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Introduction

Drought stress is one of the main environmental factors affecting the growth and productivity of plants
around the world. Periods of severe drought are predicted to increase significantly in the near future, particularly
as a result of extreme heat waves. Salinity is also one of the most important challenges facing the food supply for
the world's population in the future, and the degree and time of exposure to stress can make this challenge
stronger or weaker.

Environmental limitations affecting plant growth, development and performance of physiological processes
during plant response to stress provide important information about the plant mechanism, which is useful for
eliminating or reducing the harmful effects of stress in plant tissues. The negative effects of climate change (such
as drought, sea level rise, and global warming), as well as the salinization of agricultural land, and have been
cited as one of the most important problems of the World Agriculture Organization (FAO).

Understanding the relationship between changes in environmental conditions and climate change and Arundo
donax with regard to the growth of coastal native species and also understanding the water wastage by this plant
compared to coastal native plants is vital to remove this plant in the current situation where there is drought in
most areas.

In this situation, it is necessary to know how different environmental factors such as salinity levels, dryness,
temperature, nutrients, light and fire affect the growth and invasion of Arundo donax for long-term and large-
scale control. The purpose of this research is to obtain valuable information about the growth and development
of existing ecotypes of the Arundo donax plant in Iran and the effect of various environmental factors on the
germination, growth and fertility of this plant in order to plan for the long-term restoration of river ecosystems
and how to control and The fight or its optimal use should be determined.

Materials and Methods

In order to investigate the effect of drought and salinity treatment on the growth and establishment of the
rhizome of Arundo donax, an experiment was conducted in 2021 using rhizomes collected from the ecotype of
Gorgan city and factorially in the form of a randomized complete block design in 3 replications in the research
farm of Ferdowsi University of Mashhad. The experimental treatments included different levels of drought stress
{100%, 75% and 50% of crop capacity} and different levels of salinity stress {0 (distilled water), 4, 8 and 12
dS/m}.
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Results and Discussion

The general results of the experiment showed that the presence of salinity and drought stresses both decrease
the growth and development indicators of this plant, and the presence of these two environmental stresses can
increase the indicators of biomass of aerial organs, biomass of underground organs, plant height, and stem
diameter. The effect of salinity stress on the reduction of the measured indices was less than that of drought
stress, so that the difference between the levels of salinity stress at different levels of drought stress in all the
measured indices, except the shoot biomass, had insignificant differences with each other, but in the comparison
of the effect of drought stress at different levels of the surface together we come to the conclusion that drought
stress alone leads to a significant decrease in growth indicators compared to the control treatment. The maximum
amount of shoot biomass in non-stress conditions (control) was 2840 (gr), and with the increase of salinity and
drought stress levels, this value decreases, so that the lowest amount of biomass in drought stress and maximum
salinity conditions was 988 (gr). The biomass of the shoots of Arundo donax increased over time in different
levels of salinity and drought stress, and its value was from less than 300 grams at the beginning of the growing
season in all stress levels to more than 1000 to 2500 (gr) at the end of the growing season in different stress
levels.

Conclusion

The parameters obtained from the effect of salinity and drought stress on the stem diameter, plant height and
leaf surface of Arundo donax showed that this plant showed some resistance under minor drought stress and
these indicators decrease less in it, but in severe drought stress this amount decreased sharply. The results of
analysis of variance of this experiment also showed that salinity and drought treatment and their interaction led
to a significant difference with the control treatment. The simple effect of salinity treatment showed a significant
difference in other indices compared to the control treatment, except for the index of leaf area and stem diameter,
however, the simple effect of drought treatment showed significance in all the measured indices.

Keywords: Arundo donax, Drought, Environmental stress, Growth, Invasive plant
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3- Field capacity moisture

4- Permanent wilting point
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Table 1- Variance analysis table for the study of the effect of environmental stresses on the growth and development of the
Arundo donax in the climatic conditions of Mashhad city
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* And **: Significant at 5% and 1% of probability levels.
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Table 2- The effect of different levels of salinity and dryness on the dry weight shoot, dry weight root, plant height, stem
diameter and leaf area index in A.donax rhizome cultivation in the climatic conditions of Mashhad city
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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- The effect of different levels of salinity and dryness on the shoot biomass of A.donax during the growing season
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Table 3- The parameters of the influence of different levels of salinity and dryness on the dry weight shoot of A.donax on the

Moy (2190 9 O byl pad

three-parameter logistic model in the climatic conditions of Mashhad city

(i gl | u g A X B™ Ry RMSE
Drought level (MPa)  Salinity level (dS.m) (gr) (Dey)
I St 2840 (1)° 62 (08)° 1.34 097 148
Iy S 2784 (2 61(0.6)* 1.36 097 1.37
Iy Ss 2636 (4)® 62(05)° 137 096  1.36
Iy Sq 2418 (4)° 61(0.3)* 132 096 135
I2 St 2416 (3)° 64 (03)° 130 094 129
I2 S 2363 (1) 62 (0.4)° 132 095 1.28
I2 S 2241 (1)¢ 63(0.8)° 1.33 095 1.26
I2 Sq 2032 (2 65(0.6)* 1.34 096  1.19
I3 St 1317 (@)% 67 (05)* 065 096  1.17
I3 S 1259 (4)"  70(0.3)* 0.69 096  1.15
Is Ss 1178 Q)" 72(0.3)° 067 096  1.08
B S 988 (1)i 73(0.4) 068 095 1.07
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sw:maximum amount of biomass

**: time to reach 50% of biomass

***: 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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Figure 2- The effect of different levels of salinity and dryness on the root biomass of A.donax during the growing season
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Table 4- The parameters of the influence of different levels of salinity and dryness on the dry weight root of A.donax on the
three-parameter logistic model in the climatic conditions of Mashhad city

i gl | o T A Xo B™ Rl RMSE
Drought level (MPa)  Salinity level (dS.m) (gr) (Dey)
Ik 51 516 (17 60 (0.8)* 146 008 158
I S 506 (2 61(0.6) 1.38 098  1.07
I S3 479 (4)® 60 (0.5 127 097 136
I1 Sy 440 (4)° 61(0.3) 1.22 0.97 1.45
I2 St 439 (3)® 63(0.3° 135 096  0.99
I2 Sz 430 () 64 (04)° 132 097 084
I2 S 407 ()¢ 65(0.8)® 1.30 095  0.67
I2 Sa 370 ()« 65 (0.6)® 1.27 0.96 0.93
I3 51 239 (49 68(05)® 061 097 0.71
I3 S 229 (4" 68 (0.3 059 096 058
I3 S3 215(3)" 73(0.3° 057 098 0.8
B S4 180 (1) 74(0.4¢ 058 097 076
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Al e
s:maximum amount of biomass ~ **: time to reach 50% of biomass  ***: 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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Figure 3: The effect of different levels of salinity and dryness on the height of A.donax during the growing season
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Table 5- The parameters of the influence of different levels of salinity and dryness on the height of A.donax on the three-
parameter logistic model in the climatic conditions of Mashhad city

S e T a X B™ Rk RMSE
Drought level (MPa)  Salinity level (dS.m)  (cm) (Dey)
IL Bl 237(1)F 61(08)* 164 0904 138
I S2 232(2)* 61(0.6) 158 0.94 1.07
Iy Ss 220(4)® 61(05)* 167 093 116
I Se 202 (4 60(03)* 162 094 125
I, St 200(3)° 63(0.3° 153 092 089
Iy S2 197(1)° 63(04)¢ 143 093 074
Iy S 188 (1) 64(08)° 143 092 067
Iy S4 169 (2 65(0.6)° 137 091 073
I3 St 110 (4 68 (05 083 092 061
I3 S2 105 (4 67 (0.3)® 079 092 058
I3 Ss 98(3) 72(03)° 075 094 068
Is S4 82 ()" 75(04)2 078 094  0.66
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s:maximum amount of height

**: time to reach 50% of height

***: 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 6- The parameters of the influence of different levels of salinity and dryness on the stem diameter of A.donax on the
three-parameter logistic model in the climatic conditions of Mashhad city

RS T e p A X B™ Rug RMSE
Drought level (MPa)  Salinity level (dS.m)  (mm) (Dey)
Ir St 36 (1) 61087 156 096 162
I S 34 (22 61(06)° 148 096 157
I Ss 324 60(05)° 137 095 156
I Ss 20 (4 60(0.3)° 132 094 155
I2 =) 333} 59(0.3)® 145 093  1.49
I, S2 3L()® 61(04)} 142 096 148
I, ES 20 (1Y 60(0.8)F 141 096 146
I2 Sa 23 (2) 60(0.6)* 1.37 0.96 1.39
Is Sy 24 (4 48(05 141 093 127
I3 Sz 22(4° 45(03)° 129 094 122
I3 Ss 19(3° 46(0.3)° 108 096 118
I3 Sq 14(1)¢ 46(04) 068 093 116
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w:maximum amount of stem diameter

**: time to reach 50% of stem diameter

***: 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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Figure 4- The effect of different levels of salinity and dryness on the stem diameter of A.donax during the growing season
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Table 7- The parameters of the influence of different levels of salinity and dryness on the leaf area index of A.donax on the
three-parameter logistic model in the climatic conditions of Mashhad city

RS T S T - X B™ Ru RMSE
Drought level (MPa)  Salinity level (dS.m) (m?) (Dey)
I 51 052(1F 60(08)° 144 096 158
I S 05(2)? 60(0.6)" 136 093 147
I S3 048 (4y® 64(05)® 135 094 136
I S4 0.4(4) 61(03P° 130 093 145
I, St 0.44(3* 62(03)° 133 093  1.09
I2 S 043 ()™ 62(04)° 129 094 108
I2 Ss 04(1)° 64(08® 128 091 106
I, S4 037(2> 65(0.6)® 125 093 1.03
I3 51 024 (4 62(05" 119 094  0.87
I3 S 022 (47 63(03)® 117 092 085
I3 S3 021(3)% 69(0.3F 118 091 088
I3 S4 018(1) 71(04)F 115 090 076
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Al e
sw:maximum amount of LAl **: time to reach 50% of LAl ~ ***: 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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Figure 5- The effect of different levels of salinity and dryness on the leaf area index of A.donax during the growing season
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