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Introduction

Meloidogyne incognitais the most well-known root knot nematode, with more than 2000 host species.
Integrated nematode management (INM) is recommended to manage the destructive plant parasitic nematode.
Integrated management is generally performed by using the maximum available management methods (at least
two methods) and the minimum use of chemical nematicides to bring the pathogen population below the
economic threshold. The use of resistant cultivars is of particular importance in integrated management, due to
environmental compatibility, economic efficiency, and sometimes the impossibility of implementing other
methods, especialy in developing countries. Therefore, it is necessary to evaluate the resistance of the important
barley plant (Hordeum vulgare) to prevent damage and also to investigate nematode interactions with it.

Materialsand Methods

In the current study, the resistance of different barley cultivars (i.e., Nik, Nimrouz, and Zarjow) was
evaluated based on plant growth factors (length, fresh, and dry weight of aerial part and roots) and nematode gall
index at 60 days post inoculation. Then the activity of superoxide dismutase (SOD), catadlase (CAT), and
ascorbate peroxidase (APX) enzymes were measured on days 0, 1, 2, 3, and 4 days post inoculation.

Results and Discussion

Regarding the mean number of galls, the Nik cultivar showed a significant difference compared to Nimroz
and Zarjow cultivars (P < 0.05). However, no significant difference was observed between Nimroz and Zarjow
cultivars. Based on plant growth factors, M. incognita nematode was found to have a negative effect on the aerial
part length and weight and a positive effect on root weight. Evaluation of the gall index showed Nik is
moderately susceptible, and Nimrouz and Zarjow are moderately resistant cultivars. SOD enzyme in Nik,
Nimrouz, and Zarjow showed maximum activity in 2.72, 1.91, and 2.15 U mg* protein on the 4, 4, and 3 days
post inoculation, respectively. The enzyme in Nik was determined to be 1.42 and 1.25 times higher than
Nimrouz and Zarjow. There was a significant difference between 0, 1, and 2 with the 3 and 4 days of the infected
samples in Nik (P < 0.05). In the other cultivars, enzyme activity increased with a slight slope. CAT enzyme
peaked in Nik, Nimrouz, and Zarjow at 0.204, 0.09, and 0.11 umol min't mg? protein on the fourth-day post
inoculation. In the Nik cultivar, unlike the other two cultivars, the enzyme increased more and had a steep slope
from the second to the fourth day. In infected plants of Nimrouz, despite the gradual increase of enzyme, no
significant difference was found between any of the days. APX enzyme peaked at 0.26, 0.27, and 0.24 ymol min
Img? protein in Nik, Nimrouz, and Zarjow on the fourth day, respectively. The activity of the above enzyme had
an increasing trend in three cultivars. The maximum activity of this enzyme was at Nimrouz, which was
determined to be 1.03 and 1.1 times higher than Nik and Zarjow, respectively. In this cultivar, the upward trend

12, 3and 4- PhD. Student, Professors and Associate Professor, Department of Plant Pathology, Faculty of Agriculture,
Ferdows University of Mashhad, respectively.
(*- Corresponding Author Email: mahdikhani-e@um.ac.ir)
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was rapid, although there was a significant difference between all-time points at the level of 0.05. In the current
research, it was found that the invasion of the root knot nematode M. incognita reduces the growth of length,

fresh and dry weight in the aerial part, reduces the length of the root but increases the fresh weight of it.
Conclusion

The hallmark of inducing pathogenicity in the sedentary root knot nematodes is the formation of special
feeding cells named giant cells, which reguire controlling the expression of host genes and manipulation of plant
hormones like auxin and cytokinin hormones. It is obvious that during the invasion of root knot nematodes and
the formation of giant cells in host roots, the plant is weakened due to impaired transport of water and nutrients,
and the host growth factors, especialy in the aerial part, are reduced. However, due to hormonal disorders and
the formation of galls, the weight of the roots increases. The higher expression of antioxidant enzymes
superoxide dismutase, catalase, and ascorbate peroxidase in Nik possibly has occurred due to the compatible
interaction, as a result of lack of necrosis and programmed cell death and to tolerate stress (nematode invasion).

Less expression of SOD, CAT, and APX enzymes in Nimrouz and Zarjow cultivars possibly have occurred due
to their moderate resistance to M. incognita invasion.

Keywords: Antioxidant enzymes, Barley, Gall, Nematode, Resistance
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Table 1- Mean in aerial part length, fresh and dry weight and root length and fresh weight in non-infected plantsto M.
incognita infected plantsin Nik, Nimroz and Zarjow barley cultivars

) @l )5 o3 . fa . R
o lgp @lal Jgbo | Pl Sid o3 ady, Job ey 039
e Aerial part o # <l “I h Root fresh
Sample length Aerial part - Root lengt weight
p g fresh weight Aerial part dry (cm) g
(cm) © 9 weight (g) ©)
(Nik-control) sals 27.2+0.86 0.31+0.01 0.054 + 0.002 18+ 0.83 %’%%%?
(Nik-inoculated) ss¢l S 26 +0.07 0.16 +0.02 0.016 + 0.007 9.6+0.87 %%%Z);‘r
(Nomrouz-control) usls ;5 e 29+13 0.31+0.1 0.057 + 0.002 17.4+0.92 0.014+0.8
(Nimrouz-inoculated) o3l ;5 o 27.2+1.01 0.17 £ 0.004 0.042 + 0.003 9.8+0.58 0.035 + 0.002
(Zarjow-control) ssls ¢ ; 42.4 +0.92 0.69+0.2 0.097 + 0.004 14.2 +0.58 0.023+0.6
(Zarjow-inoculated) o34 ¢ ; 30.4£0.92 0.12 £ 0.002 0.047 = 0.001 13.8 + 0.66 0.062 £ 0.009
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The results are expressed as mean and compared byTukey's test at significant difference at 0.05
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Table 2- The average number of gallsof M. incognitain the root system of different cultivars
(The results are expressed as mean. Significant at the 0.05 level.)
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(moderately resistant)
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1: number of galls, gall index (GI) in M. incognita inocul ated genotypes
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Figure 1- A. superoxide dismutase (SOD), B. catalase (CAT), and C. ascor bate per oxidase activity in 0, 1, 2, 3, and 4 days
post inoculation with root-knot nematode Meloidogyne incognita race 2 in Nik (yellow), Nimrouz (blue), and Zarjow (red)
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Introduction

Iris spp. is reported to be affected by several viruses in the family Potyviridae including iris mild mosaic
virus (IMMV), iris severe mosaic virus (ISMV), iris fulva mosaic virus, bean yellow mosaic virus (BYMV),
turnip mosaic virus (TuMV), ornithogalum mosaic virus (OrMV), narcissus latent virus (NLV), butterfly flower
mosaic virus (BFMV), and gladiolus mosaic virus (tentative name). Narcissus latent virus (NLV) is a member of
the genus Macluravirus in the family Potyviridae. It has non-enveloped flexuous filamentous virions of 657 nm
long and 13 nm wide, which encapsidate a single-stranded, positive-sense RNA molecule of approximately
8,000 nt long. NLV is distributed widely throughout the major planting areas of Japan, New Zealand, and
European countries. It is one of the most common viruses infecting narcissus, iris, gladiolus, and nerine, causing
significant yield losses and quality deterioration in their bulbs and flowers. Due to the presence of asymptomatic
infection of NLV in iris and narcissus, the relevance of its infection in host plants may be severely underrated.
As Khorasan Razavi province is one of the major producing areas of ornamental plants in Iran, identification of
this virus is a concern. In this study, we attempted to identify NLV infecting iris plants and compare Iranian
NLV isolates with other sequences from different geographical regions to provide the first detailed information
of phylogenetic characterization of this virus in Iran.

Materials and Methods

Iris leaf samples showing virus-like symptoms of leaf chlorosis and mosaic were collected from field-grown
plants in Khorasan Razavi province. Total RNA was extracted from the field samples using Promega SV Total
RNA Isolation Kit (USA). Reverse-transcription polymerase chain reaction (RT-PCR) was performed using
specific primer pair CPU-F (5"-CATTACACCCGACCTGGAACT-3") and CPU-R (5-
CCATTTCAGGGCATTGGAGGA-3"), which were designed to amplify a 1066 bp fragment of the 3’-region of
NLV genome (encompassing partial NIb (25 nt), complete CP (894 nt), and partial 3'UTR (147 nt)). PCR
products and DNA ladder were separated by agarose gel electrophoresis, visualized using DNA Green viewer
staining, and photographed with ultraviolet-illumination. Amplified fragments of the expected size were purified,
cloned into pTG19-T vector and bi-directionally sequenced. Obtained sequences were phylogenetically
compared with the corresponding isolates available in the GenBank after multiple alignments. The phylogenetic
tree was constructed based on the nucleotide sequences of the CP-UTR using the neighbor-joining method by
MEGAL11.

Results and Discussion
Amplification product (1066 bp) was obtained from five infected samples, but not from healthy samples. The
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most typical symptoms in positive samples were mosaic, and interveinal chlorosis. Three selected PCR positive
samples were cloned into the pTG19-T vector and sequenced. BLASTn analysis of the sequenced data revealed
that the PCR-amplified fragments belonged to NLV. Three selected isolates which are referred to as IR, IR2, and
IR3 were deposited in GenBank. The previously identified and conserved amino acid sequence motifs described
in CP of macluraviruses were present in Iranian CP sequences. The phylogenetic tree placed the NLV sequences
into two distinct phylogroups | and II; the Iranian isolates clustered together with isolates from Poland, New
Zealand, and United Kingdom into group Il. Phylogenetic analysis showed that Iranian isolates shared 77.47 to
98.12% nucleotide sequence identity and 77.70-99.34% amino acid sequence identity with other isolates of
NLV. Also, identity of these three isolates in the nucleotide and amino acid levels ranged between 97 to 97.84%
and 97.38 to 99.02%, with each other, respectively. Iranian isolates showed the highest nucleotide sequence
identity with NLV5_1 isolate (JX270766) from Poland (between 97.65 to 98.12 %) and the lowest with NLV3
isolate (JX270762) from Poland (between 77.47 to 77.95 %).

Conclusion

NLV is a major constraint to iris and narcissus production worldwide. The phylogenetic analysis showed a
low correlation between genetic and geographic distances which further emphasizing the importance of the
exchange and use of virus-free propagating organs in preventing the dissemination of this virus. It seems that
contaminated vegetative organs from some European countries (e.g. Netherlands), which are the major producer
and the largest exporters of flowers and ornamentals in the world, can play a significant role in the worldwide
distribution of the virus. Identification and the use of more isolates are recommended for a better understanding
of the genetic structure and variation of NLV populations on a large geographical scale. The data obtained in this
study will be beneficial to improve control strategies for this virus in Iran.

Keywords: Cloning,CP-UTR, Iran, Narcissus latent virus, Phylogenetic analysis
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Figure 1- 1% agarose gel electrophoresis of RT-PCR products of NLV amplification using specific primers (CPU-F/CPU-R).
Lane 1: healthy iris plant (negative control); Lane 2-6: NLV infected samples from Khorasan Razavi; M: 100bp DNA marker
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Figure 2- Phylogenetic tree illustrating the relationships of Iranian NLV with other NLV sequences deposited in the
GenBank. The dendrogram was generated using the neighbor- joining method by MEGA11 from multiple alignment of CP-
UTR sequences. The number of each branch indicates the percentage of bootstraps, which supports the grouping. Bootstrap
values less than 50 were condensed. Isolates are indicated in the tree by isolate name (accession number, isolate name, host,
and geographical origin of collection). Artichoke latent virus was used as an outgroup in this study. Two-dimensional pair
wise sequence identity color plot of the NLV isolates was shown at right.
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Introduction

The competition for limited resources is a common ecological interaction among animals. In most of insect

parasitoid communities, different species compete for specific resources both in larval and adult stages.
Intraspecific competition play a role in the size, structure, stability of insect communities and even it determines
the fitness of species. Moreover, understanding how competition influences on different insect species is
essential for basic ecological studies and pest control issues. The outcome of competition between adult

parasitoid insects depends on host finding, dispersal abilities, reproductive capacity, ability to fight, and
physiological coordination with the hostWhile the outcome of competition in the larval stage can be influenced

by differences in the growth rate of the parasitoid, the stage and physiological state of the attacked host, the order
and the time intervals between oviposition and the evolutionary history of the species. Competition among larvae

can affect the development of adult parasitoids because the surviving individual or winners might to pay high
costs for competency due to quantitative and qualitative changes in host resources.

Materials and Methods

The current study was carried on to determine the effect of intraspecific competition on searching efficiency
and oviposition strategy of Habrobracon hebetor Say on 4th instar larvae of Heliothis viriplaca (Lep.:
Noctuidae) at seven competition and four adult density levels (1, 2, 3 and 4) of parasitoid wasps per the spring
chickpea plant (c.v. Bivanij). All plants were grown under controlled climate conditions (25 = 1 °C, and a light
period of 16: 8 hours). Then, 10 fourth instar larvae of H. viriplaca per plant were released and allowed to feed
and establish prior starting the experiments (about three hours). Then, fertile female wasps with different
densities (2, 3 and 4) in separate treatments and a competitor free control treatment (one fertile female wasp per
plant) introduced to each microcosm unit and after 24 and 48 hours, the number of parasitized and oviposited
larvae on each host plant recorded, but the number of eggs oviposited on each host larvae recorded at the end of
48 hours. All eggs laid at each competitive level were kept separately until the emergence of adults to record sex
ratio and mortality rate.

Results and Discussion

The results showed that, the searching efficiency of H. hebetor decreased with increasing the level of
competition, so that, the highest searching efficiency was recorded after 48 hours, in control treatment and at a
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density of four parasitoid individuals as 0.178 + 0.002 /hour and the lowest value at the level of 12 H. hebetor
eggs per host larva and density of two parasitoid females as 0.023 + 0.004/ hour. As the density levels of
parasitoid increased, the searching efficiency was decreased to a density level of three, but then it increased at
four individuals per chickpea plant. The interaction effect of density x competition was not significant, in other
words, these two factors independently influenced on searching efficiency of H. hebetor. Time had a positive
effect on searching efficiency so that, at all levels of competition and at different densities of parasitoid wasp, the
difference was statistically significant. With increasing density of H. hebetor per plant, at all competition levels,
the oviposition rate was increased, which means that the simultaneous presence of several parasitoid individuals
does not have any negative effect on oviposition rate. Competition had a negative effect on the oviposition rate
of H. hebetor, as the highest oviposition rate recorded at one individual and lowest competition level as 14.7 +
2.1 eggs and the lowest rate occurred at four individuals per host plant and competition level of 12 parasitoid
eggs as 6.4 £ 0.05 eggs. At all competition levels, regardless of density, sex ratio was not affected by
competition and other factors sounds influential in this regard, however, the difference between the ratio of
female to male population at competition levels of one and two was greater than other levels. Moreover, the

mortality rate has been increased with increasing competition levels, so that the lowest mortality percentage
occurred at the level of one and two and the highest at the competition levels of 10 and 12.

Conclusion

Given the significant differences in searching efficiency and other factors studied, it can be concluded that
the number of competing larvae in a host affects the suitability and vigor of adult parasitoid wasps. However, it
should be noted, that in some cases, competition does not directly affect searching capability, but instead, by
reducing other factors, such as morphological characteristics (body size, ovary size, number and size of eggs,
size of hind legs, wing size), and biological characteristics such as oviposition period will influence on the
searching abilities of parasitoids indirectly.The study of H. hebetor parasitoid wasp foraging behavior showed
that at high densities, it avoids competing with other conspecific individuals. Anyway, regarding the prevalency
of competition among released natural enemies in greenhouses and fields, the study of this interaction from
laboratory to fields is being recommended.

Keywords: Fitness, Heliothis viriplaca, Parasitoid, Searching efficiency
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Table 1- Mean comparison (z standard error) of oviposition rate and searching efficiency of Habrobracon hebetor to 4" instar
larvae of Heliothis viriplaca after 48 hours

Oyt gl 29895 5515 9 S, sl Sl £A (55 i (2l )5 $)1Se3G Gl
Source of variation Competition and density Levels Searching efficiency (48 hour) Oviposition rate
1 0.153+0.01%" 32.35+2.48%
2 0.138+0.012 31.0+2.452
i) e 4 0.118+0.0092¢ 27.27+2.2%
A 6 0.102+0.009% 25.4+2.110°
Competition Levels 8 0.096:+0.008% 20.62+1.57%
10 0.089+0.009¢ 19.57+1.58¢
12 0.080:+0.0084 17.87+1.42¢
1 0.141+0.0092 10.9+0.68¢
WSy zoaw 2 0.084+0.006° 20.4+0.75°
Density Levels 3 0.09620.006° 30.07+1.04°
4 0.122+0.0072 38.1+1.63?
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* Means followed by different letters in each column are significantly different (Tukey test, P < 0.05)
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Table 2- Mean comparison (+ standard error) searching efficiency of Habrobracon hebetor to 4% instar larvae of Heliothis

viriplaca after 24 and 48 hours

<) b

Competition Levels

o515 Zobw

Density Levels

S e 2,8
Searching efficiency

Celw Y€ Celw €A
24 hours 48 hours

1 0.071%0.008% 0.154+0.024%¢8

2 0.066+0.0082 0.1510.029¢B

w 4 0.0710.007A 0.144+0.026 2cB
7 6 0.057+0.0124 0.137:+0.025 abeds
Density 1 8 0.0510.008~ 0.137+0.025 2bcdB
10 0.042+0.011A 0.132+0.026 2bcdB
12 0.27+0.007A 0.129+0.020 2beds
1 0.058+0.009% 0.130+0,0147¢0E
2 0.046+0.006%A 0.108+0.0152bcc8
oy 4 0.041+0.006 A 0.087+0.013 abed
7 6 0.034+0.007 A 0.072+0.013 becB
Density 2 8 0.033+0.004 A 0.0680.012 °#®
10 0.31:0.005 bA 0.0690.014 c®

12 0.23+0.004 bA 0.053+0.009 ¢

1 0.061+0.006% 0.149+0.017%¢8
2 0.059:£0.0062A 0.127+0.017 2beds
py 4 0.048+0.0052¢A 0.115+0,013 abed
7 6 0.035:0.006¢A 0.093+0,012 abed
Density 3 8 0.0340.006A 0.073+0.012 bede
10 0.032+0.006 A 0.062:£0.008 °#®

12 0.026+0.006 A 0.056+0.012 ¢

1 0.08+0.000%A 0.178+0.022%

2 0.082:0.007 A 0.166:0.025 28
y 4 0.047+0.006A 0.125+0.017 2beds
7 6 0.043+0.005 bA 0.1080.014 2bcds
Density 4 8 0.035+0.006 ™A 0.104,.011 2bedB
10 0.034+0.005 bA 0.092:+0,012 abed

12 0.0340.007 %A 0,830,010 2bcd8
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(T- test 090)'1) Wil oo el YA 9 VF loj 93 50 gt (bl o glas sniad Hlis Jlaw o 3 55 By > *

* Means followed by different letters in each column are significantly different (Tukey test, P < 0.05)

*Means followed by different capital letters in each row are significantly different (T- test, P < 0.05)
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Table 3- Mean comparison (+ standard error) of oviposition rate of Habrobracon hebetor to 4™ instar larvae of Heliothis
viriplaca after 48 hours

<) ok

Competition Levels

GoliReSS (50
Oviposition rate

o515 Zobw

Density Levels

14.7+2.1™M9
14.3+1.9 Mo
13.2+1.4™M9
10.6+1.6M
9+1.59
7.8£1.29
6.7+1.3'

VWSl
Density 1

25.7+1.8%
26.4+2¢
21.1+1.6°
19+1.3¢M
17.8£1.7™
17.2+1.6™

15.7+1.2%¢f0

Y oSy
Density 2

39.3+2.4%
36.1+2.4%
31.2+2.3«
32.6x2
25+1.8%
22.9+1.6%
23.4+1.8°1

Y oSy
Density 3

49.7+3.8°
47.2+5°
43.614.1%®
39.4+3.5%
30.7+2.3%
10 30.4+2.6%
12 25.7+2¢%

¥ oSy
Density 4

ocornvRECEocordvrCBExornvr B rNnE

(40 Jois! o ( S Q}aﬂ) A3l oo 20 Jlain] o 5> calisee (lajlod o gl oimd Uis gt s 3 Koo g o ®
* Means followed by different small letters in each column are significantly different (Tukey test, P < 0.05)

Celw £A 9 YE sy ylo; 5o Heliothis viriplaca o,k o 9,¥ (59, Habrobracon hebetor (g ,8 goxiums (1,1 T- test ya031 -€ Jou
Table 4- T- test analysis of searching efficiency of Habrobracon hebetor on 4™ instar larvae of Heliothis viriplaca at 24 and 48

hours
cold . . . .
- Cooe ) oS Y o515 Y o515 £ oS5
levels Density 1 Density 2 Density 3 Density 4

1 t=3.26, df= 18, P-value= t=4.37, df= 18, P-value= t= 4.8, df= 18, P-value= t=4.22, df= 18, P-value=
0.0044 0.004 0.0001 0.0005

2 t= 2.74, df= 18, P-value= t=3.75, df= 18, P-value= t=3.72, df= 18, P-value= t=10.85, df= 18, P-value=
0.0134 0.0015 0.0016 0.0015

4 t=2.99, df= 18, P-value= t=3.15, df= 18, P-value= t=4.58, df= 18, P-value= t=4.71, df= 18, P-value=
0.0078 0.0055 0.0002 0.0002

6 t=2.87, df= 18, P-value= t=2.56, df= 18, P-value= t=4.34, df= 18, P-value= t=4.2, df= 18, P-value=
0.01 0.0199 0.0004 0.0005

8 t=3.22, df= 18, P-value= t=2.79, df= 18, P-value= t=2.97, df= 18, P-value= t=5.57, df= 18, P-value=
0.0047 0.0122 0.0082 0.0001

10 t=3.12, df= 18, P-value= t= 2.58, df= 18, P-value= t=2.96, df= 18, P-value= t=4.35, df= 18, P-value=
0.006 0.019 0.0085 0.0004

1 Mann- Whitney U static= 6~ MM Wh'f;ey Ustatic= 5 33 df= 18, P-value= t= 3.81, df= 18, P-value=
, df= 19, P-value= 0.001 ' 0.0318 0.0013

df= 19, P-value= 0.007
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Figure 1- Mean + standard error number of parasitized, oviposited and healthy larvae at density of one Habrobracon hebetor
wasps per 10 larvae of Heliothis viriplaca on chickpea plant
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Figure 2- Mean * standard error number of parasitized, oviposited and healthy larvae at density of two Habrobracon hebetor
wasps per 10 larvae of Heliothis viriplaca on chickpea plant
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Figure 3- Mean + standard error number of parasitized, oviposited and healthy larvae at density of three Habrobracon
hebetor wasps per 10 larvae of Heliothis viriplaca on chickpea plant
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wasps per 10 larvae of Heliothis viriplaca on chickpea plant
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Introduction

Water is the most frequently used carrier for herbicide applications. Thus, the physicochemical properties of
water in spray mixture can affect the activity of herbicides. A high concentration of Na+, K+, Ca2+, Mg2+, Fe3+
and other cations in hard water can decrease herbicide efficacy. Weak acid herbicides that have been antagonized
by one or more of the above cations include sethoxydim, 2,4-D, 2,4-DB, clethodim, imazethapyr, tralkoxydim,
and glufosinate and glyphosate. Approaches to minimize hard water antagonism have included decreasing the
spray carrier volume and using water-conditioning additives that have proven effective at ameliorating cation-
caused antagonism include ammonium sulfate, ammonium nitrate, potassium phosphate, and citric acid. Passing
hard water containing Ca?*, Mg? or Na* through an external magnetic device results in the nucleation and
crystallization of the respective carbonates. As a result, hard water can be softened for a period. Considering that
the hardness of Iranian agriculture is increasing and adding an adjuvant to spray solution is also considered to be
more environmental contamination, therefore, the physical conversion of hard water to soft water via its passage
through a magnetic field is definitely a good alternative. The objectives of this research were to investigate the
effect of adding CaCOs;, MgCOs;, Na,COs, KoCOs, or Fex(COs)s to distilled water on glyphosate efficacy to
jimsonweed (Datura stramonium L.), and to compare the chemical hard water softening methods (ammonium
sulfate, ammonium nitrate, citric acid and potassium phosphate) to a new physical hard water softening method
(passing carrier through a magnetic field) to Reduce the incompatibility of hard water cations with glyphosate.

Materials and Methods

The seeds of jimsonweed were collected from plants in the fields of Qazvin city, Iran. They were stored in
the dark at room temperature until use. Bioassays were conducted in a greenhouse located on the Ferdowsi
University of Mashhad, Iran. To increase seed germination before starting the experiment, the seeds were
washed every 1 hour for 7 days to remove seed germination inhibitors. Twenty-five seeds were sown at 0.5 cm
depth in 2 L plastic pots filled with a mixture of sand, clay loam soil, and peat (1:1:1 by volume). At cotyledon-
leaf stage, the seedlings were thinned to four per pot. The pots were irrigated every four days with tap water.
Treatments were sprayed at the four-leaf stage. The experiment was arranged as a completely randomized design
with four replications as a factorial design with factors of carrier type (distilled water alone or containing 0.5g L"
! of CaCOs, MgCOs, Na;COs, K,COs, or Fey(COs)s) and hard water softening method (ammonium sulfate,
ammonium nitrate, potassium phosphate, citric acid, and passing through a magnetic field) and glyphosate dose
(0, 12.81, 25.62, 51.25, 102.5 and 205 g a.i. ha'). For magnetizing the carriers, it was passed 10 times through a
magnetic treatment device modified from Rashed-Mohassel (30). The mixing order for treatment solutions was
(i) adding CaCOs;, MgCOs, Na,COs, K;COs, or Fey(COs)s to distilled water, then (ii) adding/using water
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conditioning method, and after 15 min (iii) adding glyphosate. Then, the solutions were sprayed after about 5
min using a calibrated moving boom sprayer at 180 L ha' at 200 kPa with 11002 flat-fan nozzle. Shoots were
harvested four weeks after treatment, dried for 48 h at 70°C, and dry weight was determined. The data of shoot
dry weight were subjected to a non-linear regression analysis for determination of EDso values (herbicide dose
needed to obtain 50% reduction in dry weight) using the following logarithmic logistic dose-response model.
The relative potency (R), the horizontal displacement between the two curves, was also calculated.

Results and Discussion

As judged by the relative potency values given in Table 1, the hard water softening methods decreased the
EDso values when distilled water was used as the carrier. Therefore, the activity of glyphosate against
jimsonweed was significantly increased in the presence of the hard water softening methods. There were
significant differences in performance among hard water softening methods as ammonium sulfate was the most
effective method. Glyphosate activity was not decreased when applied in a K2COsz solution but it was decreased
when applied in Na;CO3;, MgCOs3, CaCOs3 or Fex(COs3); solutions. Except potassium phosphate which had only a
significant effect at reducing the antagonism in the CaCOs carrier; all hard water softening methods could restore
glyphosate activity in hard water contaminated carriers to efficacy levels comparable to glyphosate alone in
distilled water. There was no statistical difference in response between the magnetized carrier and ammonium
sulfate when they were used in Na,CQOs, MgCOs, or Fes(COs)s solutions. It is reported that hard water softening
methods may adjust the spray solution pH so that more active ingredient can transport across the leaf surface into
the plant via ion trapping phenomenon. Ammonium sulfate was the most successful method to ameliorate the
decreased glyphosate activity due to antagonism with Na*, Mg?*, Ca®*, or Fe3* in the spray solution. By adding
ammonium sulfate, the sulfate ion ($03~) conjugates with the hard water cations and removes free cations from
solution by forming cation-SO4 molecule, allowing ammonium ion (NH3) to form glyphosate-NH4 molecule. A
glyphosate-NH, molecule diffuses across the cuticle easier and quicker. A mechanism for physical hard water

softening method is illustrated in Fig. 2.
Conclusion

Although the physical hard water softening method was not effective as compared to some chemical hard
water softening methods (ammonium sulfate and citric acid), from the point of view of economical and
agricultural, applying the physical hard water softening method will be benefit because it needs no chemical.

Keywords: Adjuvants, Jimsonweed, Magnetic field
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Figure 1. Magnetic treatment device (modified from Rashed-Mohassel et al. (31))

N and S are the North and South poles, respectively. The strength of the magnetic field was 0.7 T.
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Table 1- EDso values of glyphosate applied with distilled water in response to water softening methods application to
control the dry weight of jimsonweed

<l 3l 5 9, EDso R
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Control
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Ammonium nitrate
5270 o 1253 (L.77) 2.83
Citric acid
ety Sland 17.83 (1.78) 1.99
Potassium phosphate
ablits e 16.76 (1.76) 211
Magnetic field

s 3kl gl 35l 51 sl
The standard errors are in parentheses.
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Table 2- EDso values of glyphosate applied with distilled water or distilled water + various carbonate salts to control
the dry weight of jimsonweed

il Jols EDs R
Spray carrier (g a.e. ha?)
| ke 35.47 (4.31) 1.00
Distilled water
ey S5+ ke 44.21 (5.36) 0.80
Distilled water + K,CO;
o Sl e 55.08 (11.93) 0.64
Distilled water + Na,CO;
e S5 s 70.12 (8:53) 0.50
Distilled water + MgCOs
el Sl ok 65.32 (8.46) 0.54
Distilled water + CaCO3
ool SloS + jade o 89.49 (10.90) 0.39

Distilled water + Fe,(COs)3

s 3yl kol glas sly 51 slael
The standard errors are in parentheses.
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Introduction

Rice (Oryza sativa L.) is one of the world’s most important food crops. Currently, more than one third of the
human population relies on rice for their daily sustenance. Rice is predominantly grown by transplanting
seedlings into puddled (conventional wet-tillage) soil and kept flooded for most part of the growing season. The
puddled soil ensures good crop establishment, weed control with standing water, and reduces deep-percolation
losses. However, the conventional method of rice crop establishment requires a large amount of water, labour,
and energy, which are gradually becoming scarce and more expensive. Thus, reducing the profitability and
sustainability of puddled transplanted rice. Dry direct seeded rice has shown promise under several ecologies and
production systems to overcome these challenges, and is considered as potential alternative to puddled
transplanted rice. Weed infestation in direct-seeded rice fields remains the single largest constraint limiting their
productivity. An effective early weed management tactic is imperative for any direct-seeded rice production
technology aiming at achieving higher productivity and profitability.

Materials and Methods

In order to investigate the effect of different weed managements on yield and yield components of rice in the
direct crop system, an experiment was conducted in 2020 on farms located in Babolsar (Behnamir). The
experiment was performed as a factorial based on randomized complete block design with three replications.
Experimental factors include rice cultivars (Shiroudi, Khazar and Hashemi) as well as other treatments including
weed control by increasing the competitiveness of rice seeds by coating and weed management at five levels
including coating the seeds with CaCl, and KCI, weeding, chemical control (Council active) and control (no
weeding).

Results and Discussion

Weed management by coating rice seeds with calcium chloride, potassium chloride, chemical control and
weeding was reduced 26, 26, 23 and 63% dry weight of broadleaf weeds and 14, 27, 9 and 36% dry weight of
narrow leaf weeds, respectively, compared to control treatment. The maximum emergence percentage in
Shiroudi cultivar with 99, 97 and 95% was obtained under weeding, coating the seeds with CaCl, and KCI
treatment, respectively. Also, the highest emergence rate was observed under the management of weeding and
coating of potassium and calcium chloride seeds. Seed coating with CaCl, and KCI substantially improved the
stand establishment under drought and well-watered conditions owing to early completion of pre-germination
metabolic activities during priming. In general, the results of mean comparison showed that weed management
improved rice height compared to the control treatment. The results of this study attributed the increase in height
to the effect of pretreatment on increasing the rate of emergence and better establishment of seedlings due to

1, 2 and 4- M.Sc. Student, Associate Professor and Assistant Professor, Department of Agronomy, Faculty of Crop
Sciences, Sari Agricultural Sciences and Natural Resources University, Sari, Iran, respectively.

(*- Corresponding Author Email: fa.zaefarian@sanru.ac.ir)

3- Research Assistant Professor, Department of Seed Improvement, Rice Research Institute of Iran, Agricultural
Research, Education and Extension Organization (AREEQ), Rasht, Iran


https://jpp.um.ac.ir/
https://jpp.um.ac.ir/
https://jpp.um.ac.ir/
https://jpp.um.ac.ir/
https://orcid.org/0000-0002-2601-8909
https://doi.org/10.22067/jpp.2022.74285.1069
mailto:fa.zaefarian@sanru.ac.ir
https://jpp.um.ac.ir/

VFe) ooliao oF ojladd ¥F alr (65,9l @lio 9 pake) oll QLS clili glo gl i YOF

better plant use of related resources. The results showed that the maximum number of seeds per panicles with
137 were obtained in Khazar cultivar. The highest number of seeds per panicles with 127, 124 and 122 seeds was
under weeding management and coating with CaCl, and KCI, respectively. The results of cultivar effect showed
that the maximum 1000-seed weight with 23.83 g was observed in Shiroudi cultivar. Also, 1000-seed weight in
Khazar and Hashemi cultivars were 22.1 and 21.09 g, respectively. The reason for the increase in the number of
1000-seed weight in Shiroudi cultivar can be attributed to the genetic potential and physiological quality of this
cultivar. Also, the results of weed management effect showed that coating rice seeds with calcium chloride and
potassium chloride, chemical control and weeding increased 14, 26, 4 and 33% of grain yield and 4, 14, 2 and
18% of biological yield compared to control treatment, respectively. Improved yield by seed coating in direct
seeded rice might be the result of enhanced dry matter partitioning toward the panicles that resulted in improved
kernel yield.
Conclusion

According to the results of this study, seed coating treatments with CaCl, and KCI in rice cultivars can
increase rice yield by improving seedling characteristics. Therefore, farmers can be advised to use a simple and
inexpensive crop management method to pretreated seeds with CaCl, and KCI.

Keywords: Emergence percentage, CaCly, Grain yield, Harvest index, KCI



olrl LS cblis> gla ing sy 4 pid
https://jpp.um.ac.ir

i

iy’ allie
FOF-FFF . o Fe) oyloue) oF oyl F5 ul>

éﬁ:ﬂw;Ikuaﬂuﬁ@ﬁa‘suuﬁ,‘”,&;l

e ooy T 15 =Tl i o6 = ] b4
V¥ '/'*/Y* :s"_.él.ijé C"JU

2SS

e e Gl slacy pie Sl (o) pslited il 50 slacile Sexg g elies Sl i ) Lile (e Sl S0
i 3 155 s by ookt JulS Sl 2o B 33 516 oty sl i oS el s 13 g 3550a sl 5 3,S0ac
by Jolid gaw gy 3 (o pde slasbe) 5 ((odle 9 )35 «93908) @ P8 Joli bojlas i plosil (praig) pudily Glias joed 5> V7R
Slacile e (sla gy o8 > i ol 9 20 5 (limed S g el 205 L5 8 o by comelS 208 b T 08
o do G ) S Sl jpp lacile SuiS (g 0 10> ATF piomen 5 S oy e ladile SIS (g Ao > YISEY sl e
5 ool 30 )8 0,8 b Jiber (g slylesd Cot i i Aoy A0 9 AY AR L (635, b8y 13 b e o yd il L) ialS dalis
S oanlide mealS 5 sty 30,187 5do 03,5 0Bss 5 g Cappde SB35 (D e St g 3L (iren ol Canddy il 4y S
25 e el S 5 ol LIS L 0,8 b gy <y (Sl pde GOt ad s 348 ATY g W YV L ddgs )0 aiby dlus ()5 i
VW Cpa jya sladile g g olerd J)ES ol )57 g S 28 L g )h 0055 Jbidg o5 b (L e il o e
o i 3 lis gubs S yebay ol iolj8l sald jle 4 s ) SG5edan 5,Sles doyd YA 9 ¥ OF F (o iy g aild 5, Slos dopa YY 5 F
D950 T prediiae CudS Ll )3 3o (il 4o 53 9 e 351 dgmte w90 asliy 1)1 g S 57

andS” S ooty 1S caily 3 Shoe cldly py ad Ll (A faw o yd 255 (50519

A Byas Hlaas Yo¥D Jlo b dgd o bu sl 45 2)1 g6 B puns
s okl ol 5 g cutS (FAO, 2020) sy 5 ysskse O/
O pgmodey y5-tS 5 odlital 3)90 (gylel i) -l (a5 &g
031l 51 iy Ol B pms cogo gy oyl jl ooldiwl & Cuwl LB,
&S (asie laCudgazte 20,5 o ol Bpas 1S g 8L o
YooorVeoo) Ol (YL Gyno im g3g g (ol cuiS )
9 (LS > Jo3le 05 —AYYA) (lol5 (6553l & 5l el
S (el s A Cond (203 V0=V ) St ) 9
Ly 03,5 o155l 029 42 ol3ysliS 51 (oplhms sl |y o copiins
03,5 Jg=d Joliyt )l (glandls 9 So 68 sbbimej b &5
; Materu et al., 2018; Neog et al., Bhatt et al., 2016) ..l
LaliS s (55 4 5o ol cuiS @Mt ,Ky5 51 (2015

sl B ey ol sl (3 J-5) P Sdaly aseis 5

5- Puddling

dodbo

Y g oy peke 5| (S olgiea (Oryza sativa L.) g p

Mg lade 9 LS (e VIV ) e €S 5 s b (2
aelg 2t Sl el 3 eate BB (lez )3 05 (ogelee VOO
Il b g 4 3l Wit olslys (FAO, 2020) 5,5 (g ity
cdl daled (lidl ao B gV cui S Yebe 5 VY0 sl
5 )Sa Jlim ABD 350 iS5 s b 355 ol (IRRI, 2020)

o5 Ogles VIE 390> 5 b JUs )3 (55 sakes Y/ 155yl

018l wasl,; 09,5 lsliwl 5 lutsly i) ol coeiily =¥ o ¥ o)
Ol il sl b @lin g (55,9LS pole oKy (1) pole

(Email: fa.zaefarian@sanru.ac.ir (s o g — )
)5S g0y Olidod d e )l s 9 Mol Lisu «imgh Hbolwl =Y

Olpl iy (559U g g el «liidos lojls
DOI: 10.22067/jpp.2022.74285.1069


https://jpp.um.ac.ir/
mailto:fa.zaefarian@sanru.ac.ir
https://doi.org/10.22067/jpp.2022.74285.1069

1Fe) lcuo) oF o lols V'8 ala (((559LisS 2oloo g pole) oyl ml ol cblis b ppgh 4 yid Yor

T3y 5355 sty SiSS | ealizwl (Mortimer et al., 2008)
) (ke ST Gl )3 S5 sl by, Sl (S Sl e
P (PR Al pedtes CtS blpd 3 @p b e gladile
Lyl )i p ) bl g sl Sl cul (Soe a5
e gLl g azalS gy b Sy 4 xie oS Al
i Lo (Nazari, 2018) wgs elyj olS opl axalS sl
105 Jor S sl b Ty i o o s eshs ol
Sod59e Clogad dog Gkl 0igrkee ) 9w
Jalali and ) 4555 o jyn gladile S 59 LinlS o
b ibe aS a el lis , K> dmg} 4o (Salehi, 2013

Ol ol Sy el 5 P0gr A p b g 68y 93 35
e 4 b Caa ¥ plej ©de (il g (4D Jew o)
Simma ) b> )3 5, slacale s odlo Lials Cogo i juw
g clazalS Sis b)) Gan b imgd ol (et al., 2017
2 @y bl g )55 @39y )] 5 Shos lipl 9 0,Slas
i glacide Gl slacy pae 4 (28T ) Ghaisle bl

Ly plol

W yg; 9 dlge

i ide [ S G lse sy pte T oy pslaied;
(poime CtS (ol i 3 g8 3 Ses il g 3 Sles
el by 53 & Blg (glae o 3 WAR Jlw 5 (ool
Job g Jlod aldo V8 5 a2 0 Y8 ol (0 b (eeie)
o | e VY Lyl (B 4dBs ¥F g 420 OV 5 (oldle>
Aee 5l Gias ddlaie aYle Gse sy (S5l bwgio b plool o
WI¥ g YWIA cespan 50 AVl glod diaS g diiu g yio oo
@5 ymsal gy bl ddlate 8l ol 00 pns ogmades 43y
» Ghaleil plosl Joome SLS Cliogad (S bl Juine
el 0 blod ) Jghe
2 Bl JolS Sl oo B > )5Sl g0 Hiole]]
9255 «839y8) @y pL5)] Jald Jol Jole s plosil )15 4w
e Ciglae VT Jlw (3 gi 00l (215 jody &S (il
T 3 e slagdyy ped Jele g Ndg 598 g (Slisi>s
025 Uiy edS IS Ly ()5 by Jold o
(25 g (238Lo (S Y=F ole) g emamliy 2,574 50

ol 655 gn Jll pac) ks 5 (75551 JoudlS) plomss Jy5S

3- Seed coating

4- Beta vulgaris L.
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1- Disperses Clay Particles
2- Hardpan
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2- Sulfonylurea
3- Bayer
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1- Interpolation

2- Cyperus rotundus

3- Equisetum arvensis

4- Acalypha hispida

5- Euphorbia amygdaloides
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Table 2- Analysis of variance of the effects of cultivar and weed management and their interaction on dry weight of broadleaf
and narrow leaf weeds, percentage and rate of emergence and plant height of rice (mean squares)

; Ldile Suid o; ; dile Suid o; CX VR TWIR W . dg gl
oS galin a RS ) 039 RS " 039 O M g W e ChE e %§ P)
Source of &3l S ro Sl & g &r
variation af Dry weight of Dry weight of narrow Emergence Emeraence rate Rice plant
) broadleaf weeds leaf weeds percentage 9 height
,!.)Ss' . 2 1.45 0.57 54.69 0.3x10°® 29.35
Replication
% 2 10.92 9.18™ 874 ™ 0.02™ 4166
Cultivar (C)
s ile Cy e N N )
Weed management 4 18.31 3.31 1022 0.6x10°™ 354
(W)
I il Cae Xl 8 0.26 " 018" 38.88 0.5x1072" 15.11 "¢
CxWwW
s -3
28 0.34 0.18 10.21 0.5x10 37.59
Error
(123) Syt e - 12.9 12.2 49 19.81 5.70
CV (%)

bl oo Mo yd S g g zolaw jd (61 xe (g )b xe pis i 4 w5 % NS
n.s,* and ** are non-significant, significance at 0.05 and 0.01 probability level, respectively.
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Table 3- Mean comparison of cultivar and weed management effect on dry weight of broadleaf and narrow weeds and
percentage of germination rate and plant height of rice

32 sbdle SUS (i g sbale SUES (4359 ‘
o3 Sy S S,k Tyt O s 8 o Ty Ay EW
Cultivar Dry weight of broadleaf Dry weight of narrow leaf Emergence rate (L.day’ Rice plant height
weeds weeds ) (cm)
(gm?) (gm?
E29 3.80b 2.69¢ 0.16a 9lc
Shiroudi
Kﬁ: N 438a 345D 0.10b 107 b
Z
HU“:L“’ _ 548a 4262 0.09b 1242
ashemi
LSD g5 0.59 0.43 0.04 6.19
o e cypte
Weed management
C*’"f | 6.29a 420a 0.08 b 102 be
ontro
LG )8 o by
IS 468D 359 be 012a 108b
Coating with CaCl,
LG )8 o by
ol 463b 3.07 cd 0.14a 109b
Coating with KCI
g’w Jsss 4.83b 3.81ab 0.09b 101 ¢
Chemical control
Wu; 9 2.32¢ 2.67d 0.14a 116a
eeding
LSD g5 0.76 0.55 0.05 7.99

L5105 gy me glis Mo yd K i o 13 9 LSD g0l (wlslp oS yiio By K JBlus b slopuSbe ygia oy
In each column, means with at least one similar letter had no significant difference based on LSD at 1% of probability level.
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Table 4- Mean comparison of interaction effect of cultivar and weed management on rice germination percentage

5 i e Cope O s 205
Cultivar Weed management Emergence percentage
el 70 cd
Control
pedS L 9,8 5 e 97a
Coating with CaCl,
So9pd el 0L S b sy 95a
Shiroudi Coating with KCI
wa J):,S 72 cd
Chemical control
o= 99a
Weeding
el 63 ef
Control
adS L)L 387 b b 80Db
Coating with CaCl,
B ol 181 (08 iy 82 b
Khazar Coating with KCI
colbos J 58 67 de
Chemical contro
o= 82b
Weeding
el 60
Control
ol ,\))lf L Q"')s )l‘)w% 76 be
Coating with CaCl,
ol el IS L 38 bt 29h
Hashemi Coating with KCI
@W Jxs 67 de
Chemical contro
o9 80b
Weeding
LSD 0.05 638

L5 gy e glis o yd K i o 13 9 LSD g0l (olslp o8 yiiio s S JBlas b olapuSbe ygia ym y
In each column, means with at least one similar letter had no significant difference based on LSD at 1% of probability level.
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Table 5- Analysis of variance of the effects of cultivar and weed management and their interaction on yield and yield
components of rice (mean squares)
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Source of WA Number of tillers per Number of grain 1000-seed Grain ] “’9"_”’ R
variation df per plant panicle weight yield Biological Harvest
) yield index
)‘_)SV» i 2 4.07 2.02 3.48 24753 275928 2.35
Replication
o~ 2 93.60 % 3404 2881 16468312 49875048 280
Cultivar (C)
s e Cope
Weed management 4 3059 242" 13.65™ 1701086 ™ 3522607 ™ 52.41™
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I e Sl xed) 8 3.99 " 7.4208 027" 34538 " 302169 " 12,60
CxW
s
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Error
(ro22) et g5 1271 8.38 321 7.29 8.77 8.53

CV (%)

bl oo Mo yd S g g zolaw jd (61 xe (g )b xe pis i 4 w5 % NS
n.s,* and ** are non-significant, significance at 0.05 and 0.01 probability level, respectively.
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1- Triticum aestivum
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Introduction

Maize (Zea mays L.) is the third most important cereal after rice and wheat, which is widely grown in the
world and used as a primary staple food in many developing countries. The area and production under maize in
the world in 2020 was 202 M ha with 1162352997 tonnes production and contributed almost 5% of the world’s
dietary energy supply. Recent projection indicates that by 2020 the demand of maize in all developing countries
will overtake the demand of wheat and rice, with Asia accounting for nearly 60% of the global demand for
maize. Chemical control can be very important because of the low efficiency and cost effectiveness of
mechanical or other methods of weed control. Hence, it is necessary to provide information about the
sulfonylurea herbicides and suitable doses. Sulfonylureas such as iodosulfuron, nicosulfuron, rimsulfuron,
and foramsulfuron are effective group of herbicides for annual and perennial weed control in maize. These
herbicides provide a new chance for weed management in maize. Their mode of action occurs through inhibiting
acetolactate synthase (ALS), thereby interfering with the production of branched-chain amino acids, leucine,
isoleucine, and valine The objectives of this experiment were to evaluate the effect of different doses of
MaisTer OD herbicide in comparison to the other herbicides on weeds control and growth and yield of corn.

Materials and Methods

In order to evaluate the effect of different herbicides on weeds control and growth and yield of corn, a field
study carried out during 2015 growing seasons at Seydan, Marvdasht, Fars province, Iran. The experiment was
conducted in a randomized complete block design with 3 replications. Treatments included different rates of
MaisTer OD (1, 1.5 and 2 | ha*), Acetochlor (4.5, 5 and 6 | ha'), Cruz (1.5, 2 and 2.5 | ha%), Ultima (1, 2 and 3 |
ha') and 2,4-D+MCPA (1.5, 2 and 2.5 | ha) herbicides and weed free and weedy control. The number and
biomass of aboveground weeds parts were harvested within three fixed 1 x 1 m quadrats in every plot, separated
by species, enumerated, oven-dried at 75 °C for 48 h, and then weighed. Then, percent weed density and
biomass reductions were measured. The traits included ear length, row number per ear, grain number per ear,
grain number per row, 1000 grain weight, grain yield, biological yield and yield loss percentage. Data were
analyzed using SAS v. 9.1 software (SAS Institute 2003). When significant differences were observed among
treatments, mean comparisons were made using Duncan's multiple range tests (P < 0.05). Correlation
coefficients between different traits were also calculated.

Results and Discussion

Results showed that the application of herbicide could reduce density and biomass of weed. The lowest
biomass of redroot pigweed (Amaranthus retroflexus), lambsquarters (Chenopodium album), bindweed
(Convolvulus arvensis), purple nutsedge (Cyperus rotundus) and foxtail millet (Setaria italica) was obtained, so
that applying of MaisTer OD herbicide at 1.5 | ha™* could be cause 47.10 and 27.36%, 69.38 and 56.22%, 66.79
and 70.94%, 66.85 and 74.26% and 66.85 and 80.15% reduction in density and total biomass of weeds in

1, 2 and 3- M.Sc. Student, Professor and Associate Professor in Department of Plant Production and Genetics, School of
Agriculture, Shiraz University, Shiraz, Iran, respectively.
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comparison with weedy control treatment, and grain yield increased by using MaisTer OD herbicide at 1.5 | ha™*
in comparison to the other herbicides including Acetochlor (5 I ha'), Cruz (2 | hal), Ultima (2 | hal) and 2,4-
D+MCPA (2 | hal) by 53.3, 36.7, 5.7, and 56.7%, respectively. Grain yield and grain number per ear were
reduced by weeds up to 60 and 50%, respectively. Highest row number per ear (16 and 15.30), grain number per
row (41 and 41), grain number per ear (656 and 628.70), 1000 grain weight (286.33 and 276.33 g), grain yield
(9.41 and 8.68 t ha'*) and biological yield (20.12 and 18.74 t ha'') were obtained in weed free and MaisTer OD
(1.5 I ha?) treatments. Applying MaisTer OD herbicide showed lowest yield loss percentage (6.63%) and highest
grain yield as compared to the other herbicides for weed suppression.
Conclusion

It can conclude that MaisTer OD herbicide at 1.5 | ha® showed the best performance for weed control,
especially broadleaf weeds and were associated with the maximum corn grain yield. Therefore, due to the
restricted use of herbicide in corn, the herbicide used in this experiment is not created serious injury in corn at
the recommended rate while effectively controlling weeds. Hence, utilization of this herbicide could be a
favorable option in contemporary weed control programs for local or regional corn growers.
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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.

Keywords: Environmental stresses, Germination, Giant reed, Invasive plant
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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

A F
(source) Sl 2oy | diligy Fiale | Fisler kg | baidian el s g
SP GPD GRI WGRI
(Treatment) ,los

(Temperature) L 124 53** 97.42* 67.7* 59.42*

(Salinity) e 98.6* 88.12* 65.76* 60.23
(Drought) s 102.36** 89.4** 73.6* 59.43*

(T*S) &ygiles 235.89* 158.76* 102.46* 99.4*
(T*D) (Saswlos 233.76** 169.4** 105.48* 93.46*

(S*D) [ Sisisyoi 212.78** 171.31* 111.79* 97.56
(T*S*D) [ Sisse g guiilod 327.84** 234.67** 214.3** 137.48*

* And **: Significant at 5% and 1% of probability levels.

Wddd oo ol &S Wb edalide 35 0,8 il 0 Y @ ol )5 Sl
423 Ve BB (o laed poj) Sl agy sl bod oy
W P X g

5 o9 lasd €8 Gied sl pofyy Sialsn Slojl b
Lasob L (Y Jgao) oLy 5 olw a s 0 0 slod o Sis
Lo = VY as (aals) JSwl Ko + 5l (Sis adaw l500 (il58
Loy sl el fpon 05 ay HialS Sidiles wsys Sl
2 ligy Sl ao)d a5 ol b ety 3529 55 ailjs) (il
oanld 0gs sald s pawcS (JBuL Ko VY Sis b
U g il (tals 39 (Sis liee Gl b (350l e
VS sl Sl n i (St i 3 ol () o e
@ yhde cpl JBwl Ko VY (Suid a3 Lol 392 59y 53 o)
el (V+rA) hlSen g dant 5,5 oy &5 59, 50 dlgs +/Y
adorl (SjsdssT bl j) (glonyins i (el olS oS 0in)S
LSB glgl don ;5 &S Canl o )15 9 LS 0 Jooo |y (Siis
Ly o i SB 5 Cunw ladwle b ad 5 S sla o, 5]
S o

oy K5 g gy e ) Y5 e s g %

9 295 3o G138 L as ol L el IS ol

Joia B Jgio) 88 (o I (3l bapoiny gy liee (St
D slod jl a5 olS poja) (yiagy 45 b (Lt gols cizmen (¥
Lol cel iy LSl 5,8 ol a0 Vo (glod b 0l,S b a5y
2 eld jles d baye 200 VY (e 4 lag) Olise oyt
o byoye o e (F Jgi) o5 b 42310 sloo
Oljee 4 315 (Blo a2 )3 e 9 0 slod 3 (Suid 5 ()98 ST
a2 Ve gbod ol Jl g Y Jga 5 Y Jga) g a0 €
39 Uheed poi) sbaaslex oy (sl bed oy 315 ol
P Ao FE e 4 Siailer dopd i bd (nl )3 4S5y by
oi0lex dopd Slas b gy e e BB &S dgy sald Lo
OpieS cpicmed (bl 08 le 4550 V0 (glod po wald Hles
Hlad s boypo a8 3505 5l a0 V0 glod o il oy
Ored L1y )y gime SWST 55 a3l o (SiS g (5598 ySTa>
plw g dlex 1o yd 0l lis o5 Bl o Ve glod ) bty
a0 0 @ ol,8 il 45y V0 Il LialS b Sidiles (ol edli
a2 Ve 5l d Gl L 5 Ky oo ) Ly il 31,5 sl



YAV olS o3 ) sbodilen (g p (Sl 9 5ad s ids 1o Ken g 815 ol

S5l C g 2B g (il o e (el iy, 3l w0 )3 Fjallen w0y g (Sl g (5 yeuh e ok i Y Jgua
35 ilw a3 0 (alod byl pd yiued (Wb 093y CuiS (3 by ni
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)°
0.4 4 10 (0.85)* 0.71 (0.04) 0.6 (0.03)" 0.06 (0.001)°
0.4 8 8(0.81)" 0.61 (0.03)" 0.432 (0.02)¢ 0.03456 (0.001)°
0.4 12 6 (0.76)° 0.46 (0.01) 0.318 (0.02)° 0.01908 (0.001)"
0.4 16 6 (0.66)° 0.42 (0.02)° 0.276 (0.01)% 0.01656 (0.001)"
08 0 8(0.62)" 0.57 (0.03)" 0.432 (0.03)° 0.03456 (0.001)°
08 4 8(0.73)" 0.57 (0.04)" 0.432 (0.03)° 0.03456 (0.001)"
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)®
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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 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
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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 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)'
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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 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

Al g0

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.

Ceypw (Siailes duns slod a4 iy B 0S ol a0 0
a8 Glojte 53 Liwed b gy 93,5 Iy 38l (il
Lol 5 o 9 450,8 Iy cowd 393 yiugy ySlas doyd O+ &
2,8l Gislial al)l ol jlade oylen Led il 58l
ligss ) (Q-Shi and Cao-Hu, 2012) 1¢San o (bg.S
Ay ey pgiy ) ol aalS b o aials ol 395
Ml—{ l_) A. donax mlj J_,sg)lf 9 039:; Gy ) “5)) C.‘aw
LB 85U S O Gl ol o il S Ol gl
Ol e oS ol g )y Al donax sl oxj loj ) a9
O LA donax gy ely; cad b IYV/A L plp b S S
bl oo yite SIS ) ()9 abge b (L rioren gl L)
S O lgme g 395 A donax as, gl S cugb,
°L.‘.§ u.;l).»l_u 559—3 ol_:f U"‘ ..\..w) us_Ua.n Ja.’l).w Z\c\c/\c i Z‘NA/Q

Ol ilS 5 Col (ol Hlws (S i bl b 4 el

gola )51 oy s el A Siacd Jio Bl gl
o3y (L A gz 53 led pojuy (ligy opd p (Suid il
U aSles S5a0les aoyd i3S las b RSmax (bl ol 0
VO a0l )8 ol do )0 0l Led iuli8l b Sidiles gy i
ot oy B 259y ol o151 e 9958 I (a8 01,8 o 2y
by ol b (it 995 I Jo39 o5 il 0 Yo (gled
3,5 o a3 Yo slod o] 5 L g 3L5 le a3 )0 V0l
Ol ;00 Lbed g3 cpl jo jel)l pl (g)ld xe glas pas &S by
el Gied poay gy lp A (sled ol
Oy A dopd B0 any ey lojde b Xso il
gl calisee slaled ) (Std i balyd )3 Gieed e
Ve L V0) (siales aupe slod j0 aS goouas oy lis gy bize
3529 505 b bed 93 ol e (sl dime MBI (515 ol ds o
Ly il b Jole 4 09 jl pme BMS] alod plo b Lol bl



YAV olS o3 sbrailer (g p (Sl 9 5ad s ids 1o Ken g 815 ol

9 Gl palie gy T 4y (3905 b g 3 (6 5V Camlus Sles Jike |y ol dmags g by wlg3 o pl Ol (lgime
Oyl Jleds (2gi g3 olS pl Slol s oS cunl cle e 4 LS

upwim)bd&&b)abgdlwldbu)}u)‘w 45)':54’.‘:"3
il Dlg5 oo g 0I5 1y Wy sy el o yind 3 lglyd Cugly A o L '
AT e ' Cod g iz (glalod )3 e pgi) cutS I Jolb> ol

Lo M a8 (gl dilate I 513 s 5 ol Canms & O &)
Al (S 29 00 JUdl ol (o9 glalS Sidy,
2 i e od 48 0 sdalie e ioeed L(Springer, 2005)
I o o055 L SB o 4 Sonp ol waw &5 plals
4 olS ol Cawlus ol cde Wls &S WS oAby v )b
il S (o] S o lS b 5 8k (S5 i
Lol 3,iu8 s Ll 53 Lol A8 Joosi | > 51 s (5958
A8 (e by BaLS (U 53 ()98 & Joo5 (e aihate S5

(Zuniga et al., 1983)

oLS (2l iy Uigy & b (LS (Sis g (5)9 A Ll
O e Gial33l g cd,8 1B oo )ly sla i il cov asa
2 Py S pioned 38 (Gjdler Moy lals 4 e
oS el (il adure sled G 41 e il slaled
Ol g 03,5 olpl Jled (2l )3 39290 cuigST 4 b po (el
a2 Y LV oS ol poiay idler ol cunlio slod ol

Cod (il doyd g Sidilen sy guls Abb e oS Sl
).M_J"’ 5 4_§ .)9_3 &9_4.090 U_’l )iJl_u ).u W) .))]5 ;‘a.m“ ‘_nguw.)
OB pos) iy log) Sl o () (Tl b (SiS
S_ds i an ol ol 0 wlile 4 5 am0 )8 )»L co |,

&l

1. Abichandani, S.L. (2007). The potential impact of the invasive species Arundo donax on water resources along the
Santa Clara River: seasonal and diurnal transpiration. University of California, Los Angeles P. 44.

2. Ahmad, R., Liow, P-S., Spencer, D.F., & Jasieniuk, M. (2008). Molecular evidence for a single genetic clone of
invasive Arundo donax in the United States. Aquatic Botany 88: 113-120.

3. Alvarado, V., & Bradford, K.J. (2002). A hydrothermal time model explains the cardinal temperatures for seed
germination. Plant, Cell and Environment 25(8): 1061-1069. http://doi.org/10.1046/j.1365-3040.2002.00894.x.

4. Bell, G.P. (1997). Ecology and management of Arundo donax, and approaches to riparian habitat restoration in
Southern California. Plant Invasions 103-113.

5. Burke, I.C., Thomas, W.E., Spears, J.F., & Wilcur, J.W. (2003). Influence of environmental factor on after-ripened
crowfootgrass (Dactyloctenium aegyptium) seed germination. Indian Journal of Weed Science 51: 342-347.

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

7. Chaves, M.M., Flexas, J., & Pinheiro, C. (2009). Photosynthesis under drought and salt stress: regulation mechanisms
from whole plant to cell. Annals of Botany 103: 551-560. https://doi.org/10.1093/aob/mcn125.

8. Cosentino, S.L., Patang, C., Sanzone, E., Testa, G., & Scordia, D. (2016). Leaf gas exchange, water status and
radiation use efficiency of giant reed (Arundo donax L.) in a changing soil nitrogen fertilization and soil water
availability in a semi-arid Mediterranean area. European Journal of Agronomy 72: 56-69.

9. Decruyenaere, J.G., & Holt, J.S. (2005). Ramet demography of a clonal invader, Arundo donax (Poaceae), in
Southern California. Plant Soil 277: 41-52.

10. Else, J.A. (1996). Post-flood establishment of native woody species and an exotic, Arundo donax, in a southern
California riparian system. MSc Thesis, San Diego State University, USA.

11. Fuller, T.C., & Barbe, G.D. (1985). The Bradley method of eliminating exotic plants from natural reserves.
Fremontia 13(2): 24-26.

12. Guan, B., Zhou, D., Zhang, H., Tian, Y., & Wang, P. (2008). Germination responses of Medicago ruthenica seeds to
salinity, alkalinity and temperature. J. Arid Enviromental 73: 135-138.

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

14. Haworth, M., Cosentino, S.L., & Marino, G. (2017). Physiological responses of Arundo donax ecotypes to drought:
a common garden study. GCB Bioenergy 9: 132-143. https//doi.org/10.1111/gcbb.12348.

15. Herrera, A.M., & Dudley, T.L. (2003). Reduction of riparian arthropod abundance and diversity as a consequence of
giant reed (Arundo donax) invasion. Biological Invasions 5: 167-177.

16. Holt, J.S., & Orcutt, D.R. (1996). Temperature thresholds for bud sprouting in perennial weeds and seed
germination in cotton. Indian Journal of Weed Science 44: 523-533.

17. ISSG. (2007). Global Invasive Species Database (GISD). Invasive Species Specialist Group of the IUCN Species


http://doi.org/10.1046/j.1365-3040.2002.00894.x
https://doi.org/10.1093/aob/mcn125
https://link.springer.com/article/10.1007/s11104-005-0264-5#auth-Joseph_G-Decruyenaere
https://link.springer.com/article/10.1007/s11104-005-0264-5#auth-Joseph_G-Decruyenaere
https://doi.org/10.1111/gcbb.12348
file:///D:/Backup%202019/D/Referee%20papers/حفاظت%20گیاهان/ISSG.%20(2007).%20Global%20Invasive%20Species%20Database%20(GISD).%20Invasive%20Species%20Specialist%20Group%20of%20the%20IUCN%20Species%20Survival%20Commission.%20http:/www.issg.org.database

Vo) ylimso F o5les ¥ oo (559l @abuo 3 pale) oyl (LS cblis gbo dwgi oy YAA

Survival Commission. Information website: http://www.issg.org.database.

18. lverson, M.E. (1994). The impact of Arundo donax on water resources. In: Jackson, N.E., P.Frandsen, S. Douthit
(eds.), November 1993 Arundo donax workshop proceedings: 19-25.

19. Johnson, M., Dudley, T., & Burns, C. (2006). Seed production in Arundo donax. Cal-IPC News 14: 12-13

20. Juneau, K.J., & Tarasoff, C.S., (2013). The seasonality of survival and subsequent growth of common reed
(Phragmites australis) rhizome fragments. Invasive Plant Science and Management 6: 79- 86.

21. Kigel, J., & D. Koller. (1985). Asexual reproduction f weeds. P 65-100 in S. 0. Duke, ed. Weed Physiology. Vol. I.
Reproduction and Ecophysiology. CRC Press, Inc., Boca Raton, FL.

22. Michel, B.E., (1983). Evaluation of the water potentials of polyethylene glycol 8000 both in the absence and
presence of other solutes. Plant Physiology 72: 66-70.

23. Munns, R.M.T. (2008). Mechanisms of salinity tolerance. Annu.Rev. Plant Biology 59: 651- 681.

24. Pimentel, D., Zuniga, R., & Morrison, D. (2005). Update on the environmental and economic costs associated with
alien-invasive species in the United States. Ecological Economics 52: 273-288.

25. Rahman, H.O. (2006). Examining the biology, ecology and weed management licorice. Project Report. Scientific
Research Council 124p. (In Persian with English abstract)

26. Sanchez, E., Scordia, D., Lino, G., Arias, C., Cosentino, S.L., & Nogués, S. (2017). Salinity and water stress effects
on biomass production different Arundo Donax. Journal of Experimental Botany 52: 258-281.

27. Shea, K., & Chesson, P. (2002). Community ecology theory as a framework for biological invasions. Trends in
Ecology and Evolution 17: 170-176.

28. Shi, Q.Y., & Cao, H.H. (2012). Effects of Drought Stress on Stalk Germination and Seedling Growth of Arundo
donax. Research of Soil and Water Conservation. Information website: http://en.cnki.com.cn

29. Soerjani, M., & Soemarwoto, O. (1969). Some factors affecting the germination of alangalang (Imperata cylindrica)
rhizome buds. Pacific Science Association 3(15): 376-380.

30. Springer, T.L. (2005). Germination and early seedling growth of chaffy-seeded grasses at negative water stress.
Crop Sciences 45: 2075-2080.

31. Steinmaus, S.J., Prather, T.S., & Holt, J.S. (2000). Estimation of base temperatures for nine weed species. Journal
of Experimental Botany 51: 275-286. https://doi.org/10.1093/jexbot/51.343.275.

32. Tester, M., & Davenport, R. (2003). Na+ tolerance and Na+ transport in higher plants. Invasive Plant Science and
Management Botany 91: 503-512. https://doi.org/10.1093/aob/mcg058.

33. USDA-ARS. (2014). Germplasm Resources Information Network (GRIN). Online Database. Beltsville, Maryland,
USA: National  Germplasm  Resources Laboratory. Information  website:  https://Npgsweb.ars-
grin.gov.gringlobal.taxon.taxonomysearch.aspx.

34. Valli, F., Trebbi, D., Zegada-Lizarazu, W., Monti, A., Tuberosa, R., & Salvi, S. (2017). In vitro physical
mutagenesis of giant reed (Arundo donax L.). GCB Bioenergy 9: 1380-1389. https://doi.org/10.1111/gcbb.12458.
35. Wijte, A.H.B.M., Mizutani,T., Motamed, E.R., Merryfield, M.L., &Alexander, D.E. (2005). Temperature and
endogenous factors cause seasonal patterns in rooting by stem fragments of the invasive Giant Reed, Arundo donax

(Poaceae). International Journal of Plant Sciences 166: 507-517.

36. Zuniga, G.E., Argandona, V.H., Niemeyer, H.M., & Corcuera, L.J. (1983). Hyroxamic content in wild and

cultivated Gramineae. Phytochemistry 22(12): 2665-2668.


file:///D:/Backup%202019/D/Referee%20papers/حفاظت%20گیاهان/ISSG.%20(2007).%20Global%20Invasive%20Species%20Database%20(GISD).%20Invasive%20Species%20Specialist%20Group%20of%20the%20IUCN%20Species%20Survival%20Commission.%20http:/www.issg.org.database
https://doi.org/10.1093/jexbot/51.343.275
https://doi.org/10.1093/aob/mcg058
https://npgsweb.ars-grin.gov.gringlobal.taxon.taxonomysearch.aspx/
https://npgsweb.ars-grin.gov.gringlobal.taxon.taxonomysearch.aspx/
https://doi.org/10.1111/gcbb.12458




Contents

Evaluation of Resistance and Biochemical Responses of Different Barley Cultivars in Interaction with
Meloidogyne incognita

M. Ahmadi, E. Mahdikhani- Moghadam, H. Rouhani, M. Mehrvar

Cloning and Phylogenetic Analysis of Iranian Isolates of Narcissus Latent Virus Based on Sequence of 3
Region of Genome

Z. Moradi, M. Mehrvar

Intraspecific Competition and its Relationship with some Biological Factors of Habrobracon habetor
against Heliothis viriplaca

T.S. Mahdavi, H. Madadi

Efficiency of Chemical and Physical Hard Water Softening Methods to Reduce the Incompatibility of
Hard Water Cations with herbicide Glyphosate

A. Aliverdi, A. Ghanbari2, M.H. Rashed-Mohassel, M. Nassiri-Mahallati, E. Zand

The Effect of Different Weed Control Managements on Yield and Yield Components of Three Rice
Cultivars

M. Smaeeltabar, F. Zaefarian, Sh. Nazari, R. Abbasi

Evaluation of Foramsulfuron + Idosulfuron (MaisTer OD) Herbicide Efficacy on Weed Control, Growth
and Yield of Maize

R. Polkhani, S.A. Kazemeini, M. Edalat

Effect of Salinity and Drought Stresses on Rhizome Bud Sprouting of Giant Reed (Arundo donax) under
Different Temperature Conditions

M. Elahinejad, Gh. Asadi, R. Tavakolafshari

99

713

423

439

453

467

481



Iranian Plant Protection Research

(AGRICULTURAL SCIENCES AND TECHNOLOGY)

Published by:
Editor in charge:

General Chief Editor:

Editorial Board:
Izadi Darbandi, E.
Baghaee Ravari ,S
Karim Mojeni ,H
Pourjam, E.

Hosseini, M.

Rashed- Mohassel, M.H.
Rashed- Mohassel, A.

Razi, H.
Rajaei, H.

Saboori, A.

Sadeghi Namaghi, H.
Sahragard, A.
Mahdikhani Moghadam,
E

Marashi, S.H.

Publisher:
Address:
P.0.BOX:
Fax:
E-Mail:
Web Site:

Vol . 36

No. 4 2023

College of Agriculture, Ferdowsi University of Mashhad, Iran.

Valizadeh, R. (Ruminant Nutrition) Prof. Ferdowsi University of Mashhad.
Rashed- Mohassel, M.H. (Weed Science) Prof. Ferdowsi University of Mashhad.

Weed Science

Plant Pathology

Production and Plant Genetics
Plant Pathology

Agricultural Entomology
Weed Science

Insect Ecology

Crop Production & Plant Breeding
Entomologist

Agricultural Entomology
Agricultural Entomology
Agricultural Entomology
Plant Pathology

Biotechnology & Plant Breeding

Ferdowsi University of Mashhad.

Prof. Ferdowsi University of Mashhad.

Asso. Prof. Ferdowsi University of Mashhad.

Asso. Prof. Isfahan University of Technology

Prof. Tarbiat Modarres University.

Asso. Prof. Ferdowsi University of Mashhad.

Prof. Ferdowsi University of Mashhad.

Post-Doctoral Research Associate ,Texas A&M AgriLife
Extension Service

Asso. Prof. Shiraz University

Researcher and Curator of Lepidoptera collection, Department
Entomology State Museum of Natural History Stuttgart, Germany
Prof. Tehran University

Prof. Ferdowsi University of Mashhad.

Prof. Guilan University.

Prof. Ferdowsi University of Mashhad.

Prof. Ferdowsi University of Mashhad.

College of Agriculture, Ferdowsi University of Mashhad, Iran.

91775- 1163
+98 -0511- 8787430

Jppl@um.ac.ir
https://jpp.um.ac.ir/



	01-midia ahmadi_edited.docx -1.pdf (p.1-13)
	02-MORADI.Proofed.pdf (p.14-23)
	03-madadi.pdf (p.24-39)
	04-aliverdi.pdf (p.40-52)
	05-esmaeel tabar.pdf (p.53-66)
	06-polkhani.docx(1).pdf (p.67-79)
	07-elahi nejad.pdf (p.80-97)
	Full page photo.pdf (p.98)
	hefazat 36-4.pdf (p.99-100)
	اعضای گیاهپزشکی.pdf (p.101-102)

