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ABSTRACT

Forty rice genotypes including 23 introgressioneBn(IL) derived from B of Swarna x O nivara and KMR3 x
O rufipogon and 3 mutants of N22 were evaluatechfmat tolerance at germination, seedling and eadgetative
stage of development under different temperatw@attnents. Swarna x O. nivara ILs 166-2, 175-2, 3-KKIR3 x

O. rufipogon ILs 377-13, 50, 117, 13-7 and thred& Ify/brids 21528, 20907 and 20114 showed highergmrc
germination, mean shoot and root length, dry weightorophyll, carotenoids and leaf senescencexraempared

to the tolerant check Nagina 22 at high temperatuke 40C, two deep water rice varieties, Jalmagna and
Madhukar and 1L117 showed highest values for tret four traits. The two N22 mutants NH686 and NHT&ad
the least shoot and root length at°@) The effect of heat on carotenoid content waklhigignificant (p<0.05).
Highly significant variations were observed betwéem genotypes for all other traits

Keywords: Oryza rufipogon, Oryza nivaragermination leaf susceptibility index, heat tolerance indexpobphyll
stability index

INTRODUCTION

Rice is one of the top five major cereals, and & imajor staple food which supports more tharetbiion people,
and represents 50 to 80% of their daily caloriaket[1]. Even though rice is grown in tropical aeréce is reported
to be sensitive to high temperature [2-5].

High temperature is a stress factor that has agtimapact on the survival, growth, reproduction aigtribution of
plants [6]. Plants are characterized by a certaimge of tolerance to high temperature, which reslunetabolic
activity. The heat effect is manifested by physjidal perturbations [2-5]. For example, any constran
photosynthesis can limit plant growth at high terapgres. Photochemical reactions in thylakoid ld@eelkand
carbon metabolism in the stroma of chloroplast hbheen suggested as the primary sites of injuryigh h
temperature. High temperature also caused significkecline in shoot dry mass, relative growth ratet
assimilation rate and thus final yield in many eg@ops [7]. Increased nighttime temperature leenbreported to
cause Yield decline in rice [3].

There are fewer reports on effect of high tempeeatun germination, and vegetative stage of ricelgegs [8] than
at reproductive stage of development [9, 10]. Kegphis in view, we analyzed twenty three riceagnession lines
(ILs) and 3 parents of these ILs and 14 other geeotypes for heat tolerance at germination, segdind
vegetative stage, in laboratory at different terapees.
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MATERIALS AND METHODS

2.1. Plant Materials & Sterilization

Forty accessions used in this study included 6 gkrsm lines, 23 introgression lines (ILs) with pdse 3 mutants
of Nagina 22 and 8 advanced breeding lines (Rinesliwhich are in Initial Evaluation Trials of Alhdia
Coordinated Rice Improvement Program at DRR). @f2B introgression lines, 11 lines are Swarn@.>nivara
introgression lines and 12 lines are KMR3Ox rufipogon (ILs) (Table-1).Seeds collected from the farm of
Directorate of Rice Research were washed underimgrtap water and treated with 0.01% sodium hyparitel
(NaOCil) for two minutes and washed thrice in stediiistilled water.

2.2. Experimental Design

Ten seeds from each accession were placed in gishiés containing germination paper moistened wihmile
distilled water and incubated at four different pmratures (25°C, 30°C, 35°C, 40°C) at dark and emah
replicated thrice.

Data on percentage of germination was tested liyit&t five days after incubation. Shoot and roemdth was
measured 5 days after germination and subsequadihgs were taken at regular interval of two dély41 days
after germination. 7 days old seedlings were temsfl to disposable glasses supplemented withizterifull
strength Hoagland’s medium ( pH 5.8), and mainthia¢ the four temperatures with 3000lux of cool tehi
fluorescent light for 16 h/day.

Fifteen days old seedlings from disposable glagsse then transplanted into pots containing stenieand shifted
to the glasshouse, and maintained in ambient dondif25 + 2°C). For chlorophyll estimation, each 30 days old
plantlet grown under 25 +2°C temperature was temnsfl into small pots and incubated at differemgerature
(25, 30, 35 and 40°C) with 3000lux of cool whitadtescent light for 16h/day. Three days after irmtiam 100 mg
leaf tissue was collected from individual plantlatsd cut into small pieces and soaked in 80% aeetmrextract
pigments. The absorption of the extracts at wawgltenof 440nm (), 645nm (R4 and 663nm (k) was
measured using spectrophotometer. The concentratioohlorophyll a (Chl a), chlorophyll b (Chl b)ptal
chlorophyll and carotenoids (Car) was calculatddgughe equations as follow [11]. The chlorophydltslity index
(CSI) was determined according to Aghaee et dlafi@ ratio of carotenoids was measured

Ratio XK = Carotenoids at 40°C/ Carotenoids at 30°C

Dark induced senescence was measured using sesaindfl45 days old plants in three replicates.idhiBPAD
values were taken and cut leaves were kept intesigtubes containing water and incubated at 6 mhagtark. Final
SPAD values were taken at 30 and 40°C in dark.IBRaAD value was compared with initial SPAD valugveo
different temperatures (30 and 40°C) and expressttms of Leaf Senescence Index (LSI).

LSI = Initial SPAD value — 6 days SPAD value / iaitSPAD value x 100
LSID = LSI 40°C - LSI 30°C

All the experiments were carried out in a comptaeredomized block design with three replications.

4.3. Statistical Analysis
ANOVA and correlation coefficients were determifetiowing Snedecor [12] and using SAS software.

RESULTS

The percentage germination varied at each temperatod maximum response was observed at 30°C. &lynil
other four characters, shoot and root length, pigngentent (Chl a, b, total chlorophyll and caratiels) and leaf
senescence showed higher response at 30°C treatoewgared to other temperature treatments. Hené€ 30
treatment was considered as optimum for furthemgarative analysis.

2.1. Germination percentage:

Seeds incubated at different temperatures geretin2gh after incubation and all seeds germinate@jay at
25°C and 30°C but germination was delayed up tay& &t 35°C and 40°C in few genotypes. Six ILs,, 548 230,
3-1K, 463 and 7 showed more than 95 % germinatiofive days of incubation at 40°C. Three ILs, 4488 and
463 showed 100 percent germination in five dayisafibation at 30°C, 35°C and 40°C (Table 1).
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Percentage of germination at 30°C ranged from 47%43 to 100 % in eight lines but at 40°C it ratdrom

27% in 20935 to 100% in four ILs 248, 463, 458 48 (Table-1). Among the forty genotypes, only 1512, 248,

and S-50 showed 4-8% increase in germination af 4@mpared to 30°C. Eleven other genotypes inctudaven
ILs 7, 166-2, 463, 90-5, 13-5, 458, 478, Swarkd,-120907, 20893 and 20926 showed the same geionnat

40°C as at 30°C. All other genotypes showed sigaifi decrease in germination percentage with isarga
temperature. IET20935 showed maximum (50%) redndtiggermination at 40°C compared to 30°C (Table 2)

2.2. Shoot Length

Highly significant differences in shoot length dtdays after germination were observed betweegehetypes and
temperature treatments based on two way ANOVA @&)l At 11 days after germination, mean shoottkeng
ranged from 6.7 in IL175-2 to 11.1 in IL90-5 at 80and from 1.7 in NH 787 to 8.7 in Madhukar at 40T@Gere
was considerable reduction in mean shoot leng®8dE and 40°C compared to 30°C. The highest stemaith (8.7
cm) was observed in Madhukar at 40°C. Jalmagnaep avater rice and N22, a heat tolerant variety staabt
length of 8.3cm and 7.9 cm respectively at 40°h(@4).

In terms of shoot length four ILs 50, 463, 166-2d 475-2 and Madhukar, Jalmagana and IET20907 shovege

heat tolerance compared to the well known heataotdine N22. IET20907 showed the lowest reductbonly

10% in shoot length from 30°C to 40°C. On the oth&nd, Jalmagna and Madhukar showed 2 to 6 % iseriea
shoot length from 30°C to 40°C (Table 2). The mimimshoot length of 1.7 and 1.9 cm was observedH@8V¥

and NH686 respectively. These lines also showedrtise@mum reduction of 83% and 81% respectivelghnot

length at 40°C compared to 30°C (Table 2).

2.3. Root Length

ANOVA among the genotypes and effect of four terafumes on root length showed highly significanfediénces
between the genotypes and temperature treatmeatde(B).The mean root length at 11 days after gextiain
ranged from 6.3cm in NH219 to 11.4cm in IL-230 @t@. It was more than 10cm in 3 lines IL230, IL1®2& IET
20915 at 30°C. The minimum root length was 0.8 nrNH686 followed by 1.4 cm in NH787 at 40°C (Tafile
The highest root length of 8.2 cm was observedimdgna followed by 8.0 cm in 198 at 40°C.

Ten lines including eight ILs 3-1K, 230, 50, 166483, 117, 13-7, 198, and Jalmagna and IET2090®ethdigher
root length at 40°C compared to the heat toleiaptN22. Madhukar and Swarna IL-7 showed equal lexajth of
6.5cm as in N22. N22 showed 29 percent reductiaonot length at 40°C compared to 30°C. Fourtagrobforty
lines including ten ILs, 117, 3-1K, 463, 166-2, 3IF,175-2, 198, 3-1S, 248 and 13-7 and JalmagnahMaar,
IET20907 and IET20893 showed less than 29% redudatigoot length at 40°C compared to 30°C. Jalraagmd
ILs 117 and 3-1K showed less than 10% reductianéan root length from 30°C to 40°C. The highestictidn of
87% and 83% was observed in N22 mutants NH 686\&hd@87 respectively (Table 2).

2.4. Dry weight

Dry weight of 11 days old seedlings at 30°C ranfyeth 0.3mg in 3-1S and IET20935 to a maximum ofrigZn
Madhukar and at 40°C, it ranged from 0.2mg in 3d.%$.9mg in 20893 followed by 1.5 mg in Madhukaalfle 1).
Ten lines IET20893, IET20114 1L248, IET21510, IL47A&T 21528, 1L175-2, Jalmagna, 166-2 and Madhukar
showed more than 25% increase in dry weight at 40&®le 2). Only seven lines IL13-7, 458, 7, 3-$%arna, NH
787 and 20935 showed reduction in dry weight atC40he dry weight of seven lines 16-3, 230, NH2AMR3,
NH686, 117 and 75 was the same at 30°C and 407@e .other lines showed increase at 40°C comparé@.30
Percent increase in dry weight at 40°C varied f6%"in 13-5 to 160% in 20114.

2.5. Chlorophyll and Carotenoids

The chlorophyll content of the leaves was signifttainfluenced by high temperature stress and gx@reeduction
of chlorophyll and carotene content at 40°C in el varied significantly depending on genotypeickhis also
supported by ANOVA (Table 3).

Five ILs 117, 142, 14, 3-1K, 458 and two IET lirg935 and 21528 showed highest total chlorophgiugg fresh
weight) at 30°C. Of these, IL 117 showed maximun®?f§/g total chlorophyll and 20.1ug/g chlorophyll 12
showed 54pug/g total chlorophyll and 39.3pg/g Chllae quantity of total chlorophyll, Chl a, Chl bdteeed with
increase in temperature. Total chlorophyll cont@n40°C ranged from 20pg/g in Swarna to 50ug/gay green
line IL142 and IET 21528 (Table 1).

At 30°C lowest total chlorophyll 28.9ug/g was obsel in N22, whereas at 40°C lowest values were 20pg/g

to 25ug/g in Swarna, Krishnahamsa, NH787, Madhwat KMR3 in increasing order. At 40°C known heat
tolerant variety N22 showed 26ug/g total chlorophyhich is lower than that of all 23 ILs studiadd also of N22

5062



Prasanth et al Annals of Biological Research, 2012, 3 (11):5060-5068

mutant NH686. NH686 showed 6% more chlorophyll cared to N22 at 40°C. Fifteen out of forty lineslutng
eleven introgression lines 142, 166-2, 14, 3-1K7,1458, 377-13, 175-2, 50, 7, 13-7 and four IEe4ir21528,
20114, 20907 and 21510 showstDug/g total chlorophyll and 10ug/g carotenoid4GfiC.

At 30°C maximum leaf carotenoids (12pg/g) were ol in Krishnahamsa but were reduced to 9.3ug4PE.
All other lines showed less than 1pg/g carotenaid30°C but it increased almost ten times at 40f@af of all
accessions. Maximum quantity of carotenoids wagmes! in 21528 followed by 142 (Table 1).

The ratio of carotenoids at 40°C to 30°C was highe8-1K (65) and lowest ratio was observed imsKnahamsa
(0.8). 25-57 fold increase was observed at 40°Clifines, 3-1S, 21528, 20114, 13-7, 458, 175-2,142S, 20907,
377-13 and 20935 compared to 30°C. Seven othes I 75S, 463, Madhukar, 50, 230 and 166-2 sh@®ezb
fold increase in carotenoids at 40°C. and it was than 10 fold in 8 lines NH686, Swarna, N22, 86¢5, KMR3,
13-5 and Krishnahamsa.

Table 1. Response of rice genotypes at germinatioseedling and early vegetative stage at 30°C an@’€

S. | Genotyp| Ger% [Shoot LengtiiRoot LengthDry Weight Xa Xb Xt S| XK Ratio LSl S
No es 30°C 40°d 30°C 40°d 30°C 40°C 30°C 40°C 30°C 40fC 30°C 4(°C 30°C 4)% 30°C 4K 30°C Al-b &D
Swarna-O nivara ILs
1 [swama | 93 93 96 6d 94 5p 09 17 [4 15 |6 32 |20 |61 07 |5 [7.94 mo| 227
2 |248 93 100 86 59 85 6p 04 22 2 13 o 33 [30 [o1 04 |8 o4 m3| 402
3 |31k 97 93| 86 54| 82 74 09 37 4 13 13 50 ke |5 02 [13 pas2 1143 01
4 [31s 77 63| 72 44 67 4b 03 23 1o 10 o 33 |8 [84 01 |7 Pest mi| 274
5 |230 100 93| 100 61 114 6F 07 35 b6 10 [0 46 |37 |81 04 |9 |pne 139 49
6 |142 93 83| 85 56 85 48 05 29 3 15 4 54 |50 |92 05 |13 psa z28| 184
7 |14 93 80| 84 50| 85 55 07 % 4 4 4 50 8 |os o5 |13 pse a2 63
8 |143 47 40| 84 a4l 89 47 04 27 22 13 [0 39 B |79 o5 [9 70 sm| 20
9 |7 03 93| 77 52| 96 63 07 22 41 13 13 45 b4 les 05 |12 pa3 mes| 280
10 [ 166-2 97 97| 75 55 86 7b 06 3 1 12 ho 46 |42 [o1 o5 |105[|2B9 26| -3.2
11 [175-2 87 93| 67 49 78 6p 05 3 1 7 k2 44 |as |98 03 |12 pBwe 179 73
12|75 93 87| 85 43| 82 53 07 28 25 9 o 38 I35 |92 04 |9 P32 oms|eso

Mutants
13[N22 97 93] 109 79 91 65 o038 5 I8 4 [7 20 Ppe [e9 09 |7 [7.8 w54 612
14|NH787 | 100 87] 101 14 85 1k 04 30 7 12 |7 42 |24 |57 o5 | 7.7|218 624 40
15|NHe68s | 97 80| 96 19 64 o0b o7 27 %2 11 ho 38 [32 [s5 09 |8 |as2 511 359
16[NH219 | 100 80| 98 30 62 2k 07 24 p3 10 [0 35 |32 |93 o5 |9 4hass 569 27.
KM rufipogon ILs
17[KMR3 | 100 97] 107 68 89 59 05 oo 25 I8 11 |7 3 5 |69 09 |7 [7.50 536 495
18 [ 463 100 10d 88 671 82z 6B 08 do 27 bs 11 |0 38 |36 |95 04 |9 |23p 808 75d
19 |50 g7 9| 85 68 88 6% 07 o 220 2 14 3 43 |ar [s1 o5 |12 P2 w4 69
20 117 100 83| 99 61 73 6B 06 o6 3 B4 20 h3a s6 |47 |sa 10 |12 |12 436 204
21(37713 | 80 67 102 51 69 5 09 do 38 B3 11 [13 49 |46 |94 o5 | 182252 69| 17
2 [13.7 97 93| 108 59 97 ep 10 o9 30 P 13 h2 43 |40 [0 02 |107|sE5 80| 26
23[163 63 37| 93 51 83 56 04 o4 2 7 14 ho 46 [37 [s0 08 |10 h22 703 681
24 [90-5 97 97| 111 53 87 5B 09 1 37 b6 12 |9 49 |35 [87 15 |11 |755 818 47.3
25 [ 198 o0 o3| 108 68 1208 8p o090 do - F - | - L L 1} A
26 135 03 93 94 59 89 57 09 1o 7 P 12 k1 39 [37 [99 14 |10 |7.23 6.9 134
27 | 458 100 104 108 2d o5 2k 09 ds 38 B4 13 [13 50 [47 |93 03 | 127|332 34f 314
28 | 467 0 87| 90 31 79 2B 08 1o 6 i 11 ho 37 [35 [95 12 |9 |7.89 m2| 523
29 [478 100 10d 93 67 74 3 o5 d7 28 ba 8 [8 37 |33 |oo o5 |9 |ess mns| 384
Germplasm lines
30 [Jamagnd 100 9] 82 8% 87 d2 07 09 25 |19 11 |8 36 |27 |75 07| »3|u22 689 564
31 r';rs'zh"aha 87 70| 107 59| 87 59 08 op 30 W 13 B 42 P2 ko 117 |9 ps 124|swm3
32 [Madhukal 97 93] 82 871 80 65 12 A5 21 hs 9 |8 30 |24 |82 03 |6 2pars s0d 77
IET lines
33 [20114 93 73] 81 57 90 4 05 143 37 B3 13 |13 49 |47 |95 03 | 134 [460 52| 08
34 [ 20035 53 271 89 4d 84 3B 03 d3 36 po 15 |9 50 |20 [58 03 |9 |53 84| 80
35 21528 97 73| 73 54 79 s5p o8 d1 36 B5 14 |14 50 [50 |98 02 | 133|566 133 58
36 | 20893 67 671 85 49 72 5B 08 d9 27 bo 11 Jio 38 [30 |90 07 | 123|107 344 13
37 [21510 83 571 96 2d 90 2 09 43 36 BL 13 |4 48 |45 |93 10 | 121121 204 61
38 20007 g7 87 76 69 92 7p 07 ds8 35 B0 14 |10 49 |40 [87 04 | 1252300 40d 15
39 20015 77 50| 100 63 1201 4o 11 13 26 po 10 |9 36 |29 [81 05| 82|53 835 581
40 | 20926 97 o7] 98 65 80 3p 05 de 25 p1 11 o 36 [30 [83 06 |8 |2 20| 163

Ger% - Germination Percentage; Xa - ChlorophylD#g — Chlorophyll B; Xt — Total chlorophyll; CSI-Gmbphyll Stability Index; LS| — Leaf
Senescence Index (Initial SPAD value — 6 days SRAUR / Initial SPAD value x 100); LSID — (LS| 4D2 LSI 30°C); IET lines — Rice
lines which are in Initial Evaluation Trials of Alihdia Coordinated Rice Improvement Program at DRR
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Table 2. Heat tolerance indices

S.Nd Genoypeg Ger%S. L.|R. LID.Wt] xa | xb | xt
Swarna-O nivara ILs
1 |Swarna 00| 374 4% 273 191 61 399
2 |248 71| 313 274 759 33 274 9.1
3 |3-1K 34 | 372 93| 224 74 12| a5
4 |31s 174 392 263 204 17 11p  15l6
5 |230 67 | 386 414 oo 25p 294 18k
6 |142 107 | 335 434 -16] 94 2.1 7.4
7 |14 143 | 398 354 -154 54 24 44
8 | 143 143 477 474 -12F 176 27B 206
9 |7 00 | 326| 329 149 44 17 3.4
10 |166-2 00| 259 163 -27p 73 15p 9B
11 |175-2 77| 266 201 -33p 17)8 910  1p
12 |75 71| 494] 354 o0 12 -64 74
N22 - Mutants
13 |N22 34 | 276] 284 -133 27 o1p 1B
14 |NH 787 133| 832 834 284 443 41p 433
15 | NH 686 172| 807 s64 od 17B 11p 15}
16 |NH 219 200| 688 613 o 4 11p 68
KMR3 -Orufipogon IL s
17 |KMR3 33 | 368| 340 00| 20 334 30p
18 |463 00| 2370 171 64 44§ 59 5.
19 |50 38| 199 28d -7 51 41 5.2
20 |117 167| 387 73 00 64 339 16D
21 |377-13 167| 441 18% 59 138 2100 6p
22 | 137 34| 455 284 53 64 38 5.1
23 | 163 21| 459 3334 od 17p 27p  20f2
24 |90-5 00| 521 304 -22p 20k 27fp 290
25 |198 37| 370 254 59 - - -
26 | 135 00| 3720 364 54 21 114 41
27 |458 00| 745 724 111 10p o0 6.
28 |467 37| 655 704 -18% 2 114 49
29 |478 00| 285 534 -409¢ 16k 47 10p
Germplasm lines
30 |Jalmagna 33 14 59 -286 217 265 245
31 :”Sh”aham 192 | 453| 368 63 539 404 48p
32 |Madhukar 34| 56 188 -26f 221 10k 195
IET lines
33 | 20114 214 301 512 -16d0 o 5. 5h
34 | 20935 500 5474 559 286 430 388 4is
35 | 21528 241 284 389 -40p 2 o i3
36 | 20893 00| 4279 271 1313 25l9 10p 213
37 | 21510 320 704 722 =52p 118 8B 6p
38 | 20907 00| 97| 214 -14p 14 27 180
39 | 20915 348 37 e0$ -18p 226 10k 192
40 | 20926 00| 339 629 -20p 159 20k 173

Ger % - Germination Percentage; S.L. — Shoot Lerngth. — Root Length; D. Wt. — Dry Weight; Xa —@bphyll A; Xb — Chlorophyll B; Xt —
Total Chlorophyll
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Table 3. Correlation coefficients between traits aB0°C and 40°C
D.Wi. D.Wt.
Ger% 30°C| Ger% 40°C| S.L. 30°C| S.L.40°d R.L.30°d R.L.48C| 30°C 40°C Xa 30°C | Xa40°C| Xb30°C] Xb40°C] Xt30°d Xt40°qG@ CSI| XK30°C|XK 40°C
Ger %3 0°C 1.00
Ger % 40°C 0.87* 1.00
S.L 30°C 0.19 0.04 1.0p
S.L 40°C 0.18 0.32] -0.0 1.0p
R.L. 30°C 0.0§ 0.14 0.2y 0.3%* 1.q0
R.L. 40°C 0.09 0.24 -0.2p 0.76%F 0.34* 1.4qo
D.WE. 30°C 0.334 0.311 0.381 0.31 0.31f 0.2h 1.do
D.WL. 40°C 0.11 0.11 0.0p 0.78 0.11 05 0.73* 1joo
Xa 30°C -0.02 -0.11 -0.2p -0.245 -0.14 -0.jto -0[15 -4.02 1.00
Xa 40°C 0.13 0.0 (-0.39) -0.19 -0.17 -0.p2 -0/05 .05 0.947** 1.00
Xb 30°C -0.09 -0.24 -0.1p -0.41 -0.15 01 -0|14 -q14 0.98** 086* 1.00
Xb 40°C 0.03 -0.1¢ (-0.39) -0.33 -0.21 -0.p7 -0/03 12 0.95** 095* 0.59** 1.00]
Xt 30°C -0.05 -0.2] -0.2p -0.246 -0.16 -0.L2 -0|16 -q06 0.96** 0g6* 0.78* 0.85** 1.00
Xt 40°C 0.1d -0.03 (-0.39) -0.40 -0.18 -0.p3 -0]05 q.07 0.g48**  099* 0.57** 0.97**] 0.86** 1.00
CSI 0.15 0.11] (-0.39) -0.12 (-0.3p) -0.L2 0jo1 18 0.942** 0f9* 0.33* 0.78**] 0.58**] 0.79** 1.00]
XK 30°C -0.09 -0.04 0.2p 0.ge 0.3 0.p2 oj11 d.05 .03 -p.20 0.11 2}0.1 0.04 -0.1% (-0.33) 1.do
XK 40°C -0.09 -0.1(r -0.2p -0.41 -0.19 -0.p5 -0jo1 d.20 0.90**  0.92** 0.60** 0.93**] 0.89**|] 0.94**] 0.71** 0.03 1.0

Note: *=significant at 5%; **=Significant at 1% (Hi ghly significant); () = Significant negative corréation coefficients;

Ger % - Germination Percentage; S.L. — Shoot Lergth. — Root Length; D. Wt. — Dry Weight; Xa —@bphyll A; Xb — Chlorophyll B; Xt — Total Chloroplti CSI — Chlorophyll Stability Index; XK — Carateids
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2.6. Dark Induced Leaf Senescence

All accessions, except 166-2,3-1K and IET20114 sitbweaf senescence after 6 days of dark treatnTdm.
reduction in SPAD from zero to 6 days varied frof2%2 in 16-3 to 42.5% in Madhukar at 30°C and it @&&96 in
166-2 to a maximum 84% in 20915 at 40°C (Table H)sT166-2 was least affected at 40°C in leaf semesc
assay for 6 days.

Cut leaves of 15 lines, 166-2, IET20114, 3-1K, 1B%9Q7, 377-13, 14-3, 13-7, 230, IET20935, IET21528,
IET21510, 14, 175-2, Madhukar and 50, showed almsimsiiar SPAD values at 40°C as at 30°C. Only tined,
166-2 and IET20114 showed higher SPAD values aC4@mpared to 30°C. Three lines, 3-1K, 20907 and B¥
showed less than 2% reduction at 40°C. 10 linegveto2-10% reduction from 30°C to 40°C. Seven |i#é3, 16-

3, 166, 467, Jalmagna, N22 and IET20915 showed thame 50% reduction in SPAD value at 40°C compaoed
30°C (Table 2).

2.6. Correlation

Significant positive correlation was found betwegnmination percent at 30°C and at 40°C, root leagt30°C and
shoot length at 40°C. Root length at 40°C corrédlaignificantly with root length at 30°C and shésigth at 40°C.
Dry weight at 30°C was positively correlated withrignination, shoot and root length at both tempeeatand dry
weight at 40°C. Chl a at 30°C correlated with Clita0°C, Chl b at 30°C was correlated positivelthwZhl a at
both temperatures. Chl b at 30°C was correlated @l b at 40°C. Total chlorophyll content at bt¢mperatures
was significantly correlated with both chlorophglland b. Carotenoids at 40°C were correlated stgmifly with
Chl a, Chl b, and total chlorophyll at both 30°@a0°C and with CSI (Chlorophyll stability indexghlorophyll
stability index (CSI) was significantly correlatedth Chl a, Chl b, and total chlorophyll at bothmigeratures.
(Table 3)

Significant negative correlation was observed betwghoot length at 30°C and Chl a, and betweerb@ind total
chlorophyll at 40°C. Chlorophyll stability index 8) also showed significant negative correlatiothvghoot length
and root length at 30°C (Table 3).

ANOVA revealed highly significant differences amoting genotypes and temperature treatments (P<0:86ugh
the differences among genotypes were not significdre effect of heat on carotenoids content waghlizi
significant (P<0.05; Table 4).

Table 4. Estimation of variance on genotype and teperature treatment at germination, seedling and edy vegetative stages of rice
development

Germination, seedling stages of rice

df |Ger% Shoot length |Root length df Dry weight
Source MS MS MS MS
Genotypes 39 751.2%* 3.6%* 3.19** 39 0.12%*
Temperature 3 384.1** 105.6** 85.6** 1 0.29**
Error 117 64.5 1.08 1.4 39 0.02

Early vegetative stage of rice

df Xa Xb Xt XK LSl
Source MS MS MS MS MS
Genotypes 39 104.04** 14.22** 183.18** 5.26 438.08*
Temperature 1 444, 85** 45,23** 741.32** ]1519.75*% 1292.89**
Error 39 7.06 3.73 13.62 5.09 257.9

Note: *=P<0.05; **=P<0.01

Ger% - Germination Percentage; Xa — ChlorophyliGtilorophyll B; Xt; Total Chlorophyll; XK — Caroteids; LS| — Leaf Senescence Index
DISCUSSION

The present study in rice germplasm revealed #edlgg traits were significantly influenced by higgmperature.
In general, the high temperature treatment redgeechination, shoot and root length and photosyithegiments.
The response of these lines to two temperatureai3@°40°C was different and was genotype deper(@&itt.05).
Seven lines 166-2, 175-2, 50, Jalmagna, Madhukdr20907 and IET 21528 showed higher germinatioapshnd
root length at 40°C compared to the known heatrdokevariety N22. It may be noted that the regbreat
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tolerance of N22 is based on seed set and notisgadksponse [2]. The two N22 mutants NH686, NHZB@wed
the lowest response for all traits compared to M2lcating they are loss of function mutants foathlerance in
the stringent method of screening under contindnaad stress. It is possible that the responsdfeseiit if a diurnal
variation in temperature is used for screeningd ®a4lliallow time for recovery from stress.

High temperature is one of the most important fectthat limit photosynthetic activity [13]. In owstudy,
chlorophyll a, b and total chlorophyll content weignificantly reduced at 40°C. However, 15 liid®, 166-2, 14,
3-1K, 117, 458, 377-13, 175-2, 50, 7 13-7, 21528,12, 20907 and 21510 showed consistent chloroghyitent
and more than10pg/g carotenoids at 40°C. Amongethes lines 3-1K, 13-7, 458, 175-2, 14, 142, 3772AR.14,
20907and 20935 showed more than 25 times increasarotenoids at 40°C compared to 30°C. The reatigh
carotenoids content under high temperature is ditator of plants adaptive response to heat stiessause
carotenoids protect the light harvesting complefk¢$C) against the impact of ROS under stress candit[14].
The increase in carotenoids content in some line408C indicates that these lines respond to hats by
increasing the level of carotenoids thus protedtirgLHC.

Cut leaves of all accessions, except IL-166-2, 1k3and IET20114 showed complete senescence attay$ dark
treatment. The chlorophyll degradation during diawkuced senescence was more at 40°C than at 303@eVér
the extent of reduction at 40°C than 30°C was 8nhiin sixteen lines indicating that chlorophyll deggation in
these lines is minimal. It may be mentioned thatle of free and conjugated polyamines, as welam@gnine
decarboxylase and polyamine oxidase activitiesevi@und higher in tolerant rice cultivar N22 thaattin sensitive
rice cultivar IR8 under non-stressed condition. tHteess resulted in higher levels of free and dguolyamines in
the heat tolerant callus than in the heat sensdaliis. Furthermore, uncommon polyamines, norsjutne and
norspermine were detected in tolerant cultivar Wwhiecreased under stress, while they were not thatein
sensitive IR8 cultivar under normal or stresseddd@n. It was concluded that under heat streswlerant rice
cultivar such as N22 had the capacity to maintaimorease its total pools and to shift these pé@mlancommon
polyamines while the sensitive cultivars do not éhahis capacity [15]. Whether the data on callua ba
extrapolated to whole plant level is debatable.

Lines tolerant to heat at one stage of developmmayt or may not tolerate at another stage of dewedmp but in the
present study five ILs 166-2, 175-2, 377-13, 3-1itl &0, three IET lines 21528, 20907 and 20114 sHoweat
tolerance at germination, seedling and early véigetastages of development. Under high temperaiasment,
two deep water varieties, Jalmagna and Madhukawetidolerance in terms of shoot length and roogterat
germination and seedling stage of development btit bhlorophylls and carotenoids were reduced ésehines at
seedling stage. It appears that the mechanisnderfihce operating in these 2 varieties do notergmfotection to
the photosynthesis related pigments.

Utilization of wild species to develop abiotic ssetolerance was suggested in barley [16].In tlesegnt study,
introgression lines obtained from crosses of diites with wild progenitors of Asian cultivated €©. rupfipogon
andO. nivarawere used to screen for heat tolerance. In all,s7derived from KMR3 >O.rufipogon and 4 ILs
from Swarna xO. nivara withstand 40°C at germination and seedling stadeese lines also retained higher
amount of chlorophyll and carotenoids comparedhtgirtrespective recurrent parents and also the toéeant
check N22. The tolerance of ILs to high temperatan be attributed to the introgressions fromuihe species.

In this experiment highly significant positive celation was found between closely related trastexpected. .
Among the traits CSI was significantly correlatedtmChl a, Chl b and total chlorophyll at both fgenatures and
with carotenoids only at 40°C suggesting the rdl€Cbl a and b and specifically carotenoids undeat letress.
Earlier work shows the role of carotenoids to pebtellular structures in various plant speciessipective of the
stress type [7].

Significant negative correlations were observedwben shoot length and chl a, chl b, total chlordiphnd

carotenoid content at both temperatures. CSI| wss agatively correlated with shoot length and dleagth at
normal conditions, indicating that dwarf lines hist study seem to produce high chl a, chl b, tcitddrophyll and
carotenoids content than tall lines [17]. The d#éfece in carotenoids among the genotypes was guifisant at 5%
level but the effect of heat on carotenoids wasligigignificant indicating a clear role of caroté@®in responding
to heat stress.

CONCLUSION

In conclusion, Swarna ®.nivaralLs 166-2, 175-2, 3-1, KMR3 ©.rufipogonlLs 50, 377-13, 50, 13-7 and three
IET lines 21528, 20907 and 20114 showed highest toderance response at germination, seedling amty e
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vegetative stages of development. Two deep watenarieties, Jalmagna and Madhukar and IL117 stidighest
response at germination, shoot length, root leagthdry weight at seedling stage of developmen¢s&Hines can
be considered as more heat tolerant at early seediage compared to N22 a known heat toleranetyast

reproductive stage. It was interesting to note thktthe elite lines identified for heat tolerarmegermination and
seedling and vegetative stage of development acekalown for their drought, salinity or submergetaerance
indicating considerable overlap of pathways and haaisms conferring abiotic stress tolerance. The N22

mutants NH686 and NH787 were identified as los$uottion mutants for early vegetative stage hebgramce.

Lines and varieties used in the present study geosuitable experimental system to undertake eetaihalysis of
genetic, genomic, biochemical and molecular prazessderlying heat tolerance.
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