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Abstrak: Fusarium merupakan genus kosmopolitan dan sangat pelbagai, terdiri daripada kulat yang saprofitik, fitopatogenik dan toxigenik. Walaupun demikian, kewujudan dan kepelbagaian beberapa spesies Fusarium terhad kepada beberapa kawasan tertentu dan keadaan iklim. Kajian ini dijalankan untuk menentukan kewujudan dan kepelbagaian spesies Fusarium dari kawasan tanah tinggi tropika di Malaysia, dan untuk membandingkannya dengan kawasan temperat dan sub-tropika. Persampelan berperingkat dilakukan secara rawak daripada pelbagai perumah dan substrat dari tahun 2005 hingga 2009 di beberapa kawasan tanah tinggi di Malaysia iaitu: Cameron Highlands, Bukit Fraser dan Genting Highlands di Pahang; Bukit Bendera di Pulau Pinang; Gunung Jerai di Kedah; Kundasang dan Taman Kinabalu di Sabah; Taman Negara Kubah dan Bukit Begunan di Sarawak. Pemencilan Fusarium dilakukan menggunakan media agar pentakloronitrobenzena (PCNB) dan sebanyak 1449 pencilan Fusarium telah berjaya diperolehi. Berdasarkan ciri-ciri morfologi, 20 spesies Fusarium telah dikenal pasti. Spesies yang paling banyak diperolehi di kawasan tanah tinggi tersebut adalah F. solani (66.1%) diikuti dengan F. graminearum (8.5%), F. oxysporum (7.8%), F. semitectum (5.7%), F. subglutinans (3.5%) dan F. proliferatum (3.4%). Spesies Fusarium yang lain iaitu F. avenaceum, F. camptoceras, F. chlamydosporum, F. compactum, F. crookwellense, F. culmorum, F. decemcellulare, F. equiseti, F. nygamai, F. poae, F. proliferatum, F. sacchari, F. sporotrichioides, F. sterilihyphosum dan F. verticillioides, masing-masing terdiri daripada 1% pencilan. Kajian ini merupakan kajian yang pertama melaporkan kewujudan spesies Fusarium di kawasan tanah tinggi di Malaysia.

Kata kunci: Kepelbagaian, Fusarium, Kawasan Tanah Tinggi, Malaysia

Abstract: Fusarium is a cosmopolitan and highly diversified genus of saprophytic, phytopathogenic and toxigenic fungi. However, the existence and diversity of a few species of Fusarium are restricted to a certain area or climatic condition. The present study was conducted to determine the occurrence and diversity of Fusarium species in tropical highland areas in Malaysia and to compare with those in temperate and subtropical regions. A series of sampling was carried out in 2005 to 2009 at several tropical highland areas in Malaysia that is: Cameron Highlands, Fraser Hills and Genting Highlands in Pahang; Penang Hill in Penang; Gunung Jerai in Kedah; Kundasang and Kinabalu Park in Sabah; Kubah National Park and Begunan Hill in Sarawak. Sampling was done randomly from various hosts and substrates. Isolation of Fusarium isolates was done by using pentachloronitrobenzene (PCNB) agar and 1449 isolates of Fusarium were successfully recovered. Based on morphological characteristics, 20 species of Fusarium were identified. The most prevalent species occurring on the highlands areas was F. solani (66.1%) followed by F. graminearum (8.5%), F. oxysporum (7.8%), F. semitectum (5.7%), F. subglutinans (3.5%) and F. proliferatum (3.4%). Other Fusarium species, namely F. avenaceum, F. camptoceras, F. chlamydosporum, F. compactum, F. crookwellense, F. culmorum, F. decemcellulare, F. equiseti, F. nygamai, F. poae, F. proliferatum, F. sacchari, F. sporotrichioides, F. sterilihyphosum and F. verticillioides accounted for 1% recoveries. The present study was the first report on the occurrences of Fusarium species on highland areas in Malaysia.
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INTRODUCTION

The genus Fusarium is one of the most economically important group of fungi infecting some very important agricultural and horticultural crops worldwide. The fungus can be found in most bioclimatic regions of the world including tropical and temperate grasslands, shrub lands, forests as well as harsh desert and alpine environment, soils associated with plants, organic debris and any part of plants from deepest root to highest flowers (Leslie & Summerell 2006). Therefore, Fusarium occurs in almost all ecosystems worldwide (Young et al. 1978; Nelson et al. 1994; Arney et al. 1997).

Fusarium species have been reported as plant pathogenic fungus causing various plant diseases on a variety of tropical plant parts such as root, fruits, seeds, storage tissues, stem and stalk rots, vascular wilt, canker, die-back, gall and leaf diseases (Stover 1981; Leslie & Summerell 2006). Moreover, isolates of Fusarium can spread through air, soils and from infected plant debris (Summerell et al. 2010).

Climate is one of the important factors which can determine the occurrence of fungi on a broad, regional scale (Money 1972). Malaysia is located in the tropical region which has a hot wet equatorial climate. The mean daily temperature in lowlands throughout the year ranges from 21°C to 32°C whereas in the tropic highlands, the temperature is slightly cooler ranging from 16°C to 26°C.

The highland of Malaysia located in the centre of Peninsular Malaysia (at about 1200 m) consists of granite masses whereas at the interior of Sabah and Sarawak (at about 1200 m to 1800 m) it is densely forested mountainous area with alluvial and swampy coastal plains (Andrews & Freestone 1972; Ooi 1976). The vegetation at the highland areas is mainly oaks, laurels, conifers, myrtles and plants from the family Theaceae. Mount Kinabalu is the highest mountain in Malaysia with different kinds of vegetation. The forest of oaks and conifers at the middle level altitudes are not so tall and they become more dwarfed at higher level where there is an association of Himalayan and temperate region plants such as from the genus Rhododendron (Andrews & Freestone 1972).

Previous studies have shown that mycogeography of Fusarium species was influenced by climatic conditions (Burgess 1981; Burgess et al. 1988; Marasas et al. 1988; Burgess & Summerell 1992). The climatic factor which includes temperature, rainfall and season could influence the distribution of Fusarium species (Sangalang et al. 1995a). In temperate and tropical regions, Fusarium species are diverse in terms of the number of species, distribution, host range and virulence (Gordon 1960; Summerell et al. 2003; Leslie & Summerell 2006). There are some Fusarium species which appear to be limited in certain climatic region while some species were not influenced by climatic factor (Burgess et al. 1988; Summerell et al. 1993). F. compactum had only been recovered in warmer areas while F. solani and F. oxysporum can be found in all climatic regions, and these two species are commonly found in the soil (Burgess et al. 1988; Kommedahl et al. 1988; Jeschke et al. 1990; Leslie et al. 1990). Sangalang et al. (1995b) also reported that climate contributes to the distribution of many Fusarium species but the mechanism is unknown.

Occurrence of Fusarium species in lowland areas in Malaysia have been conducted by Latiffah et al. (2007, 2009, 2010) however, there is no report on the occurrence of Fusarium species in tropical highland areas in Malaysia. Therefore, the present study was carried out to determine the occurrences and diversity of Fusarium species at several tropical highlands areas in Malaysia and to compare with those in temperate and subtropical regions.

MATERIALS AND METHODS

Sampling Site

The samples were collected from 19 sampling sites in the Malaysian tropical highland areas which were located between 400 to 2030 m above sea level from 2005 to 2009. The highland tropical areas were: Cameron Highlands, Fraser’s Hill, Genting Highlands, Penang Hill and Gunung Jerai in Peninsular Malaysia; Kinabalu Park, Kundasang, Begunan Hill and Kubah National Park in Sabah and Sarawak (East Malaysia). Tropical highlands has a more parallel climate than the temperate region with a minimum average temperature of 16.5°C and a maximum average temperature of about 24.8°C (Table 1).

Isolation of Fusarium Isolates

Isolates of Fusarium were isolated from various hosts and substrate as shown in Table 2. Isolation of Fusarium was done by directly plating the plant parts, debris and other substrates onto a semi-selective media, pentachloronitrobenzene (PCNB) agar (Nash & Snyder 1962). For identification, four media were used, namely potato dextrose agar (PDA), potato sucrose agar (PSA), carnation leaf agar (CLA) and water agar (WA) as described in The Fusarium Laboratory Manual (Leslie & Summerell 2006). Microscopic and macroscopic characteristics as described in the manual were used for species identification. Species descriptions were based on Wollenweber and Reinking (1935), Booth (1971), Joffe (1974), Gerlach and Nirenberg (1982), Nelson et al. (1983), Burgess et al. (1994) and, Leslie and Summerell (2006).


Table 1: Location of sampling sites of tropical highland areas in Malaysia.



	Site no.
	Location
	Altitude (m)

	Rainfalla (mm)

	Mean temperaturea (°C)




	Min

	Max




	C1
	Pine forest reserve, Cameron Highlands
	1829

	2500

	15.2

	21.9




	C2
	Gunung Irau (mossy forest), Cameron Highlands
	1828

	2500

	15.2

	21.9




	C3
	Gunung Brinchang, Cameron Highlands
	2031

	2500

	15.2

	21.9




	C4
	Tringkap’s forest reserve, Cameron Highlands
	1545

	2500

	15.2

	21.9




	C5
	Grass, Cameron Highlands
	1545

	2500

	15.2

	21.9




	C6
	Boh Tea Plantation, Cameron Highlands
	1829

	2500

	15.2

	21.9




	C7
	Ulu Bertam forest reserve, Cameron Highlands
	1500

	2500

	15.2

	21.9




	C8
	Waterfall, Cameron Highlands
	1829

	2500

	15.2

	21.9




	C9
	Asparagus farm, Cameron Highlands
	1829

	2500

	15.2

	21.9




	C10
	Sugarcane plantation, Cameron Highlands
	1829

	2500

	15.2

	21.9




	C11
	Soil, Cameron Highlands
	1829

	2500

	15.2

	21.9




	C12
	Genting Highlands
	2000

	2150

	16.0

	23.0




	C13
	Fraser’s Hill
	1200

	2350

	16.2

	21.3




	C14
	Penang Hill
	1805

	2250

	19.0

	25.9




	C15
	Gunung Jerai
	1217

	2500

	21.0

	27.0




	C16
	Kundasang, Sabah
	2000

	2500

	19.0

	32.0




	C17
	Kinabalu Park, Sabah
	1866

	305

	13.5

	20.0




	C18
	Begunan’s Hill, Sarawak
	400

	2100

	18.5

	24.5




	C19
	Kubah National Park, Sarawak
	800

	3000

	12.0

	32.0




Note: aRainfall and temperature data were provided by the Malaysian Meteorological Department


Table 2: Various hosts and substrates for isolation of Fusarium isolates.
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RESULTS AND DISCUSSION

A total of 1449 isolates of Fusarium were successfully isolated from 19 highland areas in Malaysia. Twenty species from seven sections were identified based on morphological characteristics. The species were from section Arthrosporiella (F. camptoceras, F. decemcellulare and F. semitectum), Discolor (F. crookwellense, F. culmorum and F. graminearum), Elegans (F. oxysporum), Gibbosum (F. compactum and F. equiseti), Liseola (F. subglutinans, F. nygamai, F. proliferatum, F. sacchari, F. verticillioides and F. sterilihyphosum), Martiella (F. solani), Roseum (F. avenaceum) and Sporotrichiella (F. chlamydosporum and F. sporotrichioides). Table 3 shows the number of Fusarium species and the location from where the species were isolated. From Table 4, the most common species of Fusarium isolated from the highland areas was F. solani (66.1%) followed by F. graminearum (8.5%), F. oxysporum (7.8%), F. semitectum (5.7%), F. subglutinans (3.5%), F. proliferatum (3.4%) and other Fusarium species which comprised 1% recoveries.

F. solani was recovered in all sampling sites, and was the most prevalent in Fraser’s Hill (C13) with 251 isolates. F. solani was recovered from various hosts and substrates which included different types of plants such as pine, flower and grasses as well as from the insect (termites, snail and leeches) (Tables 3 and 4). F. solani was mostly isolated from the soils (239 isolates) followed by leaves from different species of plants. F. solani is a cosmopolitan species, widely distributed in tropical region especially at lowland areas and in the soils in different environments (Leslie & Summerell 2006). F. solani can easily be isolated from different types of soils and had been isolated in subtropical, semiarid and grassland soils (Burgess & Summerell 1992), cultivated soils (Latiffah et al. 2007), forested area (Latiffah et al. 2009), sandy soils (Sarquis & Borba 1997) and from arid and saline environments (Sangalang et al. 1995b; Mandeel 2006).

Although F. graminearum is a well-known pathogen of cereal grains, causing scab or head blight, in the present study, 73 isolates of F. graminearum were isolated from grass (Family: Gramineae) especially from xElyhordeum montanense, which is a wild grass growing at the hillside of Cameron Highlands. F. graminearum has been isolated from wild grass such as Agrostis stolonifera L. (creeping bent grass), Echinochloa crusgalli (L.) Beauv. (barnyard grass), Agropyron trachycaulum (Link) Malte (slender wheat grass) and Bromus ciliates L. (fringed brome) as reported by Inch and Gilbert (2003) and, Goswami and Kistler (2004). Besides grasses, 50 isolates of F. graminearum was also recovered from flowers, stalk pine, leaves and mosses. Burgess et al. (1988) reported that F. graminearum has been isolated from non-agricultural host such as grasses in temperate region.

A total of 113 F. oxysporum isolates were recovered from 14 sampling sites (Table 1) and 31 isolates were isolated mainly from soils, and the other 82 isolates were isolated from asparagus, flowers, grasses, moss, pine, lichen and air sampling. Similar with F. solani, F. oxysporum is a cosmopolitan species and is widespread in different types of soil worldwide. F. oxysporum is also a well-known plant pathogen in tropical and temperate regions; causing wilt and root rot diseases in a variety of agricultural crops, and can be easily isolated from agricultural soils as well as non-agricultural soils (Ooi & Salleh 1999; Baayen et al. 2000; Flood 2006; Latiffah et al. 2010). Some isolates of F. oxysporum are saprophytes especially on plant debris (Moss & Smith 1984; Gordon & Martyn 1997). F. oxysporum also has been reported to be among the most frequently isolated fungus from arid and saline environments (Sangalang et al. 1995b; Mandeel 2006).

Five species of Fusarium, namely F. culmorum, F. crookwellense,F. sporotrichioides, F. poae and F. avenaceum were recovered from different substrates such as moss, grasses and pine (Table 4). The number of isolates recovered was between 1 to 13 isolates. The five species of Fusarium are commonly found in temperate region and are frequently associated with cereal crops or small grains such as barley and wheat. Friebe et al. (1998) reported that F. culmorum was isolated from grasses in temperate region causing root rot disease. Similar with F. culmorum, F. sporotrichioides, F. crookwellense andF. poae was also isolated from grasses and small grains (Perkowski et al. 2003; Inch & Gilbert 2003; Mielniczuk et al. 2004). F. sporotrichioides and F. culmorum have been isolated from pine seed (Douglas-fir) however these species are nonpathogenic towards conifer seedlings (Hoefnagels & Linderman 1999; James & Perez 1999). F. avenaceum was also reported to cause pre- and post-emergence damping-off diseases to conifer germinates (James 1993) and dry rot on potato tubers (Satyaprasad et al. 1997). It is not surprising that these common temperate species occur in highland areas in Malaysia as the highland areas have cooler temperatures ranging from 16°C to 23°C and wetter weathers compared with the lowland areas.

A total of 117 isolates of section Liseola comprising six species namely F. proliferatum (49), F. subglutinans (50), F. nygamai (8), F. verticillioides (9), F. sacchari (14) and F. sterilihyphosum (3) were recovered from different substrates such as asparagus, grasses, pine, soil, maize and others (Table 4). The six species are common plant pathogen, infecting various crops in tropical and temperate regions. F. proliferatum, F. verticillioides and F. subglutinans are common pathogen of ear-rot disease of maize (Zea mays) in both temperate and tropical regions (Magnoli et al.1999; Voss et al. 2007) F. nygamai, F. proliferatum and F. subglutinans has been recovered from soils in three different climate regions in Australia namely tropical, arid and Mediterranean (Sangalang et al. 1995b) and also from soils of tropical highlands. In addition, F. sterilihyphosum is commonly associated with malformation of inflorescence of mango (Mangifera indica) especially in Asia, Africa and the Americas (Britz et al. 2002; Iqbal et al. 2006; Marasas et al. 2006). However, from the present study, F. sterilihyphosum was isolated from flowers and fern. Further studies on F. sterilihyphosum from the two substrates need to be carried out as the morphological characteristics of F. sterilihyphosum are very similar with other species of Fusarium in the section Liseola.

Three species from section Arthrosporiella namely, F. camptoceras, F. decemcellulare and F. semitectum were isolated from pine, grasses, moss, weeds, mushroom, sugarcane, air, asparagus, and soils (Table 4). The three species especially F. semitectum are commonly isolated from various substrates such as soils and plant debris in the tropical region. F. semitectum in particular, has been isolated from different types of soil such as soil from arid regions (Sangalang et al. 1995b), tropical and temperate regions (Burgess et al. 1988). The species is probably found as soil inhabitants (Leslie et al. 1990). F. camptoceras was isolated from leaf and pine (Table 4) and this species is limited, found only in subtropical and tropical regions (Jimenez et al. 1997; Leslie & Summerell 2006). In the present study, F. decemcellulare was isolated from leaf, grass, pine, Sellaginella, seed, flower and weed (Table 4). F. decemcellulare is commonly found in tropical regions (Ploetz et al. 1996) and is often associated with canker of various tree species (Leslie & Summerell 2006).

Two species of Fusarium, F. equiseti and F. compactum from section Gibbosum were isolated from asparagus, grasses, soils and pine tree (Table 4). Both species are well-distributed in warm temperature and subtropical areas (Burgess et al. 1988; Burgess & Summerell 1992). The occurrence of F. equiseti was reported in many tropical, subtropical and temperate countries worldwide (Burgess 1981; Backhouse & Burgess 1995). Whereas, F. compactum is generally recovered in hot arid and semi-arid climates and commonly occurs as soil saprophyte and is rarely found in cooler areas (Backhouse & Burgess 2002). Sangalang et al. (1995b) reported that F. compactum is commonly recovered from a variety of soils.

F. chlamydosporum (section Sporotrichiella) was isolated from pine (Table 4). This species is a common saprophyte on a variety of substrates especially in soils of arid and semi-arid areas and has been reported to cause damping-off of rooibos tea plants (Engelbrecht et al. 1983) and stem canker of okra (Fugro 1999).


Table 3: Number of Fusarium isolates from various locations.
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Among all the sampling sites, the majority (21.39%) of Fusarium isolates was recovered from Fraser’s Hill (C13) and the least number of isolates (0.28%) were from sugarcane field (C10) in Cameron Highlands. The results of the present study showed that a variety of Fusarium species occurs in tropical highland areas in Malaysia. Fusarium species which are commonly found in the temperate region were also found in tropical highland although in fewer numbers such as F. graminearum, F. culmorum, F. sporotrichioides and F. avenaceum, and several of these species are pathogenic to agricultural crops. Most of Fusarium species found in tropical region such as F. solani, F. oxysporum and F. semitectum can also be found in temperate region. Further studies on these species should be conducted to determine whether the species are climate or geographically dependent.

Table 4: Number ofFusarium isolates recovered from different substrates.



	Species
	Substrate
	Number of isolates




	
	Soils
	239




	
	Pines
	155




	
	Flowers
	127




	
	Mosses
	120




	
	Trees
	117




	
	Grasses
	72




	
	Fruits
	27




	F. solani (958)
	Ferns
	23




	
	Lichens
	21




	
	Algae
	19




	
	Mushrooms
	15




	
	Insect/Invertebrate
	9




	
	Faeces
	3




	
	Weeds
	3




	
	Debris
	3




	
	Air sampling
	3




	
	Humus
	2




	
	Grasses
	73




	F. graminearum (123)
	Flowers
	31




	
	Pines
	14




	
	Ferns
	3




	
	Mosses
	2




	
	Soils
	31




	
	Flowers
	33




	
	Grasses
	22




	F. oxysporum (113)
	Mosses
	8




	
	Asparagus
	7




	
	Pines
	7




	
	Lichens
	4




	
	Air sampling
	1




	
	Flowers
	22




	
	Pines
	20




	
	Mosses
	14




	F. semitectum (82)
	Grasses
	13




	
	Soils
	9




	
	Air sampling
	1




	
	Sugarcane
	1




	
	Asparagus
	1




	
	Mushroom
	1




	
	Flowers
	16




	
	Pines
	10




	F. subglutinans (50)
	Mosses
	9




	
	Soils
	6




	
	Grasses
	5




	
	Air sampling
	2




	
	Sugarcane
	2




	
	Asparagus
	14




	
	Pines
	15




	
	Grasses
	9




	F. proliferatum (49)
	Flowers
	5




	
	Air sampling
	2




	
	Mushrooms
	2




	
	Soil
	1




	
	Sugarcane
	1




	F. compactum (13)
	Pine
	6




	
	Soils
	4




	
	Mosses
	3




	F. equiseti (11)
	Grasses
	5




	
	Asparagus
	4




	
	Mosses
	2




	F. nygamai (8)
	Asparagus
	5




	
	Flowers
	3




	F. culmorum (9)
	Grasses
	5




	
	Pines
	4




	F. crookwellense (7)
	Grasses
	7




	F. verticillioides (9)
	Mosses
	5




	
	Pines
	2




	
	Grasses
	2




	
	Mosses
	3




	F. decemcellulare (8)
	Pines
	2




	
	Soil
	1




	
	Weed
	1




	
	Flower
	1




	F. sterilihyphosum (3)
	Fern
	1




	
	Flower
	1




	
	Pine
	1




	F. avenaceum (1)
	Moss
	1




	F. camptoceras (1)
	Pine
	1




	F. chlamydosporum (1)
	Pine
	1




	F. poae (1)
	Pine
	1




	F. sacchari (1)
	Grass
	1
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Abstrak: Kajian ini dijalankan untuk memeriksa kepelbagaian dalam kronologi vegetatif dan perkembangan pembiakan padi angin (Oryza spp.) apabila dibandingkan dengan variasi komersial. Data yang diperolehi daripada beberapa peringkat pertumbuhan untuk 14 morfotip padi angin dan 4 variasi padi komersial telah direkod and dianalisa. Ketinggian semua morfotip padi angin telah ditinjau dan didapati wujudnya perbezaan ketara dalam data untuk setiap peringkat pertumbuhan; peningkatan dalam ketinggian tumbuhan adalah di antara 10–37 cm untuk morfotip padi angin untuk setiap 2 minggu. Keupayaan untuk mempunyai berbilang batang semu pada hari ke 14 selepas penanaman (DAP) adalah lebih tinggi untuk morfotip padi angin. Namun begitu, kesemua variasi padi komersial menunjukan peningkatan keupayaan DAP yang lebih ketara sepanjang fasa vegetatifnya. Korelasi antara ketinggian tumbuhan dan bilangan batang semu telah dikesan dan didapati tumbuhan yang lebih tinggi menghasilkan bilangan batang semu yang lebih kurang berbanding tumbuhan yang lebih rendah. Indeks luas daun (LAI) untuk kesemua morfotip padi angin kecuali PWR01 pada peringkat awal pertumbuhan menunjukan pertumbuhan pesat. Morfotip padi angin juga menunjukan kepelbagaian semasa antesis dan durasi matang. Aksesi daripada morfotip padi angin yang sama menunjukan tumbuhan ini lebih heterogen semasa fasa berbunga, antesis dan durasi matang berbanding dengan variasi-variasi komersial. Trait-trait sebegini amat membantu untuk mengenal pasti morfotip padi angin semasa peringkat pertumbuhan yang berbeza di sawah.

Kata kunci: Pertumbuhan Vegetatif, Perkembangan Pembiakan, Padi Angin, Jelapang Padi Perak

Abstract: This study was conducted to examine the variabilities in the chronology of vegetative and reproductive development of weedy rice (Oryza spp.) in comparison with commercial varieties. Data at different growth stages of 14 weedy rice morphotypes and 4 commercial rice varieties were recorded and analysed. Plant height of all weedy rice morphotypes were observed to be significantly higher compared to the commercial varieties at every growth stages; increase in height was between 10–37 cm for weedy rice morphotype, for every 2 weeks. Initial tillering ability at 14 days after planting (DAP) was higher in weedy morphotypes, however all the commercial rice varieties produced significantly higher number of tillers throughout the rest of the vegetative phases. Correlation between plant height and tiller number detected that taller plants produce fewer tillers than shorter plants. Higher leaf area index (LAI) of all weedy morphotypes except PWR01 at early growth stages indicated the vigorous growth of the morphotypes. Weedy rice morphotypes showed a wide range of anthesis and maturity duration. Accessions from the same weedy rice morphotypes were more heterogeneous in the flowering, anthesis and maturity period than the commercial varieties. These traits enables identification of weedy rice morphotypes at their different growth stages in the field.

Keywords: Vegetative Growth, Reproductive Growth, Weedy Rice, Perak Granaries

INTRODUCTION

Weedy rice (Oryza spp.) is a major problem in rice fields of Malaysia. The widespread adoption of direct seeding has caused a dramatic change in weeds’ flora. Continuous usage of farmers’ seed made weeds to be consistently present and be more competitive in the fields (Karim et al. 2004; Begum et al. 2005; Azmi et al. 2007). Perak rice granaries are highly affected by weedy rice morphotypes which have increased owning to the frequent use of direct-seeded culture technique.

Weedy rice is a highly polymorphic group of plants of the rice agro-ecosystem which competes with cultivated rice varieties for space and resources (Sánchez-Olguín et al. 2007). Controlling of weedy rice morphotypes is very much difficult because of their characteristics such as easy seed-shattering and ability to remain dormant in soil for long periods. Manual elimination of panicles, good cultural practices and appropriate herbicide application are required to control weedy rice at different growth stages of rice (Ferrero 2003). Most weedy rice morphotypes are morphologically so similar to cultivated rice varieties from seedling to reproductive stage that they are difficult to be recognised during periodic weeding of the crop. However, these problems would be easily resolved if the weedy rice population could be identified at early vegetative stages. Detailed study of vegetative and reproductive development of weedy rice morphotypes can help in identifying weedy rice morphotypes at their different growth stages. This will also lead to discovering the biological aspects of weedy rice such as life table, growth pattern and life cycle.

MATERIAL AND METHODS

Random sampling was done to collect weedy rice morphotypes on September 2009 in six rice granaries of Perak, Malaysia: 1. 04°04′41″N, 100°52′42″E;2. 04°03′07″N 100°51′08″E; 3. 04°03′05″N, 100°52′09″E and 4. 04°02′56″N 100°52′49″E in Kampung Sijagob; 5. 04°03′32″N, 100°54′05″E in Kampung Sungai Ranggam and 6. 04°05′06″N, 100°56′35″E in Kampung Sungai Mengkuang. Each morphotype was scored for plant morphological characteristics such as plant height, lemma and palea colour, awn and apiculus colour (Table 1) according to International Rice Research Institute (IRRI 1996). Fourteen weedy rice morphotypes were classified accordingly and labeled PWR01 to PWR14 to offer a nomenclatural standard that will allow the morphological comparison of weedy rice accessions among researchers and facilitate future analysis. The seeds of these morphotypes were dried overnight and stored at 4°C until they were used. Seeds of commercial rice varieties MR84, MR185, MR211 and MR219 were also included in the study.

Table 1: Description of weedy rice morphotypes and rice varieties from Perak and average values [mean ± standard deviation (SD)] of height, tiller number and LAI of each morphotype at maturity stage.



	Morphotype/variety

	Awn

	Apiculus colour

	Lemma and palea colour

	Average height

	Average tiller number




	PWR01
	Awnless (0)

	Straw (2)

	Straw (0)

	147.9±4.8

	7.6±1.7




	PWR02
	Awnless (0)

	Straw (2)

	Straw (0)

	128.7±5.1

	14.3±4.3




	PWR03
	Awnless (0)

	Brown (3)

	Brown (2)

	103.3±2.8

	12.9±5.7




	PWR04
	Awnless (0)

	Brown (3)

	Brown tawny (4)

	138.6±8.7

	12.0±4.8




	PWR05
	Straw (1)

	Straw (2)

	Straw (0)

	127.2±5.6

	11.4±3.8




	PWR06
	Straw (1)

	Straw (2)

	Straw (0)

	132.9±20.7

	14.5±6.5




	PWR07
	Awnless (0)

	Red (4)

	Reddish (5)

	136.7±4.2

	15.2±3.3




	PWR08
	Awnless (0)

	Brown (3)

	Brown tawny (4)

	141.3±6.1

	11.1±3.1




	PWR09
	Awnless (0)

	Straw (2)

	Straw (0)

	114.7±15.5

	11.5±5.9




	PWR10
	Awnless (0)

	Brown (3)

	Straw (0)

	102.9±4.5

	13.0±3.6




	PWR11
	Awnless (0)

	Straw (2)

	Straw (0)

	129.6±8.4

	13.1±6.6




	PWR12
	Awnless (0)

	Straw (2)

	Straw (0)

	83.5±2.3

	19.5±4.7




	PWR13
	Awnless (0)

	Brown (3)

	Straw (0)

	138.6±17.8

	12.5±3.3




	PWR14
	Awnless (0)

	Brown (3)

	Brown tawny (4)

	130.4±9.2

	14.4±2.8




	MR84
	Awnless (0)

	Straw (2)

	Straw (0)

	82.6±1.7

	20.0±1.5




	MR185
	Awnless (0)

	Straw (2)

	Straw (0)

	84.6±3.0

	20.9±1.9




	MR211
	Awnless (0)

	Straw (2)

	Straw (0)

	81.7±2.6

	21.7±2.4




	MR219
	Awnless (0)

	Straw (2)

	Straw (0)

	80.4±2.9

	19.6±1.7




Note: Codes given in parenthesis are according to IRRI (1996).

Weedy rice morphotypes and the commercial varieties were transplanted by following Completely Randomised Design with three replications (Cochran & Cox 1957) in the plant house of Universiti Sains Malaysia. Seeds were sprouted following a standard germination procedure (IRRI 2011) and planted in portable trays to grow the seedlings for 25 days. Seedlings of each accession were transplanted with 30 × 15 cm plant to plant spacing on 25 October 2009 in plastic pots (one foot deep) containing well-puddled clay soil. Crop management was done following the standard cultivation guideline (IRRI 2009).

Three vegetative descriptors (tillering ability, leaf area index and plant height) were evaluated every two weeks during the vegetative cycle. Leaf area index was estimated by measuring the length and average width of leaf and multiplying by a factor of 0.75 (Yoshida 1981). In addition, five reproductive descriptors for all weedy rice morphotypes and commercial rice varieties were evaluated according to the Standard Evaluation System for Rice (IRRI 1996). All data were analysed following the discriminate analysis and Tukey’s multiple comparison test using SPSS version 13.0 (SPSS 2004).


RESULTS AND DISCUSSION

Vegetative Phase

The experimental results revealed significantly higher plant height of all weedy rice morphotypes in comparison with commercial varieties at every growth stage (Fig. 1). Specifically, all weedy rice morphotypes were 2%–58% and 15%–97% taller than the commercial varieties at 28 and 70 days after planting (DAP) respectively. Weedy rice morphotypes displayed a vigorous growth during early stages and can be identified in the field through visual observation. Weedy rice morphotypes had an increase of height by 10–37 cm every 2 weeks, whereas the commercial varieties showed considerably lower increase of plant height with 10–20 cm during the same period. Only morphotypes PWR03, PWR10 and PWR12 showed a low increase in plant height with 10–20 cm at 56 and 70 DAP. Sánchez-Olguín et al. (2007) also reported increase of plant height in weedy morphotypes with 10–30 cm every 2 weeks, however the increase in height for commercial rice varieties was considerably lower (8–14 cm) during the same period. Weedy rice morphotypes could be effectively identified at these stages which will lead to efficient control of these weedy rice morphotypes. Weedy rice that has grown taller than rice can be treated with foliar systemic herbicides by using wick/wiper applicators (Ferrero 2003).
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Figure 1: Cumulative plant height of weedy rice morphotypes and commercial rice varieties at different growth stages, bars show SD at 70 DAS.



Besides that, the standard deviation (SD) values indicated that there exists high variation within weedy morphotypes (7.9–27.3 at 70 DAP) as compared with commercial varieties which are more uniform (6.7–7.1 at 70 DAP). Weedy morphotypes PWR06, PWR13 and PWR09 had the highest variation among accessions of the same morphotypes (142±17.3, 143±22.9 and 119.3±17.1 cm respectively at 70 DAP). Each of these morphotypes, together with PWR11 and PWR14 had at least one accession which was similar to the plant height of commercial varieties. Full identification of these plants is very much difficult in the field. However, some morphotypes such as PWR01, PWR06, PWR07, PWR08 and PWR13 were almost double the height of the commercial varieties. Tukey’s multiple comparison test for plant height showed that morphotype PWR12 overlapped with two of the commercial varieties (Fig. 1). Morphotype PWR12 also showed statistically similar plant height (p≤0.05) to the plant height of morphotypes PWR03 and PWR10. Morphotype PWR01 was the tallest plant (152±13.4 cm), which overlapped with PWR06, PWR07, PWR08 and PWR11.

All commercial rice varieties produced a significantly higher number of tillers throughout the vegetative phase except at 14 DAP (Fig. 2). Though all weedy morphotypes and commercial varieties began tillering at the same rate, the tillering ability of some weedy morphotypes was greater at 14 DAP. Significant variations were observed between the weedy morphotypes and commercial varieties at all the growth stages. Weedy rice showed various amounts of tillering ability ranging from 9.5±2.1 to 19.4±3.99 per plant. It was interesting that all weedy morphotypes produced the most tillers within 56 DAP. Early tillering enables weedy morphotypes to set more competition against the commercial varieties in the field since a profusely tillering plant colonises space very efficiently, and has greater panicle density (Estorninos et al. 2002). However, the number of total tillers was higher in commercial varieties at all growth stages after 42 DAP in comparison with weedy morphotypes. The number of ineffective tillers was less in weedy morphotypes.
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Figure 2: Cumulative tiller number per plant of weedy rice morphotypes and commercial rice varieties at different growth stages, bars show SD at 70 DAS.



Significant variation was observed in leaf area index (LAI) among weedy morphotypes and commercial varieties (Fig. 3). All weedy morphotypes except PWR01 produced higher LAI at 28, 42 and 56 DAP compared with commercial varieties. Morphotypes PWR01, PWR11 and PWR13 produced less LAI than commercial varieties at 70 DAP. Though the number of tillers was less in all weedy morphotypes, these results were observed due to the greater number of leaves in addition with long and wide leaves. Increasing LAI causes increased shading and is associated with reduced tillering rate in rice crops (Graf et al. 1990).
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Figure 3: Cumulative LAI per m2 of weedy rice morphotypes and commercial rice varieties at different growth stages, bars show SD at 70 DAS.



A negative correlation (r = −0.677) between plant height and tiller, observed between weedy morphotypes and commercial rice varieties suggest that taller plants produce fewer tillers than shorter plants. Similar findings were also reported by Sánchez-Olguín et al. (2007). Morphotype PWR12 showed a similar trend as commercial varieties. However, PWR10 and PWR03 did not follow this behaviour, although they were below 100 cm in height. This suggests a wide variation within weedy morphotypes (Fig. 4).

To summarise, plant height, faster tillering ability and higher LAI are important advantageous characteristics of weedy rice morphotypes. These traits enable identification of weedy rice morphotypes at their different growth stages in the field. Morphologically similar weedy morphotypes may be identified and removed from the field at different growth stages. Successful removal of weedy rice at early growth stages gives space to commercial varieties and reduces competition for light and nutrition. Weedy morphotypes with higher tillering ability and plant height shows a more competitive attitude. However morphotypes present on different rice farms could differ widely in their characteristics (Arrieta-Espinoza et al. 2005).
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Figure 4: Relation between tiller number and plant height for weedy rice morphotypes and the commercial rice varieties at 70 DAS.



Reproductive Phase

The reproductive phases of weedy rice and cultivated rice were divided into booting, anthesis and maturity stage. Weedy rice morphotypes showed a wide range of flowering duration, reaching booting between 72.5±1.8 and 93.0±5.4 DAP. Significant variation was observed between all weedy morphotypes. Whereas, commercial varieties reached this stage between 74.5±1.8 and 86.4±2.6 DAP (Table 2). Uneven flowering was observed in all weedy rice morphotypes. Accessions from the same weedy rice morphotypes were more heterogeneous in the flowering period than the commercial varieties. Arrieta-Espinoza et al. (2005) also observed uneven flowering in the weedy rice morphotypes.

High SD recorded for beginning of anthesis and 50% anthesis reflected more heterogeneous flowering within weedy morphotypes compared to the commercial varieties. However, morphotype PWR12 showed a standard deviation value similar to those of the commercial varieties. Morphotype PWR04 showed the highest heterogeneity among the accessions, producing the highest standard deviation value. A similar trend was observed for anthesis period. Morphotypes PWR04 and PWR12 presented the highest anthesis duration with 28.5–29.0 days, similar to the anthesis period of the commercial varieties ranging from 29.8–30.0 days. Morphotypes PWR01, PWR02, PWR07 and PWR10 showed shortest anthesis span of 21.7–23.6 days.


Table 2: Mean and SD values for days after transplanting to reach each growth stage in weedy rice morphotypes and commercial rice varieties.



	Morphotypes/varieties
	Booting stage

	Beginning of anthesis

	50% anthesis

	Maturity stage

	Anthesis duration




	PWR01
	72.8±2.6

	76.9±2.8

	80.9±2.9

	100.4±3.6

	23.6




	PWR02
	73.5±3.6

	77.7±3.8

	83.7±4.1

	101.3±4.7

	23.5




	PWR03
	79.2±4.2

	83.1±3.3

	89.1±2.5

	108.8±3.9

	25.7




	PWR04
	93.0±5.4

	97.3±5.6

	103.8±4.8

	126.2±4.6

	28.5




	PWR05
	78.7±4.8

	86.0±3.1

	91.1±3.3

	111.3±4.3

	25.3




	PWR06
	80.8±3.6

	85.4±2.7

	90.8±2.9

	109.8±3.6

	24.3




	PWR07
	75.0±2.2

	79.2±2.3

	83.4±2.4

	100.9±2.9

	21.7




	PWR08
	72.2±2.7

	79.4±2.9

	84.7±3.1

	104.4±3.8

	24.9




	PWR09
	79.7±3.9

	83.0±3.1

	86.2±3.8

	107.1±5.7

	24.1




	PWR10
	76.1±2.8

	81.1±3.0

	87.2±3.2

	103.7±3.8

	22.6




	PWR11
	83.8±3.2

	87.9±3.2

	92.0±3.3

	113.6±4.1

	25.7




	PWR12
	72.5±1.8

	76.8±1.9

	82.9±2.1

	105.7±2.5

	29.0




	PWR13
	77.3±2.8

	84.1±3.1

	89.3±3.2

	107.7±3.9

	23.6




	PWR14
	73.0±3.7

	77.1±3.8

	81.3±4.4

	101.5±4.6

	24.4




	MR84
	86.4±2.6

	89.6±2.7

	95.8±2.7

	119.4±3.0

	29.8




	MR185
	83.3±2.1

	87.4±2.1

	94.6±2.2

	118.4±2.6

	31.0




	MR211
	74.5±1.8

	78.5±1.9

	84.8±1.9

	107.6±2.3

	29.0




	MR219
	80.3±1.9

	84.6±2.4

	90.8±2.0

	114.4±2.5

	29.8




Weedy rice morphotypes reached maturity within a wide range of variation. Higher SD values presented greater heterogeneity among the accessions of weedy morphotypes than among commercial varieties. All weedy morphotypes except PWR04 matured earlier than most of the commercial varieties ranging from 100.4±3.6 to 111.3±4.3 days. Morphotypes PWR04 required 126.2±4.6 days to mature. However within the commercial varieties, MR211 reached maturity at 107.6±2.3 and the rest of the varieties required 114.4±2.5 to 119.4±3.0 days to mature.

In conclusion, uneven flowering observed in this study might be a competitive strategy for weedy rice plants to overcome possible adverse weather conditions during the reproductive phase. The diversity in flowering period assures continuous production and maturation of seeds from different weedy morphotypes (Ferrero 2003). Shorter anthesis period helps weedy morphotypes to mature early, while a wide variation in maturity time assists some weedy morphotypes to mix with the commercial varieties during the harvesting time. Early maturity of the weedy morphotypes will help identification at harvesting stage.
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Abstrak: Belut sawah, Monopterus albus, adalah salah satu ikan yang biasa dijumpai di sawah padi, dan ikan ini sesuai digunakan sebagai bio-penunjuk untuk penyelidikan pencemaran logam berat di kawasan sawah padi. Penyelidikan ini dilakukan bagi menilai kandungan logam berat dalam belut sawah dari sawah padi di Kelantan, Malaysia. Keputusan telah menunjukkan zink [Zn (86.40 µg/g berat kering)] adalah logam paling tinggi terakumulasi dalam ginjal, hati, tulang, insang, otot dan kulit. Antara organ-organ yang telah dipilih, insang didapati mengandungi kepekatan tertinggi bagi plumbum (Pb), kadmium (Cd) dan nikel (Ni), manakala otot menunjukkan jumlah kepekatan logam terakumilasi terendah bagi Zn, Pb, kuprum (Cu), Cd dan Ni. Berdasarkan kepada Peraturan Makanan Malaysia, paras Zn dan Cu di bahagian-bahagian yang dimakan (otot dan kulit) adalah masih dalam julat yang selamat. Walaupun demikian, Cd, Pb dan Ni telah melebihi julat yang dibenarkan. Apabila dibandingkan dengan paras maksimum pengambilan (MLI), Pb, Ni, dan Cd dalam bahagian-bahagian yang dimakan masih selamat untuk dimakan. Penyelidikan ini menunjukkan M. albus dari sawah padi di Kelantan adalah selamat untuk dimakan oleh manusia dengan sedikit pengawasan.

Kata kunci: Logam Berat, Belut Sawah, Sawah Padi

Abstract: Swamp eel, Monopterus albus is one of the common fish in paddy fields, thus it is suitable to be a bio-monitor for heavy metals pollution studies in paddy fields. This study was conducted to assess heavy metals levels in swamp eels collected from paddy fields in Kelantan, Malaysia. The results showed zinc [Zn (86.40 µg/g dry weight)] was the highest accumulated metal in the kidney, liver, bone, gill, muscle and skin. Among the selected organs, gill had the highest concentrations of lead (Pb), cadmium (Cd) and nickel (Ni) whereas muscle showed the lowest total metal accumulation of Zn, Pb, copper (Cu), Cd and Ni. Based on the Malaysian Food Regulation, the levels of Zn and Cu in edible parts (muscle and skin) were within the safety limits. However, Cd, Pb and Ni exceeded the permissible limits. By comparing with the maximum level intake (MLI), Pb, Ni and Cd in edible parts can still be consumed. This investigation indicated that M. albus from paddy fields of Kelantan are safe for human consumption with little precaution.

Keywords: Heavy Metals, Swamp Eel, Paddy Fields

INTRODUCTION

Heavy metal pollutions in the environment have induced a great attention from many researchers from Malaysia and also other countries due to its toxicity to aquatic organisms specifically fishes that inhabit aquatic ecosystems. It is widely accepted that heavy metal uptake occurs mainly from water, food and sediment. However, the efficiency of metal uptake from contaminated water and food may differ in relation to ecological needs, metabolism and the contamination gradients of water, food and sediment, as well as other factors such as salinity, temperature and interacting agents (Pagenkopf 1983).

Fish has been widely used as a bio-monitor in many studies to assess the levels of heavy metals pollution potential. Also, it is considered as one of the most indicative factors for pollution studies in freshwater system (Barak & Mason 1990; Evans et al. 1993; Rashed 2001). Most of the human population in the world consumes fish as part of their diet as they are the top consumers in the food chain. Presence of pollutants in aquatic ecosystems can cause aquatic organisms such as fish to be contaminated. Since humans are one of the last receivers in the food chain, they tend to accumulate more pollutants (example: heavy metals) in their tissues. Once heavy metals accumulate in human body, they can pose chronic toxicity when their presence exceeds the concentration levels required by body metabolisms. Nabawi et al. (1987) stated that assimilation of heavy metals in the human body is one of the causes of cancer.

In order to ensure the quality of rice produced, farmers tend to use huge amounts of pesticides and fertilizers. A variety of pesticides and fertilizers are applied every paddy season to get rid of pest organisms and diseases as rice is a staple and essential food consumed by majority of the world’s population. In Malaysia, the apple snail (Pomacea sp.) is one of the pest organism that pose major threats to paddy crops. They are usually present in high population numbers and upon reaching a certain level, might cause serious problem to farmers. Applying excessive amount of pesticides to control this snail could potentially introduce significant amount of pollutants into the paddy field areas. This event will affect other non-target organisms. The Asian swamp eel (Monopterus albus) is one of the common aquatic species existing in paddy fields. Since swamp eels live in and move around paddy fields, it is easily exposed to those fertilizers and pesticides. In other words, they might be exposed to heavy metals contamination. Some of these metals could originate from pesticides used by farmers which include Decis 250, Lebaycid, Bayluscide and Tikumin.

In Korea, a report has showed that there was a heavy metal pollution in paddy planting areas because the planting areas were located nearby a (lead-zinc) Pb-Zn mine (Jung & Thornton 1997). In China, paddy areas located around Taihu Lake also faced similar problem. Pb pollution occured due to the discharge of Pb/Zn waste water from a mine in the Guangdong province (Shu 1997). Abbas et al. (2007) reported that, the farmers who live in the district of Sheikhupura, Pakistan, used polluted water from industrial effluents and human waste to irrigate rice fields. Such activities have been identified to have potential to increase heavy metals pollution in the paddy fields’ soil and then to the paddy plants (Khairiah et al. 2009).

As the swamp eel is a popular fish consumed by the local people of Kelantan, therefore, it is necessary to assess the level of heavy metal accumulation in this fish collected from paddy fields. The main objective of this study was to determine the concentration of heavy metals in selected organs of M. albus which includes liver, kidney, gill, skin, bone, gonads and muscle. The information obtained from this study could give a clearer picture on the behaviour of heavy metals.

MATERIALS AND METHODS

Site Description

M. albus were collected from paddy fields located in Kelantan, Peninsular Malaysia (N06°08.454΄ E102°8.430΄). The paddy fields are situated nearby residential areas and far away from heavy industrial activities. There is a river nearby the paddy fields known as Sungai Jal. Water is sourced from Sungai Jal by farmers when there is a shortage of water supply to the paddy fields. The major sources of contamination might be from anthropogenic inputs which are pesticides and fertilizers used in rice fields and from transportation activities near the sampling sites. Ten stations (S1–S10) were identified for collecting eel samples. The stations are showed in Figure 1.
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Figure 1: Sampling location of M. albus in paddy fields around Tumpat, Kelantan (Malaysia).



Sampling of M. albus

M. albus were collected by using a tool known as tukil. Tukil is a cylindrical tube made from PVC. The length of tukil is 36 inches long and the breadth is 2 inches. Small amounts of baits were inserted into tukil to attract the eel. Afterwards, these tukil were placed at selected positions in the paddy field areas. Tukil were collected on the next day and checked for presence of eel. A total of 21 eel individuals were collected, placed in plastic bags and transported back to the laboratory under cold temperature. In the laboratory, each sample was measured for its body weight and standard body length. The average body weight of M. albus was 117.98 g (82.90–142.80 g) and standard body length was 48.89 cm (44.90–53.40 cm).

Heavy Metal Determination

Each individual of M. albus was dissected with a clean stainless steel dissecting set. Selected organs (liver, gill, muscle, skin, kidney, gonad and bone) were removed from the body and placed on small-sized folded aluminium folds. The samples were dried in an air-circulating oven for at least 72 hours at 60°C until a constant dry weight is obtained. Afterwards, the samples were digested in concentrated nitric acid (69%, AnalaR grade, BDH Chemicals, UK). Next, the digestion tubes filled with samples were placed on a digestion block. The samples were heated at 40°C for 1 hour and later increased to 140°C for 3 hours (Yap et al. 2002). After digestion was completed, all digested samples were allow to cool to room temperature and were diluted with distilled water (DW) to a fixed volume (40 ml). The samples were then filtered using filter papers (Whatman No.1) and the filtrates were stored until metal determination was carried out. Concentrations of Zn, Pb, copper (Cu), nickel (Ni) and cadmium (Cd) in all digested samples were analysed by using an air-acetylene flame atomic absorption spectrophotometer (AAnalyst 880, Perkin-Elmer, USA). The data obtained from the analysis were converted into µg/g (dry or wet weight) basis. Prior to carrying out any analysis, all apparatus were acid-washed with 5% nitric acid by dipping for 16 hours and then rinsed with DW. Procedural blanks were analysed once every 10 samples for maintaining accuracy. The DORM-3 Certified Reference Material [National Research Council Canada (NRC 2007)] was used to determine the accuracy of the applied analytical procedures. The percentages of recoveries were 103.33% for Cu, 93.27% for Zn, 86.72% for Cd, 99.10% for Pb and 77.87% for Ni.

RESULTS AND DISCUSSIONS

Heavy Metals Content in Different Parts of Organs of M. albus

Mean concentrations of Zn, Pb, Cu, Cd and Ni in kidney, liver, bone, gill, muscle, gonads and skin of M. albus from Kelantan are shown in Table 1 and Figure 2. Gill was recorded to have the highest accumulations of metals such as Pb, Cd and Ni. Meanwhile, the highest accumulations of Zn and Cu concentrations were found in gonads and liver respectively. Concentrations of Pb, Cd and Ni were detected highest in gill, with the mean values of 68.69, 4.45 and 48.95 µg/g respectively. Lowest concentration of Zn, Cu and Ni were found in muscle. As for Pb and Cd, they were found lowest in the skin of the eel. In this study, gill of M. albus was known as the target organ of accumulation for many metals since a fish’s gill indicates the concentrations of metals in the water where the fish lives in (Yap et al. 2004). Target organs such as liver, gonads, kidney and gills are known as metabolically active tissues and accumulate high levels of heavy metals, as was observed in many experimental and field studies (Yilmaz 2009). The other reason for high metal concentrations (Pb, Cd and Ni) in the gills is due to the metal complexing with the mucus making it impossible to be removed completely from the lamellae before analysis (Heath 1987). Also, gills are defined as an uptake site of waterborne ions, where metal concentrations increase especially at the beginning of exposure, before the metal enters other parts of an organism (Heath 1987). Karadede et al. (2004) reported higher levels of metals in gills than muscle of mullet and catfish. The total lowest metal accumulation of heavy metals was in the muscle compared to others tissues (kidney, liver, bone, gill, gonad and skin) studied of M. albus. Therefore, muscle is identified as a nonactive tissue in accumulating heavy metals (Roméo et al. 1999; Ünlü et al. 1996).

The Zn elements were enriched in most organs of M. albus with the mean values of 86.40 µg/g. Zn is an essential element that is required in order to survive and are carefully regulated by physiological mechanisms in most living organisms (Eisler 1988). However, when Zn is consumed in huge quantities, it can pose health effects and endanger both humans and organisms (Papagiannis et al. 2004). Qiao-qiao et al. (2007) found that the organs studied such as skin, gonad, encephalon and muscle of four species (Cyprinus carpio, Carassius auratus, Hypophtalmichthys molitrix and Aristichthys nobilis) of fish had highest Zn accumulation.

Based on Table 1, Zn contents were the highest in gonads, with the mean values of 103.80 µg/g. The highest Cu levels were recorded in liver with the mean values of 7.13 µg/g. Studies conducted by Papagiannis et al. (2004) showed that Zn and Cu levels were highest in liver and gonads. In this study, both Zn and Cu concentrations were revealed to be highest in gonads and liver respectively. Both Cu and Zn are micro-nutrients and toxicant, released from industrial and domestic sources but Zn is about five-fold less toxic than Cu (Yilmaz 2009). Since Zn is enriched in gonads, to overcome high intake of Zn through food, people can remove the gonads during food preparation. Besides, majority of people do remove the internal organs of eels and consume the muscle. Dietary habits may also play a role in metal concentrations in eels (Papagiannis et al. 2004). The liver showed the highest concentration of Cu and many studies have demonstrated that diet is the most important route of Cu accumulation in aquatic animals, and food choice influences body burden of Cu (Sindayigaya et al. 1994; Fisher & Reinfelder 1995). The large amounts of fertilizers used by farmers can also explain the higher mean concentrations of Cu and Zn in liver and gonads tissues compared to other tissues (gill, kidney, skin, bone and muscle) in this study, indicating both tissues have potential to be used to bio-monitor Zn and Cu. In Wong et al. (2001) study, gonad showed a high enrichment coefficient for Zn. Compound fertilizers, which constitute Zn and Cu as one of the elements, may elevate the levels of Zn and Cu. Romeo et al. (1994) opined that liver is the major organ involved in xenobiotic metabolism in fish and organisms can retain both metals, Cu and Zn, through specific binding proteins known as metallothioneins in their liver (Allen-Gil & Martynov 1995). Olsson et al. (1989) stated metallothioneins play a vital role in metal homeostasis and in protection against heavy-metal toxicity. On the other hand, heavy metals in edible parts (muscle and skin) of M. albus indicated that all metals had the lowest concentrations. The same pattern was observed in Tilapia (Oreochromis mossambicus) caught from Kelana Jaya Pond in a study conducted by Yap et al. (2004). Based on Table 2, the edible part (muscle) of A. anguilla collected from La Capelière (Henry et al. 2004) showed lower accumulation of heavy metals (Cu, Pb, Cd, Ni and Zn) compared to this study. Furthermore, the Cd and Pb in muscle of three species of fish (Dab, Flounder and Plaice) caught from Dunkirk (Henry et al. 2004) also showed similar trend in accumulation of heavy metals (Cd and Pb) except Cu, which was much higher than Cu in muscle of M. albus of Tumpat. Cd has a high potential for bio-concentration in fish and is accumulated in multiple organs (Yilmaz 2009). Gill tissues have higher tendency and capacity to accumulate Cd compared to liver and muscle tissues. Furthermore, Cd and Pb belong to the group of non-essential elements and are known as toxic metals, implying no known function in biochemical processes (Heath 1987; Schlenk & Benson 2001). Sunderman (2004) stated that shellfish and crustaceans also contain higher concentration of Ni in their edible flesh, with the potential causes being biological cycles, atmospheric fallout and industrial processes and waste disposal.

Table 1: Mean concentrations [metal/dry weight (µg/g)] with standard deviations (SD) in kidney, liver, bone, gill, muscle, gonad and skin of M. albus from Kelantan.



	Organ
	Zn

	Pb

	Cu

	Cd

	Ni




	Kidney
	93.62±22.43a

	40.09±19.89ab

	4.20±1.93ab

	2.83±1.978a

	34.14±25.17a




	Liver
	94.92±13.39a

	29.55±20.13b

	7.13±1.91a

	1.78±1.18a

	23.04±18.60a




	Bone
	85.49±28.02ab

	47.20±14.31ab

	2.53±0.95bc

	2.47±1.55a

	24.34±14.30a




	Gill
	98.33±14.10a

	68.69±25.98a

	3.33±1.46b

	4.45±2.54a

	48.95±34.92a




	Muscle
	59.31±10.36b

	22.73±10.90b

	0.84±0.53d

	1.61±1.07a

	19.71±14.37a




	Gonad
	103.80±18.27a

	41.32±31.22ab

	4.84±2.34ab

	3.31±3.08a

	38.85±45.38a




	Skin
	69.34±21.35b

	22.15±10.68b

	1.13±0.63cd

	1.55±0.85a

	20.73±16.05a




Notes: *Post-hoc: Mean metal concentrations of different parts of tissue sharing a common letter for a particular metal are not significantly different, p>0.05. Underlined values represent the highest concentrations of heavy metals among the organs tested.

Guidelines and Human Consumption

The levels of Cd, Pb and Ni in muscle and skin were higher than recommended levels set by Malaysian Food Regulation (1985) (Table 2). Based on studies conducted by Zulkifli et al. (2010) on intertidal sediment collected from estuary of Kelantan River (DKB), Ni and Pb were found occurring at a very high concentration (above the interim sediment quality guidelines). Ismail (1994) stated that apart from ecology, biology and behaviour of the animals, the metal concentrations in sediment could be one of the factors contributing to metal bioaccumulation in animals. Since our sampling location is nearby the area, we assumed that the concentration of Ni and Pb in the paddy areas could be high and bioaccumulated into the existing organisms in the area. In this study, Zn and Cu levels in muscle and skin were below the safety limits.
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Figure 2: Distribution of the concentrations (mean µg/g dry weight ± SD) of (a) Zn, (b) Pb, (c) Cu, (d) Cd and (e) Ni in the different parts of organ of M. albus collected from paddy fields, Kelantan.



Table 2: Comparison of heavy metal concentrations (μg/g dw) in the edible parts (muscle and skin) of M. albus with other guidelines and studies.
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When comparing with the data set by Brazilian Ministry of Health (ABIA 1991), the data in this study suggest the metals Cu, Cd, and Zn in muscle and skin were within the safety limits but the levels of Pb and Ni levels in muscle and skin were above the safety limits. Therefore, this information reflects that the edible parts have the potential to cause low toxicity. This situation could be due to the pesticides and fertilizers applied by farmers to paddy fields in order to get rid some pest organisms and yield high quality crops. According to the studies conducted by Ismail (1994) on snails of Kuala Klawang’s, fertilizers and pesticides used could be the cause of higher concentration of heavy metals in animals.

Based on the estimated daily intake (Table 3), the accumulation of metals in the parts (muscle and skin) consumed by human for each metal was 11.86 µg/day (Cu), 18.94 µg/day (Cd), 771.91 µg/day (Zn), 269.31 µg/day (Pb) and 262.93 µg/day (Ni). The estimated daily intake of metals in the edible parts consumed by human was lower compared to the recommended value of maximum level intake (MLI). This indicates that, the edible parts of M. albus are safe to be eaten by people. The levels of Cu, Cd, Zn, Pb and Ni were below the recommended limit set by MLI. Therefore, M. albus are safe to be consumed by humans. Based on the results obtained from this study, the intakes of Cu, Cd, Zn, Pb and Ni are within the recommended safety limits of MLI but people should control their intake of Pb and Ni to avoid Pb and Ni toxicity. If Pb is consumed in excessive amounts, it can causes behavioural deficits in vertebrates, decrease survival and growth rates and, cause learning and metabolism disabilities (Qiao-qiao et al. 2007). Acu-Cell Nutrition (Acu-Cell Nutrition 2000) reported that, Ni have the possibility to cause cancer of the sinuses, throat and lungs. In addition, other health effects such as asthma, angina and/or other cardiac symptoms are a result of nickel interfering with Vitamin E activity.

Table 3: The estimated daily intake of edible tissues (muscle and skin) of M. albus in comparison with the recommended metal intake values (µg/day).



	Element
	EDI (muscle)

	EDI (skin)

	EDI (total)

	MLIa




	Cu
	5.06

	6.79

	11.86

	3200




	Cd
	9.67
	9.28
	18.94
	18–200



	Zn
	355.88
	416.03
	771.91
	17000



	Pb
	136.39
	132.92
	269.31
	300



	Ni
	125.05

	137.88

	262.93

	450




Notes: EDI: estimated daily intake; MLI: maximum level of intake without detriment to health. aSenczuk (1999) based consumption of 6 g dry weight per day.

CONCLUSION

Overall, Zn was the highest accumulated heavy metal in the selected organs of M. albus. Gill was found accumulating highest concentrations of Pb, Cd and Ni, whereas Cu was highest in gonad and Zn was highest in liver. Based on the comparison with permissible levels set by Malaysian Food Regulation and MLI, all metals are within the safety limit with little precaution in term of intake volume per day needed. Therefore, regular monitoring of M. albus should be practiced in order to avoid health problems to consumers.
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Abstrak: Pokok padi transgenik telah dijanakan menggunakan pembedilan partikel untuk memperkenalkan gen biosintesis sitokinin Agrobacterium yang dipacu oleh promoter spesifik kesenesensan Arabidopsis (Arabidopsis thaliana) iaitu SAG12, yang berfungsi untuk melengahkan kesenesensan daun. Dengan menggunakan dua plasmid, kalus embriogeni berumur satu minggu yang diambil dari padi Japonica (Oryza sativa) varieti Chin Guang matang telah ditransformasi. Gen penanda memilih hygromycin phosphotransferase (hph) dan gen reporter B-β-glucuronidase (uidA) yang kedua-duanya dikawal oleh promoter cauliflower mosaic virus (CaMV) 35S, telah diletakkan pada vektor co-integrate manakala gen biosintesis sitokinin, isopentenyl transferase (ipt) yang dipacu oleh promoter SAG12 telah dibekalkan dalam plasmid yang lain. Tiga puluh dua pokok padi transgenik telah dijana; 27 pokok telah dipilih secara rawak untuk cerakin histokimia β-glucuronidase (GUS), PCR dan analisis sap Southern. Frekuensi co-integration sebanyak 88% dan 69% telah diperolehi untuk dua gen terangkai (uidA and hph) dan dua gen tidak terangkai (hph and ipt gene) masing-masing dalam pokok R0. Analisis sap Southern telah mensahkan keputusan cerakin histokimia GUS dan amplifikasi PCR. Satu corak integrasi yang kompleks untuk semua transgen termasuk integrasi salinan berbilang telah diperhatikan.

Kata kunci: Co-transformation, Pembedilan Partikel, Gen ipt, Promoter SAG12, Padi

Abstract: Transgenic rice plants were generated using particle bombardment to introduce the Agrobacterium cytokinin biosynthesis gene driven by Arabidopsis (Arabidopsis thaliana) senescence specific promoter (SAG12) for delaying leaf senescence. Using two plasmids we co-transformed one week old embryogenic calli derived from mature Japonica rice (Oryza sativa) variety Chin Guang. The selectable marker hygromycin phosphotransferase (hph) gene and the reporter gene B-β-glucuronidase (uidA), both under the control of cauliflower mosaic virus (CaMV) 35S promoter were placed on the same co-integrate vector whereas the cytokinin biosynthesis gene, isopentenyl transferase (ipt) driven by the SAG12 promoter is supplied in another plasmid. A total of 32 transgenic rice plants were regenerated of which 27 plants were randomly selected for histochemical β-glucuronidase (GUS) assay, PCR and Southern blot analysis. Co-integration frequencies of 88% and 69% were obtained for two linked genes (uidA and hph) and two unlinked genes (hph and ipt gene) respectively in R0 plants. Southern blot analysis confirmed the results of histochemical GUS assay and PCR amplifications. A complex integration pattern for all the transgenes including the multiple copies integration was predominantly observed.

Keywords: Co-transformation, Particle Bombardment, ipt Gene, SAG12 Promoter, Rice


INTRODUCTION

Rice is one of the most important cereal crops and is the major food source for three billion people comprising more than a third of the world’s population. More than 90% of the world’s rice is grown and consumed in the Asia Pacific region where 60% of the earth’s population live (IRRI 2010). Global rice production for the year 2012–2013 is projected at a record of 480.5 million tons [Food and Agriculture Organization (FAO 2012)] which must be increased to 850 million tons by 2025 to meet the demand. This is a supreme challenge which calls for a multi-pronged approach to develop rice varieties with higher yield potential and yield stability. Genetic engineering of rice with agronomical important genes could be one of the approaches.

Besides pests, disease and several abiotic stresses, another burning problem that limits rice productivity is poor grain filling. Grain yield is mainly associated with two physiological processes: photosynthesis which produces carbohydrate and partitioning which determines the carbohydrate storage in developing grain. Two strategies could be adopted to address the problem of grain filling. The first is through modifying the endogenous plant hormone (auxins and cytokinins) level during grain development and the second is through delaying leaf senescence by introducing cytokinin biosynthesis gene thus prolonging the time during which leaves can make carbohydrate by photosynthesis and supply the carbohydrates to the developing grain.

In rice, senescence of the top three leaves (flag leaves) between flowering and grain development appears to be critical in determining the grain filling. Although leaf senescence is thought to be an evolutionary adaptation to recycle nutrient, the ability to control senescence has significant impact on yields in an agriculture setting. For example in some maize hybrids, delay of leaf senescence is associated with increase in yields (Duvick 1984). Cytokinin class of plant hormones are known to delay senescence in plants. However exogenous application of cytokinin is imprecise and could have undesirable side effects. The auto regulated production of cytokinin by senescence specific promoter using a transgenic technology could be an alternative approach for delaying leaf senescence (Gan & Amasino 1995). In recent years several senescence associated genes were identified and transgenic approach has been deployed in many plant species which demonstrated that endogenously produced cytokinin can regulate senescence and provide a system to specifically manipulate the senescence program (Quirino et al. 2000; McCabe et al. 2001; Robson et al. 2004; Swartzberg et al. 2006; Sykorova et al. 2008). In this paper we report the genetic transformation of rice with bacterial isopentenyl transferase (ipt) gene (the enzyme that catalyses the rate limiting step in cytokinin biosynthesis) driven by a senescence specific (SAG12) promoter. The integration of transgene is confirmed through PCR genomic blot hybridisation.


MATERIALS AND METHODS

Plasmid Construction

Plasmid pSG516 contains Agrobacterium tumefaciens ipt gene fused to Arabidopsis thaliana SAG12 promoter and nos terminator (Gan & Amasino 1995; Fig. 1). Plasmid pWRG1515 contains the B-β-glucuronidase (uidA) reporter and hygromycin phosphotransferase (hph) selectable marker gene both controlled by the cauliflower mosaic virus (CaMV) 35S promoter (Christou & Ford 1995).


[image: art]

Figure 1: Schematic representation of the plasmids (pWRG1515 and pSG516) used in transformation experiments.



Explants and Transformation Procedure

Sterilised mature seeds of Japonica rice Oryza sativa cv. Chin Guang were cultured on the callus induction medium containing Linsmaier & Skoog (LS) medium (Linsmaier & Skoog 1965) supplemented with 2mg/l 2,4-D, 30g/l maltose solidified with 2.5 g/l phytagel TM (Sigma), (pH 5.8) at 28°C in dark. After 3 weeks, compact embryogenic calli were selected and calli were bombarded using a Biolistic PDS-1000/He (Bio-Rad, UK Ltd.) particle acceleration device under a chamber pressure of 27 mm Hg at a distance of 13 cm below the microprojectile stopping plate, with a helium pressure of 1100 psi as per the protocol described earlier (Ghosh Biswas et al. 1998). Two days after bombardment, calli were transferred to fresh callus induction medium containing 40 mg/l hygromycin B (Sigma-Aldrich, UK). In the selection medium, freshly developed calli were selected at 3 weeks interval and changed to new selection medium with 50 mg/l hygromycin B. After two rounds of selection, surviving calli were transferred to LS basal medium containing 3mg/l BAP, 30 g/l maltose, 40 mg/l hygromycin and 6.0g/l phytagel (pH 5.8). Transgenic plant regeneration and green house establishment was carried out following the protocol of Zhang et al. (1997).

Histo-chemical GUS Assay

β-glucuronidase (GUS) assay was carried out according to the procedure described by Jefferson (1987). Tissue segments were immersed overnight in assay buffer containing 20% methanol (Merck, UK), 50 mM sodium phosphate buffer (pH 7), 500 µM potassium ferrocyanide, 500 µM potassium ferricyanide, 5 mM EDTA, 0.5% triton X-100 and 20 mM X-Glu (all from Sigma-Aldrich, UK). Following incubation, chlorophyll was removed in 70% ethanol (Fisher Scientific, Loughborough, UK) for visualisation of coloured products.


PCR and Southern Blot Analysis

Genomic DNA from the leaves of the primary transformants was isolated by the method of Michaels et al. (1994). The PCR reaction was carried out in a 50 µl volume containing 1 µl of template DNA, 1X Taq buffer, 200 µM dNTPs, 0.5 mM MgCl2, 50 mM KCl, 10 mM Tris HCl (pH 9.0), 0.1% v/v triton x and 2 units of Taq DNA polymerase. The uidA gene fragment was amplified using 5 ′ T A G A A A C C C C A A C C C G T G A A A T C 3 ′ and 5 ′ C G A C C A A A G C C A G T A A A G T A G A A 3 ′ primers, the hph gene with 5 ′ C G C A T A A C A G C G G T C A T T G A C T G G A G C 3 ′ and 5 ′ G C T G G G G C G T C G G T T T C C A C T A T C G G 3 ′ primers and, the ipt gene fragment was amplified using 5 ′ C G T C T A A T T T T C G G T T C A A C 3 ′ and 5 ′ A G G G A A T T T C T G T T C T T G T C G 3 ′ primers. Reactions were subjected to 35 cycles of 0.5 min at 95°C, 0.5 min 60°C and 1 min at 72°C with final extension at 72°C for 10 min. PCR products were separated in 1% agarose gels and were visualised with ethidium bromide.

Southern blot analysis was performed to confirm the stable integration of ipt, hph and uidA genes into the transgenic rice. DNA samples (5 µg) were digested with restriction endonuclease Pstl and or Kpnl and then fractioned on 0.8% agarose gels and transferred to a Hybond – N membrane (Amersham Pharmacia, Bukinghamshire, UK) according to manufacture’s instructions. The uidA probe and hph probe were prepared from the plasmid pWRG1515. The 700 bp ipt probe was prepared from pSAG516 by restriction digestion with Ncol/EcoRl enzymes. The probes were labelled with α-32P dCTP using rediprime labelling kit (Amersham Pharmacia, Bukinghamshire, UK). Membranes were washed twice at room temperature in 2X saline-sodium phosphate-EDTA (SSPE)/1% sodium dodecyle sulphate (SDS) for 10 min and at 65°C in 1X and 0.1X SSPE/0.1% SDS for 15 min each time and then autoradiographed using Amersham Hyper film.

RESULTS AND DISCUSSION

When mature seeds were incubated on callus induction medium containing maltose as a carbon source, more than 90% of seeds produced embryogenic calli. Compact, yellowish and granular embryogenic calli were selected for bombardment with gold particles coated with two separate plasmids, one carrying the ipt gene and the other carrying the hph selectable marker and uidA reporter genes. Two days after bombardment, bombarded calli were tested for GUS which revealed high frequency of transient GUS expression. After selection on 40 mg/l hygromycin B for 2 weeks, actively growing small cell clusters appeared on the surface of bombarded tissue. These tiny embryogenic cell clusters were assayed for GUS activity and several of these newly formed cell clusters stained intensely blue, indicating the stable transformation of rice. These fast growing cell clusters grow vigorously in hygromycin medium (50 mg/l) and when transferred to the regeneration medium they produced shoots.

Thirty two putative transformed plants were regenerated within three months from two separate experiments and transplanted in containment glass house. Twenty seven putative transformants were selected for histochemical GUS assay of which 22 plants were tested GUS positive and 5 were GUS negative. The intensity of GUS staining varied considerably among the transformants and subsequent molecular analysis could not establish any relationship between the GUS intensity and transgene copy number. All the 27 plants were subjected to PCR analysis for uidA, hph and ipt transgenes. Out of the 27 transformants analysed, DNA of 26 transformants was amplified with hph, 23 with uidA and 18 with ipt transgenes. It was observed that the plants which tested GUS positive in histochemical GUS assay amplified both gus and hph transgenes. However, all the PCR GUS positive plants did not amplify ipt transgene whereas, all the PCR ipt positive plants amplified both uidA and hph transgenes (Fig. 2). This could be explained by the fact that both hph and ipt transgenes are in two different plasmids and since hygromycin B was used as a selective agent, it favoured the selection of hygromycin resistant callus lines and by the process, callus lines which have the ipt gene but not the hph gene might have got eliminated.
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Figure 2: PCR analysis of transformed plants: M, λ DNA Hind III + EcoRI digested molecular wt. marker; lane 1, pSG516 plasmid amplified with ipt specific primers; lanes 2–5, ipt specific PCR amplification of transformed plants; lane 6, non transformed plant; lanes 7–9, GUS specific PCR amplification; lanes 10–13 hpt specific PCR amplification.



All the 18 PCR ipt positive transformants were selected for detail investigation for the integration of ipt, hph and uidA genes by Southern blot analysis. Results of Southern blot analysis of 10 transgenic plants are shown (Fig. 3). All the PCR ipt positive plants were confirmed to have integrated ipt transgene. When undigested transgenic genomic DNA was hybridised with the ipt probe, the hybridisation signal was observed only in the high-molecular weight region [Fig. 3(a)], indicating the integration of the transgene in rice. No hybridisation signal was detected in control non-transformed plants. DNA from PCR ipt-transgenic plants were digested with pstl restriction endonuclease to release the 3.18 kb fragment containing the ipt cassette with SAG12 promoter and nos terminator region. Southern blots of these DNA hybridised with ipt probe revealed the presence of 3.8 kb fragment in 5 out of 9 transgenic plants indicating the presence of at least one intact copy of the coding sequence in these plants. In addition to 3.8 kb fragment all the transgenic lines except one [Fig. 3(a); lane 7] contain several larger or smaller fragments suggesting that deletions, rearrangements and/or methylation of pstl site have occurred. In plant 7 [Fig. 3(b)] a single hybridisation band of less than 3.8 kb is observed.


[image: art]

Figure 3: Southern blot analysis of transformed plants: (A) Southern analysis for the ipt gene in 10 plants randomly selected from different transformation events – lane 1, transgenic plant undigested; lane 2–10, transgenic plants digested with pstl; (B) Southern analysis for the hph gene in 10 plants randomly selected from different transformation events – P, plasmid pWRG1515; lane 1, transgenic plant undigested; lane 2–10, transgenic plants digested with kpnl; (C) Southern analysis for the uidA gene in 10 plants randomly selected from different transformation events – P, plasmid pWRG1515; lane 1, transgenic plant undigested; lane 2–10, transgenic plants digested with kpnl.



The transgene integration pattern of the ipt gene was complex as revealed from the Southern blot analysis. When the DNA of transgenic plants were digested with sphl (data not shown) which has a single site in the plasmid, 5.9 kb fragment (the size of the entire plasmid) was obtained in many transgenic plants. This fragment is most probably generated from multiple plasmid copies inserted as head to tail concatamers. Larger or smaller hybridising bands constitute plasmid plant junction DNA which is of different sizes and therefore represent either single copy integration events, the ends of concatamers or rearranged molecules within concatamers. Similar integration pattern of transgenes was observed in rice following bombardment with multiple plasmids (Tang et al. 1999).

The integration pattern of uidA and hph transgenes in rice genome was verified using the DNA from the transgenic lines by digesting with kpnl for which pWRG1515 has a unique restriction site. The filter was first hybridised with hph probe, stripped and latter used with the uidA probe. When undigested DNA from the transgenic plants were hybridised with the hph and uidA probes, hybridisation signal was observed only in the high molecular weight region [Fig. 3 (b) and (c)] indicating the integration of these two transgenes in rice genome. In both the cases, hybridising bands varying from 1–6 of different sizes were observed. A 7.0 kb fragment (size of the plasmid pWRG1515) was found to be present in at least four plants [Fig. 3. (b) and (c); lanes 4, 8, 9 and 10] which could be due to multiple insertions of plasmid copies as head to tail concatamers. In all the transgenic lines except at lane 7 [Fig. 3 (b) and (c)] multiple hybridising bands were observed which represent either independent single copy integration events or rearranged molecules within concatamers or concatamer ends. Such integration patterns have been observed in different transgenic plant species produced via variety of transformation methods (Xu & Li 1994; Rashid et al. 1996; Mishra et al. 2010). In the transgenic lines at lane 6 and 7, hybridisation bands were obtained using hph probe [Fig. 3(b)] but no band was observed using uidA probe [Fig. 3(c)]. This is probably due to the insertion of a truncated copy of the plasmid incorporating the hph coding sequence but not the uidA gene. Non uniform incorporation of the transgenes has been observed in many transformants obtained through particle bombardment (Wan & Lemaux 1994; Tang et al. 1999; Wang et al. 2006). In biolistic bombardment, transgenes were delivered to plant cells by physical means which involves precipitation of DNA on to gold particles after vortexing and delivery of the DNA coated particles to plant cells using high pressure and velocity. During these processes, the DNA might be sheared, and this may be one of the reasons for deletion and separate integration of the transgenes. However, detail molecular analysis need to be carried out to confirm the integrity of the inserted plasmids and their expression in transgenic rice plants.

In the present experiment, rice calli were bombarded with two different plasmids and this has allowed us to assess the co-integration of both linked and unlinked genes. The co-integration frequency of linked genes (uidA and hph) in our experiment was 88% which is lower than the 100% frequency reported in maize and rice (Klein et al. 1989; Tang et al. 1999) and wheat (Vasil et al. 1992) but higher than the 84% frequency obtained in barley (Wan & Lemaux 1994). The co-integration frequency of unlinked genes in our experiment was 69% which is slightly lower than the 72% obtained in rice (Wakita et al. 1998) but higher than the 63% of black Mexican sweet maize (Spencer et al. 1990) transformants. The frequency of co-integration appears to vary in different species and also when different plasmids were used. The co-integration frequency of linked and unlinked genes can also vary between different experiments using same plasmids and also using similar experimental conditions. The co-transformation approach has the potential application in obtaining marker free transgenic plants (Wang et al. 2006). If the co-transformed genes are integrated in two different loci and not genetically linked, it could be feasible to obtain plants containing only one of the transgene via recombination. However, physical and genetic linkage between integration sites needs to be studied before addressing this approach.

In conclusion, we have produced transgenic rice plants with bacterial ipt gene (the enzyme that catalyses the rate limiting step in cytokinin biosynthesis) driven by senescence specific promoter with an objective to delay leaf senescence. The integration of transgene was confirmed through PCR and Southern blot analysis which revealed multiple copy insertion and complex integration pattern. This analysis will facilitate to tag the individual plants for further biochemical analysis especially the expression analysis of ipt transgenes as well as help us to study the inheritance pattern of transgenes in the progenies. This will probably allow us to gain insight and precisely manipulate the complex phenomenon of leaf senescence in rice.
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Abstrak: Kajian terhadap fauna amfibia di Bukit Jana, Taiping, Perak telah dijalankan dari Januari 2009 sehingga Disember 2010; pemerhatian dilakukan pada 12 malam. Dua puluh empat spesies katak dari 14 genera dan 6 famili telah direkodkan menghuni kawasan Bukit Jana. Tujuh spesies komensal telah dijumpai sekeliling habitat manusia, berdekatan dengan kaki bukit manakala katak hutan biasa kebanyakannya dijumpai berdekatan dengan sungai, anak sungai dan lantai hutan. Ini merupakan senarai semak pertama untuk amfibia Bukit Jana, Perak dan didapati menyumbang sebanyak 22% daripada 107 spesies katak yang telah direkodkan berhabitat di Semenanjung Malaysia.

Kata kunci: Bukit Jana, Taiping, Perak, Sungai, Amfibia

Abstract: The study on the amphibian fauna of Bukit Jana, Taiping, Perak was carried out from January 2009 until December 2010 with a total of 12 nights of observation. Twenty four species of frogs from 14 genera and 6 families were recorded to inhabit the Bukit Jana areas. Seven commensal species were found around human habitations near the foothill whereas the others are typical forest frogs found mostly near the rivers, streams and forest floor. This is the first amphibian checklist of Bukit Jana, Perak and it contributed 22% out of 107 species of frogs that are recorded to inhabit Peninsular Malaysia.

Keywords: Bukit Jana, Taiping, Perak, River, Amphibian

INTRODUCTION

Perak (21005 km2) is the second largest state in Peninsular Malaysia after the state of Pahang (35965 km2). In Perak there are many forest areas, rivers, streams, waterfalls and lakes that are still unexplored and very rich with various types of flora and fauna including amphibians and reptiles. The mountain ranges, Banjaran Bintang located in the middle of Perak extends from the border of Thailand to central Perak near Ipoh.

In Perak, study on amphibians and reptiles were done by several local and foreign scientists at various locations. For example Kiew et al. (1995) studied the herpetofauna at Temenggor forest, Norsham et al. (2000) at Belum forest, Grismer et al. (2006) at Temenggor forest, Grismer et al. (2010) at Bukit Larut and Gunung Bubu and, Chan et al. (2010b) at Pangkor Island. Apart from these areas, the other places in Perak seem to be poorly studied with regards to herpetofauna. Thus, the main purpose of this study is to observe and record the amphibian species that inhabit the forest areas around Bukit Jana, Perak.


Kampung Bukit Jana (4°53’N/100°45’E, <200 m asl) (Fig. 1) is located near Kamunting town in the district of Larut Matang and Selama and it is 13 km from Taiping and 75 km from Ipoh. Located within the Banjaran Bintang ranges, Bukit Jana peak (app. 600 m asl) is much lower compared to Bukit Larut (1036 m asl). The main drainage system, Sungai Jana arises from Banjaran Bintang, flowing into Sungai Sepetang and empties into Straits of Malacca through a small town, Kuala Sepetang. This area is surrounded by dipterocarp forest and fruit orchards. At the foothill, most of the area has been developed into housing estates, villages and golf resort.
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Figure 1: Location of Bukit Jana, Perak.



MATERIALS AND METHODS

The amphibian fauna of Bukit Jana, Perak was investigated for a 2 year period starting from January 2009 until December 2010 with a total of 12 nights of observation. Collections of amphibian species were done along the river banks, small forest streams, swampy areas, puddles, ditches, forest trails, forest floor and around human habitations. The sampling team comprised of four persons, who searched and captured the frogs at night (20:00 to 22:00 hours) by hand and using sweep nets. All the frog specimens were identified using Berry (1975) and Inger and Stuebing (1997) as references. For the scientific name of each taxon, Frost (2010) was followed. Life specimens of frogs were photographed using Olympus digital camera with 10X optical zoom. Later, all the specimens were fixed with 10% formalin and stored in 70% ethanol and deposited at School of Pharmaceutical Sciences, Universiti Sains Malaysia (USM) for future reference (Appendix 1).

RESULTS

Twenty four species of amphibians from 14 genera and 6 families were recorded to inhabit Bukit Jana areas. Some photographed specimens are shown in Figure 2 until Figure 11. The amphibian habitats, species checklist and the number of individual frog observed every month are shown in Tables 1 and 2. Majority of the frogs are from the family Ranidae (34.42%) followed by Dicroglossidae (19.42%), Bufonidae (18.65%), Microhylidae (18.07%), Rhacophoridae (5.19%) and Megophryidae (4.23%). The most frequently encountered species during the survey was Phrynoidis aspera (14%), followed by Amolops laruensis (13%) and Hylarana glandulosa (9%).

Table 1: The habitats of amphibian from Bukit Jana, Taiping, Perak.



	Taxa
	Habitat



	Bufonidae
	



	Duttaphrynus melanostictus

	cement ditch, on the road



	Ingerophrynus parvus

	on dead leaves in forest floor



	Phrynoidis aspera

	on the rock near the river, small forest stream, river bank



	Dicroglossidae
	



	Fejervarya cancrivora

	small pool near the river



	Fejervarya limnocharis

	on the road, open area



	Limnonectes blythii

	under big rock, pool near the river



	Limnonectes laticeps

	near small forest stream



	Limnonectes malesianus

	puddles in forest floor



	Occidozyga laevis

	puddles in forest floor



	Limnonectes plicatellus

	river bank, near small forest stream



	Megophryidae
	



	Leptobrachium hendricksoni

	swampy area, under dead leaves



	Megophrys nasuta

	under dead wood, small forest stream



	Microhylidae
	



	Kaluola pulchra

	in the drain near human habitation



	Microhyla butleri

	small bushes near the river



	Microhyla fissipes

	under tall grass



	Microhyla heymonsi

	under dead leaves, tall grass



	Ranidae
	



	Amolops larutensis

	on wet rock, rock crevice in cascade area



	Hylarana erythraea

	ditch near human habitation



	Hylarana glandulosa

	swampy area, puddles near the river



	Odorrana hosii

	on the rock, river bank, swampy area



	Hylarana picturata

	on dead wood, river bank



	Hylarana labialis

	on big rock, perch on tree branch (<1 m)



	Rhacophoridae
	



	Polypedates leucomystax

	cement drain near human habitation



	Polypedates macrotis

	perch on tree branches near swampy area



DISCUSSION

Bukit Jana is located northwestern from Bukit Larut and both areas are within the Banjaran Bintang ranges. The amphibian fauna of Bukit Larut has been documented by Boulenger (1900) and recently by Grismer et al. (2010) but at Bukit Jana the amphibian fauna has not been surveyed and documented yet. In this study, 24 species of amphibians were recorded to inhabit the forest areas in Bukit Jana and this number constitutes 22% out of 107 amphibians (Chan et al. 2010a) species that are recorded in Peninsular Malaysia. According to this data, Bukit Jana also contributes a high number of amphibian species. It shows that the area provided suitable environment such as forest streams, rivers and swamps for the frogs to live and breed.

All the frogs captured and observed in this survey were typical forest frogs found mostly in the forest except for the seven human commensal species. The seven commensal species were found around human habitations and forest edge at the foothill of Bukit Jana. The presence of forest frogs and commensal species indicated that the areas have been disturbed by human but in a minimal or moderate level. Majority of the frogs recorded were riparian species because the sampling areas were more focused around the streams and rivers. These types of species live along the river banks and do not enter into the deeper parts of the forest. They usually breed in puddles, rock pools, swampy areas and small forest streams near the river.


Table 2: Species checklist and the number of individual amphibian of Bukit Jana, Taiping, Perak.
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Some species are difficult to locate due to their behaviors and characteristics. The two leaf litter frogs, Megophrys nasuta and Microhyla fissipes were difficult to locate because of their camouflage characteristics. Other species such as Limnonectes malesianus and Limnonectes plicatellus live in the forest and only come to the river for breeding. In this survey, we only encountered three and four individuals of these species respectively. Two species of tree frogs were observed, including the commensal species, Polypedates leucomystax and the typical forest species, Polypedates macrotis. We did not find other species of rhacophorids presumably because of their arboreal habit. They live on tree canopies and only come down to the forest floor during their breeding season.
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Figure 2: Phrynoidis aspera.
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Figure 3: Fejervarya cancrivora.
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Figure 4: Limnonectes plicatellus.
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Figure 5: Leptobrachium hendricksoni.
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Figure 6: Megophrys nasuta.
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Figure 7: Kaloula pulchra.
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Figure 8: Hylarana glandulosa.
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Figure 9: Hylarana picturata.
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Figure 10: Odorrana hosii.
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Figure 11: Polypedates macrotis.
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Abstrak: Maklumat mengenai hubungan panjang-berat (LWR) dan hubungan panjang-panjang (LLR) bagi ikan duri, Plicofollis argyropleuron dalam sistem lotik di utara Semenanjung Malaysia amatlah terhad. Oleh sebab itu, kajian ini penting untuk menyiasat ciri biologi P. argyropleuron di Kuala Muda dan Merbok untuk memantapkan pengurusan sistem perikanan pada masa hadapan dan meningkatkan pengetahuan mengenai stok ikan ini. Sampel ikan dikumpul secara rawak di Kuala Muda dan Merbok, Kedah selama 10 bulan dari Mac 2009 hingga Disember 2009. Keputusan kajian ini menunjukkan bahawa nilai eksponen b daripada persamaan LWR (W=aLb) adalah menghampiri nilai tiga, yang bermaksud pertumbuhan ikan duri adalah secara isometrik dengan pekali korelasi (r2) yang tinggi. Nilai LLR (r2>0.9) menunjukkan bahawa semua jenis ukuran panjang yang digunakan adalah sangat penting dan saling berkait rapat antara satu sama lain. Justeru, parameter yang diperoleh daripada kajian ini penting untuk menganggar keadaan relatif ikan dan pengurusan spesies serta penilaian stok perikanan.

Kata kunci: Plicofollis argyropleuron, Hubungan Panjang-berat, Hubungan Panjang-panjang

Abstract: Scanty information exists pertaining to the length-weight relationship (LWR) and length-length relationship (LLR) parameters of longsnouted catfish, Plicofollis argyropleuron in lotic systems throughout the northern part of Peninsular Malaysia. It is vital to reveal these biological properties of P. argyropleuron in Kuala Muda and Merbok estuary for future management and to increase knowledge about this fish stocks. The fish samples were randomly collected in the estuary area of Kuala Muda and Merbok, Kedah for 10 months from March 2009 to December 2009. The values of the exponent b in the LWR equations (W = aLb) were approximately 3, indicating an isometric growth with high correlation coefficient (r2). The value of LLR (r2>0.9) indicated that they are highly significant and highly correlated. These parameters are essential for evaluating the relative condition of fish and species managements as well as their fisheries and stock assessment.

Keywords: Plicofollis argyropleuron, Length-weight Relationship, Length-length Relationship


INTRODUCTION

Plicofollis argyropleuron or longsnouted catfish is locally known as ikan duri in Malaysia. It belongs to the order Siluriformes and family Ariidae. The Ariidae family is comprised of 14 genera and 120 species of tropical and sub-tropical marine catfishes. P. argyropleuron feed on detritus, prawns, soft-bodied organisms and mud (Kailola 1999). Generally, these species attain large sizes, are long living, slow growing, have low fecundity and mouth-breed their egg (Velasco & Oddone 2004). The Malaysian waters recorded 17 species of Ariidae and 10 of that those were estuarine and coastal inhabitors (Mansor et al. 1998).

The length-weight relationship (LWR) and length-length relationship (LLR) have been applied for basic uses in order to make fish stocks and population assessment (Ricker 1968). In fish, size is generally more biologically relevant than age, mainly because several ecological and physiological factors are more size-dependent than age-dependent. Consequently, length-weight regressions have been used frequently to estimate weight from length because direct weight measurements can be time-consuming in the field (Sinovcic et al. 2004).

Present research attempted to provide baseline information for the growth of P. argyropleuron on the basis of the LWR and LLR studies. The estimated LWR and LLR of P. argyropleuron in this study could provide valuable information for future research in order to make comparison between years and locations.

MATERIALS AND METHODS

Monthly random samples of 5–7 kg of P. argyropleuron were collected from the fish landing sites in Northern Part of Peninsular Malaysia, specifically in Kuala Muda and Merbok, Kedah (Fig. 1). The samples were randomly collected for 10 months from March 2009 to December 2009. Fishes were caught using trammel net and barrier net.

After fish were collected, these samples were temporarily placed in cooling boxes filled with ice and transported to the research laboratory. The collected specimens were systematically identified using the available references (Kailola 1999; Hoese et al. 2006). The total length (TL) of each fish was taken from tip of snout to longest ray of the caudal fin. Then, standard length (SL) was measured from the snout to the end of the vertebral column. Caudal fork length (CFL) was measured from the tip of the snout to the end of the middle caudal fin rays. The TL, SL and CFL were measured in centimeters using a measuring board. Lastly, the body weight (BW) in grams was measured to the nearest 0.1 g using electronic weighing balance.

The LWR was determined by using the data on the measurement of length and weight of P. argyropleuron. The LWR is expressed by using the equation: W = aLb (Le Cren 1951; King 1995; Froese 2006), where W = weight of the samples in g, L = length of the sample in cm, a = constant (intercept), b = constant (slope of regression line). The LWR equation was then transformed into a linear form: ln W = ln (a) + b ln (L) (Arshad et al. 2008). Furthermore, relationships were estimated for: i) CFL/TL; ii) SL/TL; iii) CFL/SL; iv) TL/BW; v) CFL/BW; vi) SL/BW.
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Figure 1: Map showing fishing area and sampling station at Kuala Muda and Merbok, Kedah.



RESULTS AND DISCUSSION

A total of 539 specimens of P. argyropleuron were used in this study. The fish specimens ranged from 7.7–32.0 cm in total length and 4.0–455.3 g in body weight. The LWR was calculated by transforming the real data to the linear equation [ln W = ln (a) + b ln (L)]. The value of ln a = −4.873, −4.455, −4.109 and b = 3.089, 3.048, 3.015 were better fitted at r2 = 0.976, 0.9783, 0.9329 respectively. Then these value were transformed into parabolic form and equations obtained were W = 0.007L3.089, W = 0.012L3.048 and W = 0.016L3.015 respectively [Fig. 2(a), 2(b) and 2(c)]. The graph of linear equation of P. argyropleuron are shown in Figures 2(d), 2(e) and 2(f). The value of b<3 shows negative allometric growth, b = 0 shows isometric growth and b>3 shows positive allomeric growth (Morey et al. 2003). All the b values were almost 3, indicating that P. argyropleuron has an isometric form of growth in weight. In simple words, these fish increase in their length with increasing weight in cubic form. According to Pervin and Mortuza (2008), b values may range from 2.5 to 4.0 suggesting that the result of this study was valid. Furthermore, the r2 value of LWR of P. argyropleuron was relatively high. High correlation r2 proved a strong relationship between the length and weight in this species (Ahemad & Irman 2005).

The value of b greater than three indicates that the fish become plump as they increase in length and b value lower than three shows that the fish gets slimmer with increasing length (Jobling 2002). There were many factors affecting the value of b throughout the fish life. Several important factors such as gonad development and the availability of food in their natural habitats can greatly affect the b value. Froese (2006) stressed that the value of b can be used to compare the condition of fish at temporal and spatial level. The lotic and lentic environment, polluted and non-polluted environment would also determine the condition of the fish. Fish tend to be heavier in the lotic and lighter in the lentic environment (Mansor et al. 2010).

In this study LLR involved the relationships of TL, SL and CFL. The general equation is y = a + bX. The conversion factor of a and b was used to estimate the length needed. Regression equations for LLR are as follows:



	SL
	=
	1.106 TL + 1.667 [Fig. 3(a)]



	CFL
	=
	1.059 TL + 0.815 [Fig. 3(b)]



	CFL
	=
	0.903 SL + 0.363 [Fig. 3(c)]



Results for LLR indicated that the value of correlation coefficient (r2) are highly correlated, r2 > 0.9 at p < 0.05. Therefore, LLR is important in fisheries management for comparative growth studies (Moutopoulos & Stergiou 2002). The present study would provide baseline information for the growth of P. argyropleuron on the basis of length-length and length-weight. Results for all LLR indicated that the value of correlation coefficient (r2) are highly correlated, r2 > 0.9. The value for correlation coefficient (r2) were 0.929, 0.981 and 0.940 (Fig. 3). All these value were greater than 0.9, hence it is highly significant (p < 0.05).

CONCLUSION

P. argyropleuron inhabiting Northern Part of Malaysia was between 7.7–32.0 cm in total length. All the LWR equation of P. argyropleuron showed an isometric form of growth and all the LLR of P. argyropleuron showed that all types of length measurement was significant and highly correlated between each other, r2 > 0.9 at p < 0.05. These information would be useful for the baseline of LWR and LLR of these fish stocks.
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Figure 2: Graph of LWR of P. argyropleuron showing (a) W = 0.007L3.089, (b) W = 0.012L3.048, (c) W = 0.016L3.089 and graph with regression equation for P. argyropleuron showing (d) ln BW = 3.089, ln TL – 4.873, (e) ln BW = 3.048, ln CFL – 4.455, (f) ln BW = 3.015, ln SL – 4.109.
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Figure 3: Graphs with regression equation and coefficient of determination (r2) for P. argyropleuron showing length-length relation: (a) SL = 1.106 TL + 1.667, (b) CFL = 1.059 TL + 0.815, (c) CFL = 0.903 SL + 0.363.
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Abstrak: Kepekatan berbeza N6-benzylaminopurine (BAP) dan asid indole asetik (IAA)dalam medium Murashige dan Skoog telah dikaji kesannya terhadap penggandaan pucuk, proliferasi bintil meristem dan penjanaan semula pokok pisang Malaysia, kultivar Pisang Mas, Pisang Nangka, Pisang Berangan dan Pisang Awak. BAP pada 1–14 mg L–1 dengan atau tanpa 0.2 mg L–1 IAA, atau BAP pada 7–14 mg L–1 dengan kepekatan IAA yang sama telah dikaji untuk penggandaan pucuk dan proliferasi bintil meristem masing-masing. Penjanaan semula dari scalp telah dinilai menggunakan 1 mg L–1 BAP dan 0.2 mg L–1 IAA berasingan ataupun dalam kombinasi kedua-dua pengawal atur pertumbuhan tersebut. Data penggandaan pucuk, proliferasi bintil meristem dengan penjanaan semula pokok telah direkodkan selepas pengkulturan selama 30 hari. Maksimum 5 pucuk untuk setiap pucuk asal telah dicapai dalam medium yang dibekalkan dengan BAP pada 5 mg L–1 (Pisang Nangka), 6 mg L–1 (Pisang Mas and Pisang Berangan), atau 7 mg L–1 (Pisang Awak), dengan 0.2 mg L–1 IAA. BAP pada 11 mg L–1 dengan 0.2 mg L–1 IAA telah menghasilkan bintil meristem yang proliferasi paling banyak dalam empat kultivar pisang. Penjanaan semula dari scalp optimum dalam semua kes dengan medium yang mengandungi 1 mg L–1 BAP dan 0.2 mg L–1 IAA. Ini merupakan laporan pertama tentang induksi berjaya bintil meristem dan penjanaan semula pokok dari scalp kultivar pokok pisang Malaysia iaitu Pisang Mas, Pisang Nangka, Pisang Berangan dan Pisang Awak.

Kata kunci: Pisang, Meristem, Penjanaan Semula Pokok, Scalp, Pucuk Pokok

Abstract: Different concentrations of N6-benzylaminopurine (BAP) and indole acetic acid (IAA) in Murashige and Skoog based medium were assessed for their effects on shoot multiplication, nodule-like meristem proliferation and plant regeneration of the Malaysian banana cultivars Pisang Mas, Pisang Nangka, Pisang Berangan and Pisang Awak. BAP at 1–14 mg L–1 with or without 0.2 mg L–1 IAA, or BAP at 7–14 mg L–1 with the same concentration of IAA, was evaluated for shoot multiplication from shoot tips and the proliferation of nodule-like meristems from scalps, respectively. Plant regeneration from scalps was assessed using 1 mg L–1 BAP and 0.2 mg L–1 IAA separately, or a combination of these two growth regulators. Data on shoot multiplication, the proliferation of nodule-like meristems with associated plant regeneration were recorded after 30 days of culture. A maximum of 5 shoots per original shoot tip was achieved on medium supplemented with BAP at 5 mg L–1 (Pisang Nangka), 6 mg L–1 (Pisang Mas and Pisang Berangan), or 7 mg L–1 (Pisang Awak), with 0.2 mg L–1 IAA. BAP at 11 mg L–1 with 0.2 mg L–1 IAA induced the most highly proliferating nodule-like meristems in the four banana cultivars. Plant regeneration from scalps was optimum in all cases on medium containing 1 mg L–1 BAP and 0.2 mg L–1 IAA. This is the first report on the successful induction of highly proliferating nodule-like meristems and plant regeneration from scalps of the Malaysian banana cultivars Pisang Mas, Pisang Nangka, Pisang Berangan and Pisang Awak.


Keywords: Bananas, Meristems, Plant Regeneration, Scalps, Shoot Tips

INTRODUCTION

Bananas (Musa spp.) are important fruit crops cultivated in more than 120 countries throughout the tropics and subtropics, where they make a significant contribution to food security and income (Ghosh et al. 2009; Shapira et al. 2009). According to The Food and Agriculture Organization Corporate Statistical Databases of the United Nations (FAOSTAT 2009), the world production of bananas in 2007 was about 86 million tonnes, which were harvested from an area of 5 million hectares, the top five producing countries being India, China, the Philippines, Brazil and Ecuador. In 2007, about 80% of world production was consumed locally in the producing countries, with the remaining being exported and amounting to 18 million tonnes, worth US $7.2 billion. The leading exporters were Ecuador, Costa Rica, the Philippines, Colombia and Guatemala (FAOSTAT 2009). Bananas ranked fifth in the world trade for agricultural crops in terms of their economic value (Aurore et al. 2009).

Worldwide, banana production is affected by various biotic and abiotic stresses (Heslop-Harrison & Schwarzacher 2007). Biotechnological approaches have been exploited extensively for the reliable propagation, genetic improvement, conservation and distribution of banana germplasms (Arvanitoyannis et al. 2008). For example, cultured materials such as shoot tips, anthers, highly proliferating cauliflower (nodule)-like meristems, embryogenic cell suspensions (ECS) and isolated protoplasts, have been exploited in a range of applications, including micropropagation (Strosse et al. 2008), genetic transformation (Kulkarni et al. 2007; Ghosh et al. 2009; Xiao et al. 2009), cryopreservation (Assani et al. 2003; Nahamya 2000; Sipen et al. 2011a & 2011b; Smith et al. 2005; Strosse et al. 2006; Sadik et al. 2007) and conservation (Panis & Thinh 2001).

Highly proliferating nodule-like meristems, induced by the culture of shoot tips on medium with BAP or thidiazuron (Nahamya 2000; Sadik et al. 2007), were established primarily to provide meristem clumps (scalps), the latter being the uppermost parts of these highly proliferating structures (Panis et al. 1990). The induction of highly proliferating nodule-like meristems and their response to BAP and thidiazuron were cultivar-dependent (Sadik et al. 2007). Scalps have been used as an alternative to zygotic embryos and immature male flowers for the establishment of ECS in some cultivars (Nahamya 2000; Sadik et al. 2007). Attempts have been made to genetically transform scalps, although chimeric plants were regenerated (Acereto-Escoffie et al. 2005). Scalps of several banana cultivars have been cryopreserved, emphasising the importance of these structures for germplasm conservation of bananas (Panis & Thinh 2001; Agrawal et al. 2004; Strosse et al. 2006).

In Malaysia, there has been a decline in banana cultivation and production due to pests, diseases, high labour costs and marketing issues (Chai et al. 2004). The quality of Malaysian bananas must be enhanced to meet market and export standards (Jalil et al. 2003). Efforts are being made to improve production, genetic and conservation aspects of Malaysian bananas. Currently, there are no reports on the establishment of highly proliferating nodule-like meristems of Malaysian banana cultivars. The present investigation evaluated the effects of different concentrations of BAP and IAA to develop efficient protocols to regenerate multiple shoots from shoot tips, and to establish highly proliferating nodule-like meristems with associated plant regeneration from scalps in the Malaysian banana cultivars Pisang Mas, Pisang Nangka, Pisang Berangan and Pisang Awak.

MATERIALS AND METHODS

Plant Materials

Multiple shoots (30–40-day old) of the Malaysian banana cultivars Pisang Mas AA (Accession code: ITC.1403), Pisang Nangka AAA (ITC.0004), Pisang Berangan AAA (ITC.1287) and Pisang Awak ABB (ITC.0213), were obtained from the Musa Germplasm Transit Center of Bioversity International, Katholieke Universitiet Leuven, Belgium [Fig. 1(a)]. Shoots were supplied in 50 ml Universal tubes (5 tubes per cultivar) each tube containing 10 ml of semi-solid P5 medium. The P5 medium was based on the formulation of Murashige and Skoog (MS; 1962), with 30 g L–1 sucrose, 2.2 mg L–1 BAP, 0.2 mg L–1 IAA, 10 mg L–1 ascorbic acid, and semi-solidified with 3 g L–1 Gelrite® (Sigma-Aldrich, Poole, UK) at pH 6.2. Shoots were incubated in a controlled environment room at 25±2°C with a 16 h photoperiod (180 µMol m–2 s–1 daylight tubes, TLD/58W 35V; Phillips, Croydon, UK), designated as incubation condition 1 (IC1).

Multiplication and Maintenance of Shoots

Axenic shoots of all banana cultivars were multiplied by separating shoot clusters into individual shoots. Shoot tips, each approximately 1 cm in length, were excised from each shoot by cutting the upper pseudostem 0.5 cm above the apical meristem and trimming the rhizome to 0.5 cm in length, with attached leaves. Outer leaf sheaths, roots, any necrotic tissue and traces of Gelrite® were removed from the explants. Excised shoot tips were cultured on 50 ml aliquots of semi-solid medium (designated as PM4 medium) in 175 ml capacity screw-capped Powder Round glass jars (Beatson Clark Co. Ltd., Rotherham, UK; 4 shoot tips per jar). The composition of PM4 medium was similar to that of semisolid P5 medium, except that PM4 medium was semi-solidified with 8 g L–1 agar (Sigma, Poole, UK) at pH 5.8. The rhizomes were fully or partially submerged in the medium with their pseudostems erect. Cultures were maintained under IC1 with subculture every 30–60 days.
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Figure 1: Shoot multiplication of Malaysian banana cultivars: (a) multiple shoots (30–40-day-old) of Pisang Mas, Pisang Nangka, Pisang Berangan and Pisang Awak (left to right) on semi-solid P5 medium; (b) a shoot tip excised from a 30-day-old plant of Pisang Nangka; (c) multiple shoots of Pisang Nangka after 30 days of culture of an excised shoot tip on semi-solid PM4 medium; (d) a single rooted shoot; (e) multiple shoots 1 cm or more than 1 cm in height; (f) a mixture of shoots 1 cm or more than 1 cm and shoots less than 1 cm in height; (g) multiple shoots less than 1 cm in height (highly proliferating nodule-like meristems); (h) a scalp excised from highly proliferating nodule-like meristem; (i) highly proliferating nodule-like meristems induced from a scalp. Bars = 1.5 cm (a, c), 1.25 mm (b), 1 cm (d, e, g), 1 mm (h), 3 mm (f, i).



Evaluation of the Effect of BAP and IAA on Shoot Multiplication from Shoot Tips

Experiments were conducted to evaluate the effect of different concentrations of BAP, in combination with or without 0.2 mg L–1 IAA, on shoot multiplication from shoot tips of the banana cultivars Pisang Mas, Pisang Nangka, Pisang Berangan and Pisang Awak. Tips (1 cm or more than 1 cm in height) were excised from shoots 30 days after subculture; these shoots having at least two open leaves, with or without roots. Excised shoot tips were cultured on semi-solid medium supplemented with different concentrations and combinations of BAP and IAA; (a) 0, 1, 2, 3, 4, 5 or 6 mg L–1 BAP with 0 mg L–1 IAA, and (b) 1–14 mg L–1 BAP with 0.2 mg L–1 IAA. The other components and pH of all culture media were similar to those of PM4 medium. Shoot tips were cultured individually on 50 ml aliquots of medium in 175 ml Powder Round glass jars (10 shoot tips per treatment), under IC1. The number of shoots 1 cm or more than 1 cm in height was recorded after 30 days of culture; data are presented as the mean of 3 replicates per subculture cycle over 3 subculture cycles. All data were expressed as a percentage of the number of shoot tips initially cultured.

Evaluation of the Effect of BAP with IAA on the Induction of Highly Proliferating Nodule-like Meristems from Scalps

Shoots less than 1 cm in height that developed from shoot tips cultured in 7–14 mg L–1 BAP with 0.2 mg L–1 IAA were designated as scalps (Panis et al.1990). The effect was evaluated of the same treatments on the induction of highly proliferating nodule-like meristems from scalps of banana cultivars Pisang Mas, Pisang Nangka, Pisang Berangan and Pisang Awak. Scalps 0.5 cm in height were excised from 30–40 days old materials and cultured on semi-solid medium with 7–14 mg L–1 BAP and 0.2 mg L–1 IAA. The other components and pH of all culture media were similar to those of PM4 medium. Scalps were cultured individually on 50 ml aliquots of medium in 175 ml glass jars (10 scalps per treatment), under IC1. Assessment of the number of scalps that induced highly proliferating nodule-like meristems (consisting of many shoots less than 1 cm in height) were made after 30 days of culture and expressed as a percentage of the number of scalps initially cultured. Data are presented as the mean of 3 replicates per subculture over 3 subcultures.

Evaluation of the Effect of BAP and IAA on Plant Regeneration from Scalps

The effect was evaluated of 1 mg L–1 BAP and 0.2 mg L–1 IAA separately, or in combination, on plant regeneration from scalps of Pisang Mas, Pisang Nangka, Pisang Berangan and Pisang Awak. The other components and pH of all culture media were similar to those of PM4 medium. Scalps, each 0.5 cm in height, were excised from 30–40-day-old materials and cultured individually on 50 ml aliquots of medium in 175 ml glass jars (10 scalps per treatment), under IC1. Growth parameters of shoots such as (a) stem length and diameter, (b) number, length and width of leaves, and (c) number and length of roots, were assessed by counting and measuring, whichever was applicable, after 30 days of culture. Data were presented as the mean of 3 replicates.

Experimental Design and Statistical Analyses

Experiments involved a completely randomised design and were repeated 3 times. Statistical analyses were performed, where applicable, using MINITAB version 15 (Minitab Inc. PA, USA). Means and standard error of means (SEM)were used throughout. The statistical significance between mean values was assessed using a conventional one-way analysis of variance (Snedecor & Cochran 1989) and the post-Hoc Tukey-Honestly Significant Difference test. A probability of p<0.05 was considered significant. Prior to statistical analysis, the original percentage data were subjected to arcsin transformation using MINITAB version 15.

RESULTS

Effect of BAP and IAA on Shoot Multiplication from Shoot Tips

After 30 days of culture on medium with different concentrations of BAP, and with or without 0.2 mg L–1 IAA, 5 developmental patterns of shoot tips were observed; (a) necrotic, (b) single shoots, (c) multiple shoots 1 cm or more than 1 cm in height, (d) a mixture of shoots less than 1 cm, 1 cm, or more than 1 cm in height, and (e) multiple shoots less than 1 cm in height. Figures 1(b)–(d) shows the developmental patterns of shoot tips of the cultivar Pisang Nangka after 30 days of culture on medium containing different concentrations of BAP and IAA.

In treatments with 0–6 mg L–1 BAP alone, the number of shoots per tip increased with increasing BAP concentration in all cultivars [Fig. 2(a)]. Most shoots were obtained for Pisang Mas (4 shoots) with 5 or 6 mg L–1 BAP, and with 6 mg L–1 BAP for Pisang Nangka and Pisang Berangan. Four to 6 mg L–1 BAP was optimal for the cultivar Pisang Awak. Figure 2(b) shows the effect of 1–6 mg L–1 BAP with 0.2 mg L–1 IAA on the mean number of shoots per shoot tip, with most shoots in Pisang Mas and Pisang Berangan being induced with 6/0.2 mg L–1 BAP/IAA. The number of shoots in Pisang Nangka and Pisang Awak obtained with 5/0.2 and 6/0.2 mg L–1 BAP/IAA was significantly different (p<0.05), compared to the responses of the other cultivars. Figure 2(c) shows the effect of 7–14 mg L–1 BAP with 0.2 mg L–1 IAA. The response to 7 mg L–1 BAP was similar to 6 mg L–1 BAP, with Pisang Awak being better than at 6 mg L–1 BAP. Shoot multiplication decreased progressively in 8–14 mg L–1 BAP with 0.2 mg L–1 IAA.

Effect of BAP with IAA on the Induction of Highly Proliferating Nodule-like Meristems from Scalps

After 30 days of culture, 4 developmental patterns of scalps were observed for all cultivars; (a) necrotic material, (b) multiple shoots 1 cm or more than 1 cm in height, (c) a mixture of shoots 1 cm, more than 1 cm, and less than 1 cm in height, and (d) compact multiple shoots less than 1 cm in height (designated as proliferating nodule-like meristems). Figure 1(e)–(i) shows the developmental pattern of scalps for the cultivar Pisang Nangka. Induction of highly proliferating nodule-like meristems from scalps is shown in Figure 3; induction increased with increasing BAP concentration. The greatest mean induction of 100% was significantly higher (p<0.05) with BAP/IAA of 11–14/0.2 mg L–1 for all cultivars.
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Figure 2: Mean number of shoots that proliferated from shoot tips of the banana cultivars Pisang Mas (PM), Pisang Nangka (PN), Pisang Berangan (PB) and Pisang Awak (PA) after 30 days of culture on medium containing (a) 0–6 mg L–1 BAP, (b) 1–6 mg L–1 BAP with 0.2 mg L–1 IAA, and (c) 7–14 mg L–1 BAP with 0.2 mg L–1 IAA. Bars represent SEM, n = 90 shoot tips.



Effects of BAP and IAA on Plant Regeneration from Scalps

The effects are shown in Figures 4–6 of different concentrations and combinations of BAP and IAA on (a) stem length and diameter, (b) number, length and width of leaves, and (c) number and length of roots, of plants regenerated from scalps. The greatest mean stem length and diameter of plants regenerated from scalps of all cultivars were significantly higher (p<0.05) with 1 mg L–1 BAP and 0.2 mg L–1 IAA, compared to other treatments (Fig. 4). The mean stem length was 4.1, 3.6, 3.6 and 3.5 cm, with a stem diameter of 1.4, 1.6, 1.6 and 1.3 cm for Pisang Mas, Pisang Nangka, Pisang Berangan and Pisang Awak, respectively.
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Figure 3: Induction of highly proliferating nodule-like meristems from scalps of banana cultivars Pisang Mas (PM), Pisang Nangka (PN), Pisang Berangan (PB) and Pisang Awak (PA) after 30 days of culture on medium containing different BAP concentrations with 0.2 mg L–1 IAA. Bars represent SEM, n = 90 scalps.



The mean number of leaves (4 leaves) on plants regenerated from scalps of the four banana cultivars was similar in all treatments (data not shown). The greatest mean leaf length and width in plants regenerated from scalps were significantly higher (p<0.05) at 1 mg L–1 BAP and 0.2 mg L–1 IAA, compared to other treatments (Fig. 5). Mean leaf length was 4.9, 5.4, 5.2 and 4.3 cm for Pisang Mas, Pisang Nangka, Pisang Berangan and Pisang Awak, with leaf widths of 1.4, 1.7, 1.5 and 1.4 cm for these cultivars, respectively.

The mean number and length of roots on plants regenerated from scalps were maximum with 0.2 mg L–1 IAA, irrespective of cultivar (Fig. 6), with a maximum of 7 roots for Pisang Nangka and Pisang Berangan. Mean root length was also maximal (4.5 cm) in the latter two cultivars.

DISCUSSION

The current study showed that BAP was effective when combined with IAA, for optimum shoot multiplication from shoot tips of the banana cultivars Pisang Mas, Pisang Nangka, Pisang Berangan and Pisang Awak, although the most effective BAP concentration and shoot multiplication rate differed amongst all the banana cultivars. The synergistic action of BAP and IAA for shoot multiplication has been reported earlier for other banana cultivars, and the findings of the current investigation agreed with those reported by other workers who induced multiple shoots from tips of other banana cultivars. Abeyaratne and Lathiff (2002) reported that 10 mg L–1 BAP with 0.75 mg L–1 IAA stimulated a maximum of 10 shoots per meristem in the banana cultivar Rathambala AAA, while 4 mg L–1 BAP with 0.2 mg L–1 IAA induced 4–5 new shoots per apical explant in several AAA banana cultivars such as Alanya 5, Anamur 10 and Bozyazi 14 (Gubbuk & Pekmezci 2004), Dwarf Cavendish, Gazipasa 5 and Anamur 4 (Gubbuk et al. 2005). Strosse et al. (2008) also reported that 2.2 mg L–1 BAP with 0.2 mg L–1 IAA was most effective for shoot multiplication in several banana cultivars.
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Figure 4: Mean stem length and stem diameter of plants regenerated from scalps of banana cultivars Pisang Mas (PM), Pisang Nangka (PN), Pisang Berangan (PB) and Pisang Awak (PA) after 30 days of culture on medium lacking plant growth regulators (no PGR), or supplemented with 1 mg L–1 BAP or 0.2 mg L–1 IAA alone, or in combination. Bars represent SEM, n = 90 scalps.
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Figure 5: Mean leaf length and width of plants regenerated from scalps of banana cultivars Pisang Mas (PM), Pisang Nangka (PN), Pisang Berangan (PB) and Pisang Awak (PA) after 30 days of culture on medium lacking plant growth regulators (no PGR), or supplemented with 1 mg L–1 BAP or 0.2 mg L–1 IAA alone, or in combination. Bars represent SEM, n = 90 scalps.



Highly proliferating nodule-like meristems were induced from scalps of all the Malaysian banana cultivars investigated. The induction rates of such nodule-like meristems varied amongst cultivars, with induction rates increasing with increasing BAP concentrations. Highly proliferating nodule-like meristems have been induced from shoot tip-derived scalps of other banana cultivars and genotypes (Panis & Thinh 2001; Rahman et al. 2004; Strosse et al. 2006; Sadik et al. 2007). Concentrations of BAP which maintained nodule-like meristems were genotype-dependent, in agreement with previous reports. Thus, BAP at 2.2 or 22 mg L–1, with 0.2 mg L–1 IAA, induced nodule-like meristematic structures in several banana cultivars and genotypes (Panis & Thinh 2001; Strosse et al. 2006). Strosse et al. (2006) reported that 2.2 mg L–1 BAP with 0.2 mg L–1 IAA inhibited the outgrowth of shoots, but maintained highly proliferating nodule-like meristems in 18 banana cultivars with AA, AAA, AAA-h, AAB and ABB genomes. Highly proliferating nodule-like meristems could be maintained in bananas with ABB, AAB and AAA genomes if the BAP concentration was increased to 22 mg L–1, in combination with 0.2 mg L–1 IAA. Priyono (2001) induced 70% of banana cultures to form nodule-like meristems when exposed to 10–15 mg L–1 BAP. However, Rahman et al. (2004) reported that only 29% of shoot tips of the banana cultivar BARI-1 developed highly proliferating nodule-like meristems on a culture medium with 5 mg L–1 BAP. Scalps could be used to provide a continuous supply of highly proliferating nodule-like meristems by reducing the growth of shoots from the scalps.
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Figure 6: Mean number and length of roots of plants regenerated from scalps of banana cultivars Pisang Mas (PM), Pisang Nangka (PN), Pisang Berangan (PB) and Pisang Awak (PA) after 30 days of culture on medium lacking plant growth regulators (no PGR), or supplemented with 1 mg L–1 BAP or 0.2 mg L–1 IAA alone, or in combination. Bars represent SEM, n = 90 scalps.



The current study also reports plant regeneration from scalps of the Malaysian banana cultivars investigated. Rapid regeneration and improved growth of plants were obtained on a culture medium containing 1 mg L–1 BAP and 0.2 mg L–1 IAA. The plants developed roots on the same medium, although optimal rooting was obtained following transfer of regenerated plants to a culture medium containing 0.2 mg L–1 IAA. Previous researchers reported that plant regeneration and rooting from banana scalps can be achieved on MS medium lacking plant growth regulators, or containing 0.2 mg L–1 IAA, indole-3-butyric acid (IBA) and α-naphthalene acetic acid (NAA), or with 0.1%–0.25% (w/v)activated charcoal (Gubbuk & Pekmezci 2004; Smith et al. 2005). Gubbuk et al. (2005) showed that rooting of regenerated banana shoots was optimal in the presence of 0.1%–0.25% (w/v) activated charcoal and 0.2 mg L–1 IBA, the rooting response was cultivar-dependent. Other researchers recommended 0.2–0.4 mg L–1 thidiazuron combined with 0.2 mg L–1 IAA for both plant regeneration and rooting in some bananas (Gubbuk & Pekmezci 2004; Gubbuk et al. 2005).

CONCLUSION

This investigation reports shoot multiplication, induction of highly proliferating nodule-like meristems and plant regeneration of the Malaysian banana cultivars Pisang Mas, Pisang Nangka, Pisang Berangan and Pisang Awak. It is the first report on induction of highly proliferating nodule-like meristems and plant regeneration from scalps of Malaysian banana cultivars. The culture protocols developed in this study provide a baseline for future work on micropropagation, genetic improvement and conservation of the four Malaysian bananas. Furthermore, this information will support indirectly banana research and sustainable banana cultivation and productivity, which will benefit all banana stakeholders such as producers, traders and consumers, particularly those in Malaysia, but more generally on an international basis.
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Abstrak: Mount Papandayan Nature Reserve (MPNR) merupakan kawasan yang kaya dengan biodiversiti; namun demikian natijah daripada aktiviti pembasmian hutan secara berleluasa telah mengakibatkan perlunya penanaman semula pokok di situ dijalankan dengan segera. Apabila penanaman semula direka untuk mengembalikan semula sebahagian daripada biodiversiti, adalah amat penting untuk menggunakan spesies pokok asal dalam kaedah tersebut. Kajian ini bertujuan untuk memberi informasi berkenaan pembungaan dan fenologi pokok-pokok asal. Hal ini kerana informasi sebegini berguna untuk merancang pengumpulan biji benih dan produksi serentak bijih benih di nurseri. Melalui kajian ini, pemantauan telah dijalankan setiap bulan dari Ogos 2009–Julai 2010 dengan merekodkan pokok yang berbunga dan berbuah di sepanjang dua trek survei yang merentasi laluan di tengah-tengah hutan campur MPNR. Data yang dikumpul pula digunakan untuk membina sebuah kalendar fenologi. Dalam kajian ini, 155 pokok dari 43 spesies didapati berbunga atau berbuah. Masa kemuncak berbunga dan berbuah ialah pada bulan Julai (13 spesies berbunga dan 19 spesies berbuah), manakala tahap paling rendah ialah pada bulan Oktober (1 spesies berbunga dan 3 spesies berbuah). Berpandukan kalendar fenologi yang telah dibina, tempoh antara bulan Mac hingga Julai dianggap masa paling sesuai untuk mengumpul bijih benih pokok asal di Mount Papandayan.

Kata kunci: Fenologi Biji Benih, Spesies Asal, Penghutanan Semula, Sifat Biji Benih

Abstract: Mount Papandayan Nature Reserve (MPNR) is an area highly rich in biodiversity, however deforestation has left a vast area urgently in need of reforestation. When reforestation is designed to restore some level of biodiversity, it is imperative that native tree species are used for planting. This research aimed to provide information on the flowering and fruiting phenology of native trees. Such information can be useful to plan seed collection and mass seedling production in the nursery. The observations were conducted each month during August 2009–July 2010 by recording flowering and fruiting trees along two survey track passing through the middle of the mixed forest of MPNR. Data gathered were used to construct a simple phenology calendar. During the study, there were 155 trees of 43 species found flowering or fruiting along the survey track. The peak time of flowering and fruiting was in July (13 species flowering and 19 species fruiting), while the lowest level was in October (1 species flowering and 3 species fruiting). According to the phenology calendar constructed, March to July were considered to be the appropriate time to collect seeds of native trees in Mount Papandayan.

Keywords: Seed Phenology, Native Species, Reforestation, Seed Characteristics


For the last few decades, deforestation was considered to be the biggest threat for the tropical rain forest ecosystem existence and its function. For the year 2000–2005, Indonesia has lost 1871 million hectares or 2% of its total forest area due to deforestation [Food and Agriculture Organization (FAO 2010)]. Considering the fact that Indonesian rain forest is one of the earth’s biodiversity hotspot, comprehensive reforestation efforts will be needed. It is also crucial to design reforestation program, which restores its previous level of biodiversity.

In many cases, reforestation has relied on planting single tree species thus lacking biodiversity restoration supporting efforts (Lamb & Gilmour 2003). The extensive use of introduced species for reforestation was due to the lack of information in silviculture aspects of native species, which commonly are not commercial species. Some researchers have developed criteria for picking excellent native species for reforestation (Goosem & Tucker 1995; Blakesley et al. 2002; Vongkanjam et al. 2001) including growth character and simple seedling production method. In order to plan seed collection and to produce mass seedling of native tree species in the nursery, information of flowering and fruiting event (phenology) of the species will be ultimately needed.

Phenology can be defined as scientific study of the seasonal timing of life events. In plants, it is related with dates of plant growth phenomenon, such as flowering, leaf flushing or ripening of fruit (Rathcke & Lacey 1985). There are several reasons to construct the phenological calendar i.e., to unravel data about the ecosystem functioning; to obtain data for crop seasonality and to do farm work in the right season; to observe the relation between temperature or other abiotic factors with phenology; to support conservation of other species related with the plants observed; to determine the proper time for plant seed collection, etc. Studies on phenology have been increasingly developed for the past decades. In many parts of the world, e.g., Australia (Keatley & Fletcher 2003), Japan (Chen 2003), China (Chen 2003), Germany (Menzel 2003), North America (Schwartz & Beaubien 2003), and South America (Morellato 2003) exist databases, which provide long term periodical observations on plant phenology.

This study focused on flowering and fruiting phenology, as part of a bigger research agenda aiming to evaluate performance of native tree species in reforestation at Mount Papandayan Nature Reserve (MPNR) and the surrounding areas. It has been built from the previous forest ecological research conducted in this area since 2004 i.e., Sulistyawati et al. (2005, 2006, 2008, 2010) and, Setiawan and Sulistyawati (2008). The research presented in this paper was aimed to document the phenology of native tree species including the timing of flowering and fruiting as well as studying the fruit characteristics. Information on the calendar of flowering and fruiting gathered through this study can then be used to anticipate the timing for seed collection and seedling propagation for reforestation with native trees in the study area.

This research was conducted in MPNR and its surrounding area, located in West Java, Indonesia. The peak of Mount Papandayan is at 7°19’42 S and 107°44’00 W, with elevation up to 2675 m asl. MPNR is one of the conservation area known for its high biodiversity and various vegetation types, i.e., mixed forest, grassland and crater vegetation (Sulistyawati et al. 2005). By the decade of 1990s, major deforestation occurred at forest edges that is changing the land use into horticultural fields. Some of the area has been reforested with native tree species. Data gathered from previous studies (Sulistyawati et al. 2005; Setiawan & Sulistyawati 2008; Utami & Sulistyawati 2010) showed that the major type of vegetation in MPNR is mixed forest with 47 tree species, 25 shrub species and 50 herbs species in its interior area. While in forest edge areas, 54 tree species, 16 shrub species and 17 herbs species were found.

The survey tracks covered different parts of MPNR area including the forest edges and interiors (Fig. 1). First survey track passed through the interior part of MPNR extending for 11.3 km from the southern and northern parts. The track covered areas with altitude ranging from 1385 to 2277 m asl. The vegetation in this track consisted of mixed forest and grassland dominated by Imperata cylindrica. The second track covered the forest edge, abandoned agricultural fields and plantations extending for 5.1 kilometres of the eastern and western part of MPNR with the altitude ranging from 819 to 1845 m asl. Due to the resource limitation, the first survey track was only able to be visited in August–September 2009 and December 2009–July 2010. Meanwhile, the second track was only able to be visited during October–November 2009 and January–July 2010.
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Figure 1: Mount Papandayan area and the coverage of phenology observation survey.



Climatic data for the study were gathered from PT PP London Sumatera Indonesia Tea Plantation located around 8 km from the study area (elevation 1612 m asl). According to the five years climatic data (2004–2009) presented in Figure 2, rainfall tends to get higher in October to April with monthly rainfall ranging from 9–650 mm (rainy season), while from May to September it got lower ranging from 0–175 mm (dry season). But during the study, rainfall data showed different a trend compared with the previous five years data (Fig. 3). The monthly rainfall in May 2010 to July 2010 which was supposed to be low (beginning of dry season) ranged between 228–319 mm, therefore it was difficult to distinguish between rainy and dry season during the study.


[image: art]

Figure 2: Averange montly rainfall (±SD) in five years (2004–2009). Source: PT PP London Sumatera.



The phenology data were gathered through surveys conducted monthly from August 2009–July 2010. The surveys focused on observing individual native tree species in the tracks by documenting its period of flowering and fruiting. The individual trees were selected randomly based on the visibility of its flowers and fruits. Every individual tree was then marked in the GPS receiver and observed each month. When it was possible, at least three individuals were chosen to represent a species. However, in several cases, it was rather difficult to observe more than one individual either because of its height or it did not show flowering or fruiting symptoms yet. Therefore many of the species could only be represented by one individual. Several species were found in both tracks (interior and edge), and there were some species found either in interior or edge area.

In this study, there were 155 trees from 43 species flowering or fruiting along the two survey tracks. On the first track (interior area), there were 125 trees from 35 species and 21 family observed. Meanwhile on the second survey track (edge area), there were 30 trees from 23 species and 17 family observed. The list of species found is presented in Table 1.
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Figure 3: Monthly rainfall during the study period (August 2009–July 2010). Source: PT. PP London Sumatera.



Table 1: Tree species observed during the study.



	Family/Species
	No. of trees observed

	No. of trees found in interior

	No. of trees found in edge

	Fruit type




	Aceraceae
	
	
	
	



	Acer laurinum Hassk.

	3

	3

	0

	Samara




	Actinidiaceae
	
	
	
	



	Saurauia pendula Blume

	1

	1

	0

	Berry




	Araliaceae
	
	
	
	



	Macropanax dispermus (BI.) O.K.

	14

	14

	0

	Drupe




	Schefflera lucescens (Bl.) Vig.

	2

	2

	0

	Drupe




	Cunoniaceae
	
	
	
	



	Weinmannia blumei Planch.

	1

	0

	1

	Capsule




	Elaeocarpaceae
	
	
	
	



	Acronodia punctata BI.

	4

	1

	3

	Drupe




	Escalloniaceae
	
	
	
	



	Polyosma ilicifolia Bl.

	5

	4

	1

	Berry




	Euphorbiaceae
	
	
	
	



	Omalanthus populneus (Geisel.) Pax.

	6

	6

	0

	Capsule




	Glochidion arborescens BI.

	1

	1

	0

	Capsule




	Fabaceae
	
	
	
	



	Acacia deccurens Willd.

	11

	11

	0

	



	Fagaceae
	
	
	
	



	Lithocarpus cf. piriformis

	1

	0

	1

	Nut




	Lithocarpus dolichocarpa Rehder

	1

	0

	1

	Nut




	Lithocarpus sp.

	2

	2

	0

	Nut




	Lithocarpus elegans (B.) Hatus ex. Supadmo

	4

	4

	0

	Nut




	Lithocarpus sundaicus (Blume) Rehder

	2

	0

	2

	Nut




	Juglandaceae
	
	
	
	



	Engelhardia spicata Lech. Ex. Bl.

	5

	4

	1

	Nut




	Hammamelidaceae
	
	
	
	



	Distylium stellare O.K.

	4

	2

	2

	Capsule




	Lauraceae
	
	
	
	



	Cinnamomum parthenoxylon Meisn.

	4

	3

	1

	Drupe




	Cinnamomum burmanni (Nees) Blume

	1

	1

	0

	Berry




	Litsea citrata Blume

	5

	4

	1

	Drupe




	Magnoliaceae
	
	
	
	



	Manglietia glauca Bl.

	1

	0

	1

	Samara




	Melastomataceae
	
	
	
	



	Astronia spectabilis Bl.

	2

	2

	0

	Capsule




	Kibessia azurea BI.

	1

	1

	0

	Berry




	Mimosaceae
	
	
	
	



	Albizia lophantha (Willd.) Bth.

	5

	5

	0

	Pod




	Moraceae
	
	
	
	



	Ficus fistulosa Reinw. Ex.

	2

	2

	0

	Drupe




	Ficus ribes Reinw.

	1

	0

	1

	Drupe




	Ficus padana Burm.f.

	1

	0

	1

	Drupe




	Myricaceae
	
	
	
	



	Myrica javanica Reinw. ex Bl.

	1

	1

	0

	Drupe




	Myrtaceae
	
	
	
	



	Syzygium glomeruliferum Amsh.

	1

	1

	0

	Berry




	Syzygium gracile (Korth.) Amsh.

	7

	5

	2

	Berry




	Pittosporaceae
	
	
	
	



	Pittosporum moluccanum (Lam.) Miq.

	1

	0

	1

	Capsule




	Podocarpaceae
	
	
	
	



	Dacrycarpus imbricatus (Blume) de Laub.

	5

	4

	1

	Cone




	Podocarpus neriifolius D. Don.

	2

	2

	0

	Nut




	Proteaceae
	
	
	
	



	Helicia serrata (R. Br.) BI.

	4

	3

	1

	Nut




	Helicia cf. javanica

	1

	1

	0

	Nut




	Rubiaceae
	
	
	
	



	Lasianthus spp.

	2

	2

	0

	



	Psychotria montana BI.

	1

	1

	0

	Drupe




	Rutaceae
	
	
	
	



	Acronychia laurifolia Bl.

	12

	11

	1

	Drupe




	Symplocaceae
	
	
	
	



	Symplocos fasciculata Zoll.

	4

	3

	1

	Drupe




	Symplocos theaefolia D. Don

	2

	1

	1

	Drupe




	Theaceae
	
	
	
	



	Eurya acuminata DC.

	4

	3

	1

	Capsule




	Pyrenaria serrata BI.

	10

	10

	0

	Berry




	Schima wallichii (DC.) Korth.

	8

	4

	4

	Capsule




	TOTAL
	155

	125

	30

	



Based on one-year observation on both tracks, the number of species found flowering fluctuated each month ranging from 1–13 species. Figure 4 shows the fluctuation of flowering event during the study. October was the month when the least number of species were found flowering (1 species). Meanwhile, the peak of flowering occurred in July whereby 13 species were found flowering.

Fruits were also present each month during the one-year observation on both tracks. There were 3–21 species found to produce fruit each month. As presented in Figure 4, there were fluctuations in the numbers of species found fruiting during the study. The number of species found to produce fruit was considered to be low in August–November. The number increased in the next month until it reached a sharp peak in July.
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Figure 4: Number of species flowering and fruiting from August 2009–July 2010.



The flowering and fruiting period seemed to have quite a different pattern. According to the observation made during the study, fruiting period seems to last longer than flowering period. During the study, it was rather difficult to observe flowering compared to fruiting. This might be due to lack of visibility of flower compared with fruits, either because of the weather, tree height, or size. Therefore, data of flowering species gathered tended to be underestimated. Although the overall flowering and fruiting pattern cannot be clearly identified, the most notable phenomenon was both events reached their peaks in July. This phenomenon of peak time of flowering and fruiting period was also noted in other works (Anderson et al. 2005; Kikim & Yadava 2001; Gunter et al. 2008).

There are a number of factors, which may influence the timing of flowering and fruiting including rainfall, moisture, temperature and photoperiod (Anderson et al. 2005; Kikim & Yadava 2001; Gunter et al. 2008). It seems that the pattern of fruiting and flowering in this study may coincide with the fluctuation of rainfall. During the relatively high rainfall months (wet season), intensity of the number of species producing flower and fruit were high; November–March and May–July (Fig. 3). A study in Northern Thailand tropical dry forest also showed that peak of fruiting and flowering of tree species coincided with the beginning of dry season or wet season (Elliott et al. 1994). Furthermore, Elliott et al. (1994) stated that this phenomenon may be due to different species reproduction strategy. The implication of this findings will be helpful to design proper treatment to break seed dormancy. For example, seeds produced during the dry season might respond to dessication or heat treatment, whereas those produced during the rainy season might respond well to soaking. However, further data collection will be needed to support this findings, considering the fact that a different rainfall pattern existed during the study compared with the previous five year data (Figs. 2 and 3).

With the 43 species found during the survey, a simple phenology calendar containing information on flowering and fruiting was constructed (Table 2). From the 36 species found fruiting, two different types were observed i.e., species which produce fruit for 1–3 months (short period) and species that produce fruit for more than 4 months (long period). Most of the tree species in this study belong to the short period group (25 species), that is Acacia decurrens, Albizia lopantha, Astronia spectabilis, Cinnamomum parthenoxylon, Dacrycarpus imbricatus, Distylium stellare, Ficus padana, Ficus ribes, Helicia cf. javanica, Helicia serrata, Kibessia azurea, Lasianthus spp.,Lithocarpus cf. piriformis, Lithocarpus sundaicus, Lithocarpus dolichocarpa, Lithocarpus elegans, Lithocarpus sp., Manglietia glauca, Myrica javanica, Pittosporum moluccanum, Polyosma illicifolia, Psychotria montana, Saurauia pendula, Schefflera lucescens and Symplocos fasciculata. Meanwhile, 11 species belong to the long period, i.e. Acronodia punctata, Acronychia laurifolia, Engelhardtia spicata, Eurya acuminata, Ficus fistulosa, Litsea citrata, Macropanax dispermus, Omalanthus populneus, Pyrenaria, serrata, Schima walichii and Syzygium gracile.

The exact timing of flowering and fruiting could be site specific (Anderson et al. 2005; Kikim & Yadava 2001; Gunter et al. 2008). Several studies in Southeast Asia area has documented flowering and fruiting period of several tree species which were also found in this study. Few species i.e., P. serrata (Boer et al. 1999) and A. spectabilis (Aguilar et al. 1999) were documented to have flowering and fruiting period throughout the year, which is similar with the findings on this study. However, different results were also shown for D. imbricatus (Sunarno et al. 1999), S. wallichii (Broer & Sosef 1999), and S. gracile (Haron 1999). This shows that even within the same tropical region in Southeast Asia and in a typical ecosystem, the timing of flowering and fruiting might be site specific.

As mentioned before, the phenology calendar can be used as guidance for seed collection. Based on this study (Table 2), the most appropriate time to collect seeds in MPNR starts from February–July in which most of the species (43) were fruiting. However, further study with longer period of observation will be needed to confirm the exact timing of flowering and fruiting.

From the discussion above, several points are concluded: 1) there were 155 trees from 43 species found flowering and/or fruiting along the two survey tracks during August 2009–July 2010; 2) number of species found flowering and fruiting seems to fluctuate throughout the year with both peaks occurring in July 2010; 3) the high number of species found flowering and fruiting were in the months with high rainfall (wet season); 4) most of the species were found to produce fruit in a short period of time (1–3 months) during the study; 5) February to July were considered to be the appropriate time to collect seeds of native trees in Mount Papandayan.

ACKNOWLEDGEMENT

We would like to express our sincere gratitude to Directorate General of Higher Education, Ministry of Education, Jakarta, Indonesia for providing the grant. We would also like to thank the Natural Resource Conservation Bureau of West Java Province (Balai Konservasi Sumber Daya Alam Jawa Barat II) for facilitating this research. Sincere thanks were also conveyed to local community of Mount Papandayan who helped us a lot in conducting this research.


Table 2: Phenology calendar of 44 tree species from August 2009–July 2010.
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