Journal of Horticultural Science
https://jhs.um.ac.ir ZHindn

Research Article
Vol. 40, No. 3, Fall 2026, p. 401-414

Assessment of Physiological and Morphological Traits in Three Groundcover
Species for Urban Green Spaces under Drought Stress

M. Ahmadpour'®*, A. Mousavi Bazaz *'*", A. Tehranifar':*

1- Department of Horticultural Science and Landscape Architecture, Faculty of Agriculture, Ferdowsi University of
Mashhad, Mashhad, Iran
(*- Corresponding author's Email: mousaviba@um.ac.ir)

. How to cite this article:
R : 19 May 202 . .
R:\S‘iﬂ;\e’quBgNojngerBZOZS Ahmadpour, M., Mousavi Bazaz, A., & Tehranifar, A. (2026). Assessment of
Accepted: 11 November 2025 physiological and morphological traits in three ground cover species for urban

; . green spaces under drought stress. Journal of Horticultural Science, 40(3),
Available Online: 11 November 2025 35" 114"y persian). https://doi.org/10.22067/jhs.2025.93610.1430

Introduction

With respect to the expansion of arid areas and the escalating severity of water scarcity in various parts of the
country, it is necessary to identify drought-tolerant groundcover species to replace grass in urban green spaces.
This study aimed to research the morphological and physiological reactions of three groundcover species; tall
fescue (Festuca arundinacea), Phyla nodiflora, and Sedum acre under various levels of drought stress (20, 40,
60, and 80 % of field capacity). The results demonstrated that as drought stress intensity intensified, root length,
fresh and dry weight, relative leaf water content, and chlorophyll a and b levels decreased significantly, whereas
electrolyte leakage increased substantially. The highest shoot length in Festuca was observed at 80% of field
capacity (13.5 cm), But in Phyla, the highest growth was achieved at a moisture level of 60% (17 cm), which
had a significant difference at the 5% probability level with the 80% level (14 cm). The Phyla species was
superior in most physiological and functional traits, the highest amount of chlorophyll a and chlorophyll b was
observed for this species at a moisture level of 20%. While for the other two species, the highest value was
observed at a moisture level of 60%. Sedum spp. showed the most stress symptoms under conditions of increased
irrigation period, considering its root structure and function. Overall, the results of this study showed that Phylla
nodiflora can be a suitable alternative to grass in urban green space design in dry areas as a resistant species with
low water requirements.

Materials and Methods

The experiment was performed under greenhouse conditions at the Ferdowsi University of Mashhad
(36°20'N, 59°39') to assess drought stress responses among groundcover species that were chosen for this study.
Seeds of F. arundinacea were planted in a pot, while Phyla nodiflora and Sedum acre were propagated from
cuttings with uniform root systems. A completely randomized design was utilized, involving four irrigation
levels (20%, 40%, 60%, and 80% of field capacity) and three replications for each species. Treatment for the
drought commenced once the area was fully established and persisted for 75 days. Characteristics such as shoot
height, root length, and fresh and dry biomass, along with physiological properties like relative water content and
electrolyte leakage, and biochemical markers including chlorophyll a and chlorophyll b, were evaluated at the
experiment's conclusion. Measurements of relative water content (RWC) and electrolyte leakage (EL) were
carried out using established procedures (Yang et al., 2021; Samieiani, 2012), while pigment contents were
determined via spectrophotometry (Lichtenthaler, 1987). The daily water usage was calculated through
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weighing, followed by ANOVA and LSD test analysis conducted at a 5% significance level within Minitab 22,
with the graphs produced using Excel software.

Results and Discussion

Analysis of variance revealed that drought stress significantly affected all morphological traits of Festuca and
Sedum at the 1% probability level, and most traits of Phyla at either 1% or 5%. The greatest shoot length in
Festuca was recorded under 80% field capacity (FC), not significantly different from 60% FC, while Phyla
showed its maximum shoot length at 60% FC, with a significant decline under both milder and more severe
stress. In all species, minimum shoot length occurred at 20% FC. Root length followed a similar trend,
decreasing with increasing drought intensity. Festuca showed the highest root length under 80% FC, whereas
Sedum and Phyla exhibited variable responses among stress levels. Root fresh weight was highest at 80% FC in
all species and declined significantly under increased drought stress. Compared with control conditions,
reductions in root fresh weight at 60% FC were 7% for Festuca, 9.5% for Sedum, and an increase of 72.5% for
Phyla, indicating differential tolerance. Similarly, shoot fresh weight decreased with increasing stress in Festuca
and Sedum, while Phyla reached its maximum value at 60% FC. Relative water content (RWC) declined with
higher stress intensity, with the greatest reductions observed under 20% FC (reductions of 51.72%, 62.12%, and
49.6% for Festuca, Sedum, and Phyla, respectively). Electrolyte leakage increased significantly with stress
severity, reaching maximum values of 44%, 62%, and 57% in Festuca, Sedum, and Phyla under 20% FC.
Chlorophyll a and b contents showed variable patterns across species. In Festuca and Sedum, maximum
chlorophyll a and b occurred at 60% FC, while in Phyla, the highest values were observed under severe drought
stress (20% FC). These differences suggest species-specific physiological adjustment mechanisms under water
deficit conditions.

Conclusion

The groundcover species examined in this study responded differently to drought stress. Phyla nodiflora
performed better in most physiological and morphological parameters with notable tolerance to water deficit
stress. On the other hand, Sedum acre was the most sensitive plant to drought. As drought severity increased, key
parameters such as root length, fresh biomass, relative water content of leaves, and chlorophyll content
decreased, whereas electrolyte leakage increased. These findings reinforce the importance of utilizing drought-
tolerant species like Phyla nodiflora for future sustainable urban landscape design. Replacement of high-water-
demand lawns with such robust groundcovers can help significantly in the preservation of water resources.
However, more studies need to be carried out to find out the long-term adaptation and adaptability of these
species under diverse weather and irrigation regimes.
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Table 1- Analysis of variance (ANOVA) for mean squares of morphological traits in tall fescue (Festuca arundinacea)
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Table 2— Analysis of variance (ANOVA) for mean squares of morphological traits in goldmoss stonecrop
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Table 3— Analysis of variance (ANOVA) for mean squares of morphological traits in frogfruit.
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Figure 2— Comparison of the mean root lenght in tall festuca, goldmoss stonecrop and frogfruit plants
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Figure 3— Comparison of the mean root fresh weight in tall festuca, goldmoss stonecrop and frogfruit plants
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Table 4— Analysis of variance (ANOVA) for mean squares of physiological and biochemicaltraits in tall fescue grass
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Drought
s
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*: significant at the 5% of probability level; **: significant at the 1% of probability level.
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Table 5— Analysis of variance (ANOVA) for mean squares of physiological and biochemicaltraits in goldmoss stonecrop
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Drought
s
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**: significant at the 1% of probability level.
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Table 6— Analysis of variance (ANOVA) for mean squares of physiological and biochemicaltraits in frogfruit
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**: significant at the 1% of probability level.
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Figure 5— Comparison of the mean RWC in tall festuca, goldmoss stonecrop and frogfruit plants
A5l e Gglay [ KuSs b ws o ity Jletis | mlas jo ailie By >
Similar letters have no significant difference at 5% probability.



AV (S8 i byl )0 (6 et s (LD (Sliuigy 4395 dw 30 ST 5aIg8 )90 9 S Go 99 jud (sla Ll aslllane (4] S0n 5 591 002!

i oo S35 oy
Frogfruit Festuca Goldmoss Stonecrop
a
;\3 60 ;\‘; 50 a ;@ 70
} g 50 b } o 40 b } g 60
2 S 40 = £ 3 50
484 ¢ 45 % 4 &40
N O j] ay
:x§‘20 d }’520 ::§\3O
= = = g 10 c c < £ 20
=3 10 T8 B =310
80% 60% 40% 20% 80% 60% 40% 20% 80% 60% 40% 20%
Sl Zokw S Zohaw 8ol zolaw

Irrigation levels Irrigation levels Irrigation levels

Wb 55555 pgimw (o HLS )3 Cudg Sl ol (il o -5 JSU5
Figure 6— Comparison of the mean EL in tall festuca, goldmoss stonecrop and frogfruit plants
Wl s dize ald K0S b dio 3 gy Jlein ] e 50 asliie gy
Similar letters have no significant difference at 5% probability.

i) 8355 Py oo
Frogfruit Goldmoss Stonecrop Festuca
8
g 2 6 o
%€ v 24 5 B U
R 55} < 3 3 < 10/5
© I © = 2 ® 3 10
s 2 z s
o S 1 o 9/5
20 So 2 9
80% 60% 40% 20% ) 80% 60% 40% 20% © 80% 60% 40% 20%
&bl Zobuw Sl gobw &bl ok

Irrigation levels
Wb 95555 pgw com GBS )32 Jadg IS’ (e dunmyllo ¥ IS0
Figure 7- Comparison of the mean chlorophyll a in tall festuca, goldmoss stonecrop and frogfruit plants
Wl Iy gme gl 008G b doyd gy Jleis ] a3 diliie By >
Similar letters have no significant difference at 5% probability.

Irrigation levels Irrigation levels

(N JS) aizils )3 5 50 p)S g pyS e YIVY o YIAY STAY
Sl oo 25 4 ol gladisS > Lo )lS lie (ials
Gy Comd )0 et Cawdlyg IS iy )b )Ll g B 51 8
A3l gl sl b Gl b deoiSs, cuBign &
Cov giiwed il gals (Mohammadi, 2013)
i gl der 5l GhYs @ Yseme Sis i s
Py oeSeS ()9 cuB (didgylS ol eSS
Gl g 9 ailiSs) dasud @ gsliws] cuwl § LasliSs,
2011) 248 0 03> Cumnd Cawdlyg, IS
Spbee alis gy cblis" gile gliea anl

.(Salehi Shanjani et al., 2015)

ol (Fanaei et al.,

b Jsd 5,1
oS 15 a8 ol s (A S5 loySiles duanlie ) oo gl
Lgucl))‘ «.MS)L» Aoy Fe @a.w 2 Ciduo O..{l )IA&» Oy iy 6 Cyo>
ol 3 om b osalie 5 oi9 p)S ¢ eSS ke VYA ke
=hi cud)b aopn ¥e g ol cud )b aon Ar zolaw ol B
gaw Cp il ) o opl Glise (a8 &S by s )53
C6555 podw dg5 ab odmlie (Lel); cud b aoyd Vo) iS5
Orpdey &5 (gygbay b L ex olS L polie 4ol
Cab b o> Fr w3 3 &5 9> cpl 3 D o)l e
S om g b oaalin £/50 Jlude b ol); cud b ao Ve maw )
oSbe b (sl); cud )b o Feg A ¥ ol s



YFod sualy ¥ olad Fe Al (53,0188 aalioo 5 pole) L pole aypi  FAY

b by 15

oo 555 Py Wb
§ Festuca Goldmoss Stonecrop Frogfruit
LL 20 a a E 7 a b C g 7 b a
215 b b S g d B g
£ !}R E 4 kil g 4 ‘ d
210 2o 2o
= o = 3 a = 3
< > >
g 5 5 2 £2
- o o
S 51 51
G0 50 50
80% 60% 40% 20% 80% 60% 40% 20% 80% 60% 40% 20%
&bl Zobaw sl gk skl gk

Irrigation levels Irrigation levels
Wb 9 (5555 P9 o2 10LLS )3 b Judg IS (ke duny i -A JSW
Figure 8— Comparison of the mean Chlorophyll b in tall festuca, goldmoss stonecrop and frogfruit plants
)l Iy pime @old 0S5 b deo > iy Jlein ] s jd asliie B
Similar letters have no significant difference at 5% probability.

Irrigation levels

Mo 5 Sy Ol s glgme daplil 5 (g sy Jsbo ailo
ol 28 Iy GBI cldg il cuts g <l pialS g IS
Wl Sis 4 polie slaaiss bl a5 WS o aST Liagh
bis 5 Ol Brae a8 ly S50 )l Wlge S
O 5l ekl Al s glamaldl )3 (o pred jow 5LAS 5ylb
Cor S A Bpany Glager il ssa JblS
03 iuS o3l (sl (Jb (il 580 Cguine Ol @lio oo
@ 5l wiltte (g)lol 5 euldl lpd o s ol 51l

)3 3529 (oSS sl gy g i Slalllan

& Sl

Mde gdyd ol Jb slcoles 3l dlwgpn
P9 e )Rl

References

by g ele Gl @ L bl ol mls

ohHen ¢ )3 (caes! 9 (Abbaspour & Rezaii, 2015)
Sy cillas 55 S s olS (g9, (Ahmadi Azar et al., 2015)
oS b Gl b oS Col i sdalin o cldlas opl jo

il el b g IS e o Suis

S 5 o
dge iy olS slaaisS iagh il @l 4 ag L
Ol 353 5l (S I 4 Cund Joliste s jiSTy gy
olas  yuiw 4> (Phyla nodiflora) “Mé™ 4,5 sl
JB Cglio 5 cutly (grlio 3)Slos (Sf5lejid 9 Blbesn)
(S g 855 e 3 3 i oS Lyt 4 ey
s o i (a5 4 Caus |y Camlus o iiw(Sedum acre)
whasls ( Sis 55 oud GiliEl b oas ob ol e

1.

Abaszadeh Farouji, R., Hatamzadeh, A., Sharifi, A., & Kharrazi, M. (2025). Investigation of seed germination
parameters and morphophysiological traits of Tagetes erecta (Tagetes erecta Antigua orange) in response to
different LED light qualities. Journal of Horticultural Science, 39(1), 155-172. (In Persian).
https://doi.org/10.22067/jhs.2024.89366.1370

2. Abbaspour, H., & Rezaii, H. (2015). Effects of gibberellic acid on Hill reaction, photosynthetic pigment and
phenolic compounds in Moldavian dragonhead (Dracocephalum moldavica L.) in different drought stress levels.
Journal of Plant Research, 27(5), 893-903. https://dor.isc.ac/dor/20.1001.1.23832592.1393.27.5.13.9

3. Abbaszadeh, B. , Sharifi Ashourabadi, E. , Lebaschi, M. , Naderi hajibagher Kandy, M. and Moghadami, F.
(2008). The effect of drought stress on proline contents, soluble sugars, chlorophyll and relative water contents of
balm (Melissa officinalis L.). Iranian Journal of Medicinal and Aromatic Plants Research, 23(4), 504-513. (In
Persian). https://doi.org/10.22092/ijmapr.2008.10090

4,

Ahmadi Azar, F., Hassanlou, T., Imani, A., & Fayzi Asl, V. (2015). Water stress and mineral zeolite application on
growth and some physiological characteristics of mallow (Malva sylvestris). Plant Research Journal (Iranian
Journal of Biology), 3(28), 459-474. (In Persian). https://dor.isc.ac/dor/20.1001.1.23832592.1394.28.3.1.0

1- Mesembryanthemum cordifolium


https://doi.org/10.22067/jhs.2024.89366.1370
https://dor.isc.ac/dor/20.1001.1.23832592.1393.27.5.13.9
https://doi.org/10.22092/ijmapr.2008.10090
https://dor.isc.ac/dor/20.1001.1.23832592.1394.28.3.1.0

iy

e (S A ol ph 50 R e SLAS (Sl AgS A )0 S Sgled 90 9 S Sglg b s as Ll addllas ()5 g 9200

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Askari, M., Behdani, M., Parsa, S., Jami Alahmadi, M., & Mahmoudi, S. (2017). Effects of water stress and
manure on stomatal conductance, relative water content, photosynthetic pigments and quantitative and qualitative
yield of Thymus vulgaris L. and Thymus daenensis Celak. Iranian Journal of Medicinal and Aromatic Plants
Research, 33(5), 793-811. (In Persian). https://doi.org/10.22092/ijmapr.2017.110349.2008

Azadifar, A., Zare Abyaneh, H., Sarikhani, H., & Mosadeghi, M. (2024). Broccoli response to application
of natural nanobiochar amendment, deficit irrigation and nitrogen fertigation. Journal of Soil and
Water Conservation Research, 30(4), 29-56. (In Persian). https://doi.org/10.22069/jwsc.2023.21265.3661
Blanco-Canqui, H., Shaver, T. M., Lindquist, J. L., Charles, A., Shapiro, R. W., Elmore, C., Francis, A., &
Hergert. G. W. (2015). Cover crops and ecosystem services: Insights from studies in temperate soils. Agronomy
Journal, 107(6), 449-2474. https://doi.org/10.2134/agronj15.0086

Ebrahimian, M., & Kazemi, F. (2017). Approaches to expanding the concept of xeriscaping in urban parks. The
3rd International Conference on Architecture, Civil Engineering and Urban Planning in the Beginning of the Third
Millennium, Tehran, Iran. (In Persian).

Eidi, A., Kazemieh, F., & Zarifian, Sh. (2021). Identification of factors affecting sustainable management of
agricultural water resources from the farmers' perspective (Case study: Wheat farmers in the villages of Maragheh
County). Journal of Agricultural Science and Sustainable Production, 31(2), 361-375. (In Persian).
https://doi.org/10.22034/saps.2020.12319

Elhami, H. (2016). Investigation of the effects of drought stress on yield and quantitative and qualitative traits of
four groundcover species with potential for use in green spaces of Mashhad. MSc. Thesis, Department of
Horticultural Sciences and Landscape Engineering, Faculty of Agriculture, Ferdowsi University of Mashhad,
Mashhad, Iran. (In Persian).

Esmaeili, S., Salehi, H., & Khosh-Khui, M. (2017). Seasonal changes in some physiological and biochemical
responses of six groundcover plants. International Journal of Horticultural Science and Technology, 4(1), 105-
116. https://doi.org/10.22059/ijhst.2018.216412.151

Ezzati, R., Torchi, M., Moghaddam Vahid, M., & Rostaei, M. (2024). Effect of drought stress on morphological
and biochemical traits of roots and seed yield in wheat cultivars and promising lines (Triticum aestivum L.).
Iranian Journal of Agricultural Sciences, 26(2), 129-147. (In Persian).

Fanaei, H., Galavi, M., Kafi, M., Ghanbari Benjar, A., & Shirani Rad, A. (2011). Effect of drought stress and
different potassium levels on osmolyte accumulation and chlorophyll content in two species of rapeseed and Indian
mustard. Soil and Water Sciences, 15(57), 141-156. (In Persian).
https://dor.isc.ac/dor/20.1001.1.24763594.1390.15.57.20.2

Ferrini, F., Fini, A., Frangi, P., & Amoroso, G. (2008). Mulching of ornamental trees: Effects on growth and
physiology. Arboriculture & Urban Forestry, 34(3), 157-162. https://doi.org/10.48044/jauf.2008.021

Gazanchian, A., Khosh Kholgh Sima, N. A., Malboobi, M. A., & Majidi Heravan, E. (2006). Relationships
between emergence and soil water content for perennial coolseason grasses native to Iran. Crop Science, 46, 544-
553. https://doi.org/10.2135/cropsci2005.04-0357

Ghorbani, M., Mortazavi, S. N., & Arghavani, M. (2022). Morphophysiologycal evaluation of gold moss stonecrop
(Sedum acre L.) under salicylic acid treatment in water deficit. Clinical Cancer Investigation Journal, 11(1-2022),
1-10.

Ghorbani, Z. (2021). The effect of different levels of fulvic acid on physiological and morphological traits of
perennial ryegrass (Lolium perenne) under drought stress conditions. MSc. Thesis, Department of Horticultural
Sciences, Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran. (In Persian).

Gupta, A., Rico-Medina, A., & Cafio-Delgado, A. I. (2020). The physiology of plant responses to drought. Science,
17, 266-269. https://doi.org/10.1126/science.aaz7614

Harper, S., Wright, C., Masina, S., &Coggins, S. (2020). Climate change, water, and human health research in the
Arctic. Water Security, 10, 1-10. https://doi.org/10.1016/j.wasec.2020.100062

Hatami Nejad, H., & Omranzadeh, B. (2010). Study, evaluation, and proposal of urban green space per capita: A
case study of Mashhad metropolitan area. Geography, 8(25), 67—85. (In Persian).

Heydari, N., Pouryousef, M., & Tavakoli, Y. (2014). Effect of drought stress on photosynthesis, related
parameters, and relative water content in (Pimpinella anisum L.) plant. Research Journal (Iranian Journal of
Biology), 27(5), 829-839. (In Persian). https://dor.isc.ac/dor/20.1001.1.23832592.1393.27.5.7.3

Kafashzade, Z., Nabavi Kalat, S., Abbasi, M., & Soohani Darban, A. (2024). Effects of deficit irrigation on relative
water content, proline concentration, antioxidant enzyme activity, chlorophyll concentration, and forage yield of
five clover species (Trifolium spp). Iranian Journal of Soil and Water Research, 55(7), 1158-1197. (In Persian).
https://doi.org/10.22059/ijswr.2024.370250.669628


https://doi.org/10.22092/ijmapr.2017.110349.2008
https://doi.org/10.22069/jwsc.2023.21265.3661
https://doi.org/10.2134/agronj15.0086
https://doi.org/10.22034/saps.2020.12319
https://doi.org/10.22059/ijhst.2018.216412.151
https://dor.isc.ac/dor/20.1001.1.24763594.1390.15.57.20.2
https://doi.org/10.48044/jauf.2008.021
https://doi.org/10.2135/cropsci2005.04-0357
https://doi.org/10.1126/science.aaz7614
https://doi.org/10.1016/j.wasec.2020.100062
https://dor.isc.ac/dor/20.1001.1.23832592.1393.27.5.7.3
https://doi.org/10.22059/ijswr.2024.370250.669628

el ol oF oylods Fr il (5559l lvo g pole) GLtb pgle 4y FAY

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Karimian, Z. (2019). The conflict between landscape aesthetic preferences and sustainable green space in arid
regions. Flowers and Ornamental Plants, 4(1), 1-12. (In Persian).

Li, X., Ingvordsen, C. H., Weiss, M., Rebetzke, G. J., Condon, A. G., James, R. A., & Richards, R. A. (2019).
Deeper roots are associated with cooler canopies, a higher normalized difference vegetation index, and greater
yield in three wheat populations grown on stored soil water. Journal of Experimental Botany, 70(18), 4963-4974.
https://doi.org/10.1093/jxb/erz232

Lichtenthaler, H. K. (1987). Chlorophylls and carotenoids: Pigments of photosynthetic biomembranes. Methods in

Enzymology, 1(48), 350-382. https://doi.org/10.1016/0076-6879(87)48036-1

Linares, J., Scholberg, J. M. S., Chase, C., Mcsorely, R., & Ferguson, J. (2008). Evaluation of annual warmseason
cover crops for weed management in organic citrus. Proceedings of 16th IFOAM Organic Congress, 16-20 June,
Modena, Italy.

Mirzaei Hassanlou, A., Erfaniyan, M., Javan, K., & Najafi, M. (2024). Trend analysis of extreme precipitation
indices in Iran based on multiple regression model. Environmental and Water Engineering, 10(4), 541-557. (In
Persian). https://doi.org/10.22034/ewe.2024.441177.1912

Mohammadi, M. (2013). The effect of silicon and salicylic acid on some physiological, biochemical,
morphological, and quality traits of grass. MSc. Thesis, Department of Horticultural Sciences, Faculty of
Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran. (In Persian).

Mousavi Bazzaz, A. (2015). Evaluation of salinity stress tolerance in native tall fescue (Festuca arundinacea)
populations for potential use in green spaces. PhD Dissertation, Department of Horticultural Sciences, Faculty of
Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran. (In Persian).

Noor, M., Fan, J., Kaleem, M., Kaleem, M., Tanveer Akhtar, M., Jin, Sh., Nazir, U., Zhang, Ch., & Yan, X.
(2024). Assessment of the changes in growth, photosynthetic traits and gene expression in Cynodon
dactylon against drought stress. BMC Plant Biol, 24, 235. https://doi.org/10.1186/s12870-024-04896-x
Sadat-Firzani, M., Khazaei, H., & Gozanchian, A. (2021). Improvement of drought tolerance using municipal
waste compost in native tall fescue grass. Horticultural Science, 35(2), 253-266. (In Persian).

Salahvarzi, Y., Tehranifar, A., & Gazanchian, A. (2008). Investigating the physiomorphological changes of native
and exotic turfgrasses under drought stress and re-watering. Iranian Journal of Horticultural Science and
Technology, 9(3), 193-204.

Salehi Shanjani, P., 1zadpanah, F., Ramazani Yeganeh, R., Rasoulzadeh, S., & Esmaeil, S. (2015). Comparison of
drought stress effects on osmotic regulation, peroxidase, polyphenol oxidase, and pigments in different seed
samples of false chamomile and yellow chamomile (Anthemis tinctoria and Tripleurospermum servanes) from the
Gene Bank of Iranian Natural Resources. Plant Research Journal (Iranian Journal of Biology), 28(1), 126-139.
(In Persian). https://dor.isc.ac/dor/20.1001.1.23832592.1394.28.1.12.7

Samieiani, A., Ansari, H., Azizi, M., Hashemnia, M., & Salahvarzi, Y. (2013). Effect of drought stress on some
biochemical indices in four groundcover species (Lolium perenne, Potentilla, Trifolium repens, and Frankenia)
with potential for use in green spaces. Journal of Greenhouse Crop Science and Technology, 4(15), 101-109. (In
Persian). https://dor.isc.ac/dor/20.1001.1.20089082.1392.4.3.9.8

Shiravand, D. (2012). Landscape Design and Green Space with Ornamental Trees and Shrubs (2nd ed.).
Agricultural Training and Promotion Publishing. Iran, 600 p. (In Persian).

Shirinzadeh, N., Biglouei, M., Akhavan, K., & Mohammadi, A. (2022). Effects of deficit irrigation and irrigation
method on water productivity, yield, and yield components of wheat. Crop Production (Pardis Aburaihan Journal
of Agriculture), 24(2), 283-296. (In Persian). https://doi.org/10.22059/jci.2021.309207.2444

Shushtarian, S., Salehi, H., & Tehrani Far, A. (2011). Study of growth and development features of ten ground
cover plants in Kish Island green space in warm season. Agricultural Ecology, 3(4), 514-524. (In Persian).
https://doi.org/10.22067/jag.v3i4.14909

Talebi, K. (2012). Grass Planting and Maintenance Management (1st ed.). Municipalities and Rural Districts
Organization Publishing. Iran, 131 p. (In Persian).

Vahdati, N., Tehrani Far, A., & Kazemi, F. (2015). Investigation of the effect of species diversity and different
irrigation regimes on the selection of suitable planting designs in the cold and warm seasons in Mashhad. The 9th
Iranian Horticultural Sciences Congress, Ahvaz, Iran. (In Persian).

Willson, D., & Slocum, G. (2017). Understand cover crops, benefits and selection. https://kingsagriseeds.com/.
Yang, W., Li, N., Fan, Y., Dong, B., Song, Z., Cao, H., Du, T., Liu, T., Qi, M., Niu, L., Meng, D., Yang, Q., & Fu,
Y. (2021). Transcriptome analysis reveals abscisic acid enhancing drought resistance by regulating genes related to
flavonoid metabolism in  pigeon pea. Environmental and Experimental Botany, 191, 104627.
https://doi.org/10.1016/j.envexpbot.2021.104627


https://doi.org/10.1093/jxb/erz232
https://doi.org/10.1016/0076-6879(87)48036-1
https://doi.org/10.22034/ewe.2024.441177.1912
https://doi.org/10.1186/s12870-024-04896-x
https://dor.isc.ac/dor/20.1001.1.23832592.1394.28.1.12.7
https://dor.isc.ac/dor/20.1001.1.20089082.1392.4.3.9.8
https://doi.org/10.22059/jci.2021.309207.2444
https://doi.org/10.22067/jag.v3i4.14909
https://kingsagriseeds.com/
https://doi.org/10.1016/j.envexpbot.2021.104627

