited to only two 20 watt fluorescent
tubes lighted 12 hr per day. Continuous aeration in each bucket was accompiished ‘
using a vinyl tube(1/8 inch diameter) connected to an air valve and air pump. A
glass bottle filled with cotton served as an air filter. Bags were collected once a

~month,one bag from each bucket. The expeniment terminated at 184 days.
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Typha shoots harvested from Thergsa Marsh on August 31,1978 were uSed.in a
second laboratory experiment. Groups of five 1IOxIO cm fiber glass bags,each
contained a known dry weight of Typha were’ sut;merged in two liter beakers
containing one liter of filtered Theresa Marsh water. Five replications were prepared
as controls and five for antibiotic treatment. All samples were incubated at 10§C
under four 20 watt flucrescent tubes{10 hr/day). Nystatin and cyclo -heximide in
concentration of 50 mg/l were used as antifungal agents and behzyl peniciltin and
streptomycin 24 mg/,as antibacterial agents. The concentrailon were identical with
those of Kaushik and Hynes(1871). A frash dose was added to each of the five

" beaker twice each week. One bag was removed from each beaker at 15,30,60,90

and 120 days.

A sterilization experiment run concurrently,used dry plant materials and
fittered water of the same source. The experiment was run for 120 days under the-
same controlled conditions és the antibioti¢ axperimeht. Weight of the Iittertogethér
with the 250 nﬂl flasks were recorded befofe sterilization at 120C under 15 lb/in
pressure for 30 minutes. The loss of weight due to volatization of volatile components
during sterilization was fecorded after the flask with litter was oven dried with a
cotton plug and remained closed for 2 days at 50 OC. Thirty flasks were treated in |
this manner.five were saved for initial nutrient analyses. Filtered water marsh which
had been separately autoclaved in _25 flasks of 200 ml each,was addsed to the
sterilized litter. Equal replications with untreated litter and filtered water were used
as controls. Five flasks were rerhoved for nutrient analyées at each date on the
same schedule as that of antibiotic experiment. Statistical analyses employed

one,two,and three way .analysis of varlance,significant le\}el was set at 0.05.
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Weight loss

In each experiment,dry weight loss was rapid in the first mbnth(Fig. ‘1_). In
the field,Sparganium shoot litter had the féstest rate of decomposition. Sparganium
shoots lost 73.1% of their initial dry weight in 348 days,Typha and Scirpus shoot
lost 52.5 and 48.5 % in equal.time. Decay rates of root-rhizomes were faster than
those of the shoots,except for Scirpus. The pattemns of root-rhizome decomposition
were roughly similar to the shoots. There were rapid losses in the first month followed
by very slow rate of loss during the November-April périod. The rate of weight loss
increased again as the water warmed in spring and summer. After 348 days‘ the
remaining percentages of initial dry weight of root - rhizome material were 27.8,
42.1 59.1%(Typha <_Spaganium <_Scirpus).

Both temperature and nutrient ievel of water produced significant effects
on the weight loss of Typha shoot litter. The rate of decomposition in distilled water
at 18 OC was faster than that in artificial water at 18 °C throughout the six month
test period.At 184 days 40.5% of dry weight remained in the former and 36.3% in
the latter. There was little difference between rate of weight loss in artificial water

vs distilled water at 10 OC(Fig.2). After 184 days
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Fig. 1 Percentage of remaining dry weight éf shoot and root - rhizome litter,

September18,1977 o August31,1978.@ Typha, M Sparganium, A Scirpus.
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Fig. 2 Typha shoot litter, percentage of remaining dry weight

(a), and nitrogen (b).--- distilled water, — artificial water, 10°C’ 18°C

[a )
o

% Dry weight
=
O

M
(=]

% Remaining N
-g N

20

BY 222 (BI 203)

T T T 1
320 60 90 120 150 180 210
Days
(a)
T T T T I 1 —

30 60 90 120 150 180 210

Days
(b)

273



at 10C the'Femaining dry weight in artificial water was 60.4% and that of distilled
- water was 56.2%.

After an ihitial loss in the first 15 days,the dry weight of sterilized and
antibiotic treated litter remained relatively stable throughout the 105 days. Dry weights
‘stayed in the range of 85.4-91.8 %, indicating that antibiotic and sterilization were
effective in controlling the growth and activities of microbial decomposers. In contrast
he weight of the control bags of both antibiotic and sterilization treatments continued
to decline father steadily througout the study period(Fig.3). Dry weights at 15 days
were 85.2%(antibiotic control)and B85.3%(stenlization control)of the onginal and
declined to 70.1 and 67.2% respectively at 120 days. Differences in dry weight
between treatment and control were significant in both antibiotic and stenilization

experiments < 0.01).

Ni n an
Initial total nitrogen content présent in the shoots were 0.83,0.60,0.43%

in Sparganium,Typha,and Scirpus respectively. Initial concentrations fdund in the
root - rhizome were 0.93,0.79,0.77%(Scirpus >Typha > Sparganium). Duringl
decomposition decreases in M charactenzed the early months (October,November)
.exbept in Sparganium shoots which showed slight increase in Ncvember(Fig.4).
Nitrogen increased in spring and continue to summer. The inCreaées in August
werg great in ﬁp_a_rg_migm_and Typha shoots with the remaining N about 135 and
\ - 83% of their initial contents respectively. Scirpus shoot litter reached a N peak of
0.86%dry weight in June,then dropped‘to 0.51% dry weight in Aug_ust. The increases
were less dramatic in root- rhizome litter. Increases of all speéies were found in

April. By the end of August
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Fig. 3 Percentage of remaining dry weight of shoot litter,
(a) antibiotic experimant, (b) sterilization experiment. @ control, @ treated

{antibiotic, sterlization).
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Table 1 Protsin, nitrogen, phosphorus, calcium, and magnesium (as per cent of

dry weight) of Typha, Sparganium, and Scirpus shoot and root - thizome litter.

Typha shoot
Date Protein . P _Ca_ Mg

9-18-77 3.73 .60 . .19 1.00 .13
10-14-??‘ 2.66 -43 011 -?2 ooh
11'11-77 2-31 . .3? .10 ¢63 .04 !
4=-22-78 - 3439 « 54 .10 74 «Oh

6-7 -78 4,06 65 .10 <74 .06

8‘3]-?8 10.58 1.69 012 -?3 .03-
Sparganium shoot )

9—1 -7? ‘ 5.20 083 019 1036 ¢15_
10'14-?? 3.73 .60 013 0?4 n05
11-11=-77 4,59 e .12 .63 .06
L2278 5.67 «91 .12 +65 .06

6"‘? -?8 ' 6.56 . 1-05 '1? .61 .10

8-31-78 16,03 2.57 16 « 76 «04
Scirpus shoot
9-18-?7 2.69 043 -09 -5? .0?
10"1’-{--77 ln86 .30 -08 . 135 002
11‘11‘77 091 015 no? I36 '04
4'22"78 "+. 59 . ?"l' . lo .’.].0 .0""‘

6~7 =78 5.38 .86 : 12 45 + 06
8"‘31-?8 3-21 -51 009 050 002
Typha root-rhizome
9-18-77 4.94 «79 . «30 o 71 11
10'14—77 4,15 -6? «+19 «59 «05
11=11=77 2459 YT 13 « 71 .08
L-22-78 4.25 .68 12 o 72 «07

6-7 -?8 3.68 -59 014 0?2 .13

8"‘31-78 5.28 . l85 .12 1-13 109
Sparganium root~rhizome

9-1 ‘77 4.82 077 . 341 ) .53 '05
10"]4-77 4084 |78 ‘.2? ) 063 005
1}"11"?7 3064 .58 |16 X 08’-} 008
4-22‘-?8 6.50 ’ 1 .04 . 21{- .66 l06

6"7 "'78 5.914- -95 .21 0’4‘9 008

8"'3“"78 5-16 .83 -13 058 -o"+
Scirpus root-rhizome '

9"18"77 5079 - -93 039 030 oo"-l-
10"14-?7 3.6# I -58 .26 .18 ' 302
11-11=77 3,16 _ «51 25 «23 .02
Ye22=-78 4,72 « 76 .28 .+ 30 .02

6-7 =78 2.86 ‘ 46 .28 . W25 .06

8-31-78 3,80 .61 A6 .25 .02
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Fig. 4 Percentage of remaining N in shoot and root-rhizome litter, September

18,1977 to August 31,1978. @ Typha . ® Sparganium, A Scirpus.
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Sparganium had the highest remaining N per ceht (45.1%).Scirpus was a little
lower(38.8%),and Typha was the Iowe.st(29.7%).

In the laboratory experiments, N levels differed significantly (P <.01)
both between types of water and temperatures. Nitrogen decreased in all treatments
in the first month,then it incresed in the second month in all treatments except artificial
water at 18§ C. During the last three months remaining N in litter was relatively
stable in all treatments(Fig.2b). Af 184 days the percentages by dry weight of Nin
litter of all treatments (0.95—1 .06%)were about the same level as initial content(1.1%).

Nitrogen determinations in the antibiotic eXpen‘men_t yielded relatively
stable results with N levels at 0.75 and 0.73% dry weight at 15 and 30 days. After
the first month nitrogen increased and at 120 days N level was 1.24%(135% of initial
content). Nitrogen in the control incfeased from the 15th to 60th day,then declined
to 71.9% of original-value at 120 days.

The nitrogen content in sterilized Typha litter was relatively stable
throughout 120 days{0.71-0.88% dry weight). In contrast the control showed
increases at 15 and 120 days;the lowest value,0.38% ofdry welght,occumred at 60
days-tosses of 0.33 and 0.05% dry weight of C and N respectively were found after
sterilization.

Computation of protein content was based upon total nitrogen, thus the
pattems of litter protein were similarto those of nitrogen. In the marsh the litter of ali
three species was rich in protein in'summer,apparently a result of accumulation of

N in-microbial biomass.

Phosphornus . _ :
The initial P contents of Typha,Sparganium,and Scirpus shoots
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Fig.5 Typha shoot litter, percentage of remaining carbon and nitrogen. (a) antibiotic
expenment, (b} sterilizatioh experiment, carbon, nitrogen, --- controi ,—treated

{antibiotic, sterilization).
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were 0.19, O.1§,and0.09% respectively. Phosphorus declined sharply in the first
month of decomposition in all species(Fig.6). Loss rates slowed down in November.
Scirpus shoot litter exhibited P increases in April and June. At 348 days the P contents
of Typha,Sparganium, and Scirpus were 0.12,0.16,0.09% dry weight(28.9,22.6,53.8%
remaining) respectively. ihitial P concentrations of the root-rhizome were-much higher
than those of the shoots especially in Sparganium(0!43%) and S¢impus(0.39%). Typha
root-rhizomes had initial P content of 0.30%, which then deciined throughout the

experiment. Phosphorus increases (as % of remaining litter)was observed in

Sparganium in April.

In the laboratory at 30 days rapid early leaching of P was evident in all
treatments(Fig.7). The losses ranged from 75.9% of original content in distilled water'
at 18 °C to 70.3% in both arificial and distitleq water at 10 °C. Temperature tended
to influence this early leaching. At 63 days Pcontent had decreased further in atl
treatments except a slight increase" in artificiat water at 10 °C. There were slight
increases in the third , fourth,and fifth months, and by 184 days the remaining P -
 ranged from 22.6-33.7% of the original.

Calcium ‘

initial percentages by dry weight of Ca present in the shoots were
1.36,1.00,and 0.57(§namanj_um_$ Typha > Scirpus). A considerable ;;prlion of the
caicium{of all s.pecies)was leachedin thé first month (Fig.8). Calcium in Typha shoots
continued to decrease in 'Novem.ber and varled between 0.73-0.?4‘% dry weight(34.8-
54.0% remaining)during the rest of study. Smal! fluctuations were observed in the

Sparganium and Scimus shoot litter during October-August,with the ranges of 0.61
. .
0.76%(22.7-38.0% remaining) and 0.35-0.50%(44.5-51 .5%remaining) respe-
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Fig. 6 Percentage of remaining P in shoot (a), and root-rhizome (b} litter,

September 18,1977 -August 31,1978. @ Typha, M Sparganium, A Scirpus.
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Fig. 7 Percéntage of P remaining in Typha shoot iitter --- distilled water, — artificial
water, 10°C, 18°C.
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Fig. 8 Percentage of remaining calcium of shoot (a), and root - rhizome (b}, September

18, 1997 - August 31,1978 @ Typha, W Sparganium., 4 Scimpus.
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ctively. prﬂa root—rhizomes showed a decrease in Ca of about 45% of original
content at 26 days then Ca rose to 61% of the original content in November. Calcium

~ values showed little change during April-August. ap_majm root-rhizomes showed
temporary Ca accumulation in November. At 348 days the % remaining was 46.2%.
Calcium in Scirpus root-rhizomes dropped rapidly in the first month then increased

in November. The Ca values of June and August were relatively stable.

Under controlied conditions the losses of Ca in all treatments were neither
influenced by the types of water nor by temperature. Very rapid leaching of Ca
occurred in the first month; the amount jost at 50 days rénging from 69.7% of original
content in artificial water 10C to 65.1% in distilled water 18 °C . At 184 days the

remaining Ca in the plant residue of ali treatm_erits was less than 1% of the original

value.
Magnesium

Most Mg in all shoot and root-rhizome samples was released within the
first montb(Fig.9). Like other elements, Mg showed increases in all groups in June.
The increases were relatively high for root— rhizome litter. In thé laboratory, Mg was
also leached out rapidly in the first month then the remaining Mg stayed in the range
of 4-30% for all treatments. Analysis 6f variance showed no significant effect of
water or temperature factors nor interaction of time,water,and temperature factors .

on Mg contents of all treatments.

Carbon |
The rapid loss of carbon in the treatment and control of both sterilization

and antibiofic experiments in the first 15 days supports
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Fig. 9 Percentage of remaining Mg of shoot (a), and root—rhizome (b), September

18,1977-August 51,1978. @ Typha, W Sparganium, 4 Scirpus.
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solubilization of carbon compounds as the cause of loss(Fig.5). After 15 days C .
content in the sterilization control was between 58.85 -47.94% dry weight end 40.80
-48.17% dry weight in the antibiotic control. Significant difference in C contents

between treatment and control was found only in antibiotic experiment.

Water nutrients

The fluctuations of NH_-N, soluble reactive P,Ca , and Mg in the marsh
water arle shown in Table 2. NH4-N comresponded with the pattem of decompasition
better than other nutrient groups; the concentratien increased to 0.51 mg/l in October
suggesting a net gain from decomposition of dissolved organic matter that was
released by leaching and autolysis of dead macrophytes. NH4~N decreased slightly
in November and reached a minimum level for the year(0.29 mg;'i) in April. As
decomposition processes increased in s_ummer, NH4—N increasedto 0.61 and 0.64
mg/l in June and August.

Soluble reactive P fluctuated between 0.12mgA in April and 0.52 mg/in
September, Calcium concenfration wae high(90.5'5mgl|) in September,then
decreased to about 28 mg/l in October and November. The range during spring
and summer was 45.15—55.79 zng/l. Magnesium concentrations were relatively
stable(9.96-14.80 mg/),except for a low reading in August(4.05 mgA). There were
significant interrelationships between nutrients in the litter(N,P,Ca,Mg) and marsh

water nutrients(NH;N,soluble reactive P, Ca, Mg).
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Table 2 NHq-N, soluble reactive P, Ca, and Mg of water (mg | )

+ one standard deviation, Theresa Marsh.

Date NH, =N

9=18-77 oih
10-14=77 « 51
11-11-27 <146
{=22~78 .29
6~7 78 .61
8-31-78 .68
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I+ H W H

H 1+

o15
.07
«06
«05
+06
.08

Soluble
reactive P

52
31
o34
12
32
.25

t+ H i+

H i+ H

16
ok
.18
Ok
12
.09

90,33
27.11
27.62
55.79
45,13
She48

Ca

O 1+ 1+

H I+

3.80
6,15
12,65
5.88
11,20
644

Mg

14,80
9.96
1417
10.90
10,62
4.05

4+ 14+ I+ 1+ W I+

241
1.50
1.55
245
2.25
2.10
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Weight loss

The results of laboratory and field experiments suggested two major
components of emergent macropﬁyte litter degradation. First, a rapid leaching of
soluble organic compounds which accounts for the sharp drop in dry weight and
nutrient elements producing dissoloved organic matter available to miCroorganisms.
Sebond, physical and biological breakdown of plant litter occurs mainty in the spring
and summer., .

The weight loss of Typha shoot litter in Theresa Marsh in the first month
was about the same as those found in both water types at 10C and in the controls of
antibiotic and sterilization experiments,indicating that water types and field conditions
have little influence on leaching of soluble compounds. Although Kauskiik and
Hynes(1971) found temperature also showed little effect on early leaching rate in
the first two or three days,in my study leaching loss at 18C was‘c'ons‘iderably higher
than at 10C 7 The teaching rates were found to.-be greater in root - rhizome than in
shoot. Loss of dissolved organic matter in the early stage of decomposition have
been reported for Typha Iat'ifolia(Boyd,1970); T.angustifolia and Phragmites -
communis(Mason and Bryant,1975), and Scirpus subterminalis(Otzuki and
Wetzel, 1974).

After the first month, the rates of decomposition under laboratory
conditions and in the marsh slowed down dramatically, indicating the refractory
nature of emergent macrophyte litter. The combinatioh of low temperature, high fiber
content and low nutrient content,especially N and P, limited growth of decomposers,
revealed in the laboratory by the slower rates of decomposition at 10 °C and in
Theresa Marsh during the winter months. At both temperature levels, Typha leaves

servad as the sole source of microbial nutrients, whereas in artificial water the
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microorganisms were supplied with soluble nutrients in addition to plant nutrients.
The added nutrients in water can be easily taken up and presumabily are utilized
first. The exoenzyme digestion and competition for the new food sourcé probably
began after the injtial nutrients in water became scarce, resulting in siower rate of
dégradation. The rate of dry weight loss increases correspondingly with increasing
temperature as shown in the results of Typha litter at 18 °C ahd the acceleration of
decomposition rates of all three species in the marsh during summer.

The sharp drop in dry weight of both shoot and root - rhizome litter in
June and August results from fragmentation Iosses.Se\./eraf agents are responsible
for fragmentation of the litter. Colonization of senescing and.dead herbaceous tissues
by microorganisms follows the sequence of weak parasite, primary saprophytic
flora, secondary saprophytic flora (Bell, 1974). The weak parasites associate with -
senescing tissues, primary and secondary saprophytic flora utilize simple
carbohydrates and eventually celllulose and lignin of dead plant materials.
Suppression of microbial growth and activities by antibiotics and sterilization resulted
in inhibition of decomposition. The presence of arthropods,annelids and epiphytes
in the litter bags during summer confirms the belief that the breakdown of plant litter
in later stages is mainly biological.

Site différences have pronounced effects on the rate of weight loss in the
marsh. 13esides the difference in biotic factors between sites, differences in physical
factors and chemistry of water should also be consid‘ered. Imﬂa litter at site 2 and |
Sparganium at site 4were influenced by the continuous water flow into the outflow
during the warm months, resulting in faster weight loss. Scirpus shoots which
senesced earlier than Typha and Sparganium probably had airéady lost some soluble
matter through leaching, possibly explaining why Scirpus litter exhibited the lowest
weight loss at 26 days. |n addition, the tiangular culms and hard tuberous rhizomes
of Scirpus are resistant to biological and physical degrad - ation,resulting in the

lowest decomposition rate.
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The root-rhizome litter probably would have de_compssed more siowly if
the sample3 had been placed in their underground habitats. Though the study was
conducted for onI;/ 548 days, the results indicate that the shoot and root - rhizome
titter of and Sparganium in Theresa Marsh would undergo complete decomposition
m about two years,and somewhat longerin the case of S_QILQLI_S_

Nitrogen and protein

In all expsriments, the % N increésed with time. The increase fn N was
found to be associate with microbial biomass as shown in sterilization experiment.
The absence of living organisms on Typha leaves and in marsh water after sterilization
resuited in no net weight loss after the early ieaching period and also in nosighiﬁ-
cantincrease in nitrogen. Decrease in N in the first 15 days resulted from leaching
loss of soluble substances including dissolved organic nitrogen. Vanation of N.
sontent in the apex, middlé and base of the leaves may explain the minor variations
in N contents in the sterilization experinént. Some plant proteins may be denatured
during sterilization and became insoluble resulting in a smaller leaching loss of
nitrogen.

A combination of low temperature, high fiber content, and low nitrogen
remaining after leaching loss may limit the growth of microorganisms resulting in a
low N value at 50 days. This is evident in Typha shoot litter at 10 °C % This combination
may explain the décrease in litter nitrogen ih the field during October-Nsvember. In
Theresa Marsh, maximum nitrogen content of the litter occurred in summer when -
environmental factors were favorable for growth and development of decomposers.
Nitrogen increases in June and August indicate that partially decomposed litter made
an excslient substrate for microorganisms. Nitrogen peaks of Typha and
Sparganium shoot litter occurred in August,and for shoots in June. High N content
of root-rhizome litter for all speciss also falls between April and August. Analyses of
litter nutrients at any one time may show either increased or decreased hutn‘ents,

when general growth pattern and competition of microorganisms are considered.
. i | .
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Epiphytes cotonizing the macrophyte litter may also be partially
responsible for N increase. During spring and summer months epiphytes, algae in
particular, were found in abundance on the litter and litter bags. Though they were
not uniformily distributed on the substrate, they were difficult to separate from the
substrate. These epiphytes not only account forincreased N but also are a potential
cause of increases of other elemehts.

The antibiotic experiment indicatel an unexpected. increase of N, This could
have been caused by colonizatidn of microorganisms resistaﬁt to the antibiotic used
or by adsorbtion of antibiotics by Typha leaves. Microbial growth as the cause of N
increase does not seem probab_le since dry weight after leaching loss remained
relatively stable throughout the experiment. The adsorbtion of antibiotics is possible
and degradation of these antibiotics produces compounds which can be N and C
sources, e.g., amines and ketones. )

Sparganium shoots which are relatively rich in N have the fastest weight
loss, Scirpus shoots with low N content decompose very slowly. Coulson and
Butterfield (1978) proposed that the rate ef microbial decomposition of plant
substrates is highly correlate with substrate N and P concentration. This does not
hold true for all species in the case of root-rhizome decompaosition; the structural

components of the plants have to be considered together with their nutrient content.

Phosphorys

The shoots of the three species studied. in the marsh have low initial P,
their root-rhizoines have P coucentration 2 to 5 times higher than the shoots. Leaching
toss of P in the first month and fasterin root-rhizome than in shoot. In the early stage
of decay this leaching loss appears retated tv dry weight loss. There ig little difference
in P content of Typha leaves in ari- ficial and distilled water at 10 °C or 18 °C
suggesting little effect of these factbrs on early leaching. Several workers(Cowen

and Lee,1973; Triska et. al.,1975)attribute a substantial loss of P from leaves of

BY 222 (BI 203) 291



various species to ieaching during the first few days or hours after wetting. Cutting
up the leaves resulted in a three fold increase in leached soluble P(Cowen and Lee,

1973).

Dﬁring the November to Apnl period, Fhosphorus release from litter in
the marsh was negligilbe. P accumulation in spring and summer and between day
34 to 184 in the laboratory, indicating elemental enrichment of partially decayed litter.
Increase in microflora inhabiting the plant Iittef tends to be a major cause of P
increase. The P increment observed by Cru..z and Gabriel(1974) during
decompositior{ of Juncus roemerianus they presumed was due to microbial biomass

4

and absorbtion.
Calcium and magnesium

Maost of the Ca and Mg were lost In the first month, iﬁdicating that they
are mainly held as components of soluble organic compounds. Afterleaching, the -
reamaining Ca and Mg are mainly in the cell walls and more resistant to
decomposition. The increases of Ca and Mg in the titter in the marsh may be explained
by contamination by the soil(Thomas,1970), precipitation of CaCOs(Mason and
Bryant,1975), or accumulation by epiphytes. Accumulation by epiphytes apprears
plausible especially in the case of cailcium. The removal of COZ from water by
photosynthesis causes the reaction CaCO ——-Ca(HCO ) to shift to the left.

3 32

Carbon

Carbon concentration was examined in this study because C may
account for the apparent or relative increase of N in the plant litter. Since the C in
most plant materials accounts for 45—47% at the dry weight{Allen et al., 1974),

rapid (_:'arboni loss can lead to an increased N percentage in the remaining litter.

202 ' ‘ BY 222 (BI 203)



Laboratory experiments demonstrated that N increase as a % dry weight in Typha
leaves during the first two weeks of decomposition results from the loss of soluble
compounds. The increased N in fater months is undoubtedly from microbial biomass.

Typha leaves (C=42.85%) have a high C:N ratio,56.5, far lowerin N than
the diet required by most animails at any trophic level. A generalized diet for most
animals has C:N ratio of 17 (IRussel-Hunter, 1970). Similarly, the C:P ratio{(226.6} is
very high in Typha leaves, compared with microalgae(" ~70) and bactena (* ~27)
(Spector,1956). These characteristics minimize herbivore explqitation.

During the 120 days at 10C, C content is lost chiefly through ieaéhing. |
The small fluctuation after 15 days probably resulted from microbial colonization.
1'he decrease in C:N ratio results from N accumulation. A low C:N ratio in submeréed,
floating, and émergent species as a consequence of N accumulation was reported
recently by Godshalk and Wetzel(1978). The decrease in C:N ratio in the antibiotic

treated Typha leaves is attributable to adsorbtion of antibiotics.

Water nutnents

Changein NH4~N in Theresa Marsh appeared comrelated with macrophyte
decomposition. As autolysis and leaching of the macrophytes occurred in the fall,
dissolved organic matter increased and consequently NHA-N . generated as the
primary end product of decomposition by heterotrophic bacteria, increased.
Ammonification ceases during winter and increases as water temperature nses in
summer. The sources of NH‘-N in the marsh include plant Iitfer. detntus of previous
growing seasons, input from three inlets, invertebratga excretion,and release from
the bottom sediment. NH4-I';I does not increase tremendously in summer, though
decomposition rates increase. This may be explained by faster nitrification during
summer, increased utilization of NH4-N by autotrophs and microorganisms, and
increased adsorbtion of NH,-N on to the mud paricles in the sediment {Kamiy- 4

ama et al., 1977).
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Orthophosphate is the form of ‘P immediately useful for autotrophic plants
and microorganisms. Its tuumover time in lake water is very rapid and may be less
than an hour \(Rigler, 1964). Some authors (Johannes,1965; Pomery,1870) have
suggeste that in the absence of bactenal grazérs, nutrients(in partcular P) would
become tied ub in the bactsrial populations. Barsdate et al.(1974) showed that P():l
is indeed cy}:led more rapidly in grazed than ungrazed system. Fluctuation of
orthophosphate during the 548 days in fhe marsh was largely governed by
microorganisms that are more competitive in utilizing orthophosphate than algae
and macrophytes. The low erthophosphate and NH4-N concentrations in April indicate
low microbial activity, low rate of release from macrophytes, probably increased -
turnover time,and probably affected by dilution as stream flow reaches its annual
maximum at this season while decomposition is still low. In addition {0 biotic
factors,orthophosphate concentration Is affected by chemical properties of water
and may be chelated and pkecipitated, resorbed or desorbed from clay minerals
(Stumm and Morgan, 1970). |

Calcium concentrations in the marsh water undergo mamed seasonal
dynamics. Markeq decreases in October and November are probably due to
precipitation of CaCO5 and ditution by rain. C.alciuh and magnesium values do not
drop in April are probably the result of high levels in inflow from dolomitic parent
matenal of soils in the watershed. Calcium decrease in June is prbably due to
increased pho_tosynthesis in summer. |

In general, magnesiﬁm colmpunds are more soluble than caicium
compounds and ara rarsly pre prec,ipitated. Magnésium carbonates and hydroxigdes
precipitate significantlty only at very high pH (>10} under most natural

" conditions(Wetzel, 1975}. As a result of these prbperties, the concentration of Mg
fluctuates little. This was evident in the relatively stable Mg concentrations in the
marsh. Dcreased Mg in August may result from greater amounts becoming tied up

in living biomass , inc~'eased loss through outflow or decreased input from inflows.
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" SUMMARY

Decompaosition of Typha latifolia, Sparganium and Scirpus fluviatilis shoot
and root-rhizbme litter was examined at Theresa'Marsh during September 18,1977
to August 31,1978. The effects of temperature and water types on the decompaosition
of Typha shoot were studied in the taboratory for 6 months. To study N & C changes
in Typha shoot litter, antibiotics(cycloheximide, nystatin, penicilin, streptomycin) and
stenlization techniques were employed to suppress the growth of microorganisms
in the second laboratory experiment.

In alf experiments dry weight, N, C, P, Ca, and Mg content of the litter
declined abruptly in the first month. These losses are attributed to leaching of soluble
compounds in the litter. The leaching rates were greater in root—rhizome than in
shoot litter. The fallen emergents released large amounts of DON into the marsh
water in September and Octgber. Microorganisms and microscopic algae tend to
have a major role in immobllizing nﬁtn‘ents. but large amounts of nutrients tend to
enter open water and are lost through the outflow.

Temperature had a significant effect on the rate of dry weight loss. At 10
°C the dry weight Iossés in both artfibial and distilled water were slower than those
at 18 °C . At both temperatures, dry weght losses in distilled water were greater
than those in artificiat water.

Dry weight losses from shoot and root - rhizome litter were negiigible
during the winter(November-April). Decay rates increased in spring and summer. At
348 days the remaining dry weights of Sparganium, Typha, and ~jcirpus shoot litter
were 26.9, 47.6, 51.1% respectivaly, and those of root—rhizome were 27.8, 42.1,
59.1 (Typha <Sparganium <Scirpus ).

Antibiotics and sterilization effectively inhibited decomposition; the
remaining dry weights of both treatments were relatively stable throughout the last

105 days afterinitial leaching loss.

BY 222 (B1 203) ' : 295



The nitrogen content of litter as peréentage by dry weight increased
overtime both in the marsh and in the laboratory. The increases in and Sparganium
shdot litterin August reached about three times the initial percentages, N increases
in root-rhizome material were less dramatic. In the laboratory, N accumulation
apparently resulted from microorganisms inhabiting the Typha leaves. N increases
in antibiotic trested Typha leaves brobably resulted from adsorbtion of antibiotics or
of compounds derived from antibiotic degradation.

Fluctuatibn of C content of Typha leaves in the controls of both antibiotic
and stenrilization experiments was small after the early leaching loss. The C:N ratio
decreased overtime, mainly a result ofIN accumulation.

Increases in protein content in decomposed litter in spring and summer
indicated increasing nutritive value of litter for detrittivores. ,

P accumuiation in the later stages of decbmposition in both laboratory
and field experiments i's probably from microbial bidmass.‘lncrease_s of Caand Mg
levels of litter in the marsh were probably the results of CaCO precipitation and
epiphyte biomass. 3

NH‘-N , soluble reactive P, Ca, and Mg in the marsh water showed

significant intercorrelation with N, P, Ca, and Mg in the plant litter. The values of

NH4-N and soluble reactive P place Theresa Marsh in the eutrophic lake category.
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The use of audio for distance education
Piboon Puriveth, Ra/mkhamhaeng University, Tbai!and

introduction

If you were asked which leaming activities consume the major portion of a student's classroom time,
would you answer reading instructional matenals, answering questions, discussing the course content
or taking tests? Actually, typical high schoot students spend about 60 percent of their school time just
listening. Callege students in conventional universities are likely to spend no less than 90 percent of their
time listening to lectures. However, the answer would be different if the students were distance learners.
Inan open learning system where the majority of students study on their own utilizing the media available
at hand, one of the most common media they have is radio. Thus, the importance of audio media should
not be underestimated.

What do we mean by audio media? It refers to various means of recording and transmitting
thehuman voice for instructional purposes. Those audio devices commaonly found in a classroom are
record players, open-reel tape recorders, audio card readers and the radio. Radio has been used widely
for educational purposes. For decades it has been the major medium of the Fublic Relations Depariment
in terms of information seravice. In Thailand, educating people through radio became necessary
whendistance education emerged in the early seventies, and at present Ramkhamhaeng University
employs radio as a second main medium next to the pnnt medium.

Ramkhamhaeng University and the use of audio

During the sixties there was a growing demand for more higher education institutions in Thailand because
conventional universities could not cope with the swelling number of high school graduates. The Bill for
an Open University was passed in 1970 and became the Act of Ramkhamhaeng University on 26
February 1971. On 2 August 1971, Ramkhamhaeng University opened its door te ail people with secondary
school certificate or equivalent qualifications. The main aims were to solve the problem of high school
graduates who could not gain admittance to conventional universities, as well as to provide equal
opporunity in higher aducation. Ramkhamhaeng was also intended to serve non-traditional students
people with a wide range of age, ability, purpose, and motivation. These students might be qualified
high school graduates with financial problems, retired individuals looking for vocations, or dropouts now
seeking academic or professicnal skills. They could also be mature, marginally capable, old or young,
and motivated or desperate. The paint is that these students are different in background, intelligence,
and desire. Also these studsnis may not be able to attend classa&j dm@\\styla or time frame
becausa of existing jObS or famity con5|derat|ons \\; B T

only 40 percent of the students could attend lectures due to space limitations. Many ha

their own by means of textbooks. :

In 1973, three more faculties were added to the system: the faculties of Science, Poht‘cal

Science and Economics. The frashman enrolment had increased tremendously since 1971 and reached

a peak of 120,000 in 1979. In that year the total enrolment was over 500,000. In 1878, there were nearly

200,000 high schoo! graduates in Thailand, but the twelve conventional universities in the country could

accommodate only 13,000 first year students. Therefore, in 19684, Ramkhamhaeng University opaned a
second campus about 25 kilometres east of the main campus.

Although Ramkhamhaeng operated an an open learning system basis, teaching occurmed

in lecture halls with closed-circuit television for the first six years. Teaching by means of radio began in
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1977. Radio Thailand, under the contral of the Public Relations Department, offared ah aducational
programme for Ramkhamhaang University five hours a day and the universily was able o broadcast
lectures for 63 courses. The broadcast range coveraed 27 provinces within 300 kilomstres of Bangkok.
Each lecture lasted 30 minutes and most of the lectures were for general education courses. [n 1878 the
broadcasting time was extended to 10 hours a day

Presently, Ramkhamhaeng University radio programmas are broadcast from 6:00 a.m. to 11:00
p.m. with a one-hour break for news at 12:00 noon, 6:00 p.m. and 8:00 p.m. in addition to Radio Thailand,
there are 43 |ocal stations throughout the country that broadcast the university's programmes for two
hours a day Broadcasts increased to cover 130 courses, each varying from 30 to 80 minutes.

* Al fectures are recordad with reel tape at studios in Ramkhamhaeng. Delivery of tapes to local
radio stations and their return is on a weekly basis. In addition to radio programmes, there are ning
regional centres in Thailand where textbooks, cassette tapes and videotaps are available for distance
learners. '

Problems encountered

Ramkhamhaeng University has encountered many problems since the first days of operation almost 20
years ago. Coping with farge numbers of students is a burdensoma task. One can hardly forget those
hectic days with thousands of prospective students queuing up during registration. The lack of qualified
faculty and staff at the beginning, and public attitudes toward the quality of graduates, were amongthe
most severs poblems encounterad during the first seven years of operation. Today most of theproblems
are solved to some extent. However, some problems are still with'us and some involve the use of audio
for distance education. .

The use of slectronic media requires a substantial investment for aquipment, studios and staff.
Presently, Ramkhamhaeng has established the Office of Educational Technology mainly on its own
budget; over 80 percent of the staff of this Office depend entirely on funds generated by tuition fees.

The guestion of cost is an important one for university administratorsTechnology may be widsly
available at relatively low cost, but it may not necessarily be educationally relevant. The economic
picture for technology in distance education is’not a bright one. High levels of funding are required and

‘there are few signs that the university is ready to pay the cost of installing technology, especially on a
massive scale. The cost of technology in distance education would be more acceptable if benefits
could ba cleary demonstrated. However, the search for such clear benefits has yielded results that only
partially rmispire confidence among university administrators.

In addition, the educational budgets and regulations are constructed in such a way that budget
cuts cannot be easily accommodated, nor can funds be switched to other purposes. A high proportion
of Ramkhamhaeng's budget goes to paying the salaries of university personnel. Much of the remainder
goes towards constructing and mamtalnmg university buildings. Only a very small percentage is available
far electronic media.

The prablem of commercial bias is a pcuni that universily administrators should keep in mind.
Most of the higher institutions in developing countries have besn looking for assistance from developed
countries. Educational technology, for the time being, is a phenomencn of capitalisteconomies rather
than of centrally planned economies. Most of the hard ware and software are products from Japan, the
United States, and Westemn Europe. Any assistance from these nations will consequently iead to the
problem of commercial bias.

Another problem that resuits from installing audio medla is technical. Audio media are not free
from technical problems, but overcoming technical problems is costly. Also, maintenance of equipment
consumes its share of the annual budget.

The semester system of Ramkhamhaeng University also imposes problems. Since
Ramkhamhaeng offers classroom lectures, printed media, and audio and audiovisual media to all students,
faculty and staff must work excessively in terms of teaching, proctoring examinations, grading and
supervising students three times a year. Such labours keep faculty and staff working all year round. The
lecturers of courses chosen for radio and television broadcasting have to accomplish doubls the amaunt
of work in order {o produceprogrammas, Staff of the Educational Technology Office have to work overtime
six days a week and mostly beyond 10:00 p.m. Even though educationat tapes are used at least a year,
the work is still burdensome and time-consuming. Besides, the quality of software is what audio people
must keep in mind. No matter how versatile the hardware may become, education depends on the
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quality of software.

The last problem conceming the use of audio for distance education cancerns educational
elitism. On cne hand, it seems thstudents who atlend classroom lectures regularly take advantage of
what becomesavailabie to them through lectures, including facilities and services at thecampus. On the
other hand, some non-traditional students, perhaps the majority, do not have the same learning pace as
those of the first group. This tends to rasult in a widening of the gap between traditional and non-
traditional students, especially in science and computer studies. Therefore, there is an increasing demand
for tapes of classroom lectures. At prasent, many broadcast leciures and all cassette tapes for regional
‘centres are directly recorded from classroom lectures and most students appear to be satisfied by
them. -

A new look at the older media

At a time of economic uncertainty and retrenchment, costs and tight budgets appear to be on many
educator's mind. New technology tends to be expensive and large capital investments are impossible
for many institutions. In addition, developmerit and production costs associated with some new
technologies continue 1o be relatively high. Thus, with declining budgets and other cost constraints, the
traditional technologies which are readily available and already owned and used by the university should
take on additional impartance. In developing countries, the time may already have arrived in which the
concept of ‘new is belter’ may ng longer be valid.

Educators may find that existing media are not only more economical, but also as effective and
efficient as new media if used properly. There is often a fear factor associated with the use of anything
new, Many potential users might be more comfortable and mare likely to use existing equ:pment and
technology as new technologies often require special training as well as specialized and expensive
software. Besides, training and software may not be readily availabie or ecanomically feasible in many
higher institutions. In general, this should lead to reconsideration or rediscavery of the available equipment.

Considering the factors and problems mentioned, and issues at cost-effectiveness, it appears that
audio media yield beneficial results in terms of distance education. The question is how 1o keep students
from becoming bored with audio tape, Generally, audio tape is considered to be an outdated medium.
Most instructors know from personal expenance that audio tape can be boring, unfess the narrator is a
talented speaker or there is exceptional personal interest in the topic.

Direct recordings from classroom lectures do give non-traditional students a feeling of the classroom
atmosphere. If an instruction allows students to study and practise at times most convenient to them.
then adding activities might bs the key to use of older media. It also appears that some of the new
media, while certainiy very impressive, may merely duplicate basic processes of existing media. We
feel that the time 1s right for new approaches to the use of old media for distance education.
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