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Sugar cane molasses is an important carbon source for the growth of nitrogen fixing
bacteria. Nitrogen fixing bacteria utilize root exudate carbon compound and form
association with plant and fix nitrogen. Sugar cane molasses as an external carbon
sources for nitrogen fixing bacteria is low-cost efficient growth factor. Thus, addition
of sugar cane molasses to the rice plant may be able to provide carbon substrate to
nitrogen fixing bacteria and also improved rice yield parameter. A series of
experiments were conducted in the laboratory and glasshouse conditions with the
following objectives: 1) To determine the effect of different concentrations of molasses
on growth of Stenotrophomonas maltophilia (Sb16) in culture media incubation and
soil amended with molasses and urea N, 2) To determine the effect of sugar cane
molasses on growth of N)-fixing bacteria and effect of S. maltophilia (Sb16) and
molasses and urea-N on total starch, total sugar and rice yield and to elucidate their
distribution of N partitioning in the plant parts. Laboratory and glasshouse experiments
were arranged in a factorial experiments in complete randomized design (CRD) with 3
replication and factorial completely randomized design (RCBD) with 4 replications
using SAS statistical program version 9.3. In the glasshouse study, each block consist
of 2 bacterial treatments: control (0) and Stenotrophomonas maltophilia (Sb16), 3
amendments treatment: control (0), urea application (60 kg N ha'') and molasses
application (2 tan ha'). Mean separation was carried out using Tukey's Studentized
Range (HSD) at the 5% level of probability. An experiment was conducted to test the
growth of Stenotrophomonas maltophilia (Sb16) on different media in laboratory and
consecutively test the growth of S. maltophilia (Sb16) on soil. The different media for
S. maltophilia growth was made by adding molasses as carbon (C) sources, compared
to commonly used Nutrient broth and Trypic Soy broth. In the soil incubation study
molasses and urea were added to soil inocculated with S. maltophilia (Sb16). A
glasshouse study was conducted to determine the effect of N, fixing bacteria, S.
maltophilia (Sb16) and sugar cane molasses on total starch and total sugar and growth
of rice. Two rates of sugar cane molasses (0 and 2 tan ha™), urea (0 and 60 kg N ha™!)
and S. maltophilia (Sb16) were applied to MR 219 rice variety. Plant growth and yield,
total starch and sugar, N uptake and biomass of plants were determined. The highest
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growth of S. maltophilia strain Sb16 (14.84 mg mL') was observed at sugarcane
molasses concentration of 20% w/v at 24 hour incubation. Total reducing sugar
increased with increasing molasses concentrations. High total N (505 mg L) was
produced in 7.5% w/v molasses concentration. Application of urea significantly
influenced total population and total reducing sugar of S. maltophilia (Sb16). Highest
of total bacterial population (7.97 log10 cfu dry weight soil') and total reducing sugar
(0.098 mg g glucose) were observed in urea treatment at day 7. While, application of
molasses significantly increased total N (0.31%) in the soil applied with S. maltophilia
(Sb16). Application of molasses to uninoculated MR 219 rice significantly increased
tiller plant’!, aboveground dry matter, grain yield, 100-grain weight, straw yield,
harvest index (HI) and biological yield. Application of molasses and urea to rice plant
inoculated with S. maltophilia (Sb16) significatly increased grain yield, with
application of molasses also showed significantly increased grain weight and
aboveground dry matter compared to inoculated plants. Highest tiller number plant™,
aboveground dry matter, grain yield, HI and biological yield were observed in
application molasses with uninoculated MR 219 rice plant. High N content and N
uptake in leaf blade were observed with uninoculated plant applied with molasses.
Application of molasses to inoculated plants showed high total sugar of leaf blade and
leaf sheath of rice plant. While, application of molasses to uninoculated plants resulted
in high total sugar of stem, panicle and grain. Application of molasses to uninoculated
plants showed high total starch in leaf blade, leaf sheath, panicle and grain, while,
application molasses to inoculated plants was observed to produce high total starch in
stem. The results suggested that sugar cane molasses can provide carbon source and
increase S. maltophilia (Sb16) growth and yeild parameters of rice.
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Gula merah tebu adalah sumber karbon yang penting untuk pertumbuhan bakteria
pengikat nitrogen. Bakteria pengikat nitrogen menggunakan komponen karbon dalam
eksudat akar dan membentuk hubungan dengan pokok serta mengikat nitrogen. Gula
merah tebu adalah sumber luar karbon untuk bakteria pengikat nitrogen sebagai faktor
pertumbuhan berkos rendah yg efisien. Oleh itu, penggunaan gula merah tebu pada
tanaman padi dapat menyediakan karbon sebagai substrat kepada bakteria pengikat
nitrogen dan juga menambah baik parameter hasil padi. Satu siri eksperimen telah
dijalankan di makmal dan rumah kaca dengan objektif seperti berikut; untuk
menentukan kesan kepekatan berbeza gula merah tebu ke atas pertumbuhan
Stenotrophomonas maltophilia (Sb16) dalam inkubasi media pertumbuhan dan tanah
yang ditambah dengan gula merah tebu dan urea, dan untuk menentukan kesan gula
merah tebu pada pertumbuhan bakteria pengikat nitrogen serta kesan S. maltophilia
(Sb16), gula merah tebu dan urea ke atas jumlah kanji, jumlah gula dan hasil padi dan
menjelaskan sebaran pembahagian N pada bahagian-bahagian tumbuhan. Ujian
makmal dan rumah kaca telah disusun dalam ujikaji faktoran dalam reka bentuk rawak
lengkap (CRD) dengan 3 replikasi dan faktoran reka bentuk rawak lengkap dalam blok
(RCBD) dengan 4 replikasi menggunakan SAS statistik program versi 9.3. Dalam
kajian rumah kaca, setiap blok terdiri 2 rawatan bakteria: kawalan (0) dan S.
maltophilia (Sb16), 3 rawatan bahan tambah untuk tanah: kawalan (0), aplikasi urea
(60 kg N ha!) dan gula merah tebu (2 tan ha!). Semua data dianalisis menggunakan
Tukey Standard Studentized (HSD) pada keberangkalian 5%. Satu eksperimen telah
dijalankan untuk menguji pertumbuhan S. maltophilia (Sb16) pada media yang berbeza
dalam makmal dan juga inkubasi dalam tanah. Rawatan media yang berbeza telah
dibuat untuk S. maltophila (Sb16) dengan menambah gula merah tebu sebagai sumber
karbon. Dalam inkubasi tanah gula merah tebu dan urea telah ditambah untuk
memantau tanah diinkubasi dengan S. maltophilia (Sb16). Kajian rumah kaca telah
dijalankan untuk menentukan kesan bakteria pengikat N, S. maltophilia (Sb16) dan
gula merah tebu ke atas jumlah kanji dan jumlah gula dan pertumbuhan pokok padi.
Dua kadar gula merah tebu (0 dan 2 tan ha™), urea (0 dan 60 kg N ha') dan S.
maltophilia (Sb16) telah digunakan untuk varieti padi MR 219. Pertumbuhan tumbuhan
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dan hasil, jumlah kanji dan gula, pengambilan N dan berat kering pokok padi telah
ditentukan. Pertumbuhan tertinggi S. maltophilia (Sb16) (14.84 mg mL™") diperhatikan
dengan rawatan gula merah tebu dengan kepekatan 20% w / v pada 24 jam inkubasi.
Jumlah gula meningkat dengan peningkatan kepekatan gula merah tebu. Jumlah N
tertinggi (505 ng L) adalah kepekatan gula merah tebu pada 7.5% w/v. Penambahan
urea mempengaruhi jumlah populasi dan jumlah gula S. maltophilia (Sb16). Jumlah
ppopulasi bakteria yang tinggi (7.97 logl0 cfu berat kering tanah™') dan jumlah gula
(0.098 mg g' glukosa) diperhatikan dalam rawatan urea pada hari ke-7. Walau
bagaimanapun, penggunaan gula merah tebu ketara meningkat dengan jumlah N
(0.31%) dalam tanah dengan S. maltophilia (Sb16). Penambahan gula merah tebu pada
varieti padi MR 219 meningkatkan dengan ketara bilangan pokok padi, jumlah berat
kering pokok padi, hasil padi, berat 100-biji padi, hasil jerami, HI dan hasil biologi.
Penggunaan gula merah tebu dan urea pada pokok padi yang ditambah dengan S.
maltophilia (Sb16) ketara meningkatkan hasil padi, dengan penggunaan gula merah
tebu juga menunjukkan peningkatan ketara berat padi dan jumlah berat kering pokok
padi. Bilangan tertinggi bilangan pokok, jumlah berat kering pokok padi, hasil padi, HI
dan hasil biologi diperhatikan dalam penggunaan gula merah tebu pokok padi varieti
MR219. Kandungan N yang tinggi dan pengambilan N oleh daun pokok padi dengan
rawatan pokok dengan gula merah tebu tanpa inokulasi oleh S.maltophilia (Sb16).
Penggunaan gula merah tebu pada pokok yang diinokulasi oleh S. maltophilia (Sb16)
tinggi dalam jumlah gula pada daun padi dan sarung daun pokok padi. Walau
bagaimanapun, penggunaan gula merah tebu meningkatkan pertumbuhan tumbuhan
pokok yang tidak diinokulasi dengan S. maltophilia (Sb16) jumlah gula pada batang,
tangkai dan biji padi. Penambahan gula merah tebu pada pokok padi yang tidak
diinokulasi oleh S. maltophilia (Sb16) menunjukkan jumlah kanji yang tinggi di dalam
daun, sarung daun, tangkai dan biji padi, manakala, penggunaan gula merah tebu pada
pokok padi yang diinokulasi S. maltophilia (Sb16) diperhatikan menunjukkan jumlah
kanji yang tinggi di dalam batang. Hasilnya menunjukkan bahawa gula merah tebu
boleh memberikan sumber karbon dan meningkatkan pertumbuhan S. maltophilia
(Sb16) dan parameter hasil padi.
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CHAPTER 1

INTRODUCTION

Rice (Oryza sativa L.) is one of the most important staple food for more than half of
the global population. There is a need to increase rice production to ensure security in
rice production of about 70% of national requirement (Arshad et al., 2011). In order to
increase rice production due high rice demand, high chemical fertilizer input is
required. Nitrogen (N) is one of the most yield-limiting nutrients in lowland rice
production (Fageria and Barbosa Filho, 2001). Nitrogen fertilizers are being applied to
increase plant growth and yield production. Application of high N fertilizer can lead to
environmental pollution. Chemical production of nitrogen fertilizers during combustion
of fossil fuel may release greenhouse gases such as CO, and N>O. Up to 50% of the
applied fertilizer is lost by leaching of NOs™ resulted highly contaminated ground water
with nitrate, eutrophication and blue-baby syndrome (By and Professionals, 2002).
Nitrification of ammonium-N from nitrogen may cause soil acidification which can
lead to decreases in plant nutrient availability.

One of the strategies to reduce N fertilizer application and enhanced nitrogen use
efficiently is utilization of the biological nitrogen fixation (BNF). The BNF process has
been known to be important in sustainable rice cultivation (Saikia and Jain, 2012;
Houlton et al., 2008). The use of N-fixing bacteria also known as diazotrophs can fix
atmospheric N> and supply nitrogen for the plant and, thus, makes the crop less
dependent on N fertilizer (Prakamhang et al., 2009). Some species of these N» fixing
bacteria can colonize the plant’s rhizosphere and at the same time grow endophytically.
Most plants benefits by harbouring these endophytic microbes (Compant et al., 2005).
Several diazotrophs have been isolated from rice and able to colonize the surface and
interior of roots and improved root surface area, root volume and N uptake of rice
seedlings (Biswas et al., 2000; Naher et al., 2009a). Nitrogen fixation by associative
diazotrophs is an immediate process in condition where soil N is limited and the
adequate carbon sources are available (Kennedy et al., 2004). The nitrogen fixing
bacteria utilized carbon from soil plant system as their energy sources and fix
atmospheric N,. About 0.11 moles of glucose must be burned to drive fixation of one
mole of ammonia equal to 1.44g of glucose is needed for one gram of N fixed. In
biological N» fixation, glucose supplies energy (carried as ATP) and also the material
reductant, hydrogen (H»). It is proven that when an energy source such as starch was
added to stable compost, the expression to fix nitrogen is enhanced (Mulder, 1975).
Addition of glucose stimulated N»-fixation in compost (Keeling et al., 1998). It is
proven that the development of N»-fixing bacteria is favored by the presence of
considerable amount of available carbon compounds (Stella and Suhaimi, 2010).
Availability of cheap carbon sources for these nitrogen fixing bacteria to fix N is
important for sustainable rice production. Sugar cane molasses also alters the C/N ratio
in soil and affects the soil microbiota which in turn affects the available nutrients for
plant (Schenck, 2001). Addition of a range of carbon sources (lactate and sucrose) has
been shown to regulate N»-fixation in the rhizosphere of plant such as Zostera noltii
(Welsh et al., 1997). Sugar cane molasses is a cheap carbon and energy source that is
suitable medium to grow N,-fixing bacteria. In addition to glucose, sugar cane



molasses also contain sucrose and fructose that can be used by other microorganisms
(Olbrich, 2006). Application molasses to paddy soil is as an additional carbon sources
to N»-fixing bacteria in the soil to fix N and available to rice plant, thus also can
improved yield of rice. Sugar cane molasses can be functionally used as organic
fertilizer that may replace urea as main N source commonly used in paddy fields.
Therefore, the objectives of the study were:

1. To determine the effect of different concentrations of molasses on growth of
Stenotrophomonas maltophilia (Sb16) in culture media and in soil amended
with molasses and urea.

2. To determine the effect of Stenotrophomonas maltophilia (Sb16), molasses
and urea on rice yield and to elucidate the distribution of N in the plant parts.



REFERENCES

Abdullah, M.Z., Mohammad, O. and Abdullah, S. (2005). Rice genetic resources:
Conservation and utilization in Malaysia. Journal Biosains, 16: 139-153.

Abdul Maset, M.M., Das, M.R., Kamruzzaman, M. and Talukder, M.N. (2012).
Biochemical Traits and Physico-Chemical Attributes of Aromatic-Fine Rice in
Relation to Yield Potential. American Journal of Plant Sciences. 3: 1788-1795.

Abrol, Y.P. and Nandula, R. (2007) Agricultural Nitrogen Use and Its Environmental
Implications. Delhi: IK International Publishing House.

Aislabie, J. and Deslippe, J.R. (2013). Soil microbes and their contribution to soil
services. /n Dymond JR ed. Ecosystem services in New Zealand — conditions
and trends. Manaaki Whenua Press, Lincoln, New Zealand. 122:161.

Albuquerque, M.G.E., Eiroa, M., Torres, C., Nunes, B.R. and Reis, B.R. (2007).
Strategies for the development of a side stream process for
polyhydroxyalkanoate (PHA) production from sugar cane molasses. Journal
Biotechnology, 130: 411-421.

Amir, H.G., Shamduddin, Z.H., Halimi, M.S., Ramlan, M.F. and Marziah, M. (2001).
Effects of Azospirillum inoculation on N, fixation and growth of oil palm
plantlet at nursery stage. J. Oil Palm Research. 13(1):42-49.

Anonymos. (2002) Plant transport mechanism.
http://home.earthlink.net/~dayvdanls/plant _transport.html

Antoun, H., Beauchamp, C.J., Goussard, N., Chabot, R. and Lalande, R. (1998).
Potential of Rhizobium and Bradyrhizobium species as plant growth promoting
rhizobacteria on nonlegumes: effect on radishes (Raphanus sativus L.). Plant
Soil, 204:57-67.

Anyia, A.O., Archambault, D.J., Be'cquer, C.J. and Slaski, J.J. (2009). Plant growth-
promoting diazotrophs and productivity of wheat on the Canadian prairies. In
M.S. Khan et al. (eds.): Microbial Strategies for Crop Improvement (pp. 285-
300). New York: Springer-Verlag Berlin Heidelberg.

Arshad, F.M., Alias, E.F., Noh, K.M. and Tasrif, M. (2011). Food security: self—
sufficiency of rice in Malaysia. National Conference on the Tenth Malaysia
Plan: Transformation towards a High Income Economy, 18(2):83—100.

Asian Geographic’s. Excellent Rice Edition. 2010. 74, Issue 5.

Ayuni, N., Radziah, O., Naher, U.A.A., Panhwar, Q.A. and Halimi, M.S. (2015). Effect

of nitrogen on nitrogenase activity of diazotrophs and total bacterial population
in rice of soil. J. Anim. Plant. Sci. 25(5):1358-1364.

53



Bae, S.O. and Shoda, M. (2005). Production of bacterial cellulose by Acetobacter
xylinum BPR2001 using molasses medium in a jar fermentor. Applied
Microbiology and Biotechnology, 67(1): 45-51.

Bah, A. (2009). Optimizing grain filling and nitrogen-use efficiency of irrigated rice
(Oryza sativa L.) through timely nitrogen application during reproductive
growth stage. Thesis. Universiti Putra Malaysia, Serdang, Selangor.

Baharuddin, M.K. (2007). Climate change: its effects on the agricultural sector in
Malaysia. In: National seminar on socio-economic impacts of extreme weather
and climate change, 21-22 June, Malaysia

Balachandar, D., Sandhiya, G.S., Sugitha, T.C.K. and Kumar, K. (2006). Flavonoids
and growth hormones influence endophytic colonization and in planta nitrogen
fixation by a diazotrophic Serratia sp. in rice. World Journal Microbiology
Biotechnology, 22:707-712.

Baldani, J.I., Caruso, L., Baldani, V.L.D., Goi, S.R. and Do bereiner, J. (1997). Recent
advances in BNF with non-legume plants. Soil Biology and Biochemistry,
29:911-922.

Baldani, V.L.D., Baldani, J.I. and Dobereiner, J. (2000). Inoculation of rice plants with
endophytic diazotrophs Herbaspirillum seropedicae and Burkholderia spp.
Biology Fertility Soils, 30: 485-491.

Banik, R.M., Santhiagu, A. and Upadhyay, S.N. (2007). Optimization of nutrients for
gellan gum production by Sphingomonas paucimobilis ATCC-31461 in
molasses based medium using response surface methodology. Bioresource
Technology, 98(4):792—7.

Barraclough, P.B., Howarth, J.R., Jones, J., Lopez-Bellido, R., Parmar, S., Shepherd,
C.E. and Hawkesford, M.J. (2010). Nitrogen efficiency of wheat: Genotypic and
environmental variation and prospects for improvement. European Journal of
Agronomy, 33(1):1-11.

Bashan, Y., Holguin, G. and de-Bashan, L.E. (2004). Azospirillum-plant relationships:
Physiological, molecular, agricultural and environmental advances. Canadian
Journal Microbiology, 50: 521-577.

Bashan, Y. and Holguin, G. (1997). Azosprillum—plant relationships: Environmental
and physiological advances. Canadian Journal Microbiology, 43:103—121

Beattie, G.A. (2007). Plant-associated bacteria: Survey, molecular phylogeny,
genomics and recent advances. In Plant-associated bacteria, (ed.)
Gnanamanickam, S.S., pp. 1-56, Springer.

Belesky, D.P. and Malinowski, D.P. (200) Adaption of endophyte-infected cool season

grasses to environmental stresses: Mechanism of drought and mineral stress
tolenrance. Crop Sci. 40:923-940.

54



Bhavanath, J., Pradeep, K., Agarwal,, Palakolanu, S.R., Sanjay, L., Sudhir, K. S. and
Malireddy, K. R. (2009). Identification of salt-induced genes from Salicornia
brachiata, an extreme halophyte through expressed sequence tags analysis.
Genes & Genetic Systems, 84(2):111-120.

Biswas, J.C., Ladha J.K., Dazzo, F.B., Yanni, Y.G. and Rolfe, B.G. (2000). Rhizobial
inoculation influences seedling vigor and yield of rice. Agronomy Journal, 92:
880-886.

Bray, R.H. and Kurtz, L.T. (1945). Determination of total, organic, and available forms
of phosphorus in soils. Soil Science, 59: 39-45.

Bremner, J.M. (1996). Nitrogen Total. In Methods of Soil Analysis (Part 3). Chemical
Methods, ed. Spark, D.L., Page, A.L., Helmke, P.A., Loeppert, R.H.,
Sultanpour, P.N., Tabatabai, M.A., Johnsto, C.T., Sumner, M.E., pp. 1085-1121,
American society of Agronomy Inc., Madison, Wisconsin, USA.

Buresh, R.J., Reddy, K.R. and van Kessel, C. (2008). Nitrogen transformations in
submerged soils. Soil Science, 401-436.

Biirgmann, H., Meier, S., Bunge, M., Widmer, F. and Zeyer, J. (2005). Effects of
model root exudates on structure and activity of a soil diazotroph community.
Environment Microbioogy, 7: 1711-1724.

By, E. and Professionals, C. (2002). Essentials of a national nitrate, 57(6), 327-335.

Cassan, F., Bottini, R., Schneider, G. and Piccoli, P. (2001). Azospirillum brasilense
and Azospirillum lipoferum hydrolyze conjugates of GA20 and metabolize the
resultant aglycones to GAl in seedlings of rice dwarf mutants. Plant
Physiology, 125.

Cazetta, M.L., Celligoi, M.A.P.C., Buzato, J.B., Scarmino, [.S. and da Silva, R.S.F.
(2005). Optimization study for sorbitol production by Zymomonas mobilis in
sugar cane molasses. Process Biochemistry, 40:747—751.

Cha, S.H., Lim, J.S., Yoon, C.S., Koh, J.H., Chang, H.I. and Kim, S.W. (2007).
Production of mycelia and exo-biopolymer from molasses by Cordyceps
sinensis 16 in submerged culture. Bioresources Technoogy,. 98:165—168.

Chapman, H.D. (1965). Cation-exchange capacity. In: C.A. Black. Methods of soil
analysis: Chemical and microbiological properties. Agronomy 9:891-901.

Choudhury, A.T.M.A. and Kennedy, [.R. (2004). Prospects and potentials for systems
of biological nitrogen fixation in sustainable rice production. Biology Fertility
Soils, 39: 219-227.

Cock, J.H. and Yoshida, S. (1972). Accumulation of '*C-labelled ¢ and carbohydrate

before flowering and its subsequent redistribution and respiration in the rice
plant. Proceeding of the Crop Science Society of Japan, 41:226-234.

55



Colvill, K.E. and Marshall, C. (1984). Tiller dynamics and assimilate partitioning in
Lolium perenne with particular reference to flowering. Annals of Applied
Botany, 104:543-557.

Compant, S., Reiter, B., Sessitsch, A., Clément, C., Barka, E. A. and Nowak, J. (2005).
Endophytic colonization of Vitis vinifera L. by plant growth-promoting
bacterium endophytic colonization of Vitis vinifera L. by plant growth-
promoting bacterium Burkholderia sp. strain PsJN. Applied and Environmental
Microbiology, 71(4), 1685-1693.

Copper, J.E. and Scherer, H.W. (2012). Nitrogen fixation. In Marschner's mineral
nutrition of higher plant. pp. 389-408.

Costa, J.M. and Loper, J.E. (1994). Characterization of siderophore production by the
biological control agent Enterobacter cloacae. Molecular Plant-Microbe
Interaction, 7: 440-448.

Dalton, D.A. and Kramer, S. (2007). Nitrogen-fixing bacteria in non-legume. In Plant-
associated bacteria, ed. Gnanamanickam, S.S., pp. 105-130, Springer.

da Silva, G.P., de Arogjo, E.F., Silva, D.O. and Guimarges, W.V. (2005). Ethanolic
fermantation of sucrose, sugarcane juice and molasses by Escherichia coli strain
Kol 1 and Klebsiella oxytoca strain P2. Braz. J. Microbiol. 36:395-404.

De Weert, S. and Bloemberg, G.V. (2007). Rhizosphere competence and the role of
root colonization in biocontrol. In Plant-associated bacteria, ed.
Gnanamanickam, S.S., pp. 317-333, Springer.

Deng, S.P. and Tabatabai, M.A. (1994). Colometric determination of reducing sugar in
soils. Soil Biology & Biochemistry, 26 (4): 473-477.

Dhar, N.R., Mukerji, S.K., Seshacharyulu, E.V. and Tandon, S.P. (1936) Nitrogen
transformation in the soil. Allahabad University. 3(2):75-131.

Dobbelaere, S., Vanderleyden, J. and Okon, Y. (2003). Plant growth-promoting effects
of diazotrophs in the rhizosphere. Critical Review in Plant Science, 22: 107-149.

Dobermann, A. and Fairhurst, T. (2000). Rice: Nutrient disorders and nutrient
management. International Rice Research Institute, Manila, Philippines.

Ebaid, R.A. and El-Rafaee, S.I. (2007). Utilization of rice husk as an organic fertilizer
to improve productivity and water use efficiency in rice fields. African Crop
Science Conference Proceedings. 8:1923-1928.

El-Enshasy, H.A., Mohamed, N.A., Farid, M.A. and El-Diwany, A.L. (2008).
Improvement of erythromycin production by Saccharopolyspora erythraea in
molasses based medium through cultivation medium optimization. Bioresource
Technology, 99:4263—4268.

56



Fageria, N.K. and Barbosa Filho, M.P. (2001). Nitrogen use efficiency in lowland rice
genotypes. Communications in Soil Science and Plant Analysis, 32(13-14),
2079-2089.

Farooq, U., Anjum, F.M. and Zahoor, T. (2012). Optimization of lactic acids
production from cheap raw material: Sugarcane Molasses, 44(1), 333—-338.

Feng, Y., Shen, D. and Song, W. 2006. Rice endophyte Pantoea agglomerans YS19
promotes host plant growth and affects allocations of host photosynthates.
Journal. Applied Microbioliogy, 100: 938-945.

Food and Agriculture Organization (FAO). 2001. Statistical Data Base.
http://www/fao-org.

Food and Agriculture Organization (FAO). 2006. The State of Food Insecurity in the
World 2006. http://www.fao.org/icatalog/inter-e.html

Food and Agriculture Organization (FAQO). 2007. Nutrient Management guidelines for
some major field crops.In: Plant Nutrition For Food Security. 8:235-261.

Foyer, C., Ferrario-Mery, S. and Noctor, G. (2001). Interactions between carbon and
nitrogen metabolism. In: Lea PJ, Morot-Gaudry J-F, eds. Plant nitrogen. Berlin:
Springer-Verlag, 237-254.

Gallon, J. (1992). Reconciling the incompatible: Nitrogen fixation and oxygen. New
Phytology, 122:571-609.

Ghosh, S., Chakraborty, R. and Raychaudhari, U. (2010). Modulation of palm wine
fermentation by control of carbon and nitrogen source on metabolism of
Saccharomyces cerevisiae. J. Food Technol. 8(5): 204-210.

Gibson, K., Park, J.S., Nagai, Y., Hwang, S.K., Cho, Y.C.,Roh, K.H.,, Lee,
S.M., Kim, D.H., Choi, S.B., Ito, H., Edwards, G.E. and Okita, T.W. (2011).
Exploiting leaf starch synthesis as a transient sink to elevate photosynthesis
plant productivity and yields. Plant Sci. 181(3):275-281.

Gilis, M., Van, T.V., Bardin, R., Goor, M., Herbar, P., Willems, A., Segers, P.,
Kersters, K., Heulin, T. and Fernandez, M.P. (1995). Polyphasic Taxonomy in
the genus Burkholderia leading to an emended description of the genus and
proposition of Burkholderia vietnamiensis sp. nov. for Np-fixing isolates from
rice in Vietnam. [nternational Journal of Systematic and Evolutionary
Microbiology. 45 (2):274-289.

Govindarajan, M., Balandreau, J., Kwon, S.W., Weon, H.Y. and Lakshminarasimhan,
C. (2008). Effects of inoculation of Burkholderia vietnamensis and related
endophytic diazotrophic bacteria on grain yield of rice. Microbiology Ecology,
55:21-37.

Gregory, P.J. and Timothy S.G. (2011). Feeding nine billion: The challenge to
sustainable crop production. Journal of Experimental Botany, 62(15):5233-
5239.

57



Gyneshwar, P., James, E.K. Mathan, N., Reddy, P.M., Reinhold-Hurek B. and Ladha,
J.K. (2001). Endophytic colonization of rice by a diazotrophic strain of Serratia
marcescens. Journal of Bacteriology, 183: 2634-2645.

Havlin, J.L. and Soltanpour, P.N.(1980). A nitric acid plant tissue digest method for
use with inductively coupled plasma spectrometry. Communication in Soil
Science and Plant Analysis, 1:969-980.

Henson, R.A. and Heichel, G.H. (1984). Dinitrogen fixation of soybean and alfalfa:
Comparison of the isotope dilution and difference methods. Field Crops
Research, 9:333-346.

Hiroshi, N., Ikuo, H., Kenzi, S. and Satoshi, M. (2011). Early planting and early
nitrogen application increase stem total digestible nutrient concentration and
yield of forage rice in southwestern Japan. Plant Prod. Sci. 14(2):169-176.

Houlton, B.Z., Wang, Y.P., Vitousek, P.M. and Field, C.B. (2008). A unifying
framework for dinitrogen fixation in the terrestrial biosphere. Nature, 454: 327-
334.

Hubbell, D. H, and Kidder, G. (2003). Biological nitrogen fixation. Retrieved March
24,2016, from http://edis.ifas.ufledu/ss180.

Hurek, T., Handley, L.L., Reinhold-Hurek, B. and Piché, Y. (2002). Azoarcus grass
endophytes contribute fixed nitrogen to the plant in an unculturable state.
Molecular Plant Microbe Interaction, 15(3):233-42.

Hurek, T., Reinhold-Hurek, B., van Montagu, M. and Kellenberger, E. (1994). Root
colonization and systemic spreading of Azoarcus sp. strain BH72 in grasses.
Journal Bacteriology, 176: 1913-1923.

Hutsch, B.W., Augustin, J. and Merbach, W. (2002) Plant rhizodeposition-an important
source for carbon turnover in soils. Journal Plant Nutrition Soil Science, 165:
397-407.

Ikram-ul, H., Ali, S., Qadeer, M.A. and Iqgbal, J. (2004). Citric acid production by
selected mutants of Aspergillus niger from cane molasses. Bioresources
Technology, 93:125-130.

Islam, M.R., Madhaiyan, M., Deka Boruah, H.P., Yim, W., Lee, G., Saravanan, V.S.,
Fu, Q., Hu, H. and Sa, T. (2009). Characterization of plant growth-promoting
traits of free-living diazotrophic bacteria and their inoculation effects on growth
and nitrogen uptake of crop plants. Journal Microbiology Biotechnology,19:
1213-1222.

Jain, D.K. and Patriquin, G. (1984). Root hair deformation, bacterial attachment and
plant growth in wheat-Azospirillum associations. Applied Environment

Microbiology, 48: 1208-1213.

James, E.K. (2000). Nitrogen fixation in endophytic and associative symbiosis. Field
Crop Research, 65:197-209.

58



James, E.K., Reis, V.M., Olivares, F.L., Baldani, J.I. and Dobereiner, J. (1994).
Infection of sugarcane by the nitrogen-fixing bacterium Acetobacter
diazotrophicus. Jornal of Experimental Botany, 45: 757-766.

James, E.K. and Olivares, F.L. (1998). Infection and colonization of sugarcane and
other graminaceous plants by endophytic diazotrophs. Critical Review Plant
Science, 17: T7-119.

Jena, P.K., Adhya, T.K. and Rao, V.R. (1992). Nitrogen fixation in Azospirillum sp.
isolated from rice roots and soils as influenced by carbofuran and combined
nitrogen. Zentralblatt fur Mikrobiologie 147: 340-344.

Jensen, H.L. (1942). Nitrogen fixation in leguminous plants. I. General characters of
root-nodule bacteria isolated from species of Medicago and Trifolium in
Australia. Proceedings of the Linnean Society of New South Wales, 66, 98—108.

Janssen, B.H., Guiking, F.C.T., van der Eijk, D., Smaling, EM.A., Wolf, J., Van
Reuler, H. (1990). A system for quantitative evaluation of the fertility of tropical
soils (QUEFTYS). Geoderma, 46: 299 —318.

Jones, D.L., Farrar, J. and Giller, K.E. (2003b). Associative nitrogen fixation and root
exudation-what is theoretically possible in the rhizosphere? Symbiosis. 35:19-38.

Kant, S., Yong-Mei, B. and Rothstein, S.J. (2010). Understanding plant response to
nitrogen limitation for the improvement of crop nitrogen use efficiency. Journal
of Experimental Botany, 1-11.

Kanungo, P.K., Panda, D., Adhya, T.K., Ramakrishnan, B. and Rao, V.R. (1997).
Nitrogenase activity and nitrogen-fixing bacteria associated with rhizosphere of
rice cultivars with varying N absorption efficiency. Journal of Science Food
Agriculture, 73: 485-488.

Kalogiannis, S., Iakovidou, G., Liakopoulou-Kyriakides, M., Kyriakidis, D. A. and
Skaracis, G.N. (2003). Optimization of xanthan gum production by Xanthomonas
campestris grown in molasses. Process Biochemistry, 39(2):249 -256.

Kaur, S., Vohra, R.M., Kapoor, M., Beg, Q.K. and Hoondal, G.S. (2001).Enhanced
production and characterization of a highly thermostable alkaline protease from
Bacillus sp. P-2. World Journal of Microbiology & Biotechnology. 17: 125-129.

Keeling, A.A., Cook, J.A. and Wilcox, A. (1998). Effects of carbohydrate application
on diazotroph populations and nitrogen availability in grass swards established in
garden waste compost. Bioresource Technology 66(2): 88-97.

Kennedy, I.R. and Tehan, Y.T. (1992). Biological nitrogen fixation in non-leguminous
field crops: Recent advances. Plant Soil, 141: 93—118.

Kennedy, I.R., Choudhury, A.T.M.A. and Kecskés, M.L. (2004). Non-symbiotic

bacterial diazotrophs in crop-farming systems: Can their potential for plant
growth promotion be better exploited? Soil Biology Biochemistry, 36: 1229-1244,

59



Khush, G.S. and Peng, S. (1996). Breaking the yield frontier of rice. In: Reynolds,
M.P., Rajaram, S., McNab, A. (Eds.), Increasing Yield Potential in Wheat:
Breaking the Barriers. International Maize and Wheat Improvement Center,
Mexico.pp.36-51.

Kloepper, J.W., Leong, J., Teintze, M. and Schroth, M.N. (1980). Enhanced plant
growth by siderophores produced by plant growth-promoting rhizobacteria.
Nature, 286:885-886.

Quadt-Hallmann, A. and Kloepper, J.W. (1996) Immunological dtection and
localization of cotton endophyte Enterobanter asburiae JM22 in different plant
spieces. Canadian Journal of Microbiology. 42(11):1144-1154.

Kyuma, K. Food and Fertilizer Technology Center. Ecological sustainability of the
paddy soil-rice system in Asia. Extension bulletin.
http://www.agnet.org/library.php?func=view&style=type&id=20110721171053.
(accessed 20 January 2016).

Kyuma, K. (1995) Ecological Sustainability of the Paddy Soil-Rice System in Asia.
Taiwan: Food and Fertilizer Technology Center.
http://www.agnet.org/library.php?func=view&id=20110721171053.

Kuzyakov, Y. and Jones, D.L. (2006) Glucose uptake by maize roots and its
transformation in the rhizosphere. Soil Biology and Biochemistry.38:851-860.

Ladha, J.K., de Bruijn, F.J. and Malik, K.A. (1997). Introduction: Assessing
opportunities for nitrogen fixation in rice - a frontier project. Plant and Soil, 194:
1-10.

Ladha, J.K., Dawe, D., Ventura, T.S., Singh, U., Ventura, W. and Watanabe, . (2000).
Long-term effects of urea and green manure on rice yields and nitrogen balance.
Soil Science Society of America Journal, 64: 1993-2001.

Ladha, J.K., Tirol-Padre, A., Reddy, C.K. and Ventura, W. (1993). Prospects and
problems of BNF in rice production. A critical assessment. In New horizons in
nitrogen fixation, ed. Palacios, R., More, J., Newton, W.E., pp. 677-682, Kluwer
Academic Publishers, The Netherlands.

Lalonde, S., Wipf, D. and Frommer, W.B. (2004). Transport mechanisms for organic
forms of carbon and nitrogen between source and sink. Annual Review Plant
Biology, 55:341-72

Lawlor, D.W. (2002). Carbon and nitrogen assimilation in relation to yield:
mechanisms are the key to understanding production systems. Journal of
Experimental Botany, 53(370), 773-787.

Lawlor, D.W., Lemaire, G. and Gastal, F. (2001). Nitrogen, plant growth and crop

yield. In: Lea PJ, Morot-Gaudry J-F, eds. Plant nitrogen. Berlin: Springer-Verlag
(pp. 343-367).

60



Lee, S., Flores-Encarnacion, M., Contreras-Zentella, M., Garcia-Flores, L., Escamilla,
J.E. and Kennedy, C. (2004). Indole-3-acetic acid biosynthesis is deficient in
Gluconacetobacter diazotrophicus strains with mutations in Cytochrome c
biogenesis genes. Journal of Bacteriology, 186: 5384-5391.

Li, N., Deng, Z., Qin, Y., Chen, C. and Liang, Z. (2008). Production of polyunsaturated
fatty acids by Mucor recurvus sp. with sugarcane molasses as the carbon cource.
Food Technology and Biotechnology, 46(1), 73-79.

Lin, X.Q., Zhou, W.J., Zhu, D.F., Chen, H.Z. and Zhang, Y.P. (2006). Nitrogen
accumulation, remobilization and partitioning in rice under an improved
irrigation practice. Field Crops Res. 96(2-3):448-454.

Lu, C.A., Ho, T.H,, Ho, S.L. and Yu, S.M. (2002). Three novel MY B proteins with one
DNA binding repeat mediate sugar and hormone regulation of alpha-amylase
gene expression. Plant Cell, 14:1963-80.

Lubis, I., Shiraiwa, T., Ohnishi, M., Horie, T. and Inoue, N.(2003). Contribution of
sink and source sizes to yield variation among rice cultivars. Plant Production
Science, 6:119-125.

Mae, T. And Ohira, K. (1981). The Remobilization of Nitrogen Related to Leaf Growth
and Senescence in Rice Plants (Oryza sativa L.). Plant Cell Physiology. 22:
1067-1074.

Malathi, S, and Chakraborty, R. (1991). Production of alkaline protease by a new
Aspergillus flavus isolate under solid substrate fermentation conditions for use as
a depilation agent. Applied Environment Microbiology, 57: 712-716.

Malaysia Agriculture Directory and Index. 2009.

Manhart, J.R. and Wong, P.P. (1980). Nitrate effect on nitrogen fixation (acetylene
reduction): Activities of legume root nodules induced by rhizobia with varied
nitrate reductase activities. Plant Physiology, 65: 502-505.

Martin, D.E and Reinhold-Hurek, B. (2002). Distinct roles of PII-like signal transmitter
proteins and amitB in regulation of nif gene expression, nitrogenase activity and
posttranslational modification of NifH in Azoarcus sp. strain BH72. Journal of
Bacteriology, 184: 2251-2259.

Mehnaz, S., Weselowski, B. and Lazarovits, G. (20006). Isolation and identification of
Gluconacetobacter azotocaptans from corn rhizosphere. Systematic and Applied
Microbiology, 29(6): 496-501.

Min-Soo, Y. Takayuki, U. and Yushushi, K. (2011) Rice debranching enzyme
isoamylase3 facilitates starch metabolism and affects plastid morphogenesis.
Plant Cell Pysiol, 52(6): 1068—1082.

Mohanty, S., Wailes, E. and Chavez, E. (2010). The global rice supply and demand
outlook: The need for greater productivity growth to keep rice affordable. In:
Pandey, S., Byerlee, D., Dawe, D., Dobermann, A., Mohanty, S., Rozelle. S. and

61



Hardy, B. editors. Rice in the global economy: Strategic research and policy
issues for food security. Los Bafios (Philippines): International Rice Research
Institute. pp. 175-188.

Momoh, E.J.J. and Zhou, W. (2001) Growth and yield responses to plant density and
stage of transplanting in winter oilseed rape ( Brassica napus L.). Journal of
Agronomy and Crop Science. 186(4):253-259.

Momoh, E.J., Song, W.J., Li, H.Z. and Zhou, W.J. (2004). Seed yield and quality
responses of winter oilseed rape (Brassica napus) to plant density and nitrogen
fertilization. Indian J. Agric. Sci.. 74:420-424.

Moradi, F. and Ismail, A.M. (2007). Responses of photosynthesis, chlorophyll
fluorescence and ROS-Scavenging systems to salt stress during seedling and
reproductive stages in rice. Annanls of Botany, 99: 1161-1173.

Morita, K. (1980). Release of Nitrogen from Chloroplast during Leaf Senescence in
Rice (Oryza sativa L.). Annals of Botany. 46(3): 297-302.

Mulder, E.G. (1975). Physiology and ecology of free-living, nitrogen-fixing bacteria.
In: Nitrogen fixation by free-living microorganisms (Steward, W.D.P, ed.), pp. 1-
27. London: Cambridge University Press.

Mutert, E. and Fairhust T.H. (2002). Developments in Rice Production in Southeast
Asia. Better Crops Institute, 15: 12-17.

Muthukumarasamy, R., Revathi, G. and Lakshminarasimhan, C. (1999). Influence of
N-fertilization on the isolation of Acetobacter diazotrophicus and Herbaspirillum
spp. From Indian suagrcane varieties. Biology Fertility Soils, 29: 157-164.

Muthukumarasamy, R., Kang, U.G. and Park, K.D. (2007). Enumeration, isolation and
identification of diazotrophs from Korean wetland rice varieties grown with long-
term application of N and compost and their short-term inoculation effect on rice
plants. Journal of Applied Microbiology, 102 (4): 981-991

Naher, U.A., Radziah, O., Halimi, M.S., Shamsuddin, Z.H. and Mohd Razi, I. (2009).
Influence of root exudate carbon compounds of three rice genotypes on
rhizosphere and endophytic diazotrophs. Tropical Agriculture, 32:209-223.

Naher, U.A., Radziah, O., Halimi, M.S., Shamsuddin, Z.H. and Razi, M.I. (2008).
Specific growth rate and carbon sugar consumption of diazotrophs isolated from
rice thizosphere. Journal Biology Science, 8: 1008-1014.

Naher, U.A., Othman, R., Shamsuddin, Z.H.J., Saud, H.M. and Ismail, M.R. (2009a).
Growth enhancement and root colonization of rice seedlings by Rhizobium and
Corynebacterium spp. International Journal Agricultural Biological, 11: 586-
590.

Naher, U.A., Othman, R., Shamsuddin, Z.H., Saud, H.M., Ismail, M.R. and Rahim,
K.A. (2011). Effect of root exuded specific sugars on biological nitrogen fixation

62



and growth promotion in rice (Oryza sativa). Australian Journal of Crop Science,
5(10), 1210-1217.

Najafpour, G. and Shan, C. (2003). Enzymatic hydrolysis of molasses. Bioresource
Technology, 86, 91-94.

Nayak, D.N., Ladha, J.K., and Watanabe, 1. (1986). The fate of marker Azospirillum
lipoferum inoculated into rice and its effect on growth, yield and N fixation of
plants studied by acetylene reduction, '’N; feeding and '°N dilution techniques.
Biology Fetility Soils, 2: 7-14.

Nelson, N.(1944). A photometric adaption of Somogyi method for determination
glucose. Journal Biology Chemisty,153:375-380.

Nighat, N. and Nazia, J. (2014) Optimization of biodegradable plastic production on
sugar cane molasses in Enterobacter sp. SEL2. Brazilian Journal of
Microbiology 45(2): 417-426.

Ntanos, D.A. and Koutroubas, S.D. (2002). Dry matter and N accumulation and
translocation for Indica and Japonica rice under Mediterranean conditions. Field
Crops Research, 74:93-101.

Olbrich H. (2006). The molasses. Germany: Biotechnologie Kempe Gmb.

Olivares, F.L., James, E.K., Baldani, J.I. and Ddbereiner, J. (1997). Infection of
mottled stripe disease-susceptible and resistant sugarcane varieties by the
endophytic diazotroph Herbaspirillum. New Phytologist, 135, (in press).

Othman, R., Naher, U.A. and Saidatul, . A.H. (2012). Effect of Paraquat on growth of
diazotrophic strain Stenotrophomonas maltophila in flooded soil. African Journal
of Microbiology Research, 6(23):4939-4944.

Panhwar, Q.A., Radziah, O., Sariah, M. and Ismail, M.R. (2009). Solubilization of
different phosphate forms by phosphate solubilizing bacteria isolated from
aerobic rice. International Journal of Agriculture and Biology, 11(November
2015), 667-673.

Park, M., Kim, C., Yang, J., Lee, H., Shin, W., Kim, S. and Sa, T. (2004). Isolation and
characterization of diazotrophic growth promoting bacteria from rhizosphere of
agricultural crops of Korea. J. Micres.

Pattanagul, W. and Thitisaksakul, M. (2008). Effects of salinity stress on growth and
carbohydrate metabolism in three rice (Oryza sativa L.) cultivars differing in
salinity tolerance. Indian Journal Experimantal Biology, 46: 736-742.

Pausch, R.C., Mulchi, C.L., Lee, E.H. and Meisinger, J.J.(1996). Use of '*C and '°N
isotopes to investigate O3 effects on C and N metabolism in soyabeans. Part 2:
Nitrogen uptake, fixation and partitioning. Agricultural Ecosystem Environment,
60: 62-69.

63



Perez, C.M., Palmiano, E.P.,Baun, L.C. and Juliano, B.O. (1971). Starch Metabolism in
the Leaf Sheaths and Culm of Rice. Plant Physiol. 47:404-408.

Pieters, A.J., El Souki, S. and Nazar, C. (2006). Growth, yield and nitrogen allocation
in two rice cultivars under field conditions in Venezuala. Field Crops Reseaarch.
74:93-101.

Pourtau, N., Mares, M., Purdy, S., Quentin, N., Ruel, A. and Wingler, A. (2004).
Interactions of abscisic acid and sugar signalling in the regulation of leaf
senescence. Planta, 219:72-765.

Prakamhang, J., Minamisawa, K., Teamtaisong, K., Boonkerd, N. and Teaumroong, N.
(2009). The communities of endophytic diazotrophic bacteria in cultivated rice
(Oryza sativa L.). Applied Soil Ecology, 42(2), 141-149.

Radziah, O., Naher, U.A. and Yusoff, S.Z. (2013). Effect of urea-N on growth and
indoleacetic acid production of Stenotrophomonas maltophilia (Sb16) isolated
from rice growing soils in Malaysia, 73(June), 187-192.

Raimam, M.P., Albino, U., Cruz, M.E., Lovato, G.M., Spago, F. and Ferracin, T.P.
(2007). Interaction among free-living N-fixing bacteria isolated from Drosera
villosa var. villosa and AM fungi (Glomus clarum) in rice (Oryza sativa).
Applied Soil Ecology, 35:25-34.

Raines, C.A. (2011). Increasing photosynthetic carbon assimilation in Cs plants to
improve crop yield: Current and future strategies, Plant Physiology. 115:36-42.

Rao, V.R. (1976). Nitrogen fixation as influenced by moisture content, ammonium
sulphate and organic sources in a paddy soil. Soil Biology Biochemistry, 8: 445-
448.

Rao, V.R., Ramakrishnan, B., Adhya, T.K., Kanungo, P.K. and Nayak, D.N. (1998).
Review: Current status and future prospects of associative nitrogen fixation in
rice. World Journal Microbiology Biotechnology, 14: 621-633.

Reddy, K.R. and Delaune, R.D. (2008). Biogeochemistry of Wetlands: Science and
applications. CRC Press. http://www.crcpress.com. (accessed 15 October 2013)

Reinhold-Hurek, B. and Hurek, T. (1998). Life in grasses: Diazotrophic endophytes.
Trends Microbiology, 6: 139-144.

Reis, V.M., Baldani, J.I., Baldani, V.L.D., and Ddbereiner, J. (2000). Biological
dinitrogen fixation in gramineae and palm trees. Critical Reviews in Plant
Sciences, 10: 227-247

Rekha, P.D., Lai, W.A., Arun, A.B. and Young, C.C. (2007). Effect of free and
encapsulated Pseudomonas putida CC-FR2-4 and Bacillus subtilis CC-pg104 on
plant growth under gnotobiotic conditions. Bioresources Technology, 98:447-51.

Rodriguez, H. and Fraga, R. (1999). Phosphate solubilizing bacteria and their role in
plant growth promotion. Biotechnology Advance, 17:319-339.

64



Roesch, L. F.W., Olivares, F. L., Percira Passaglia, L. M., Selbach, P. A., Saccol de
Sa, E. L. and Oliveira de Camargo, F. A. (2006). Characterization of diazotrophic
bacteria associated with maize: Effect of plant genotype, ontogeny and nitrogen-
supply. World Journal Microbiology Biotechnology, 22: 967-974.

Rolland, F., Baena-Gonzalez, E. and Sheen, J. (2006). Sugar sensing and signaling in
plants: Conserved and novel mechanisms. Annual Review Plant Biology, 57:675—
709

Rothballer, M., Schmid, M., Klein, 1., Gattinger, A., Grundmann, S. and Hartmann, A.
(2006). Herbaspirillum hiltneri sp. nov., isolated from surface sterilized wheat
roots. International Journal System Evolution Microbiology, 56: 1341—1348.

Rowland-Bamford, A.J., Allen, L.H., Jr, Baker, J.T. and Boote, K.J. (1990). Carbon
dioxide effects on carbohydrate status and partitioning in rice. Journal of
Experimental Botany. 41:1601-1608.

Riickauf, U., Augustin, J., Russow, R. and Merbach, W. (2004). Nitrate removal from
drained and reflooded fen soils affected by soil N transformation processes and
plant uptake. Soil Biology and Biochemistry, 36(1):77-90.

Ryan, F. (2012) Investing in agriculture.
http://www.investmentu.com/article/27523/investing-in-
agriculture#. Vp7ktprShdg

Saikia, S.P. and Jain, V. (2007). Biological nitrogen fixation with non-legumes: An
achievable target or a dogma?. Current Science, 92: 317-322.

Saikia, S.P. and Jain, V. (2012). Addendum Biological nitrogen fixation with non-
legumes: An achievable target or a dogma? Retraction Identification of a marine
zoanthid Zoanthus sansibaricus (Carlgren) from the intertidal rocky shore of
Anjuna (Goa) using morphological and molecula, /02(2),

Samantaray, R.N., Panda, D. and Patnaik, S. (1991). Response of photosensitive elite
rice varieties to nitrogen under direct sown rainfed lowland conditions. Oryza,
28:77-83.

Samonte, S.O.P., Wilson, L.T., McClung, A.M. and Tarpley, L. (2001). Seasonal
dynamics of nonstructural carbohydrate partitioning in 15 diverse rice genotypes.
Crop Science, 41:902-909.

San Yu, S., Ko Latt, Z., Phyu Kyaw, E. and Mar Lynn, T. (2011). Accumulation of
ammonia in culture broth by wild-type nitrogen-fixing bacterium,
Stenotrophomonas maltophila. International Journal of Applied Biology and
Pharmaceutical Technology, 2(1): 72-77.

Sato, K. (1956). Studies on the starch contented in the tissues of rice plant. (2) Effects

of shading and nitrogen supply on the development of kernels and on the amount
of starch stored in the culm internodes. Jpn. J. Crop Sci. 24: 154-155.

65



Schenck, S. (2001). Molasses soil amendment for crop improvement and nematode
management, Vegetable Report 3 (October).

Schoebitz, M., Ribaudo, C., Pardo, M., Cantore, M., Ciampi, L. and Cura, J.A. (2009a).
Plant growth promoting properties of a strain of Enterobacter ludwigii isolated
from Lolium perenne rhizosphere. Soil Biology .Biochemistry, 41, 1768-1774.

Schoebitz, M., Simonin, H. and Poncelet, D. (2009b). Rhizobacteria adhesion to starch
granules XVIIth International Conference on Bioencapsulation. Bioencapsulation
Research Group, Groningen, Netherlands.

Scott, V.E. (2012). Quantification of a sensitive soil carbon constituent as affected by
soil type, tillage system and crop rotation. Graduate Theses and Dissertations,
Iowa State University, US.

Senthilkumar, M., Madhaiyan, M., Sundaram, S.P. and Kannaiyan, S. (2009).
Intercellular colonization and growth promoting effects of Methylobacterium sp.
with plant-growth regulators on rice (Oryza sativa L. Cv CO-43). Microbiological
Research, 164: 92-104.

Sevilla, M., Burris, R.H., Gunapala, N. and Kennedy, I.R. (2001). Comparison of
benefit to sugarcane plant growth and "N, incorporation following inoculation of
sterile plants with Acetobacter diazotrophicus wild-type and nif mutant strains.
Molecular Plant-Microbe Interaction, 14: 359-366.

Shaharoona, B., Naveed, M., Arshad, M. and Zahir, Z.A. (2008). Fertilizer-dependent
efficiency of Pseudomonads for improving growth, yield and nutrient use
efficiency of wheat (Triticum aestivum L.). Applied Microbiology Biotechnology,
79: 147-155.

Shenoy, V.V., Kalagudi, G.M. and Gurudatta, B.V. (2001). Towards nitrogen
autotrophic rice. Current Science, 81: 451-457.

Singh, S., Amartalingam, R., Wan Harun, W.S. amd Islam, M.T. (1996). Simulated
impact of climate change on rice production in Peninsular Malaysia. Proceedings
of the National Conference on Climate Change. 12—13 August, UPM, Malaysia,
pp- 41-49.

Somasegaran, P. and Hoben, H.J. (1985). Method in Legume-Rhizobium technology.
University of Hawaii. College of Tropical Agriculture and Human Resources,

Homolulu, Hawaii.

Shrestha, R.K., Ladha, J.K., 1996. Genotypic variation in promotion of rice nitrogen as
determined by nitrogen "N dilution. Soil Sci. Soc. Am. J. 60:1815-1821.

Somongyi, M. (1945). A new reagent for determination of sugars. Journal of
Biochemistry, 160:61-68.

Stella, M. and Suhaimi, M. (2010). Selection of suitable growth medium for free-living
diazotrophs isolated from compost, 38(2), 211-219.

66



Stitt, M., Lunn, J. and Usadel, B. (2010). Arabidopsis and primary photosynthetic
metabolism-more than the icing on the cake. Plant Journal, 61: 1067—-1091.

Surette, M.A., Sturz, A.V., Lada, R.R. and Nowak, J. (2003). Bacterial endophytes in
processing carrots (Daucus carota L. var. sativus): Their localization, population
density, biodiversity and their effects on plant growth. Plant and Soil, 253: 381-
390.

Takahashi, S., Ishimaru, K., Yazaki, J., Fujii, F., Shimbo, K., Yamamoto, K., Sakata,
K., Sasaki, T., Kishimoto, N. and Kikuchi, S. (2005). Microarray analysis of sink-
source transition in rice leaf sheaths. Breeding Science, 55 : 153—162

Tanaka, K., Kasai, Z. and Ogawa, M. (1995). Physiology of ripening. In: Takane, M.,
Kumazawa, K.K., Ishii, R. and Hirata, H (Eds) Science of the Rice Plant. Vol 2,
pp-97-118. Ministry of Agriculture, Forestry and Fisheries, Japan.

Tien, T.M., Gaskins, M.H. and Hubbel, D.H. (1979). Plant growth substances produced
by Azospirillum brasilense and their effect on growth of pearl millet (Pennisetum
americanum L.). Applied Environment Microbiology, 37:1016—1024.

Timmer, C.P. (2010). Preventing food crises using a food policy approach. Journal of
Nutrition, 140 (1): 2245-2285.

Tsukaguchi, T., Horie, T. and Ohnishi, M. (1996). Filling percentage of rice spikelets as
affected by availability of non-structural carbohydrates at the initial phase of grain
filling. Japan Journal Crop Science, 65:445-452.

United States Environmental Protection Agency. (2008) USEPA: Economic Benefits of
wetlands. http://www.epa.gov/owow/wetlands

Vaghefi, N., Nasir Shamsudin, M., Makmom, A. and Bagheri, M. (2011). The
economic impacts of climate change on the rice production in Malaysia.
International Journal Agricultural Research, 6: 67-74.

Vergara. B.S., Lilis, R. And Tanaka, A. (1964). Relationship between length of
growing period and yield of rice plants under a limited nitrogen supply. Soi/
Science and Plant Nutrition. 10(2): 15-21.

Vyas, P. and Gulati, A. (2009). Organic acid production in vitro and plant growth
promotion in maize under controlled environment by phosphate-solubilizing
fluorescent Pseudomonas. BMC Microbiology, 9:1-15.

Wahyudi, A.T., Astuti, R.P., Widyawati, A., Meryandini, A. and Nawangsih, A.A.
(2011). Characterization of Bacillus sp. strains isolated from rhizosphere of
soybean plants for their use as potential plant growth for promoting rhizobacteria.
Journal Microbiology Antimicrobiology, 3: 34-40.

Wang, X. and Jin, B. (2009). Process optimization of biological hydrogen production

from molasses by a newly isolated Clostridium butyricum WS. Journal of
Bioscience and Bioengineering, 107(2), 138—44.

67



Wakelin, S.A., Warren, R.A., Harvey, P.R. and Ryder, M.H. (2004). Phosphate
solubilization by Penicillium spp. closely associated with wheat roots. Bioliogy
Fertility Soils, 40: 36-43.

Welsh, D.T., Bourgues, S., De Wit, R. and Auby, I. (1997). Effect of plant
photosynthesis, carbon sources and ammonium availability on nitrogen fixation
rates in the rhizosphere of Zostera noltii. Aquatic Microbial Ecology, 12, 285—
290.

White, J. (1954). Yeast technology. Chapman and Hall, Ltd. London.

Wingler, A., Mares, M., Pourtau, N. (2004). spatial pattern and metabolic regulation of
photosynthetic parameters during leaf senescence. New Phytology, 161:781-89.

Wood, C.C., Islam, N., Ritchie, R.J. and Kennedy, I.R. (2001). A simplified model for
assessing critical parameters during associative "N, fixation between
Azospirillum and wheat. Australian Journal of Plant Physiology, 28:969-974.

Xie, C.H. and Yokota, A. (2006). Reclassification of [Flavobacterium] ferrugineum as
Terrimonas ferruginea gen. nov., comb. nov., and description of Terrimonas
lutea sp. nov., isolated from soil. International Journal System Evolution
Microbiology, 56:1117-1121.

Xu, G., Fan, X. and Miller, A.J. (2012). Plant nitrogen assimilation and use efficiency.
Annual Review of Plant Biology, 63, 153—182.

Yanni, Y.G., Rizk, R.Y., Abd El-Fattah, F.K., Squartini, A., Corich, V., Giacomini, A.,
de Bruijn, F., Rademaker, J., Maya-Flores, J., Ostrom, P., Vega-Hernandez, M.,
Hollingsworth, R.I., Martinez-Molina, E., Mateos, P., Velazquez, E., Wopereis,
J., Triplett, E., Umali-Garcia, M., Anarna, J.A., Rolfe, B.G., Ladha, J.K., Hill, J.,
Mujoo, R., Ng, P.K. and Dazzo, F.B. (2000). The beneficial plant growth-
promoting association of Rhizobium leguminosarum bv. trifolii with rice roots.
Australian Journal of Plant Physiology, 28 (9).

Yanni, Y.G., Rizk, R.Y., Corich, V., Squartini, A., Ninke, K., Philip-Hollingsworth, S.,
Orgambide, G., de Bruijn, F., Stoltzfus, J., Buckley, D., Schmidt, T.M., Mateos,
P.F., Ladha, J.K. and Dazzo, F.B. (1997). Natural endophraytic association
between Rhizobium leguminosarum bv. trifolii and rice roots and assessment of
its potential to promote rice growth. Plant Soil 194: 99-114.

Yoshida, S. and Ahn, S.B. (1968). The accumulation process of carbohydrate in rice
varieties in relation to their response to nitrogen in the tropics. Soil Science Plant

Nutrition, 14:153-161.

Yoshida, S., Forno, D.A., Cock, J.H. and Gomez, K,A. (1976). Laboratory manual for
physiological studies of rice. Philippines, IRRI. 83.

You, C. and Zhou, F. (1989). Non-nodular endorhizosphere nitrogen fixation in
wetland rice. Canadian Journal Microbiology, 35:403-408

68



Younis, Magdi .A.M., Francis, Hezayen.F., Moustafa, Nour-Eldein.A. and Shaheb,
M.S.A. (2010). Optimization of cultivation medium and growth conditions for
Bacillus subtilis KO strain isolated from sugarcane molasses. American-Eurasian
Journal Agricultural & Environment Science, 7(1):31-37.

Younis, Magdi.A.M., Francis, Hezayen.F., Moustafa, Nour-Eldein.A. and Shaheb,
M.S.A. (2009). Production of protease in low-cost medium by Bacillus subtilis
KO strain. Global Journal of Biotechnology & Biochemistry, 4 (2): 132-137.

Yu-Peng, L., Pu, Z., Zhi-Hao, S., Ye, N., Jin, J.D. and Lei, L.Z. (2008). Economical
succinic acid production from cane molasses by Actinobacillus succinogens.
Bioresources Technol. 99(6): 1736-1742.

Zeigler, R.S. and Barclay, A. (2008). The relevance of rice. Rice, 1: 3-10.

Zelitch, 1. (1982). The close relationship between net photosynthesis and crop yield.
BioScience, 32: 796-802.

Zhang, Z., Liu, Q., Song, H., Rong, X. and Abdelbagi, M.I. (2012). Responses of
different rice (Oryza sativa L.) genotypes to salt stress and relation to
carbohydrate metabolism and chlorophyll content. African Journal of
Agricultural Reseearch, 7(1), 19-27.

Zhang, Z.H., Liu, Q., Song, H.X., Rong, X.M. and Ismail, A.M. (2010). The salinity
tolerance of rice (Oryza sativa L.) genotypes as affected by nutrients (K*, Ca®*
and Mg?") at seedling stage. Science Agricultural Sin, 43(15): 3088-3097

Zinniel, D.K., Lambrecht, P., Harris, N.B., Feng, Z., Kuczmarski, D., Higleys, P.,
Ishimaru, C.A., Arunakumari, A., Barletta, R.G. and Vidaver, A.K. (2002).
Isolation and characterization of endophytic colonizing bacteria from agronomic
crops and Prairie plants. Applied Environment Microbiology, 68: 2198-2208.

69





