Available online awww.scholarsresearchlibrary.com

yolog;
é\% gICQ/
£
£ %
< g
Scholars Research Scholars Research Library 2 N}
¢ Y

Annals of Biological Research, 2016, 7 (5):46-54 .
(http://scholarsresearchlibrary.com/archive.html) Library
ISSN 0976-1233
CODEN (USA): ABRNBW

Early seedling stage salt tolerance evaluation okegetically diverse rice
genotypes

Amol Samant"? and Narendra Jawalt*

Molecular Biology Division, Bhabha Atomic Resea@#ntre, Mumbai — 400085, India
Pillai College of Arts, Commerce and Science, Neml, Maharashtra, Indfa

ABSTRACT

The present study carried out a comparative evanadf 38 rice genotypes (including 17 landraces) galinity

tolerance at germination and early seedling stagi ®lerance of genotype is stage specific. Hancenderstand
the significance of the contribution of differeattdolerance mechanisms among genotypes, its pyimegjuisite to
reveal its tolerance level at an early seedlinggstdefore. A refined scoring system for salt tatemevaluation at
the early seedling stage was designed to reveabtygpas salt tolerance in a given experimental comas. The
extent of genetic similarity was assessed by AFtfray 21 of them. Comparative analysis in similaovgh

conditions, stage and time-points provided a battaterstanding of theinvolvement of stress efféigating genes
among diverse rice genotypes. This study evalusskuity tolerance of several unexplored genotylpesl races to
enable effective use of these in particular soildibons and can be utilized to improve toleranéesensitive but
agronomically important landraces.

Keywords: Early seedling stag€ryza sativasalt tolerance grade (STG).

INTRODUCTION

Abiotic stress is detrimental to all plants and @&an cause of reduced crop productivity. Among theatinity is an
important agricultural problem as it affects mdmart 6% of the total and ~20% of irrigated land glgb To make
matter worse salinity affected area is gradualbyeasing due to natural factors and human actvifleiteja 2007).
Hence, development of tolerant varieties usingsitas$ and biotechnological approaches is highlyirdbke and is
an active area of research (Negrao et al. 201 \elder, being polygenic trait salinity toleranceaibighly complex
phenomenon and a thorough understanding of vanmmehanisms contributing to it is required to realize above-
mentioned goals (Sreenivasulu et al. 2007). Swlituterance is widely varied with plant species gjahotypes
within a species. Riceltyza satival..), a globally important crop, is relatively masensitive to salinity than other
cereal crops such as barley and wheat (Munns astm2008). Variability in salinity tolerance haseln reported in
rice at different stages of growth, with germinatiand active tillering stages being more tolerduaint panicle
initiation, fertilization and early seedling stag¥galia et al. 2005 and references therein). Thpaese to salt stress
is highly complex and involves diverse mechanisiimsed at minimizing the salinity-induced cellularndage.
Since last two decades, various mechanisms andatharation of genes involved in these mechanisave been
revealed. For best utilization of this informatiam germplasm improvement, one should know exacthictv
mechanisms are predominant and or lacking in anggenotype. Therefore,choice of germplasm in séngeand
further experimental analysis is most crucial ftwe tsuccess of studies. Also, for effective utilmat of
agronomically important genotypes in particulat segion, it is primary requisite to know their stdlerance level.
The present study includes geographically distvecthopulation landraces, which are endowed witmémdous
genetic variability and represents a unique soafaeseful traits for rice genetic improvement.
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MATERIALS AND METHODS

Plant material

A total of 38 rice Qryza sativalL.) genotypes including 12 obtained from InternatibRice Research Institute
(IRRI, Philippines) and 26 from University of Pufleune, India) were used in the present study (Tahlédhe
genotypes included both known salt tolerant andsitea genotypes as well as seventeen landracds mat
information on their salt tolerance. All the germeg were evaluated for the effect of salt stresgesmination and
at early seedling stage (6-day old seedlings). &uEntly, 21 genotypes were used for genetic diyeamalysis
(Table 2).

Conditions for germination, growth of seedlings, dinity treatment, and analysis
Seeds were surface sterilized with 0.1% Hd@i-media, India), imbibed for 24 h in distilled twea (D/W), and
used for germination and early seedling stage aisaly

Seed germination analysisFor each genotype 20-30 seeds were kept for gatimmin the dark on a sterile moist
blotting paper in a glass petri plate and the deta recorded up to seven days. Control seeds veengirgated on
blotting paper moistened with Hoagland’s basal iaotr media (Hi-media, India) whereas, the nutriemedia
supplemented with sodium chloride (0-200 mM NaC#swised for salt stress treatment. Germinatioreds was
recorded as per Liu et al. (2007), where seeds w@msidered to have germinated when the emerguligalawas
about the half-length of seed. Germination peagatwas scored till"7day and was used for calculating mean
germination time (MGT) as per Ellis and Robertdi¢iind Roberts 1980). The analysis was repeatee times.

Early seedling stage analysisRice genotypes were grown hydroponically and swdefor salt tolerance at an
early seedling stage in a plant growth chamber (M35RH, Sanyo, Japan) under 13 h / 11 h light / dade.
Seeds were germinated as explained above, 2-dageeltlings were transferred to the 96-well PCReplatit from
the bottom and floated in a plastic tray containkhgagland’s media which was replaced every 48 Hfiowing
growth conditions were used in the growth chamibgint intensity: 150 pmol fis?, temperature: 28 + 1°C (in light
period) and 26 + 1°C (in dark period), relative hdity: 65 + 2%. For salt stress treatment, 6-daj/s#edlings were
transferred to Hoagland’s media supplemented withithout 150 mM NaCl.

Salinity tolerance evaluation at early seedling stge

Screening for salinity tolerance at seedling stage carried out in hydroponics systems. A complateshdomized
design (CRD) with three replicates (at least 15nfslgper replicate) was performed for the salinitjetance
evaluation and salinity tolerance grading. The plnowth condition was followed as given above.eAftt DIS,

shoot length and visual salinity injury of indivialuseedling was recorded. Salt tolerance gradecefseedlings at
theearly seedling stage was calculated by intradpaifine scoring system based on SES method df (@fegorio

GB et al, 1997)and the details are given in Table 1

Table 1: Details of calculation of visual salt injuy (VSI) penalty in rice seedlings at the early seling stage.

I. For each of the 38 rice genotypes, at least 15isgsdvere used for analysis. Salt-induced dam&germwved in the
percentage of rice seedlings was recorded in pyiteaf [A], other leaves [B] and shoot [C]. In atioih reduction
in seedling growth [D] was also included calcula§oThe analysis was repeated three times.

Il. The penalty was given on the basis of severity 8t Y1: part of tissue affected or 2: whole tisstiecied) to
primary leaf (1), and other leaves (2). In the cakshoot (3) penalty given was either 1 (contrditer 2 (pale
yellow/discoloration).

lll. The percentage of seedlings affected was alsodadlalong with the penalties given above for tHeutation.

IV. The penalty for each type ([A], [B], [C] and [D]j salt-induced damage to rice seedlings was added u

V. Total penalty score classs 250 (Salt tolerant); 251-400 (Salt moderate toigra= 401 (Salt-sensitive); T: Salt
tolerant, MT: Salt moderate tolerant, S: Sensitive

Visual salt [A] 8]
injury (VSI) ' VSI (cqntracted f_;md VS| (contracted and [C] 0]
symptoms discoloration) on primary . : VSI on shoot
discoloration) on other leaves
observed leaf 3) .
) 2) % Reduction in
Number growth rate
of seedlings Leza{)tlp thzlze) leaf Lez(a:fL)'I'lp Whole leaf (2) ConErla;cted elii‘/:/e(z) (in)
affected (in %) y
< 30% (10) 10x1x1 10x1x2 10x2xf 10x2 10x3x1 9 x m x o <30% (10)
30% - 60% (20) 20x1x1 20x1x2 20x 2 x|1 XD X 2 20x3x1 R x ™ x o 30—60% (20)
60% - 80% (30) 30x1x1 30x1x2 30x2x|1 x3Bx 2 30x3x1 30x3x23 60-80% (30)
>80% (40) 40x1x1 40x1x2 40 x 2 x]1 XD x 2 40x3x1 40x3x2 >80% (40)

47
Scholars Research Library



Amol Samantet al Annals of Biological Research, 2016, 7 (5):

Assignment of salt tolerance grade

Based on genetic relatedness and early seedligg s@linity tolerance 11 rice genotypes were seteébr salt
tolerance grade assessment. While assigning yalolérance grade visual salt injury as well axpet growth rate
retardation after 2 and 4 DIS was taken into casition. Penalty scoring system was similar aovedld for
salinity tolerance evaluation. The range of tohalty scores [A+B+C+D] after 2 DIS was found toilv¢he 100-
350 and after 4 DIS: 160-520. The range of persdtyre was classified into 1 (lowest) — 10 (highgstides with
each class of 30 for 2 DIS and 50 for 4 DIS. Averafi 2 DIS grade and 4 DIS grade was assigned rastypes
salinity tolerance grade at early seedling stagdid@ 2).

DNA isolation and AFLP analysis: Genomic DNA was isolated from shoot tissue of tice seedling as per the
protocol of Nalini et al. (Nalini et al. 2004). APLanalysis was performed as described in Vos €1885) with
minor modifications. Genomic DNA was double-digeisteith restriction enzymeBst and Msd (New England
Biolabs, USA). After heat inactivation of restrmti enzymes, the adapters specific fest (Pst-a: 5-
CTCGTAGACTGCGTACATGCA-3 Pst-b: 5-TGTACGCAGTCTAC-3) and Msd (Msd-a: 5-
GACGATGAGTCCTGAG-3, Msd-b: 5- TACTCAGGACTCAT-3) were ligated to the restricted fragments using
DNA ligation kit LIG-1 (Sigma-Aldrich, USA) as pghe recommended protocol. The restriction-ligatmixture
was diluted 5 times used as a template for presedeamplification using adapter specific priméss Pst (P: 5-
GACTGCGTACATGCAGA-3), andMsd (M: 5-GATGAGT-CCTGAGTAAC-3). Pre-selective PCR product was
diluted 50 times and used as a template for seiedimplification using 20Pst and Msd adapter primers
combinations with 3-base extensions &t énd(Rnn+tMawn) (Table 4). PCR products were resolved on 5 %
denaturing polyacrylamide gel and DNA fragmentsevgsualized by silver staining. The AFLP gels wscered
for presence (1) and absence (0) of DNA fragmemntisdata from 20 primer combinations was used fatyeis of
genetic diversity by aun-weighted pair- group mdthdth arithmetic average (UPGMA) of TREECON pragra
version 1.3b (Van de Peer and De Wachter 1993).

RESULTS AND DISCUSSION

Effect of salinity on germination

Salinity affected the seed germination to a diffiérextent among the rice genotypes analyzed (0%@&@duction,
Table 2). Analysis of DMGT values revealed finffatiences in the effect of salinity on germinatidgimong the
genotypes, CSR06220, Delhi rice, RDN local, Pusanizdi, Pusa Sugandha5 and Gopal Bhog showed minimum
DMGT whereas IR29 showed the maximum (Table 2).

Effect of salinity on growth at early seedling stag

Rice genotypes showed 35-82% growth retardatioreusdlinity at early seedling stage (Table 2). Asisl of
variance (ANOVA) showed significant differencesretardation in seedling growth under salinity ameéwigrant,
moderate tolerant and salt sensitive rice genot{pes0.05) (Table 3).

Figure 1: Rice genotypes grown with or without 156nM NaCl for four days
NSICRc106 (Salt Tolerant) IR29 (Salt Sensitive)

Control Stress Control Stress
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Table 2 Details of effect of salinity on germination, growt and visual salt injury (VSI) symptoms observed irseedlings of rice genotypes
at the early seedling stage

% Seedlings with VSI and

% Growth

Salt

Nol & Tol Salt . Average % | DMGT¢|Day In penalty scord Retardation + Totall SalttTI(E)IeIance Tolerance
° enotype %Zﬁ;ceeo Germination® | (+SE) | Stress Primary | Other . SE,(Penalty pgggrg Seea:ﬂinar%/ta & Grade
yp leaves | leaves| S€€dlings score) 95198 (st
2DIS ji%;/" ?2%;/“’ fé%;/“ 30 + 2.5 (10) 100
1 | NSICRc106* T 100 (868(1)) S ) T 2
T Lapis| 780% | goo | <30% | 3544020 170
(80) (30)
(40)
2DIS ji%;/" ?2%;/“’ fé%;/“ 32 + 6.0 (20) 110
. 1.20
2 | Cherivirappu? T 100 30- T 3
#0131 4o | >80% | goog | 30:60% | 55, 56 a0 200
(80) (60)
(40)
>80% | <30% | <30%
2DIS 40 £2.5 (10 110
3| Delhirice* NA 100 0.10 “o) | @0) | (20) o T 35
4DIS 788%‘;/“ ?88%;" 3(2'6%(;% 36 + 5.0 (20) 240
>80% | <30%| <30%
2DIS 3525 (20 150
4| Panvelos* T 100 0.25 ®0) | 20) | (30 e MT 5
(+0.05) 4Dl | >80% |>80%| 30-60% | 4o oo 20) 220
(80) | (160) | (60) e
60-
20is| “80% | goo, | <30% | 45440 (20) 150
0.40 (80) 60 (30)
5| PSBRc50* T 100 (20.05) (60) MT 5.5
= >80% | >80% | 30-60%
4o | “goy | 160y | (60) 42 5.0 (20) 320
60-
2DIS 788%;/" 80% 32)1'28;%’ 32+ 10.0 (20) 280
60
6| PSBRc84* T 100 (160(1)) (so) MT 7
- 0 - 800
4DIS 7%%)/“ 80% 6?138)/" 55 £ 6.0 (20) 340
(120)
30-
0, - 0,
2DIS 7%%)/“ 60% 3(26%(; %1 6650 (30) 250
80
7| Nonabokra* T 100 (1652) (60) MT 7
4DIS 7%%;/“ 80% G?l-gg)% 52 £ 6.0 (20) 400
(120)
60-
2pis| “89% | gooe | 30:80% | 45,50 (20) 250
‘ 1.40 (80) 60 (90)
8| Karjato3* s 100 0.1) (60) s 75
= >80% | >80% | 60-80%
40 | “goy | 60y | (s0) | 70*50(30) 450
>80% | >80% | 60-80%
2DIS 65 + 2.5 (30 240
9| Gham* NA 100 141 “o) | ®0) | (0 0 s 8
EOL | 4 pig | >80% | >80% | >80% | oo g, (30) 510
(80) | (160) | (240) =10
>80% | >80% | 30-60%
2DIS 40 £2.5 (20 320
10| RDN local* NA 100 0.10 (80) | (160)} (€0) e s 9
’ >80% | >80% | >80%
4DS | “goy | 160y | (240) | 82%50(40) 520
>80% | >80% | 60-80%
N . “ bos |29] g0y | e0)| o0y 45 £ 4.0 (20) 350 . .
(#0.22) 4Dis| 80% |>80%| >80% 65 + 2.5 (30) 510 '
(80) | (160) | (240) xe
60-
0.70 >80% 30-60%
12| PSBRc48* T 100 4DIS 80% 45 £5.0 (20) 280 MT -
(+0.05) 80) | (50| (60
60-
13| PSBRc86* T 100 (163(1)) 4DIS 7%%;/“ 80% 6%%‘;% 40 £5.0 (20) 310 MT ;
- (120)
60-
14| PSBRc88* T 100 (8(')5% 4DIS ?2%;/" 80% 6‘2'9%()’% 40 £ 6.0 (20) 310 MT ;
. (120)
>80% | 9% | 60-80%
15| CSR06220* NA 100 006 | 4DI$ “go® | 80% | g0 50 +5.0 (20) 310 MT -
(120)
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60-
0.20 >80% 60-80%
16| Damodart MT 100 | ok |401S| a0 | 80% | %07 | a2x40@0) | a10 MT -
(120)
60-
0.60 >80% 60-80%
17| Getur MT 100 wo0s |40 | a0y | 8% | Tlepy | 45:60(0) | 310 MT -
(120)
30-
R 1.20 >80% | SO | 30-60% )
18| Kalanamk NA 100 | uoom | 40| a0y e(sgo/)o oo | Bra0@y) | 270 MT
30-
. 0.20 >80% 60-80%
% 0, -
19| Chimansal NA 95 con | 4P| @0y e(sé)o/)o oo | S5E50@0) | 270 MT
60-
147 >80% 60-80%
20| Gandhsale*|  NA 7 con |4018| Tag’ | 8% | Tieg | e0x70@0) | 410 s -
(120)
153 >80% | >80% | >80%
21| Ghansal* NA 53 con | 40| Tan | o0y | a0y | €5%40@0) | 510 s -
60-
Pandhara 1.64 >80% >80%
22| Pancha NA 90 w2 |4018| o) (81(;’(/)0) o0y | 65%100(0) | 470 s .
60-
_ 0.40 >80% >80%
23| Champakali|  NA 95 ooz | 4Dis | 3oy (si%o) o0y | 85%20(0) | 510 s .
30-
- 0.20 >80% >30%
24| Gari Kolpi NA 100 con | 40s | a0y 2(3‘(1)(‘;/; Gy | 4550@0) | 160 T .
_ 30-
Pakistan 0.20 >80% | O | 60-80%
25| HaKistar NA 100 con | 40s | Taoy e(sé)o/)o ooy | 48+50@0) | 270 MT .
30-
0.68 >80% 60-80%
26| Jeera Sona NA %5 | Com 40| g e(sé)g/)o ooy | 5000 | 270 MT -
30-
_ 0.42 >80% >80%
27|Geerige Sanna  NA 100 (20.2) 4DIS (80) t(ié)g/)o (120) 45 + 6.0 (20) 300 MT -
60-
0.20 >80% >80%
28| Kolamb NA 95 oz | 4DS| Taoy | 8% | Gac) | sBx40(@0) | 460 s -
(120)
60-
29| Super Basmafi  NA 95 040 | 4pis | “BO% | gao | O0BO% | g5.3030) | 410 s -
(20.1) (80) (180)
(120)
60-
30| Pusa Basmafi S 100 010 | 4pig “89% | gy | 60B0% | 65150 (30) | 410 s -
©) | 120 | (80
30-
0.33 >80% 30-60%
31|Pusa Basmatil  NA 95 con |4018| o) e(sé)g/)o 20y | 45:40(0) | 300 MT -
30-
Pusa >80% 30-60%
32| Suomndna | NA 100 010 | 4018 0 2(3‘(1)(‘;/; o | 38+30@0) | 160 MT -
30-
Pusa 0.22 >80% 60-80%
3| sugamdnas|  NA 95 com | 408 | a0y 2(3‘(1)(‘;/; 00y | 45+50@0) | 230 MT -
30-
167 >80% | SO | 60-80%
34| Dusara NA 7 w005 | 408 | Ta0) e(sgo/)o 0oy | 45+50@0) | 270 MT -
. >80% | >80%| >80%
35| Gopalbhog s 100 0.10| 4015 &% | g0y | (as0y | 65:40(30) | 510 s -
60-
0.30 >80% | 2O | 30-60%
36| Swarna s % | oonl 40| a0 (81(; 60) o0y | 46800 | 340 MT .
30-
4 0.50 >80% | SO | 30-60%
37|  Girga NA 92 w008 | 408 | Ta0) e(s‘(‘)o/)o 20y | 55%30@0) | 260 MT -
30-
0,
38| HaliKolpi NA 100 020 | 4pis| “B9% | 600 | 309 (60)| 38+3.0(20) | 160 T -
(20.1) @) | G

“** Indicates the 22 rice genotypes included foiafysis of genetic diversity by AFLP.
‘a’ Known salt tolerance of genotype (T: tolerabt]T: moderately tolerant, S: sensitive, NA: no imfation available)
‘b’ Average germination as per Liu et al. (2007)
‘c’ DMGT (Delayed Mean Germination Time) as per Kagt.al. (2009).
‘d’ Provides details of apercent of seedlings affedy visual salt injury (VSI) at different pa(simary leaves, other leaves, whole seedlings)
along with the assigned penalty score (in paren#f)e®’ indicates the salt tolerance of rice geymms and land races at early seedling stage
‘f” indicates the salt tolerance grade (STG) valoé41 genotypes subsequently used for detailelysinaf proline accumulation under salinity
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Table 3: Result of ANOVA analysis — shoot lengthrgwth retardation under stress and genotypes salolerance at early seedling stage

Class Mean| Variance Number of samples
Tolerant genotypes 37.8 17.7 5
Moderately tolerant genotypgs  42.1 62.5 21
Sensitive genotype 61.3 152.4 12

Fisher (F) value: 19.66; Probability: 1.9E-6, atelprobability level 0.05 the means are found taigeificantly different

Differential effect of salinity on germination andearly seedling stage
In the present study, salinity tolerance of 38 gemotypes (including several landraces) was eteduat an early
seedling stage in terms of salt tolerance grad&jTable 2).

In the majority of the rice genotypes, germinatgtage was more tolerant to salinity as also obseiverevious
reports (Negréo et al. 2013 and references theréiajvever, exceptions were observed in certain maddly
tolerant (at early seedling stage) genotypes thaived higher sensitivity at germination stage. &irlyi, in some
sensitive genotypes germination remained unaffeateter salt stress (Table 2). Observed salt toberam rice at
seedling stage is generally reported to be in ageaé with the tolerance of the genotypes (Islarale2012). Our
study shows that tolerance at the early seedliagests also in agreement with a salt tolerancecef genotypes
observed at seedling stage (Islam et al. 2012).célescreening at the early seedling stage can feetigély
employed for screening of rice genotypes. In prestudy multiple rice genotypes including sevagdonomically
important and unexplored landraces/localselect{anith no information on salt tolerance) were anaty#or salt
toleranceat germination and early seedling stagmeSof the landraces analyzed includescented nemdiatype
genotypes known for good aroma (Champakali, Ghaan&dl, Kalanamak, GopalBhog etc.) and grain shape
characteristics (Delhi rice, GariKolpi, HaliKolp{Mathure et al. 2010, Mathure et al. 2011). Thinfation will
also be useful for effective utilization of suchdaaces/localselections with important traits irrtipalar soil
conditions.In response to salt stress wide degfebiathemical and physiological changes has begorted
(Munns and Tester 2008). To associate the sigméie of thecontributionto change in biochemicakleand
physiological modulations in enhancing salt tolesrnit is primary requisite to reveal genotypes sdérance in a
given experimental condition. Hence, arefined métlior salt tolerance evaluation at early seedliag been
followed. We have seen that in rice genotypes degfesalt stress effect differs stage to stageadswl genotype to
genotype. While seedling growth in salt conditiose, observed that, though some genotypes were @idderate or
showed relatively less visual salt injury symptanearly stress period after 4 DIS there visualis@lry score / salt
tolerance level was similar to genotypes with ey low salt tolerance. Hence to avoid such arnaltygand to see
theprobable correlation between there salt toleraaed biochemical-molecular level response to Eature
studies), VSI symptom at"®day was included along with"4lay time-points for refined STG scoring among
genotypes with similar salinity tolerance. A posgticorrelation (R=0.89) between STG of genotypes @arcent
shoot growth retardation indicates that fast segdiirowth rate is also an important factor for saliérance in rice,
as also observed in a previous report (Anil e2@05).

Genetic relatedness among rice genotypes with vang salt tolerance

Of the total 38 rice genotypes, 21 were furtheryaeal for genetic diversity by AFLP (Table 2). Twtg primer
combinations were used for the AFLP analysis. Gut total of 461 scorable bands, 265 were polymiorphhe
polymorphism percentage was 57.84%.
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Table 4: List of AFLP primers and number of PCR amgified bands generated across 21 rice accessions

St-No. P”?:éjggg'g??ﬁg?agiﬂgﬂ: ig :ensd Total No of scorable bands| No of Polymorphic bands % Polymorphic bands
1 ACGICAC 19 12 63
2 ACTICTG 11 5 45
3 AGT/CAC 18 6 33
4 AGTICTG 16 7 43
5 AGG/CAC 23 13 57
6 AGG/CAG 13 9 69
7 ACA/CTC 21 12 57
8 ACT/CTA 24 13 72
9 AGT/CAG 11 6 54
10 AAC/CTA 25 17 68
11 ACG/CTA 30 18 60
12 ACG/CAG 25 9 36
13 AACICAC 32 18 56
14 ACAICAC 34 24 71
15 AGT/CTA 10 5 50
16 ACC/CAC 22 13 59
17 ACA/CTG 30 22 73
18 AGT/CTC 38 25 66
19 AAC/CTT 35 15 43
20 AGT/CAA 30 16 53

Total 461 265 57.84%

The cluster analysis obtained with the UPGA rewdige main clusters (Figure 3). With some excemio
genotypes with similar early seedling stage saérémce (visual salt injury based penalty scorejewgrouped in
aclosed cluster. The first, cluster A, includedesewaccessions and could be divided into two sustets. Sub
cluster Al included Cherivirappu [salt tolerant @2€s)], Nonabokra [salt moderately tolerant (48] and
Karjat03 (45Qps), Pandharadodki (438s) and Gham (51,5 all salt sensitive genotypes. Cherivirappu and
Nonabokra cultivar are non-scented varieties wieteajat03, Pandharadodki and Gham is scented asmiditi
genotypes. Sub cluster A2 included salt moderdtdgrant genotypes PSBRc50 (326 and PSBRc88 (310s)
with a common parent IR4630-22-2-5-1-3 (moderaselly tolerant donor line) (give areference). Clugténcluded
PSBRc86 (31ks), Panvel03 (32f,s), Damodar (314s), CSR06220 (3143,s) and Getu (27f,s) which belong to
moderately salt tolerant genotypes. Cluster C oheflianother group of moderately salt tolerant ggrest viz.;
PSBRc84 (34%)s), PSBRc48 (28),s) and salt tolerant genotype NSICRc106 (bA). Cluster D included only
two scented rice genotypes with contrasting eagbdbing stage salt tolerance viz.; RDN local (B2 and Delhi
rice (24Qp,s). Cluster E includes 4 scented genotypes viz.aKamnak3131 (278,s), Chimansal (278,s), Ghansal
(4004p;) and Gandhsale (518)s). This cluster includes salt sensitive genotype&sept Kalanamak313land
Chimansal which was found to be salt moderaterésit genotype.

The AFLP analysis evaluated the extent of geneitrerdity among rice genotypes and land races. Dedalt
tolerant genotypes/landraces were identified whichild be effectively used to improve the salt @hme of
agronomically important but salt sensitive genogffamdraces. Intraspecies variability in salt tafee does exist in
rice and should be utilized to improve salinityet@ince of cultivars (Walia et al. 2005; Negrdo let2813).
Evaluation of such variability among the unexplolaudraces would enable their effective utilizatiand may also
lead to newoci governing salt tolerance (Walia et al. 2005). Resshow that landraces Delhi rice, Gari Kolpi and
Hari Kolpi were least affected by salinity and msgrve as potential genotypes for use in the rieeding
programs. Furthermore, evaluation of salinity tafere of several landraces including scented, nsmaa type
(Champakali, Gham, Ghansal, Kalanamak, Gopal Blog) non-scented (Gari Kolpi, Hali Kolpi) landraceish
good grain characteristics (Mathure et al. 2011jldide informative to select agronomically impottéandraces
with similar traits for particular soil condition§.he moderately salt tolerant landraces (Chimanksya Sona,
Pakistan Basmati, Geerige Sanna and Girga) woulthtw@ useful than the sensitive landraces. Sadrdate is
known to be a multigenic trait which means the enee of different combinations of genes/pathwayshim
genotypes that contribute to salt tolerance. Andreleeal aprobable best combination of genes/patbviay
enhancing salt tolerance, ideal genotypes are gpestwith similar salt tolerance but geneticallyedse and vice
versa (Table 4 and Figure 2). Genetically diveedetslerant genotypes (NSICRc106, Cherivirappul Belhi rice)
may also serve as good material to study a diffecembination of molecular mechanisms involved atirsty
tolerance.
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Figure 2: Clustering analysis using the Unweighte®air-Group Method with arithmetic Averages (UPGMA) for 21 rice genotypes
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CONCLUSION

The present analysis of multiple rice genotypesitified some unexplored landraces, which can seawaew
sources of salt tolerance, or can be utilized inetling programs for improving tolerance of agroruahy
important genotypes. The information can also bkzed for efficient utilization of landraces in giular soil
conditions. A refined scoring system for salt talere evaluation at theearly seedling stage is dsirapd
reproducible method which can be followed beforsigaeng the significance of genes and or mecharism
enhancing salt tolerance in a given genotype atdnly seedling stage.
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