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Abstract

Introduction: Drought stress is one of the most important challenges in agriculture, causing
significant economic losses by reducing plant growth, yield loss, and changes in effective compounds.
Reducing the adverse effects of water deficit stress on plants is one of the most important challenges
in agriculture in arid and semi-arid regions, which requires scientific, managerial, and technological
solutions. Cumin (Cuminum cyminum L.), as a valuable medicinal plant, is highly sensitive to water
deficit, and drought stress can affect both the quantity and quality of its essential oil. Therefore, finding
effective solutions to reduce the negative effects of drought through the use of stress modifiers (such
as jasmonic acid, paclobutrazol, salicylic acid, chitosan, abscisic acid micronutrients such as silica and
selenium, root growth-promoting bacteria (PGPR), mycorrhizal fungi and organic compounds such as
seaweed extract and humic acid) is of great importance. Stress modulators in crop plants are substances
that help plants to resist environmental stresses such as drought, salinity, extreme temperatures and
diseases. These modulators maintain plant performance and health under stress conditions by
strengthening the plant's defense system, improving water and nutrient absorption and reducing
oxidative damage.

Materials and Methods: In order to investigate the effect of foliar spraying of stress modifiers on
yield and yield components as well as water use efficiency of cumin, an experiment was conducted in
the 2019-2020 crop year at the Birjand Islamic Azad University Research Farm. The experiment was
conducted in split plots in a randomized complete block design with three replications. Drought stress
at three levels (40, 70 and 100% of plant water requirement in terms of the percentage of

| @ O ©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0).
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evapotranspiration of the reference plant defined as control, moderate water deficit and severe water
deficit) was considered as the main factor and foliar spraying at five levels (control "no foliar
spraying", foliar spraying with salicylic acid (300 mg/L), jasmonic acid (60 umol/L), paclobutrazol
(100 mg/L) and chitosan (50 mg/L) was considered as the secondary factor. Due to the possibility of
leaching, the amount of nitrogen fertilizer was added to the soil in two stages (half of the fertilizer at
planting and the other half after planting as a slurry at the four-leaf stage from the urea fertilizer
source), and phosphorus fertilizer (pure P.Os from the triple superphosphate source) and potash
fertilizer (from the potassium sulfate source) based on soil tests and the recommended rates of P=60,
N=30, and K=60 pure kg/ha. The green cumin seeds required for the experiment were obtained from
the native seed mass of Birjand, at a rate of 20 kg/ha from Sistan Bazr Zabol Company (registration
number 1974). To implement irrigation regimes at three levels of 100, 70, and 40 percent of plant
water requirement, first the reference evapotranspiration rate (ETo) was calculated using the standard
Penman-Monteit equation based on FAO-56 guidelines and daily meteorological data (including
temperature, relative humidity, solar radiation, and wind speed). Then, by multiplying ETo by the
cumin plant coefficient (Kc), the actual plant water requirement (ETc) was determined. For foliar
spraying, the compounds used were mixed with appropriate solvents and applied as foliar sprays twice
during the growing season, the first time after one irrigation before stress application and the second
time at the beginning of the reproductive stage of the plants according to the design plan. Cumin was
harvested in the first half of May 2020, when the plants turned yellow and the umbels turned brown.
Water use efficiency was determined by dividing the seed yield obtained to the irrigation water
applied. Data analysis was performed using SAS software (ver. 9.4) and tables and charts were drawn
using Word and Excel software. Mean data was compared with Duncan multiple range test method.
Results and Discussion: The results indicated that drought stress significantly reduced growth traits
such as plant height (52.3%) and the number of umbels per plant (29.4%). The greatest number of
lateral branches was recorded under non-stress conditions with paclobutrazol foliar application.
Drought stress also decreased the number of seeds per umbel (34.02%) and water use efficiency
(22.2%). The maximum seed yield (533 kg ha™') was obtained under non-stress conditions with
paclobutrazol foliar application. Under severe drought stress, jasmonic acid and paclobutrazol resulted
in the highest seed yields. Although the essential oil percentage increased under severe drought stress,
foliar application of jasmonic acid reduced it. The highest essential oil yield and water use efficiency
were observed under moderate drought stress with jasmonic acid foliar application

Conclusion: In general, the use of growth modifiers, especially jasmonic acid and salicylic acid, can
help reduce the negative effects of drought stress and improve the yield of cumin.

Keywords: Cumin, Essential oil, Growth regulator, Medicinal plants, Water use efficiency
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Table 2- Analysis of variance of the studied traits
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ns: not significant; * and **: significant at 0.05 and 0.01 probability levels, respectively
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Table 3- Effect of drought stress and type of stress moderator on plant height, umbels per plant, seed grain per umbels and water
use efficiency
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Means within a column followed by the same letters are not significantly different based on Duncan test at 0.05 Probability level.
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Abstract

Introduction: Canola (Brassica napus L.) is one of the most important oilseed crops worldwide,
valued for its high oil content and nutritional quality. Cultivating canola in cold regions poses
challenges due to environmental stresses such as low temperatures and short growing seasons.
Identifying high-yielding and cold-tolerant canola cultivars is essential for optimizing production in
these areas. This study aimed to evaluate 24 canola cultivars under cold climatic conditions over two
crop years (2021-2023) to determine the most suitable genotypes based on agronomic traits, yield
components, and oil content. The findings will assist farmers and breeders in selecting superior
cultivars for cold regions, ultimately enhancing canola productivity and oil quality.

Materials and Methods: The experiment was conducted using a completely randomized block design
(CRBD) with four replications over two growing seasons. Twenty-four canola cultivars were assessed
for key traits, including flowering period, length of growing season, plant height, number of pods per
plant, number of seeds per pod, 1000-seed weight, oil content, and seed yield. Data were analyzed
using ANOVA, with mean comparisons conducted through LSD tests. To explore relationships
between grain yield and other traits, correlation analysis was performed. Cluster analysis, utilizing the
heatmap method, grouped genotypes and characteristics. Additionally, principal component analysis
(PCA) and biplot visualization were employed to identify superior cultivars based on multiple traits.
Data analysis from the experiment was conducted using SAS 9.4 software. Additionally, cluster
analysis with Ward's method, factor analysis, and a biplot based on principal component analysis were
performed using R software.

Results and Discussion: The results of the combined data analysis showed that the difference between
the two experimental years was significant only in terms of grain yield. There was a significant
difference between the studied varieties in terms of length of growing season, plant height, number of
pods per plant, number of seeds per pod, 1000-seed weight, and oil content. The interaction of year
with variety was also significant, but only in terms of grain yield. The results indicated that the Parade
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cultivar demonstrated exceptional performance in several areas, including growth period length, plant
height, seeds per plant, seeds per pod, and 1000-kernel weight. Among the cultivars tested, Coctall,
Cwec, Alice, Parade, and VDH8003-98 produced the highest grain yields in both years. Additionally,
Regent * Cobra recorded the highest seed oil percentage, making it a promising candidate for oil
production. A positive and significant correlation was found between seed yield and two critical yield
components: the number of pods per plant and the number of seeds per pod. This indicates that
selecting cultivars with a higher number of pods and seeds can improve overall yield potential. The
heatmap clustering analysis divided the 24 genotypes into three distinct categories and grouped the
traits into four categories: Group 1 (High-yielding genotypes): Parade, Cwec, Eurol, Orient, DP.948,
PF.7045/91, and Regent * Cobra. These cultivars exhibited exceptional yield and yield-related
characteristics. Groups 2 and 3 consisted of genotypes that exhibited moderate to low performance in
the examined traits. PCA identified two primary factors accounting for 54.7% of the overall variance.
The biplot analysis demonstrated that Parade, Olara, DP.948, Alice, VDH8003-98, Coctall, and Cwc
were situated in the most advantageous area, signifying their well-rounded performance in terms of
yield and its components.

Conclusion: This study identified Parade and Cwec as the top-performing canola cultivars based on
yield and yield-related traits, making them suitable for cultivation in cold regions. Additionally,
Regent * Cobra was noted for its high oil content, which is essential for oil production. The findings
highlight the importance of selecting cold-adapted canola cultivars to maximize both productivity and
oil quality in challenging environments. It is recommended to cultivate the Parade and Cwc varieties
in the cold regions of the northwest of the country to achieve high yields, and the Regent*Cobra variety
for oil production.

Keywords: Correlation, Cultivar, Grain yield components, Grouping, Yield
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Table 1- Meteorological information in the experimental site in 2021-2022 growing seasons
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Table 2- Physico-chemical properties of soil
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Table 3- List of canola genotypes investigated in the experiment
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Table 4- Combined analysis of variance of traits measured in canola
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Table 5- Mean comparison of winter canola genotypes in terms of investigated traits

0,90 Job Ay 0,90 Job &g glas sl PLIRTESYERIREY ailo ofawy .
- . i ) Qs ,lm 039 gy woyd
Ty ey Length of Plant &g RYCSye gy )
. . . 1000 Seed Oil
Genotype Flowering growing Height No. of Pod per No. of Seed .
. d weight percentage
(day)period (day) (cm) plant per pod
DP.948 30.2a 258hc 149.1a-d 154.8ab 22.7a-d 3.8a 48.2bcd
Symbol 27.3a 261ab 1159.8a 124fgh 21.8a-f 3.6ab 46.0d
Eurol 3la 256¢d 145.9a-d 145b-e 22.8a-d 3.3b 48.9b
Orient 30.8a 256¢d 142.1bcd 158.1ab 23.3ab 3.9a 48.5bc
Hansen 27.3a 262a 144.6a-d 129.5efg 22.6a-d 3.6ab 47.6bcd
Colver 27.6a 260ab 139.5¢cd 133.1efg 21.5a-f 3.7ab 46.7bcd
Mobican 28.7a 260ab 142.4bcd 122.6fgh 20.7b-f 3.3b 47.7bcd
Coctall 27.6a 262a 156.6ab 144.1b-e 21b-f 3.8a 46.8bcd
Orcan 28.2a 261ab 149.3a-d 133.5efg 23.1abc 3.5ab 48.4bcd
PF.7045/91 29 253f 122.1e 131.3efg 20.6d-f 3.7ab 47.1bcd
Cwc 27.3a 260ab 147.1ad 151.6a-d 23.7a 3.5ab 46.1cd
Fornax 31.7a 263a 146.8a-d 128fg 22.2a-e 3.8a 46.0d
Licord 29.1a 262a 153abc 137.3d-g 19.7f 3.7ab 46.4bcd
AlLice 30.3a 259ab 150.9a-d 131efg 22.4a-e 3.7ab 48.6b
Parade 28.1a 259ab 150.3a-d 163.1a 24.7a 3.6ab 48.2bcd
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Cobra
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Figure 1- Mean comparison of canola cultivars in terms of grain yield in two experimental years
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Abstract

Introduction: One of the most important factors reducing the yield of agricultural products is the
competition from weeds. Weeds are considered as one of the complementary components of
agricultural ecosystems and an integral part of agricultural systems. Due to the destructive effects
caused by competition on the yield of crops, weeds are known as an undesirable part of agricultural
ecosystems and are considered one of the most important factors that reduce crop yields. Weed control
is usually listed as one of the advantages of intercropping. In mixed cultivation, due to various reasons
such as increased vegetation cover, increased competition, and higher initial growth rate, the amount
and invasion of weeds is significantly reduced. Therefore, mixed cropping can significantly reduce
the amount of herbicides used, and this, in addition to the economic value, is of great environmental
importance. In studies, mixed cropping system has been mentioned as an option for integrated
management of weeds, especially in low-input farming systems. The most important damage caused
by weeds to agricultural plants is the reduction of their yield through competition in the absorption of
nutrients and growth inputs. One of the important measures in controlling weeds from the point of
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view of sustainable agriculture is the use of mixed crops of different crops. Therefore, according to
the importance of intercropping in sustainable agriculture of crops and garden plants, this research
aims to investigate the yield and yield components of canola (Brassica napus L.) in intercropping with
safflower (Carthamus tinctorius L.) under control and non-control conditions.

Materials and methods: For this purpose, a factorial experiment was carried out in the form of a
randomized complete block design with three replications in Maragheh city. The first factor includes
weed control at two levels (control and non-control weed) and the second factor includes different
patterns of mixed cropping at 4 levels, including mixed cropping replacing safflower and canola,
respectively, with ratios of 1:1 and 2:1 and mixed cultivation of safflower and canola 100:50, 100:75
and pure cultivation of safflower and canola were considered.

Results and Discussion: In canola, the highest biological yield (7990 kg/ha) and seed (2786 kg/ha)
related to pure canola treatment with complete weed control was observed. The lowest biological yield
was related to the 100:50 mixed cropping treatment (safflower-canola) with 3865 kg. The lowest grain
yield related to the treatment combination of 100:50 (safflower-canola) mixed cropping with non-
control weed was obtained with an average of 654.6 kg/ha. The highest amount of 1000-seed weight
was obtained in the treatment combination of 1:1 replacement mixed crop (safflower-canola) with
complete weed control with an average of 2.7 gr. Also, the lowest amount of 1,000-seed weight was
related to the treatment combination of 2:1 (safflower- canola) mixed cultivation with no weed control
with 1.6 gr. The highest number of weeds was obtained in the main branches (33.4) and secondary
branches (25.3) related to the treatment combination of 2:1 replacement mixed crop (safflower-canola)
with complete weed control. Also, the lowest number of weeds in the main branch was related to the
treatment combination of 100:75 (safflower-canola) with non-control weed with an average of 17.3,
and the lowest number of weeds in the sub-branch was related to the 100:50 (safflower-canola) mixed
cultivation with non-control weed with an average of 10 pods. According to the results of the average
data comparison, the highest number of seeds in pod of the main branch was related to the treatment
combination of 100:50 incremental mixed cultivation (safflower-canola) with full weed control, and
the lowest number of seeds in pod of the main branch was related to the treatment combination of pure
canola cultivation with non-control weed was obtained with an average of 15.4. Also, the highest
number of seeds in the pod of the sub-branch of canola was obtained in the treatment combination of
pure canola cultivation with complete weed control with an average of 22.3, and the lowest amount of
seed number in the pod of the sub-branch related to the treatment combination of pure canola
cultivation with non-control weed with an average of 15.

Conclusion: Among the different patterns of safflower and canola cultivation, the highest seed yield
was obtained in pure cultivation and complete weed control. The yield and yield components in canola
were affected by different patterns of mixed cropping and weed control treatment, so that the 2:1
planting pattern (safflower-canola) had more seeds and 1000-seed weight.

Keywords: Biological yield, Grain yield, Pure cropping, Replacement mixed cropping, Sustainable
agriculture
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Figure 1- The interaction effect of the effect of different cropping patterns in controlling weeds on the number of weeds in the main
branch
Treatments with at least one common letter did not differ significantly from each other in Duncan test at the level of 5% probability.
a;: pure cultivation of canola, a,: mixed cultivation of 1:1 replacement of safflower and canola, as: mixed cultivation of 2:1 replacement of
safflower and canola, a,: optimal density of safflower (60 seeds/m?) + 50% optimal density of canola (40 seeds/m?), as: optimal density of
safflower (60 seeds/m?) + 75% Optimum density of canola (60 seeds/m?)
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Figure 2- The interaction effect of the effect of different cultivation patterns in controlling weeds on the number of weeds in the

Treatments with at least one common letter did not differ significantly from each other in Duncan test at the level of 5% probability.
a;: pure cultivation of canola, a,: mixed cultivation of 1:1 replacement of safflower and canola, as: mixed cultivation of 2:1 replacement of
safflower and canola, a,: optimal density of safflower (60 seeds/m?) + 50% optimal density of canola (40 seeds/m?), as: optimal density of

safflower (60 seeds/m?) + 75% Optimum density of canola (60 seeds/m?)
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Figure 3- The interaction effect of different cultivation patterns in controlling weeds on the number of seeds in the main branch
Treatments with at least one common letter did not differ significantly from each other in Duncan test at the level of 5% probability.
a;: pure cultivation of canola, a,: mixed cultivation of 1:1 replacement of safflower and canola, as: mixed cultivation of 2:1 replacement of
safflower and canola, a,: optimal density of safflower (60 seeds/m?) + 50% optimal density of canola (40 seeds/m?), as: optimal density of
safflower (60 seeds/m?) + 75% Optimum density of canola (60 seeds/m?)
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Figure 4- The interaction effect of different cultivation patterns in weed control on the number of seeds in sub-branch
Treatments with at least one common letter did not differ significantly from each other in Duncan test at the level of 5% probability.
a;: pure cultivation of canola, a,: mixed cultivation of 1:1 replacement of safflower and canola, as: mixed cultivation of 2:1 replacement of
safflower and canola, a,: optimal density of safflower (60 seeds/m?) + 50% optimal density of canola (40 seeds/m?), as: optimal density of
safflower (60 seeds/m?) + 75% Optimum density of canola (60 seeds/m?)
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Figure 5- The interaction effect of different cultivation patterns in weed control on seed yield

Treatments with at least one common letter did not differ significantly from each other in Duncan test at the level of 5% probability.
a;: pure cultivation of canola, a,: mixed cultivation of 1:1 replacement of safflower and canola, as: mixed cultivation of 2:1 replacement of
safflower and canola, a,: optimal density of safflower (60 seeds/m?) + 50% optimal density of canola (40 seeds/m?), as: optimal density of

safflower (60 seeds/m?) + 75% Optimum density of canola (60 seeds/m?)
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Figure 6- Effect of different cultivation patterns on biological performance

Treatments with at least one common letter did not differ significantly from each other in Duncan test at the level of 5% probability.
a;: pure cultivation of canola, a,: mixed cultivation of 1:1 replacement of safflower and canola, as: mixed cultivation of 2:1 replacement of
safflower and canola, a,: optimal density of safflower (60 seeds/m?) + 50% optimal density of canola (40 seeds/m?), as: optimal density of

safflower (60 seeds/m?) + 75% Optimum density of canola (60 seeds/m?)
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Figure 7- The interaction effect of different cultivation patterns in weed control on 1000 seed weight
Treatments with at least one common letter did not differ significantly from each other in Duncan test at the level of 5% probability.
a;: pure cultivation of canola, a,: mixed cultivation of 1:1 replacement of safflower and canola, as: mixed cultivation of 2:1 replacement of
safflower and canola, a,: optimal density of safflower (60 seeds/m?) + 50% optimal density of canola (40 seeds/m?), as: optimal density of
safflower (60 seeds/m?) + 75% Optimum density of canola (60 seeds/m?)
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Abstract

Introduction: Peppermint (Mentha piperita L.) from the Lamiaceae family is one of the most widely
used medicinal plants. In addition to therapeutic effects, it is used as a flavoring in the production of
various foods and medicinal products. Drought stress is one of the most important factors in yield loss
and production of field crops, horticulture, and herbs in the world. Several

agronomic and physiological strategies have been implemented to mitigate the negative effects of
drought stress and increase plant tolerance to it. Utilizing organic fertilizers is one of the realistic and
promising strategies for increasing crop yields under stressful conditions. Few studies have examined
the use of these substances as stress modulators in medicinal plants. Humic acid as an organic acid
and ascorbate as a powerful antioxidant can be effective to improve the yield in water stress conditions.
Therefore, this research was conducted with the aim of investigating the effect of foliar spraying of
ascorbic acid and humic acid on some morpho-physiological traits of peppermint under drought stress
conditions.

Materials and Methods: In order to evaluate adjusting drought stress by using humic acid and
ascorbic acid in peppermint, factorial experiment in a completely randomized design with three
replications was conducted. Experimental treatments included drought stress (control and drought
stress), humic acid and ascorbic acid (0, 2 and 4 g/l humic acid, 2 and 4 g/l ascorbic acid and 2 g/l
humic acid and ascorbic acid). After two month, plant height, leaf number, dry weight of shoot,
relative water content (RWC), proline, electrolyte leakage (EL), antocianine, leaf area, chlorophyll a,
chlorophyll b, carotenoid, malondialdehyde (MDA), K and P were measured. The obtained data were
analyzed using Minitab statistical software. Mean comparisons were conducted using Duncan's
multiple range test at a significance level of 5%.

Results and Discussion: The results of the analysis of variance showed that the interaction effect of
drought stress and stress modifier was significant for the characteristics of plant height, the number of
leaves, chlorophyll a, malondialdehyde and proline. The results showed that drought stress caused a
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significant decrease in the growth characteristics, plant height, the number of leaves, chlorophyll a
and increased malondialdehyde and proline and the application humic acid and ascorbic acid could
compensation this damage. The results of the analysis of variance indicated the effect of drought stress
and stress modifier was significant for Chlorophyll b, carotenoid, shoot dry weight, P and K,
anthocyanin. Chlorophyll b, carotenoid, shoot dry weight, P and K in drought stress were less than
control and application of humic acid and the application of ascorbic acid increased these traits. Also,
drought stress increased anthocyanin. Also, the results showed that only drought stress effect was
significant for leaf area, electrolyte leakage and relative water content. Drought stress conditions
increased electrolyte leakage and leaf area and relative water content also decreased under drought
stress.

Conclusion: The results of this study showed that the increase in drought stress causes changes in the
physiological and morphological traits of peppermint plant. Based on the results obtained in this
experiment, it can be stated that although drought stress has negative effects on the physiological and
morphological traits of peppermint plant but by using drought stress modifiers (humic acid and
ascorbic acid) we can reduce the effects of drought stress on this plant.

Keywords: Abiotic stress, Ascorbic acid, Humic acid, Medicinal plant
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Figure 4- Effect of drought stress and stress modifier on dry weight of shoot
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H1: 2 g/l humic acid, H2: 4 g/l humic acid, Al: 2 g/l ascorbic acid, A2: 4 g/l ascorbic acid, A1H1: 2 g/l humic acid and 2 g/l ascorbic acid
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Table 1- VVariance analysis of drought stress and stress modifier on morphological traits

¥ @il o3l a0 lep pluil i3 (39 Sy olas g5 el Syohg
Source of variables Degree freedom dry weight of shoot leaf number plant height specific leaf area
A) Ses os
1 0.003™ 210.25™ 47.3" 3772217
drought stress (A)
(B) (s oains Caiss
. 5 0.001" 67.49" 51.19" 5158.9 "
stress modifier (B)
AxB 5 0<00000000™* 9.47™ 2.25" 673.45 "
J5 sl
24 0<00000000 0.483 0.617 8452.32
Total error
(1) St a2
- 6.8 6.58 7.39 19.51

Coefficient variable (%)
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Figure 5- Interaction of drought stress and stress modifier on chlorophyll a
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H1: 2 g/l humic acid, H2: 4 g/l humic acid, Al: 2 g/l ascorbic acid, A2: 4 g/l ascorbic acid, A1H1: 2 g/l humic acid and 2 g/l ascorbic acid
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Figure 7- Effect of stress modifier on chlorophyll b and carotenoid
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H1: 2 g/l humic acid, H2: 4 g/l humic acid, A1: 2 g/l ascorbic acid, A2: 4 g/l ascorbic acid, A1H1: 2 g/l humic acid and 2 g/l ascorbic acid
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Table 2- VVariance analysis of drought stress and stress modifier on photosynthetic pigments

i 2l ol ax 50 a Judg 5 b Jdgsls duigidg,ls
Source of variables Degree freedom chlorophyll a chlorophyll b carotenoid
A) Sz s - - -

1 0.558 0.276 0.039

drought stress (A)
(B) a5 odims Cihss

o 5 0.029™ 0.011™ 51.19"
stress modifier (B)

AxB 5 0.008™ 0.0005"* 2.25

J5 sl
24 0.002 0.001 0.617

Total error

(1) Sl ps g po

- 291 3.19 7.39

Coefficient variable (%)
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Figure 10- Interaction of drought stress and stress modifier on malondialdehyde
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H1: 2 g/l humic acid, H2: 4 g/l humic acid, Al: 2 g/l ascorbic acid, A2: 4 g/l ascorbic acid, A1H1: 2 g/l humic acid and 2 g/l ascorbic acid
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Figure 11- Interaction of drought stress and stress modifier on proline
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H1: 2 g/l humic acid, H2: 4 g/l humic acid, Al: 2 g/l ascorbic acid, A2: 4 g/l ascorbic acid, A1H1: 2 g/l humic acid and 2 g/l ascorbic acid
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Table 3- VVariance analysis of drought stress and stress modifier on physiological traits

@il Ay o O (glgsme

Prec _ olbwgil e oy il el aall (g2 gl
. Degree relative water . . .
Source of variables anthocyanin  proline electrolyte leakage malondialdehyde
freedom content
A) Sies s
5731.7" 0.007™ 0.621™ 273.79™ 0.001"¢
drought stress (A)
(B) (i oaims Caiss
. 21.63" 0.009™ 0.025™ 20.18" 0.032™
stress modifier (B)
AxB 5 16.12"° 0.0001"* 0.0094™ 5.32"* 0.024™
J5 sl
24 0.002 0.002 0.003 10.59 0.003
Total error
(1) Sl ps g po
- 20.32 20.32 22.8 30.86 18.15

Coefficient variable (%)
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H1: 2 g/l humic acid, H2: 4 g/l humic acid, Al: 2 g/l ascorbic acid, A2: 4 g/l ascorbic acid, A1H1: 2 g/l humic acid and 2 g/l ascorbic acid
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Figure 14- Effect of stress modifier on K and P
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H1: 2 g/l humic acid, H2: 4 g/l humic acid, Al: 2 g/l ascorbic acid, A2: 4 g/l ascorbic acid, ALH1: 2 g/l humic acid and 2 g/l ascorbic acid
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Table 4- VVariance analysis of drought stress and stress modifier on P and K
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Coefficient variable (%)
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Abstract

Introduction: Barley (Hordeum vulgare L.) is the fourth most important cereal crop worldwide after
wheat, maize, and rice, in terms of cultivated area and nutritional value. Its high tolerance to adverse
environmental conditions has enabled wide adaptation across diverse agroecological regions. Barley
grains are an important source of protein, dietary fiber, minerals, and bioactive compounds, making
them valuable for both human and animal nutrition. Understanding the inheritance and genetic control
of quantitative and qualitative traits is essential for selecting appropriate breeding strategies and
improving yield and grain quality, particularly under abiotic stress conditions such as drought.
Materials and Methods: This study aimed to estimate genetic parameters of key agronomic and
nutritional traits in barley. Ten barley cultivars with different geographic origins were evaluated using
a randomized complete block design (RCBD) with three replications. The experiment was conducted
over two cropping seasons (2022—-2024) at a research farm located in Babil City, Al-Kifil district,
southeastern Irag. The cultivars were grown under two environmental conditions: normal irrigation
and late-season drought stress, which was imposed by withholding irrigation at the anthesis stage. A
total of four environments (two years x two moisture regimes) were evaluated. Twenty-seven traits
were measured, including agronomic traits and grain quality attributes such as amino acid content,
crude fiber, fat content, protein content, iron and zinc concentrations and water-soluble carbohydrate
content. Combined analysis of variance across environments was performed, and genetic parameters
were estimated.

Results and Discussion: The combined analysis of variance revealed significant differences among
cultivars for all measured traits, indicating substantial genetic diversity among the evaluated barley
genotypes. The cultivar x environment interaction was significant for all traits except flag leaf width,
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grain width, and grain iron content, suggesting differential genotypic responses to environmental
conditions. The environment effect was significant for all traits except grain width, highlighting the
strong influence of irrigation and drought stress on trait expression. Across the four environments,
PCV and GCV values were generally close in magnitude for most traits, indicating a relatively small
environmental influence and a predominant role of genetic factors. In the first year, physiological
maturity showed the lowest environmental variation under both irrigation and stress conditions and
exhibited the highest broad-sense heritability under irrigated conditions. In the second year, peduncle
length displayed the lowest environmental variation under irrigation and the highest heritability under
both moisture regimes. Spike density showed the highest genotypic and phenotypic coefficients of
variation and the greatest genetic advance as a percentage of the mean in both years and under both
irrigation and drought stress. Several traits, including grain filling period, flag leaf length and width,
plant height, peduncle length, spike weight, grain weight per spike, number of grains per spike, number
of spikes per square meter, spike density, grain yield, grain iron content, and grain fiber content,
exhibited high heritability coupled with high genetic advance across years and environments. These
results indicate that additive gene effects play a major role in controlling these traits, suggesting that
phenotypic selection would be effective, particularly in early generations of breeding programs. In
contrast, thousand-grain weight, grain zinc content, grain protein content, spike length (except in the
second year under irrigated conditions), and grain length (in the first year under drought stress) showed
high broad-sense heritability but low to moderate genetic advance. This pattern suggests the
involvement of non-additive gene action, indicating that heterosis breeding or selection in later
generations may be more effective for improving these traits.

Conclusion: The results demonstrated substantial genetic variability among barley cultivars for
agronomic and grain quality traits under both irrigated and late-season drought stress conditions. Traits
with high heritability and genetic advance are primarily governed by additive gene effects and can be
efficiently improved through early-generation phenotypic selection. In contrast, traits influenced by
non-additive gene action may benefit from heterosis-based breeding approaches. These findings
provide valuable information for designing effective barley breeding programs aimed at improving
yield and grain nutritional quality under water-limited environments.

Keywords: Genetic advance, Genetic variance, Grain quality traits, Irrigation interruption at anthesis
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Table 1- The list of the studied barley cultivars

oy IVB) i.m.m M vy e).:.:..&
Code Cultivar Origin Spike type Pedigree
oly! A, S
5 ZARJO 1-28-9936
Iran 6-row
ol A3, b
12 YOSEF Lignee527/chn-01//Gustoe/4/Rhn-08/3/Deir Alla 106//D171/strain 205
Iran 6-row
ol Ao 9o )
15 SARAROD Chicm/An57//Albert
Iran 2-row
bs)! a3 99
24 ALCE (Tipper x Igri3) x [(Tipper x Alpha)x(Sonja x Wh117/18)]
European 2-row
L)l a3, 9o
26 PANAKA Amillis x Diadem
European 2-row
bs)! a3 99
27 PARIGLIA Airone x Arco
European 2-row
bs)! a3 99
28 SFERA ((Katy x HJ54/30) x Igri xArda) x (Tipper x Sonja)) xAmillis
European 2-row
L)l a3, 9o
33 NURE (FIOR 40 / Alpha2) x Baraka
European 2-row
bs)! a3 99
35 AIACE FO 1078 x FO 1638
European 2-row
ale 483 93
10 IPA- 265 -

Iraq 2-row
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Table 2- Combined analysis of variance for measured agronomic and qualitative traits of 10 barley cultivars across two years and

two environments

Mean Squares iz yo (il

df ol3T axy0
S.0V DTA NGPS GFR
) 1 96.89 41026 ™ 193.50 ™ 0.28
Environment (Env)
Jl . . -
1 545.85 ** 14450 201.40 0.22
Year (Y)
Y xEnv 1 0.13 " 76.67 429" 0.00006 ™
(o X baama) 1,5
‘J, ) S 8 1.60 0.65 154 0.0007
Replication (Env x Y)
~ 9 29.97 ™ 187.42™ 854.57 ™ 0.48™
Cultivar (C)
EnvxC 0.66 ™ 1.01 1 0.26"™ 0.004 ™
Y xC 462" 9.73™ 1.96 " 0.004 "™
Y xEnvxC 1.09™ 0.65 ™ 0.39 ™ 0.002"
s
72 0.28 0.37 0.41 0.0008
Error
Ol s i
s - 1.02 050 2.44 231
CV %
b5 b yeesT el S5
S osslosls 510" 0.86™ 0.86™ 5.85™ 0.86™

Chi square for Bartlet test

Dl yass o 50 CV aly sy Ze s :IGFR - salics )0 ails slass NGPS lidlos 56 55, DTA (S (K e 2L :SPAD

ns”**

DS sire s g o0 ) Jliol mhaw jo ls e cud Ay ™

SPAD: chlorophyll index, DTA: days to anthesis, NGPS: number of grain per spike, GFR: grain filling rate, CV: coefficient of variation.
**. 15 Significant at 1% level of probability and non-significance respectively
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Table 3- Individual analysis of variance for measured agronomic and qualitative traits of 10 barley cultivars in four environments

Lo ool
. o DTA DTH DTPH GFR FLL FLW Phe PL PD AL SL GW GL SWwW
Environment Statistic
S35 obls
1 553 2320 1351 0.04 136 0.03 365.33 6.34 0.02 1.98 0.24 0.01 0.26 0.31
Genetic Variance
ke bl
. . 001 029 000 0.00 004 0.00 151 0.26 0.09 0.03 0.04 0.08 0.02 0.01
Phenotypic Variance
W) Sl yss o po
1 - . 0.07 042 003 256 201 224 184 208 870 1.23 296 7.86 151 4.95
Coefficient of variation (%)
1 f"é) f‘ 6)“)@'“ s s s s s s s s ns s s ns s s
Cultivar effect significance
S5 o=kl
2 . . 712 2017 1289 0.04 1.15 0.03 36293 543 0.04 190 0.22 0.01 0.11 0.23
Genetic Variance
ke bl
2 . . 011 021 017 0.00 0.02 0.00 1.89 0.53 0.07 0.13 0.06 0.00 0.10 0.00
Phenotypic Variance
) Sl pss o po
2 Coefficient of variation %) 030 038 026 312 142 274 216 322 924 294 423 0.89 4.06 4.19
2 f"é) f‘ ‘-s)‘dk.;;“ 2] £ £ R e EE) £ £ s EE) £ £ £ £
Cultivar effect significance
55wl lg
3 . . 187 1189 6.73 0.04 152 0.04 319.11 6.61 0.12 196 0.12 0.00 0.21 0.31
Genetic Variance
shume il )y
3 . . 022 062 030 0.00 000 0.00 0.25 0.19 0.00 0.00 0.01 0.00 0.00 0.00
Phenotypic Variance
3 Coefficient of variation %) 040 064 033 161 019 092 0.72 172 0.29 0.04 1.13 0.14 0.18 1.36
3 f"'g) f‘ ‘5)“)@“ £ £ £ i £33 £ £ £ £ £ E2 E2 £ £
Cultivar effect significance
55wl lg
4 . . 396 1051 9.86 0.04 155 0.03 306.84 6.22 0.11 2.04 021 0.00 0.24 0.32
Genetic Variance
shue il )y
4 . . 013 037 026 0.00 000 0.00 0.56 0.14 0.00 0.00 0.01 0.00 0.00 0.00
Phenotypic Variance
4 Coefficient of variation %) 032 050 032 184 021 269 110 155 043 0.10 1.30 0.29 0.07 141
4 08, il sl sne P e e P P e e e wE o owE ww P P P

Cultivar effect significance

o~ 5).3 P FLW fo 5).3 J}Ja FLL «asls Q“\‘“’ nCE GFR ‘&)5]5;).43 ‘;‘.L_«..w) [ 39y :DTPM fu’.SLi.élao; & 39 DTA f‘sk.)d.l.f.;.w [ 39 :-DTH
Oy lbhow aos 059 SW casls J}Ja GL «als o GW salw J5Ja SL ‘s_i...a) J5Ja AL ‘JS.\L.\; )Jas PD ‘JS.\L.\; J5Ja PL (A5 &Lmj Phe «
NFY-VFY 25 baone g VR YV FoY T Laoa N F VLY 25 s TV Yl o Lasms oo ey

ns”**

IS Syt g aoy0 ) Jleial mha jo s See i Sy

DTH:The days to heading, DTA: days to anthesis, DTPH: days to physiological maturity, GFR: grain filling rate, FLL and FLW: flag length
and width, Phe: plant height, SL:spike length, PL, PD:peduncle length and diameter, GL, GW:grain length and width, SW: spike weight.
Environment 1, 2, 3, 4: Irrigation environment in 2022-23, stress environment in 2022-23, Irrigation environment in 2023-24, stress

environment in 2023-24, respectively.

*ns: Significant at 1% level of probability and non-significance, respectively
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Ot LI ales o515 5 (n keSSl dils Slyunng S

5 (ied Olpdl cw (o) Ol oo aope

Cdy iy awgie (GAM) (Sl 5 (Se55 Cd,iy

o Ll s o g YYN Y d)l-:%" Lyl s 0 (nSke g 53
als Ol youmg S lgime (25 g 6 kel Ll 8 .0g YVIAY
Shlo Al oS15 g (YY) 4 +/AY ol pa) opynaS (sl ls
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Table 3 continued.
Lo o5kl
. o WGPS NGPS NSPM  SpD TGW GY SPAD GZinc Glron GFat GCar GProtein GAm GFiber
Environment Statistic
55 ol
1 . . 014 7502 9383.10 44800 1642 246237 214 568 4686 028 0.18 146 010 090
Genetic Variance
ke b )y
. ] 000 039 1210 099 046 378 030 007 1318 008 017 002 000 005
Phenotypic Variance

Y0) Sl pis o o

1 Coefficient of variation (%) 476 234 058 238 158 044 108 084 772 541 060 099 029 453
1 pé) J)‘ ‘5)“)‘-;;‘6 el sl el s el el sl el sl el sl sl e e
Cultivar effect significance
55 o g
2 . . 0.09 7338 844209 416.32 1543 288816 121 368 5184 011 068 158 010 071
Genetic Variance
sheme b g
2 . . 000 072 1050 092 033 2608 030 013 251 006 008 004 000 002
Phenotypic Variance
Y0) Sl pss o o
2 Coefficient of variation (%) 492 360 056 246 143 125 113 123 349 565 042 144 045 275
2 f“s) )"‘ ‘5)“)(.?.“ ES e ES e ES e e e el e e £ s s
Cultivar effect significance
55 b s
3 . . 015 6801 8606.36 455.28 955 241270 372 583 5913 036 020 128 009 062
Genetic Variance
shee bl
3 . . 000 032 581 007 008 136 031 003 002 000 001 001 000 0.00
Phenotypic Variance
(Y0) Sl pois o
3 Coefficient of variation (%) 156 198 040 060 063 026 102 054 025 102 016 048 007 098
3 f“s) )"‘ ‘5)“)(.?.“ ES e ES el ES e e e el e e £ s s
Cultivar effect significance
S5 o g
4 . . 015 6877 844490 45203 966 235542 466 531 5715 033 018 120 008 058
Genetic Variance
e (b)ly
4 . . 000 023 060 019 008 058 021 002 009 000 001 000 000 0.00
Phenotypic Variance
(COZCNE TR
4 Coefficient of variation (%) 158 181 013 106 067 018 08 048 064 089 016 032 006 074
) 51 sl gime s e s e s wm s s s s e .
Cultivar effect significance

:SPAD cails 5 ,Slae GY cails a6 TGW taliiws o515 :SPD sxs,0 yio ;0 aliiws slows :NSPM saliiss o ails slass :NGPS sl )0 ails 59 WPGS
w9y &515;‘..7;4 :GProtein «als Ql)@y; 6‘53-7“ GCar sals €9, ‘_glslz,o Gfat «sls &9y <_g|91;u> GZinc «ails u,as'l 6‘5:’“’ Glron 55)3 Gi..:)..q u"’L“'
Y Ja.:;r.ag VFev-NFeY G'T e NFV-NFLY oS e NFV-VFLY JL.; b.»“ Ja..;mw).;:u\‘ XY D b als ‘e\p)....j 6'5;’“ Gfiber 9 &ls

AFeYNEeY

S sire e g ao 0 ) Jloil gl )0 o s (o iy MRE

WPGS: weight of grain per spike, NGPS: number of grain per spike, NGPS: number of grain per spike, NSPM: number of spike m2, SpD:
spike density, GY: grain yield, TGW: thousand grain weight, SPAD: chlorophyll index, GAM: grain amino acid, Gfiber: crude grain fiber
content, Gfat: grain fat content, GProtein: grain protein content, Glron: grain iron, GZinc: grain zinc, GCar: grain water-soluble carbohydrate
content. Environment 1, 2, 3, 4: Irrigation environment in 2022-23, stress environment in 2022-23, Irrigation environment in 2023-24, stress
environment in 2023-24, respectively.

“ns: Significant at 1% level of probability and non-significance, respectively
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Table 4- Genetic parameters for traits under irrigation and stress conditions in the first year (2022-23)

k! o
Irrigation Stress
.- A
Trai Mean GCV% PCV% ECV% H*0% GA GAM Mean GCV% PCV% ECV% H»% GA GAM
rait

DTA 11719 201 2.01 0.07 9986 484 4.13 11152 2.39 241 030 9847 545 4389
DTH 12701 3.79 3.82 042 9877 9.86 7.76 121.71  3.69 3.71 038 9895 920 7.56
DTPH 16568 222 2.22 0.03 99.98 757 457 159.69 2.25 2.26 026 98.68 7.35 4.60
GFR 130 1610 16.31 256 9753 043 3276 120 1654 16.83 312 9657 040 3348
FLL 954 1221 1238 201 9736 237 2482 929 1154 11.63 142 9851 219 2359
FLW 0.78 2367 23.78 224 9911 038 4854 072  26.14 26.28 274 9892 038 5355
Phe 66.98 2854  28.60 184 9959 39.29 58.67 63.63 29.94  30.02 216 9948 39.14 6151
PL 2470 1019  10.40 208 9600 508 2058 2252 1035 1084 322 9116 458 20.36
PD 3.44 421 9.67 870 1899 0.3 3.78 2.81 7.27 11.76 924 3825 026 9.27
AL 1330 10.58 10.65 123 9867 288 2165 1227 1123 1161 294 9358 274 2237
SL 6.72 7.23 7.81 296 8565 093 13.79 5.69 8.29 9.31 423 7931 086 1520
GW 351 2.47 8.24 7.86 8.97 0.05 1.52 3.32 2.48 2.63 089 8845 016 4.80
GL 8.65 5901 6.10 151 9387 102 11.80 7.67 441 5.99 406 5409 051 6.68
SW 173 3187 3225 495 9764 112 64.87 149 3236 3263 420 9835 098 66.11
WGPS 114 3300 3334 476 9797 077 67.29 095 3181 3218 492 9767 062 64.75
NGPS 2647 3272 3281 234 9949 1780 67.24 2355 36.37 36.55 3.60 99.03 1756 74.56
NSPM 59471 1629 16.30 058 99.87 19942 33.53 573.62 16.02 16.03 056 99.88 189.16 32.98
SpD 4195 5045 50.51 238 99.78 4355 103.81 38.92 5243 5248 246 99.78 4199 107.88
TGW 4297 943 9.56 158 9728 823 19.16 4037  9.73 9.83 143 9790 801 19.83
GY 43794 1133 1134 044 99.85 10214 23.32 409.44 1313 13.18 125 9911 11021 26.92
SPAD 5051 290 3.09 108 8783 283 5.60 48.78  2.26 2.52 113 80.00 203 416
GZinc 3183 748 7.53 084 9874 488 1532 29.26  6.56 6.67 123 9661 388 13.28
Glron 47,00 1456 16.49 772 7805 1246 2651 4539 1586 1624 349 9539 1449 31091
GFat 5.28 9.97 11.34 541 7724 095 1805 4.37 7.56 9.44 565 6411 054 1246
GCar 6846 0.62 0.87 060 5205 064 093 66.55 1.23 1.30 042 8973 160 241
GProtein 1491 811 8.17 099 9852 247 16.58 1377  9.11 9.23 144 9756 255 1854
GAM 1172 274 2.76 029 9893 0.66 5.62 1153 274 2.78 045 9738 064 558
Gfiber 505 18.83 19.36 453 9454 190 37.71 573 1471 14.96 275 9663 171 29.79

oz Sy oe FLW o b 5 Jsb FLL cails oy e ps :GFR «So55l0 508 Saws, B 55, DTPM ¢ Slzdles 56 55, DTA ¢ avaliw b5 35, DTH
&l 559t WPGS bl 59 SW sails Jobo :GL sails o0 :GW salis Job SL « Sy Jsbo ‘AL ¢ JSSlay jlaé PD ¢ JSSlay Jsb PL sasgs ¢lis,l Phe ¢
£S5 3 (S jew a3 : SPAD ails o Slas :GY sails 3o 50 TGW saliiws (05155 :SPD 20 00 e ;0 aliis slaes NSPM saliis [0 ails slass NGPS sl
Slgioe GFiber g ails (559, (slgie GPIOteIN tails ol yoings S slyiome GCAr tails (14, slgize Gfat cails 55, slgizs :GZINC tails sl slyi=e Glron
Gpdsdlyg doys H2D% ¢ lame Ol s o pb a0 )0 ECV ¢ 5908 Ol posd o 50 a0 j0 POV ¢ S5 Ol o o 2o 30 GCV% ails ol 48

0eSln (S5 Sy GAMPB 5 (S35 22y CA 1 cagae
DTH:The days to heading, DTA: days to anthesis, DTPH: days to physiological maturity, GFR: grain filling rate, NGPS:number of grain per
spike, NGPS:number of grain per spike, Phe: plant height, SL:spike length, PL, PD:peduncle length and diameter, GL, GW:grain length and
width, GY:grain yield m2, TGW: thousand grain weight, NSPM:number of spike m, FLL and FLW: flag length and width, SpD: spike density,
WPGS: weight of grain per spike, SPAD: chlorophyll index, GAM:grain amino acid, Gfiber:crude grain fiber content, Gfat:grain fat content,
GProtein:grain protein content, Glron:grain iron, GZinc: grain zinc, GCar:grain water-soluble carbohydrate content. GCV%: percentage of
genetic coefficient of variation; PCV%: percentage of phenotypic coefficient of variation; ECV%: percentage of environmental coefficient of
variation; H?0%: percentage of broadsense heritability; GA: genetic advanced and GAM: genetic advance as percentage of mean.
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Table 5- Genetic parameters for traits under irrigation and stress conditions in the second year (2023-24)

skl o

Irrigation Stress
Trai Mean GCV% PCV% ECV% H% % GA GAM Mean GCV% PCV% ECV% H%, % GA GAM
rait

DTA 11545 1.18 1.25 0.40 89.65 267 231 11360 1.75 1.78 032 96.71 4.03 355
DTH 12322 280 2.87 0.64 9505 693 562 12112 2.68 2.72 050 96.61 6.56 542
DTPH 16334 159 1.62 033 9577 523 320 161.40 1.95 1.97 032 9744 638 3.96
GFR 138 1478 1486 161 9883 042 3026 129 1479 1491 184 9847 039 30.24
FLL 971 1269 1269 019 99.98 254 26.13 941 1322 1322 021 9998 256 27.22
FLW 082 2304 2306 092 99.84 039 4743 079 2355 2370 269 9871 038 4819
Phe 69.86 2557 2558 0.72 99.92 36.78 52.65 67.76 2585 2588 110 99.82 36.05 5321
PL 2544 1010 1025 172 9719 522 20.52 2422 1030 1042 155 9780 5.08 20.99
PD 3.53 9.80 9.80 029 9992 071 20.18 3.31 9.91 9.92 043 9981 068 20.39
AL 1352 1036 10.36 0.04 100.00 289 21.35 1315 1086 1086 010 99.99 294 2237
SL 751 4.64 4.78 113 9440 070 9.29 6.98 6.50 6.63 130 96.16 092 13.13
GW 3.43 1.43 1.44 0.14 99.03 010 294 3.37 1.23 1.26 029 9483 0.08 246
GL 8.71 5.28 5.29 0.18 99.89 095 10.88 8.43 5.75 5.76 0.07 9998 100 11.85
SW 188 2936 2939 136 9979 114 6042 177 3201 3204 141 9981 116 6587
WGPS 125 3049 3053 156 99.74 078 62.73 116 33.06 3310 158 99.77 0.79 68.02
NGPS 2868 2875 2882 198 9953 1695 59.09 26,52 3127 3132 181 9967 17.05 6431
NSPM 605.72 1532 1532 040 9993 191.04 3154 59687 1540 1540 013 99.99 189.30 31.72
SpD 4348 49.08 49.08 060 99.99 4395 101.09 4142 5133 5134 1.06 99.96 4379 105.71
TGW 4414  7.00 7.03 0.63 9921 6.34 1436 4317 720 7.23 0.67 99.14 638 14.77
GY 44291 11.09 1109 026 9994 101.16 2284 42211 1150 1150 0.18 99.98 9996 23.68
SPAD 5484 352 3.66 1.02 9227 382 696 52.98  4.08 4.17 086 9571 435 822
GZinc 3285 735 7.37 054 9947 496 15.10 3183 7.24 7.26 0.48 9956 474 14.89
Glron 4939 1557 1557 025 99.97 1584 32.07 48.37 1563 1564 064 99.83 1556 32.17
GFat 555 1076 1080 1.02 99.11 123 22.06 512 1125 1128 0.89 99.38 118 2310
GCar 69.20 0.65 0.67 016 9439 090 131 68.59  0.62 0.65 016 9359 085 1.25

GProtein 15.26  7.42 7.43 048 9958 233 15.25 1474 743 7.44 032 9981 225 15.30
GAM 1181 256 2.56 0.07 9993 0.62 5.27 1173 245 2.45 006 9993 059 5.05

Gfiber 488 16.17 16.20 098 99.63 162 3325 506 1509 1511 0.74 99.76 157 31.05

oz Sy oe FLW o 5 Jsb FLL cails oy ey :GFR «So55l0 508 Sawsy B 55, DTPM ¢ Slzdles 56 55, DTA ¢ avaliw b5 35, DTH
S als 539t WPGS il 59 SW sails Jobo :GL sails 50 :GW saliss Job SL « Sy Jsbo (AL ¢ JSSlay jlaé PD ¢ JSSlay Job PL casg ¢lis,l Phe ¢
5 1y (S e L - SPAD sails o Slae :GY sails 3o 58 TCGW saliiws (S1,5:SPD ¢ j0 1o j0 aliis slass NSPM calics 1o ails slass NGPS sl
Slgioe GFiber g ails (559, (slgine GPIOteIN tails ol joings S (slyiome GCAr tails ()4, slyize Gat ails g5, slgize :GZINC tails sl slyi=e Glron
G dlyg doys H2D% ¢ lame Ol s o pb ao )0 ECV ¢ o598 Ol posd o 50 a0 0 POV ¢ S5 Ol et o o 20,0 GCV% ails ol 48

0eSln (S5 Sy GAMPB 5 (S5 2ty CA 1 cagae
DTH:The days to heading, DTA: days to anthesis, DTPH: days to physiological maturity, GFR: grain filling rate, NGPS:number of grain per
spike, NGPS:number of grain per spike, Phe: plant height, SL:spike length, PL, PD:peduncle length and diameter, GL, GW:grain length and
width, GY:grain yield m2, TGW: thousand grain weight, NSPM:number of spike m, FLL and FLW: flag length and width, SpD: spike density,
WPGS: weight of grain per spike, SPAD: chlorophyll index, GAM:grain amino acid, Gfiber:crude grain fiber content, Gfat:grain fat content,
GProtein:grain protein content, Glron:grain iron, GZinc: grain zinc, GCar:grain water-soluble carbohydrate content. GCV%: percentage of
genetic coefficient of variation; PCV%: percentage of phenotypic coefficient of variation; ECV%: percentage of environmental coefficient of
variation; H?0%: percentage of broadsense heritability; GA: genetic advanced and GAM: genetic advance as percentage of mean.
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Table 6- Classification of traits in terms of heritability and genetic advance as percentage of mean in two years and under irrigation
and stress conditions

1FeY-1F+) VFe¥-1F.Y
2022-23 2023-24
o skl o skl o
Trait Irrigation Stress Irrigation Stress
H%b GAM H%b GAM H%b GAM H%b GAM
DTA High Low High Low High Low High Low
DTH High Low High Low High Low High Low
DTPH High Low High Low High Low High Low
GFR High High High High High High High High
FLL High High High High High High High High
FLW High High High High High High High High
Phe High High High High High High High High
PL High High High High High High High High
PD Low Low Average Low High High High High
AL High High High High High High High High
SL High Average High Average High Low High Average
GW Low Low High Low High Low High Low
GL High Average Average Low High Average High Average
SW High High High High High High High High
WGPS High High High High High High High High
NGPS High High High High High High High High
NSPM High High High High High High High High
SpD High High High High High High High High
TGW High Average High Average High Average High Average
GY High High High High High High High High
SPAD High Low High Low High Low High Low
GZinc High Average High Average High Average High Average
Glron High High High High High High High High
GFat High Average High Average High High High High
GCar Average Low High Low High Low High Low
GProtein High Average High Average High Average High Average
GAM High Low High Low High Low High Low
Gfiber High High High High High High High High

oz Sy e FLW o2 ) 5y Job FLL tails o 5 e s GFR 6055050528 (S, B 59, DTPM ¢ Slzdlos 51 55, DTA ¢ poaliw 5 54, DTH
5o ails 39t WPGSalos (55 SW sails Jsb :GL ails (5,6 GW talis Jobo SL ¢Sty Jsb AL ¢ JSSlay jlas PD ¢SSl Job PL asqy glis | Phe ¢
(S 5 (Ko 02>l : SPADls o Slas :(GY cails Slim 59 TGW talws o515 :5pD a5 o j0 alis slass NSPM salcss ;o «ls slaws :NGPS el
Sy Gfiber 5 ails (555, (slyime GPrOtEIN tils &l jaimg S slgiome GCAI thils 1,24, (slgime Gt tils (55, slgizme GZINC ails ol slyima :Glron
G riuidlys doys H2D% ¢ oo Ol ks (o po duo 0 ECV ¢ o9id Sl o 5o duoy0 POV ¢ S Ol s o o 0oy GCVY Lails ol 08

0eSln (S5 Sy CGAMPB 5 (S5 282y CA 1 cagee
DTH:The days to heading, DTA: days to anthesis, DTPH: days to physiological maturity, GFR: grain filling rate, NGPS:number of grain per
spike, NGPS:number of grain per spike, Phe: plant height, SL:spike length, PL, PD:peduncle length and diameter, GL, GW:grain length and
width, GY:grain yield m2, TGW: thousand grain weight, NSPM:number of spike m?, FLL and FLW: flag length and width, SpD: spike density,
WPGS: weight of grain per spike, SPAD: chlorophyll index, GAM:grain amino acid, Gfiber:crude grain fiber content, Gfat:grain fat content,
GProtein:grain protein content, Glron:grain iron, GZinc: grain zinc, GCar:grain water-soluble carbohydrate content. GCV%: percentage of
genetic coefficient of variation; PCV%: percentage of phenotypic coefficient of variation; ECV%: percentage of environmental coefficient of
variation; H?0%: percentage of broadsense heritability; GA: genetic advanced and GAM: genetic advance as percentage of mean.
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Abstract

Introduction: Maize (Zea mays L.) is of particular importance in Iran as the main source of energy
for poultry and livestock feeding, and for this reason, the development of the cultivated area and the
increase in the production of this product have a special priority. According to the information of the
World Agricultural Food Organization, the cultivated area of corn has reached 98.8 million hectares,
which is 10.4% of the cultivated area of the world, and its annual production is equal to 1.1 billion
tons. Among the factors limiting the production of agricultural products and reducing their quantity
and quality are pests, diseases and weeds. Among these three factors, weeds are of great
importance.The amount of damage caused by weeds in the corn field is different and is usually
between 69 and 84%. Sorghum halepens (L.) Pers. It is one of the most important weeds in corn fields.
Water and soil pollution are important environmental issues that endanger human health. Nicosulfuron
(Crooz) and Rimsulfuron are among the most widely used herbicides in agricultural products, which
are used to control weeds in Iranian fields. Since the herbicides used in fields and agricultural lands
have different durability and effects on the environment, therefore, study and research on the
remaining amount of these products in the soil, as well as investigating its absorption behavior in the
soil and establishing a link between the pesticide and clay particles. Organic matter in soil is essential.
Materials and Methods: In order to investigate the leaching rate of Nicosulfuron herbicide from the
soil column with corn crop vegetation and Sorghum weed under different management scenarios in
the soil profile, a factorial experiment based on a completely random design, with three repetitions in
39 polyethylene columns with a diameter of 12 and a height of 70 cm was designed and used. The test
factors include two types of soil; The soil of Kohdasht (S:) and Khorramabad (S;) regions, as well as
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three types of organic matter including; sheep manure (OM;), wheat straw (OMy), biochar (OMs) and
control (OM,). The levels of biochar and sheep fertilizers were 50 tons per hectare and organic matter
of straw was 1%. After designing and preparing soil columns, corn and sorghum plants were cultivated
in them. During the growing season, 5 periods of irrigation were applied and at the end of each
irrigation, the amount of toxin in the effluent from the soil column was measured.

Results and Discussion: The results showed that the effect of soil type, organic matter, irrigation
time, and the interactions of organic matter and irrigation time on the amount of drainage toxin were
significant (p <0.01). The results of comparison between different treatments showed that the use of
organic matter in the soil causes the absorption of toxin and prevents its mobility to the lower layers,
so that the highest and lowest concentrations of herbicides in the drain were observed in the treatment
containing straw and control treatment, respectively. The amount of soil clay plays an important role
in the rate of toxin uptake, so that in the present study, the highest rate of herbicide uptake in columns
containing Sorghum, biochar fertilizer and soil of Khorramabad region and the lowest rate of toxin
uptake in columns containing corn, straw and soil of Kuhdasht region was observed.

Conclusion: The results of the present study show that the behavior of surface absorption and release
of Cruz herbicide in the soil depends on the physico-chemical characteristics of the soil such as soil
clay content, type of organic matter and organic carbon content.

Keywords: Agricultural sustainability, Organic matter, Soil column, Toxicant absorption, Toxicant
mobility
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Table 1- Some chemical properties of soils used
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Figure 1- Polyethylene columns used in the research
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Table 2- Analysis of variance of herbicide content in drainage from soil columns
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Source of variation Degree of freedom Mean of squares
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‘sﬂ oole
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Josex S
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;S)l—:-.'T ol -
L 4 0.00187784
Time irrigation
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Soil x Irrigation Time
&kl ey x I eoke
. o . 12 0.00024188™
organic matter x Irrigation Time
Skl ol x‘_g-l oolex S
. . L . 12 0.00000295™
Soil x organic matter x Irrigation Time
64 0.00003116
Error
JS sl
119
Total error

o sire e BWSINS g aoy0 Vb zohw o I e b gy %

*, ** Significant differences at levels of 5, 1% and Ns: insignificant difference respectively
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Figure 2- Effect of soil type on the amount of herbicide present in the effluent from the soil column
(S:1: Kuhdasht Soil and S;: Khorramabad Soil)
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Figure 3- Effect of organic matter type on the amount of herbicide present in the effluent from the soil column
(OML1: sheep manure, OM2: straw, OM3: biochar and OM4: control)
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Figure 4- Effect of irrigation time on the amount of herbicide in the effluent from the soil column
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Table 3- Interaction between organic matter type and irrigation time on the amount of herbicide (micrograms per liter) in the
effluent from the soil column
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Abstract

Introduction: Soil salinity represents one of the most critical abiotic stress factors adversely
impacting the growth, development, and productivity of barley (Hordeum vulgare L.), one of the
oldest and most economically significant cereal crops worldwide. The continuous expansion of
salinity-affected lands poses a major threat to global food security, particularly in arid and semi-arid
regions where excessive irrigation further exacerbates soil salinization. In this context, the
identification and deployment of salt-tolerant barley genotypes for cultivation in saline environments
have become essential strategies for ensuring sustainable agricultural production.

Materials and Methods: The present study was conducted to evaluate the performance of barley
genotypes obtained from the International Center for Agricultural Research in the Dry Areas
(ICARDA) under saline field conditions, to identify promising candidates for breeding programs
aimed at enhancing salinity tolerance. A total of 20 barley genotypes were selected from an initial set
of 320 accessions previously screened at the Yazd Agricultural Research Center, Iran, during 2018—
2020. These genotypes were subsequently compared with local cultivars under field conditions
characterized by high salinity at the Zahak Agricultural Research Station in Sistan over two
consecutive cropping seasons (2022—2024). The experimental layout followed a randomized complete
block design (RCBD) with three replications. Before planting in each season, soil samples were
collected to assess baseline soil salinity and nutrient status, ensuring uniform salinity levels across
experimental plots. Fertilizer applications were administered according to soil test recommendations
to maintain optimal nutrient availability. A range of phenological, morphological, and yield-related
traits were recorded, including plant height, days to spike emergence, days to physiological maturity,
1000-seed weight, seed yield per plot, biological yield, and harvest index. Data were subjected to
analysis of variance (ANOVA) using SAS software, and treatment means were compared via
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Attribution 4.0 International License (CC BY 4.0).
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Duncan’s multiple range test at the 1% significance level.

Results and Discussion: The ANOVA results revealed significant effects of year, genotype, and their
interaction on the majority of measured traits, highlighting both environmental influence and genetic
diversity among the evaluated barley genotypes. Plant height varied considerably, with genotype 74
attaining the greatest height (73.5 cm) and genotype 80 the shortest (59.67 cm). This variation reflects
the combined effects of inherent genetic potential and the inhibitory influence of salinity stress on
shoot elongation due to osmotic and ionic imbalances. Substantial variation was also observed in days
to spike emergence and physiological maturity. Genotype 92 exhibited the longest time to spike
emergence (102.83 days), whereas genotype 122 was the earliest. Earliness under saline conditions is
advantageous as it allows genotypes to complete their life cycle before salinity stress peaks, thereby
mitigating potential yield losses. Significant differences were recorded in 1000-seed weight, a key
yield component. Genotype 74 produced the highest 1000-seed weight (38.17 g), while genotype 100
recorded the lowest (33.67 g). Reduced seed weight under saline conditions is commonly attributed
to shortened seed-filling periods and accelerated maturation triggered by stress conditions. In terms of
seed yield, genotype 96 significantly outperformed all others, achieving yields approximately 28%
higher than genotypes 74 and 284. This outstanding performance highlights its potential for
development as a salt-tolerant cultivar. Cluster analysis based on drought and salinity tolerance indices
grouped the genotypes into three distinct clusters, with the third cluster comprising the highest-
yielding genotypes under stress conditions. Correlation analysis revealed highly significant positive
relationships among all measured traits at the 1% probability level. Notably, seed yield exhibited
strong positive correlations with days to spike emergence (r = 0.755), days to maturity (r =0.774), and
1000-seed weight (r = 0.791). These findings suggest that these traits can serve as reliable selection
criteria in breeding programs targeting salinity tolerance in barley.

Conclusion: This study underscores the importance of utilizing genetic resources for the development
of resilient and adaptable barley cultivars suitable for saline environments. The identification of
Genotypes 96, 97, and 118 as high-performing and salt-tolerant candidates provides valuable options
for enhancing barley production in salinity-affected regions like Sistan. Moreover, the significant
genetic diversity observed among the tested genotypes presents promising prospects for the genetic
improvement of barley for salinity tolerance through targeted breeding programs.

Keywords: Cluster analysis, Exotic genotypes, Grain yield, Salinity stress, Tolerant genotypes
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Table 1- List of cultivated genotypes
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Genotype No Code Cross name Genotype No Code Cross hame
Gl TN-6 M122 (Quest) G11 TN-89 Barabas
G2 TN-7 WI2291 G12 TN-92 Nymfe
G3 TN-14 Manal G13 TN-95 Sebastian
G4 TN-20 Alanda 01 Gl4 TN-96 SJ055066
G5 TN-74 Pasadena G15 TN-97 SJ056089
G6 TN-75 Mauritia G16 TN-100 AZAF/SCARLETT
G7 TN-80 Aricada G17 TN-118 Arta
G8 TN-82 Flagon G18 TN-122 RD2660
G9 TN-83 Suzuka G19 TN-125 KEOPS
G10 TN-87 NFC Tipple G20 TN-284 1G 144015
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Table 2- The result of the soil sample test of wheat salinity tests at Zahak station before planting
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Soil texture pH EC (ds/m)
(%) (mg.kg)
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8.2 4.2 0.34 11 100 284 026 486 058 107

Year 1 Loam-Sandy

ped Jbw s
8.4 4.1 0.27 12 89 196 021 372 053 113

Year 2 Loam-Sandy
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Table 3- Analysis of variance (mean square) of the studied traits in barley Genotypes
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Source of ] Plant Days to Days to 1000-Seed Seed vield oMy
variation df height flowering maturity Weight y Yield/Plot

1S3
)_ . 2 1.633 2.608 0.108 6.633 96041.575 12445.633
Replication
Ju - - - - 23691238.13  3072993.029
1 962.034 5324.556 14675.284 1113.025 o o
Year
)
’ 35 34.594 ™ 8.803 ™ 4737 8.950 ™ 233726.878 ™ 30289.012 ™
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egsw Lo
wYear 19 102.119 ™ 10.948 ™ 10.698 ™ 6.220 "¢ 462505.762 ™ 59940.095 ™
Genotype
Uas-
62 1.398 1.596 1.454 3.907 64500.947 8358.522
Error
et - 9 8 9 3.66 9.38 9.18
(/) CV 5.1 1.4 1. . . 1
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, "+ Non Significant, Significant at 1% probability levels, respectively.
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Table 4- Comparison of the mean plant height, maturity, and yield of selected genotypes across the 2022-2023 and 2023-2024
cropping seasons in Zabol

i 35 0 o Gy glis | JFSRLITE Ty Uiy Sl o @Sl 5o 8, Shos
Genotype Plant height (cm) Days to flowering (day) Days to Seed-1000 Yield/Plot (g/plot)
P ’ Y S maturity (day)  weight (gr) up
TN-6 68.165 ** 100.5 2 130 ¢ 37.5 2bcd 905 «
TN-7 68 o 101.665 @ 130.165 35,17 abedef 1081.665 ®*
TN-14 68.665 ® 102 127.33 ¢fg 37.335 2 1031 bd
TN-20 67.83 ¢ 100 bed 126.835 ©f9 37.335 2 1030 bd
TN-74 7352 99.83 bed 1275 ceefo 38.172 880 ¢
TN-75 67.165 2 100.665 #>© 127.17 ¢fo 36.835 ede 940 «
TN-80 59.665 © 102.17 ® 129,335 abede 37.165 & 1031.665 "
TN-82 64.165 bt 100.835 #* 126.665 37.665 *° 1055 2
TN-83 60.665 % 100.67 ¢ 127.665 becefo 34.67 cdef 973.335
TN-87 61.5 e 1015% 127.335 dfo 35,335 aedef 940 «
TN-89 62 bede 102.33® 129,17 2becef 34,5 oef 1046.67 b
TN-92 61.665 102.835°¢ 127.665 becefo 35,835 abedef 996.67 «
TN-95 64,5 bede 101.835 128,83 abecef 37.835 % 1208.335
TN-96 63.335 Pede 102 128.67 edef 37 dbede 1228.335 2
TN-97 64.83 bece 102.165 129,335 abede 36 ebodef 1033.335
TN-100 62.165 "o 101.335 @ 128 abedefg 33.665f 1195.835 ®
TN-118 61.835 bede 98.665 129.5 acd 35 bedef 1058.33
TN-122 66.335 bode 97°¢ 1269 36.665 e 1048.33 b
TN-125 67.67 ¢ 101.83® 130.335*° 34.165 991.665 *
TN-284 65 bede 98 % 127.67 bedefo 35,33 abodef 880 ¢
e 62.034 bede 99.4 bed 126.756 19 35,32 abedef 1202.952
Mehr
Pe{ES
62.655 bede 98.26 ® 127.420 %o 36.124 % 119.888
Khatam
MBS-89-1 66.215 bt 99.1 bed 127.86 bodefy 35.966 bedef 1006.208 ™
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The means marked with different letters within each column indicate significant differences at the 5% significance level.
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Figure 1- Dendrogram resulting from cluster analysis using Ward's method for barley Genotypes across the 2022-2023 and 2023-
2024 cropping seasons in Zabol
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Abstract

Introduction: The detrimental impact of weeds and their inadequate management is a significant
contributing factor to the decline in both the quality and quantity of crops. Weeds engage in
competition with crops by depleting finite resources, including soil nutrients, moisture availability,
and light, thereby leading to a decline in crop growth and yield. In conjunction with the non-uniformity
induced by management practices in agricultural areas, weeds are also recognized as a contributing
factor to the uneven distribution of crop productivity. Understanding the spatial distribution of weeds
within a given field has the potential to enhance the effectiveness of weed management strategies. In
light of this matter, a recent study was undertaken to assess the spatial arrangement of Chenopodium
album and its impact on the productivity and various components of wheat yield.

Materials and Methods: This study was carried out in a field located in Mobarakeh county, within
the Isfahan province, over the course of the 2019-2020 period, employing geostatistical techniques.
Data on both weed (density and biomass of Chenopodium album) and wheat (including grain number
per spike, number of spikes, 1000-grain weight, and grain yield) were gathered from 104 locations
within a field, using a 2 x 2 m grid. The density and biomass of Chenopodium album, as well as the
yield and yield components of wheat, were assessed in each sampling event using quadrats measuring
0.25 m?. The cross-semivariogram was employed to elucidate the spatial correlation between two
variables, namely weed population and wheat yield. The semivariograms and cross-semivariograms
were computed using the GS+ and Variowin software packages, which are tools for analyzing spatial
data in two dimensions (2D) (Spring Verlag, New York, USA). The estimation of Pearson correlation
coefficients was conducted using the SPSS software.

@ ©2024 The author(s). This is an open access article distributed under Creative Commons
@ Attribution 4.0 International License (CC BY 4.0).
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Results and Discussion: The findings indicated that the average density and biomass of Chenopodium
album were recorded as 2.42 individuals per square meter and 16.11 grams per square meter,
respectively. Additionally, the findings revealed that 74% of the sampled locations exhibited an
absence of Chenopodium album. The analysis of the semivariogram revealed that the distribution of
Chenopodium album's density and biomass exhibited spatial heterogeneity within the field. The
patchiness of Chenopodium album's density and biomass was observed to be moderate, with values of
64.7% and 50.0% respectively. According to the fitted models, the range for weed density and biomass
was 3.68 and 20.42 meters, respectively.Weed patches frequently exhibited a greater elongation along
the direction of the planting rows. The findings of the study revealed that the variables of 1000-grain
weight, number of spikes, grain number per spike, and grain yield exhibited a non-uniform distribution
pattern. The spatial autocorrelation values for the 1000-grain weight, number of spikes, grain number
per spike, and grain yield were found to be 82.1%, 57.0%, 50.0%, and 50.2%, respectively.
Semivariogram analysis showed that 1000-grain weight had a strong spatial autocorrelation. High
spatial dependence was observed between the maps of grain yield and yield components (1000-grain
weight, number of spike, grain number per spike) of wheat. Given the positive correlation between
the yield components and grain yield in wheat, it is reasonable to anticipate a spatial congruence
between these variables when represented on maps. Additionally, the Pearson correlation coefficients
indicate a positive and statistically significant relationship between grain yield and the 1000-grain
weight (0.24%), number of spikes (0.84™), and grain number per spike (0.82™). The results of the
Cross-semivariogram analysis demonstrated a statistically significant spatial association of 76.4%
between weed density and reverse grain yield of wheat. The results of the cross-semivariogram
showed that negative spatial correlation of 75.8% between weed biomass and grain yield in wheat.
The maps revealed a strong correlation between areas characterized by high weed density and biomass,
and areas exhibiting low wheat grain yield. The results of the Pearson correlation analysis revealed a
statistically significant negative correlation between weed density and biomass with the grain yield of
wheat. The correlation coefficients were -0.51™ and -0.45"%, respectively. The findings of the study
revealed that in instances where there existed a strong correlation coefficient between two variables,
the cross-variogram also provided evidence of the spatial correlation between the two variables.
Conclusion: The findings from the analysis of cross-semivariograms, estimation of Pearson
correlation coefficients, and comparison of the maps revealed a negative correlation between the grain
yield of wheat and the presence of Chenopodium album in the field. In a broad sense, it can be asserted
that the uneven distribution of weeds leads to an uneven distribution of crop yield and its various
components within the agricultural field.

Keywords: Kriging, Patchy distribution, Range, Spatial correlation, Yield map
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Figure 1- Kriged maps of density (right) and biomass (left) of Chenopodium album in wheat field
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Abstract

Introduction: Sesame, as the queen of oilseeds, is world-famous for its resistance to drought stress.
This feature justifies its cultivation in arid and semi-arid regions and enables the production of high-
quality oil. However, this crop, like other crops, is affected by drought stress, and its yield decreases
under severe drought conditions. Nevertheless, proper nutritional management can reduce the adverse
effects of drought on sesame yield. In this regard, the use of biological fertilizers alongside chemical
fertilizers can improve soil quality, increase crop yields, and reduce the negative effects of chemical
fertilizers. Consequently, the use of biofertilizers in sesame farming has received significant attention
in recent years.

Materials and Methods: A factorial experiment based on a randomized complete block design with
three replications was performed to investigate the effect of chemical and biological fertilizers
application on yield and some agronomical traits under drought stress during the 2022-2023 season in
two regions of Hormozgan province (Sarkahnan and Dashthouz). Treatments included two levels of
drought stress (full irrigation (based on 90 mm evaporation from Class A evaporation pan) and drought
stress (based on 150 mm evaporation from Class A evaporation pan)) and eight levels of fertilizer
(bacteria (B), mycorrhizal fungus (MY), chemical fertilizer (NPK), bacteria + mycorrhizal fungus
(B+MY), bacteria+ chemical fertilizer (B+NPK), mycorrhizal fungus + chemical fertilizer
(NPK+MY), bacteria+ mycorrhizal fungus+ chemical fertilizer (B+MY+NPK) and control). In this
experiment, Pseudomonas putida bacteria and a mixture of Rhizophagos intraradices and
Funneliformis mosseae fungi. All plots were evenly irrigated with a pressurized system until they
reached the 3-4 leaf stage. After thinning, drought stress was applied by carefully controlling the
amount of water based on evaporation rates measured using evaporation pans and meteorological
stations. The traits measured in this research included days to flowering, days to poding, chlorophyll
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index, plant height, stem dry weight, leaf dry weight, oil content of seeds, oil content of meal, grain
yield, and biological yield. The relationship between these traits and grain yield was also examined.
Finally, Statistical analysis of the collected data was conducted using ANOVA in SAS software.
Significant differences between means were evaluated at the probability level of 0.05 by Duncan's
test.

Results and Discussion: The results indicated an acceleration of phenology with the application of
drought stress. Flowering and podding occurred 3 and 6 days earlier, respectively, in the stressed
treatments. Drought stress also caused a decrease of 0.16%, 9.10%, and 3% in plant height, chlorophyli
index, and oil percentage of the meal, and an increase of 4% in seed oil compared to the control
treatment (full irrigation). The results also showed that the application of fertilizer treatments,
especially the combination of bacteria + mycorrhizal fungi + chemical fertilizer, improved the traits
under stress and non-stress conditions in sesame. The highest dry weight of leaves (390 g/m?), dry
weight of stem (501 g/m?), seed yield (2960 kg/ha), and biological yield (20240 kg/ha) were observed
in the Sarkahnan region under non-stress conditions and treatment with bacteria + mycorrhizal fungi
+ chemical fertilizer. The lowest seed yield and biological yield were 953 and 4250 kg/ha,
respectively, for crops under drought stress and no fertilizer application in the Dashthouz region.
Correlation of traits also showed a high positive correlation of seed yield with dry weight of leaves
(0.80**), dry weight of stem (0.75**), and biological yield (0.74**), and a small negative correlation
with days to podding (-0.21%).

Conclusion: Based on these results, the combined use of biological and chemical fertilizers can be
considered a suitable strategy to reduce the negative effects of drought stress in arid and semi-arid
regions for sesame.

Keywords: Abiotic stress, Oil crop, Phenology, Plant growth promoting rhizobacteria (PGPR), Plant
nutrition management



D9 dJlae AYV-AFF o AF+F lino) oy lea o ylods piddr als [ SCiS bl jo 2l)) pole wlidixs

w2S ey Olho (B g 0,5hes p liowd g (Smj OS5l colisius! (o
S s Lyl yo (Sesamum indicum L.)

T o )35 ol M o 5 yiuol 315,95 suols

Ol (lminndy (oloind) (ze) pas (Jy oSl (LS S5 5 A5 09,5 )
Se gt Sy )l oRiily (Jasee pole 50 -Y

ranimia@vru.ac.ir 14s5le Jgtume *

DOI: 10.22034/CSRAR.2025.484717.1445 AN EAPARYEL A SR AARAPEY YRR AR I

oS

Tl Ak 2 JoysSE Sogon glas)he (Lamgh S S Shes 5 2l)) Slho p (e 5 bt ladgS sl eolinal S5l sl e
VEe ol Jlo jo (og b g (LS ) 8 5ep0 Ll jo 8ly Slidod ac )i g0 50 ST aw b (Solas LelS slacSsh
(A IS e St s nshan 10 ol ) Jpoms 6ot e 38 53 (oS5 5 1 ol ialol sl ot .2y3,5 121
5 1(B) ab, 5 e (5555 s s 3 (2055 5 (A LIS s S5 ) sk hahen 10+ alul) (St i
loosd 055 +ad) Syme 5L (BEMY) 5,00k 78 +al) Syme 5L (NPK) oLl 055 (MY) 5,600
5 BHMY+NPK) liands 555 31,550 7,8 +ad, yme o5l (NPKEMY) slosds 555 51,5500 7,6 (B+NPK)
(Jdg S ali igy elasl gm0 Yo g Vo1 APl alS 5 (659958 m i s Sl 5 ol lis bl oy (el
b i i 5 Sedglam o Sles g ails o ,Slee iy 0l dall jland 4 S 85, @l oo, TGI8 g dllniS wsyo
OLS o allaie o (S 25 pas g oleond 995 + 52 )550ke )8 1ol ;) S yome (5L jlar I LSl j0 0, SLS VYT 5 VAR
e Oized ull 005 eaaline (g2 Cubo adlats ;0 365l ooliul pue g (Sad A e ) 5 Gliee (n S Jol>
bosS 5l ials oozl gl Lolulyy g (- IVO™) a8l a3 555 (A= ™) 5y Sis 35 L ails 5 Shas YU (Ko 5
28,5 51 )0 9z ol gl Ol bl o (S 15 e Sl (a5 Cr celie )], Wl o aliond 5 S

YW

BT 355 o pae (g olS (859 (S f (D ad) S e Slags iSL s gualS sle g

(Kouighat et al., 2021) .5
9 9 oS sgaoe Jalge o Seee 5l (Ko (S S
Ol S—isdend g Seis 3blie 0 pmada duS oy
a5 s sbas (Fang et al., 2024; Ahmed et al., 2024) el
yo adls olosd g dligr j0 Je—ueS dlass aiils o Slae gl52!
xS 0 g, 0, Sles g dils o Slee palS o Jo—unS
Gholinezhad and Darvishzadeh, 2021;) oo, ¥
Sas s (Hamedani et al., 2022; Parsa et al., 2024
Mg oo ez Sloda—ul oS5 )0 i Bkl e
Gholinezhad and ) sg—& ¢4, ctS ialS e w
Ui hie il 55 o tegs wLw (Darvishzadeh, 2021

OlS ciag, Olao g ol (59098 by IS i p (S

Aodlo
LS Sesamum indicum L) _ole oL L asus
3 S ol el il oo aullay oolgils 5l all Sy
9505 Pl Bl g (o) 4l (LalS (n 5 oend
9y 4l plalS sasle plgre 4 5L 5l g el S 40
oS .(Jeyaraj and Beevy, 2024) ¢l oo axsli
S Gizred 5 (el 9o )3 YO (005, o yd B0 syl
B A E (olng ol 5 pameelS 5 oo 55550 e e
M=, (Li et al., 2024; Abbas et al., 2024) s_sb
Jases (S ar G S g s (olS L
G St 9 S bl 53 ol ol b3l (6t
Fan et ) aes o &, YU sloloo b L 5L ol jon el Sz
Fre g W jsbas adlgi oo | waeS odgs @l 2024


https://doi.org/10.22034/csrar.2025.484717.1445

Oy g 00l 9

AY.

b i pgeasds i Sl iz il33l o opdle (2024
18,5 )18 anli )90 5 105 @)1 locis (oS
e J—olas ool sl (Tiepo et al., 2024) el
5 12555 sloag, B wsle (5355 slap—ilS )y S
2 stz F R Hsbas adlgs oo i b 0alS o sl S
Ely Fgo (St 5 Ll b s ohiga GLS 08 d5ue
Olnl je Sisdas 5 Sas sble 50503 4 axgi b ogd

ol sl eolaiwl (je S (65,0l iS ,0 amS adgl Cuenl g

el G plprean alien—b losgS LS jo ol lile )
ol (nl p (St 55 o B Ol Gals gl el
OP9) e e Bae b ety (nl s O oo slpiioy
Seer Sy (lro—0 955 L olyon ol il (nl oS

ol oads ploml (S s byl pd (o oS o Sles
B g, g dlge

wielojl zyb g phalejl 2,90 atlaie
Sl glaac 50 ;0 Ve el )5 o jo Lol asllhas
ek e 5 55,08 (hjgel 5 Sligio 550 4 Blate
5 P9 ) 0ldg) i et )3 &Bly (50 L
At ) RSy ) S A o Aol b (S
A > YYIVD 6,0 g (B az ;0 OVIVY Jgb 1o LS
P 5 St Az OV - Jsb o e ol g o
Ao ¥ Sils olisly ool o wdly a4z o YV/E-
P9 Sebd 9 LS e )3 AVl (Sl (e S0lee ((ouliblga
bl Sl ol 2o Lo VA § YYA (o iy
Sl Sl j0 ciS 0,50 Job )0 5 (om0 9,90 bl
S5k zib aly 2 el oo —alejl 2 b
2l 345 el 55 Ll b plool S5 s b doluas elS
Sl 3l (20065 ¢ St 1) HeiSLE g0 o (Budod
e s L LT il gl 5 disgs 1955 51 Sy
2 039 Oaed Jdsa e ook nlple o e (o) 2
Ve bl ) Jsone )lal) gl 5 50 (St (25 ol
S S g (A IS s SE i ) s e e

Bijani et al., 2023; Sima ) ailes,s 5,155 1, g, ails
(etal., 2024
Bblie 3w wdsi (59000 GIH S cnl b
45 5, oslizad o g, 51l el & K aend 5SS
De alS oS (g, g adls o Sles p Iy (i e D
595 Elgl 5l osliul anee; cl )3 4z g 9 50 sla g 5l (S
oz oot sogS leslaiul ax ST.coul (65,0l (o
4295 3590 lapd 5l (g JBLS (&S g (o5 0 ,Shes S9ute
aS wed oo Hlis sl ans iz o Slaasd Ll il 0oy
Sl S 55 el Wlgi o sloon sloosS 5,15
il e yldl oo g 955 ST (Sogll 5 lallS slals
9ol (JLed (Sojlom () So DLl ccalie 050,
loged solaiul Jolis wilgs co ganl)d iz ol ailiwgs
las S 5 1559500 lag B pogasdr () sladgS Sl
oo 355 51 Jolaie ool LS 5 Sliud oaisS J>

Sa oelple (Wang et al., 2018) oS aaags |y lolis 4

&5SL bl opl o (Pourhosseini et al., 2024) a_xl
S 50 osuzmy Some Slawd (0 S > 4y Slad ouisS >
oS a5 00,8 i | Ll 52,550 slog B 5 WS o0 S8
Yadav et al., 2022; El-Shaboury et) oS oo J-ite
sloosS 5l eolanul a8 a5 )55 55 degh o .l 2023
Ll Saas 2as bl s e sl 095 US o S
&5_»59.4 U”‘ aS o))slsn w..‘b‘)s OL.S A_MJ) LS“).I ‘) Lg).n.\.cl_..wo
a5 colat il 5)50 slaosS olidlen 5151 ol so
(Chaharlang Badi et al., 2022)
S e s 5Ll ey Dlind oS Jo (slags S
ol 5 Slalllae (Luo et al, 2024) sl o rguma 3,
S5 (s 5o Ly, ool 5 s 5L ol 45 e S
ot blog mShcpl ol 1yl ol o i) S0
b e e b g e jslots ay) J5I0 b aty ) o
Sl 589,00m A5 aiile (ol pailSlo iz b S 5l ooliu
alox 5l 2LS slaggeysn adg (ol (goatiS uShaS
B l) cL:.f QJSLQ.C sd.{::) J)?LA Q‘s.n s_ALa.:.S)J )iib 9 Lkuuol.uj
Sguder (S i alax 3l oudj 5 0ady sl i Julie

Ahluwalia et al., 2021; Kalman et al., ) oo _i5u o



AYY

S s bl i yo (Sesamum indicum L) ozss ol wlio (S g 055 hos p (o boowid 9 (St ) 055 31 oolisiw! (g yy

bl » Fanliformis Mose 4 Rhizophagos intraradices
7B 08,8 8 colail 590 oaislw oS b Jasdl i
oty Syme 68k g g ywSain, o5 ,-0 5l 5,800
D angs Slg, Holdlens; oS50
e Sz S5l e aiged b il plal 5] 3
SB 50T zuls a5 s plonl olionsd 5 (S b Slioguns

ol 0 00,91V Jgu 0

9 (A S e S ) e o e V0 (ol )
BB ab, S e 6 55L) mhaw c i o a00S
) S s (655 dNPK) lians 355 (MY) 5,500
o 355 +aid, S e 6,5l (BEMY) 55,550k 6
(NPKAMY) Ll 055 +5,550e g, (B+NPK)
brer—5 355 5 9%le g8 rab; S e 5L
65U ialayl opl o wabog (aals o (B¥MY+NPK)

sleag,ls 5l .5, 5 4 Pseudomonas putida

]
50 WN\JM- 40
30 L0
0 . FamEll (Sarkahnan) L0 06\
——— T Max (Sarkzhnan) ‘;’
’g‘ 10 — T Min (Sarkehran) - 40 E
g 0 60 =
= 60 M
= -4
E &
40 _J‘W"‘MM )
e 20
30 ]
m - mmmm  Fainfall (Dasht houz) 20
=T Max (Dasht houz)
10 -40
—— T Min (Dasht houz)
I:I UL L L L LU L L L L L L A L L L L LR _50
June July August September October

OFANFeY) 0y Juad Jab 50 halosl 3590 SIS 50 Lod g () (uSilee - JSC
Figure 1- Average precipitation and temperature of the experimental sites during the growing season of 2022-2023
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Table 1- Physical and chemical characteristics of the soil of experimental sites
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Table 2- Analysis of variance (mean squares) of some measured characteristics of sesame
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Table 3- Mean comparison of of some measured characteristics of sesame
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and ** and Ns are significant at the level of 0.05 and 0.01 and non-significant, respectively.
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Figure 2- Interaction effect of sitex fertilizer on plant height of Sesame (The treatments include: bacteria+chemical fertilizer
(B+NPK), bacteria+mycorrhiza (B+MY), bacteria+tmycorrhiza+chemical fertilizer (B+MY+NPK), chemical fertilizer+mycorrhiza
(NPK+MY), bacteria (B), control (C), chemical fertilizer (NPK) and mycorrhiza (MY).)
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Figure 3- Interaction effect of sitexdrougt stress x Fertilizer on Leaf dry weight of Sesame (The treatments include:
bacteria+chemical fertilizer (B+NPK), bacteria+mycorrhiza (B+MY), bacteria+mycorrhiza+chemical fertilizer (B+MY+NPK),
chemical fertilizer+mycorrhiza (NPK+MY), bacteria ( B), control (C), chemical fertilizer (NPK) and mycorrhiza (MY).)
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Figure 4- Interaction effect of sitexdrougt stress x Fertilizer on Stem dry weight of Sesame (The treatments include:
bacteria+chemical fertilizer (B+NPK), bacteria+mycorrhiza (B+MY), bacteria+mycorrhiza+chemical fertilizer (B+MY+NPK),
chemical fertilizer+mycorrhiza (NPK+MY), bacteria ( B), control (C), chemical fertilizer (NPK) and mycorrhiza (MY).)
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Figure 5- Interaction effect of sitex drought stressx fertilizer on grain yield of Sesame (The treatments include: bacteria+chemical
fertilizer (B+NPK), bacteria+tmycorrhiza (B+MY), bacteria+mycorrhiza+chemical fertilizer (B+MY+NPK), chemical
fertilizer+mycorrhiza (NPK+MY), bacteria ( B), control (C), chemical fertilizer (NPK) and mycorrhiza (MY).)
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Figure 6- Interaction effect of sitex drought stressx fertilizer on grain yield of Sesame (The treatments include: bacteria+chemical
fertilizer (B+NPK), bacteria+mycorrhiza (B+MY), bacteria+mycorrhiza+chemical fertilizer (B+MY+NPK), chemical
fertilizer+mycorrhiza (NPK+MY), bacteria ( B), control (C), chemical fertilizer (NPK) and mycorrhiza (MY).)
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Table 4- Correlation coefficients among the measured traits of sesame under drought stress
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ns, *, ** are non-significantly different and significantly different at 5 and 1 percent. Respectively
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Traits include: plant height (PH), chlorophyll index (SP), days to flowering (DF), days to podding (DP), Grain yield (GY), biological yield
(BY), seed oil percentage (OS). and meal oil percentage (M), leaf dry weight (DWL) and stem dry weight (DWS).
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Abstract

Introduction: Marjoram, with its scientific name (Origanum majorana L.), is considered one of the
most important and best-selling medicinal and spice plants in Iran and the world. Environmental
stresses are one of the important factors in reducing the production of agricultural products in the
world. Under natural and agricultural conditions, plants are constantly exposed to various stresses,
which is one of the obstacles to the potential production of water deficit, which has a negative effect
on the growth and physiological traits of plants. Therefore, one of the possible ways to increase
tolerance to drought stress is inoculation with useful microorganisms. These organisms form a colony
in the rhizosphere of the plant and increase the growth of the plant through direct and indirect
mechanisms. Arbuscular mycorrhizal fungi increase host plant drought tolerance through
physiological mechanisms of nutrient uptake and biochemical mechanisms related to hormone
synthesis, osmotic regulation, and antioxidant systems. Salicylic acid is a phenolic compound and an
essential plant hormone that plays an important role in stress defense and growth regulation. Several
studies have investigated the effect of using salicylic acid in plants and have come to the conclusion
that salicylic acid causes resistance to a variety of non-biological stresses. The increase in salicylic
acid production, along with the decrease in auxin biosynthesis, coordinates plant defense responses,
reduces the adverse effects of drought and salinity stress by improving physiological parameters,
membrane integrity, and photosynthetic efficiency. For this purpose, an experiment was conducted
with the aim of investigating the growth and physiological response of marjoram to the application of
mycorrhiza and salicylic acid under drought stress conditions.

@ ©2024 The author(s). This is an open access article distributed under Creative Commons
@ Attribution 4.0 International License (CC BY 4.0).
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Materials and Methods: This experiment was carried out as a split-factorial design in the form of a
basic randomized complete block design with three replications. The experimental factors include the
main plot of different levels of drought stress (35, 70, and 90% of the field capacity) and the secondary
plot with two factors, the first factor including mycorrhizal fungus with two levels (without inoculation
and inoculation with Glomus hoi species) and the second factor of concentrations Salicylic acid was
different at three levels (zero, 100 and 300 mg/L). One month after planting, salicylic acid treatment
was done as foliar spraying. The foliar spraying was repeated twice on the aerial parts of marjoram
plants before flowering. The control treatment was considered without foliar spraying and with
distilled water.

Results and Discussion: In this study, the traits of plant height, shoot dry weight, shoot fresh weight,
number of lateral branches, ion leakage, relative leaf water content, proline, and soluble sugar were
investigated. In the 70% field capacity treatment, the application of mycorrhizal fungus and foliar
spraying with 300 mg/L salicylic acid increased shoot dry weight by 25.2% and the shoot fresh weight
by 6.1% compared to the control (no application). The results showed that ion leakage decreased by
25.5% in the treatment with mycorrhizal fungus application and foliar spraying with 100 mg/L
salicylic acid compared to the control. The highest amount of proline was obtained in the 35% field
capacity treatment, measuring 2.15 mg/g, which showed an increase of 29.15% compared to the 90%
field capacity treatment.

Conclusion: In general, the results of this study indicate that the application of mycorrhiza and foliar
spraying with salicylic acid can help improve the growth and performance of marjoram under drought
stress conditions. Therefore, it is recommended to use inoculation with the mycorrhizal fungus G. hoi
and foliar spraying with a concentration of 300 mg/L salicylic acid for marjoram production in areas
with water scarcity.

Keywords: lon leakage, Proline, Relative water content, Shoot, Water deficit
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Means followed by similar letters show non- significant difference according to LSD tests at 5% level.
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Figure 2- Comparison of mean interactions of drought stress, mycorrhiza, and salicylic acid foliar application on the dry weight of
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Abstract

Introduction: Producing oil from plant sources such as oil crops and obtaining a high level of oil
from them is influenced by many factors, among which the physical and chemical properties of the
soil are of great importance. For this purpose, the recommendation to use the optimal amount of
fertilizers to achieve the highest yield should be considered. Camelina sativa has attracted the attention
of many researchers, especially in semi-arid regions, due to its adaptive characteristics such as
tolerance to cold and drought stress. It has been reported that camelina can survive temperatures below
-11°C and can also be grown in areas with moderate rainfall throughout the growing season. Plastic
mulch (polyethylene, PE), which has been a favorite of many producers in the past decades, is among
the agronomic practices through which moisture is conserved for use during the expected dry season.
Material and methods: This study was conducted in two counties located in Kermanshah province
(County 1: Kermanshah and County 2: Kangavar); a split-plot experimental design was used. The
cumulative rainfall during the growing season was 476.5 mm in County 1 and 343.6 mm in County 2.
The planting date in the fall was determined based on surveys so that the plants would escape the heat
of the end of the growing season. Camelina seeds were planted after performing a germination test,
resulting in a germination percentage of 89%. In order to find the optimal rate of nitrogen fertilizer
utilization, four levels of nitrogen input (urea), including 0, 40, 80, and 120 kilograms per hectare,
were applied (F1, Fo, F3 F4). To find the best way of applying plastic mulch for camelina cropping,
three levels of polyethylene plastic mulch (PE), including no PE, PE on the plants, and PE on the soil
surface, were surveyed (M1, My, M3). Nitrogen was applied in three phenological stages, including 4
leaves appearing, the beginning of stem growth, and the beginning of the reproductive stage. In this
research, transparent polyethylene plastic with a UV grade of 10 and a thickness of 40 microns was
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used. Some morphophysiological aspects of camelina growth were evaluated, including: plant height,
stem diameter, number of leaves, leaf area index (LAI), leaf area duration (LAD), number of lateral
shoots, yield components, and seed yield. Sampling for evaluating the morphological properties of
camelina was conducted when 50% of the panicles appeared.

Results and Discussion: The results of this study indicated that using plastic mulch and applying an
optimal rate of nitrogen fertilizers can be useful to achieve satisfying values of production in camelina
cropping systems. The highest plant height was recorded when using PE mulch on the soil with
applying 120 kilograms of nitrogen per hectare (118.2 cm), while the lowest plant height was recorded
when no PE and no nitrogen was used (control treatment). Applying 80 and 120 kilograms per hectare
of nitrogen enhanced the stem diameter significantly. The highest leaf area index was recorded using
120 kg/ha of nitrogen and polyethylene mulch at the soil surface (4.03). The leaf area index was
significantly lower in conditions where there was no nitrogen and polyethylene mulching treatment
(control treatment). Minimum seed yield was recorded under the control treatment (68 gr/m?), and the
maximum value was recorded when using PE mulch on the soil surface and applying 120 kg/ha
nitrogen input.

Conclusion: The overall results of this study indicate that to achieve the highest seed yield of C. sativa
in climatic conditions such as the two counties in this study, the use of nitrogen fertilizer at a rate of
120 kg/ha with the use of polyethylene mulch on the soil surface is recommended.

Keywords: Leaf area index, Plant height, Seed yield, Stem diameter, Transparent mulch
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Table 1- Precipitation and temperature condition during the plant growth period
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Table 3- Analysis of variance of morphological traits of camelina under different treatments
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Table 4- Mean comparison of plance main effect on plant height, stem diameter and number of leaves per plant of camelina
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Figure 1- Nitrogen and polyethylene (PE) mulch interaction effect on plant height in camelina.
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Figure 2- Nitrogen and polyethylene (PE) mulch interaction effect on stem diameter in camelina
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Figure 3- Place, nitrogen and polyethylene (PE) mulch interaction effect on leaf area index in Kermanshah
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Figure 5- Nitrogen and polyethylene (PE) mulch interaction effect on number of leaves per plant in camelina
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Figure 6- Nitrogen and polyethylene (PE) mulch interaction effect on leaf area duration (LAD) in camelina
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Table 5- Analysis of variance of effect of nitrogen fertilizer and polyethylene (PE) mulch on the number of lateral branches, yield
components and seed yield of camelina
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Table 6- Mean comparison of place effect on pod number per plant and 1000-seed weight of camelina
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Abstract

Introduction: Cotton, as one of the most important crops in the country, has a special place due to its
important role in human and livestock nutrition, health, clothing industry, and job creation, so it is
known as white gold among farmers. Sometimes, due to unsuitable climatic conditions, cotton planting
faces problems that can be partially resolved by agricultural operations. Proper germination and
establishment of crops are among the most important and fundamental factors that affect the economic
performance of the crop. Pretreatments are one of the seed improvement techniques that can increase
the percentage of germination, emergence, and increase the range of seed germination in stressful
environmental conditions such as temperature and drought. Increasing seed quality by pretreatments,
in addition to enhancing germination characteristics and better establishment of seedlings, also
increases the final yield.

Materials and Methods: This study aimed to investigate the effect of pretreatment of cotton seeds
with powdered humic acid containing Zn at different planting dates, using a split plot experiment in a
randomized complete block design with three replications on the Golestan cotton variety at the
research farm of the Agricultural Research and Education Center and Natural Resources of Ardabil
Province (Moghan Station) in the 1402-1403 crop year. Sowing dates in the main plots were at 4 levels
(May 2 and May 15, June 2 and June 10) and seed dressing with powdered humic acid containing zinc
at 3 levels (2, 3 and ppm) and a control treatment without seed dressing. The humic acid used in this
design contained 60% humic acid, 15% fulvic acid and 2% zinc.

Results and Discussion: The results of this study showed that seed pretreatment with powdered humic
acid at different sowing dates had a significant effect on germination characteristics of cultivated seeds
and final and harvested yield. Seed treatment with humic acid at a ratio of 3:1000 had the greatest
effect on germination percentage, germination rate, average germination time, seed vigor index, D10
(ten percent emergence) and D90 (ninety percent emergence) at the sowing date of May 15. Also,
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pretreatment at a ratio of 4:1000 reduced the negative effects of late sowing dates (May 2) and early
planting dates (June 15) on germination components, especially germination rate, by 11%. In addition,
seed pretreatment with humic acid at ratios of 3 and 4 had the greatest effect on first and total yields.
The highest first-row yield of 4700 kg/ha was obtained in seed pretreatment with humic acid at a ratio
of 4:100 and the total yield of 7150 kg/ha was also obtained in this treatment. Also, the highest first-
row yield of 5210 kg/ha was obtained on the planting date of May 15 and the lowest was 1700 kg/ha
on the planting date of June 10. In addition, the highest total yield of 6685 kg/ha was obtained on the
planting date of May 15 (as the appropriate planting date) and the lowest was 1845 kg/ha on the
planting date of June 10 (as the late planting date).

Conclusion: Overall, the use of humic acid as a pretreatment is a cheap and easy method that led to
improved germination traits, enhanced early growth of cotton seedlings, and final yield of cotton.
Also, the best planting date for successful cotton cultivation in the conditions of the Moghan Plain
was found to be May 15, which is recommended as the most suitable planting date. The planting date
of June 10, which is sometimes used as a second crop in cotton cultivation in the conditions of the
Moghan Plain, was not a suitable planting date due to the short growing season and exposure to late-
season cold.

Keywords: Cotton, Germination, Humic Acid, Planting, Pretreatment
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Table 1- Meteorological data of Moghan region during the cotton planting season in 2023
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Table 2- The result of soil analysis at the test site
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Table 3- Results of variance analysis of cotton seed germination components at different planting dates
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Planting date) 3 214.21%* 0.0116** 0.1125%* 4457* 99.16%* 157.4%*
(Planting
a gla>
(Error a) 6 22 0.0001 0.0445 0.114 1.70 2.01
Jbeds " ,
Grinding seeds) 3 359.56% 0.0017% 0.2231%* 2271* 4.54%* 4.49*%
(Grin
J{LM)JI e #* 3 35 s £
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Table 4- Comparison of the average interaction effects of treating cotton seeds with different amounts of Zn-containing Humic acid
and planting date on germination components

Sl &34lgz w0 iuler s 2% @8 el
Treatment Germination Percentage Germination Rate Seed Vigor Index D10 D0

D1HO 66.45 0.004 43.42 0.01 0.011
D1H1 76.52 0.0041 43.44 0.012 0.012
D1H2 79 0.0041 43.44 0.012 0.034
D1H3 79.85 0.0042 43.45 0.012 0.034
D2HO 81 0.0044 44 0.013 0.035
D2H1 88 0.0045 49.40 0.015 0.037
D2H2 96 0.0047 45.58 0.017 0.038
D2H3 96 0.0047 52 0.017 0.0381
D3HO 69 0.0035 48 0.015 0.032
D3H1 77 0.0035 48.46 0.016 0.0332
D3H2 89 0.0037 47 0.014 0.034
D3H3 90 0.0038 48 0.015 0.035
D4HO 70 0.0032 42 0.012 0.029
D4H1 70 0.0033 44 0.016 0.032
D4H2 95 0.0034 44.13 0.017 0.032
D4H3 96 0.0034 45 0.018 0.034
LSD 4.44 0.00009 0.02 0.0034 0.0004

S8, 600 Somged (Jloydy 909) wals o iay HO, HL, H2, H3 [ols ;5 05 g 0lo 5 ¥ eaigun s )1 10 et | g0 <l & )b s 54y D1, D2, D3, D4
eSS e 0 F o ¥V lage 4w o

D1, D2, D3, and D4: Planting dates: May 2, May 15, June 2, and June 10, respectively. HO, H1, H2, H3: Control (without seed), powdered
Humic zinc in three doses of 2, 3, and 4 per thousand kilograms, respectively.
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Figure 1- Average germination time at different planting dates



AdD liso gl Fu b 50 dxy Hdy (iailgar GBadlgn p Sogad dl b Hlod iy 125U

0 1 2

G058 Sz S|
Powdered humic acid

lizeo bl ey 53 (Siale ploj (SSlae -F JSCB
Figure 2- Average germination time in different pretreatments
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Table 4- Results of analysis of variance of first, second and total yields in planting dates and seed treatments of different cotton

varieties
Ol kS @lio @33l 4z Jsl oz 9 5kae p3° oz 0 ,5kes JS 3 Shos
Sources of Variations DF First Yield Second Yield Total Yield
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Block) 2 3950.01* 5898.11 12528.80
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i 3 604521.40%* 202024.60% 1488899.01**
(Planting date)
a 6”45
Error a) 6 3636.12 16620.52 8806.85
dee .
(Grinding seeds) 3 20553.80° 50528.47¢ 44140056
Jlaze 31
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*** and ns represent significant at of 5% and 1% probability level, respectively
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Table 5- Comparison of the average effect of planting date on the first, second and total yields of cotton

s Jol iz 0,5 e P95 (w2 o5 los JS5 o Sdbos
o First yield Second yield Total yield
Treatment (Kg.h) (Kg.hh (Kg.h'h)

D1 2700 651 3351
D2 5210 1475 6685
D3 2560 451 3011
D4 1700 145 1845
LSD 465 215 418

ols 3 00 g ol B3 Y g o)) VO ciigs )| g0 sl g, s 54y D1, D2, D3, D4
D1, D2, D3, D4: Planting dates: May 2, May 15, June 2, and June 10, respectively

Ay S 3099 ol (e slao Shos 2 Jloydy 1 (uSileo dunslio —F Jgur
Table 6- Comparison of the average effect of coating seed on the yields of the first, second and total cotton

o Jol oz 0,5 es 090 oz & ySdos Js o Shae
o First yield Second yield Total yield
Treatment (Kg.h) (Kg.ht) (Kg.h?)
Ho 1900 821 2721
H1 3210 1475 4685
H2 4560 1551 6111
H3 4700 2450 7150
LSD 495 215 418

255hS e 0 F g VY glaje dw 10 o, 6,08 Saeged ((Jlo,d ya) sl o 54y :HO, H1, H2, H3
HO, H1, H2, H3: Control (without seed), zinc-containing humic powder in three doses of 2, 3, and 4 per thousand kilograms, respectively.
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