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ABSTRACT

In thiswork a field study was conducted to evaluate the effect of coloured plastic mulch on growth and yield of chilli
from October 2005 to April 2006. The plastic mulches were transparent, blue, and black and bare soil was the
control. Different mulches generated higher soil temperature and soil moisture under mulch over the control.
Transparent and blue plastic mulches encouraged weed population which were suppressed under black plastic.
Plant height, number of primary branches, stem base diameter, number of leaves and yield were better for the plants
on plastic. At the mature green stage, fruits had the highest vitamin-C content on the black plastic. Mulching
produced the fruits with the highest chlorophyll-a, chlorophyll-b and total chlorophyll contents and also increased
the number of fruits per plant and yield. However, mulching did not affect the length and diameter of the fruits and
number of seeds per fruit. Plants on black plastic mulch had the maximum number of fruits and highest yield. Thus,
mulching appears to be a viable tool to increase the chilli production under tropical conditions.
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INTRODUCTION (Ayoub, 1986). The average yield of chilli in
Bangladesh is very low compared to other chilli
Chilli pepper Capsicum annuum L.) is an growing countries in the world (FAO, 2003) due to
important spice and cash crop in many countries &rratic rainfall and inefficient use of fertilizer.
the world. In Bangladesh, chilli is grown round theHeavy rainfall is a problem for chilli cultivation
year in all parts of the country while winter chill because chilli cannot tolerate heavy rainfall.Ha t
is grown between the months of October to Aprilvinter, production is hampered due to lack of
and accounts for about 70% of total productionirrigation as well as minimum rainfall. Most
At least 32 local varieties are cultivated indeterminate crops are sensitive to water stress
Bangladesh (BBS, 2005). especially at the time of floral initiation, during
Water deficit often limits the crop growth andflowering, and to a lesser extent, during fruit
development. Chilli is sensitive to water stressdevelopment (Hegde, 1989). In crops, where the
Young chilli seedlings cannot withstand eithervegetative growth and reproductive processes
water deficit or excess soil moisture while olderoverlap the reason for water stress becomes
plants can withstand deficit or excess watedifficult to explain (Begg and Turner, 1976). To
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improve the productivity of crops where eitherTransplant establishment

water deficiency or excess frequently occursThirty-day old seedlings were transplanted at 25
proper water management is necessary (Hale awth x 25 cm spacing on 21 November 2005.
Orcutt, 1987). In the winter season, theSeedlings were watered after transplanting. Guard
conservation of soil moisture may help inrows were established around the entire plot. Gap
preventing the loss of water through evaporatiofilling of seedling was with healthy seedlings
from the soil facilitating maximum utilization of previously planted in the border area. No
moisture by the plants. Mulching with plastic is aadditional irrigation was applied during the
method by which soil moisture can be conservedrowing season. At 40 days after transplanting
(Sandal and Acharya, 1997). (DAT), weeds were collected from the plots and
Mulching stimulates the microbial activity in soil their fresh and oven dried weights were recorded.
through improvement of soil agro-physicalThe pesticides Actara-25WG at 2.5 ¢g/10L and
properties (Strizaker et.al1989). Mulching also Kinalux at 2 mL-I* were applied at 40 and 65
minimizes the use of N fertilizer (Jones et, al DAT to prevent insect and disease infestation.
1977), warms the soil (Singh et .,al1988),

improves the soil physical condition (Kwon et al Harvest

1988; Lal, 1989), and suppresses weed growt@reen fruit were harvested at weekly intervals
(Iruthayaraj et aJ 1989; Mohler and Calloway, when fruit length was at least 4.5 cm. Harvesting
1992) and could account for increased yield (Sitwas started on 5 February 2006 and continued till
et al, 1994; Ravinder et al1997; Nagalakshmi, 25 April 2006.

2002).

The present study was undertaken to evaluate tf@ta collected

changes in temperature and soil moisture and fdlant height, number of primary branches per
evaluate the growth and yield of chilli underplant, main stem base diameter and number of

tropical conditions grown with plastic mulches. ~ leaves per plant were recorded from four the plants
at 15 day interval€One plant from each plot was

carefully uprooted and the roots were gently

MATERIALS AND METHODS washed with water to remove the soil. The plant
was placed on white paper and the root

The experiment was conducted during the periofircumference was marked and measured. Root
of October 2005 to April 2006. The field is located!€ngth, fresh and dry weight of plants, and fresh
at 24°75N latitude and 95°7B longitude at 18 m and dry weight of the weeds at 40 DAT were
above sea level in the agro-ecological Zone-$ecorded. The length and d_|ameter of 20 randomly
(AEZ-9) termed Old Brahmaputra Floodplain. Theselected mature green fruit were measured from
soil is a non-calcareous dark grey floodplain. Th&ach plot. Number of fruits per plant, fruit yield
soil was neutral in pH and silty loam in texture. ~ Per plant, fruit yield per plot, fruit yield per
Three mulching treatments (transparent, black arfi€ctare, and number of seeds per fruit were
blue plastic sheets) along with a control (baré) soirecorded at final harvest. Ascorbic acid content of

were imposed on a local variety of chilli. The langdreen fruit was estimated with the indophenol dye
was prepared by tilling in two directions with amethod (Sadasivam and Manickam, 1992).
power tiller. Weeds and crop stubble werdehlorophyll content was estlmqted according to
removed. Plots were 2 x 2 m on 15 cm high raisef® method described by Yoshida et al. (1976).
beds. Urea, triple superphosphate (TSP) angon_ moisture  content  was determined
muriate of potash (MP) were applied (260, 2o@ravimetrically from the 0-10 cm soil depth on 21
and 150 kg-h4 respectively). Total amount of Febrqary 2006' (90 DAT). On this day, the dlu.rnal
TSP, MP and half of urea were broadcast an¥ariation of soil temperature was recorded with a
incorporated to the soil at final land preparationthérmometer at the 5 and 10 cm depths starting
The rest of urea was top-dressed at 40 days aftéPm 7AM to 5AM at 2 h intervals. Also, air
transplanting (DAT). Well decomposed COWdungtemperature was recorded with a thermometer
was applied (5 t-[# prior to final tilling. Plastic ffom 7AM to 6PM at 1 h intervals. _
mulches were carefully spread over the plots an§he experiment was arranged in Randomized

holes were punched where seedlings were to eomplete Block Design (RCBD) with four
established. replications. The data were analyzed using
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MSTAT-C  Statistical Computer  Packagethe mulch (Fortnum et al., 1995; Petrov and Al-
Programme for a Randomized Completely BlockAmiri, 1976).
Design. Duncan’s Multiple Range Test (DMRT)
was performed to separate means. Air temperature
Temperature over the plot surfaces and within the
plant canopy varied (Table 2). Canopy and plot

RESULTS AND DISCUSSION surface temperatures increased and peaked at 1PM
and 2PM, respectively, followed by a decline. The
Soil temperature soil surface temperature ranged from 15.0 to

Soil temperature at the 5 to 10 cm depth was4.6'C; canopy temperature ranged from 15.2 to
different due to the presence of mulch and mulcB3.7C. There were higher air temperatures over
colour (Table 1). Soil temperature variedthe plastic mulch than bare soil. The highest
significantly with type of mulching, time of the surface temperature was recorded over the black
day and the depth of soil. Soil temperature waplastic mulch, followed by the blue and
low in the early morning and gradually increasedransparent mulches. Mulched plots retained
until peaking at 3PM in all the treatments and thegomparatively higher air and canopy temperature
declined. Temperature under mulches was highehan did the control, which might be due to
than that of the control plots for all the timefieT trapping of more solar radiation. Among the
maximum difference in temperatures betweemulches, there was little variation between the
mulched and control plots was 5.1 to°&&t 5 cm  surface and canopy temperatures. The mulches
soil depth at 3PM. The transparent plastic mulcltonserved heat from solar radiation and released it
produced higher soil temperatures. In general, soslowly at night resulting in higher surface
temperature was higher at 5 cm than at 10 cme@mperature compared to the control. Increased air
depth.Suwon and Judah (1985) reported that sodlemperature at the canopy level at mid-day might
temperature increased with the use of plastibe due to stomatal closure resulting in reduced
mulch. The polythene mulches allowed part of theranspirational cooling allowing the heat to escape
radiation to pass through it but acted as barrierSimilar results were obtained by Easson and
against outgoing thermal radiation (Park et al.Fearnehough (2000) who reported that plastic
1987). Variability of soil temperature in the upper mulches increased daily air temperature compared
few cm of the soil was likely due to the color ofto the control.

Table 1 -Change in soil temperatureCj at different soil depths recorded on 21Febr2a96.
Depth Hour of day

Mulch (cm) ~ 07 09 11 13 15 17 19 2123 01 03 05
None 5 135 140 173 216 249 218 195 175 169 215148 139
10 130 137 169 204 218 213 206 185 16.9.316152 145
Transparent 3 149 159 195 268 30.6 288 264 209 188 717164 158
10 146 151 188 239 270 250 230 19.8 186.017158 15.0
Black 5 147 158 188 263 30.0 282 238 198 188 017162 156
10 144 152 181 233 268 254 229 19.0 186.61615.7 15.2
Blue 5 148 157 188 265 30.2 285 240 208 187 517163 157

10 144 150 181 231 269 251 228 20.0 18.4.217159 151

Table 2 -Temperature'C) at soil/mulch surface and within the canopy @ssared on 21 February 2006.

Hour of day
07 08 09 10 11 12 13 14 15 16 17 18
Surface 153 205 23.0 274 285 29.0 298 30.2 128269 240 211
Canopy 155 20.1 221 269 276 284 295 29.0 278®.1 237 210
Surface 16.2 21.7 248 290 29.8 320 33.2 34.0831296 265 214

Mulch Level

None

Transparent -~ opy 165 21.0 235 27.9 290 315 330 324 3085 257 21.2
Black  Suface 160 219 257 298 313 328 335 346 432306 275 218
Canopy 163 21.1 241 286 304 322 337 329 3113 266 215

Bue  Suface 161 215 250 295 311 325 334 344 032305 270 216

Canopy 164 210 236 281 302 320 335 327 3087 260 214
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Soil moisture polythene mulch. The lowest moisture (14.6%)
The soil moisture content in the experimental plotsvas recorded in the control plot. Increased
under different mulches was measured within Omoisture retention capacity due to mulching with
10 cm depth. Results revealed that all the mulchgmlythene could be attributed to less evaporation
retained higher amount of soil moisture compareftom the soil. Because of vapours, the water was
to the control (Fig 1). But among the mulchesfurther trapped within the mulches, resulting ig fo
there was no significant difference in soil moistur which again dropped into the upper soil layer.
content. The transparent polythene mulchWang et al. (1998) reported that all type of
apparently showed highest moisture (21.1%)polythene mulch increased the soil moisture
followed by black (20.4%) and blue (19.2%)content in chilli field compared to control.
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Figure 1 - Soil moistuire (%) at 0-10 cm depth under différpolythene mulches. Vertical bar
represents LSD at 5% level.

Plant height mulch increased the plant height than other
Plant height was measured from 30 DAT to 103nulches (Shinde et.all999).

DAT at 15 days interval. As shown in Fig. 2, the

plant height varied significantly due to differentNumber of structural branches

plastic mulches at different growth stages andable 3 showed that the mulches had a significant
increased with plant age. Plastic mulches showegffect on the number of structural branches per
superior performance in plant height than controlplant. The number of structural branches per plant
indicating mulches had positive effect on thecontinually increased with plant age. All the
growth and development of chilli. Transparentmulches had the positive effect on generating and
plastic  mulch always showed superiorretaining higher number of branches per plant. The
performance than the others. At the maturity, thBighest number of structural branches per plant
tallest plant (78.45 cm) was observed inwas observed in black plastic, followed by blue
transparent, followed by black (77.58 cm) and blu@nd transparent plastic. Control always showed the
(77.03 cm) plastic. The smallest plant (61.15 cmleast number of structural branches. Favourable
was observed in control plot. The increased plarweather condition and moisture of the soil are the
height in mulched plants was possibly due tamportant parameters affecting the number of
better availability of soil moisture and optimumbranches per plant. It was reported that mulched
soil temperature provided by the mulchestomato plants had more branches than that of
Changes in the plant height of chilli have beeminmulched plants, which supported the present
observed by using different mulches and plastitesults (Srivastava et al., 1994).
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Figure 2 - Effect of different polythene mulches on plant ltigt different growth stages of
chilli. Vertical bar represents LSD at 5% level.

Table 3 - Effect of different plastic mulches on the numbgstructural branches per plant at different ages

Mulches 30 DAT 45 DAT 60 DAT 75 DAT 90 DAT 105 DAT
None 0.01d 2.03b 5.63b 12.88b 16.82b 17.05b
Transparent 0.50c 4.11a 9.20a 17.38a 20.85a 21.58a
Black 0.99a 4.64a 10.25a 18.03a 21.97a 22.58a
Blue 0.75b 4.33a 9.57a 17.73a 21.38a 21.94a
LSD(0.05) 0.10 0.77 1.27 2.90 3.63 2.83

In a column figures bearing same letter(s) do ifterdsignificantly at 5% level of probability by RT.

Stem base diameter number of leaves per plant was found on the plants
Stem base diameter at all growth stages in chillinulched with black plastic at all growth stages,
plants was influenced by the treatments (Table 4jollowed by the blue plastic mulch. The
Base diameter increased gradually with themicroclimate condition improved by the mulches
advancement of time up to 105 DAT. Mulchedmight have provided a suitable condition for
plants had a higher base diameter than that jroducing higher number of leaves in the plants.
controls at all growth stages, followed by blue and’he effectiveness of plastic mulches for the
transparent plastic. The plant without mulch hagbroduction of leaves in maize was better than
the smallest base diameter at all growth stagesontrol as reported by Izakovic (1989).
This result was in conformity with the report of
Easson and Fearnehough (2000) on forage maizeRoot length

Root length in the mulched plants was not
Number of leaves per plant different, but higher than the control plants (Eabl
Mulching produced significantly higher number of6). Mulches had significant primitive effects on
leaves per plant than that of controls, exceptOat oot elongation. This might be due to the
DAT throughout the whole growth period (Fig. 3).conservation of enough soil moisture (Fig. 1),
The number of leaves per plant increaseduitable soil temperature (Table 2) as well as
gradually till through 60 DAT and ther after suitable microclimate condition.
increased rapidly up to 105 DAT. The maximum
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Table 4 -Plastic mulch effect on stem base diameter (crd)ffeirent ages

Mulches 30 DAT 45 DAT 60 DAT 75 DAT 90 DAT 105 DAT
None 0.29b 0.39c 0.60b 0.84b 1.05b 1.12b
Transparent  0.34ab 0.51ab 0.81a 1.16a 1.44a 1.56a
Black 0.35a 0.54a 0.82a 1.23a 1.50a 1.61a
Blue 0.34ab 0.49b 0.77a 1.20a 1.47a 1.58a
Lsd (0.05) 0.05 0.05 0.05 0.07 0.07 0.15

In a column figures bearing same letter(s) do ifterdsignificantly at 5% level of probability by RT.
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Figure 3 - Effect of different polythene mulches on numberedves per per plant at different
growth stages of chilli.

Root volume Fresh and dry weight of root

The effect of plastic mulch on root spread wadVulching produced significantly higher fresh and
significant  (Table 5). Mulch  produced dry root weights than the controls (Table 5). The
significantly higher root volume compared to thehighest fresh and dry weight of root was recorded
control. The black plastic mulches produced thén black plastic mulch (60.56 and 26.23g,
highest root volume (121.59 ém followed by respectively), followed by blue (58.54 and 24.51 g,
blue plastic mulch. In contrast, control producedespectively) and transparent plastic (57.58 and
the lowest root volume (90.32 &nThese results 24.34g, respectively). In contrast, control showed
coincide with those of Wien (1993) where hethe lowest fresh and dry weight of root per plant.
reported that polythene mulch stimulates really

root growth of transplanted tomatoes.

Table 5 -Effect of different plastic mulches on root lengtbjume, fresh and dry matter production of chulint

Mulches Root length  Root volume Root weight (g) Stem weight (g) Leaves weight (g)
(cm) (cm3) Fresh Dry Fresh Dry Fresh Dry
None 25.49 90.33c 32.31b 13.1c 238.30c  78.31b B2.5022.32b
Transparent 31.94a 115.56b 57.59a 24.34b 398.38b1.204 128.81a 40.16a
Black 32.93a 121.59a 60.56a 26.23a 419.38a 148.9313.38a 43.18a
Blue 32.36a 117.79ab 58.59a 24.51ab  407.35ab 144.3B31.48a 41.19a
LSD .05 4.33 5.13 3.20 0.18 19.59 12.69 11.37 3.43

In a column figures bearing same letter (s) dodiffer significantly at 5% level of probability BPMRT.
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Fresh and dry weight of stem the soil temperature raised by plastic mulching led
All plastic mulches produced significantly higherto a greater rate of growth and development of
fresh and dry weight of stem compared to thdeaf.

control (Table 5). However, among the mulches

there was no significant difference in stem weightChlorophyll content in leaf

The highest fresh and dry weight of stem wadhe effect of plastic mulches on chlorophyll-a,
observed in black plastic mulch, followed by bluechlorophyll-b, total chlorophyll and their ratioear
and transparent plastic mulch. In contrast, contrgiresented in Table 6. Results revealed that these
showed the lowest fresh and dry weight of stemwere significantly influenced by the plastic
Mulching increased stem dry weight of tomato agnulches; chlorophyll a/b ratio did not differ

reported by Wien (1993). significantly. The highest value of chlorophyll-a,
chlorophyll-b and total chlorophyll was recorded
Fresh and dry weight of leaf in black plastic mulch (1.73, 0.53 and 2.26 rlg-g

All mulches produced significantly higher freshfw, respectively), followed by blue plastic mulch
and dry weight of leaf compared to the contro(1.59, 0.492 and 2.086 md-éw, respectively). In
(Table 5). However, among the mulches, there wasontrast, the lowest chlorophyll-a, chlorophyll-b
no significant difference in fresh and dry weight o and total chlorophyll were recorded in control
leaf. The highest fresh and dry weight of leaf wa$1.302, 0.413 and 1.723 mg-dw, respectively).
observed in black plastic, followed by blue andSimilar result was also reported by Panchal et al.
transparent. Apparently sufficient soil moisture(2001) who found that mulch had significant effect
was conserved under black plastic mulch thabn total chlorophyll contents in chilli and black
might have improved the plant growth. The resulplastic mulch was the best for total chlorophyll
of the present study supported the finding of Subontent among the mulches.

et al. (1991). Cooper and Law (1978) found that

Table 6 -Effect of different plastic mulches on chlorophgtid vitamin-C contents in green fruit of chilli.

Chl.-a Chl-b Total Chl.(a+b) Chl. (a/b) Vit-C (mg/100g)
Mulch - -
mg-gfresh weight

None 1.302d 0.413c 1.723d 3.155a 112.51b
Transparent 1.468c 0.455dc 1.920c 3.229a 121.38a

Black 1.725a 0.530a 2.260a 3.257a 123.01a

Blue 1.595b 0.492ab 2. 085b 3.238a 122.28a

LSD .05 0.05 0.05 0.152 0.16 7.10

In a column figures bearing same letter(s) do ifterdsignificantly at 5% level of probability by RT.

Vitamin-C content in fruit observed in black plastic mulch (472 pignt
The change in vitamin-C in chilli due to plasticfollowed by blue (443 plaf) and transparent
mulch is presented in Table 6. Increased amountulch (434 plant). In contrast, control showed
of vitamin-C in chilli fruit was observed in alléh the lowest fruits per plant (335 pldht Ravinder
mulch treated plants compared to control. Bugt al. (1997) reported that mulching significantly
among the mulch treatments, there was nonproved the number of fruits per plant and
significant difference in vitamin-C content of thereduced the percentage of fruit abortion compared
fruits. The findings were in agreement withto unmulched control that supported the present
Panchal et al. (2001) who reported that blaclexperimental results.

mulches produced higher vitamin-C content inThe increase in the number of fruits per plant of

chilli. mulched plot was probably associated with the
conservation of moisture and improved
Yield and yield attributes microclimate both beneath and above the soil

Mulching produced more fruits per plantsurface. The suitable condition enhanced the plant
compared to control (Table 7). It meant that mulclygrowth and development and produced increased
had positive influence on fruit setting in chilli. fruit bearing nodes compared to the control.
The highest number of fruits per plant wasConsidering relationship between the soil moisture
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content and fruit number, it was clear that fruitplastic mulch produced the highest fruit weight per
number was strongly related with soil moistureplant (533.4 g) and per hectare (21.3 ton),
content (Fig. 1). Fruit length, fruit diameter andfollowed by blue and transparent plastic mulches.
number of seeds per fruit were statistically similaObviously, control plot showed the lowest fruit

over the treatments (Table 7), indicating thesgield both in per plant (336.3 g) and per unit area
traits were mainly genetically, not environmentally(13.45 t-h&). Fruit yield increased in mulched plot

controlled. because of increased number of fruits per plant.
The effect of different plastic mulches on fruit These results coincide with those of Siborlabane
weight per plant and per unit area was significanf2000), who pointed out that the yield and quality
(Table 7). Mulching produced higher fruit yield of the fruit for the fresh tomato market varies

per plant and fruit yield per hectare than for theccording to the type of mulch used on the
control, indicating that the mulch had positiveplantation.

effect in generating increased fruit yield. Black

Table 7 -Effect of different plastic mulches on yield attrtbs of chilli

Mulch No. of fruits No. of s_eeds Fruit _ Fruit Fruit th Fruit Wt.l Yield1

per plant per fruit length (cm) diameter (cm) (g-plant”) (kg-plot?) (t-ha”)
None 335¢c 69.38a 4.51a 0.76a 336.3c 5.38c 13.46¢
Transparent 434b 72.33a 4.66a 0.81a 461.43b 7.38b 18.45b
Black 472a 76.83a 4.73a 0.84a 533.45a 8.53a 21.33a
Blue 443b 73.33a 4.68a 0.82a 479.33b 479.33b 4B.15
LSD (.05 14.31 5.54 0.47 0.11 22.79 0.74 2.45

In a column figures bearing same letter(s) do iftgrdsignificantly at 5% level of probability by MRT.

Weed population and soil moisture content, especially at the upper
Weed populations were counted at 40 DAT (Tablem depth. The blue plastic also allowed easy
8). The highest number of weeds pef mas entrance of solar radiation through it, hence,
recorded in transparent plastic mulch (186.5) angroduced moderate weed density and biomass.
the lowest was in black plastic mulch (54.25)Black plastic mulch produced weeds only through
Similar results were found for weeds fresh and dryhe punch and no weed was found under the
weight. The weed population increased 11, 5 and@astic, which might be due to lack of percentage
times in transparent plastic, blue plastic anef light through black plastic. Black plastic mulch
control, respectively compared to black, indicatingplocked the weeds, except a few, which emerged
black plastic mulch was more effective than theéhrough the planting holes (Schonbeck, 1998).
other mulches in suppressing weed growth. Zhang et al. (1992) reported that black plastim fil
Transparent plastic mulch produced maximummulch resulted in 100% control of all the weeds in
weed population and dry matter which might banaize that supported the present experimental
due to direct entrance of solar radiation throughesult.

them and as well as due to higher soil temperature

Table 8 -Effect of different plastic mulches on weed inféistaat 40 DAT.

Mulch Number of weeds per Fresh weight (g-nif) Dry weight (g-nmi?)
None 75.88c 82.33c 19.18c
Transparent 186.50a 251.78a 76.20a

Black 54.25d 42.80d 7.28d

Blue 123.50b 135.80b 35.97b

LSD (os) 11.55 5.61 2.83

In a column figures bearing same letter(s) do fff¢rdsignificantly at 5% level of probability by DRT.
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CONCLUSION Jones, T. L., Jones, U. S. and Ezeli, D. O. (19ffgct
of irrigation and plastic mulch on properties afup

Based on the experimental results, it could be Ss'g”dlgg g?'%gf ‘water tomato™J. Amer. Soc. Hort.
concluded that plastic mulches had tremendo o o
effects on the growth, and yield of chilli, anddka Lﬁwon’ Y. S., Park, S. K. and Ko, K. D. (1988), cife

) ; of different mulch materials on the soil environmen
plastic showed superior performance among the growth and yield of red peppeEdpsicum annum L.).

plastic mulches. Black plastic mulch was Res Rep. Rural Dev. Adm. Hort. Korea Republic, 30,
suppressed the weed growth and thereby,9-17.
increased the fruits vyield. Therefore, theLal, R. (1989), Conservation tillage for suitable
cultivation of chilli using black plastic mulch agriculture: tropics versus temperate environments.
could bring an ample scope for producing more Adv. Agron., 42,147-151.
spices. Lim, H., Lim, K., Know, O., Kim, B., Kim, W. and
Kim, H. (1997), Effect of mulching practices oreth
weed occurrence, soil physical property and yidld o
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