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Introduction

Considering that the severity and duration of drought are probabilistic phenomena,
it is more appropriate to analyze those using probabilistic theories. The use of
classical multivariate functions is the usual method for analyzing such problems. The
use of detailed functions provides the possibility of linking the univariate marginal
distribution to each other and creates the bivariate distribution function. Detailed
functions have been used in various research to evaluate the effects of drought and to
model the relationship between intensity and duration of drought, the most important
of which have been mentioned in this research. In this research, the main characteristics
of meteorological drought, including the severity and duration of drought in Qaen
synoptic station, have been investigated using bivariate joint functions.

Materials and Methods

In this research, the rainfall data of the Qaen observation station during the years
1998-2018 was used on a monthly scale. In this research, SPI index and 12-month
intervals were used to determine drought, which was determined using observational
rainfall data. Therefore, to check the correlation between the severity and duration
of meteorological drought in synoptic Qaen station, Tau-Kendall and Spearman-Roe
correlation criteria were used, which were calculated in R statistical software. In this
research, 21 copula functions were examined to choose the best one. In this research,
in order to determine the marginal probability distribution functions, the MLE method
was used in the estimation of the detailed dependence parameter.

Results and Discussion

Considering that the severity and duration of drought are the discussed variables in
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Application of copula functions in meteorological ...

this study, therefore, after determining the SPI meteorological drought index values, the run-test was
used to determine the severity and duration of drought. The results showed that the drought intensity
of 6.66 with a duration of 8 months was the most severe meteorological drought that happened
in the period of 1998-2018. The results of the Tau-Kendall and Spearman correlation tests also
showed the correlation values between the intensity and duration of drought, respectively, 0.74 and
0.88, which indicates the isotropic effect of these variables. The results of determining the marginal
distributions of drought intensity and duration variables showed that Pareto marginal probability
function and log normal are the most suitable probability distributions for drought duration and
intensity characteristics in Qaen synoptic station, respectively. The values of the parameters of these
distributions were a=0.95, b=1.00 and p=0.39, o =1.35 and y=0.015. The results of the analysis of
the appropriate joint function showed that the search function showed the best results of goodness of
fit based on the AIC index, and the value of this index was determined as -13.74, and the parameter
value of the search function Also, 84 times was obtained. Also, the maximum accuracy value was
determined as 7.87.
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Keywords: Introduction
Natural phenomena and human activities are considered among the most important
factors influencing global temperature changes. These changes can occur either
Agriculture. naturally or due to human activities, such as the emission of greenhouse gases. Given
the significance of temperature changes and their impact on climate change, this
article aims to thoroughly examine temperature changes in Iran over standard climatic
periods and analyze their effects on various sectors, particularly agriculture.
Materials and methods
The main objective of this research is to study the trend of temperature changes in
the country at three levels: 1) temperature changes across the country, 2) analysis of
the overall causes of temperature rise, and 3) analysis of the opportunities and threats
posed by rising temperatures in the agricultural sector.
This research employs a mixed methodology that includes both quantitative and
qualitative approaches. At the first level, the country’s temperature changes are
Received: analyzed using network data from the CRU database, which is a reliable source of
07 March 2024 global climate data. These data cover two standard climatic periods: 1961-1990 and
the recent period of 1990-2020. Temperature analyses have been conducted using
statistical methods based on average, maximum, and minimum temperature data.
Revised: At the second level, a qualitative research approach has been utilized to investigate the
20 September 2024 general causes of temperature rise in the country. This analysis examines the effects of
greenhouse gases, land-use changes, and other human and natural factors.
At the third level, the research evaluates the potential opportunities and threats arising
from increased temperatures in the agricultural sector. Since agriculture is one of the
most important economic sectors in the country and is highly affected by temperature
20 September 2024 changes, this level specifically addresses the impact of temperature on agriculture.
Results and Discussion
The results of the study indicate a clear rise in temperature during the recent period
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compared to the standard climatic period. The average annual temperature, as well as the average
minimum and maximum temperatures, show a significant increase during the period 1990-2020
compared to 1961-1990. This temperature rise is particularly noticeable during the warmer months
of the year (June and August), and the increase in average minimum temperature has been greater
than the rise in maximum temperature.

In cold and temperate regions, rising temperatures may lead to longer growing seasons for plants.
This allows farmers to cultivate crops with longer growing periods and higher yields. The increase
in temperature in these regions can also lead to a shift in planting patterns and the possibility of
growing heat-tolerant crops, offering new opportunities for farmers.

On the other hand, rising temperatures in warmer regions bring threats such as increased evaporation
and evapotranspiration, reduced soil moisture, and increased demand for water resources. These
conditions can lead toreduced agricultural productivity and higher irrigation and resource management
costs. Additionally, the temperature rise creates favorable conditions for the multiplication and
spread of harmful insects, which can cause serious damage to the agricultural sector. Furthermore,
increased temperatures can raise cooling costs for greenhouses and reduce overall productivity.
The results of this study show that the temperature rise in Iran in recent periods is clearly evident.
This increase in temperature can have both positive and negative effects on various sectors of the
country, particularly agriculture. In colder regions, rising temperatures provide opportunities to
improve agricultural performance and expand cultivated areas. However, in warmer regions, the
temperature increase poses threats such as increased evaporation, greater water demand, and the
spread of pests and diseases, all of which can lead to decreased agricultural productivity.
Conclusion

To mitigate the negative impacts of these changes, it is essential to adopt appropriate policies in
natural resource management and sustainable agriculture. These policies should include smart water
resource management, the use of modern agricultural technologies, and the promotion of renewable
energy. Additionally, educating farmers to adapt to new conditions and use temperature-resistant
seeds can help improve agricultural performance.

In conclusion, this study emphasizes that temperature changes require serious attention and long-
term planning to minimize their harm and properly capitalize on the opportunities they present.
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. Introduction
Carotenoid, Chlorophyll Given that the majority of Iran’s land area consists of arid and semi-arid regions, the
content, interactive effect, use of plants resistant to salinity and drought stress can provide a new opportunity

for harnessing the potential of the country’s highly stressful climates. Therefore, this
research aimed to investigate the effects of different levels of drought and salinity on
salinity  stress. the survival and morphophysiological characteristics of one-year-old Russian olive
seedlings.

Material and methods

An experimental pot study was conducted in a completely randomized block design
with three replications and three observations, at three levels of drought (control
100%, 66%, and 33% field capacity) and four levels of salinity (zero as control, 4, 8§,
and 12 dS/m), in the greenhouse of the Department of Forestry and Forest Economics,
Faculty of Natural Resources, University of Tehran, from August to November over

drought stress, Russian olive,

Received: a period of 4 months. In this study, the content of chlorophyll and carotenoids was
15 May 2024 examined and measured.
Results

The results of this study showed that the main and interactive effects of drought
Revised: and salinity stress on the measured traits were significant at the probability level
04 June 2024 of 0.001. The main and interactive effects of drought and salinity stress led to a
decrease in chlorophyll and carotenoid content. The lowest levels of chlorophyll a
(19.1 milligrams per gram leaf weight), chlorophyll b (44.0 milligrams per gram leaf
weight), total chlorophyll (94.0 milligrams per gram leaf weight), and carotenoid
content (39 milligrams per gram leaf weight) were observed. In the interaction effect
11 June 2024 of salinity stress under drought conditions on total chlorophyll, treatments with 66%

field capacity and salt levels of 4, 8, and 12 dS/m showed decreases of 9%, 21%, and

32%, respectively, compared to the control. In treatments with 33% field capacity
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Effect of Drought and Salinity Stress on ...

and salt levels of 4, 8, and 12 dS/m, decreases of 32%, 40%, and 45% were observed, respectively.
Regarding the interaction effect of drought stress and salinity on carotenoid content, treatments
with 66% field capacity and salt levels of 4, 8, and 12 dS/m resulted in decreases of 11%, 13%, and
17%, respectively. Similarly, treatments with 33% field capacity and salt levels of 4, 8, and 12 dS/m
showed decreases of 13%, 15%, and 23% in carotenoid levels, respectively, compared to the control
treatment.

Conclusion

The findings highlight the significant adverse effects of combined salinity and drought stress on
the chlorophyll and carotenoid content in Elaeagnus angustifolia leaves. The results emphasize
the importance of managing salinity and drought stress to maintain the health and productivity
of oleaster plants, especially in arid and semi-arid regions like Iran. By selecting and cultivating
stress-resistant plant species, it is possible to enhance the utilization of high-stress environments and
mitigate the negative impacts of these stresses on plant physiology.
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Table 1. Examination of some physical and chemical parameters of soil
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Table 3. The results of analyzing the variance of the chlorophyll content of elder leaves under drought and
salinity stresses
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Introduction

Crop yield forecasting requires low-cost, high-precision technology to facilitate
agricultural management. Sustainable agriculture is of great importance, as it strives
to optimize crop yields. Meanwhile, increasing crop yield by reducing environmental
impacts is an important and challenging task for sustainable food supply in this century.
Wheat is one of the most important food products in the world and Iran. Due to its
economic and nutritional value, decision-makers must monitor wheat crop growth
and yield parameters during the season. Therefore, this research aims to estimate
crop yield using some climatic indicators. Climate indices are different mathematical
combinations of meteorological data. Each climate index has a specific trend in the
simulation of the surrounding environment, so it is necessary to identify the effective
index in each region. In most of the previous research, the correlation between the
indices and the yield of the product was used. However, this research proposed a

Aridity, Ivanov, TOPSIS, Yield.

Received: robust and comprehensive multi-criteria decision-making approach, which brings an
22 July 2024 innovative perspective to the crop yield issue.
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Koppen 3, Angstrom, Selyaninov, Ivanov, Aridity, effective precipitation index, and
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and objectives. These methods provide targeted decisions because they can manage the inherent
complexity and uncertainty of the issues, as well as the knowledge resulting from the participation
of several factors. MCDM can make the quality of decisions clearer, more efficient, and more
logical, which leads to justifiable and explainable choices. In addition, MCDM promotes the role
of participants in the decision-making process, facilitates compromise and group decisions, and
provides a suitable platform for stakeholders to share their personal preferences. To decide on the
appropriate climate index selection in each climate of the modeling process, multi-criteria decision-
making (TOPSIS) was used based on five evaluation criteria, and Shannon’s entropy was used to
determine the weight of the criteria.

Results and Discussion

The period used in this research was 22 years, and the period from 2018 to 2021 was considered the
verification period. The Hurst coefficient was used to check the length of the statistical period, and
the average Hurst coefficient for all indicators is 0.65, which is greater than 0.5, so the length of the
statistical period of the series is acceptable. The values of the indices in West Azarbaijan province
have increased compared to East Azarbaijan; for example, in the Ivanov index, the rate of increase
from East Azarbaijan station to West Azarbaijan is 1.38, in the VCI index, it is equal to 51.01 and in
the aridity index, it is 62.01. Using a combination of indices is highly accurate under the condition of
using an index with better performance in single-index mode; for example, the rate of SIM increase
from single-index to four-index mode in East Azerbaijan province is 20.94. The trend of changes
in statistics is not the same in all cases, so to make a comprehensive conclusion about determining
the optimal index based on the performance of all statistics, the TOPSIS method was used. In West
Azarbaijan province, in the case of a single index, first, the Ivanov index and then the aridity index,
and in East Azarbaijan province aridity index, VCI, and Silyaninov have a high rank. In the case
of two indicators, the combination of aridity index and VCI in East Azerbaijan Province and the
combination of Angstromand Ivanov in West Azerbaijan Province have a better rating. In the case
of three indicators, in West Azerbaijan province, Ivanov-Silyaninov and PEI indices have better
performance, and in East Azerbaijan province, aridity-VCI and PEI indices have better performance.
In the case of four indicators, in East Azerbaijan province, the combination of Long-De Martonne-
aridity and VCI indices, and in West Azerbaijan province, Koppen 2-3-Angstromand Ivanov has
better performance.

Conclusion

Determining the effective climate index in each region for crop yield forecasting is a powerful
tool for decision-making in crop management and improvement. The results showed that using a
combination of indicators is more accurate than using a single indicator. The reason for this problem
can be stated that in the combined mode, corrections are made in terms of the used data and terms
of the mathematical structure. The effect of the type of indicator in each climate on the crop yield
is different. East and West Azarbaijan Provinces are very similar in terms of climate, but indices
along with the Ivanov index in West Azarbaijan Province and the aridity index in East Azarbaijan
Province have a high impact on wheat yield. This problem shows that each region has its index in the
simulation of climatic processes governing the crop yield. The use of other multi-criteria decision-
making approaches or their integrated mode can be one of the suggestions of this research. By using
a suitable and accurate index, the forecasting of the crop yield becomes closer to the actual values.
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Table 1. The used indices in the research along with the required equations and data
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Fig 2. Average climate indices in the time period of 2000-2021
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Introduction and Objective: Rice is a staple food crop that requires specific envi-
ronmental conditions for optimal growth and germination. Its sensitivity to climatic
Optimal planting time, factors, particularly temperature, means that the timing of planting and harvesting
is crucial to ensure a high-quality yield. In Mazandaran Province, Iran, rice farming
plays a vital role in the local economy, and identifying the most suitable cultivation
GLDAS-simulated data. periods can significantly enhance crop outcomes. This research aims to determine the
optimal planting time for rice cultivation in Mazandaran by analyzing local tempera-
ture data and satellite imagery, alongside farmer surveys and data from the Iranian
Rice Research Institute in Amol.
Material and Methods: The study utilized 11 years of average temperature data from
2011 to 2021, gathered from 15 synoptic meteorological stations across Mazandaran
Province. This dataset provided a comprehensive view of the province’s climatic con-
ditions over a significant period, allowing for a robust analysis of temperature trends
Received: and their impact on rice cultivation. Additionally, the study employed TRMM (Trop-
31 August 2024 ical Rainfall Measuring Mission) satellite imagery to obtain average air temperature
readings, which were then used to create a detailed map of suitable rice cultivation
areas within the province.
Revised: To enhance the accuracy of the findings, the Kriging interpolation method was applied
22 September 2024 to draw a precise temperature map outlining the germination threshold for rice across
Mazandaran Province. Kriging is a geostatistical technique that generates a predicted
surface from scattered data points, thus providing a more reliable temperature distri-
bution map tailored to the specific needs of rice cultivation.
Furthermore, to validate the research findings and refine the model for optimal rice
22 September 2024 cultivation, a structured questionnaire was distributed among 25 farmers across dif-
ferent regions of Mazandaran. These farmers, who collectively manage over 78 hect-
ares of rice fields, provided valuable insights based on their experiences with varying
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planting dates and practices. Their responses were cross-referenced with data from the Iranian Rice
Research Institute in Amol to evaluate the consistency and reliability of the results.

Results: The analysis revealed that the optimal time for rice planting in Mazandaran, based on the
temperature data from the synoptic stations, is from April 21 to the end of May. This period aligns
closely with the planting calendar recommended by the Iranian Rice Research Institute in Amol,
suggesting a strong correlation between empirical observations and institutional guidelines. The
temperature map created using Kriging interpolation and satellite imagery further supported these
findings, indicating that the most favorable conditions for rice tillering, a critical stage in the rice
growth cycle, occur in the Iranian month of Ordibehesht (April-May).

The study also highlighted the risks associated with planting rice outside this optimal window. For
instance, planting in March, when average temperatures are below 10°C, proved to be particularly
detrimental. The northern, northeastern, and coastal regions of Mazandaran, which fall into a weaker
category due to their cooler climate, are especially unsuitable for early planting. This period often
results in significant cold stress on rice seedlings, leading to poor germination rates and increased
vulnerability to diseases.

Conversely, planting in June poses a different set of challenges. The increase in temperature during
this month, coupled with the prolonged duration of the planting process, leads to heat stress, which
adversely affects rice growth and yield. According to the farmer survey results, those who initiated
planting in March reported higher levels of stress and disease in their fields. In contrast, farmers
who adjusted their planting schedules to start in the spring reported a marked decrease in these
adverse conditions. Notably, those who began planting towards the end of April did not experience
significant stress or illness, underscoring the importance of adhering to the recommended planting
window.

Conclusion: This research underscores the critical role of appropriate planting timing in managing
and mitigating stress and diseases in rice fields. By following a well-defined planting calendar, farm-
ers in Mazandaran can optimize their rice yields while minimizing the risks associated with climatic
extremes. The findings suggest that the best time to plant Tarem Hashemi rice, a popular variety in
Mazandaran, is in late April to early May. Adopting this planting schedule allows farmers to lever-
age optimal temperature conditions, thereby enhancing crop resilience and productivity. Ultimately,
this research provides a valuable framework for rice cultivation in Mazandaran, offering practical
guidelines that can be tailored to the unique climatic conditions of different regions within the prov-
ince. By integrating empirical data with local knowledge and advanced geostatistical techniques, the
study contributes to a more sustainable and profitable rice farming industry in the region.
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Table 1. Correlation coefficient, RMSE and MBE of GLDAS data with the real eleven-years average

temperature
RS PO A s jasLs
Month p-value R? MBE RMSE

Jan 0.004 0.61 4.1 -1.5
Feb 0.003 0.6 3.1 -1.4
Mar 0.01 0.51 32 -1.1
Apr 0.001 0.57 3.1 -1.9
May 0.002 0.58 3.9 2.7
Jun 0.006 0.61 32 -2.6
Jul 0.004 0.62 2.2 -1.2
Aug 0.001 0.63 3.1 -2.3
Sep 0.003 0.62 23 -0.9
Oct 0.002 0.6 3.1 -1.9
Nov 0.002 0.59 3.9 -2.1
Dec 0.004 0.56 4.2 2.9
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Fig 6. Map of suitable areas for rice cultivation in Mazandaran Province in different months of eleven years
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Table 2. Questionnaire of the rice cultivation date pattern in Mazandaran Province
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. . . . Introduction
Indole acetic acid, Tri-calcium A large part of Iran, especially the provinces located in the east and center, is located in
phosphate, Environmental arid and semi-arid regions where the annual precipitation is less than 150 mm. Conse-

quently, agriculture conditions in these areas are challenging. Environmental stresses
such as soil salinity, drought, and poor soil fertility play significant roles in reducing
promoting microorganisms, agricultural production. The utilization of beneficial soil microorganisms is crucial for
managing agricultural production. The objective of this study was to assess the toler-
ance of bacteria isolated from the rhizosphere of saffron, pistachio, and barberry plants
to salinity and drought stresses, as well as their capacity to solubilize phosphorus and
produce indole acetic acid under laboratory conditions.
Material and Methods
To isolate plant growth-promoting bacteria, soil samples were collected from the rhizo-
sphere of pistachio, barberry, and saffron plants in various regions of South Khorasan
Received: Province and transported to the Soil Biology Laboratory of the Faculty of Agricul-
03 December 2024 ture. Subsequently, the bacteria were cultured on the growth medium, and thereafter,
bacterial isolates exhibiting variations in colony shape and appearance were chosen
for purification and further investigations. Following this, 10 bacterial isolates were
Revised: picked and evaluated for growth in culture media with varying salinity levels (0, 10,
13 December 2024 20, and 40 dS/m), drought conditions (0, -5, and -10 bar), as well as for the solubili-
zation of tricalcium phosphate, and the production of indole acetic acid. Finally, the
data underwent statistical analysis using SAS software, and mean comparisons were
performed utilizing the LSD test.
Accepted: Results
14 December 2024 The results indicated that bacterial growth decreased with increasing salinity and poly-
ethylene glycol concentration in the culture medium. Bacteria isolated from the rhi-
zosphere of barberry plants demonstrated a greater ability than other isolates to thrive

stresses, Plant growth-

Sodium chloride.

How to cite this article:
Azarmi-Atajan, A. (2024). Isolation of Salinity and Drought-Tolerant Bacteria from the Rhizosphere of Plants and Evaluation of Some of Their
Growth-Promoting Properties. Journal of Drought and Climate change Research, 2(3), 85-96. 10.22077/jdcr.2024.8513.1091

Copyright: © 2022 by the authors. Licensee Journal of Drought and Climate change Research (JDCR). This article is an open access article distributed
under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).



https://dx.doi.org/10.22077/vssd.2022.4953.1061
https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0002-6773-6528
http://0000-0002-9190-7534
mailto:farhadazarmi@yahoo.com
mailto:farhadazarmi@birjand.ac.ir

Isolation of Salinity and Drought-Tolerant Bacteria ...

in high salinity and drought conditions. As per the findings, the growth of isolates at salinity levels
of 0, 10, 20, and 40 dS/m ranged from 0.603 to 1.524, 0.501 to 1.343, 0.417 to 1.234, and 0.184 to
1.038, respectively. The highest growth at salinity levels of 0, 10, 20, and 40 dS/m was observed in
isolates S2, B3, B3, and B8, respectively, while the lowest growth was noted in isolates P6, P6, P2,
and S1 at these salinity levels. The average growth (light absorption) of bacteria isolated from the
rhizosphere of saffron, pistachio, and barberry plants at -5 bar water potential was 0.779, 0.850, and
1.059, respectively, and at -10 bar water potential was 0.756, 0.563, and 0.483, respectively. The
highest growth of isolates at -5 and -10 bar water potential levels was attributed to isolate B7, where-
as the lowest growth was associated with isolates P2 and S10 at these water potential levels. The
highest phosphorus release in the liquid medium was recorded at 629 pg/mL, attributed to isolate S4.
The solubility of phosphorus by the isolates ranged from 237 to 629 pg/ml. The average solubility
of tricalcium phosphate in bacteria isolated from the rhizosphere of saffron, pistachio, and barberry
plants was 484, 472, and 393 pg/ml, respectively. The production of indole acetic acid by the isolates
varied from 18.83 to 3.23 pg/ml, with the highest production observed in isolate S6 (18.83 pg/ml).
Conclusion

The decrease in rainfall in Iran’s agricultural regions, the increase in salinity and drought stresses in
these areas, and the low efficiency and negative effects of chemical fertilizers on human health and
the environment have made the use of beneficial microorganisms that are resistant to environmental
stresses more necessary than ever. The results of this study showed that most of the isolates studied
were able to tolerate different levels of salinity and drought in laboratory conditions up to a salinity
of 40 dS/m and drought stress of -20 bar. On the other hand, most of the bacterial isolates isolated
from the rhizosphere of saffron, pistachio, and barberry plants had the ability to dissolve tricalcium
phosphate in solid and liquid media, reduce the pH of the environment, and also produce indole
acetic acid as a plant growth-stimulating hormone. Therefore, these isolates can be tested for the
preparation of microbial inoculants to induce plant resistance and promote growth under stressful
conditions.

Journal of Drought and Climate change Research (JDCR)

Fall 2024, Vol.2, No.3, pp 85-96



shngi s

dl=xo

ol ot 9 JLuSiis sl i g3

AD - 47 Olxio NFY )-Hb Y @Lu PG o)Lo.(;) 099 0,90

10.22077/jdcr.2024.8513.1091

Oluoguas (2 39 (U35 9 LS Jauwg i ) 3l (Sl 9 (5190 41 pylio (sbd g wiSL (5 3lwlue

Lyl gy S yxo

ST 0,57 ola 3

Ol iz o iz 5 oSils (65 ,9liS 0aSiiils (S owdige g pole 0g,S Liils

farhadazarmi@yahoo.com & farhadazarmi@birjand.ac.ir : Jgcwo odduns gis

ouSs

3=l (6559 Oladgi sy oo gl = v ylo lals aio ) L il laslgy 4S o35>
yr—g iy 3l ea las (sld 6 8L J—mozi iU 5l i F (i j Bud .l o]
Il Cild (sizmon 9 (KB g (5 y9—0 LA 4y Sb)) g Ay (ol ie 5 plals
Ha33 3 31 st (ot (61 D9 (AT lo3T oy ol 50 Sl Jgimisl Al g 9 phand
29 9y i 5l g Lol (Hels wyliie 5 bl Glpogas Ly 6 Sk amlan Ve oS
Ve 9-0 ) (SS9 (5= g o) =S Fe g Ve Ve o) (50— o L ciS b
s 33 JomSalS oy L1 oy Bl g (50t iy 331 Ly 4 015 oy litd gy b5 it
S—by) oS Jawg iy 3l ool oo (sl 6 5L .U ialf Lo 6 uSh a—b )y oS
Yo (Sis g (5= gabmw yd 9 Gl Lawlas 1505 am Cud (g it (o Ulg
= =S 9550 FYA L sl 2 lo x50 00 o531 yauwd Hlo_io TR S UP I W 1) RN
Al jo Laglus bwgi hud oo el 33 S, aulas a4 S 09— i o
30 Ol S (6 5 Il g 09 ptin pid Lo i p 59 30 YTV YA
FAF il o s Sy 9 i (ol =i GLBLS Jawg i 3 ouid laar Lo g 5L
Lpaylazr b ol Sl Joial aedgi 09— il oo 2 o 53 Scnn FAY 5 FYY
Jov—ul ad g Hlabo oy iy 09— ymatin jid o 3t o =59 300 F/TYVA/AY aolo o
O] 3208 D9 (i (o s 0359 550 VA/AY) S dsfir ay bgy 10 il S
(9550 SBTl Ay lo At 51yt Lt 3T (y9a3T (1 Ll (sl 51 (9 00
G bl po LT o) 05— 5 (I8 ol roli 5 oLS 4y Cogliio LA (sl
.0 35 oolasi—ul

(goals slaojly
PO L Spp-JU PR VW 6 W0 SV B PR
sr.la.,;u ‘5wa Wl w8

S5 welS ) S e el

Bl yo b
VE-¥ ANy

‘ol b
VELY/ ATy

0y &b
VE-¥AUYF


mailto:farhadazarmi@yahoo.com
mailto:farhadazarmi@birjand.ac.ir
https://dx.doi.org/10.22077/vssd.2022.4953.1061
https://orcid.org/0000-0002-6773-6528
http://0000-0002-9190-7534

5 lml oy el Lagl e a5 558 slas;
oolaiwl aloz 5l e sla ig, (6,5 54 (golazil
ada; b hlie bly) a5 (6551 wnde Gl
=l (65,0laS Sladey oy pae gl ol lals
Sarcheshmepour et al., 2010; Azarmi et) Cewl Conl
@l., 2015

05,5 abloll, ol aiy ) alold a5 S S5 any
e gilie g Cdled (ol o H i ailaie ol
adilaie (ol Cl By e Jhwgn ) d g Sl Ay
Cl Lz ol ol ) 5l golass cJled o8>
ol AL L Lag xSUolass Loyl o 04 S
L 5T 51 s o1 ol ol 5y
ool (T olas s lasl L as oS o ol
S e Lol 0 sl e, Sl 5o
S e (5 awg iy sl xS (Chandra et al., 2018)
S Lo 8Ll (29,5 (PGPR) o5 w3,
Oal38l ol al, alisee gla ) 5g5lw Ly aS ais
Ly eolaiwl 05— slo g5l 5l o5 ams o
5 Jsdona o8 S 5 Plowl 51 a5 e LaPGPR
el Al s 3 5 il ol o lonal
ot e S sy S eyt St L]
9 9,500 9md SLS 5 (g )dm dilw o Je L
989y ddgi ( olde olie Ci gl e,
S22 55— Lo s A oS Jed 28l
sile (LS slagse,s0 adsi 5 olie o
b Lpsas Lo xSt ool ol Sasl Jgosi
olals a s s co imli8l 1) olS ah ) pedi e
slas 8L s Lag)l o St v5)9-5 2 lp 5o,
Sl s g I slaoan¥T g La 5 (i, dys o
PGPR =, odlsay .05 oo tadlne (S
dgoue L as sivn jLikls ACC oujl gl)ls Lo
Bpd oo Gieals oS o 1y Lol la e AACC s, S
s Siailer e 0l o st Jlase ials L
(Glick, 2014) ol oo isl33l oL S a5,

S ole—ieas a5 (TAA) ol S whY-Jgu!
@il oSt o5, 5 )0 (g0l (5—e 9050
Sl ;S50 olS 9o gy o LpiSa g3 o0
—ol S wlbls)l g Lo iiSan 10 (—ogee imits 4S5

Journal of Drought and Climate change Research (JDCR)

Fall 2024, Vol.2, No.3, pp 85-96

OlrbT )3T sls 2 | AA

doddo
istS  class oM ie o alal
50 A4S A bl e 00Ty b g 00y aoee sl yias
3 Oiah (SS9 590 Sle A G e (2
S caS palS o SLis das g S_is 3 bl
= St s el i plals o, Sles
ele JS s e )5tS Yy e a g S
u‘l‘._cblf)’l 6)Jﬁl> LS‘)—.' EO—=> 4 >of ..\_..A)L..' 9 09g—
.(Adeleke and Babalola, 2022) ool o & o _Jgs
5 o8l Ol yoss e (goa i Jslge ( Jlo o 4
b)l_mGA S9d—Iro |) ULP ..\_».';'4)4.15) Sz LS‘)—‘
Sl S 00,5 oo oloul lalS colaiul (gl
ialS Eely 5 4 i3S e , b oS _Sy3elsh e
u.c)_wsd_w;))bl_ujde)_u.uwl_.f\))_i.Lo.c
del Carmen Orozco-Mosqueda et al.,) s li_5 b
5 oS ped CpteS oy SLS e ik inyl33l (2020
8 Soslem 9 Sn sloan T izmen 5 oloonts
oS ain; 10 b el il 4 s S )
oS 0, glma alas s L i S ol Cos
5B e 0 s g (g, 0B el alex
(Ss e hdite Lo s )50 SIS e
Angon etal.,) o2 oo 5 1) 590 9 oloonligu
o..\_;.ZS\.\y.\:;m &@‘ J_A‘9.C )‘ Sl 9 g_j S yg— .(2023
Lot loaly g 009 (65,085 Glals oy
Voo Jw Lo g),0laiS slp ) dmo,0 B dg0>
)‘ 6)‘.))_30).9‘). J_L.:LA le_bu,uj) )‘ ool.n.._».v‘ )_.»05)19



Al

e 3 S 5 (655 4 p sl Slacs STL (g luluter

p S e VEIFF L5 IVE 5l Lo 2SL o] 4o iossn
&= Pl plgs Laalaz ool 09 ,iie , o) 5o
) p_._“JS

.(Azarmi et al., 2015) ooy

Loty ambe g ool ciS oo o wla
0555 ) sy Gt 85 B g Lo
RS0 s 35 o el slagbl ossa -l
o Lyl e 4 S S idaay 5 Sis 4_ili
ol Jls 55 o oo V0 5 a8 5 blis o]
Sl Gble =l )3 (65,08 (G Ll
sl lelge 3-bls ! ;o (Doostan, 2020) <l
PH L Sol glasls «Sis 50,5 los 5 o
155 oSS oS T Slye 5 Ggrd (g jpiebol> L
— s )—'-’L‘ SLs ol 89— 9 G)L:-.’] sk
3wl A Bl3S (65,5l Y same o, Sl g 0,
5 yShas Lil53 el lion clposS B yan o 3,1
G yn 5 43l e LIS blie oyl 4o LalS
5 bmte G doaie Slasags Lol s 5l i
o oolply culaaly o ol Gl cwdlw
4 pyliio oS e Lo 5L gilwli ingh
OLalS (S p i (S g 6,00 sl
oL ) S o Slogas (b3l g (g Ol >
sl e Lag)]

g, g olge

oS 0l S e slag S gillaz )5 Lot
Ole 5 Sy iy GLLS Shwgin ) 5l S5 asgas
s Splaer e Ol bl il bl
J—ie (55,25 oSty SLs (55T g oll—2ubej]
sl yo Gileyl sy s SLs sladiges oo )5
Vooigslwlas gl da s gy K A0 F o0 >
aiges yo 5l a iy, Lol e g0 umgn, SLsp, S
8L Jodme il oo A0 g5l sl ) (9,0 4
Sl Ol 5 b o0ls IS g e i
ceiS Sldes g ol as ()l ol (e 23,
Ll (NA) 5T ey g sl S bamo (59,
bos 3 35beSl (59,8 59, ¥ v an Lol as S
Slaalaz w5 00 (5SS Bl Kl a4z )3 YA
2 Lo Lagsls ol g gt i sl as b s
Sz 9 Siloalls Gl aege glite

e G (598 (mal S e L) 5 g Se
oy St asile alS slacoles 5l gl o
Lo (o 9 Ol dia) gad 5 0y o 0
(e 3)l0 09me 0l 9 (S ey (T 5o
s Al o e 5l At Jy b il L TAA
Ao dle) lr 5 Gmge Slaady ) iy gleas L
G 3l 0S 0 SaS Bl bol 5l sd s Blge A
So—rte 9 S 29 = TAA 5l abe slas iSL 500
ookl giwgy et sla s ualS 5 olS 0,
oRlB) (lae olie Bas (LS A 3 00,5
Ao e als | ol slasgs 4 (Sls
oo o—Jg [AA -y 92 .(Etesami and Glick, 2024)
2 oSt a8 005 Jolbwie L Lo St s
i)y adex 5lolS gai g ud;y slaan] ) wlS
OO dgare doy gl Ly ()b oS oo oo )
Slaml b Lo st plals )5 TIAA oy slo e
Gl 4 g )ee el o e )5 £9 S
Spaep-) a—iS o oS oS 0y cpz o ol g
o0—uS J—= Lo xSL (en and Vanderleyden, 2011
Lo wg—d oo Bl g 40 jo—dg4 45 Sliud
ailgi oo blad 5 535 o T Slas—ol i3
8 iy 1 i Jy Lonsl 5 Sy lve o5 LS 5
0a S > Lo Sk o ,gl ol (gl oolin
sl glsl o 5 511, SLs pH ol
S (e ysd s Byl 5l 9w e ialS
Ao dzgs Lo gD yid Jd 5l (g —olie 4
oolisl Jlé o SLs 40 yad o licl Sy cops
o0t Jo sl 5Ll ooliil 0leS (6l o (ot
SoS ol i ani g (enl b 4 i oo i
sl iSL slasllas o (Azarmi et al., 2015) oS
Ol b 5l (55,8 asS oS Shwgn) Sloa b o
aJgi Jlaae o s 4 S wad bl TAA o Jgs
PS50 AAYY ol Las S lasgi (190598 (=
O—szen (Rushabh et al., 2020) 04— = Lo ,—
Glog sShano, 47 5l g as couload (5,135
O30 iy 5l oad I Sy jold (Wligagog
S ihee Voo o lale o 1) TAA oy il a oy
ol adei aalo a S a sl ldgis -l = o

woel8l s g JlSas glo ighy ddxe

Ab-4F e NF-Y J‘iL‘ Y @LJ Pgw o)LQAf; (P9 0,90



ou— oolai il o o ISl Be a0 )5 colan
Sr9—> gob—w sl—
L) srae GlaSai oo 3 B0 570 Ve iy e
99 oS B ymaan laie rola i dan (o g o0ls LSS
ke T 55 358 GlacSlel S 5 9 pmi e il
ol an Ol SO st elae c LB g ol J>
4o Laglor mdl 5l ey 0B oilow; 135355
Lz glag )t Lol ag GlociS e
Coles jo goad S el w VY G o day Loyl
Fogiby yiSeol jlosliiul Ly LT j5 i oy

(Sarcheshmepour et al., 2010) o3& (5,—5o;lul
S el Sl Jgaal ods e (=l sl
a9 Jaie NB aole coitS Lome s aslan y 0 03ls

)_,M)r»of~ BY‘ AR

Ogomibimgas 3 o o ooly 8T el FA o
GO NB ciS boe g5l slag) )l i aslax ;o
e S Sen o+ Gl L g5 - )
2y WWe ca bl cel w FA oo ey g Jdiin
S gamilimgan ] 51 e o ols K5 aiBo
Llie Sy e U s, e 5 550 L
B iole;l (slod o 4280 Ve ue ds Ladiges 0
Lowg j50 odz Jlafe ey 50 500 (5,00
Shimadzu BioSpec-1601, Ja-) iegidg iSwl ol
L oo oolol o Jasbiwl jlog—es s g (5 ,5o3l0l (pan
(Bentetal., 2001) wo_is d s lie sl Scwl Jga!
3l oslaiwl Ly Laosls (gl Jdow g jo ccmsloiyo
03031 95 4 = LeneSilee dnlio 5 SAS 5 8lp 5

o oLl LSD
S92 51 dmosls Gl )l s m s ell
Mo=re (3= @dz) Lol ol o ciS oo
sle slis Laosls Sl dglie ol (p<0.01) 0
Lo xShod, S laome (5550 Gil¥l Ly as
O ol wody moll a4 > Ly il ioals
¥ g Ve e o 60t ol o Laale
RY/AA SRV A RSO AR U S0 7 VR & S R W SV
i VATV YA 5 /FVVSVYYE /0 -V YEY
9V N ho 60b pahaw ;0 0l (n ey 39
S, slaalar 4 e ja ;e ;o ey 0 T

Journal of Drought and Climate change Research (JDCR)

Fall 2024, Vol.2, No.3, pp 85-96

OlrbT )3T sla 3 | Qs

Ol a1 laadl 5l s aia s Clsal goss
S9syee g5 L aslaz Ve oS e 5l ladlas
oS 0y S e lpogas L 5l 5 Dl YU
S b e 50 Sl g8 o, Ploul el
Ay s 5 oS e pH i als (arle g ol
Slpogas (b))l aiad (b))l sl Sl Jgas
5 dola SLalS 7, b B o Laagla g0, oS, me
o alsl ), S5 ¥ L

Sliad olS (5 Pl plos (6 =5 oslosl (sl
A Lo Sl ool (G Joloals arin (l5—04)
eSS (NB)' &l s 59 e o celw FA Sue
P> e S dad e id (gl aiad ools
D95 L 68l o35 5ot 5y Sea V0 i
bz ol slacel ) )-S5 e b g 5,105
Jsdomol Sai ;2 13 5,5 0 (gl 45 PKV ol
cloacal, o b ool e iS wey e wdpndS )5
5 6o ol Kl 4z 0 YA slws jo o0y rals
oDl s lyeay sl Gl Ll Gl ol
TSR ORI St PN
e Sl 59, O S8 Sl ey (ST B
s it S o5 g5l ale S Lo o
an Lagd)l (81 slaalaz o, 5 adlal 5l sy
O Ses il 5l ey g oo ooly 85 59, 0 e
Slosliiul Ly (g Jo—tome o aud Jaio s
(Rashid et al., 2004) 055 - osi ogi8g Sl
Logloer (Sis 4 Joxd Gls 6 =Sojll sl —
Yo¥f oo loacdale e S NB e iS laoxe a sy
Gljlasy PEG) £+ v+ 5SS oy Ll L o, 5 YAAF
Mi- asbes olaslyy NB Gt Lo oy $5LS Sy
4S5, 5bas wa5,5 4 slsl (chel and Kaufman (1973
o))l bl - 50+ o] Jeily
S el VY S 4 PEG 5 Lage ST ool >
sSoslail LagT jo je5 ds was ol 5l ey g 00
Sy A dm Lol Jeod ()l (6l o
sV Ve Glagg st Lo NB o oS o oo ) 5o
sleslaiwl Ly a5 (dS/m) oy puonj (oo ¥
D9 00 At e 9 re—elS i Lo IS

1. Nutrient Broth



1)

e 3 S 5 (655 4 p sl Slacs STL (g luluter

(Glick, 2014) ol oo Limlidl oL 5 oi) 5 asilo
G g =l oS el e o Lags STy (il
o=l ekl gl sl 03 5 ) byt (Sis
oSl el o) vg e sl Llasl
SloS 5 oy Gl 4ol )0 5 (9,50 Cmpmoxr
S— Sl Ol ) (=l oS 0l S e
ialS 1) 25 e el et iyl 5 55 0t
4SO Siagh ;K8 v el gl a0
Loawlas o) o Jemily als Ly ass,S )15
Olalas mols cwloas oy 7o o8l ials
Yeas ol sl ialS Lo a S ol s Lag]
Al oy e bl Laaas ooy Ve 5l i s

.(Sarcheshmepour et al., 2010)
o boalazr (lls (el ly a8 mals elal
aol> e jo (Slad oy 5 Pl

IS 6,=5)
So—re amle oo pH &, (izmen 5 alo g
adly phad cod a S ol s mols (p<0.01) ol
b )3 jid Sl (el (lsmed G09S A
Lo g Dgliie adlllas 5,5 slaaslozr gl ol
Y- SOV SUVICE. DTN W ORI T S S P WS
LaS 09 (Y-9)S, aslaz as b e 5055 4 alls
bl (gl e IS Laaslos an )0 0F 5l iy
S; sl 4 Cod ol Jladie 5 oS rizeen
O Laalaz ao,0 3 LaS 055 basye (VYA

Loaglax daon aS ol flis aslhe 5 )50 loalos
U U S P SRR R W 0 Y RS I KW PR o0
S, el asaSosy il e e, 55,50 PYA L
3o L gyl e B alas ol il e
il s Pl Jade il Laaslas oo 0 AY
YYV-£YQ ol o Loaalos b wg o s o D>
&5 Pl g 0o st ;o oo 1 055,800
gy, 5l ead la > slog S o Slawd e lS
FAY oy el S8 5 a (Ol ae) lalS
(Vg o5 = shoe = o 55,50 YAY 5 VY
Laalaz Ly mdli cosslowony molia s a>g L

S50 Toba )3 0y (o eS 09 b e By 9 B, B,
G5 S, 9Py PPy slaalar an o 55 398
Sy, 5l oad o sl pSL S jaboay cils
Loalar 1500 4 Caud (g ity (bl S5 0LS
Jsoz) el pLas Yo (505 ol )0 08 sl
95 S CmieS e SLE S laie (Al ()
s 9o slmanlp izmen 5 (oleard
Slaon e He—d slaSE o0l e 5
Na"/ s jialS 290 Cl g "Na a Lo 5l calize
et el ety 3 555 o s3oed 25 5 K
olasil 1) olde olie g ol Lis (bl oS a sy,
s Dy oo ] Lo oL S g ar sl 85
F9¥s0 5 pledsn (NI, 50 aliSe Sla S
z—L5 ((Angon et al., 2023) o235 o i |, oLS
> sl Sk aS ol ools it i lizes lallas
J—“’”u‘?—’)HLﬂ—WL’Sﬁ—“ SlaSE e s
sl elBislesl bl & o ol ol 4 s0Ls;

.(Sarcheshmepour et al., 2010; Azarmi et al., 2015)
S 5l as ol s Laosls sl jlg a0 mmls
S (p=0.01) Slo s—mo Laayla o8y 0 la e
S ol Lol (o Sila alin s ol
Lo Sl o, ioals czgo (PEG mh) S_is
o= slesiSh (90 wiz) o) lhwgio 0o )5
23Sy g Ay (ol i) GLalS jiwgn ) load
9 AD IV il e o -0 o iy
o -V e O iy mhaw j5 5 V/+ 0
5 Laaylaz o, oy i 05 /YOS o+ [OSY (o [FAY
Gle By aslaz an JL Ve 50 o Jeilsy sl
l Jemily gsbas 10 0y G pheS izmen 09—
D bgye 8,0 9 Py slaasloe any o e 3 §9
2l olie (eald Al jedle Lags 2SL
=l el pleld oS o, sgge a0 g S
B sbon slas SL g Lag )8« Sid )00 (4iS
S Ol 18 g T slacan¥T g La 5 55,
ACC 31 glyls LaPGPR 5y oS o oo Libloce
st Lo aS wis (G 0l o 3D Sl
Bpd o eals oS o 1y Lol laie AACC s, S
el ey ol 5 Ll e alS L

woel8l s g JlSas glo ighy ddxe

Ab-4F e NF-Y J‘iL‘ Y @LJ Pgw o)LQAf; (P9 0,90



cilize 5o g0 g Jamily b clS ko 50 (595 @iy ludo) laalosr uby ) Jgur
Table 1. The growth of isolates in medium with different potential and salinity
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Table 2. The ability of solubilization of P and production of IAA by isolates
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In each column, averages with the same one letter are not significantly different (LSD test) at a 5% probability level.
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) Introduction
Environmental hazards, 1 recent years, crises caused by natural events around the world have dramatically
Increasing productivity, increased. The various effects of climate change on different sectors of production,

the environment, and human societies have caused it to be mentioned as one of the
most important environmental challenges of the twentieth century. Climate change has
Water resources. wide-ranging effects on how to invest in modern irrigation systems.
Climate change and food security are two fundamental factors in agriculture. Modern
irrigation systems are a set of arrangements, solutions, and new technologies. While
improving the irrigation efficiency, the actual water needs of the plants are supplied
and the soil conditions are kept physically, chemically, and environmentally stable.
Considering the importance of investment in this sector and the impact of climate
change, this research aims to investigate the impact of climate change on the way of
investing in modern irrigation systems.
Received: Materials and methods
29 June 2024 Generally, climate change has increased the need to invest in modern irrigation systems
and resistant and environmentally friendly methods to face the challenges caused by
climate change and sustainable agriculture, food security, and protection. Climate
Revised: change has a great impact on how to invest in modern irrigation systems. These effects
24 September 2024 are apphed Fhrough several main anq related pathways: increasing water scarcity apd
changing rainfall patterns, technological advancement, automatic systems, alternative
water sources, and renewable energy, policy support and financial incentives adapting
to climate change, and reducing vulnerability. These changes and investments generally
help to improve agricultural sustainability, increase food security, and protect water
24 September 2024 resources. Paying attention to these points and implementing them at different levels
has an essential role in dealing with the challenges caused by climate change. To
increase investment in modern irrigation systems due to climate changes, several

Renewable energy sources,
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specific strategies can be used. These strategies include using advanced technologies, improving
water resources management, creating financial incentives, training and capacity building, and
improving infrastructure.

Results and Discussion

Investment in modern irrigation systems is increasing due to climate change and this trend will
continue due to the high importance of water resource management and increasing agricultural
productivity. However, to succeed in this field, coordinated efforts are needed between governments,
international organizations, the private sector, and farmers. Developing new technologies, providing
appropriate training, and creating financial incentives increase these investments and deal with the
challenges caused by climate change.

Conclusion

With increasing intensity and recurrence of droughts and changing rainfall patterns, traditional
irrigation methods become less reliable and the need for more modern and intelligent systems for
managing water resources is felt. New technologies like drip irrigation and automated irrigation
systems, which utilize sensors and data analysis to optimize irrigation timing, are attracting
investments. These technologies not only reduce water consumption but also increase productivity
and reduce operating costs. In addition, the use of renewable energy sources such as solar irrigation
systems is also extending. These systems are considered a sustainable and cost-effective option for
water management, especially in areas where access to electricity is not reliable. Other innovative
methods include using recycled water and alternative water sources for irrigation, which reduce the
pressure on water resources due to a lack of fresh water. However, careful management is necessary
to avoid environmental and health hazards. Also, there is more emphasis on policy frameworks and
financial incentives to promote the adoption of new irrigation systems. The focus of investments
extends beyond infrastructure, encompassing the empowerment and development of supporting
institutions to ensure the effective implementation and maintenance of these technologies.
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