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ABSTRACT 10 

The investigation was carried out under field conditions to characterize agro-11 

morphological traits of twenty-one (21) advanced Aus rice lines (F5). The experiment was 12 

conducted in a randomized complete block design (RCBD). The field was divided into 13 

three blocks; each block was sub-divided into 21 plots (lines) where genotypes were 14 

randomly assigned. The experiment was conducted during the period of Transplanting 15 

Aus season (April 2015 to August 2015) at the genetics and plant breeding experimental 16 

field of Sher-e-Bangla Agricultural University, Bangladesh. All the genotypes were 17 

characterized and categorized as per the descriptors developed by Biodiversity 18 

International, IRRI and WARDA-2007 for DUS test of inbred rice. All the genotypes were 19 

grouped and classified as well as described based on morphological characters as per 20 

descriptors so that all the observed genotypes containing described characters can be 21 

easily evaluated and identified at a glance for further studies. 22 

 23 

 24 

Keywords: Agro-morphological attributes, Characterization, Germplasm, Phenotypic 25 
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 28 

1. INTRODUCTION 29 

Rice (Oryza sativa L., 2n = 24) is one of the most broadly cultivated cereal crops in the 30 

world spreading across a wide range of geographical, ecological and climatic regions. It 31 

belongs to the family Poaceae and subfamily Oryzoidea is the staple food for more than 32 

half of the world’s population and occupies almost one-fifth of the total land area covered 33 

by cereals. High genotypic and phenotypic diversity exists and about more than 120,000 34 

different accessions including landraces are reported in rice globally as a consequence 35 

of various adaptations [1]. Most of the world’s rice is cultivated and consumed in Asia 36 

which constitutes more than half of the world population. It provides 75% of the calories 37 

consumed by more than three billion Asians. Approximately 11% of the world's arable 38 

land is under rice cultivation and it ranks next to wheat [2]. 39 

 40 

Rice belongs to the genus Oryza and has two cultivated and twenty-two wild species. 41 

The two cultivated species are Oryza sativa and Oryza glaberrima. Oryza sativa is grown 42 

all over the world while Oryza glaberrima has been cultivated in West Africa for the last 43 

~3500 years [3]. Rice is grown under many different conditions and production systems, 44 

but submerged in water is the most common method used worldwide. It is the only cereal 45 

crop that can grow for long periods in standing water [4]. About 57% of rice is grown on 46 

irrigated land, 25% on rainfed lowland, 10% on the uplands, 6% in deep water, and 2% 47 

in tidal wetlands [5]. 48 

 49 

Asia can be considered as ‘Rice Basket’ of the world, as more than 90 percent of the rice 50 

is produced and consumed in Asia. World paddy production area was 163.3 million 51 

hectares and production were 749.7 million tons [6]. Bangladesh is the 4
th
 largest rice 52 

producer in the world with the annual production of 345.81 lac metric tons [7]. During Aus 53 

season in Financial Year (FY) 2015-16, total cultivated area, production and yield rate of 54 
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rice was 10,17,969 hectares, 22,88,642 metric tons and 2.248 metric ton per ha 55 

respectively. During Transplant Aman (T. Aman) season in Financial Year (FY) 2015-16, 56 

total cultivated area, production and yield rate of rice was 55,90,340 hectares, 57 

1,12,39,943 metric tons and 2.412 ton per ha respectively. During Boro season in 58 

Financial Year (FY) 2015-16, total cultivated area, production and yield rate of rice was 59 

47,72,576 hectares, 1,89,37,581 metric tons and 3.968 ton per ha respectively [8]. 60 

 61 

Several morphological characters are the primary determining factors of rice grain yield. 62 

Genetic diversity probably serves as an insurance against crop failure [9]. Landraces and 63 

wild species possess the immense potential of most valuable genes which can be 64 

effectively utilized in the present-day breeding programs to evolve miracle varieties in 65 

rice that possess not only high yield potential and quality but also resistant to biotic and 66 

abiotic stresses [10]. 67 

 68 

The total cultivable land is decreasing at a rate of more than 1% per year due to 69 

urbanization. The population growth rate is 2 million per year and if the population 70 

increases at this rate, the total population will reach 238 million by 2050 [11]. An increase 71 

in total rice production is required to feed this ever-increasing population. Aus, Aman, 72 

and Boro rice were recently reported to account for 7%, 38%, and 55%, respectively, of 73 

the total rice production in Bangladesh during the year 2013-14 [11]. Now, modern high 74 

yielding varieties in Aus season are essential to increase the total rice production of 75 

Bangladesh. The high yielding varieties of Aus rice were developed through crossing 76 

between Aus rice and Boro rice to increase the yield of Aus rice having genes from Boro 77 

rice without much affecting the days to maturity. Eighteen F4 lines were previously 78 

selected which would be used in the present study. The study was undertaken to 79 

characterize the F5 lines which are the prerequisite to release rice variety in future. It 80 

would pave the ways for selection of high yielding and a short duration Transplant Aus 81 

(T. Aus) rice genotypes from eighteen (18) genotypes. The objective of this study is to 82 

observe high promising genotypes with their different agro-morphological characteristics 83 

of T. Aus rice for further trial. 84 

 85 

2. MATERIALS AND METHODS 86 

2.1 Experimental location 87 

The experiment was conducted at the genetics and plant breeding experimental farm of 88 

Sher-e-Bangla Agricultural University (SAU), Dhaka-1207, Bangladesh from April 2015 89 

to August 2015. The location of the site was situated at 23°77' N latitude and 90°38' E 90 

longitude. Geographically the experimental field is located at 8.4 m above the mean sea 91 

level [12]. 92 

 93 

2.2 Climate and Soil  94 

The experimental site was medium high land belonging of Old Madhupur Tract (Agro 95 

Ecological Zone - 28) and the soil series was Tejgaon [13]. The soil of the research field 96 

was clay loam in texture having pH around 6.5 and organic carbon content is 0.84%. The 97 

physical and chemical composition of the experimental field are presented in Table 1. 98 

The experiment area was above flood level and having available irrigation and drainage 99 

system. The research area was under the subtropical climate. It is characterized by three 100 

distinct seasons, winter season from November to February and the pre-monsoon or 101 

summer season from March to April and the monsoon period from May to October [14]. 102 

Details of the metrological data at the time of experiment were collected from the 103 

Bangladesh Meteorological Department (Climate & Weather  Division), Agargoan, Dhaka 104 

are presented in Table 2 [15]. 105 

 106 

 107 

 108 

 109 

 110 
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Table 1. Physical and chemical characteristics of initial soil (0-15 cm depth) of the 111 

experimental site 112 

Physical composition Chemical composition 

Soil separates Percent (%) Soil characteristics Analytical data 

Sand 36.90 Organic carbon (%) 0.82 

Silt 26.40 Total N (kg ha
-1

) 1790.00 

Clay 36.66 Total S (ppm) 225.00 

Texture class Clay loam Total P (ppm) 840.00 

  Available N (kg ha
-1

) 54.00 

  Available P (kg ha
-1

) 69.00 

  Exchangeable K (kg ha
-1

) 89.50 

  Available S (ppm) 16.00 

  pH (1:2.5 soil to water) 5.55 

  CEC 11.23 
   113 

Table 2. Monthly average Temperature, Relative Humidity and Total Rainfall  of the 114 

experimental site during the period from April 2015 to September 2015 115 

Month Air temperature (ºc) Relative humidity 
(%) 

Total rainfall 
(mm) Maximum Minimum 

April 38.0 28.0 79.80 293 

May 37.5 27.0 80.20 307 

June 37.70 27.80 81.08 315 

July 35.45 26.50 83.43 327 

August 34.50 26.00 85.82 338 

September 34.60 25.80 78.08 251 
 116 

2.3 Planting Materials 117 

Eighteen (18) genotypes of F5 generation including three check varieties (BR 24, BRRI 118 

dhan 48 and BRRI dhan 55) were used as experimental materials in the study. 119 

Descriptions of the genotypes are given in Table 3. 120 

 121 

Table 3. List of genotypes (G) used in the experiment 122 

Genotypes Populations Source 

G1 BR 21× BRRI dhan 29, F5, S7 P5 SAU 
G2 BR 24× BRRI dhan 28, F5, S10 P10 SAU 
G3 BR 21× BRRI dhan 29, F5, S6 P3 SAU 
G4 BR 21× BRRI dhan 29, F5, S7 P2 SAU 
G5 BR 24× BR 26, F5, S6 P4 SAU 
G6 BR 21× BRRI dhan 29, F5, S6 P10 SAU 
G7 BR 21× BRRI dhan 29, F5, S7P1 SAU 
G8 BR 21× BRRI dhan 29, F5, S6 P9 SAU 
G9 BR 21× BRRI dhan 29, F5, S7 P4 SAU 

G10 BR 24× BRRI dhan 28, F5, S10 P8 SAU 
G11 BR 21× BRRI dhan 36, F5, S1 P9 SAU 
G12 BR 21× BRRI dhan 29, F5, S6 P3(a) SAU 
G13 BR 24× BRRI dhan 29, F5, S5 P10 SAU 
G14 BR 21× BRRI dhan 29, F5, S6P10 SAU 
G15 BR 21× BRRI dhan 29, F5, S6 P2 SAU 
G16 BR 21× BRRI dhan 29, F5, S1 P2 SAU 
G17 BR 21× BRRI dhan 29, F5, S6 P3(b) SAU 
G18 BR 21× BRRI dhan 29, F5, S6 P5 SAU 
G19* BRRI dhan 48 BRRI 
G20* BRRI dhan 55 BRRI 
G21* BR 24 BRRI 

F- Generation no; S-Selection no; P-Plant no. 123 
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2.4 Experimental Design and Layout 124 

The research was laid out in a randomized complete block design (RCBD). The field was 125 

divided into three blocks; each block was sub-divided into 21 plots (lines) where 126 

genotypes were randomly assigned. The experimental field size was 27 m x 14 m where 127 

1 m border was maintained surrounding the field and every block. Row to row distance 128 

was 25 cm and plant to plant distance was 25 cm. 129 

 130 

2.5 Collection of Seed 131 

The seeds of 18 Aus lines were collected from germplasm center of Sher-e-Bangla 132 

Agricultural University (SAU). Three check varieties (BR 24, BRRI dhan 48 and BRRI 133 

dhan 55) were collected from Bangladesh Rice Research Institute (BRRI). 134 

 135 

2.6 Application of Fertilizers  136 

The fertilizers N, P, K, S and B were applied in the form of Urea, TSP, MP, Gypsum and 137 

Boron respectively. The entire amount of TSP, MP, Gypsum, Zinc Sulphate and Boron 138 

were applied during final preparation of the field. Urea was applied in three equal 139 

installments during ploughing, vegetative stage and before flowering. The dose and 140 

method of application of fertilizer are presented in Table 4 [16]. 141 

 142 

Table 4. Dose and method of application of fertilizers in rice field 143 

Fertilizers Dose(kg ha
-1

) Application (%) 

Basal 1
st

 installment 2
nd

 installment 

Urea 127 33.33 33.33 33.33 

TSP 52 100 -- -- 

MP 60 100 -- -- 

Gypsum 0 100 -- -- 

Boron 0 100 -- -- 

 144 

2.7 Transplanting of Seedling 145 

The seed of all collected rice genotypes soaked separately for 24 hours in cloth bags. 146 

Soaked seeds were picked out from the water and wrapped with straw and gunny bag to 147 

increase the temperature for facilitating germination. After 72 hours seeds were sprouted 148 

properly. Sprouted seeds were sown separately in the previously wet seedbed. Proper 149 

care was taken so that there was no infestation of pest and diseases and no damage by 150 

birds. Healthy seedlings of 25 days old were transplanted in a separate strip of 151 

experimental field. The water level was maintained properly after transplanting. 152 

 153 

2.8 Intercultural Operation 154 

After the establishment of seedlings, various intercultural operations such as irrigation, 155 

drainage, gap filling, weeding, top dressing, plant protection measure were done as per 156 

when needed for better growth and development of the rice seedlings. 157 

 158 

2.9 Harvesting 159 

The rice was harvested depending upon the maturity of the plant. Harvesting was done 160 

manually from each plot and bundled separately. Properly tagged and brought to the 161 

threshing floor. Enough care was taken for threshing and cleaning of rice seed. The 162 

grains were cleaned and weight was adjusted to moisture content 14% through drying. 163 

 164 

2.10 Agro-morphological Traits Evaluation Methods 165 

Agro-morphological characteristics were collected from ten randomly selected hills from 166 

each replicated plot. The plants were selected from the middle of each plot to avoid 167 

border effect and portion of the plot. The mean was estimated. Agro-morphological traits 168 

were recorded using the descriptors developed by BIOVERSITY INTERNATIONAL, IRRI 169 

and WARDA-2007 [17]. In addition to the descriptors, the observed genotypes were 170 

classified according to Panse and Sukhatme [18]. The observations for characterization 171 

were recorded under field condition. Morphology of rice plant is presented in Figure 1. 172 

 173 



 
 

174 

Figure 1. Morphology of a rice plant (vegetative stage)175 

 176 

2.10.1 Leaf Sheath: Anthocyanin177 

Data were collected at an early 178 

the rice genotypes were classi179 

descriptors as per follow. 180 

 181 

Absent-0 and Present-1. 182 

 183 

2.10.2 Leaf Color  184 

Observations with respect to 185 

the rice genotypes were classi186 

descriptors as per follows. 187 

 188 

Pale green-1, Green-2, Dark green189 

and Purple-7. 190 

 191 

2.10.3 Penultimate Leaf Pubescence192 

It was assessed both visually and by touch, rubbing fingers over the leaf surface from the 193 

tip to downwards at late vegetative stage and the observed genotypes were categorized 194 

into following groups as per descriptors by following way.195 

 196 

Absent or very weak-1, Weak or only on the margins197 

portion of the leaf-5, Strong hairs on the leaf blade198 

 199 

2.10.4 Penultimate Leaf: Anthocyanin coloration of auricles and collar200 

Data was collected at the 201 

coloration of auricles and collar and the rice genotypes were classi202 

with codes according to guided descriptors as per follow.203 

 204 

Absent-0 and Present-1. 205 

 206 

2.10.5 Penultimate Leaf: Ligule207 

Data was collected at the late vegetat208 

genotypes were classified into two groups with codes according to guided descriptors as 209 

per follow. 210 

 211 

Absent-0 and Present-1. 212 

 213 

2.10.6 Penultimate Leaf: Shape of the 214 

The shape of the penultimate leaf ligule was observed and the genotypes were 215 

categorized as following which 216 

5 

 

. Morphology of a rice plant (vegetative stage) 

nthocyanin color 
early vegetative stage on leaf sheath anthocyanin color and 

notypes were classified into two groups with codes according to guided 

ect to the green coloration of the leaf at the late vegetative stage 
were classified into seven groups with codes according to guided 

2, Dark green-3, Purple tip-4, Purple margins-5, Purple blotch

ubescence 
It was assessed both visually and by touch, rubbing fingers over the leaf surface from the 
tip to downwards at late vegetative stage and the observed genotypes were categorized 

groups as per descriptors by following way. 

1, Weak or only on the margins-3, Medium hairs on the medium 
trong hairs on the leaf blade-7 and Very strong-9. 

nthocyanin coloration of auricles and collar 
the late vegetative stage on penultimate leaf anthocyanin 

coloration of auricles and collar and the rice genotypes were classified into two groups 
with codes according to guided descriptors as per follow. 

igule 
late vegetative stage on penultimate leaf ligule and the rice 

fied into two groups with codes according to guided descriptors as 

hape of the ligule 
hape of the penultimate leaf ligule was observed and the genotypes were 

categorized as following which is also shown hypothetically in Figure 2. 

anthocyanin color and 
groups with codes according to guided 

te vegetative stage 
groups with codes according to guided 

Purple blotch-6 

It was assessed both visually and by touch, rubbing fingers over the leaf surface from the 
tip to downwards at late vegetative stage and the observed genotypes were categorized 

Medium hairs on the medium 

on penultimate leaf anthocyanin 
fied into two groups 

gule and the rice 
fied into two groups with codes according to guided descriptors as 

hape of the penultimate leaf ligule was observed and the genotypes were 
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 217 

Absent-0, Truncate-1, Acute to acuminate-2 and Split or two-cleft-3. 218 

 219 

 220 

Figure 2. Ligule shape. 221 

 222 

2.10.7 Lemma and Palea: Anthocyanin coloration 223 

Data were collected at the pre-ripening stage on grain anthocyanin coloration of lemma 224 

and palea and the rice genotypes were classified into five groups with codes according 225 

to guided descriptors as per follow. 226 

 227 

Absent or very weak-1, Weak-3, Medium-5, Strong-7 and Very strong-9. 228 

 229 

2.10.8 Lemma: Anthocyanin coloration of area below apex 230 

Data were collected at the pre-ripening stage on grain anthocyanin coloration of the 231 

lemma and the rice genotypes were classified into five groups with codes according to 232 

guided descriptors as per follows. 233 

 234 

Absent or very weak-1, Weak-3, Medium-5, Strong-7 and Very strong-9. 235 

 236 

2.10.9 Lemma: Anthocyanin coloration of apex 237 

Data were collected at the pre-ripening stage on grain anthocyanin coloration of the 238 

lemma and the rice genotypes were classified into five groups with codes according to 239 

guided descriptors as per follow. 240 

 241 

Absent or very weak-1, Weak-3, Medium-5, Strong-7 and Very strong-9. 242 

 243 

2.10.10 Color of Stigma 244 

Data was observed at anthesis period using a hand lens or magnifying glass and the rice 245 

genotypes were classified into five groups with codes according to guided descriptors as 246 

per follow. 247 

 248 

White -1, Light green-2, Yellow-3, Light purple-4 and Purple-5. 249 

 250 

2.10.11 Stem: Anthocyanin coloration of nodes 251 

Data was collected after flowering to near maturity stage on stem anthocyanin coloration 252 

of nodes and the rice genotypes were classified into two groups with codes according to 253 

guided descriptors as per follow. 254 

 255 

Absent-0 and Present-1. 256 

 257 

2.10.12 Stem: Intensity of anthocyanin coloration of nodes 258 

Data was collected after flowering to near maturity stage on stem anthocyanin coloration 259 

of nodes and the rice genotypes were classified into four groups with codes according to 260 

guided descriptors as per follow. 261 

 262 

Weak-3, Medium-5, Strong-7 and Very strong-9. 263 

 264 

 265 

 266 
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2.10.13 Stem: Anthocyanin coloration of internodes 267 

Data was collected at near coloration maturity stage on stem anthocyanin coloration of 268 

internodes and the rice genotypes were classified into five groups with codes according 269 

to guided descriptors as per follow. 270 

 271 

Absent or very weak-1, Weak-3, Medium-5, Strong-7 and Very strong-9. 272 

 273 

2.10.14 Spikelet: Pubescence of lemma and palea 274 

Data was collected after anthesis to hard dough stage or pre-ripening stage on spikelet 275 

with a pubescence of lemma and palea and the rice genotypes were classified into five 276 

groups with codes according to guided descriptors as per follow. 277 

 278 

Absent or very weak-1, Weak-3, Medium-5, Strong-7 and Very strong-9. 279 

 280 

2.10.15 Spikelet: Color of the tip of lemma 281 

Data was collected after anthesis to hard dough stage or pre-ripening stage on spikelet 282 

with the color of the tip of the lemma and the rice genotypes were classified into six 283 

groups with codes according to guided descriptors as per follow. 284 

 285 

White-1, Yellowish-2, Brownish-3, Red-4, Purple-5 and Black-6. 286 

 287 

2.10.16 Spikelet: Awns in the spikelet 288 

It was observed at flowering to maturity stage and normally a character of wild species of 289 

rice and grouped as per descriptors. 290 

 291 

Absent-0 and Present-1. 292 

 293 

2.10.17 Spikelet: Length of the longest awn 294 

It was observed at maturity stage and normally a character of wild species of rice and 295 

grouped as per descriptors. 296 

 297 

Very short (<2 mm)-1, Short (2-5 mm)-3, Medium (5-10 mm)-5, Long (11-20 mm)-7 and 298 

Very long (>20 mm)-9. 299 

 300 

2.10.18 Panicle: Distribution of awns 301 

It was observed at flowering to maturity stage and normally a character of wild species of 302 

rice and grouped as per descriptors. 303 

 304 

Tip only-1, Upper half only-3 and Whole length-5. 305 

 306 

2.10.19 Panicle: Color of awns 307 

It was observed at flowering to maturity stage and normally a character of wild species of 308 

rice and grouped as per descriptors. 309 

 310 

Yellow white-1, Brown-3, Reddish-5, Purple-7 and Black-9. 311 

 312 

2.10.20 Decorticated Grain (bran): Color 313 

Data was collected at the time of harvest and the rice genotypes were classified into 314 

seven groups with codes according to guided descriptors as per follows. 315 

 316 

White-1, Light brown-2, Variegated brown-3, Dark brown-4, Red-5 Variegated purple-6 317 

and Purple-7. 318 

 319 

2.10.21 Polished Grain: Size of white core or chalkiness (% of kernel area) 320 

Data was collected at the time of harvest and the rice genotypes were classified into four 321 

groups with codes according to guided descriptors as per follows. 322 

 323 

Absent or very small-1, Small (<10%)-3, Medium (11-20%)-5 and Large (11-20%)-7. 324 
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2.10.22 Decorticated Grain: Aroma 325 

Data was collected at the time of harvest and the rice genotypes were classified into 326 

three groups with codes according to guided descriptors as per follows. 327 

 328 

Absent-1, Lightly present-5 and Strongly present-9. 329 

 330 

2.10.23 Time of Heading (50% of the plants with heads) 331 

Date on which 50% of panicle emergence is done of the rice fields known as a heading. 332 

It is specified either as the number of days from seed sowing date to 50% heading date. 333 

On the basis of the time of 50% heading, rice genotypes were classified into 5 groups 334 

viz. very early (<70 days), early (70-85 days), medium (86-105 days), late (106-120 335 

days) and very late (>120 days). 336 

 337 

2.11 Statistical Application 338 

The qualitative and quantitative data in relation to morphological traits are just presented 339 

in tabular form for easier description according to the descriptors developed by 340 

BIOVERSITY INTERNATIONAL, IRRI AND WARDA-2007. The data were arranged as 341 

per IBPGR-IRRI formulation with the help of Microsoft Excel 2016 program. 342 

 343 

3. RESULTS AND DISCUSSION 344 

3.1 Leaf Sheath: Anthocyanin color 345 

No coloration was found in this investigation. A pictorial view of leaf sheath anthocyanin 346 

color is present in plate 1. 347 

 348 

3.2 Leaf Color 349 

Among the genotypes, 2 genotypes (G9, and G13) showed pale green color, 15 350 

genotypes (G1, G2, G4, G6, G7, G10, G11, G12, G14, G15, G16, G17, G18, G19 and 351 

G21) showed green color and rest 4 genotypes (G3, G5, G8 and G20) showed dark 352 

green color on leaf. Purple tip, purple margins, purple blotch and purple-green type leaf 353 

were not found in any genotypes. A pictorial view of leaf color is present in plate 2, 3 and 354 

4. 355 

 356 

 357 

 358 

Plate 1. Leaf sheath anthocyanin color. 359 

 360 

Plate 2.  Pale green color leaf 361 
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 362 

Plate 3. Green color leaf 363 

 364 

Plate 4. Dark green color leaf 365 

3.3 Penultimate Leaf Pubescence 366 

Nineteen genotypes (G1, G2, G3, G4, G5, G6, G7, G9, G10, G12, G13, G14, G15, G16, 367 

G17, G18, G19, G20 and G21) were strong hairs on the leaf blade type and 2 genotypes 368 

(G8 and G11) were very strong type. Absent or very weak, weak or only on the margins 369 

and medium hairs on the medium portion of the leaf were not found in any genotypes. 370 

 371 

3.4 Penultimate Leaf: Anthocyanin coloration of auricles and collar 372 

Only one genotype (G16) absence penultimate leaf anthocyanin coloration of auricles 373 

and collar and twenty genotypes (G1, G2, G3, G4, G5, G6, G7, G8, G9, G10, G11, G12, 374 

G13, G14, G15, G17, G18, G19, G20 and G21) presence penultimate leaf anthocyanin 375 

coloration of auricles and collar. A pictorial view of anthocyanin coloration of auricles and 376 

color of the penultimate leaf is present in plate 5. 377 

 378 

 379 

Plate 5. Anthocyanin coloration of auricle and collar 380 

 381 

3.5 Penultimate Leaf: Ligule 382 

All genotypes (G1, G2, G3, G4, G5, G6, G7, G8, G9, G10, G11, G12, G13, G14, G15, 383 

G16, G17, G18, G19, G20 and G21) presence ligule of the penultimate leaf.  384 

 385 

3.6 Penultimate Leaf: Shape of the ligule 386 

But our all genotypes (G1, G2, G3, G4, G5, G6, G7, G8, G9, G10, G11, G12, G13, G14, 387 

G15, G16, G17, G18, G19, G20 and G21) were two-cleft type that means there was no 388 

significant difference among the genotypes. According to IRRI most of the cultivated rice 389 

have two-cleft type ligule shape and wild type genotypes may show others type. From 390 

our observation, the two-cleft type ligule was found. A pictorial view of the shape of the 391 

ligule of the penultimate leaf is present in plate 6. 392 

 393 
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 394 

Plate 6. Split or two-cleft type of ligule 395 

 396 

3.7 Lemma and Palea: Anthocyanin color  397 

Lemma and palea combinedly indicate the seed coat color. All genotypes (G1, G2, G3, 398 

G4, G5, G6, G7, G8, G9, G10, G11, G12, G13, G14, G15, G16, G17, G18, G19, G20 399 

and G21) were observed no anthocyanin coloration of lemma and palea or very weak 400 

anthocyanin coloration of lemma and palea for seed coat color. 401 

 402 

3.8 Lemma: Anthocyanin coloration of area below apex 403 

Lemma indicates the seed coat color. All genotypes (G1, G2, G3, G4, G5, G6, G7, G8, 404 

G9, G10, G11, G12, G13, G14, G15, G16, G17, G18, G19, G20 and G21) were 405 

observed no anthocyanin coloration of area below apex of lemma or very weak 406 

anthocyanin coloration of area below apex of lemma for seed coat color. 407 

 408 

3.9 Lemma: Anthocyanin coloration of apex 409 

Lemma indicates the seed coat color. All genotypes (G1, G2, G3, G4, G5, G6, G7, G8, 410 

G9, G10, G11, G12, G13, G14, G15, G16, G17, G18, G19, G20 and G21) were 411 

observed no anthocyanin coloration of apex of lemma or very weak anthocyanin 412 

coloration of apex of lemma for seed coat color. 413 

 414 

 415 

3.10 Color of Stigma 416 

All genotypes (G1, G2, G3, G4, G5, G6, G7, G8, G9, G10, G11, G12, G13, G14, G15, 417 

G16, G17, G18, G19, G20 and G21) were observed the white color of stigma. Light 418 

green, yellow, light purple and purple color of stigma were not observed. 419 

 420 

3.11 Stem: Anthocyanin coloration of nodes 421 

In this case all genotypes (G1, G2, G3, G4, G5, G6, G7, G8, G9, G10, G11, G12, G13, 422 

G14, G15, G16, G17, G18, G19, G20 and G21) were observed no anthocyanin 423 

coloration of nodes. A pictorial view of anthocyanin coloration of nodes is present in plate 424 

7. 425 

 426 

 427 

Plate 7. Anthocyanin coloration of nodes 428 

 429 

3.12 Stem: Intensity of anthocyanin coloration of nodes 430 

In this case there was no anthocyanin coloration of nodes on the stem present in all the 431 

genotypes (G1, G2, G3, G4, G5, G6, G7, G8, G9, G10, G11, G12, G13, G14, G15, G16, 432 

G17, G18, G19, G20 and G21). So, the intensity of anthocyanin coloration of nodes on 433 

the stem of all genotypes was not present. 434 
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 435 

3.13 Stem: Anthocyanin coloration of internodes 436 

In this case, all genotypes (G1, G2, G3, G4, G5, G6, G7, G8, G9, G10, G11, G12, G13, 437 

G14, G15, G16, G17, G18, G19, G20 and G21) were observed no anthocyanin 438 

coloration of internodes. A pictorial view of anthocyanin coloration of internodes is 439 

present in plate 8. 440 

 441 

 442 

Plate 8. Anthocyanin coloration of internodes 443 

 444 

3.14 Spikelet: Pubescence of lemma and palea 445 

In this case all genotypes (G1, G2, G3, G4, G5, G6, G7, G8, G9, G10, G11, G12, G13, 446 

G14, G15, G16, G17, G18, G20 and G21) were observed medium type pubescence of 447 

lemma and palea of the spikelet without only one genotype (G19) which was strong type. 448 

 449 

3.15 Spikelet: Color of the tip of lemma 450 

In this case, two genotypes (G3 and G20) were observed white color type, 13 genotypes 451 

(G1, G2, G4, G5, G7, G8, G9, G11, G12, G14, G15, G17 and G18) were observed 452 

yellowish color type and 6 genotypes (G6, G10, G13, G16, G19 and G21) were observed 453 

brownish color type of the tip of lemma. Red, purple and black coloration of the tip of 454 

lemma was not observed. 455 

 456 

3.16 Spikelet: Awns in the spikelet 457 

All genotypes (G1, G2, G3, G4, G5, G6, G7, G8, G9, G10, G11, G12, G13, G14, G15, 458 

G16, G17, G18, G19, G20 and G21) were not observed awns in the spikelet. 459 

 460 

3.17 Spikelet: Length of the longest awn 461 

In this case, there were no awns in the spikelet present in all the genotypes (G1, G2, G3, 462 

G4, G5, G6, G7, G8, G9, G10, G11, G12, G13, G14, G15, G16, G17, G18, G19, G20 463 

and G21). So, the length of the longest awn in the spikelet of all genotypes was not 464 

present. 465 

 466 

3.18 Panicle: Distribution of awns 467 

In this case, there were no awns in the spikelet present in all the genotypes (G1, G2, G3, 468 

G4, G5, G6, G7, G8, G9, G10, G11, G12, G13, G14, G15, G16, G17, G18, G19, G20 469 

and G21). So, the distribution of awns in the panicle of all genotypes was not present. 470 

 471 

3.19 Panicle: Color of awns 472 

In this case, there were no awns in the spikelet present in all the genotypes (G1, G2, G3, 473 

G4, G5, G6, G7, G8, G9, G10, G11, G12, G13, G14, G15, G16, G17, G18, G19, G20 474 

and G21). So, the color of awns in the panicle of all genotypes was not present. 475 

 476 

3.20 Decorticated Grain (bran): Color 477 

Where 10 genotypes (G3, G4, G7, G8, G9, G13, G17, G19, G20 and G21) showed white 478 

colored decorticated grain (bran) and rest 11 genotypes (G1, G2, G5, G6, G10, G11, 479 

G12, G14, G15, G16 and G18) showed light brown decorticated grain (bran) color. 480 

Variegated brown, dark brown, red, variegated purple and purple decorticated grain 481 
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(bran) coloration were not found among the genotypes. A pictorial view of decorticated 482 

grain (bran) color is present in plate 9 and 10. 483 

 484 

 485 

Plate 9. White colored decorticated grain 486 

 487 

 488 

Plate 10. Light brown colored decorticated grain 489 

3.21 Polished Grain: Size of white core or chalkiness (% of kernel area) 490 

Where 19 genotypes (G1, G2, G3, G4, G5, G6, G8, G9, G10, G11, G12, G13, G14, G16, 491 

G17, G18, G19, G20 and G21) showed absent or very small size of white core or 492 

chalkiness (% of kernel area) of  polished grain and rest 2 genotypes (G7 and G15) 493 

showed small size of white core or chalkiness (% of kernel area) of  polished grain. The 494 

medium and large small size of white core or chalkiness (% of kernel area) of polished 495 

grain were not found among the genotypes. 496 

 497 

3.22 Decorticated Grain: Aroma 498 

In this case, all genotypes (G1, G2, G3, G4, G5, G6, G7, G8, G9, G10, G11, G12, G13, 499 

G14, G15, G16, G17, G18, G19, G20 and G21) were observed no aroma present in the 500 

decorticated grain. 501 

 502 

3.23 Time of Heading (50% of the plants with heads 503 

Time of 50% heading of the observed genotypes ranged from 97 days to 71 days with a 504 

mean value of 79 days (Table 5). Sixteen genotypes (G1, G2, G3, G4, G6, G7, G8, G9, 505 

G10, G11, G12, G14, G16, G18, G20 and G21) showed early, five genotypes (G5, G13, 506 

G15, G17 and G19) showed medium but no genotypes were found as very early, late 507 

and very late type for 50% heading formation. A pictorial view of the time of heading 508 

(50% of the plants with heads) is present in plate 11. 509 

 510 

 511 

Table 5. Mean of Time of Heading of twenty-one genotypes 512 

 513 

Genotype TH (Days) 

G1
 

73.33 

G2
 

73.33 

G3 73.33 
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G4
 

73.33 

G5
 

93.33 

G6 73.33 

G7
 

73.33 

G8
 

71.66 

G9
 

71.67 

G10
 

76.67 

G11
 

75.00 

G12 70.67 

G13
 

96.67 

G14 75.00 

G15
 

96.67 

G16
 

70.67 

G17
 

93.33 

G18 75.33 

G19
 

87.00 

G20
 

80.00 

G21
 

76.00 
Mean 78.56 
Maximum 96.67 
Minimum 70.67 

 514 

 515 

Plate 11. Time of heading (50% of plants with heads). 516 

 517 

 518 

CONCLUSION 519 

Based on agro-morphological characteristics developed by Biodiversity International, 520 

IRRI and WARDA-2007 for DUS test of inbred rice, the rice germplasms were classified. 521 

All the genotypes were grouped and classified as well as described based on 522 

morphological characters as per descriptors so that all the observed genotypes 523 

containing described characters can be easily evaluated and identified at a glance for 524 

further studies as a part of variety release. 525 

 526 

 527 

REFERENCES 528 

1. Das B, Sengupta S, Parida S, Roy B, Ghosh M, Prasad M, Ghos TK. Genetic diversity 529 

and population structure of rice landraces from Eastern and North Eastern States of 530 

India. BMC Genetics. 2013;14(1):71. 531 

Available from: http://dx.doi.org/10.1186/1471-2156-14-71 532 

 533 



 
 

14 

 

2. Chakravarthi BK, Naravaneni R. SSR marker based DNA finger printing and diversity 534 

study in rice (Oryza sativa. L.). African J Biotechnol. 2006;5(9): 684-688. 535 

 536 

3. IRRI (International Rice Research Institute). Rice Research and Production in the 21st 537 

Century. (Gramene Reference ID 8380). 2001. 538 

 539 

4. IYR (International Year of Rice). Rice and water: a long and diversified story. 540 

(Gramene Reference ID 8372). 2004. 541 

 542 

5. Forster B. Evolution and Adaptation of Cereal Crops. Edited by V. L. Chopra and S. 543 

Prekash. Enfield, NH, USA: Science Publishers Inc (2003), pp. 295. Experimental 544 

Agriculture. Cambridge University Press (CUP). 2003;40(1):141–142. 545 

Available from: http://dx.doi.org/10.1017/s0014479703281527 546 

 547 

6. FAO (Food and Agricultural Organization). Statistical database. 2016. 548 

Available: https://www.fao.org/economic/RMM 549 

 550 

7. USDA (United States Department of Agriculture). Statistical database. 2016. 551 

Available: https://www.world rice production.com 552 

 553 

8. BBS (Bangladesh Bureau of Statistics). Agriculture crop cutting. Estimation of Aus, T. 554 

Aman and Boro rice 2015-2016. Government of the people’s Republic of Bangladesh. 555 

2016. 556 

Available: http://www.bbs.gov.bd. 557 

 558 

9. Subba Rao LV, Prasad GSV, Prasada Rao U, Rama Prasad A, Acharyulu TL, Rama 559 

Krishna S. Collection, Characterization and evaluation of rice germplasm from Bastar 560 

Region. Indian J Plant Genet Resour. 2001;14: 222-224. 561 

 562 

10. Saxena RK, Chang TT, Sapra RL, Paroda RS. Evaluation studies in indigenous rice 563 

(Oryza sativa L.) germplasm at IRRI. Philippines. Published in NBPGR manual. 1988:1-564 

3. 565 

 566 

11. Shelley IJ, Takahashi-Nosaka M, Kano-Nakata M, Haque MS, Inukai Y. Rice 567 

cultivation in Bangladesh: present scenario, problems, and prospects. J Int Coop Agric 568 

Dev. 2016;14(4):20-29. 569 

 570 

12. Mostofa M, Roy TS, Chakraborty R, Modak S, Kundu PK, Zaman MS, Rahman M, 571 

Shamsuzzoha M. Effect of Vermicompost and Tuber Size on Processing Quality of 572 

Potato during Ambient Storage Condition. Int J Plant Soil Sci. 2019;26(3):1-18. 573 

Available from: http://dx.doi.org/10.9734/ijpss/2018/46554 574 

 575 

13. UNDP (United Nations Development Programme). Land Resources Appraisal of 576 

Bangladesh for Agricultural Development. Report 2. Agroecological Regions of 577 

Bangladesh. United Nations Development Programme and Food and Agriculture 578 

Organization. 1988:212-221. 579 

 580 

14. Edris KM, Islam ATMT, Chowdhury MS, Haque AKMM. Detailed Soil Survey of 581 

Bangladesh, Dept. Soil Survey and Govt. People’s Republic of Bangladesh. 1979:118. 582 

 583 

15. Meteorological Department, Dhaka, Bangladesh. 2015. Accessed 13 September 584 

2016. 585 

Available: http://www.bmd.gov.bd/ 586 

 587 

16. BRRI (Bangladesh Rice Research Institute). Adhunik Dhaner Chash (In Bangoli). 588 

Bangladesh Rice Research Institute, Joydebpur, Gazipur. 2015:5-10.  589 

 590 



 
 

15 

 

17. Biodiversity International, IRRI and WARDA. Descriptors for wild and cultivated rice 591 

(Oryza spp.). Bioversity International, Rome, Italy; International Rice Research Institute, 592 

Los Banos, Philippines; WARDA, Africa Rice Center, Cotonou, Benin. 2007. 593 

 594 

18. Panse V G, Sukhatme PV. Statistical Methods for Agricultural Workers, Rev Edn. 595 

ICAR, New Delhi. 1995. 596 

 597 

 598 

 599 


