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ABSTRACT 

The wntcr chestnut, Trap" sp. is an annual, floating leaved aquatic plant and a 
vnlunble food crop. In this study the morphology. seed gennination and propagation of 
Trapa sp. were determined for two samples imported from Hong Kong (MDS 
supennarket) and China (Farley supermarket). Based on morphology the Trapa plants 
from both locations were identified as TrnpCI bispinosa Roxb. The leaves arc dimorphic 
which the floating and submerged leaves. The floating leaves are alternate and in 
tcnninal roscl'le. The floating leaf comprises leaf blade, petiole, and inflated swollen 
petiole. The length and width of leaf blade, petiole and inflated petiole arc distinctly 
different for both samples. Trapa plants from Hong Kong arc consistently wider and 
lengthier than China. The leaf blades arc broadly ovate, dcntate and rhomboid with 
prominent veins, serrated at leaf margin, and finely divided into two. The upper leaf 
blades are glossy bright green and below surface are pale green in colour with leathery. 
The submerged leaves are opposite. root like and found in 1 ·2 pairs per node at the stem. 
The stems are long, submerged, green in colour and 1.81·2.30 mm in diameter. Two 
types of roots were dctennined. The anchoring roots are branched and form in 3· 12 
clusters below hypocotyl. The reddish•brown unbranched roots fonned at the upper pan 
of intemodes. The flowers are hemapheroditc, solitary, hairy peduncle, with 4 white 
petals, 4 stamens and I rounded stigma. The fruits are indehcsient with two horns. Seeds 
are unequal in size. Seven germination stages were recognized. The first sign of 
germination stages was emergence of cotyledon at the fruit apex. This followed by 
emergence of hypocotyls, emergence of plumule, formation of roots on hypocotyl, 
formation of roots below hypocotyls, development of shoot and young seedling and seed 
detachment from the seedling. The seeds from both locations took a range of 39.59 days 
to accomplish the seven gem1ination stages. The life cycle with the eventual death of 
plants took 3.5 months. The stem cutting propagation only reached matured stage and 
the life cycle was about 2 months. 
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AUSTRAK 

Trapa sp. (water chestnut) merupnkan tumbuhan nkuatik setahun bcrsifat 
tcrapung don mcrnpunyni sumbcr makanon yang bemilai. Dolam kojinn ini morfologi, 
pcrcnmbohan bcnih don propogosi Trapa sp. ditcntukan bagi dua sampcl yang diimpon 
dari !long Kong (Pasar raya MDS) dnn China (Pasar Raya Farley). Berdasarknn ciri 
morfologi, tumbuhan Trapa dari kcdua-dun lokasi dikcnalpasti sebagai Trapa bispinosa 
Roxb. la rncmpunyai dua jcnis daun iaitt1 claun terapung dnn dnun tcnggclam. Daun yang 
tcrapung tersusun bcselang-scli dan mcmbcntuk rosct. Daun ini tcrdiri clnripacla hclaian 
daun, pctiol clan pctiol yang mcmbengkak. Panjang clan lcbar helaian claun, pctiol dan 
pctiol yang mcmbengkak mcmpunyai pcrbezaan yang ketnra bag.i keclua-<lua sampcl. 
Tumbuhan Trapa clori Hong Kong adolah lcbih panjang clan lebar berbanding clari China. 
Helaian claun bcrbcntuk bujur, romboicl, hujungnya tajom dengan urat daun yang jclas. 
bergerigi di tcpi claun, clan tcrbahagi kcpada clua. Bahogian atas cluun berwarna hijau 
tcrang bcrkilau clan bahagian bawahnya berwama hijau pudar sena bcrbulu. Daun yang 
tenggclam adalah bcrtcntangnn. seaknn-akan akar dan didapati dalam 1-2 pasangan pada 
setiap buku di bahagian batang. Batangnyn adalah panjang, tcnggclam. berwarna hijou 
dan diamctemya adalah J.81-2.30 mm. Dua jcnis nkar dikenalpasti. Akar yang bcrsifat 
penccngkam bercabang dan tcrdapat dalam 3-12 kelompok di bawah hipokotil. Akar 
yang tidak bercabang berwarno coklot kcmerahan di bahagian atas batang buku. Bunga 
adalnh hermafrodit, tumbuh sccara tunggal, tangkai bunga bcrbulu, 4 kclopnk, 4 stamen 
dan I stigma bcrbentuk bulat. Buahnya tidak mcrekah dan mempunyai dwi 'tanduk'. 
Tujuh peringkat percambahan bijih benih telah dikenalpasti. Peringkat awal 
pcrcambahan adalah kemunculan kotileclon di bahagian atas buoh. Ini diikuti oleh 
kemunculon hipokotil, plumul, pcmbentukan akar di alas hipokotil, pcmbcnrukan akar di 
bawah hipokotil, pcrkcmbangan pucuk sena tumbuhon mudo dnn biji gugur. Biji benih

bagi kedua-dua lokasi ini mcngambil masa 39-59 hari untuk mencapai kesemua 
peringkat di atas. Peringkat kitar hidup sehingga ke peringkat mati amnya mengambil 
masa antara 3-5 bulan. Bagi propagasi batang hanya mcncapai tahap kematangan dan 
kitar hiclupnya aclnluh lcbih kurang 2 bulan. 
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CHAPTER I 

INTRODUCTION 

Water Chestnut, Trapa spp. are floating leaved mncrophytes found in freshwater water 

wetlands, ponds, lakes. ri\'crs. and estuaries (Pcmbcnon, I 999; Hummel nnd Kiviat. 

2004; Taknnon and Kadonob, 2005; Hoque ,1 al .. 2006n. b). They had been discovered 

in pre-glacial times and now facing great extinction (Ridley, 1980). They are distributed 

in various pans of the world (Hoque and Arima. 2004; Arimo et al .. 2006; Suriyagoda ,., 

al., 2006, 2007). The water chestnut contributes to contrast reputation and perception 

arnong the authors and countries. They ore popular us ngricuhurul product in Chino, 

India. and Japan (Hutchinson, 1973; Agarawal and Moh11n Ram. 1995; Balgooy, 2001; 

Hoque and Arimo. 2004; 1 lummel and Kivint. 2004; Arima et al .. 2006; Suriyngoda ct 

al .. 2006; 2007). Meanwhile in Europe they are treated as protected species and in 

United States and other countries they are known as noxious aquatic weed (Oki, 1994: 

Pcmbcnon. 1999: Hummel and Kiviat, 2004). 

Trapa commonly considered as a single genus in the fomily ofTrapacene (Agarnwal nnd 

Mohan Ram. 1995; Taknnoa and Kadonob. 2005). Some authors previously had 

classified them in the family of Hydrocaryaceae or Onugrucene (Fasscu. 1957: Tanaka, 

1976; Ridley, 1980). However Hummel and Kiviat (2004) rcponed it has been placed 

under L)1hraccac in the order of Mynalcs (f'urple looscstrifc family; Angiospcm1 

Phylogeny Group 1998) due to modem molecular research. The classification of Trcipa 

is difficult and olten confusing. The species arc distinguished according 10 vegetative 

characteristic previously but the difference; in fruit morphology arc the usual used 
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criterin in clnssificntion system (Pemberton, 1999: Tnknnoa nnd Kadonob. 2005). Due to 

vnrintion in fruit shnpc there is n li11lc ngrcemcnt nnd this hod designated one, three or up 

10 30 number of species in Trapa (Cook ct al .. 1974: Pemberton, 1999). 

171is interesting aquatic plnnt is hetcrocotylcdon where the seed hos two unique and 

unequnl cotyledons: o large cotyledon nnd the other one is small ond scale-like cotyledon 

(Hutchinson. 1973: Agarnwal nnd Mohan Ram, 1995; Hummel and Kivint, 2004). The 

ncshy nnd starchy large cotyledon is the edible part of wnter chestnut (Hoque ct al .. 

2006a). Arehcologicnl studies hod rcveulcd thtll water chestnut has been used for human 

consumption since Neolithic nncicnl times (Nicholson nnd Evelyn. 1969; Hummel and 

K ivint. 2004; Karg, 2006). Tanaka ( 1976) hod described in detail the vurious 

preparations of edible seed of Trapa species. It is also widely cultivated because ii is 

well known for its nutritious and valuable source of food (Agornwnl and Mohan Rom, 

1995; Hummel and Kivint, 2004: Arimo et al., 2006; I loquc et al .. 2006a, b: Suriyagodo 

ct al .. 2006. 2007:). Trapa usually introduced as an alternative crop in Jupan paddy 

fields (Suriyogoda et al .. 2006: Hoque et al .. 2006a. b). The nutrient composition of the 

fruit is about 80% starch, 5% prolein :111d significant amount of vi1amins (Hoque and 

Arimn. 2004; Hoque et al .. 2006a. b: Suriyagoda ct al .. 2006. 2007). 

In addiIion. other essential uses of Trt1p11 such as for i1s medicinal values (Hummel nnd 

Kivi:u. 2004: Hoque�, al .. 2006:i), religious festival dishes (Agnrawal and Mohan Ram. 

1995: Ahmad and Singh. 1998: llummcl and Ki.,im. 2004: l loquc and Arimu, 2004; 

Suriyngodu rt al 2007) nnd cnvironmc111�l lx,nc1its (I lummcl nnd Ki.,ial. 2004) also had 

been discussed. 
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Cook ( 1987) reponed in 7,·apa 1hc ditlicuhy in vegetative propagation is due 10 strong 

apical dominance. Funhcrmorc no appropriate studies were carried on the seed 

propogmion due 10 1hc seeds of Trapa which arc classified as recalcitrant seeds as they 

lose viability if the moisture content is reduced (King and Rubens. 1980). Hence 

biotechnological approach was carried out to detcm1ine the protocol for 

micropropagn1ion of Trapa (Agarawal and Mohan Ram, 1995: Hoque and Ari ma. 2004; 

Hoque el of., 2006, 2007). I loque and Arima. (2004) and Hoque el al .. (2006) described 

the purpose of micropropagation using in vi1ro techniques is 10 increase the 

mulliplicaiion ofheahhy seedlings and to overcome the effect of seed dormancy. 

In addition much work nnd many aspects of Tl'llp,1 had been studied such as seasonal 

growth ond biomass production (Kunii, 1988), noral biology (Kadnno and Schneider). 

germination ecology (Kurihara and lkushima. 1991) taxonomy (Taknnoa and Kadonob, 

2005; Hoque el al., 2005) and morphological characterization (Suriyagoda e1 al 2006; 

2007; Arima el al .. 2006). Mowever there has been no comparative study done on 

vegetative and reproductive propagation of water chestnut Ncvenhcless 1he 

morphological characteristic and seed germination aspect of 7i'apa have not been 

recorded in detail. 

The aims of' presenl study were: (I) 10 determine the vegetative and reproductive 

morphology charac1cris1ics of Trapa (2) to study the seed germination and (3) to 

determine the propagation through seed and stem cutting. 
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2.1 Tuonom> 

CIIAPTER 2 

LITERATURE REVIEW 

The genus of Trapa were placed under Lythraccac although previously were classified 

into the family of Hydrocaryaceae, Onagraccac or Trapnccae. Jiarui el al .. (2000) 

reported that Trapa is morphologically similar 10 the L)1hraceae family by the ovary's 

partly inferior position and other structures such as the leaves. floral. fruit and seed. 

Takanoa and Kadonob (2005) explained that the classification of Trapa is difficult to 

determine due to the treatment of morphological characters differs among the authors. 

The characters include the norul, fruit and leaf morphology (Hoque t'I al .. 2005) but 

most of these vegetative characters arc similar and variable in size, so the fruit (nuts) 

morphology whid1 the size and number of spines are basically used to cla,sified Tropa 

(Takanoa and Kndonob. 2005). However Hoque el al., (2005) and Takanoa and 

Kadonob (2005) had studied the vnriation of fruit morphology und applied the molecular 

techniques which is more reliable and infommlh•e 10 classify Trapa spp. 

Two commonly cultivuted species in Asia are known as Trapa bicomis Osbeck and 

Trapo bispi11osa Roxburgh which arc identified with two horns (Nicholson and Evelyn 

1969: Ahmod and Singh, 1998; Quanrochi, 2000; Hummel und Kiviot, 2004) and the 

four spincd nut a:c the 7i·upa 11au111s usually found in Eurasia, Africu und United States 

(Hummel and Kivia1. 2004). However most botanists now recognize one species Tmpa 

nu/ans comprisiflg two vnrities-: T.noums V(lr 11a1ans L. :md T. na/tlns vnr blspilw.�a 
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Roxb. (Integration Taxonomy lnfonnation System. 2003). In Asia the water chestnut is 

called by various common names as in Indio: Singhara nut, China: Ling nut. Chi Shih. 

Shiu Li. Ling Chio, Lao Ling and the English names varies as Water Caltrop. Hom nut, 

Bull nut and Jesuit's nut (Tanaka. 1976: Pemberton. 1999: Quattrochi. 2000; Hummel 

and Kivint, 2004; Ahmad nnd Singh. 1998). The common name of water chestnut had 

lead to confusion between Ji-apa and .. Chinese water chestnut 
.
.. E!cocharis dulcis

(Ahmad and Singh. 1998). 

According to Integration Taxonomy Information System (2003) Trapo is classified as 

below: 

KINGDOM: Plantae 

PHYLUM : Magnoliophyta 

CLASS : Mangnoliopsida 

ORDER : Myrtales 

FAMILY : Tnpaccnc 

GENUS : Tnpa 

SPECIES : Trapa sp. 
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?.? Gcnernl Morphology Chamctcristic 

\\Inter chestnut. Tmp11 is nn annual (Cook et 11/., 1974: Benson. 1979; Pcmbcnon, 1999; 

Ahmnd nnd Singh, 1998; Hummel nnd Kiviat. 2004; Takanoa and Kadonob, 2005) or 

shon perennial (Cook et (II .. 1974) aquatic plant. 

2.2.1 Vegetative Morphology Characteristic 

Floating leaves 

The noating leaves fom1 a whorled or mosaic like rosette around a central stem on the 

water surface (Figure I) (Fasset1, 1957; Prescott. 1969: Burschc. 1971; Hutchinson. 

1973; Cook,., al .. 1974; Benson, 1979: Pembcnon. 1999: Balgooy, 2001: Charles and

O'Neill, 2006). The leaves are rhomboid (Bursche, 1971; Hutchinson, 1973; Cook ct al.,

1974: Balgooy. 2001: Hummel and Kiviat, 2004), shnrply serrated or toothed (Fassett. 

1957; Cook rt al .. 1974: Hummel and Kiviat, 2004) dcndatc margins (Hutchinson, 1973: 

Oliver. 1979: Hummel and Kiviat, 2004) and broadly ovate (Hummel and Kivint, 2004). 

The merged leaves arc bright green above and below arc yellowish green with visible 

veins (Hummel and Kiviat. 2004) or reddish green (Ahmad and Singh, 1998). Each of 

the nonting leaf has on innoted, spongy and swollen petiole with air bladders which 

enable them to Ooat on 1he warer surface (Figure I) (Fossen, 1957; Prescott. 1969; 

Hutchinson, 1973: Cook et al .. 1974; Benson, 1979: Balgooy. 2001: Hummel and 

Kiviat. 2004). 

Submerged le3\'es 

At the intcmodcs of long stem. ir bears submerged leaves (Figure I) which arc lincnr, 

sessile and caduceus (Nicholson and Evelyn. 196'9; Murchinson, 1973; Cook et al., 1974; 
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Agnrnwal 1111d Mohan Ram. 1995; Jiarui et al., 2000: Oalgooy, 2001; Hummel and 

Kivint. 2004). These leaves will abscise, leaving scars on nodes and replaced by pairs of 

lincly branched. green and pinnate plume like structures (Agarawal und Mohan Ram, 

1995: Oliver, 1979; Hummel and Kiviat, 2004). However, according to (Prescott, 1969: 

Cook et al., 1974: Agarawal and Mohan Ram. I 995: Jiarui et al .. 2000) these structures 

were referred as adventitious root.s which arc photosynthetic and functions to increase 

gas absorption. 

Stem 

The stem of the plant is long and lax (Figure I) (Prescott, 1969). submerged, intcmodcs 

elongates and unbranched (Jiarui ct al .. 2000). Ncvenheless the stem was also reported 

may produce brunches and tcm1inates in a rosette (Hummel and Kiviat. 2004). 

Roots 

At the lower stem also unbranched roots can be found which anchors to the substrate 

(Agarawal and Mohan Ram. 1995: Ahmad and Singh, 1998). 

2.2.2 Reproducth•c Morphology Characteristic 

Flower 

The !lower of Trupa sp. is borne in the axils of the !looting leaves (Figure I) 

(Pemberton. 1999: Hummel and Kiviat, 2004). It is inconspicuous (Cook et al., 1974; 

Pcmbenon, 1999) bisexual (Cook et al., 1974; Jiarui et al., 2000; Balgooy. 200 I), 

solitary peduncle (Hutchinson, 1973; Cook et al., 1974: Ahmad and Singh, 1998; Jiarui 

et al .. 2000). axillary (Huichinson, 1973; Cook et al., 1974; Ahmad and Singh, 1998) 
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nnd short sialknl (llu1chinson. 1\/73: Cook c•J al .. 1974). II nlso l111, four pc1nls wilh 

"hut p,•tnl,. four yellow srnmcus 1111d 1wo ruscd ovorics (Nicholson ond Evelyn. 1969: 

I lu1chinson, 1973: Cook. 197'1: Cook el al .. 1974: Benson. 1979: Oliver. 1979: Ahmud 

nnd Singh, 1998: I l11111111cl nnd Kivioi. 2004). 

Fruil 

Frui1s wi1h single seeded develop nflcr pollina1ion (llummel and Kiviat. 2004). Aller 

ma1Urc 1hc rruit will dcluchcd from lhc plant and sunk to 1hc bottom or 1hc wntcr body 

due to their heaviness (Kunii. 1988: l'embenon. 1999). The rruit or edible nut resemble 

bull's he.ad or homs (Ridley. 1980). hnrd (Ridley. 1980: llummel and Kiviot. 2004). 

black (Ridley. 1980: l lummel and Kivint. 2004). woody (Hummel and Kivial. 2004) 

with 2 or 4 homs (Nicholson and Evelyn. 1969; Hutchinson. 1973; Benson. I 979: 

Hummel and Kiviat, 2004). The fruit is also referred ns turbinate drupe (Hutchirnson. 

1973). lkshy and shon-lived (I lumrnel and Kiviut, 2004). Kurihara and lkushimn ( 1 991) 

discussed that heavy seeds or aquatic plants such as Trapa is unique and requires 

adaptation 10 environment where persistcnc.: is more important than dispersal. 

Seed 

Seeds were idcntilicd without cndospcnn and 1he cotyledons arc not the some which can 

be distinguish by size (l lutchinson, 1973: Cook, 197-1: Oliver. 1979; Agarawnl nnd 

Mohan Ram. 1995 ). 
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s 

Waar.r ctcrta,s 

('hapa lll1ll1IU L) 

F'lower 

Patlole wilh 

ii Blodd■r 

rigurc I: The mature plant of Trapa sp. (source from Vem1ont Water Chestnut Program. 
2004 
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2.J Hubilol uncl Ecology of Trapa sp. 

Wntcr chestnut. Trapa is found in the tropical. sub-tropical and temperate zone of the 

world (Pemberton. 1999: Hummel and Kiviat. 2004: Hoque el al., 2006a; Suriyagado el

al .. 2006, 2007). It is native to temperate and tropical Eurasia and Africa (Hummel and 

Kiviat, 2004). Pemberton ( 1999) described the native area of Trapo no/Ons is from 

Western Europe and Africa to northeast Asia including Russia, China. and Southeast 

Asia, through to Indonesia. 

According to Takanoa and Kadonob (2005) this aquatic plant is distributed throughout 

lhe Old World and naturalized in United States. Water chestnut was also reported once 

spread naturally in Europe. Asiatic and African areas. In Japan water chestnut is 

distributed all over the country and usually cultivated in paddy fields (Suriyagoda el al., 

2006, 2007). Kurihara and lkushima (1991) n01cd this plant in eutrophic lakes, ponds 

and ditches all over Japan. In India at Kashmir the plant grow in large number (Ahmad 

and Singh, 1998). Hummel and Kiviat (2004) reported in late 1970s water chestnut was 

spread in all states of nonhem India and it grew wild in some regions while others were 

widely cultivated (Agarawal and Mohan Ram, 1995; Ahmad and Singh, 1998; Hummel 

and Kiviat. 2004; Suriyagoda el al .. 2006; Hoque el al., 2006). The water chestnut was 

also declining and becoming very rare in certain places especially in Europe (Ridley, 

1980; Hummel and Kiviat, 2004). 

Water chestnut requires full sunlight (Ahmad and Singh, 1998; Hummel and Kivia1, 

2004), nutrient rich with high humus and organic content (Ahmad and Singh, 1998: 

Hummel and Kivial, 2004; Karg, 2006), soft or muddy substrate (Pemberton, 1999: 
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Hummel ond Kivia1, 2004: Karg, 2006) and fresh water bodies (Hummel and Kivial, 

2004; Charles and O'Neill. 2006; Hoque et al., 2006a, b). It can grow in water up to Sm 

depth bul mostly dominates 1he slow moving and shallow waler bodies aboul 0.3 10 2.0 

m depth (Pembenon. 1999; Hummel and Ki\'int. 2004: Charles and O'Neill, 2006). 

Ahmad and Singh ( 1998) indicated 1ha1 water d1estnut grows besl al the deplh of 0.5 to 

1.0 m and the maximum waler depth should not ex1end more 1han I m. 

Tropo favors wa1cr with nculral or moderate alkaline pH range of6.7 to 8.2 (Ahmad and 

Singh, 1998; Pembcnon, 1999; Charles and O'Neill, 2006). pH also affec1 germina1ion 

of water chestnut in laboratory (Kurihara and lkushima. 1991 ). According to Hummel 

and Kiviat (2004) earlier 1hc seed germinates faster wi1h a pl-I of 7.9 to 8.3 followed by 

pH 4.2 to 5.2 and 5.3 to 7.8. However after 1wo weeks the seedling in acid and alkaline 

condition died and the moderate acid 10 ncu1ral subs1ra1e form into mature plants 

(Hummel and Kiviat, 2004). 
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2.4 Propngnlil,n of Trnpa sp. 

Mosl of the work hod been done to develop simple method for the rnicropropagotion of 

waler ches1nu1. Trapa sp. Agarnwnl and Mohan Ram ( 1995) had conducted n study in 

India lo develop a simple pro1ocol in rnicropropagation 10 overcome the germplasrn 

storage of Trapa recalcitrant seeds. In Rajshahi Division of Bangladesh Hoque el al., 

(2006a) reported lhe purpose of rnicropropaga1ion using in vitro techniques is 10 obtain 

healthy seedlings and 10 solve the diflicul1ies on seed dormancy. In addition ii would 

also contribute to large scale production for nursery purpose and manipulate the me1hod 

for genetic engineering purposes (Hoque el al., 2006a). However during 1his study callus 

induction is difficult due to leakage of phenolic substances but the problem was 

overcame (Hoque el al., 2006a). In vilro shoot production using cotylcdonary and nodal 

explants under various colour illuminations were also studied (Hoque and Arirna, 2004). 

The mixed colour was the besl treatmen1 10 obtain many shoots proliferation (Hoque and 

Arima, 2004). Callus induction from waler chestnut anther s1udy was done to produce 

haploid plant for bener breeding purposes (Hoque el al., 2006b). 
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2.5 lmporrancc of Trapa sp. 

Food 

Fossil studies c,,ident had showed that water chestnut's edible seed had been used for 

food since Neolithic period (Nicholson and Evelyn. 1969: Hummel and Kiviat. 2004; 

Karg, 2006). The fruit is also treated as valuable agricultural crop in Japan and India 

(Agarawal and Mohan Ram. 1995; Hummel and Kiviat. 2004: l loquc et al .. 2006: 

Suriyagoda et al .. 2006). The white seed is rich in starch. fat and higher in other 

nutrition values compare 10 cereals (Karg, 2006) and was widely consumed as staple 

food in some countries (Cook ct al., 1974; Hoque and Arima. 2004: Hoque et al., 2006a, 

b; Suriyagoda et al .. 2006. 2007). Suriyagodu ct al .. (2007) had stated that water 

chestnut production would play a small role 10 overcome the global food problems. It is 

eaten raw. boiled roasted or preserved in hone} or sugar (Nicholson nnd Evelyn, 1969; 

Tanaka. 1976). 

Beside that the nuts are made into porridge (Nicholson and Evelyn. 1969; Tanaka, 

1976). h also used 10 make coloured powder and dye (Hoque et al .. 2006a). Dried water 

chestnuts were ground to make flour which is subsequently used for making other food 

stuf
f

s (Nicholson and Evelyn, 1969: Agarawol and Mohan Ram, 1995: Hummel and 

Kiviat. 2004; Karg. 2006; Hoque et al., 2006a). This nut is always related 10 Chinese 

dishes (Nicholson and Evelyn. 1969; Prescotl, 1969). In addition the stem and leaves 

were also cooked and consumed as vegetables (Tanaka, 1976; Suriyagoda el al .. 2007). 
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Rflil!iDUS 

i\hmnd nnd Singh (1998) described 1hat water chestnut is considered ns 'spiri1unl horn' 

and cons'llmcd during month of September 10 cclebrote the Festival of lhc Full Moon. 

Hence the fruits were sold and nre avail:1blc in morkeL� during this festival time 

(Hummel and Kiviot, 2004). Reside that, in India. the seeds were used to replace the 

cereals during religious ceremonies (Agarawol and Mohan R11m, 1995: Hoque and 

Arima. 2004; Suriyngodo ct al., 2007). 

Medicine Value 

Water chestnut was also appreciated for ils medicinal value (Hoque et al .. 2006a). The 

kernels had been used to treai robics. poisonous animal bite, diarrhea and other diseases 

(Hummel and Kiviat, 2004). 

Ecology Importance 

Hummel and Kiviat (2004) had also outlined the imponancc of Trapc, in  the 

improvement of water quality as the plant manages to remove nutrients such as ni1rogen 

and reduce eutrophication effect. Suriyagodn e1 al .. (2007) rcponcd this plant would 

solve the global wanning to cenain level by utilizing the increasing water level. This 

plant is also able 10 accumulate on heavy metals which can be used in water purification 

(1 lummel and Kiviat. 2004). 

Funhcrrnore, it also provides a large habilnt for the invencbratcs (David, 2003: Hummel 

and Kiviut, 2004). David (2003) had rcp,oncd mass number of macroinvertebrate 

communities were r��ordcd in Trupµ beds. 
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Others Dcncfits 

The wntcr chestnut wns nlso suggested for other bencliciul purposes such us for 

compost, fcnilizcr. biogns, nnd pnpcr pulp (Hummel nnd Kiviat, 2004). Based on the 

stnrch richness it was also used as fish feed (Hummel and Kiviat. 2004; Karg, 2006). 

Aqunlic Weed 

Water chestnut, especially the Tropo 110/tms was declared as noxious aquatic weed in 

United States (Pembenon. 1999; Hummel and Kiviat, 2004; Charles and O'Neill, 2006). 

It had cause problem and was treated as nuisance or pest with increased population 

(Pembenon, 1999). The high density of lloating mats on water bodies limits the sunlight 

penetration thus causes detrimental effect on aquatic vege1a1ion (Hummel and Kivia1, 

2004; Charles and O'Neill. 2006). These causes lost of many animal species and replace 

the native vegetation (Pembcnon. 1999; Mummel and Kiviat, 2004). The effect of water 

ches1nu1 also associated with reduction in dissolve oxygen (Charles and O'Neill, 2006). 

The plant is also a main concern because it interrupts human activity for navigation and 

recreation (Pembenon. 1999: Hummel and Kiviat, 2004). The activities include boating, 

fishing and swimming (Pembcnon, 1999: l-lummel and Ki vial, 2004). 

Physical Injuries 

The sharp and thorny nuts can cause injuries when stepped on (l-lummel and Kiviat. 

2004: Charles and O'Neill, 2006). 
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Torie Subsrnnces 

Consuming raw water chestnut is common in Asia: however it was reported t0xic 

substances ond k-ad to ingestion problem (Hurnmel and Kiviat. 2004). 

Small population or water chestnut can be easily controlled by hand pulling but the large 

infestation requires mechanical harvester or aquatic herbicides application (Charles and 

o·Neill. 2006). Intensive management and control program through mechanical,

chemical and biological control were studied to eradicate this plant successfully 

(Pcmbcrt.on, 1999: Oki, 1999; Hummel and Kiviat. 2004; Charles and o·Neill. 2006). 

However the best solution 10 control still under research and has not been identified yet 

(Pemberton, 1999: Hummel and Kiviat. 2004). 
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CHAPTERJ 

i\lATERl,\LS AND METHODS

ll1e imponcd seeds from I long Kong and Chinn were bought from MDS and Farle} 

supermorl.et n:specth el} during the month of September. I he seeds were found 

nbu11don1ly sold at this period of time due 10 Moon Cake Festi, ol 

3.1 Seed Propagation 

Thiny eight seeds imported from l long Kong were cultured on 18th September 2007. 

Mcan\\hile the first 58 SL-eds imponcd from China \\ere cultured on 14th September 

2007 and the other 20 seeds on 12th December 2007. l he �ccd, "ere cultured by soaked 

with water in containers and lcfi for 2-3 days at 26°C-28°C under room temperature 

(Figure 2). The "ater \\OS changed every 2 days until the hard seed coats "ere removed 

from the fruits and the inner coal is can be seen. This curing technique of seed is 

imponant to prevent ,poilage of the outer shell of the fruits. 

,\ Iler the seeds had germinated. the seeds were separated into new containers or 

aquuriums and the water level were maintained at 15 cm (Figure 3). The germination 

dates were recorded to calculate the percentage and rule of germination. l he germination 

stage, ,,ere ob,crvcd and rc<:orded for both samples until il reaches the seedling stage. 

·1 he ,ced dcwchmcnl periods were also recorded. All the stage, were also photographed.
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hgur c 2: 1 he see ds \\Cre soake d m \\at cr to n llo" sc �d ge rminat io n.

1-igure 3: I he g crminntcd see d, \\e r e  cu hu rcd in w nt � r  in a q ua rium.
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The healthy seedlings \vere planted in the experimental aquariums with 42 cm length x 

26 cm w[dth x 28 cm deep. Before planting 1h01 the substrnte or soils 10 be used were 

tested for 1he texture and pll of the soil. pH oft he water had 10 be monitored as the plant 

is sensitive to high acidic and alkaline condition. Two replicates or seeds were planted in 

each aquarium at 1he distance of 25 cm of each plant (Figure 4). The water level was 

maintained throughout the experiment. The aquariums were placed near the window to 

allow the plant to obtnin proper sunlight. The measurement 011 matured nouting lcnve 

such as p{!tiolc length, petiole width. length and diameter of inflated petiole. blade length 

and width were measure using Mitotoyo vainer caliper. 

Some of the seedlings were trnnsplanted in the pond provided (Figure 5). The pond is 

located at Latitude J• 21' 09.5" N. Longitude 13° 09· 19.6" E. Prior to planting 

weeding was done in the area by hand pulling. Parameters such as the wnter pH. text.ure 

of the soil. tempcrnrurc (0C). salinity (ppl) and conductivity were obtained. The plants 

were planted in two rows JO cm a pan, 01 the distance of 30 cm of each plant and al 0.3 

m of depth. 

3.2 Stem Culling 

The same procedures \\ere applied for vegetative propagation by using stem cutting in 

the laboratory. Stem or nodal cutting about 20-30 cm were done and transplanted in 1he 

aquurium and containers. The same soil substrate was used. The aquarium and 

containers were placed near 1hc I\ indow 10 obwin sunlight. 
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25 cm 

Figure 4: The transplanted seed linl! in �oil sub�tratc at the distance 
of25 cm from ea,h plant: 
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J.3 Morphologicol obser"alion 

The vcgc1a1ivc morphology (nooting leaves, submerged leaves, roots. and stern) and 

rcproduc1ivc structures (nower. fruits and seed) were observed. The length and wid1h of 

leaves, pe1iole, innated petiole, peduncle. frui1 and also number of sepals and pe1als on 

flower were observed and measured. A II measurements were recorded using a ruler and 

Mi1U1oyo vainer caliper (accura1ely measured 10 1wo decimals). The morphological 

features of specimens were observed under 1he disscc1ing microscope, no1cd and 

photographed. 

3.4 Clearing Techniques 

Clearing techniques were done 10 examine inlcrnal s1rueture of leaf under microscope. 

The leaves were cul into I cm2
. Then the leaves were healed about 16° 

C with addition 

of 15% of NaOH. The leaves were washed with distilled waler and soaked in 5% sodium 

hypochlorite. After thal followed by washing 1he leaves with distilled waler again and 

dehydrated wi1h alcohol at the different concentration of 50%. 70%, 95% and 100%. 

The leaves were stained with 1% safranin and placed in clove oil. They were mounted in 

DPX mountant. Finally the s1ained leaves can be observed under compound microscope 

for further idcn1ilication of leaf struc1ure. 
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J5 lkrhurlum Techniques 

I he plunls were preserved und slored as hcrbnrlum samples. The prepam1ions of the 

hcrbariu111 were followed as 1hc sleps below: 

I. The samples were washed with lap waler and arranged in a shccl of paper.

2. The samples were placed be1wecn 1wo sh eels of papers.

3. Then the samples were pul bc1wcc11 two sheets of cupboard and 1wo shce1s of

plywood.

4. A pair of ropes was used 10 stack the sample.

5. Then 1he lied samples were placed in air circulating oven a1 about 40° C for one

week.

6. Finally 1hc samples were moun1ed on hcrbarium sheet and wi1h a label on 1he

lower righl corner of Lhe card.

3.6 Data An�lysis 

The collcc1ed data from both samples were analyzed using SAS 9.1 package and t-1cs1 

was done 10 compare the morphological dimension difference between both samples. 
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CIIAPTER -I 

RESULTS 

-I. I Genernl vegetative and reproductive morphology 

Trapo sp. is dico1ylcdon plan1s refer 10 free floating aqua1ic macrophy1cs which can be 

differentiated into vcgc1a1ive and rcproduclivc components. The vcgc1a1ivc c.omponcnts 

include 1he floa1ing leaves. submerged leaves, pc1ioles, s1em and rools (Pla1c I). The 

reproductive component comprises of flower. frui1 and seed (Plu1c 2). 

-1. I.I Vcgctath•c n1orphology 

Floatini: Leaves 

The lloa1ing led comprises of blade, pe1iolc and inflated pc1iole (Pla1c 3). The 

measurement for blade leng1h. blade wid1h, petiole length, petiole width. inflated pc1iole 

length and inflated petiole wid1h showed significantly different for both locations, Hong 

Kong (M DS supcrmarke1) and China (Farley supermarket) (Table I). 

Planls grown from I long Kong imported seeds consis1en1ly showed larger and bigger 

vege1a1ivc paramctcr compare 10 plnnts grown from China imported seeds (Table I). 
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Plate I: The general vegetative morphology of Trapo sp. n-nonting leaves, b- lenf 
blade, ip-inOatcd petiole, p-pctiolc. sh-submerged leaves s-s1cm and r­
rools. 

Plate 2: The general reproductive morphology of Trapa sp. a-Oower. b-fruit and 

c-seed.
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Inflated 

petiole 

Blade 

Petiole 

Plntc 3: The floating leaf showing leaf blade, petiole and inflated petiole 
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Tohlc I: t-lorphological men�urcmcnt or nonting lcnr. Tro(HJ s
p.

ttd snmplc 

Parameter (mm) 

Blude Lengt h  

Blade width 

Petiol e length

Petiole" idth

In natcd petiole length 

I long Kong 
(MOS supcnnorkcl)

Mean :t s.d 
Min-\13>. 

20 samples 
28.38 .1: 2,04•
(24.36- 32.39 )

31. 3 0 :t 2 .0-I' 
(27.87-38.-12)

50.27 :t 7.33' 
(31.0 I - 62.25

)
2.1 1 ::: 0.2-1' 
( 1.54- 2 .37

) 
14. 13 :t 2. 20•
(9. 73-18.32

) 

Chin a
(Farley supermarket)

M e a n  :t s.d 
Min-Ma

x 
20 samples 
18.47 :t 2.78 6 
( 11.36-20

. 14)

20.45 >: 3.1 gb 
( 12.28- 24.50)
42.99 J: 5.46b(31.09-50.1 7

) 
1.94 .I. 0.38

b 

( 1.07-2.33
)

12.1 8 .t. 1.3g b 

(9.9 7 -14.33
) 

ln0ated petiole width 6. 1 0 :t 1.37' 3.94 :t 0. 72b 
-- (3.60-9.08

) 
(2.87-5.0!) 

Means with same alphabet arc not significantly different (11cs1, p � 0.05).
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I h� kn!' hluclc is sirnplc. green in colour with glossy upper surface (Plate 4n). Young 

lcnf blndc is n:ddish-grccn in colour (Pln1e 4b). The lower surface of leaf blade is pale 

!!r<'l'n in colour (l'lnlc 4c). The tloa1ing leaves arc in 1cnninal rosc11e, whorled slruclllrc 

with nhcrnnle arrangement (Plate 4c). llic prominent and clear veins below the leaves 

nrc visible and very clear. 

The blade of noating leaves is broadly ova1e in outline, rhomboid and dentatc (Plate Sa). 

At the edges of 1hc leaf margin. ii is sharply serrated (Plate Sb) and finely divided into 

two (Plate Sc). The leaf tip is acute. i\l the leaf1ip the leaves arc not divided nor serrated 

(Plate Sd). The leaves arc also leathery a1 the below surface (Plate 5d). 

Each of the tloa1ing leaf consists of pc1iole and an intlated petiole at above the middle of 

petiole (Plate 6u). The intlaicd swollen petiole has air bladders which enable them 10 

tloat on the water surface and allows 1hc foliage to form a typical roscnc (Pla1e 6b). This 

petiole is hairy which clearly visible (Plate 6c). 

Submerged L.ca,·cs 

The submerged leaves arc green and opposite at intcrnodcs (Plate 7a). These leaves were 

in 1-2 pairs (Plate 71>). The submerged leaves were formed nt lhc scars of intcrnodes at 

the stem after the juvenile kavcs nbsciscd (l 1latc 7c). These leaves arc branched and 

resemble-like roots (Plate 7d). 
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Plate 4: The matured and young lloating leaves of Trapa sp. a-Adult phase of 
floating leaves bright green in colour, b-The young phase of floating 
leaves reddish green in colour and c-The lower surface of floating leaves 
with alternate arrangement. pale green in colour and prominent veins, 
Scale bar 2 cm. 
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Plate S: The blade of 7i-c,pa sp. a-The broadly ovate blade, b-The serrated view 
at the edges of floating leaf margin (magnification I .6X), Im-serrated 
leaf margin. c-Thc floating leaf is divided into two (magnification 
3.2X) and d-the leathery part below the surface of floating leaf 
magnification I .6X), It-leaf Lip and lh-leathery. 
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\llate 6: The noating leave of Tmpa sp. a-The petiole and inflated petiole, b-Cross 
"'- section of inflated petiole with air bladders (magnification I .6X) and c­

The hairy petiole. Scale bar I cm. p-pctiole, ip-inllated petiole lb-leaf 
blade, ab-air bladders. Scale bar 2 cm. 
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Plate 7: The submerged leaves of Trapa sp. u-The green submerged leaves arrnnged 
in opposite at the internodcs b-Thc leaves formed in pairs. Scale hur I ,,m. 
c- Formation of leaves at the scars of inlcrnodc, (magnification 1.0X) d­
The bmnched and root like submerged lea\'cs (magnification l.6X).
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Stem 

The stems arc long. slender and submerged with green in colour (Plntc Sa). The rnnge of 

stem width for Mong Kong (MDS supermarket) and Chino (Farley supermarket) s.1mplc 

wns 1.81-2.30 111111 ond 1.94-2.15 111111 respectively. The stern consists of intemodc.s 

(Plate Sb). The intcmodes reduced as it reaches the shoot tip where ii bears roseuc 

structure of nooting leaves (Plate Sc). 

Roots 

The Trapa sp. produces two types of roots. The first roots appear during seedling stage. 

These roots were green in colour. long, unbranched and formed in clusters of 3-12 al the 

basal of hypocotyl (Plate 9a). Later it began to branch and form fibrous roots (Plate 9b). 

The second types of root appear at the upper pan of intcrnodes and were unbranched. 

These long roots were white in colour earlier (Plate 9c) and chungecl into reddish- brown 

when the plant matured (Plate 9d). 
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Shool lip 

Plme 8: The s1em of 1ropa sp. a-The matured and long, st-green stem. b-l111cmodcs at 
the stem, in-i111ernodc c-Length of intcrnodcs reduced as it reached the shoot 
tip, Scale bar I cm. 
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Plate 9: Roo1s of Trapo sp. a-The long, green, unbranched roots, b-Branched fibrous 
roots. c-Whitc roots at upper intcmodes and d-Thc reddish brown ro0ts when 
maiured. 
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�.1.2 Rt•11roducth•r Mor(lholn1:y 

Flower 

·1 he nowcr Is hermaphrodite nnd <olirnry in the lcnf nxils (l'lnte I On). The no .. er

cmcrijed from the n,il, of nontin8 lcnvcs. The peduncle of llower is hniry (Plate !Ob).

I he llowcr comprises of four sepals. four white petals. four yellow stamens ond one

s1i1;mu (l'lu1c I0e).

Fruit 

The fru I is indchicenl (nut), triangular und lnrge wi1h 1wo horns (Plate 11). The fruit is 

blnck in colour nnd hard. The fniits hove slmrp (Plate 11 a) nnd blunt spine (Plate 11 b). 

i\l the fruit upex, the barballa1e structure was observed (l'lmc 11 c). The measuren1en1 of 

fniil height. fruit width and spine length w:is obtained from the sample imponed from 

I long Kong (MOS supermarket). The mean of fruit height, fruit width nnd spine length 

were ll. 13±6.05 mm, 12.20±6.50 mm and 34.81±16.03 mm, respectively (Table 2). The 

pcdunc.c length mean for mature fruits is 24.77±2.67 mm (Table 2). 

Seed 

The seed hnd two unequal size of white cOlyledon. The large cotyledon comprised the 

bulk of the seed while the small scnlc like Cllyledon within cmbr)onal nxis emerges out 

1hrough the terminal of the fruit during germination (Plate 12a). /\ficr dissected the 

in1c11rnl Sll"uc1urcs such as smnll cotyledon within the cmbryonnl uxis (Plate 12b). 

hypocotyl. pcric:irp ,mcl seed coat can be observed (Plmc 12c).Thc seed coat was hard 

and thL' lll'ric•u·p "as solter. 
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S1igma 

Pla1c 10: The Oowcr of Trapo sp. a-The emergence of flower, Scale bar I 
cm, b-Thc hair)' peduncle (magnification l.2X) and c-Thc nowcr 
wilh pelals. stamen, s1igma. f-Oowcr. ,-sepal. p-pcdunclc and la­
lcaf axils offloa1ing leaves. 
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l'l:1tc I I: ·1 he fruit of Tr11p11 �p . n- The frui1 with shar p sp
in e b- 1 he fr i

t
s\\ i 1

blunl spine and c- n,c barbcllalc slruciure a1 fru l 
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Tobie 2: Morphological mcnsur�mcnt of fruil, 7h,pa sp. 

Parnmclcr (mm) Mean± s.d Min - Mnx 

Frui1 spine lcng1h 311.81 ± 16.03 16. 19-66.43

Fruit width 12.20 ± 6.50 3.40- 23.90 

Fruit height 14.13 ± 6.05 5.12- 25.60 

Peduncle length 24.77 ± 2.67 19.17- 28.46 

Dain were collected from 16 samples when the fruits arc rnn1urcd. Values denote 
Mean± standard dc,•imion. 
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Embryonal 
axis 

Hypocotyl 

Large 
Cotyledon 

Plate 12: Seed of 7i·apa sp. a-The large and small cotyledon within the 
cmbryonal axis, b-Thc small cOlyledon, Scale bar 1 cm, c-Thc section 
where fnrit was dissected and d-The internal strucnrrc of seed after 
dissected. ca-embryonal axis. le-large cotyledon and sc-small 
cotyledon. Scale bar 1 cm. 
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.u Seed Pro111111ution 

4.2.1 Seed gcrminution 

The percentage germination of seeds in soaked condition under room temperature 

(26°C-28°C) imponed form Hong Kong (MDS supermarket) and China (Farley 

supermarket) showed 81.25% and 33.33% respectively (Table 3). The germination 

period for seed imponcd from Hong Kong (MDS supermarket) ranged from 3-12 days, 

while seed from China (farlc>• supermarket) ranged from 2-16 days (Table 3). The 

germination period (days) and rate of gcm1ination (%) for both seed samples were 

shown in Figure 1. The maximum rate of germination showed more seeds germinated 

synchronously at that period. 

Germination stages 

The germination stages ofTrapa seeds were recognized as (1) emergence of cotyledon. 

(2) emergence of hypocotyl, (3) emergence of plumulc. (4) formation of roots on

hypocotyl. (5) formation of roots below hypocotyl (6) developing shoots and young 

seedling and (7) seed detachment (Piute 13). The range of days taken to achieve the 

seven sequences of germination stages for both seed sample location from the 

g�rmination period was shown in Table 4. 
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ruhk J; Seed genninn1ion of Tm/111 SJl. 

Scc<l Gcrminu1ion 
lmponcd seed from l111por1cd seed from 

Total seeds cuhurcd 

Gcrminu1cd seeds 

l'crccntagc or gcm1inatio11 (%)

Germination period (days) 

40 

- 35 ,,, 
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I 
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Figure 6: The germination period and rate of germination(%) for both seed 
sample imported from I long Kong and China. 
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The while cmbryonnl llxis emerged from gcrminnlion pi1 on 1op of fniil and remained 

quiesccnl for 2-4 days (Pla1c 14n). The srnnll and scale line embryo was indicnled as 

co1ylcdon which it turned green laler (Plate 14b). The green co1ylcdon clonga1cd nnd 

ntlnined n maximum length mean of 24.77 ± 3.71 mm for seeds imported from Hong 

Kong (MOS supermarket) while 1he seeds impo11cd from China (Farley supcm,arket) 

was 24.99 ± 8.00 mm. The hypocotyl portion emerged (Pln1e 14c) and clonga1cd 

simultaneously with lhe cotyledon within 2-4 days. The hypoco1yl at1aincd a maximum 

mean leng1h of 4.S.. 71 :r 11.13 mm and 4 7. 71 :t 11.13 mm for imported seeds from llong 

Kong (MOS supermarke1) and China (Farley supermarket) respcc1ivcly. 

ii fter gr0\,1h of hypoco1yl, a visible bulge develops below 1he small co1yledun which 

indicates 1hc growth of plumulc (Plate 14d) within 4-8 days. La1cr the lip-like cotykdon 

curved up\\ards and allows the emergence of plumule (Pla1c 14e). rhcn the plumule 

bore one or 1wo pairs of opposite and dccussate lca\'c (Pla1c 141). 

A few small green ro0ts on the hypocolyl nxis developed within 5-12 da�s at1cr plumuk 

developed (Piute 15a) and increased in leng1h. However in some seeds 1he roots along 

hypoco1yl developed first before the plumulc emerge (Plate 15b). A few rools were also 

developed below 1hc hypoco1yl in range or?-14 days (Plate 15c). The green roots below 

hypucotyl .:longatcd rapidly and lhesc roots were ulso found at lhc site of plumular 

(Jllatc 15d). 
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Plate 14: a-Emergence of white cotyledon. b-Green cotyledon, c-Emcrgcnce of 
hypocot.yl and d, c, f-Emergcnce and fom1ation of plumule. c-cotylcdon, 
gc-green cotyledon. h-hypocotyl. b-bulgc developed, p-plumulc, I-leaves. 
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ro 

h--

Plate IS: a, b-The formation of roots on hypocotyl and c-The fonnation 
of roots below hypocotyls, d- Roots al the plumulnr site. h­
hypocotyl, p-plumulc, ro-roots on hypocotyl. rb-roots below 
cotyledon. rp-roots at the plumular appearance. 
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I he pl1111111k 1,:r,·w illln ,hoot rapidly 1111d form ,hoot pointing 11pw11rcl (l'l:llc ff,a) within 

11--IO dny,. I he new knvc, abo grew in pnirs nt the intcmodc, (l'lntc l611). These lcuvcs 

nrc I incur. shon pctiolcd which represent os juvenile lenvcs. 

171c shoot apex nlso formed linear leaves (Plate 16b) which Inter form spiral leaves 

(Plate 16c). These leaves grew broader (Plate 16d) ond developed into noa1ing leaves 

(Plate 16e). 

The juvenile leaves at the intemodes later obsciscd and leaved scars m the intcrnodes 

(Plate 17a). Submerged leaves which resemble like roots simultaneously developed nl 

the scars of the in1emodcs near the bo11om (Plate 17a). The submerged leaves were 

formed in pairs. The roots below hypoco1yl were branched and increased in length 

drastically (Plate 17b). The completely developed young seedling of Trapa sp. is shown 

in (Plate 17c). 

The final germination stage of Tmp11 sp. was seed de1achmen1. Seed detachment period 

is the days for the seed 10 detach from seedling aflcr germination. The period of seed 

detachment for seeds imponed from Hong Kong (MDS supermarket) ranged from 51-56 

days, while the seeds imponcd from China (Farley supermarket) ranged from 39-59 days 

(Table 4). The �ccd detachment period (days) and rate of seed detachment (%) for both 

seed location sho\\n in Figure 2. 
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l'late 16: a-Shoot dc,·elopmcnt and formation of linear l ca
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imcrnodcs, b- Juvcnilc pha,c, linear leaves, c-t
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c s plml fo rm of adult lea,cs. d- Thc le aves gets wider and c-The adu lt no
at

i ng 
lca,cs arc formed. h-hypocot) I . c-cotylcdo n, ps-pi

o nc cr shoot .
,d-intemodc,, Ir- l inear lca,c�. sr-spiml lca,cs. af- nd ult no at ing 
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4.2.2 [kvelopmcnl of mnlurc pl11n1 

i\1 young stngc the �wollcn inflOlcd petiole did 1101 formed but at rnotured period lhe 

swollen petiole was very prorninen1 (Plate 18). 

The formation of canopy s1ruc1ure was an impor1a111 event during 1ransi1ion period from 

young 10 mature plarnt. Trapa sp produced maximum canopy before the flowering 

period. New rosettes were developed due 10 s1em branching. The number of rosettes per 

plant, roscnc diameter and number of leaves per rosc11e from Hong Kong sample are 

significantly different compared 10 sample from China (Table 5). However 1hc rate of 

new leaf emergence per week was similar for bo1h samples. which was 6.93 ± 0.59 for 

Hong Kong and 6.73 ± 0.46 for China plant (Tobie 5). As 1hc new leaf emerges, lhe 

older moved down the Siem. In addition, al this gr0\\1h period the long unbranched roots 

at the upper intcrnodes began to develop. The stem and 1hc in1ernodes were also 

increased in length. 
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Plate 18: The development of innated swollen petiole when matured. Scale bar 2cm. 

Table 5: Canopy characteristic of TrC1pa sp. through seed propagation. 

Seed sample Hong Kong China 
(MDS supermarket) (Farley supermarket) 

Parameter Mean± s.d Mean± s.d 
Min -Max Min-Max 
15 samples 15 samples 

Number of rosette per 2.67 ± 0. 72' 1.93 ± 0.88
6

plant (2.00-4 .00) ( 1.00-4.00) 

Rosette diameter (cm) 10.39 ± 1.12' 11.94 ± 1.57b 

(8.30-11.5) (8.90-13.8) 

Number of leaves per 21.67 ± 3.04' 24.00 ± 1.89 b 

rosette ( 15.00-26.00) ( 18.00-25.00) 

Leaf emergence rate 6.93 ± 0.59' 6.73 ± 0.46" 
(leaves per rosenc week·') (6.00-7 .00) (6.00-8.00) 

Means with same alphabet are not significantly different (t test, pS 0.05).
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�.2.3 Flower development 

The nowcring Singe only achieved by pla111s from Hong Kong imported seeds (MDS 

Supermarket). The nowcring period or T1·apa sp. wns recorded in the mid month or 

December. It was almost 3 months from the culture period. During the nowcring period 

one nowcr per roseue per day is produced. Each nowers blooms only once per day. 

ln the morning the closed bud emerge on the surface of water (Plale 19a). The petals 

observed were imbricatc because it was enclosed hy sepals. As the bud open. the petals 

expanded slightly (Plate 19b). By afternoon, most buds huve opened nnd 1he flowers 

emerged above the wuter surface (Plate 19c, d). La1cr at evening, most of the nowcrs 

observed had fully opened with petals expanding outwards (Plate I 9e). The stamen and 

stigma were clearly exposed. By late evening most of the flowers hegan closed with the 

peduncle curving downward and submerged the flowers. 

�.2.4 Fruit development 

The fruit development occurs underwater. The fruits ma1ured after one month of 

llowcring. 1-3 fruit� per rosette were recorded (Table 6, l'lu1c 20). Floral tube or 

hypan1hiurn and stigma were found in developing fruits. The meun length ofh)'pllnthium 

was 4.25 ± 1.68 111111 and s1ignrn was 5.20 ± 0.17 mm (Table 6). The mcnn of ovary 

heigh1 and width were 3.35 ± 1.04 mm and 3.12 ± 0.64 111111, respec1ivcly (Table 6). The 

length or developing spine sho"cd huge varia1ion with mean or 12.04 ± 12.04 mm. 

� kanwhik 1hc 111cun length of reduncle 1hat holds 1he developing fruits is 20. 76 ± 2.81 

111111 (Tabk 6). 
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Plalc 19: The tlowering stag� of Trapa sp. pt-pernl. s-sepal, p-pcdunclc and I� 
tlowcr, Scale bar I cm. 
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Tobie 6: Frui1 morphological chnrnc1cris1ic of Tropa sp. nl dcvclOJJing fruit srngc. 

Pnrumelcr Mean:!: s.d Min-Mu 

Number of frui1s per roscue 1.70±0.65 1.0-3.0 

N=20 

Hyponlhium length (111111) 4.25 :!: 1.68 2.50 • 5.97 

N=7 

S1igma length (mm) 5.20±0.17 4.96 - 5.50 

N= 7 

Ovary heigh, (mm) 3.35 ± 1.0,1 2.25- 4.96 

N=7 

Ovary width (mm) 3.12 ± 0.64 2.10-3.96 

N=7 

Developing spine length (mm) 12.04 :1: 12.04 2.58-38.70 

N=7 

Peduncle length (mm) 20.76 ± 2.81 15.93-24.98 

Dara were collcc1ed during developing fruit s1age. Values denote Mean :l: standard 
deviation 
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Plalc 20: Number of fruits per roscae a-One frui1s b-Two developing fmils 

At early stage. lhc cal)'X was auachcd 10 each other (Pla1c 2 la). The sligma was also 

atlachcd 10 ovary. Later lhe cal� or sepals began 10 expand and poin1ing ou1ward (Pla1c 

21 b, c. d). Throughou1 this period the ovary increased in lcng1h and width (Plate 21 e. f). 

The s1igmo. petals and hypanlhium pan is abscised but lhe cal� remains (Plnic 2 l g). 

This calyx develops in10 spines of fruit. Meanwhile lhc ovary developed into mature 

fruils. 

The fruiis ripen during 1hc rainy or cold season. ·n,e ma111re fruits detached from the 

plan1 and sink 10 1he bonom or wa1cr immediately after ripening and 1he life cycle of 1his 

plan! ranged from 3-5 mon1hs. 
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Plate 21: The srnges of developing fruits 10 matured after th� pollination process a­
Early stage of developing frnit, b-d- Sepals expanding and pointing 
ou1ward, e-f- Ovary increased in leng1h and width, g- The mature fruit 
after absciscd of hypantium and lhe sepals develops into spine. sp- spine, 
h- hypanthium and pd- peduncle. Scale bar I cm.
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-1.J St,·m Cutting Propagation 

TI,,. growth of Trapa sp. by stem or nodal culling had reached the stugc of matured 

plnnt. Ho\\cvcr alter transplanting. new rosettes were not developed so the canopy 

closure was not achieved. The remaining roseues increased in length and attained a 

mean maximum length of 8.05 ± 0.02 cm (Table 7). The number of leaves per roseue 

varies from 12-23 leaves. The leaf emergence per rosette was in the range from 6-7 

leaves per week. 

The stem elongaiion was recorded throughout this period. Roots at the upper nodes also 

developed. Although the plant reached mature stage, the flower and fruit development 

did not occur. The mature plants did not survive after two months of transplanting. 

Table 7: Canopy characteristic of Tropo sp. through stem cutting 

Parameter Mean± s.d Min• Max 

Rosette diameter (cm) 8.05 ± 0.02 5.8-11.7 

Number of leaves per roscue 20.15 ± 1.96 12-23

Leaf emergence rate 6.03 ± 0.38 6-7
(leaves per rosette week.1)

Data were collectc-d from 15 samples when the plants are matured. Values denote
Mean ± standard deviation. 
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CIIAl'TER S 

DISCUSSION 

In lhis present s1udy. 1hc vege1niivc and rcproduc1ivc morphology of Trapa sp. from 

boih sample imponed from Hong Kong and China are genernlly similar. The Trapn 

plon1s from bo1h loca1ions arc iden1ilied as Trapa bispi110.sa. The leaves. flower. fruil 

morphological chnrac1eris1ic and 1he dcvelopmcnl of flower and fruit were used lo 

classify lhc Trapa SJl. in 1hc presenl s1udy. The leaf blade mcasuremen1. colour of pe1als. 

number of horns and lhe development of Trapa sp. from the prescnl s1udy are almosl 

similar 10 lhc species of 7i·apa bi.�pinosa Roxb. The detail dcscrip1ion of Trapa sp. from 

prcscnl study. and 01hers arc shown in Table 8. 

5.1 Vcgctati,•c Morphology 

Morphologically, the arrangcmcn1 of leaves are altemale, forming a 1erminnl roscne. 

shape of blade ore ovmc. rhomboid and dentate (Plate 5a) ore similar to the description 

by (Fnssclt. 1957: Prcscolt. 1969: Bursche, 1971: Hutchinson, 1973; Cook el al .. 1974: 

Oliver. 1979: Pcmbcnon. 1999; Balgooy. 2001: Hummel and Kiviat, 2004; Charles and 

O'Neill, 2006). The leaf blade are bright green in colour. upper surface is glossy. 

promincn1 veins below surface. Hummel and Kiviut (2004) rcponed 1hc colour of below 

surface of lloaiing leaves arc yellowish green. however in this s1udy are pale green in 

colour (Place 4c). 
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I he lcuvcs \\Crc also leathery at below surface us discussed by I lummcl and Kiviat 

(2004), Oliver ( 1979) and sharply scrrntcd (Fossett, 1957: Cook ut al .. 1974 and 

I lurnmcl and Kiviat. 2004 ). l-lowcvcr only the edge� or lcavcs margins were serrated and 

finely divided into two and the leaf tip is 1101 serrated (Plate 5b, c, d). The swelling and

spongy inOmcd petiole observed were above the middle of petiole (Plate 6a) In contrast 

Jiarui c•t al., 2001 stated the petiole is oflen about the middle. The hairy petioles were 

determined (Oliver, 1979). 

Thi: Ooating leaves comprises of leaf blade, petiole and inOatcd petiole. The 

measurement on Ooating blade length and width for Hong Kong (MDS supermarket) 

plant is 28.38 ± 2.04 and 31.30 ± 2.04 mm while China (Farley supermarket) plants are 

18.47 ± 2.78 and 20.45 ± 3.18. This showed that blades are almost as broad as the long 

which was mentioned by Fassett (1957). Oliver (1979} mentioned that the leaf blades 

width varies nearly to 3 inch. The petiole length for Hong Kong (MDS supermarket) and 

China (Farley supermarket) sample arc 50.27 ± 7.33 and 42.99 ± 5.46 respectively. The 

petiole width showed a distinct difference compare 10 inOated petiole due to the swelling 

fcalurc of inOatcd petiole. 

The submerged leaves formed at the intcmodes nftcr abscission of young leaves. green 

and opposite arrangement agree with many authors (Nicholson and Evelyn. 1969: 

Hutchinson, 1973: Cook et al .. 1974: Agarawal and Mohan Ram, 1995; Jiarui et al .. 

2000: 13algooy, 2001: llummcl and Kiviat. 2004). llowcvcr. these submerged leaves 

were mistaken as adventitious roots (Prescott, 1969: Cook et al .. I 974; Agarawal and 

Mohan Ram. 1995: Jiarui cl (JI •• 2000) due to the root like structure. The green colour 
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nnd lack of rool chnrac1cris1ic supponcd 1h01 ii was submerged leaves. The leaves were

also observed in 1-2 pairs. 

The Siem is long. slender. submerged and bear 1he librous roots arc similar 10 Jiarui et

al .. (2000). The width of s1c111 for Hong Kong (MDS supcr111arke1) and China (Farley 

supermarkcl) sample ranged from 1.81-2.30 mm and I. 94-2.15 mm rcspec1ively. 

According 10 Jiarui et al .. (2000) 1hc stem dinmc1er were staled as 2.5-6.0 mm. The 

colour of green Siem during young and changed 10 brown when matured. At the lower 

pan of stem the branched, green, fibrous roots are formed and identilied as anchoring 

roots (Plate !Ob). 1-lowc,,er the anchoring roots were described as branched (Ahmad and 

Singh, 1998) and white in colour (Agarawal and Mohan Ram, 1995). The reddish brown 

floating roots were unbranched and were found at the upper internodes when matured 

(Plate I 0d). 

S. I Reproductive morphology 

The flowers of Trapa is white in colour, solitary peduncle in leaf axils and comprises 4

sepals. 4 white petals, 4 yellow stamens. one stigma, and also have an ovary half-inferior 

as similarly rcponed by Nicholson and Evelyn (1969), Hutchinson (1973). Cook (1974), 

Cook et al., (1974), Oliver (1979). Ahmad and Singh (1998), Pcmbenon (1999), Jiarui et 

al .. (2000}, Bolgooy (2001) and Hummel and Kiviat (2004). The flower is 

hcrmaphrodi1e having male and female structure (Cook et al., 1974; Jiarui el al., 2000; 

Bnlgooy. 2001). The peduncles of flowers were hairy and can be observed with naked 

eyes. 
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n,c f'rui1 is indchiscnt wi1h 1wo horns. 1riangulnr, hard shell and black in colour arc 

similarly described by Nicholson and Evelyn ( 1969}. Hu1chinson ( 1973). Ridley ( 1980). 

Benson ( I 979) and 1-lummel and Ki vial (2004 ). The frui1s apex was barbelln1e which 

was described by Jiarui el al .. (2000). Huge morphological varia1ions in dimension for 

lhe fruil body arc expressed as fr11i1 heigh!. wid1h. spine lcng1h and peduncle length for 

nnachcd fruits. This showed the frui1s varied from each 01her grcally. The blunl and 

sharp spines were also identified (Suriyagodu el al .. 2006, 2007). 

The seed of Trnpn has 1wo unequal while co1ylcdons as 1hc small and large one 

(Hutchinson. 1973; Cook. 1974: Agarnwal and Mohan Ram, 1995). The seed is also 

non-endospermic (Hutchinson. 1973: Cook, 1974; J\garnwal and Mohan Ram. 1995). 

5.3 Vcge1111h·c and Reproductive Propagution 

5.3.1 Seed germinalion 

The pcrccn1ngc gcrmina1ion of imponcd seeds from Hong Kong showed almosl 50% 

higher compared 10 imponed seed from China. The ungcrminuled seeds are due 10 1he 

sevcri1y of the germination pil injury (Kurihara and lkushimn. I 99 I). Beside 1hat some 

of 1hc seeds were idcn1ifted in dormam singe. The dormanl and newly produced seeds 

are dis1inguished by cxis1cncc or absence of pericarp (Kurihara and lkushima, 1991: 

Ahmad and Singh. 1998). Tm11<1 sp. is classilicd as rccalci1ran1 seeds and as the 01hcr 

aqua1ic planl it exhibi1 dormnncy due 10 hard seed con1 (/\gnruwal and Mohan Ram, 

1995: King and Roberts: 1980). 
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The seed germination procedure was done under room 1empera1ure which was abou1 

26°C-28°C. According to Sharma et al., (1984) high tempe.ra1ure or acid scarification 

1rca1rncn1 may increase !he germination bu! Kurihara and lkushima ( 1991) reported 1ha1, 

seeds of Trapa sp. germinated more synchronously in a shorter period a1 high 

temperatures in lhe laboratory but the temperature fac1or did nol influence 1he final or 

maximum rate of germination. 

The germination period and rate of germination for both samples were not consistent as 

in Figure I. The variation in germination period may due to 1he need for ripening period 

of 1he embryo and the presence of germination inhibitors which need to leach ou1 before 

germination (Birch, 1981 ). 

Germination Stages 

Seven germination siages of Trapa sp. were recognized and the range for both seed 

sample from Hong Kong and China iook 10 39-59 days 10 complete the stages (Table 4). 

The while cotyledon emerged and turn 10 green in 1-2 days while Agarawal and Mohan 

Ram ( 1995) reported ii remain quiescent for 4 weeks before ii turn to green using ;,,

vitro techniques. The radicle was absent and no primary roots developed (Agarawal and 

Mohan Ram. 1995). However, Hutchinson ( 1973) and Oliver ( 1979) described the 

radicle germinated together with the small cotyledon on lop o,fthe fruit 

The emergence of hypocotyl and plunrnle was similar as discussed by Agrawal and 

Mohan Ram ( 1995). The hypocotyl region is known can el ongate carrying with i1 1he 
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node which the plumule and leaves developed (Birch, 1981 ). The first leaves emerged 

were identified from the plumulc (Plate 19). The formation of roots along the hypo:otyl 

axis occurred after the emergence of plumule. In contrast Agarawal and Mohan Ram 

( 1995) explained the roots on hypocotyl were initiated before plumule development. 

The anchoring roots below the hypocotyl were present and observed (Plate 21) but the 

roots were not formed under in vitro condition (Agrawal and Mohan Ram, 1995). The 

stage of developing shoots and young seedling which involves the formation of linear 

leaves at the internodes, transition from linear. spiral 10 adult floating leaves and 

formation of submerged leaves were similar to Agarawal and Mohan Ram ( 1995). 

The range of days taken for both seed samples 10 achieve the germination sequence 

showed less variation except for the seed detachment period from the seedling. The 

detachment period and rate of detachment (%) for both seed sample varies as shown in 

Figure 2. This indicated the seeds anach to the seed 10 utilize the food resource supplied 

by the embryo. This is supponed by Kunii ( I 988) who reponed that successful seedling 

establishment is the possession of a large seed which provides ample reserve of nutrients 

during the period immediately after germination. So as the seedling finish had finish use 

the food reserves, the seed detached. The various seed sizes also related to utilization of 

reserve nutrient, as the smaller seeds will detach earlier than the larger one. A11er the 

seed detachment the juvenile plant required substrate and nutrient for growth. 
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5.J.2 Development of mature plant under vegetative and reproductive

propagation 

The seed gennination and stem cutting undergo the transition process from young 

seedling to mature plant. Swollen petioles were developed for both propagation 

methods. Rosette number is an irnponant component because the rosettes bear the fruit. 

The new roscnes are produced from the lateral bud on the stern (Arimo et al., 2006; 

Suriyagoda er al .. 2006, 2007). New rosettes were found in the plant through seed 

propagation but none for stern cutting plants. The rosette diameter and number of leaves 

per rosette in seed propagation showed more productive compared to stem culling. 

However the leaf emergence rate per week was almost same for both methods 

(Suriyagoda et al .. 2007). Funhermorc. Kunii ( 1998) rcponcd the suggested constant 

binh and death of individual leaves was approximately one leaf per day and estimated 

the life span of Trapa sp. to be less than 30 days. 

5.3.3 Flower and fruit development under vegetative and rcproduciivc 

propagation 

The Trapa sp. plant derived from seed propagation reached the flowering to fruiting 

development stages. The floral sequences of events leading to and during anthcsis were 

same as discussed by Kanodo (1986). Funtterrnore, the flower bud fom,ation of water 

chestnut was found to be under control of day length (Suriyagoda et al., 2007). Kanodo 

( 1986) repoted due to the stigma and anther position. the insect movement within the 

flower caused the anther sacs being pushed against stigma focilating sci r pollination. 
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The nowcring to fruiting duration period recorded were almost one month. The process 

of developing spines were same as reported by Kanodo ( 1986) where the stigma, petals 

and hypanthium part is absciscd but the calyx persist to develop spines (Plate 21 ). The 

fruits after mature will detach and sink to the bo«om due to the heaviness of seed (Kunii. 

1988). The life cycle of the plant completed in 3.5 months period. 

The vegetative propagation method using stem cutting plants did not achieved the 

flowering and fruiting stages as recorded in seed propagation. In addition Agarawal and 

Ram ( 1995) had outlined that Trapa sp. exhibits a strong apical dominance and lack a 

natural means of vegetative propagation. The life span of the plant was only about 2 

months. 
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CHAl'TER6 

CONCLUSION 

The vegetative and reproductive morphology of Trapa sp. were observed in this study 

from Hong Kong (MDS supcm1arke1) and China (Farley supermarket) sample. Seed 

germination and vegetative propagation using stem culling were determined. The 

morphology characteristic description from both locations agrees with many authors 

(Fassen, 1957; Subramanyam, 1962; Prescott. 1969: Bursche, I 971; Hutchinson. I 973: 

Cook et al., 1974; Pancho and Soerjani, 1978; Pemberton, 1999; Balgooy, 200 I; 

Hummel and Kiviat, 2004; Charles and O'Neill, 2006) and the Trapa plants from both 

locations are identified as Trapa bispinosa Roxb. 

Based on the leaf morphology characteristic. it comprises two kinds of leaves which are 

the noating and submerged leaves. The noating leaves are alternate, crowded terminally 

into a rosette, hairy pctiolate and inna1ed petiole above the middle. The leaf blade are 

bright green colour, prominent veins and leathery below surface, serrated at the edges of 

leaf margin but not at the tip of leaf. The measurement for blade length, blade width, 

petiole length, petiole width, inna1ed petiole length and inna1ed petiole width for both 

locations from I long Kong (MOS supermarket) and China (Farley supermarket) varies 

from each other. The submerged leaves are opposite, 1-2 pairs, resemble like roots and 

formed afier the juvenile leaves abscised at the scars of internodes. The stem is long and 

submerged. Two types of roots were also de1ern1ined. The anchoring roots formed first 

and followed by the reddish-brown at the upper part of intcrnodes. 
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ll1r Ot>11cn or,,.,,,_, •r ore hcmnphcrndilt'. emerged nl 1hc kor nxih or nnnllns knve\ 

oruJ hold h) hoir, peduncle. I he Ocmcr, an:: \\hi1c in colour \\ ith 4 pc1ol1. ,J ,1.arncn\ um.I 

one ,1igmia. nic fruih rirc ,ndchi\Cnl with 2 homili, hlock in colour nmJ tumJ. 11rc,11, 

hnrbcllntc v.i1h �rtal morphological vorio1ion in the frui1 hcigh1, fmu wid1h nnd ,pine 

length, The seed, arc unc..-qunl in sin· \,hen:: the huge one rcrnmcd in fruil ond the small 

one gcm1ina1ed from the fruil npcA. 

Gcmiinotion pcrc,cn1uge for I long Kong (MDS ,upermorkel) imponcd seed sample ore 

higher comp:tred to the Chino imponcd seeds (Fnrlcy oupermorke1) due to tl1c seed 

condi1ion. Sc\•t:n gcrmimuion �Llgcs nrr idcn11ficd \\hich nrc emergence of cotyledon. 

emergence of hypoco1yl, emergence of plumulc. formolion of roots on h}poco1yl, 

fonno11on of root, below hypoco,}I. developing shoo1s nnd young seedling und seed 

dc1oehmcnt The seed, from bo1h locu1ions 100k 39·S9 dnys 10 accomplish 1hc seven 

gcrmina1ion srngcs. 

'I he yc,ung ).Ccdl ing rcach1..·d the ma1urc plan I sLnges and the cunopy fonrrmtion is an 

imponnnt chnrac1cristic al this stage. The no,,tring and fruiting dcvclopmenl were only 

ohscrvcd in 1hc I long Kong (MOS supermarket) sample, The lire cycle of Tru[J<i sp. for 

1his ,ample mnged from J.s mon1hs. The Tropa sp. planl using .icm culling reached 1hc 

matured si:1gc. hO\\CV<.·r the flowering and fruiling stag1.:s were 001 determined. ·me 

lifcc�ch: wns rinly ubout 2 months. The seed propagation �ho, .. cd :i bcucr establishment 

compared to the stem culling proP3ga1ion. l"hc fruit characteristic have the 

hio1cchnology und economic importance, 1hus crop manogtment and imprO\'cment 

swdief-o v.ould open. a m:w ,,ay in production of ,,,01cr ..:hcstnul. 
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