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Changes in Photosynthetic Capacity of Seedlings of Some Tomato
Landraces in Drought Stress
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Table 1. Location, thirty-year average temperature (°C), and total annual rainfall (mm/year) of 17 different

geographical areas of Iran where the tomato landraces used in this study were obtained from (Iran Meteorological
Organization, 2019).
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Fig. 1. Changes in the relative maximal variable fluorescence (Fum/Fo) during seven days of water withholding in
17 tomato landraces of Iran and two hybrids. To clarity process, each five landraces placed in one graph
(except the bottom right graph).

5 0lRl (5558 4258 Coxex VWV o (gl @b 5l s 59, i (o (FM/F0) (o poitie (uilingld aiciion (sl i g, -V JSC5
(el y Cooms 08l S8 szl a) wilad 35 )18 IS SO )0 Carezx O p2 ladlg) j0ged (aseiee (gly .45 590 g0

(ABS/RC) iS5 35 50 o (slil 4 55 i ol eyl ahad 5l oy coddS L a8 ol (lis (gl cnl (sloaons

3 el ol Jlade Cand o a8 ol las leesls il s 4 jm5 lodo s (V JS5) wubco (ial3dl 25 5 el o
o0 O Jlaizl mlaw j0 g)lo cixe Dglas boaS 190 ¢ bacores oled jo (L [ aald) walls Hlals 4 i 5 bl
Sglaie owyp 990 LS 0 ABS/RC asli slo,nss ainls oz ed (Gl oaid ooy lid basad) ojls 092
Coraz 5o Lol (Conl ooy pian 39, ;0 OIYY &y Jol 59, ,0 YOV 3l o1 Jlade 510l Comez jo o Jle Glgie 4y il oo
e o Sl Al (sloeons (Y JS8) ol 438y i3l i 35, 5 VHIAS & gl 53, 8 VIFY ) a5
LS L WS 05568 Sl (lony Cumezr a5 ol (a3 5 alide lalS )5 w59y 5o wald a4 55 el
50 (Sl oauis ool lis braz,id) wdl oo 995 aalls HlalS L BT oy g lilo eS 5 j0n Comex g 09 wall

O olS o miSTy S 5l cam ul Jbd e a5 wis S 5158 (VYY) Briiggemann 4 Jedmowski | oiwgsy

va



OHEan 5 g

358 (o 0gde STy S s 5a slil 4 58 i Gliee Gl g b o)lal o 4 S VL 0 & jshailen ( Sas
Sl S 05995 Sam ol 5l 89 ST o B8 5 p plalS jo STy S e se il 4,8 ol Gl (il5E LY
(\f 9 V) és.wb.c f}o LsLQo..\;J.f )‘..\.Lo u...:alS 9 rw.»j . ‘5 )5‘).4 uM JL’&).».C g0 aS u\.wl.:b.c ;iw? > w

144 ——Matin (Hybrid) |~ Shiraz /
Yazd ::: Sari
% 124 Orumie J Semnan
o =~ Gorgan ={’— Bandar Torkman
2 ~10- -‘- Esfarayen - -‘- Kermanshah
B
jl'\ 3 84
95 .
& ol - &
2: % ° / 7§ o ¢
v < 41 a‘é%:ﬁ,én
i
0 T T T
Q' 144 —— Neishabour 1 —- Shahrood
. ). :x: Kordestan x Zanjan
1 124 Sirjan J Rasht
R~ =@~ Hamedan = 8320 (Hybrid)
¥ g 10+ -’- Varamin
9 U 8-
1
N 64 ®
) g ,‘/4
2 4 et
1 24 Sy
01— T T T T T T T T T T T T T
1 2 3 4 5 6 7 1 2 3 4 5 6 7
Gsy) ole Gsy) ole
Time (day) Time (day)

Fig. 2. Changes in the specific energy fluxes per reaction center for energy absorption (ABS/RC) during seven
days of water withholding in 17 tomato landraces of Iran and two hybrids. To clarity process, each five
landraces placed in one graph (except the bottom right graph).
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Fig 3. Changes in the electron transport flux per reaction center (ETo/RC) during seven days of water
withholding in 17 tomato landraces of Iran and two hybrids. To clarity process, each five landraces
placed in one graph (except the bottom right graph).
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Fig. 4. Changes in the trapped energy flux per reaction center (TR¢/RC) during seven days of water withholding
in 17 tomato landraces of Iran and two hybrids. To clarity process, each five landraces placed in one

graph (except the bottom right graph).
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Fig. 5. Changes in the dissipated energy flux per reaction center (DIo/RC) during seven days of water
withholding in 17 tomato landraces of Iran and two hybrids. To clarity process, each five landraces
placed in one graph (except the bottom right graph).
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Fig. 6. Changes in the maximum quantum efficiency of PSII (Fv/Fm or ®Pg) during seven days of water
withholding in 17 tomato landraces of Iran and two hybrids. To clarity process, each five landraces
placed in one graph (except the bottom right graph).
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Fig. 7. Changes the performance index on the absorption basis (Pl.s) during seven days of water withholding in
17 tomato landraces of Iran and two hybrids. To clarity process, each five landraces placed in one graph
(except the bottom right graph).

90‘]" Lgi;)s 4}9.?%.!&}0-\.& e 6)Lu'|é!a.‘3)lw.:)s)m(5|a(]?labg) ud? u»L»I);o)SLQ.c ua}[w LQLQJM.&: 435)—V JS.»J
(el y Crons (53l S sliil ay) wlazd )3 )18 IS S j0 Camex O j2 aady) (3903 (aseice Cqo 04T 590 90

S 5 4

5 Jpazme 0Skee p (S 45 3l b Ld e slagsdse 53, Oz el 5o laiagh 5l )l ol Jb 59
G Glsie 4 ol jess p (Sas i b (S o)l s aadlle nlply a5 gl ol
58kes 5 Cundy 53 gt Sl el )5 S j50n Wlsie OTIP (5051 S5 s5m 5l 2ol (55505 5 £3Y (2LS 25Ty
GHo% seazmel Gulul p Bl olS (Gegid pias Cunds S b g Leodi S e )58 a5 5515
FUF) (o it ool 28 aiis (sl sl pollie 25,5 o )3 (S5 5 5 yn 59 QLS 45 ol 5l
a>Ls g (PPo b F/Fu) 55 (6588 phanw (055155 (215 4 (ETORRC) (2Sly 35 50 52 hil 0 09 58Ul Uil
ATy S o Sl & e 0dx pliee Slagasll g 005 g el GlalS e Pli) @i (wlol 3 Sles
(DIVRC) STy 35 5o 5o gl3) & oy 31 (55,1 o (TRO/RC) STy 55 50 1o (sl3] & 033,250 35,5 5o (ABS/RC)
b s mgid olfiws o sl sl olas ) nl (ooled a5 55 (6 S amil (i Olefion Suled ;o S (o0 oy 1B
Sl om L)l s ool b aiS oSS addlhs ol (slaam (U5 psbay ol e BT LS 0 2 (g pdye]
4 (S arsS Joxd g ln b Gl g al | (S S (gugid olSiws cdles b L e byl

Bg ool &Il Sas slen g ol bl

AF



e P sloazalS giiingis Cod, b gl si

References &bw

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

.

Aliniaeifard, S. and U. Van Meeteren. 2014. Natural variation in stomatal response to closing stimuli among
Arabidopsis thaliana accessions after exposure to low VPD as a tool to recognize the mechanism of
disturbed stomatal functioning. J. Exp. Bot. 65: 6529-6542.

Aliniaeifard, S. and U. Van Meeteren. 2018. Natural genetic variation in stomatal response can help to
increase acclimation of plants to dried environments. Acta Hort. 1190: 71-76

Aliniaeifard, S., M. Seif, M. Arab, M. Zare Mehrjerdi, T. Li and O. Lastochkina. 2018. Growth and
photosynthetic performance of Calendula officinalis under monochromatic red light. Int. J. Hort. Sci. 5(1):
123-132.

Ariyarathna, R.A.LS., S.L. Weerasena and C.K. Beneragama. 2020. Application of polyphasic OJIP
chlorophyll fluorescent transient analysis as an indicator for testing of seedling vigor of common bean
(Phaseolus vulgaris L.). Trop. Agr. Res. 31(2). 106-115.

Bayat, L., M. Arab, S. Aliniaeifard, M. Seif, O. Lastochkina and T. Li. 2018. Effects of growth under
different light spectra on the subsequent high light tolerance in rose plants. AoB Plants. 10(5): 1-17.
https://doi.org/10.1093/aobpla/ply052

Boureima, S., A. Oukarroum, M. Diouf, N. Cisse and P. Van Damme. 2012. Screening for drought tolerance
in mutant germplasm of sesame (Sesamum indicum) probing by chlorophyll a fluorescence. Environ. Exp.
Bot. 81: 37-43.

Cigek, N., V. Pekcan, O. Arslan, S.C. A.S.B. Erdal, Nalgaiyi, A.N. Cil, V. Sahin, Y. Kaya and Y. Ekmekegi.
2019. Assessing drought tolerance in field-grown sunflower hybrids by chlorophyll fluorescence kinetics.
Rev. Bras. Bot. 42(2): 249-260.

Dong, Z., Y. Men, Z. Liu, J. Li and J. Ji. 2020. Application of chlorophyll fluorescence imaging technique in
analysis and detection of chilling injury of tomato seedlings. Comput. Electron. Agr. 168: 105109.

FAO. 2017. FAO. Fao state-agriculture statistic database. Retrieved from
http://www.fao.org/faostat/en/#data/QC.

Garcia, A.L., L. Marcelis, F. Garcia-Sanchez, N. Nicolas and V. Martinez. 2007. Moderate water stress
affects tomato leaf water relations in dependence on the nitrogen supply. Biol. Plant. 51(4): 707-712.

Guha, A., D. Sengupta and A.R. Reddy. 2013. Polyphasic chlorophyll a fluorescence kinetics and leaf
protein analyses to track dynamics of photosynthetic performance in mulberry during progressive drought.
J. Photoch. Photobio. B. 119: 71-83.

Holbrook, N.M., V.R. Shashidhar, R.A. James and R. Munns. 2002. Stomatal control in tomato with ABA-
deficient roots: response of grafted plants to soil drying. J. Exp. Bot. 53(373): 1503-1514.

Jedmowski, C. and W. Briiggemann. 2015. Imaging of fast chlorophyll fluorescence induction curve (OJIP)
parameters, applied in a screening study with wild barley (Hordeum spontaneum) genotypes under heat
stress. J. Photoch. Photobio. B. 151: 153-160.

Kalaji, H.M., A. Oukarroum, V. Alexandrov, M. Kouzmanova, M. Brestic, M. Zivcak, [.A. Samborska,
M.D. Cetner, S.I. Allakhverdiev and V. Goltsev. 2014. Identification of nutrient deficiency in maize and
tomato plants by in vivo chlorophyll a fluorescence measurements. Plant Physiol. Biochem. 81: 16-25.

Liu, H., B. Ouyang, J. Zhang, T. Wang, H. Li, Y. Zhang, C. Yu and Z. Ye. 2012. Differential modulation of
photosynthesis, signaling, and transcriptional regulation between tolerant and sensitive tomato genotypes
under cold stress. PloS One. 7(11): 1-16

Long, A., J. Zhang, L.T. Yang, X. Ye, N.W. Lai, L.L. Tan, D. Lin and L.S. Chen. 2017. Effects of low pH
on photosynthesis, related physiological parameters, and nutrient profiles of citrus. Front. Plant Sci. 8 (185):
1-22

Mabhloudnia, M., M. Farsi, S. H. Marashi and P. Ebadi. 2012. Investigation of physiological responses of
four tomato species to drought stress. J. Hort. Sci. (Agricultural Sciences and Industries), 26 (4): 409-416 (In
Persian).

Mathur, S., P. Mehta and A. Jajoo. 2013. Effects of dual stress (high salt and high temperature) on the
photochemical efficiency of wheat leaves (Triticum aestivum). Physiol. Mol. Biol. Plants. 19(2): 179-188.
Poudyal, D., E. Rosenqvist and C.O. Ottosen. 2019. Phenotyping from lab to field—tomato lines screened for
heat stress using Fv/Fm maintain high fruit yield during thermal stress in the field. Funct. Plant Biol. 46(1):
44-55.

Puzesh Shirazi, M., M. Zolfi Bavriani, M. Modaresi and B. Behzadi. 2013. The effect of drought stress at
different stages of vegetative and reproductive growth on the quantity and quality of tomato crop. Iranian J.
Hort. Sci. 44 (4): 451-459 (In Persian).

AY



21.

22.

23.

24.

25.

e 5 g

Rapacz, M., M. Sasal, H.M. Kalaji and J. Koscielniak. 2015. Is the OJIP test a reliable indicator of winter
hardiness and freezing tolerance of common wheat and triticale under variable winter environments?. PloS
One. 10(7): 1-18

Strasser, R.J., A. Srivastava and M. Tsimilli-Michael. 2000. The fluorescence transient as a tool to
characterize and screen photosynthetic samples. Probing photosynthesis: mechanisms, regulation and
adaptation. In: Yunus, M., Pathre, U., and P. Mohanty. 2000. Probing Photosynthesis: Mechanisms,
Regulation and Adaptation. New York: Tayor and Francis. p. 445-483.

Tamburino, R., M. Vitale, A. Ruggiero, M. Sassi, L. Sannino, S. Arena, A. Costa, G. Batelli, N. Zambrano,
A. Scaloni and S. Grillo. 2017. Chloroplast proteome response to drought stress and recovery in tomato
(Solanum Iycopersicum L.). BMC Plant Boil. 17(1): 1-40.

Taulavuori, K., E. Taulavuori, T. Sarjala, E.M. Savonen, P. Pietilainen, P. Lahdesmaki and K. Laine. 2000.
In vivo chlorophyll fluorescence is not always a good indicator of cold hardiness. J. Plant Physiol. 157(2):
227-229.

Zhou, R., X. Yu, C.O. Ottosen, E. Rosenqvist, L. Zhao, Y. Wang, W. Yu, T. Zhao and Z. Wu. 2017.
Drought stress had a predominant effect over heat stress on three tomato cultivars subjected to combined
stress. BMC Plant Boil. 17(1): 1-24.

AA



Iranian Journal of Horticultural Science and Technology 22 (1): 75 - 88 (2021)
Research article

Changes in Photosynthetic Capacity of Seedlings of Some Tomato Landraces
in Drought Stress

N. Sousaraei, K. Mashayekhi®, S. Aliniaeifard, S. J. Mousavizadeh and V. Akbarpour!

In this study, in order to evaluate the effects of drought stress on photosynthetic capacity of 17
different landraces and two commercial tomato hybrids, plant irrigation was stopped at the
seedling stage and the changes in photosynthetic capacity during seven days of water withholding
was measured by OJIP test. The results showed that the relative maximal variable fluorescence
(Fm/Fo), electron transport flux per reaction center (ETo/RC), maximum quantum efficiency of
PSII (Fy/Fm or ®Pg) and performance index on the absorption basis (Plas) were decreased in
drought-induced plants. In these plants, specific energy fluxes per reaction center for energy
absorption (ABS/RC), trapped energy flux per reaction center (TRo/RC) and dissipated energy
flux per reaction center (DIo/RC) were increased. The values of decrease and increase in plants
were different, indicating the difference in drought tolerance levels in plants. The results also
showed that the more drought-tolerant plants had less difference in the values of the parameters
compared to their control. The results of this study help us to find the differences between the
responses of the parameters related to the health of the plants photosynthetic capacity and provide
theoretical foundations for improving tomato tolerance to dry climatic conditions.
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