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ABSTRACT

The efficient use of irrigation systems has growerathe years due to water shortage and the neeftiimize
food production using minimum amount of water. 8imemoving the irrigation laterals at the end af thiop season
(especially for vegetables) is expected to regextensive and challenging efforts from farmers agdcultural engineers,
It would be desirable to use biodegradable irr@atirip lines that would allow ploughing of thesatarials after the end
of the cultivation season without the need to reenthe tubes or any environmental impacts. In thidys the engineering
properties of two different types of biodegradaldigp tubes were manufactured and evaluated undésrefit soil

treatments with using the organic and biofertilizer study the material stability and life expectan

Bi-OPL drip tubes appeared to possess a high aesistto all treatments. Tubes materials showed Nitliey
degradation indicated by minimal changes in terstilength and weight. The maximum loss in tendiengith and weight
did not exceed 2% for five months. On the otherdh&ime degradation rates for Ecovio tubes are gresdter three months
where weight loss was more than 3% than before t(®.1%6). Ecovio tubes retained good resistanceHerfirst three
months, but were less resistant on tHe Bonth (more than 57 % loss of its tensile strendén all treatments.
The previous results show that Bi-OPL drip tubekifidor more than five months and Ecovio drip tiiméd for three
months as their best working life expectancy. Ttareeno significant differences between steriliaad non-sterilized soil
in terms of degradation rates of Bi-OPL drip tubglich means that the degradations are directhtedlto environmental
factors such as UV-sunlight, moisture and tempegatBiodegradable drip tubes remain safe to théiGgtipn of organic
and bio-fertilizer.
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INTRODUCTION

The efficient use of irrigation systems has growardhe years driven by water shortage and the teeegdtimize
food production. The use of traditional drip irrigem tubes or pipes is one of major challengesh® farmers and
agricultural engineers. A lack of degradabilitypsihg landfill sites, and growing water and landlygmn problems have
led to concerns about plastics. With the excesgseeof plastics and much pressure being placedipacdies available
for plastic waste disposal, the need for biodedvkdplastics and biodegradation of plastic wastessdssumed significant
importance in the last few years. Awareness ofwhaste and disposal issues and their impacts orriigonment has
awakened new interest of degradable polymers. Tdverethe new environmental laws driven by growamyironmental
awareness throughout the world have triggered #mathd for new products and processes that are tithepaith the

environment.
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126 Harby Mostafa & Hany Abdelrahman

The main drive for developing biodegradable makeifiar agricultural applications comes from the ldege to
cope with the highly complicated, in technical, degand financial terms, problem of agricultural gtia waste
management. One of the main agricultural applicatichowever, concerns the biodegradable mulchinmsfil
(Briassoulis, 2007). The use of biodegradable figsliminates the need for mechanical removal, thinsirates the plastic
waste management cost, and the relevant enviroainematblems because of the current practices abninalled burning
or burying of this waste in soil (Mazollier and Tlat12003). After their use, biodegradable filmattimay be confirmed

beyond any doubt to be biodegradable in soil caplimed in soil with the plant remains.

Biodegradable polymers existed from renewable nressuhave attracted much attention in recent y&ais.new
interest results from global environmental impastigeness and the fossil depletion problem. Biopelgresearch and

development as well as their production have bkerastest for several years (Vroman and Tigh26A9).

Biodegradable materials would ease disputes orr@mwvient pollution and reduce reliance on fossibueses.
Polylactic acid (PLA) is biocompatible and biodedpmble semi-crystalline polyester and is commergialailable
(Wu, 1995). PLA is completely degraded under corhpogrditions. It is not soluble in water; nevertsd microorganisms
in marine environments can degrade it. PLA is @ maaterial and its hardness similar to acrylic {ifa@Vee et al. 2006).
Microorganisms in the environment continue the ddgtion by converting these lower-molecular-weigrnponents to
carbon dioxide, water (in the presence of oxygen)nethane (oxygen absent) (Drumright et al. 20@-Burkersroda et
al. 2002). PLA degradation is enzyme sensitiveyr@ [PLA can degrade by 20% of its total weightradi@ h of enzymatic

exposure (Varma et al. 2005), and the weight losleuthe control degradation conditions is 1.6%.

Degradable plastics are define as those which gndarsignificant change in chemical structure ursgescific
environmental conditions. These changes resultloss of physical and mechanical properties, assured by standard
methods. In most applications envisaged for filmdilares in contact with the soil, loss in tengieperties is the most
relevant practical criterion to characterize itgm&ation (Mostafa et al. 2010 and Orhan et al.420Biodegradable
plastics undergo degradation from acting naturabcurring microorganisms such as bacteria, fungid algae
(Kumar et al. 2011).

Technological developments within the irrigatiodustry have advanced significantly over the last decades.
Many of these developments have resulted in adugnichprovements to water use efficiency, increagestuction,
higher quality commodities and a decreased labed rfer irrigation. However, the supreme successpglying this

advancing technology remains with the water manageiskill level of the irrigation water user.

Laterals are produced from petroleum, a limited takd@® more years to degrade. It led to interestiternatives
made from biodegradable plastics. This biodegradaliie can be used and it can be biodegraded anthef the season

without retrieval needed or any bad effects onetiironment.

For developing and managing microirrigation, aesof studies were done by Briassoulis et al. (RO0d8®stafa
(2010) and Mostafa and Sourell (2011) to identifg properties of some bioplastic materials andpitesibility to use
them as biodegradable drip tubes. Some bioplastitenials showed good results. A later study wasedoyn Mostafa
(2014, unpublished data), to study the hydraulidgsmance of the Bio drip prototype (Biotube) ammimpared with
polyethylene prototype (Polytube). This step wawedfy the Biotube validity for using as drip tubé drip irrigation

network.
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The objective of the present study was to enhaneetoduct quality. A study involving two differetypes of
bioplastic tubes were conducted to evaluate theagnmf environmental factors and some agricultdrahsactions
(Organic and biofertilizers) on the biomaterial digband life expectancy. Those bioplastic tubedl wot be collected
and disposed after use, instead they will decompotee soil without any adverse environmental &feTheir usage will
erase the disposal cost; they are environmentdiygoroducts and possibly, at least partially, theaterials may be based

on renewable raw materials like agricultural wastes
MATERIALS AND METHODS

A field experiment was carried out at the Resedfatm of Agriculture Faculty, Benha University — Kabia
Governorate, Egypt, during March to September 201&udy the engineering properties and microbicklgeffects for
the biodegradable drip tubes (produced from comimlebioplastics available on the market (Ecovio &iedDPL) was
assessed per DIN EN 13432:2000 and ASTM D5988:20adgr different soil treatments (non-sterilized aterilized
soil) with using the biofertilizers and compost study the material stability and life expectancy fwoducing the
biodegradable drip tubes. Sterilized soil was usedmeasure the effects of microbial activity frommmpost and

biofertilizers on the biotubs.
Studied Polymers

« Ecovio®, a biodegradable polymer consists of 45% polytactiacid and 55% Ecoflex
(aliphatic-aromatic copolyester based on the momsrhe4-butanediol, adipic acid and terephthalid)aior film
extrusion (BASF, 2010).

« Bi-OPL® is produced from polylactic acid (PLA is made efycadable materials and compostable in accordance
with DIN EN 13432 (Oerlemansplastics, 2008).

These materials have been developed for convetsidlexible films using a blown film or cast filmrpcess.

Typical applications are agricultural films and quost bags.
Used Microorganisms

The biofertilizer culturesAzotobacterchroococcum, Bacillus circulansand Bacillus megaterium) were prepared
by strains reserved in the Agricultural Botany Dempent (Microbiology Branch), Faculty of Agriculeyr Benha
University, Egypt.

Environmental Condition

During March to September, 2012, this region israti@rized by arid, no rainfall, an average highgerature,
medium humidity and medium to high evaporation. Mead data are presented in Figure 1 for expershéotation.

The soil is clayey textured as shown in Table 1.

Compost is primarily used as a soil conditionere Pihysical and chemical properties of the usedi¢catanure
and herbal plants residues (50: 50)) are: pH 7létical conductivity (EC) 3.1 dS M total organic matter values 32.7
%, bulk density 0.625 g cfa The moisture content 23.50 %, water holding cipa@lue 3.7 g water/g dry and the
porosity 62.67% (Khater, 2012).
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Figure 1: Weather Station Data for Location of Expeiments

Table 1: Mechanical and Physical Characteristics athe Soll

Sand Silt (%) Clay | Texture Organic Bulk Density Field Wilting
(%) . (%) Class Matter (%) (g/cn?) Capacity (%) | Point (%)
22.5 31 46.5 clay 3.1 1.36 51.1 17.05

Experimental Procedures

Bioplastic tubes (10 cm in length and 22 mm in détan) made up of polylactic acid and ecoflex (Eopwand
only poly lactic acid separately (Bi-OPL) were udedthe study. It was then weighed and disinfedtgdvashing in 70%

ethanol for 1 h, rinsed twice with sterile distillevater before being placed in the soil.

The experimental soil was divided into two groupse of them was sterilized by using formaldehydsoeding
to (Trevors, 1996) and the other one was left withsterilization. Polypropylene bags (10 liter mlwme) were filled with
soil (9 bags filled with non-sterilized soil anchet 9 filled with sterilized soil treatments). Coosp added to three bags of
each soil group with rate of 28Acre, other three bags of each soil group werecitaied with biofertilizers
8.8x10"cfu 9.3x10%fu  mr*

fluorescens9.5x10G"cfu mi* as mixed solution with rate 100 ml of each cultiarebag) and was repeated monthly for three

(Azotobacterchroococcum; mi*, Bacillus megaterium; and Pseudomonas
times. The last three bags of each soil group Vedtevithout treatment (control). Four bioplastides for each type were
placed in each bag. All the bags were kept in thencfield and each of them was irrigated every weekdjust the

humidity to 60% of soil holding capacity controled tensiometer.
Engineering Measurements

The bioplastic tubes were tested at the beginnfrigasch as standard and were retrieved &t Apr., 30" May,
15" Jul. and 1 Sep. of incubation, and were gently rinsed withikted water to remove the soil particles andieged
under aseptic condition to determine total micrbbiafilm. After that they were air-dried for 24 Iphotographed and
weighed. The tensile strength (TS) and weight lossere measured. Each tube was cut into tensitepiéx1 cm in size
and TS was measured with a tensile testing madqia&i Kagaku — ArimotoKigyo Co., Ltd. Japan). Weidosses for
the materials were measured according to Khan €@06) by the following equation:

) :7(W2V\;Wl) x 100

1

Weight losses (%

Where: W and W are the films weight before and after treatmespeetively.
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Microbiological Measurements

Total microbial biofiimwas determined and the eneyattivity of dehydrogenase (DH) and lipasewas nreals

using method of Schinner et al. (1997) in soil pthander bioplastic tubes for each treatment.

RESULTS
BI-OPL Tubes

The change of weight of Bi-OPL tubes was not obsgrfior most of the experiment’s time Figure 2. Thiges
weight losses in non-sterilized soil as well asikted soil started without a clear lag phase eeathed less than 1% for
control, compost and biofertilizers treatments.tihg end of the experiment the weight losses weneased to less than
2% for all treatments.
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Figure 2: Weight Loss (%) of Bi-OPL Tubes at Non-®rilized and Sterilized Soil Treatments

Amendment of compost recorded the highest weigtg [mercentage in non-sterilized soil, while inotiaka of

biofertilizers recorded the highest weight losscpatage in sterilized soil.

Tensile strengths for bioplastic samples are #aist in Figure 3. Bi-OPL tubes were remarkablystaest after
four months where the loss of tensile strength ardg 2% for all treatments. On the other hand, suteamained slightly
resistant until the end of the experiment (15 %s lo$ tensile strength) with some cracks were oleskrfrom the
photographical observation as shown in Figure £ BROPL materials at control, compost and biolieetrs treated soil
had the same trend in losses with a very few diffees.
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Figure 3: Tensile Strength (MPa) of Bi-OPL Tubes atNon-Sterilized and Sterilized Soil Treatments
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Figure 4: Photographical Comparison between the Digérent Treatments at the End of
Experiment Showing the Cracks of Bi-OPL Tubes (Ingie Circles)
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Total microbial biofilm on Bi-OPL tubes in steriid and non-sterilized soil tabulated in Table 2e Tlimber of
microorganisms that colonized bioplastic film reded high level beginning of May (the third monthiliit reached its
highest record in July, except that the total furgafilm had reached its highest values in Mayorfrthe data in Table 2,

the disappearance of fungi and actinobacteria wtsad during the first three month in sterilizexdl svhile they appeared
during the second month in non-sterilized soil.

Table 2: Total Microbial Biofilm on Bi-OPL tubes in Sterilized and
Non-Sterilized Soil Treated with Compost or Bioferilizers

. 5 Total Bacterial Biofilm Total Actinobacterial Biofilm
S Total Fungal Biofilm (10°xcfu/cm?) (10xciulc) (1Cxciu/c?)
Mar | Apr | May | Jul | Sep| Mar | Apr | May | Jul | Sep | Mar | Apr | May | Jul | Sep
Sterilized Soil
Control ND | ND ND ND ND | 20 24.5| 30 38 36 ND ND| ND ND ND
Compost ND ND ND 1.0 2.0 45 723 100 196 108 ND ND .3 2| 425| 36

Biofertilizers ND ND ND ND ND 32 43.5 66 150 100 ND ND ND 20.0| 12
Non-Sterilized Soil
Control ND 0.23 0.30 0.2% 0.1 40 4111 45 148 78 NOND ND ND 10
Compost ND | 2.20 2.85| 0.8f 0.4 52 64.3 123 288 180 INDD | 26 80 47
Biofertilizers ND 1.42 1.96 0.64 0.2 50 84(8 1183 b6l62 | ND ND 15.6| 50 28
*ND: not detected

W

The soil treated with compost or biofertilizers wleal high records of total microbial biofilm compdrt® control.
Total bacterial biofilm were represented in highminers followed by total actinobacteria and totaigiunumber in all

periods. It is clear that soil treated with compsisdwed highly records of total bacterial, fungad @actinobacterial biofilm

than soil inoculated with biofertilizers.

Data in Table 3 showedsoil microbial activity tie&f term used to indicate the vast range of dies/carried out
by microorganisms in soil that located under bispitatubes. Dehydrogenase activity reflects thal toxidative activity of
the microbial biomass andlipases are effective mesyfor hydrolysis of ester bond of polyesters lfsag polylactic acid).
In sterilized and non-sterilized soil, amendmensaif with compost lead to higher values of dehgdmase activity than

soil inoculated with biofertilizers or untreatedils@ontrol). The highest values of dehydrogenastvitly showed at
second month.

Table 3: Periodically Change in Dehydrogenase andihase Activity in Soil under Bi-OPL Tubes

Dehydrogenase(ug TPF gdw h™) Lipase (Lipase Units,= ml 0.05M of NaOH)
Treatments | Mar | Apr [ May | Jul [ Sep [Mar | Apr [ May | Jul | Sep
Sterilized Sall
Control 3.1 7.9 6.5 4.5 4.4 3.2 4.0 5.6 9.5 7.5
Compost 34.2 370 325 309 256 20.3 32.7 30.0 .639 18.7
Biofertilizers 20.4 23.1] 22.1 13.7 203 15.9 21)7 7.42| 35.8 28.2
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Table 3: Contd.,

Non-Sterilized Soil
Control 21.3 28.1| 20.1 16.0 13)8 16.1 20/1 26.4 929. 21.3
Compost 40.6 478 445 458 389 251 360 50.6 452. 324
Biofertilizers| 31.8 38.4| 32.7 240 223 217 34)3 45| 59.2 29.1

Until July, sterilized soil that amended with corspgave higher values of lipase activity than swdlculated
with biofertilizers. The Contrary showedinnon-Slieged Soil. In last month lipase activity in sterédd soil that inoculated
with biofertilizers increased than Soil amendedhvadbmpost While the contrary showedinnon-steriliged. These results

agreed with data of weight loss percentage of Bi-@iPes at sterilized and non- sterilized soil igufe 2.

Ecovio Tubes

Within the time frame of the experiments, Ecovibds had a different resistance which was indichjechanges
in weight. The data plotted in Figure 5 show thaglklosses of Ecovio tubes over time. For both-atamilized and
sterilized soil, a lag phase of three months, afteich slight weight losses in thd'4nonth were observed, but after that
more weight loss values were observed. The lossge Vaster in the "®month (3.3, 3.5 and 3.6% for non-sterilized:

control, compost and biofertilizer respectively)da(8, 3 and 3.2% for sterilized: control, compost aiofertilizer
respectively).
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Figure 5: Weight Loss (%) of Ecovio Tubes at Non-@filized and Sterilized Soil Treatments

The tensile strengths of Ecovio tubes were plottedrigure 6. The tensile strength of all non-sieeitl soil
treatments showed the same trend with a notablease until the Bmonth (22.7, 27.9 and 23.6% for control, compost
and biofertilizer respectively). At the end of thgperiment, more reduction was noticed (59, 61 @4 for control,
compost and biofertilizer respectively).
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Figure 6: Tensile Strength (MPa) of Ecovio Tubes ailon-Sterilized Soil Treatments

Tubes in sterilized control soil Figure 6 retairgEibd resistance at three months (7 % loss of es#iéngth), but
was only slightly resistant at the end of the et (57.7 % loss of tensile strength). On the rottend, compost and
biofertilizer treatments showed more losses tharctntrol, where the losses of tensile strengttevi@7 % and 21.2 % at
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four months and 61.3% and 62.3% at the end ofrétrhent, respectively. According to the photogiamibservation
Figure 7, all tubes’ material was become more lerithan before, in addition, some cracks appeatdtieaend of the
treatment. By following the number of microorganssim biofilm formed on Ecovio tubes, which tabuthia Table 4, we
can observe the superiority of bacteria in colargzbioplastic film whether in sterilized or non+dieed soil. In sterilized
soil fungi and actinobacteria have small role foo#o tubes colonization.

Control Compost Biofertilizer

Figure 7: Photographical Comparison between the Bferent Treatments
Showing the Cracks of Ecovio Tubes (Inside Circles)

Normal

original Ecovio

Sterilized

The soil treated with compost or biofertilizers wleal high records of total microbial biofilm compdr® control.
It is clear that soil treated with compost showgghly records of total bacterial, fungal and ackimoterial biofilm than

soil inoculated with biofertilizers.

Table 4: Total Microbial Biofilm on Ecovio Tubes in Sterilized and
Non-Sterilized Soil Treated with Compost or Bioferilizers

Control
Compost 12 3 15 4 dl]ND

Biofertilizers 113 16¢ 21 b

Control 10.2| 1175 85 124 150 200 ND NDND

Compost ND 27.6 33.5 25.1 100 6) 169 24 360 896 NB2.2| 67.3 72 50
Biofertilizers| ND | 19.8] 26.7] 18.3 10p 54 112 1350 3p®68 | ND | ND | 123] 27| 20

*ND: not detected

Microbial activities in soil located under Ecovigbes were recorded in Table 5. In both types df aoniendment
of soil with compost leads to higher values of difbgenase activity than soil inoculated with bitifizers or untreated
soil (control). The highest values of dehydrogenastvity were shown on the third month (May). dt élear that the
highest values of lipase activity were observedtlom second month, after that, they gradually deemavhether in

sterilized or non-sterilized soil. The amendmesrilt\wwdh compost gave higher values of lipase atgitihan soil inoculated

with biofertilizers.

Table 5: Periodically Change in Dehydrogenase andifpase Activity in Soil under Ecovio Tubes

Control .9 19.8 .
Compost 34 2 38 g 8.6 35. 32.7 31.87 72 15. 3
Biofertilizers 20.4 | 24.3 35.E 29.) 295 217 44.45.(B 17.6 12.3

Control 28.1| 219 26. 4. 18/6 201 36.7 2p.0 118. 13.0
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Table 5: Contd.,
Compost 445| 485 578 504 387 36.0 73.6 44.02 24.20.3
Biofertilizers | 38.4 | 38.5| 43.3 42.1 35|1 343 524224 26.4 21.2

DISCUSSIONS

It is well known that UV-sunlight, water, tempenau microbial and other environmental factors have
deterioration effect on many bioplastic materidleese materials, when exposed to the outdoor emwieot, undergo
significant changes, causing loss of engineeringacteristics and this depends on the sun lightsitg, microorganisms’
activity and other environmental factors. Therefdhe changes in engineering and microbial chariatits for Bi-OPL
and Ecovio tubes were discovered. According to Seirag.’s study (2009), PLA belonged to the sloadgigradation rate
plastic with mass loss of 5% after 90 days. Thissvedso in accordance with our observation that Bl-Ctubs
(made from 100% PLA) had a biodegradation rate %f id six months.

The environmental degradation of PLA occurs by &ao-step process. During the initial phases, the
high-molecular weight chains hydrolyze to lower-smllar-weight oligomers and this rate is slow (Gatcal. 2012).
The process can be accelerated by acids or bas#st & affected by temperature and moisture kvehis leads to a

significant change in the chemical structure ofrtfegerial.

Microorganisms such as bacteria and fungi are iraglin degrading both natural and synthetic bidjdas
(Gu et al, 2000). The biodegradation of bioplaspesceeds actively under different soil conditiaezording to their
properties, because the microorganisms resporfsibthe degradation differ from each other and hdnetr own optimal
growth conditions in the soil. Polymers, especidllgplastics, are potential substrates for hetepdtic microorganisms
(Glass & Swift, 1989; Tokiwa & Calabia, 2008).

Previous results revealed that Bi-OPL tubes hawveuah slower degradation rate compared to Ecoviesub
It could be the hydrophobicity of PLA (Bi-OPL tubés the main reason for its resistance to miclodri@ymatic systems
(Orhan et al, 2004) in the different soil treatnserftor the same reason, it could be observed twaEtovio tubes
(contain 45% PLA) had some resistance but less Bia@PL because of some biodegradable copolyestditiaes
(55% Ecoflex) especially in the first four montioflex had some resistance, because the teregghélcad content tends
to decrease the degradation rate. The terephthailiccontent modified some properties such as thiing temperature
(Witt et al, 2001), and there is no indication afenvironmental risk (eco-toxicity) when aliphaticematic copolyesters

of Ecovio are introduced to the degradation proegss

Other mechanisms which play significant role argspdal damages because of the micro-organismshéiical
effects from the extra cellular materials produdsdthe micro-organic activity. Moreover the rate ddgradation is
affected by environmental factors such as UV-simtjighoisture, temperature and biological activitgr these reasons, it

can be observed that the biodegradation rate veserfim the loamy soil than in sandy soil accordmgur previous study.
CONCLUSIONS

In recent years, there has been a marked incradseerest in biodegradable materials for use icagure and
other areas. In particular, biodegradable polymatenmals are of interest. Biodegradable plastiésrahany advantages
such as increased soil fertility, low accumulatodrbulky plastic materials in the environment, aaduction in the cost of

waste management. As a result, many researcheiig\agting time into modifying traditional matesalo make them
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more user-friendly. This paper is intended to stdy different types of bioplastic drip tubes andetaluate the impact of
organic and biofertilizers on the material stapiind life expectancy. Those bioplastic drip tutwdsnot be collected and

disposed after use. Instead, they will decompogledrsoil without any adverse environmental effect.

Within the time scale of our experiments, Bi-OPbda appeared to possess a high resistance teatinents.
Tubes materials demonstrated very little degradatimdicated by lower changes in tensile strengih&eight losses with
a maximum of 2% until the"smonth. At the 8 month the losses have increased particularlyesite strength (15%).
The degradation rates for Ecovio tubes are gresdter three months where weight loss was more 8%rthan before
(0.7 to 1%). Ecovio tubes retained good resistaidhiree months, but they were only slightly resistat the § month

(more than 57 % loss of tensile strength) forralatments.
The results and discussion support the followingctgsions:

» Bi-OPL drip tubes holds for more than five monthl &Ecovio drip tube hold for three months as thwsst

working life expectancy.

» There are insignificant differences between stdi and non-sterilized soil in Bi-OPL tubes degtadarates,
which means that the microorganisms’ activity hasosidary effect and the primary effect is related

environmental factors such as UV-sunlight, moistumd temperature.
« Organic and biofertilizer can be safely used withdiegradable drip tube.

e In future studies, the biodegradable drip tubed & connected with drip irrigation system to operand

evaluate in large scale.
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