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Aerobic rice, a promising water-wise rice production system, is highly vulnerable to weed 

invasion which demands an effective weed management strategy. This study was, 

therefore, initiated aimed at developing a more comprehensive integrated weed 

management system for aerobic rice. Thirteen rice varieties were evaluated for their weed 

suppressive ability and productivity under aerobic soil conditions. Rice varieties differed 

widely in their weed suppressive ability and yield. AERON 1 exhibited very strong weed 

suppressive ability and highest yield potential closely followed by AERON 4.  Two 

seeding methods and three seeding rates were tested to identify suitable method and 

seeding rate in terms of weed suppression and yield of AERON 1.  Weed density and dry 

weight decreased gradually with increased seeding rate but were independent of seeding 

methods.  Row seeding produced higher grain yield compared to broadcast seeding. 

Increasing seeding rate up to 300 seeds/m2 was found worthwhile to reduce weed pressure 

without sacrificing rice yield. An attempt was made to explore the possibility of adopting 
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seed priming technique as a tool for weed management. Seed priming considerably 

improved germination attributes, weed suppressive ability and yield of AERON 1.   

Zappa® priming was the best in terms of weed suppression and yield. In herbicide 

screening trial, eight herbicide formulations were applied in different combinations. Most 

of the herbicides provided excellent weed control. In terms of weed control efficacy and 

cost effectiveness, Cyhalofop-butyl + Bensulfuron followed by (fb) Bentazon/MCPA 

performed the best. Among others, Bispyribac-sodium fb Bentazon/MCPA and 

Pretilachlor/safener fb Propanil/Thiobencarb also exhibited high weed control efficacy and 

net benefit. All the herbicides showed high selectivity to rice plant. An attempt was made 

to identify the critical period of weed control (CPWC) of AERON 1 in two different 

seasons. The CPWC varied between seasons.  Based  on the 5% yield loss level, the CPWC 

in main and off seasons were 7 to 49 and 7 to 53 days after seeding (DAS), respectively, 

while at 10% yield loss level, the same were 23 to 40 and 21 to 43 DAS, respectively. To 

develop an integrated weed management package, weed competitive rice variety AERON 

1, higher seeding rate of 300 seeds/m2 and seed priming by Zappa® were incorporated. As a 

consequence of integrating different agronomic practices, lower weed pressure and higher 

weed control efficacy were evident in this study compared to the previous study. Weed 

management through Cyhalofop-butyl + Bensulfuron or Bispyribac-sodium or 

Propanil/Thiobencarb fb Bentazon/MCPA emerge as highly effective and most economic 

package. Application of Pretilachlor/safener fb Propanil/Thiobencarb fb Bentazon/MCPA 

also may be considered. Despite being less remunerative, spraying with any of the 

aforesaid early-post emergence herbicides in rotation followed by a manual weeding may 

be recommended for long-term sustainability of aerobic rice system.  
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 
memenuhi keperluan untuk ijazah Doktor Falsafah 
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Pengerusi: Profesor Madya Abdul Shukor Juraimi, PhD 

Institut: Institut Pertanian Tropika 

 

Padi aerobik, satu sistem pengeluaran padi yang menjimatkan  kadar penggunaan air 

sangat terkesan oleh persaingan rumpai,  memerlukan strategi pengurusan rumpai yang 

efectif. Oleh itu, kajian telah dijalankan untuk membangunkan sistem pengurusan rumpai 

bersepadu yang lebih komprehensif untuk sistem penanaman padi aerobik. Tiga belas 

germplasma padi telah dinilai berdasarkan kebolehannya menyekat persaingan rumpai 

dan pengeluaran hasil dalam keadaan tanah aerobik. Germplasma padi mempunyai 

perbezaan yang ketara dari segi kebolehan menyekat persaingan rumpai dan pengeluaran 

hasil. AERON 1 menunjukkan  kebolehan menyekat rumpai dan potensi hasil yang 

tinggi, diikuti rapat oleh AERON 4. Dua kaedah penanaman   serta tiga kadar semaian 

telah diuji untuk mengenalpasti kaedah penanaman dan kadar semaian yang sesuai dari 

segi menyekat rumpai dan hasil Aeron 1. Kepadatan dan berat kering rumpai berkurang 

secara berkala dengan peningkatan kadar semaian tetapi ia juga bergantung kepada 

kaedah penanaman. Semaian baris memberikan hasil yang lebih tinggi jika dibandingkan 
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dengan semaian tabur terus. Peningkatan kadar semaian sehingga 300 biji/m2 didapati 

berkesan mengurangkan tekanan rumpai tanpa menjejaskan hasil padi. Eksperimen telah  

dilakukan untuk mengkaji potensi penggunaan keadah pengerapan biji benih sebagai 

salah satu cara pengurusan rumpai. Priming biji benih boleh meningkatkan percambahan, 

kebolehan menyekat rumpai dan hasil AERON 1. Priming  Zappa® adalah yang terbaik 

dari segi menyekat pertumbuhan rumpai dan pengeluaran hasil. Dalam percubaan racun 

rumpai, formulasi lapan jenis racun telah digunakan dalam pelbagai kombinasi. 

Kebanyakan racun rumpai dapat mengawal rumpai dengan sangat baik. Dari segi 

keberkesanan kawalan rumpai dan kos yang efektif, Cyhalofop-butyl + Bensulfuron 

diikuti oleh Bentazon/MCPA  memberikan kawalan rumpai yang terbaik, dan merupakan 

kombinasi racun rumpai yang menjimatkan kos. Selain itu, Bispyribac-sodium diikuti 

oleh Bentazon/MCPA dan Pretilachlor/safener diikuti oleh Propanil/Thiobencarb juga 

menunjukkan keberkesanan kawalan rumpai dan keuntungan bersih yang tinggi. 

Kesemua racun rumpai yang digunakan juga menunjukkan selektiviti yang tinggi 

terhadap padi. Kajian juga telah dijalankan untuk mengenalpasti tempoh kritikal untuk 

kawalan rumpai (CPWC) bagi AERON 1 dalam tempoh dua musim yang berbeza. 

Tempoh kritikal kawalan rumpai adalah berbeza di antara musim. Berdasarkan tahap 5% 

kehilangan hasil, tempoh kritikal kawalan rumpai musim utama adalah di antara 7 hingga 

49 hari selepas tanam, manakala bagi luar musim adalah di antara 7 hingga 53 hari 

selepas tanam. Bagi tahap 10% kehilangan hasil untuk musim utama adalah 23 hingga 40  

hari selepas tanam manakala bagi luar musim adalah 21 hingga 43 hari selepas tanam. 

Bagi membangunkan satu pakej pengurusan rumpai bersepadu germplasma yang 

kompetetif AERON 1, kadar semaian yang tinggi iaitu 300 biji/m2 dan priming Zappa®   
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telah digabungkan. Hasil gabungan amalan agronomi yang berbeza ini, menunjukkan 

tekanan rumpai adalah lebih rendah dan kebolehan menyekat rumpai lebih tinggi di 

dalam kajian ini berbanding kajian sebelumnya. Pengurusan rumpai menerusi 

penggunaan Cyhalofop-butyl + Bensulfuron atau Bispyribac-sodium atau 

Propanil/Thiobencarb diikuti dengan Bentazon/MCPA  merupakan pakej yang paling 

efektif dan ekonomi. Penggunaan Pretilachlor/safener diikuti dengan 

Propanil/Thiobencarb diikuti dengan Bentazon/MCPA boleh juga dipertimbangkan. 

Walaupun kurang menguntungkan, penggunaan racun rumpai tersebut di awal 

percambahan secara bergilir-gilir diikuti merumpai secara manual pada 30 hari selepas 

tanam  boleh dicadangkan untuk pengekalan jangka masa panjang bagi sistem padi 

aerobik mampan.  
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CHAPTER 1 

�

INTRODUCTION 

�

1.1 Project background  
 

Rice (Oryza sativa L.) is the leading cereal of the world (Ashraf et al., 2006), and more 

than half of the human race depend on rice for their daily sustenance (Chauhan and 

Johnson, 2011a). It is the primary source of income and employment for more than 100 

million households in Asia and Africa (FAO, 2004a). In Malaysia, rice is the staple food 

and third most important crop after oil palm and rubber (Karim et al., 2004). World rice 

demand is projected to increase by 25% from 2001 to 2025 to keep pace with population 

growth ( Maclean et al., 2002), and therefore, meeting ever increasing rice demand in a 

sustainable way with shrinking natural resources is a great challenge. 

 

By tradition, rice had been cultivated in flooded conditions mostly for water availability 

and efficient weed management (Bouman, 2003). Rice is a profligate user of water, and it 

alone consumes about 30% of world freshwater consumption and more than 45% of total 

freshwater used in Asia (Barker et al., 1999). For the last few decades, sustainability of 

water resources has been a global challenge (Juraimi et al., 2010). Water scarcity in 

agriculture is looming because of declining water availability resulted from over 

consumption, pollution and increased competition from other sectors (IWMI, 2000; Duda 

and El-Ashry, 2000). It is anticipated that by 2025, 17 million ha of irrigated rice areas 

may enjoy “physical water scarcity” and 22 million ha areas may subject to “economic 
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water scarcity” in Asia (Bouman and Tuong, 2001). Therefore, flood-irrigated rice 

cultivation is no more feasible from practical view point, and finding ways of living with 

water scarcity deems necessary. A number of water saving technologies for rice 

production have been developed which include saturated soil culture (Borell et al., 1997), 

alternate wetting and drying (Li, 2001; Tabbal et al., 2002), ground cover system (Lin et 

al., 2002) and system of rice intensification (Stoop et al., 2002). But, in most of those 

systems, water losses still remain high. A fundamentally different approach to grow rice 

like an upland crop would be a suitable alternative (Tuong et al., 2005). A new concept 

of growing rice termed as ‘Han Dao’ in Chinese or ‘aerobic rice’ at the IRRI (Bouman, 

2003) was pioneered in China and Brazil. Aerobic rice cultivation is a production system, 

which involves the growing rice in well-drained, nonpuddled, and nonsaturated soils 

(aerobic soil) without ponded water, and thus eliminates surface runoff, percolation and 

evaporation losses (Singh and Chinnusamy, 2006). A true aerobic rice cultivar produces 

high yield, minimizes water use up to 50% (Tuong and Bouman, 2003) and boosts up 

water productivity by around 200% (Wang et al., 2002) compared to lowland rice.  

 

Weed is as old as agriculture, and from the very beginning farmers realized the 

interference of weed with crop productivity (Ghersa et al., 2000), which led to the 

coevolution of agroecosystems and weed management (Ghersa et al., 1994). Weeds are 

the greatest yield-limiting constraint to rice (WARDA, 1996). The risk of yield loss from 

weeds in direct-seeded rice is greater than transplanted rice (Rao et al., 2007). Ramzan 

(2003) reported yield reduction up to 48, 53 and 74% in transplanted, direct seeded 

flooded and direct seeded aerobic rice, respectively. Aerobic rice is subject to much 
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higher weed pressure with a broader weed spectrum than flood-irrigated rice 

(Balasubramanian and Hill, 2002). In tropic, average rice yield losses from weeds is 35% 

(Oerke and Dehne, 2004), while in aerobic rice, yield penalty is as high as 50-91% (Rao 

et al., 2007). Sunil et al. (2010) as stated, season-long weed competition in aerobic rice 

may cause yield reduction up to 80%. Jayadeva et al. (2011), on the other hand, reported 

complete failure of crops due to weeds in aerobic rice.  Dry direct seeded aerobic rice 

germinates simultaneously with weeds resulting in no ‘head start’ over weeds and no size 

differential with weeds (Rao et al., 2007).  At the same time, aerobic rice lacks a standing 

water layer to suppress weeds in the early stage of crop (Moody, 1983), which makes it 

more vulnerable to weeds. Therefore, an efficient, cost- effective and eco-friendly weed 

management strategy is crucial for the sustainability of this water-wise technology.  

 

1.2 Project development 

 

Weed problem is sought to be addressed from two basic points of view: weed control and 

weed management (Ghersa et al., 2000). Control approach only emphasizes on reduction 

of weed pressure; management approach, by contrast, focuses on keeping weed 

infestation at a level compatible with environmentally and economically sustainable 

production (Radosevich et al., 1997). However, different weed control options are 

available for rice. Physical control are eco-friendly but tedious and labor-intensive (Roder 

and Keobulapha, 1997); other problems include delayed weeding due to unavailability of 

labor (Johnson, 1996), damage to the rice seedlings and mistaken removal of rice 

seedlings (Moody and Cordova, 1985). Biological control by using different bio-agents 
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(Smith, 1992) and mycoherbicides (Thi et al., 1999) are practiced in irrigated lowland 

rice, but these may not be effective under aerobic soil conditions. Chemical control, on 

the contrary is the most effective, economic and practical way of weed management 

(Marwat et al., 2006; Hussain et al., 2008).  Many researchers working on weed 

management in direct seeded rice opined that herbicide may be considered to be a viable 

alternative/supplement to hand weeding (Mahajan et al., 2009; Pacanoski and Glatkova, 

2009; Chauhan and Johnson, 2011a).  In China, aerobic rice cultivation is completely 

dependent on herbicides (Wang et al., 2002).  But, intensive use of herbicides may result 

in development of resistant weed biotypes (Fischer et al., 2000; Heap, 2006; Rahman et 

al., 2010), crop phytotoxicity (Begum et al., 2008a) and public health hazard (Phuong et 

al., 2005). The other option left is cultural weed control through adoption of different 

agronomic practices including tillage (Cadrina et al., 2002; Rao et al., 2007), competitive 

cultivar (Fischer et al., 2001; Zhao et al., 2006a), seeding density (Ottis and Talber, 2005; 

Guillermo et al., 2009), water management (Hill et al., 2001; Rao et al., 2007), fertilizer 

management (Buhler, 2002;  Blackshaw et al., 2004), seed invigoration (Harris et al., 

2002; Ghiyasi et al., 2008), mulching (Singh et al., 2007a), crop rotation (Cadrina et al., 

2002; Shrestha et al., 2002) and so on. Although those agronomic tools help increase 

competitive ability of crop against weeds (Liebman et al., 2001) and at the same time are 

eco-friendly and economic, but may not provide acceptable level of weed control 

especially under aerobic soil conditions where weed pressure is very high.   

 

A single weed control approach may not be able to keep weeds below the threshold level 

of economic damage, and may results in shift in the weed flora, resistance development 
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and environmental hazard. Adoption of diverse technology is therefore essential for weed 

management because weed communities are highly responsive to management practices 

(Buhler et al., 1997). Besides, farmers are now becoming increasingly interested in more 

inclusive weed management strategy to reduce herbicide dependence (Blackshaw et al., 

2005). Therefore, while addressing environmental concern, all the methods that are 

ecologically and economically justifiable should be integrated in a comprehensive way- 

known as integrated weed management (IWM). The IWM involves the selection, 

integration, and implementation of effective weed control means with due consideration 

of economics, environmental, and sociological consequences (Buchanan, 1976). Concern 

over long-term efficacy of herbicide dependent weed management has reinforced the 

need for IWM (Wyse, 1992). A substantial impact of IWM on rice farming has been 

documented by many researchers (Ho et al., 1990; Azmi and Baki, 2002; Sunil et al., 

2010; Jayadeva et al., 2011).  So far, however, little attention has been paid to sustainable 

weed management in aerobic rice which demands research on integrated weed 

management through combining possible agronomic practices with herbicides to make 

aerobic rice technology a popular as well as sustainable one.  

 

1.3 Objectives 

 

The research program was undertaken to develop an integrated weed management 

strategy for the sustainability of aerobic rice in water limiting environments. The specific 

objectives of the study are pointed below:  

1. To identify promising aerobic rice variety for weed-competitiveness and yield 

potential  
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2. To elucidate the role of rice seeding method and rate in suppressing weeds  

3. To evaluate selected seed priming techniques as a tool for weed suppression  

4. To estimate the critical period of weed control to rationalize and optimize inputs 

required for weed control  

5. To identify potential herbicides with alternate modes of action for efficient weed 

management, and 

6. To formulate an integrated weed management technology combining agronomic 

practices with herbicides for the sustainability of aerobic rice system.  

 

1.4 Thesis outline 

 

          The dissertation starts with chapter 1 which contains statement of the problem, 

formulation of the hypothesis and objectives of the study. A thorough review of the 

literature on rice ecosystems, water saving rice production technologies, weed problem in 

rice and its management options was done in chapter 2. Weed problem in aerobic rice 

was highlighted and integrated weed management with special emphasis on agronomic 

practices was also discussed to justify the present work. Chapter 3 describes the general 

materials and methodology of the study.  Chapter 4 represents a comparison of weed 

competitiveness and yield potential of selected rice varieties grown in aerobic soil 

conditions. Exploitation of rice seeding method and rate in minimizing weed pressure 

under aerobic soil conditions has been discussed in chapter 5. Chapter 6 explores the 

feasibility of adopting seed priming as a component of integrated weed management for 

aerobic rice. Critical period of weed control for aerobic rice were determined and 
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discussed in chapter 7. Chapter 8 appraises the weed control efficacy, rice phytotoxicity 

and cost effectiveness of different herbicides under aerobic soil conditions. In chapter 9, 

an attempt was made to integrate the best agronomic package with potential herbicides 

for sustainable weed management in aerobic rice. Chapter 10 portrays summary and the 

conclusions of this project with recommendation for future work. A list of publications 

originated from the study appears at the end of this dissertation. 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

����

�

REFERENCES 
 

Agenbag, G.A. and Villiers, O.T. 1989. The effect of nitrogen fertilizers on the 
germination and seedling emergence of wild oat seed in different soil types. Weed 
Research 29: 239-245. 

 
Ajouri, A., Asgedom, H. and Becker, M. 2004. Seed priming enhances germination and 

seedling growth of barley under conditions of P and Zn deficiencies. Journal of 
Plant Nutrition and Soil Science 167: 630-636. 

 
Ali, A., Malik, M.A., Rehman, R.M., Sohail, R. and Akram, M.M. 2002. Growth and 

yield response of wheat to different sowing times and weed competition 
durations. Pakistan Journal of Biological Sciences 3(4):681-682. 

 
Amador-Ramierz Md. 2002. Critical period of weed control in transplanted chilli pepper. 

Weed Research 42:203-209. 
 
Angonin, C., Caussanel, J.P. and Meynard, J.M. 1996. Competition between winter 

wheat and Veronica hederifolia : influence of weed density and the amount and 
timing of nitrogen application. Weed Research 36: 175-187. 

 
AOSA (Association of Official Seed Analysis). 1983. Seed Vigour Testing Handbook, 

Contribution No. 32 to the handbook on Seed Testing, Springfield, IL, USA. 
 
Arif, M., Jan, M. T., Marwat, K. B. and Khan, M. A. 2008. Seed priming improves 

emergence and yield of soybean. Pakistan Journal of Botany 40(3): 1169-1177. 
 
Ashraf, M. and Foolad, M.R. 2005. Pre-sowing seed treatment- a shotgun approach to 

improve germination, plant growth, and crop yield under saline and non-saline 
conditions. Advances in Agronomy 88:223-271. 

 

Ashraf, M.M., Awan, T.H., Manzoor, M., Ahmad, M. and Safdar, M.E. 2006. Screening 
of herbicides for weed management in transplanted rice. Journal of Animal and 
Plant Science 16(1-2):92.  

             
Atkin, J. and Leisinger, K.M. 2000. Safe and effective use of crop protection products in 

developing countries. New York: CABI Publishing. 

 

Audebert, A, Dingkuhn, M., Jones, M.P. and Johnson, D.E. 1999. Physiological 
mechanisms for vegetative vigor of interspecific upland rice-implications for 
weed competitiveness. Paper presented at the International Symposium on World 
Food Security, Kyoto, Japan. 1999. 

�



© C
OPYRIG

HT U
PM

����

�

Ayansina,  A.D.V. and  Osa,  B.A.  2006. Effect of two commonly used herbicides on 
soil microflora at two different concentrations. African  Journal of  Biotechnology 
5(2): 129-132. 

 
Azmi, M. 1992. Competitive ability of barnyard grass in direct seeded rice. Teknologi 

Padi 8:19-25. 
 
Azmi, M. and Baki, B.B. 2002. Impact of continuous direct seeding rice culture on weed 

species diversity in the Malaysian rice ecosystem. In Proceedings of the regional 
symposium on environment and natural resources. 10-11 April, 2002. Hotel 
Renaissance, Kuala Lumpur, Malaysia. 1:61-67. 

 
Azmi, M., Baki, B.B. and Mashhor, M. 1993. Weed communities in principal rice 

growing areas in Peninsular Malaysia. MARDI Report No. 165. 15p. 
 
Azmi, M., Juraimi, A.S. and Mohammad Najib, M.Y. 2007. Critical period of weedy rice 

control in direct seeded rice. Journal of Tropical Agriculture and Food Science 
35(2):319-332. 

 
Baki, B.B. and Azmi, M. 2001. Echinochloa aggregates in Malaysia- Ecology and 

management. Paper presented at FAO international Workshop on the ecology and 
management of Echinochloa spp. 27 May 2001, Beijing, China, 11p. 

 
Balasubramanian, V. 1999. Farmer adoption of improved nitrogen management 

technologies in rice farming: technical constraints and opportunities for 
improvement. Nutritional Cycle in Agroecosystem 53:93-101. 

 
Balasubramanian, V. and Hill, J.E. 2002. Direct seeding of rice in Asia: Emerging issues 

and strategic research needs for the 21st century. pp. 15-39. In Direct Seeding: 
Research strategies and opportunities. Pandey et al. Eds.  IRRI, Los Banos, 
Philippines. 

 
Ballare, C.L. and Casal, J.J. 2000. Light signals perceived by crop and weed plants. Field 

Crops Research 67:149-160.  
 
Baloch, A.W., Soomro, M.A., Javad, M., Ahmed, M., Bughio, H.R., Bughio, M.S. and 

Mastoi, N.N. 2002. Optimum plant density for high yield in rice. Asian Journal of 
Plant Science 1:25-27. 

 
Barberi, P. and Mazzoncini, M. 2001. Changes in weed community composition as 

influenced by cover crop and management system in continuous corn. Weed 
Science 49:491–499. 

 
Barker R., Dawe D., Tuong T.P., Bhuiyan S.I. and Guerra, L.C. 1999. The outlook for 

water resources in the year 2020: challenges for research on water management 
in rice production. In Assessment and Orientation towards the 21st Century. 



© C
OPYRIG

HT U
PM

����

�

Proceedings of the 19th session of the International Rice Commission. Cairo, 
Egypt. 7-9 September 1998. pp 96-109. 

 
Barker, T.C. and Francis, C.R.  1986. Agronomy of multiple cropping systems. In 

Multiple Cropping Systems. Francis, C.A. Ed.  New York: Macmillan. pp. 161-
182.  

 
Basra, S.M.A., Farooq, M. and Tabassum, R. 2005. Physiological and biochemical 

aspects of seed vigor enhancement treatments in fine rice (Oryza sativa L.). Seed 
Science and Technology 33:623-628. 

 
Basra, S.M.A., Farooq, M., Hafeez, K. and Ahmad N. 2004. Osmohardening: a new 

technique for rice seed invigoration. International Rice Research Notes 29:80-81. 
 
Bastiaans, L., Kropff, M.J., Goudriaan, J. and Laar, H.H. 2000. Design of weed 

management systems with a reduced reliance on herbicides poses new challenges 
and prerequisites for modeling crop-weed interactions. Field Crops Research 67: 
161-179. 

 
Baumann, D.T., Kropff, M.J. and Bastiaans, L. 2000. Intercropping leeks to suppress 

weeds. Weed Research 40:359–374. 
 
 
Begum, M., Juraimi, A.S., Omar, S.R.S., Rajan, A. and Azmi, M. 2008a. Effect of 

herbicides for the control of Fimbristylis miliacea (L.) Vahl. in Rice. Journal of 
Agronomy 7(3):251-257. 

 
Begum, M., Juraimi, A.S., Rajan, A., Omar, S.R.S. and Azmi, M. 2008b. Critical period 

competition between Fimbristylis miliacea (L.) Vahl and rice (MR220). Plant 
Protection Quarterly 23(4): 153-157. 

 
Bhagat, R.M., Bhuiya, S.I. and Mooky, K. 1996. Water, tillage and weed interactions in 

lowland tropical rice: A review. Agricultural Water Management 31:165-184. 
 
Bhagat, R.M., Bhuiya, S.I., Mooky, K.  and  Estorninos, L.E. 1999.Effect of water, tillage 

and herbicides on ecology of weed communities in intensive wet-seeded rice 
system. Crop Protection 18:293-303. 

 
Bhagirath, S.C. and Johnson, D.E. 2011. Growth response of direct-seeded rice to 

oxadiazon and bispyribac-sodium in aerobic and saturated soils. Weed Science 
59:119-122. 

 
Blackshaw, R.E., Brandt, R.N., Janzen, H.H., Entz, T. Grant, C.A. and Derksen, D.A. 

2003. Differential response of weed species to added nitrogen. Weed science 51: 
532-539. 

 



© C
OPYRIG

HT U
PM

����

�

Blackshaw, R.E., Molnar, L.J. and Janzen, H.H. 2004. Nitrogen fertilizer timing and 
application method affect weed growth and competition with spring wheat.Weed 
Science 52: 614-622. 

 
Blackshaw, R.E., Moyer, J.R., Harker, K.N. and Clayton, G.W. 2005. Integration of 

agronomic practices and herbicides for sustainable weed management in a zero-
till barley field pea rotation. Weed Technology 19:190-196. 

 
Blackshaw, R.E., Semach, G., Li, X., O’ Donovan, J.T. and Harker, K.N. 2000. Tillage, 

fertilizer and glyphosphate timing effects on foxtail barley management in wheat. 
Canadian Journal of  Plant Science 80:655-660. 

 
Bond, J.A., Walker, T.W., Bollich, P.K., Koger, C.H. and Gerard, P. 2005. Seeding rates 

for stale        seedbed rice production in the midsouthern United States. Agronomy 
Journal 97: 1560–1563. 

 
Bonham, C.D. 1989. Measurement for Terrestrial Vegetation. JohnWiley & Son, New 

York 
 
Borell, A., Garside, A., Shu, F.K.  1997.  Improving efficiency of water for irrigated rice 

in a semi-arid tropical environment. Field Crop Research 52: 231-248. 
 
Bouman,  B.A.M. 2003. Examining the water-shortage problem in rice systems: water 

saving irrigation technologies. In Proceedings of the international Rice Research 
Conference. Mew, T.W., Brar, D.S., Peng, S., Dawe, D. and Hardy, B. Eds.. 
Beijing, China, 16-19 September 2002. pp.519-535. 

 
Bouman, B.A.M. and Tuong, T.P. 2000. Field water management to save water and 

increase its productivity in irrigated lowland rice. Agricultural Water 
Management 1615:1-20. 

 
Bouman, B.A.M. and Tuong, T.P. 2001. Field water management to save water and 

increase productivity in irrigated lowland rice. Agricultural Water Management 
49:11-30. 

 
Bouman, B.A.M., Wang, H., Yang, X., Zhao, J. and Wang, C. 2002. Aerobic rice (Han 

Dao): A new way of growing rice in water-short areas. In Proceedings of the 12th 
International Soil Conservation Organization Conference, 26-31 May 2002, 
Beijing, China. Tsinghua University Press, pp. 175-181. 

 
Boyd, N.S., Brennan, E.B. Smith, R.F. and Yokota, R. 2009. Effect of seeding rate and 

planting arrangement on rye cover crop and weed growth. Agronomy Journal 
101:47-51. 

 



© C
OPYRIG

HT U
PM

����

�

Bradford, K.J. 1986. Manipulation of seed water relations via osmotic priming to 
improve germination under stress conditions. Horticultural  Science 21:1105-
1112. 

 
Bray, C.M., Davison, P.A., Ashraf, M. and Taylor, R.M. 1989. Biochemical events 

during osmopriming of leek seed. Annals of Applied Biology 102:185-193. 
 
BRRI (Bangladesh Rice Research Institute). 2006. Bangladesh Rice Knowledge Bank. 

Bangladesh Rice Research Institute. http://riceknowledgebank.brri.org. Accessed 
on January, 2010. 

 
Buchanan, G.A. 1976. Management of the weed pests of cotton (Gossypium  hirsutum). In 

Proceedings of the U.S.-U.S.S.R. Symposium: The integrated control of the 
arthropod, disease and weed pests of cotton, grain sorghum and deciduous fruit, 
Lubbock, TX. pp.168-184. 

 
Buehring, N.W., Talbert, R.E. and Baldwin, F.L. 2006. Interactions of graminicides with 

other herbicides applied to rice (Oryza sativa L.).  Weed Technology 20: 215-220. 
 
Buhler, D.D. 2002. Challenges and opportunities for integrated weed management. Weed 

Science 50:273-280. 
 
Buhler, D.D. and Gunsolus, J.L.  1996. Effect of date of preplant tillage and planting on 

weed populations and mechanical weed control in soybean (Glycine max). Weed 
Science 44:373-379.  

 
Buhler, D.D., Hartzler, R.G., and Forcella, F. 1997.  Implications of weed seed bank 

dynamics to weed management. Weed Science 45: 329-336. 
 
Buhler, D.D., Liebman, M. and Obrycki, J.J. 2000.  Theoretical and practical challenges 

to an IPM approach to weed management. Weed Science 48:274-280. 
 
Cadriana, J., Herms, C.P. and Doohan, D.J. 2002. Crop rotation and tillage system effects 

on weed seed banks. Weed Science 50(4): 448-460. 
 
Cantrell, R.P. and Hettel, G.P. 2005. Research strategy for rice in the 21st century. In: 

Rice is life: Scientific perspectives for the 21st century. Toriyama, K., Heong, K. 
L. and Hardy, B. Eds. Proceedings of the World Rice Research Conference held 
in Tokyo and Tsukuba, Japan, 4-7 November 2004. pp. 26-37. 

 
Castin,  E.M. and  Moody, K. 1989. Effect of different seeding rates, moisture regimes, 

and weed control treatments on weed growth and yield of wet- seeded rice. In 
Proceedings of the 12th Asian-Pacific Weed Science Society Conference. Seoul, 
Korea. pp.337-343. 

 



© C
OPYRIG

HT U
PM

����

�

Caton, B.P., Cope, A.E. and Mortimer, M. 2003. Growth traits of diverse rice cultivars 
unde severe competition: implications for screening for competitiveness. Field 
Crops Research 83: 157-172. 

 
Channappagoudar, N.R., Biradar, N.R., Bharmagoudar, T.D. and Rokhade, C.J. 2008. 

Physiological studies on weed control efficiency of different herbicides in 
sunflower. Karnataka Journal of Agricultural Science 21(2): 165-167. 

 

Chauhan, B.S. and Johnson, D.E. 2011a. Growth response of direct seeded rice to 
oxadiazon and bispyribac-sodium in aerobic and saturated soils. Weed Science 59: 
119-122. 

 
Chauhan, B. S. and Johnson, D. E. 2011b. Row spacing and weed control timing affect 

yield of aerobic rice. Field Crops Research 121(2):226-231. 
 
Chauhan, B.S., Singh, V.P. Kumar, A. and Johnson, D.E. 2011. Relations of rice seeding 

rates to crop and weed growth in aerobic rice. Field Crops Research 121:105-115. 
 
Chin, D.V. 1995. Present status of herbicide use in Vietnam. In proceedings of the 15th 

Asian -Pacific Weed Science Society Conference, Tsukuba, Japan. P.595-600. 
 
Chin, D.V. 1997. Occurrence of weedy rice in Vietnam. In Proceedings of the 16th Asian-

Pacific Weed Science Society Conference, Kuala Lumpur, Malaysia. pp. 243-245.  
  
Chin, D.V. 2001. Biology and management of barnyardgrass, red sprangletop and weedy 

rice. Weed Biology and Management 1:37-41. 
 
Chin, D.V., Hach, C.V., Thanh, N.C. and  Tai, N.T. 2000.  Weedy Rice Situation in 

Vietnam. In FAO Report of Global Workshop on Red Rice Control, Information 
Division, Food and Agricultural Organization of UN, Rome: 67-74. 

 
Clark, L.J., Whalley, W.R., Ellis-Jones, J., Dent, K., Rowse, H.R., Finch-Savage, W.E., 

Gatsai, T., Jasi, L., Kaseke, N.E., Murungu, F.S., Riches, C.R. and Chiduza. C. 
2001. On farm seed priming in maize: a physiological evaluation. Seventh 
Eastern and Southern Africa Regional Maize Conference, 11-15 February. pp. 
268-273. 

 
Cousens, R. and Mortimer, A.M. 1995. Weed population dynamics. Cambridge 

University Press, Cambridge. 332p. 
 
Cousens, R.D.,  Barnett, A.G. and Barry, G.C. 2003.  Dynamics of competition between 

wheat and oat. I. Effect of changing the timing of phonological events. Agronomy 
Journal  95: 1295-1304.  

 



© C
OPYRIG

HT U
PM

����

�

De Datta, S.K. and Baltazar, A.M., 1996. Weed control technology as a component of 
rice production systems. In Weed management in rice. Auld, B.A. and Kim, K.U. 
Eds.  FAO Plant Production and Protection Paper 139, Rome, Italy. pp. 27-52. 

 
Dhima, K.V. and Eleftherohorinos, I.G. 2001. Influence of nitrogen on competition 

between winter cereals and sterile oat. Weed Science 49:77-82. 
 
Dilday, R.H., Lin, J. and Yan, W. 1994. Identification of allelopathy in the USDA-ARS 

rice germplasm collection. Austrlian Journal of  Experimental Agriculture 34: 
907-910. 

 
Dillehay, B.L., Curran, W.S. and Mortensen, D.A. 2011. Critical period for weed control 

in alfalfa. Weed Science 59:68-75. 
 
Dingkuhn, M., Johnson, D. E., Sow, A. and Audebert, A.Y. 1999. Relationship between 

upland rice canopy characteristics and weed competitiveness. Field Crops 
Research 61:79-95. 

 
Dingkuhn, M., Tivet, F., Siband, P., Asch, F., Audebert, A.Y. and Sow, A. 2001. Varietal 

differences in specific leaf area; a common physiological determinant of tillering 
ability and early growth vigor? In Peng, S. and Hardy, B. Eds. Rice research for 
Food Security and Poverty Alleviation. IRRI, Los Banos, Philippines pp 95-108. 

 
Di Tomaso, J.M. 1995. Approaches for improving crop competitiveness through the 

manipulation of fertilization strategies. Weed Science 43:491- 497. 
 
 
Du, L.V. and Tuong, T.P. 2002. Enhancing the performance of dry-seeded rice: effects of 

seed priming, seedling rate,and time of seeding In Direct seeding: research 
strategies and opportunities. Pandey, S., Mortimer, M., Wade, L., Tuong, T.P., 
Lopes, K. and Hardy, B. Eds. International Rice Research Institute, Manilla, 
Philippines, pp.241-256. 

 
Duda, A.M. and El-Ashry, M.T. 2000. Addressing the global water and environment 

crisis through integrated approahes to the management of land, water and 
ecological resources. Water International 25:115-126. 

 
Ellis, R.A. and Roberts. E.H. 1981. The qualification of ageing and survival in orthodox 

seeds. Seed Science and. Technology 9: 373-409.  
 
Elmore, C.L.  1996. A reintroduction to integrated weed management. Weed Science 

44:409-412. 
 
Evans, S.P., Knezevic, S.Z., Lindquist, J.L., Shapiro, C.A. and Blankenship, E.E. 2003.  

Nitrogen application influences the critical period of weed control in corn. Weed 
Science 51: 408-417. 



© C
OPYRIG

HT U
PM

����

�

FAO (Food and Agriculture Organization of the United Nations), 2007. FAO database 
2007 for rice area. FAO, Rome.  Accessed on 7 August 2011. 

 
FAO (Food and Agriculture Organization of the United Nations). 2004a. Rice and us. 

http://www.fao.org/rice2004/en/aboutrice.htm. Accessed on 20 March 2011. 
 
FAO (Food and Agriculture Organization of the United Nations). 2004b. Rice and water: 

a long and diversified story .http://www.fao.org/rice2004/en/f-
sheet/factsheet1.htm. Accessed on 12 July 2011. 

 
FAO (Food and Agriculture Organization of the United Nations). 2008. FAOSTAT 

database 2008, FAO, Rome.  Accessed on 22 June 2011. 
 
Farahani, H.A. and Maroufi, K. 2011. Effect of hydropriming on seedling vigor in Basil 

under salinity conditions. Advances in Environmental Biology 5(5):828-833. 
 
Farooq, M., Basra, S.M A. and Ahmad, N. 2007. Improving the performance of 

transplanted rice by seed priming. Plant Growth Regulators 51: 129-137. 
 
Farooq, M., Basra, S.M.A. and Wahid A. 2006a. Priming of field-sown rice seed 

enhances germination, seedling establishment, allometry and yield. Plant Growth 
Regulators 49: 285-294. 

 
Farooq, M., Basra, S.M.A., Ahmad, N. and Murtaza, G. 2009. Enhancing the 

performance of transplanted course rice by seed priming. Paddy Water 
Environment 7: 55-63. 

 
Farooq, M., Basra, S.M.A., Hafeez, K. and Ahmad, N. 2005. Thermal hardening: a new 

seed vigor enhancement tool in rice. Journal of  Interated. Plant. Biology 47: 
187–193. 

 
Farooq, M., Basra, S.M.A., Rehman, H. and Mehmood, T. 2006b. Germination and early 

seedling growth as affected by pre sowing ethanol seed treatments in fine rice. 
International Journal of Agriculture and Biology 8(1):19-22. 

 
Fernando, C.H. 1980. Rice field ecosystems: a synthesis. In Proceedings of the 5th 

International Symposium of tropical Ecology. Kuala Lumpur, Malaysia. pp. 339-
342. 

 
Fischer,  A.J.,  Ateh,  C.M.,  Bayer, D.E. and  Hill, J.E.  2000. Herbicide-resistant 

Echinochloa oryzoides and E. phyllopogon in California Oryza sativa fields. 
Weed Science 48: 225-230. 

 
Fischer, A.J., Chatel, M.,  Ramierz, H., Lozano, J. and Guimaraes, E. 1995. Components 

of early competition  between upland rice (Oryza sativa) and Brachiaria 



© C
OPYRIG

HT U
PM

��	�

�

brizantha( Hochst.ex A. Rich) . International Journal of Pest Management 
41:100-103. 

 
Fischer, A.J., Ramierz, H.V. and Lozano, J. 1997. Suppression of junglerice 

(Echinochloa colona (L.) Link) by irrigated rice cultivars in Latin America. 
Agronomy Journal    89: 516-521. 

 
Fischer, A.J., Ramierz, H.V., Gibson, K.D., Pinheiro, B.D.S. 2001. Competitiveness of 

semi dwarf rice cultivars against palisadegrass (Brachiaria brizantha) and 
signalgrass (Brachiaria decumeans) . Agronomy Journal 93: 967-973. 

 
Fofana, B. and  Rauber, R. 2000. Weed suppression ability of rice under low-input 

conditions in West Africa. Weed Research 40: 271-280. 
 
Froud-Williams, R.J. 2002. Weed competition. In Weed Management Handbook. 9th Eds. 

Naylor, R.E.L. Ed.  Blackwells, pp. 16-38. 
 
Garrity, D.P., Movillon, M. and Moody, K. 1992. Differential weed suppression ability in 

upland rice cultivars. Agronomy Journal  84:586-591. 
 
Ghersa, C.M., Benech-Arnold, R.L., Satorre, E.H. and Martinez-Ghersa, M.A. 2000. 

Advances in weed management strategies. Field Crops Research 67:95-104. 
 
Ghersa, C.M., Roush, M.L., Radosevich, S.R. and Cordray, S.M. 1994. Coevolution of 

agroecosystems and weed management. BioScience  44: 85-94. 
 
Ghiyasi, M., Abbasi, A.M.,Tajbakhsh, A. and Sallehzade, R. 2008. Effect of 

osmopriming withpoly ethylene glycol8000 (PEG8000) on germination and 
seedling growthof wheat (Triticum aestivum L.) seeds under salt stress. Research 
Journal of  Biological Science 3(9):1249-1251. 

 
Ghosheh, H.Z., Holshouser, D.L. and Chandler, J.M. 1996. The critical period of 

johnsongrass (Sorghum halepense) control in field corn (Zea mays). Weed Science 
44:944-947. 

 
Gibson,  K.D.,  Hill,  J.E.,  Foin,  T.C. ,  Caton,  B.P. and  Fischer,  A.J.  2001. Water 

seeded rice cultivars differ in ability to interfere with water grass. Agronomy  
Journal 93: 326-332.  

 
Gibson, K.D. and Fischer, A.J. 2004. Competitiveness of rice cultivars as a tool for crop-

based weed management. In Weed Biology and Management. Inderjit Ed.  
Kulwer Academic Publishers, the Netherlands. pp 517-537. 

 
Gill, G.S. and Holmes, J. E. 1997. Efficacy of cultural control methods for combating 

herbicide-resistant Lolium rigidum. Pesticide Science 51:352- 358. 
 



© C
OPYRIG

HT U
PM

��
�

�

Gilmore, E.C. and Rogers, R.S. 1958. Heat units as a method of measuring maturity in 
corn. Agronomy Journal 50:611-615. 

 
Goldberg, D.E. and Landa, K. 1991. Competitive effect and response: hierarchies and 

correlated traits in the early stage of competition. Journal of  Ecology 79: 1013-
1030. 

 
Gould, F. 1991. The evolutionary potential of crop pests. American Science 79:496-507. 
 
Gowda, P.T., Govindappa, M., Murthy,  K.N.K., Shankaraiah, C. and Jnanesha, A.C. 

2009a. Effects of herbicides and cultural treatments on uptake of major nutrients 
by crop and weeds under aerobic rice cultivation. Journal of Crop and Weed 
5(1):327-330. 

 
Gowda, P.T., Shankaraiah, C., Jnanesha, A.C., Govindappa, M. and Murthy, K.N.K. 

2009b. Studies on chemical weed control in aerobic rice (Oryza sativa L.). 
Journal of Crop and Weed 5 (1):321-324. 

 
Grichar, W.J., Bessler,   B.A. and   Brewer, K.D.  2004. Effect of row spacing and 

herbicide dose on weed control and grain sorghum yield. Crop Protection 23:263-
267. 

 
Grundy, A.C.  and Froud-Williams, R.J.  1997. The control of weeds in cereals using an 

integrated approach. Applied  Biology 50: 367-374. 
 
Guillermo, D.A., Pedersen, P. and Hartzler, R.G. 2009. Soybean seeding rate effects on 

weed management. Weed Technology 23:17-22.  
 
Gupta, R. K., Naresh, R.K.,  Hobbs, P.R.,  Jiaguo, Z. and Ladha, J.K.  2003. 

Sustainability of post-green revolution agriculture: the rice-wheat cropping 
systems of the indo-gangetic plains and China. In: Improving the productivity and 
sustainability of rice-wheat systems: issues and impacts. Ladha, J. K., Hill, J. E., 
Duxbury, J. M., Gupta, R. K. and Buresh, R. J. Eds.  ASA Inc., CSSA Inc., SSSA 
Inc., ASA special publication no. 65, Madison, WI, USA, pp. 1-25. 

 
Guyer, R. and Quadranti, M.  1985. Effect of seed rate and nitrogen level on the yield of 

direct wet-seeded rice. In Proceedings of the 10th Asian-Pacific Weed Science 
Society Conference.Chiangmai,Thailand. pp. 304-311. 

 
Hach, C.V. 1999. Study on some weed control methods in wet seeded rice in Mekong 

delta.Ph. D. thesis. Vietnam Institute of Agricultural Science and Technology, 
Hanoi. 183 p. 

 
Hach, C.V., Chin, D.V., Dien, T.V. and Luat, N.V. 1997. Study the effect of water depths 

and herbicides on weeds and grain yield of rice. In Scientific Proceedings of the 
Vietnam Institute of Agricultural Science and Technology. 5:20-21. 



© C
OPYRIG

HT U
PM

����

�

Haefele, S.M., Johnson, D.E., Bodj, D.M., Wopereis, M.C.S. and Miezan, K.M.  2004. 
Field screening of diverse rice genotypes for weed competitiveness in irrigated 
lowland ecosystems.  Field Crops Research 88: 39-56. 

 
Hall, M.R., Swanton, C.J. and  Anderson, G.W. 1992. The critical period of weed control 

in grain corn (Zea mays) Weed Science 40:441-447. 
 
Harris, D. and Jones, M. 1997.  On-farm seed priming to accelerate germination in 

rainfed dry-seeded rice. International Rice Research Notes 22:30. 
 
Harris, D., Joshi, A., Khan, P.A.,  Gothkar, P. and Sodhi, P.S. 1999. On-farm seed 

priming in semi-arid agriculture development and evaluation in maize, rice and 
chickpea in India using participatory methods. Experimental Agriculture 35:15-
29. 

 
Harris, D., Raghuwanshi, B.S., Gangwar, J.S., Singh, S.C., Joshi, K.D., Rashid, A. and 

Hollington, P.A. 2001. Participatory evaluation by farmers of on-farm seed 
priming in wheat in India, Nepal and Pakistan. Experimental Agriculture 37:403-
415. 

 
Harris, D., Tripathi, R.S. and Joshi, A. 2002. On-farm seed priming to improve crop 

establishment and yield in dry direct-seeded rice, In  Proceedings of the 
International workshop on Direct Seeding in Asian Rice systems :  Strategic 
Research Issues and Opportunities. Pandey, S., Mortimer, M., Wade, L., Tuong, 
T.P., Lopes, K. and Hardy, B. Eds.. 25-28 January 2000.  Bangkok, Thailand. 383 
pp.  

 
Hasanuzzaman, M., Ali, M.H., Akther, M. and Alam, K.F. 2009. Evaluation of 

preemergence herbicide and hand weeding on the weed control efficiency and 
performance of transplanted Aus rice. American-Eurasian Journal of Agronomy 
2(3):138-143. 

 
Hasanuzzaman, M., Islam, M.O. and Bapari, M.S. 2008. Efficacy of different herbicides 

over manual weeding in controlling weeds in transplanted rice. Australian 
Journal of Crop Science 2(1):18-24. 

 
Heap, I. 2006. The International Survey of Herbicide Resistant Weeds. Available at 

http://www.weedscience.com. 
 
Heshmati, G.A. 2007. Vegetation  characteristics of four ecological zones of Iran.  

International Journal of  Plant Production  2:215-224. 
 
Hill, J.E., Mortimer, A.M., Namuco, O.S. and Janiya, J.D. 2001. Water and weed 

management in direct seeded rice: Are we ahead in the rigt decision? In  
Proceeding of the International Rice Research Conference, 31 March-3 April, 
2000, International Rice Research institute, los banos, Philippines, pp.491-510. 



© C
OPYRIG

HT U
PM

����

�

Hiraoka, H., Tan, P.S., Khuong, T.Q. and Huan, N.T. 1998. On seeding rate in wet 
seeded culture in alluvial soil of the Mekong delta. Paper presented at the 
workshop on rice technologyin Central Vietnam, 20-21 August, 1998, Qui Nhon, 
Vietnam. 

 
Ho, N.K. 1994. Integrated weed management in Malaysia: some aspects of the Muda 

irrigated scheme’s approach and experience. Paper presented at a Workshop on 
Appropriate Weed Control in Southeast Asia, Kuala Lumpur, Malaysia.  

 
Ho, N.K., Asna, B.O., Azman, A. and Rabirah, A. 1990. Herbicide usage and associated 

incidences of poising in the Muda area, Malaysia: a case study. In  Proceedings 
of the third Tropical Weed Science Conference, Kuala Lumpur, Malaysia. 4-6 
December 1990. Malaysian Plant Protection Society, Kuala Lumpur, Malaysia. 
pp.321-333. 

 
Holm, L.G., Plucknett, D.L., Panch, J.V. and Herberger, J.P. 1977. The world’s worst 

weeds. Honolulu, Haw (USA): University Press of Hawaii. 609 p. 
 
Hussain, S., Ramzan, M., Akhter, M. and Aslam, M. 2008. Weed management in direct 

seeded rice. Journal of Animal and Plant Science 18(2-3):86-88. 
 
IRRI (International Rice Research Institute). 2001. Rice ecosystem. 

http://www.irri.org/science/ricestat/pdfs/table%2030.pdf. Accessed on 12 February 
2009. 

 
IRRI (International Rice Research Institute). 2003. Main weeds of rice in Asia. 

http://www.knowledgebank.irri.org. Accessed on 5 July 2011. 
 
IWMI (International Water Management Institute). 2000.  IWMI Global Water Scarcity 

Study. International Water Management Institute. Colombo, Sri Lanka. 
 
Janiya, J.D. and Moody, K. 1989.  Weed populations in transplanted wet-seeded rice as 

affected by weed control method. Tropical Pest Management 35(1): 8-11. 
 
Jannink,  J.L.,  Orf,  J.H.,  Jordan,  N.R. and Shaw, R.G. 2000.  Index selection for weed 

suppressive ability in soybean. Crop Science 40: 1087–1094.  
 
Jaya Suria, A.S.M., Juraimi, A.S.,  Rahman, M.M., Man, A.B. and Selamat, A. 2011. 

Efficacy and economics of different herbicides in aerobic rice system. African 
Journal of Biotechnology 10 (41): 8007-8022.  

 

Jaya, K.D., Bell, C.J. and Sale, P.W.  2001. Modification of within- canopy microclimate 
in maize for intercropping in the lowland Tropics. In Proceedings of the 10th 
Australian Agronomy Conference, Hobart, Australia. 

 



© C
OPYRIG

HT U
PM

����

�

 Jayadeva, H.M., Bhairappanavar, S.T., Hugar, A.Y., Rangaswamy, B.R., Mallikarjun, 
G.B.,          Malleshappa, C.  and Naik  D. Channa. 2011. Integrated Weed 
management in Aerobic Rice ( Oryza sativa L.). Agricultural science Digest 
31(1):58-61. 

 
Jensen, P.K. 1995. Effect of light environment during soil disturbance on germination 

and emergence pattern of weeds. Annals of Applied Biology 127: 561-571. 
 
Johnson, D.E. and Mortimer, A.M. 2005. Issues for weed management in direct seeded 

rice and the development of decision-support frame-works. In Workshop on direct 
seeded rice in the rice-wheat system of the indo-gangetic plains. 1-2 february 
2005.G. B. Pant University of Agriculture and Technology, Pantanagar, 
Uttaranchal. India. p.8. 

 
Johnson, D.E., 1996. Weed management in small holder rice production in the tropics. 

Available at http://ipmworld.umn.edu/chapters/johnson.htm. Accessed on 
7August 2009. 

 
Johnson, D.E., Dingkuhn,  M., Jones, M.P. and  Mahamane, M.C. 1998. The influence of 

rice plant type on the effect of weed competition on Oryza sativa and Oryza 
glaberimma. Weed Research 38: 207-216. 

 
Johnson, D.E., Wopereis, M.C.S. Mbodj, D., Diallo, S., Powers, S. and Haefele, S.M. 

2004. Timing of weed management and yield losses due to weeds in irrigated rice 
in the Sahel. Field Crops Research 85:31-42. 

 
Johnson, M.D., Wyse, D.L. and Lueschen, W.E. 1989. The influence of herbicide 

formulation on weed control in four tillage systems. Weed Science 37:239-249.  
 
Juraimi,  A.S.,  Begum,  M.,   Yusuf,  M.N.M. and  Man,  A.  2010. Efficacy of 

herbicides on the control weeds and productivity of direct seeded rice under 
minimal water conditions. Plant Protection Quarterly 25(1):19-25. 

 
Juraimi,  A.S.,  Begum,  M.,  Sherif,  A.M. and  Rajan,  A.   2009b. Effects of sowing 

date and nut sedge removal time on plant growth and yield of tef [Eragrostis tef 
(Zucc.)Trotter]. 2009. African Journal of Biotechnology 8(22): 6162-6167. 

 
Juraimi,  A.S.,  Najib, M.Y.M., Begum,  M.,  Anuar, A.R., Man,  A. and Puteh, A. 2009a. 

Critical period of weed competition in direct seeded rice under saturated and 
flooded conditions. Pertanika Journal of Tropical Agricultural Science 
32(2):305-316. 

 
Juraimi,  A.S.,  Saiful, A. H.M., Uddin, M.K., Anuar, A.R. and Azmi, M. 2011. Diversity 

of weed communities under different water regimes in bertam irrigated direct 
seeded rice field. Australian Journal of Crop Science 5(5): 595-604. 

 



© C
OPYRIG

HT U
PM

����

�

Kamrin, M.A. 1997. Pesticide profiles: toxicity, environment impact, and fate. New 
York, CRC press. 

 
Karaya  A.K. and  Yakubu,  A.I.  2006. Influence of intra-row spacing and mulching on 

weed growth and bulb yield of garlic ( Allium sativum L.) in Sokoto, Nigeria. 
African Journal of Biotechnology 5(3): 260-263. 

 
Karim, S.M.R., Man, A.B. and Sahid, I.B. 2004. Weed problems and their management 

in rice fields of Malaysia: An overview. Weed Biology and Management 4: 177-
186. 

 
Kasasian, L. and Seeyave, J. 1969.Critical periods of weed competition. PANS 15: 208-

212. 
 
Kaur, S., Gupta, A.K. and Kaur, N. 2005. Seed priming increases crop yield possibly by 

modulating enzymes of sucrose metabolism in chick-pea. Journal of Agronomy and 
Crop Science 191: 81-87. 

 
Kawano, K., Gonzalez, H. and Lucena, M. 1974. Intraspecific competition, competition 

with weeds, and spacing response in rice. Crop Science 14: 841-845. 
  
Kaya, M.D., Okcub, G., Ataka, M., Cikilic, Y. and Kolsaricia, O. 2006. Seed treatments 

to overcome salt and drought stress during germination in sunflower (Helianthus 
annuus L.). European Journal of Agronomy 24: 291-295. 

 
Kent, R.J. and Johnson, D.E. 2001. Influence of flood depth and duration in growth of 

lowland rice weeds, Cote d’ ivore. Crop Protection 20: 691-694. 
 
Khan, A., Khalil, S.K., Khan, A.Z., Marwat, K.B. and Afzal, A. 2008. The role of seed 

priming in semi-arid area for mungbean phenology and yield. Pakistan Journal of 
Botany 40(6):2471-2480. 

 
Khush, G.A., 1997. Origin, dispersal, cultivation and variation of rice. Plant Molecular 

Biology 35:25-34.  
 
Kirkland, K.J., Holm, F.A. and Stevenson,   F.C. 2000. Appropriate crop seeding rate 

when herbicide rate is reduced. Weed Technology 14:692-698. 
 
Klemm, W. 1999. Water saving in rice cultivation. In Assessment and orientation 

towards the 21st century. Proceedings of 19th session of the international Rice 
Commission, Cairo, Egypt, 7-9 September1998, FAO, Rome, pp.110-117. 

 
 
Knezevic, S.Z., Evans, S.P. and Mainz, M. 2003. Row spacing influences the critical 

timing for weed removal in soybean (Glycine max).Weed Technology 17:666-673. 
 



© C
OPYRIG

HT U
PM

����

�

Knezevic, S.Z., Evans, S.P., Blankenship, E.E., Van Acker, R.C. and Lindquist, J.L. 
2002.Critical period of weed control: the concept and data analysis. Weed Science 
50:773-786. 

 
Kosaka, Y., Takeda, S., Sithirajvongsa, S. and Xaydala, K. 2006. Plant diversity in paddy 

fields in relation to agricultural practices in Savannakhet Province, Laos. 
Economic Botany 60(1):49-61. 

 
Koskinen, W.C. and McWhorter, C.G. 1986. Weed control in conservation til1age. 

Journal of Soil Water Conservation 41:365-370. 32.  
 
Kropff, M.J. and Van Laar, H.H. 1993. Modelling crop-weed interactions.CAB 

international, Wallingford, UK. 
 
Kuan, C.Y., Ann, L.S., Ismail, A.A., Leng, T., Fee, C.G. and Hashim, K. 1990. Crop loss 

by weeds in Malaysia. In Proceedings of the third Tropical Weed Science 
Conference, Kuala Lumpur, Malaysia. 4-6 December 1990. Malaysian Plant 
Protection Society, Kuala Lumpur, Malaysia. pp.1-21. 

 
Kumar, V, Bellinder, R.R., Brainard, D.C., Malik, R.K. and Gupta, R.K. 2008. Risk of 

herbicide –resistant rice in India: A review. Crop Protection 27:320-329. 

 

Lampayan, R.M., and Bouman, B.A.M. 2005. Management strategies for saving water 
and increase its productivity in lowland rice-based ecosystems. In Proceedings of 
the First Asia-Europe Workshop on Sustainable Resource Management and 
Policy Options for Rice Ecosystems (SUMAPOL), 11–14 May 2005, Hangzhou, 
Zhejiang Province, P.R. China. 

 
Lee, S.S. and Kim, J.H. 2000. Total sugars, �- amylase activity, and emergence after 

priming of normal and aged rice seeds. Korean Journal of Crop Science 45: 108-
111. 

 
Lemerle  D., Verbeek,  B. and Orchard, B. 2001. Ranking the ability of wheat varieties to 

compete with Lolium rigidum. Weed Research 41: 197-209. 
 
Levene, B.C. and Owen, M.D.K. 1995. Effect of moisture stress and leaf age on bentazon 

absorption in common cocklebur (Xanthium strumarium) and velvetleaf (Abutilon 
theophrasti). Weed Science 43:7-12. 

 

Li, Y.  2001. Research and practice of water-saving irrigation for rice in China. In  
Water–Saving Irrigation for Rice. Barker, R., Li, Y. and Tuong, T.P. Eds. 
Proceedings of the International Workshop, 23-25 March 2001, Wuhan, China. 
International Water Management Institute. Colombo, Sri Lanka, pp. 135-144. 

 



© C
OPYRIG

HT U
PM

����

�

Liebman, M. and Gallandt, E.R.  1997. Many little hammers: ecological management of 
crop-weed interactions. In Ecology in Agriculture. Jack-son, L.E. Ed. San Diego, 
CA: Academic Press. pp. 291-343. 

 
 Liebman, M. and Ohno, T. 1998. Crop rotation and legume residue effects on weed 

emergence and growth: applications for weed management. In Integrated Weed 
and Soil Management. Hatfield, J.L., Buhler, D.D and Stewart, B.A.  Eds. 
Chelsea, MI: Ann Arbor Press. pp. 181-221. 

 
Liebman, M., Mohler, C.L. and Staver, C.P. 2001. Ecological management of agricultural 

weeds. Cambridge University Press, Cambridge. 532p. 
 
Lin,  X.Q.,  Zhu,  D.F.,  Chen,  H.Z.,  Cheng, S,H. and  Uphoff,  N.  2009. Effect of plant 

density and nitrogen fertilizer rates on grain yield and nitrogen uptake of hybrid 
rice (Oryza sativa L.). Journal of Agricultural Biotechnology and Sustainable 
Development 1(2):44-53. 

 
Lin, S., Dittert,  K. and  Sattelmacher,  B.   2002. The Ground Cover Rice production 

System (GCRPS) - a successful new approach to save water and increase nitrogen 
fertilizer efficiency. In Water- wise Rice Production. Proceedings of the 
International Workshop on Water- wise Rice Production. Bouman,   B.A.M.,  
Hengsdijk,  H.,  Hardy,  B.,  Bindraban,  P.S., Tuong, T.P. and  Ladha,  J.K. Eds. 
8-11 April, 2002, Los Banos, Philippines. International Rice research Institute, 
Los Banos, Philippines, pp. 187-196.  

 
Lin, W.X., Kim, K.U. and Shin, D.H. 2000.  Rice allelopathic potential and its modes of 

action on barnyardgrass. Allelopathy Journal 792):215-224. 
 
Linghe,  Z. and  Michael,  C.  2000. Effect of salinity on grain yield and yield 

components of rice at different seeding densities. Agronomy Journal 92:418-423. 
 
Lo, N.P., Azmi, M. and Xavier, A. 1990. Sulfonylurea herbicides for transplanted rice. 

In Proceedings of the third Tropical Weed Science Conference, Kuala Lumpur, 
Malaysia. 4-6 December 1990. Malaysian Plant Protection Society, Kuala 
Lumpur, Malaysia. pp.211-219. 

 
Lockhart,  J.A.R. and  Wiseman,  A.J.L. 1988. Introduction to crop husbandry. Wheaton 

& Co. Ltd., Pergamon Press, Oxford, UK, pp. 70-180. 
 
Maclean, J.L., Dawe, D.C., Hardy, B. and Hettel, G.P. 2002. Rice Almanac. Los Baños 

(Philippines): International Rice Research Institute, Bouaké (Cote d’lvoire):West 
Africa Rice Development Association, Cali (Colombia): International Center for 
Tropical Agriculture, Rome (Italy): Food and Agriculture Organization, 253 p. 

 



© C
OPYRIG

HT U
PM

����

�

Mahajan,  G., Gill,  M.S. and  Singh,  K.  2010. Optimizing seed rate to suppress weeds 
and to increase yield in aerobic direct-seeded rice in northwestern indo-gangetic 
plains. Journal of  New Seeds 11:225-238. 

 
Mahajan, G., Chauhan, B.S. and Johnson, D.E. 2009. Weed management in aerobic rice 

in northwestern indo-gangetic plains. Journal of Crop Improvement 23: 366-382. 

 

Mai, V., Chien, H.V., Suong, V.T.T. and Thiet, L.V. 1998.  Survey and analysis of 
farmers’ seed contamination by weed and weedy rice seeds in South Vietnam. 
Paper presented at the International Symposium on Wild and Weedy Rices in 
Agroecosystems. 10-11 August 1998, Ho chi Minh City, Vietnam. 

 
Mamun, M.A., Shultana, R., Siddique, M.A., Zahan, M.S. and Pramanik, S. 2011. 

Efficacy of different commercial product Oxadiazon and Pyrazosulfuron-Ethyl on 
rice and associated weeds in dry season rice cultivation. World Journal of 
Agricultural Science 7(3):341-346. 

 
Man, A. and Lim, E.S. 1986. Chemical weed control in direct seeded rice: the evaluation 

of selected herbicides for phytotoxicity to the rice plants. Pertanika 9(1): 23-33. 

 

Mann, R.A., Ahmad, S., Hassan, G. and Baloch, M.S. 2007. Weed management in direct 
seeded rice crop. Pakistan Journal of Weed Science Research 13(3-4): 219-226.  

 

MARDI (Malaysian Agriculture Research and Development Institute). 2002.  Manual 
penanaman padi berhasil tinggi (1st edn) (High yielding rice cultivation manual). 
Institut Penyelidikan dan Kemajuan Pertanian Malaysia. Serdang, Malaysia. 12 p. 

 
Marshall, E.J.P., Brown, V. K.,  Boatman, N. D.,  Lutman, P. J. W., Squire, G. R.  and 

War, L. K. 2003. The role of weeds in supporting biological diversity within crop 
fields. Weed Research 43:77–89. 

 
Martin, S.J., Van Acker, R.C. and Friesen, L.F. 2001. Critical period of weed control in 

spring canola. Weed Science 49:326-333. 
 
Martiz, M.J., Molina, I., Valera, H.G., Mohanty, S. and jamora, N. 2010.Global rice 

demand: Is rice really becoming an inferior good?  Paper presented at the 28th 
International Rice research conference, 8-12 November, 2010, Hanoi, Vietnam. 

 
Marwat, K.B., Saeed, M., Gul, B. and Hussain, Z. 2006. Performance of different 

herbicides in wheat (Triticum aestivum L.) under rainfed conditions of Kohat, 
Pakistan. Pakistan journal of Weed Science Research 12(3):163-168. 

 



© C
OPYRIG

HT U
PM

����

�

Mazor, L., Perl, M. and Negbi, M. 1984.  Changes in some ATP-dependent activities in 
seed during treatment with polyethyleneglycol and during redrying process. 
Journal of Experimental Botany 35:1119-1127. 

 
McGregor, J.T., Roy, J.R., Smith, J.R, and Talbert, R.E. 1988. Broadleaf signalgrass 

(Brachiaria platyphylla) duration of interferencein rice (Oryza sativa).Weed 
Science 36: 747-750. 

 
 Melander, B., Rasmussen, I.A. and Barberi, P. 2005. Integrating physical and cultural 

methods of weed control-examples from Eoropean research. Weed Science 53: 
369-381.  

 
Mishra, J.S. and Singh, V.P. 2007. Integrated weed management in zero till direct seeded 

rice-wheat cropping system. Indian Journal of Agronomy 52:198-203. 
 
Mishra, J.S., Singh, V.P. and Yaduraju, N.T. 2001. Effect of depth of water submergence 

and nitrogen levels on weed dynamics and yield of transplanted rice. Indian 
Journal of Weed Science 33:189-190. 

 
Miyoshi, K. and Sato, T. 1997.The effects of ethanol on the germination of seeds  of 

Japonica and Indica rice (Oryza sativa L.) under anaerobic and aerobic 
conditions. Annals of Botany 79:391-395.  

 
Mohler, C.L.  1996. Ecological bases for the cultural control of annual weeds. Journal of 

Production Agriculture 9:468-474. 
 
Moody, K.  1983. The status of weed control in rice in Asia. FAO Plant Protection 

Bulletin.30, 119-123. 
 
Moody, K. 1991. Weed control in upland rice with emphasis on grassy weeds. In 

Tropical grass weeds Baker, F.W.G. and Terry, P.J. Eds. pp. 164-178. CAB Intl., 
Wallingford, UK. 

 
Moody, K. and Drost, D.C. 1983. The role of cropping systems on weed in rice. In Weed 

control in rice. Los Banos, Philippines, International Rice Research Institute. 
pp.74-88. 

 
Moody, K., Cordova, V.G., 1985. Wet-seeded Rice. In Women in rice farming. 

International Rice Research Institute, Los Baños, Philippines, pp. 467-480. 
 
Moonen, A.C. and Barberi, P. 2004. Size and composition of the weed seedbank after 7 

years of different cover crop-maize management systems. Weed Research 
44:163–177. 

 
Moorthy, B.T.S. and Manna, G.B. 1993. Studies on weed control in direct seeded upland 

rainfed rice. Indian Journal of Agricultural Research 27:175-180. 



© C
OPYRIG

HT U
PM

��	�

�

Mortimer, M. 2000. Understanding variation in weed species response to management in 
wet seeded rice. In Irrigated rice ecosystem: Improving pest management. 
International Rice Research Institute program report for 2000. pp. 1-24. 

 

Moss, S.R. 1995. Strategies for the prevention and control of herbicide resistance in 
annual grass weeds. In Proceedings of the international symposium on weed and 
crop resistance to herbicides,Corboda, Spain, April 3-6, 1995. 

 
Mubshar, H., Farooq, M., Basra, S.M.A. and Ahad, N. 2006. Influence of seed priming 

techniques on the seedling establishment, yield and quality of hybrid sunflower. 
International Journal of Agriculture and Biology 8(1): 14-18. 

 
Musa, A.M., Harris, D., Johansen, C. and Kumar, J. 2001. Short duration chickpea to 

replace     fallow after aman rice: The role of on-farm seed priming in the High 
Barind Tract of  Bangladesh. Experimental Agriculture 37:509-521. 

 
Narwal, S.S. 2000. Weed management in rice: wheat rotation by allelopathy. Critical 

Reviews in Plant Science 19(3):249-266. 
 
Ni, H., Moody, K., Robles, R.P., Paller, E.C. and Lales, J.S. 2000. Oryza sativa plant 

traits conferring competitive ability against weeds. Weed Science 48: 200-204. 
 
Nice, G.R., Buehring, N.W. and Shaw, D.R.  2001. Sicklepod ( Senna obtusifolia) 

response to shading, soybean (Glycine max) row spacing, and population in three 
management systems. Weed Technology 15:155-162. 

 
Nieto, H.J., Brondo, M.A. and Gonzales, J.T. 1968. Critical periods of the crop growth 

cycle for competition from weeds. PANS 14:159-166. 
 
Niklas, K.J. 1994. Plant  Allometry. The University of Chicago Press, Chicago, Illinois. 
 
Noda, K. 1977. Integrated weed control in rice. In integrated control of weeds. Frayer, 

J.D. and  Matsunaka, S. Eds. Tokyo (Japan): University of Tokyo Press. pp. 17-
46. 

 
Norsworthy, J.K. and Oliveira, M. J. 2004. Comparison of the critical period for weed 

control in wide- and narrow-row corn. Weed Science 52:802-807. 
 
Ntanos, D.A., Koutroubas, S.D. and Mavrotas, C. 2000. Barnyardgrass (Echinochloa 

cruss-galli) control in water seeded rice (Oryza sativa) with cyhalofop-butyl. 
Weed Technology 14:383-388. 

 
O’ Donovan,  J.T.,  Harker,  K.N.,  Clayton,  G.W.,  Newman,  J.C.,  Robinson,  D. and    

Hall,  L.M.  2001. Barley seeding rate influence the effects of variable herbicide 
rates. Weed Science 49:746-754. 

 



© C
OPYRIG

HT U
PM

��
�

�

Oerke, E. C. and Dehne, H.W. 2004. Safeguarding production- Losses in major crops and 
the role of crop protection. Crop Production 23(4):275-285. 

 
Okafor, L. I. 1986. Predominant weeds in Nigeria. Tropical Pest  Management 32: 261-

266. 
 
Olofsdotter,  M., Valverde, B.E. and Madsen, K.H. 2000. Herbicide resistant rice (Oryza 

sativa L.):  global implications for weedy rice and weed management. Annals of 
Applied Biology 137:279-295. 

 

Olofsdotter, M. 2001. Rice- a step toward to use allelopathy. Agronomy Journal 93(1): 3-
8. 

 
Olsen, B.L., Al-Khatib, K., Stahlman, P. and Isakson, P.J. 2000. Efficacy and metabolism 

of MON37500 in Triticum aestivum and weedy grass species as affected by 
temperature and soil moisture. Weed Science 48:541-548. 

 

Ooi, K.E., Amartalingam, R., Omar, D. and  Abd Halim,  M.R. 2000. Interactions of 
metsulfuron-methyl and glyphosate applied to foliage of woody borreria (Diodia 
ocimifolia). In Proceedings of the 17 th Asian-Pacific Weed Science Society 
Conference Bangkok, Thailand. pp. 389-394. 

 

Ottis, B.V. and Talbert, R.E.  2005.  Rice yield components as affected by cultivar and 
seeding rate. Agronomy Journal 97:1622-1625. 

 
Pacanoski, Z. and  Glatkova, G. 2009. The use of herbicides for weed control in direct 

wet seeded rice in rice production region in the Republic of Macedonia. Plant 
Protection Science 45 (3): 113-118. 

 
Pandey, S. and Velasco, L. 2005. Trends in crop establishment methods in Asia and 

research issues. In Rice is Life: Scientific perspective for the 21st century: 
Proceedings of the World Rice Research Conference. Los Banos, Philippines: 
International Rice Research Institute, and Tsukuba, Japan: Japan International 
Research Centre for Agricultural Sciences. Pp.178-181. 

 

Pane, H. and Fagi, A.M. 1992. Integrated weed control to minimize herbicide application 
in lowland rice. In International Rice Research Conference, IRRI, Los Banos, 
Philippines.23p. 

 

Payman, G, Singh, S.  2008. Effect of seed rate, spacing and herbicide use on weed 
management in direct seeded upland rice (Oryza sativa L.). Indian Journal of 
Weed Science 40(1 &2):11-15. 



© C
OPYRIG

HT U
PM

����

�

Pellerin,  K.J. and  Webster, E.P. 2004. Imazethapyr at different rates and times in drill 
and water seeded imidazolinone-tolerant rice. Weed Technology 18: 223-227. 

 

Pester, T.A., Burnside, O.C. and Orf, J.H.  1999. Increasing crop competitiveness to 
weeds through crop breeding. Journal of Crop Production 2:31-58. 

 
 
Phuong, L.T., Denich, M., Vlek, P.L.G. and Balasubramanian, V.  2005. Suppressing 

weeds in direct seeded lowland rice: effects of methods and rates of seeding. 
Journal of Agronomy and Crop Science 191: 185-194. 

 
Radosevich, S.R., Holt, J. and Ghersa, C.M. 1997. Weed ecology: Implications for 

management. Wiley, New York. 
 
Rahman, M.M., Sahid, I.B. and Juraimi, A.S. 2010. Study of resistant biotypes of 

Echinochloa cruss-galli in Malaysia. Australian Journal of Crop Science 4(2): 
107-115. 

 
Ramzan, M. 2003.  Evaluation of various planting methods in rice-wheat cropping 

systems, Punjab, Pakistan. Rice crop Report 2003-2004.pp. 4-5. 
 
Rao, A.N., Johnson, D.E., Sivaprasad, B., Ladha, J.K. and Mortimer, A.M. 2007. Weed 

management in direct seeded rice. Advances in Agronomy 93: 153-255. 

 

Rashid, A., Harris, D., Hollington, P.A. and Rafiq, M. 2004. Improving the yield of 
mungbean in the North West Frontier Provience of Pakistan using on-farm seed 
priming. Experimental Agriclture 40:233-244. 

 
Rasmussen, J. and Accard, J. 1995. Weed control in organic farming systems. In  Ecology 

and Integrated Farming Systems. Glen, D.M., Greaves, M.P. and Anderson, H.M. 
Eds. Chichester, U.K.: Wiley. pp. 49–67. 

 
 
Roder, W.  2001. Slash-and-burn rice systems in the hills of northern Lao PDR. In 

Description, challenges, and Opportunities, IRRI, Los Banos, Philippines, pp. 
201. 

 
Roder, W. and Keobulapha, B. 1997. Weeds in slash-and-burn rice fields in northern 

Laos. Weed Research 37:111-119. 
 
Rowse, H.R. 1995. Drum priming- a non-osmotic method of priming seeds. Seed Science 

and Technology 24:281-294. 
 
Ruan, S., Xue, Q. and Tylkowska, K. 2002.Effects of seed priming on emergence and 

health of rice (Oryza sativa L.) seeds. Seed Science and Technology 30:451-458. 



© C
OPYRIG

HT U
PM

����

�

Sadeghi, H., Khazaei, F., Yari, L. and Sheidaei, S. 2011. Effect of seed osmopriming on 
seed germination behavior and vigor of soybean (Glycine max L.). ARPN Journal 
of Agriculture and Biological Science 6(1):39-43. 

 
Saha, R., Mandal, A.K. and Basu, R.N. 1990. Physiology of seed invigoration treatments 

in soybean (Glycine max L.). Seed Science and Technology 18:269-276. 
 
Sarma, A.A.L.N., Kumar, T.V.L. and Koteswararao, K. 2008. Development of an 

agroclimatic model for the estimation of rice yield. Journal of Indian Geophysics 
Union 12(2): 89-96. 

 

SAS (Statistical Analysis System). 2003.   The SAS system for Windows, Version 9.1, 
SAS Inst. Inc., Cary, NC, USA. 

 
Savary, S., Srivastave, R.K., Singh, H.M. and Elazegui, F.A. 1997. A characterization of 

rice pests and quantification of yield losses in the rice-wheat system of India. 
Crop Protection 16(4): 387-398. 

 
Schimtz, N., Xia, J.H. and Kermode, A.R. 2001. Dormancy of yellow cedar seeds is 

terminated by gibberellic acid in combination with fluridone or with osmotic 
priming and moist chilling. Seed Science and Tehcnology 29:331-346. 

 
 
Sharma, G.C. and Singh, R.P. 1981. Studies on rice weed competition under different 

methods of rice cultivation and weed control.In  Proceedings of the  Eighteen 
Asian Pacific Weed Science Society Conference. Bangalore, India, 15-21. 

 

Shibayama, H. 1996. Experience with rice herbicides in japan. In Herbicides in Asian 
rice: transitions in weed management. Naylor, R. Ed.  Palo Alto (California): 
Institute for Internatioal Studies, standford University, and Manila (Philippines): 
International Rice Research Institute. pp. 243-254. 

 
Shrestha, A., Knezvic, S.Z., Roy, R.C., Ball-Coelho, B.R. and Swanton, C.J. 2002.effect 

of tillage, cover crop and crop rotation on the composition of weed flora in a 
sandy soil. Weed Research 42(1): 76-87. 

 
 Singh,  A.K. and  Chinnusamy,  V.  2006. Aerobic Rice: Prospects for Enhancing Water 

Productivity. Indian Farming October 2006.  
 
Singh, S., Ladha, J.K., Gupta, R.K., Bhushan, L. and Rao, A.N. 2008.  Weed 

management in aerobic rice systems under varying establishment methods Crop 
Protection 27: 660-671. 

 



© C
OPYRIG

HT U
PM

����

�

Singh, P. and Singh, S. 2006. Effect of establishment methods, fertility level and weed 
management practice in aromatic rice. Indian journal of Agronomy 51:247-250. 

 
Singh, P., Singh, P., Singh, R. and Singh, K.N. 2007b. Efficacy of new herbicides in 

transplanted rice under temperate conditions of Kashmir. Indian Journal of Weed 
Science 39(3&4):167-171. 

 
Singh, S., Bhushan, L., Ladha, J.K., Gupta, R.K., Rao, A.N. and Sivaprasad, B. 2006. 

Weed management in dry seeded rice cultivated on furrow irrigated raised bed 
planting system. Crop Protection 25:487-495. 

 

Singh, S., Ladha, J.K., Gupta, R.K., Bhusan, L., Rao, A.N., Sivaprasad, B. and Singh, 
P.P. 2007a. Evaluation of mulching, intecropping with Sesbania and herbicide use 
for weed management in dry-seeded rice. Crop Protection 26(4):518-524. 

  
Sinoquet,  H. and  Bonhomme,  R.  1992. Modeling radiative transfer in mixed and row 

intercropping systems. Agricultural and Forest Meteorology 62:219-240.  
 
Smith Jr,  R.J. 1992. Biological controls as components of integrated weedmanagement 

for rice in the U.S. In Proceedings of the International Symposium on Biological 
Control and Integrated Management of Paddy and Aquatic Weeds inAsia. sukuba, 
Japan, pp. 335-351. 

 
Smith, Jr. R.J. 1988. Weed thresholds in southern US rice (Oryza sativa L.). Weed 

Technology 2:232-241. 
 
Smith, Jr. R.J. and Khodayari. 1985. Herbicide treatments for control of weeds in dry-

seeded rice (Oryza sativa). Weed Science 33:686-692. 
 
Spliid, N.H. and Koeppen, B. 1998. Occurrence of pesticides in Danish shallow ground 

water. Chemosphere  37:1307–1316. 
 
Still, D.W. and Bradford, K.J. 1997. Endo-B- mannase activity from individual tomato 

endosperm/caps and radical tips in relation to germination rates. Plant Physiology 
113:21-29. 

 
Stoop, W., Uphoff,  N. and   Kassam,  A.  2002. A review of agricultural research issues 

raised by system of rice intensification (SRI) from Madagascar: opportunities for 
improving farming systems for resource-poor farmers. Agricultural Systems 
71:249-274. 

 
Styer, R.C. and Cantiliffe, D.J. 1983. Evidence of repair process in onion seed during 

storage at high seed  moisture contents. Journal of Eexperimental Botany 34:277-
282. 

 



© C
OPYRIG

HT U
PM

����

�

Sukarwo, P. 1991. Vegetation analysis of aquatic weeds in Sentani Lake, Irian Jaya. In 
Proceedings of the Third Tropical Weed Science Conference, Kuala Lumpur, 
Malaysia, 4–6 December 1990. MAPPS, Kuala Lumpur, 539–545. 

 
Sunil, C.M., Shekara, B.G., Kalyanmurthy, K.N. and Shankaralingapa, B.C. 2010. 

Growth and yield of aerobic rice as influenced by integrated weed management 
practices. Indian Journal of Weed Science 42(3&4):180-183. 

 
Swanton, C.J. and Weise, S.F. 1991. Integrated weed management: the rationale and 

approach. Weed Technology 5: 657-663. 
 
Swanton, C.J., O’Sullivan, J. and Robinson, D.E. 2010.The critical weed free period in 

carrot. Weed Science 58: 229-233. 
 
Tabbal,  D.F.,  Bouman,  B.A.M.,  Bhuiyan, S.I., Sibayan, E.B. and Sattar, M.A.  2002. 

On-farm strategies for reducing water input in irrigated rice: case studies in the 
Philippines. Agriculture and Water Management 56: 93-112. 

 
Tan, P.S., Khuong, T.Q. and  Hoai,  N.T.  2000. Low cost technologies for rice 

production in the ekong delta. In Proceedings of the Paper presented at National 
Workshop on eptember 21–23. Ho Chi Minh City, Vietnam 14 p. 

 
 
Teasdale, J.R. 1995. Influence of narrow row/high population corn (Zea mays) on weed 

control and light transmission. Weed Technology 9:113- 118.  
 
Teasdale, J.R. 1998. Cover crops, smother plants, and weed management. In Integrated 

Weed and Soil Management. Hatfield, J.L., Buhler, D.D. and Stewart, B.A.  Eds. 
Chelsea, MI: Ann Arbor Press. pp. 247-270. 

 
Thi, H.L., Man, L.H., Chin, D.V., Auld, B.A. and Hetherington, S.D. 1999. Research on 

some fungi to control barnyard grass and red sprangletop in rice. In Proceedings 
of the 17th Asian-pacific Weed Science Society conference, Bangkok, Thailand. 
pp 562-566. 

 
Thill, D.C., Lish, J.M., Callihan, R.H. and Bechinski, E.J. 1991. Integrated Weed 

Management- a component of Integrated Pest Management: A Critical Review. 
Weed Technology 5:648-656.  

 
Tournebize,  R. and  Sinoquet,  H.  1995. Light interception and partitioning in a 

shrub/grass mixture. Agricultural and Forest Meteorology 72:277-294. 
 
Trung, H.M., Tan, N.T. and Cung, H.A. 1995. Present status and prospect of weed 

control in rice in Vietnam. In Proceeding of the 5th Asian-pacific Weed Science 
Society Conference, Tsukuba, Japan. P.601-606. 

 



© C
OPYRIG

HT U
PM

����

�

Tuong,  T.P. and  Bouman,  B.A.M.  2003. Rice production in water –scarce 
environments. In Proceedings of the Water Productivity Workshop. 12-14 
November 2001, Colombo, Sri Lanka. International Water Management Institute. 
Colombo, Sri Lanka. 

 
Tuong, T.P., Bouman, B.A.M. and Mortimer, M. 2005. More rice, less water- integrated 

approaches for increasing water productivity in irrigated rice-based systems in 
Asia. Plant Production Science 8: 231-241. 

 
Uremis, L., Uludag, A., Ulger, A.C. and Cakir, B. 2009. Determination of critical period 

for weed control in the second crop corn under Mediterranean conditions.  African 
Journal of Biotechnology 8(18):4475-4480. 

 
Valvarde, B.E., Riches, C.R. and Caseley, J.C. 2000. Prevention and management of 

herbicide resistant weeds in rice: Experiences from Central America with 
Echinochloa colona. Tropical Agricultural Centre for Research and Higher 
Education (CATIE), Camera de Insumes Agropecuarios. Son Jose (Costa Rica).  

 
Van Acker, R.C., Swanton, C.J. and Weise, S. 1993. The critical period of weed control 

in soybean (Glycine max (L.) Merr.). Weed Science 41:194-200. 
 
Wang, H.Q.,  Bouman,  B.A.M.,  Zhao,  D.L., Wang,  C. and  Moya,  P. F.  2002. Aerobic 

rice in northern China: Opportunities and challenges. In Water-Wise Rice 
Production. Bouman, B. A.M., Hengsdijk, H., Hardy, B.,  Bindraban, P.S.,  
Tuong, T.P. and Ladha, J.K. Eds. Proceedings of a Thematic Workshop on Water-
Wise Rice Production, 8–11 April 2002 at IRRI Headquarters in Los Banos, 
Philippines. 

 
WARDA (West Africa Rice Development Association). 1996. Annual Report for 1995. 

West Africa Rice Development Association, Bouake, Cote d’Ivoire. 
 
Watanabe, H.,  Azmi, M. and Md. Zuki, I. 1997. Emergence of major weeds and their 

population change in wet-seeded rice fields in the Muda area, Peninsular 
Malaysia. In Proceedings of the 16th Asian pacific Weed Science Society:246-
250. 

 
Watanabe, H., Vaughan, D.A. and Tomaka, N. 1998. Weedy rice complexes:  case study 

from Malaysia, Vietnam and Suriname. Paper presented at the International 
Symposium on Wild and Weedy Rices in Agroecosystems, 10-11 August 1998, 
Ho chi Minh City, Vietnam. 

 
Weaver, S.E. 1984. Critical period of weed competition in three vegetable crops in 

relation to management practices. Weed Research 24:317-325. 
 



© C
OPYRIG

HT U
PM

����

�

Weiner, J., Griepentrog, H.W. and Kristensen, L. 2001. Suppression of weeds by spring 
wheat increases with crop density and spatial uniformity. Journal of Applied 
Ecology 38:784-790. 

 
Wells, B.R. and Faw, W.F.  1978. Short-statures rice response to seeding and N rates. 

Agronomy Journal 70:477-480. 
 
Wibawa, W., Mohayidin, M.G., Mohamad. R.B., Juraimi, A.S. and Omar, D. 2010. 

Efficacy and cost-effectiveness of three broad-spectrum herbicides to control 
weeds in immature oil palm plantation. Pertanika Journal of Tropical 
Agricultural Science 33(2):233-241. 

 
Williams, II and Martin, M. 2006. Planting date influences critical period of weed control 

in sweet corn. Weed Science 54: 928-933. 
 
Woolley, B.L.,Michaels, T.E., Hall, M.R. and Swanton, C.J. 1993. The critical period of 

weed control in white bean (Phaseolus vulgaris). Weed Science 41:180-184. 
 
Wrubel,  R.P. and Gressel, J. 1994. Are herbicide mixtures useful for delaying the rapid 

evolution of resistance? A case study. Weed Technology 8: 635-648. 

 

Wu, D., Yu, Q., Wang, E. and Hengsdijk, H. 2008. Impact of spatial-
temporalvariationsof climatic variables on summer maize yield in north china 
plain. International Journal of  Plant Production  2: 71-88. 

 
Wyse, D.L. 1992. Future of weed science research. Weed Technology 6:162-165. 
 
Yamauchi, M. and Winn, T. 1996. Rice seed vigor and seedling establishment in 

anaerobic soil. Crop Science 36:680-686. 
 
Yoshida, S.  1978. Tropical climate and its influence on rice. IRRI Res. Pap. Ser. 20. 

International Rice Research Institute, Los Banos, Phillippines. 
 
Zhang, W., Webster, E P., Lanclos, D.Y. and Geaghan, J.P. 2003. Effect of weed 

interference duration and weed free period on glufosinate-resistant rice (Oryza 
sativa). Weed Technology 17: 876-880. 

 
Zhang, Z.P. 2005. Weed management on rice, wheat, soybeans and cotton in China. In 

proceedings of the 20th Asian Pacific Weed Science Society Conference. pp. 601-
605. 

 
Zhao, D.L., Atlin, G.N., Bastiaans, L. and Spiertz, J.H.J. 2006a. Developing selection 

protocols for weed competitiveness in aerobic rice. Field Crops Research 97: 
272-285. 

 



© C
OPYRIG

HT U
PM

����

�

Zhao, D.L., Atlin, G.N., Bastiaans, L. and Spiertz, J.H.J. 2006b. Cultivar weeds 
competitiveness in aerobic rice: heritability, correlated traits, and the potential for 
indirect selection in weed-free environments. Crop Science 46: 372-380. 

 
Zhao, D.L., Atlin, G.N., Bastiaans, L. and Spiertz, J.H.J. 2006c. Comparing rice 

germplasm groups for growth, grain yield and weed suppressive ability under 
aerobic soil conditions. Weed Research 46: 444-452. 

 
Zhao, D.L., Bastiaans, L., Atlin, G.N. and Spiertz, J.H.J.  2007. Interaction of genotype × 

management on vegetative growth and weed suppression of aerobic rice. Field 
Crops Research 100: 327-340. 

 
Zimdahl, R.L. 1983. Weed crop competition: analyzing the problem. Span. 26:56-58. 
 
Zimdahl, R.L. 1980. Weed-crop competition: A review. Corvallis, OR: International Plant 

Protection Control, Oregon State University.pp. 83-93. 
 
Zimdahl, R.L. 1988. The concept and application of the critical weed free period. In 

Weed management in Agroecosystems: Ecological Approaches. Altieri M.A. and 
Liebman, M. Eds.  Boca Raton, FL: CRC Press. Pp.145-155. 

 
Zimdahl, R.L. 2004.  Weed-crop competition: A review. 2nd Edn. Oxford, UK. Blackwell 

Publishing. pp.109-130. 
 

 

�

�

�

�

�

�

�

�

�

�

�

�

�

�


	STRATEGIES FOR WEED SUPPRESSION IN AEROBIC RICE CULTIVATION
	Abstract
	TABLE OF CONTENTS
	CHAPTER 1
	REFERENCES



