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ABSTRACT
A field experiments were carried out at the Field Crops Research and 

Development Institute, Mahailluppallama (DLlb agro-ecological region) of Sri 
Lanka during Maha 2011/2012, Yala 2012 and Maha 2012/2013 seasons with the 
objective of identifying a package of practices which includes compost application, 
mulching and deep ploughing to enhance the growth and yield of chilli. The 
experiment consisted of two plough depths (Deep, 50-60 cm and normal, 20 cm) 
in the main plot, mulching at the rate of 5 t/ha (Gliricidia mulch and no mulch) 
and organic manure application at the rate of 10 t/ha (compost application and 
no compost) in sub plots. The depth to the gravel layer was at 40 cm in the tested 
location. Deep ploughing increased the plant performance only during the 1st 
season. Both, mulching with gliricidia and compost application increased plant 
performance. Integrated application of deep ploughing, gliricidia mulch and 
compost increased the plant performance only in soils having 40 cm depth to the 
gravel layer. In situations where deep ploughing cannot be practiced application of 
compost and gliricidia mulch could be recommended as viable crop management 
practices to enhance the growth and yield of chilli. Whenever possible, integrated 
application of above three management practices are recommended to enhance 
the growth and yield of chilli in soils having shadow depth to the gravel layer.
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INTRODUCTION
Chilli is one of the most important cash crops grown in Sri Lanka. It is an 

essential ingredient in Sri Lankan meals (Kannangara et al., 2013). The annual extent of 
chilli cultivation in 2014 is about 13,978 ha (Agstat, 2015). Though the potential yield 
is approximately 15 t/ha for green chilli and 3.5 t/ha for dry chilli, the national average 
yield in 2014 is about 5.13 t/ha and 1.01 t/ha for green chilli and dry chilli respectively 
(Agstat 2015). This indicates a large yield gap with a very low productivity of chilli crop. 
Poor management of abiotic and biotic stresses by farmers such as poor pest and disease 
controlling methods, non-adoption of good agronomic practices and poor management of 
soil are some of the neglected factors leading to lower productivity.

Soil compaction is a problem in most agricultural lands. Use of heavy machines, 
animals walking, frequent use of chemical fertilizers without organic manure, ploughing 
to a same depth continuously for many years and conducting field operations on wetter 
soils are responsible for the soil compaction. Compacted soil could reduce crop yields by 
as much as 50 % due to reduced aeration, increased resistance to root penetration, poor 
internal drainage and limited availability of plant nutrients (Adesigbin, 2012, Wolkowski 
et al., 2008). The use of heavy machinery is becoming a common practice in both large 
farms as well as in small farmer fields in Sri Lanka. Thus, compacted soil is a problem for 
root growth in field crops in the Dry Zone of Sri Lanka (Kathiragamathaiya et al., 1972).

Soil compaction may be corrected by deep ploughing to a depth of 50-60 cm 
during land preparation (Soane, 1989). Deep ploughing led to a significant increase in 
rooting depth, rooting density in the subsoil, water use efficiency and a yield increase of 
maize and wheat (Bennie et al., 1986). In addition, organic matter helps to maintain or 
improve the physical conditions of the soil and increase the capacity for water infiltration 
and retention. Compost is an excellent source of organic matter and plant nutrients. It 
has been shown to benefit plants far beyond simply supplying them with nutrients (Terry, 
2001).

Mulches are effective in weed control and conserve soil moisture. The plant- 
based mulches have been most effective in reducing soil temperature and improving 
crop-growing environment, which resulted in an increased tomato growth and fruit
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yield (Awodoyin et al., 2007). Application of Gliricidia leaves as a mulch significantly 
increased the yield of both tomato and chilli under Sri Lankan conditions (Kendaragama, 
1999). All these experiments on deep ploughing, organic matter addition and mulching 
were conducted as single factor experiments independently but the integrated effect of 
them has not been studied. The integrated use of above practices may further enhance the 
productivity of chilli, which is a major problem in Chilli cultivation in Sri Lanka.

Inherent soil physical and chemical characteristics in chill growing areas are 
vital for the performances of Chilli. Poor physical and chemical conditions and poor 
maintenance of soil moisture restricts the growth of Chilli. Integrated soil management 
(ISM) may help to conserve soil resources through various mechanisms such as the 
enhancement of soil fertility by organic and inorganic sources of nutrients, improving 
Carbon to Nitrogen ratio (C:N), root depth and soil biotic components while indirectly 
minimizing environment pollution. Therefore, this research attempted to identify a 
package of practices that includes organic matter application, mulching and deep 
ploughing to enhance the growth and yield of chilli in the Dry Zone of Sri Lanka.

MATERIALS AND M ETHODS
The experiments were conducted in Maha 2011/2012, Yala 2012 and Maha 

2012/2013 seasons at the research fields of the Field Crops Research and Development 
Institute, Mahailuppallama (8°06’ 42.73” N and 80°28’ 03.27” E, Elevation 117 m above 
mean sea level), located in the North Central province (DLlb agro-ecological region) of 
Sri Lanka. The soil type of the tested location is classified as Reddish Brown Earths (local) 
or Typic Rhodustalfs (USDA soil Taxonomy) or Rhodic Otherieutic Cutanic Luvisols 
(FAO classification) (Mapa et al., 2010). The soil pH and the electrical conductivity in the 
site were 7.2 and 0.08 ds/m. Phosphorus and Potassium contents were 12.5 ppm and 250 
ppm. The bulk density was 2.14 g/cm3 at 5-10 cm soil depth. The soil depth to the gravel 
layer was 40 cm.

Three soil management practices were tested in a split plot design with three 
replicates. They were tillage depth (main plot factor), mulching (sub plot factor 1) and 
compost application (sub plot factor 2). The chilli (Capsicum annum L) variety MI Green 
was used as the test crop.
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Land preparation was done separately for deep ploughing block and normal 
ploughing block (the two main plots of 14 x 4.5 m). The normal ploughing (20 cm depth) 
plot was prepared using the disk plough and the deep ploug hing (50-60 cm depth) block 
was prepared by a backhoe machine to turn the soil up to a depth of 60 cm. Thereafter, 
the sub plots were prepared within the main plot. The dimensions of the sub plots were 
3.2 x 4.2 m. Compost made using straw and cattle manure was applied 1 week before 
planting at the rate of 5 t/ha (500g/m2) and one month after planting at a rate of 5 t/ ha 
(500g/m2) to the beds of the relevant treatments and mixed well with the soil. Thirty- 
five days old, seedlings raised on standard field nurseries were planted in the plots at a 
spacing of 60 x 45 cm keeping two plants per hill. The fertilizer application was done 
according to the recommendations of the Department of Agriculture (Anon, 1998). Air 
dried Gliricidia leaves were applied as a mulch at the rate of 5 t/ha (500 g/m2 on a dry 
weight basis) to the relevant treatments at one and two months after planting. For the 
second and third seasons, to test the long term impact of deep ploughing over seasons, 
experimental field was prepared using mamoties without using disk plough or backhoe 
machine. Thus, the land preparation treatment (deep ploughing and normal ploughing) 
was applied only one time during the three seasons of the experiment. The layout of 
treatments applied to each plot in the first season was exactly similar in the second and 
third season too. The rate of application of gliricidia mulch and compost was also similar 
to that of first season. Data were recorded on initial soil depth to the gravel layer using a 
soil auger, initial bulk density using a core sampler, number of pods per plant, dry chilli 
yield, shoot dry weight and root dry weight by obtaining the average of plants from two 
randomly selected planting hills and bulk density values at the end of seasons. Analysis 
of variance (ANOVA) was carried out using the Statistical Analysis System (SAS) (SAS 
institute Inc.) to identify the independent and interaction effects of depth of ploughing, 
mulching and compost application on growth and yield of chilli. Mean separation was 
done using the Tukey’s Studentized Range Test.
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RESULTS AND D ISCU SSIO N

C lim atic da ta
The rainfall distribution was high in Maha 2012/2013 compared to Maha 

2011/2012 season. The sunshine hours recorded during the Maha 2012/2013 season was 
lower compared to the Maha 2011/2012 season. Supplementary irrigation was provided 
during Maha 2011/2012 to maintain no water stress conditions. However, during the Yala 
2012 season the rainfall was very low and due to limitation of irrigation water the crop 
could not continue for more than three red chilli picks.

B ulk density d u rin g  the cropping  period
Compared to the initial values at the site, bulk density reduced with 

ploughing. The bulk density values increased with the soil depth. The bulk 
density values o f the normal ploughed treatments were high compare to the deep 
ploughed treatment although the effect was not different significantly (Figure 1). 
The bulk densities o f deep ploughed plots were lower compared to the normal 
ploughed plots at 35 -  40 cm soil depth (Figure la) suggesting that the soil layer 
was loosened due to deep ploughing. At the end o f the season, it was clearly shown 
that the bulk density in the top layer remained same with surface compaction 
due to cultural practices and surface irrigation while the layer below 25 cm had 
maintained lower bulk density (Figure la).

1.75

a n  a n  a il  cm

Soil depth

a n  cm cm cm

□Deep plough 
□Normal plough

Soil depth

(a) (b)

Figure 1. Bulk density of soil (g/cm3) at the end of the M aha  2011/2012 (a) and 

Yala 2012 seasons (b)
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The bulk density has reduced in the 2nd season both in deep ploughed and normal 
ploughed treatments. Although deep ploughing was not done at the commencement of 
the 2nd season the addition of gliricidia and compost may have contributed to reduce the 
bulk density values. The bulk density of the soil usually decreases by supply of organic 
matter from compost and resulted better drainage as well as aeration (Kluge et al., 2001).

Growth and yield performances
In first two seasons {Maha 2011/2012 and Yala 2012), the shoot dry weight at the 

harvesting stage (120 days after planting) was significantly higher in the deep ploughed 
plots than the normal ploughed plots (Table 1). The effect of deep ploughing was not 
significantly different during the 3rd season (Maha 2012/2013) for the shoot dry weight. 
The positive impact of deep ploughing on the plant growth may have reduced with 
time. The similar results have been obtained in past studies on maize where deep tillage 
significantly increased the plant biomass in maize (Khurshid et al., 2006). Deep ploughing 
in shallow depth soils increased the shoot dry weight. Shoot dry weight of cotton was 
significantly higher under deep tillage up to 50 cm depth compared to conventional (15 
cm depth) and minimum tillage (7cm depth) (Ali, 2013).

In this experiment, shoot dry weight was significantly higher in the compost 
applied treatments during the 1st season {Maha 2011/2012 season) but was not significantly 
different in the 2nd and 3rd seasons {Yala 2012 season) (Table 1). The root dry weight was 
also significantly higher in the deep ploughed plots than the normal ploughed plots only 
during the 1st season {Maha 2011/2012 season) (Table 1). This suggests that the effect of 
deep ploughing was limited to one season and the impact reduced with time. The poor 
growth and the high CV percentage during the Yala 2012 and Maha 2012/2013 may be 
the reasons for not showing significant difference of the applied treatments. With the 
deep ploughing compact layer is broken and the roots are allowed to penetrate into deeper 
layers. Singh et al., 2015 reported that the formation of compact layer at any depth resists 
the penetration of roots, its growth and development and strongly affects plant water 
relations of the soil. Thus, the reduction in root growth and density further decreases 
nutrient uptake and ultimately crop yield. Shoot dry weight, root length and root dry 
weight of cotton was significantly higher under deep tillage up to 50 cm depth compared
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to conventional (15 cm depth) and minimum tillage (7cm depth) (Ali, 2013). This 
indicates that plants under deep tillage encountered less soil resistance for elongation and 
proliferation processes when their root systems are developing. Mulching and compost 
application did not give a significant impact for the root dry weight.

Table 1. Shoot and root dry weight (g/hill) in the M aha  2011/2012, Yala 2012 and 

M aha 2012/2013 seasons at the harvesting stage
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Treatment

M aha 2011/2012
©■

Yala 2012 M aha  2012/2013

Shoot 
' dry 

weight 
(g/hill)

Root
dry
weight
(g/hill)

Shoot
dry
weight
(g/hill)

Root dry 
weight (g/ 
hill)

Shoot
dry
weight
(g/hill)

Root
dry
weight
(g/hill)

Deep plough 71.6a 13.9 a 35.7 a 6.9 a 15.3 a 4.2 a

Normal plough * 38.6 b 10.5 b 21.0 b 5.7 a 12.9 a 4.1 a
Mulched 54.1 a 12.3 a 29.7 a 6.7 a 20.4 a 5.7 a
No mulch 56.2 a 12.1 a 26.9 a 5.8 a 7.9 b 2.4 b
with compost 59.6 a 13.5 a 29.7 a 6.7a 15.2 a 4.4 a
without compost 50.7 b 10.9 a 27.0 a 5.9 a 13.1 a 3.8 a
Interaction ns ns ns ns ns ns
CV% 11.3 20.7 , 12.44 18.7 33.9 22.8

Note : Values in each column followed by the same letters are not significantly different at 0.05 
probability level, ns -  all possible interactions are not significant

Interaction effects of the applied treatments on dry chilli yield were not 
significant. The integrated effects of the applied treatments showed that the total yield 
was significantly higher during the Maha 2011/2012 season having yield advantage of 
136 % in the treatment where deep ploughed, compost and gliricidia mulch were applied 
than the control where normal ploughed and nor compost or gliricidia mulch were added. 
Yield in the deep ploughed plots were higher than the normal ploughed plots. However, 
the yield in the treatment where normal ploughing, compost and gliricidia mulch was 
applied was higher than the treatment where deep ploughed but gliricidia or compost
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was not applied. Therefore, in a situation when the deep ploughing is impossible even in 
the shallow depth soils application of compost and mulching with gliricidia leaves will 
enhance the yield by about 69% (Figure 2a).

Compared to the Maha 2011/2012 season the yields were very much lower during 
the Yala 2012 season as the drought conditions prevented irrigation water supply and 
the crop could not continue for more than three picks of red chilli. The deep ploughing 
effect was not shown in yala 2012 season and Maha 2012/13 season. The effect of deep 
ploughing was not shown in the Maha 2012/2013 season. The highest yield recorded 
in treatments where with compost and mulching during Maha 2012/13. Yields were 
higher in the treatments where mulching was done although the compost was not applied 
(Figure 2c). The reduction in overall yield during Maha 2012/13 season may be due to 
continuous cultivation of the same crop for three consecutive seasons.
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Figure 2. Dry chilli yield (t/ha) in Maha 2011/2012 season (a), in Yala 2012 season (b) and 
Maha 2012/2013 (c) seasons
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These results are comparable with the previous studies on integrated use of 
poultry manure, paddy straw and coir dust together with reduced chemical fertilizer on 

i rice. Application of poultry manure at 5 t/ha, coir dust at 5 t/ha and straw mulch at 4 t/ 
ha combined with half the quantity of recommended chemical fertilizer proved to be 
the best combination to obtain significantly higher (36%) rice yield than usual nutrient 
management practice (Jayasundara, 2001). Number of pods per hill (Table 2) and dry 
chilli yield (Table 3) were significantly higher in the deep ploughed plots than the normal 
ploughed plots only during the Maha 2011/2012 season. This is because of the better 
growth of plants in the deep ploughed plots with more biomass. The positive impact 
of deep ploughing on number of pods per hill (Table 2) and dry chilli yield (Table 3) 
was not shown in the 2nd and 3rd seasons indicating that the effect of deep ploughing had 
reduced with time. Low yield and high CV percentage were some of the reasons for 
hiding the treatment effects during those two seasons. According to Ali (2013), deep 
tillage (50 cm depth) increased the cotton yield compare to the conventional (15 cm 
depth) and minimum tillage (7 cm depth). He concluded that deep tillage could be used 
successfully to improve cotton yield especially in soils affected by compaction caused 
by continuous use of shallow tillage implements. A study done in India with groundnut 
showed a significantly higher mean plot yield under annually deep ploughed plots than 
shallow ploughing. The deep ploughing done every alternate year and every three years 
were found to be the second and third best treatments for different parameters studied 
(Sharma et a l, 2014). The effectiveness of deep ploughing treatments can be prolonged 
by mixing organic materials or materials from the other horizons of the soil with the 
horizons causing problems (Unger, 1979).
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Table 2. Number of pods per hill during M aha  2011/2012, Yala 2012 and M aha  
2012/2013 seasons

M aha  2011/2012 Yala 2012 M aha  2012/2013

Deep plough 82 a 20 a 26 a

Normal plough 66 b 18 a 31 a

With mulch 85 a 22 a 38 a

No mulch 63 b 16 a 20 b
with compost 83 a 20 a 31 a
without compost 65 b 19 a 27 b

Interaction ns ns

M u*Com *

C V % 13.6 39.2 18.5

Note : Values in each column followed by the same letters are not significantly different at 0.05 
probability level, ns - not significant, Mu -  Mulch application, Com -  Compost application

Table 3. The dry chilli yield (t/ha) during Maha 2011/2012, Yala 2012 and Maha 
2012/2013 seasons

Treatment M aha  2011/2012 Yala 2012 M aha  2012/2013

Deep plough 3.58 a 0.56 a 0.78 a

Normal plough 2.26 b 0.44 a 0.87 a

With mulch 3.27 a 0.61 a 1.1 a
No mulch 2.58 b 0.39 b 0.57 b
with compost 3.19a 0.53 a 0.89 a

without compost 2.65 b 0.46 a 0.75 b
Interaction ns ns
Mu*Com *

C V % 9.32 38.6 14.78

Note : Values in each column followed by the same letters are not significantly different at 0.
probability level, ns - not significant, Mu -  Mulch application, Com -  Compost application
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The dry chilli yield was significantly higher in the treatments applied with 
gliricidia mulch than the treatments with no mulch in all three seasons (Table 3). The 
number of pods per hill was significantly higher in gliricidia mulch applied treatments 
during the 1st and 3rd seasons (Maha 2011/2012 and Maha 2012/ 2013). However, during 
the 2nd season (Yala 2012) the effect of gliricidia mulching on number of pods per hill 
was not significantly different (Table 2). The moisture limitation for the crop to continue 
and less number of picks may have affected the results during the Yala 2012 season. 
The positive effect of mulching for the yield was comparable With previous studies. 
Application of Gliricidia leaves as mulch significantly increased the yield of both tomato

r-

and chilli under Sri Lankan conditions (Kendaragama, 1999). Application of Gliricidia 
lopping as a mulch at the rate of 10 t/ha recorded significantly higher dry fruit yield 
in chilli (778.4 kg/ha) with compared to no mulch treatment (588.4 kg/ha) (Yadahalli, 
2008). The positive impact of mulching on the yield was due to addition of organic matter 
from the gliricidia mulch, additional nutrients from them and moisture conservation.

The number of pods per hill (Table 2) and dry chilli (Table 3) yield were 
significantly higher in the treatments applied with compost than the treatments without 
compost during the 1st and 3rd seasons {Maha 2011/2012 and Maha 2012/2013). That is 
due to additional nutrients from compost and physical and biological improvement of 
the soil due to compost application. Application of compost at the rate of 10 t/ha and 
recommended levels of N, P and K fertilizers increased the number of pods per hill and 
dry chilli yield in the present study. Similar observations were made on several occasions 
with several crops by applying organic fertilizers with inorganic fertilizers. Application 
of bio compost (Rahman et al. ,2012) and poultry manure (Fariyike et al, 2011) increased 
the yield significantly in chilli while compost and farm yard manure has increased the 
yield of potato (Ayalew, et al, 2011) and yield and number of fruits per plant in sweet 
pepper (Malik et al ,2012) respectively. Application of N, P and K fertilizers and cattle 
manure compost and straw (De Silva et al., 2005) gave satisfactory crop yields in maize 
and rice while cattle manure or broiler litter showed 40 % increased yield of papaw as 
compared to recommended N, P and K alone (Jayasundara et al., 2005). The effect of 
compost application on number of pods per hill (Table 2) and dry chilli yield (Table
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3) was not significantly different during the 2nd season (Yala 2012). The less number 
of picks obtained and high CV percentage may be the reasons for hiding the effect of 
compost.

CONCLUSIONS
Deep ploughing up to 50 -  60 cm depth enhanced the growth and yield of chilli 

in soils having shallow depth to the gravel layer. Application of compost at the rate of 
10 t/ha and gliricidia mulch at the rate of 5 t/ha improved growth and yield of chilli. In 
situations where deep ploughing cannot be practiced in soils having shallow depth to the 
gravel layer, application of compost at the rate of 10 t/ha and gliricidia mulch at the rate 
of 5 t/ha could be recommended as viable crop management practices to enhance the 
growth and yield of chilli.
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