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ABSTRACT

Oryza sativa L. is the common species of rice planted in Asia. It is an important food
crop in the world and forms the staple diet in Malaysians. To meet the challenge of feeding
the world’s growing population more rice must be produced from less land with minimum
cost and under environmentally adverse inputs. Overuse of chemical fertilizers will increase
production costs and also environmental pollution. Therefore, plant growth promoting
rhizobacteria (PGPR) are frequently used to improve rice yield production. It can increase
nutrient uptake and can become an alternative source of elemental nitrogen for crop
production. An experiment was conducted in laboratory and glasshouse condition with the
following objectives: i) to determine the effect of PGPR on the growth of rice, ii) to
determine the best rate of nitrogen application on the growth of rice, iii) to determine the
interaction of inoculating bacteria and nitrogen fertilizer on the growth of MR219 rice
variety. There were 6 treatments [T1 (0% N + UPMB10); T2 (25% N + UPMB10); T3 (50%
N + UPMB10); T4 (100% N + UPMB10); T5 (0% N — UPMB10); T6 (100% N — UPMB10).
This experiment was arranged in a Randomized Complete Block Design (RCBD). Plants
were sampled at 70 days of growth. Parameters that were collected at day 70 during
harvesting period were plant height, chlorophyll content, plant dry weight, NPK content in
leaves tissue, root length, root surface area and root volume. Result shows that plant that
inoculated with UPMB10 gives the highest result better than the plant that were not
inoculated with UPMB10. The parameter that show significant difference is nitrogen content
in leaves tissue. As a conclusion from the study, plant inoculated with UPMB10 can increase

the plant growth.
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ABSTRAK

Oryza sativa L. adalah spesies padi yang biasa ditanam di Asia. la merupakan
tanaman makanan yang penting di dunia dan merupakan makanan ruji rakyat Malaysia.
Untuk menyahut cabaran makan penduduk beras lebih berkembang di dunia mesti dihasilkan
dari tanah kurang dengan kos yang minimum dan di bawah input alam sekitar yang buruk.
Berlebihan baja kimia akan meningkatkan kos pengeluaran dan juga pencemaran alam
sekitar. Oleh itu, pertumbuhan tumbuhan menggalakkan rhizobacteria (PGPR) sering
digunakan untuk meningkatkan pengeluaran hasil padi. la boleh meningkatkan pengambilan
nutrien dan boleh menjadi sumber alternatif bagi unsur nitrogen untuk pengeluaran tanaman.
Satu eksperimen telah dijalankan di makmal dan keadaan rumah kaca dengan objektif-
objektif berikut: 1) untuk menentukan kesan PGPR kepada pertumbuhan padi, ii) untuk
menentukan kadar terbaik nitrogen terhadap pertumbuhan padi, iii) untuk menentukan
interaksi daripada suntikan bakteria dan baja nitrogen kepada pertumbuhan padi (MR219).
Terdapat 6 rawatan [T1 (0% N + UPMB10) T2 (25% N + UPMB10); T3 (50% N +
UPMBL10); T4 (100% N + UPMB10); T5 (0% N - UPMB10); T6 (100% N - UPMB10).
Eksperimen ini telah disusun dalam bentuk rekabentuk blok rawak lengkap (RCBD).
Tumbuh-tumbuhan telah disampel pada 70 hari pertumbuhan. Parameter yang telah
dikumpulkan pada hari 70 dalam tempoh penuaian adalah ketinggian pokok, kandungan
klorofil, berat kering tumbuhan, kandungan NPK dalam daun tisu, panjang akar, keluasan
akar dan isipadu akar. Keputusan menunjukkan bahawa tumbuhan yang disuntik dengan
UPMB10 memberikan hasil yang paling tinggi yang lebih baik daripada tumbuhan yang tidak
disuntik dengan UPMB10. Parameter yang menunjukkan perbezaan yang ketara adalah
kandungan nitrogen dalam tisu daun. Sebagai kesimpulan daripada kajian, suntikan UPMB10

boleh meningkatkan pertumbuhan tumbuhan.
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CHAPTER 1

INTRODUCTION

Rice plant belongs to the family of Graminae. The common species planted in Asia
region is Oryza sativa L. Based on geographical location and morphological characteristics,
Indica is one of the subspecies that can be commonly found in southeast region. The entire
growing period of rice generally varies between 90-150 days depending on variety,
temperature and sensitivity to day length. Rice (Oryza sativa L.) is an important food crop in
the world and forms the staple diet in Malaysians. Malaysia current self sufficiency level for
rice is at 73% (MARDI, 2008). It is about 2.3 million tonnes of Malaysia’s rice production for
year 2007 (Rice Statistics, USDA, 2008). Rice yield of Malaysia for year 2008 is 3.46 tonnes

per hectare (Rice Statistic, USDA, 2008).

To meet the challenge of feeding the world’s growing population, more rice must be produced
from less land with minimum cost and under environmentally adverse inputs. Urea is the most
common nitrogen fertilizer applied in rice fields (Piao et al., 2005). Nitrogen is the most
important input required for rice production. Rice requires 1 kg of nitrogen to produce 15-20
kg of grain. Yields per hectare are critically dependent on the nature, amount and timing of N
supply (George et al., 1992). According to DOA (2011), paddy cultivation area in 2011 for
our country is 683,677 hectare, but we are still importing 960,000 metric tonnes of the rice
from neighbouring countries to meet the total needs for our nation’s rice. Rice crops remove
around 16-17 kg N for the production of each ton of rough rice including straw (De Datta

1981; Ponnamperuma and Deturck, 1993).



Overuse of chemical fertilizers, can increase the production costs and also environmental
pollution. Use of biofertilizer can increase nutrient uptake and can become an alternative
source of elemental nitrogen for crop production. According to Manna and Singh in 1991,
nitrogen plays a key role in increasing productivity of high yielding rice varieties. Developing
countries are facing greater problems to supply nitrogen for rice culture since the production
of N fertilizers is becoming more expensive due to the crisis associated with the supply of raw

materials.

Plant Growth-Promoting Rhizobacteria (PGPR) may improve the uptake of nutrients by plants
and/or produce plant growth promoting compounds. They also protect plant root surfaces
from colonization by pathogenic microbes through direct competitive effects and production
of antimicrobial agents. These plant growth-promoting bacteria can enter into a symbiotic
relationship with plants (i.e. Rhizobium-legume and Frankia-actinorhizal plant symbiosis),
but also non-symbiotic free living soil bacteria can promote plant growth (Glick 1995;

Klopper et al., 1989).

These PGPR can indirectly or directly affect plant growth. There are several ways in which
different plant growth-promoting rhizobacteria have been reported to directly facilitate the
proliferation of their plant hosts. PGPR may fix atmospheric nitrogen and supply it to plants;
they may synthesize siderosphores which can solubilize and sequester iron from the soil and
provide it to plant cell; they may synthesize several different phytohormones, including
auxins and cytokinins, which can act to enhance various stages of plant growth (Patten and
Glick, 1996, Tien et al., 1979), gibberellins (Guatierrez-Manero et al. 2001) and ethylene

(Lynch, 1990). Production of indole-3-ethanol or indole-3-acetic acid (IAA), compounds



belonging to auxins, has been reported for several bacterial genera, such as Frankia
Enterobacter (Haahtela et al., 1988), Pseudomonas (Yrjonen et al., 2001) and Bacillus
(Gutierrez Manero et al., 1996). Indirect plant growth promotion includes the prevention of
the deleterious effects of phytopathogenic organisms. This can be achieved by the production
of siderophores, i.e. small non-binding molecules. Siderophore production enables bacteria to

compete with pathogens by removing iron from the environment (O’Gara, 1994).

Different abiotic and biotic factors influencing bacterial colonization and viability were
reviewed in Benizri et al. (2001). Most importantly, for rhizobaceria to act beneficially, they

must be able to efficiently colonize and multiply in the plant rhizosphere.

1.1  Objectives

The main objective of this study is as follows:

1) To determine the effect of PGPR on the growth of rice.

2) To determine the best rate of nitrogen application on the growth of rice.

3) To determine the interaction of inoculating bacteria and nitrogen fertilizer on the

growth of MR219 rice variety.



REFERENCES

Abdol, I. and Othman, A.G. (2010). Nota ringkas tanaman makanan. Universiti Putra Malaysia,
Serdang, Selangor, Malaysia.

Amir, H. G. (2001). Nitrogen fixation and plant growth enhancement by beneficial rhizobacteria in
association with oil palm seedlings. Ph. D. Thesis. University Putra Malaysia.

Amir, H.G., Shamsuddin, Z.H., Halimi, M.S., Ramlan, M.F. and Marziah, M. (2002). N, fixation, plant
growth enhancement and root-surface colonization by rhizobacteria in association with oil
palm plantlets under in vitro conditions. Malaysian J Soil Sci , 6:75-82.

Azmi, M., (1990). Weed Flora in Selected Rice Granary Areas in Peninsular Malaysia, Paper Presented
at the Third Tropical Weed Science Conference, p: 16. Hilton Hotel, Kuala Lumpur.

Benizri, E., E. Baudoin and A. Guckert, (2001). Root colonization by inoculated plant growth
promoting rhizobacteria. Biocontrol. Sci. Technol., 11: 557-574.

Benson D R and Silvester W B (1993). Biology of Frankia strains, actinomycete symbionts of
actinorhizal plants. Microbiol. Rev. 57, 2, 293-319.

Bent, E. and Chanwa, P. (1998). The growth-promoting effects of a bacterial endophyte on lodgepole
pine are partially inhibited by the presence of other rhizobacteria. Can. J. Microbiol./Rev.
Can. Microbiol. 44(10): 980-988

Bloemberg, G. V., Lugtenberg, B.J.J., (2001). Molecular basis of plant growth promoting and
biocontrol by rhizobacteria. Current Opinion in Plant Biology, 4: pp ; 343-350.

Boddey, R. M., S. Urquiaga, V. Reis, and J. Débereiner. (1991). Biological nitrogen fixation associated
with sugar cane. Plant Soil 137:111-117.

Bouldin D. R. (1986) The chemistry and biology of flooded soils in relation to the nitrogen economy of
rice fields. Fertilizer Research 9, 1-14.

Brock. (2000). Microbial ecology. p. 642-720. In M.T. Madigan, J.M. Martinko and J. Parker (eds.),
Biology of microorganisms. Upper Saddle River, New Jersey.

Caesar A.J and Burr T. J (1987). Growth promotion of apple seedlings and rootstocks by specific
strains of bacteria. Phytopathology 77, 1583—1588.

Chanway CP, Holl FB (1993). Field performance of spruce seedlings after inoculation with plant
growth promoting rhizobacteria. Can J Microbiol 39:1084-1088.

Chapman, S.C., Barreto, H.J., (1997). Using a chlorophyll meter to estimate specific leaf nitrogen of
tropical maize during vegetative growth. Agron. J. 89, 557—- 562.

29



Choundhury ATMA, Khanif YM (2001) Evaluation of the effects of nitrogen and magnesium
fertilization on rice yield and fertilizer nitrogen efficiency using 15N tracer technique. J Plant
Nutr 24:855-871.

Choundhury ATMA, Khanif YM, Aminuddin H, Zakaria W (2002) Effects of copper and magnesium
fertilization on rice yield and nitrogen use efficiency: a 15N tracer study. In: Proceedings of
the 17 World Congress of Soil Science, Bangkok, Thailand, Symposium No. 50, paper no.
226, pp 1-10.

De Datta SK (1981) Principles and practices of rice production. John Wiley & Sons. New York.

Dobereiner, J., Pendrosa, F. 0., (1987). Nitrogen-fixing Bacteria in Nonleguminous Crop Plants.
Science Tech, Madison.

DuanY L, WuWR, LiuHQ, Zhang D F, Zhou YC, PanR S, Lin LH, ChenZW, Guan HZ, Mao D M, Li W
M, Xue Y B. (2004). Genetic analysis and gene mapping of leafy head (lhd), a mutant blocking
the differentiation of rachis branches in rice (Oryza sativa L.). Chin Sci Bull, 48(20): 2201—
2205.

Esitken A., Karlidag H., Ercisli S., Turan M., Sahin F. (2003).The effects of spraying a growth promoting
bacterium on the yield, growth and nutrient element composition of leaves of apricot
(Prunus armeniaca L. cv. Haclhaliloglu). Australian J. Agricul. Res. 54: 377-380.

Freitas, J.R.D., Banerjee, M.R. and Germida, J.J. (1997). Phosphate-solubilizing rhizobacteria enhance
the growth and yield but not phosphorus uptake of canola (Brassica napus L.). Biology and
Fertility Soils 24:358-364.

George, T., Ladha, J.K., Buresb, R.J. and Garrity, D.P., (1992). W.H. Orme-Johnson (Editors), Nitrogen
Fixation, Vol. 11. Managing native and legume-fixed N2 in lowland rice-based Wiley, New
York, pp. 131-138. cropping systems. Plant Soil, 141: 69-91.

Glick, B. R., (1995). The Enhancement of plant growth by free-living bacteria. Can. J. Microbiol. 41,
109-117.

Gutierrez Manero, F.J., Acero, n., Lucas, J.A., Probanza, A., (1996). The influence of native
rhizobacteria on European alter growth. Characterization and biological assay metabolites
produced by growth promoting and growth inhibiting bacterial. Plant Soil 182, 67-74.

Haatela, K., Laakso, T., Nurmiaho-Lassila, E.-L., and Korhonen, T.K. (1988). Effects of inoculation of
Pao pratensis and Triticum aestivum with root-associated, N2-fixing Klebsiella, Enterobacter
and Azospirillum. Plant Soil 106:239-248.

Hazila AG (2006) Effect of plant growth promoting rhizobacteria on growth of Andrographis
paniculata (hempedu bumi) and yield of its bioactive compound. PhD thesis, Universiti Putra
Malaysia.

Hoflich, G., W. Wiehe, and G. Kuhn. (1994). Plant Growth stimulation by inoculation with symbiotic
and associative rhizosphere microorganisms. Experientia 50:897-905.

30



Huang, J., He, F., Cui, K., Buresh, R.J., Xu, B., Gong, W. and Peng, S. (2008). Determination of optimal
nitrogen rate for rice varieties using a chlorophyll meter. Field Crops Res. 105: 70-80.

IRRI (International Rice Research Institute) (2003) World rice statistic.
IRRI, (1996). International Rice research Institute (IRRI) Report, p. 43, Manila, Phillipines.

Khurana, H.S., Philips, S.B. Singh B., Dobermann, A,, Sidhu, A.S., Singh, Y., Peng, S., (2007).
Performance of site-specific nutrient management for irrigated, transplanted rice in
Northwest India. Agron. J. 99, 1436-1447.

Kloepper, J. W., Lifshitz, R. and Zablotowicz, R.M. (1990). Free-living bacterial inoculation for
enhancing crop productivity. Trends Biotechnol. 7:39-43.

Kloepper, J. W., Rcddy, M. S., Kenney, D. S., Vavrina, C., Kokalis-Burelle, N., and Martinez-Ochoa, N.
(2004). Theory and applications of rhizobacteria for transplant production and yield
enhancement. Proe. XXVI IHC-Transplant Production and Stand Establishment. S. Nicola, J.
Nowak, and C. S. Vavrina, eds. Acta Hortic. 631:217-229

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

Loper, J.E. and Schroth M.N. (1986) Influence of bacterial sources of indole-3-acetic on root
elongation of sugar beet. Phytopathology 76:386-389.

Lynch, J.M. (1990). The rhizosphere. J.M. Lynch (ed.). John Wiley and Sons, Chichester, p. 458.

Malaysian Agricultural Research and Development Institute (MARDI). 2009. Rice Variety Mr 219
(2001). http://agromedia.mardi.gov.my/magritech/tech_detail_fdcrop.php?id=346. 13
December 2012.

MARDI. (2008). Manual penanaman padi. Selangor: Malaysian Agricultural Research and
Development Institute.

Manna, A. B. and Singh P. K. (1991). Effects of nitrogen fertilizer application methods on growth and
acetylene reduction activity of Azolla pinnata and yield of rice. Fertilizer Research 28 (1) : 25-
30.

Mariano, R.L.R., Michereff, S.J., Silveira, E.B., Assis, S.M.P., and Reis, A., (1997). Plant Growth-
Promoting Rhizobacteria in Brazil, In: Plant Growth-Promoting Rhizobacteria — Present Status
and Future Prospects. Ogoshi, A., Kobayashi, Y., Homma, Y., Kodama, F., Kondo, N., and
Akino, S. (eds.), Sapporo: Univ. of Hokaido/OECD, 22-29

Nelson LM (2004) Plant growth promoting rhizobacteria (PGPR): prospects for new inoculants.
(2004). Plant Management Network, online doi:10.1094/CM-2004-0301-05-RV

Neue, H., (1993). Methane emission from rice fields: Wetland rice fields may make a major
contribution to global warming. BioScience, 43 (7): 466-73.

O’Gara, F., Dowling, D.N. and Boesten, B., eds (1994) Molecular Ecology of Rhizosphere
Microorganisms, VCH.

31


http://agromedia.mardi.gov.my/magritech/tech_detail_fdcrop.php?id=346

Patiyuth, S.; Tangcham, B.; and Muanjang, S. (2000). Studies on N,-fixing bacteria association with
vetiver 1. Biosynthesis of plant growth hormone by Azospirillum. 2. Use of the gusA gene to
study Azospirillum. In: Abstracts of Poster Papers, ICV-2, p. 20. BNF (Biofertilizer) & Plant
growth enhancement (Bioenhancer) by diazotrophic microorganisms (Azospirillum spp. &
Bacillus spp.) + non-leguminous crops — sustainable agriculture system.

Peng, S., Garcia, F.V., Laza, R.C., Cassman, K.G., (1993). Adjustment for specific leaf weight improves
chlorophyll meter’s estimate of rice leaf nitrogen content. Agron. J. 85, 987-990.

Peng. S., Buresh, R.J., Huang, J.L., Yang, J.C., Zou, Y.B., Zhong, X.H., Wang, G.H., Zhang, F.S., (2006).
Strategies for overcoming low agronomic nitrogen use efficiency in irrigated rice systems in
China. Field Crop Res. 96, 37-47.

Piao, Z., Cui Z., Yin, B., Hu, J., Zhou, C., Xie, G., Su, B, Yin, S. (2005). Changes in acetylene reduction
activities and effects on inoculated rhizosphere nitrogen-fixing bacteria on rice. Biol Fertility
Soil. 41, 371-378.

Polyanskaya, L.M., Vedina, O.T., Lysak, L.V., and Zvyagintsev, D.G. (2002). The growth promoting
effects of Beijerinckia mobilis and Clostridium sp. cultures on some agricultural crops.
Microbiology 71: 109-115.

Ponnamperuma, F.N., Deturck, P., (1993). A review of fertilization in rice production. International
Rice Commission Newsletter 42, 1-12.

Premalatha (2006) Colonization Of Oryza Sativa Roots By Plant Growth-Promoting Rhizobacterium,
Bacillus Sphaericus Upmb10 And Subsequent Inoculant Formulation. PhD thesis, Universiti
Putra Malaysia.

Rath AK, Swain B, Ramakrishnan B, Panda D, Adhya TK, Rao VR, Sethunathan N (1999) Influence of
fertilizer management and water regime on methane emission from rice fields. Agric Ecosyst
Environ 76: 99-107.

Raymond, D.A., Chong, C and Voroney, R.P (1998). Response of four container grown woody
ornamentals to immature composted media derivedfrom waxes corrugated cardboard.
Compost Science and Utilization 6(2): 67-74.

Rodgers PB (1989). Potential of biological control organisms as a source of antifungal compounds for
agrochemical and pharmaceutical product development. Pest Sci. 27: 155-164.

Roper MM, Ladha JK (1995) Biological N2 fixation by heterotrophic and phototrophic bacteria in
association with straw. Plant Soil 174:211-224.

Shamsuddin, Z.H., Premalatha, P., Amir, H.G., Mia, M.A.B., M.S. Halimi, W. Zakaria, and M. Marziah.
(2000). Formulation and Application of symbiotic and associative rhizobacteria for improved
growth of vegetable soybean, oil palm seedlings and bananas. Workshop on the
Development of nitrogen fixing symbionts and mycorrhizae Bali-Lombok, p:26.

32


http://psasir.upm.edu.my/648/
http://psasir.upm.edu.my/648/

Shamsuddin, Z.H., Puad, A and lllani, Z.I. 2003. Application of Plant Growth Promoting Rhizobacteria
(PGPR) and Antifugal Protein to Control Fusarium Wilt of Banana. In : Murooka, Y. (Ed.).
Biotechnology for Sustainable Utilization of Biological resources In The Tropics, Vol. 17.

Shrestha RK, Ladha JK (1998) Nitrate in groundwater and integration of nitrogen-catch crop in rice-
sweet pepper cropping system. Soil Sci Soc AM J 62: 1610-1619.

Siripin, S. (2000). Microbiology associated with the vetiver plant. In: Manual: International Training
Course on the Vetiver Systems. ORDPB, Bangkok, pp. 16-18.

Swensen SM and Mullin BC (1997) The impact of molecular systematics on hypothesis for the
evolution of root nodule symbioses and implications for expanding symbioses to new host
plant species. Plant and Soil 194: 185-192.

Tien, T. M., Gaskins, M. H. and Hubell, D. H. (1979). Plant growth substances produced by
Azospirillum brasilense and their effect on the growth of pearl millet (Pennisetum
americanum L.). Appl. Environ. Microbiol. 37: 1016-1024.

U.S. Department of Agriculture National Agricultural Statistics Service. (2008). U.S. Rice Statistics.
http://www.nass.usda.gov/index.asp Accessed 1 Jun 2010.

Vora, D. and Shethna, Y.I. (1999). Enhanced growth and sporulation and toxin production by Bacillus
thuringiensis subsp. Kurstaki in soil seed meal extract media containing eystein. World
journal of Micrology and Biotechnology 15: 747-749

Wang, Z.P., Delaune, R.D., Lindau, C.W., Patrick, and W.H., Jr., (2004). Methane production from
anaerobic soil amended with rice straw and nitrogen fertilizer. Fert. Res. 33, 115+_121.

Wei, C.T. (1997). Development and application of biofertilizer in China. In Proceedings Biological
Nitrogen Fixation: The global and Future Needs pp 71-72. Italy.

Whitelaw, M. A. (2000). Growth promotion of plants inoculated with phosphate solubilizing fungi.
Adv. Agron. 69:99-151.

Young, C.C., Lai, W.A,, Shen, F.T., Hung, M.H., Hung, W.S & Arun, A.B. (2003). Exploring microbial
potentially to augment soil fertility in Taiwan. In Proceedings of the 6™ ESAFS International
Conference: Soil Management Technology on Low Productivity and Degraded Soils Taipei,
Taiwan, pp. 25-27.

33


http://www.nass.usda.gov/index.asp



