
yielded results that partly inspire confidence among university administrators. In 

addition? the education budgets and regulations are constructed 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 salaries of university personnel. 

The rest goes towards constructing and maintaining university building. Only a 

very small percentage Is available for high cost information technology. 

Another problem of information technology that results, as a consequence 

after Installing the technology is technical problem. New Information technology Is 

not free from technical problems, and technical problems in any new information 

technology for education, is usually possible, at a cost. The technology that are 

offered to us are not lndefintely reliable, adaptable and flexible. Technical support 

is necessary 

The purpose of education is. to 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 to 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 systematically about teaching and learning, 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 Septembe~ 18,1977 to August 31,1978. 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 ofTypha leaves at 18 °C in both 

artificial and distilled water were significantly faster than those at 10 °C; weight 

losses in distilled water were faster than those in artficial water at both temperature 

levels. Sterilized and antibiotic treated Typha leaves showed relatively stable dry 

weight after leaching loss in the first two weeks. Initial weight .N.P.Ca, and Mg 

losses resulted chiefly from leaching. These elements accumulated in spring and 

summer ; N exhibited the highest accumulation (about three times the initial content 

in the shoot litter). In the laboratory, N accumulation occurred 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 

BY 222 (BI 203) 265 



weight(N). N increases in antibiotic treatment probably resulted from adsorbtion of 

antibiotics. Increases in P,Ca,Mg in later stage of decomposition were attributed 

to micreorganisms,epiphytes,and precipitation from the solution. High C:N ratios 

and 'relatively low P,Ca,Mg in original standing crop may be the cause of low 

herbivore consumption,whoroas the relative increases in N,P,Ca,Mg in decomposed 

litter provide a more nutrient-rich substrate for detritivenss. There wens significant 

inte~relationships between nutrients in the litter(N,P,Ca,Mg)and marsh water 

nutrients(NH4-N,seluble reactive P,Ca,Mg). Levels of NH4-N and soluble reactive P 

suggested neither N nor P are limiting in the marsh water. Much of the nutrient 

uptake in the annual cycle is via microbial and detritrivons growth rather than by 

macrophyte producers. The release of energy tied up in the dead plant materials 

depends on the microbial degradation to make it available to higher trephic levels. 

INJRODUCTION 

Decomposition is the major process which re~ults in dissipation of energy 

and release of nutrients stored in organic matter. Though some decomposition 

may accomplished through physical-chemical mechanisms,the dominant pathway 

utilizes biological mechanisms. The concepts of trophic level and food chain have 

traditionally emphasized the plant-herbivore-camiv,ro sequence,but awareness 

of the proportion of primary production utilized directly by decoinposers is 

increasing. 

There have been many studies on the-productivity and nutrient content of 

themarshspecies (o.g.BemardandMacDonald,197 4;Kiopatek, 197 4;Lindsley, 

1977;stake,1967),but little attention has been given to the decomposition of 

emergent macrophytes. These plants represent themain source of autochthonous · 

litter in most marshes. 

In Wisconsin,Theresa Marsh(Kiopatek,1974)and McNaughton Marsh 
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(Lindsley, 1977)were investigated in terms of productivity and nutrient fluxes. 

This study adds information on <!&composition of Typha latifolia, Sparganium 

eurycarpum,and Scirpus fluviatilis ,three dominant emergent macrophytes with high 
I 

productivity in Theresa Marsh(Kiopatek,1975). . . 

This work documents and Gam pares 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 Tyoha latifolia 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 Counties. The marsh lies between U.S. Highway 

41 on the east and the Sao 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 90% is in pasture or under cultivation. The 

area was completely 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 Histosol of the Houghton mucky peat series. The marsh 

is supplietl by three major inflows: Kohlsville Creek,the east branch of the Rock 

River,and Lorrira Creek. The waters from these inflows mix within the marsh before 

passing through the Rock River outflow. 
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MATI;RIALS AND METHODS 

Field study 

Two sites were sampled for each species and two .25 m quadrats were sampled 

at each sampling site. All bioinass within the quadrat was excavated to a depth of 

30 em V1 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 

em mesh)using a high spray of cold tap water. The samples were cut into pieces 

of about 7 em for shoot and about 10 em for roots and rhizomes ,and then dried at 

50 °C,shoots for 3 days and root-rhizome for6 days. The dry samples were weighed 

and placed in 15x15 em fiber glass bags. Weights ranged from 4.980-6.912 g for 

shoot and 9.574- 17.420 g for root-rhizome material. For each species,forty bags 

of shoot litter and twenty four bags of root-rhizome material were deployed at each 

sampling site on September 18,1977. Five shoot bags and three root- rhizome 

bags were removed from each sampling site on October 14,1977 and November 

11, 1977 and on April 22,1978 and June 7,1978. The rest were collected on August 

51, 1978·. Water samples were obtained at a depth of 130 em at the vegetation 

sampling sites on the same dates. 

In the !aboratory,the litter bags 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(AIIen et al:, 197 4),glyoxalbls 2 hydroxyanii(Kerr, 1960),and 

titan yellow method(AIIen et al., 1974) respectively after mixed acid digestio~ with 

perchloric,nilric,and sulphuric acids. Iota! nitrogen content was rneasurecl by the 

indophenol blue method after Kjeldahl digestion. Crude protein was estimated by· 
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multiplying the total nitrogen by 6.25. NH4~N of the water was measured by the 

Nessler method; soluble reactive P,Ca.and Mg followed the same methods used 

for plant material after filtering through No. 44 filter paper. 

Laboratorv experiments 

Typha shoots used in the first laboratory experiment were from 6 month old 

greenhouse material,started from ~ rhizomes and 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@ 1.498:~. MgS04 71120 2.37 g, KN03 
3 

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(Kiopatek, 1974). Six milliliters of a trace element mixture were added to each 
' 

bucket of artificial marsh water. One Milliliter of the mixture contains FeCI 61120 
3 

3.15mg, MnCI2 41120 .18 ug, CuS04 51120 .01mg,ZnS04 7H
2
0 .022mg, CoCI

3 

. 61120 .Oimg,NaMo04 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 oc 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 accomplished 

using a vinyl tube(118 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 experiment terminated at 184 days. 
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Typha shoots harvested from Theresa Marsh on August 31,1978 were used in a 

second laboratory experiment. Groups of five IOxiO em fiber glass bags,each 

contained a known dry weight of Tyoha,were' submerged 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 103c 

under four 20 watt fluorescent tubes(10 hr/day). Nystajin and cyclo-heximide in 

concentration of 50 mg/1 were used as antifungal agents .and behzyl penicillin and 

streptomycin 24 mg/l,as antibacterial agents. The concentration were identical with 

those of Kaushik and Hynes(1971). A fresh 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 concu.rrently,used dry plant materials and 

filtered water of the same source. The experiment was run for 120 days under the 

same controlled conditions as the antibiotic experiment Weight of the litter together 

with the 250 ml flasks were recorded befOre sterilization at 120C under 15 lb/ln 

pressure for30 minutes. The loss of weight due to volatization of volatile components 

during sterilization was recorded after the flask with litter was oven dried with a 

cotton plug and remained closed for 2 days at 50 oc. Thirty flas~s 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 added to the 

sterilized litter. Equal replications with untreated litter and filtered water were used 

as controls. Five flasks were removed for nutrient analyses at each date on the 

same schedule as that of antibiotic experiment. Statistical analyses employed 

one,two,and three way analysis of variance,signlficant level was set at 0.05. 
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RESULTS 

Weight loss 

In each experiment,dry weight loss was rapid in the first month(Fig. 1). In 

the field,Sparaanium shoot litter had the fastest rate of decomposition. Sparganium 

shoots lost 73.1% of their initial dry weight in 348 days,I¥o.ha and Scimus shoot 

lost 52.5 and 48.5% in equal.time. Decay rates of root-rhizomes were faster than 

those of the shoots.except for Scirous. The patterns of root-rhizome decomposition 

were roughly similarto the shoots. There were rapid losses in the first month followed 

by very slow raie of loss during the November-April period. 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 < Scimus). 

Both temperature and nutrient level of water produced significant effects 

on the weight loss of Typha shoot litter. Tile 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 °C(Fig.2). After 184 days 
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Fig. 1 Percentage of remaining dry weight of shoot and root- rhizome litter, 

Septem berl8 ,1977 tc August3l,,l978 .e I¥1:2b.a. • Sparaanium, .a. Scirous. 
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Fig. 2 I¥Q..b.a. shoot litter, percentage of remaining dry weight 

(a). and nitrogen (b).--- distilled water,- artificial water, 10 °C ·. 18 °C 
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at 1 OC thei"emaining dry weight in ar!ificial water was 60.4% and that of distilled 

water was 56.2%. 

After an initial loss in the first 15 days ,the dry weight of sterilized and 

antibiotic treated litter remained relatively stable throughout the 1 05 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 

,the weight of the control bags of both antibiotic and sterll.ization trea~ments continued 

to decline rather steadily througout the study period(Fig.3). Dry weights at 15 days 

were 85.2%(antibiotic control)and 85.3%(sterilization control)of the original 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 sterilization 

experiments < 0.01 ).· 

Nitrogen and protein 

Initial total nitrogen content present in the shoots were 0.83,0.60,0.43% 

in Sparganium.l¥ll.b.a.and Scjrnus respectively. Initial concentrations found in the 

root- rhizome were 0.93,0.79,0.77%(Scjrnus >Typha > Sparganjum). During 

decomposition decreases inN characterized the early months (October, November) 

,except in Sparganjum shoots which showed slight increase in Ncvember(Fig.4). 

Nitrogen increased in spring and continue to summer. The increases in August 

were great in Sparganjum and Typha shoots with the remaining N about 135 and 

83% of their initial contents respectively. Sclrnus shoot litter reache.d a N peak of 

0.86%dry weight in June,then dropped to 0.51% dry weight in August. The increases 

were less dramatic in root- rihizome litter. Increases of all species 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 experiment, (b) sterilizatiorrexperiment. • control, • treated 

(antibiotic, sterilization). 

• 
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Table 1 Protein, nitrogen, phosphorus. calcium, and magnesium (as per cent of 

dry weight) of Typha. Sparoanjum, and Scirous shoot and root- rhizome litter. 

'l'ypha shoot 

Date Protein _!_ L _,Q!._ .J:!!.... 
9-18-77 3.73 .Go • 19 1.00 .13 

10-14-77 2.66 -43 • 11 .72 .04 
11-11-77 2.31 .37 • 10 .63 .04 
4-22-78 3.39 .54 .10 .74 .04 
6-7 -78 4.06 .65 .10 .74 .06 
8-31-'78 10.58 1.69 • 12 .73 .03' 

Spar~anium shoot 
9-1 _-77 5.20 .83 • 19 1.36 .15 

10-14-77 3.73 .60 • 13 .74 .05 
11-11-77 4.59 .74 .12 .63 .06 
4-22-78 5.67 .91 .12 .65 .06 
6-? -78 6.56 1.05 • 17 .61 • 10 
8-31-78 16.03 2.57 • 16 .76 .04 

Scirpus .shoot 
9-18-77 2.69 .43 .09 .57 .07 

10-14-77 1.86 .30 .oa .35 .02 
11-11-77 .91 .15 .07 .36 .04 
4-22-78 4.59 .74 • 10 .40 .04 
6-7 -78 5.38 .86 • 12 .45 .06 
8-31-78 3.21 • 51 .09 .50 .02 

Typha root-rhizome 
9-1 -77 4.94 .79 .30 • 71 • 11 

10-14-77 4.15 .67 • 19 .59 .05 
11-11-77 2.59 .42 .13 • 71 .o8 
4-22-78 4.25 .68 .12 • 72 .07 
6-7 -78 3.68 .59 • 14 .72 • 13 
8-31-78 5.28 .85 • 12 1. 13 .09 

Spar~anium root-rhizome 
9-1 -77 4.82 .77 • 41 .53 .05 

10-14-77 4.84 • 78 .27 .63 .05 
11-11-77 3.64 .58 • 16 .84 .o8 
4-22-78 6.50 1.04 .24 .66 .06 
6-7 -78 5.94 .95 • 21 .49 .oa 
8-31-78 5.16 .83 • 13 .58 .04 

Scirpus root-rhizome 
9-18-77 5.79 .93 .39 .30 .04 

10-14-77 3.64 .58 .26 .18 .02 
11-11-77 3.16 .51 .25 .23 .02 
4-22-78 4.72 .76 .28 .30 ,02 
6-7 -78 2.86 .46 .28 .25 .06 
8-31-78 3.80 .61 • 16 .25 .02 
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Fig. 4 Percentage of remaining N in shoot and root-rhizome litter, September 

18,1977toAugust31,1978. • hlma. • Sparganium, & Scirous. 
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Soaraanium had the highest remaining N per cent (45.1 %).Scirous was a little 

lower(38.8%),and m.M was the lowest(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 183 C. During the last three months remaining N in litter was relatively 

stable in all treatments(Fig.2b). At 184 days the percentages by dry weight of N in 

litter of all treatments(0.95-1.06%)were about the same level as initial content(1.1 %). 

Nitrogen determinations in the antibiotic experiment 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 increased 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,0.39% of dry welght,occurred at 60 

dftY&;"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 

patterns of litter protein were similar to those of nitrogen. In the marsh the litter of all 

three species was rich in protein in sumriler,apparently a result of accumulation of 

N in microbial biomass. 

Phosphorus 

The initial P contents ofm.M.Sparganjum.and Scinous shoots 
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Fig.5 ~shoot litter, percentage of remaining carbon and nitrogen. (a) antibiotic 

experiment, (b) sterilization experiment, carbon, nitrogen, --- control ,-treated 

(antibiotic, sterilization). 
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were 0.19, 0.19,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 

ofmma,Sparganium, and Scirpus were0.12,0.16,0.09% dryweight(28.9,22.6,53.8% 

remaining) respectively.lnitial P concentrations of the root-rtlizome were much higher 

than those ofthe shoots,especially in Sparganium(0/43%) and Scirpus(0.39%). mma 

root-rhizomes had initial P content of 0.30%, which then declined 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 artificial and distilled water at 10 °C. Temperature tended 

to influence this early leaching. At 63 days P content had decreased further in all 

treatments,except a slight increase in artificial 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, l.OO,and 0.57(Sparganjum >Typha> Scirpus). A considerable pMion of the 

calcium(of all species )was leached in the first month (Fig.8). Calcium in Typha shoots 

continued to decrease in November and varied between 0.73-0.7 4% dry weight(34.8-

54.0% remaining)duririg the rest of study. Small fluctuations were observed in the 

Sparganium and Scjrpys shoot litter during October-August,with the ranges of 0.61 
• 

.().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 Pin shoot (a), and root-rhizome (b) litter, 

September 18,1977 -August 31,1978. • Il!Qlli!, • Sparganium, A Scirous. 
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Fig. 7 Percentage of P remaining in I¥lllla shoot litter ---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-August31,1978 • ~. • Sparganium, • Scjrous. 
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ctively. Ila2!la root-rhi:;;omes showed a decrease in Ca of about 45% of original · 

content at 26 days,then Ca rose to 61% ofthe original content in November. Calcium ' . 

values showed little change during April-August. Sparoanlum root-rhizomes showed 

temporary Ca accumulation in November. At 348 days the % remaining was 46.2%. 

Calcium in Scjrous root-rhizomes dropped rapidly in the first month ,then increased 

in November. TheCa values of June and August were relatively stable. 

Under controlled 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 lost at 50 days ranging from 69.7% of original 

content in artificial water )OCto 65.1% in distilled water 18 °C. At 184 days the 

remaining Ca in the plant residue of all treatments was less than 1% of the original 

value. 

Ma!Jnesium 

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 the laboratory,Mg was 

also leached out rapidly in the first month,then the remaining Mg stayed in the range 

of 4 -30% for all treatmefltS. Analysis of 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 antibiotic experiments in the first 15 days supports 

284 BY 222 (BI 203) 



Fig. 9 Percentage of remaining ty1gofshoot (a), and root-rhizome (b), September 

18,1977-August 51,1978. e mt1a, • Sparoanium, .A. Scirous. 
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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 and 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 are shown in Table 2. N H -N corresponded with the pattern of decomposition 

4 

better than other nutrient groups; the concentration increased to 0.51 mg/1 in October 

suggesting a net gain from decomposition of dissolved organic matter that was 

released by leaching and autolysis of dead macrophytes. NH
4
-Ndecreased slightly 

in November and reached a minimum level for the year(0.29 mg/i} in April. As 

decomposition processes increased in summer, NH
4
-N increased to 0.61 and 0.68 

mg/1 in June and August. 

Soluble reactive P fluctuated between 0.12 mgll in April and 0.52 mg/1 in 

September, Calcium concentration was high(90.55mg/1) in September,then 

decreased to about 28 mg/1 in October and November. The range during spring 

an"d summer was 45.15-55.79 zng/1. Magnesium concentrations were relatively 

stable(9.96-14.80 mg/l),except for a low reading in August(4.05 mgll). There were 

significant interrelationships between nutrients in the litter(N;P,Ca,Mg) and marsh 

water nutrients(NH -N,soluble reactive P, Ca, Mg). 
. 4 
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Date 

9-18-77 
10-14-77 
11-11-77 
4-22-78 
6-7 -78 
8-31-78 

·1 

Table 2 NH -N, soluble reactive P, Ca, and Mg of water (mg I ) 
4 

±one standard deviation, Theresa Marsh. 

NH4-N Soluble Ca Mg 
reactive P 

.44 j; .15 .52 ± .16 90.33 ± 3.80 14.80 ± 
• 51 ;I; .07 .31 ;I; .14 27.11 + 6.15 9.96 ;I; 

.46 j; .o6 .34 :!: • 18 27.62 :!; 12.65 14.17! 

.29 ± .05 • 12 j; .04 55.79 ! 5.88 10.90 ;!: 

.61 ± .06 .32 ± .12 45.13 ± 11.20 10.62 :!: 

.68 ;t .08 .25 ± .09 54.48 ;t 6.44 4.05 ± 
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2.41 
1.50 
1.55 
2.45 
2.25 
2.10 
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DISCUSSION 

Weight loss 

The results of laboratory and field experiments suggested two major 

components of emergent macrophyte 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. 

Second. physical and biological breakdown of plant litter occurs mainly in the spring 

and summer. 

The weight loss of bmllil 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 considerably higher 

than at 1 OC 1'1 The leaching rates were found to be greater in root· r1nizome than in 

shoot. Loss of dissolved organic matter in the early stage of decomposition have 

been reported for Tyoha laiifolia(Boyd,1970), T.angustjfolja and Phragmites 

communis(Mason and Bryant,1975), and Scjrous subtermjnalis(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 combination of low temperature, high fiber 

content and low nutrient content,especia!ly Nand P, limited growth of decomposers, 

revealed in the laboratory by the slower rates of decomposition at 10 oc and in 

Theresa Marsh during the winter months. AI both temperature levels, ]jQlli! leaves 

served 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 presumably are utilized 

first. The exoenzyme digestion and competition for the new food source probably 

began after the in.itial nutrients in water became scarce, resulting in slower rate of 

degradation. The rate of dry weight loss increases comespondingly with increasing 

temperature as shown in the results of :IllQ!1g litter at 18 oc and 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 losses.Several agents are responsible 

forfragmentation of the litter. Colonization of senescing and .dead herbaceous tissues 

by microorganisms follows the sequence of weak parasite, primary saprophytic 

flora, secondary saprophytic ~ora (Bell, 1974). The weak parasites associate with 

senescing tissues, primary and secondary saprophytic flora utilize sir,nple 

carbohydrates and eventually cellulose 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 summerconfimns the belief that the breakdown of plant litter 

in later stages is mainly biological. 

Site differences 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 considered. :IllQ!1g litter at site 2 and 

Sparganium at site 4 were influenced by the continuous water flow into the outflow 

during the warm months, resulting in faster weight loss. Scirous shoots which 

senesced earlier than :IllQ!1g and Sparganium probably had already lost some soluble 

matter through leaching, possibly explaining why Scirous litter exhibited the lowest 

weight loss at 26 days. In addition, the triangularculms and hard tuberous rhizomes 

of Scirous 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 decomposed more slowly if 

the sample3 had been placed in their underground habitats. Though the study was 

conducted for only 548 days, the results indicate that the shoqt and root- rhizome 

litter of and Sparganium in Theresa Marsh would undergo complete decomposition 

in about two years,and somewhat longer in the case ofScinous. 

Nitrogen and protein 

In all experiments, the % N increased with time. The increase in N was 

found to be associate witti microbial biomass as shown in sterilization experiment. 

The absence of living organisms on I¥.o.tJ.aleaves and in marsh water after sterilization 

resulted in no net weight loss after the early leaching period and also in nosignifi

cant increase in nitrogen. Decrease in N in the first 15 days resulted from leaching 

loss of soluble substances including dissolved organic nitrogen. Variation of N 

content in the apex, middle and base of the leaves may"explain.the minor variations 

in N contents in the sterilization experinent. 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 I¥.o.tJ.a shoot litter at 10 °C VI This combination 

may explain the decrease in litter nitrogen in the field during October-November. In 

Theresa Marsh, maximum nitrogen content of the litter occunred 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 excellent substrate for microorganisms. Nitrogen peaks of Tyoha and 

Sparganium shoot litter occurred in August,and for shoots in June. High N content 

of root-rhizome litter for all species also falls between April and August. Analyses of 

litter nutrients at any one time may show either increased or decreased nutrients. 

when gen•eral growth pattern and competition of microorganisms are considered. 
. i ! . 

290 BY 222 (81 203) 

. ' "'· .. -. 



Epiphytes colonizing 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 uniformly distributed on the substrate, they were difficult to separate from the 

substrate. These epiphytes not only account for increased N but also are a potential 

cause of increases of other elements. 

The antibiotic experiment indicate! an unexpected. increase of N. This could 

have been caused by colonization of microorganisms resistant to the antibiotic used 

or by adsorbtion of antibiotics by Typha leaves. Microbial growth as the cause of N 

increase does not seem probable 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. 

Sparoanium shoots which are relatively rich in N have the fastest we1ght 

loss. Scirous sh.oots 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 decomposition; the structural 

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

Phosphorus 

The shoots of the three species studied. in the marsh have low initial P, 

their root-rhizoines have P coucentnation 2 to 5 times higher than the shoots. Leaching 

loss of Pin the first month and faster in root-rhizome than in Shoot. In the early stage 

of decay this leaching loss appears related tVI dry weight loss. There is little difference 

in P content of Ivl2.b.l! leaves in arti- ficial and distilled water at 10 °C or 18 °C 

suggesting little effect of these factors on early leaching. Several workers(Cowen 

and Lee,1973; Triska et. al.,1975)attribute a substantial loss of P from leaves of 
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various species to leaching-during the first few days or hours after wetting. Cutting 

up the leaves resulted in a three fold increase in leached soluble P(Coweri and Lee, 

1973). 

During the November to April period, Phosphorus release from litter in 

the marsh was negligilbe. P accumulation i~ spring and summer and between day 

94 to 184 in the laboratory, indicating elemental enrichment of partially decayed litter. 

Increase in microflora inhabiting the plant litter tends to be a major cause of P 

increase. The P increment observed by Cruz and Gabriel(1974) during 

decomposition of Juncus roemerianus they presumed was due to microbial biomass 

and absorbtion. -

Calcium and magnesium 

Most of the Ca and Mg were lost in the first month, indicating that they 

are mainly held as components of soluble organic compounds. After leaching, the 

reamaining Ca and Mg are mainly in the cell walls and more resistant to 

decomposition. The increases of Ca and Mg in the litter in the marsh may be explained 

by contamination by the soii(Thomas,1970), precipitation of CaC0
5
(Mason and 

Bryant,1975), or accumulation by epiphytes. Accumulation by epiphytes apprears 

plausible especially in the case of calcium. The removal of CO from water by 
2 

photosynthesis causes the reaction CaCO =· Ca(HCO ) to shift to the left. 
' 2 

Carbon 

Carbon concentration was examined in_ this study because C may 

account for the apparent or relative increase of N In th~ plant litter. Since the C in 

most plant materials accounts for 45-47% at the dry welght(AIIen et al., 1974), 

rapid carbon loss can lead to an increased N percentage in the remaining litter. 
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Laboratory experiments demonstrated that N increase as a % dry weight in ~ 

leaves during the first two weeks of decomposition results from the loss of soluble 

compounds. The increased N in later months is undoubtedly from microbial biomass. 

Typha leaves (C=42.B5%) have a high C:N ratio,56.5, far lower inN than 

the diet required by most animals at any trophic level. A generalized diet for most 

animals has C:N ratio of 17 (!Russel-Hunter, 1970). Similarly, the C:P ratio(226.6) is 

ver)t high in~ leaves, compared with microalgae(" -70) and bacteria(" -27) 

(Spector, 1956). These characteristics minimize herloivore exploitation. 

During the 120 days at 10C, C content is lost chiefly through leaching. 

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 submersed, 

floating, and emergent 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~ leaves is attributable to adsorlotion of antibiotics. 

Water nutrients 

Change in NH -N in Theresa Marsh appeared correlated with macrophyte 
4 

decomposition. As autolysis and leaching of the macrophyt.es occurred in the fall, 

dissolved organic matter increased and consequently NH -N , generated as the 
4 

primary end. product of decomposition by heterotrophic bacteria, increased. 

Ammonification ceases during winter and increases as water temperature rises in 

summer. The sources of NH -N in the marsh include plant litter. detritus of previous 
. 4 

growing seasons, input from three inlets, invertebrate excretion,and release from 

the bottom sediment. NH -N does not increase tremendously in summer, though 
4 

decomposition rates increase. This may be explained by faster nitrification during 

summer, increased utilization of NH -N by autotrophs and microorganisms, and 
4 

increased adsorlotion of NH -N on to the mud partcles in the sediment (Kamiy- 4 
4 

ama et al., 1977). 
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Orthophosphate is the form of P immediately useful for autotrophic plants 

and microorganisms. Its turnover time in lake water is very rapid and may be less 

than an hour (Rigler, 1964). Some authors (Johannes. 1965; Pomery, 1970) have 
' 

suggeste that in the absence of bacterial grazers, nutrients(in partcular P) would 
. . ' 

become tied up in the bacterial populations. Barsdate et al.(1974) showed that PO . 4 
' 

is indeed cycled more rapidly in grazed than ungrazed system. Fluctuation of 

orthophosphate during the 548 days in ihe marsh was largely governed by 

microorganisms that are more competitive in utilizing orthophosphate than algae 

and macrophy1es. The low orthophosphate and NH -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 to biotic 

factors,orthophosphate concentration is affected by chemical properties of water 

and may be chelated and precipitated, resorbed or desorbed from clay minerals 

(Stumm and Morgan, 1 970). 

Calcium concentrations in the marsh water undergo marked seasonal 

dynamics. Marked decreases in October and November are probably due to 

precipitation of CaC05 and dilution by rain. Calcium and magnesium values do not 

drop in April are probably the result of high levels in inflow from dolomitic parent 

material of soils in the watershed. Calcium decrease in June is prbably due to 

increased photosynthesis in summer. 

In general, magnesium compunds are more soluble than calcium 

compounds and are rarely pre precipitated. Magnesium carbonates and hydroxides 

precipitate significantly only at very high pH (>10) under most natural 

conditions(Wetzel, 1 975). As a result of these properties, 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 

Decomposition of b1llla latifolia. Sparaanium and Scirnus fluviatilis shoot 

and root-rhizome litter was examined at Theresa·Marsh during September 18,1977 

to August 31,1978. The effects oftemperature and water types on the decomposition 

ofl¥J2!:l,a shoot were studied in the laboratory for6 months. To study N & C changes 

in b1llla shoot litter, antibiotics( cycloheximide, nystatin, penicillin, streptomycin) and 

sterilization techniques were employed to suppress the growth of microorganisms 

in the second laboratory experiment. 

In all 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 October. Microorganisms and microscopic algae tend to 

have a major role in immobilizing nutrients, but large amounts of nutrients tend to 

enter open water and are lost through the outflow. 

Temper!lture had a significant effect on the rate of dry weight loss. At 10 

°C the dry weight losses in both artficial and distilled water were slower than those 

at 18 °C . At both temperatures. dry weght losses in distilled water were greater 

than those in artificial water. 

Dry weight losses from shoot and root- rhizome litter were negligible 

during the winter(November-April). Decay rates increased in spring and summer. At 

348 days the remaining dry weights of Sparaanjum, Willi. and -jcirnus shoot litter 

were 26.9, 47 .6, 51.1% respectively, and those of root-rhizome were 27.8, 42.1, 

59.1 (Typha <Sparganium <Scirous ). 

Antibiotics and sterilization effectively inhibited decomposition: the 

remaining dry weights of both treatments were relatively stable throughout the last 

105 days after initial leaching loss. 
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The nitrogen content of litter as percentage by dry weight increased 

overtime both in the marsh and in the laboratory. The increases in and Soarganium 

shoot litter in 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 ]jQha leaves. N increases 

in antibiotic !rested ]jQha leaves probably resulted from adsorbtion of antibiotics or 

of compounds derived from antibiotic degradation. 

Fluctuation of C content of ]jQha leaves in the controls of both antibiotic 

and sterilization experiments was small after the earty leaching loss. The C:N ratio 

decreased over time, mainly a result of N accumulation. 

Increases in protein content in decomposed litter in spring and summer 

indicated increasing nutritive value of litter for detrittivores. 

P accumulation in the later stages of decomposition in both laboratory 

and field experiments is probably from microbial biomass. 'Increases of Ca and Mg 

levels of litter in !he marsh were probably the results of CaCO precipitation and 
3 

epiphyte biomass. 

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 

N H -N and soluble reactive P place Theresa Marsh in the eutrophic lake category . • 
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'iVI!J11'111'llllf L~'!l11 LLI.I'l;jlllQ"l::LUI.ILLI.I'lVI1~~~'lumrtJfutJl'ln1ri1m:t11'l1U'iVIU11'111'llllt 
• 

UWl'l11-JU"'::nri1'lii~mr;lnlfil'l1U'iVIU11'111'llllfl1..1'1l~lll LLfl:::tl"',U1..1'11'!l~l-JM1'iYIU1ftUT1l-lf'i1 

LL IN "l :::l-J'!l~U"l fuLL fl ::rl'l1l-Jtlf'!l~ n1~"1::1'i1 'l~ n1ri1 nl:t11'l1U'iVIU11'111'llll ffiiw LLfl::"l:: Ll'll.l'll 

LLI.I'lVI1~~~1..11~~1MTU'!ll.l11'llll 

Ld'!ll-JM1'iVIU1ftU11l-lri1LLM~LU111Tul'l!Tmun;\m.:t1'l1..1U Yl.l'l. 2514 j:Jiyju~ 4 I'IOJ:: 
• 

LVhUI.IL~LLri I'IOJ::iliii1'111'llllf I'IOJ:::UnnTfjTO"' l'lOJ:::i1m:t11'111'llllf LLfl::I'IOJ::l-11.fl:tU1'111'llllf 

1'1 OJ:::'iVIU11'111'llllftT~ LUI.ILWU~ Ym~ m~iw'!l~rl~l'l OJ::i1 nlfi1'111'llll f YI'IN m r'iVI!J11'111'llll f~J.J 
fuuni1nt:t1'lwilw.l'l. 2515 Y111ui1Lwu~ 2 'i'1!1L'!ln;i'll I'IIUIIll'l11'lllltLLfl::l'liiiii LJi'!lJ.J1~~i:tmr 

'll'!l'!ll.fi.J"'BiLi:lllli'IOJ::'\MIJ 3 I'IOJ:::fi'll I'IOJ::T31'111'llllf I'IOJ::LI'ITI:t31'111'llllf LLfl::I'IOJ::'iVIU1 
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1'11t'llllf ~fl~'il'iln~.J1lUIIl'!lULITnY1U'NJ.J1.l1'iYltJ1fltl'il\tJ.J1ii~LUI'lL~tl~ 2 fln.l:: ii'ilrttu::f_3 

• • u "' ..J " i ~ - - ~. ! i 1'111'11117 u 1'1 ::rt ru::LI'Il1!1_31'11 1'11117 unn m:t'lYl L '111J.J'l u 1fl N n'll"lYltl'l Ll'll1!1_31'1'1 t'lii17'N L<.Jyj'iJ ., 
..J " " L~U'IIU'lU1tJtJr::Vf'l~ LLfl::fil~ LHJUYlYlU'l~J.JM'lfiYltJ'lfltJ L1.lllj n'lTtUI'lf~UUtu LL N Llfl:: t n fl'11.lfl 

' yj'i)fiJ.Jfl'l7 'il'l.,nft'l'l 'llll~'l Luuri'luMd~'lltN L1.li1J n'1 rnfunil1 m:n fj no'il u fl::n '1 TU'il~ L ihPI LU!jfl 

Jun1tli 'lu~fjl'lYlU'l~I.JM'l'iYlmfl'u li'!l~'l~ LUI'lrt ru::'iYltl'll'l'lt'llll f . "ru::'iYltJ'll'l'l t'llllf~J.J 
u u "' '\ ,-1 '~ .... .., "' ~ - ...J .... '\ ,-1 ruunnm:t'l uu W.l'l. 2516 LLIIlnJ.Junnm:t'1.,1n lfiNn'll"lYltJ'll'l'lt'llllmJ.J'lLTt!U uu w.PI. 

2515 LrtJU'!l~ LLfl'l).lT::J.J'lru 600 flU fl'l'lJ.Jnfl'l~11nmril1m:nri'lUJ.J'lnM~u'lu7::u::Ju 
;i '!l ., ::011 n ;1 m:11 Lll t fl riUJ.J'l iruu~fl ru::'i Yl!J 1 1'11 t'llllT • J.JM'l 'i Yltl1fltJ T'lJ.J l'i 1 LL ,~ Luu ~ 1u 'lU 

..J .!i .''I .: u • 1 ..J ..J - u ~.! -~" :'"1 • • J.J'l n L f'il-.IULuULMIIjn '1 fl flju f::n1 f1.lU-lY1YlU 'l-.11-JM'l 'lYltl'l fl tJ L<-1 'il11J.J Ill \Hu fl fl tu::'lYl tJ1 "''1 t'llll T 

'\ ..J ... '\ ... ..J... "' ' 1 ~ . u Ulll'ilUUTn'II~-,::J.J~fl UL7'il~t'lll'lUY1LTtJUUfl::fjfUil'1Wn1TI'Inl:l'l'!ltl1~ Tnlll'lJ.J -,'lU'lUUn 

;1 n1:11~J.J 1 t'll! m 'b.i1~ Luu 1tJmJ.J m1111 -l Lilli fl ::ui:iu nil1 nl:t'l J.J 1 t'll! rm'TuutJ r::J.J 1 ru 3 • ooo -
... ' ... ' 

3,500 1'1ULvhuu U'l~illl'nil1n1:11n11'hn~'l 3.ooo- 3,500 l'lutvhuu u'l~ilunil1n1:111iuh 

n~1 3 .ooo r~u <i1u'lull'nil1 nl:t'l 'b.i1tli Luu,duLMii'!lul'l ru::il~l'l'lt'llll f 
- ...J:-1 q ,-1 .... ... .. - ... fln.l::'lYltl1PI1t'lii11Y1Lull1t'l'!lUIUU W.PI. 2516 1-JLWtJ~ 5 1111'11'1'il l111'1'l'II1LfiJ.J 

m1'1'i'll1;!'l'iYlt!1 mm'll'lWft nfl" mr~'i'll11'1 filii1PI1t'llllf LLfl::mrt'i'll1 t'l ii~ m1 J.Jt'lu'l-,'ll'il~ 

ll'nil1 n1:11 ri'lu'lMqj'il~~ Lfli1 Llt'l::;!'l'iYltJ'l Lyj 11:: 'lu r::u:: 5 u u rnll'nil1 nl:t'lt'lll'mLhJuLrti:l 
,;- ..J ..J ..... • o uo5 • · E" ..J 

LLfl ::"D 'l 'lYl u 1 J.J'l nYJ fj 111 Y1 L, fl'il'il n t'l 1 J.J111 fl'l'll 1., 1 u 'lu un r1 n1:11" ru::'lYltnPI 1 1'1111,., ::u 'iltJ LJ.J 'il 
"" x. ..J ... u o! q, • .''1 ..J .1 r. ' '"' •• ' ' ..J "" LVltJU rtUI'ln.I::YlJ.JUnn n1:1'111.lJ.J Ll.JU1.lJ.JU'iltJ1-.11'1n.l::,ll'l'lt'llllT 1.lT'ill'1 n.i::U111PI'lt'l111T LLIIl LJ.J'il LYltJU 

nu 1'1 ru::'iYlm PI 1 n111 fluJ.JM1 'iYlmli' uu t11 l'l ru::'iYJ u '11'1 1 n111 f J.JM'l'iYlm fl' u nJ.J rh m~~ li n:iu 

1'1tu::'iYltl'lPI'lt'llllwliMqj~fjii1LULUU1'::LY11'11YltJ 'il!l'l~hri~~'lu'lull'nil1n1:1'1'\m.l~l'l~uih~l'l~ 
..J'\ ~... ~" ..J Y1 ur::u::urnnJ.J LLU'l1UJ.JfiP1fl~ LT'iltJ 

• ,..,: .''I ..J'\ n I ..J '\ • u ..J :-t • fl ru:: 'l Y1 tl'll'l '1 t'llllT L TJ.J LuUI'l tu::Yl 1.l •wl'l ru::,U~ UJ.J,'l 'lYl tJ '1 fl t!LJ.J 'ilL u l'l'l'll'l L 'il n 

l'l'ilJ.Jrh L111'ilf LViuu nul'l ru::'iYJmPI'lt'l111f'll'il-lJ.JM'l'iYltJ1 elu'lutJr::LYll'l~ L -,1-f\J u fl'l LUU'il !11~ 1r 
Lll'l,J.J'ltJLUn'lm~w.tU'l<i'1LUU~'il~'il~UU~U_3'1Un1TLI1i~offu-,i'~i,J.J 

l'ltu::'iYltJ'1PI'lt'llllf-,::LL'ii~'l£1i 3 ~'l~;j'il 'il'l-,1TULI;j~ ,fl'n~111TLI;i-.l LL!'I::11nil1nl:t'1LL;j~ 
u t uu1 tJ LUI'l'll~J.J,'l'iYlu 1 fl'uvh 'l ~ L n 'b.i rlt 'il n1 nti ~'~ Lii 'il nun ;1 n 1:1'1 LLIIi ri'b.iitli, J.J 1 u" 'l1 J.J~1 

L 1'1,:: 'b.i'l£1ii'IULrNJ.J1 LhJunu L 1"1 u fl ZJ.J,1 'iYltl'l fl uUPl ri'b.i'Uil L UTtJU L 1'1 J.J1 nun Lyj T1::1'1U L ri~ 'b.i 

itli Lfl 'il n LrtJU'iYltJ11'11t'l111fLuu'lluPiu,d~ UU'lY11~ '\um mw.tU11'1 ru::'iY11J11'11 1'1111~~41 LUU 

~'il~ nluMII n ~1111 LLfl::'il1-,1T!JL~ LL;i~ 

~r.i1UJ.J11'1tu::'iYltl1PI1t'lii11UJII'i1LUUn1TLU11humrufuiJt-.J,eln~lllTitJth~ i:Jn1T4'P1 

t\'J.JJ.JU1tJfutJt'l,lln~lllT'iYltl'11'11t'l111f 2 1'1~ Qn~'il-.l~n1TftJ.JJ.JU1LUurh'lU7n~th1tJ~n1T 
tJfutJl~,~~ n~m ulli L n rifl'~ 'b.i'Uil r'i1'l1tJinM~1d 'il!l1~i1ii1111J.J n1ru rutJ i~,fl' n~m 'b.i'\'11 
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..1 ..1 ' LJt ' "'."! ~ ..1 ."1 • I "" .!1 
L1'tl~VI"'::VI1 Vl~1tl 1 l.Ju"'"'tll.J1fl).J1tJVILuWflu~111'1 n1rLTtJW n17t\'tlW LLI'l::n1TiiiT'l"'11'tl 

~'tlULUW~1W~~'tl~VhrlWiilft'tll'l~~i:hWUVIUUJi:iL'll'l1vi1'tlth~~W~1W~UJI1i'tlL0'tl~"11flfl1lV!l.Jiil 
'l1r::'!l'tl~~unnru'tln"'1nd t-~l'ltlr::'LtJ'Jlw1hflt~'l<fi'tl~nu'i'll1u~l'i'ufii:in'lwflr1~fl'l1).J~Iil-a~'~1"~ 
11Xnrrnmrufutlj~Vlflfl~lll7 'ilth~'lrnlil1l.JUJ~1Ul1JVI1 LLft::'ijtl~rrl'l"'::l.J1nLYltJ~Liil mrufu 
.I ~ . •."1 ..J ' ."1 ..J'"' ,J ~-I~Jt - ~ - '~ ·1.1" 
uj~Vlftn~mnLuWL7'tl~"'1 LuWVIVlflnLfttl~ u.J Wl LWT1::'l'll1n1TPI1W'lVItJ11'11~1i17n1'l uLT'l . ~ 

Lnl'l~"'::LifVIHfl~lllrlli'~ LLlllLUiill'l ru::'il'ltl11'11t\lilf!1i'tl 'ltliln UJ'lai W'tl n"'1 nil LLNnlillli'W"'1 nmu 

W'tl nn'l1l.J~'il~ n17'll'tl~un?1nl!l1 tlr::'ll1'JlW f:JU1ftlil ft'tllii"'UI'l'l1l.J.j1 Luw~Uf'tl~ LL'li~iwnul.J\-11 
'il'ltl1fttl~U LVlfh0LuU~~~vi 1 'tlXUf'tl~U futl t~Vlft n~lil r<fi'tl~l'l'lT~"'1 7N1LWfl17U futl t~Vl ft n 

~Iii Tfi'il ft !ii41U'JW'i'Jl1 L ft'tl nvn~'il'ltl11'11~ lllfllXu'tltJ fl~ LLft'l ~ 11~ fl~).J nr::U'lW'i'll1 LLflWft n 1 
_: .l' • .J .]/ ."1 ~ v ~. ~ v '1· 1 ~ ~ Jt .J U ~ 0 ~ v 

LWI.J'!IUn1TV11L·DUU"':::Lu\.!n17LUWVlftfl~(il11VIVIWfl uYI1~1i11U l(ilvi1UVIU~ L Iii L'ilfl1~ L\-1\.!fl 

?1n~1Lft'tln n~l.J'i'll1 LLflUU'iltllil1l.Jt\UL"' LLfl~ LLUWW'tlU~~Iilfi'tlUJ'tl~'!ltJ1tJ'i'll1 L'tl fl L~W~u1JX . . 

~'[)lilf'lft'[)~rlULLt.IW~w.JU1Uf:::LI'IP'! mrufutlt~Vlftfl~(ilTI'l'lTfP~m:::U'lW'i'Jl1 LUW 3 n~l.JLW\J 

(1) n~l.J'il'lmf'l1~lilf~w31W (2) n~l.J'il'ltl11'11~1i1ftlr:::tJnl11 (3) n~l.J'il'lmP'11~IilfLLH:::~~I'll.J 
n~W'iY1!11P'11 ~(il ~U:J1WLU!.lfl~).J~~~ '11-i'lal LL~~1'il'1!111'11 t\ lllf LL ft"::: L Yll'l y,.. L flU"'::: n 1 'l 

1tl LT'l "'WVlft1tll'lWL~W'l11'l'lTLTtJW'il'ltJ11'11 ~lilftlr:::tj n 1111tl Lfttl LL11i~u :J1U~~YI ~~a VI ft fl n1 r 

).J LU~I'IU LLft::mrfi(il'tlU1~1Xn'il'ltl1P'!1t\lllf"':::LUU~~~'ltl~ fl17 1iif'l'l1).Jt\ 1).11 rn LL fl::: LI-lli) &.I fl LL n 
."! .J .J ~ v • 1 r . - J! J' ~- ! ' ~ .J ."1 v - r 
u l1JVI11'1 Lntl'l'!J'tl-.lflUu r1 fl!J n1TNfiTTI.J'll1lil t 11WU:J1U Ll-1 LLWW L 'il fl1~1'1"1::: Lu\.!Ufl'll'l tl1P'!1 ~Iii T 

~~ fi l'l~ i:i'U.l1.J1 n n ~1.J'i'll1tl r:::tJ n i1ll'l~i:ituJ1wVIH n~lil rU"'"jUUtT~ii'tltJI.J1 n 41 Luu~'tl~ L vil.J 11X 

).J 1 fl~W'tl1"1l.J1LWxU'!I'il~'i'll1 L 'fl flVIT'fl'i'll1 L 1'1 LLUU'fiW L ¥J n ~'!l'il~ n ~l.J'i'Jl1U T:::tj n M~'fl-.3'[)~~ t-1 fl 
Wftlil'!l'fl~ LYII'l Yw'Lftu uft:::'iYimP'11~Iilftlr:::tJnl11 

LUW1i1Tl.J'll1 &i'!J'fl~'il'ltJ1 P'11 ~lilfLLft::: L I'll') L u y ft u~~ Ld'fl\11 ).J 1LIX ii ~'[)~jj t-1 fl n T :::l'lu 
"" " ' 

t-Ift n r:::Yiui1i:i~~I'I1~U'l n u ft :::YI1~Hu 'lu u-l~-jl.JW'iYitJ1P'!1 ~lilfLLft :::LYII'l t uYftu Lllu LLNVJi:J 

l'i'numw~~l.J1n 1w~~l'll.Jtlr:::'ll1itl11i1tJ 41 LuW~WftLi:i'fl~~'fi~L<fi1'l"'!!Trl.J'll1&i'll'tl~ LL Nd mr 

W'fl~'il'lmP'!1~11lfLLft:::~l'll.J~rlWLUWWn17LUWfjNI'i1'll'fl~'il'lmP'!1~Iilfl1LuW~ftUP'!1t\lilf'flti1~ 
.J ,J ~ ~ - r % ..... ,J~ ' " ., ::, ~ ,J '\· I 

VIW-.3 l'lWI'IL'!I1 L"''lYitl11'11~1111LLft:::n~f'l).J(ilf'l'fll'lWYI LWllll'fltJ1~'ilft11'11Wn17Lfl'!lfllil~t;l LLYI\.!1'1"1::: u 

LLnlf 11JV11l.J t'lfl1'l :::'ll'!l~ L~ u m ffi!ifni!FI'Ifwm nr LLft :::nrn'll1~ 

~ 

i:Ju n 'i '111 n 1 ,,. ft 1 unux~ n ~1'fl1"11ru"iil'l u 11'11 ~Iii f.j 1u'Ju '11-iii 'fl ui:iflu '11-1 LLl.l 

LLft:; 'laifu n1 rtl n'flum w1'11-i LYltl~W'fl Uft:::'fl1"1 Luu ~1 LI-lli) VI A' n~vi1'llXI'j C\Ul1W n 1 r~'ilw 'iVI tl1 

P'l1~lilfliln~1ft~ ~'fi~0UJ1~~'fi~~Lnl'l~u1utlr:::LI'IP'!~r'hfi~~w.~u1'flti1~LnLvhtlu 1ut\Vll'3 
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• 

- ...! ."1 ...! L ' tJ "' - r II' ~ '"'J!'"' ...! .! '"' tlll.J1n11"1N LuUMU-1 IJO!lJ.J T::Ll'll'll;lU1Vl1-l'lVIU11'11 ftlllTLLA:: LVll'liU lfltloiJ LTtl-lri1Utl-l LIIIU'l 

nUOL'liuriu :;-l~1LUUtl!.l1-ltl-l~tlru-ltlfutlt-lfllUil1VIt11"11W"'lVltl11'11t\lllf ~mrufutlt-l 
• ~k ... 1 ... 1 ..1 • ~k • v .. "" r t\11J1TOVl1w!Mfi1U,uUUU ,,.. UUUVIVI11VI LLA::Vl10'1Jl.11111Atlllll'ltl n17wOtiUTIJti1"11TUn1T 

ftiJIJU1:j'J!1n1T n1ru7::'1jJ.J:j'J!101f Ufl::01TLLflnLU~UUt11"11Ttf 017LLflnLU~tlU'!l1"11TU 
i'l .J .... 'I tJ . ~ ' ' U .J U.J rv L ULLU'lVl1-l'lVIIJu IIJM1 LLI'l::fl 1\HI'lVItlt\IJI'l'l T IIJ'l1"1:: L UO Ufl nL AtlUt11"11TtlOU 

IJM1:jVIU1ftULutlr::LVli'IMTtlfli1-lUT::LVll'l LWT1:: U~J.JM1:j'VIU1fltl711J rh LLM-l"'::LUUIJM1:jVltl1 

ftULU111 LLfliOLUIJIJM1:jVltl1flULUft'lUOfl1-l n171LflOLU~UU'!l1"11TUnUIJM1:jVltl1LWJii1111'1 
~VlU'l-liJM1:jVltl1flULI'ltlvl1'!l~ uflitlfu-lwu 'ttl LVIT1:: UJ~-311,1111 'l"' LL~"' ::Lllumr LLI'In Ltl~uu r::u:: 

iu LUULLIJ'lVl1-l~Vl'luor::ut\~tl1"11nl'luJ.Jw'l:jVlmnu1Jiill11'1tlfu-lmTt'!luM1uihtJdhot-l · 

LVIVI ~ 01TLLflnLU~UU'!l1"11TUrlUIJM1:jVIU1flUfli1-lUT::LVli'IOil'fltlt\TTP1L'li1Jrl1J tlr::011\IQ-l 

;i'!l o 1 r Llt.Juo 1 rnuu'!ltl-liJM 1:j VI u 1fltl11J.Jfh u M-l 'loffm1:n LVI u tl1'\ 1 rtf IIi 1-Jtlr:: LVII'I ih UJ'lll 

i.n:j(tlnti1'\0fl1tlLUIJIJ1WO~uu'ltl 

11 o u U'lMrl~~th nu'l" uti! Lllu'ltl'lllu1 oi'l'll mT,1tl ~uLPiuu'lMtl1'\17tl"'lVlm 
1'11 n 111f~-l ~~u 'l«<li'uo:j.,mrt1 t\111 ni Lri-liJ 1 1lluu1 "11 rtf 11 u 'lVl1-l0u1 .. 11 r'fu IIJM1t\J.J u-l '1M r~ ttl 
fli~tlt::LVII'!tlf UlllLIJVl~UDtmLLft'lvl1tlftl1nLVIT1::'!l1"11TUiiLU1Jif1T1'l!n1Till'll-lti~LU7::LUUU 
O!J Ln ru'rf'll'll-l o. VI. ?11 Lnlll m11-1 LM~uJ.Jri1~uliU.JIIlu~n-lntl LAtl~1ii1T1'l! mr'luor::m'l-3 

.-~ .;. " - - ~- , ... I! VIU'Nn11Jti1JT'l1Jrl-lr3'l.t\1MO"'"':: U.JLWOrtl~ 

11JLMjj'!lUn1Tful'lUdhJ.J1LUIJ'!l1"11TU'\::LUUUIIJM1Lt.~qJ fi1LLfllltyM10'11i"'::Lu1Jn1T 

ufllltyM1fli'1-l1 ~tlfULM11JYI1-lMrl-l ~'1T(IIlt\tiUT'liJ LLUU centralised competency tasting 
~ 'l·~ ' ' v .. u _.. k.J ... .J 
1i11U ..,MU'lU-111JOfl1-l'!lU1-l O.VI. "11111\tlUIIJLMIJtllJ"'::L 1J'lfi0'1TLLuYIIIIVl~lll L'V!71::U'IIO""'O 

"'::ri1(111T::UU LftlJ" '1tlVI'l 0~ tl-l 'ltltli LLft'l fl'-l LUIJ 0, 7A IIIU IIJM11-J fliiilllii111J tllJL n Ill"', Ol..j l\l'l ru 

'luo1rfu Loii1J.J1t o II 'l t1 LVI 11 ::iii 1111111l-J0ill'l1J.J ri 1t't IIJ'!l !.l1-1t1ti-l riu l'l 'l '1l-l Lilu:O t\ r::m~l'l'l1J.J 
~~~~ LLfl::l'l'l11J Lllu:OM:: 'luo1rlli'111 ftU'l., Lfttl o~u'hm . 

V!OJ.J1ii-lutyM1~~1"1::v1'1t1!h-l'lrriuu1"11T!liuu"',UU c.JIJI,t1Li'Ju'!l!.l1-lfl-l~1017 
tlfutlt-lr::uumm~1UtllltlOT::'\1tl-l'1U'IlU1-l~iiifi1TIJ LLA::01Tt\~'1-l LLNOT::~IJ~-lL"'LUIJUIJ'l 

vn-l~"':: '!llfu m11-1 T'lJ.Jj'j '!l LLfl ::tl r::t\UI'l'l1J.J ri1 LT"' 'l u~ ~ 111 L VIT'1 ::l'lu 'lu r::lli'U'Il1 "11 Ttl"W'll'llU 

L~TI-!1U-lt'i'U LLUU'IlU 01711~1-l LLNOT~U~-lL"'LUztl'!l'!l-lT1-l'lfl~LI1i1JLUn1fil'll1J mM(tl 

n1TflVil'l L'lA'1 'lMriu 01 Tt\'llULLA ::mr:j(u f'jn.lfiTTIJ LLA::m11-1 ri1ilo 'lum11-1 LilUI'll L~'!l~1c.Jfl 
~'ll fl 01-1'1"1 ::uJ~tllJ i m.lf'j llJI1'1VI'!l'1"1'1 Ttl ili'b!bJ LLIIit\, tl:jVl tl11'1 '1 "Ill TL vl ,Jiuiitid fl'-l 'loff nuih 1'11! 

01Tt\'1tl~U 1 '!Jitln :jfiQ'!l'1"1tlf-IA-IOML'!ltllf'ltln1ru7::LiiUc.Jfln17t\'llU'!I'Il-l'll'1"11nR-l'll'1'\Yh 

LMM 11 1u l'llJ~ oii 111 t1 111 ulli ?i 1 ;j lll"'::tlfutlt-lli•hi'luill'll-lvl'1 
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- .. n"' n 'l'i IJ 111.1 

U '!l n "l1 n n1rtJ fut.Jt-.1\.lfl nt3lllT 11fJ1tJi'i'!n L f.l n L~I-J'l'1!1 L 'Vl LLfl::l..lfutJt-l'J (U!)1W'il1"l1T 
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The use of audio for distance education 

Piboon Puriveth, Ramkhamhaeng University, Thailand 

Introduction 
If you were asked which learning activities consume the major portion of a student's classroom time, 
would you answer reading instructional materials, answering questions, discussing the course content 
or taking tests? Actually. typical high school students spend about 60 percent of their school time just 
listening. College students in conventional universities are likely to spend no less than 90 percent of their 
lime listemng to lectures. However, the answer would be different if the students were distance learners. 
In an 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 commonly 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 Public Relations Department 
in terms of information serevice. In Thailand, educating people through radio became necessary 
whend1stance education emerged in the early seventies, and at present Ramkh'!mhaeng University 
employs radio as a second main medium next to the print medium. 

Ramkhamhaeng University and the use of audio 
Dunng the sixlies 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 to all 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 
opportunity 1n higher education. Ramkhamhaeng was also intended to serve non-traditional students 
people w1th a wide range of age, ability, purpose, and motivation. These students might be qualified 
h1gh school graduates with financial problems, retired individuals looking for vocations. or dropouts now 
seeking academic or professional skills. They could also be mature, marginally capable, old or young, 
and motivated or desperate. The point is that these students are different in background, intelligence, 

and desire. Also these students may not be able to attend clas-~.· ~~ .. · style or tim.e frame 
because of existing jobs or family considerations. ~" ~ ~ . ~ 

There were initially four faculties which offered bachelor degre • · riimes i;;u,~es of 
law, business administration. humanities and education. The enrolment in 19 , s over 35, he 
teaching-learning system made use of large lecture halls equipped with closed-circuit te · ion. · . r, 
only 40 percent of the students could attend lectures due to space limitations. Many ha n 
their own by means of textbooks. 

In 1973, three more faculties were added to the system: the faculties of Science, PolitiCal 
Science and Economics. The freshman 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 1978, there were nearly 
200,000 high school graduates in Thailand, but the twelve conventional universities in the country could 
accommodate only 13,000 first year students. Therefore, in 1984, Ramkhamhaeng University opened a 
second campus about 25 kilometres east of the main campus. 

Although Ramkhamhaeng operated on an open learning system basis, teaching occumed 
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 control of the Public Relations Department, offered an educational 
programme for Ramkhamhaeng University five hours a day and the university was able to broadcast 
lectures for 63 courses. The broadcast range covered 27 provinces within 300 kilometres of Bangkok. 
Each lecture lasted 30 minutes and most of the lectures were for general education courses. In 1978 the 
broadcasting time was extended to 1 0 hours a day 

Presently, Ramkhamhaeng University radio programmes are broadcast from 6:00a.m. to 11:00 
p.m. with a one-hour break for news at 12:00 noon, 6:00p.m. and 8:00p.m. In addition to Radio Thailand, 
there are 43 local 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 90 minutes. 

All lectures are recorded with reel tape at studios in Ramkhamhaeng. Delivery of tapes to local 
radio stations and their return is an a weekly basis. In addition to radio programmes, there are nine 
regional centres in Tha.iland where textbooks, cassette tapes and videotape 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 large numbers of students is a burdensome task. One can h·ardly 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 among the 
most severe poblems encountered 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 electronic media requires a substantial investment for equipment, studios and staff. 
Presently, Ramkhamhaeng has established the Office of Educational Technology mainly on its own 
budget: over 90 percent of the staff of this Office depend entirely on funds generated by tuition fees. 

The question of cost is an important one for university administratorsT echnology may be Widely 
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 be clearly demonstrated. However, the search for such clear benefits has yielded results that only 
partially m'Spire confidence among university administrators. 

In ad,(lition, 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 maintaining university buildings. Only a very small percentage is available 
for electronic media. 

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

Another problem that results from installing audio media is technical. Audio media are not free 
from techoical problems, but ove<eoming technical problems is costly. Also, mamtenance of eqUipment 
consumes its share of the annual budget. 

The semester system of Ramkhamhaeng Univers1ty also imposes problems. Since 
Ramkhamhaeng ~ffers 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 double the amount 
of work in ordertoproduceprogrammes. Staff of the Educational Technology Office have to work overtime 
six days a week and mostly beyond 10:00 p.m. Even though educational 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 concerning the use of audio for distance education concerns educational 

elitism. On one hand, 1t seems thstudents who attend classroom lectures regularly take advantage of 
what becomesavailable 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 result 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 present; many broadcast lectures and all cassette tapes for regional 
centres are directly recorded from classroom lectures and most students appear to be sat1sf1ed 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, development and production costs associated with some new 
technologies continue to 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 importance. In developing countries, the time may already have arrived in wh1ch the 
concept of 'new is better' may nQ longer be valid. 

Educators may find that existing media are not only more economical, but also as effect1ve and 
efficient as new media if used properly. There is often a fear factor associated with the use of anyth1ng 
new. Many potential users might be more comfortable and more likely to use existing equ1pment and 
technology as new technologies often require special train1ng as well as specialized and expensive 
software. Besides, training and software may not be readily available or economically feasible 1n many 
higher institutions. In general, this should lead to reconsideration or rediscovery 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 to keep students 
from becoming bored with audio tape. Generally, audio tape is considered to be an outdated medium. 
Most instructors knoW from personal experience that audio tape can be boring, unless the narrator 1s 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 m1ght be the key to use of older med1a. It also appears that some of the new 
media, while certainly 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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ri~1 LUU!li''!I~LofriVl!J1~1 f'lfllfLLfl:::LVlPJ Lt.ILflU ulliliVl!J1~1 f'lfllfriilt.JflnT:::VlU nu~~ LL'l111ft'iliJ 

n!J'!I'il-lliVlmmf'lfllfttlu~'il-lf'l'\nn~11'lr"':::thliVl!J1~1f'lfllfltltlr:::~nfll"lifri1tli LLIIin1nl11iV1tJ1 

mf'lfllf!tltlr:::~nlll"lil'lu);tl'!l'il~LVll'lM nuilt.Jfl nr:::Vlun u ulli n:::tl r:::m~lli1-1 nuttl 'b.Jiltlr:::L Vl~ 
IIi 1-l nu1tl 'bJ jjtJ r::: LVI ~L>It.IL\.1 Lfl n~ill'j n 'il !11-l L >til'!lu nt.l>tiJ 1111'1-l Ju LLIIi fl :::tl r::: LVI~ 'i-1 til 'il-l jj Lth 

>tiJ1tJn1nitJI.Ju1 LLfl :::lli''!l-liJ'fl-li'J rul'i1'!1'fl-l LVlf'l t u tntit111tJI'hil-lli-ll'l'l11Jliul'l~ LLfl:::l'l'l11J'!I~r'!l111 
'!l'il~'ll1~ 11i'l L '!I~ LUu>~li' n 

~~1t.IIJ1tlr:::LVl~~rh!l~~tJI.JU11Tn"'~tJI.JU1L,:ru,.trn1tlV11-ltli'1un1rtnl!lfllr LPltJi'l1tl 

LLt.JU~tJI.JU11Jmuu>t11n (1) mrttlrLIJVln1rli{tJtlf1umrLnl!lmr (2) ttlnmriJmrtln'fluriJ 

L~'flL~IJt.Jflt.Jiiflln1rtnl!lm (3) n1rn~LAmmrtnl!lfll~LLiul'i''lL~'!IIJ'!I'!I~if'ill;lflT:::>t~1~mrli{u 
'!l'il~Amuunutnl!lf!lrnr (4) mrP!nl!l1n1rt.Jiilll n1rLLtlr);tlt.Jnt.JiifllmrLnl!llllr un:::n1Tfllfl1Pl 

Yjnr:::l'Tu (5) m r 1ifVlfmn n r iutlr::: LVll'lilX L~IJ~ L~'il fttll m nl1iiu~ 1 L ih 11XIJ1 n~t'j111LVh~"':: 
LUt.ILULtlf (6) mru1>t11L1'111!1Sn,L~'il"JPliULLN~1Wl1fJLUUT::LV11'1 

11 Vlu 11-.i Ill 'il~ ~'~~ fl'u 1 n u ~ 1 f'l'l11J n 1 'l>~,:r1'!1'il~liVlml'l1f'lfll f u n::LVlfl t u tntiiuVll'l'lfTI!I~ 
LLft'lVh 1JX LnPlli n ~Ill n1 fl thl'i fjJ iutJr:: LVI~~ rh fl~~tJI.J\.11 i'l'il~li n ~Ill n1ft lj n ~1!1 n1fru U 1n ~'il 

.J- 0 - ' "" ~ .J ""tl ~ ~ ~-! ~ ' . n1T'!I1PlV1111t.IV111J1>t1nt.l 1'11111'l1LIJ'ilnt.lt'jPll'lfll'lf11!1Vl 20 ,::IJ r::'!11nr Lt.iLftn ~lll1n'l1 

6,500 i{ 1\.lf'lt.l ~-~tl r::IJ1 rua1u1X1'!1'!1-!41U'lt.ld, ::'fl~L'U Lftn~f'I11J LLfl:::flt.IIJ1 n n~1 2 '500 
k ."l ~.,..J- o - ~. •• I .J o ~ ~ - ,.,./ ... .ol 
n1t.lf'll.J "'::Lul.JI'll.J,\.1 LTV1111t.IV11 nl.J LJ.Il.Jf::LVli'IVl n1tNWtJI.Jl.J1 'l n ~Ill n1fn.IV1 !'I 'il-l l'l'!lf'l'l11J Lft'iliJ 

t Vl11J'!I'fl>l ~~ LL '1111 ft'iliJ~L V111Jfl~Ltl ~fl 1 L~'il~,1 nm11J L if 1L"'fl'l11J d'IJ~utfr::>t~1~liV1 m 

f'l1f'lfllfLLfl ::LVlf'l Lt.! LflU nu n1mtJI.JW1LI'I1(US'ii, Ltfl::n11'!1!.jfnl!l~~ LL'lPlfltliJU~ UJ~W'il l'l'l11J,1~ 
..J ~ ... ...lv ... .,.. J ~ .., .,£ 
VlU T1 n!J Lt.i'll1fll·V1W tJI.J\.11 LLft'lfl'il >tfl~"'1 ntJr::'ll1 nn1 f'lfJ11'U fl'l11J tlf'il~ n1T'il1n11'1U1t'jVlli 
~ .J • .r ·"' ~ '" ~ .J- ' -.J ~ ' \.11 1'1 ::'il1 Pl LLfl :::liTTIJ'll'lfllVl f'l'lfJ~11J n ~'l'li'ULut.IL~1fll11JI'l'l LLIIlNL>I!IJt.lfltl::: 11Vlf'l Pl'l1'!11 fllVl"'t.l LIJ 

' . 
lli''fl~mrii~mfhil 
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~l.Jl.J1 r;,yhtl::: LrLh~ 1ua~ ~ 'l"'ft'll!J~ l~'ill-1 '[ \'ITlJft~ 'ltJ m 1~ ry l;q!.J~~w~ LUUU1Lir Lil11.J 

ur1J'll1&i rh ~~~ tuua~~ t'llu 1'll1' ryflu1wtJ r:::L'YI f'l t ft 11~1'111.J tJ 1:::1 'Yif'IL'YI!.J tnli~wtif'ltJU1~m 11 
' . ' 

LLft:::Lrl~., ::vi1tJ::: L1ft~ '\tJ,fi~"l1 miirnri'!.lvh.Witl1vi'li.J Lift ::l'l'l11J 11 u-~ LLfl~ tJ r::: 1 Vlf'ILV1 'ilwt.hw n 

1wti1.JL~!.J \Lft::: LUL'<l L~!.JLi1:::1'utJ'<l 11 l flu-t Ulf ritJ r:::!'luu 11J>l1l~ !.J'l nw l\~~1 11!.J~11.JtlU1~ LUWV11~ 
' J' .Jtl 1 v ... .. • ~ I ~ • I .- Q" ... ,..,J I I i· l...,jj .... .l Jtl .I 

111t"l:::U'<ln'l1\'lWV1 1 I.Jl'L-1fttltlnLVI1WWL\'11WLu'<ltl'JIULil ULilVIW1n'11JLil'<l ufl'il I.Jl'lWVI 111 

LU'<lfL~wllf~~l11uiii Lrl!.J~\Ij'<J~"l:::Luwtl1 W u 11J>l1~&i rnM11JI.J1 fi'll 111 r~ ry Lfl !.l'l-lU1~W illm n.1 . ' . 
tl1 ftfilft~ LW'<l~"l1 ntl1 'l!J"Lwui'L'ln.IMWU1thmftrn ft~ <l1u'lwfl'M<ltl1 ft rn ft-l u1~'llilrn li ~ ryrl'u~ 
~-I ~., .. .J ' X. .I ;, .i _., ' v .J .J " ~-? 
LUL l'ld1::: Lj.JIJ\'1 'ilfJtl1ri!.J n1tu T::IJ-l'll1!.J W~"ll~ luULL 'l-lft~Vlt)'j!.J1 fl1VIlft !.J~ f'lW'I-l ft1!.J ft1W LW Lft fl 

~ 1'111-J iii:lu ry~-11 l'l'l11.JM'il~ n11m,1 r~ L ~ I.J~w 1 ct'<l~"l1 11u 1:::'ll1 1111 ~l-l~wuw, ~ 1U' M'<l~tl1 
? ? "' ~ • I ., I ~ • ' .,.J_, • .J • I .J ~ • I ? 

\Vll'l LWLft!.Jfl11"lUuft1Vjflt'"' l\UUI.J1 L'll UUW'<lWt,!VIl-IVjU~~L'ii11J1llVIUVI'll1'lu1::1J-lVI"lUuft1 Lfil!.J . . ' 
:jfi(if~ LPil-1~ flL'liWLf'l!.J t-lft~filVl1!.Jflfll<f!.l1nftrnft~ '<lU1-l1.,h L "ll-11!.1 fl1 rtJ51Ui l~ !.J'lVlf'l1 fil~1"l :::'li 'l!.J 
~ - ...1 .: .: Q: .J .... ....... ,..,J .... 

Ll'll-lt-lft t-Ift M 111 tlfll!IM tL)'jtJLft!.l-lU1 11 Lft!.l~Vl'il~'ll1'l Lft 11 11ftl-l L'l-lft'lLU'il-l"l1nwu~l'l'llL'L-1l-IV1Wfl 

:j'll1 ll1tllll!ILiltfll11 11111 hwl'll-lrl'u{l-1 1 eli 'l 1.J l'l'l1l-l ~ 1U 1 n Lil'<lU!'IW'<l-ll'i'<l 1111~ Llft L tl1L"lLI'I mh~ 
• • 

f'l w 'lii'il1 1111'1-lum vhwui11'<l~~l-l L I'IVl-lLL N~1w ~ !.l !.J1U nu ~ M XW'll'<lU1-ll-l'l-l1 f'\1 ft ~~.,::: 1tll w 11 

-- ... .J .:-~··~.1 .Jv J!O ."1."1 r.JftLilfil u11JV111Jftn1'l:::VIlf'l!.J Llr.Jft-l~VI!l L'i-ll\-11..! LWut::l\'lf'IVI\Ij"'-JW1\Li'i'll111ft1!.JIJ1 LuUu 11J>l1'il'il-l 
• I ..J a v v 
ur::: LVII'! VI fl1ft-ll'l"'--U1 

w tl fl "l1 flU 11J>l1 ~~ ll 'l (;lft'<JIJ~ ri11'i rytif~ 11 fl1'l L nU~"l :::M'<l~r.J"l ry nu n111'j 11 l'l11J~1..h 
~ - ... d J ... .., v ~ J " _., ~ ..1 v ·~ v ~ 1" 

flft'l"l1 fll'l-lf'ld11JW'lll'lft!.Jl'II-lll-JtllVl!.JU 11UIJ'I-lWtllll!.JtlU 1 llft'lluUil!.JVI"lfil'iliJ LUtlUfilU L\111 fil 
:O.J, v~.o~.J.., - .I '.I .J ..:.l' ..... l 
i'i~VIW1 flft'l LUft1filUVI!'Itl-l f'ltl 1111\ "l TI1J'iltl-lu1:::'ll1 111 f'l1 fil 'l1 u 1:::'1!1 111Vl"l:: ll'liJ'iiU'<l flu l':::l-11 n.l 

2, ooo thwf'lu 1wl'lw tw1tAl-l"l :::Lii rn~w 1utl::: LVI f'l '[ ft 11~ 1'11l-l n11Uu L'liWlluli nti1'l '\eli~ 1f'lul'l'lw 

L'l-lqj1utulii'<l1U"l:::Liirni.J1"lW 'l-lT'<l"l:::~rn~1 born very poor nf'l~wi:irnun ~l')flf'l11Jlr1LUW 
~1r;i'U!'I1l-lfi'<l fl1t'ii1C'I llf'l ft1.J\Ij ~~~~1W 01Vl"l1tn.l1~tlln fl1l'U TL/lf'll'lfl-l-l11.J'il tl-lUl'::: L V1 PI~ n 1 ~~~ 
rl'"'-JU1'<JU1~U r::: l Vlf'ILVI!.J LUU\11 n.i'Yl'll'<l-lU r::: l VI f'l~ rl1 ~~~ n 1'lLU LUWU 1::: l VI f'l'q til 1'11 tA fll'TI,J li L~tl 
1Ql~1u 11J>l1 111 t'll1"' LLI'lftU'I'l ft'-J-J1U"l::: tuu~~~,i'l m ~!.l-l 'll-11cli1ui11uf'l tll'l r~ 21 ti'!.l ~ rnVi 1!.1 

~l'l 11 f'l11J L nfi'<l 1'11 ml!t l'l'lW L'l-l qJ \UW 1'11 tll'l i:l~il-1 1'1 ft 1 !.JM 'lLeli~ 1 !.J '<JU1~~ m"' f'i "'1 'it-1ft til fl fh~ 
'il '<l-l 1'11ti'll!t 1u r:::uuilL 'lf'lvi11u f'l 'l11J 1 ii~Jiiu'll'il~l'l1 ti'll!ti11.J1 n1w 6 tll1~ '<l~U ft 1 !.l ~ 11 t 'li '<l1'1-l1t 

~~hr ryfi'<ll'lwri tuwa~i1=tilll~'il~uft1!.J~ n t'li'il1mr 
' . 

LW'<li'l"l1 l'n.11UI1JV11 Llft::i'll!trl!.JVl~'l-liJ (;) LL ft'l"l::: L iiu ~ 1111 t l 1-l"rurl'"'-11..!1 11 1l'lfll!ttll1ll ft::: 

'QM\'11'1-l nrmvi1iutJ1::: LVlf'l~ rhft'~rl'"'-!u111l''<l~Y! n'llV1rn1wnu t tf'lri'!.l iii L~u~~ Luuw ft nt::Vlu 'l1 n 
• 

:jVI!.J1f'l1 l'ltllf u ft:: 1 Vll'l tutftiJ n1W'l1tru11u~l1on-Jft~1u1!11"l:::tiiu~1llu'l 'lul-l 111rrl'"'-!w1m-J 

'i V1 !.J1 1'11 1'1 til f LL ft:: l VI f'l L w L ft i1w tl 11., 111.,::: LU w 111 l'Ml f'l'l11J'I-lf\1 11'1-l ft 1!.J'iltl~'llilc;, a-JiJ=titllllft'l 

I'T-ll u 1.J fl1 t!'l "' f'l'l11J, f\1 fl, ft 1 !.J 'il tl ~ or w.IW !l rm eli 'l !.J l'l'l11J., 1~ 1 w L~tl~ dfi '<l1' "'-11..! !l rm 'll tl-1 'll1 &i 
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1un.j~L"lTqjLLt\''lll'n"l::nnwiw.!UiiTTI.J'li'!Wli1~L"n~lf'llfln~1 LUUit.Ji~~~~LIIll'l'fllllmrLUU'!l~ 
• 

'll'!l~PlU 1U'!lU1 Pllll"'::Pl t\'1fJ rlUUI.JIIll'i'~ L 1'1 n 

~1rlUI.J1 O-l,llldLLt\''l'!l1"l"J LUi:l'!lU~11'l'l11.JWi~ 1U'IlU11'llll'll'!l~ L r1i:l llli.JU. 'Vj n<JudL~'!l~1 
t.lr:: LYlf'l L111'1~'Vju1t.l1uli'1ummw.~u1vn>~iiVIfJ11'111'1111fLLI'I::LI'II'l t u L!'ltibJ~'!lfJ n~ 1 5 Lt.l'!lfloiulll 

'll'!l~ tnl"'l LLu.ft'uuu!'ltt.lrlli'l'l fl'l11-1L'lh 1"l1ULVII'l tu Ll'lil1ul-J LLI'I ::n1 rWW-~U11'l'l11.JI'I11.J111l~"l:: 1-11' 

. LYll'l L ULI'IU LUfl 1,rULUUM'l1"l'lltN LL U'lVI1~ n1T~w.!U1 L~fl'!lU11'llll ~ th•i' qj~fl L nllf'!l~~"l1TOJ1 
~ 1111'1 '111-1 r~ 11-11 r11 L ;u-l LVII'l t u Y I'IU'llfl-l Ln LLI.iu'!luL n~ 1 Ltiuli'fl-lt.lrulli''l LLI'I ::11l'llUIIU'Il-ll1i'll mr 

uJ~fJU LuJ l'l~'llfl-l LVII'! t ut I'IU'!l !.h~ LUI.J1 ::111-1 LLI'I::illfl~r::ll'lllr::1'>~1um nl1 LYll'l t u t l'lilu 1~'1lth~ 
dh1-11 fiu::,!ULLt\''lnL11'!l1"111ffl~'!l~ ~lJlJLilLVII'l-L!'Il'i''ll (high tech-low touch) ~~11J~1t.Jn~1 

. '!l~ UlJULI'ILVIf'YLnl'i''ll (low tech high -touch) ullW'IlU 
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