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Avrticle Info ABSTRACT

Avrticle type: Background and Obijectives: One of the reasons for the low seed yield of
Full Length Research Paper lentils is the use of landraces, the lack of mechanized harvesting, and
spring cultivation. Despite the advantages of fall planting, freezing stress is
Article history: one of t_he most important abi_otic factors inflqenging the growth and yield
Received: 05.22 2023 of lentils. Freezing stress increases photoinhibition and the loss of
Revised: 07.13.2023 maximum efficiency of PSII photochemistry. Chlorophyll fluorescence is a
Accepted: 08.02.2023 non-destructive and rapid technique used to screen for abiotic stress
tolerance plants. Considering the advantages of fall planting of lentils, this
study was conducted to identify lentil genotypes to freezing stress-tolerant
Keywords: by chlorophyll fluorescence technique.
Fall planting,
Photochemical quenching,  Materials and Methods: The experiment was conducted under controlled
Eileétion centers conditions in the fall and winter of 2018 at Ferdowsi University of
Recovery period, Mashhad. The investigated factors included 18 lentil genotypes and four
freezing temperatures (0, -15, -18, and -20 °C). Freezing temperatures
were applied in the middle of February in the thermogradian freezer.
The chlorophyll fluorescence trends in time points include before stress,
24, 48, 72, 120, and 144 hours after freezing by using a fluorometer were
determined. The survival was evaluated visually three weeks after
rewarming. The lethal temperature of 50% of plants according to survival
percentage (LT50g,), the reduced temperature of 50% of plants according
to dry matter (RDMTs), and the reduced temperature of 50% of plants
according to plant height (RHTsg) were determined by fitting the graph of
the mentioned traits against the freezing temperatures.

Results: Between zero and -18 °C, the decreasing trend of the maximum
efficiency of PSII photochemistry in the light if all reaction centers were
open (F'v/F'm) was very low, but with decreasing temperature from -18
to -20 °C, the decreasing trend of F'v/F'm it became intense. At
temperatures of zero, -15, and -18 °C, 24 hours after applying the freezing
stress, the recovery of F'v/F'm was observed. MLC407 has the highest
ability to recover freezing stress damage to PSIl at -18°C. Among the
studied genotypes, MLC103 had the lowest, and MLC286 and MLC454
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had the highest PSII operating efficiency in the light (F'q/F'm).
Improvement in F'g/F'm was observed during the recovery period at zero,
-15, and -18 °C. As the temperature decreased from -18 to -20 °C, a
downward and irreversible process was observed in the value of F'g/F'm.
Freezing stress decreases the photochemical quenching (F'g/F'v) at the end
of the recovery period in MLC13, MLC33, MLC38, MLC84, MLC103,
MLC334, MLC407 and MLC409. Decreasing the temperature from zero to
-15 °C decreased the estimates of the fraction of open PSII reaction centers
(L) in MLC334 and MLC407. MLC8, MLC11, MLC13, MLC17,
MLC33, MLC47, MLC70, MLC286, MLC303, MLC334, MLC407,
MLC409, MLC454 and MLC472 at -15 °C and MLC11 and MLC47 at
-18 °C had a survival rate over 50%. The lowest RDMTs, was observed in
the MLCA47 genotype (-18.9 °C), and MLC47 and MLC11 had the highest
ability to maintain dry weight. The cluster analysis results showed the
relative superiority of the third group of genotypes, including MLCS,
MLC11, MLC47, MLC70, MLC334, MLC407, MLC409, and MLC454 in
the studied traits. Standardized canonical coefficient of traits RHTx,
RDMTsp, F'0, F'm, F'v, F'v/F'm, F'q/F'm, F'q/F'v and qL in the first
canonical functions was significant.

Conclusion: In general, there was a significant variation between
genotypes regarding the ability of the photosynthetic apparatus during the
recovery after freezing stress. The lowest changes in chlorophyll
fluorescence were observed at zero, -15, and -18 °C, and the greatest at
-20 °C. In most of the genotypes, 24 hours after freezing stress, a suitable
recovery was observed, which indicates the high freezing stress tolerance
of these genotypes. The results showed the relative superiority of the third
group of genotypes in the studied traits.

Cite this article: Nabati, Jafar, Nezami, Ahmad, Mirmiran, Seyedeh Mahbubeh, Hasanfard, Alireza,
Nemati, Zahra. 2024. The trend of changes in chlorophyll fluorescence parameters in
lentil genotypes before and after freezing stress. Journal of Plant Production Research,
31 (2), 121-150.

@ Ol © The Author(s). DOI: 10.22069/JOPP.2024.21372.3042
Publisher: Gorgan University of Agricultural Sciences and Natural Resources

"y



PETY-Yeor sl LU o %
TEYY-YVVA 100 L P M7 S ingfy & b

o 5
87
Rt

S SBwigh) 30 il gl L9 g 5 (Slaall go O gk Wig s
S O3 e 3 g g

P e a5 s e Lo e (0l e e g s ! ol el T S s

jafarnabati @Um.ac.ir :asLL1, .0l clgie (dgdon o33, o815 (650555 5 81 05,8 o shann okina 53 )

Nezami@um.ac.ir :asblly .ol ) (Agdn cdgin w33 b o825 (5505555 S1 05 S ¢ ooy QLS (65450 58 lial Y

mIS s Sisl (Ol Olle (sb, Ol F Okl anb b 5 soosles Siisel s Slide S e o tagn bk Y
mmirmiran@yaho0.com :aslL|, .0l sl g (53, 5LES

alireza.hasanfard@yah00.com bl .01l (dgdon cdgie g3 b o235 (5585555 1oy 8 5 ,m slacile sl S5

zahranematish@gmail.com :asbll, .01l (b cdgin w3 b o235 ¢ SLEL o3 S JLEL pls 55550

oS> e SleMb!

Sl ede (e glres g 3 eslaal ede 5> Slas 05 S L5 sl idae g sl 14l &
o sas Lalse 5l (S A gl 55 hle sl A3l e osle 028 S el PRk Tl B WL

s 35 6ol SRlBl el (Ssii el e 3 Shee 5 A5, S 3G
5 A5 L Ol S Jdo &S b s st T e 53 5 S (38
CiS bl 4y bl glopw 5 Il s (Bl g SLse [ pkteds o 5
S b s uf:j'@ 4 Jw?d'ﬂ slacs sl alubs Sas L adlas pl ede o5l

Al L IS il s

VEY/ Y/ :ale)b @JU

VERY/2E/YY :&‘x; @JU

VEY/PONY 1y sl

eli.i.?]: BE a.Lj:JJL'S .]a._o‘lj,& BE AMCVA QLZW.A) E) J:il". BE J—'AJ}' U’L\ Z\A‘JSJJ K A‘y

Cs - ) s . (SIS glaells
USJ)@ L;LaJ)L@;;jJA.L& 3] YA ‘}AL«: L;w)ﬂ)‘)_}a Jﬁbﬁ A (bu\.l.@,w.awjé‘)ﬁ

¢ obsloyes

dopogs lulsl 53 (S sbabes Jlasl disgy (1,5 Blo ey =Yo 52V =10 i) IT” ”.

Jols Lo Gl g8 Jds S eilan s Sl ass L, S el Lol S g5 55 8 0 e

_ _ (sl 5 35 5

egsls oS 5l eslanal L SUE oS Jlsl 51w celu V68 5 VY0 VY A (Y8 ot

@los i Ll adisad o 5 sl Ao s ( (Saigm H5 Jlesl 51wy aie 4 ol LSy Sl

St Ohy SenlS Aoy 00 gles o(LTspsu) clis doys bl 5 QLS SaiS dsys 00
o 513 503 sy Sl eslizal & CHTs0) w5 gl jals 1sps 04 sles 5 (RDMTep)

LA s uf:)"cﬂ slales hlie 53 ;S

"y


mailto:رایانامه
mailto:رایانامه
mailto:رایانامه
mailto:رایانامه
mailto:رایانامه

Jeily oD aiy Jials Wy ol 8 Sle ars WA 5 jie slabes o ilaadl
S8 Bl ams =Y a4 A Sl L 5l L Ul g oS Sl (FV/EFM) NI (i s
Cd8 L sl S Sl am s WA 5 V0 o sbales 3l L FVF'M ials w,
DA Al el FVEM (5 Cillas k5, Sospm A5 sl 5l e cele Y
s A gles o I e @ Sosm il el el 5L s Ul
5258 SIMLCI03 ¢ o 3550 o 55 o 53 25 MLCADT w Glaze 51 S 5L
FgFm) I e 5 SUles LI o 5 5 5 MLCA54 s MLC286 slacs 555
L 2bsb Obss b s a8 sl axns DA 5 V0 Gao glales 3 ks s,
Sy 38 sl am s =Y 4 A Sl L ralS b sdalise F'g/F'm Ol 53 55
33,5 SalS Cow 25 Jleel s sdaline F'g/F'm lade 55 285 LG, 5 Llals
(MLC38 MLC33 MLC13 slacs 55 53 ol ey 0LL 3 FQFV) slers g
Vo 4 i 3l Ly alS s MLC409 5 MLC407 MLC334 MLC103 MLC84
5> AL M s (2815 S1e D05 Sk s SR o SIS Sl s
MLC13 MLC11 MLC8 lasss s MLCAO7 , MLC334 oy
MLC407 MLC334 MLC303 MLC286 MLC70 MLC47 MLC33 MLC17
MLC1L 555 55 5 51,8 Sl ey —V0 los ;5 MLCA72 ; MLC454 MLC409
Koy Sl Aoy 00 YL Gl 3l sl S Sl ax s VA s s MLCAT
5 MLCA7 5 us saalice (oIS Sle 4>, -YAVQ) MLC47 ;5 RDMTsp (s 500l
S om0l glad s ages Mnge S Oy bas Olg o 5 i slhls MLCL1
MLC334 MLC70 MLC47 MLC11 MLC8 Lili ¢y 055 sbacssl oo
sdislllinl culb oy addlaes; e Sl > MLC454 5 MLC409 MLC407
5 F'g/F'v F'q/Fm Fv/F'm Fv Fm F0 RDMT50 RHT50 clis SSsls

ey 4;-}5‘}4\5 v.ig_,.}lsd,a.}uﬁjd;bu L‘;:jj\)qu

o5 03 Gy oas Ul a3l andlas 3,50 Glac S 85 o JS) b 1 pS et
53 sl s JS s oS Syl s sy p8 Sase 5 S
arpn =Y sl g O Sk e e s a8 Sle am s A 5 V0 i slabes
Sl U5 (Saim 5 l cele YE G L lagg B Sk 0 o 3LS Sl
;:j'c: O agrlae 55 Lo Bl @YU Jess skiasOlil a5 A sdalin il
MLCB sls ey 055 lacsis) omd 5 olsilis m=E LS by ol
oliw > MLC454 ; MLC409 MLC407 MLC334 MLC70 MLC47 MLC11

35 anllan, 5o

AVANO (M) YN ool sy slogiagsy 4t S350 (A5 5l g 9 G e Sl ) il sl
DOI: 10.22069/JOPP.2024.21372.3042

@ (D) s © OB b gl 5 (55)9liS pole oliils 1,20

g3



Ol5n 5 S i | o iles ol b IS sloailo Sl s

g e Gadand b SIS ) e
(10) Ladyy, Bl Jab (b ale ol (g 5 g6
Sl O e il s
b obas e sl sl cdls dl 5 1 slagzan g
Ao ) 8 AeSlss Coi 5 S
3 e Lo RS imes s I8
S DL o, il g5 bl
NUCHPRICN i B S|V SRR 3 | R
It 3 o 5lS 5 Soe 21 5 (55058
A 5IY) Wl e Sials
2 Comer M b sea 08 asn
Sl S eslinal Jis 4 s 0,8 SR I
03 Jomie pB1 gLl jsleay w5 G0
s i, 08w oMol slaasl
3 A5 g Sl O S JB S el sl
b el o pBl 6 S sken o 0
odd el Slalllas 3 (V5 T0) el gl
S ade Wb (Js s il sla bl
55,9 NPQ (FVEM) Il o Jomiley
Sl Sle 03 b e s (et s
Jos Ol L5 s eea QL) I o 58
Col a3 15 eslatalsyge by 25 4 OLLS
JeialS ebash byl ety (VY 5 YY)
5t el b Bl s 1y golezel LG Sledibl
) Lilas o 1) olS (g b olSas @ i
s -0 Sum sl A Gasn b
g walS s IS Lule, b LS sl
VY 51 o (Camellia sinensis L.) sl
5 g @O Saim 55 Olpea) cele
0,95 o Sl 23S I3 ey e (A
sls oLz FUIFM a8 oU3sl e 5 0555 035, V0
S5 Sk O GRIBIL S 0 55,50 Gl S
I ot 58 255 20 gl sinnllis oS
oo > OSSN 8 WS Bl Ly

VYo

Ao

e 215 SLLS g ool il s Sls
Sl g 5l Ay TV agd- 5y oS des O
() sl OlS @ ol 4 by e Ol LS
ol 5l S (Lens culinaris Medikus) .us
&0 (V) o5 Dl ol gl 515 Cngsle o
Slse (Dt S (Ao s Yo-T) s 5l o8
3,05 WaolaeST 5T 5 aiwsl sl dlapmolty 5 ¢ Sidms
doe e (355LES 5 Ll Olele Sl gk (1)
Jyame G2l 2S5 o XYY Jl s (5)
Sede ede 3 Shas Ol 5 LS ITYVES Of 4l 5o
b ol odd 1S S s p SLS oTE
3N 5eS A YIEE O 5 Jlo ol s e 5 Sas
ol Sl g S SOl e 5 Sler Lo e
(8) 350 05 5l A 50 LS olS

St 3l s S Ol Lis bG8 5 Ay s
oS Y5 50) el st O ey s Ses
Slosg 5 ol Sl eslial eds s Sas O34
Jseme iS5 (1) 055K cils 5 e e
Qs 0dd 5 AAS -l &S ol oS ol ol
3038 5,55 p Vo Ol s 5 (S L olS
(A 5V dms o ol sbesw 1y ails s Shee Sodda
S ekS e ols e o ol SIS Slamb
S5 Sl elS s el e sk s s Sk
Shlye p2osde W) 55 Joad el (Ko
o el e SIS 55 p b oS
38 5 Ad; S 56 des Jalge 5l Sk
OV 510 Ly o g ke alex 3l OLaLS

s Gos Sl Ll cst baes S5
oS (\Y) S p 1 r.:,.wﬂ JJS.L..; Sy e
cib g L Cdle B, e Sl cae Lo
Lk gals L Sk 5 (18 5\Y) e Tl
Shs @55 edas 5ol Oy S Jll o ey o

B BT IR P  SCTP P TFRPR R (PP



VE-¥ Y a)h».fs AR 092 cuhl; ..\.3,’94 ‘_gl.hu.mhsf Q)m

2B ke oS Sl sds L5l 5 S s
SV BN Q A D IS VRPN N VN Wy PYSWIRY D S
ble 53 & el gl Sk s Ol
ol 035 j-.:ﬂg,\:j_éy o el CiS gldl e
b 4 o (55 ilin sla fays o (YA)
slaoY sy Sl Ol s e (S3im
LM 5 V) Wil e 3 Lo 4 ot
Gl SuL 5l eslinad OGl ede sl oS
5L ol e OBl 5 il SRl s
Al Al Jab sl (S

3ok oml i8S bl @ S Lol Rl
ol Ol pSen ae S Olgew O Ay
ole e sl sl plels Guas b il
ol s bl S plsl ks
5 bl Ly S

W dg; 9 dlge
Ol 5 030l 3 Lo opl 1udlS 5 (gilweslal
A ple aliagy sdid 28 Ll s s 1YAA
ooz Jolse A bl A i pn 5 oK1
bl s 18 Sldlae 3 &8 LBl A Jels
by Ller 5 OV Jsar) (VE) dsy a8 I3
ey =Y s WA SV i el ;:j@

ISVEQY >\J§d:3u

e S B sba Coll VY ST Cen (Sos
e Sgogba B el | FVIFM Ol
)l rals asgs AVO 5 UV AANE
Jd GLa S memd & Losai Oly 015 asn
35 I s 8y ool el il s 0508
b > (Jatropha curcas) G 5= LS 5 (Y)
37V SN S A sy Al 4yl
L3 S Jlsl Cole o e 4 (B S il a 55 =Y
NPQ 5 0p 55 sl ax,5 =Y @ bes fals b
Al S Lo Sty A L e 5 Rl
liol les 3 FV/E'm 5 FVIFM slie J= b
s -V gl s L el L Sl L
s b (YE) e ds Sl gl ol S sl
Camellia weiningensis) LS oS 45 55 ¢ 55
o5l s el YE e (C. oleifera
GLS Sl a3 =8 5 8 7)) Sosm 5 ale
Ssgms rals by cadlas opl s b 513
sbes 5> C. weiningensis «,5 ;s FV/FmM s
sl ;s C.ooleifera <8 5 51 8 sl a3 -4
Fo Jltis sy (Y0) 54 31 S sl a5 -8 58
Citrus aurantifolia ) ;S sad dless Jlg s
ey =) Ssik sl b (Swingle
oy A S ol S b S (LS AL

ooyl 5o ealiiuls ) ge s o 55 —) e

Table 1. Used lentil genotypes in experiment.

Lae ] oslads L G5 ol
Origin Genotype No. Origin Genotype No.
ILL5698 MLC103 10. Iran MLC8* 1.
Iran MLC286 11. Iran MLC11 2.
Iran MLC303 12. Iran MLC13 3.
Iran MLC334 13. Iran MLC17 4.
Iran MLC407 14. Iran MLC33 5.
Iran MLC409 15. Iran MLC38 6.
Iran MLC454 16. Iran MLC47 7.
Iran MLC469 17. ILL7681 MLC70 8.
Iran MLC472 18. ILL7723 MLC84 9.

Madley rﬁ e lLL g s oKl alS pske oSin g3 e 0 5enSIS :MLC
MLC: Mashhad Lentil Collection, ILL: International Legume Lentil
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Fig. 1. Minimum and maximum daily air temperatures during lentil genotypes growing season under
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FT: Freezing treatment; CAP: Cold acclimation period; RP (In): Recovery period (Indoor).

() A el oS g5, (Active Bacteria
A5 bazmalS o glos 3 sl sl slaens
o 3 SIS Cele S Sdeny gles e
53 0FY los b s SGUI 3 ol VY oo
Ls IS 5 Ok 8l S sl
Slles Goime 53 aised 5005 5 S
cele Sl S Jbs IS uile b el So5k
i, S s sl VE L e
oeless Llse Ol s Ly, s Sl

C)l?. QL&) U"Lﬂ‘ » L}..:LAJ )LA-:J BN J:.UJ.LS

wy

S8 cele YE LoluS :;;j'@ Hles Jles!
sl Gl s 3 03 (SOl S35 5 Jlas!
opp a dbgeg Lalgl s u-<>)"@ slabes
53 oy sles Kad Jame 55 Osd O3S se
S s s Sl sy bl sl
53 ol S Sl s 9 S L ladisad 0305 Ll 8
Sar sl Hsleeay (FY) il 2als b cela
53 e el G5 Sl Claxl 5 oS s &
sl St il ol Sl e Y gl

Ice Nucleation ) (INAB) G Sep oSl



VE-¥ Y a)h».fs AR 092 cuhl; ..\.3,’94 ‘_gl.hu.mhef 4.1).“.'

bole edio, Seilkl Slive Ad sy Sled
S5 S (F) e uileysle s 08
wode (FO) L a0 ok S50 S o 5l il 5l
s FmM) L5 @ e S5l S bl
Sheslil b prmen iz gy (FV) ize (il b3
FqgFm FvFm gl el e

A TE Lol L obsl Sae s 555 5l ol oas
S5 5 Jlasl 5l e el 188 5 VY Y
_)Zﬂj)jﬁ oKs )'\ oslazul L: @UJ )LQ.:S A
S, S0l s, 5 (OptiScience, Inc Juw)
Lﬁ;jé&ﬂ}\me)j;@ﬁ):)&;}jl&;
j)‘ﬂjh)\ 45})4.“:)‘ b}Lﬂ.ﬂ\[{Lﬁ)‘;{} rLA_}'JJ

) GaslesT 55 o g S5l by 1S il b ol go iyl 5 Vol (Slis - J g
Table 2. List of commonly used abbreviations, equations and identify (33).

. Jse e
& Forj;mﬁla Parfmeter
o5 bedd Sl Ll s o Il e s feily o1 wd (F'm—F'g)/F'm F'v/F'm
o5 beds IS5k Bt s Il a8 Sles LS (F'm-F')/F'm F'q/F'm=¢PSII
stleari g 555 (F'm-F")/(F'm-F0) F'q/F'v
I s 5 2S15 ST 035 5L o 8 (Fq'/FV")/(FOIF") qL

Slio sl 5 3kas Sl b B s s
Lethal temperature 50% of plants ) LTs,
RDMTs, (according to survival percentage
Reduced temperature 50% plants according )
Reduced temperature ) "HTs, 5 (to dry matter
<, so4 (50% plants according to plant height
LTsosy A plosil S5 o b bslas SLIS = b
Slio fs g03 g 5l e3lizd L “HTs0 s RDMTsg
deslie L pond (S35 slabes blis 53 S0
b > LSD Oesl 3 eslizal U s b Sl
Glad = i glp A bl Aoy ez
Sy o 5 ol laadlie @ s
STATISTICA  SPSS19 slajible 5 5l (55
ok il (s s S T duli (sl 3 S eslizad

CoRSaS @U O TR W RES g_f"‘.\i)‘} 4 2 3l

YA

doss WblS & baddged JWEl . aids aw
Lo anle (SUN) aw sos o e s e
() akaly)
Gy ol aled ok 5l OLLS Gl s
Lo, d(B) OIS ja s (Saspe A5 Sl i o)
SV o 05 Wl Eoled G b 3 OlalS le

(A) QIS s s Ljs)@uﬂd

SU%:%X 100 o)

EA) OalS i gy 5w gl Ll e
s Voo osl s @S 3l e csla
A Sl (G S sl
Losls bl el o 1s5lel Jhosy a8
Jeli sy 23 S plodl MSTATC i3l 5 g
Cogen Jo S Guleosl Jele Slis



Ol5n 5 S i | o iles ol b IS sloailo Sl s

;’Jé o5 5 ey el YE L 50 uf.s)"@
555 5 el e 3 MV LMLCT0 5 5 s
5 pFeS SN e YV el L MLC33
23 Fo ges ol ails | Fo sl o 5 e
53 S 5 Jlesl Gl e sl VEE 1Y
bossl ple boalis MLC70 Yy
Lim 5 i ol GV GUlE edasilis
g P S T
Fio s oS Ky, 35y ol OF llas
U4 G st bl wlsl sdasplis
A3 ol arle ar e S olea el s
3979 9 S Sl Ly aslsl edasOlis JML,JSVS
i 58 03 S0 B o3 53 oS o]
Col 5 3L, gl Sl Shhe 5t ;:LJ

(0 Jsa)

S

Slela 53 a8 sl OLE Flo &l s Wiy o) 2

WA glales 55 paze ol (Sasz S5 51 e 4l
o sbes 3 bl uull bl S sl s =Y
ol s Ll s el 2alS L asys SV0
ok S5l Sy il )l eSS les slajles
ol O 5 sl QL LalS sy, s w
AeS 4 S O S oy el VY sl
VY oo patld ol Ssba it o ke
cele YE L anlie s ;sj'@dixj\wcﬁcu
5= Ve i labes s i Jlesl 1
N/0L YVE als 3l pa ol S Sl amys =Y

OV dsds) 55 lays5 5 g0 YL YAV

"4

baes S sl sor Sy e A oslaul
Slp oy S o Sle anslie dlise Slis Ll
L baesls ke aslis . il (s 2050 Dlio
55 (LSD) Jls sme coslis Bla 0030 51 esliza

(Fo) L & okd L5l Sy il sl aas
JRCIERCIP D VR LS IC U IV PN
GESen 5 Wb s Sk S oSS
e lacs 55 rl».? 53 (Y dsas) ca S 8 Lol
s =Yoo ol i Jlesl MLCL103 o555
S -1} | P g
GRIB O eSS A 5 4 el Sl
538 sl ams =Y les 2 Jlasl emt
Aoy 53 L MLCABY o5 5s aals L alie
o sl i s L 55 led 53 3 Rl
s =Tl s Foo e (il
S8 sl am s ho gl boawslis 3 ol 5 sl
355 bsgme (obel Blasl sl pl Ll
(& Jsa)
MLC13 MLC1L MLC8 slacsiss s
<5l MLC47 , MLC38 MLC33 MLC17
L Sum o dlesl 51 18 Fo kil (gls s
53 Al W i edalie iu o4yl Slela
pled 2 S A5 sl ez Foo oolis
sdalie Ssip (55 5l o Sele YE g s)

J:ij‘wg_,&l.w \F23 e ‘F'O )l..)\id 456)_#4:.4\.«.&



VE-¥ Y D)Lo.n:’ AR 092 4@@\; ..\.3,’94 ‘_gl.hu.mhs).t 4.1).“.'

0l 5 S i it g 53 ede S 55 S s A il g Jul g8 (Slay o 0 Kile) il 428 Y Jpur

3k 0093 3 (5 S0l
Table 3. Analysis of variance (Mean square) Chlorophyll fluorescence parameters of Lentil genotypes under
freezing stress, time measurement in time points.

L FgFv FgFm FvFm Fv F'm Fo df et e
Source of variation

0.128"  0.064™ 0.248"  0.238" 526890 593130 109644™ 17 Genotype (G) w55
0263  0.037™ 109" 1137 22880345 197713867  131995” 3 Temperature (T) L
0.245"  0.059™ 0.080" 01197  6944009”  19095479"  4271395" 5 Time point (TP) obs;
0.160”  0.049™  0.0917  0.084" 195264 185122 12960 51 GxT
0.156"  0.0717  0.043"  0.040" 85661 147933 73558 85 GxTP
0.314™  0.042™ 0598"  0.622" 1530067 = 1597302 44657 15 TxTP
0.143"  0.041™  0.0177  0.016" 74185 94944™ 8918 255 GxTPxT
0.018 0.045 0.012 0.010 22634 31526 3679 864 Error >

13.5 21.0 18.9 17.2 24.3 18.3 17.4 - CV% ol ks o o

wpdey FVE'M e il s FV G 9w ol 85l S il b aniy F'M g a 0dd 85l S ili, 6 aes Fo (o3l am s df
5 o 253 FIQFV 5 b edd B3l Ll s 5 58 GUes SIS F'QF'm 5 L o0 850 Lol 3 I s 58 il LIS

i g o CV .)uwﬁ;ju);&Jw\@.ﬂﬁjuw%;@“;ﬁ I b (2815 100 0392 5 o L
Df: degree of freedom, F’o: minimum value for chlorophyll fluorescence in the light, F'm: maximal value for chlorophyll
fluorescence in the light, F'v: Variable fluorescence, F'v/F'm: maximum efficiency of PSII photochemistry in the light if all reaction

centers were open, F'q/F'm: highest PSII operating efficiency in the light, F'q/F"v: photochemical quenching, gL: fraction of open
PSII reaction centers, **: Significant at probability level of 1% and ™: no significant, CV: Coefficient Variation
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Table 4. Comparison of mean F o and F'm parameter in lentil genotypes in freezing temperature.

F'm Fo
(:!J,fdﬂ.w a=y3) ;;5'@ sles (:bfdb'b axy3) ;:j'@ sles N
Freezing temperature (°C) Freezing temperature (°C) Genotype
20 -18 -15 0 20 -18 -15 0
730™ 1091* 1194* 1206* 413*0 423" 347° 337" MLCs!
547°7 11849 1049 1164%9 376>° 337" 321™ 305™ MLC11
506" 991 1093%! 1106*" 344% 3597 3289° 3309° MLC13
647" 1108*" 1178%9 1132%9 406™ 458® 426 338°° MLC17
562°" 849™ 1212%4 1159%9 373> 432%° 339°* 318" MLC33
644™ 830" 940%™ 1283%¢ 453® 479° 412%" 392" MLC38
750'° 1188%7 11567 1312% 381" 339°° 3299° 3309° MLCA47
781%° 943%M 1149%9 1272%¢ 384" 3564 320" 336" MLC70
488% 860" 776" 10941 303™ 308"t 344% 270%Y MLC84
415 698™9 947%™ 1159%9 306" 320" 355°" 3369° MLC103
680™1 725™ 1124%9 11529 283" 298™ 291°" 266 MLC286
547°7 943t™m 10961 1113+ 364°° 394%* 336" 3520 MLC303
610™ 999! 1032°* 1245%¢ 325™ 2707 326™ 270" MLC334
718™9 1063 1153%9 1337° 345%¢ 357°° 290° 3141 MLC407
669™ 1050 11649 1197%¢ 347°° 353°* 336" 3329° MLC409
782%° 1180°° 1207%¢ 1262%¢ 4247 389°™ 376>° 379" MLC454
626 1127%9 792%° 1270%¢ 395%) 394%k 348°* 389°™ MLC469
561" 635" 1033 1186%9 374" 340%° 239! 311 MLC472

oLl S sl 0 dSin 53 ke 0 gpmeSUS MLC-Y 55 4 0l S5l S il 5 iy FM G 0 S5l S il gl a8 Fp

L (5l e M Ao 3 oy Szl e 53 LSD O3l bl S e B G ghls Sl SKils Cuds a8l dgde i3
F o: minimum value for chlorophyll fluorescence in the light, F'm: maximal value for chlorophyll fluorescence in the light,

1- MLC: Mashhad Lentil Collection, Means followed by the same letter for each trait is not significantly different at 5% of
probability level based on LSD test
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Table 5. Comparison of mean Chlorophyll fluorescence parameters of Lentile genotypes during time point.

~ela Ll e s
qL FO/Fv Fg/F'm F'V/F'm Fv F'm Fo (el Al 052 e
Time Point (hour) Genotype
0.920% 1.10% 0.610*° 0.550°" 7597 137879 619"° BS
0.970° 0.970°  0.630°"  0.652* 1038%° 1527% 5254 24
0.9902d 1.00*¢ o.ssoa'z 0.560“':' 7059'"; 1123e-kv 411"‘4k 48 MLCS!
1.00° 1.00%° 0.682% 0.680% 519" 72273 203% 72
0.900% 0.880™ 0.610*° 0.630°" 593m® 872"% 2794 120
1.06% 1.07%¢ 0.550%" 0.550%" 477+ 711%% 243%3 144
1.00% 1.00*° 0.550%P 0.550°" 664" 1175% 511 BS
0.943¢ 1.00%° 0.610*° 0.610%" 946" 1406*° 462" 24
1.00% 1.01%¢ 0.570%P 0.560°" 721™ 1050™ 3287 48 MLCLL
1.05% 1.15% 0.600%? 0.601%° 486%™ 705%% 219%% 72
0.980% 0.990” 0.590%° 0.590° 575™% 845+ 270" 120
1.03% 1.05%° 0.590%° 0.580%" 519" 7377 218%% 144
1.00% 1.02%¢ 0.500°P 0.490™ 5657 1150% 5849 BS
0.990% 1.00*¢ 0.570%P 0.570° 856%™ 13147 467" 24
1.07% 1.07%* 0.570°"  0.5407" 577™ 933™ 324 48 MLC13
0.943" 0.930°  0.619*°  0640°™ 432%™ 617°0% 185%% 72
0.972°: 0.9702c 0.560%° 0.570° 553“: 829“'a'k 277‘-6‘1k 120
0.950 0.940™ 0.580%° 0.600*" 498" 703% 205%2 144
1.00% 0.991°%° 0.430™ 0.430%" 539P% 1241%° 702® BS
0.950¢ 1.00*¢ 0.590%° 0.601%" 979*9 1572° 621°° 24
1.02% 1.03*¢ 0.600%? 0.580°" 8021 1252%" 420 48 MLCLT
1.01% 1.01%¢ 0.610*° 0.610%" 428" 63473 20679 72
0.940% 0.870” 0.510%*P 0.540°" 477" 737 256" 120
1.03% 1.09% 0.530%*P 0.530"" 424* 662 2384 144
0.990% 1.06%° 0.610*° 0.580°" 720™ 1233 514°% BS
0.990% 1.04*¢ 0.570%*° 0.560°" 921% 1517%¢ 5969 24
1.00% 1.00*¢ 0.510°7 0.510°" 585™ 965" 380" 48 MLC33
0.990% 0.990” 0.520%° 0.520%" 397y 605%% 2087 72
0.890% 0.900™ 0.460™ 0.460™" 4217 695%% 274 120
0.980% 0.970” 0.500°° 0.530"" 435" 657°% 200 144
0.960: 1.05:c 0.5201'p 0.500™ 619 1226"“? 6087 BS
1.04° 1.21° 0.480" 0.420%" 584™ 1274% 690*° 24
1.04% 1.02%¢ 0.462™ 0.470" 663" 1173% 498" 48
0.970°  0960°  0431™  0440" 263" 482" 219%% 72 MLC38
1.02% 1.06%¢ 0455 0.471% 3887 676 288" 120
1.05% 1.05%¢ 0.490%° 0.490™" 412° 7137 30149 144
0.980% 1.03*¢ 0.660*" 0.640°™ 810°" 1259%™ 449™ BS
0.930% 0.970” 0.652% 0.680°" 1053% 1524%° 504" 24
1.03% 1.07*¢ 0.671% 0.660%1 957%9 1336% 379" 48
1.04% 111" 0660 0620 505 755 219 72 MLC47
1.02% 1.04*¢ 0.610*° 0.602%" 594™® 856%" 258 120
1.02% 1.04*¢ 0.651% 0.651%' 618" 8787 259 144
1.00“; 1.02%¢ 0.550*3 0.540°" 738%" 1380a'f 643™ BS
1.00° 1.00*¢ 0.690* 0.690%° 970*9 1403* 436" 24
0.980% 0.990” 0.640%" 0.640°™ 909%) 1249%° 347m 48
1.00% 100° 06709 06708 469" 655 1867 72 MLC70
1.01% 1.10® 0.630*" 0.600° 503" 784" 25173 120
1.02% 1.03*¢ 0.610*° 0.602%" 513" 747 235 144
0.960° 0.960™ 0.619°°  0.650°™ 467" 720°% 278%™ BS
0.990% 0.970™ 0.520°"  0.5407" 680™ 1177% 498" 24
1.01% 1.02%¢ 0.530%" 0.540*" 6287 1002 381 48 MLCS4
1.00% 1.00*¢ 0.590%*° 0.590%" 369~ 558% % 189 72
1.00% 1.01%¢ 0.510%*° 0.510°" 408%™ 660%% 251Y3 120
0.910% 0.930” 0.570%*P 0.570%" 469" 710%% 241%% 144
1.00 1.03*¢ 0.410°9 0.410" 522" 1201°%° 679%° BS
1.02¢ 0.950” 0.500°° 0.560%" 555 890 361" 24
0.970° 0.980™ 0.520°*  0.511* 7159 1077%* 357™* 48 MLC103
0.930% 0.930™ 0.500°"  0.500%" 323%™ 5039 1807 72
0.990“ 0.990% 0.480" 0.480™ 3697 579 217°" 120
0.880% 0.900" 0.470%9 0.550*" 398> 579 1874 144
1.00% 1.00*° 0.700%° 0.700%° 670" 927°% 2577 BS
0.990% 0.990" 0.620%" 0.630*° 8957 1354% 470™ 24
1.00% 1.00*¢ 0.620*" 0.620%" 7139V 1035' 320P% 48 MLC286
1.01% 1.00%° 0.641%* 0.651% 479+ 6707 191°%0% 72
0.990“ 1.00%¢ 0.620%" 0.621%° 502" 7467 2437 120
1.02% 1.12% 0.671°%f 0.660% 565°% 789" 223% 144
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Continue Table 5.

~ela Ll e s
aL FOFv  Fg/F'm  FV/Fm Fv F'm Fo (o) sl e T
Time Point (hour) Genotype
0.690° 0.690° 0.290¢ 0.350" 346% 972K 627"9 BS
0.990% 0.950” 0.570%P 0.601%° 719% 1181% 467™" 24
1.03% 1.06*¢ 0.580%° 0.580°" 905%7 1278*! 373" 48 MLC303
0.950¢ 0.950” 0.580%° 0.580%" 470+ 68473 2147 72
1.01% 1.02%¢ 0.560%" 0.560%" 434" g2k 2477% 120
1.22° 1.38% 0.640%" 0.570%" 481+ 7517 239% 144
0.990% 1.00%¢ 0.711% 0.710® 579" 817" 238% BS
0.980% 0.980°  0.661°"  0670"  1031* 1508*° 494%* 24
0.950" 0.960  0.600*"  0.640°" 936> 12967 390° 48 MLC334
1.87° 0.930” 0.630%" 0.720° 523" 6730 18533 72
1.00% 0.991%¢ 0.610*° 0.610%9 482+ 7247% 240 120
0.970¢ 0.960™ 0.641%* 0.651*! 576" 811%4 236 144
1.00% 1.00*¢ 0.680%° 0.680°7 736%" 1080 344 BS
0.970¢ 1.04*¢ 0.640%" 0.620*° 994°f 1521°%¢ 528%" 24
1.02 1.10% 06517 0.651%' 932+ 1283 364" 48 MLC407
1.56° 0.991%¢ 0.671%f 0.681% 514" 68473 170%% 72
1.00% 1.01%¢ 0.681%¢ 0.670°" 666" 968" 298" 120
0.943¢ 0.960” 0.650** 0.640°™ 616" 871" 255% 144
0.9607 1.11%® 0.481%¢ 0.450™ 552P4 1223 671%¢ BS
1.00% 1.00%¢ 0.710® 0.700%¢ 1119% 1566° 447" 24
1.01% 1.02%¢ 0.670%¢ 0.660%1 838>° 1156 318~ 48
1.00% 100° 0700  0.690°¢ 440" 606 166% 72 MLC409
0.990% 1.00%¢ 0.620%" 0.620°P 5197 7347 2153 120
0.950¢ 0.960™ 0.632*™ 0.630°° 602" 837 2354 144
1.00% 1.01%¢ 0.400" 0.410% 571M 1346% 776° BS
0.990% 0.990” 0.670*9 0.680°" 999*¢ 1465 468™ 24
1.01% 1.01%¢ 0.650** 0.651*' 9769 138079 404" 48 MLCA54
1.03% 1.10% 0.680% 0.650°™ 473" 695%% 193%°% 72
1.00% 1.01%¢ 0.632%™ 0.630°" 668" 936™ 267" 120
1.02% 1.03*¢ 0.651% 0.620°° 543 822y 245%% 144
1.06% 1.19% 0.485%1 0.430™ 5324 1207°° 675%° BS
0.980% 1.00*¢ 0.570%*° 0.570%" 765" 1270%! 505" 24
1.00% 1.02%¢ 0.620*" 0.620%¢ 870*! 1248%° 378" 48
0.990% 0.980" 0.520%° 0.530"" 318%™ 515%% 1973 72 MLC469
0.970¢ 0.980" 0.540%P 0.540°" 448" 7197 273" 120
1.07% 1.09% 0.570%*P 0.560°" 503" 764" 2617 144
1.00% 1.00*¢ 0.701® 0.710°° 63517 898P 2627 BS
0.990% 0.991%¢ 0.570%*° 0.570%" 845" 1370%" 528%" 24
0.900% 0.900™ 0.450%1 0.450™" 612" 996/ 384"t 48 MLCAT2
0.840% 0.830™ 0.440" 0.440%" 320 534k 213%% 72
0.940% 0.940 0.502° 0.510%" 4217 688 268" 120
0.980% 1.02*¢ 0.540%P 0.540°" 397v 636 2393 144

e iy FVE'mM Gace iley b FV G edd Bl S il ady F'M oG g w sl Bl S, il sl s Flo
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F o: minimum value for chlorophyll fluorescence in the light, F'm: maximal value for chlorophyll fluorescence in the light,
F’v: Variable fluorescence, F'v/F'm: maximum efficiency of PSII photochemistry in the light if all reaction centers were
open, F'q/F'm: highest PSII operating efficiency in the light, F'q/F’v: photochemical quenching, gL: fraction of open PSII

reaction centers, BS: Before stress 1- MLC: Mashhad Lentil Collection, Means followed by the same letter for each trait is
not significantly different at 5% of probability level based on LSD test
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Table 6. Comparison of mean chlorophyll fluorescence parameter in freezing temperature and during time points.

(cell) obsbeyse ()8 Al 4 35) ;;)"G sles

qL Fg/Ffm  FVv/[Fm Fv F'm F'o
Time Point (hour) Freezing temperature (°C)

0.970” 0.550¢ 0.540° 611 1135  525® BS
0.980% 0.740° 0.750% 1249° 1659  417° 24
0.990” 0.760° 0.766% 1290°  1691° 401° 48
1.330° 0.770% 0.770® 617" 795N 178 72 0
0.990” 0.760° 0.760® 743% 978¢ 235" 120
0.990” 0.780° 0.780° 747% 959¢ 211" 144
0.970” 0.550¢ 0.540° 6119 1135  525® BS
0.990” 0.650” 0.660°°  1026°  1503° 496" 24
0.990” 0.700® 0.700>¢ 835%  1174%®  345¢ 48 15
0.990” 0.710® 0.730® 576 763! 195" 72
1.000% 0.720® 0.729%¢  680°9  919%" 238" 120
0.990” 0.760° 0.760% 714° 936¢ 22291 144
0.970” 0.550¢ 0.550° 615%  1135%  520® BS
0.990” 0.590% 0.580" 777 1313° 540° 24
1.01%%¢ 0.650™ 0.640% 872° 1288%  404° 48

bc cd e-g i j hi -18
0.990 0.610 0.610 404 606 202 72
1.000™ 0.570% 0.580 465' 744 277 120
0.980 0.600% 0.610%9 468" 736! 2589 144
0.970” 0.550¢ 0.540° 6119 1135  525® BS
0.980 0.430° 0.440" 493" 1045% 5627 24
1.002% 0.220 0.210’ 124) 477" 353¢ 48 20
0.950° 0.290f 0.290' 120 346' 213" 72
0.930° 0.210° 0.210 117 410 287° 120
1.005° 0.200° 0.190' 81 341 260°7 144
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F o: minimum value for chlorophyll fluorescence in the light, F'm: maximal value for chlorophyll fluorescence in the light,
F’v: Variable fluorescence, F'v/F'm: maximum efficiency of PSIl photochemistry in the light if all reaction centers were
open, F'q/F'm: highest PSII operating efficiency in the light, F'q/F’v: photochemical quenching, gL: fraction of open PSII

reaction centers, BS: Before stress 1- MLC: Mashhad Lentil Collection, Means followed by the same letter for each trait is
not significantly different at 5% of probability level based on LSD test
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Table 7. Effect of freezing temperature on F'v and maximum efficiency of PSII photochemistry in the light
(F'v/F'm) parameter in lentil genotypes.

F'v/F'm F'v
(zljfvg_?b ay3) Qf:)'@ sles (:\;J‘JLA a3) ;;J"Cl sles %,_:_.“)_,;
Freezing temperature (°C) Freezing temperature (°C) Genotype
-20 -18 -15 0 -20 -18 -15 0
0.330°° 0.620% 0.730%° 0.730%° 318" 670 870" 869°" mMLcs!
0.200" 0.700%" 0.690%9 0.730%° 171%" 848" 729k 859%f MLC11
0.240™ 0.620% 0.701%° 0.710*® 162" g11™™ 7651 782" MLC13
0.290%° 0.540™ 0.670% 0.700*" 24191 6279 770" 794" MLC17
0.200% 0.450"° 0.720%¢ 0.730%° 189 416" 873*" 841°%9 MLC33
0.220% 0.390°¢ 0.550%* 0.690%¢ 191" 350%" 521%P 890%° MLC38
0.400" 0.710*¢ 0.720*¢ 0.740%® 370%" 849%f 824" 983%™ MLC47
0.390™ 0.620% 0.730%¢ 0.740%° 376%" 592" 830°%¢ 936%¢ MLC70
0.300%* 0.650%" 0.550™" 0.750%° 190™ 5611° 435" 82979 MLC84
0.120" 0.530"° 0.640"" 0.720%° 109" 385" 595" 8329 MLC103
0.540™° 0.550"™ 0.740%° 0.770% 397™ 427" 833*¢ 893*¢ MLC286
0.240™ 0.560™ 0.690*" 0.660% 183™ 529%P 76471 7617 MLC303
0.400™¢ 0.730%° 0.750%° 0.780° 285 7365 754" 975%¢ MLC334
0.450"° 0.660%" 0.750%° 0.760%¢ 376" 706%* 869°" 1020° MLC407
0.400™9 0.660%! 0.710%¢ 0.720%¢ 3227 698°* 828%¢ 866°" MLC409
0.370°" 0.650%! 0.700%¢ 0.700%¢ 3407 767°%1 8319 883*" MLC454
0.290%° 0.630"" 0.540™" 0.700%° 2314 733%k 4459 8g1°f MLC469
0.230™ 0.410% 0.770%¢ 0.730%¢ 187" 296%¢ 794" 877f MLCA472

(:}l.i« ou&‘i.‘h}}é U""’\; uﬁmf\JS ‘MLC -\ L)_}-;Lfﬁij‘ )K)Lw J‘i.j-:' )éll V.;,..:‘.«_’:.e J.:..,JLT; &\)‘54;:..1?3 F'v/IF'm «J:"Cw wJLﬂ)}h Fv
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Fv: Variable fluorescence, F'v/F'm: maximum efficiency of PSII photochemistry in the light if all reaction centers were
open, 1- MLC: Mashhad Lentil Collection, Means followed by the same letter for each trait is not significantly different at

5% of probability level based on LSD test
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Fig. 2. Trends of maximum efficiency of PSII photochemistry in the light (Fv'/F ‘m) lentil genotypes in freezing
temperature and during recovery period.
Vertical bars indicate standard error, MLC: Mashhad Lentil Collection.

wy



VE-¥ Y a)h».fs AR 092 cuhl; ..\.3,’94 ‘_gl.hu.mhef 4.1).“.'

SLES 1) G55 3l e 5 0 2ST5 53 0T (WL
(A s das s

MLCI03 555« on a0 Sif) oo 22
5 MLC454 5 MLC286 (slaci 5 5 1 505 Sl
Loanslie oo Il s Slles oL 0 5 A
Slues S 5l o C’L“ Aoy Ll b sl sl
L0l 5 Loy S ke amlis 5 (glad s>
S ol I3l 05,5 53 MLCL03 555 5,513
e baglie 53 (5508 Gl Aoy Sk
wars b plply «OF Jdod) daes Slay 5 IS
Yoozl o3k 335 OLY > F'g/F'm 508 e
Loamlie 53 308 s s S b Sl 5 )
Aol S Kl Ly bosss nle
e sleS 55 e 53 YL g5 35 olasolis
RO

5338 Sl a3 A 510 Gas slales o
F@/F'm Ol 53 sy N, bl 0bss b
0L 3 Sk ol sldie Sgosba A sdalie
o5 5 b Ll s s O ke 31 VG bk esn
S le am s =Ye @ A Sl alS L bl sy
F'g/F'm jlais ;5 o8 5 B8 5 ials suis,
o3 lacsish alls e sdasOlis o A sdalis

YT L;D‘}@JJ;\))L;}.L}&‘ 35

YA

Ll 5 M s gl oL

(@PSIL =F'q/F'm) 5 L oad 5l
Sl AT S slos 5 55 HSan
0 Jpaz) ity 1 a s Sllas L6
Lldil baeg 55 ple 53 MLCB4 55 e
3 V0 5 o glales o (Sns cpl Ol
SalS Ll S edalie (5 ls e sl 51 S sl
2 1P I C S e RV
PAES 5 S e A F'g/Fm Ol 55 Las
Lo lazys Yoo fals amsips Jals pl Ol
o/At jmals) MLCL03 lacssis 53 o ju
L edalive (s £) 2als) MLC286 5 (s 2l
A Jya)
5 s At I e s Slles LS
B ST S PR T JCt S S Vg AP
Slela 53 (S opl Ol anlllas 3550 lacd 55
o5 Sl U8 el s Of Jlde 51 5 RS el
3 SU e Sl E s ey cl IS L s s
A Xy bosss S s (Sam
Ol ess F'@/Fm 55 als 5 50 Lol s saalis
Gl S s 23550 GG 55 55 s Sk Laxls
e ol VEE 5 YE (sl me sl oS s

Ul dles ool 5 as atalie Ssie 255



Ol5n 5 S i | o iles ol b IS sloailo Sl s

S5 S 035 5k o 505 b ekt Bl Ll 55 I o 3 Glles LIS 5 (Sajf sle A=A dsdr

e a5 I e g
Table 8. Effect of freezing temperature on F'q/F'm and qL parameter in lentil genotypes.

gL F'q/F'm
(zljfvg_?b a3) vf:)@ sles (:\;J‘JLA a3) ;;J"Cl sles %A:_;)_,;
Freezing temperature (°C) Freezing temperature (°C) Genotype
-20 -18 -15 0 -20 -18 -15 0
0.970% 09809  0.970% 0.980% 0.330°°  0.631% 0.730% 0.740° MLcs!
1.06° 1.00% 0.960% 0.990% 0.210% 0.701%¢ 0.700°"  0.739® MLC11
0.930% 1.02° 1.00% 0.990% 0.220% 0.630%" 0.710%®  0.711%¢ MLC13
0.970% 1.01° 0.990% 1.00% 0.290"°  0.550°™  0.640%"  0.702%f MLC17
0.920% 0.980% 1.00% 1.00% 0.200° 0.450%° 0.730% 0.730% MLC33
1.05° 0.970% 1.04° 0.980% 0.230° 0.390™ 0.580°%  0.700*" MLC38
1.04° 0.990% 0.990% 0.990% 0.420" 0.710%° 0.730? 0.750° MLC47
1.03° 0.990% 0.990% 0.990% 0.421%4 0.620%1 0.730? 0.740° MLC70
0.960% 0.980% 0.980% 0.990% 0.290%°  0.650%" 0.540"" 0.750° MLC84
0.910% 0.940% 1.02° 0.990% 0.120" 0.470™ 0.620° 07019  MLC103
1.02° 1.00% 1.00% 0.990% 0.540™  0.540™ 0.740°% 0.760° MLC286
1.07° 0.990% 0.940% 0.930% 0.260%" 0.570%" 0.680°"  0.640°"  MLC303
0.980% 0.990% 0.930% 1.61°% 0.390™%  0.730% 0.680%" 0.770°% MLC334
0.980% 0.990% 0.990% 1.37° 0.470"° 0.670%" 0.750° 0.760° MLC407
0.970% 0.990% 0.990% 0.980% 0.410" 0.670%" 0.720%°  0.730®  MLC409
1.01° 1.04° 1.00% 0.990% 0.390™  0.670%" 0.700°"  0.700°"  MLC454
1.04° 1.00% 1.01° 1.00% 0.310°°  0.630*"  0550"™  0.711*"  MLC469
0.810° 0.960% 1.00% 0.990% 0.230" 0.410" 0.770° 0.730®  MLC472

o8 0 geSIS MLC =V gz (20815 58100 0330 5L o 10 Ol 5 o5 b eti S5k Ll i s I e 8 SUhes LS :F'q/F'm
= Jlxl mlaw ;3 LSD O3l el 5 S i G G glls sla Kl s o (gl g s b oK alS pohe oaSiass

Lol (gls e M| s s

F'q/F'm: highest PSII operating efficiency in the light, gL: fraction of open PSII reaction centers, 1- MLC: Mashhad Lentil
Collection, Means followed by the same letter for each trait is not significantly different at 5% of probability level based on

LSD test
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Fig. 3. Effect of freezing temperature on survival percentage of lentil genotypes under controlled conditions.
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MLC: Mashhad Lentil Collection. LSD: Least significant difference, at level of 0.05.
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Table 9. Lethal temperature 50% of plants according to survival percentage (LT50su), reduced temperature

50% plants according to dry matter (RDMT50) and reduced temperature 50% plants according to plant
height (RHT50) of Lentil genotypes.

e <55
RDMT50 RHT50 LT50su Genotype
-16.2°¢ -16.0" -16.9" MLcs!
-17.5° -18.7° -16.8° MLC11
-12.7% -16.5¢ -17.0° MLC13
-16.5"°¢ -16.1%¢ -16.3° MLC17
-16.4%¢ -16.1%¢ -16.0° MLC33
-12.8%¢ -13.0% -11.2°8 MLC38
-18.9¢ -18.2° -18.1° MLC47
-16.4%¢ -16.3% -16.5° MLC70
-10.5% -12.13 -9.10% MLC84
-9.17° -13.1% 9.17° MLC103
-16.7% -16.1% -16.0° MLC286
-16.4"¢ -16.5" -16.0° MLC303
-15.0°¢ -16.9 -16.1° MLC334
-16.2¢ -16.8" -16.5 MLC407
-16.6"° -17.4° -17.2° MLC409
-16.9¢ -16.6" -16.9° MLC454
-10.8° -13.1% -8.70° MLC469
-16.7% -16.3" -15.8° MLC472

Mean square cle o Sl df S.0.V

222" 9.95™ 28.8" 17 Genotype (G) 555
5.68 5.39 2.48 36 Error U
15.8 14.6 10.5 - CV% ol i g

O3l el 5 S i G G ghls sl Sl Cois (gl cdgdin pwess 2 oKl alS psle oSl 55 ke 5SS :MLC -\
L1 ol e DL A.aﬁ@dk;;—\chwﬁ LSD

1- MLC: Mashhad Lentil Collection, Means followed by the same letter for each trait is not significantly different at 5% of
probability level based on LSD test

V€)Y



VE-¥ Y a)h».fs AR 092 cuhl; ..\.3,’94 ‘_gl.hu.mhe).t 4.1).“.'

LF'g/Fm s Fv/F'm Fv Fm (& a5 Jels
<y Cu;,t sl Lo s 00 skals glales 5 i L
WIV 55 a5s Jolo g e Sl L S 055 5
5 FIO bls &8 58 4y 1) ol do)s
35 ol el 0y Jsar) 55 e L LF'Q/FY
a Jos 3 S slafele Olypew Ols e L Jole
I
la Jole ol el s ol Ol slacs 55 s Jole
Jole il il uf;)"cl o5 oYL s
Jols S 5 S ax g ) Ol x5l de s VWY £

QO dsdr) o ke L L AL

s Sl S bl 4 g b ble 4 4
Ol add (Dlio doates shen glad >
IS ol s sl 53 Ol 51 B 5 el
2 S gl s Coeal s DS eR Laosls
xRl Gk s S sl Ll A& Laos S
PO e S A P NP
s el oy g Slio sdues S 5 Coenl
o JSosba (Sosm S ks 0 bl w
JS 5 dons MR b oS s Ol ele
Jole (Ve Jsax) Ks S a5 1) laesls Ol s

ASJJS 4.:2-)5 \) CJ\JM:J )\ J.p): OA/A J)J} Jﬁl

kdd 28 ll s 0 (So5i S ot e lacigs gl p b ele 4 4 -V gl
Table 10. Factor analysis for lentil genotypes under freezing stress in control condition.

¥ Jele TV Jele Ve i Traits

Factor 3  Factor2  Factor 1

-0.281 0.083 -0.907 orh Survival
0.408 -0.049  0.868 sl o3 00 sl gles LT50su
0.369 0017  0.885 G il dops 00 sl (gles RHT50
0.375 0186  0.847 iz esle Loz 00 skialS (slos RDMT50
0.068 0.941 0.167 05 ekl S5l S il 5l S F0
0.203 0.441 -0.837 o5 ek S5l S il aty F'm
0.200 0.003  -0.959 QRS WY Fv
0.270 0423 -0.844 L5 Ledd Bl bl o Il e B sl oL iy F'v/F'm
0.272 -0.304  -0.878 s Lok 5L Jal s s 1 g Jlles 1S F’q/F'm
0.452 0.706 -0.298 e g 35 F'q/F'v
0.718 -0.219 -0.419 o 53 STy S1im 032 5k e 8 aL
1.475 1.941 6.472 ois polie Eigen value
89.9 76.5 58.8 S e 22 Cumulative variance (%)
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Fig. 4. Distribution of lentil genotypes on the basis of the first and the second components.
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Fig. 5. Cluster grouping of lentil genotypes based on studied characteristic under controlled conditions.
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MLC: Mashhad Lentil Collection.
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Table 11. Analysis of variance (mean square) based on measured groups in lentil genotypes under freezing
stress in control condition.

lees S g0 osS o oliws Traits
Within Groups Between Groups
15 2 ERSIRESE df
385" 3707 &y Survival
6.24" 345" iy Ao 00 odalS (gles LT50su
195" 1327 Sp gl Ays 00 adals slas RHT50
5.13" 24.4 S osle Ao 3 00 ol (gles RDMT50
1353™ 2758"™ 05 el L5l Sy il 4 s o
1715 56833" 08 ekd S5l S il gl wni F'm
1540 50840 e il 5l Fv
0.002" 0.015™ o5 bedd S5l Lalys o I e 53 Ll DS wty F'v/F'm
0.002™ 0.017" BY A URJ51 5 W S SRS | IRCTTRS I W DRIy F'q/F'm
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Table 12. Mean and deviation from mean of groups in cluster analysis for traits in Lentil genotypes under
controlled conditions.
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Table 13. The results of discriminant function for clustering validity of lentil genotypes under freezing stress.
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Table 14. Standardized canonical discriminant function coefficients measured groups in lentil genotypes under
freezing stress.
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Fig. 6. Cluster grouping of lentil genotypes based on significant canonical variable under freezing stress in
control condition.
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