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Abstract— Weeds are the major problem in organic crop production. Soil solarization is a method using clear plastic films to increase
soil temperature to control pest organisms such as fungi, bacteria, and weed seeds. The study aimed to evaluate the effect of different
plastic mulch color on weed seed inhibition. The experiment was carried out in CAPS Research Station located in Air Duku Village,
Bengkulu, Indonesia at 1054 m above sea level, arranged in Randomized Completely Block Design with 3 replications. Treatments
comprised 4 different colors of plastic films, i.e silver-black, black, clear, and red as well as control (without mulch). Plastic mulch
was laid on 1 m wide x 2 m long raised soil bed for four weeks from April 20-May 23, 2016. Soil temperature underneath plastic
mulch at depth of 5, 10, 15, 20 cm from the surface were measured daily at noon. After incubation, soil sample was collected from 0-5;
5-10; 10-15; 15-20 cm depths. Weed seed germination of each soil sample was tested in the greenhouse. A number of weeds were
observed after four weeks. The experiment indicated that a month of soil solarization using clear plastic mulch resulted in greatest
soil temperature, increasing by 0.54-1.84% as compared to control. Treatment of plastic mulches was effective to suppress seed
inhibition at the soil depth of 0-15 cm, as indicated by numbers of germinated weed and its dry matter. Longer soil solarization is
necessary to obtain the highest reduction of weed growth in the tropical highland organic farming system.
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is strictly prohibited. To date, effective herbicide to control
I. INTRODUCTION weeds in the organic farming system has not been available.
Soil solarization is a reliable solution to control weed for
crop production in the organic farming system since soil
solarization is able to suppress numbers of weeds in soil.
Soil solarization involves disinfestations using passive solar
heating of moist soil covered with mulch. Inactivation of soil
|borne pathogens and pest from direct thermal is the most
important mechanism in soil solarization process. This

species than that of without fertilization. In addition, some PhySical mechanism causes soil temperature to increase

weed species produce hundreds even thousands of seeds in"‘ét‘ere many pathogens and pests are lethal [8]. Howeyer,
single plant.Commelina nudiflora produces 311 seeds per temperature requirement for weed seed thermal death might

plant while Amaranthus gracilis and Cyperus difformis are vary. Black nightshade,. common purslane, and wmble
able to generate 9.450 and 21.096 seeds per p|amp|gweed are more persistent than barnyard grass, London

respectively, leading to soil seed bank. Numbers of Weeo|rocket, and annual sowthistle, although temperatures of 50

0, B
seed in agricultural soil is approximately 34.000 — 75.000 CNand Sbovefare deaorl1ly t?] seeds of alldspheC|es._[I9] larizati
seeds per Mm[7]. Germination of carrying over weed seeds umbers of researcher have reported that soil solarization

from manure together with other weed outspread bringsiS an effective me_thod_ to COT““" weed mainly in trop!cal
about the serious problem in organic farming practices: agriculture area with high daily temperature. The previous

principally due to that weed control using synthetic herbicide Study conducted by [10] pointed out that organic muich as

Organic farming takes benefit for its nutrient availability
mainly from organic fertilizers. Organic fertilization is
reported to improve soil quality and increases crop
performance [1]-[5]. Along with the release of plant
nutrients, application of such fertilizer often also carries a lot
of weed seed species. A study by [6], revealed that soi
fertilized with cattle manure had higher number weed
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well as polyethylene was able to increase soil temperature Dominant initial weed species weigeratum houstonianum
Transparent plastic mulch had significantly higher soil andLeersia hexandra.
temperature than that of black plastic mulch. Greatest soil _ }
temperature was obtained in soil surface and the temperatur8: Experimental Site and Amendment
was lower as soil depth increased. Soil solarization treatment The experiment was carried out at Closed Agriculture
had caused soil temperature to rise up €42 55C at the Production System (CAPS) Research Station located in Air
depth of 5 cm; then lower to 32 — 37C at 45 cm from the  Duku Village, Sub-District of Selupu Rejang, Rejang
soil surface. Another study pointed out that soil solarization Lebong District, Bengkulu Province, Indonesia at 1054 m
suppressed weed growth and expansion of pest and diseasedpove sea level. The area is positioned at a longitude
as well as increased crop yield [11]-[13]. between 10236’ 54.96” E and 10236’ 56.82” E and a
Duration of solarization and mulch thickness are among latitude between 327’ 34.26” S and 327’ 37.02" S. Soil
factors influencing the effectiveness to control weeds. An was classified as an Andepts with sandy loam textural
experiment conducted by [14] indicated that reduction of classification. The experimental site was cropped to organic
weed density and biomass was observed when the period ofegetables since 2009. Each season, the land was fertilized
solarization increased. Solarization for 4-6 weeks is with organic fertilizer, i.e. dairy cattle manure compost or
necessary to reach the high temperature to suppress weedrmicompost at the rate of 15 Mg hdairy cattle manure
growth and development [11] [15]. A study in Syria noted compost and Vermicompost were produced by CAPS
that 46 out of 57 weed species was suppressed after 50 day8esearch Station. No synthetic fertilizer and herbicide were
of mulch treatment. Soil solarization for 45 days was applied to the soil for the last 7 years. Weed control was
reported to suppress weed growth up to 80% [16]. manually carried out each season by reversing soil and
Polyethylene thickness of 100 microns had higher weedaccumulating the weed for compost.
density and biomass than that of 200 microns [14] . .
Soil solarization to suppress weed growth is only effective C. Experimental Design and Treatment
at surface soil, but not at subsoil, mainly annual weeds and The experiment was arranged in Randomized Completely
those with hard seeds. Soil solarization leads surface soilBlock Design with 3 replications. Treatment consisted of 4
temperature to reach 38%Dat 10-20 cm depth [17]. Other different colors of plastic mulches, i.e. silver black, black,
experiments indicated that in comparison to control, mulch clear, and red as well as control (without mulch).
raised soil temperature by 3&[16], by 2.2-3.4C [13], by Before soil bed construction, the land was cleared of
2.21°C on Vertisols [18]. weeds and the area required for the experiment was
Mulch also increases soil moisture content along with the measured. Forty-two 1 m x 2 m soil beds were constructed
increase in soil temperature. Soil moisture content increase®n 19 April 2016. Soil bed was separated by 50 cm within
by 21.1%, 20.4%, and 19.2% when soil is treated with clearthe block and 100 cm between block. Each different color of
plastic mulch, black plastic mulch, and blue plastic mulch, mulch was laid out in soil bed, securing with bamboo nails at
respectively [18]. each side and corner of soil bed. The mulch was allowed to
Soil solarization is able to inhibit weed growth up to 50- stand for one month from 20 April 2016 to 23 May 2016.
93%, leading to higher crop yield as compared to control Soil temperature underneath plastic mulch at depth of 5, 10,
[19]. Solarization treatment increased the yield of tomato [20]15, 20 cm from the surface were measured daily at noon.
and carrot [21]. After incubation, the soil sample was collected at depth of
The result of soil solarization experiment is often not 0-5, 5-10, 10-15, and 15-20 cm. Approximately 2 kg of soil
consistent. Research conducted by [22] resulted that onlywas sampled using small shovel starting from deepest layer
were black and silver mulches effective to reduce weedto avoid soil contamination from shallower depth. Weed
growth while clear, blue and red mulches stimulated the s€ed germination was tested in the greenhouse. The soil
growth of weed. This might be associated with soil surface sample was spread out in the tray for weed germination. The
environment to sustain weed growth. A similar result was soil was kept moist by watering when required. Number and
reported by [23] that clear and blue mulches increased weedlry weight of weed was observed after four weeks of
population. Research on soil solarization under the organic'nCUbatlon
farmlng_system is very limited and Co_ntrol of weed in th_ls D. Satistical Analysis
system is necessary to prevent reduction of crop production. o _ _ _ _
The study aimed to evaluate the effect of different plastic  Statistical analysis was carried out using PROC GLM in

mulch color on weed seed inhibition. Statistical Analysis System version 9.13. portable at
probability < 0,05. Treatment mean was separated using
Il. MATERIALS AND METHODS Duncan Multiple Range Test at the probability level of 5%.
A. Initial Weed Identification [ll. RESULTS ANDDISCUSSION

Weed species were identified using a method described Figure 1 shows that soil solarization using clear plastic
by [24]. The area required for the experiment was assignedmulch exhibited highest soil temperature at all depth but at
and separated into 3 blocks. Weed species at each block wage depth of 0-5 cm where the red plastic mulch was slightly
identified and sampled twice. Identification showed that pbut not significantly higher. This result coincided with that
weed species in the area was relatively homogeny; thereforegoncluded by [25], where transparent plastic mulch
the experimental block was separated based on land slopancreased soil temperature up to°@3 This might be

associated with the characteristics of clear plastic mulch
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where more light radiation goes through the clear plastic andtemperature was 24-28 and during the experiment, the sky

deeper to the soil profile. was cloudy most of the time. Another possibility is that it is
Clear plastic mulch raised soil temperature by 0.54- required more time for solarization. The previous study by

1.84C when compared to that of control. The increase in [19] indicated that soil solarization progressed effectively

soil temperature due to solarization is lower than that when it was the clear sky, no rain or cloud with sufficient

reported by other researchers [26] [27]. This might be relatedtime for solarization

to weather condition during solarization where the air
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Fig. 1. Noon soil temperature at depth of 0-5, 5-10, 10-15, and 15-20 cm under mulch color treatment

The result of the experiment was also in agreement with  As indicated in Figure 2, soil solarization is effective to
that reported [28] which showed that transparent plasticcontrol weed at a soil depth of 0-15 cm, not at the deeper
mulch was more effective to raise soil temperature in depth of soil profile. One month of solarization is not
comparison to that black plastic mulch. The increase of soil sufficient to inhibit weed seed germination at lower depth
temperature, consequently, to suppress the growth of weegbossibly due to heat accumulation mainly at a shallower
seeds in soil, even though soil temperature during thedepth. The previous result pointed out that soil solarization
experiment was only between °Z1 — 25C. The suppressed weed growth at soil surface [31]. Mulch
effectiveness of soil solarization is highly dependent on treatment reduces weed growth by 67.02-77.66% at 0-5 cm
weather of each season. In the summer when light intensityin comparison to that of control (without mulch). Highest
is high and no cloud, soil solarization for 4-6 weeks raised suppression was obtained at red plastic mulch while the
soil temperature up to 22, influencing soil microorganism  lowest reduction was treated with silver-black plastic mulch.
and weeds up to the depth of 10 cm from the soil surfaceA study conducted by [19] concluded that soil solarization
[29]. was capable of declining weed growth up to 50-93%, mainly

Another study by [30] indicated that heat accumulation due to an increase in soil temperature. At deeper soil layer
resulting from plastic mulch was higher than rice husk (5-10 cm), lower reduction of weed growth suppression was
mulch as well as control (without mulch). Weed suppression observed (32.25-68.58%); followed by deeper soil layer.
due to increasing in soil temperature from soil solarization This might be associated with lower soil temperature at the
pronouncedly increased the yield of cucumber. deeper soil surface. Earlier researchers revealed that as soil

temperature increased, weed germination was reduced
significantly [32] [33].
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Fig. 2. Number of weed at different soil depth under different mulch color

An experiment conducted by [34] which testing 4 mowing treatment and control as compared to soil
different mulches, i.e. EVA, LDPE, COEX, and BDP on solarization treatment. The result showed that even though
lettuce confirmed that soil solarization was capable of soil solarization was capable of reducing seed bank viability,
suppressing the weed growth. However, a significant the certain seeds still germinated, indicating that soil
difference among types of mulches was not detected. Insolarization did not suppress all weed seeds. Weeds such as
addition, BDF was not effective to contraCommon Geranium carolinianum, Juncus sp., Daucus carota,
purslane and Common amaranth. Another research carried Trifolium sp.,Vicia sp.,Cirsium sp.,Hypericum perforatum,
out by [35] found out that blue polythene provided the Plantago sp., danSellaria sp. were examples which still
highest suppression of weed growth as indicated by lowestgerminated after soil solarization.
weed biomass. Solarization with blue polythene reduced This experiment indicates that certain weed species are
weed biomass by 153%. susceptible but others resistant to soil solarization. An earlier

Figure 2 also shows that at a soil depth of 5-15 cm, soil study by [36] recommended using transparent polyethylene
solarization for a month using clear plastic mulch is more mulch amended with 30 ton haf animal manure in August
effective to reduce weed growth than another color of plastic— September to control soil burned fungi and weed species
mulch. The experiment carried out [28] also concluded thatand to increase the yield of cabbage and eggplant.
transparent plastic mulch was more effective to increase soil As indicated in Figure 1 that clear plastic mulch increases
temperature than black plastic mulch. Howevhis result soil temperature 0.54-1.84% higher than that of control,
did not coincide with that suggested by [22] [23] where clear while black, red, and silver-black plastic mulches had lower
plastic mulch stimulated weed growth and increased weedsoil temperature. This might cause more effective soil
population. solarization using clear plastic mulch.

A study conducted by [28] indicated an inconsistent result
of soil solarization effect on seed bank germination.

Germinate ofCiperus scoparius was obtained higher in
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Fig. 3. Weed dry weight at different soil depth as affected by soil solarization using different mulch color

Treatment of clear plastic mulch for a month exhibited A different result was reported by [39] where among
highest weed growth suppression as compared to othedifferent mulch color, transparent plastic mulch produced
treatments, indicated by lowest weed dry matter, mainly athigher weed dry weight than black, silver black, as well as
the soil depth of 0-15 cm (Figure 3.). This might be related blue plastic mulches.
to the effect of soil solarization using clear plastic mulch
where soil temperature increased up to 0.54°C3# the IV. CONCLUSIONS

deEth' houah bplasti ch bl . i Soil solarization for a month using clear plastic mulch had
ven though plastic muich was able 1o increase soll y,q highest effect on soil temperature, increasing by 0.54-
temperature, it was not gble to suppress the germination ang g49% as compared to control (without mulch). Treatment of
growth of weeds. le;nng theo(zexpegggnt, r?veragel soil hjastic mulches was effective to suppress seed inhibition at a
tempg(jra:jure_ rr]anhge etlvvge(rj] b4_ h -rl; IS result soil depth of 0-15 cm, as indicated by numbers of weed
C?f'nc' g W'td t a:j concluded by [37] which temperature germination and its dry matter. Longer soil solarization is
z)recstge dvsve?)f Ss'ﬁ/%un?e:rrglrri]:rtwlgr% Laﬁ %\’/ténm;n;atﬁamptiratur%ecessary to obtain the highest reduction of weed growth in
! ) the tropical highland organic farming system.
germinate was 2&. Above (46C) and below (1%C) this P g ¢ g sy
temperature reduced germination of the two weed species.
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