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Introduction

Competition for water resources is a critical challenge globally and in Iran, exacerbated by climate change
threats. Medicinal plants, such as Zataria multiflora (Shirazi thyme), represent vast divine potential and, with
proper planning, can play a special role in the non-oil economy. This species, native to rocky habitats, possesses
limited global distribution and significant antibacterial, antifungal, and therapeutic properties, including proven
anti-stress effects. Meanwhile, the application of cow manure as a biological fertilizer enhances soil porosity and
organic matter. This improvement leads to better soil fertility, physical and chemical properties, and water
retention capacity, thereby facilitating root expansion and the absorption of water and nutrients. Consequently,
this results in improved growth and yield. The objective of this study was to investigate the effects of irrigation
levels and cow manure on the growth and canopy production of Shirazi thyme under field conditions in
Mashhad.

Materials and Methods

The experiment was conducted in the research fields of Ferdowsi University of Mashhad during the 2020-
2021 growing season. A factorial experiment was designed within a randomized complete block design (RCBD)
with three replications. The treatments included three irrigation levels (3000, 2100, and 3900 cubic meters per
hectare) and four cow manure levels (41.76, 52.2, 62.64 tons per hectare, and a control with no manure). Key
morphological traits and yield components were measured, including plant height, leaf area index (LAI), and
biomass.

Results and Discussion

Reducing irrigation volume had a negative impact on the morphological characteristics of Shirazi thyme,
such that the number of lateral branches, plant and stem height, leaf area index, major and minor diameters,
weight (plant, leaf, stem, and flower), and total yield decreased. One of the probable effects of drought stress on
plant dry weight can be attributed to the reduction in leaf area due to physiological factors occurring within the
plant. In this experiment, the treatment of 2,100 cubic meters per hectare reduced leaf area by 47% compared to
the treatment of 3,000 cubic meters per hectare. In this regard, it is likely that the reduction in photosynthesizing
surface area and the consequent decrease in photosynthates led to a reduction in leaf weight. Furthermore, with
the reduced allocation of photosynthates to the stem—uwhich serves as the structural support for the aerial parts
of the plant—its weight also decreased, consequently leading to a reduction in plant height. As a result, aerial

Authors retain the copyright. This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).

4. https://doi.org/10.22067/jcesc.2024.88747.1337



https://jcesc.um.ac.ir/
mailto:parsa@um.ac.ir
https://doi.org/10.22067/jcesc.2024.88747.1337
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/jcesc.2024.88747.1337
https://orcid.org/0000-0002-7384-0591
https://orcid.org/0000-0002-3827-3878
https://orcid.org/0000-0003-2995-4898

VE00 4l ) a,lond V€ A eyl 1,5 (slepirg iy &y s

Y

growth was restricted, the canopy diameter and number of lateral branches diminished, and the plant ultimately
suffered from growth retardation and a reduction in dry weight. Cow manure application notably enhanced the
lower canopy diameter and the wet and dry weight of flowers. For example, the irrigation treatment at a rate of
3,900 cubic meters per hectare yielded the highest flower dry weight compared to other levels of manure
application at 12 grams per square meter; this amount represented a 100% increase compared to the control. No
significant interaction between irrigation and manure treatments was observed on most traits, suggesting
independent effects of each factor.

Conclusion

Both irrigation and cow manure significantly impact the growth and yield of Shirazi thyme. Adequate
irrigation is essential for maintaining high biomass and essential oil production, while cow manure improves soil
fertility and plant health. These findings highlight the importance of integrated water and nutrient management
for optimizing medicinal plant cultivation in arid regions. For farmers in similar climatic conditions, a balanced
approach to irrigation and organic fertilization is recommended to maximize yield and maintain soil health.
Future research should explore the long-term effects of these practices on soil properties and plant health,
contributing to more sustainable and productive agricultural systems.

Keywords: Irrigation management, Leaf area index (LAIl), Medicinal plants, Morphological traits,
Vegetative growth
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Table 3- Analysis of variance (mean of squares) for the effect of irrigation and manure on growth parameters of Zataria

multiflora Bioss.
Tt 2 e 2 St e
. O >J 3 H N _ . o o b
| B Doy (P s 5 ol o
T & s3l;! Number of S 4 h o S Small Large
SOV oF \atoral Leafarea ~ Bush ~ Smalltop  Largetop  Stem bottom bottom
branches index height diameter diameter height diameter diameter
J?‘b * ns ns ns ns ns ns ns
Block 2 13.85 0.045 22.7 32.63 34.98 46.2 151 0.57
ol - e - - . . . -
Irrigation 132.42 0.342 300 612.23 233.21 571 6.35 8.50
@13 39§ ns ns ns ns ns ns ns *
Manure 3 2.78 0.03 26.2 20.75 10.81 29.4 4.23 3.57
liza
“Ikx |\le 6 3.09" 0.012" 20.2" 18.43™ 22.35" 237" 1.34" 0.71"
F;::aizl 22 3.19 0.02 22.92 25.49 18.15 3550 178 1.14
a5 i
C)#\Tss ((;; 19.1 26.8 12.3 16.9 18.7 13.2 13.7 105
V. ()

i gy 1S o na et NS chaoyd Sy g duo ) iy Jlosio] gl 53 (65 ine Loy sk g %

*and **: significant at the 5% and 1% probability levels, respectively, ns: not significant, $: coefficient of variation.
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Table 4- Analysis of variance (mean of squares) for the effect of irrigation and manure on plant weight of Zataria multiflora

Bioss.
R W 503 ’:5‘::’ 5 5o 9 (339 o9l 09 o9l 09
. o Lt . 4 [€D) = = e w o = e
Ol pdS &0 ‘sal)‘i Plant fresh Sy Stem Flower S o s &gy Sis S Sis
SOV of weight Leaf fresh froch fresh Leafairdry  Plantoven  Leaf oven
weight : weight weight dry weight dry weight
weight
5914 2 ns ns ns ns * ns *
Block 38947 9408 3596 14.32 930.89 2981 779.52
o - - - - " - "
Irrigation 2 309896 48595 66420 114.2 5348.84 30935 4609
| .
- ;;’; 3 34943"™ 5504™ 3706"™ 43.27 539,02 2825"™ 477.31"
e
“Ikx ,\;I’ 6 5619 865" 1816™ 73.06™ 207.04™ 1259"™ 180.95"
F;;’;‘;aizl 22 15371 2738 1765 14.14 230,22 978 196.39
S 27.9 25.7 237 26.8 19.7 20.1 19.6
C.V.” (%)
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* and **: significant at the 5% and 1% probability levels, respectively, ns: not significant, $: coefficient of variation.
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Table 4- Analysis of variance (mean of squares) for the effect of irrigation and manure on plant weight of Zataria multiflora

Bioss.
Ol s 2o 4’)3 Bl SWis o9l 039 S5 S ool 0je (St 152) JS 3, Shos (Sas ()3-‘) JS 5 Sos
SOV &3 Stem oven dry Flower oven Total yield (air dry) Total yield (oven
T df weight dry weight dry)
S * -
Blo’ik 2 697.43" 1.897" 4254.75 3745.25
LS)L"’" *% *k *k Hok
Irrigation 2 9534.23 137.14 17496.10 15430.55
2l 28 ns o ns ns
Manure 3 957.58 85.319 992.79 880.22
lize I
f“x ,(,; 6 565.63" 79.811"™ 2034.68™ 1785.30"
oMbLéb
Residual 22 403 5.423 844.73 743.91
) 2l o2 26.3 30.0 198 19.8

c.v.f %)
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*and **: significant at the 5% and 1% probability levels, respectively, ns: not significant, $: coefficient of variation.
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Figure 1- Mean comparison for the effect of irrigation on leaf area index of Zataria multiflora Boiss.
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Figure 2- Effect of irrigation on plant height and stem height of Zataria multiflora Boiss.
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Figure 3- Mean comparisons for the effect of irrigation on the number of lateral branches of Zataria multiflora Boiss.
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Figure 4- Mean comparisons for the effect of irrigation on total fresh weight, leaf, stem and flower of Zataria multiflora Boiss.
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Figure 5- Mean comparisons for the effect of cow manure on flower fresh weight of Zataria multiflora Boiss.
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Figure 6- Mean comparisons for the effect of irrigation on total dry weight of leaf, stem and flower of Zataria multiflora Boiss.
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Figure 7- Mean comparisons for the effect of cow manure on flower dry weight of Zataria multiflora Boiss.
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Figure 8- Mean comparisons for the effect of irrigation treatment on the large and small diameter of the top of the plant of
Zataria multiflora Boiss.
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of Zataria multiflora Boiss.
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Introduction

Water is one of the most important environmental factors that has a significant impact on the growth and
development as well as the accumulation of active ingredients in medicinal plants. Low amounts of water during
plant growth stages can cause irreparable damage to the growth and development as well as the active
ingredients in plants. Irrigation interruption is a desirable solution for crop production under water shortage
conditions. In principle, plants selected for irrigation interruption should be resistant to water shortage stress and
its effects on growth and yield at different growth stages should be carefully examined. Soil nutrient
management is of particular importance in the production of medicinal plants. On the other hand, moisture
deficiency stress, as the most important factor limiting production, leads to a decrease in plant yield. Therefore,
this study aimed to investigate the effect of animal manure on grain yield, grain components, and essential oil
yield of black cumin (Nigella sativa) under irrigation interruption conditions.

Material and Methods

The experiment was conducted as a split-plot arrangement within a randomized complete block design
(RCBD) with three replications at the Research Farm of the Campus of Agriculture and Natural Resources, Razi
University, in 2022. The treatments included fully rotted sheep manure (0, 10, 20, and 30 t ha') as the main plot
and irrigation interruption (complete irrigation, interruption of irrigation from flowering stage, interruption of
irrigation from grain filling stage) as the subplot. The final harvest was carried out at physiological maturity
based on the observation of external symptoms, which included yellowing of the plants and lower leaves,
browning of the follicles, and blackening of the grains (due to moisture loss). The measured traits included plant
height, number of main branches, number of follicles, number of grains per follicle, 1000-grain weight, total dry
weight yield, grain yield, essential oil percentage, essential oil yield, and harvest index. In order to data analyze,
the SAS statistical software version 9.1 was used. First, the normality of the data was confirmed, the variance
analysis of the data was performed using the GLM procedure, and then the least significant difference test was
used to compare the means.

Results and Discussion

The interaction of manure application and irrigation interruption on yield and grain yield components was
significant. The highest 1000-grain weight (1.69 g), total dry weight yield (251.5 g m), grain yield (108.7 g m-
2), and grain essential oil yield (18.7 g m) and the lowest 1000-grain weight (1.39 g), total dry weight yield
(125.3 g m), grain yield (44.3 g m), and grain essential oil yield (8.2 g m2) were observed in the treatment of
30 ton ha of manure and complete irrigation, and the treatment of no manure application and interruption of
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irrigation from the flowering growth stage, respectively. The results suggest that higher rates of manure
application and irrigation enhanced black cumin grain yield by improving yield components, including the
number of grains per follicle and 1000-grain weight. Grain yield was positively and significantly correlated with
total dry matter yield, harvest index, number of follicles m™2, number of grains per follicle, and 1000-grain
weight.

Conclusion

In general, the results showed that in order to achieve maximum grain yield and grain essential oil yield, the
treatment of 30 ton ha* of manure and complete irrigation was better. However, under the application of 30 t
ha! of manure, no significant difference was observed between irrigation interruption at the grain-filling stage
and full irrigation. Therefore, irrigation can be terminated at the grain-filling stage without reducing grain or
essential oil yield, thereby decreasing overall water consumption in the field.

Keywords: 1000-grain weight, Essential oil, Number of follicles, Sheep manure
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Table 3- Analysis of variance of quantitative and qualitative traits of black cumin under the influence of different levels of
manure application and irrigation interruption
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ns, * and **: non-significant, significant at the probability level of p<0.05 and p<0.01, respectively.
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Table 4- Effect of different levels of manure application on quantitative and qualitative characteristics of black cumin
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Application of Plant Erore . Erore Number of grains  Essential oil i
manure (t hal) height (cm) ~ Number of main Number of per follicles percent Harvest
branches per m? follicles per m? index (%)

30 46.9 1287.2 1408.4 44.9 1.69 44.8

20 415 1149.3 13275 40.9 1.66 43.6

10 37.9 1049.5 1260.9 35.7 1.79 36.8

0 33.8 913.7 1161.2 31.6 1.82 33.3

LSD 0.05 1.6 171.8 98.8 3.3 0.01 3.7
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Table 5- Effect of different levels of irrigation interruption on quantitative and qualitative characteristics of black cumin
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Irrigation interruption height (cm) Number of main Number of  Number of grains  percent Harvest
branches per m?> _ follicles per m? per follicles index (%)
|
S ‘5)10 . 41.7 1119.7 1289.6 39.3 1.74 40.9
Complete irrigation
b 45 5 )l alad
Interruption of irrigation at 40.0 1118.9 1282.1 37.8 174 40.1
grain-filling stage
235§l ol alad
Interruption of irrigation at 38.3 1061.1 12218 37.5 174 37.9
flowering stage
LSD 0.05 2.1 62.3 69.2 2.7 0.07 0.8
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Figure 1- The effect of manure application and irrigation interruption on the 1000-seed weight of
black cumin (LSD) = 0.03
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Figure 2- The effect of manure application and irrigation interruption on total dry weight
yield of black cumin (LSD) = 0.03
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Figure 3- The effect of manure application and irrigation interruption on grain yield of
black cumin (LSD) = 8.01
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Figure 4- The effect of manure application and irrigation interruption on the essential oil yield of
black cumin (LSD) = 0.03
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Table 6- Correlation coefficients between yield and yield components traits of black cumin under different levels of manure
and irrigation interruption

Ol
. 1) ) ©)) 4) (®) (6)
Traits
&l > Slos 1
(1) Grain yield (g m?)
5 S 0y 2,8es 0.92" 1
(2) Total dry weight yield (g m?)
cuilsy asls "
2 el 0.89 0.50" 1
(3) Harvest index (%)
.- A ‘ .
ceye 2 Jp5dsh s 0.82" 0.43™ 0.83™ 1
(4) Number of follicles per m?
JoSdsd 5o il slaws . -
. . 0.91 0.11ms 0.61 0.45™ 1
(5) Number of grains per follicles
o lim i 0.78" 0.88" 0.71" 042" 057 1

(6) 1000-grain weight (g)
Lo yd S g doyd gy Jlain ] e )3 Yl e g Jl xepd s Sy FF4F NS
ns, * and **: non-significant, significant at the probability level of p<0.05 and p<0.01, respectively.
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Introduction

Golestan province is one of the main areas of faba bean (Vicia faba L.) production in Iran. Expanding faba
bean cultivation in rotation with wheat, rapeseed, and other cold-tolerant plants, due to the valuable
characteristics of this plant, can improve the sustainability of cropping systems and bring other important
benefits. Weeds are considered a major problem in faba bean production and cause significant losses in grain and
green pod yields. Cultivation of cover crops along with modification of agricultural practices, especially planting
arrangements, can be a suitable solution for controlling weeds.

Materials and Methods

In order to investigate the effect of cover crop and row spacing on some soil properties, yield, and yield
components of faba bean, a field experiment was conducted as a factorial in a randomized complete block design
with three replications in two crop years 2021-22 and 2022-23 at the research farm of Gorgan University of
Agricultural Sciences and Natural Resources. The first factor of the experiment included the use of cover crops
at the levels of 1- rye (Secale Cereal L.), 2- parsley (Petroselinum crispum L.), 3- berseem clover (Trifolium
alexandrinum L.), 4- hairy vetch (Vicia villosa L.), 5- no cover crop with the use of haloxyfop R-methyl ester +
bentazone herbicides, 6- no cover crop in conditions of weeding of weeds, and 7- no cover crop in conditions of
no weeding of weeds. The second factor was the distance between faba bean rows at three levels (37.5, 50, and
62.5 cm). Cover crops were planted simultaneously with faba beans and rolled 100 days later. In the second year
of the experiment and at the end of the faba bean growth period, soil sampling was performed to determine the
soil organic matter content and microbial respiration.

Result and Discussion

Before rolling, the highest and lowest leaf area (and dry weight) among the different cover crops were
observed in rye and parsley. In the study of the dry weight of weeds 52 days after rolling the cover crops, it was
indicated that the residues of rye and parsley had better potential for controlling weeds in both crop years than
the residues of hairy vetch and berseem clover. The lowest number of pods per plant was recorded at a row
spacing of 37.5 cm. Among the treatments, the highest number of pods per plant was observed in the no—cover
crop treatment under weeding conditions, as well as in the rye and parsley cover crop treatments. In contrast, the
lowest number of pods per faba bean plant was recorded in the no—cover crop treatment under no-weeding
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conditions and in the hairy vetch cover crop treatment. Row spacing and cover crop treatments had no significant
effect on the number of seeds per faba bean pod. With increasing row spacing, the weight of one hundred faba
beans increased. The highest weight of faba bean pods was observed in the control treatments without cover crop
under weeding conditions and with parsley cover crop planting, respectively, with 121.61 and 120.47 g. The
highest biological yield was observed in the parsley cover crop (and residue) treatment at 9313 kg ha, which
was not far from the control treatments without cover crop in weeding conditions (9279 kg ha) and rye cover
crop (8364 kg ha). The highest grain yield was observed in the row spacing of 37.5 cm and the lowest in the
row spacing of 62.5 cm. The lowest grain yield after the cover crop treatment in the no-weeding condition was
observed in the hairy vetch treatment. The highest organic carbon and soil microbial respiration was observed in
the cover crop treatment in the no-weeding condition and the lowest in the cover crop treatments in the weeding
condition. Among the treatments of undercover crops, the highest amount of organic carbon and soil microbial
respiration was observed in the hairy vetch treatment and the lowest in rye.

Conclusion

In general, the results of this study showed that the use of different cover crops can have different effects on
weed populations, soil properties, and crop yield. Based on the results of this study, to achieve the desired yield
of faba bean-Mehta variety, it is recommended to plant parsley at a row spacing of 37.5 cm.
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Table 1- Some properties of soil and cover crops that used in this experiment

Soil properties

el iy ! SN ol 0395 by y
Texture pH EC (dS m?) Nitrogen (%) Potassium (%0) Pho??/? )orus
Silty clay loam 6.8 0.098 164 5.6
Properties of cover crops
g ol ole pb olgils S RRARSS) sudiduog
. . 100-seed 1
Cover crops Scientific name Family . Seed recommended (kg ha™)
weight (g)
Dlasle
i Secale Cereal L. Poaceae 20-55 110-200
Rye
S Petroselinum crispum L. Apiaceae 3.30 5-8
Parsley
s 8 eSale
sl B Vicia villosa L. Fabaceae 25.00 65
Hairy vetch
e e - :
Trifolium alexandrinum L. Fabaceae 1.50 3.5-4.5

Berseem clover
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Figure 1- Temperature changes (minimum and maximum temperature) and precipitation of Gorgan region from November
2021 to May 2022 (the first year) and November 2022 to May 2023 (the second year)
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Table 2- Analysis of variance for the effects of cover crops and inter row space on some traits of cover crops and weeds before
terminating their vegetative groeth (100 days after planting the cover crop

Ol o (b
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Ot @ilio ’;i oS Suid odle pdaw s ld dile s o3l
3l; . .
S0V ddf) (g g Bl Sy G e oS i
Dry mater of LAI of cover Weed density Dry mater of
COVer crops crop weeds
ey olS
R 3 36.52%* 10.58* 3.63ns 2.61ns
Cover crop
3, alols
2 . 2 1.51 ns 1.02 ns 1.45ns 1.63 ns
Row spacing
85y dlold Sbg oL
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Cover crop x row spacing
450
&7 400 a
= b
2 350 a
28
3 & 300 b
§ 250
Xi 3 200
et
3 O c
4 5 150
£ 100
2
a 50
0
Rye Parsley Hairy vetch  Berseem clover

005 SlE 31 LE aliSes wiviigy oLS Jawgd sawiayi Suis odle - UKW

Figure 2- Dry matter produced by different cover crops before rolling

Means with the same letters are not significantly different at 1% level of probability based on LSD.
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Means with the same letters are not significantly different at 5% level of probability based on LSD.
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Figure 4- Dry weight of weeds in different cover crop treatments and row spacing 52 days after cover crop roller application
in first (A) and second (B) years
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Table 3- Variance analysis of effects cover crops and Inter row space on the yield and yield components of faba bean seed-
Mehta cultivar
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Means with the same letters are not significantly different at 5% level of probability based on LSD.
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Figure 6- The effects of cover crops and Inter row space on 100 seed weight in faba bean- Mehta cultivar
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Means with the same letters are not significantly different at 1% (A) and 5% (B) level of probability based on LSD.
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Means with the same letters are not significantly different at 5% level of probability based on LSD.
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Figure 9- The effects of different cover crops on soil organic carbon at the end of the second experiment
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Introduction

Wheat is the most important strategic crop both globally and nationally. It is one of the most critical staple
crops in Iran, playing a vital role in food security and economic stability. However, its production is highly
sensitive to climatic fluctuations, including temperature changes, precipitation variability, and extreme weather
events. In semi-arid and arid regions such as Khorasan Razavi province, where agriculture is heavily dependent
on climatic conditions, understanding yield trends and their underlying drivers is crucial for optimizing
production and ensuring sustainability. This study aims to analyze the spatiotemporal variations in irrigated and
rainfed wheat yield in Khorasan Razavi over an 11-year period (2011-2021) across 29 counties and identify key
climatic and management-related factors influencing these changes. The findings provide essential insights into
the spatial and temporal patterns of yield fluctuations and help inform adaptive strategies for mitigating
agroclimatic risks.

Materials and Methods

This study was conducted in Khorasan Razavi province, located in northeastern Iran, covering 29 counties
with diverse climatic and agronomic conditions. The data for this study were obtained from the Agricultural
Jihad Organization's website, including annual yield records for irrigated and rainfed wheat. To model the yield
trends, polynomial functions were employed. Linear, quadratic, and cubic regression models were applied, and
the best-fitting model was selected using the Akaike Information Criterion (AIC). Based on vyield trends,
counties were classified into four classes: (1) Increasing, where yield has shown a significant and consistent
upward trend; (2) Stagnating, where yield has remained relatively stable with no substantial increase or decrease;
(3) Never Improved, where no significant improvement in yield was observed throughout the study period; and
(4) Collapsed, where a sharp decline in yield occurred. The spatial distribution of yield variations was also
analyzed to identify regional patterns.

Results and Discussion

The results of the study showed that in Khorasan Razavi province, the average irrigated wheat yield
increased by about 1000 kilograms per hectare (kg ha™) over an 11-year period. However, this increase was not
uniformly distributed across all counties; in half of the counties, an improvement in yield was observed, while in
the other half, stagnation or no improvement in yield was observed. Furthermore, only one county experienced a
significant decrease in yield. Regarding rainfed wheat, the average yield over the 11-year period increased by
about 800 kilograms per hectare (kg ha™), indicating the product's sensitivity to environmental and management
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factors in different regions of the province. Spatial analysis revealed that the pattern of wheat yield changes
across the province was heterogeneous; central counties such as Torbat Heydarieh, Fariman, and Nishapur
experienced yield improvements, while areas like Khushab and some northern and southern counties faced
decreases, stagnation, or no improvement in yield. Temporal variation charts showed that both types of wheat
(irrigated and rainfed) were influenced by long-term climatic and management changes. Overall, management
practices in the province have led to yield improvements, but in some counties, climatic changes and severe
weather fluctuations, especially in the final year of the study, neutralized the positive effects of agricultural
management, resulting in stagnation or no improvement in wheat yield. This study investigates the variations in
precipitation and temperature over the agricultural years 2011 to 2021, with precipitation ranging from 60 to 430
mm and mean temperature varying between 10°C and 22.5°C. Significant fluctuations in both factors are
highlighted, particularly the severe drought in 2020-2021 (the final year of the study), which had a notable
impact on agricultural productivity. This suggests that even with improved farming techniques, climate
adaptation measures including changes in sowing date, drought-resistant cultivars, soil moisture conservation
techniques, and enhanced irrigation systems are necessary to sustain long-term productivity. Also, several
counties classified as Collapsed, Stagnating or Never Improved may require additional investment in agricultural
extension services, farmer training, and climate-smart agricultural practices to bridge the yield gap.

Conclusion

The results emphasize the need for adaptive management strategies to enhance wheat yield stability in
Khorasan Razavi. Although agronomic improvements have led to yield increases in many areas, the effects of
climate fluctuations remain a major challenge. Policymakers and agricultural planners should prioritize climate
adaptation measures, such as changes in sowing date, improved irrigation techniques, using drought-resistant
crop varieties, and precision agriculture, to mitigate climate-related yield losses and ensure sustainable wheat
production in the region.

Keywords: Agrometeorology, Agronomical management, Climate variability, Regression models,
Temperature
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Figure 1- Geographical position of counties of Khorasan Razavi province with Digital Elevation Model (DEM)
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Figure 2- The heatmap of annual precipitation variations across synoptic stations in Khorasan Razavi during 2011-2021
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