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Abstract: Barley stands as a cornerstone in agricultural landscape of Kazakhstan, weaving through diverse climate zones, and annually
gracing over 1.5 million hectares. The intricate interplay between climate and food systems necessitates thorough analysis and
strategic measures to food safety and nutritional security, as the evolving climate significantly influences both the quantity and quality
of our food resources. This study aims to employ the LINTUL-MULTICROP Model to assess how spring barley adapts to both today’s
climatic conditions and potential climate change scenarios to elevated levels of carbon dioxide and temperature under the specific
conditions of southeast of Almaty. Three different global climate change models were studied (GCMs); i) GFDL-ESM2M], ii) HadGEM2-
AO, and iii) MPI-ESM-MR for historical period (1986-2005) under RCP 4.5 and RCP 8.5 during the periods of i) 2040-2059 years
scenarios, ii) 2060-2079 years scenarios, and iii) 2080-2099 years scenarios. Overall, the HADGEMAO and MPIESMMR models
exhibited promising results in simulating yield, projecting an increase in spring barley yield for both RCP4.5 and RCP8.5 scenarios in
GFDL-ESM2M model case also demonstrated stable increase in rainfed conditions. In conclusion, it should be noted that in the

conditions of Kazakhstan, the cultivation of spring barley tends to change to growth in the southeast of Almaty.
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1. Introduction

Climate change, a consequence of human activities,
unfolds the profound transformation of our planet's
climatic dynamics (Gergis, 2023). The existence of
radioactively active substances in the atmosphere of the
Earth global average layer
temperature by 30 °C, creating our world livable for life.
From the time of the Industrial Revolution, man-made

increases the outer

activities have led to a rise in carbon dioxide and other
trace gases, ended up in approximately 2 W m-2 of
radiative heating in the troposphere and surface. This
warmth is anticipated to be compounded by altering in
snow, clouds, water vapor, and sea ice (Gergis, 2023).
The elevated concentrations of atmospheric carbon
dioxide (CO2) contribute significantly to the greenhouse
gas effect, exerting profound consequences on the Earth's
climate and ecosystems. As a major greenhouse gas,
increased CO:z concentrations lead to enhanced heat
retention within the atmosphere, contributing to global
warming including fluctuations in temperature,
alterations in precipitation patterns, and the melting of

glaciers (Van der Werf and Petit, 2002). With
temperatures already on the ascent by approximately
1°C, our world is witnessing the repercussions -
heightened heat waves, unpredictable floods, and
prolonged droughts that pose significant challenges to
our collective well-being (Reddy and Reddy, 2015;
McMichael, 2017). In this intricate interplay between
humanity and the environment, agriculture assumes a
pivotal role, grappling with an array of challenges that
strain global food security (Van der Werf and Petit, 2002;
Gregory et al., 2005).

As per the 2022 IPCC Sixth Assessment Report, there is a
strong consensus indicating that climate change, as it
stands, has predominantly resulted in adverse effects on
both crop yields and crop quality in agriculture. The
impact of heightened CO: levels extends to terrestrial
ecosystems, influencing plant physiology and altering
photosynthetic processes (Fleming et al, 2018). While
some plants may benefit from increased CO: in the short
term through enhanced growth (Kizildeniz, 2024;
Kizildeniz et al, 2021) and water-use efficiency, the
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overall ecological balance is at risk due to potential
disruptions in nutrient cycling, changes in species
composition, and increased susceptibility to pests and
diseases (Kizildeniz et al., 2021). Climate change exerts a
multifaceted and severe impact on various crops, with
barley being no exception. The influence of weather
change impact on barley growth manifests in diverse
developmental stages, introducing complexities and
challenges for agricultural systems, with differences in
temperature impacting tiller number, plant height, and
dry aboveground plant parts (Gray and Brady, 2016).
Barley plants respond to elevated temperatures by
promoting
inflorescence development, which can impact canopy
architecture and grain production (Zhu et al, 2021).
Elevated temperatures resulting from climate change
affect the expansion and development process of barley
leads to alterations in morphological and developmental
traits (Raza et al,, 2019).

Kimball et al. (2002) and Long et al. (2005) were
revealed that rising carbon dioxide has been shown to
directly alter plant photosynthesis and, as a result, the
development of plants. Climate change affects seasonal
precipitation patterns and raises mean temperatures,
causing a detrimental impact on agricultural output
(Meehl et al,, 2007). Barley is the 4th foremost crop with
regard to of worldwide productivity (Giraldo et al,
2019). Photosynthesis of individual barley leaf enhanced
with rising COz (Ford and Thorne, 1967; Pettersson et al.,
1993), however in various investigations, the processes
of photosynthetic was solely intermittently enhanced
(Hibberd et al, 1996; Sicher and Bunce, 1997). Barley
leaves development responded differently to CO2
advancement, with an advantageous result (Ford and
Thorne, 1967) and a lack of reaction (Bunce, 2004),
whereas stem height increased with CO; rise (Weigel et
al, 1994; and Mortensen, 1996). Two
investigations demonstrated an enhancement in harvest
index with CO: rise (Pettersson et al, 1993).
Nevertheless, in numerous additional studies, an absence
or reduction was seen (Weigel et al,, 1994). Drought and
high temperatures throughout seed formation can
diminish productivity and quantity while also affecting
seed quality features including dormancy and robustness

elongation growth and accelerating

Saebo

(Sehgal et al, 2018). Overall, climate change poses
challenges to barley crops, but understanding these
impacts can inform breeding efforts to develop climate-
resilient varieties (Zenda et al,, 2021).

Crop models, ranging from empirical to optimizing types,
are essential for understanding intricate interactions
among atmosphere, crops, and soil. These models, based
on physiological knowledge, efficiently simulate various
scenarios, aiding agriculture in pest management,
breeding, and climate change impact assessment (Boote
et al, 2013; Oteng-Darko et al, 2013; Craufurd et al,
2013; Reynolds et al, 2018; Asik et al, 2021;
Akhavizadegan et al, 2021; Wajid et al, 2021). Crop
models which have been applied in barley include deep

neural network (DNN) and machine learning (ML)
regression approaches (Jeong et al, 2022). Models for
two- and multi-row spring barley cultivars have been
developed, considering factors such as yield structure,
plant density, and root characteristics (Newton et al,
2012). However, there are already applied crop models
for barley, but they are either tailored for specific
yield
components. More to the point, these existing models
may not be suitable for application when crop production
and quality attributes vary due to unique processes that
are not mandated in the model (Tao et al., 2018).

In addition to assessing the adaptability of product to the
current climatic conditions, there is a curiosity about its
potential yield in the event of climatic changes in the
upcoming years. As a result, climate change
consequences on altering planting periods and
accessibility to water, which may lead to yield decreases,
should be examined in order to provide policymakers
with credible data in relevant locations. Leveraging the

environmental conditions or focused on

capabilities of the LINTUL model enables the simulation
of barley production, allowing for the optimization of
land use, streamlining technological operations, and
judiciously allocating mineral fertilizers to enhance both
yield and profitability. Therefore, beyond evaluating the
adaptability of the product to existing climatic conditions,
it becomes imperative to ascertain potential yields in the
event of climate variations in the upcoming years.
Therefore, it is crucial to investigate how climate change
may impact shifts in planting seasons and affect water
availability, potentially resulting in decreased yields. This
research aims to provide policymakers with reliable data
in relevant areas. In this research, the LINTUL-
MULTICROP Model was employed to scrutinize the
habituation of barley to prevailing climatic conditions
and anticipated climate change scenarios, elucidating its
response to elevated carbon dioxide levels and increased
temperatures.

2. Materials and Methods

2.1. Model Explanation

Linus Franke of the University of Bloemfontein adapted
the earliest versions of the LINTUL-MULTICROP Model,
which had been developed in Fortran, into Microsoft
Excel (Franke et al, 2013). Franke et al. (2013) and
Haverkort et al. (2013) conducted the initial research
study employing this approach. The model demands
three major data sets as input: climate, crop and soil data.
Spitters (1989) and Spitters and Schapendonk (1990)
established a mechanistic model known as LINTUL (Light
Interception and Utilization) that calculates dry matter
buildup employing solar radiation absorption and
radiation addition efficiency ratios. LINTUL is an
important tool to evaluate the difference between
current and projected crop yield. In addition, by entering
precise meteorological factors, the model may compute
the amount of grain that could be generated in a
particular setting compared to agricultural productivity
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under existing ecological conditions (Farré et al.,, 2000).
Farré et al. (2000) examined and validated LINTUL for
the forecasting of timing of flowering, leaf area index, and
production, and agreed that the model correctly
estimated outcomes for all maize characteristics.

LINTUL might be utilized for investigating the effects of
various irrigation systems on productivity in diverse
regions for crop sustainability. The model is also valuable
for researchers in identifying carbon dioxide fixation
during photosynthesis (Yetik et al, 2023). LINTUL may
evaluate light absorption and utilization rates throughout
photosynthetic. It may develop the accumulation of dry
mass in the presence of appropriate nutrients and
moisture, pest, disease, and
environments, and current weather
(Spitters and Schapendonk, 1990). Dry mass is mostly
the result of light interception (Shibu et al.,, 2010). The
versatile LINTUL model not only aids in assessing soil
water mechanism like drainage, evapotranspiration, and
runoff, but also facilitates the adaptation of cropping

without weeds

circumstances

patterns and management practices based on the
anticipated availability of soil water, generating a diverse
set of outputs through its simulation equations (Ahmed
etal,, 2013). Furthermore, the model's versatility extends
to its seamless integration with remote sensing images,
facilitating the monitoring of spatiotemporal barley
growth patterns and yield dynamics (Gimplinger and
Kaul, 2012).

The first of these inputs is climatic data including
precipitation (mm), averages of temperature minimum

Figurel. The location of study area

Soil cover of the experimental is represented by irrigated
light chestnut soils with deep groundwater (more than
10 meters), characteristic of the foothill plain of the
Trans-Ili Alatau. According to the classification principles
reported by Dokuchaev (1899), the soil of the stationary
site belongs to the light brown subtype. Light-brown and
dark chestnut soils of upland agricultural landscapes,
developed on loess-like loams of medium loamy
mechanical composition, are situated on the foothill-
inclined plain of the northern slope of the Trans-Ili
Alatau. Generally, the relief of this territory is
distinguished by a fairly significant degree of horizontal
dissection by a network of branched logs with gentle and
sloping slopes used in irrigated agriculture. In general, it

and maximum (°C), solar radiation (M] m2 day-!) and
monthly evapotranspiration values (mm). The additional
input agricultural dataset contains the dates of radiation
use efficiency (RUE, g MJ1), sowing and harvest (day),
planting, and effective rooting depth (cm), sprout growth
rate (Extension of the below ground sprout per day-
degree, mm degree day-!), harvest index (%), dry matter
concentration (%), effective temperature sum between
emergence and 100% ground cover (GC) (0-100% GC,
degree day), Lowest and highest temperatures for the
photosynthetic as well as optimal photosynthetic (°C).
Ultimately, the model provides a default selection for
nine distinct kinds of soil with various water capacity,
bulk densities, accessible water contents, and wilting
points, that the user can simply choose. The LINTUL-
MULTICROP Model produces various results. The model
might provide climate change adaptation strategies by
determining the days between planting and emergence,
the duration of growth time (days), the days between
100% GC and harvest and the days between emergence
and 100% GC. The model may determine the need for
irrigation water using precipitation and ETP data. In
addition to that, the model can forecast yield in both
irrigated and non-irrigated conditions.

2.2, Study Site

The research was performed in 2023. Field trials were
undertaken on the experimental land of for the KazNIIZiR
LLP 43°13'10"N 76°41'06"E 803m in southeast of
Almaty, located in Kazakhstan (Figure 1).

is a moderately arid zone with a pronounced continental
climate, with large daily fluctuations in air temperatures
and annual precipitation.

The soil is marked by relatively low humus content (2.20-
2.45%), due to high carbonation, the response of the soil
mixture is almost alkaline 7.5-7.8. The uptake capacity
does not exceed 15.5 mg /eq., the main part of the
absorbed bases is calcium, the amount of absorbed
magnesium is not extremely high. Total nitrogen contains
0.20%, total phosphorus - 0.25%. According to the
degree of supply of batteries, the experimental site is
characterized as poorly provided with phosphorus and
high potassium. Weather conditions of the southeast of
Almaty and the mean climate data from 2000 to 2023
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and the monthly crop evapotranspiration data (ETP)
were calculated as Yagiz et al. (2020) are given in Table
1.

2.3. Plant Material

Barley (Hordeum vulgare L. spp vulgare) is vital crop in
Kazakhstan’s agriculture, and it grows various climatic
areas covering more than 1.5 million hectares every year.
At the moment, it is the nation's 2nd most extensively
produced grain crop following wheat, yielding a mean of
2.0 million tons each year (Genievskaya et al., 2018). The
ultimate outcome of barley in the nation is feed for
livestock in Kazakhstan, with a mean output of 1.5 tons
per hectare (Genievskaya et al, 2018). Because of the

nation's long, harsh winters and frequently dry summers
of Kazakhstan, two-row spring barley is the dominating
variety in all major barley growing locations. Summer is a
particularly challenging season in two out of three years,
with drought and heat resulting in an enormous decline
in grain production (Genievskaya et al., 2018).

Spring barely, which is well suited to the ecological
environmental circumstances in the area and barley is a
strategically important crop for Kazakhstan, was used as
plant material. The input crop data of LINTUL-
MULTICROP model achieved from various sources was
examined and given in Table 2.

Table 1. The long-term annual climate data of Southeast of Almaty from 2000 to 2023

Months AT min (°C) AT max (°C) AT mean (°C) AP (mm) R (M] m2 day-1) ETP (mm)
January -8.20 0.78 -4.57 34.67 5.72 28.6
February -5.60 3.18 -1.96 42.87 8.67 43.4
March 1.29 12.01 6.15 76.91 12.24 61.2
April 7.69 19.24 13.18 102.73 16.41 82.1
May 12.71 24.68 18.59 95.86 19.29 96.5
June 17.59 29.71 23.60 57.07 21.56 107.1
July 19.96 32.33 26.04 36.92 21.27 106.4
August 18.54 31.30 24.71 33.45 20.05 100.3
September 13.12 25.94 19.27 29.00 16.27 81.4
October 5.82 17.52 11.10 56.91 10.94 54.7
November -0.74 8.04 293 59.19 6.98 34.9
December -5.92 1.76 -2.85 39.05 4.86 24.3
Average 6.36 17.21 11.35 55.38 13.68 68.4

AT min= average temperature minimum, AT max= average temperature maximum, AT mean= average temperature mean, AP= average

precipitation R= radiation ETP= evapotranspiration data.

Table 2. Input parameters of LINTUL Model obtained from the field experiment

Parameters Values
Sowing date (days) 14/04
Planting depth (cm) 5
Harvest date (days) 5/08
Effective rooting depth (cm) 7
Dry matter concentration* (%) 40
Harvest index (%) 25
Sprout growth rate (mm degree day-1) 1.4
0-100% GC (degree day) 736
RUE** (g MJ-1) 1.48
Temperature for the photosynthesis (°C) Mini.mum >
Maximum 35
Temperature for the optimum photosynthesis (°C) Mini'mum 15
Maximum 25

*Dry matter concentration (%) of barley data was referred as Stacey et al. (2006). **RUE (g MJ1) of barley data was referred as Goyne

etal. (1993).

2.4. Climate Change Scenarios

In the study, yield calculations for three distinct future
periods, namely 2040-2059 (F1), 2060-2079 (F2), and
2080-2099 (F3), were conducted to assess the impacts of
climatic variations, excluding the reference period (RF)
covering the years 1986-2005. The computed yield
values were obtained using climate data from three

different models. In the process of model selection, three
widely utilized models in academic literature were
chosen: HADGEM-AO, GFDL-ESM2M, and MPI-ESM-MR,
their accurate and
representation of complex processes. To
encompass a diversity of potential future emission
scenarios, two distinct Representative Concentration

each recognized for reliable

climatic
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Pathways (RCPs) were considered. RCP 4.5, representing
stabilization, and RCP 8.5, representing high emissions,
were employed to project potential climate conditions.
This approach facilitates a comprehensive examination of
comparative future trajectories and allows for an in-
depth exploration of potential future scenarios. The
climate parameters for the reference and future periods
presented in this study were derived from scaled
projections obtained from the WorldClim database.
These projections Coupled Model
Intercomparison Project Phase 5 (CMIP5) models with a
(100km x 100km), as
documented in WorldClim (2023). These models serve as
fundamental tools in simulating future climate conditions
based on different greenhouse gas emission scenarios,
contributing to the robustness of the study.

utilized

resolution of 1.0¢ x 1.0¢

3. Results

The simulated barley yield in rainfed agricultural
systems exhibited a substantial increase across all
climate change scenarios, reflecting an evaluation of
climate forecasts for precipitation conditions (Table 3) to
gauge their impact on spring barley crop yield. Separate
assessments were conducted for four distinct periods
(1986-2005, 2040-2059, 2060-2079, and 2080-2099) for
two scenarios, namely RCP4.5 and RCP8.5, for each

model. The historical period (1986-2005) simulations
using the LINTUL model revealed barley yields of 6.7 t ha-
1 for HADGEMADO, 3.8 t ha'l for GFDLESM2M, and 3.5 t ha-
1 for MPIESMMR. Moving into the future under different
RCP scenarios, distinct patterns emerged. Under the
RCP4.5 scenario for 2040-2059 (F1), HADGEMAO
projected an increase to 7.7 t hal, while GFDLESM2M
and MPIESMMR showed yields of 4.4 and 4.2 t hatl,
respectively. In the same period under the more severe
RCP8.5 scenario, HADGEMAO exhibited higher yields at
8.3 tha1, while GFDLESM2M and MPIESMMR showed 4.2
and 4.8 t hal, respectively. Transitioning to 2060-2079
(F2), HADGEMAO, GFDLESM2M, and MPIESMMR under
RCP4.5 yielded 8.1, 4.3, and 5.3 t hal, respectively.
Meanwhile, under RCP8.5, HADGEMAQO yielded 7.8 t ha-l,
GFDLESM2M yielded 3.9 t ha'l, and MPIESMMR yielded
4.4 t ha'l. In the final projection period (2080-2099, F3),
RCP4.5 showed HADGEMAO, GFDLESM2M, and
MPIESMMR yields of 8.9, 4.1, and 4.4 t hal, respectively.
Contrastingly, under RCP8.5, the yields were 8.2 t ha1 for
HADGEMADO, 4.2 t ha'! for GFDLESM2M, and 3.8 t ha'! for
MPIESMMR. The results underscore the variability in
simulated barley yields across different climate models,
scenarios, and time periods, with RCP8.5 consistently
projecting higher yields compared to RCP4.5, and model-
specific responses to changing climate conditions.

Table 3. Yields (t ha-1) and yield changes (%) of different scenarios for spring barley

1986-2005 . 2040-2059 2060-2079 2080-2099
Model . . RCP scenarios
(Historical) (F1) (F2) (F3)
b
HADGEMAO 6.7 4.5 7.7 (14.9v) 8.1 (20.9) 8.9 (32.8)
8.5 8.3(23.9) 7.8 (16.4) 8.2 (22.4)
CFDLESMZM - 4.5 4.4 (15.8) 4.3 (13.2) 4.1(7.9)
' 8.5 4.2 (10.5) 3.9 (2.6) 4.2 (10.5)
MPIESMMR . 45 4.2 (20.0) 5.3 (51.4) 4.4 (25.7)
8.5 4.8 (37.1) 4.4 (25.7) 3.8 (8.6)

aSimulated yields (t ha'1), bYield changes (D, %) D= [(Yield-Historical yield) + Historical yield] x 100.

The HADGEMAO model, under the RCP4.5 scenario,
demonstrated a consistent upward trend across three
future periods. The percentage increase was 14.9% in the
2040-2059 periods, escalating to 20.9% in the 2060-
2079 period, and reaching 32.8% in the 2080-2099
periods. In the case of the HADGEMAO RCP8.5 scenario, a
projected profitability increase of 23.9%, 16.4%, and
22.4% was forecasted for the respective periods of 2040-
2059, 2060-2079, and 2080-2099. The second model,
GFDL-ESM2M, with RCP4.5, indicated a 15.8% increase in
yield during the 2040-2059 periods. In the middle future
period (2060-2079) was observed with an increase of -
13.2%. The model projected an increase of -7.9% in the
2080-2099 periods. For the GFDL-ESM2ZM model with
RCP8.5, a mixed trend emerged, showcasing increases of
10.5%, 2.6%, and 10.5% in the periods 2040-2059, 2060-
2079, and 2080-2099, respectively. The MPIESMMR
model, under the RCP 4.5 scenario, displayed substantial
increases in barley yield during the periods 2040-2059

(20.0%) and 2060-2079 (51.4%), with a subsequent
increase of 25.7% in 2080-2099. Under the RCP 8.5
scenario, stable percentage was (37.1%), (25.6%),
(8.6%) increase in barley yield were observed across the
periods 2040-2059, 2060-2079 and 2080-2099.

Overall, the HADGEMAO and MPIESMMR models
exhibited promising results in simulating yield,
projecting an increase in spring barley yield for both
RCP4.5 and RCP8.5 scenarios in GFDL-ESM2M model
case also demonstrated stable increase in rainfed
conditions.

4. Discussion

Climate change, particularly the rise
temperatures, is anticipated to exert a considerable
impact on agricultural yields (Wang et al, 2018). The
future yield estimations of barley were conducted
through the application of the LINTUL Model to create a
strategy to the critical threshold imposed by this

in ambient
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phenomenon. On the other hand, Gardi et al. (2022)
utilization of the DSSAT-CERES-Barley model for
Ethiopian barley production reveals potential yield
increases despite climate change. Projections suggest a
consistent temperature rise of up to 5 °C and variable
rainfall patterns. Despite a simulated significant decline
in production, up to 98 and 63% for Traveller and EH-
1493, respectively, adaptation strategies involving early
sowing, an increase in both density (25%), and fertilizer
rate (50%) counteract these negative effects. The study
highlights the efficiency of the model in assessing the
influence of climate change on rainfed barley yield in
Ethiopia and suggesting measures for adaptation,
providing a parallel perspective to our investigation
utilizing the LINTUL model. Mirgol et al. (2020) found
that, under certain climate scenarios, the irrigation water
requirements (IR) for winter wheat and barley in Iran's
semi-arid Qazvin Plateau are projected to increase
significantly by 38%-79% highlighting the critical
importance of water resource management under the
climate change conditions. In our study, we focus
different point, highlighting that our observed increase in
potential yield is attributed to our precise management
of irrigation, maintaining soil water level at the optimal
threshold for crop needs. Bento et al. (2021) examined
the influence of climate change on production of barley in
the Iberian Peninsula, revealing a projected increase in
the northern regions due to early winter warming
stimulating earlier growth, while the southern regions
face potential severe yield losses primarily attributed to
rising spring maximum temperatures. Ko et al. (2019)
assessed geospatial variations in South Korean barley
production under climate change scenarios (RCP 4.5 and
8.5) using the CERES-barley model. Projected yields for
four barley cultivars demonstrated moderate rises under
RCP 4.5 and rapid enhancement under RCP 8.5, revealing
regional Trnka et al. (2004)
demonstrated that the combined effects of direct and
indirect impacts of doubled CO: on potential yields

notable variation.

resulted in a substantial 19-30% increase in barley yields
across various localities. The observed increase in barley
yields with rising temperatures can be attributed, in part,
to the potential of photosynthetic
processes. Warmer temperatures may
enzymatic reactions associated with photosynthesis,
leading to carbon assimilation
subsequent positive impact on crop yield. This
experience is particularly relevant to C3 crops like barley.
However, it is crucial to note that while elevated
temperatures effects, the
relationship between temperature and yield is nuanced.
There exists a threshold beyond which the positive
effects may turn detrimental due to heat stress. In

enhancement
stimulate

increased and a

may have beneficial

regions where water resources are limited, the potential
impact of increased temperatures on barley yields should
be carefully considered (Al-Bakri et al.,, 2011).

4. Conclusion

The optimization of yields is the critical determinant the
improvement of the quality and economic value of crops.
In recent years, the landscape has undergone significant
changes to achieve optimal cultivation efficiency, due to
alterations in precipitation patterns as an outcome of
climate change, as well as an increase in air temperature
and atmospheric CO: levels. In this current research, the
reaction of spring barley harvested in southeast of
Almaty to explored various climatic scenarios and
assessed optimal growth conditions for adaptation. The
analysis of three models of global climate change and
various scenarios shows a significant a rise in spring
barley yield under different climate change scenarios.
Particular emphasis should be given to the positive
trends observed in the HADGEMAO and MPIESMMR
models predicting an increase in spring barley yield for
both RCP 4.5 and RCP 8.5 scenarios. These data open up
valuable prospects for making informed decisions that
climate change in the southeast of Almaty practically
does not threaten the barley harvest, highlighting the
critical importance of water resource management in
response to the challenges posed by climate shifts.
However, it is crucial to note that while elevated
temperatures may have effects, the
relationship between temperature and yield is nuanced.
There exists a threshold beyond which the positive
effects may turn detrimental due to heat stress. In
regions where water resources are limited, the potential
impact of increased temperatures on barley yields should

beneficial

be carefully considered.
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