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Screening of rice genotypes for tolerance to low temperature- using

chlorophyll fluorescence
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No. Name Code Origin No Name Code Origin
1 79061-TR61-3-3-1-1 IRCTNI1 Turkey 40  IR74520-29-4-2-2-2-4-1-1 IRCTN40  IRRI
2 82079-TR489-3-1-1 IRCTN2 Turkey 41  CHINA 1039 IRCTN41 India
3 83025-TR643-1-1-1-1 IRCTN3 Turkey 42 IR6677-22-1-3-2-5 IRCTN42  IRRI
4 8601-TR888-2-1-2-1 IRCTN4 Turkey 43 PJ-2(NSICRC 104) IRCTN43 Philippines
5 87041-TR990-11-2-1 IRCTNS Turkey 44 PJ-2(NSICRC 110) IRCTN44  Philippines
6 88018-TR1043-6-2-3-1 IRCTN6 Turkey 45  PSB RC44(IR59468-B-B-3-2) IRCTN45  Philippines
7 88024-TR1049-3-1-1-1 IRCTN7 Turkey 46  PSB RC46 IRCTN46  Philippines
8 88024-TR1049-6-1-2-1 IRCTNS Turkey 47  PSB RC92(IR9202-25-1-3) IRCTN47  Philippines
9 88076-TR1101-9-2-1 IRCTNO9 Turkey 48  RCPL3-2 IRCTN49  India
10  STEJAREE 45 IRCTN10  Turkey 49 K39-96-1-1-1-2 IRCTNS0  India
11 88088-TR1113-4-1-1 IRCTN11  Turkey 50 Line6 Iran
12 88090-TR1115-4-1-1 IRCTN12  Turkey 51  Anbori ghermez Iran
13 89010-TR1130-8-1-1-2 IRCTN13  Turkey 52 LD183 Iran
14 90040-TR1232-4-1-1 IRCTN14  Turkey 53 Rasmi Iran
15 90051-TR1243-2-2-1 IRCTN1S5  Turkey 54 Shafagh Iran
16 CUII IRCTN16  India 55  Chaparsar 5 Iran
17 GWANSAN 2 IRCTN17  N-Korea 56  Gerdeh-Zanjan Iran
18 H231-59-3-1 IRCTN18  Argentina 57  Fajer Iran
19 NONG 56 IRCTN19  N-Korea 58  Champa6 Iran
20  TATSUMI-MOCHI IRCTN20  Japan 59  Hovaizeh Iran
21 OLBYE 1 IRCTN21  Korea 60  Champal6 Iran
22 ROJOFOTSY 653 IRCTN22 Efadagasc 61 Amol3 Iran
23 ZHI20-5 IRCTN23  China 62  Neda Iran
24 SR22746-68-2-3-4-2-4 IRCTN24  IRRI 63 Chaparsar Dailamani Iran
25 HR17512-11-2-3-1-4-2-3 IRCTN25  IRRI 64  Domsiah Aleshtar Iran
26  HR17570-21-5-2-5-2-2-1-5 IRCTN26  IRRI 65  Tarom domsiah Iran
27  IR57107-2B-12-2-2-2 IRCTN27  IRRI 66  Kohrang Iran
28  IR60059-4B-4-1-1-2-1 IRCTN28  IRRI 67  Nemat Iran
29  IR66097-8-1-1-1 IRCTN29  IRRI 68  Anborbo Ilam Iran
30  IR68373-R-R-B-22-2-2 IRCTN30  IRRI 69  Binam Tabriz Iran
31  BARKAT(K78-13) IRCTN31  India 70  Sari Chilik Iran
32 IR71131-BF4-B-30-5 IRCTN32  IRRI 71  Khazar Iran
33 1R72944-1-2-2 IRCTN33  IRRI 72 Omid bakhsh Iran
34  IR73688-57-2 IRCTN34  IRRI 73 Hashemi Iran
35  IR73688-82-2-3-2-2 IRCTN35  IRRI 74  Domsiah Vaisaan Iran
36  IR3688-82-3 IRCTN36  IRRI 75 Sahel Iran
37  IR73690-7-2-1-1-3-2-2-1 IRCTN37  IRRI 76  Onda Iran
38  IR73694-41-2 IRCTN38  IRRI 77  Ghermez Sadri Iran
39  IR74506-28-4-3-2-1-3-2-2 IRCTN39  IRRI
(Sl Jds JS7 St ) QP (05 =S Il Ce ) ETR (55 a3
(OLJ1 = J1g) PAM 2000 Jube e oy 4l o8 AN (4SS b IS Sl b g )
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Table 2. Frequently used chlrophyll fluorescence parameters and their equations including ®@pgyy,
gP, Fv.Fm and qN

alsles
Parameter Symbol Equation
Photochemical quenching parameters —  g2bosdighd bgals Sl 430
Quantum yield of PSII 33 e 8 a1 52 S Dpgyy (Fm'- Ft)/ Fm'
Photochemical quenching bty el qP (Fm'-Ft)/ (Fm'-Fy)
Maximum quantum yield of PSII 33 e g3 03T S5 Slas Slu= Fv:Fm (Fm- Fy)/ Fm
Non-photochemical quenching Sloadind ud | Lgols ditae gN (Fm-Fm")/ Fm'
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Table 3. Summery of analysis variance for chlorophyll fluorescence as well as SPAD value and vigor in rice
genotypes under low temperature treatments

3 Mean squares  ola o o

SOV e i Ls;lf' Fv:Fm Dpsyy ETR gN qP SPAD “"";j BTl
igor

Temperature (T)  Ls 1 5.091%%  276%%  23207.7%%  0.047™  3.428%%  23758%%  087.7%*

Error a aglks 6 0.054 0.008 90.2 0.040 0.034 86.9 2.01

Genotype (G) sy 76 0.084%%  0.009%* OLI**  0.030%%  0.039%* 103.2%* 7.36%*

T*G iitls 76 0.089%F  0.009% 87.2%F  0.027%%  0.019%+ 74.9™ 4.75%+

Erorr b bl 465 0011 0.003 27.5 0.022 0.011 59.4 1.34

**: Significant at 1% Probability level.

ns: Non- significant
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Table 4. Means of chlorophyll fluorescence attributes, SPAD value and vigore in rice genotypes under control
(N) and low temperature (S) conditions

e IEY)

T i) aplad Fm:Fv Dpgyy ETR gN qP SPAD I
iy Vigor
Genotype
No.
N S N S N S N S N S N S N S
1 0.78 0.21 037 025 372 255 059 049 0.80 061 300 256 3.50 4.00
2 0.81 023 039 024 385 242 056 053 0.84 068 363 258 1.00 4.00
3 0.80 0.22 037 030 367 294 056 049 0.77 074 356 267 225 4.00
4 0.79 0.19 035 023 340 233 053 047 0.71 060 292 221 375 6.00
5 0.80 0.28 044 020 431 199 050 044 0.82 060 337 259 250 4.00
6 0.79 020 047 021 46.7 207 052 045 0.79 056 323 255 350 4.00
7 0.79 032 046 023 460 235 042 041 0.81 057 31.8 224 325 4.00
8 0.80 0.30 045 025 438 254 050 0.65 0.79 064 339 232 3.00 4.00
9 0.79 023 039 023 383 241 050 0.74 0.77 0.83 292 208 275 6.50
10 0.80 0.30 047 023 459 246 050 0.74 0.83 0.78 33.1 227 2.00 4.00
11 0.80 041 046 028 449 196 055 0.73 0.85 039 350 214 225 7.50
12 0.80 0.31 047 0.18 463 192 055 0.78 0.84 051 36.8 222 2.00 4.00
13 0.78 0.50 046 027 448 227 047 057 0.77 057 29.1 240 5.00 4.00
14 0.80 0.21 044 020 432 200 055 049 0.82 053 339 251 350 4.00
15 0.79 030 041 023 39.1 223 051 053 076 072 29.7 270 350 425
16 0.78 0.19 039 025 383 267 050 0.74 0.74 0.83 259 248 225 3.00
17 0.78 023 038 0.19 363 199 051 081 0.66 045 240 28.0 4.00 6.00
18 0.79 034 045 024 427 254 046 0.77 0.80 0.63 299 283 350 6.00
19 0.78 0.51 047 024 454 249 047 0.73 0.77 050 26.1 257 3.00 6.75
20 0.79 0.51 050 023 478 245 050 0.76 0.82 0.70 299 282 350 6.00
21 0.79 049 048 028 457 296 049 0.77 0.84 074 314 29.1 4.00 5.75
22 0.79 047 045 0.17 437 17.1 047 055 0.81 044 269 181 125 4.00
23 0.79 0.51 044 023 425 229 046 039 0.77 056 288 236 250 3.00
24 0.79 0.54 040 0.14 38.1 141 042 043 0.71 037 279 17.8 3.00 8.00
25 0.80 0.52 038 024 379 241 055 050 0.79 065 322 275 2.00 5.75
26 0.80 0.51 035 033 349 341 047 053 0.70 0.71 30.7 280 3.00 3.75
27 0.79 0.52 040 029 397 300 052 052 0.77 065 280 302 225 3.00
28 0.78 0.53 034 024 339 240 045 051 0.72 066 235 277 6.00 6.50
29 0.79 055 037 029 355 289 048 056 076 069 309 30.7 3.50 3.75
30 0.79 0.50 042 029 41.1 289 056 049 086 0.62 303 30.5 3.00 3.00
31 0.79 0.54 040 027 393 273 056 050 0.81 063 314 330 2.00 3.00
32 0.79 0.67 036 032 347 319 055 055 080 0.72 299 287 3.00 5.00
33 0.79 0.80 044 036 424 373 054 051 087 073 314 294 225 4.00
34 0.79 0.80 038 033 366 336 060 051 0.85 069 295 267 150 4.00
35 0.79 0.76 041 032 402 325 056 059 080 072 312 280 150 4.50
36 0.79 0.80 040 033 382 335 054 059 084 071 305 266 3.00 4.00
37 0.79 0.75 036 037 324 304 054 054 0.78 068 289 263 325 6.25
38 0.79 0.79 041 032 398 322 055 057 083 073 320 281 250 5.50
39 0.79 0.78 037 036 366 358 055 056 081 078 308 27.1 2.00 5.50
40 0.79 0.78 036 028 347 281 048 058 0.75 073 293 274 2.00 6.00
41 0.79 0.78 039 024 374 241 056 053 0.80 056 279 235 225 575
LSD 5% 0.103 0.098 10.76 0.103 0.149 7.575 1.137
Sx 0.037 0.035 3.873 0.037 0.054 2.726 0.409
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Table 4. Continued Jad aalsl

g el Fm:Fv Dpsui ETR gN qP SPAD R

N Vigor

Genotype
No.

N S N S N S N S N S N S N S

42 079 0.79 040 031 385 31.1 054 055 080 066 326 270 175 6.00
43 079 0.77 039 026 368 258 056 048 082 055 295 246 250 6.00
44 0.79 0.80 044 033 423 326 048 052 078 073 319 289 175 4.50
45 079 0.79 039 023 374 224 047 059 077 066 290 234 1.00 3.00
46 0.78 0.76 038 025 366 250 050 051 075 065 255 234 250 3.50
47 077 0.77 032 021 30.7 209 049 053 066 060 198 232 350 3.75
48 0.79 0.76 038 023 362 227 049 036 074 047 278 19.1 1.00 4.50
49 079 0.73 034 0.17 323 17.1 055 040 066 043 244 18.1 3.50 5.75
50 0.78 0.70 036 0.19 346 197 047 039 067 050 276 245 450 6.75
51 079 0.76 044 028 436 285 052 039 079 056 333 234 1.00 3.50
52 078 0.78 031 020 302 203 049 050 068 048 280 263 225 3.00
53 079 0.75 043 032 412 316 050 050 082 081 31.1 269 200 3.50
54 0.78 0.76 037 030 357 297 047 035 069 057 286 265 150 3.25
55 078 0.77 032 028 30.7 265 046 049 064 058 285 258 1.00 4.25
56 079 0.79 035 030 339 299 051 047 073 0.69 313 285 3.00 3.25
57 078 0.77 033 028 32,1 27.8 038 038 059 057 251 259 3.00 425
58 079 0.76 041 031 398 307 051 044 076 064 309 280 150 4.00
59 078 049 036 0.19 343 21.7 040 056 064 052 223 21.5 450 9.00
60 079 0.72 032 0.19 307 190 053 055 073 047 306 205 125 6.00
61 078 0.71 041 021 397 209 047 047 076 056 307 192 1.75 8.00
62 078 0.75 036 0.19 349 193 053 053 074 055 295 224 150 5.50
63 079 0.78 032 023 308 230 051 055 071 057 275 21.5 2,00 7.00
64 079 0.76 035 024 339 236 056 041 079 052 267 21.0 250 6.50
65 078 0.75 033 023 31.1 225 054 044 073 053 232 214 150 7.25
66 078 0.75 039 022 376 216 049 053 074 063 292 255 175 5.50
67 078 0.75 039 024 375 234 052 053 071 059 235 213 200 6.50
68 0.78 0.76 043 026 41.1 263 047 046 075 058 294 249 1.00 4.00
69 078 0.77 037 026 352 258 053 054 074 061 289 250 200 5.50
70 0.77 0.77 031 024 298 246 053 055 069 059 262 273 275 6.25
71 076 0.75 034 028 328 284 045 048 065 066 273 263 4.00 5.75
72 078 0.73 033 021 317 210 046 034 060 042 263 181 125 6.50
73 078 0.75 038 030 36.1 304 065 049 090 073 267 256 2.00 6.00
74 0.79 0.77 034 025 325 252 061 045 082 057 300 214 275 6.00
75 078 0.77 039 028 37.7 282 046 036 071 055 283 223 1.00 475
76 0.79 0.74 034 026 325 235 052 050 073 057 303 221 325 7.00
77 078 0.76 039 030 366 306 049 045 075 061 294 223 225 5.00

LSD 5% 0.103 0.098 10.76 0.103 0.149 7.575 1.137
Sx 0.037 0.035 3.873 0.037 0.053 2.726 0.409
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Table 5. Means of shoot dry wieght (g plant™) in rice genotypes under control and low temperature condition

using LSD 5%
oglad et 55 ‘-'y GEENNTT oglad et 55 ﬂ?‘y. G 3 LI G g s 0
T (50,505 T (50,505 T (6555 5)
Genotype Shoot d.wt Genotype Shoot d.wt Genotype Shoot d.wt
No. g plant No. g plant No. g plant’
N S N S N S
1 0.92 0.54 27 0.85 0.42 53 1.05 0.82
2 0.89 0.82 28 0.36 0.19 54 0.68 0.45
3 1.11 0.56 29 0.76 0.36 55 0.52 0.49
4 0.46 0.29 30 1.03 0.44 56 0.84 0.44
5 0.92 0.64 31 0.99 0.58 57 0.59 0.36
6 1.36 0.44 32 0.67 0.29 58 0.78 0.53
7 0.78 0.35 33 1.34 1.02 59 0.89 0.24
8 0.83 0.29 34 1.23 0.97 60 0.79 0.74
9 0.64 0.34 35 0.59 0.40 61 0.67 0.59
10 0.63 0.55 36 1.36 1.04 62 0.47 0.41
11 0.58 0.58 37 0.33 0.26 63 0.67 0.45
12 0.75 0.68 38 0.52 0.42 64 0.60 0.34
13 0.70 0.23 39 0.42 0.32 65 0.49 0.39
14 0.86 0.36 40 0.41 0.39 66 0.57 0.56
15 0.66 0.38 41 0.40 0.40 67 0.57 0.50
16 1.02 0.43 42 0.50 0.50 68 0.70 0.54
17 0.64 0.23 43 0.38 0.36 69 0.55 0.52
18 0.60 0.33 44 1.35 1.14 70 0.50 0.40
19 0.41 0.32 45 1.29 0.87 71 0.45 0.24
20 0.49 0.31 46 0.76 0.47 72 0.62 0.57
21 0.72 0.27 47 0.58 0.26 73 0.62 0.38
22 0.98 0.86 48 0.50 0.47 74 0.65 0.46
23 0.78 0.36 49 1.13 0.45 75 0.73 0.39
24 0.59 0.35 50 0.75 0.58 76 0.34 0.32
25 0.58 0.48 51 1.14 0.80 77 0.51 0.42
26 0.92 0.29 52 0.80 0.43
LSD5% 0.278
Sx” 0.100
) qN Il ¢SO o (Gray et al., 1997) Ol 5 5,5
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Table 6. Correlation between chlorophyll fluorescence attributes, SPAD value, and vigor in rice genotypes,
under control condition

Fv:Fm Dpgyy ETR gqN qP SPAD Vigor

Fv: Fm 1

Dpgr 0.429** 1

ETR 0.991** 0.452%* 1

qN 0.037™ 0.023™ 0.210%* 1

qP 0.510** 0.526** 0.645%* 0.653** 1

SPAD 0.573** 0.258** 0.227** 0.504** 0.547** 1

Vigor -0.200™ -0.226%** -0.519** -0.098™ -0.365%* -0.235%* 1
* and **: Significant at 1% Probability level, respectively. o33 6 il o 53 13 e SRR
ns: Non- significant Sl e DS

los sl 53 oLl gy D58 9 e J35 IS e L35 IS il s Slis - dad

Table 7. Correlation between chlorophyll fluorescence attributes, SPAD, and vigor in low tempertuer stress
in rice genotypes

[ Downloaded from agrobreedjournal .ir on 2025-11-04 ]
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Fv:Fm Dpgyy ETR gqN qP SPAD Vigor
Fv: Fm 1
Dpyy 0.199%* 1
ETR 0.903** 0.218%* 1
gN 0.022" -0.020™ -0.154™ 1
qP 0.445%%* 0.334%%* 0.684%%* 0.595%%* 1
SPAD 0.552%%* 0.450%* 0.145%* 0.588%%* -0.001™ 1
Vigor -0.349%* -0.437** -0.331%* -0.308** -0.380%* -0.316%* 1
* and **: Significant at 1% Probability level, respectively. s oS Jl] o 53 s e DEE G E
ns: Non- significant s ‘ns

iy ol gles Bl 2 3 mip 6 oS5 p 4 o Opre S mb- s

Table 8. Stepwise regression for rice genotypes under low temperature and control conditions

el i Jtens ilis
Dependent Indepentent Control Stress
(ol pll S 05 ady ) ESAS 0
ESU5 e SlL Shoot dwt Root dwt
Morphological characteristics 51.9% 47.0
0.66**% 0.63**
“ Fv:Fm qP
COPPRCHN o il ol gla ail
i I RN EATT R 1] 238 30.1
Vigor Fluorescence Parameters(alone)
0.59%* 0.63**
SPAD = SPAD SPAD
6 e el gl sla adl 5
RN 36.0 41.0
Fluorescence Parameters+ SPAD
0.57** 0.61**
oo 33 JL.:-Jc'n....J:J\:J'.A.n}(I") ,;L;;.__a.a\)fj.L.aJ;\.T._.?;q:ﬂg}i,T

+, $and ™" : Percent of total correlation , correlation coefficient (r) and significant at p< 0.01, respectively
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Table 9. Means of root dry wieght ( g plant™) in rice genotypes under control and low temperature condition

- Jads

using LSD 5%
P TRITE] adyy OSSO LT adyy OSSO LT adyy OSSO
o (6500 5) o (6500 5) o (65520 5)
Genotype Root d.wt Root d.wt Genotype Root d.wt
0 Genotype No. 0 q
No. g plant g plant No. g plant
N S N S N S
1 0.120 0.079 27 0.180 0.060 53 0.220 0.095
2 0.140 0.110 28 0.145 0.030 54 0.130 0.068
3 0.180 0.094 29 0.150 0.050 55 0.090 0.075
4 0.050 0.035 30 0.145 0.070 56 0.140 0.100
5 0.110 0.051 31 0.150 0.100 57 0.100 0.055
6 0.180 0.075 32 0.130 0.065 58 0.130 0.070
7 0.380 0.160 33 0.155 0.135 59 0.110 0.040
8 0.100 0.050 34 0.160 0.129 60 0.080 0.060
9 0.080 0.056 35 0.110 0.085 61 0.085 0.080
10 0.085 0.080 36 0.165 0.123 62 0.065 0.060
11 0.080 0.065 37 0.035 0.070 63 0.105 0.060
12 0.110 0.110 38 0.100 0.050 64 0.190 0.145
13 0.120 0.050 39 0.080 0.045 65 0.065 0.035
14 0.155 0.050 40 0.060 0.040 66 0.100 0.095
15 0.085 0.075 41 0.065 0.060 67 0.080 0.060
16 0.195 0.065 42 0.105 0.020 68 0.100 0.065
17 0.105 0.020 43 0.080 0.070 69 0.065 0.055
18 0.120 0.060 44 0.153 0.125 70 0.055 0.035
19 0.070 0.040 45 0.225 0.093 71 0.035 0.030
20 0.080 0.053 46 0.115 0.065 72 0.085 0.055
21 0.120 0.060 47 0.100 0.045 73 0.085 0.045
22 0.175 0.125 48 0.105 0.100 74 0.090 0.055
23 0.145 0.040 49 0.170 0.085 75 0.120 0.060
24 0.045 0.045 50 0.130 0.070 76 0.065 0.030
25 0.090 0.090 51 0.240 0.130 77 0.075 0.055
26 0.210 0.050 52 0.135 0.100
LSD5% 0.044
Sx’ 0.0158
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Screening of rice genotypes for low temperature stress- using
chlorophyll fluorescence

Hassibi', P., F. Moradi’ and M. Nabipour®

ABSTRACT

Hassibi, P., F. Moradi and M. Nabipour. 2007. Screening of rice genotypes for low temperature stress-using chlorophyll

flourescence. Iranian Journal of Crop Sciences. 9(1): 14-31.

Rice is a tropical and sub-hopical crop, which is sensitive to low temperature. Chlorophyll fluorescence is a
common method for crop screening and monitoring of photosynthesis fluctuations under abiotic stresses. In this
experiment, 77 rice genotypes including 49 line of International Rice Cold Tolerance Nursery (IRCTN 2005)
and 28 Iranian rice were tested in split plot arrangement using compbility Randomized Design (CRD) in
phytotrone for screening and monitoring of their performance. Variences International Rice Research Institute
(IRRI) scoring system used for ranking of genotypes at normal and stress conditions. Chlorophyll fluorescence
attributes, Chlorophyll content (SPAD values) as well as root and shoot dry weight were measured. Results
showed that in low temperature 13/15 °C (night/ day, respectively) gP, ETR, ®pgy, Fv:Fm, SPAD value and
vigor of seedlings as well as root and shoot dry weight significant 7 reduced as compared with normal
temperature 22/29 °C (night/day, respectively). Among genetypes of IRCTN No. 33, 34, 36 and 44
(the Philippines) had the highest values and stability of Fv:Fm and ®pg; parameters in low and normal
temperatures while Hoveizeh (from Iran) had the lowest tolerance to low temperature. In addition, there was a
highly significant correlation between root dry matter and vigor, showing sensitivity of root to low temperature.
Therefore, this parameter could be used as a criterion for selection of tolerant cultivars and genotypes to low

temperatuer stress.

Key words: Chlorophyll fluorescence, Low temperatuer stress, Rice, Screening, SPAD value.
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