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Abstract of thesis presented to the Senate of Universiti Putra Malaysia in fulfillment of
the requirement for the Degree of Doctor of Philosophy
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GREENHOUSE GASES EMISSION IN SUSTAINABLE RICE PRODUCTION

By

LAI LAI

November 2018

Chairman : Mohd Razi bin Ismail, PhD
Institute :  Institute of Tropical Agriculture and Food Security

The agricultural sector generally emits three main greenhouse gases (GHGs) to the
atmosphere, namely, nitrous oxide (N,O), methane (CH,) and carbon dioxide (CO,).
For sustainable rice production and soil health, the application of mineral fertilizers
along with organic fertilizers under mitigation option for climate change is of concern.
Hence, the present study was undertaken to determine how the effect of rice straw
biochar (BC) and urea management can mitigate GHG emission to ensure sustainable
rice production. Three pot experiments were conducted in a randomized complete
block design with four replications. The first pot experiment consisted of treatments
with rice straw BC (9 t/ha) and different rates of urea (30, 60, 90, 120 and 150 kg N/ha)
and a control of 150 kg N/ha to determine the effect on GHG emission and soil fertility
in rice production. The increased % of grain yield over control (20.7, 21.2 and 21.1%)
were found in treatments BC+ 60, 90 and 120 kg N/ha respectively. The lowest
combined global warming potential (GWP) by CH, and N,O (46788 kg CO,-eq/ha)
was recorded in treatment, BC + 30 kg N/ha and followed by BC + 60 kg N/ha which
had 50751kg CO,-eq/ha. Improved soil properties and higher nutrient (P, K and Mg)
uptake were also observed in all BC treatments (except BC+ 30 kg N/ha) although
there was no consistency among the BC treatments. The application of rice straw BC (9
t/ha) through 60 kg N/ha is proposed for increasing yield, improving soil properties and
reduced GHG emission in relative to control. The second pot experiment was
conducted to determine the persistent effect of rice straw BC (9 t/ha) on GHG and soil
fertility by the same treatments as the first, but without additional nutrient. Although
control itself had lower yield (34.7%) than optimum from the first experiment,
increased grain yield over control (%) at 4.2, 5.1, 14.5 and 19.7% in treatments BC+60,
90, 120, 150 kg N/ha respectively were recorded. The lower GWP by CH, (219.6-
244.4 kg CO,-eq/ha) was estimated in all BC treatments relative to control (361.5 kg
CO;-eq/ha) due to reduced methane gas emission regardless of rate of urea. Soil
parameters, CEC and residual nutrients such as, P, K, Cu, Fe and Mn were consistently
higher in all BC soil relative to control. In terms of food security in the residual BC
soil, some extent of supplemental fertilizer should be considered although residual rice
straw BC (9 t/ha) had positively persistent effect over control. The third pot experiment
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was carried out to determine the most feasible rate of rice straw BC by applying with
optimum rate of urea. Treatments comprised of different rates of rice straw BC (9, 8, 7,
6, and 5 t/ha) + 60 kg N/ha, control (150 kg N/ha) and 60 kg N/ha. Increased % of grain
yield over control (14-16%) were found in rice straw BC (9, 8, 7 and 6 t/ha + 60 kg
N/ha) regardless of rates of BC. Lower combined GWP (by CH, and N,0) (44438-
45640 kg CO,-eq/ha) were amounted in all BC treatments irrespective of rates of BC.
Improved soil properties except P and Ca were observed in all BC soil. Besides, major
nutrients, N, P, and K uptake were higher in all BC plants. The mechanism of effect of
BC on reduced N,O emission was due to significantly reduced nitrite concentration in
BC (6 t/ha) + 60 kg N/ha over control (150 kg N/ha) in which NO, (conc) was highly
correlated with the absorbance of bacteria, Nitrosomonas europaea. Thus, the present
study proposes that rice straw BC (6 t/ha) + 60 kg N/ha should be recommended for
sustainable rice productivity. Although this research was limited to pot and there was
no nutrient leaching losses, the synergetic effect of rice straw biochar and reduced rate
of urea was worth mentioning for acidic paddy soil. Field experiment of this organic
soil amendment should be conducted to demonstrate and transfer technology to
farmers.
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BERKEKALAN
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November 2018

Pengerusi: Mohd Razi bin Ismail, PhD
Institut: Institut Pertanian Tropika dan Keselamatan Makanan

Sektor pertanian umumnya mengeluarkan tiga gas rumah hijau yang utama (GHGs) ke
atmosfera, iaitu nitrous oksida (N,O), metana (CH4) dan karbon dioksida (CO,). Bagi
mengekalkan kesuburan tanah dan pengeluaran padi yang berterusan, penggunaan baja
mineral dengan baja organik dipilih untuk dikurangkan kerana perubahan iklim yang
membimbangkan. Oleh itu, kajian ini dijalankan untuk mengkaji kesan biochar
daripada jerami (BC) dan strategi pengurusan baja nitrogen terhadap pembebasan GHG
bagi mengekalkan pengeluaran padi yang berterusan. Tiga eksperimen telah dijalankan
dalam susunan rekabentuk RCBD dengan empat replikasi. Eksperimen yang pertama
terdiri daripada rawatan dengan BC jerami padi (9 t/ha) dengan kadar baja N yang
berlainan (30, 60, 90, 120 dan 150 kg N/ha) dan kawalan 150 kg N/ha untuk
menunjukkan kesan pembebasan GHG dan kesuburan tanah dalam pengeluaran padi.
Peratus peningkatan hasil biji padi berbanding kawalan (20.7, 21.2 dan 21.1%) telah
didapati dalam rawatan BC + 60, 90 dan 120 kg N/ha masing-masing. Gabungan
pemanasan global yang terendah (GWP) oleh CH, dan N,O (46788 kg CO,-eq/ha)
direkodkan pada T, (BC + 30 kg N/ha) dan diikuti oleh T5 (BC + 60 kg N/ha) 50751kg
CO;-eq/ha. Ciri-ciri tanah yang lebih baik dan pengambilan nutrien yang lebih tinggi
(P, K dan Mg) juga diperhatikan dalam semua rawatan BC (kecuali T,, BC + 30 kg
N/ha) walaupun tidak ada konsistensi di antara rawatan BC. Penggunaan BC jerami
padi pada 9 t/ha dan 60 kg N/ha adalah dicadangkan untuk meningkatkan hasil,
menambah baikkan sifat tanah dan mengurangkan pembebasan GHG secara relatif
berbanding kawalan. Eksperimen kedua dijalankan untuk menyiasat kesan yang
berterusan ke atas BC jerami padi (9 t/ha) pada GHG dan hasil menggunakan rawatan
yang sama dengan yang pertama, tetapi tanpa nutrisi tambahan. Walaupun kawalan itu
sendiri mempunyai hasil yang lebih rendah (34.7%) daripada optimum dari eksperimen
pertama, peningkatan % hasil bijirin melebihi kawalan pada 4.2, 5.1, 14.5 dan 19.7%
dalam rawatan BC + 60, 90, 120, 150 kg N/ha masing-masing telah direkodkan. GWP
yang lebih rendah oleh CH, (219.6- 244.4 kg CO,-eq/ha) telah direkodkan dalam
semua rawatan BC berbanding dengan kawalan (361.5 kg CO,-eq/ha) disebabkan
pengurangan gas metana tanpa mengira baja N. Parameter tanah, CEC dan sisa nutrien
seperti, P, K, Cu, Fe dan Mn lebih tinggi secara konsisten di semua tanah BC
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berbanding dengan kawalan tanpa mengira kadar baja nitrogen. Dari segi keselamatan
makanan di dalam tanah sisa BC, sebahagian besar tambahan baja N perlu
dipertimbangkan walaupun jerami padi BC (9 t/ha) mempunyai kesan positif yang
berterusan berbanding kawalan. Eksperimen ketiga dijalankan untuk mengkaji kadar
BC jerami padi yang paling sesuai dengan menggunakan kadar baja N yang optimum.
Rawatan terdiri daripada kadar BC jerami padi yang berbeza (9, 8, 7, 6, dan 5 t/ha) +
60 kg N/ha, kawalan (150 kg N/ha) dan 60 kg N/ha. Peningkatan % hasil bijirin pada
kawalan (14-16%) ditemui dalam BC jerami padi (9, 8, 7 dan 6 t/ha + 60 kg N/ha)
tanpa mengira kadar BC. Gabungan GWP yang lebih rendah (oleh CH, dan N,O)
(44438-45640 kg CO,-eqg/ha) telah direkodkan dalam semua rawatan BC tanpa mengira
kadar BC. Penambahbaikan sifat-sifat tanah kecuali P dan Ca direkodkan di dalam
semua tanah BC. Selain itu, pengambilan nutrien utama N, P, dan K adalah lebih tinggi
di semua tanaman BC. Mekanisme kesan BC pada pelepasan N,O yang berkurangan
disebabkan oleh berkurangnya kepekatan nitrit di dalam BC (6 t/ha) + 60 kg N/ha
berbanding kawalan di mana NO, (conc) sangat berkesinambungan dengan penyerapan
bakteria, Nitrosomonas europaea. Kajian ini mencadangkan bahawa BC jerami padi (6
t/ha) + 60 kg N/ha harus disarankan untuk produktiviti padi yang berkekalan.
Walaupun penyelidikan ini hanya terhad dalam baldi dan didapati tiada kehilangan
pelepasan nutrien, namun kesan daripada sinergi biochar jerami padi dan pengurangan
unsur N adalah bernilai untuk digunakan pada tanah padi yang berasid. Eksperimen
lapangan bagi bahan tambah tanah organik ini perlu dijalankan bagi tujuan demonstrasi
dan pemindahan teknologi kepada petani.
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CHAPTER 1

INTRODUCTION

The increasing greenhouse gases (GHGs) in the atmosphere lead to higher global
warming potential (GWP) due to their heat absorbing capacity (Kaiser, 1989). Karl et
al. (1990) estimated an increase in global temperature from 2.8 to 5.2°C for the next
hundred years due to the release of greenhouse gases from human activities.
Agriculture is one of the most vulnerable sectors affected by climate change such as
fluctuation of temperature and rainfall (Reilly, 1995). Besides, the economies and
livelihood of the developing countries mainly depend on agriculture and consequently
they suffer seriously from climate change due to global warming (Moorhead, 2009). As
such, mitigation options for climate change are important for crop productivity and
farmers’ livelihood (Reilly and Schimmelpfennig, 1999).

More than 60% of global populations are provided by rice (Gathorne-Hardy, 2013) and
90% of world rice is grown and consumed in Asian countries (Hayashi 2013c). So its
cultivation is the most important agricultural consideration worldwide. Moreover, in
the year 2025, 70% or more rice needs to be produce in comparison to year 2001 to
feed the growing population (Dubey, 2001). Therefore, wide use of mineral fertilizer
will increase and worsen greenhouse gases emission problem (Dubey, 2005).

Around 90% of global rice is grown under flooded conditions (Wassmann et al., 2009).
Flooded rice fields are the main source of methane (CH,4) from bacterial activities in
anaerobic condition and it accounts for 20% of global warming potential (Sass et al.,
2017). Babul et al. (2005) estimated for the year 2020, global CH, emission from
paddies may range from 29 to 61 ton/yr because global rice production must almost
double for high demand which will lead to increase in CH, fluxes by up to 50%.
Carbon dioxide (CO,) is emitted from the respiration of rice plant and also from soil
microorganism (Komiya et al., 2015). Besides, Nitrogen is needed as the major nutrient
to increase the yields of cultivated crops and plant can uptake it in various forms but
release N,O form from the soils (Gathorne-Hardy, 2013). Nitrification which take place
in aerobic microbial oxidation of ammonium to nitrate and denitrification which is
anaerobic microbial reduction of nitrate to nitrogen gas (N,) are the major sources of
N,O emission (De Klein et al., 2006). Hence, rice agricultural sector emit three main
greenhouse gases (GHGs), Nitrous Oxide (N,O), Methane (CH,) and Carbon dioxide
(COy,) and their global warming potential are 300 and 23 times higher than that of CO,
respectively (Agriculture and forestry greenhouse gas stake holder group, 2011).
Therefore, we need to stop adding greenhouse gases to the atmosphere to escape the
worst concomitant of climate change.

For sustainable agriculture, mineral fertilizer application should be addressed not only
for the food but also mitigation option for climate change (Brentrup and Palliere,
2008). Nguyen (2004) also indicated that sustainable rice productivity for food security
will require the improvement of the production systems which are adaptable to global
climate change as well as possible ways to mitigate global warming. Therefore, to
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reduce GHG emissions and to achieve sustainable yield, optimized N use efficiency
(NUE) than to simply reduce N fertilizer rate (Groenigen et al., 2011) and soil carbon
sequestration are essential (Smith et al., 2007). The important long-term contributions
for mitigating GHG emission through carbon sequestration can be achieved by the
improved crop productivity and nitrogen balance (Marland et al., 2003). Reicosky et al.
(2000) also mentioned that increased food production efficiency with minimum impact
on environmental quality and greenhouse gases will be achieved by the intercontinental
understanding of the decisive managements such as water and carbon arrangement, soil
and variety assortment, fertilizer type and amount. Furthermore, Dumanski et al. (2010)
stated that improved fertilizer and soil nitrogen management can mitigate greenhouse
gases emission.

In the agricultural world, the huge amount of biomass that cannot be used is burnt in
the field which causes air pollution and loss of carbon from fertile soil. It should be
converted into black carbon (biochar) that will lead to improved air quality and
enchanced soil productivity. Biochar is an organic matter that is processed in depressed
oxygen and it contains high amount of carbon than biomass itself (Wang et al., 2012b).
In Malaysia, total rice cultivation area is 685454 ha with grain yield of 2, 599 382
tonnes produced straw yield of 3,177 022 tonnes and most are burned as the current
cultural practice to prevent pest and diseases and to prepare the field for next planting
which causes environmental pollution and loss of carbon storage (Rosmiza et al.,
2017). Besides, rice straws are left in the field that leads to significant methane gas
emitted to the atmosphere (Silalertruksa and Gheewala, 2013). In addition, Malaysian
farmers use N fertilizer more than the recommended rate of 170 kg N/ha to obtain
maximum rice yield (Herman et al., 2015). Therefore rice straw should be used as an
alternative nutrient source such as biochar. According to Roberts et al. (2010) and Fong
(2012) attentive biochar feedstock selection is needed for greater economic and
environmental stability from the benefits of its implementation. Besides, rice straw
contains a huge amount of nitrogen, potassium and silicon (Alhassan, 2014). After
pyrolysis of rice material at high temperature (600°C), the combination of inorganic
and organic substances formed Si-C bonds can prevent degradation of carbon (Parr,
2006; Guo and Chen, 2014; Jindo et al., 2014). Hance, in order to manage Malaysia’s
sustainable rice productivity, we should focus on improved optimum fertilizer used
efficiency by using rice residue.

Rice farmer has less real adoptions of GHG mitigating measures due to limitation of
income and time. Besides, our rice farmers should upgrade and well equip themselves
with the scientific principles of rice paddy ecosystems with integrated nutrient
management system. In addition, we have to change the ecosystem of carbon and
nutrient nitrogen pathway for the global climate change but we should also well-known
their synergistic effect of continuous changes. Therefore recently taking into
considerations of the potentialities of organic residue and their interactive effects with
mineral fertilizers for increased crop productivity, improved soil health and
environmental protection are essential. So this study aimed to determine the effect of
rice straw biochar and urea management on greenhouse gas emission for sustainable
rice production. It is hypothesized that the integrated usage of rice straw biochar and
urea fertilizer managements influenced on rice yield, GHG emission and nutrient
availability. The specific objectives were:



i To determine the optimum rate of urea in conjunction with rice straw
biochar (9 t/ha) that can reduce GHG emission in rice productivity

ii. To determine the residual effect of both rice straw biochar (9 t/ha)
and different rates of urea amendments on greenhouse gas emissions and rice yields
iii. To determine the most feasible rate of biochar with optimum rate of

urea management for sustainable rice production
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