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Abstract

Integrated use of organic and inorganic fertilizers can improve the crop productivity and sustain soil
health and fertility. This study evaluated the impact of a rice straw mulch (4t /ha rate) on soil nutrient
status in dry- direct seeded rice (DDSR) and wet- direct seeded rice (WDSR) fields with recommended
rates of N, P and K mineral fertilizers in the Anuradhapura District, a major rice growing area of Sri
Lanka. Total N, available P, extractable K and soil organic matter content (SOM) was measured at
planting, 35 days after sowing, panicle initiation and at harvesting. Application of a rice straw mulch to
WDSR, significantly increased the extractable K content in the top 0-10 cm of soil (i.e. 112.6 ppm in dry
season (DS), 119 ppm in wet season (WS)), when compared to chemical weeded WDSR (i.e. 76.1 ppm in
dry seasonand 99.8 ppm in wet season) at the panicle initiation stage.

The K release was greater over the first 35 days after rice straw application in both seasons. The SOM
changes were minor during 2 years of treatment application. Although the percentage of total N was
significantly high in WS, it did not vary among treatments of study. The available P content was not
significant in DS in treatments and in WS the available P content was significantly reduced in the rice
straw treated WDSR plots. The study indicated the possibility of enhancing the soil extractable K stocks
in WDSR by integrated use of rice straw mulch and mineral fertilizers in both seasons in this region.

Key words: Available P, Dry-direct Seeded Rice, Extractable K, Soil Organic Matter, Wet-direct Seeded
Rice

Introduction

periods °. The crop residues are a resource,

A critical aspect of soil management in rice  constituting a readily available source of nutrients

production systems in Sri Lanka is the maintenance
of soil productivity, which is affected by soil
nutrient status or soil fertility. A survey carried in
the dry zone revealed that many farmers especially
in the dry zone major irrigation schemes have either
abandoned or leased their rice fields '. This
situation may have an impact on field management
practices and long-term soil fertility as the tenants
are not interested in investing in long-term soil
development activities.

Application of crop residues along with inorganic
fertilizers into soil increases the productivity of the
system and also sustains the soil health for longer

and organic material for rice farmers. For example,
about 40% of N, 30-35% of P, 80-85% of K, and
40-50% of S absorbed by rice remain in the
vegetative parts at maturity . But the occurrence of
microbial immobilization of applied N fertilizer is a
major problem encountered in profitable
utilization of cereal crop residues ‘. An obvious
solution to the N immobilization would be to place
fertilizer below the C-enriched surface soil layer
formed due to surface placement of crop residues’.

Studies on soil nutrient dynamics in integrated
system management of inorganic fertilizers and
rice straw may provide a future implication on
reduction of mineral fertilizers in rice farming. In
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2009, the Government of Sri Lanka has expended
Rs. 22,215 million to import 50,795 MT of
fertilizers®. Therefore, technology development for
combined use of organic and inorganic fertilizers
may help to save the cost involved in fertilizer
importation to a certain extent while maintaining
productivity of rice fields.

Hence, this study was carried out to validate the
hypothesis that the application of rice straw mulch
helps to increase soil nutrient status in direct
seeded lowland rice soil in the low country dry
zone of Sri Lanka, without causing the
immobilization of N in an integrated system of rice
straw mulch and mineral fertilizers.

Materials and Methods
Experimental site

The site was located in Puliyankulama in the
Anuradhapura District at 8°, 21'0" N, 80° 23' 0" E.
The study was conducted over a two year period
from May 2009 to March 2011, to encompass two
minor dry seasons (DS) and two major wet seasons
(WS) that correspond to the South-West (April to
September) and North-East monsoons (October to
February) respectively. The soil of site was Low
Humic Gley with a sandy clay loam texture ". The
rainfall during the study period was 72.5 mm, 650.4
mm, 209.8 mm and 1386.7 mm in 2009 DS, 2009/10
WS, 2010 DS and 2010/11 WS, respectlvely The
mean seasonal temperature was around 29° C and
26’ C for DS and WS respectlvely, with an average
maximum temperature of 33. 5’Cin DS and 30°Cin
WS and an average minimum temperature of 25.2’
CinDSand 22.6'Cin WS.

Description of the experiment

The study was conducted to test six treatments. The
treatment combinations were, dry-direct seeded
rice (DDSR) + non-weeded (UW), DDSR + rice
straw mulch (RSM), DDSR + chemical weeding (C),
wet-direct seeded rice (WDSR) + UW, WDSR +
RSM and WDSR + C. The treatments were arranged
in a randomized complete block design (RCBD)
with three replications in all seasons of study.

At the onset of the rains in early May 2009, 18 plots
of 6 m x 3 m were prepared and divided into three
blocks, each having 6 plots. Tillage operations for

DDSR and WDSR were practiced separately by
starting the land preparation for WDSR, two weeks
earlier than for the DDSR plots. First, nine plots
where the puddle-land preparation is required
were tilled two weeks prior to crop establishment
and water was impounded. Harrowing was done
after two weeks in same plots followed by fine
leveling. In the 9 plots where direct seeding was
practiced, the soil was moistened, followed by
ploughing and rough leveling, on the same day.

An improved rice variety Bg 352 (duration 3.5
month) was used for both DDSR, and WDSR
systems. WDSR plots were sown with pre-
germinated seeds into puddle-soil at a seed rate of
137.5kg /ha. DDSR plots were sown with dry seeds
onto moist plots at the same rate. In the six plots,
where rice straw was a treatment, a layer of air
dried rice straw collected from the previous rice
crop of Bg 352 was applied unlformly, just after
sowing, at the rate of 4t/ ha (i.e. 400g/m’) forming a
2 cm thick straw layer on the soil surface. In the
other six plots, where the chemical weeding was a
treatment, Ethoxysulfuron 20 + fenoxaprop 69 g
ai./1 (Tiller"Gold) was applied atarate of 0.5L/ha
(dilution- 15 ml of herbicide in 16 L of water) at 10-
14 days after sowing (the date of herbicide
application was adjusted between 10-14 days
according to prevailing condition of the
atmosphere in the season).

All plots received the same rate of inorganic
fertilizers as recommended by the Department of
Agriculture in Sri Lanka °. The rate of NPK
application was 120 - 40 - 40 kg of N, P,0, and K,O
per ha respectively. All the P,0O;, 20 kg/ha of K,O
and 5 kg/ha of N were applied at the time of crop
establishment. The remaining N was applied at 14
days after sowing (DAS) (35 kg/ha), 35 DAS (55
kg/ha) and at panicle initiation stage (25 kg/ha).
The rest of K,O (20 kg/ha) was applied at panicle
initiation stage. To provide NPK, commercially
available fertilizers of Urea (46% N), Triple super
phosphate (45% P,0,) and Muriate of potash (60%
K,0O) were used. All plots were irrigated at 5 day
intervals and the water level was always kept at 2-3
cm above soil surface at the time of irrigation, until
crop maturity.

Measurements

To determine the initial soil fertility status, soil
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samples were taken from the undisturbed lowland
paddy land. Ten soil samples from the top 10 cm
layer were taken in May 2009, before land
preparation. All soil samples were randomly
collected from ten sampling points and mixed
thoroughly to a 1 kg composite sample. The soil
sample was air dried by spreading out in a clean,
warm, dry area for three days and kept in the
laboratory until their analysis. An undisturbed soil
sample was also taken from the top soil (0-10 cm),
for determination of bulk density.

Thereafter, soils were sampled prior to the
application of inorganic fertilizers at planting, 35
DAS, panicle initiation and harvesting stages
during each season. Composite sampling was done
at all sampling dates, where 4-5 sub-samples were
collected randomly from selected locations in plots,
and the subsamples were composited for analysis.
Soil samples were air-dried by spreading out in a
clean, warm, dry area, and air drying for two to
three days. The air dried soil samples were
subjected to analysis - Soil pH using a 1:2.5 soil
water ratio, total nitrogen by Kjeldahl distillation’,
available phosphorous by Olsen method",
extractable potassium by Ammonium bi-carbonate
(NaHCO,) extraction and flame photometry and
organic matter content by Walkey and Black
method".

Statistical Analysis

The comparison of treatments was done on a
seasonal basis (dry season and wet season). Prior to
the detailed analysis, the seasonal data were tested
for equal variances and DS and WS data were
pooled. Analysis of variance was carried out for the
data collected using the SAS statistical analytical
package (Version 8.12, SAS Institute, Cary, NC).
The Duncan's test was used for mean separation
when the treatment effects were significant.

Results
Soil Properties Prior to Experiment

Soil pH, total N, available- P, and extractable- K of
the site prior to crop establishment were, 7.2+0.21,
0.28%+0.004%, 10+0.81 ppm and 62+0.47 ppm
respectively. The top soil (0-10 cm) bulk density
was1.4t/m’.

Total Soil Nitrogen

Total soil N (%) content was significanltly (p<0.05)
influenced by the season with higher values in the
wet season at initial, 35 days of sowing and
harvesting stages. The total soil N (%) content was
not statistically significant among treatments at all
dates of sampling in both seasons (Table 1).

Table 1. Total nitrogen content in soil as affected by season, method of crop establishment and rice

straw mulch

Total Nitrogen content (%)

Initial 35 DAS Pl Harvesting
Trt € acon DS WS DS WS DS WS DS WS
DDSR+UW 033a 036a 0.32a 046a 039a 038%a 034a 04la
DDSR+RSM  032a 0.36a 0.32a 044a 039a 036a 034a 04la
DDSR+C 034a 039a 0.38 a 046a 042a 040a 038a 036a
WDSR+UW  030a 036a 0.37 a 043a 040a 035a 038a 038a
WDSR+RSM  037a 035a 0.36 a 04la 039a 035a 033a 042a
WDSR+C 032a 036a 034 a 04la 035a 034a 035a 036a
Seasonal 033b 036a 0.35b 044a 039a 036a 035b 039a
Average

DDSR, dry- direct seeded rice; WDSR, wet- direct seeded rice; UW, non-weeding; C, chemical; RSM, rice straw mulch; DS, dry
season; WS, wet season; DAS, days after sowing; Trt, treatment. In a column, values followed by a common letter are not
significantly different at 5% probability. In the last row, values for the seasonal average followed by a common letter are not

significantly differentat5% probability.
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Awvailable Phosphorous

The available P content in soil was significantly
influenced (p<0.05) by the season at planting,
panicle initiation and harvesting stages and the
values were greater in WS than in the DS. Among
treatments, in WS, a significantly low available P
content was seen in WDSR+RSM at 35 days after
sowing, panicle initiation and harvesting stages.
Although the available P content was numerically
lower in WDSR+RSM in DS, it was not statistically
significant from the other treatments (Table 2).
Thus, a reduction of available P stock was observed
in rice straw treated WDSR plots in both seasons. It
could be due to a significant increase in plant
biomass (757.7 g/m2in WSand 839.7 g/m2in DS at
50% heading stage) in WDSR+RSM treatment
compared to other treatments. In terms of
establishment method, the available P stocks were
greater in the DDSR method, than in the WDSR
method at the time of harvesting in both seasons
(Table 2). The difference between DDSR and WDSR
methods for available P contents were significant at
P=0.0149 at the time of harvesting.

Extractable Potassium

The seasonal effect for extractable potassium (K)
content in soil was significant (p<0.05) at 35 days
after sowing, harvesting and a significantly higher
extractable soil potassium (K) content was
observed in the WS. The application of rice straw
mulch had a pronounced impact on soil extractable
K content in WDSR and DDSR methods in both
seasons (Table 3). The release of K from rice straw
along with inorganic fertilizers in DS occurred
within 35 days of mulching was greater (15 ppm),
when compared to the period from 35 days after
sowing to panicle initiation (10.44 ppm) in
WDSR+RSM. A similar comparison in WSrevealed
the occurrence of K release (30.7 ppm) within initial
35 days of mulching and 4 ppm from 35 days after
sowing to panicle initiation in WDSR+RSM. Thus,
greater release of K into the soil environment could

be observed due to rice straw mulching in the initial
35 days of application than in the period from 35
days of sowing to panicle initiation in both seasons.
Compared to the straw mulched plots, the values of
K release were less in non-mulched plots. For
example, in WDSR+C, the widely adopted practice
in lowland rice culture in Sri Lanka, the K release
was 1.5 ppmand 8.6 ppm, respectively for 0-35 days
after sowing and 35days of sowing to panicle
initiation in DS. In WS, the respective values were
1.8 ppmand 20.2 ppm.

The increment in extractable soil K content was
greater until panicle initiation in rice straw treated
WDSR plots than in the non-mulched plots. In non-
mulched plots, the soil extractable K content was
reduced from crop establishment up to 35 days
after sowing. Thereafter, an enhancement of
extractable K content was observed with the
application of the second top dressing of N at 35
days of sowing.

The percent increase of soil extractable K stocks due
to rice straw mulch at two important stages (i.e.
panicle initiation and harvesting) were calculated
in DDSR and WDSR methods in both seasons by
considering the WDSR+C; the present practice in
Sri Lanka as the standard treatment. The
enhancements of 43 % and 23% in soil K,
respectively in panicle initiation and harvesting in
DS were recorded in WDSR+RSM. In DDSR+RSM,
the respective values for same season were 15% in
both panicle initiation and harvesting stages. A
similar comparison for WS illustrated a higher
percentage value of soil extractable K stock
enhancement than in the DS. For example, the K
enhancements in soil were 19% and 53% in
WDSR+RSM and 15 % and 44 % in DDSR+RSM,
respectively for panicle initiation and harvesting
stages in the WS. Thus, the percentage values
revealed that the K stock build up in soil was
greater in WDSR+RSM than in the DDSR+RSM at
panicle initiation and harvesting stages in both
seasons.
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Table 2. Available P content in soil as affected by season, method of crop establishment and rice straw

mulch.
Available P content in soil (ppm)
Initial 35 DAS FI Harvesting
Trt. DS WS Ds WS Ds Ws DS WS
Season
DDSR+UW 11.8a 13.1a 12.3a 22.5a 17.0a 19.0ab 19.1a 22.3ab
DDSR+RSM 12.8a 16.3a 8.8b 243a 15.0a 19.8ab 20.0a 25.1a
DDSRE+C 11.6a 15.0a 8.8b 22.8a 14.6a 23.5a 16.1a 21.2ab
WDSR+UW  12.0a 1s.5a 9.0ab 19.1ab 13.1a 23.3a 17.0a 19.0b
WDSR+RSM  11.1a 15.3a 9.0ab 15.8b 12.3a 16.0b 15.3a 16.8b
WDSR+C 12.5a 16.1a 9.1ab 20.1ab 17.0a 24.1a 17.3a 19.3ab
Seasonal 11.9b 13.8a 9.5b 20.7a 15.2b 21.0a 17.5a 20.6a
Average

DDSR, dry- direct seeded rice; WDSR, wet- direct seeded rice; UW, non-weeding; C, chemical; RSM, rice straw mulch; DS, dry
season: WS, Wet season; DAS, days after sowing; Trt, treatment. In a column, values followed by a common letter are not
significantly differentat 5 % probability. In the last row, values for the seasonal average followed by a common letter are not
significantly differentat5% probability.

Table 3. Extractable K content in soil as affected by season, method of crop establishment and rice

straw mulch.
Extractable K content in soil (ppm)
Initial 35 DAS PI Harvesting
Trt. DS WS DS WS DS WS DS WS
Season

DDSR+UW 78.6a 77.6ab 65.16¢c 743c 905b 863D 8l.6abc 90.3bc
DDSR+RSM 905a 90.16a 85.66ab 976b 875b 115.0a 91.0ab 109.6 ab
DDSR+C 776a 72.0b 68.50bc 744c 876b 808D 73.3¢ 76.8cd
WDSR+UW  63.5a 80.16ab 61.350c 71.6c 76.8b B82.0b 74.6a 68.1d
WDSR+RS 86.6a 84.3ab 102.16a 115.0a 1126a 119a 96.8a 116.0a

M

WDSR+C 66.0a 77.8ab 67.50bc 796¢ 76.1b 99.8ab 78.6bc 75.8¢cd
Seasonal 77.1a 833a 75.1b 854a 885a 97.2a 82.7b 89.4a
Average

DDSR, dry- direct seeded rice; WDSR, wet- direct seeded rice; RSM, rice straw mulch; DS, dry season: WS, Wet season; DAS,
days after sowing; Trt, treatment .In a column, values followed by a common letter are not significantly different at 5%
probability. In the last row, values for the seasonal average followed by a common letter are not significantly different at 5%
probability.

Soil Organic Matter Content (SOM)

significantly higher (p<0.05) in WS than in the DS.
The SOM content increased marginally at the time However, within four cropping cycles, there was
of harvesting in both seasons (Table 4). At the time no significant influence by rice straw mulch (RSM)
of harvesting the soil organic matter content was onSOM content.
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Table4. Organic matter contentin soil as affected by season, method of crop establishment and rice straw

mulch.
Soil organic matter content (ppm)

Initial 35 DAS PI Harvesting

Trt. DS WS DS WS DS WS DS WS
Season

DDSR+UW 3.2a 3.6ab 42a 40a 47 a 39a 3.7a 46a
DDSR+RSM 31a 3.8ab 41a 40a 43ab 33ab 38a 43a
DDSR+C 29ab 39a 35a 3.7a 43 ab 38a 3.6a 45a
WDSR+UW 26D 31b 3.7a 296a 43ab 30D 33a 45a
WDSR+RSM 3.0ab 34ab 3.6a 40a 40ab 38a 32a 47 a
WDSR+C 28ab 35ab 39a 32a 38b 32b 3.ba 44a
Seasonal 29b 3.6a 38a 3.6a 42a 35b 35b  45a
Average

DDESR, dry- direct seeded rice; WDSR, wet- direct seeded rice; UW, non-weeding; C, chemical; RSM, rice straw mulch; DS, dry
season: WS, Wet season; DAS, days after sowing; Trt, treatment. In a column, values followed by a common letter are not
significantly different at 5 % probability. In the last row, values for the seasonal average followed by a common letter are not

significantly differentat5% probability.

Discussion

At the rate of 4 t /ha of straw mulching, the
extractable K content was heavily influenced. The K
build-up in soil at panicle initiation stage in
WDSR+RSM treatment (112.6 ppm) was significant
than the WDSR+C (76.1 ppm) in DS. Similarly, in
WS a greater increase in soil K content in
WDSR+RSM (119.6 ppm) than the WDSR+C (99.8
ppm) at panicle initiation stage was recorded. This
trend did not change at the time of harvesting as
indicated by a higher level of soil K stock in rice
straw treated plots than in the plots, that received
inorganic fertilizers only. Previous studies also
found that the crop residues contain large
quantities of potassium, and their recycling can
markedly increase K availability in soils™". The
release of K by straw was greater in the initial 35
days of application in both seasons. Among the
crop growing seasons, the amount of K release was
greater in WS than thatin the DS.

Since addition of rice straw mulch at the rate of
4t/ha enhanced the soil K stocks, it may be possible
to reduce the amount of K added through inorganic
fertilizers in an integrated approach. However,
further studies are needed to determine the exact
quantity of inorganic fertilizer that can be reduced
in integrated system management of rice straw
mulch and inorganic fertilizers in lowland rice
culture.

The N fertilization may have an influence on the
availability of K in soil. As indicated in a study ”in
the short-term, K concentration in the soil solution
may increase following NH,  fertilization, whereas
long-term NH," fertilization have depleted
exchangeable and non-exchangeable K in soil. In
this study, an enhancement of soil exchangeable K
content after N fertilization at 35 days of sowing
was clearly observed.

The study revealed that the total nitrogen content
was not affected significantly by treatments. In
general, residues with low C:N ratio tend to exhibit
net N mineralization, while residues with high C:N
ratio exhibit immobilization . Hence, in farming
systems where the straw remains in the field after
harvest, rapid decomposition is important to
minimize negative effects on the following crop
caused by N immobilization "**. A study indicated
that the yield depression following straw
incorporation has been mitigated by adding
inorganic N . In this study, inorganic N applied as
recommended by the Department of Agriculture in
Sri Lanka was sufficient to mitigate the problem of
N immobilization in treatment with rice straw
mulchin both wetand dry direct seeding methods.
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In this study, the seasonal effect on total nitrogen
content was significant, showing high total
nitrogen content in WS than in the DS. It is well
recognized that temperature is one of the most
important driving forces of ammonia volatilization
from soils™”. Therefore, it is expected that
ammonia volatilization from paddy soils in DS,
which is characterized by the prevalence of high
temperatures, may be higher thanin the WS.

In both seasons, even though statistically not
significant, WDSR+RSM had lower values of
available P. Thus, it indicated that the P depletion
was greater in rice straw treated WDSR method in
both seasons. Previous research reported that the
availability of soil phosphorus is enhanced by
adding organic matter, due to chelating of
polyvalent cations by organic acids and other
decaying products™®. In general, the phosphorus
compounds act as energy currency within the
plants and involve in wide range of plant processes
from perm1tt1ng cell division to developing good
root system”. This study clearly showed the
enhancement of early root growth in rice straw
treated WDSR plots (data are not shown). Thus, the
extensively developed root system, in rice straw
treated plots could be utilized greater available P,
leading to depletion of P stocks to a greater extent
than in the non-mulched plots.

The changes in SOM content were very little within
the four cropping cycles of this study. This is
consistent with a study conducted under tropical
warm conditions, which showed that in 12- and 14-
year studies of incorporation of wheat residue,
where SOM changed very little”. In contrast, some
studies have confirmed positive increases 1r1
organic matter with application of residues®
indicating that decomposition of plant residues
added to the soil is an important component in the
turnover of organic C. However, this depends on
several conditions; plants, soil, management (e.g.
soil tillage) and climate. This study was carried out
in four seasons (i.e. two DS's and two WS's) which
are climatically different due to the prevalence of
hot conditions in DS.

Studies have shown that warmer temperatures and
high moisture result in higher organic matter
decomposition™™. This study also revealed a lower
SOM accumulation in warmer DS than in the WS at
the time of harvesting.

Conclusion

A better understanding of plant nutrients in soil in
relation to productivity is immensely important to
develop sustainable rice production systems in the
low country dry zone of Sri Lanka. Although a
fertilizer subsidy is granted for rice at present,
effective utilization of both organic and inorganic
fertilizers are required for sustainable soil health.
The recycling of rice straw, which is available in
abundance, has a potential to return a considerable
amount of plant nutrients to the soil. The study
indicated that the integrated use of inorganic
fertilizers and rice straw mulching helps the K
build up in soil. Thus, there is potential to reduce
the amount of mineral K added through inorganic
fertilizers in this integrated system. Thus, heavy
reliance on K fertilizer (i.e. Muriate of potash) could
be reduced in rice farming and the foreign
exchange for importation of K fertilizers could be
saved.

However, further studies are needed to determine
the exact quantity of K that can be reduced from
inorganic fertilizers in integrated rice systems.
Although the rice straw has a high C: N ratio,
immobilization of N could be avoided with the
application of inorganic nitrogen at the
recommended rate. The P depletion was greater in
rice straw treated WDSR plots compared to no
mulch plots. The SOM changes were minor during
2 years of treatment application. Therefore, this
study illustrated the possibility of soil K build up in
wet-direct seeded lowland rice, without
immobilization of nitrogen by integrated system
management of inorganic fertilizers and rice straw
mulch.
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