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Rice (Oryza sativa L.) is a staple food of most Malaysia because it has good source of 

energy that contains nutrients, vitamins and minerals. It is estimated that Malaysia 

population will increase to 43 million in 2050 thus; rice production needs to be increased 

too. Producing hybrid rice is one of the options that can be considered because it has 

been successfully adopted in most of rice producer countries in Asia such as China, 

Thailand, Vietnam and India. Hybrid rice needs to be produced for growers to plant. 

However, poor cross-pollination or out-crossing between parental lines is the major 

constraint in hybrid rice seed production. The low out-crossing is due to poor flowering 

synchronization between parental lines and also poor panicle exsertion of cytoplasmic 

male sterile (CMS) line. Improper flowering synchronization may reduce number of seed 

set because probabilities of floret to be out-crossed during flowering period are low. 

Hence, the objectives of this study was to improve the out-crossing rate and increase the 

grain yield of the multiplied CMS during CMS seed multiplication through utilization of 

seeding date interval for proper flowering synchronization and application of exogenous 

gibberellic acid to improve the panicle exsertion rate of the CMS. In the first study, floral 

traits and flowering behaviours of two locally developed CMS and maintainer lines were 

observed namely 0025A/0025B and 0047A/0047B. The observation shows that the 

female reproductive parts of 0025A CMS lines such as stigma length, stigma breadth and 

stigma area were 30.32-69.50% longer, 80-140% wider and 135.1-217.4% larger than 

0025B maintainer. Stigma length, stigma breadth and stigma area of 0047A CMS were 

also 83.3-100% longer, 147.6-152.6% wider and 8.7-31.6% larger than 0047B 

maintainer. These characteristics are essential because more pollen grains are expected to 

be deposited on the stigma of the CMS. The 0025B maintainer had 34.0-177.86% longer 
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filament than their respective CMS thus indicating that long filament increased the 

possibilities of pollen grains to deposit on the stigma. The on-set of flowering of 0025A 

CMS and 0025B maintainer was 63-69 and 63-67 days after transplanting (DAT), 

respectively, thus indicating that the flowering period of both parental lines may be 

synchronized and the seed can be sown concurrently. However, the on-set of flowering 

between 0047A CMS and 0047B maintainer was significantly different (P<0.05). Hence, 

staggered sowing needs to be done for these two parental lines in order to get proper 

flowering synchronization. Six seeding date intervals were implemented on the 

maintainer lines in order to get proper flowering synchronization between parental lines. 

Result shows that sowing the 0025B maintainer at 2 days prior and 6 days after the CMS 

was sown significantly reduced the number of tillers per sq m by 18.99-20.39 and 13.17-

17.94%, respectively. The grain yield was also decreased by 20.59-45.83 and 127.78-

150.00% when the 0025B maintainer was sown at 2 days prior and 6 days after the 

0025A CMS was sown, respectively. The 0047B maintainer has to be sown at 4 and 6 

days after the 0047A CMS was sown because these seeding date interval significantly 

affected the number of tillers per sq m, out-crossing rate, grain yield and harvest index of 

the 0047A CMS (P<0.05). Four concentrations of gibberellic acid (GA3) were applied to 

both CMS and maintainer lines when 10% of the panicles emerged out from the sheath. 

Result shows that application of GA3 at the concentrations of 15, 30 and 45 mg/L 

significantly improved the plant height of 0025A CMS by 7.8-13.7, 10.8-17.0 and 13.9-

16.5%, respectively. The grain yield of 0025A CMS was also increased by 71.4-433.3, 

450.0-500.0 and 116.5-125.0%, respectively. Selected seed qualities such as germination 

rate and germination index of 0025A CMS were also improved by 48.77-97.53 and 100-

150%, respectively, as GA3 at the concentrations of 15, 30 and 45 mg/L were applied to 

the plants. Application of GA3 was found affecting some of the changes in the internode 

of the CMS. Forty five mg/L GA3 is not recommended to be used in CMS seed 

multiplication because it is related to lodging incidence. Information on the floral traits 

and flowering behaviours of the CMS and maintainer lines may be useful for the 

breeders and rice physiologist to improve certain traits of the parental lines. An 

appropriate concentration of GA3 found in this study may be adopted by industry takers 

such as seed producer in order to minimize the cost with better yield performance. 
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Padi (Oryza sativa L.) adalah makanan asas kebanyakan rakyat Malaysia kerana ia 

merupakan sumber tenaga yang mengandungi nutrien, vitamin dan mineral. Populasi 

rakyat Malaysia dijangka meningkat sehingga 43 juta orang menjelang tahun 2050; 

maka pengeluaran padi perlu juga ditingkatkan. Penghasilan padi hibrid merupakan 

satu pilihan yang perlu dipertimbangkan kerana ia telah berjaya digunapakai di 

kebanyakan negara-negara pengeluar padi di Asia seperti China, Thailand, Vietnam 

dan India. Benih padi hibrid perlu dihasilkan kepada penanam untuk ditanam. 

Bagaimanapun, kelemahan kacuk silang di antara titisan-titisan baka induk merupakan 

halangan utama di dalam pengeluaran benih padi hibrid kerana ia mempengaruhi hasil. 

Kacukan silang yang rendah adalah disebabkan oleh kelemahan penyeragaman 

berbunga di antara baka induk dan juga juluran tangkai sitoplasma mandul jantan 

(CMS) yang rendah. Ketidakaturan penyeragaman berbunga boleh mengurangkan 

pembentukan benih kerana kebarangkalian floret untuk dikacuk semasa pembungaan 

adalah rendah. Maka, objektif kajian ini adalah untuk menambahbaik kadar kacuk 

silang titisan CMS semasa penggandaan benih CMS melalui penggunaan selang hari 

pembenihan untuk penyeragaman berbunga dan aplikasi hormon giberelik luaran untuk 

meningkatkan juluran tangkai CMS. Di dalam kajian pertama, ciri-ciri bunga dan sifat 

pembungaan dua titisan CMS dan baka penyara tempatan iaitu 0025A/0025B dan 

0047A/0047B diperhatikan. Pemerhatian menunjukkan bahagian reproduktif betina 

CMS 0025A seperti panjang stigma, lebar stigma dan luas stigma adalah masing-

masing 30.32-69.50% lebih panjang, 80-140% lebih lebar dan 135.1-217.4% lebih 

besar daripada induk penyenggara 0025B. Ciri-ciri ini adalah penting kerana dijangka 

lebih banyak debunga akan mendarat di stigma induk CMS. Induk penyenggara 0025B 

mempunyai 34.0-177.86% filamen yang lebih panjang berbanding induk CMS yang 

berkenaan justeru menunjukkan filamen yang panjang meningkatkan kebarangkalian 

pendaratan debunga di stigma. Permulaan pembungaan induk CMS 0025A dan induk 

penyenggara 0025B adalah masing-masing 63-69 dan 63-67 hari selepas tanam, justeru 
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menunjukkan tempoh berbunga bagi kedua-dua induk mungkin seragam dan benih 

kedua-dua induk boleh ditanam serentak. Bagaimanapun, permulaan berbunga di antara 

induk CMS 0047A dan penyenggara 0047B adalah berbeza secara bererti (P<0.05). 

Maka, taburan benih secara berperingkat perlu dilakukan bagi kedua-dua induk bagi 

mendapatkan pembungaan seragam. Enam selang masa pembenihan diuji pada induk 

penyara bagi mendapatkan masa pembungaan yang seragam. Keputusan kajian 

menunjukkan penaburan benih induk penyenggara 0025B pada dua hari sebelum dan 6 

hari selepas benih induk CMS ditabur menurunkan secara signifikan bilangan anak per 

meter masing-masing sebanyak 18.99-20.39 dan 13.17-17.94%. Hasil juga menurun 

sebanyak 20.59-45.83 dan 127.78-150.00% apabila induk penyenggara 0025B ditabur 

masing-masing pada 2 hari sebelum dan 6 hari selepas induk CMS 0025A ditabur. 

Induk penyenggara 0047B perlu ditabur pada hari ke-4 dan 6 selepas induk CMS 

0047A ditabur kerana kedua-dua sela masa ini memberi kesan bererti terhadap bilangan 

anak per meter persegi, kadar kacuk-silang, hasil dan indeks tuaian induk CMS 0047A 

(P<0.05). Empat konsentrasi asid giberelik (GA3) diberi kepada kedua-dua induk CMS 

dan penyenggara apabila 10% daripada tangkai muncul dari seludang. Keputusan 

kajian menunjukkan aplikasi GA3 pada konsentrasi 15, 30 dan 45 bahagian per sejuta 

(bsj) meninggikan induk CMS 0025A secara bererti masing-masing sebanyak 7.8-13.7, 

10.8-17.0 and 13.9-16.5%. Hasil induk CMS 0025A juga meningkat masing-masing 

sebanyak 71.4-433.3, 450.0-500.0 and 116.5-125.0%. Kualiti benih terpilih seperti 

kadar percambahan dan indeks percambahan CMS 0025A juga meningkat masing-

masing sebanyak 48.77-97.53 and 100-150% apabila 15, 30 dan 45 bsj GA3 disembur 

pada pokok. Semburan GA3 didapati memberi perubahan terhadap ruas CMS. Asid 

giberelik pada konsentrasi 45 bsj tidak disyorkan untuk penggandaan benih CMS 

kerana ia menjurus kepada kejadian pokok rebah. Maklumat mengenai ciri-ciri bunga 

dan sifat pembungaan induk CMS dan penyara mungkin berguna kepada ahli 

pembaikbaka fisiologi bagi menambahbaik ciri-ciri tertentu induk tersebut. Konsentrasi 

GA3 yang tepat yang didapati daripada kajian ini mungkin boleh digunapakai oleh 

pemain industri padi seperti pengeluar benih dalam meminimakan kos dan prestasi 

hasil yang baik. 
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Arrows indicate pollen tube which seen 24 h after 

anthesis under fluorescent microscope (100 µm, 160x) 

Figure abbreviations: p = pollen grain, sp = stigma 

papillae 

28 

   

12 Selected seed qualities of 0025A CMS  (a-b) and 

0047A CMS (c-d) as influenced by different rates of 

GA3 application 

58 

   

13 Scanning electron micrographs of second internode of 

0047A CMS applied with (a) 0 ppm/ha GA3 (200x) 

and (b) 30 ppm/ha GA3 (200x). The cross sections 

revealed that 90% of the internodal wall of both treated 

and untreated CMS internodes consists of fundamental 

parenchyma tissue (FP) while the other 10% is a 

cortical fibre (F). A hollow cylinder or known as 

medullary cavity (MC) was seen developed in the 

central part of both CMS internodes. A number of large 

vascular bundles (LVBs) and small vascular bundles 

(SVBs) were seen in the fundamental parenchyma 

tissue and corticle fibre, respectively  

59 

   

14 Cross section of the large vascular bundles (LVBs) of 

CMS 0047A treated with (a) 0 ppm/ha GA3 and (b) 30 

ppm/ha GA3 viewed under scanning electron 

microscope (500x). The orientation of the metaxylem 

vassels (MX) and phloem (P) of both CMS internodes 

looked similar and the phloem was sorrounded with a 

number of metaxylem vessels. A layer which 

sorrounded the cells of vascular bundle is known as 

mestome sheath (M) and it was thicker in untreated 

CMS internode than the treated CMS. A compact look 
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of treated CMS could be seen due to its more number 

of lumens (L) as compared to the untreated CMSCross 

section of the large vascular bundles (LVBs) of CMS 

0047A treated with (a) 0 ppm/ha GA3 and (b) 30 

ppm/ha GA3 viewed under scanning electron 

microscope (500x). The orientation of the metaxylem 

vassels (MX) and phloem (P) of both CMS internodes 

looked similar and the phloem was sorrounded with a 

number of metaxylem vessels. A layer which 

sorrounded the cells of vascular bundle is known as 

mestome sheath (M) and it was thicker in untreated 

CMS internode than the treated CMS. A compact look 

of treated CMS could be seen due to its more number 

of lumens (L) as compared to the untreated CMS 
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LIST OF ABBREVIATIONS 

 

EAT Effective accumulated temperature 

  

WA-CMS Wild-abortive cytoplasmic male sterile 

  

SER Stigma exsertion rate 

  

PER Panicle exsertion rate 

  

OCR Out-crossing rate 

  

I-KI Iodine potassium iodide 

  

FAA Formaldehyde-acetic acid-alcohol 

  

ANOVA Analysis of variance 

  

S.D. Standard deviation 

  

DAT Days after transplanting 

  

PGR Plant growth regulator 

  

bsj bahagian per sejuta 
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CHAPTER 1 

 

INTRODUCTION 

 

Rice is an important staple dietary requirement for most Malaysian where adult 

population consumed an average of 76.5 kg of rice per year (MOA, 2018). Bryan 

(2015) estimated that by 2050, the demand of rice in Malaysia will soar by an 

estimation of 908%. The value seems huge but the information maybe plausible as 

Malaysian population will continue to increase as projected by FAO (2019) and it is 

expected to reach out 43 million in 2050. In order to meet the domestic demand of the 

increasing population, the current production of 1.11 million metric tons (2018) has to 

increase to 2.91 million metric tons by the year 2050 or 14.12% within 40 years (FAO, 

2019). It is difficult to achieve this target because the yield of current inbred rice 

varieties is plateauing. Therefore, to sustain the self-sufficiency in rice, additional 

production of 1.3% is needed every year (Bryan, 2015). Hybrid rice technology is one 

of the limited options and currently available for significantly stepping up the rice 

production. The adoption of hybrid rice technology has made wonders in rice 

production in China (Yuan and Fu, 1995) and Malaysia is also working towards this 

technology since the last 10 years. It was proven that the hybrid rice give 10-15 t/ha 

additional yield over the inbred rice varieties (about 15-20% increase), thereby 

contributing towards higher on-farm productivity (FAO, 2018). 

 

The technology of hybrid rice seed production is totally different from the inbred rice 

seed production. Currently, the three-line system is being adopted in our local hybrid 

rice seed production (Guok, 1994; Elixon et al., 2014). Three different lines namely a 

cytoplasmic male sterile line (CMS/A line/female parent), a maintainer (B line/male 

parent) and a restorer (R line) are utilized. Two major steps involve in this system for 

commercializing hybrid seeds which are 1) multiplication of CMS seed and 2) 

production of hybrid (F1) seed. The multiplication of the CMS must be carried out 

before the production of hybrid seed. 

 

Failure to obtain proper synchronization in flowering between the parental lines is the 

most commonly encountered problem in hybrid rice seed production. This is because 

seed yield on the female parents depended largely on the amount of pollen supplied by 

the male parent during flowering period and as well as the out-crossing rate of this 

male parents (Virmani, 1994; Biradarpatil and Shekhargouda, 2006). It is essential to 

know the exact difference in days to flowering between the parents. If the flowering 

gap is more, the problem of non-synchronization could be overcome by staggered 

sowing of male parent based on the information on days to flowering. Sometimes in 

spite of adjusting the sowing date, the parents do not flower at a time because of the 

differential response of the parents to the change in environmental conditions 

(Biradarpatil and Shekhargouda, 2006). Therefore, it is essential to adjust the flowering 

of parental lines after observing the difference at primordial development stage. If the 

difference in flowering is marginal, it can be manipulated to some extent by adopting a 

few techniques to achieve synchronization in flowering (Maurya, 1998; Mall and 

Vishwakarma, 2013).  
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Incomplete panicle exsertion or natural deficiency of ‘panicle enclosure’ of almost 

CMS is the other impediments in hybrid rice seed production. Almost 30-40% of the 

panicles are partially or fully enclosed in the flag leaf sheath and this character hinders 

pollination between the A and B or R lines and consequently decreases seed yield (Yin 

et al, 2007). Yin et al. (2007) also found that the decreased of gibberellins A1 (GA1) 

shortened the uppermost internode and therefore, the panicle failed to push out from 

the flag leaf sheath.  Gibberellic acid (GA3) is an exogenous hormone that commonly 

use in hybrid rice seed production. In China, hybrid rice seed growers use a very high 

concentrations of GA3 (150-300 g/ha) to get high seed yield. However, outside China, 

the high cost of GA3 limits seed growers to use only 45-50 g/ha of GA3. In Malaysia, 

30-60 g/ha of GA3 have been recommended by Kato (1997) to be used in hybrid rice 

seed production. However, appropriate concentration(s) of GA3 need to re-identify for 

local consumption because the recommended concentration used was 20 years ago for 

imported hybrid rice lines.  

 

Understanding the flower characters and other flowering behaviour of our locally 

developed parental lines is also crucial (Elixon et al., 2014). The floral traits that 

influence out-crossing in rice include stigma size, style length, stigma exsertion (in 

seed parent) and anther length, filament length and pollen number/anther (in pollen 

parent). While the flowering behaviour traits that influence out-crossing in rice are 

number of days of flowering, time of flowering, duration of flowering, duration of 

floret opening and angle of floret opening (Virmani, 1994). 

 

With this background, the general objective of this study was to improve the out-

crossing rate and grain yield of Malaysian CMS during CMS seed multiplication. The 

good out-crossing rate between the CMS and maintainer lines is derived from good 

synchronization between these parental lines during flowering period. Hence, the 

specific objectives of this study were: 

 

(i) to identify the floral traits, flowering behaviours and pollination of Malaysian 

CMS and maintainer lines;  

(ii)  to synchronize flowering between Malaysian CMS and maintainer lines; and  

(iii)  to improve panicle elongation of Malaysian CMS by using exogenous 

 gibberellic acid. 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

68 

 

REFERENCES 

 

Abo-Youssef, M., El Sabogh, A., Abo-Gendy, G. and Mohamed, A. (2017). Enhancing 

seed yield of hybrid rice by maintaining row ratio and dosages of gibberellic 

acid. Cercetãri Agronomice in Moldova 169: 31-45. 

 

Arshad, M and Frankenberger, W.T. (1993). Plant growth-regulating substances in the 

rhizosphere: Microbial production and functions. In Sparks, D.L. (Ed.), 

Advances in agronomy (pp. 46-50). San Diego: Academic Press. 

 

Azmi, M., Alias, I., Abu Hassan, D., Ayob, A.H., Azmi, A.R., Badrulhadza, A., 

Maisarah, M.S., Muhammad, H., Othman, O., Saad, A., Sariam, O., Siti 

Norsuha, M. and Yahaya, H. (2008). Manual teknologi penanaman padi 

lestari (Cetakan pertama). Serdang: MARDI Press. 

 

Bewley, J.D., Bradford, K.J., Hilhorst, H.W.M. and Nonogaki, H. (2012). Seeds: 

Physiology of development, germination and flowering. (3
rd

 ed., 22-34). New 

York: Springer. 

 

Biradarpatil, N.K. and Shekargouda, M. (2006). Sychronization studies in hybrid rice. 

Karnataka Journal of Agricultural Science 19(1): 298-303. 

 

Bryan, P. (2015). Current challenges and future opportunities in Malaysia: 

Maintaining rice as essential food security. Germany: Lambert Academic 

Publishing. 

 

Buitink, J., Leprince, O., Hemminga, M.A. and Hoekstra F.A. (2000). The 

interpretation based on cytoplasmic mobility. Plant Cell Environment 23: 

967-974. 

  

Can, N.D. and Yoshida, T. (1999). Genotypic and phenotypic variances and covariance 

in early maturing grain sorghum in a double cropping. Plant Production 

Science 2: 67-70. 

 

Chandler, R.F. (1969). Plant morphology and stand geometry in relation to nitrogen. In 

Eastin, J.P., Haskins, E.A., Sullivan, C. and van Bavel, C.H.M. (Eds.), 

Physiological aspects of crop yield (pp. 265-285). Madison: American 

Society of Agronomy. 

 

Chang, T.T. and Bardenas, E.A. (1965). The morphology and varietal characteristics of 

the rice plant. IRRI Technical Bulletin 4: 40. 

 

Cheng, J., Wang, L. and Du, W. (2014). Dynamic quantitative trait loci analysis of seed 

dormancy atthree development stages in rice. Molecular Breeding 34(2): 

501-510.  

 

Chaturvedi, M., Datta, K. and Nair, K.K. (1998). Pollen morphology of Oryza 

(Poaceae). Grana 37(2): 79-86. 

 



© C
OPYRIG

HT U
PM

69 

 

Chonan, N. (1993). Stem. In: Matsuo, T. and Hoshikawa, K. (Eds.), Science of the rice 

plant, Vol. 1: Morphology (pp. 187-221). Tokyo: Food and Agriculture 

Policy Research Centre. 

 

Ciampolini, F., Srivanna, K.R. and Cresti, M. (2001). Organization of the stigma and 

transmitting tissue of rice, Oryza sativa L. Plant Biology 3: 149-155.  

 

De Datta, S.K. (1981). Principles and practices of rice production. New York: John 

Wiley & Sons Inc. 

 

Department of Agriculture. (2019). Paddy production survey report Malaysia. Kuala 

Lumpur: National Library of Malaysia. 

 

Duan, X.M. and Ma, H.S. (1992). Effects of gibberellic acid application on seed yield 

and quality of hybrid rice. Seed Science Technology 20: 209-214. 

 

Edlund, A.F., Savanson, R. and Preuss, D. (2004). Pollen and stigma structure and 

function: The role of diversity in pollination. The Plant Cell 16: 84-97. 

 

Elixon, S., Mohd Solihen, J., Asfaliza, R., Othman, O., Habibuddin, H., Siti Norsuha, 

M. and Maisarah, M.S. (2014). Ciri morfologi, fisiko kimia dan 

kerintangan dua titisan padi CMS baru. Proceedings from National Rice 

Conference 2013. Malaysia: MARDI Press.  

 

Elleman, C.J., Franklin-Tong, V. and Dickinson, H.G. (1992). Pollination in species 

with dry stigmas: The nature of the early stigmatic response and the 

pathway taken by pollen tube. New Phytologist 121: 413-424. 

 

Fageria, N.K. (2007). Yield physiology of rice. Journal of Plant Nutrition 30(6): 843-

879. 

 

FAO. (2018). A regional strategy for sustainable hybrid rice development in Asia, 

http://www.fao.org/ (accessed 23 June 2018). 

 

FAO. (2019). Malaysia rice production, http://www.fao.org/faostat/en/?#country/131 

(accessed 5 August 2019). 

 

Fukuyama, T. and Takayama, T. (1995). Variations of the vascular bundle system in 

Asian rice cultivars. Euphytica 86(3): 227-231. 

 

Gangashetti, M.G., Jena, K.K., Shenoy, V.V. and Freeman, W.H. (2004). Inheritance 

of elongated uppermost internode and identification of RAPD marker linked 

to eui  gene in rice. Current Science 87(4): 469-475. 

 

Gavino, R.B., Pi, Y. and Abon Jr., C.C. (2008). Application of gibberellic acid (GA3) 

in dosage for three hybrid rice seed production in the Philippines. Journal of 

Agricultural Technology 4(1): 183-192. 

 

Gepts, P. (2004). Crop domestication as a long-term selection experiment. Plant 

Breeding Reviews 24: 1-44.  

 



© C
OPYRIG

HT U
PM

70 

 

Ghorban Ali, N., Abubacker Jauhar, A., Majid, S., Ahmed, V., Eisha, A. and 

Mohammed Zaman, N. (2006). Relationship between different allogamic 

associated trait characteristics on the five newly developed cytoplamic male 

sterile (CMS) lines in rice. Journal of Central European Agriculture 7(1): 

49-56. 

 

Gomez, K.A. and Gomez, A.A. (1984). Statistical procedures for agricultural 

research. New York: John Wiley & Sons Inc. 

 

Guok, H.P. (1994). Hybrid rice research in Malaysia. In S.S. Virmani (Ed.), Hybrid 

rice technology: New developments and future prospects (pp. 207-212). 

Manila: IRRI Press. 

 

Halimathul Saadiah, A.S. (1992). Pre-harvest seed dormancy in local rice varieties. 

MARDI Research Journal 20(1): 29-35. 

 

Hasan, M.J., Kulsum, U., Rahman, M.H., Akter, A. and Shamsuddin, A.K.M. (2014). 

Comparative study of floral characteristics in the component lines of hybrid 

rice (Oryza sativa L.). Bangladesh Journal of Botany 43(1): 1-8. 

 

Hayes, H.K., Immer, F.R. and Smith, D.C. (1955). Methods of plant breeding. New 

York: McGraw Hill Book Co. 

 

Heslop-Harrison, J. (1979). Aspects of the structure, cytochemistry and germination of 

the pollen of rye (Secale cereale L.). Annals of Botany 44: 1-47. 

 

IRRI. (2002). Standard evaluation system for rice (SES). Manila: IRRI Press. 

 

IRRI. (2018). Hybrid rice, http://irri.org/hybrid rice (accessed 4 June 2018) 

 

Kader, M.A. (2005). A comparison of seed germination calculation formulae and the 

associated interpretation of resulting data. Journal & Proceedings of the 

Royal Society of New South Wales 138: 65–75. 

 

Kato, H. (1997). Development of hybrid rice in Malaysia. Tokyo: Japan International 

Research Centre for Agricultural Science.  

 

Kato, H. and Namai, H. (1987). Floral characteristics and environmental factors for 

increase natural outcrossing rate for F1 hybrid seed production of rice (Oryza 

sativa L.) Japanese Journal of Biology 37: 318-330. 

 

Kato, H., Maruyama, K. and Uchiyamada,H. (1994). Hybrid rice in Japan. In Virmani, 

S.S.(Ed.), Hybrid rice technology: New development and future prospects 

(pp. 21-31). Manila: IRRI Press. 

 

Kim, E.H., Kim, Y.S., Park, S., Koo, Y.J. and Choi, Y.D. (2009). Methyl jasmonate 

reduces grain yield by mediating stress signals to alter spikelet development 

in rice. Plant Physiology 149: 1751-1760. 

 



© C
OPYRIG

HT U
PM

71 

 

Li, X., Yan, W., Agrama, H., Jia, L., Jackson, A., Moldenhauer, K., Yeather, K., 

McClung, A. and Wu, D. (2012). Unraveling the complex trait of harvest 

index with association mapping in rice (Oryza sativa L.). PLoS ONE 7(1): 

e29350. Doi: 10.1371/journal.pone.0029350 

 

Lu, P.L. (2000). The reason and counter measure of lower germination rate of the 

hybrid rice seed. Fujian Agriculture 4: 8-9. 

 

Mall, A.K. and Vishwakarma. (2013). Response of seeding datea and use of fertilizers 

on flowering synchronization in hybrid rice seed production. Journal of 

Crop and Weed 9(1): 220-222. 

 

Marathi, B. and Jena, K.K. (2015). Floral traits to enhance outcrossing for higher 

hybrid seed production in rice: present status and future prospects. 

Euphytica 201: 1-14. 

 

Marri, P.R., Sarla, N., Reddy, L.V. and Siddiq, E.A. (2005). Identification and mapping 

of yield and yield related QTLs from an Indian accession of Oryza 

rufipogon. BioMed Central 13: 33-39. 

 

Matsui, T. and Kagata, H. (2003). Characteristics of floral organs related to reliable 

self-pollination in rice (Oryza sativa L.) Annals of Botany 91: 473-477. 

 

Matsuo, T. and Hoshikawa, K. (2012). Science of the rice plant, Vol. 1: Morphology. 

Tokyo: Food and Agriculture Policy Research Centre.  

 

Maurya, D.M. (1998). Hybrid rice seed production technology, Department of Genetics 

and Plant Breeding, Narendra Deva University of Agriculture and 

Technology, India. 

 

MOA (2018). Agrofood statistics. Putrajaya: Policy and Strategic Planning Division, 

MOA. 

  

Mohd Solihen, J. (2019). Manual Pengeluaran Benih Padi Hibrid. Serdang: MARDI 

Press (in press). 

 

Negin, V., Mad Nasir, S., Alias, R. and Khalid, A.R. (2015). Impact of climate change 

on food security in Malaysia: economic and policy adjustments for rice 

industry. Journal of Integrative Environmental Sciences 13(1): 19-35. 

 

Neve, C.D. (2014). Male sterility in rice pollen development. Ph.D. Thesis. University 

of Ghent. 

 

Oka, H.I. (1988). Origin of cultivated rice. Amsterdam: Elsevier. 

 

Oka, H.I. and Morishima, H. (1967). Variations in the breeding systems of wild rice, 

Oryza parennis. Evolution 21: 249-258. 

 



© C
OPYRIG

HT U
PM

72 

 

Parmar, K.S., Siddiq, E.A. and Swaminathan, M.S. (1976). Variation in components of 

flowering behaviour of rice. Indian Journal of Genetics and Plant 

Breeding 39(3): 542-550. 

 

Rahman, M.H., Khatun, M.M., Khan, M.S.R., Mian, M.A.K. and Rasul, M.G. (2012). 

Effect of GA3 and row ratio of restorer (R) and CMS lines (A) on different 

characters and seed production of BRRI hybrid dhan2. Bangladesh Journal 

of Agricultural Research 37(4): 665-674. 

 

Ramesha, M.A., Virakmath, B.C., Ahamad Ilyas, M. and Vijaykumar, C.H.M. (1999). 

New CMS sources with stable male sterility and better out-crossing traits 

in rice. Indian Journal of Genetics 59: 403-409. 

 

Ryan, E.P. (2011). Bioactive food components and health properties of rice bran. 

Journal of the American Veterinary Medical Association 238: 593-600. 

 

Sahadevan, P.C. and Namboodiri, K.M.N. (1963). Natural crossing in rice. Proceeding 

of Indian Academy Science Section B58: 176-185. 

  

Savitha, P., Ushakumari, R. and Vanniarajan, C. (2017). Correlation between selected 

morphological floral characters and yield components related traits in 

Oryza sativa L. Indian Journal of Experimental Biology 55: 642-647. 

 

Shahida, H. and Chan, C.S. (2018). Effect of water regime on growth, yield and 

hormonal changes in MR 220 rice variety during reproductive stage. 

Journal of Tropical Agriculture and Food Science 46(2): 99-106. 

 

Sheeba, A., Vivekananda, P. and Ibrahim, S.M. (2006). Genetic variability for floral 

traits influencing outcrossing in the CMS lines of rice. Indian Journal of 

Agricultural Research 40(4): 272-276.  

 

Singh, S., Viraktamath, B. C., Kumar, V., Ramesha, M. S. and Ahmad, M. I. (1998). 

Standardizing hybrid rice seed production practice. International Rice 

Research Newsletter (23, pp. 22). Manila: IRRI Press.  

 

Singh, A.K., Khera, P., Priyadarshi, R., Patil, V., Manisha, D. and Vinay, S. (2012). 

Occurrence of trifid stigma morphotype in a maintainer line of rice (Oryza 

sativa L.). International Journal of Plant Breeding and Genetics 6(4): 252-

255. 

 

Susilawati, P.N., Surahman, M., Purwoko, B.S. and Suharsi, T.K. (2014). Effect of 

GA3  concentration on hybrid rice seed production in Indonesia. 

International Journal of Applied Science and Technology 4(2): 143-148. 

 

Syed Shamshad, M.N. (2002). Plant growth hormones: Growth promoters and 

inhibitors. In Mohammad, P. (Ed.) Handbook of plant and crop 

physiology. New York: Marcel Dekker Inc. 

 



© C
OPYRIG

HT U
PM

73 

 

Taillebois, J. and Guimaraes. (1988). Improving outcrossing rate in rice (Oryza sativa 

L.). Proceeding of the 1
st
 international symposium on hybrid rice. Manila: 

IRRI Press. 

 

Tan, Y., Sin, M. and Corke, H. (2002). Physicochemical properties of an elite hybrid 

rice. Journal of the Science of Food and Agriculture 82: 1628-1636. 

 

Virmani, S.S. (1994). Heterosis and hybrid rice breeding. In Frankes, R., Grossman, 

B.M., Linskens, W.H.F., Muliga, N.P. and Riley, P.R. (Eds.), Monographs 

on theoretical and applied genetics (Vol. 22).  Germany: Springer-Verlag. 

 

Virmani, S.S. and Sharma, H.L. (1992). Manual for hybrid rice seed production. 

Manila: IRRI Press.  

 

Virmani, S.S., Viraktamath, B.C., Casal, C.L., Toledo, R.S., Lopez, M.T., Manalo, J.O. 

(1997). Hybrid rice breeding manual. Manila: IRRI Press.  

 

Wang, Z.F., Wang, J.F., Bao, Y.M., Wang, F.H. and Zhang, H.S. (2010). Quantitative 

trait loci analysis for rice seed vigour in germination and seedling 

establishment in rice. Journal of Zhejiang University of Science 11: 958-

964. 

 

Winiarczyk, K. and Tchórzewska, D. (2013). Pollen grain on the compatible and 

incompatible stigma of Secale cereale L. Annales Universitasis Mariae 

Curie-Sklodowska Sectio C (Biologia) 68(2): 45-55.    

 

Wu, L., Zhang, W., Ding, Y., Zhang, J., Elidio, D.C., Fei, W., Zhenghui, L., 

Chengqing,  D., She, T., Lin, C., Shaohua, W. and Ganghua, L. (2017). 

Shading contributes  to the reduction of stem mechanical strength by 

decreasing cell wall synthesis in Japonica rice (Oryza sativa L.). Frontiers 

in plant sciences 8(881): 1-16. 

   

Yin, C., Gan, L., Ng, D., Zhou, X. and Xia, K. (2007). Decreased-panicle derived 

indole-3-acetic acid reduces gibberellins A1 level in the uppermost 

internode, causing panicle enclosure in male sterile line Zhenshan 97A. 

Journal of Experimental Botany 58: 2441-2449. 

 

Yoshida, S. (1981). Fundamental of rice crop science. Manila: IRRI Press. 

  

Young, J.B. (1983). Cytoplasmic-genetic male sterility and fertility resptoration in rice. 

MSc. Thesis. University of the Philippines at Los Bãnos.  

 

Yuan, L.P. (1985). A concise course in hybrid rice. China: Hunan Technology Press. 

 

Yuan, L.P. and Fu, X. (1995). Technology of hybrid rice production. Rome: Food and 

Agriculture Organization of the United Nations. 

 

Yuan, L.P., Wu, X., Liao, F., Ma, G. and Xu, Q. (2003). Hybrid rice technology. 

Beijing: China Agriculture Research. 

 



© C
OPYRIG

HT U
PM

74 

 

Zhang, W. M., Ni, A.L. and Wang, C.C. (1998). Studies on seed vigour of hybrid rice. 

Hybrid Rice 13(3): 27-29 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




