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١،١٣٨٦نهم،لدج

ليئلفبا تنش به هاپ
Screening of rice genotypes for tolerance to low temperature- using

chlorophyll fluorescence

۳مجيد نبي٢،۱

. هاپ.۱۳۸۶. . . .
 .۹)۱:(۳۱-۱۴.

هابرنج 

 ـتغيييگهايي. يي

ليئفلهامؤلفهن يي. باشديميستيريغهاها

شيي. ميها

IRRI۲۰۰۵۲۸پايين۴۹شامل(پ برنجي, تنش سرما

بـه اهچـه  يگ.ندكاشته شديفبه)

IRRIه ج۱۳/۱۵(سرما ط تنشيكهنتايج. نديسنجيييتغمؤلفه، تعيين

نسـبت بـه   ياهچهيگمتر،Fv:Fm،ΦPSII ،ETR،qPهامؤلفه)/شب,يسانت

ش ييانگريند)/شب, يه سانتج۲۲/۲۹(طبيعيط ي

٣٦IRRI۴۴, ٣٣،۳۴هاپي.باشديمهاهمچنين 

, Fv:FmΦPSIIمؤلفه

همچنين .رينتمؤلفهييهو

پـايين  ,

مؤلفـه ,هـا مؤلفـه , با. 

)Fv:Fm(,بهمتحمل ب

.نسل

.,،ليئفل،تنش برنج،:ديها

 :۴/۱۱/۱۳۸۵
۱۳
۲)(
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١٥

مقدمه
بسـتگي بـه   پـايين بـه 

 ,.
,برنج بـا منشـا  مانندگياهي
ــهنســبت ب

oC۱۵هــا
(Allen and Ort, 2001) .مهــم

ــطحســ, گيدن
)Ort, 2002 (حتــيكــه

ا ي ـمنجـر مـي نيزمتوسط
)(PSII شـو.

ــاهش  ,ك
)Allen and Ort, 2001; Leegood and Edwards, 1996

Ort, كه باعـث كـاهش   ) 2002
)ATPNADPH (

)ΦPSII (مي
)Anderews et al., 1995Bruggemann and Linger,

1994; Francheboud and Leipner, 2003 .(
ســبب, ATPســرعت 

يـك ه ب,غيرفتوشيمياييخاموشي
كنــد عمــل مــيتنظــيم

)Francheboud and Leipner, 2003 .(

ــريع, س
هـــا

)Baker and Rosenquis, , فعلي).2004

ييشـيميا چنـدين  ها
ز ي ـبـه گـزينش شـيو .مـي 

Berg(نينــو et al., 1999

Evans, 1999(.ــه گلخان
بيشتر

.
تخريبــيئوفل

)2003Barbagallo et al.,2004;Oxborough,(.
ــهتحمــل ســرما ب

ناشـي  مي
)Bruggemann and Linger,

Fm:Fvنظر.)1994

بـا  
پربرنج

)Sthapit et al., 1995.(،
سرما مي

ــا .هـ
oC۱۴, ــو ــهنمـ ــا بوتـ هـ

هــا،نــاقص
)Baker and Nie, ممانعـت كـه )1994

ي,
ــته  ــط هس توس

)Nie and Baker, نمـو يهـا چنـين ).1991

Fv:Fmــي م
)Fryer et al., لفـــهؤم،).1995
ــيئفل ــتوم ه ب

ه 
,بـه . 
هـا سـمت نسبي

) +NADPماننــد(

)Fryer et al., 1998.(
بـه  FvFmF0Fvمؤلفه

Fm)Fv:Fm (
ه مي
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١٦

تحــت تــنشعملــي 
ه 

)Adams et al., 1995; Oquist and Hunner, 1991;

Adams et al., 1990.(
۱(ETR)qP تـنش

يهـا كـاهش مـي   
) فتوسيســـتم(چرخـــه 

ــه  ــبت ب ــيCO2نس ــدم باش
)Stryer, 1988(،

qNه 

ــي .مــي طــيكــه(Lee, 2001)ل
,ســاله ۳۰

, C°۱۰مختلف
ــ C°۱۳ ,C°۱۵ ,C °۱۷ه گياهچ

) خوشه شكل(
C °۱۴باشــدمــي .

شـته ي
نيزقبل,مرحله

.(Lee, 2001)يابده ب
شناسي ش

ناحيه مي
بـه حتي تنش سرما 

سـرما تـنش . پايين

) ۱۳۴۰-۱۳۷۹(سـاله  ۴۰.شومي
 " ",

۵/۸ ,
ــر , ۷/۱۶, ۹/۱۲ , ۲/۱۹, ۰/۱۹تي
بهمـن  , ۷/۲, ۰/۵, ۷/۸, ۰/۱۳مهر , ۹/۱۶
۵/۲۶/۴

,

۰/۰)۱۳۵۳ ( ,۰/۲
, )۱۳۴۴(۰/۵تيـر , )۱۳۴۴(۰/۸, )۱۳۵۳(

ــر, )۱۳۴۴(۰/۵, )۱۳۴۳(۰/۷ ۰/۲مهــ
)۱۳۵۳( ,۰/۰)۱۳۵۱  ( ,۰/۶-)۱۳۴۲( ,
ــن , )۱۳۵۲(-۰/۸ ) ۱۳۵۱(-۰/۹بهمـــــــ
۰/۶-)۱۳۶۴  ( .

,نيز

" ه ب. 
ــابن ــانگين,"تنكـ , ۰/۹ميـ

, ۶/۲۰, ۰/۲۰تيــر , ۸/۱۷, ۰/۱۴
ــر , ۸/۱۷ , ۶۰/۴, ۸/۸, ۱/۱۳مه

.۷/۲۰/۵بهمن , ۴/۲
,۰/۰

)۱۳۷۸ ( ,۵/۴)۱۳۶۳( ,۵/۸
, )۱۳۵۴(۰/۱۵, )۱۳۷۹(۵/۱۲تيـــــر  , )۱۳۷۹(

, )۱۳۵۶(۲/۴مهــــــر , )۱۳۵۶(۰/۵
۰/۲-)۱۳۷۸  ( ,۵/۵-)۱۳۴۲( ,۵/۸-)۱۳۴۳( ,

)  ۱۳۷۹(-۰/۷) ۱۳۵۱(-۰/۸بهمــــن
. ت

ميانگين ني) ۸۴-۸۳(
. نسبت به ميانگين چهل ساله سالانه

بهبايا
كاشـت  خير أت ـ

,جسته
,مـي 

كه نمايند

 .
تـا 

ــد، تمــامي هرچن

. هستند
1- Electron transport rate
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١٧

متحمل بـه  ) (شناسايي لاين , 
برخـي تنش 

جهت
مؤلفـه تعيين مهمترين , 

  .

ها

-۱۳۸۵ ,
هايي ماننـد ,تحمل به سرمامخ

,فيليپـين ,چـين ,,,, 
مهمچنـين  هنـد  ,,تركيه

)IRRI(١بين
بـه  ،IRCTN (۲۰۰۵(۲برنج متحمـل بـه تـنش سـرما    

۲۸
)۱(.,

۷٧شامل
" كـاملا 

 .,
۲۴

۴۸م
۳۲ ,۱۲/

) (و۷۵
۷۵بــر متر 

. شـدند 
بر۸۵

(Greegorio et al., 1998) .ه ب ـ ,

 , .
۲۰كاشـت حـا  

. سـه گرفته شد 

,
)Yoshida, 1981(

. جايگزين شد
)/شـب (۲۲/۲۹

بـا  , /سـاعت شـب  ۷۰۱۲±۵نسبي
مربـع بـر   ۴۰۰±۵۰تشعشـع  

.ندمنتقل ,ثانيه
,شـاهد سـطح ,. 

۲۸كليه بوته
بـر سرما, ندشد

(Lee, 2001) ,۱۴,
۱۳/۱۵تــا

۲۸. ) /شــب(
,پس

 .
IRRI

(عـالي = ۱ه ب ـ, شـدند 
كاهش -(= ۳)

ــاهد- ــا شـ متوســـط= ۵,)(بـ
بـد = ۷,)هـا % ۱۵, ها(
ــين ( ــا ۱۵ســوختگي ب % ۲۰ا هــ% ۴۰ت

ا ه% ۴۰(= ۹,)اهبوته
ــه% ۵۰ ــابوت ــپس.)ه ــهس مؤلف

ئفل
)

)برگي قسمت سبز , 
Fmشـامل ييس

)(,
F0)

(,Fv:Fm)
(,Fm´)

(,´F0)
(,ΦPSII)

1- International Rice Research Institute 2- International Rice Cold Tolerance Nursery

 [
 D

O
R

: 2
0.

10
01

.1
.1

56
25

54
0.

13
86

.9
.1

.2
.8

 ]
 

 [
 D

ow
nl

oa
de

d 
fr

om
 a

gr
ob

re
ed

jo
ur

na
l.i

r 
on

 2
02

5-
08

-0
1 

] 

                             4 / 18

https://dor.isc.ac/dor/20.1001.1.15625540.1386.9.1.2.8
http://agrobreedjournal.ir/article-1-272-en.html


"..."

١٨

۱-
Table 1. Name and origin of rice genotypes

منشا
Origin

كد
CodeNameNo

منشا
Origin

كد
CodeNameNo.

IRRIIRCTN40IR74520-29-4-2-2-2-4-1-140TurkeyIRCTN179061-TR61-3-3-1-11

IndiaIRCTN41CHINA 103941TurkeyIRCTN282079-TR489-3-1-12

IRRIIRCTN42IR6677-22-1-3-2-542TurkeyIRCTN383025-TR643-1-1-1-13

PhilippinesIRCTN43PJ-2(NSICRC 104)43TurkeyIRCTN48601-TR888-2-1-2-14

PhilippinesIRCTN44PJ-2(NSICRC 110)44TurkeyIRCTN587041-TR990-11-2-15

PhilippinesIRCTN45PSB RC44(IR59468-B-B-3-2)45TurkeyIRCTN688018-TR1043-6-2-3-16

PhilippinesIRCTN46PSB RC4646TurkeyIRCTN788024-TR1049-3-1-1-17

PhilippinesIRCTN47PSB RC92(IR9202-25-1-3)47TurkeyIRCTN888024-TR1049-6-1-2-18

IndiaIRCTN49RCPL3-248TurkeyIRCTN988076-TR1101-9-2-19

IndiaIRCTN50K39-96-1-1-1-249TurkeyIRCTN10STEJAREE 4510

IranLine 650TurkeyIRCTN1188088-TR1113-4-1-111

IranAnbori ghermez51TurkeyIRCTN1288090-TR1115-4-1-112

IranLD 18352TurkeyIRCTN1389010-TR1130-8-1-1-213

IranRasmi53TurkeyIRCTN1490040-TR1232-4-1-114

IranShafagh54TurkeyIRCTN1590051-TR1243-2-2-115

IranChaparsar 555IndiaIRCTN16CU 1116

IranGerdeh-Zanjan56N-KoreaIRCTN17GWANSAN 217

IranFajer57ArgentinaIRCTN18H231-59-3-118

IranChampa658N-KoreaIRCTN19NONG 5619

IranHovaizeh59JapanIRCTN20TATSUMI-MOCHI20

IranChampa1660KoreaIRCTN21OLBYE 121

IranAmol361Madagasc
arIRCTN22ROJOFOTSY 65322

IranNeda62ChinaIRCTN23ZHI 20-523

IranChaparsar Dailamani63IRRIIRCTN24SR22746-68-2-3-4-2-424

IranDomsiah Aleshtar64IRRIIRCTN25HR17512-11-2-3-1-4-2-325

IranTarom domsiah65IRRIIRCTN26HR17570-21-5-2-5-2-2-1-526

IranKohrang66IRRIIRCTN27IR57107-2B-12-2-2-227

IranNemat67IRRIIRCTN28IR60059-4B-4-1-1-2-128

IranAnborbo Ilam68IRRIIRCTN29IR66097-8-1-1-129

IranBinam Tabriz69IRRIIRCTN30IR68373-R-R-B-22-2-230

IranSari Chilik70IndiaIRCTN31BARKAT(K78-13)31

IranKhazar71IRRIIRCTN32IR71131-BF4-B-30-532

IranOmid bakhsh72IRRIIRCTN33IR72944-1-2-233

IranHashemi73IRRIIRCTN34IR73688-57-234

IranDomsiah Vaisaan74IRRIIRCTN35IR73688-82-2-3-2-235

IranSahel75IRRIIRCTN36IR3688-82-336

IranOnda76IRRIIRCTN37IR73690-7-2-1-1-3-2-2-137

IranGhermez Sadri77IRRIIRCTN38IR73694-41-238

IRRIIRCTN39IR74506-28-4-3-2-1-3-2-239

(,ETR)(,qP

ــيمخا( qN, )وشـ

توسـط ،)خاموشي(
)-(PAM 2000سانس ئ
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١٩

همچنين. )۲(
SPAD-502)نولتـا يم-(

.شد
مؤلفـــه(

ــا)  هـ
MSTATcSAS

.
SPSS.

نتايج
Fm:Fvيتي

معنيأثير ت, باشد
, هامتقابل ها 
بـه  مؤلفـه شاهدسطح). ٣(

ــنش .)٤(ســرمات
بـا  ٢ن ي ـب متعلـق بـه لا  ي ـبه ترتمؤلفهن يييشتريب

۸۱/۰يه به ميمنشا
ن ي.IRRIبا منشا٣٦۸/۰نيلاتنش

۱۶۴هانيمؤلفه
تـنش  ۱۹/۰ي

)٥( .
بـا  ۴۱لايـن  , ن بـا منشـا  ي ـي

بــه ۱۶لايــن يشــتريب۷۹/۰
ي۱۸۸/۰

(Fv:Fm) .١٧ي ـ
ط ي٣٦٧٩٧/٠ن يلا، IRRIن با منشايلا

نش ط ت ـي٣٠۵/۰ن ي ـيتربيشتنش 
بـا  ۴۴ن ي ـن، لايپيليفن با منشايلا۵.نيتركم

۴۶ن ييشتريط تنش بي۷۹۵/۰
يي۷۵۵/۰

ي ـ. 
ا ييييي۲۸

يهـو يشـتر يط تـنش ب ي۷۹۳/۰
Fv:Fmيي۴۸۵/۰

.
كه ΦPSIIمؤلفه

(PSII)ه 

,)A(ياييفتوشيم
. )٣(كليه 
شاهدسطح
ن ييشتريب,)٤(تنش

٢٠۴۹۵/۰ن يمؤلفه
ليـك بـه   يزين مي

۳۱/۰.ΦPSII

۳۷IRRI۳۷/۰
۲۴IRRI۱۴/۰ .

۲۸,
ΦPSII)۴۴/۰ (

,
,سرما. 

)۳۲/۰ (۶
۱۸۸/۰.

مؤلفــهيانتــ
(ETR)

ه ب
,باشـد مـي فتوسيستم يـك به 

هامتقابل 
)٣ .(

شاهد
.)٤(تنش

ــكي۲۰ لي
۸/۴۷۸/۲۹به ترتيب(

۳۳۲۴IRRIلايــن,) ثانيــه

۳/۳۷۱/۱۴به ترتيب(
.)ثانيه
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, خاموشي فتوشيميايي, مؤلفه-۲
فتوشيمياييغيري

Table 2. Frequently used chlrophyll fluorescence parameters and their equations including ΦPSII,

qP, Fv:Fm and qN

Equation
شناسه

Symbol
مولفه

Parameter
Photochemical quenching parameters

(Fm′- Ft)/ Fm′ΦPSIIQuantum yield of PSII

( Fm′- Ft )/ ( Fm′- F0 )qPPhotochemical quenching

(Fm- F0)/ FmFv:FmMaximum quantum yield of PSII
(Fm-Fm′’)/ Fm′qNNon-photochemical quenching

مؤلفه.٣
مختلف

Table 3. Summery of analysis variance for chlorophyll fluorescence as well as SPAD value and vigor in rice
genotypes under low temperature treatments

Mean squaresگيانم

Vigor
SPADqPqNETRΦPSIIFm:Fv

df
SOV

987.7**2375.8**3.428**0.047 ns23207.7**2.76**5.191**1Temperature (T)
2.0186.90.0340.04090.20.0080.0546aError a
7.36**103.2**0.039**0.030**91.1**0.009**0.084**76Genotype (G)
4.75**74.9 ns0.019**0.027**87.2**0.009**0.089**76 *T * G
1.3459.40.0110.02227.50.0030.011465bErorr b

** :.**: Significant at 1% Probability level.

ns :ns: Non- significant

ΦPSIIETR

ناشـي  ) تـنش ثانويـه  (
) (

ΦPSII. ت

A .
 ,ΦPSII

, باشدمي
ETR

فتوسيستم يكبه
فتوسيسـتم  

(Fransis and Piekielek, 2000) .

فتوسيستم مي

)Francheboud and Leipner, 2003 .(

 ,
 .(Stryer, 1988) ,

(Bruggermann and Lnger, 1994)لينگـر  

 ,
(Anderews et al., 1995)
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٢١

, مؤلفهميانگين -۴
Table 4. Means of chlorophyll fluorescence attributes, SPAD value and vigore in rice genotypes under control

(N) and low temperature (S) conditions

Vigor
SPADqPqNETRΦPSIIFm:Fv

Genotype
No.

شاهدتنششاهدتنششاهدتنششاهدتنششاهدتنششاهدتنششاهدتنش
SNSNSNSNSNSNSN

4.003.5025.630.00.610.800.490.5925.537.20.250.370.210.781
4.001.0025.836.30.680.840.530.5624.238.50.240.390.230.812
4.002.2526.735.60.740.770.490.5629.436.70.300.370.220.803
6.003.7522.129.20.600.710.470.5323.334.00.230.350.190.794
4.002.5025.933.70.600.820.440.5019.943.10.200.440.280.805
4.003.5025.532.30.560.790.450.5220.746.70.210.470.200.796
4.003.2522.431.80.570.810.410.4223.546.00.230.460.320.797
4.003.0023.233.90.640.790.650.5025.443.80.250.450.300.808
6.502.7520.829.20.830.770.740.5024.138.30.230.390.230.799
4.002.0022.733.10.780.830.740.5024.645.90.230.470.300.8010
7.502.2521.435.00.390.850.730.5519.644.90.280.460.410.8011
4.002.0022.236.80.510.840.780.5519.246.30.180.470.310.8012
4.005.0024.029.10.570.770.570.4722.744.80.270.460.500.7813
4.003.5025.133.90.530.820.490.5520.043.20.200.440.210.8014
4.253.5027.029.70.720.760.530.5122.339.10.230.410.300.7915
3.002.2524.825.90.830.740.740.5026.738.30.250.390.190.7816
6.004.0028.024.00.450.660.810.5119.936.30.190.380.230.7817
6.003.5028.329.90.630.800.770.4625.442.70.240.450.340.7918
6.753.0025.726.10.500.770.730.4724.945.40.240.470.510.7819
6.003.5028.229.90.700.820.760.5024.547.80.230.500.510.7920
5.754.0029.131.40.740.840.770.4929.645.70.280.480.490.7921
4.001.2518.126.90.440.810.550.4717.143.70.170.450.470.7922
3.002.5023.628.80.560.770.390.4622.942.50.230.440.510.7923
8.003.0017.827.90.370.710.430.4214.138.10.140.400.540.7924
5.752.0027.532.20.650.790.500.5524.137.90.240.380.520.8025
3.753.0028.030.70.710.700.530.4734.134.90.330.350.510.8026
3.002.2530.228.00.650.770.520.5230.039.70.290.400.520.7927
6.506.0027.723.50.660.720.510.4524.033.90.240.340.530.7828
3.753.5030.730.90.690.760.560.4828.935.50.290.370.550.7929
3.003.0030.530.30.620.860.490.5628.941.10.290.420.500.7930
3.002.0033.031.40.630.810.500.5627.339.30.270.400.540.7931
5.003.0028.729.90.720.800.550.5531.934.70.320.360.670.7932
4.002.2529.431.40.730.870.510.5437.342.40.360.440.800.7933
4.001.5026.729.50.690.850.510.6033.636.60.330.380.800.7934
4.501.5028.031.20.720.800.590.5632.540.20.320.410.760.7935
4.003.0026.630.50.710.840.590.5433.538.20.330.400.800.7936
6.253.2526.328.90.680.780.540.5430.432.40.370.360.750.7937
5.502.5028.132.00.730.830.570.5532.239.80.320.410.790.7938
5.502.0027.130.80.780.810.560.5535.836.60.360.370.780.7939
6.002.0027.429.30.730.750.580.4828.134.70.280.360.780.7940
5.752.2523.527.90.560.800.530.5624.137.40.240.390.780.7941

1.1377.5750.1490.10310.760.0980.103LSD 5%
0.4092.7260.0540.0373.8730.0350.037SX
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٢٢

۴Table 4. Continued

Vigor
SPADqPqNETRΦPSIIFm:Fv

Genotype

No.
شاهدتنششاهدتنششاهدتنششاهدتنششاهدتنششاهدتنششاهدتنش
SNSNSNSNSNSNSN

6.001.7527.032.60.660.800.550.5431.138.50.310.400.790.7942

6.002.5024.629.50.550.820.480.5625.836.80.260.390.770.7943

4.501.7528.931.90.730.780.520.4832.642.30.330.440.800.7944

3.001.0023.429.00.660.770.590.4722.437.40.230.390.790.7945

3.502.5023.425.50.650.750.510.5025.036.60.250.380.760.7846

3.753.5023.219.80.600.660.530.4920.930.70.210.320.770.7747

4.501.0019.127.80.470.740.360.4922.736.20.230.380.760.7948

5.753.5018.124.40.430.660.400.5517.132.30.170.340.730.7949

6.754.5024.527.60.500.670.390.4719.734.60.190.360.700.7850

3.501.0023.433.30.560.790.390.5228.543.60.280.440.760.7951

3.002.2526.328.00.480.680.500.4920.330.20.200.310.780.7852

3.502.0026.931.10.810.820.500.5031.641.20.320.430.750.7953

3.251.5026.528.60.570.690.350.4729.735.70.300.370.760.7854

4.251.0025.828.50.580.640.490.4626.530.70.280.320.770.7855

3.253.0028.531.30.690.730.470.5129.933.90.300.350.790.7956

4.253.0025.925.10.570.590.380.3827.832.10.280.330.770.7857

4.001.5028.030.90.640.760.440.5130.739.80.310.410.760.7958

9.004.5021.522.30.520.640.560.4021.734.30.190.360.490.7859

6.001.2520.530.60.470.730.550.5319.030.70.190.320.720.7960

8.001.7519.230.70.560.760.470.4720.939.70.210.410.710.7861

5.501.5022.429.50.550.740.530.5319.334.90.190.360.750.7862

7.002.0021.527.50.570.710.550.5123.030.80.230.320.780.7963

6.502.5021.026.70.520.790.410.5623.633.90.240.350.760.7964

7.251.5021.423.20.530.730.440.5422.531.10.230.330.750.7865

5.501.7525.529.20.630.740.530.4921.637.60.220.390.750.7866

6.502.0021.323.50.590.710.530.5223.437.50.240.390.750.7867

4.001.0024.929.40.580.750.460.4726.341.10.260.430.760.7868

5.502.0025.028.90.610.740.540.5325.835.20.260.370.770.7869

6.252.7527.326.20.590.690.550.5324.629.80.240.310.770.7770

5.754.0026.327.30.660.650.480.4528.432.80.280.340.750.7671

6.501.2518.126.30.420.600.340.4621.031.70.210.330.730.7872

6.002.0025.626.70.730.900.490.6530.436.10.300.380.750.7873

6.002.7521.430.00.570.820.450.6125.232.50.250.340.770.7974

4.751.0022.328.30.550.710.360.4628.237.70.280.390.770.7875

7.003.2522.130.30.570.730.500.5223.532.50.260.340.740.7976

5.002.2522.329.40.610.750.450.4930.636.60.300.390.760.7877

1.1377.5750.1490.10310.760.0980.103LSD 5%

0.4092.7260.0530.0373.8730.0350.037SX
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٢٣

% ۵) (ميانگين-۵
Table 5. Means of shoot dry wieght (g plant-1) in rice genotypes under control and low temperature condition

using LSD 5%
ه

)()()(
Shoot d.wt

g plant-1

Genotype
No.

Shoot d.wt
g plant-1

Genotype
No.

Shoot d.wt
g plant-1

Genotype
No.

شاهدتنششاهدتنششاهدتنش
SNSNSN

0.821.05530.420.85270.540.921
0.450.68540.190.36280.820.892
0.490.52550.360.76290.561.113
0.440.84560.441.03300.290.464
0.360.59570.580.99310.640.925
0.530.78580.290.67320.441.366
0.240.89591.021.34330.350.787
0.740.79600.971.23340.290.838
0.590.67610.400.59350.340.649
0.410.47621.041.36360.550.6310
0.450.67630.260.33370.580.5811
0.340.60640.420.52380.680.7512
0.390.49650.320.42390.230.7013
0.560.57660.390.41400.360.8614
0.500.57670.400.40410.380.6615
0.540.70680.500.50420.431.0216
0.520.55690.360.38430.230.6417
0.400.50701.141.35440.330.6018
0.240.45710.871.29450.320.4119
0.570.62720.470.76460.310.4920
0.380.62730.260.58470.270.7221
0.460.65740.470.50480.860.9822
0.390.73750.451.13490.360.7823
0.320.34760.580.75500.350.5924
0.420.51770.801.14510.480.5825

0.430.80520.290.9226
0.278LSD5%
0.100SX

-

(Gray et al., 1997)

 , .

)ATPNADPH (
ــ تـــ

)Francheboud and Leipner, 2003(.

ــه ــه(qNمؤلف ــانگر ك ــينماي ــيميايي خاموش غيرفتوش

,ب ـ)باشدمي
نتـايج  . 

ش ـ
,سطو
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٢٤

هـا ابـل  قس
بيشترين ). ٣(

.مؤلفــه
فتوشـــيميائي غيرخاموشـــي, 

۸۱/۰ي١٧ن ي
ي,ط تنش ي

(بخشدييلا,
.)۴(۳۳/۰ي)۷۲

مؤلفه
qPخاموشي"يا "

,فتوشيميايي
ATPNADPHمستقيمي با توليد 

كـه ه نتايج ب. فتوسنتز
ثير أتحت ته بمؤلفه

شـاهد ). ٣(هامتقابل 
qP تـنش

نيشـتر يبه ب ـ, )٤(
مؤلفــهرين كمتــ
.ي ـ٩٠٣/٠٥٩/٠به ترتيب ا بيهاشم

) ۸۳/۰(۱۶لايـن  ,تـنش سـرما  
ــن  ــا۲۴IRRIلاي ,۳۷۳/۰ب

خاموشيترين پايين
)۴(.

) ATPNADPH(حامــل
) qN(ه بــ

Sheiber)شـايبر .  et al., 1995)

فتو
 ,

. باشـــد
 ,

فتوسيسـتم بـه 
.يك

١٥(Lee, 2001)لي 
, ه سانتي

 .
نتـايج مشـابه  , 

(Baker and Nie)ي ي

 ,
ــه ــگياهچ ه

(Bruggemann and Linger, 1994)

Anderews et al., 1995)(

Sthapit), تــنش et al., 1995)

.
ــرنجكــه نتــايج  ب

سـطح  متـر متي

).٣(ها
تـنش ه ب,شاهدمؤلفه

نشـانگر كـاهش   متـر كـاهش ) .٤(

 .
,مؤلفـه ن يمقدنيشتريب

بـه ترتيـب بـه    ۴۷IRRIهي١٢ن يلا
,يط تـنش .ه ب ـ۳۶/۸۴۸۱/۱۹

۳۱۲۴ه
IRRI۹۶/۳۲۷۸/۱۷

ش يييي۲۸ي.
يشــتريب۲۹/۳۳

,متـر ) ۲۷/۲۲(
)۴۵/۲۸ (

پايين)۱۴/۱۸(بخش 
. )٤(مؤلفه

هـا 
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٢٥

ــديگر  ــا يك ب
سرماتنش). ٣(

ن يبهتــر.)٤؛(
هاپي

ــن ٣١,٤٥, ١٦,٢٣,٢٧,٣٠ , LD183لايـ
۳) (,

بدترين حاليكه
۹) (

.

ΦPSII

ETR،qP)٦٧.(
ΦPSIIETR ،qPFv:Fmهمبستگي بالايي بـين  

طوه ب, 
 ,

)٦٧ .(

ــترين , ,  بيش

 ,

 .
, ســرما

 ,

)٨(.
٨

 .
سـبب  , 

 .

(Fransis and Piekielek, 2000)

 ,
.

ميه بنتايج با توجه بهتحقيق
بـه  ΦPSIIFv:Fmكه كاهش چنين

كاهشخاطر 
؛كنــدييــد مــيأنيــزمتــر

ه ئفل
شتهها 

(Bazzaz, 1996)زب ـ. 

,يك سنجش تلفيقـي كه
.مفيد
(Aكه 

ــذيرفت)  ,پ
نمي

B منتقــل نمايــد.,
بســته " 

(Francheboud and Leipner, 2003)

بلافاصله.
,

,بسته 
.شمي

بـه سـبب   ,يابـد كاهش مي
هـايي , 

فتوسيســتم يــك بــه
ــ ــيه ب ــيميايي خاموش فتوش

(qP)گفتــه مــي .
qPمي

نيز هاتهش
)Maxwell  and Johnson, 2000(.

(Francheboud and Leipner, 2003)

ETRqPش تنش
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٢٦

,همبستگي-۶
Table 6. Correlation between chlorophyll fluorescence attributes, SPAD value, and vigor in rice genotypes,

under control condition

VigorSPADqPqNETRΦPSIIFv:Fm

1Fv: Fm
10.429**ΦPSII

10.452**0.991**ETR
10.210**0.023ns0.037nsqN

10.653**0.645**0.526**0.510**qP
10.547**0.504**0.227**0.258**0.573**SPAD

1-0.235**-0.365**-0.098ns-0.519**-0.226**-0.200nsVigor
and *.به ترتيب : *** **: Significant at 1% Probability level, respectively.

ns : غيرns: Non- significant

ايينپ,همبستگي-۷
Table 7. Correlation between chlorophyll fluorescence attributes, SPAD, and vigor in low tempertuer stress

in rice genotypes

.and **: Significant at 1% Probability level, respectively *.به ترتيب : ***

ns : معنغيرns: Non- significant

ها-٨
Table 8. Stepwise regression for rice genotypes under low temperature and control conditions

تنش
Stress

شاهد
ControlIndepententDependent

Root dwt
47.0

0.63**

Shoot dwt
51.9†

0.66**‡

ص
Morphological characteristics

qP
30.1

0.63**

Fv:Fm
22.8

0.59**
Fluorescence Parameters(alone)Vigor

SPAD
41.0

0.61**

SPAD
36.0

0.57**

+SPAD
Fluorescence Parameters+ SPAD

.r(۱(ضريب همبستگي ,:  **‡, †
†, ‡ and ** : Percent of total correlation , correlation coefficient  (r ) and significant at p< 0.01, respectively

VigorSٍPADqPqNETRΦPSIIFv:Fm
1Fv: Fm

10.199**ΦPSII

10.218**0.903**ETR
1-0.154ns-0.020ns0.022nsqN

10.595**0.684**0.334**0.445**qP
1-0.001ns0.588**0.145*0.450**0.552**SPAD

1-0.316**-0.380**-0.308**-0.331**-0.437**-0.349**Vigor
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٢٧

%۵) (ميانگين-۹
Table 9. Means of root dry wieght ( g plant-1) in rice genotypes under control and low temperature condition

using LSD 5%

)()()(
Root d.wt
g plant-1

Genotype
No.

Root d.wt
g plant-1Genotype No.Root d.wt

g plant-1

Genotype
No.

شاهدتنششاهدتنششاهدتنش
SNSNSN

0.0950.220530.0600.180270.0790.1201
0.0680.130540.0300.145280.1100.1402
0.0750.090550.0500.150290.0940.1803
0.1000.140560.0700.145300.0350.0504
0.0550.100570.1000.150310.0510.1105
0.0700.130580.0650.130320.0750.1806
0.0400.110590.1350.155330.1600.3807
0.0600.080600.1290.160340.0500.1008
0.0800.085610.0850.110350.0560.0809
0.0600.065620.1230.165360.0800.08510
0.0600.105630.0700.035370.0650.08011
0.1450.190640.0500.100380.1100.11012
0.0350.065650.0450.080390.0500.12013
0.0950.100660.0400.060400.0500.15514
0.0600.080670.0600.065410.0750.08515
0.0650.100680.0200.105420.0650.19516
0.0550.065690.0700.080430.0200.10517
0.0350.055700.1250.153440.0600.12018
0.0300.035710.0930.225450.0400.07019
0.0550.085720.0650.115460.0530.08020
0.0450.085730.0450.100470.0600.12021
0.0550.090740.1000.105480.1250.17522
0.0600.120750.0850.170490.0400.14523
0.0300.065760.0700.130500.0450.04524
0.0550.075770.1300.240510.0900.09025

0.1000.135520.0500.21026
0.044LSD5%
0.0158SX

-

.ابنـد ي
هـا بـه   سـرما  تنشمستقيم 

ــنش تـ
(Baker and Nie, 1994)، چنين

؛نظـر مـي  ه منطقـي ب ـ 
ــين بـ

،
.

 ,
۳۳ ,۳۴,۳۶۴۴

سـبب , تنش ). ۵۹(
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ــاهش  ــكـ نتزفتوسـ
گCO2سسيميلا
كـاهش  كـه ها ًمستقيما

ــي أت ــد م ــديي ــابهي  .كن ــايج مش ــم  نت ــي متابوليس س
Leegood and Edwards, 1996)(,

تو يمؤلفه)(Allen  and Ort, 2001(فتوسنتز 
)Ort, 2002 ( ,شد.

ــه Fv:Fmمؤلف

بهتــرين شــاخص
(Baker, Nie, 1994)ي ي ـ.

ن يب ـسـرما بـه تحمـل 
يم ـبـرنج مختلفهاپي

ــزي ي.ني
(Sthapit et al., 1995)باعث ي

Fv:Fmهـا  . يم ـ
ــه ــيك م

 ,
.

)Adams et al., 1995(
ــه    ــد ك ــه گرفتن ــف نتيج ــهمختل ــFv:Fmمؤلف يم

تــنش  تحمــل بــه  يــن ميــي تعديـ ـيــمع

ه هـا يحت ـسرما
.

نتيجه
ــه, ــFv:Fmمؤلف ا ي

ط ييفتوسي
, ,يي

بهتـرين  ,
. باشد

با ٣٣،۳۴٣٦هاني، لايي٧٧
IRRI با توجه به  ن،يپيليبا ۴۴لاين
, Fv:Fm,بهتر

ها يم
تحمـل تـنش سـرما    بـه برنامه

,ها. 
,ساسيت بيشترين ح,
كه مي

. به

مــديريت
هـا  

,حقيـق ح
.ميس
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Screening of rice genotypes for low temperature stress- using
chlorophyll fluorescence

Hassibi1, P., F. Moradi2 and M. Nabipour3

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 oC (night/ day, respectively) qP, ETR, ΦPSII, 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 oC (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 ΦPSII 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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