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Extended Abstract

Background: Drought is one of the most important factors affecting plant survival that can have
significant effects on their growth, development, and productivity, especially in arid and semi-
arid regions where climate change has exacerbated this phenomenon. The black hawthorn
(Crataegus pentagyana Waldst. & Kit. ex Willd.) is one of the valuable medicinal plants in the
forests of northern Iran, which plays an important role in maintaining biodiversity and
sustainability of forest ecosystems due to its ability to adapt to different habitats. Due to its high
ecological values, including the protection of biodiversity and wildlife, this plant is also known
as a pioneer and nurse species for the establishment of plants in the primary succession stage and
is of particular importance in terms of its ability to control urban pollution; also, it is known not
only as a valuable medicinal source, but also helps to strengthen the soil and restore degraded
environments. In general, considering its importance in the protection and restoration of degraded
forest areas in mountainous regions and arid to semi-arid valleys in the north of the country, and
on the other hand, the emergence of drought and global warming phenomena in recent years,
studying the responses of this plant to drought stress can provide a solution for protecting this
species against climate change and also for managing water resources in seedling production
nurseries and restoring degraded forests. In fact, the aim of this study is to investigate the effect
of drought stress on the ecophysiological traits of the leaves of this species in order to identify the
reactions related to gas exchange, water relations, and its photosynthetic pigments under
conditions of long-term irrigation interruption and its consequences on seedling health and
survival.

Methods: To conduct this study, in late winter 1401, 54 two-year-old and homogeneous potted
seedlings of the medicinal plant Crataegus pentagyana (50 = 5 cm in height and 2 + 5 mm in
diameter) were obtained from the Lajim Savadkouh Forest Seedling Production Nursery. After
being transferred to the greenhouse, the seedlings were subjected to a drought stress experiment
as withholding irrigation in six treatment levels and three four-fold replications in a completely
randomized design. Then, the seedlings were measured on the third, seventh, fourteenth, twenty-
first, twenty-eighth, and thirty-fifth days (following withholding irrigation) for gas exchange
traits, water relations, and photosynthetic pigments. To measure photosynthesis and transpiration,
the leaves of the upper one-fifth of the seedlings were used by Photosynthesis Meter under natural
conditions of temperature, light, and relative humidity (from 9.5 to 11 am). Then, three of the
most developed and mature leaves were selected from each seedling, and after undergoing the
necessary processes and drying in an oven (70°C for 48 hours), the relative water content of the
leaves was calculated using the determined formula. The electrolyte leakage content (used as an
indicator of cell membrane damage) was also determined by preparing 1 ¢cm? samples from the
middle part of newly mature leaves, then measuring their initial electrical conductivity and
placing them in a bain-marie bath (80 °C) for 12 hours and measuring the total electrical
conductivity, according to the relevant formula. To measure photosynthetic pigments, the leaves
were frozen after extraction and centrifugation steps, and the absorbance of the supernatant
solution was read at wavelengths of 470, 645 and 663 nm using a spectrophotometer. Thus, the
content of chlorophyll a, chlorophyll b, total chlorophyll and carotenoids was determined in mg/g
fresh weight using the proposed equations. Data analysis was performed using SPSS 26 software
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and graphs were drawn using Excel software. The Kolmogorov-Smirnov test was used to examine
the normality of the data, one-way analysis of variance (one-way-ANOVA) was used to determine
the significance of the data, and the Tukey test was used to compare the means (at 5% and 1%
confidence levels).

Results: With increasing drought intensity, photosynthesis, transpiration, and relative water
content decreased significantly. In other words, photosynthesis decreased by 62% and 90.5% on
days 14 and 35 of withholding watering compared to day 3 of withholding watering. This decrease
was 12.5% and 68% for transpiration, 19% and 60.6% for relative water content, and 22.7% and
68.2% for total chlorophyll, respectively. Meanwhile, electrolyte leakage increased by 8% and
14.4% on days 14 and 35 of withholding watering, respectively. The content of chlorophyll a,
chlorophyll b, total chlorophyll, carotenoids, and the ratio of total chlorophyll/carotenoids

decreased under the influence of drought, such that they decreased significantly in severe stresses
(withholding watering on days 21, 28, and 35).

Conclusion: The present study shows that drought as one of the main stress factors has significant
effects on the ecophysiological traits of Crataegus pentagyana seedlings, so that its severity can
have a negative effect on the overall health of the plant. In fact, this research revealed that an
imbalance in the photosynthetic system and disruption in chlorophyll production and synthesis,
and in general, a significant vulnerability of Crataegus pentagyana seedlings to drought stress
occurs when the seedlings are deprived of water for more than 14 days. Also, this study
emphasizes the importance of water resource management in forest nurseries and urban and
suburban green spaces and a better understanding of the response of seedlings of this plant to
drought stress in order to improve their performance and also protect them against climate change.

Keywords: Black hawthorn, Carotenoids, Electrolyte leakage, Photosynthesis, Relative
water content, Withholding watering
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Figure 1. The comparison of the mean + standard deviation of the drought stress effect on the gas exchange of
C. pentagyana seedlings using Tukey's test.

Electrolyte Leakage (%)

’“S’M,&M

(%)

100
98
96
94
92
90
88
86
84
82
80

B

bc

3 7 14 21 28 35

Days after withholding watering
Sl gl 5l ax b,

80 | a A
g 0 ab
= bc
%
£ 9 50 cd
o -
3%540 de
g"_ e
£ 7 30
L
£ 20
=
£ 10
0

3 7 14 21 28 35

Days after withholding watering
Sl b 5l ax by,

S5 ogedl ) edlizl b Sgolus slaJlog ol bally) Slao (59, 2 (St (15 51 jlae Blyosl & (5 Sile dumliio -Y S
Figure 2. The comparison of the mean + standard deviation of the drought stress effect on water relations of
C. pentagyana seedlings using Tukey's test.
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Table 2. One-way analysis of variance (ANOVA) for the effect of drought stress on the content of photosynthetic
pigments in C. pentagyana seedlings

Piig F df MS (Variable) e
#0.000 43410 5 0.638 a Jo)ls
(mg g ' FW) Chl a
#0.001 8.338 5 0.091 b Jdo)ls
(mg g ' FW) Chl b
%0.000 111.216 5 1.142 I Jb)ts
(mgg' FW)Chl T
ASgig)l8
#0.000 2. 1.
32.350 5 987 Car (e g1 FW)
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#Indicates the significant effect of drought stress on the measured variable.
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Figure 3. The comparison of the mean + standard deviation of the drought stress effect on photosynthetic pigments in
C. pentagyana seedlings using Tukey's test

dgiox0 |y g sl p3Y () 2nSligd B pas & ol
(Jia et al, 2020; Safavi Bakhtiari et al., 2025) 45"
g P Corw o Al ASls (ol Gdsd

5 ,adlled o (Sisakht Nejad er al., 2015) ., Sen
alie) 5,25 & 5 (Zolfaghari & Karimi, 2022b) s S
iBlS S5 5 o | g 5 55 (5o
Las gl olS aules 5}.:5]5 Wagds > aals ol cdl
5 Spled Gl oo Wl oo Lol ccunl Sy Cugh,
ysbay (Siddique ef al, 2016) s34 oS (59, sl i
5 o8 ool kS sl Sl il K 35

(Siddique ef al., 2016) 5], Kan g 5Ssipmw gl Alan

Latube pols s (Yietal.,2021) o, Kan g o g
i > Sty Galls £ oS5 €1 Gl b & 05
Wl Sy jiwgd il Al w2y BB sl Syl
) Bl G GBS ol Gk 3 & Cud (il
s lesd G5l 4l )9 G5l (el slag St
i) LS sl o candys)lS 3 baes oS 5o
& oK» (Whitmarsh & Govindjee, 1999) x| o
s inlS | 15,5 o B St 5 e ol
Djgy M A Jdda (el pl X9 o dnlge (gjtingid



http://dx.doi.org/10.61882/ifej.2026.596
https://ifej.sanru.ac.ir/article-1-596-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2026-07-05 ]

[ DOI: 10.61882/if€}.2026.596 |

YA

cos ol wjps b Waadsse)lS s 53 S Jbe
Sl | me)S by lS sl oyl Ll
23l s ST g 5 oSl LS > 85 A e
Wb Ja )3 9 (25,0 0,5 GSS) 4 S8 5 pl K9 oo
Solymosi & ) &, juuwesd a51,8 45 epe il ilodds
Jos b laws sl olgieas (Mysliwa-Kurdziel, 2017
cdablre giliwsl gla i ply » lS g S e
.(Danaeipour & Haddad, 2020) 1S .o

Kebbas et al.,) Ko 5 wlS sl L alis
2 355555 & JS Jbglf o s 3185 13 (2018
8l il (dx 4y 954 Canny g ) (SuiS 0L sl
sl » U5 Udels 4 uglp)l Cuns Lials
Slolas Ll o (Sid i blyd o 4,818 Sgolw
(Solow @M 9y (5 Fhwgid a4 (s3> slacuml |
4o 5> g oS (S Cuadls (Ll g Sy (03295 6
@ J5 Jdo)ls cons il Ol plie yig ot 4l
Candy i)l 2 wre slapadld Sl (S W)l
imen ool gl (S3tgs LS 5 QLS (SSlg 5
Sl Ay g9 9 on S S
Singh et al., ) aad o Ui |y b i8S 5 laadsssy,ls
e by i 8l cov Wl e cuwd opl (2017
39008 b QoL o Jauly 5 13 8 po o S5 25 sy
Gl IS b )lS (ye Ygems wighipn dlye
Se gl ol (S0n il S daw a5 > 3 b o0
Lb Ol gslasT popl b oablie lp )85
(Arabshahi et al., 2017)

IS (55 A
G Olgiedr (Suid (A5 48 amd oo LS pSl (Badd
o p gl b djpenl Lol Jelse ]
Loojh Sdgobw gyl olS sla Il S5e)gs 4845
(st (Slgone g (325 Frwgid €5 (Suld GRS oAb (]38
i oge Ll galS aag B Hba Sy ol
@A Jdo)lS (dlgme copimen D I s g xSl
Rl ()l gne yobotr A5955)1S 9 S Lidg)lS b Judg IS
Sl Sl i o el 5 Lials ol cdl,
2y Fgd DS (el 4 e WS (o Wyl g
5 st ol ogMedy D9 o olS 3 Sles ialS do
4 )9 5Pl s e ol Ulg g ol IS cedl
i Ui Wlgi o gadge cpl il daled  Slewd (655
Esaze 5 Al Ui Lald 4 olS (o)l (sl punilSe
P Pl pae & il g o idgh opl slaadl
sobds g Jg)lS" jhw 9 g )3 IS 5 (652mgid s
RG-S O Sgolew J%@é Mo S phicuwl (S
oy <l 3l 5oy Wl i o g &8 aimd 0 25 (ol
sl STy Sy Cuatl Kl o addllae ol ccolps 40 D445
) (soldl lyoss ply )3 665 ol (blis 5 (S559lg 5845

S gy drwgi g Ol mlie Copte 4yl g Lles dtus

whle (300 g (2l S sS (6pb dgmune o ol plyy

Siimwgd cdildSS) 4 ‘_J blgy (o3 @Yol (ggy (Siis i b

3 ook it aSly S oo Jugans |y (g dlgo 5 Sl L]
Maurel et al., ) 5,15 olS IS coodaw Lais 5 )l oulos
(2016

«Sgobus Jlog 50 oSl cuts &5 W Cowddy ol
Jafarnia et ) o (Karimi et al, 2022b) dlzmzéb Slod
ous Gl Lol & Gl samsslis al., 2018
b d.\ui)ﬁ & Cads ) Colg Sl Culs Lditun (SuiS
9 ol oty opibes ko) Lo g il ] (o oS 258 0
Tolaw 5 WS o Culi @l 4 alS sk Sl ()8
slae L§>)Lig usl; Casd sy lis s YL
S s it el b sl 38 5 oo
Paull, ) 54 o0 4..>L...u ols cwdw )l wadls laiea
oiels g ol conl Sl el o] Lilisl g (1981
Cunl (Sutd (35 Ll b 3 ile 05 &‘x olls LUl
(Demidchik et al., 2014)

Babaei et al.,) ,Ken 5 oLl claail b guen
G255 53 (Sun et al., 2008) ,Ken 5 ol 5 (2021
G b Syl Jo5 Sy O (s Slsie o5 Gl
QLS ) Sy (s Casbo) ¢ JS ysboas 8L alS oleS
aS ol o gSlas 4 Cud a3 D390 Ol Hlou Moy &
Lambers ) o)ls o,Lil 2,045 ols slod jo Slgs o lon
bylus wwaas s (et al, 2019; Burlett et al., 2025
20 ol Sy Ol o lgime Jade  Milgi e St
oSy BLbl )5 Cagboy (ialS el 305 GEals 5 1,13
s |y (S 55 9 ol ol cand 5l wlgs e 4 34 0
Xing et al, 2024; ) 258 olS S po 4y yoxin > 5 AS
(Barry et al., 2024

OHlSer 5 ey 0 ladl bl
Mae ols sass j (Kordrostami et al., 2017)
(S ad Gl L (b g a Jdg)lS alie) JS idg S
Elpl plad ggoome 0 JS hdg)lS (S jgbay .cdly ials
odos jobdy a8 D)l o)Ll WSy 0 denge (sl fidg,lS
Senge er) cul b J:3g)lS g a Jdg)lS" Lol g9 9> Jols
scwdig S 3 Ky G S ol (al, 2014
Saogs 13 )3 1) Sl 185 5 5,5 )13 Sy sla Jsb
Syl el (Sid (i &S cwol Jb o opl S o )
Sgisn & 9o AS slashe > 53lnes] Lyl
Solymosi & Mysliwa-) s34 b dg S o 50 & o
J5 Jebo)lS lgime il Jjleay (Kurdziel, 2017
A g plodl 5 j Dda 3 GalS bl lasiinss
255 0 o) e b LS s )3 9,135
plidl cpl 9 (Maurel et al., 2016) S o (s pSol>
Wl g oS Sl le el 4 e Wl e
Solymosi & ) 39 juiwgsd 3Sles g Jidg)lS" i ials
(Mysliwa-Kurdziel, 2017

St 5 L D 3 sl Sl (slyne 25l
b b & caly jials ol gass 0 ads5)l5 Hliie
Ol 5 5 o (Karimi ez al., 2022a) ) Sed 5 00 )S
Cusl (Sen il pl sl g (Liu et al., 2019)


http://dx.doi.org/10.61882/ifej.2026.596
https://ifej.sanru.ac.ir/article-1-596-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2026-07-05 ]

[ DOI: 10.61882/if€}.2026.596 |

sle e g (2l pSa S (b dgmme ol pl)sy s

va Ve /) a)L«Z /,vma)le? JLu u‘).\‘ ‘_;hz:b].io wufby
S8 g STy b e sl g gkl ) ol Jeos

slacoles ha oyl Casy ok I Ba g LS AST Siddeg 9 Suid sblio (g ppbygy

oRoj ol plsl Gl oY CUl silopalp 5 ele

References

Ahmadipour, S., Arji, E., Abbasi, A., & Abdousi, V. (2019). Morphological, physiological, and biochemical
changes in young plants of three olive cultivars (Olea europaea L.) under drought stress conditions.
Iranian Journal of Horticultural Science, 50(2), 275-286.
https://doi.org/10.22059/ijhs.2017.242485.1326 [In Persian]

Arabshahi, M., & Mobasser, H. R. (2017). Effect of drought stress on carotenoid and chlorophyll contents
and osmolyte accumulation. Chemistry Research Journal, 2(3), 193-197.
https://doi.org/10.22077/jdcr.2024.7645.1069

Babaei, L., Sharifani, M. M., Darvishzadeh, R., Abbaspour, N., & Henareh, M. (2021). Impact of drought
stress on photosynthetic response of some pear species. International Journal of Horticultural Science
and Technology, 8(4), 353-369. https://doi.org/10.22059/ijhst.2020.309629.394

Barry, A. M., Bein, B., Zhang, Y., & Wason, J. W. (2024). Linking physiological drought resistance traits
to growth and mortality of three northeastern tree species. Tree Physiology, 44(9).
https://doi.org/10.1093/treephys/tpac095

Burlett, R., Santiago Trueba, S., Torres-Ruiz, J. M., Paul Bouteiller, X. P., Nicolas, K., Martin-StPaul, N.
K., Forget, G., Camille Parise, C., Cochard, H., & Delzon, S. (2025). Minimum leaf conductance during
drought: unravelling its variability and impact on plant survival. New Phytologist, 246(3), 1001-1014.

Campos, P. S., Quartin, V., Ramalho, J. C., & Nunes, M. A. (2003). Electrolyte leakage and lipid
degradation account for cold sensitivity in leaves of Coffea sp. Plants. Journal of Plant
Physiology, 160(3), 283-292. https://doi.org/10.1078/0176-1617-00833

Chen, D., Wang, S., Yin, L., & Deng, X. (2018). How does silicon mediate plant water uptake and loss
under water deficiency? Frontiers in Plant Science, 9, 340168. https://doi.org/10.3389/fpls.2018.00281

Danaeipour, Z., & Haddad, R. (2020). Influence of drought stress on photosynthetic characteristics and
protective enzymes in plants. [ranian Journal of Genetics and Plant Breeding, 9(1), 114-129.
https://doi.org/10.30479/ijgpb.2020.13794.1278

Arnon, D. L. (1949). Copper Enzymes in Isolated Chloroplasts. Polyphenoloxidase in Beta Vulgaris, Plant
Physiology, 24(1), 1-15. https://doi.org/10.1104/pp.24.1.1

Demidchik, V., Straltsova, D., Medvedev, S. S., Pozhvanov, G. A., Sokolik, A., & Yurin, V. (2014). Stress-
induced electrolyte leakage: the role of K+-permeable channels and involvement in programmed cell
death and metabolic adjustment. Journal of Experimental Botany, 65(5), 1259-1270.
https://doi.org/10.1093/jxb/eru004

Emami, A., Shabanian, N., Rahmani, M. S., Khadivi, A., & Mohammad-Panah, N. (2018). Genetic
characterization of the Crataegus genus: Implications for in situ conservation. Scientia Horticulturae,
231, 56-65. https://doi.org/10.1016/j.scienta.2017.12.014

Gardiner, E.S., & Krauss, K.W. (2001). Photosynthetic light response of flooded cherrybark oak (Quercus
pagoda) seedlings grown in two light regimes. Tree Physiology, 21(15), 1103-1111.
https://doi.org/10.1093/treephys/21.15.1103

Han, C., Chen, J., Liu, Z., Chen, H., Yu, F., & Yu, W. (2022). Morphological and physiological responses
of Melia azedarach seedlings of different provenances to drought stress. Agronomy. 12(6), 1461.
https://doi.org/10.3390/agronomy 12061461

Hussain, H. A., Hussain, S., Khaliq, A., Ashraf, U., Anjum, S. A., Men, S., & Wang, L. (2018). Chilling and
drought stresses in crop plants: Implications, cross talk, and potential management opportunities.
Frontiers in Plant Science, 9, 348835. https://doi.org/10.3389/fpls.2018.00393

Jafarnia, S., Akbarinia, M., Hosseinpour, B., Modarres Sanavi, S. A. M., & Salami, S. A. (2018). Effect of
drought stress on some growth, morphological, physiological, and biochemical parameters of two
different populations of Quercus brantii. Forest-Biogeosciences and Forestry, 11(2), 212.
https://doi.org/10.3832/ifor2496-010 [In Persian]

Jia, Y., Xiao, W., Ye, Y., Wang, X., Liu, X., Wang, G., Li, G., & Wang, Y. (2020). Response of
photosynthetic performance to drought duration and re-watering in maize. Agronomy, 10(4), 533.
https://doi.org/10.3390/agronomy10040533

Karimi, A., Tabari, M., Javanmard, Z., & Bader, M. K. F. (2022a). Drought effects on morpho-
physiological and biochemical traits in Persian oak and black poplar seedlings. Forests 13(3), 399.
https://doi.org/10.3390/f13030399

Karimi, A., Tabari, M., Javanmard, Z., & Neirynck, J. (2022b). Drought stress tolerance in seedlings of
four deciduous species, common in nurseries of semi-arid region of Iran. Ecopersia, 10(2), 165-172.
https://dor.isc.ac/dor/20.1001.1.23222700.2022.10.2.6.1

Kaur, S., & Kumar, P. (2020). Morpho-physiological and biochemical response of plants under drought
stress. Journal of Pharmacognosy and Phytochemistry, 9(4), 352-357.


https://doi.org/10.22059/ijhs.2017.242485.1326
https://doi.org/10.22077/jdcr.2024.7645.1069
https://doi.org/10.22059/ijhst.2020.309629.394
https://doi.org/10.1078/0176-1617-00833
https://doi.org/10.3389/fpls.2018.00281
https://doi.org/10.30479/ijgpb.2020.13794.1278
https://doi.org/10.1104/pp.24.1.1
https://doi.org/10.1093/jxb/eru004
https://doi.org/10.1016/j.scienta.2017.12.014
https://doi.org/10.1093/treephys/21.15.1103
https://doi.org/10.3390/agronomy12061461
https://doi.org/10.3389/fpls.2018.00393
https://doi.org/10.3832/ifor2496-010
https://doi.org/10.3390/agronomy10040533
https://doi.org/10.3390/f13030399
https://dor.isc.ac/dor/20.1001.1.23222700.2022.10.2.6.1
http://dx.doi.org/10.61882/ifej.2026.596
https://ifej.sanru.ac.ir/article-1-596-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2026-07-05 ]

[ DOI: 10.61882/if€}.2026.596 |

Ghle i 9 (2l mSa g8 (s b dgmue (] ol S

A Siimwgd cdildSS) 4 ‘_J blgy (o3 @Yol (ggy (Siis i b

Kebbas, S., Benseddik, T., Makhlouf, H., & AID, F. (2018). Physiological and biochemical behaviour of
Gleditsia triacanthos L. young seedlings under drought stress conditions. Notulae Botanicae Horti
Agrobotanici  Notulae  Botanicae  Horti  Agrobotanici  Cluj-Napoca, 46(2), 585-592.
https://doi.org/10.15835/nbha46211064

Kordrostami, F., Shirvany, A., Attarod, P., & Khoshnevis, M. (2017). Physiological responses of Robinia
pseudoacacia seedlings to drought stress. Forest and Wood Products, 70(3), 393-400.
https://doi.org/10.22059/jfwp.2017.47657.436

Lal, R., & Stewart, B. A. (Eds.). (2010). Food Security and Soil Quality. CRC Press.

Lambers, H., Oliveira, R.S. (2019). Plant Water Relations. In: Plant Physiological Ecology, Springer,
Cham. https://doi.org/10.1007/978-3-030-29639-1 5

Liu, B., Liang, J., Tang, G., Wang, X., Liu, F., & Zhao, D. 2019. Drought stress effects on growth, water
use efficiency, gas exchange and chlorophyll fluorescence of Juglans rootstocks. Scientia Horticulturae,
250, 230-235. https://doi.org/10.1016/j.scienta.2019.02.056

Liu, Q., Xu, X., Liang, J., Zhang, S., Wang, G., & Liu, Y. (2025). Physiological mechanisms and drought
resistance assessment of four dominant species on the Loess Plateau under drought stress. Physiologia
Plantarum, 177(3), €70261. https://doi.org/10.1111/ppl.70261

Maurel, C., Verdoucq, L., & Rodrigues, O. (2016). Aquaporins and plant transpiration. Plant, Cell &
Eenvironment, 39(11), 2580-2587. https://doi.org/10.1111/pce.12814

Nazhand, A., Lucarini, M., Durazzo, A., Zaccardelli, M., Cristarella, S., Souto, S. B., Silva, A. M., Severino,
P., Souto, E. B., & Santini, A. (2020). Hawthorn (Crataegus spp.): An updated overview on its beneficial
properties. Forests, 11(5), 564. https://doi.org/10.3390/£11050564

Oguchi, R., Hikosaka, K., & Hiura, T. (2006). Leaf anatomy and light acclimation in woody seedlings after
gap formation in a cool-temperate deciduous forest. Oecologia, 149, 571-582.
https://doi.org/10.1007/s00442-006-0485-1

Pamungkas, S. S. T., & Farid, N. (2022). Drought stress: Responses and mechanism in plants. Reviews in
Agricultural Science, 10(0), 168—185. https://doi.org/10.7831/ras.10.0 168

Paull, R. E. (1981). Temperature-Induced Leakage from chilling-sensitive and chilling-resistant plants.
Plant Physiology, 68(1), 149—153. https://doi.org/10.1104/pp.68.1.149

Safavi Bakhtiari, E., Mousavi, A., Yadegari, M., Haghighati, B., & Martinez-Garcia, P.J. (2025).
Physiological and biochemical responses of almond (Prunus dulcis) cultivars to drought stress in semi-
arid conditions in Iran. Plants, 14(5), 734. https://doi.org/10.3390/plants14050734

Senge, M. O., Ryan, A. A., Letchford, K. A., MacGowan, S. A., & Mielke, T. (2014). Chlorophylls,
symmetry, chirality, and photosynthesis. Symmetry, 6(3),781-843. https://doi.org/10.3390/sym6030781

Shahzad, M. A., Jan, S. U., Afzal, F., Khalid, M., Gul, A., Sharma, 1., ... & Ahmad, P. (2016). Drought stress
and morphophysiological responses in plants. Water Stress and Crop Plants: A sustainable approach,
2,452-467. https://doi.org/10.1002/9781119054450.ch27

Siddique, Z., Jan, S., Imadi, S. R., Gul, A., & Ahmad, P. (2016). Drought stress and photosynthesis in
plants.  Water  Stress and Crop  Plants: A  Sustainable  Approach, 1, 1-11.
https://doi.org/10.1002/9781119054450.ch1

Simkin, A. J., Kapoor, L., Doss, C. G. P., Hofmann, T. A., Lawson, T., & Ramamoorthy, S. (2022). The role
of photosynthesis related pigments in light harvesting, photoprotection and enhancement of
photosynthetic yield in planta. Photosynthesis Research, 152(1), 23—42. https://doi.org/10.1007/s11120-
021-00892-6

Singh, S. K., Reddy, V. R., Fleisher, D. H., & Timlin, D. J. (2017). Relationship between photosynthetic
pigments and chlorophyll fluorescence in soybean under varying phosphorus nutrition at ambient and
elevated CO,. Photosynthetica, 55(3), 421-433. https://d0i10.1007/s11099-016-0657-0

Sisakht Nejad, M., & Zolfaghari, R. (2015). The Effect of water stress on gas exchange in two Iranian oak
species (Quercus brantii) and Vyvl (Quercus libani). Journal of Zagros Forests Research, 1(2), 15-31.
http://yujs.yu.ac.ir/jzfr/article-1-38-en.html [In Persian]

Solymosi, K., & Mysliwa-Kurdziel, B. (2017). Chlorophylls and their Derivatives Used in Food Industry
and  Medicine. Mini  Reviews in  Medicinal  Chemistry, 17(13), 1194-1222.
https://doi.org/10.2174/1389557516666161004161411

Sun, P., Grignetti, A., Liu, S., Casacchia, R., Salvatori, R., Pietrini, F., Loreto, F., Centritto, M. (2008)
Associated changes in physiological parameters and spectral reflectance indices in olive (Olea europaea
L.) leaves in response to different levels of water stress. /nternational Journal of Remote Sensing, 29(6).
doi:10.1080/01431160701373754

Sabti, H. (1994). Forests, Trees, and Shrubs of Iran. Yazd University Press, 286 p. [In Persian]

Whitmarsh, J., & Govindjee. (1999). The Photosynthetic Process. In: Singhal, G. S., Renger, G., Sopory,
S. K., Irrgang, K. D., Govindjee (eds). (1999). Concepts in Photobiology. Springer, Dordrecht.
https://doi.org/10.1007/978-94-011-4832-0 2

Xing, D., Zhang, Q., Wu, Y., Zhao, K., Wang, J., Yan, S., & Li, Z. (2024). Use of transpiration water and
leaf intracellular retained water in tomato (Solanum lycopersicum L.) plants subjected to different water
supply strategies. Scientia Horticulturae, 337, 113520. https://doi.org/10.1016/j.scienta.2024.113520


https://doi.org/10.15835/nbha46211064
https://doi.org/10.22059/jfwp.2017.47657.436
https://doi.org/10.1007/978-3-030-29639-1_5
https://doi.org/10.1016/j.scienta.2019.02.056
https://doi.org/10.1111/pce.12814
https://doi.org/10.3390/f11050564
https://doi.org/10.1007/s00442-006-0485-1
https://doi.org/10.7831/ras.10.0_168
https://doi.org/10.1104/pp.68.1.149
https://doi.org/10.3390/sym6030781
https://doi.org/10.1002/9781119054450.ch27
https://doi.org/10.1002/9781119054450.ch1
https://doi.org/10.1007/s11120-021-00892-6
https://doi.org/10.1007/s11120-021-00892-6
https://doi10.1007/s11099-016-0657-0
http://yujs.yu.ac.ir/jzfr/article-1-38-en.html
https://doi.org/10.2174/1389557516666161004161411
https://doi.org/10.1080/01431160701373754
https://doi.org/10.1007/978-94-011-4832-0_2
https://doi.org/10.1016/j.scienta.2024.113520
http://dx.doi.org/10.61882/ifej.2026.596
https://ifej.sanru.ac.ir/article-1-596-fa.html

[ Downloaded from ifej.sanru.ac.ir on 2026-07-05 ]

[ DOI: 10.61882/if€}.2026.596 |

sle ($3e g (ol pSasS (b dgmme ol pl)sy o
AN \F-0 /\ a)L«Z /,vma)le? JLu u‘).\‘ ‘_;hz:b].io wufby

Yang, Y., Liu, Q., Han, C., Qiao. Y.Z., Yao, X.Q., & Yin, H.J. (2007). Influence of water stress and low
irradiance on morphological and physiological characteristics of Picea asperata seedlings.
Photosynthetica, 45(4), 613—-619. https://doi.org/10.1007/s11099-007-0106-1

Yi, L., Li, B., Korpelainen, H., Yu, F., Wu, L., & Liu, M. (2021). Mechanisms of drought response in
Populus.  Southern  Forests: A4  Journal of  Forest  Science, 82(4), 359-366.
https://www.ajol.info/index.php/sfjfs/article/view/203524

Zaffaroni, M., Cunniffe, N. J., & Bevacqua, D. (2020). An ecophysiological model of plant-pest
interactions: the role of nutrient and water availability. Journal of the Royal Society, Interface, 17(172),
20200356. https://doi.org/10.1098/rsif.2020.0356


https://doi.org/10.1007/s11099-007-0106-1
https://www.ajol.info/index.php/sfjfs/article/view/203524
https://doi.org/10.1098/rsif.2020.0356
http://dx.doi.org/10.61882/ifej.2026.596
https://ifej.sanru.ac.ir/article-1-596-fa.html
http://www.tcpdf.org

