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The role of salinity and drought stress on the germination indices of giant
reed (Arundo donax L.) in the next generation
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ABSTRACT

In order to investigate the effect of environmental stresses on the germination and establishment of Arundo donax
(giant reed) and its role in maintaining the survival and propagation of the plant, an experiment was conducted
in 2021 at Ferdowsi University of Mashhad. In the first stage, rhizomes from the ecotype of Gorgan city were
collected and in the form of a factorial design in the form of a randomized complete block design in three
replications and under the treatments of salinity (0, 4, 8, and 12 ds/m) and drought (100, 75, and 50% of the field
capacity) was cultivated in the research farm of Ferdowsi University of Mashhad. The results showed that the
presence of both salinity and drought stress decreased the growth and development indicators of this plant
including the biomass of aerial organs, biomass of underground organs, plant height, stem diameter, and leaf
surface index. In the next step, the rhizomes and seeds obtained from the previous step were tested under optimal
germination conditions in the laboratory. The results showed that the presence of salt and drought stress during
the growing season on the mother plant also reduced the germination rate of the resulting rhizomes in the next
generation (76% to less than 20%). The plants that were grown in stress-free conditions had better germination
percentage, germination rate, and root and shoot length than the plants that were grown in stress conditions. In
addition, the maximum germination percentage of reed seeds was related to the maximum amount of stress on
the mother plant, and in the conditions of 12 ds/m salinity level and 50% dry level, the agronomic capacity of reed
seeds showed 6% germination, and after that, 8 ds/m salinity level in two drought levels of 75 and 50% of the
agricultural capacity, 4% of reed seeds germinated. The general results showed that giant reeds, if grown under
conditions of extreme salinity and drought stress during the season, can fertilize a small part of its seeds in order
to preserve the survival of its generation and escape from stress conditions, in order to create new genotypes and
lead to develop the plants with greater tolerance to the environmental stress.
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Table 1. Germination indices of A.donax rhizome obtained from the mother plant cultivated under conditions of
different levels of salinity and dryness in the climatic conditions of Mashhad city.

Drought Salinit GRI WGRI
evel level SP (%) GPD (%)  (seedling  (seedling ~ 1ootlength  Stem length
(MPa)  (dS.m) day™?) day™) (mm) (mm)
I St 76(3)° 542(03)° 596(05)8  453(04)7 96 (0517 154 (0.44)
It S 70 (3) 5(0.3)2 542 (045)2 3.79(0.35)°  9.2(0.5?°  15(0.38)
ab

It S:  64(2° 457(027)° 435(0.37)° 2.79(0.26)¢ 8.8 (0.41)®  14.4 (0.26)°
Iy Se  52(2)¢ 3.71(0.15)¢  4(033)*  208(02)°  8(0.39)°  12.3(0.15)¢
I, St 62(2)° 442(0.23)™ 5.69(0.47)% 353(0.34) 8.9 (0.41)%  14.2(0.21)%
I, Se  58(2) 414(02)° 475(045)°¢ 275(026) 85(04)°  13.8(0.18)
I2 Ss 48(2)°¢ 3.42(0.13)¢ 437(0.37)¢  2.1(0.2)¢ 8(0.39)>  13.4(0.16)«
I2 Se  38(1)¢ 271(005)° 298(0.23)¢ 1.13(0.059  7.2(0.27)°  10.5 (0.01)"
Is St 46(2)% 3.28(0.12)%  3.85(0.3)9  1.77(0.08) 7.4(0.28)*  12.3(0.15)"
Is S:  41(2¢ 3.18(0.12)¢ 3.54(0.25)M 157 (0.06) 7 (0.24) 12 (0.12)°
Is Ss 30(1)% 214(0.03)¢ 238(0.17)' 0.71(0.01)" 6.6 (0.13)  11.3(0.01)°
B Se  20(1)f 142(0.01)F 151(0.1)1  03(0.01)  57(0.08)¢ 8.6 (0.01)

The means within the column followed by different letters differ significantly at p<0.05 level (FLSD test). The values in parenthesis are

standard error of the means.
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Figure 1. Germination of the rhizome of .A.donax from the mother plant cultivated in different salinity and drought
conditions and the weather conditions of Mashhad city.
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Table 2. Parameters of influence of different levels of salinity and drought stress on the germination percentage of the
rhizome of A.donax based on the three-parameter logistic model in the climatic conditions of Mashhad city.

Salinity

Drought level(MPa) level(dS.m) A" (gr) Xo ™ (Dey) B ™ R%d4 RMSE
1 S1 76 (4)? 7 (0.5)° 134 097 148
Iy S 70 (4)% 72(06)® 126 097 137
Ih Ss 64 (3)° 7.8 (0.7) 122 096  1.36
Iy S 52 (2)° 7 (0.5)° 112 096 135
I S: 62 (3)° 67(0.3)* 130 094  1.29
I S 58 (2)b 7 (0.4)° 123 095 128
I Ss 48 (1)° 6.2 (0.2)° 113 095 126
I S 38 (1) 72(0.6 104 096 119
Is Si 46 (1) 67(0.3)* 065 096 117
Is S 46 (1) 6.2 (0.3)° 059 096 115
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I3 Ss 30 (1)%
I3 Sa 20 (1)

65(0.3® 037 096  1.08
63(0.2° 028 095  1.07

*:

*:maximum amount of germination, ™: time to reach 50% of germination, ™: slope of the curve.

The means within the column followed by different letters differ significantly at p<0.05 level (FLSD test).
The values in parenthesis are standard error of the means.
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Table 3. Germination indices of A. donax seed obtained from the mother plant cultivated under conditions of different
levels of salinity and dryness in the climatic conditions of Mashhad city.

Root

P vl SPO6)  GPD (% ORI WGRI ength ST endth
ope)  @sm) ®0) (seedling day?)  (seedling day’) (o0 fmm)
I S: 0 0 0 0 0 0
I S, 0 0 0 0 0 0
I S5 0 0 0 0 0 0
I Ss 0 0 0 0 0 0
I S, 0 0 0 0 0 0
I S, 0 0 0 0 0 0
I S 2(02)° 016(0.03)°  008(0005%  0001(0.000)% 25(0.02° 15 (001)*
I S 4(04)° 048(0.05°  024(001)"  0009(0.0001)* 28(0.03° 2 (0.01)
Is S 0 0 0 0 0 0
I S, 0 0 0 0 0 0
Is i 4(04)° 048(005)°  024(001)® 0009 (0.000L)* 25(002)° 16 (0.0
I S 6(05)° 07(007)*  035(0.02°  0021(0000°  3(0.04¢%  2.3(002)°

The means within the column followed by different letters differ significantly at p<0.05 level (FLSD test). The values in parenthesis are

standard error of the means.
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Figure 2. Germination of the seed of .A.donax from the mother plant cultivated in different salinity and drought
conditions and the weather conditions of Mashhad city.
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Table 4. The parameters of the effect of different levels of salinity and dryness on the germination percentage of the
A.donax based on the three-parameter logistic model in the climatic conditions of Mashhad city.

Drought level(MPa) Ie\f’;'('ggﬁ) A(gr) Xo™(Dey) B™  Rhg RMSE
Ih S 0 0 0 0 0
Iy S 0 0 0 0 0
Iy S8 0 0 0 0 0
Iy S 0 0 0 0 0
P S: 0 0 0 0 0
I, S 0 0 0 0 0
I, S 2 (0.1)° 13087 090 095 067
I, S 4 (0.2 8(06) 077 09 093
I3 S 0 0 0 0 0
I3 S 0 0 0 0 0
I3 Ss 4 (0.3 803 097 098 088
I3 S 6 (0.5)° 904 118 097 076

s:maximum amount of Germination

**: time to reach 50% of Germination

***: slope of the curve.

The means within the column followed by different letters differ significantly at p<0.05 level (FLSD test). The values in parenthesis are

standard error of the means.



(M) V4 B3 slacale ui.'o\b e /(VF2Y) UL ’l}.’dél

\YO

SL S (Solea A8 sdalie 35 ey fu
ol o s Lol by Jub dob 55 o
Lgl.arb'.i)).sb&\.lb:\yjlé/,;‘fg,.;p\alnf
0570 b 25h o Lol ol men 5 AL ails 55
B ESP PR Ay W N INK S B R WA PPN
4 S OUT gy o jesls 5 odd w2l
oA wg Ll s es SUa, psien ols

s s
oS 1 ol 5o gy e gl i 3T
S 313 0l 50 Ll 2l 5503 STy Ay (6 poke
,lp\jﬁsuwsomcpw;wuﬁ
G 3 g5 (Sl Ladm (g ailate ¢S 53 05 STy
Lo 53 Ldr Ll Sy he iS4
Coygo 35 Lhaed g ol clias o Olis ST
Tobe 03 (ShS 5 Gosh il s A,
qwjam;yjh;u)sg\mgﬂ,’.;,w
G s bl Sz 35 H s Sl il
9 how A5 513 e s Ll e
dr S S o ) L Ll L (o)L
23,5 by WL (guay fud 53 555k sk e
ol bl g b s Sl 25 Lls o
ISty ol 3 Shwed 5 olE oS s 0l g be3T
Semy Do )3 adble j3 3 fud L (ol
e adbaie 1 5 035 eslizal Jasee sla i3
GO 53 5035 arlge bl Lo 4 55i8
drw g g Ay .5 S Al Iy 5l 2l 5 Ad ) L
S kg Ll o ladbte a5 Al S
oD olS ol |5 kil adbate 0T (55,518 (51

e 4 ol Dbl b s i, SbB

Soglaes o el s S s e 0L Olaass
Chlb Lo L Lo 5 balssy,
G ed 5 A4S e i ST @ Vb e s
Sla i e 5> OBLE S0 S 5400
@l Ll s s diy o iy (S
5 Sl agdoes OT 059 2ws 3 Olje &S
OUT iy 2alS 4 omte 5yl 5 gy S 2 Loyl 5
.(Danin, 2004; Watts & Moore, 2011) s &
s &S gladl Gl s il
Ll S o i)y Cabge b odimes JLSis
Solta 5 (PN) sz b &5 ol b b 8 ol
S 3 Oblier 4 S ) 5 28 (GS) a5,
Lols Wles S way  awe Ll s
sl b eeeen (Lauteri et al, 2014)
2 Gl Slis Ulgea bl (S35
A Gla,ls 4wy Cwl S A donax
© Joos o S35 55,Shes ulul |, donax
(Haworth et al., 2017) 45" , 4,0l Sis
A § 5y p e a2 510 K05 O )lew
- GG U I R S Pl 5 a5l
Jol oS ol ol tmy o (535 Bl 0 sl
Cov (6ol olS s 2S5 sladla Lapss Sl
st s 5 asliE 31 ol o3 25 Hles
P R - VL W PR P W

STy e

TP e
0D uad “‘53 al:f &S sls ol J:.;*Lo)T g_sJ§ @\SJ
))&A&L&ﬂ)ﬁ-}hﬂ\ﬂ)bﬁ)&)ﬂ
sy 03 L S s Nls e Joad Ik



Y day Jod 3 Sied 5ol S5l sl et ls p (SES 5 gssd oIS i

L Sl 55 bl 5 i 2SS OT 403 s ST pae VL Olekily e 4y 03l j iy e
03,5 Oz 1y ol ol olgs dig,y Ll o ol sl JLSas 2 sl 4 i Ll oo
An3 18 355 0 e 515 il GbLs 315 3y s K55 ol Jlmpll 35 it
e Sla 23 3155 0lE ol sl 05 L oS

&b

Angelini, L.G. et al. 2009. Comparison of Arundo donax L. and Miscanthus x giganteus in
a long-term field experiment in Central Italy: Analysis of productive characteristics
and energy balance. Biomass Bioenergy. 33(4): 635-643.

Bao, H. Jiang, L. Wang, Y. Wang, B. and Wang, J. 2017. Effects of drought stress on the
survival, growth, and reproduction of tea plants. AW Management. 192: 86-94.

Bell, G.P. 1997. Ecology and management of Arundo donax, and approaches to riparian
habitat restoration in Southern California. In: Wade JH, Pysek P, and Green D, eds.
Plant Invasions: Studies from North America and Europe. Leiden, Netherlands.
Blackhuys Publishers. 103-113.

Bita, C.E. and Gerats, T. 2013. Plant tolerance to high temperature in a changing
environment: Scientific fundamentals and production of heat stress-tolerant crops. FP
Sci. 4. p.273.

Bor, N.L. 1970. Gramineae. In: Rechinger KH, ed. Flora Iranica. 70: 147-244.

Brach, A.R. and Song, H. 2006. EFloras: Newdirections foronline floras exemplified by
the Flora of China Project. Taxon. 55: 188-192.

CABI. 2021. Arundo donax (giant reed). Information website:
https://www.cabi.org/isc/datasheet/7782

Chang, T.T. and Liu, J. 2016. Physiological and molecular responses of plants to cold
stress. IPA Stress Tolerance (pp. 1-21). Springer. Cham.

Chauhan, B.S. Gill, G. and Preston. C. 2006. Factors affecting seed germination of annual
sowthistle (Sonchus oleraceus) in southern Australia. Weed Sci. 54: 658—668.

Chaves, M.M. Maroco, J.P. and Pereira, J.S. 2003. Understanding plant responses to
drought—from genes to the whole plant. FP Biol. 30(3): 239-264.

Danin, A. 2004. Arundo (Gramineae) in the Mediterranean reconsidered. Willdenowia.
34: 361-3609.

Daryanto, S. Wang, L. and Jacinthe, P.A. 2015. Global synthesis of drought effects on food
legume production. PloS one. 10(6): p.e0127401.

Else, J.A. 1996. Post-flood establishment of native woody species and an exotic, Arundo
donax, in a southern California riparian system. MSc Thesis. SDS University, USA.
Farooq, M. Wahid, A. Kobayashi, N. Fujita, D. and Basra, S.M.A. 2009. Plant drought
stress: Effects, mechanisms and management. AFD Development, 29(1): pp.185-212.
Gholami, A. and Taheri, R. 2018. Biomass production and carbon sequestration potential

of Arundo donax (L.) in the north of Iran. JF Res. 29(2): 447-452.

Gordon, D.R. Tancig, K.J. Onderdonk, D.A. and Gantz, C.A. 2011. Assessing the invasive
potential of biofuel species proposed for Florida and the United States using the
Australian weed risk assessment. Biomass and Bioenergy. 35: 74-79.

Hardion, L. Verlaque, R. Baumel, A. Juin, M. and Vila, B. 2012. Revised systematics of
Mediterranean Arundo (Poaceae) based on AFLP fingerprints and morphology. Taxon,
61: 1217-1226.


https://www.cabi.org/isc/datasheet/7782

() A 3% slacale J.J‘:d;,u/(\\“\“)bb@;:l}d@l 'YV

Hardion, L. et al. 2014. Origin of the invasive Arundo donax (Poaceae): A trans-Asian
expedition in herbaria. Ann. Botany. 114(3): 455-462.

Hashemi, S.A. and Nassiri. M. 2016. Arundo donax L. as a bioenergy crop: A review on its
cultivation and utilization in Iran. RSE Reviews. 60: 1502-1512.

Haworth, M. Cosentino, S.L. Marino, G. et al. 2017. Physiological responses of Arundo
donax ecotypes to drought: A common garden study. GCB Bioenergy. 9: 132-143.

Holt, J.S. and Orcutt, D.R. 1996. Temperature thresholds for bud sprouting in perennial
weeds and seed germination in cotton. Weed Sci. 44: 523-533.

Hosseini, S.M. Mahmoodi, S. and Mostafavi, K. 2019. Drought tolerance and water use
efficiency of giant reed (Arundo donax L.) under different irrigation regimes. AW
Management, 212: 330-337.

Jafari, M. and Fakheri-Fard, A. 2019. The potential of giant reed (Arundo donax L.) for
soil erosion control in semi-arid regions: A review. JOA Land, 11(3): 303-313.

Jaleel, C.A. Manivannan, P. Wahid, A. Farooqg, M. Al-Juburi, H.J. Somasundaram, R.
and Panneerselvam, R. 2009. Drought stress in plants: A review on morphological
characteristics and pigments composition. IJABiology, 11(1): 100-105.

Johnson, M. Dudley, T. and Burns, C. 2006. Seed production in Arundo donax. Cal-1PC
News. 14: 12-13.

Kumar, S. Singh, A.K. Yadav, S.K. and Singh, N.K. 2018. Effect of drought stress on seed
germination and seedling growth in rice (Oryza sativa L.). Agricultural Res. 7(1): 95-
103.

Lambert, A.M. and Dudley, T.L. 2010. Saltonstall, ecology and impacts of the large-
statured invasive grasses Arundo donax and Phragmites australis in North America. IPS
Manag. 3(4): 489-494.

Lauteri, M. Haworth, M. Serraj, R. Monteverdi, M.C. and Centritto, M. 2014.
Photosynthetic diffusional constraints affect yield in drought stressed rice cultivars
during flowering. PL0oS One. 9: e109054.

Li, X. Zhu, J. Hu, F. Ge, S. Ye, M. Xiang, H. and Zhang, G. 2018. Mutation of rice
BC12/GDD1, which encodes a kinesin-like protein that binds to a GA biosynthesis gene
promoter, leads to dwarfism with impaired cell elongation. PC Reports. 37(7): 991-
1003.

Mahmoodi, S. and Hosseini, S.M. 2018. Effect of salt stress and temperature on
germination of Arundo donax (L.) seeds. APPlant. 40: 123.

Pignone, D. and Gigante, D. 2013. The challenges of Arundo donax (L.) for a sustainable
bioenergy industry. Advances in Botany. 1-10.

Rahimian, H.O. et al. 2006. Examining the biology, ecology and weed management
licorice. Project Report. SR Council, 124p. (In Persian).

Steinmaus, S.J. Prather, T.S. and Holt, J.S. 2000. Estimation of base temperatures for nine
weed species. JE Botany. 51: 275-286.

Tucker, G.C. 1990. The genera of Arundinoideae (Gramineae) in the southeastern United
States. J. Arn. Arbor. 71(2): 145-177.

USDA. 2020. Arundo donax. Information website:
https://www.fs.fed.us/database/feis/plants/graminoid/arddon/all

Vazquez-Garcia, J.A. Torres-Rivera, J.A. and Romero-Manzanares, A. 2016. Arundo
donax (L.) (giant reed), a crop for bioenergy and bio-compound production. RSE Rev.
58: 523-532.

Wang, W. Vinocur, B. Shoseyov, O. and Altman, A. 2004. Role of plant heat-shock
proteins and molecular chaperones in the abiotic stress response. TPSci. 9(5): 244-252.


https://www.fs.fed.us/database/feis/plants/graminoid/arddon/all

VYA day s 53 Siad S olS S3aler sl asls  KES 5 g)ed b ST B

Watts, D.A. and Moore, G.W. 2011. Water-use dynamics of an invasive reed, Arundo
donax, from leaf to stand. Wetlands. 31: 725-734.

Yadav, S. Singh, B. and Yadav, R. 2018. Effect of salinity on growth and survival of date
palm (Phoenix dactylifera L.) seedlings. JSW Conservation. 17(1): 40-44.



