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Abstract Rice straw incorporation is labor-intensive and influences greenhouse
gas emissions but can increase soil organic carbon (C) and recycle nutrients. Rice
straw contains about 80, 40, and 30% of the potassium (K), nitrogen (N), and phos-
phorus (P), respectively, taken up by rice and thus its incorporation can reduce the
fertilizer requirement of the subsequent crop. However, because of rice straw’s low
quality, its decomposition is slow. So, the timing of this operation, in combination
with water management, becomes important. Composting rice straw with the addi-
tion of farmyard manure can improve quality and nutrient supply. Similarly, biochar
from thermal combustion of rice straw for energy production can be added to the
soil to improve soil organic C. This chapter highlights the benefits derived from
incorporating straw into the soil. Alternative forms of straw that can be used by
farmers, depending on local situations, are discussed.
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8.1 Introduction

Rice straw management after harvest is an important component of the rice produc-
tion cycle, particularly in Asia where 90% of the world’s rice is produced, and,
consequently, where the bulk of the straw is produced. Traditionally in Asia, rice is
manually harvested by cutting and carrying to a central threshing location for sepa-
ration of grain and straw, with only a small portion of straw retained in the field.
Straw was considered a waste product and was either burned or used for other pur-
poses such as fodder or animal bedding. However, the increasing use of combine
harvesters in the region has resulted in large amounts of rice straw being left in field.
The in-situ incorporation of rice straw in the soil has been shown to contribute to
recycling of nutrients and increasing soil organic carbon (C) and yields of subse-
quent crops (Bijay-Singh et al. 2004; Gupta et al. 2007).

While rice straw contains significant amounts of nutrients, its incorporation into
the soil is labor-intensive and affects seedbed preparation and crop establishment.
This makes land preparation expensive compared to the common practice of open-
field burning. On the other hand, straw burning releases particulate matter into the
atmosphere, which is associated with air pollution and human respiratory ailments.
This has led to bans on open-field straw burning in most major rice-producing coun-
tries, although such policies have been largely difficult to enforce. The production
of two or three rice crops annually results in the production of large quantities of
straw, with little turnaround time between crops, particularly where three crops are
grown annually. This results in limited decomposition of the straw when incorpo-
rated, with potential negative effects on nutrient availability and use efficiency of
applied fertilizers for the subsequent crop (Bijay-Singh et al. 2004; Dobermann and
Fairhurst 2000). Depending on the type of water management following straw
incorporation, greenhouse gas emissions (GHEs) can also increase (Sander
et al. 2014).

Large amounts of rice straw left in the field have posed challenges in rice-
growing areas because of the need for mechanization and multiple tillage operations
to enable effective incorporation of the straw into the soil. Similarly, the adoption of
no-till in rice-cropping systems has been limited by the presence of the large
amounts of straw on the soil surface where combine harvesters are used. However,
equipment innovations have been developed, such as the Happy Seeder, to enable
direct seed drilling while cutting the standing stubble into mulch (Sidhu et al. 2007).
Straw incorporation, nonetheless, benefits the next crop and ecosystem services, in
general, depending on management practices and the cropping system employed.
Incorporating straw in rice fields serves as a source of food for an array of fauna that
use rice fields as a habitat. For example, Schmidt et al. (2015) noted that rice straw
provides substrate to promote biodiversity through flourishing of invertebrates that
decompose the straw, which in turn enhances nutrient cycling in paddy soils. This
chapter provides information on the benefits and challenges associated with incor-
porating rice straw into the soil, including alternative forms through which rice
straw can be used as a soil amendment.
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8.2 Different Components of Rice Straw

At harvest, rice biomass includes rice straw and paddy grain, which is partitioned
into milled grain, bran, and husks after milling. On average, particularly for modern
high-yielding varieties, the harvest index (i.e., grain dry weight: total plant biomass
dry weight) of rice is between 0.45 and 0.50 (Dobermann and Fairhurst 2000).
Thus, roughly for every ton of rice grain produced, a ton of rice straw is also pro-
duced. Rice straw usually has higher moisture content than the husks and bran
because it is obtained during harvest whereas the bran and husks are drier because
they are obtained after dried paddy is milled. When rice is harvested, the straw is
removed from the field for threshing to separate grains while the stalk and the stub-
ble remain in the field. The amount of stubble depends on the height at which the
straw is cut. The stubble is usually retained in situ and is either burned or incorpo-
rated into the soil during land preparation. Rice husks are the parts that are removed
when milling paddy to make brown rice while the bran is the layer that is then
removed when brown rice is polished to make white rice. Depending on the pro-
cessing, the different rice plant components other than the grain can be collected
and used for composting, biofuel production, or other purposes. Composted materi-
als can be returned to the same soil or applied to the fields of other crops, usually of
high value, resulting in the export of nutrients.

8.3 Forms in Which Rice Straw Is Returned to the Soil

Due to ease of management, the main form in which rice straw is currently returned
to the soil is by incorporating burned ash after open-field burning of stubble follow-
ing harvest. However, with the banning of straw burning in most rice-growing coun-
tries, incorporating fresh rice residue serves as the alternative for returning rice
straw to rice fields. While this is associated with benefits of improving soil quality
and recycling nutrients, it can have negative impacts on the environment through
release of GHGs, depending on management. Alternatively, the straw is collected
from the field and mixed with other inputs such as livestock manure, green manure,
or household waste to make compost, which is more decomposed and of higher
quality compared to fresh straw. In other instances, earthworms and microorgan-
isms are added to the straw to enhance decomposition to make vermicompost (see
Chap. 3). Compost and vermicompost can be made from fresh or spent straw from
mushroom production, but farmers generally prefer to use them for high-value crops
such as vegetables rather than for rice production. The straw can be used in energy
production and the carbonized rice straw that remains can be used as a soil amend-
ment (Haefele et al. 2011).
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8.4 Straw Effects on Soil Properties

8.4.1 Nutrient Cycling

The incorporation of rice straw can improve soil quality through enhanced nutrient
cycling and soil organic C sequestration. Straw incorporation has been shown to
enhance nutrient recycling and provide soil fertility benefits (Dobermann and
Fairhurst 2000; Ponnamperuma 1984; Yadvinder-Singh et al. 2004). The straw is the
main organic material that is available for most rice farmers and serves as an impor-
tant source of K. Ponnamperuma (1984) indicated that, at harvest, the straw con-
tains 0.57% N, 0.07% P,0s, 1.5% K,0, 0.1% (sulfur) S, and 5% silicon (Si). In
agreement, Dobermann and Fairhurst (2002) also showed that rice straw at harvest
can contain 0.5-0.8% N, 0.07-0.12% P,0s, 1.16-1.66% K,0, 0.05-0.1% S, and
4-7% Si. This translates to about 40%, 30-35%, 80-85%, 40-50%, and 80%,
respectively, of the N, P,Os, K,O, S, and Si taken up by the plant. The addition of
rice straw was shown to improve soil pH, soil organic C, and nutrient content com-
pared to the initial conditions in a study conducted in Vietnam (Table 8.1) (Thanh
etal. 2016). In that study, the incorporation of rice straw resulted in greater increases
in soil organic C, pH, and nutrient contents compared to addition of ash from burned
straw, although the increase in N was small. Due to the low N content in straw, large
quantities would be needed to supply adequate amounts of N. However, the straw
has to decompose before the nutrients can become available for uptake and the rate
of decomposition and supply of nutrients depends on soil type and season.
Additionally, only a proportion of the nutrients become available in the season of
application. For example, in a study on an alluvial soil in Vietnam, about 67 to 69%
of the rice straw had decomposed by the time the plant had reached physiological
maturity (Thuan and Long 2010).

The availability of nutrients is affected by the low quality of rice straw, with a
high C:N ratio, resulting in slow decomposition and mineralization of nutrients,
particularly short-term availability of N and to some extent P (Thuy et al. 2008). The
C:N ratio of an organic material determines its quality, with high C:N ratio repre-
senting low quality and a slow rate of decomposition, whereas low C:N ratio repre-
sents high quality with a faster decomposition. The addition of rice straw to wet soil
results in temporary immobilization of nitrogen, making it unavailable and affecting
rice yields (Bird et al. 2001). Apart from low straw quality, N availability following

Table 8.1 Effects of rice straw and ash from rice straw on soil chemical properties

soc: N | P,0s 'K;O
Treatment PHka (%)
Before experiment 4.10 0.80 0.08 0.034 0.52
Ash from 5 t ha™! rice straw 4.32 1.09 0.09 0.046 0.60
5 t ha™! fresh rice straw 4.40 1.19 0.11 0.041 0.55

Source: Thanh et al. (2016)
3SOC soil organic C



8 Rice Straw Incorporation Influences Nutrient Cycling and Soil Organic Matter 135

incorporation of the straw is affected by the accumulation of phenolic compounds
that are formed under the straw’s anaerobic decomposition (Olk et al. 2006). These
phenolic compounds tend to bind the N in the soil making it unavailable for
plant uptake.

Nonetheless, the long-term incorporation of crop residues in flooded rice soil can
increase soil organic matter, total N, and soil biological activity (Yadvinder-Singh
et al. 2004). Continuous incorporation of crop residues after each crop can eventu-
ally increase the N-supplying capacity of rice soils (Eagle et al. 2000). In a study in
Vietnam, soil N increased from 0.65% to 0.085% following 9 years of cropping
with incorporation of rice straw while straw removal caused a decline in soil N
(Thuan and Long 2010). The benefits of incorporated residues on soil organic mat-
ter and soil N supply, however, seldom translate into increased yield or profit for
flooded rice (Bijay-Singh et al. 2008). However, Thanh et al. (2016) observed that
N fertilizer requirement was reduced by about 20% in a long-term study with rice
straw incorporation.

Timings of straw incorporation and water management are important consider-
ations for effective use of straw as a nutrient resource (Dobermann and Fairhurst
2002; Witt et al. 2000). Rice straw should be incorporated in dry soil at least 3 weeks
before sowing or transplanting the next crop to allow the straw to decompose aero-
bically. This minimizes the negative effects of anaerobic decomposition, which
results in release of phenolic compounds (Olk et al. 2006), and methane emissions
(Sander et al. 2014), while allowing for decomposition and mineralization of the
nutrients, making them available during plant growth. In a cropping system compar-
ing rice—rice to rice—-maize, N supply was greater when residue incorporation took
place 63 rather than 14 days before planting wet season rice; this was associated
with greater rice yields (Witt et al. 2000). This points to the need for time for straw
decomposition before the nutrients become available for plant uptake. Rice straw
compost, on the other hand, because it is more decomposed before its application in
the soil, has greater nutrient availability compared to raw rice straw. However, farm-
ers prioritize the use of compost on higher-value crops such as vegetables than
on rice.

Rice straw can serve as an important source of S, which is particularly important
in situations where S-free fertilizers are used (Dobermann and Fairhurst 2002). It
also serves as an important source of micronutrients including zinc (Zn), but its
long-term application can decrease the availability of Zn (Yadvinder-Singh et al.
2005). Rice straw is also important for P recycling. For example, in a 4-year study
in India, P balances were negative where rice and wheat straw were removed or
burned (Gupta et al. 2007). The mineral P dynamics were improved where P fertil-
izers were added. Similarly, Gangwar et al. (2006) observed greater concentrations
of plant available P when rice straw was incorporated compared to when it was
removed in a 3-year rice—wheat study. Continuous addition of biochar made from
rice straw on a degraded soil in Soc Son District of Hanoi resulted in an increase in
soil pH, cation exchange capacity, and soil organic C after four seasons (Table 8.2A)
(Trinh et al. 2011). Biochar has high soil pH and tends to have a liming effect in soil,
while it is also stable and decomposes slowly, resulting in an increase in soil organic
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Table 8.2 Soil properties before and after four rice seasons of continuous application of (A)
biochar from rice husks or straw compared to farmyard manure and mineral NPK fertilizer in Soc
Son District, Hanoi, Vietnam, and (B) NPK fertilizer compared to biochar, compost from rice
straw, and compost from rice straw mushroom solid waste on three sites; Thai Binh, Hung Yen, and
Hai Duong provinces in Red River Delta, Vietnam

N |P,0; K0 [SOC* CEC |Ca
(cmolc,

Treatment pHino | (%) kg™ Mg
A. Trinh et al. (2011)
Before experiment 5.02 0.13 /0.07 |0.22 |1.33 9.24 12.04 10.21
No fertilizer (control) 520 ]0.10 [0.09 0.21 |1.10 104 |2.74 |0.09
NPK fertilizer 525 |0.15 |0.11 [0.27 |1.27 |10.6 |3.51 |0.25
Farmyard manure (10 t ha™") 524 0.15 |0.10 |0.28 [1.62 |11.5 |3.59 |0.35
Rice husk biochar (1.5 t ha")° 530 |0.17 |0.11 [0.33 [1.83 |11.6 |3.48 |0.35
Rice husk biochar (3.0 t ha™!) 531 |0.17 |0.11 | 0.31 |1.89 147 |3.82 1048
Rice straw biochar (1.5 t ha™')® 539 10.17 [0.13 1 0.32 | 1.85 |13.6 |3.55 |0.36
Rice straw biochar (3.0 t ha™") 545 10.17 |0.12 1032 [ 1.79 |145 [4.02 045
Rice straw biochar (4.5 t ha™!) 540 10.18 10.14 |0.35 |1.82 |152 [4.11 |0.48
B. Trinh et al. (2014)
NPK fertilizer 5.54 10.21 |0.18 | 1.56 [2.05 |14.29
Biochar 5.82 10.23 10.20 | 1.49 [2.31 |16.52
Compost from straw 5.86 10.22 [0.22 |1.57 |2.35 |16.24
Compost from straw mushroom waste | 5.81 | 0.21 |0.20 |1.72 |2.18 |17.29

In all the treatments for both studies, NPK fertilizers were added, except for the no fertilizer con-
trol treatment

3SOC soil organic C

"The amount of C in this treatment is equal to amount of C in 10 tons of Farmyard Manure

C. Soil water and nutrient holding capacity were also increased, likely due to the
porous nature of biochar, with an indirect increase in rice yield. A separate study
conducted in Thai Binh, Hung Yen, and Hai Duong provinces in the Red Delta in
Vietnam showed significant improvement in soil fertility following the addition of
rice straw and products from rice straw (biochar, compost, compost from rice straw
mushroom; Table 8.2B) (Trinh et al. 2014).

8.4.2 Soil Organic Carbon

The sequestration of organic C in soil is generally considered a win-win situation
because of its contribution to the mitigation of GHGs from the atmosphere while
improving soil quality. Burning of straw, on the other hand, results in combustion of
the C in the straw and loss into the atmosphere, associated with production of GHGs
(see Chap. 10). Soil organic C is an important component of the global C cycle and
is considered an indicator of soil quality and a measure of sustainability. Soil organic
C is the main component of soil organic matter, which plays an important role in the
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supply of nutrients and improves biological and physical properties of the soil. Rice
straw incorporation has been shown to increase soil organic C (Tables 8.1 and 8.2).
However, the role of soil organic C in rice soils remains debatable. While soil
organic C is considered important on one hand, the increased GHG emissions asso-
ciated with increased soil organic C can contribute to climate change. Thus, there is
need to evaluate the tradeoffs and synergies of soil organic C sequestration in
rice soils.

Soil organic C has been shown to be stable under intensive rice cropping, even
when straw is removed from the field. Soil organic C was shown not to change in a
50-year, long-term continuous cropping experiment at the International Rice
Research (IRRI) in the Philippines where three rice crops were grown annually with
the removal of all aboveground biomass even without the addition of N fertilizer
(Pampolino et al. 2008). This is in contrast to systems where rice is rotated with an
upland crop, e.g., Majumder et al. (2008) observed a decline in soil organic C when
no residues were added in a rice—wheat cropping system in India. In a 9-year study
in Bac Giang Province in Vietnam, soil organic C did not change with straw removal,
but the addition of straw increased soil organic C from 1.28% to 1.65% (Thuan and
Long 2010). Alberto et al. (2015) showed a cumulative effect of continuous straw
incorporation in a lowland rice soil, likely due to slower organic matter decomposi-
tion. However, the addition of straw increases soil organic C (Bi et al. 2009;
Yadvinder-Singh et al. 2005), particularly in rainfed upland rice systems (Naklang
et al. 1999) or where lowland rice is rotated with an upland crop. In a rice—wheat
system, Gangwar et al. (2006) observed greater soil organic C and infiltration when
5 tha™! rice straw was incorporated in the soil than when it was removed or burned.

8.5 Rice Straw Effects on Yield

While yield increases are expected with the retention of crop residues in upland
cropping systems, in lowland rice the benefits when compared to straw removal are
small particularly in the short-term. Under continuous flooded rice, the retention of
rice straw has not been shown to increase rice yield. This might be due to the low-
quality nature of rice straw with a high C:N ratio, which results in N immobilization
and hence poor availability for plant uptake. Additionally, anaerobic decomposition
of organic materials has been shown to trigger production of phenolic compounds
that also renders N to be unavailable and affect crop growth. Incorporation of rice
straw on three different soil types did not increase rice yield and this was attributed
to an increase in toxic substances and organic acids (Hoi et al. 2009). This is par-
ticularly important when the straw has not been given adequate time for decomposi-
tion. However, long-term benefits of straw incorporation on rice yield can be
significant. A summary of some studies conducted in the Philippines and Vietnam
shows yield benefits from straw incorporation (Table 8.3).

In a long-term study in the Mekong Delta in Vietnam (Watanabe et al. 2009)
observed that the application of 6 Mg ha™! rice straw compost (fresh weight)
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Table 8.3 A synthesis of straw management effects on rice yield in some studies in the Philippines

and Vietnam
Grain
Rate yield®
Kg Location/ Soil Mg
Treatment ha™! | country Seasons* | description ha™! Source
No straw Philippines Maahas clay |3.2b Banta and
Straw burned 34b | Mendoza
Straw incorporated 4.1a (1984)
Straw composted 42a
No straw Philippines 77 Banta and
Straw incorporated 5000 112 Mendoza
(1984)
No straw IRRI, 10 DS | Silty clay 3.79 e | Cassman
Straw incorporated 116 | Philippines Silty clay 470d |etal. (1996)
No straw Victoria, 9 DS Clay 3.83d
Straw incorporated 116 | Philippines Clay 493 ¢
No straw IRRI, 11 WS | Silty clay 3.39d
Straw incorporated 58 Philippines Silty clay 3.57¢
No straw Victoria, 9WS Clay 3.22d
Straw incorporated | 58 Philippines Clay 3.56 ¢
No straw Can 3DS Fluvaquentic | 2.94 Tuyen and
Straw burned Tho - Humagquepts 2,96 Tan (2001)
Straw incorporated Vietnam 2.72
No straw Can 3DS 5.70
Straw burned Tf'lo - 5.50
Straw incorporated Vietnam 5.59
Raw rice straw An Giang 1 DS 2.83c¢ | Sonetal.
Composted rice straw Province, 295¢ | (2013)
Raw rice straw +70% Vietnam 4.71b
NPK
Composted rice straw 532a
+70% NPK
Burned rice straw 4.77b
+70% NPK
Burned rice straw 5.11 ab
+100% NPK
Raw rice straw 530a
+100% NPK
Composted rice 533 a

straw+100% NPK

(continued)
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Table 8.3 (continued)

Grain

Rate yield®

Kg Location/ Soil Mg
Treatment ha™' | country Seasons® | description ha! Source
No straw; no Can 4 Typic 3.79¢ Watanabe
additional NPK Tho - Humaquept etal. (2013)
Straw incorporated; | 6000 | Vietnam 4.81¢
no additional NPK
Straw incorporated + | 6000 6.06¢
NPK
(40,12,12 kg ha™")
Straw incorporated + | 6000 6.04¢
NPK
(60,18,18 kg ha™")
No straw; no NPK Can 4 4.19¢ Watanabe
Straw incorporated; | 6000 | Tho - 491¢ |etal (2017)
no NPK Vietnam
No straw + inorganic 5.33¢
40% NPK
Straw incorporated 6000 5.95¢
+40% NPK
No straw +60% 5.48¢
inorganic NPK
Straw incorporated 6000 5.90¢
+60% NPK
No straw +100% 4.944
NPK

aSeasons means number of seasons; DS dry season; WS wet season; numbers without letters means
the season type is not specified

"Treatment means followed by the same lowercase letter within the same study are not significantly
different at p < 0.05

°Average grain yield over four seasons from 2011 to 2013

dAverage grain yield over four seasons from 2009 to 2011

increased rice yield where no mineral fertilizer was applied in the wet season
(Table 8.3). In the same study, they also observed positive effects of rice straw com-
post on physical soil properties including a lower penetration resistance compared
to where no compost was applied. In China, rice yield was greater with rice straw
incorporation than removal under conventional tillage where no nitrogen fertilizer
was added (Xu et al. 2010). A 3-year study conducted across three rice-growing
sites in Asia showed little or no benefit of incorporated rice or wheat straw for the
succeeding crop (Thuy et al. 2008). However, at a site in India the incorporation of
rice straw 20 days before sowing wheat without N fertilization significantly
decreased wheat yield but increased yield of rice that followed after wheat. In con-
trast, in East China incorporation of rice straw increased wheat yield by about 28%
compared to no straw control, but had no significant effects on rice yield (Zhang
et al. 2015).
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A study conducted on a rice—wheat cropping system in India over 4 years showed
greater yields of wheat where rice and wheat straw were incorporated compared to
where it was removed or burned (Gupta et al. 2007). In contrast, straw management
did not affect rice yields. A meta-analysis conducted in China showed that retention
of rice straw increased rice yields by 5.2%, but that the yield benefit increased with
duration of straw incorporation, i.e., time after repeated application (Huang et al.
2013). In a study in India, wheat grain yield was 13% greater when rice straw was
incorporated in the soil compared to when it was removed. A recent study in India
showed that cereal yields, i.e., rice, wheat, and maize, are greater where straw is
incorporated than where it is removed under a diversified cropping system and dif-
ferent combinations of tillage and crop establishment methods (Nandan et al. 2018).
While the rice yield increased from 3.0% to 8.2%, the yield benefits were greater for
maize and wheat, likely due to a combination of moisture conservation under upland
conditions and nutrient contribution from the incorporated straw.

8.6 Paddy Soil Degradation Associated with Straw Removal

While straw incorporation is labor-intensive and requires machinery for effective
mixing with the soil, especially where rice yields are high, straw burning has nega-
tive impacts on soil fertility and soil organic C (Prasad et al. 1999; Surekha et al.
2003). The heat and duration of fire; soil moisture, both at the time of burning and
during tillage; the time elapsed and climatic condition between burning and tillage;
and the chemical, physical, and biological properties of the soil will all influence the
change in soil properties resulting from burning rice straw. The impact of straw
burning on soil fertility accumulates over time. Ponnamperuma (1984) highlighted
the need to consider experimenting with duration when drawing conclusions about
the sustainability of straw burning. However, research indicates that the advantages
of burning are offset by the disadvantages, including nutrient loss, depletion of soil
organic C, and reduction in the presence of beneficial soil biota (Mandal et al. 2004).
Nonetheless, the ash from burning rice straw is rich in K and, thus, the practice of
straw burning resulted in recycling of K, but with a loss of N and P.

Potassium recycling is influenced by straw management since more than 80% of
the K taken up by rice is in straw (Dobermann and Fairhurst 2000). Consequently,
K deficiencies are common in soils where rice straw is removed. In a study con-
ducted under rainfed conditions in Thailand, Whitbread et al. (2003) calculated
negative K and S balances when rice straw was removed. Similarly, straw manage-
ment influences Si, which has been shown to be beneficial in rice growth. Si dynam-
icsinthe soil is affected by straw management (Seyfferth et al. 2013; Wickramasinghe
and Rowell 2006). For example, soil-available Si was low in Vietnam where crop
residues are removed from the fields while in the Philippines there is high availabil-
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ity due to crop residue retention (Settele et al. 2018). Removal of rice straw from the
field has been practiced widely in South Asia and has been associated with K and Si
deficiencies influencing rice productivity (Wickramasinghe and Rowell 2006).
Removal of rice straw from the field can cause numerous direct and indirect adverse
impacts on the ecosystem including depletion of soil organic C. Important direct
impacts of removal are low input of C biomass, reduction in nutrients/elemental
cycling and decrease in food/energy source for soil biota along with the attendant
decline in soil quality (Vijayaprabhaka et al. 2017).

8.7 Constraints, Trends, and Recommendations

Increasingly, rice straw is incorporated in fields where rice is grown. This is more so
with the increasing use of combine harvesters that leave all the crop residues in the
field compared to the traditional manual harvesting where only a portion of the
straw was retained in the field. There are benefits associated with the incorporation
of rice straw in the soil, including greater yields, nutrient cycling, soil organic mat-
ter build-up, and a general benefit on ecosystem services. However, there is a need
to consider timing of application and water management to maximize the benefits
of straw in the soil and reduce the negative effects such as production of GHG emis-
sions or release of phenolic compounds that affect nutrient availability. This brings
into question the practicality of straw incorporation on intensive systems, e.g., triple
rice cropping where there is little time between crops to allow for aerobic decompo-
sition. This suggests that solutions for straw management need to be tailored to suit
farmer conditions. In situations where triple rice cropping is mechanized, there is a
need to consider cost-effective alternatives to straw management with documenta-
tion of the experiences to enable extension workers to give informed recommenda-
tions to farmers.

In cases where combine harvesters are used, leaving large quantities of rice resi-
due in the field, the practice of zero tillage with the use of seed drills is affected by
residues clogging the machinery. Alternative equipment should be considered.
There is also a need for studies to determine proportions of straw that can be left on
the field with minimum effects on land preparation and establishment of the next
crop. Options for collection of straw from the field, especially where combine har-
vesters are used, have been discussed elsewhere in this book, but decisions on
whether to collect or leave straw in the field need to take into consideration the
trade-offs of the different options. Nonetheless, there are benefits, in general, of
returning rice straw to the field for sustainable cycling of nutrients and improving
crop yields.
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