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CHAPTER 3

THEY STAND AMONG EQUALS: II. DESCRIPTIVE ANALYSIS 
ON THE NEW BIOTYPES OF WEEDY RICE (Oryza sativa L.)

IN SELANGOR NORTH-WEST PROJECT, MALAYSIA
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3.1 INTRODUCTION

Weedy rices can be defined as plant of the genus Oryza that infests and competes

with rice and other crops. It can be defined more narrowly and restrictively according to its 

common meaning to the miller, marketer, and consumer as a type of weedy rice that 

produces grains with a distinctly red, white or beige pericarp of cultivated varieties 

(Craigmiles 1978). The red pericarp is the critical characteristic that distinguishes red rice 

from other weedy rices and makes it a more troublesome and costly problem because of 

the heavy discounting of contaminated grain. 

Weedy rices are variable in height, panicle form, grain size, awn length, flag leaf, 

and growth duration. The origin of weedy rice is unclear, though it is initially thought that 

they are natural hybrids of cultivated (O. sativa) and wild rice species (O. rufipogon and O. 

nivara) (Rao et al. 1997; Vaughan et al. 2003).

Weedy rice can be a serious problem because it is very competitive with cultivated 

rice. Characteristics enabling weedy rice to become a weed are seed shattering, seed 

dormancy, and high competitiveness with cultivated rice (Azmi et al. 2005b). Sato (2000) 

has given a brief review of weedy rice. This weedy rice can be classified under the family 

of Poaceae. It is believed that weedy rice is a subsidiary of the cultivated rice or O. sativa

L. The description of O. sativa L. has been widely studied since early 1900 by various 

researchers such as Prodechii (1922), Roschevics (1931), Chavelier (1932), Tateoka 

(1963), Oka (1988) and many more.

Weedy rice tends to have vigorous vegetative growth, comparatively early 

maturity, easy shattering, and, in some variation, the grains have long awns and the 

pericarp color is red (Vaughan et al. 2003). Weedy rice has variable seed dormancy, but 

commonly a large proportion of the seeds will germinate within three months of shedding. 

This can lead to severe problems in a subsequent crop where rice is double-cropped. 
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Weedy rice is known by diverse names in different countries for instance “Padi Angin” in 

Malaysia, “Lua Lon” in Vietnam, “Lutao” in China, “Akamai” in Japan, “Sharei” in Korea, 

“Khao Pa” in Laos, “Khao Nok” in Thailand, and “Jhora Dhan” in Bangladesh (Watanabe 

et al. 2000).

Most botanists nowadays have classified weedy rices and also red rice as Oryza 

sativa. Vaughan et al. (2001) collected red rice ecotypes from across the rice area of the 

south of the United States of America for analysis with simple sequence repeat (SSR) 

markers. They found that, while most of the red rice types were related closely to either O. 

sativa indica type or O. sativa japonica type, some were rather closely related to O. 

rufipogon and perhaps O. nivara. As previously noted, O. rufipogon, O. nivara, a few 

other Oryza spp., and weedy rices of O. sativa with the AA genome, i.e. diploids with 12 

pairs of chromosomes, can intercross with cultivated O. sativa (Sitch 1990). Thus, 

although O. sativa varieties are considered self pollinating, they are genetically compatible 

and there is some out-crossing among them. 

There were weedy rices that were generated primarily through natural crossing 

between wild and cultivated rice species in areas where they grew together (Vaughan & 

Morishima, 2003; Anon 2005). While this type of crossing is still important in a few areas 

in Africa and Asia, most types of weedy rice elsewhere now arise from much closer 

crosses between the plants of cultivated varieties and those of the weedy rices that infest 

the crop.

This natural hybridization is responsible for the wide diversity of red rice 

populations worldwide. Some other species of Oryza are important weeds in the various 

rice-growing regions. The endemic species O. latifolia is a troublesome rice field weed in 

Central America and other countries along the Gulf of Mexico and Caribbean Sea. In Italy 

and other Mediterranean areas, red rice is generally classified as O. sativa var. sylvatica
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(Ferrero & Vidotto 1999). The weedy rices in West Africa, some with the red pericarp, 

belong to O. barthii, O. longistaminata, O. punctata, O. glaberrima and also the O. sativa.

Seeds of cultivated rice germinate rapidly and uniformly, and most of the cultivated 

varieties are self-pollinated. The varieties of cultivated rice species, O. sativa and O. 

glaberrima, can be easily crossed artificially (Federici et al. 2001). The germination of 

wild rice seeds is not even and spreads over a long period of time. 

Seeds of weedy rice have a long life in soil and germinate occasionally. These 

plants are early flowering, develop phenotypic plasticity, and have tolerance towards 

various unfavorable environments. The grains of weedy rice are commonly awned and red. 

The plants of this species grown in cultivated field tend to mimic a cultivated variety, 

while those grown outside the field are similar to wild rice plants. Weedy rice plants are 

hardly notable from cultivated varieties before heading.

In Malaysia, weedy rice occurs in many accessions and traits. It is reported no less 

than 125 accessions from Tanjung Karang, Muda, Besut, Seberang Perai, Kerian and 

Sungai Manik regions (Baki et al 2000; Baki 2006b; 2008). These accessions are

morphologically similar to cultivated rice except for some traits especially with tall stature, 

long internodes, coloured pericarp and awned grains (Abdullah et al. 1996). Weedy rice in 

Malaysia is believed to be relatively diverse and complex similar to local wild, weedy 

type, intermediate type and the cultivated type.

However, the information on the taxonomy of weedy rice is still lacking. This is

because weedy rice is a heterogeneous unstable population which is continuously crossing 

with each other, and with the cultivated rice, resulting in a wide range of accessions either 

with close similarities or dissimilarities in morphological traits with each other. 

Additionally, weedy rice and cultivated rice itself is well known to be wide in genetic 

diversity caused by intensive breeding and natural hybridization across Asia and Pacific 



105

regions. This natural selection has caused the appearance of massive mixed weedy rice 

accessions in Malaysia and trough out the world (Federici et al. 2001).

Azmi and Abdullah (2002) has reported that weedy rice can be characterized into 

three major classifications according to the main morphological types namely awn types, 

open panicle and compact panicle length. It has been showed that weedy rice has a wide 

variation in awn length, panicle length and numbers of spikelets. 

Baki et al. (2000) has reported that weedy rice accessions display gross differences 

in panicle type and grain characteristics, representing key taxonomic traits useful in 

differentiating weedy rice accessions. Grain shapes and sizes of weedy rice accessions 

ranged from awnless to very long awns, while the pericarp can be purplish to reddish in 

colour. It has been observed that weedy rice in Tanjung Karang granary area were different 

from those found in Besut or Muda. 

Through observation in Selangor North West Project (PBLS) rice granaries showed 

a new biotype or accession of weedy rice. Morphologically, this biotype mimic cultivated 

rice, namely MR220 and MR219, and this weedy rice grows as tall as cultivated rice. It has 

similar common characteristics with existing weedy rices to become a threat in rice 

granaries which is easy shattering. Some of these new accessions have a red pericarp but 

there are also accessions with white or colourless pericarp, similar to that of cultivated rice.

The work embodied in this chapter discussed on the descriptive analysis of these 

new biotypes of weedy rice which prevailed in PBLS. These biotypes were collected from 

the field surveys in the rice granary in the 2006 – 2007 seasons.
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3.2 MATERIALS AND METHODS

Sixteen weedy rice accessions previously mentioned from distribution studies in

Chapter 2 were used for this study. The seed grains of different NBWRs accessions were 

collected and obtained randomly from Tanjung Karang to Bagan Terap rice granaries. All 

seeds from these accessions labeled as Acc1, Acc2, Acc3…..Acc16, were planted in an 

insect-proof green house at Pasir Panjang, Selangor. Ten seeds for each sample were 

chosen for germination. The seeds were germinated into a 14.5 diameter petri dishes with 

moist Whatman no. 44 filter paper.  

One seedling of each samples from germination test with a well developed radical 

were selected and transplanted into plastic pots (23 cm diameter, 20 cm height) filled with 

moist paddy soils of the Java series obtained from Selangor North West Project (PBLS) 

rice granaries. Manual weeding was done every week and series of complete NPK 

fertilizers and pesticides were applied accordingly.  

Morphological traits of samples were recorded during the maturity (90 to 100 days 

after transplanting). The morphological characterization was conducted using 7 qualitative 

and 7 quantitative descriptors. The characters used for the analysis are shown in Table 3.1.

The multivariate analysis was then applied to the data according to the method 

described by Nasir and Ariyo (2007). Mean values of each character for every sample was 

computed subjected to simple analysis of variance and covariance using SPSS version 

12.0. Factor Analysis, Principle Component Analysis (PCA), Cluster Analysis and 

Canonical Analysis (CA) were also performed on the calculated data.

Factor analysis was used to generate factor loadings and communalities using the 

method of principal component extraction. The PCA will reduce the dimensions of a 

multivariate data to a few principles axis, generates Eigen values for each axis and produce 

component scores for characters. Cluster analysis was performed to obtain a dendogram
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Table 3.1. Characters used in the analysis and their method of scoring for weedy rice accessions and cultivated rice var. MR220.

Character Scoring
Seedling height Measured (cm)
Final height Measured (cm)
Tiller number Measured
Panicle length Measured (cm)
Grain per panicle Measured
1000grains weight Measured (g)
Grain length Measured (mm)
Pericarp colour (1) white;   (2) light brown;  (3) Speckled brown;  (4) Brown;  (5) Red;  (6) Red apex;  (7) Purple;  

(8) Black
Awning (0) Absent;  (1) Short and partly owned;  (5) Short and fully owned;  (7) Long and partly awned;  (9) 

Long and fully awned
Leaf angle (1) Erect;  (2) Semi erect;  (3) Horizontal;  (4) Descending
Panicle type (1) Close;  (2) Intermediate;  (3) Open 
Shattering ability (1) Difficult (less than 1%);   (3) Moderately difficult (1-5%);  (5) Intermediate (6-15%);  (7) Loose 

(26-50%);  (9) Easy (51-100%)
Booting time Days when more than 50% of plants booted
Maturity time Days when 85% of grains on panicle are mature



108

and sort accessions into clusters. The CA was executed to measure the axes along which 

variation between entries is maximized.

3.3 RESULTS AND DISCUSSION

3.3.1 Characterization of NBWR accessions. 

Sixteen accessions of NBWR were planted to be identified based on morphological 

characterization as in Table 3.2. Noticeable variations existed among these 16 accessions 

as in final height, seedling height, tiller number, panicle length, grain per panicle, 1000 

grain weight, grain length, pericarp colour, awn existence, leaf angel, panicle type, 

shaterring percentage, days of booting and days of maturity. Final height of these NBWR 

are ranged from 73 cm to 81 cm, almost the same height of Malaysian cultivated rice 

namely MR220 (76 cm-78 cm), MR219 (76 cm-78 cm), MR84 (97 cm-105 cm). This

characteristic makes NBWR hardly identified and controlled in the field because they stand 

as tall as the cultivated rice. Based on random interview with farmers in the area, they were 

unaware about this new threat, and most of them only realized about this problem when 

they were showed the empty panicle in the middle of their paddy field.

NBWR accessions have panicle length ranging from 23 cm to 28 cm long. The 

panicle lengths were measured from the last leaf base to the tip of the panicle. Again, as a 

comparison of cultivated rice, the panicle length of cultivated rice is almost the same with 

NBWR – (MR220: 23-26 cm), (MR219: 23-25 cm), (MR84: 23 cm).

However, NBWR accessions have lighter grains than cultivated rice. 1000 grain 

weight of NBWRs was ranged from 16 gram to 26 gram. NBWR accessions also produce 

lesser grain. A panicle of NBWR can only produce around 44 to 66 grains.

Basically, these 16 accessions can be differentiated by their grain size, pericarp 

colour, awn existence, leaf angle and panicle type. The NBWR accessions usually show 
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either short (less than 1cm) or long (more than 1cm) grain, red or white pericarp, awned or 

awnless, erect or semi-erect or horizontal or drooping leaf angel, opened or closed panicle 

and heavy or not heavy grain shattering. Table 3.3 shows the NBWR accessions with their 

characteristic based on grain size, pericarp color, awn existence, leaf angle and panicle 

type. As has been discussed in Chapter 1, Acc8 was the main NBWR in Selangor’s North-

West Project. 

It needs sharp eyes to be able to distinguish NBWR and their commercial 

counterparts in the field. In fact it is almost practically impossible to delineate young 

seedlings of NBWR and the cultivated rice varieties such as MR84, MR219, MR220 or 

MR235.

3.3.2 General description of various NBWR accessions.

3.3.2.1 Weedy rice accession Acc1 (Fig 3.1)

Acc1 had a final average height 80 cm. Basically Acc1 can produce on average 6 

productive tillers at harvest. Acc1 is a fast growing plant when the seedling height can

achieve around 35% of final height in just 20 days. As for vegetative traits, Acc1 had an 

opened panicle with an average length of 25.83 cm. Acc1 leaf has flat lanceolate leaf 

blade. The blade was semi-erect from the culm. The leaf sheath emerged at the first node 

above the base and squashing around the second node. The leaves were arranged in

alternate around the culm. The leaves are pubescence at the upper surface and glabrous at 

the other surface. 

Acc1 produced an average 48 grains per panicle. Acc1 had a short grain with an 

average length of 8 mm. The grain was awned and the pericarp was dark red in colour. The 
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Table 3.2. A comparison between NBWR main characteristic with ordinary cultivated rice varieties in Malaysia.

Plant height Panicle length Grain per panicle 
(average)

1000 grain weight 
(average)

MR220* 76cm-78cm 23cm-26cm 76 29g
MR219* 76cm-78cm 23cm-25cm 84 27g
MR84* 97cm-105cm 23cm 90 26g
NBWR 73cm-81cm 23cm-28cm 44 – 66 16g-26g
*Data was assessed through MARDI official website at http://www.mardi.my.

Table 3.3. Morphological traits of dominant NBWR prevailing in Selangor North West Project, Malaysia

Accessions Panicle Type Pericarp Colour Awn Seed Type Shattering % Leaf angle
Acc 1 Open Red Awned Short >50% Semi-erect
Acc 2 Open Red Awned Long >50% Erect 
Acc 3 Open Red Awnless Short >50% Semi-erect
Acc 4 Open Red Awnless Long >50% Semi-erect
Acc 5 Open White Awned Short >50% Horizontal 
Acc 6 Open White Awned Long >50% Horizontal 
Acc 7 Open White Awnless Short >50% Erect 
Acc 8 Open White Awnless Long >50% Semi-erect
Acc 9 Open Red Awned Long <50% Semi-erect
Acc 10 Close Red Awned Long >50% Semi-erect
Acc 11 Open Red Awnless Long <50% Semi-erect
Acc 12 Close Red Awnless Long >50% Horizontal 
Acc 13 Close White Awned Short >50% Horizontal
Acc 14 Close White Awned Long >50% Erect 
Acc 15 Close White Awnless Short >50% Horizontal 
Acc 16 Close White Awnless Long >50% Erect 
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Fig. 3.1. Weedy rice accession Acc1
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grains were relatively light compared to other accessions with an average 1000 grain 

weight 16.87 g. The grains were easy to shatter from the panicle with shattering percentage 

exceeding 50%. Spikelets are laterally flattened with thick firm lemma and large palea 

enclosing the caryopsis (grain). Acc1 was 50% booting 73 days after sowing and reached 

the maturity after 110 days after sowing.

3.3.2.2 Weedy rice accession Acc2 (Fig 3.2)

Acc2 had tufted culms with average 5 productive tillers per plant. Acc2 can reach 

76 cm tall after 110 days after sowing.  The smooth dark green culm was hollow but tough 

and was completely enclosed by the leaf sheath. Acc is a moderately fast growing plant 

when the seedling height can achieve 22.5% of final height in just 20 days after sowing. 

Acc2 can produce in average 48 grains/panicle. The grain was awned and had a 

long grain with an average length of 12mm. The pericarp was dark red in colour and the

grains were relatively heavier than some other accessions. The average 1000 grains for 

Acc2 was 26.29 g. Acc2 grains are also an easy shattering type with more than 50% will

shatter when grasped. Pollens generally were loosely attached to the pollen stalk. The 

pollen stalk was attached enclosing the ovary, and the stigma was feathery bifurcate.  

Acc2 had an opened panicle with an average length of 25.67 cm. The flag leaf was 

erect with a flat lanceolate leaf.  Each culm had around four acuminate leaves. Acc2

booting time was 75 days after sowing and reached the maturity 110 days after sowing.

3.3.2.3 Weedy rice accession Acc3 (Fig 3.3)

Acc3 had an opened panicle with an average length of 27.08 cm. Acc3 leaf was flat 

lanceolate leaf blade. The blade was semi-erect from the culm. The leaf sheath emerged to



113

Fig. 3.2. Weedy rice accession Acc2
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Fig. 3.3. Weedy rice accession Acc3

4cm 5mm

5mm

5mm

2mm



115

be at the first node above the base and squashing around the second node. The leaves were 

arranged in alternate around the culm. The leaves were pubescence at the upper surface 

and glabrous at the other surface. The final average height for Acc3 was 74 cm. Basically 

Acc3 can produce in average 5 tillers during harvest. Acc3 is a fast growing plant when the 

seedling height can achieve around 29.7% of final height in just 20 days after sowing.

Acc3 produced in average 44 grains per panicle. Spikelet laterally flattened with 

thick firm lemma and a large palea enclosing the caryopsis (grain). Acc3 had a short grain 

with an average length of 8 mm. The grain was awnless and the pericarp was dark red in 

colour. The grains were relatively light compared to other NBWR accessions with an 

average 1000 grain weight 17.58 g. The grains were easy to shatter from the panicle with 

shattering percentage exceeding 50%. Acc3 was reaching the time of booting after 72 days 

after sowing and reached the maturity after 110 days after sowing.

3.3.2.4 Weedy rice accession Acc4 (Fig 3.4)

Acc4 had a final height of 75 cm. Acc4 can produce in average 5 reproductive 

tillers per plant. Acc4 is a fast growing plant when the seedling height can achieve 30.77% 

of final height in just 20 days. Acc4 had an opened panicle with an average length of 26.67

cm. Acc4 leaf was flat lanceolate leaf blade. The leaf angle was semi-erect from the culm. 

Time of booting for Acc4 was 72 days after sowing and reached the maturity after 

105 days after sowing. Acc4 plant had a tufted, round, hollow, dark green and robust culm. 

Culms with semi-erect leaves from the middle of the plant with nodes were present at the 

entire culm at various distances. Leaf sheath was enclosing the culm alternately above the 

first and second node.

Acc4 produced in average 50.67 grain per panicle. Acc4 had a long grain with an 

average length of 10 mm. The grain was awnless and the pericarp was dark red in colour. 



116

Fig. 3.4. Weedy rice accession Acc4
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The grains were relatively heavy compared to other accessions with an average 1000 grain 

weight 24.52 g. The grains had an easy shattering ability with shattering percentage more 

than 50%.

3.3.2.5 Weedy rice accession Acc5 (Fig 3.5)

Acc5 had a tufted and hollow culm. Leaf aroused from the node with flat lanceolate 

acuminate leaf blades.  The leaf was enveloping the jointed hollow culm. Acc5 had a final 

height 78 cm. Usually Acc5 can produce in average 5 tillers per plant. Acc is a fast 

growing plant as the seedling height can achieve 32.7% of final height in just 20 days. As 

in vegetative traits, Acc5 had an opened panicle with an average length of 24.58 cm. Acc5

leaf was flat lanceolate leaf blade. The blade was horizontal from the culm. Acc 5 was 50% 

booting 72days after sowing and reached the maturity 107days after sowing. Acc5

produced in average 53.33 grains per panicle. Acc had a short grain with an average length 

of 9 mm. The grain was awned and the pericarp was white in colour. The grains were 

relatively light compared to other accessions with an average 1000 grain weight 17.81 g. 

The grains were easy to shatter from the panicle with shattering percentage exceeds 50%.

3.3.2.6 Weedy rice accession Acc6 (Fig 3.6)

Generally, Acc6 has an average plant height 79 cm with average 5 tillers per plant. 

The culms were dark green rounded spongy below with the lower part rooting at the nodes. 

The leaf sheath arises from the nodes and wraps the entire culms before it forms into long 

linear acuminate flat leaf.

Acc6 also had grains with long segmented awn. The grain is relatively long with an 

average 10mm) and the pericarp was white or colorless. Spikelet was bisexual, articulate 

on top of the stalk distinctly 2-lobed with 6 stamens 5mm long and linear. Caryopsis was
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Fig. 3.5. Weedy rice accession Acc5
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Fig. 3.6. Weedy rice accession Acc6
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enclosed by a stiff lemma and palea. Acc6 produced in average 58.67 grains per panicle. 

Acc6 had a long grain with an average length of 10 mm. The grain was awned and the 

pericarp was white in colour. The grains were relatively heavy with an average 1000 grain 

weight 26.4 g. The grains shatter easily from the panicle with shattering percentage more 

than 50%.

Acc6 is a fast growing plant as the seedling height can achieve 27.85% of final 

height in just initial 20 days after sowing. As in vegetative traits, Acc had an opened 

panicle with an average length of 26.25cm. Acc6 leaf was flat lanceolate leaf blade. The 

blade was horizontal from the culm. Acc was 50% booting after 77 days after sowing and 

reach the maturity after 105 days after sowing.

3.3.2.7 Weedy rice accession Acc7 (Fig 3.7)

Acc7 had tufted culms with average 4 tillers per plant. Acc7 can reach 76 cm tall 

100 days after sowing.  The culm was hollow but tough, smooth with dark green colour 

and was completely enclosed by the leaf sheath. Acc7 is moderately fast growing plant 

when the seedling height can achieve 25.66% of final height in just 20 days after sowing. 

Pollens of Acc7 were loosely attached to the pollen stalk. The pollen stalk was 

attached enclosing the ovary and the stigma feathery bifurcate. Acc7 can produce in 

average 54.67 grains per panicle. The grain was awnless and had a short grain with an 

average length of 8 mm. The pericarp was colorless and the grains were relatively light as 

comparison with some other accessions with an average 1000 grains for Acc7 was 26.29 g. 

Acc7 grains also an easy shattering type with more than 50% will shatter when grasped. 

Acc7 had an opened panicle with an average length of 23.33 cm. The flag leaf was 

erect with a flat lanceolate leaf.  Each culm had around four acuminate leaves. Acc7
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Fig. 3.7. Weedy rice accession Acc7
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booting time was after 76 days after sowing and reached the maturity after 100 days after 

sowing.

3.3.2.8 Weedy rice accession Acc8 (Fig 3.8)

Acc8 was an NBWR with tough, hollow, cylindrical and dark green culm. It had in 

average final height 73 cm and produced 7 tillers per plant. The culm had 5 nodes 

disjointed of about 2 cm each with the first node exist at the base and then was followed by 

other node along the culm. 

Acc8 had an opened panicle with an average length of 25.42 cm. Every panicle can 

produce around 65.33 grains. The grains were relatively heavy (heaviest among other 

NBWR accessions) with an average 1000 grains weight of 27.71 g. The grains were long

with a measurement over 1 cm long approximately in average 13 mm. Acc8 grains were 

awnless and had white or colourless pericarp. 

As the seedling height of Acc8 can grew up to 21.5 cm long in the initial of 20

days, Acc8 was considered as fast growing plant with 29.45% of the final height was 

reached by 20 days after sowing. Spikelet was laterally flattened and enclosing the 

caryopsis. Spikelet was ovoid and erect.

The vegetative traits of Acc8 displayed close resemblance with cultivated rice 

except for the opened panicle type. Generally, Acc8 had a semi-erect leaf angle and 

acuminate leaves with prominent small veins parallel across the leaf. These leaves were 

arranged in alternate on the culm. The leaves were pubescence at the upper surface but 

glabrous at the other surface. Acc8 reached their booting stage at 75 days and reached the 

maturity 107 days after sowing.
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Fig. 3.8. Weedy rice accession Acc8
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3.3.2.9 Weedy rice accession Acc9 (Fig 3.9)

Acc9 had a final height of 76 cm. Basically Acc9 can produce in average 6 tillers

per plant. Acc9 is a fast growing plant as the seedling height can achieve 29.27% of final 

height in just the initial 20 days after sowing. As in vegetative traits, Acc9 had an opened 

panicle with an average length of 27.5 cm. Acc9 have a flat lanceolate leaf blade. The 

blade was semi-erect from the culm. 

Acc9 produced in average 60 grains per panicle. Acc9 had a long grain with an 

average length of 12 mm. The grain was awned and the pericarp was dark red in colour. 

The grains were relatively heavy compared to other accessions with an average 1000 grain 

weight 22.46 g. However, the grains were hard to shatter from the panicle with shattering 

percentage of only 5%.

At each culm was rooted a node in narrow constrictions. Each culm had around 5 

leaves and the culm was rounded, light green in colour, tough, hollow and a little bit 

spongy. Acc9 was 50% booting 73 days after sowing and reached the maturity after 105 

days after sowing.

3.3.2.10 Weedy rice accession Acc10 (Fig 3.10)

The plant reached the booting stage 77 days after sowing and the maturity at 105 

days. The culm was hollow and glabrous and had average 4 nodes at each culm. As the 

plants reached maturity, the lower leaves will dry out slowly. The leaves were arranged 

alternately in opposite position around each culm. 

The grains of Acc10 were arranged alternately on a rachis branched. Acc10 

produced in average 65.33 grains per panicle. Acc10 had a long grain with an average 

length of 10mm. The grain was awned and the pericarp was dark red in colour. The grains 

were relatively heavy compared to some other accessions with an average 1000 grain
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Fig. 3.9. Weedy rice accession Acc9
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Fig. 3.10. Weedy rice accession Acc10



127

weight 22.92 g. The grains were easy to shatter from the panicle with shattering percentage 

was more than 50%.

The final height of Acc10 was 78 cm with an average 5 tillers per plant. Acc10 is a 

fast growing plant as the seedling height can achieve 23.4% of final height in just 20 days

after sowing. Acc10 had a closed panicle with an average length of 25cm for each panicle. 

Acc10 has a flat lanceolate leaf blade. The blade was semi-erect from the culm.

3.3.2.11 Weedy rice accession Acc11 (Fig 3.11)

The culm of Acc11 was tough, hollow rounded and light green in colour. At each 

culm was rooted a node in narrow constrictions. Each culm had around 5 leaves. Acc11

was 50% booting after 75 days after sowing and reach the maturity after 110 days after 

sowing.

Acc11 produced in average 56.67 grains per panicle. Acc11 had a long grain with 

an average length of 10mm. The grain was awnless and the pericarp was dark red in 

colour. The grains were relatively heavy compared to other accessions with an average 

1000 grain weight 23.26 g. However, the grains were hard to shatter from the panicle with 

shattering percentage was below 5%.

Acc11 had a final height of 81cm. Acc11 can produce in average 5 tillers for every 

plant. Acc11 is a moderately fast growing plant as the seedling height can achieve 22.22% 

of final height in just 20 days after sowing. As in vegetative traits, Acc11 had an opened 

panicle with an average length of 25.82 cm. Acc11 has a flat lanceolate leaf blade. The 

blade was semi-erect from the culm.
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Fig. 3.11. Weedy rice accession Acc11
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3.3.2.12 Weedy rice accession Acc12 (Fig 3.12)

Acc12 had a tufted culm with average 6 tillers per plant. A closed panicle plant and 

every panicle had an average length 23.33 cm long. The Acc12 culm was hollow, tough, 

glabrous, light green in colour and was enclosed by leaf sheath from the nodes. Culm had 

average 5 leaves, which were arranged alternately in opposite position from each other 

around the culm. 

Acc12 had a final height 81 cm. Basically Acc12 can produce in average 6 tillers 

per plant. Acc12 is a moderately fast growing plant as the seedling height can achieve 

29.9% of final height in just 20 days. As in vegetative traits, Acc had a closed panicle with 

an average length of 23.33 cm. Acc12 has a flat lanceolate leaf blade. The blade was 

horizontal from the culm. The Acc12 stigma was bifurcated with feathery stamens and the 

long petiole was bearing with another sacs. The grain was awnless and the pericarp was 

dark red in colour. The grains were relatively heavy with an average 1000 grain weight 

23.41 g. Acc had a long grain with an average length of 10mm. Acc12 produced in average 

57.33 grains per panicle. The grains were easy to shatter from the panicle with shattering 

percentage more than 50%.

3.3.2.13 Weedy rice accession Acc13 (Fig 3.13)

Acc13 displayed a decumbent plant stature with tufted culm and had an average 

final height of 76cm. The culm was rounded, hollow, tough, herbaceous and enclosed by 

the loose leaf sheaths at the entire plant. Acc13 had an average 5 tillers per plant with 

every tiller arranged with alternate leaves. 

Leaf blade was pubescent at the upper surface and glabrous at another surface. 

Acc13 leaf was flat lanceolate leaf blade. The leaf angle was horizontal from the culm.
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Fig. 3.12. Weedy rice accession Acc12

5mm

5mm

4cm

2cm

2mm



131

Fig. 3.13. Weedy rice accession Acc13
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Acc13 had a closed panicle with an average length of 26.67 cm. Acc13 was 50% booting 

after 75 days after sowing and reach the maturity after 107 days after sowing.

Acc13 produced in average 51.33 grains per panicle. Acc13 had a short grain with 

an average length of 7 mm. The grain was awned and the pericarp was dark red in colour. 

The grains were relatively light compared to other accessions with an average 1000 grain 

weight 17.37 g. The grains shattered easily from the panicle with shattering percentage 

exceeding 50%.

3.3.2.14 Weedy rice accession Acc14 (Fig 3.14)

Acc14 had a final height 75 cm. Acc14 can produce in average 5 tillers per plant. 

Acc14 was a fast growing plant as the seedling height can achieve 29.33% of final height

in just 20 days after sowing. As for the vegetative traits, Acc14 had a closed panicle with 

an average length of 25.42cm. Acc14 leaf was flat lanceolate leaf blade. The leaf angle was 

erect from the culm. 

Acc14 produced in average 59.33 grains per panicle. Acc14 had a long grain with 

an average length of 11 mm. The grain was awned and the pericarp was white in colour. 

The grains were relatively heavy compared to other accessions with an average 1000 grain 

weight 22.34 g. The grains were easy to shatter from the panicle with shattering percentage 

was more than 50%. Acc14 was 50% booting 75 days after sowing and reached the 

maturity 105 days after sowing.

3.3.2.15 Weedy rice accession Acc15 (Fig 3.15)

Acc15 produced in average 60 grains per panicle. Acc15 had a short grain with an 

average length of 8 mm. The grain was awnless and the pericarp was white in colour. The 

grains were relatively light compared to other accessions with an average 1000 grain 
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Fig. 3.14. Weedy rice accession Acc14
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Fig. 3.15. Weedy rice accession Acc15
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weight 18.15 g. The grains were easy to shatter from the panicle with shattering percentage 

was more than 50%.

Acc15 has a decumbent plant stature with tufted culm and has an average final 

height of 77 cm. The culm was rounded, hollow, tough, herbaceous and enclosed by the 

loose leaf sheaths at the entire plant. Acc15 had an average 6 tillers per plant with every 

tiller was arranged by alternate leaves. 

Leaf blade was pubescent at the upper surface and glabrous at another surface. 

Acc15 leaf was flat lanceolate leaf blade. The leaf angle was horizontal from the culm.  

Acc15 had a closed panicle with an average length of 27.92 cm. The time of booting for 

Acc15 was 75 days after sowing and reached the maturity 30 days later.

3.3.2.16 Weedy rice accession Acc16 (Fig 3.16)

Acc16 had an average of 76 cm in final plant height producing an average 6 tillers 

per plant. Acc16 is a fast growing plant as the seedling height can achieve 29.80% of final 

height in just 20 days after sowing. As for vegetative traits, Acc16 had a closed panicle 

with an average length of 24.58 cm. Acc16 leaf was linear lanceolate with prominent small 

veins parallel along the leaf. The blade was erect from the culm and the leaves were 

overlapping each other and enclosed the entire hollow, glabrous culm. The leaf appeared at 

the node at the base of the culm. Time of booting of Acc16 was at 75days while the 

maturity time 35 days later.

Acc16 produced on average 43.33 grains per panicle. Acc16 had a long grain with 

an average length of 10mm. The grain was awnless and the pericarp was white in colour. 

The grains were relatively heavy compared to other accessions with an average of 22.22 g 

of 1000 grain weight. The grains were easy to shatter from the panicle with shattering 

percentage was more than 50%.
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Fig. 3.16. Weedy rice accession Acc16
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3.3.2.17 Cultivated Rice var. MR220 (Fig 3.17)

Cultivated rice var. MR220 is a sister line to variety MR219.  It was developed 

from a cross between the two potential lines, MR151 and MR137.  This variety is high 

yielding, capable of producing yields around 10 tonnes per hectare if grown under 

favorable environments and precise management practices.  It requires slightly high 

fertilizer inputs than usual in order to produce high yields.  This variety is also very 

suitable for the direct seeding culture.

The plant type is similar to MR219 which is semi-erect and slightly tall.  The flag 

leaves are also erect with green to dark green colour.  MR220 is classified as a short 

maturation variety.  The grains belong to long grade rice with good eating quality.  The 

variety is also resistant to most major pests and diseases of rice. Cultivated rice var. 

MR220 is a plant with tough, hollow, cylindrical and dark green culm. It had in average 

final height 76 cm to 80 cm and produced 7 tillers per plant. The culm had 5 nodes 

disjointed of about 2 cm each with the first node exist at the base and then was followed by 

other node along the culm. 

MR220 had an opened panicle with an average length of 23.3 cm. Every panicle 

can produce around 76.33 grains. The grains were relatively heavy with an average 1000 

grains weight of 29.15 g. The grains were long with a measurement over 1 cm long 

approximately in average 10.39 + 0.19 mm. The grains were awnless and had white or 

colourless pericarp. 

As the seedling height of MR220 can grew up to 23.2 cm long in the initial of 20 

days, MR220 was considered as fast growing plant with 33.52% of the final height was

reached by 20 days after sowing. Spikelet was ovoid and erect and was laterally flattened 

and enclosing the caryopsis.
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Fig. 3.17. Cultivated rice variety MR220
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MR220 had pubescence leaves at the upper surface but glabrous at the other surface. 

MR220 reached their booting stage at 80 days and reached the maturity 105-113 days after 

sowing.

3.3.3 Multivariate Analysis of NBWR accessions.

Factor analysis includes both component and common factor analyses. More than 

other statistical techniques, factor analysis has suffered from confusion concerning its very 

purpose (Marrison 1990). It is used to study the patterns of relationship among many 

dependent variables, with the goal of discovering something about the nature of the 

independent variables that affect them, even though those independent variables were not 

measured directly. Thus answers obtained by factor analysis are necessarily more 

hypothetical and tentative than is true when independent variables are observed directly 

(Marrison 1990).

The results of factor analysis were shown in Table 3.4. The analysis identified 14 

different factors but only 3 factors were extracted. Factor 1 shows a high eigen value vis-

vis other factors. This factor had 29.3% of the variance and is primarily related to pericarp 

colour, panicle type and days to maturity. 

Factor 2 is mainly consisting of days to maturity, pericarp colour and days of 

booting. Factor 2 accounted 16.58% of the variance. At the same time, Factor 3 had ca. 

15.03% of variance, and mainly explained and illustrated by days of booting and pericarp 

colour. 

In general, pericarp colour had the highest communality followed by days of 

booting, panicle type and shattering ability respectively and in that order of importance.

Here, factor analysis has concluded that the difference of pericarp colour, panicle type and
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Table 3.4. Eigen values, percent and cumulative variance, factor scores and communality of the most important characters generated from 
factor analysis.

Factor
Communality

1 2 3

Pericarp Colour 0.711 0.330 0.261 0.342

Days of booting -0.683 0.144 0.517 0.296

Panicle Type 0.586 -0.566 0.150 0.287

Shattering Capability -0.394 -0.004 -0.332 0.199

Awn -0.064 -0.019 0.029 0.027

Days of Mature 0.430 0.455 -0.133 0.250

Leaf Angle -0.037 0.078 -0.199 0.054

Eigen value 2.053 1.161 1.052

Percent variance 29.324 16.579 15.034

cumulative variance 29.324 45.903 60.937
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shattering ability will be the most reliable characteristic which can be used in the field to 

differentiate the difference between accessions while days of booting still can be used in 

identification but practically it’s not suitable.

Principal component analysis (PCA) involves a mathematical procedure that 

transforms a number of (possibly) correlated variables into a (smaller) number of 

uncorrelated variables called principal components. The first principal component accounts 

for as much of the variability in the data as possible, and each succeeding component 

accounts for as much of the remaining variability as possible (Jolliffe 2002). 

PCA is the simplest of the true eigenvector-based multivariate analyses. Often, its 

operation can be thought of as revealing the internal structure of the data in a way which 

best explains the variance in the data. Since patterns in data can be hard to find in data of 

high dimension, where the luxury of graphical representation is not available, PCA is a 

powerful tool for analysing data. The other main advantage of PCA is that once you have 

found these patterns in the data, and you could compress the data by reducing the number 

of dimensions, without much loss of information. PCA is closely related to factor analysis. 

True factor analysis makes different assumptions about the underlying structure and solves 

eigenvectors of a slightly different matrix (Shaw 2003).

The PCA results showed that there are four components which had eigen value 

more than 1 (Table 3.5). These four components consist total 60.89% of total variance 

among the characteristics with first component consists 20.17% and was followed by 

second component with 17.54%, third component with 12.29% and fourth component with 

10.88%. These four components all together accounted for more than half of the total 

variation data. Scores of all four components are presented in Table 3.6. 

The first component was mainly grouped by days of booting, grain per panicle, 

1000 grains weight, grain length, tiller number, awn existence and shattering ability, as
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Table 3.5. The first four components axes of the new biotype of weedy rice (NBWR) traits for principal component analysis.

Initial Eigenvalues

Principal Component Total % of Variance Cumulative %

1 2.824 20.170 20.170

2 2.456 17.544 37.714

3 1.721 12.291 50.005

4 1.524 10.882 60.887

Table 3.6. Eigen vectors of major traits of the first four principal components used.

Component 1 Component 2 Component 3 Component 4

Traits Score Traits Score Traits Score Traits Score

Days of Booting 0.768 Grain Length 0.665 Final Height 0.818 Tiller number 0.700

Grain per Panicle 0.711 Pericarp colour 0.658 Leaf Angle 0.710 Leaf Angle 0.476

!000 grains Weight 0.704 !000 grains Weight 0.534 Grain per Panicle 0.381 Seedling Height 0.395

Grain Length 0.633 Days of Mature 0.519 Days of Booting 0.256 Shattering ability 0.344

Tiller Number 0.152 Panicle Type 0.498 Pericarp colour 0.233 Panicle Length 0.289

Awn -0.054 Tiller number 0.432 Days of Mature 0.153 Grain per Panicle 0.267

Shattering ability -0.068 Panicle Length 0.313 Awn 0.111 Awn 0.196
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variables, respectively. Most characters or traits in this component were determined by 

grain characteristic. In second component the characters were grain length, pericarp colour, 

1000 grains weight, days of mature, panicle type, tiller number and panicle length as 

variables. While the third group was consist of mainly vegetative characteristic such as 

final height, leaf angle, days of booting and days of mature. The last component group was 

also loaded by vegetative characteristics with tiller number, leaf angle, seedling height, 

shattering ability, panicle length, grain per panicle and awn existence as variables. 

The configuration of traits and characters for NBWR accessions along the first 3 

components are displayed in Fig 3.18. Seedling height, panicle type and time of booting 

were the hidden characters among variables.

Using PCA into identification and characterization of NBWR, it shows that grain 

characteristic will be the main character to be used in identification. Grain weight, grain 

length, shattering ability and awn existence can be among the first characters to be 

considered in identification. This followed by panicle characters such as the panicle type, 

and panicle length. Lastly the vegetative characters can be added in identification by using 

leaf angle, final height and tiller number. Some characters such as days of booting and 

days of mature also can be used but it quite hard to determine it unless we do it since the 

early stage.

Cluster analysis is an exploratory data analysis tool for solving classification 

problems. Its objective is to sort cases (people, things, events, etc) into groups, or clusters, 

so that the degree of association is strong between members of the same cluster and weak 

between members of different clusters. Each cluster thus describes, in terms of the data 

collected, the class to which its members belong; and this description may be abstracted

through the particular to the general class or type (Shaw 2003). Data clustering algorithms 

can be hierarchical. Hierarchical algorithms find successive clusters using previously
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Fig. 3.18. Generated components plot in rotated space for principal component analysis.
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established clusters. Hierarchical algorithms can be agglomerative ("bottom-up") or 

divisive ("top-down"). Agglomerative algorithms begin with each element as a separate 

cluster and merge them into successively larger clusters.

Divisive algorithms begin with the whole set and proceed to divide it into 

successively smaller clusters. Partition algorithms typically determine all clusters at once, 

but can also be used as divisive algorithms in the hierarchical clustering (Mardia et al. 

1979).

The dendrogam from cluster analysis was presented in Fig 3.19. All traits were 

distinct at 100% of similarity level, but at 75%, they cannot be discriminated. Further, 

Acc13 and Acc15, Acc10 and Acc14, Acc1 and Acc5, and Acc3 and Acc4 were the groups 

which were closely related display similar traits, at nearly 100% of similarity. Cluster 

grouping for all accessions of NBWR were presented in Table 3.7. The most similar traits 

occurred with coefficient value 11.029 and followed by others with the highest coefficient 

value was in Acc1 and Acc7 clustering with 35.706. This shows that even these accessions 

can be differentiate between each other using certain characters determined by factor 

analysis and PCA, the similarity for each other is still high which means they have strong 

characters resemblance among themselves.

Canonical Analysis is an extension of multiple regression analysis from one criterion 

variable to a set of criterion variables (Gittens 1985). It is an additional procedure for assessing the 

relationship between variables. Specifically, this analysis allows us to investigate the relationship 

between two sets of variables.

The canonical analysis was presented in Table 3.8. The eigen values, variance and the 

correlations between traits and the canonical variables were described the variation in the 

traits measured. There were only two canonical variables which had eigen values more

than 2.0 and were accumulated 96.96% of total variance percentage. However, the first



146

C A S E   100       95       90        85        80        75
  Label     +---------+---------+---------+---------+---------+

Fig 3.19. Dendrogram using Average Linkage (Between Groups) from 
cluster analysis of 16 new biotype of weedy rice (NBWR) accessions.
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Table 3.7. Agglomeration schedule of average linkage (Between Groups) from cluster analysis of 16 new biotype of weedy rice (NBWR)
accessions.

Stage
Cluster Combined

Coefficients
Stage Cluster First Appears

Next Stage
Cluster 1 Cluster 2 Cluster 1 Cluster 2

1 13 15 11.029 0 0 9
2 10 14 11.424 0 0 5
3 1 5 12.127 0 0 6
4 3 4 12.536 0 0 6
5 6 10 15.560 0 2 9
6 1 3 18.129 3 4 12
7 2 16 19.824 0 0 11
8 9 11 20.660 0 0 13
9 6 13 20.707 5 1 10
10 6 12 24.921 9 0 11
11 2 6 25.655 7 10 12
12 1 2 27.864 6 11 13
13 1 9 29.364 12 8 14
14 1 8 34.290 13 0 15
15 1 7 35.706 14 0 0
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Table 3.8: Eigen values, percentage, cumulative percentage and correlation of canonical variables determined from 14 traits measured on 16 
different new biotype of weedy rice (NBWR) accessions. 

Canonical 
Variable

Eigen value Percentage
Cumulative 
percentage

Correlation of canonical variable with various traits

Grain 
Length

Pericarp 
colour Awn Leaf Angle

Panicle 
Type

Shattering 
ability

Days of 
Booting

Days of 
Mature

1 147.252 93.863 93.863 0.819 -0.019 -0.183 -0.139 -0.104 -0.118 0.543 -0.007

2 4.855 3.095 96.958 0.18 -0.089 -0.29 -0.508 0.1 0.379 -0.344 0.499

3 2.879 1.835 98.793 0.369 -0.179 0.454 -0.081 0.497 0.183 -0.3 -0.482

4 1.384 0.882 99.676 0.196 0.536 0.151 0.521 0.287 -0.3 -0.511 0.674



149

canonical variables itself had total 93.86% of the variance percentage. This indicated that 

the first canonical variable were the most reliable factors in determining the traits and 

characteristics. 

Grain length and time of booting were among the most important characters in the 

first canonical variable; while the second canonical variable was consist of days to 

maturity, shattering ability, length of the grain and panicle type. It appears that, most of the 

characters determined as important by PCA were also determined by canonical analysis 

even though the importance order seemed to be slightly different. 

Throughout these multivariate analyses, we can summarize that grain or seed is the 

main part of NBWR to be used to differentiate between the accessions. Grain characteristic 

consist of grain length, grain weight, awn existence and pericarp colour. Therefore, the 

first thing to know when identifying the NBWR is whether the plant has long (big) or short

(small) grains, the awn is absent or not and the colour of pericarp is red or white. Then 

other characters such as panicle and vegetative characters can be used to strengthen the 

identification.

Even though these 16 accessions can be differentiate using all the characters and 

morphological components in the series of multivariate analyses but it still quite not 

possible to identify the difference between each accession only by qualitative traits it 

selves. Cluster analysis proved that they have close character among each other by more 

than 75%. However, the difference between the accessions still significant to grouped 

them. Only two accessions have very large difference among others which are Acc7 and 

Acc8. Both accessions registered among the highest population in the Selangor North West 

Project throughout all seasons as been discussed in Chapter 2. This will strongly indicate 

that these two accessions can be the best to represent NBWR in Selangor North West 

Project.



CHAPTER 3

THEY STAND AMONG EQUALS: II. DESCRIPTIVE ANALYSIS ON THE NEW BIOTYPES OF WEEDY RICE (Oryza sativa L.)


IN SELANGOR NORTH-WEST PROJECT, MALAYSIA


3.1 
INTRODUCTION


Weedy rices can be defined as plant of the genus Oryza that infests and competes with rice and other crops. It can be defined more narrowly and restrictively according to its common meaning to the miller, marketer, and consumer as a type of weedy rice that produces grains with a distinctly red, white or beige pericarp of cultivated varieties (Craigmiles 1978). The red pericarp is the critical characteristic that distinguishes red rice from other weedy rices and makes it a more troublesome and costly problem because of the heavy discounting of contaminated grain. 


Weedy rices are variable in height, panicle form, grain size, awn length, flag leaf, and growth duration. The origin of weedy rice is unclear, though it is initially thought that they are natural hybrids of cultivated (O. sativa) and wild rice species (O. rufipogon and O. nivara) (Rao et al. 1997; Vaughan et al. 2003).


Weedy rice can be a serious problem because it is very competitive with cultivated rice. Characteristics enabling weedy rice to become a weed are seed shattering, seed dormancy, and high competitiveness with cultivated rice (Azmi et al. 2005b). Sato (2000) has given a brief review of weedy rice. This weedy rice can be classified under the family of Poaceae. It is believed that weedy rice is a subsidiary of the cultivated rice or O. sativa L. The description of O. sativa L. has been widely studied since early 1900 by various researchers such as Prodechii (1922), Roschevics (1931), Chavelier (1932), Tateoka (1963), Oka (1988) and many more.


Weedy rice tends to have vigorous vegetative growth, comparatively early maturity, easy shattering, and, in some variation, the grains have long awns and the pericarp color is red (Vaughan et al. 2003). Weedy rice has variable seed dormancy, but commonly a large proportion of the seeds will germinate within three months of shedding. This can lead to severe problems in a subsequent crop where rice is double-cropped. Weedy rice is known by diverse names in different countries for instance “Padi Angin” in Malaysia, “Lua Lon” in Vietnam, “Lutao” in China, “Akamai” in Japan, “Sharei” in Korea, “Khao Pa” in Laos, “Khao Nok” in Thailand, and “Jhora Dhan” in Bangladesh (Watanabe et al. 2000).


Most botanists nowadays have classified weedy rices and also red rice as Oryza sativa. Vaughan et al. (2001) collected red rice ecotypes from across the rice area of the south of the United States of America for analysis with simple sequence repeat (SSR) markers. They found that, while most of the red rice types were related closely to either O. sativa indica type or O. sativa japonica type, some were rather closely related to O. rufipogon and perhaps O. nivara. As previously noted, O. rufipogon, O. nivara, a few other Oryza spp., and weedy rices of O. sativa with the AA genome, i.e. diploids with 12 pairs of chromosomes, can intercross with cultivated O. sativa (Sitch 1990). Thus, although O. sativa varieties are considered self pollinating, they are genetically compatible and there is some out-crossing among them. 


There were weedy rices that were generated primarily through natural crossing between wild and cultivated rice species in areas where they grew together (Vaughan & Morishima, 2003; Anon 2005). While this type of crossing is still important in a few areas in Africa and Asia, most types of weedy rice elsewhere now arise from much closer crosses between the plants of cultivated varieties and those of the weedy rices that infest the crop.


This natural hybridization is responsible for the wide diversity of red rice populations worldwide. Some other species of Oryza are important weeds in the various rice-growing regions. The endemic species O. latifolia is a troublesome rice field weed in Central America and other countries along the Gulf of Mexico and Caribbean Sea. In Italy and other Mediterranean areas, red rice is generally classified as O. sativa var. sylvatica (Ferrero & Vidotto 1999). The weedy rices in West Africa, some with the red pericarp, belong to O. barthii, O. longistaminata, O. punctata, O. glaberrima and also the O. sativa. 


Seeds of cultivated rice germinate rapidly and uniformly, and most of the cultivated varieties are self-pollinated. The varieties of cultivated rice species, O. sativa and O. glaberrima, can be easily crossed artificially (Federici et al. 2001). The germination of wild rice seeds is not even and spreads over a long period of time. 


Seeds of weedy rice have a long life in soil and germinate occasionally. These plants are early flowering, develop phenotypic plasticity, and have tolerance towards various unfavorable environments. The grains of weedy rice are commonly awned and red. The plants of this species grown in cultivated field tend to mimic a cultivated variety, while those grown outside the field are similar to wild rice plants. Weedy rice plants are hardly notable from cultivated varieties before heading.


In Malaysia, weedy rice occurs in many accessions and traits. It is reported no less than 125 accessions from Tanjung Karang, Muda, Besut, Seberang Perai, Kerian and Sungai Manik regions (Baki et al 2000; Baki 2006b; 2008). These accessions are morphologically similar to cultivated rice except for some traits especially with tall stature, long internodes, coloured pericarp and awned grains (Abdullah et al. 1996). Weedy rice in Malaysia is believed to be relatively diverse and complex similar to local wild, weedy type, intermediate type and the cultivated type.


However, the information on the taxonomy of weedy rice is still lacking. This is because weedy rice is a heterogeneous unstable population which is continuously crossing with each other, and with the cultivated rice, resulting in a wide range of accessions either with close similarities or dissimilarities in morphological traits with each other. Additionally, weedy rice and cultivated rice itself is well known to be wide in genetic diversity caused by intensive breeding and natural hybridization across Asia and Pacific regions. This natural selection has caused the appearance of massive mixed weedy rice accessions in Malaysia and trough out the world (Federici et al. 2001).


Azmi and Abdullah (2002) has reported that weedy rice can be characterized into three major classifications according to the main morphological types namely awn types, open panicle and compact panicle length. It has been showed that weedy rice has a wide variation in awn length, panicle length and numbers of spikelets. 


Baki et al. (2000) has reported that weedy rice accessions display gross differences in panicle type and grain characteristics, representing key taxonomic traits useful in differentiating weedy rice accessions. Grain shapes and sizes of weedy rice accessions ranged from awnless to very long awns, while the pericarp can be purplish to reddish in colour. It has been observed that weedy rice in Tanjung Karang granary area were different from those found in Besut or Muda. 


Through observation in Selangor North West Project (PBLS) rice granaries showed a new biotype or accession of weedy rice. Morphologically, this biotype mimic cultivated rice, namely MR220 and MR219, and this weedy rice grows as tall as cultivated rice. It has similar common characteristics with existing weedy rices to become a threat in rice granaries which is easy shattering. Some of these new accessions have a red pericarp but there are also accessions with white or colourless pericarp, similar to that of cultivated rice.


The work embodied in this chapter discussed on the descriptive analysis of these new biotypes of weedy rice which prevailed in PBLS. These biotypes were collected from the field surveys in the rice granary in the 2006 – 2007 seasons. 

3.2 
MATERIALS AND METHODS


Sixteen weedy rice accessions previously mentioned from distribution studies in Chapter 2 were used for this study. The seed grains of different NBWRs accessions were collected and obtained randomly from Tanjung Karang to Bagan Terap rice granaries. All seeds from these accessions labeled as Acc1, Acc2, Acc3…..Acc16, were planted in an insect-proof green house at Pasir Panjang, Selangor. Ten seeds for each sample were chosen for germination. The seeds were germinated into a 14.5 diameter petri dishes with moist Whatman no. 44 filter paper.  


One seedling of each samples from germination test with a well developed radical were selected and transplanted into plastic pots (23 cm diameter, 20 cm height) filled with moist paddy soils of the Java series obtained from Selangor North West Project (PBLS) rice granaries. Manual weeding was done every week and series of complete NPK fertilizers and pesticides were applied accordingly.  


Morphological traits of samples were recorded during the maturity (90 to 100 days after transplanting). The morphological characterization was conducted using 7 qualitative and 7 quantitative descriptors. The characters used for the analysis are shown in Table 3.1.

The multivariate analysis was then applied to the data according to the method described by Nasir and Ariyo (2007). Mean values of each character for every sample was computed subjected to simple analysis of variance and covariance using SPSS version 12.0. Factor Analysis, Principle Component Analysis (PCA), Cluster Analysis and Canonical Analysis (CA) were also performed on the calculated data.


Factor analysis was used to generate factor loadings and communalities using the method of principal component extraction. The PCA will reduce the dimensions of a multivariate data to a few principles axis, generates Eigen values for each axis and produce component scores for characters. Cluster analysis was performed to obtain a dendogram

Table 3.1. Characters used in the analysis and their method of scoring for weedy rice accessions and cultivated rice var. MR220.


		Character

		Scoring



		Seedling height 

		Measured (cm)



		Final height

		Measured (cm)



		Tiller number

		Measured



		Panicle length 

		Measured (cm)



		Grain per panicle

		Measured



		1000grains weight 

		Measured (g)



		Grain length

		Measured (mm)



		Pericarp colour

		(1) white;   (2) light brown;  (3) Speckled brown;  (4) Brown;  (5) Red;  (6) Red apex;  (7) Purple;  (8) Black



		Awning

		(0) Absent;  (1) Short and partly owned;  (5) Short and fully owned;  (7) Long and partly awned;  (9) Long and fully awned



		Leaf angle

		(1) Erect;  (2) Semi erect;  (3) Horizontal;  (4) Descending



		Panicle type

		(1) Close;  (2) Intermediate;  (3) Open 



		Shattering ability

		(1) Difficult (less than 1%);   (3) Moderately difficult (1-5%);  (5) Intermediate (6-15%);  (7) Loose (26-50%);  (9) Easy (51-100%)



		Booting time

		Days when more than 50% of plants booted



		Maturity time

		Days when 85% of grains on panicle are mature





and sort accessions into clusters. The CA was executed to measure the axes along which variation between entries is maximized.

3.3 
RESULTS AND DISCUSSION

3.3.1 
Characterization of NBWR accessions. 

Sixteen accessions of NBWR were planted to be identified based on morphological characterization as in Table 3.2. Noticeable variations existed among these 16 accessions as in final height, seedling height, tiller number, panicle length, grain per panicle, 1000 grain weight, grain length, pericarp colour, awn existence, leaf angel, panicle type, shaterring percentage, days of booting and days of maturity. Final height of these NBWR are ranged from 73 cm to 81 cm, almost the same height of Malaysian cultivated rice namely MR220 (76 cm-78 cm), MR219 (76 cm-78 cm), MR84 (97 cm-105 cm). This characteristic makes NBWR hardly identified and controlled in the field because they stand as tall as the cultivated rice. Based on random interview with farmers in the area, they were unaware about this new threat, and most of them only realized about this problem when they were showed the empty panicle in the middle of their paddy field. 


NBWR accessions have panicle length ranging from 23 cm to 28 cm long. The panicle lengths were measured from the last leaf base to the tip of the panicle. Again, as a comparison of cultivated rice, the panicle length of cultivated rice is almost the same with NBWR – (MR220: 23-26 cm), (MR219: 23-25 cm), (MR84: 23 cm).


However, NBWR accessions have lighter grains than cultivated rice. 1000 grain weight of NBWRs was ranged from 16 gram to 26 gram. NBWR accessions also produce lesser grain. A panicle of NBWR can only produce around 44 to 66 grains.


Basically, these 16 accessions can be differentiated by their grain size, pericarp colour, awn existence, leaf angle and panicle type. The NBWR accessions usually show either short (less than 1cm) or long (more than 1cm) grain, red or white pericarp, awned or awnless, erect or semi-erect or horizontal or drooping leaf angel, opened or closed panicle and heavy or not heavy grain shattering. Table 3.3 shows the NBWR accessions with their characteristic based on grain size, pericarp color, awn existence, leaf angle and panicle type. As has been discussed in Chapter 1, Acc8 was the main NBWR in Selangor’s North-West Project. 

It needs sharp eyes to be able to distinguish NBWR and their commercial counterparts in the field. In fact it is almost practically impossible to delineate young seedlings of NBWR and the cultivated rice varieties such as MR84, MR219, MR220 or MR235.

3.3.2 
General description of various NBWR accessions.


3.3.2.1 Weedy rice accession Acc1 (Fig 3.1)


Acc1 had a final average height 80 cm. Basically Acc1 can produce on average 6 productive tillers at harvest. Acc1 is a fast growing plant when the seedling height can achieve around 35% of final height in just 20 days. As for vegetative traits, Acc1 had an opened panicle with an average length of 25.83 cm. Acc1 leaf has flat lanceolate leaf blade. The blade was semi-erect from the culm. The leaf sheath emerged at the first node above the base and squashing around the second node. The leaves were arranged in alternate around the culm. The leaves are pubescence at the upper surface and glabrous at the other surface. 



Acc1 produced an average 48 grains per panicle. Acc1 had a short grain with an average length of 8 mm. The grain was awned and the pericarp was dark red in colour. The 

Table 3.2. A comparison between NBWR main characteristic with ordinary cultivated rice varieties in Malaysia.


		

		Plant height

		Panicle length

		Grain per panicle (average)

		1000 grain weight (average)



		MR220*

		76cm-78cm

		23cm-26cm

		76

		29g



		MR219*

		76cm-78cm

		23cm-25cm

		84

		27g



		MR84*

		97cm-105cm

		23cm

		90

		26g



		NBWR

		73cm-81cm

		23cm-28cm

		44 – 66

		16g-26g





*Data was assessed through MARDI official website at http://www.mardi.my.


Table 3.3. Morphological traits of dominant NBWR prevailing in Selangor North West Project, Malaysia

		Accessions

		Panicle Type

		Pericarp Colour

		Awn

		Seed Type

		Shattering %

		Leaf angle



		Acc 1

		Open

		Red

		Awned

		Short

		>50%

		Semi-erect



		Acc 2

		Open

		Red

		Awned

		Long

		>50%

		Erect 



		Acc 3

		Open

		Red

		Awnless

		Short

		>50%

		Semi-erect



		Acc 4

		Open

		Red

		Awnless

		Long

		>50%

		Semi-erect



		Acc 5

		Open

		White

		Awned

		Short

		>50%

		Horizontal 



		Acc 6

		Open

		White

		Awned

		Long

		>50%

		Horizontal 



		Acc 7

		Open

		White

		Awnless

		Short

		>50%

		Erect 



		Acc 8

		Open

		White

		Awnless

		Long

		>50%

		Semi-erect



		Acc 9

		Open

		Red

		Awned

		Long

		<50%

		Semi-erect



		Acc 10

		Close

		Red

		Awned

		Long

		>50%

		Semi-erect



		Acc 11

		Open

		Red

		Awnless

		Long

		<50%

		Semi-erect



		Acc 12

		Close

		Red

		Awnless

		Long

		>50%

		Horizontal 



		Acc 13

		Close

		White

		Awned

		Short

		>50%

		Horizontal



		Acc 14

		Close

		White

		Awned

		Long

		>50%

		Erect 



		Acc 15

		Close

		White

		Awnless

		Short

		>50%

		Horizontal 



		Acc 16

		Close

		White

		Awnless

		Long

		>50%

		Erect 





 


 


 


 


 


 


 


 


 


 




grains were relatively light compared to other accessions with an average 1000 grain weight 16.87 g. The grains were easy to shatter from the panicle with shattering percentage exceeding 50%. Spikelets are laterally flattened with thick firm lemma and large palea enclosing the caryopsis (grain). Acc1 was 50% booting 73 days after sowing and reached the maturity after 110 days after sowing.

3.3.2.2 Weedy rice accession Acc2 (Fig 3.2)

Acc2 had tufted culms with average 5 productive tillers per plant. Acc2 can reach 76 cm tall after 110 days after sowing.  The smooth dark green culm was hollow but tough and was completely enclosed by the leaf sheath. Acc is a moderately fast growing plant when the seedling height can achieve 22.5% of final height in just 20 days after sowing. 



Acc2 can produce in average 48 grains/panicle. The grain was awned and had a long grain with an average length of 12mm. The pericarp was dark red in colour and the grains were relatively heavier than some other accessions. The average 1000 grains for Acc2 was 26.29 g. Acc2 grains are also an easy shattering type with more than 50% will shatter when grasped. Pollens generally were loosely attached to the pollen stalk. The pollen stalk was attached enclosing the ovary, and the stigma was feathery bifurcate.  


Acc2 had an opened panicle with an average length of 25.67 cm. The flag leaf was erect with a flat lanceolate leaf.  Each culm had around four acuminate leaves. Acc2 booting time was 75 days after sowing and reached the maturity 110 days after sowing.

3.3.2.3 Weedy rice accession Acc3 (Fig 3.3)

Acc3 had an opened panicle with an average length of 27.08 cm. Acc3 leaf was flat lanceolate leaf blade. The blade was semi-erect from the culm. The leaf sheath emerged to






be at the first node above the base and squashing around the second node. The leaves were arranged in alternate around the culm. The leaves were pubescence at the upper surface and glabrous at the other surface. The final average height for Acc3 was 74 cm. Basically Acc3 can produce in average 5 tillers during harvest. Acc3 is a fast growing plant when the seedling height can achieve around 29.7% of final height in just 20 days after sowing.


Acc3 produced in average 44 grains per panicle. Spikelet laterally flattened with thick firm lemma and a large palea enclosing the caryopsis (grain). Acc3 had a short grain with an average length of 8 mm. The grain was awnless and the pericarp was dark red in colour. The grains were relatively light compared to other NBWR accessions with an average 1000 grain weight 17.58 g. The grains were easy to shatter from the panicle with shattering percentage exceeding 50%. Acc3 was reaching the time of booting after 72 days after sowing and reached the maturity after 110 days after sowing.

3.3.2.4 Weedy rice accession Acc4 (Fig 3.4)

Acc4 had a final height of 75 cm. Acc4 can produce in average 5 reproductive tillers per plant. Acc4 is a fast growing plant when the seedling height can achieve 30.77% of final height in just 20 days. Acc4 had an opened panicle with an average length of 26.67 cm. Acc4 leaf was flat lanceolate leaf blade. The leaf angle was semi-erect from the culm. 


Time of booting for Acc4 was 72 days after sowing and reached the maturity after 105 days after sowing. Acc4 plant had a tufted, round, hollow, dark green and robust culm. Culms with semi-erect leaves from the middle of the plant with nodes were present at the entire culm at various distances. Leaf sheath was enclosing the culm alternately above the first and second node.



Acc4 produced in average 50.67 grain per panicle. Acc4 had a long grain with an average length of 10 mm. The grain was awnless and the pericarp was dark red in colour. 



The grains were relatively heavy compared to other accessions with an average 1000 grain weight 24.52 g. The grains had an easy shattering ability with shattering percentage more than 50%.

3.3.2.5 Weedy rice accession Acc5 (Fig 3.5)

Acc5 had a tufted and hollow culm. Leaf aroused from the node with flat lanceolate acuminate leaf blades.  The leaf was enveloping the jointed hollow culm. Acc5 had a final height 78 cm. Usually Acc5 can produce in average 5 tillers per plant. Acc is a fast growing plant as the seedling height can achieve 32.7% of final height in just 20 days. As in vegetative traits, Acc5 had an opened panicle with an average length of 24.58 cm. Acc5 leaf was flat lanceolate leaf blade. The blade was horizontal from the culm. Acc 5 was 50% booting 72days after sowing and reached the maturity 107days after sowing. Acc5 produced in average 53.33 grains per panicle. Acc had a short grain with an average length of 9 mm. The grain was awned and the pericarp was white in colour. The grains were relatively light compared to other accessions with an average 1000 grain weight 17.81 g. The grains were easy to shatter from the panicle with shattering percentage exceeds 50%.

3.3.2.6 Weedy rice accession Acc6 (Fig 3.6)


Generally, Acc6 has an average plant height 79 cm with average 5 tillers per plant. The culms were dark green rounded spongy below with the lower part rooting at the nodes. The leaf sheath arises from the nodes and wraps the entire culms before it forms into long linear acuminate flat leaf.



Acc6 also had grains with long segmented awn. The grain is relatively long with an average 10mm) and the pericarp was white or colorless. Spikelet was bisexual, articulate on top of the stalk distinctly 2-lobed with 6 stamens 5mm long and linear. Caryopsis was







enclosed by a stiff lemma and palea. Acc6 produced in average 58.67 grains per panicle. Acc6 had a long grain with an average length of 10 mm. The grain was awned and the pericarp was white in colour. The grains were relatively heavy with an average 1000 grain weight 26.4 g. The grains shatter easily from the panicle with shattering percentage more than 50%.


Acc6 is a fast growing plant as the seedling height can achieve 27.85% of final height in just initial 20 days after sowing. As in vegetative traits, Acc had an opened panicle with an average length of 26.25cm. Acc6 leaf was flat lanceolate leaf blade. The blade was horizontal from the culm. Acc was 50% booting after 77 days after sowing and reach the maturity after 105 days after sowing.

3.3.2.7 Weedy rice accession Acc7 (Fig 3.7)


Acc7 had tufted culms with average 4 tillers per plant. Acc7 can reach 76 cm tall 100 days after sowing.  The culm was hollow but tough, smooth with dark green colour and was completely enclosed by the leaf sheath. Acc7 is moderately fast growing plant when the seedling height can achieve 25.66% of final height in just 20 days after sowing. 



Pollens of Acc7 were loosely attached to the pollen stalk. The pollen stalk was attached enclosing the ovary and the stigma feathery bifurcate. Acc7 can produce in average 54.67 grains per panicle. The grain was awnless and had a short grain with an average length of 8 mm. The pericarp was colorless and the grains were relatively light as comparison with some other accessions with an average 1000 grains for Acc7 was 26.29 g. Acc7 grains also an easy shattering type with more than 50% will shatter when grasped. 


Acc7 had an opened panicle with an average length of 23.33 cm. The flag leaf was erect with a flat lanceolate leaf.  Each culm had around four acuminate leaves. Acc7





booting time was after 76 days after sowing and reached the maturity after 100 days after sowing.

3.3.2.8 Weedy rice accession Acc8 (Fig 3.8)

Acc8 was an NBWR with tough, hollow, cylindrical and dark green culm. It had in average final height 73 cm and produced 7 tillers per plant. The culm had 5 nodes disjointed of about 2 cm each with the first node exist at the base and then was followed by other node along the culm. 



Acc8 had an opened panicle with an average length of 25.42 cm. Every panicle can produce around 65.33 grains. The grains were relatively heavy (heaviest among other NBWR accessions) with an average 1000 grains weight of 27.71 g. The grains were long with a measurement over 1 cm long approximately in average 13 mm. Acc8 grains were awnless and had white or colourless pericarp. 



As the seedling height of Acc8 can grew up to 21.5 cm long in the initial of 20 days, Acc8 was considered as fast growing plant with 29.45% of the final height was reached by 20 days after sowing. Spikelet was laterally flattened and enclosing the caryopsis. Spikelet was ovoid and erect.



The vegetative traits of Acc8 displayed close resemblance with cultivated rice except for the opened panicle type. Generally, Acc8 had a semi-erect leaf angle and acuminate leaves with prominent small veins parallel across the leaf. These leaves were arranged in alternate on the culm. The leaves were pubescence at the upper surface but glabrous at the other surface. Acc8 reached their booting stage at 75 days and reached the maturity 107 days after sowing.








3.3.2.9 Weedy rice accession Acc9 (Fig 3.9)

Acc9 had a final height of 76 cm. Basically Acc9 can produce in average 6 tillers per plant. Acc9 is a fast growing plant as the seedling height can achieve 29.27% of final height in just the initial 20 days after sowing. As in vegetative traits, Acc9 had an opened panicle with an average length of 27.5 cm. Acc9 have a flat lanceolate leaf blade. The blade was semi-erect from the culm. 



Acc9 produced in average 60 grains per panicle. Acc9 had a long grain with an average length of 12 mm. The grain was awned and the pericarp was dark red in colour. The grains were relatively heavy compared to other accessions with an average 1000 grain weight 22.46 g. However, the grains were hard to shatter from the panicle with shattering percentage of only 5%.

At each culm was rooted a node in narrow constrictions. Each culm had around 5 leaves and the culm was rounded, light green in colour, tough, hollow and a little bit spongy. Acc9 was 50% booting 73 days after sowing and reached the maturity after 105 days after sowing.

3.3.2.10 Weedy rice accession Acc10 (Fig 3.10)


The plant reached the booting stage 77 days after sowing and the maturity at 105 days. The culm was hollow and glabrous and had average 4 nodes at each culm. As the plants reached maturity, the lower leaves will dry out slowly. The leaves were arranged alternately in opposite position around each culm. 



The grains of Acc10 were arranged alternately on a rachis branched. Acc10 produced in average 65.33 grains per panicle. Acc10 had a long grain with an average length of 10mm. The grain was awned and the pericarp was dark red in colour. The grains were relatively heavy compared to some other accessions with an average 1000 grain





weight 22.92 g. The grains were easy to shatter from the panicle with shattering percentage was more than 50%.


The final height of Acc10 was 78 cm with an average 5 tillers per plant. Acc10 is a fast growing plant as the seedling height can achieve 23.4% of final height in just 20 days after sowing. Acc10 had a closed panicle with an average length of 25cm for each panicle. Acc10 has a flat lanceolate leaf blade. The blade was semi-erect from the culm.

3.3.2.11 Weedy rice accession Acc11 (Fig 3.11)

The culm of Acc11 was tough, hollow rounded and light green in colour. At each culm was rooted a node in narrow constrictions. Each culm had around 5 leaves. Acc11 was 50% booting after 75 days after sowing and reach the maturity after 110 days after sowing.

Acc11 produced in average 56.67 grains per panicle. Acc11 had a long grain with an average length of 10mm. The grain was awnless and the pericarp was dark red in colour. The grains were relatively heavy compared to other accessions with an average 1000 grain weight 23.26 g. However, the grains were hard to shatter from the panicle with shattering percentage was below 5%.


Acc11 had a final height of 81cm. Acc11 can produce in average 5 tillers for every plant. Acc11 is a moderately fast growing plant as the seedling height can achieve 22.22% of final height in just 20 days after sowing. As in vegetative traits, Acc11 had an opened panicle with an average length of 25.82 cm. Acc11 has a flat lanceolate leaf blade. The blade was semi-erect from the culm.



 


3.3.2.12 Weedy rice accession Acc12 (Fig 3.12)


Acc12 had a tufted culm with average 6 tillers per plant. A closed panicle plant and every panicle had an average length 23.33 cm long. The Acc12 culm was hollow, tough, glabrous, light green in colour and was enclosed by leaf sheath from the nodes. Culm had average 5 leaves, which were arranged alternately in opposite position from each other around the culm. 


Acc12 had a final height 81 cm. Basically Acc12 can produce in average 6 tillers per plant. Acc12 is a moderately fast growing plant as the seedling height can achieve 29.9% of final height in just 20 days. As in vegetative traits, Acc had a closed panicle with an average length of 23.33 cm. Acc12 has a flat lanceolate leaf blade. The blade was horizontal from the culm. The Acc12 stigma was bifurcated with feathery stamens and the long petiole was bearing with another sacs. The grain was awnless and the pericarp was dark red in colour. The grains were relatively heavy with an average 1000 grain weight 23.41 g. Acc had a long grain with an average length of 10mm. Acc12 produced in average 57.33 grains per panicle. The grains were easy to shatter from the panicle with shattering percentage more than 50%.

3.3.2.13 Weedy rice accession Acc13 (Fig 3.13)


Acc13 displayed a decumbent plant stature with tufted culm and had an average final height of 76cm. The culm was rounded, hollow, tough, herbaceous and enclosed by the loose leaf sheaths at the entire plant. Acc13 had an average 5 tillers per plant with every tiller arranged with alternate leaves. 



Leaf blade was pubescent at the upper surface and glabrous at another surface. Acc13 leaf was flat lanceolate leaf blade. The leaf angle was horizontal from the culm.







Acc13 had a closed panicle with an average length of 26.67 cm. Acc13 was 50% booting after 75 days after sowing and reach the maturity after 107 days after sowing.



Acc13 produced in average 51.33 grains per panicle. Acc13 had a short grain with an average length of 7 mm. The grain was awned and the pericarp was dark red in colour. The grains were relatively light compared to other accessions with an average 1000 grain weight 17.37 g. The grains shattered easily from the panicle with shattering percentage exceeding 50%.

3.3.2.14 Weedy rice accession Acc14 (Fig 3.14)


Acc14 had a final height 75 cm. Acc14 can produce in average 5 tillers per plant. Acc14 was a fast growing plant as the seedling height can achieve 29.33% of final height in just 20 days after sowing. As for the vegetative traits, Acc14 had a closed panicle with an average length of 25.42cm. Acc14 leaf was flat lanceolate leaf blade. The leaf angle was erect from the culm. 


Acc14 produced in average 59.33 grains per panicle. Acc14 had a long grain with an average length of 11 mm. The grain was awned and the pericarp was white in colour. The grains were relatively heavy compared to other accessions with an average 1000 grain weight 22.34 g. The grains were easy to shatter from the panicle with shattering percentage was more than 50%. Acc14 was 50% booting 75 days after sowing and reached the maturity 105 days after sowing.

3.3.2.15 Weedy rice accession Acc15 (Fig 3.15)

Acc15 produced in average 60 grains per panicle. Acc15 had a short grain with an average length of 8 mm. The grain was awnless and the pericarp was white in colour. The grains were relatively light compared to other accessions with an average 1000 grain 







weight 18.15 g. The grains were easy to shatter from the panicle with shattering percentage was more than 50%.


Acc15 has a decumbent plant stature with tufted culm and has an average final height of 77 cm. The culm was rounded, hollow, tough, herbaceous and enclosed by the loose leaf sheaths at the entire plant. Acc15 had an average 6 tillers per plant with every tiller was arranged by alternate leaves. 



Leaf blade was pubescent at the upper surface and glabrous at another surface. Acc15 leaf was flat lanceolate leaf blade. The leaf angle was horizontal from the culm.  Acc15 had a closed panicle with an average length of 27.92 cm. The time of booting for Acc15 was 75 days after sowing and reached the maturity 30 days later.

3.3.2.16 Weedy rice accession Acc16 (Fig 3.16)

Acc16 had an average of 76 cm in final plant height producing an average 6 tillers per plant. Acc16 is a fast growing plant as the seedling height can achieve 29.80% of final height in just 20 days after sowing. As for vegetative traits, Acc16 had a closed panicle with an average length of 24.58 cm. Acc16 leaf was linear lanceolate with prominent small veins parallel along the leaf. The blade was erect from the culm and the leaves were overlapping each other and enclosed the entire hollow, glabrous culm. The leaf appeared at the node at the base of the culm. Time of booting of Acc16 was at 75days while the maturity time 35 days later.



Acc16 produced on average 43.33 grains per panicle. Acc16 had a long grain with an average length of 10mm. The grain was awnless and the pericarp was white in colour. The grains were relatively heavy compared to other accessions with an average of 22.22 g of 1000 grain weight. The grains were easy to shatter from the panicle with shattering percentage was more than 50%.









3.3.2.17 Cultivated Rice var. MR220 (Fig 3.17)

Cultivated rice var. MR220 is a sister line to variety MR219.  It was developed from a cross between the two potential lines, MR151 and MR137.  This variety is high yielding, capable of producing yields around 10 tonnes per hectare if grown under favorable environments and precise management practices.  It requires slightly high fertilizer inputs than usual in order to produce high yields.  This variety is also very suitable for the direct seeding culture. 

The plant type is similar to MR219 which is semi-erect and slightly tall.  The flag leaves are also erect with green to dark green colour.  MR220 is classified as a short maturation variety.  The grains belong to long grade rice with good eating quality.  The variety is also resistant to most major pests and diseases of rice. Cultivated rice var. MR220 is a plant with tough, hollow, cylindrical and dark green culm. It had in average final height 76 cm to 80 cm and produced 7 tillers per plant. The culm had 5 nodes disjointed of about 2 cm each with the first node exist at the base and then was followed by other node along the culm. 



MR220 had an opened panicle with an average length of 23.3 cm. Every panicle can produce around 76.33 grains. The grains were relatively heavy with an average 1000 grains weight of 29.15 g. The grains were long with a measurement over 1 cm long approximately in average 10.39 + 0.19 mm. The grains were awnless and had white or colourless pericarp. 



As the seedling height of MR220 can grew up to 23.2 cm long in the initial of 20 days, MR220 was considered as fast growing plant with 33.52% of the final height was reached by 20 days after sowing. Spikelet was ovoid and erect and was laterally flattened and enclosing the caryopsis.






MR220 had pubescence leaves at the upper surface but glabrous at the other surface. MR220 reached their booting stage at 80 days and reached the maturity 105-113 days after sowing.

3.3.3 
Multivariate Analysis of NBWR accessions.


Factor analysis includes both component and common factor analyses. More than other statistical techniques, factor analysis has suffered from confusion concerning its very purpose (Marrison 1990). It is used to study the patterns of relationship among many dependent variables, with the goal of discovering something about the nature of the independent variables that affect them, even though those independent variables were not measured directly. Thus answers obtained by factor analysis are necessarily more hypothetical and tentative than is true when independent variables are observed directly (Marrison 1990).

The results of factor analysis were shown in Table 3.4. The analysis identified 14 different factors but only 3 factors were extracted. Factor 1 shows a high eigen value vis-vis other factors. This factor had 29.3% of the variance and is primarily related to pericarp colour, panicle type and days to maturity. 


Factor 2 is mainly consisting of days to maturity, pericarp colour and days of booting. Factor 2 accounted 16.58% of the variance. At the same time, Factor 3 had ca. 15.03% of variance, and mainly explained and illustrated by days of booting and pericarp colour. 


In general, pericarp colour had the highest communality followed by days of booting, panicle type and shattering ability respectively and in that order of importance. Here, factor analysis has concluded that the difference of pericarp colour, panicle type and

Table 3.4. Eigen values, percent and cumulative variance, factor scores and communality of the most important characters generated from factor analysis.

		

		Factor

		Communality



		

		1

		2

		3

		



		Pericarp Colour

		0.711

		0.330

		0.261

		0.342



		Days of booting

		-0.683

		0.144

		0.517

		0.296



		Panicle Type

		0.586

		-0.566

		0.150

		0.287



		Shattering Capability

		-0.394

		-0.004

		-0.332

		0.199



		Awn

		-0.064

		-0.019

		0.029

		0.027



		Days of Mature

		0.430

		0.455

		-0.133

		0.250



		Leaf Angle

		-0.037

		0.078

		-0.199

		0.054



		Eigen value

		2.053

		1.161

		1.052

		



		Percent variance

		29.324

		16.579

		15.034

		



		cumulative variance

		29.324

		45.903

		60.937

		





shattering ability will be the most reliable characteristic which can be used in the field to differentiate the difference between accessions while days of booting still can be used in identification but practically it’s not suitable.

Principal component analysis (PCA) involves a mathematical procedure that transforms a number of (possibly) correlated variables into a (smaller) number of uncorrelated variables called principal components. The first principal component accounts for as much of the variability in the data as possible, and each succeeding component accounts for as much of the remaining variability as possible (Jolliffe 2002). 


PCA is the simplest of the true eigenvector-based multivariate analyses. Often, its operation can be thought of as revealing the internal structure of the data in a way which best explains the variance in the data. Since patterns in data can be hard to find in data of high dimension, where the luxury of graphical representation is not available, PCA is a powerful tool for analysing data. The other main advantage of PCA is that once you have found these patterns in the data, and you could compress the data by reducing the number of dimensions, without much loss of information. PCA is closely related to factor analysis. True factor analysis makes different assumptions about the underlying structure and solves eigenvectors of a slightly different matrix (Shaw 2003).

The PCA results showed that there are four components which had eigen value more than 1 (Table 3.5). These four components consist total 60.89% of total variance among the characteristics with first component consists 20.17% and was followed by second component with 17.54%, third component with 12.29% and fourth component with 10.88%. These four components all together accounted for more than half of the total variation data. Scores of all four components are presented in Table 3.6. 

The first component was mainly grouped by days of booting, grain per panicle, 1000 grains weight, grain length, tiller number, awn existence and shattering ability, as

Table 3.5. The first four components axes of the new biotype of weedy rice (NBWR) traits for principal component analysis.

		

		Initial Eigenvalues



		Principal Component

		Total

		% of Variance

		Cumulative %



		1

		2.824

		20.170

		20.170



		2

		2.456

		17.544

		37.714



		3

		1.721

		12.291

		50.005



		4

		1.524

		10.882

		60.887





Table 3.6. Eigen vectors of major traits of the first four principal components used.


		Component 1

		

		Component 2

		

		Component 3

		

		Component 4

		



		Traits

		Score

		Traits

		Score

		Traits

		Score

		Traits

		Score



		Days of Booting

		0.768

		Grain Length

		0.665

		Final Height

		0.818

		Tiller number

		0.700



		Grain per Panicle

		0.711

		Pericarp colour

		0.658

		Leaf Angle

		0.710

		Leaf Angle

		0.476



		!000 grains Weight

		0.704

		!000 grains Weight

		0.534

		Grain per Panicle

		0.381

		Seedling Height

		0.395



		Grain Length 

		0.633

		Days of Mature

		0.519

		Days of Booting

		0.256

		Shattering ability

		0.344



		Tiller Number

		0.152

		Panicle Type

		0.498

		Pericarp colour

		0.233

		Panicle Length

		0.289



		Awn

		-0.054

		Tiller number

		0.432

		Days of Mature

		0.153

		Grain per Panicle

		0.267



		Shattering ability

		-0.068

		Panicle Length

		0.313

		Awn

		0.111

		Awn

		0.196





variables, respectively. Most characters or traits in this component were determined by grain characteristic. In second component the characters were grain length, pericarp colour, 1000 grains weight, days of mature, panicle type, tiller number and panicle length as variables. While the third group was consist of mainly vegetative characteristic such as final height, leaf angle, days of booting and days of mature. The last component group was also loaded by vegetative characteristics with tiller number, leaf angle, seedling height, shattering ability, panicle length, grain per panicle and awn existence as variables. 


The configuration of traits and characters for NBWR accessions along the first 3 components are displayed in Fig 3.18. Seedling height, panicle type and time of booting were the hidden characters among variables.



Using PCA into identification and characterization of NBWR, it shows that grain characteristic will be the main character to be used in identification. Grain weight, grain length, shattering ability and awn existence can be among the first characters to be considered in identification. This followed by panicle characters such as the panicle type, and panicle length. Lastly the vegetative characters can be added in identification by using leaf angle, final height and tiller number. Some characters such as days of booting and days of mature also can be used but it quite hard to determine it unless we do it since the early stage.


Cluster analysis is an exploratory data analysis tool for solving classification problems.  Its objective is to sort cases (people, things, events, etc) into groups, or clusters, so that the degree of association is strong between members of the same cluster and weak between members of different clusters.  Each cluster thus describes, in terms of the data collected, the class to which its members belong; and this description may be abstracted through the particular to the general class or type (Shaw 2003). Data clustering algorithms can be hierarchical. Hierarchical algorithms find successive clusters using previously



Fig. 3.18. Generated components plot in rotated space for principal component analysis.


established clusters. Hierarchical algorithms can be agglomerative ("bottom-up") or divisive ("top-down"). Agglomerative algorithms begin with each element as a separate cluster and merge them into successively larger clusters.


Divisive algorithms begin with the whole set and proceed to divide it into successively smaller clusters. Partition algorithms typically determine all clusters at once, but can also be used as divisive algorithms in the hierarchical clustering (Mardia et al. 1979).


The dendrogam from cluster analysis was presented in Fig 3.19. All traits were distinct at 100% of similarity level, but at 75%, they cannot be discriminated. Further, Acc13 and Acc15, Acc10 and Acc14, Acc1 and Acc5, and Acc3 and Acc4 were the groups which were closely related display similar traits, at nearly 100% of similarity. Cluster grouping for all accessions of NBWR were presented in Table 3.7. The most similar traits occurred with coefficient value 11.029 and followed by others with the highest coefficient value was in Acc1 and Acc7 clustering with 35.706. This shows that even these accessions can be differentiate between each other using certain characters determined by factor analysis and PCA, the similarity for each other is still high which means they have strong characters resemblance among themselves.


Canonical Analysis is an extension of multiple regression analysis from one criterion variable to a set of criterion variables (Gittens 1985). It is an additional procedure for assessing the relationship between variables. Specifically, this analysis allows us to investigate the relationship between two sets of variables.


The canonical analysis was presented in Table 3.8. The eigen values, variance and the correlations between traits and the canonical variables were described the variation in the traits measured. There were only two canonical variables which had eigen values more than 2.0 and were accumulated 96.96% of total variance percentage. However, the first
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Fig 3.19. Dendrogram using Average Linkage (Between Groups) from cluster analysis of 16 new biotype of weedy rice (NBWR) accessions.

Table 3.7. Agglomeration schedule of average linkage (Between Groups) from cluster analysis of 16 new biotype of weedy rice (NBWR) accessions.

		Stage

		Cluster Combined

		Coefficients

		Stage Cluster First Appears

		Next Stage



		

		Cluster 1

		Cluster 2

		

		Cluster 1

		Cluster 2

		



		1

		13

		15

		11.029

		0

		0

		9



		2

		10

		14

		11.424

		0

		0

		5



		3

		1

		5

		12.127

		0

		0

		6



		4

		3

		4

		12.536

		0

		0

		6



		5

		6

		10

		15.560

		0

		2

		9



		6

		1

		3

		18.129

		3

		4

		12



		7

		2

		16

		19.824

		0

		0

		11



		8

		9

		11

		20.660

		0

		0

		13



		9

		6

		13

		20.707

		5

		1

		10



		10

		6

		12

		24.921

		9

		0

		11



		11

		2

		6

		25.655

		7

		10

		12



		12

		1

		2

		27.864

		6

		11

		13



		13

		1

		9

		29.364

		12

		8

		14



		14

		1

		8

		34.290

		13

		0

		15



		15

		1

		7

		35.706

		14

		0

		0





Table 3.8: Eigen values, percentage, cumulative percentage and correlation of canonical variables determined from 14 traits measured on 16 different new biotype of weedy rice (NBWR) accessions. 


		Canonical Variable

		Eigen value

		Percentage

		Cumulative percentage

		Correlation of canonical variable with various traits



		

		

		

		

		Grain Length

		 Pericarp colour

		Awn

		Leaf Angle

		Panicle Type

		Shattering ability

		Days of Booting

		Days of Mature



		1

		147.252

		93.863

		93.863

		0.819

		-0.019

		-0.183

		-0.139

		-0.104

		-0.118

		0.543

		-0.007



		2

		4.855

		3.095

		96.958

		0.18

		-0.089

		-0.29

		-0.508

		0.1

		0.379

		-0.344

		0.499



		3

		2.879

		1.835

		98.793

		0.369

		-0.179

		0.454

		-0.081

		0.497

		0.183

		-0.3

		-0.482



		4

		1.384

		0.882

		99.676

		0.196

		0.536

		0.151

		0.521

		0.287

		-0.3

		-0.511

		0.674





canonical variables itself had total 93.86% of the variance percentage. This indicated that the first canonical variable were the most reliable factors in determining the traits and characteristics. 


Grain length and time of booting were among the most important characters in the first canonical variable; while the second canonical variable was consist of days to maturity, shattering ability, length of the grain and panicle type. It appears that, most of the characters determined as important by PCA were also determined by canonical analysis even though the importance order seemed to be slightly different. 


Throughout these multivariate analyses, we can summarize that grain or seed is the main part of NBWR to be used to differentiate between the accessions. Grain characteristic consist of grain length, grain weight, awn existence and pericarp colour. Therefore, the first thing to know when identifying the NBWR is whether the plant has long (big) or short (small) grains, the awn is absent or not and the colour of pericarp is red or white. Then other characters such as panicle and vegetative characters can be used to strengthen the identification.

Even though these 16 accessions can be differentiate using all the characters and morphological components in the series of multivariate analyses but it still quite not possible to identify the difference between each accession only by qualitative traits it selves. Cluster analysis proved that they have close character among each other by more than 75%. However, the difference between the accessions still significant to grouped them. Only two accessions have very large difference among others which are Acc7 and Acc8. Both accessions registered among the highest population in the Selangor North West Project throughout all seasons as been discussed in Chapter 2. This will strongly indicate that these two accessions can be the best to represent NBWR in Selangor North West Project.

Fig. 3.1. Weedy rice accession Acc1
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Fig. 3.3. Weedy rice accession Acc3
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Fig. 3.2. Weedy rice accession Acc2
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Fig. 3.4. Weedy rice accession Acc4
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Fig. 3.5. Weedy rice accession Acc5
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Fig. 3.6. Weedy rice accession Acc6





Fig. 3.7. Weedy rice accession Acc7
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Fig. 3.8. Weedy rice accession Acc8
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Fig. 3.9. Weedy rice accession Acc9
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Fig. 3.10. Weedy rice accession Acc10





Fig. 3.11. Weedy rice accession Acc11
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Fig. 3.12. Weedy rice accession Acc12
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Fig. 3.13. Weedy rice accession Acc13





Fig. 3.14. Weedy rice accession Acc14





Fig. 3.15. Weedy rice accession Acc15
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Fig. 3.16. Weedy rice accession Acc16





Fig. 3.17. Cultivated rice variety MR220
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