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Original Research Article
Evaluation of Genetic Diversity in Agromor phological Traitsof Forty Two

Aman Rice Genotypes (Oryza sativa L.) using D* Analysis

ABSTRACT:. The experiment was conducted with forty two genegypf rice at the experimental farm of Sher-e-Bangl

Agricultural University, Dhaka during the period @dily 2013- December 2013 to estimate the diveesitpng 42 Aman rice
genotypesBased on P analysisthe genotypes were grouped into five differenstds. Clusters IV had the maximum fourteen
and cluster 1l had the minimum three genotypese highest inter-cluster distance was observed ltvieand 11l and the
lowest was between IV and V. The highest and lowesd-cluster distance was observed in Il andrégpectively. Genotypes
included in cluster V were important for total gilt per plant, effective tillers per plant, dayss@% flowering and thousand
grains weight; cluster Il were important for filegrains per panicle and unfilled grains per panicluster 1V were for plant
height and yield per plant. Considering the diwgrpattern and other agronomic performances, tihetgpes Special from AL-
29, AL-36, PP-4B(i), AL-17(iii)B, AL-17(iii), AL-17ii)A, Special from-129, Special from 17(iv), AL-G% AL-17, Special
from AL-36(D), PP-48, IR-25B, Special from AL-33R425B (Tall), P-5B might be considered better ptrdor the future
efficient hybridization programme.

KEY WORDS: Aman rice, Genetic diversity,ztanalysis, PCA.

INTRODUCTION

Rice is a major food crop, ranking second to wla@abng the most cultivated cereals in
the world. It is the staple food crop of more timatf of the world’s population [1]Rice provides
21% energy and 15% of per capita protein of gldiahan[2]. The world dedicated 162.3
million hectares in 2012 for rice cultivation arttettotal production were about 738.1 million
tons [3]. By 2030, the worldust produce 60% more rice than it produce in 1995 &einthe
demands [4].

More than 90% of the world’s rice is produced awthisumed in Asia [5]. Bangladesh is the
fourth largest producer of rice in the world witfoduction of 33.8 million tons in 2012 [6].
occupies 74.77% of the totefopped areas and it alone constitutes 90% ofdta food grain
produced annually in the country [7]. Bangladeshdse2.7% increases in rice production per
year due to populationrowth[8].

Rice is grown in Bangladesh under diverse ecosysikmrigated, rain fed and deep
water conditions in three distinct seasons namely, Aman, and Boro [9)xmong them, Aman
occupiedthe highest area coverage (34% of gross croppea) &f]. Moreover, there is lack of
well developed Aman rice varietypy [34]. So, we have to give more attention for the
improvement of Aman rice varieties to increase rm®duction in order to satisfy our

population’s need of food.
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Genetic diversity determines the inherent potemtiad cross for heterosis and frequency of
desirable recombinants in advanced generations. [d@pridization programme involving
genetically diverse parents belonging to differehisters would provide an opportunity for
bringing together gene constellations of diverseingsand promising hybrid derivatives resulted
probably due to complementary interaction of diegrtggenes in parents [11].

The present study was undertakeratgsess genetic diversity among the Aman @e/za
sativa L.) genotypes for identifying genetically diverggrarents using Danalysisand to utilize

themin future hybridization programme.
2 MATERIALSAND METHODS
2.1 EXPERIMENTAL SITE

The present research work was carried out in thgeraxental farm, Sher-e-Bangla
Agricultural University (SAU), Dhaka during July 28-December 2013. The location of the site
is 23° 74' N latitude and 90° 35' E longitude wvatinelevation of 8.2 metemovesea level.

The experimental sitwas situated in the sub-tropical zone. The sothefexperimental
site lies in Agroecological region of “Madhupur Tra(AEZ No. 28). Its top soil is clay loam in
texture and olive gray with common fine to mediustidct dark yellowish brown mottles. The
pH is 6.1 and organic carbon content is 0.82%.

22 PLANT MATERIALS

Table 1. List of the genotypes used in the experiment with their source

Sl. No. Genotypes Source
1 G1: AL-17 (iii) B
2 G2: AL-17 (iii)
3 G3: AL-42
4 G4: From IR-25B (Yellow)
5 G5: From IR-25B
6 G6: Special (Early)
7 G7: Richer
8 G8: AL-35 .
9 G9: Special-130 Sher-e—LBJingl? {?grlcultural
10 | G10: IR-25B (Dwarf) versity
11 | G11: AL-36(C)
12 | G12: Special from AL-36(D)
13 | G13: P-5B (i)
14 | G14: Hira
15 | G15: AL-17(iii) (Tall)
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16 | G16: Aloron
17 | G17: IR-25B (Tall)
18 | G18: AL-36(iii)
19 | G19: Special from AL-33
20 | G20: Special from AL-29 (Basmoti type)
21 | G21:S-1 (Basmoti type)
22 | G22: S-2 (Basmoti type)
23 | G23; S-5 (Basmoaoti type)
24 | G24: AL-33(ii) (Basmoti type)
25 | G25: AL-36 (Basmoti type)
26 | G26: AL-42(ii) (Basmoti-Yellow type)
27 | G27: AL-44(i) (Basmoti-Yellow type)
28 | G28: AL-17(ii)) A
29 G29: AL-47
30 |G30: PP-48
31 | G31: PP-4B(i)
32 G32: Special from-129
33 | G33: P-5B (ii)
34 | G34: AL-36
35 | G35: Special stigma color
36 G36: IR-25B
37 | G37: Special from-17(iv)
38 | G38: Special from S-2
39 | G39: Special from AL-33
40 | G40: AL-44(i)
41 | G41: AL-17
42 | G42: AL-104
2.3 FIELD EXPERIMENT

unwanted plant materials were removed from thedfi@lring the land preparation. Proper

laddering was done to bring the soil at propeh tlbndition.
replications. The field was divided into three idscthe blocks were subdivided into 42 plots.
Genotypes were randomly assigned into 42 plotsach eblock. The plot size was 2m x 1m.

Block to block and plot to plot distance were 1 ma & m respectively.

main plot on 2% August 2013Intra and interow distance were maintained20 cm and 25 cm

respectively.

The experimental plot was prepared by ploughindp wibper tiller. The weeds and other

A Randomized Complete Block Design (RCBD) was usethe experiment with three

The seeds were sown on"2duly 2013 andne seedling per hill was transplanted to the
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Urea, Triple Super Phosphate, Muriate of Pota@ypsum @ 180, 55, 80, 60 kg/ha
respectively were used in the experiment. Total, I8P and Gypsum were applied in final land
preparation. Total urea was applied in three imtits, at 15 days after transplanting (DAT),
35 DAT and 55 DAT respectively.

Weeding, during first two top dressing of urea, wlase to break the soil crust, to keep
the plots free from weed and to incorporate tha feeilizer into the soil for reducing the loss of
urea through denitrification. Irrigation with regulinterval was given to maintain 5-7 cm water
up to hard dough stage of rice.

Proper control measures were taken against rice bteer during tillering and heading
stage of rice. Furadan 5@Garbofuran)@ 1 g per square meter were applied at active tigeri
stage and panicle initiation stage of rice for colfihg the stem borer. Lani rate and malathion
(organophosphatewjere applied to protect from rat and rice bug eetipely.

Two-threecm of water level was maintained at the time ahgplanting. 5 cm depth of
water was given at the time of maximum tilleringge. Then field was irrigated as and when
required up to physiological maturity. Harvestingsastarted when 80% of the plant population
of each plot reached maturity.

Data were recorded on individual plant basis frof randomly selected plants.
Observations were recorded on various plant tratsdays to 50% flowering, days to maturity,
plant height, total tillers per plant, effectivdleis per plant, panicle length, fertile grains per
panicle, unfertile grains per panicle, 1000 grauwesght and yield per plant.

24  STATISTICAL ANALYSIS

Multivariate analysis viz., Principal Component Aysis (PCA), Cluster Analysis (CLU) and
Canonical Variate Analysis (CVA) were done by usi@ENSTAT programmeGenetic
divergence among the genotypes was assessed bydi2}alized distance (Pstatistic.

3 RESULTS AND DISCUSSION

Diversity is the function of parent selection anidoaheterosis. The availability of
transgressive segregants in a breeding programpends upon the divergence of parents. Thus,
the accurate information on the nature and dedrdeversity of the parents is the prerequisite of
an effective breeding programm8&election of parents in hybridization programme

based on Mahalanobis's Btatistic is more reliable as requisite knowledfi@arents in respect
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of a mass of characteristics is available prioctossingby [31]. Rao[13] reported that the
guantification of genetic diversity through biomie#l procedures hadiade possibldo
choose genetically diverse parents for a successtulidization program. Statistical analysis
such as Mahalanobis?and Canonical Variate Analysis (CVA), which quénthe differences
among several quantitative traits are efficienthmodtof evaluating genetic diversity.
3.1 PRINCIPAL COMPONENT ANALYSIS

The Principal Components Analysyielded eigen values afach principal component
axes of genotype#n which the first axes totally accounting for thariation among the
genotypes, whereas four of these eigen values albutyeaccounted for 74.19% he first three
principal axes accounted for 62.50 % of the totalation among the 10 characters describing 42
rice genotype{Table 2). Based on principal component axis | Hnd two dimensional chart
(Z1 -Z2) of the genotypes are presented in Figureh&é scatter diagram (Figure 1) represented
that apparently thereere five clusterand the genotypes were distantly located from e#oér.

Based on the values of principal componscores 2 and 1 obtained from the principal
component analysis, a two dimensional;-ZZ) scatter diagram was constructed, using
component score 1 as X-axis and component scoseY2ais, which is presented in Figure 1
The positions of the genotypes in the scatter dimgmwere random, which indicated the
considerable diversity among the genotypes incluthethe cluster. Some distantly located
genotypes of different clusters were the genotypesber G31, G20, G25, G15, G37, G40, G36,
G30, G28, G1, G32, G41, G12, G39, G33, @uZ to their far distance from the axes.

Table 2. Eigen values and yield percent contribution of 10 characters of 42 rice genotypes

Eigen Per cent Cumulative % of Percent

Characters o T
values variation variation

Plant height (cm) 3.053 30.53 30.53

Total tillers per plant 1.900 19.00 49.53

Effectivetillers per plant 1.297 12.97 62.50

Daysto 50% flowering 1.169 11.69 74.19

Panicle L ength (cm) 0.895 8.95 83.14

Filled Grains per panicle 0.645 6.45 89.59

Unfilled Grains per panicle 0.506 5.06 94.65

Daysto maturity 0.291 2.91 97.56

1000 Grains Weight (g) 0.227 2.27 99.83

Yield per plant () 0.016 0.17 100.00
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Fig. 1. Scatter diagram of forty two rice genotypes based on their canonical roots

3.2 NON-HIERARCHICAL CLUSTERING
By using these inter-genotypic distances intratelugenotypic distances were calculated

as suggesteby [14]. On the basis of alues, the 42 genotypes were grouped into fivaliig
divergent clusters (Table 3).The clusters divergewas proved by the high inter- cluster and
low intra clusters Bvalues. Cluster IV was the largest and consistagtden genotypes
followed by cluster Il with ten genotypes, clustars | and Il had 9, 6 and 3 genotypes
respectivelyThe grouping pattern did not show any relationsi@fween genetic divergence and
geographical diversity which has been a point diatie in the past by [32A perusal of the
Table 2 clearly showed the genotypes usually didl claster according to geographical
distributions. One of the possible reasons mayhbddct that it is very difficult to establish the
actual location of origin of a genotype. The frael drequent exchange of genetic material
among the crop improvement programmes in the cpunakes it difficult to maintain the real
identify of the genotypes. Moreover, breeding proge incorporate genes from varied sources,
thus losing the basic geographical identity of gee@otype. The absence of relationship between
genetic diversity and geographical distance indgdlhat forces others than geographical origin,
such as exchange of genetic stocks, genetic dpfintaneous variation, natural and artificial
selection are responsible for genetic diversitynéty also be possible that causes for clustering
pattern were much influenced by environment andnqgge x environment) interaction
resulting in differential gene expression. Anotipessibility may be that estimates might not

have been sufficient to account for the variabibgused some other traits of physiological or



138  biochemical nature which might have important irpideng the total genetic diversity in the

139  population.

140 The cluster mean of genotypes (Table 4) varied agmtude for all the ten characters.
141  Genotypes in cluster | showed maximum performamsepgnicle length (27.14). Cluster Il

142  showed maximum performance for days to maturity}(13). Cluster 11l recorded highest mean
143  performance for filled grain per panicle (197.1hfainfilled grains per panicle (31.70). Cluster
144 IV showed maximum performance for plant height (183 and yield per plant (41.99). Cluster
145 'V showed maximum performance for total tillers ppaint (22.90), effective tillers per plant

146  (21.83), days to 50% flowering (103.11) and thodsagrains weight (24.93).

147 Table 3. Distribution of 42 rice genotypes in different clusters
Cluster No. of No. of Name of genotypes
no. Genotypes population
| G3,G13,G24, 6 AL-42, P-5B (i), AL-33(ii), AL-42(ii), AL-44(),
G26,G27,G38 Special from S-2
G6,G8,G9,G10, Special (Early), AL-35, Special-130, IR-25B
[ G14,G16,G17, | 10 (Dwarf), Hira, Aloron, IR-25B (Tall), Specil from
G19,G29,G33 AL-33, AL-47, P-5B (ii)
11 G20, G25,G31 | 3 Special from AL-29, AL-36, PP-4B(i)
gifgg“éﬁg’ AL-17(ii)B, AL-L7 (i), From IR-25B (Yelllow)
WV G272 628,632 | 14 From IR-25B, AL-36 (C), AL-17(iii) (Tall), AL-
6371640’641’ 36(iii), S-_2, AL-17(||)_ A, Special from-129, Spetia
a1z from-17(iv), AL-44 (i), AL-17, AL-104
67,612,621,G Richer, Special from AL-36(D), S-1, S-5, PP-48, AL-
v 23,630,6G34.G 1 9 36, Special stigma color, IR-25B, Spcial from AB-3
35,636,639 ' ' ’
148
149 Table 4. Cluster mean values of 10 different characters of 42 genotypes
Characters I 1 [l IV V
Plant height (cm) 99.67 100.37 102.37 108.15 97.56
Total tillers per plant 16.46 22.12 19.52 19.20 22.90
Effectivetillers per plant 15.07 20.10 18.74 17.77 21.83
Daysto 50% flowering 98.50 102.57 100.67| 101.12 103.11
Panicle length (cm) 27.14 24.42 27.03 26.49 25.42
Filled grains per panicle 137.57 115.76 197.11 165.63 148.28
Unfilled grains per panicle 20.73 16.41 31.70 21.31 14.54
Daysto maturity 130.56 | 134.13 134.11| 133.19 134.00
Thousand grainsweight (g) 24.24 23.71 23.62 24.55 24.93
Yield per plant (g) 23.02 40.13 35.58 41.99 41.38
150
151 3.3 CANONICAL VARIATE ANALYSIS(CVA)
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The intra and inter clusteB®? values among 42 genotypes presented in Tableeaiey
that cluster IV showed minimum intra clustef @alue (0.01) distance followed by cluster II
(0.03), whereas, maximum intra clustef Dalue (0.81) was shown by clustér followed by
cluster 1 (0.10) indicated that genotypes includethis cluster are very diverse and was due to
both natural and artificial selection forces amdme genotypes. Minimum inter clustef @lue
was observed between the clusters IV and V (3.Bdjcated close relationship among the
genotypes included in these clusters. Maximum “lesters Bvalue was observed between
the clusters Il and Ill (10.94) indicated that thenotypes belongings to these groups were
genetically most divergent and the genotypes irexiud these clusters can be used as a parent in
hybridization programme to get higher heterotic ridd from the segregant population [15].
Several authors also reported profound diversitthengermplasm of rice by assessing genetic
divergence on the basis of quantitative traitsofslng Mahalanobis Bstatistics [11], [10] and
[16]. Average inter and intra-cluster distanceeaded that, in general inter- cluster distance
were much higher than those of intra-cluster distan suggesting homogenous and
heterogeneous nature of the germplasm lines wahthbetween the clusters, respectively. These
results are in accordance with the findings of [11]

Table 5. Intra (Bold) and inter cluster distances (D?) for 42 rice genotypes

Cluster I [ [l v V

I 0.10 4.66 8.54 5.47 4.15
1 0.03 10.94 6.61 4.56
[l 0.81 4.80 7.37
v 0.01 3.82
V 0.04

The clustering pattern of the genotypes revealatl thrieties or lines originating from
the same places did not form a single cluster lsatidirect selection pressure. This indicated
that geographic diversity was not related to genéiversity that might be due to continuous
exchange of genetic materials among the countfigdseovorld. Same results have been reported
by [17] and [18] in brown mustard; [19] in sunflonyg20] in groundnut and soybean. It had
been observed that geographic diversity was naaydwelated to genetic diversity and therefore,
it was not adequate as an index of genetic diwer§enetic drift and selection in different
environment could cause greater diversity than ggagc distance. Furthermore, there was a

free exchange of seed material among differentoregas a consequence, the characters
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constellation that might be associated with paldicuegion in nature, lose their individually
under human interference, and however, in somescaffect of geographic origin influenced
clustering that was why geographic distribution wasthe sole criterion of genetic diversity
[21].

The free clustering of the genotypes suggestedrdigmee upon the directional selection
pressure applied for realizing maximum yield infeliént regions; the nicely evolved
homeostatic devices would favor constancy of theo@ated characters would thus
indiscriminate clustering. This would be suggedteat it was not necessary to choose diverse
parents for diverse geographic regions for hybation.

The charactecontributing maximum to the divergence were gigeeater emphasis for
deciding on the cluster for the purpose of furtlsmlection and choice of parents for
hybridization [22]. The PCA revealed that in vectdZ1) the important characters responsible
for genetic divergence in the major axis of diffegration were plant height, panicle length, filled
grains per panicle, unfilled grains per panicleysdt maturity and yield per plant (Table 6). In
vector 1l (Z2) that was the second axis of difféi@ion, plant height, total tillers per plant,
effective tillers per plant, days to 50% flowerindpys to maturity and yield per plant were
important. The role of plant height, days to mayuaind yield per plant in both the vectors were
positive across two axes indicating the importaminponents of genetic divergence in those
materials.

35 COMPARISON OF DIFFERENT MULTIVARIATE TECHNIQUES

The clustering pattern of Danalysis through non-hierarchical clustering heicen care
of simultaneous variation in all the characters arndtudy. However, the distribution of
genotypes in different clusters of thé &nalysis had followed more or less similar trefidhe
Z1 and Z2 vector of the principal component analy$he Band principal component analysis
was found to be alternative methods in giving tifermation regarding the clustering pattern of
genotypes. However, the principal component analgsovided the information regarding the
contribution of characters towards divergence @#.ri

Table 6. Relative contributions of the ten characters of 42 rice genotypes to the total

divergence
Characters Vector-1 Vector-2
Plant height (cm) 0.09867 0.02898
Total tillers per plant -0.01777 0.20832
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Effectivetillers per plant -0.00486 0.21611
Daysto 50% flowering -0.02063 0.11111
Panicle length (cm) 0.03660 -0.02108
Filled grains per panicle 0.98511 -0.02257
Unfilled grains per panicle 0.10797 -0.37279
Daysto maturity 0.00299 0.10897
Thousand grainsweight (q) -0.00053 -0.02131
Yield per plant (g) 0.07778 0.86282

3.6 SELECTION OF CULTIVARS FOR FUTURE HYBRIDIZATION
Genotypically distant parents were able to produgier heterosis [23], [24], [25], [26],

[27], [28], [29]. Beside this, reference [27] refsat in groundnut that the higher heterosis for
yield and its components could be obtained fromctiosses between the intermediate divergent
parents than extreme ones. In chick pea that mediiwargent genotypes showed higher
heterosis in crosses for different yield contribgticharactersy [29]. In triticale, very high or
very low parental divergent failed result in hetasy [30].

Considering this idea and other agronomic perfocaanthe genotypes Special from
AL-29, AL-36, PP-4B(i) from cluster IlI; AL-17(iiig, AL-17(iii), AL-17(ii)A, Special from-129,
Special from 17(iv), AL-44(i) and AL-17 from clusté/; Special from AL-36(D), PP-48, IR-
25B, Special from AL-33 from cluster V; IR-25B (T)ahnd P-5B(ii) from cluster Il might be
considered better parents for efficient hybridizatprogramme.
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