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Introduction

The competition of different weed species with native species for ecosystem resources is a serious threat to
reduce global biodiversity. Among the invasive species, Arundo donax is considered one of the most invasive
invasive plant species in coasts, rivers and temperate regions. Knowing the relationship between changes in
environmental conditions and climate change and Arundo donax with respect to the growth of native coastal
species, as well as understanding the water wastage by this plant compared to native coastal plants, is vital to
eliminate this plant in the current situation where there is drought in most areas.

Materials and Methods

In order to investigate the effect of drought and salinity treatment on the sprouting stages and growth time of
rhizomes of Arundo donax an experiment was performed using rhizomes collected from Gorgan ecotype and in a
completely randomized design with 4 replications in the growth chamber separately at 5 temperature levels (5,
10, 15, 20, 25 and 30 °C) at Ferdowsi University of Mashhad in 2020. Experimental treatments included
different levels of drought stress {0 (distilled water), 0.4, -0.8 and -0.12 MPa} and different levels of salinity
stress {0 (distilled water), 4, 8 and 12 dS. m}.

Results and Discussion

The general results of the experiment showed that increased levels of salinity and drought decreases the
sprouting rate of rhizomes. The results also showed that sprouting of the rhizomes of the reed plant is possible
from 5 °C to 30 °C, but the greatest sprouting rates occurred with the control treatment (no stress) at 15 °C
(75%) and 20 ° C (66%) respectively. The lowest sprouting percentage (4%) was observed with 15 and 30 °C
under the maximum salinity and drought levels. Sprouting percentage and other corresponding indices decreased
with decreasing temperature from 15 °C to 5 °C, the same trend was observed with increasing temperature from
20 °C to 30 C, which shows that the best The temperature for the growth of reed rhizome buds is between 15
and 20 °C. The effect of salinity and drought on sprouting at different temperatures showed that with increasing
salinity and drought stress level, the sprouting rate decreases, but with increasing drought level, the sprouting
percentage decreased more than the salinity level and decreased the growth of reed rhizome buds more. Was
affected by increasing soil dryness. The results of sprouting rate and sprouting percentage under environmental
stresses also indicated that drought stress more than salinity stress can affect the growth of reed rhizome buds, in
other words, this plant is more sensitive to drought stress. It is somewhat resistant to salinity stress, and perhaps
this is why the abundance of this plant in the northern regions of Iran is higher than other regions. The triple
interaction effect of salinity, dryness and temperature was significant in all parameters except the adjusted
germination rate at the 99% probability level, which shows that the germination of the rhizome of Arundo donax
plant is strongly affected by dryness, salinity and different temperatures and the existence of each of these
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treatments in natural conditions, it can disrupt its germination.
Conclusion

The results of the cultivation of Arundo donax rhizome at different temperatures and under salt and drought
stress conditions showed that the growth of the rhizome of this plant was greatly affected by the stresses and the
increase in the amount of stress led to a decrease in germination percentage. Also, rhizome cultivation at
different temperatures led to determining the optimal germination temperature for the Arundo donax plant
related to the ecotype in the northern regions of Iran and showed that the suitable temperature for the rhizome
germination of this plant is 15 to 20 degrees Celsius. The results of the germination rate and the germination
percentage under the applied environmental stresses also indicated that drought stress can affect the growth of
Arundo donax rhizome buds more than salt stress, and in other words, this plant is more sensitive to drought
stress and to some extent It is resistant to salt stress, and this is probably the reason why the abundance of this
plant is more in the northern regions of Iran than in other regions. It grows best in well-drained soils where
plenty of moisture is available and can spread from the water's edge to the shore far beyond the area previously
occupied by woody coastal vegetation. It grows well in places where the water level is close to the soil surface or
near it, which may be due to the sensitivity of this plant to drought stress, and on the other hand, small colonies
of this plant can tolerate excessive salinity, but in conditions of widespread presence in one area, their tolerance
to salinity decreases.
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Table 1- Variance analysis of the effect of salinity and drought stresses on rhizome bud sprouting of Giant reed (Arundo
donax) under different temperature conditions
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* And **: Significant at 5% and 1% of probability levels.
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Table 2- Effect of different salinity and drought levels on Sprouting Percentage (SP), germination percentage day (GPD),
germination rate index (GRI) and Weighted Germination Rate Index (WGRI) in cultivation of A.donax rhizomes at5 ° C

Suid aw Gy FiNl aep Al Fiaile aepy s padla Falge Co i padli
Drought Salinity (%) (%) Sidle B (39590
level(MPa) level(dS.m) SP GPD GRI (seedling day™) WGRI (seedling day™)
0 0 10 (L21)° 1.0 (0.04)° 1.4 (0.04)° 0.14 (0.001)°
0 4 10 (1.16)° 0.9 (0.03)° 0.71 (0.03)° 0.071 (0.001)°
0 8 10 (1.20)° 0.72 (0.03)° 0.61 (0.03)° 0.061 (0.001)°
0 12 8 (0.91)° 0.57 (0.02)° 0.448 (0.02)° 0.03584 (0.001)°
0 16 6 (0.62)° 0.46 (0.02) 0.318 (0.02)° 0.01908 (0.001)"
0.4 0 10(0.92)° 0.76 (0.03)° 0.61 (0.03)° 0.061 (0.001)°
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0.4 16 6 (0.66)° 0.42 (0.02)° 0.276 (0.01)% 0.01656 (0.001)"
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08 8 6 (0.55)° 0.46 (0.04) 0.318 (0.02)° 0.01908 (0.001)"
08 12 4(0.21) 0.36 (0.02) 0.232 (0.02)¢ 0.00928 (0.001)9
0.8 16 4(0.23)¢ 0.36 (0.01)« 0.232 (0.02)¢ 0.00928 (0.001)¢
12 0 6 (0.36)° 0.46 (0.03) 0.318 (0.04)° 0.01908 (0.001)"
12 4 6(0.31)° 0.42 (0.03)° 0.312 (0.03)° 0.01872 (0.001)"
12 8 6 (0.33)° 0.42 (0.03)¢ 0.30 (0.02)° 0.018 (0.001)f
12 12 4(0.28)¢ 0.33 (0.02) 0.224 (0.01)¢ 0.00896 (0.001)9
12 16 4(0.26)" 0.36 (0.02)% 0.212 (0.01)¢ 0.00848 (0.001)9
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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: Effect of different salinity and drought levels on Sprouting Percentage (SP) in cultivation of A.donax rhizomes at5°C
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Table 3- Effect of different salinity and drought levels on Sprouting Percentage (SP), germination percentage day (GPD),
germination rate index (GRI) and Weighted Germination Rate Index (WGRI) in cultivation of A.donax rhizomesat 10 ° C

Suid o S g Sidlgr weyd dily, Jialler wo ) o g 09590 F38lgr C o pad b
Drought Salinity () () il o
level(MPa) level(dS.m) SP GPD GRI (seedling day™) WGRI (seedling day™)

0 0 28 3.2 2.15 (0.11)° 2.212 (0.02)° 0.61 (0.01)°

0 4 28 (3.3)" 2.15 (0.12)° 1.82 (0.02)° 0.5096 (0.01)"

0 8 24 (2.4)° 1.71 (0.09)° 1.992 (0.02)° 0.4776 (0.008)"

0 12 20 (2.1)° 1.81 (0.1)° 1.7 (0.02) 0.34 (0.007)°

0 16 16 (2.1)° 1.33 (0.09)° 0.96 (0.01) 0.1536 (0.004)°
0.4 0 28 (2.5)° 2.0 (0.11)* 2.464 (0.02)° 0.68992 (0.003)*
0.4 4 26 (2.4) 2.0 (0.012)° 2.08 (0.02)° 0.5408 (0.002)"
0.4 8 20 (2.2)° 1.53 (0.08)* 1,52 (0.01)¢ 0.304 (0.001)°
0.4 12 18 (2% 1.28 (0.07)° 1.332 (0.01) 0.23976 (0.001)"
0.4 16 16 (1.9)° 1.33 (0.07) 1.378 (0.01)* 0.2205 (0.001)°*
08 0 24 (2.1)° 2.0 (0.09)° 1.752 (0.01)* 0.42048 (0.003)
0.8 4 24 (2.1)° 1.71 (0.09)° 1.848 (0.02)° 0.44352 (0.004)
08 8 16 (2.1)° 1.33 (0.00)° 1.28 (0.01)° 0.2048 (0.002)°
08 12 12 L2y 1.0 (0.05)° 0.936 (0.01) 0.11232 (0.001)°
0.8 16 10 (1.1)¢f 0.83 (0.04)% 0.72 (0.01)¢ 0.072 (0.001)"
12 0 16 (1.5)° 1.14 (0.08)* 1.056 (0.02) 0.16896 (0.001)°
12 4 14 (L) 1.16 (0.07)* 0.952 (0.02)° 0.13328 (0.001)°
12 8 12 (1) 1.09 (0.07)! 0.744 (0.01)¢ 0.08928 (0.001)'
12 12 10 (0.9)" 0.76 (0.04)° 0.62 (0.01)* 0.062 (0.001)"
1 16 6 (0.8)" 0.5 (0.02)" 0.36 (0.01) 0.0216 (0.001)®

23l pSilhe lre (sllad 3l 5D clmodly ) (g0 gine BB 2oy B Jlain] prdans PFLSD (gl (bl 1 tifs cogliie g 4 5w y 193 (sloySilee
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: Effect of different salinity and drought levels on Sprouting Percentage (SP) in cultivation of A.donax rhizomes at 10
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Table 4- Effect of different salinity and drought levels on Sprouting Percentage (SP), germination percentage day (GPD),
germination rate index (GRI) and Weighted Germination Rate Index (WGRI) in cultivation of A.donax rhizomes at 15 ° C

i el Co9 o Widles oy dilje, Jidiler Moy Cs g ol $idlg G pw ad L
Drought Salinity level () (VA iailg 8w (49590
level(MPa) (dS.m) SP GPD GRI (seedling day™) WGRI (seedling day™?)
0 0 74 3F 528 (0.1 5.254 (0.11)° 3.887 (0.009)"
0 4 70 (2.8)° 5.0 (0.08) 462 (0.1)° 3.234 (0.007)°
0 8 60 (2.1)° 4.28 (0.09)* 3.78 (0.09)° 2.268 (0.006)"
0 12 40 (2 2.85 (0.07)° 2.64 (0.06)" 1056 (0.002)
0 16 30 (1.5)¢ 2.14 (0.06)° 1.86 (0.03)° 0.558 (0.001)f
0.4 0 70 (3.2)° 5.38 (0.12)° 4.848 (0.09) 3.393 (0.008)"
0.4 4 62 (2.6)° 442 (0.1)* 4.278 (0.08) 2.652 (0.006)°
0.4 8 56 (2.2)" 4.0 (0.09)° 3.649 (0.05)° 2.043 (0.003)°
0.4 12 36 (2)° 2.57 (0.03)° 2.415 (0.04)° 0.869 (0.001)'
0.4 16 26 (1.9)° 2.0 (0.03) 1713 (0.02)¢ 0.445 (0.001)f
0.8 0 60 (2.7)° 461 (0.1) 4.6 (0.07)° 2.76 (0.004)°
08 4 50 (2.0)° 3.84 (0.08)" 3.645 (0.07) 1822 (0.002)
08 8 36 (2)° 257 (0.04)° 2617 (0.04)° 0.942 (0.001)*
0.8 12 26 (L8 2.0 (0.05) 1828 (0.02)° 0.475 (0.001)'
08 16 20 (15)" 153 (0.03)" 1.369 (0.01)f 0.273 (0.001)"
12 0 50 (2.2)° 3.84 (0.05) 3.605 (0.04)° 1802 (0.004)*
12 4 40 2.1y 3.07 (0.06)° 2.928 (0.03)" 1171 (0.003)
12 8 30 (2)° 2.14 (0.03)* 1943 (0.02)° 0.582 (0.001)f
12 12 22 (1.3)° 1.69 (0.02)° 1.24 (0.01)' 0.272 (0.001)°
12 16 18 (1) 1.38 (0.01)° 1.113 (0.01)® 0.2 (0.001)9

rSole jlme (cllas 3l 31 claodly 15yls (gyls sime M| 2o > B Jlassl raws ;3 FLSD (9051 (bl 0 o)l cigliie (g y> oS ygiar o (19,0 (slo Sl

Al e

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 3- Effect of different salinity and drought levels on Sprouting Percentage (SP) in cultivation of A.donax rhizomes at 15° C
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Table 5- Effect of different salinity and drought levels on Sprouting Percentage (SP), germination percentage day (GPD),
germination rate index (GRI) and Weighted Germination Rate Index (WGRI) in cultivation of A.donax rhizomesat20° C

Suid g d)?‘i’ s Fidlg noyd Fidlg doyd [T ‘-,»Lw Sl s pw uaalm
Drought level Salinity level () (72) a139, oiales 0wl (39590
(MPa) (dS.m) SP GPD GRI (seedling day™) WGRI (seedling day™)

0 0 66 (3.1)° 5.07 (0.1 5.125 (0.12)° 3382 (0.01)°
0 4 60 (3) 461 (0.1 4176 (0.12)° 2.505 (0.01)°
0 8 44 (2.4) 3.38 (0.08) 3.116 (0.1)° 1.371 (0.009)°
0 12 32 (2) 2.46 (0.06)° 2.079 (0.1)° 0.665 (0.008)°
0 16 22 (2)f 1.69 (0.04)° 1.497 (0.08)% 0.329 (0.003)°
0.4 0 62 (3.3)° 4.42 (0.09)® 4.893 (0.11)¢ 3.034 (0.04)?
0.4 4 54 (3.1)° 3.85 (0.07)° 3.808 (0.09)° 2.056 (0.0)
0.4 8 42 (2.6) 3.0 (0.06)° 3.136 (0.09)° 1.317 (0.01)°
0.4 12 30 (2.3)° 2.3 (0.03) 2.051 (0.08)° 0.615 (0.01)"
0.4 16 22 2)f 1.69 (0.03)° 1.486 (0.04) 0.327 (0.01)°
0.8 0 54 (3.4)° 4.15 (0.08)° 4373 (0.08)° 2.361 (0.02)°
0.8 4 48 (3)° 3.69 (0.07)° 3.72 (0.07)* 1.785 (0.01)"
0.8 8 36 (2.7)% 2,57 (0.06)° 2.815 (0.05) 1.013 (0.01)°
0.8 12 26 (2.2)° 2.0 (0.05)° 1.842 (0.03)° 0.479 (0.004)°
0.8 16 20 (2)f 1.53 (0.03)° 1.361 (0.01)% 0.272 (0.004)°"
12 0 48 (3)° 3.69 (0.07)° 3516 (0.08) 1.687 (0.003)™
12 4 40 (2.6)° 3.07 (0.07) 2.922 (0.07)° 1.168 (0.003)
12 8 30 (2.1 2.14 (0.04)% 1.961 (0.05)° 0.588 (0.002)°
12 12 22 (1.8)' 1.69 (0.02)° 1.383 (0.03)° 0.304 (0.001)°
12 16 16 (1.3) 1.23 (0.02)f 1.013 (0.03) 0.162 (0.001)'

b e ke Jure (gllas 55l 51 (claodh 5l gy dxe BB Mo O i) pdaws PFLSD (ygail bl p il coglisie g o oS ygin yoo 19,0 (gl ySibio
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 4: Effect of different salinity and drought levels on Sprouting Percentage (SP) in cultivation of A.donax rhizomes at 20
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Table 6- Effect of different salinity and drought levels on Sprouting Percentage (SP), germination percentage day (GPD),
germination rate index (GRI) and Weighted Germination Rate Index (WGRI) in cultivation of A.donax rhizomes at 25 ° C

Suid mhw b Sl s (Fiale sy et ani 09j90 Fiiler s g pad
Drought Salinity level (VA (VARHETY JESTHIES X
level(MPa) (dS.m) SP GPD GRI (seedling day™) WGRI (seedling day™?)
0 0 382 2.92 (0.09)° 3.657 (0.11)° 1.389 (0.01)°
0 4 34 (L8)® 2.42 (0.06)" 2,903 (0.1)° 0.987 (0.008)°
0 8 28 (1.6)" 2.15 (0.04)° 2.446 (0.1)° 0.685 (0.006)°
0 12 24 (L5)° 1.84 (0.03)° 1.878 (0.08)° 0.45 (0.004)°
0 16 20 (L4)® 1,53 (0.03)¢ 1.322 (0.06)° 0.264 (0.003)°
0.4 0 36 (2.1)° 257 (0.08)® 3.004 (0.1) 1.081 (0.009)°
0.4 4 32 () 2.28 (0.07)* 2.386 (0.09)° 0.763 (0.007)
0.4 8 28 (2)'* 2.15 (0.06)° 2.166 (0.07) 0.606 (0.006)°
0.4 12 24 (L5)° 1.84 (0.04)" 1.684 (0.05)¢ 0.404 (0.004)°
0.4 16 20 (L3)® 1,53 (0.04)° 1.548 (0.04) 0.309 (0.003)*
08 0 30 (L9)" 2.3 (0.07)® 2.031 (0.04) 0.609 (0.007)°
0.8 4 26 (L6)° 2.0 (0.06)° 1.89 (0.03)° 0.491 (0.005)"
0.8 8 22 (1.2) 1.57 (0.04)° 1,559 (0.03)% 0.343 (0.003)
0.8 12 16 (1)° 1.23 (0.04)" 1.12 (0.02)¢ 0.179 (0.002)"
0.8 16 14 (0.8)% 1.07 (0.03)f 0.921 (0.02) 0.129 (0.001)f
12 0 24 (1)° 1.84 (0.02)° 1.839 (0.02)" 0.441 (0.004)°
12 4 22 (1) 1.69 (0.02)% 1,532 (0.01) 0.337 (0.003)
12 8 18 (0.8)° 1.28 (0.01)¢ 1.067 (0.01) 0.192 (0.001)'
12 12 14 (0.7)% 1.07 (0.01)° 0.842 (0.01)' 0.117 (0.001)®
12 16 12 (0.6)° 0.85 (0.01)° 0.675 (0.01)" 0.081 (0.001)7
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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 5- Effect of different salinity and drought levels on Sprouting Percentage (SP) in cultivation of A.donax rhizomes at 25 ° C
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Table 7- Effect of different salinity and drought levels on Sprouting Percentage (SP), germination percentage day (GPD),
germination rate index (GRI) and Weighted Germination Rate Index (WGRI) in cultivation of A.donax rhizomes at 30 ° C

S el G FiAl aep Al Fiaile dopy s padla il s et L
Drought Salinity VA VA &lg Buwd (39390
level(MPa) level(dS.m) SP GPD GRI (seedling day™) WGRI (seedling day™)

0 0 10 (1) 1(0.11)° 0.725 (0.01)* 0.072 (0.001)*

0 4 10 (1)° 09 (0.1 0.803 (0.01)? 0.08 (0.001)?
0 8 10 (1)° 0.71 (0.08)° 0.666 (0.008) 0.066 (0.001)®

0 12 8 (0.8)° 057 (0.07)° 0.505 (0.006)° 0.04 (0.001)°

0 16 6 (.05)° 0.5 (0.05)° 0.559 (0.007)° 0.033 (0.001)"
04 0 10 (0.8)* 0.76 (0.07)° 0.688 (0.008) 0.068 (0.001)®
04 4 10(0.9)° 0.71 (0.07)° 0.682 (0.008)® 0.068 (0.001)®
04 8 8(0.7)" 0.61 (0.06)° 0.626 (0.007)° 0.05 (0.001)°
04 12 6 (0.4)° 0.5 (0.05)° 0.458 (0.005)° 0.027 (0.001)?
04 16 6(0.4)° 0.42 (0.04)° 0.421 (0.005)° 0.025 (0.001)"
08 0 8(0.6)" 0.61 (0.05)° 0.626 (0.007)° 0.05 (0.001)°
0.8 4 8(0.6)" 0.61 (0.06)° 0.644 (0.008)° 0.051 (0.001)°
08 8 6(05)° 0.46 (0.05)° 0.438 (0.006)° 0.026 (0.001)
0.8 12 6(0.5)°¢ 0.46 (0.05)" 0.438 (0.006)° 0.026 (0.001)¢
08 16 4(0.4)¢ 0.4 (0.04)" 0.30 (0.004)° 0.012 (0.001)¢"
12 0 6(0.6)° 0.46 (0.05)° 0.319 (0.004)° 0.019 (0.001)¢
12 4 6(05)° 0.42 (0.04)° 0.371 (0.005) 0.022 (0.001)
12 8 6(0.4)° 0.42 (0.04)° 0.329 (0.004)? 0.019 (0.001)¢
12 12 4(0.3)¢ 0.33 (0.03)° 0.226 (0.003)° 0.009 (0.001)"
1.2 16 4(0.3)¢ 0.36 (0.04)* 0.233 (0.002)° 0.009 (0.001)"
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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 6- Effect of different salinity and drought levels on Sprouting Percentage (SP) in cultivation of A.donax rhizomes at 30
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Table 8- Parameters of the effect of different salinity levels on the percentage of A.donax rhizomes growth based on a three-
parameter logistic model at different temperatures

L RSmax

Xs0

2_ .
Temperature (X) (dS.m) RSrate R adj RMSE
5 10 (1)f 13.2(0.8) 297 091 067
10 28(2)¢ 11.8(06)® 271 092  0.93
15 74 (4@ 101(05 253 095 1.21
20 66 (4 9.2(0.3)° 228 096 1.28
25 38(3° 11.4(03)*® 192 092 098
30 10 (1)f 125(0.4)* 189 0.88 076
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The means within the column followed by different letters differ significantly at p<0.05 level (FLSD test). The values in parenthesis
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are standard error of the means.
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Table 9- Parameters of the effect of different drought levels on the percentage of A.donax rhizomes growth based on a three-
parameter logistic model at different temperatures

"9 RSmax 2
Temperature (%) RSrate  R%asj RMSE

5 12()7 122(08F 120 090 058
10 26(2)% 108(0.6)° 210 092 1.07
15 76 (5 9.1(05° 264 093 136
20 64 (42 98(03)° 226 094 145
25 38(3)c 116(03)* 173 088 099
30 10(1) 123(047F 119 085 0.4
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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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