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ABSTRACT

Salinity stress negatively affects plant growth and productivity by causing ion
toxicity, osmotic stress, and hormonal imbalances. With the expansion of
greenhouse-based vegetable production, identifying genotypes tolerant to
abiotic stresses such as salinity is essential for sustainable agriculture. This
study assessed the salinity tolerance of three promising lettuce lines (20, 7, and
4), the local cultivar ‘Setareh, > and two foreign cultivars, ‘Lolarosa’ and
‘Mignonette, * under controlled greenhouse conditions. A factorial experiment
was conducted in a completely randomized design with four replications at
Razi University, Kermanshah, during the 2023-2024 growing season. Plants
were exposed to increasing salinity levels (0, 10/5, 20/10, and 30/15 mM
NaCl/CaCl. ) starting from the 3rd—4th leaf stage. Physiological and
biochemical traits evaluated included chlorophyll fluorescence (Fv/Fm,
Y (PSII)), leaf greenness, total soluble sugars, phenols, and flavonoids. Results
showed a significant reduction in photosynthetic efficiency (Fv/Fm and
Y (PSII)) with increasing salinity, reflecting a decline in growth. However,
salinity stress also triggered a notable increase in osmoprotectants (soluble
sugars) and secondary metabolites (phenols and flavonoids), indicating an
antioxidant defense response. These findings reveal genotype-specific
differences in salinity tolerance and offer useful insights for selecting lettuce
cultivars better suited to saline environments.
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0.064** 0.005** 226.509** 49.394%** 0.006** 36.378%* 15 6295 gohe X 59
Genotype x Salt
0.187%* 0.012% 558.907%* 515.760%* 0.153%* 92.110%* 6 G55 T X 090159
Hormone x Salt
0.043** 0.002** 71.481%** 14.973* 0.004** 14.956** 30 S0y X Dgorgh X el
Genotype x Hormone x Salt
0.009 0.001 4.974 9.453 0.001 5.168 216 Error sl
288 Total s

*, ** Significant at the 5% and 1% levels, respectively.
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Figure 1. Correlation of chlorophyll fluorescence, biochemical, and physiological traits in lettuce genotypes under salt stress



£0 VEF il e by F o)lad ooz Sl sl GWLS (ygbdcuny) ols 4yt

PYIF cadlio 53 (nl ggoome &S ysboas 1S (o
Ol 3 Ao idg 1) 29290 95 JS 5l o)
0SS oSy (S Sl oAl o) p Olao
i (009 lgS 3 Slas LS S las g jiiwgid
Mol Bl £ 95 ol s 0 ) e (i I
yobdo olaw ol (Mihaljevi¢ et al., 2020)
bl ao olS Gl g itwgd (2l b peites
Glao o dgye p a0lblal jo (gyed i
Jsdoee 38 (S 2395936 (slgie Jold oliowdn
2 ot i A4S 288 1,8 LS sy JS
Liol 6)58 (i b dgalge )3 olS (218> sla) g5l
=5 F 4 ool gl ol (S ooy S (0
Olyedn Mg (plesdsn 9 Sige sb Clio |
o polie slacwig lulid ) 5o laaild
leMbl g 5,5 1,8 odlaiwl dy50 215 )5 (59

5l palyd Mol sladsl p gly (gniods )]

9alS clacuig) aS Slosls ol olddss ko dl).g
Ol U"‘ )l um dl‘bu“.’.b9)‘§ l.: U.:\.tbas)f 2 Jul}'fL;o
sl YU g cuto ydlio (gl 095 S ad (sandals
@S Sl g fwgd (adls oS (K jow Slyre
et oimd s &S ol I piaanpunrgid  ogilsS 5,Slas
Dai et al., ) Mbwa oS oM 9 694? Lg)w,ts
Gy o 5 ol polie , 53 09)5 ( blds 132024
Slaize g S J8 glaie (S Jgdoee A8 (glgize
S Igplio (sl puune sasmd s 4 S 3y S a5g3sMe
4 3)S0) ol Ml oo Ogliste (il ageuly b glie
e kulyd cod a8 e s bl (aluls
A5 o S idly 5l 'L ipglie (598 i5) 0B
cuiS g Uhagn sl Gly ghed))l gt 5
S5l ool
ShHIY S 0 oS Lol sleaddie 4 o0 gl

Iy iy 39— Slio alyuss jl oo YY/Y pgd

|

REA7EES T R OUEN I3 2% S S A EA EIRE R SR T BA SRS R T AN TN RS

Jousyd

u
5
3
a

avds
w4/Ad

9 i ot o (68 0jl] Slas Lol 68lS slacuisiy )yl 4k b olpen (dlases jJUT.Y JSWS
Figure 2. Cluster analysis with a heat map of lettuce genotypes based on the measured traits under salt stress



e 925 0LS (bordsn 9 el Slao ciysis Jido)lS sl el 2 Wsisly (VY il e g (6355 i

55

Variables - PCA

05~

Dim2 (22.3%)
o
1
1
]
]
]
]
]
]
]
]
]
]
]
]
]

Dim1 (41.3%)

0.0

_"""""""r'-f__:_'

cos2

W os

06

T — 04
i
Fv.Fny 02

0’5 10

5l8 ad iy Slocaisy ) adlhas 3,90 Slao lul (Lol slaadlse 4 4 Y IS
Figure 3. Principal Component Analysis based on the studied traits in advanced lettuce genotypes

Sladgd Jolod s . 8)0,55 5 gy g
G555 ) oaB s Sl Sl ()l 4l b ol e
el jolos 09)5 93 & |y Lacuigi] cnl ol sl
lyome L b ye lio Jold Jol g5 3
@S S g g (el oS o (S
(IS Jsdome 18 Slio pgd 09)5 9 391 1T otupusgd
Oy S ey 3 |y JS aSgg M g S JS
cd by bewel ole e oS Wby lis sl ulow
lhodon 5 Soideid Slio ol el p (95
adlhe o an oS gl nl p ogde )5 ganail
EYIS goazmo yd Jol adlie 93 oS 2l flis Lol sla
0 A e e |y 39290 £95 9 Clpsd Ao
9 g padld Sy (Shjew lye ol ol
O 3 ) e oy I ey (L7 581
a1 lg oo Bl pl cgazme jd LB £oi oy
5 Sy QLS 1 Jhe gl Jelse ol
sbodnly g 28 S (5598 LIS 4 918 olS Fuly
29l ol Sipglie laguiss bl gl omlie
2 Mgl (Sl VY G9e)9n (130 4 rineen
Ol A S @8ly 5 ()9d i ISl hals
cbale jl gim Gllas )3 &S 39800 Sl jolate
23,5 eolawl (gy0d iS5 G ol Sad YL sl

Bolgid 9 (A S5 4o
SLacas) 1 oy 290 Clio (bl 420 s
ol (g pSojlul Glaw g uish) oo a5 2l \Lis eals’
«$ )9 ok a8l Lo 3) 3925 ()l sime gl
A FV/Em o 9IS (il jold sl el )l
LS (5riwgis e Ls) PL g (IT wiswgsd (oS
G595 g 2L Cl Sl ials ol & a8l
L oiomen Sl ()90 i bl )3 9al8 gl
3 losdgid SlaS 5 lie 6y9d G5 05 ol
ORI S A SggM 5 JS S o JS Jglone 45 alex
byly s, ly 0ol ey STy saiasjlis oS cal
P lie gl (Niwsad culpd (o) -l |
o 5 el ] S LS -y S
03l g Tty (cogilss 5 Slas o) Sl
D)1 3525 (I ine Sl 5 Cute (Kier (jliogd
o 1T oteogd 350 3, Skos oS and oLl adly
Lol jiwgid (asld dgs 53 (Sute g padins (A5 S5
3 8des ipigwgd cpl (2L SRl L S gydoey S
P A4S (Fodge b o dgne 8 g (siiwgid
ogde .3 glokg Cuenl olS L) 9 (6551 Mg5 an] )
Jo Fagd padl 9 Sy (S jee Slye o nl 2
o go QLS a5 0d edalie (5l gme 9 Cue (Siuar
>y Shoe 1 Vgano i (Sijw L Loy



14 V¥ Gl @ ol F ojladd qeidylen Jlo (oly; LS (gyoldcum) ol 4 i

References

Adhikari, N. D., Simko, 1., & Mou, B. (2019).
Phenomic and physiological analysis of salinity
effects on lettuce. Sensors, 19(21), 4814.

Ahmed, S., Ahmed, S., Roy, S. K., Woo, S. H.,,
Sonawane, K. D., & Shohael, A. M. (2019).
Effect of salinity on the morphological,
physiological and biochemical properties of
lettuce (Lactuca sativa L.) in Bangladesh. Open
Agriculture, 4(1), 361-373.

Babaousmail, M., Nili, M. S., Brik, R., Saadouni,
M., Yousif, S. K., Omer, R. M., & El-Taher, A.
M. (2022). Improving the tolerance to salinity
stress in lettuce plants (Lactuca sativa L.) using
exogenous application of salicylic acid, yeast,
and zeolite. Life, 12(10), 1538.

Boughalleb, F., Abdellaoui, R., Mahmoudi, M., &
Bakhshandeh, E. (2020). Changes in phenolic
profile, soluble sugar, proline, and antioxidant
enzyme activities of Polygonum equisetiforme in
response to salinity. Turkish ~ Journal  of
Botany, 44(1), 25-35.

Boukema, 1. W., Hazekamp, T.H., & Hintum,
T.H.J.L. (2007). The CGN Collection Reviews:
The CGN Lettuce Collection. Wageningen,
Centre for Genetic Resource. 2-5.

Bres, W., Kleiber, T., Markiewicz, B., Mieloszyk, E.,
& Mieloch, M. (2022). The effect of NaCl stress
on the response of lettuce (Lactuca sativa L.).
Agronomy, 12(2), 244.

Chang, C.C., Yang, M.H., Wen, HM., & Chern,
J.C. (2002). Estimation of total flavonoid
content in propolis by two complementary
colorimetric methods. Journal Food Drug
Anal., 10, 178-82.

Costa, S. F., Martins, D., Agacka-Motdoch, M.,
Czubacka, A., & de Sousa Araujo, S. (2018).
Strategies to alleviate salinity stress in plants.
Salinity Responses and Tolerance in Plants,
Volume 1: Targeting Sensory, Transport and
Signaling Mechanisms, 307-337.

Dai, M., Tan, X., Ye, Z., Chen, X., Zhang, Y.,
Ruan, Y., & Kong, D. (2024). Analysis of
lettuce transcriptome reveals the mechanism of
different light/dark cycle in promoting the
growth and quality. Frontiers in Plant Science,
15, 1394434,

DeVries, I. M. (1997). Origin and domestication of
(Lactuca sativa L). Genet Resource and Crop
Evolution, 44, 165-174.

Ekinci, M., Yildirim, E., Dursun, A., & Turan, M.
(2012). Mitigation of salt stress in lettuce
(Lactuca sativa L. var. Crispa) by seed and foliar
24-epibrassinolide  treatments.  HortScience,
47(5), 631-636.

Food and Agriculture Organization of the United

State, 2014.

Ghassemi-Golezani, K., Hosseinzadeh-Mahootchi,
A., & Farhangi-Abriz, S. (2020). Chlorophyll a
fluorescence of safflower affected by salt stress
and  hormonal treatments. SN Applied
Sciences, 2, 1-9.

Guo, J., Zhou, X., Wang, T., Wang, G., & Cao, F.
(2020). Regulation of flavonoid metabolism in
ginkgo leaves in response to different day-night
temperature combinations. Plant Physiology
and Biochemistry, 147, 133-140.

Kalaji, H. M., Bosa, K., Koécielniak, J., & Zuk-
Gotaszewska, K. (2011). Effects of salt stress on
photosystem 1II efficiency and CO2 assimilation
of two Syrian barley landraces. Environmental
and Experimental Botany, 73, 64-72.

Kataria, S., & Verma, S. K. (2018). Salinity Stress
Responses and Adaptive Mechanisms in Major
Glycophytic Crops: The Story So Far. in
Salinity Responses and Tolerance in Plants,
vol. 1, pp. 1-39.

Krause, A.G., & Weis, E. (1991). Chlorophyll
fluorescence and photosynthesis: the basics.
Annual review of plant biology, 42(1), 313-349.

Kumar, K., & Saddhe, A.A. (2018). Targeting
aquaporins for conferring salinity tolerance in
crops. Salinity Responses and Tolerance in
Plants, Volume 1: Targeting Sensory, Transport
and Signaling Mechanisms,65-84.

Lebeda, A. Ryder, E. J. Grube, R. Dolezalova, 1., &
Kristkova, E. (2007). Lettuce (Asteraceae;
Lactuca spp). In: SINGH R.J. (ed.), Genetic
Resources, Chromosome Engineering, and Crop
Improvement, Vol. 3, 377-472.

Marhaenanto, B., Aningtyas, P. W., Putraa, B. T.
W., Soedibyo, D. W., & Syahputra, W. N. H.
(2025). Estimating Flavonoid and Nitrogen
Status of Guava Leaves Using E-Nose and
SPAD Meter. Agricultural Research, 1-14.

Mihaljevi¢, I, Lepedus, H., Simi¢, D., Vuleti¢, M. V.,
Tomas, V., Vukovi¢, D., & Zduni¢, Z. (2020).
Photochemical efficiency of photosystem II in
two apple cultivars affected by elevated
temperature and excess light in vivo. South
African journal of botany, 130, 316-326.

Netto, A. T., Campostrini, E., de Oliveira, J. G., &
Bressan-Smith, R. E. (2005). Photosynthetic
pigments, nitrogen, chlorophyll a fluorescence
and SPAD-502 readings in coffee leaves.
Scientia horticulturae, 104(2), 199-209.

Pandjaitan, N., Howard, L. R., Morelock, T., &
Gil, M. 1. (2005). Antioxidant capacity and
phenolic content of spinach as affected by
genetics and maturation. Journal Agric. Food
Chem, 53, 8618 - 23.



e 98l 0L plandon 5 SO5glg 5 lio el Judg IS (sla ol p Mgl GHVE S1:])Rod g (5395 las A

Pavli, O.I.,, Kempapidis, K., Maggioros, L., Foti,
C., Panagiotaki, E., & Khah EM. (2021).
Response of Lettuce Germplasm to Salt Stress
at Different Developmental Stages. Annals of
Agricultural & Crop Sciences, 6(5).

Sardar, H., Khalid, Z., Ahsan, M., Naz, S., Nawaz,
A., Ahmad, R., & Abou Fayssal, S. 2023.
Enhancement of salinity stress tolerance in
lettuce (Lactuca sativa L.) via foliar
application of nitric oxide. Plants, 12(5), 1115.

Shlegl, H. G., 1986. Die verwertung orgngischer
souren durch chlorella lincht. Plant Sciences,
41,47-51.

Sim, C. C., Zaharah, A. R., Tan, M. S., & Goh, K. J.
(2015). Rapid determination of leaf chlorophyll
concentration, photosynthetic activity and NK
concentration of Elaies guineensis via correlated
SPAD-502 chlorophyll index.

Takai, T., Kondo, M., Yano, M., & Yamamoto, T.
(2010). A quantitative trait locus for chlorophyll

content and its association with leaf
photosynthesis in rice. Rice, 3, 172-180.

Tsai, Y. C., Chen, K. C.,, Cheng, T. S., Lee, C.,
Lin, S. H., & Tung, C. W. (2019). Chlorophyll
fluorescence analysis in diverse rice varieties
reveals the positive correlation between the
seedlings salt tolerance and photosynthetic
efficiency. BMC plant biology, 19, 1-17.

Uddling, J., Gelang-Alfredsson, J., Piikki, K., &
Pleijel, H. (2007). Evaluating the relationship
between leaf chlorophyll concentration and
SPAD-502  chlorophyll  meter readings.
Photosynthesis research, 91.

Zorati Pour, E., Soltani Mohammadi, A., &
Alamzadeh Ansari, N. (2019). Evaluation of yield
and water productivity of lettuce under drought
and salinity stress in greenhouse
conditions. Iranian Journal of Irrigation &
Drainage, 13(2), 450-461. (in Persian)



