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Introduction

Coriander (Coriandrum sativum L.) is a widely cultivated herb of economic and medicinal importance,
commonly used in culinary applications as a spice and flavouring agent. In Iran, coriander cultivation plays a
significant role in the country's agricultural economy, particularly in semi-arid regions such as Mashhad. The
productivity of coriander is heavily influenced by soil fertility and nutrient management practices. Chemical
fertilizers, although effective in providing essential nutrients, have been linked to environmental degradation,
soil acidification, and long-term decline in soil fertility. On the other hand, organic fertilizers, such as animal
manure and slurry, offer a sustainable alternative by improving soil physical structure, enhancing microbial
activity, and gradually releasing nutrients. However, the efficacy of organic fertilizers alone or in combination
with chemical fertilizers on coriander growth and yield remains under-explored in Mashhad’s climatic
conditions. This study aims to fill this gap by systematically evaluating the effects of different fertilizer
treatments on seed yield, yield components, and essential oil content of coriander.

Materials and Methods

The field experiment was conducted during the 2023 growing season at Ferdowsi University of Mashhad
research farm, located in a semi-arid climatic zone characterized by hot summers and cold winters. The
experimental design was a randomized complete block design (RCBD) with seven treatments and three
replications. The treatments included: 1) control (no fertilizer), 2) animal manure (composted cow manure at 5
ton ha?), 3) slurry (obtained through water extraction from manure), 4) chemical fertilizer (NPK at
recommended rates), 5) a combination of 50% animal manure + 50% chemical fertilizer, 6) a combination of
50% animal manure + 50% slurry, and 7) a combination of 50% slurry+ 50% chemical fertilizer. Standard
agronomic practices, including soil preparation, irrigation, and pest control, were applied uniformly across all
treatments. Key growth parameters, including plant height, number of primary and secondary branches, number
of umbels and umbellets per plant, seed number per plant, seed weight, fresh and dry biomass yield, and harvest
index, were recorded at the flowering and seed maturity stages.

Results and Discussion
Analysis of variance revealed significant differences among treatments for most measured traits, indicating
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that nutrient source and application rate substantially influenced coriander growth and yield. The highest fresh
and dry biomass production was observed in the treatment combining 50% animal manure and 50% chemical
fertilizer (7130 and 1490 g.m, respectively), highlighting a synergistic interaction between organic and
inorganic nutrient sources. This combination likely enhanced nutrient availability while improving soil physical
and biological conditions, leading to superior vegetative growth and reproductive development. Slurry treatment
significantly increased seed number (88%), and the number of umbels (84%) compared to the control, suggesting
improved nutrient solubility and uptake efficiency. Chemical fertilizer alone yielded the highest number of
umbellets (306 per plant), branches (13.67 per plant), and seed weight per plant (12.48 g per plant), highlighting
the rapid nutrient release and availability provided by inorganic fertilizers. However, the tallest plants were
recorded in the sole animal manure treatment (66.67 cm), which also showed the highest harvest index (47.78%)
after the control (49.75%), indicating that organic fertilizers can promote balanced vegetative growth and
partitioning of assimilates to reproductive organs. These findings align with previous research emphasizing the
benefits of integrated nutrient management for sustainable crop production. Additionally, the use of animal
manure and its derivatives contributes to enhanced soil microbial activity, improved water retention, and long-
term soil fertility. The study demonstrates that while chemical fertilizers can quickly boost yield components,
organic fertilizers are essential for maintaining soil health and ensuring sustainable productivity in the long run.

Conclusion

The results of this study indicate that integrating animal manure with chemical fertilizers can significantly
enhance the growth, yield components, and biomass production of coriander under Mashhad’s semi-arid climatic
conditions. The combined application strategy not only improved seed yield and vegetative growth but also
contributed to better soil health compared to the use of sole chemical fertilizers. Slurry emerged as a promising
alternative nutrient source with notable effects on yield parameters. Sustainable fertilization strategies involving
both organic and inorganic sources are recommended for coriander cultivation in similar agro-ecological zones
to achieve higher productivity and environmental sustainability. Further long-term research is warranted to
evaluate the dynamics of soil health, economic viability, and potential ecological impacts of these fertilization
practices.

Keywords: Essential oil percentage, Harvest index, Organic fertilizer, 1000-seed weight
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Table 4- Fertilizer recommendations for vegetable cultivation based on soil testing
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Table 5- Analysis of variance (mean of squares) of the effect of organic and chemical fertilizer treatments on fresh and dry
yield of coriander at the reproductive stage

% abe @lilanyy S5 SWES o5

S.0v df Fresh weight Dry weight
Sk 2 0.0027 " 0.0070 s
Block
et 6 21707 0.2014 ™"
Treatment
Las-
12 0.0626 0.0047
Error
s s - 15.4 21.2
C.V. (%)

2050 S Jless] e 53 55 gime g jl5 gixe pus 0O Ui (o ey 13 o NS
ns and **: indicate non-significant and significant at the 1% probability level, respectively
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Table 6- Mean comparison of the effects of organic and chemical fertilizer treatments on fresh and dry yield of coriander at
reproductive stage

o P 0935 es Sl (59 3 Sos
Treatment Fresh weight yield (g m-2) Dry weight yield (g m-?)
sliosd 395 71 5230%° 1450°
100% chemical fertilizer
2255 b I 45800° 1320°
100% slurry
w25 T 5160 1190°¢

100% animal manure

oD 395 Wl S0+ als 368 /00 5390 1270
50% Animal manure + 50% slurry

o3 395 Wl Zde +  oliowid 35 70+

. . 5400 ° 990 ¢
50% chemical fertilizer + 50% slurry
i 71302 1490 2
50% animal manure + 50% chemical fertilizer
Li‘
- 4410°© 930°¢
Control
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* Means sharing the same letter in each column are not significantly different according to Tukey's test at 5% probability level.
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Table 7- Analysis of variance (mean of squares) of reproductive traits of coriander under organic and chemical fertilizer

treatments
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Table 9- Analysis of variance (mean of squares) of essential oil content and yield of coriander vegetative parts as affected by

organic and chemical fertilizer treatments

tin 2ale &3l as y omilw! 3 ;Sdos owilw! a0y
S.0.vV df Essential oil yield Essential oil content
Sb 2 0.573 " 0.0020 "s
Block
et 6 145.83 * 0.0039 ™
Treatment
s 12 3.044 0.00016
Error
Cla - 34.1 24.4
C.V (%)

lales a8 oy Gl ptalesl ol 5 Jols s (IS jgboa,

Slipl g (Blicsy) Cluogas (old p )b yobdr (5355
aS ol L gl g P30 juiiS o) olS 5, Sles 55 )Slas
395 (oS 5 Yol 4 bgrype g SIS ()9 9 (g e Cpyide

o) S Jloin] pdaw p3 I3 pize g 5 gime s 003 LS ol ey e g NS
ns and **: indicate non-significant and significant at 1% probability level, respectively.

lowd 9 (J1355 Sblos 5l Cod S gy Sy puilel 5 Sles g w0 y3 (ke dmgliio -V o Jgia
Table 10- Mean comparison of essential oil content and yield of coriander vegetative parts as affected by organic and
chemical fertilizer treatments
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Introduction

One way to increase seed yield of plants is to use amino acids as biostimulants and growth regulators. Amino
acids are the main components of proteins. About 20 types of important amino acids are involved in the
synthesis of proteins in the cell. Amino acids play essential roles in plant metabolism, growth, and development.
Among them, glutamine is particularly important because it serves as a key intermediate linking carbon and
nitrogen metabolism. It also functions as a major nitrogen donor and precursor for the biosynthesis of several
amino acids and other nitrogen-containing compounds, thereby contributing to numerous physiological and
metabolic processes in plants. Another amino acid that can lead to improved performance in plants under stress
and non-stress conditions is serine. The amino acid serine is essential for some cellular processes, including
protein synthesis and some amino acids such as glycine, cysteine and methionine in plants. In order to
investigate the effect of amino acids on improving quinoa (Chenopodium quinoa) grain yield, an experiment was
conducted in 2013 in the laboratory and research farm of the Faculty of Agriculture, Shahrood University of
Technology.

Materials and Methods

The experiment was conducted as a factorial arrangement in a randomized complete block design with three
replications. The treatments consisted of two factors: seed pretreatment and foliar application. Seed pretreatment
was applied at four levels: no pretreatment, distilled water, serine, and glutamine, with serine and glutamine
applied at a concentration of 200 mg L. Foliar application was also performed at four levels: distilled water
(control), serine, glutamine, and a combination of serine and glutamine, each applied at a concentration of 200
mg L. Pretreatment of seeds with the above-mentioned substances and concentrations was carried out for three
hours, observing the principles of seed aeration. After that, the seeds were dried in the shade and used to
continue the experiment and measure the traits. Foliar application with the desired concentrations was carried out
before flowering of the plant under suitable conditions so that the leaves were completely wet. Two weeks after
foliar application, the measurement of the traits began.

Results and Discussion

The results showed that foliar application of glutamine alone and combined application of serine and
glutamine resulted in a significant increase of 7.41 and 8.58 percent in relative leaf water content compared to
the control, respectively. Four treatment combinations, pretreatment and application with serine, pretreatment
and application with glutamine, pretreatment with serine application with serine and glutamine, pretreatment

Authors retain the copyright. This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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with glutamine and application with these two substances increased the weight of 1000 grains in the range of
10.27 to 12.20 percent and increased the number of grains in the panicle in the range of 9.10 to 11.97 percent.
Combined foliar application of serine and glutamine as well as application of glutamine and serine alone resulted
in an increase of 0.82, 0.59, and 0.52 percent in grain protein, respectively. The highest seed yield was obtained
with the application of pretreatment and foliar application of serine, pretreatment and foliar application of
glutamine and pretreatment with glutamine along with combined foliar application of serine and glutamine,
which showed an increase of 30.52, 30.91, and 31.02 percent compared to the control, respectively.

Conclusion

Finally, within the scope of the research conducted, the use of pretreatment of seeds with serine and
glutamine along with foliar application of these two substances is recommended to increase protein and seed
yield of quinoa. When each of these two amino acids was used as a pretreatment and foliar application, they
showed a greater effect on the aforementioned traits. Among the four foliar application treatments, the
combined application of serine and glutamine performed better. Finally, within the scope of this study, the use of
the two amino acids serine and glutamine (200 mg L) as foliar application is recommended to improve protein
content and quinoa seed yield.

Keywords: Grain protein, Lipid peroxidation, 1000-seed weight
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Table 1- Physico-chemical properties of the experimental soil
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Table 3- Variance analysis (mean of squares) of traits measured in quinoa affected by pretreatment and foliar application
with Serine and Glutamine
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Introduction

Flax (Linum usitatissimum) is an annual plant with a stem height of 30 to 50 centimeters. Unlike fiber flax,
oil flax has a stem with several branches. QOil flax seeds contain 22% protein, 6.5% crude fiber and 30 to 40% oil.
They are of particular importance due to the presence of some essential amino acids such as lecithin 3.8%,
methionine 2.3% and tryptophan 1.9%. One way to increase flax yield is to apply agronomic management
practices such as appropriate planting date and optimal nutrient intake. On the other hand, although flax is
adaptable to adverse environmental conditions and lands with low fertility levels, and accordingly its cultivation
can be expanded in different agro-ecological conditions, the area under cultivation of this plant is very small.
Considering the role of Thiobacillus bacteria in the oxidation and dissolution of nutrients, it seems that the use of
these bacteria along with organic fertilizer can enable the use of available nutrients and lead to improvement of
the physicochemical properties and biological activities of the soil. Accordingly, the purpose of this experiment
is to study the effect of Thiobacillus bacteria and different levels of sulfur and organic fertilizer on flax yield and
yield components.

Materials and Methods

This experiment was conducted at Shahid Chamran University, Ahvaz, in the 1401-1402 crop year to
investigate the effect of Thiobacillus bacteria, sulfur application, and organic fertilizer on the yield and growth of
oilseed flax under Ahvaz conditions. The experiment was conducted as a factorial design based on randomized
complete blocks with 3 replications.The first factor included different levels of sulfur and Thiobacillus at 5 levels
including: control (without the use of sulfur and Thiobacillus), 200 kg of sulfur per hectare, 400 kg of sulfur per
hectare, 100 kg of sulfur per hectare with Thiobacillus bacterial inoculum, and 200 kg of sulfur per hectare with
Thiobacillus bacterial inoculum.The second factor included the use of organic fertilizer at three levels: control
(no use of organic fertilizer), 6 tons of vermicompost, and 6 tons of sugarcane bagasse compost. The measured
traits included yield and yield components.

Results and Discussion

The results showed that, among the different organic fertilizer treatments, the control (no organic fertilizer)
produced the lowest number of branches per plant (7.03), capsules per plant (185), and seeds per capsule (7.3).
In contrast, the application of 6 t ha™ vermicompost resulted in the highest number of branches per plant (7.9),

Authors retain the copyright. This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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number of secondary branches (1.34), 1000-seed weight (1.6 g), and grain yield (3218 kg ha™). In the study of
different levels of sulfur and Thiobacillus application, it was found that the lowest average number of branches
(6.4 branches), number of secondary branches (26.2 branches), number of seeds per capsule (1.7 seeds), and
weight of 1,000 seeds (5.8 g) were related to the control treatment (no use of sulfur and Thiobacillus). The
highest number of branches (7.9 branches) and grain yield (3838 kg ha) were related to the treatment of 200 kg
sulfur ha + Thiobacillus bacterial inoculum. In the study of different levels of sulfur and Thiobacillus
application, it was found that the lowest average number of branches (6.4 branches), number of secondary
branches (26.2 branches), number of seeds per capsule (1.7 seeds), and weight of 1,000 seeds (5.8 grams) were
related to the control treatment (no use of sulfur and Thiobacillus). The highest number of branches (7.9
branches) and grain yield (3838 kg hal) were related to the treatment of 200 kg sulfur ha + Thiobacillus
bacterial inoculum.

Conclusion

Therefore, the application of vermicompost among organic fertilizer levels and the treatment of 200 kg sulfur
per hectare + Thiobacillus inoculum among sulfur and Thiobacillus levels had a positive effect, and the
combined application of this treatment led to improved seed yield and yield components of oilseed flax.

Keywords: Bacteria, Bagasse, Compost, Thiobacillus, Vermicompost
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Table 1- Monthly average weather conditions during the growing season in the crop year 2020-2021
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Figure 1- Comparisons of the average interaction of the experimental factors in terms of the number of sub-branches in the
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Introduction

Cotton (Gossypium hirsutum L.) is a strategic industrial crop, vital as the world's primary source of natural
fiber and a significant source of edible oil and animal feed. Despite its importance to Iran's economy, a
substantial "yield gap" exists between farmer-achieved yields and potential yields under optimal conditions. This
gap, largely from suboptimal management, is a critical concern as Iran seeks to regain self-sufficiency in cotton
production. While other regions have been studied, the specific agro-ecological conditions and local practices in
Behshahr County, Mazandaran, necessitate a dedicated regional investigation. This study aimed to quantify the
irrigated cotton yield gap in the Miankaleh region and identify the relative contribution of the most significant
management factors using the Comparative Performance Analysis (CPA) method.

Materials and Methods

This survey-based research was conducted over two consecutive growing seasons (2021-2022) across 88
irrigated cotton farms in the Miankaleh district, selected to represent local diversity in management and yield.
Data were collected via farmer interviews and field visits, covering farm characteristics, crop establishment,
nutrition management, crop protection strategies, and irrigation practices. The Comparative Performance
Analysis (CPA) method was employed. A stepwise multiple regression model was developed using SAS
software to establish a quantitative function relating final yield to management factors. Qualitative variables
were coded as binary (0/1). This model was used to estimate the potential yield (using optimal values for
significant variables) and compare it to the average actual yield (using mean observed values), thereby
quantifying the total yield gap and the contribution of each limiting factor.

Results and Disscusion

The average actual seed cotton yield was 2103 kg ha, while the estimated potential yield was 4620 kg ha,
revealing a substantial yield gap of 2518 kg ha’. This indicates farmers are realizing only 45.5% of their
potential, leaving a 54.5% manageable yield gap. The wide yield variation (649 to 4370 kg ha™*) confirmed the
profound impact of management. The stepwise regression analysis (r = 0.70) identified four key management
variables as the primary determinants. Pest management emerged as the most critical domain. The "number of
pesticide applications” was the single most important factor, explaining 55% of the total yield gap. Its strong
positive correlation indicated that higher yields were associated with more frequent spraying, a reactive response
to severe pest pressure (especially cotton bollworm) reported in 90% of farms. The second most important factor
was the "amount of top-dress nitrogen," accounting for 36% of the gap. Its positive coefficient confirmed that
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current nitrogen application rates were, on average, suboptimal. Conversely, the "use of Proclaim Fit" (6% share)
and the "use of Fenproxymate (Ortus)" (3% share) both showed a significant negative correlation with yield.
This paradox was not due to pesticide inefficiency. Instead, these chemicals served as "proxy variables",
indicating a critical flaw in management timing. Farmers used these specific chemicals as a late-stage response
to severe infestations, after economic damage thresholds had been exceeded.

Conclusion

In conclusion, the cotton yield gap in the Behshahr region is substantial at 54.5% (2518 kg hat). This gap is
primarily driven by two key management domains: suboptimal pest management (collectively accounting for
64% of the gap) and inadequate nitrogen fertilization (36%). The pest management issue is systemic,
characterized by severe outbreaks and a reactive, poorly-timed control strategy. To effectively close this gap,
agricultural extension programs must prioritize farmer education in two main areas. First, a shift from reactive
spraying to proactive Integrated Pest Management (IPM) is essential, including training in field scouting,
economic thresholds, and proper pesticide selection. Second, promoting balanced, soil-test-based nitrogen
application strategies is crucial for optimizing plant nutrition. These targeted interventions offer the most
practical pathway to enhancing cotton productivity in the region.

Keywords: Integrated Pest Management (IPM), Nitrogen top-dressing, Plant nutrition, Regression analysis,
Sustainable production
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Table 1- Average weather components in the cotton growing season (April to November) compared to the 15-year long-term
average (2009-2023)

oo I .- af o -
WioS 5lod Ll 5lod By g Ul Cele owd Cugby SN,L wlale (ke
Month Jlw ; ?
_hvionth - Evapotrans  Sunshines Mean S
Min temp.  Max temp. o . . Precipitation average
aslg Year °C) C) piration (hours in humidity monthly (mm)
Unit (mm) month) (%) y
1401
oty 2022 10.5 18.6 18 78 176.7
2023 10.7 19.9 47.8 76 214.2
1401
i) 2022 15.4 224 27.2 80 172.2
May 1402
2023 15.2 235 127.8 414 78 246.7
1401
Sy 2022 19.5 27.6 175.7 1.4 74 332.7
June 1402
2023 20.6 25.6 6.32 75 262.3
1401
- 2022 23.2 31.3 226.5 1.2 74 316.3
July 1402
2023 226 28 8.4 74 259.9
1401
Slspn 2022 239 32 176.7 17.3 77 254.1
August 1402
2023 24.7 33.7 225.6 3.2 70 282.1
1401
o 2022 21.1 31.9 167.2 11.1 73 288.6
September 1402 218 315 172.1 20.4 69 249.3
2023
1401
e 2022 19.8 28.4 29.1 78 183.5
October 1402
2023 16.6 26.1 266.4 76 207
1401
ol 2022 11.8 20.8 78.8 81 176.1
November 1402
2023 14.2 24.4 65.5 79 202
e 1388-1402
Al VO uSbe 2009-2023 14.1 21.83 85.11 52.63 79.2 197.29
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Figure 1- Cumulative frequency percentage in Miyankaleh rural district, Behshahr county: A) cotton field area, B) cotton
planting date, and c) cotton yield (kg ha)
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Table 2- Significant study of the studied (quantitative) variables on cotton yield

JUETA Variable atse bzse R? Pr>F _‘5’_'°_‘—"M
Significance
" Age 1930.17+368.9342  4.183486+7.753088  0.003374 0.590874 Ns
g e Production history  2185.702+185.3704  -2.45024:6.58067 0.001609 0.710557 Ns
JS colus Total area 2097.214+146.214  9.860474+44.03017  0.000583 0.823329 Ns
i 31 Jlo 3] Mo 2142.816%9658464  -21.1339454.73613 0.00173 0.700373 Ns
o Jass Noome! 2025.37+364.6002  97.60501+350.9106  0.000899 0.781567 Ns
Swpsslss Numberofdisking  1476.332+199.5534  157.9007+44.7616  0.126406 0.000676 *x
o3 53y Cumd it
SRS e oo 1476.332+199.5534  22.63689£105.279 0000537 0.830262 Ns
PR Satty semtbedmoiste 9304 5714577 0123 -155.7144227.9128 0005398 0.496306 Ns
cuss at planting : = : . = . . .
s e Seed quantity/rate  2356.1864255.1133  -9.2153149.575042  0.010654 0.338577 Ns
S s Planting depth  1816.553+586.9318  88.44037+167.076  0.003248 0.597932 Ns
Odgl B Juad 98 Start of season to
et 3y fist planting day  2048.156+393.8064  1.118639+5.669796  0.000452 0.84406 Ns
5 505 i
o o o Basenetnilogen  5116.036488.01632  3.12322710.74714  0,000981 0.772049 Ns
ool 358" jlade Base net potassium
. il ot 2161.592£90.25366  -6.99268+6.589198  0.012926 0.291555 Ns
B olawd Hlia
o N % Basenetphosphate 5096 415+105.8699 1.870073#3.235935  0.003868 0.564836 Ns
oAls 58 e Base net sulfur
e foriloo amoun  2102.92$02.87145  1.588504+3.058117  0.003128 0.604789 Ns
abgie e BICMANSUM 5098 969+79.90782  315.5182+104.1114  0.096491 0.003224 *x
sbsy) s Basezincamount  2098.269+79.90782  344.2017+113576  0.096491 0.003224 **
Seopen gl ko Humicacld  2116.143:83.68179  9.3181+10.46673 0.009132 0.375811 Ns
. Number of top-
Sy 355 Sa G frtlisre 1773.86+213.7051  202.7612+114.2302  0.035341 0.079432 Ns
oAl By e Top-dress net
p nitrogen amount 1746.604£150.474  4.409398+1.61036  0.080189 0.007509 **
Sogen Syl jlade Humic acid
) amount (o) 2139.23482.65776  -80.3153+46.71075  0.033234 0.089136 Ns
Spogep Ayl lade Humic acid
) amount (kilogramy  2120.819484.66314  2.687653+11.21609  0.000667 0.811101 Ns
Number of
sl Clddola supplemental  2255.494+167.9046  -66.4603+73.76009  0.009352 0.370087 Ns
applications
98 058 e Supplemental
) fertilizer amount  2128.317+106.6079  -2.0646+32.2789 4.76E-05 0.949149 Ns
: (ko)
98 068 lade Supplemental
T fertilizer amount  2136.83+104.9687  -7.37418+36.75075  0.000468 0.841443 Ns
o (liter)
i . Number of amino
selanl o o oonlications, 2061.346+88.43881  276.0497+146.6592 0089566 0.063183 Ns
() eoslaad Jiia ATROASS 2060.304+85.50191 184.3223+78.73649  0.059907 0.021545 *
() slanal e JVIOTES 2120.434484.35031  -87.1892+196.6151  0.002281 0.658553 Ns
ol 2gS lads
- Manure amount  2133.593+84.22305  -30.6512+40.0048 0.00678 0.445663 Ns
<
ol 358" aie
Catlemanure  2132.407+83.64388  -1831.02£1961.623  0.010029 0.353217 Ns

(cs55)




psedlctassbs NIREOT 901.0454266.9577  247.4194451.86957  0.209219 7.46E-06 **
Sl dass o 1386.266+238.9933  230.2412+70.40573  0.110599 0.001547 o
g ‘“;:; G Sotondlent  270373843653771  -67.4802440.0615  0.031938 0.095727 Ns
o ol N;g]kbi%gf 1509.338+353.4298  155.0077+86.68069 0.035851 0.077256 Ns
S ko 0505 Pest problem score  713.8313+£703.0941  357.6434+177.0992 0.045274 0.056554 Ns
s dile JSie Weed problem 3418.755+536.9022  -438.196+179.6492 0.064705 0.016776 *
Bl oo 5y dme plsg Mo pd gy o yd S D D dre Ay NS 5 KX
=%, = and ns: are significant at 1%, 5%, and non-significant, respectively.
iy 3 yShos 1 axlllae 3590 ((865) (SL aiio (g I3 dro (w2 =T g
Table 3- Significant study of the studied (qualitative) variables on cotton yield
. @ ke Sl gxo
e Variable Gl Sl P Significance
df MS
pAS 1 LB gl cuss’ Previous autumn cultivation: wheat 1 338070 0.46 ns
158 2 LB o5l cuss’ Previous autumn cultivation: rapeseed 1 3548483 0.01 *
(Hordeum vulgare) o ; L opul cuis Previous autumn cutiljlllaéi;r;;l;arley (Hordeum 1 550211 034 ns
(Trifolium Spp.) s : 8 opul cais Previous autumn culti\;&;)ti;.r;: clover (Trifolium 1 1117540 018 ns
(Vicia faba) Ml : L o5l cuiS Previous autumn cultivation: faba bean (Vicia faba) 1 2732978  0.03 *
(Pisum sativum) 55,5395 : L8 030l <uiS Previous autumn cultivation: pea (Pisum sativum) 1 40022 0.80 ns
ol 1 8 bl cuss Previous summer cultivation: fallow 1 1400674 0.13 ns
Ty i skd Al cuss’ Previous summer cultivation: rice 1 124460 0.65 ns
Ay 1wl cuis Previous summer cultivation: cotton 1 1520651 0.11 ns
(Sesamum asus’: L3 aliaols cuzs Previous summer cultivation: sesame (Sesamum 1 418145 0.41 ns
indicum) indicum)
(Citrullus «wlgas : L5 el cuis Previous summer cultivation: watermelon (Citrullus 1 170435 0.60 ns
lanatus) lanatus)
(Solanum ui)sd»gf s Al s Previous summer cultivation: tomato (Solanum 1 667061 030 ns
lycopersicum) lycopersicum)
PRWATIX W C ERE Plowing: done/not done 1 109283 0.67 ns
&y [ )as S s ey Seed type: downy/delinted 1 8936 0.90 ns
ol 04 1 Setedus Disinfected/not disinfected 1 8936 0.90 ns
B gl S 9087 51 ool Use of carboxin-thiram (internal) 1 305752 0.48 ns
B el S o)l8 5l ool Use of carboxin-thiram (external) 1 1266969 0.15 ns
cida) oAb o8, Cultivar planted: latif 1 3766721 0.01 *
o asculS o8, Cultivar planted: may 1 2790347 0.03 *
OlidS soasuiS” o8, Cultivar planted: golestan 1 14141 0.88 ns
oL ebculS o8, Cultivar planted: taban 1 814624 0.25 ns
AGN:s s o8, Cultivar planted: AGN 1 215352 0.55 ns
0l BlgST B pandgs yds £ Seed type: farmer-saved/certified 1 10321 0.90 ns
Ui weusls b, Planting method: broadcast 1 63883 0.75 ns
iy, ieasls o, Planting method: row planter 1 63883 0.75 ns
al 058 5 oolazl Use of base fertilizer 1 596902 0.32 ns
Ol 59y 365 5l ealatul Use of base nitrogen fertilizer 1 177967 0.59 ns
b by 358 51 ol Use of base potassium fertilizer 1 111905 0.67 ns
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oSl 31 oolazl
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Use of base phosphorus fertilizer
Use of base sulfur fertilizer
Use of magnesium
Use of zinc
Use of base humic acid
Use of top dressing fertilizer (soil)
Use of humic acid
Use of animal manure
Use of pesticide
Use of dichlorvos
Use of fipronil
Use of dursban (chlorpyrifos)
Use of mancozeb
Use of curacron (profenofos)
Use of karate
Use of emamectin benzoate (captan)
Use of admiral
Use of cypermethrin
Use of larvin
Use of acetamiprid
Use of confidor
Use of dimethoate
Use of proclaim fit
Use of danitol
Use of abamectin
Use of fenpropathrin (ortus)
Use of zinc agro
Use of fenvalerate
Use of deltamethrin (decis)
Use of avant
Use of avant extra
Use of beak mak
Use of tebufenozide
Use of malathion
Use of tidefit
Use of diazinon
Use of permethrin (ambush)
Use of herbicide
Use of treflan
Use of super galant

Irrigation: done/not done

800084
373852
5102117
5102117
482852
607080
1239307
17344
34276
395456
153915
496322
2135135
612554
61170
549189
2088460
418732
5650625
90911
2468270
1179952
164298
667592
164276
667592
1577071
778671
2056960
518743
676036
182055
45854
172012
101087
54321
403677
2044121
49.51
20695
447421

0.25
0.44
0.00
0.00
0.38
0.32
0.15
0.87
0.81
0.42
0.62
0.37
0.06
0.32
0.75
0.34
0.06
0.41
0.00
0.70
0.04
0.16
0.61
0.30
0.61
0.30
0.11
0.26
0.07
0.36
0.29
0.59
0.79
0.60
0.69
0.77
0.42
0.07
0.99
0.85
0.39

ns
ns

**k

**k

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

**

ns

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
Ns

WSl go ()10 gixe pAs g Mo yd iy o> Ky yd D dime S 4y NS g

** ‘*

#%, = and ns: are significant at 1%, 5%, and non-significant, respectively.



(M8 a0 53 0£/0) awiy Jguazo 3,Sdos Mo 1 cilioo g paiio wil ygmur 5, ol —€ Jgua
Table 4- Regression Results of the Impact of Various Variables on the Yield Gap of Cotton Product yield (54.5% Gap)

Jie 4D paie JSU5 Jie b dlols 3,Slas 5,Shos Y5
o piin g Form of the variable in the model Yield by model Yjeld gap
Variables  Coefficient — SKilw saiobBl luke oNle ol Hlade M 50
Average Selected amount Average Selected amount @(r;%:q; %
fase Jl g2y
Intercept 622.3486 1 1 622 622 - -
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Introduction

Quinoa (Chenopodium quinoa Willd) is an annual plant of the legume family, native to Latin America. In
addition to its high nutritional value, this plant has a remarkable ability to tolerate a variety of abiotic stresses,
including drought, salinity, and cold, as well as to grow on marginal lands. Due to its relative tolerance to
drought and salinity stresses, extensive genetic diversity, and ability to adapt to different climatic conditions and
high water use efficiency, it is considered a suitable plant for the exploitation of limited water resources and
saline soils. In terms of nutritional value, quinoa seeds, the main product of this plant, contain between 14 and
20% protein and are rich sources of essential amino acids such as lysine and methionine, substances that are
found in low amounts in most cereals.

Materials and Methods

In order to investigate the effect of different plant densities and cultivars of quinoa on growth, physiology
and forage yield, a field experiment was conducted as a factorial experiment in a randomized complete block
design with four replications in the fall and winter of the 2023-2024 crop year at the research farm of
Agricultural Sciences and Natural Resources University of Khuzestan. Experimental factors included plant
density at three levels (30, 50 and 70 plants m) and quinoa cultivars (Rahmat and Sadooq). The evaluated traits
were chlorophyll a, b, carotenoid, spad number, leaf area index, forage protein percentage, forage protein yield
and forage yield.

Results and Discussion

In this study, neither planting density nor cultivar had a significant effect on chlorophyll a, chlorophyll b,
carotenoid content, or SPAD values. However, analysis of variance showed that planting density significantly
affected leaf area index, forage protein concentration, and forage protein yield, whereas cultivar significantly
affected forage protein yield and dry forage yield. In addition, the interaction between planting density and
cultivar had a significant effect on forage protein concentration and forage protein yield. The results showed that
the highest and lowest of leaf area index with an average of (3.87) and (3.11) were observed in the density
treatment of 70 and 30 plants per square meter, respectively. Also, the highest percentage of forage protein (6.35

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

4. https://doi.org/10.22067/jcesc.2026.96318.1432



https://jcesc.um.ac.ir/
mailto:moraditelavat@yahoo.com
https://doi.org/10.22067/jcesc.2026.96318.1432
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/jcesc.2026.96318.1432
https://orcid.org/0000-0001-9016-0312
https://orcid.org/0000-0003-4469-158X
https://orcid.org/0000-0001-9284-3563
https://orcid.org/0000-0003-2321-4362

and 6.03 percent, respectively) was observed in the density of 30 plants per square meter and the lowest were
(4.10 and 4.88 percent, respectively) in the density of 70 plants per square meter in two varieties of Sadooq and
Rahmat. The highest forage protein yield (1163 kg ha™*) was observed at densities of 30 plants per square meter,
in Sadooq cultivar and the lowest (540 kg ha') was obtained at densities of 70 plants per square meter, in
Rahmat cultivar. Also, the highest dry forage yield with an average of 18259 kg ha* was observed in the Sadoog
cultivar and the lowest dry forage yield with an average of 10633 kg ha™* was observed in the Rahmat cultivar.
Therefore, the significant difference between the two studied cultivars were present.

Conclusion

Increasing plant density to the optimum level, without creating intense intraspecific competition, by making
optimal use of environmental resources such as light, water, and nutrients, improved leaf area index and
increased forage yield in quinoa. The results showed that choosing the right cultivar plays an important role in
forage yield, especially through its effect on maturity time and weed resistance. Significant differences in forage
yield were observed among the evaluated cultivars, with Sadooq producing the highest forage yield. These
findings indicate that selecting an appropriate cultivar in combination with an optimal planting density can be an
effective strategy for improving quinoa forage production.

Keywords: Ash, Carotenoid, Chlorophyll, Crude protein, Fiber
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Table 1- Meteorological statistics of the Dehkhoda Sugarcane Agricultural and Industrial Meteorological Station of Ahvaz in

2024-2025
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Months of the year  Minimum temperature (°C) Maximum temperature (°C)  Rainfall (mm)  Evaporation (mm)
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Table 2- Soil characteristics of the farm where the experiment was conducted
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Texture K (mg kg1 P(mgkg?) N (%) EC (dSm?Y) Depth (cm)
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3- Spade number
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5- Spectrophotometer
6- Nanometer
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Table 3- Analysis of variance of some physiological traits of quinoa (leaf area index, spade, chlorophyll a and b, carotenoids)
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S0V df Srghwpadls byl ou a Judg 5 b b 5 Wiy s
LAI Spad Chlorophyll a Chlorophyll b Carotenoids
)"SJ . 3 0.07ms 17.12™ 0.00011" 0.00056™ 0.00050m
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Plant density
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Cultivar
DxC 2 0.001"s 1.69m 0.000002" 0.00020" 0.00016"
s
15 0.16 32.19 0.00008 0.00023 0.00043
Error
et e 116 112 35 2.7 2.4
CV (%)
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ns, * and **: are non-significant, significant at P<0.05 and P<0.01, respectively
LAI= leaf area index
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3- Chloroplasts
4- Grana
5- Photosynthetic pigments
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Table 4- Mean comparison of leaf area index based on main effect (plant density treatment per square meter)

oI5 Sy g s LS
Density (plant m) LAI
30 3.11b*
50 3.42b
70 3.87a
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30, 50 and 70: indicate the plant density per square meter, respectively.
LAI= leaf area index
* Means with similar letters in each column are not significantly different based on Duncan test at the 5% probability level

.(Najafinezhad et al., 2021)
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Table 5- Analysis of variance of some forage traits of quinoa ASH percentage, acid detergent fiber (ADF) percentage, neutral
detergent fiber (NDF) percentage, forage protein percentage, forage protein yield (kg ha™) and forage yield (kg ha™)
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Error
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C.V (%)

Woyd K g gy Jloin] pdaw (3 )15 gixe g )3 Gxe G yidy e g % NS
ns, * and **: are non-significant, significant at P<0.05 and P<0.01, respectively
ADF= acid detergent fiber, NDF= neutral detergent fiber, FPP= forage protein percentage, FPY= forage protein yield, DFY= dry forage yield
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Table 6- Mean comparison of forage protein percentage and forage protein yield (kg ha™) as influenced by plant density (per
square meter) and cultivar (based on physical harvesting)
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30, 50 and 70: indicate the plant density per square meter, respectively.
* Means with similar letters in each column are not significantly different based on Duncan test at the 5% probability level
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Table 7- Mean comparison of forage yield (kg ha™) as influenced by cultivar
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DFY= dry forage yield
* Means with similar letters in each column are not significantly different based on Duncan test at the 5% probability level
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Introduction

Wheat (Triticum aestivum L.) is a strategic global cereal, providing over 20% of human calorie intake.
However, climate change, increased drought frequency, and declining irrigation water resources seriously
threaten sustainable wheat production. In many agricultural regions, including Iran, drought stress is a primary
factor limiting wheat yield. Therefore, finding biological strategies to enhance wheat's tolerance to water stress is
a research priority in sustainable agriculture. Utilizing low-cost and environmentally friendly approaches to
increase plant resilience to environmental stresses is essential. Among these, employing beneficial
rhizosymbionts like Arbuscular Mycorrhizal Fungi (AMF) and Plant Growth-Promoting Rhizobacteria (PGPR),
such as Pseudomonas and Azospirillum, has garnered significant research interest. AMF form extensive hyphal
networks in the soil, dramatically increasing the root absorption surface area and improving plant access to water
and less mobile nutrients like phosphorus. PGPR enhance plant growth and abiotic stress tolerance through
various mechanisms, including producing plant growth hormones (e.g., auxins), synthesizing siderophores,
fixing nitrogen, and inducing systemic resistance. While many studies have focused on the individual effects of
AMF or PGPR, research on their combined impact on wheat growth and performance under limited irrigation
condition is scarce. This study aimed to evaluate the individual and combined effects of mycorrhizal fungi and
plant growth-promoting bacteria on photosynthetic pigments, antioxidant enzymes, biochemical resistance traits,
and ultimately, the yield of wheat under different irrigation regimes.

Materials and Methods

This research was conducted during the 2021-2022 growing season at a research farm in the Arshag region,
Meshgin Shahr County, Ardabil Province, Iran. The experiment was arranged as a factorial based on a
Randomized Complete Block Design with three replications. The first factor was biofertilizer type at four levels:
control, mycorrhizal fungi (Rhizophagus intraradices), PGPR (Pseudomonas fluorescens and Azospirillum
brasilense), and a combination of both mycorrhizal fungi and PGPR. The second factor was irrigation regime at
three levels: no irrigation (rainfed), irrigation at 50% of plant water requirement, and full irrigation (100% water
requirement). Measured traits included root colonization percentage, chlorophyll a, b, and carotenoid content,
activities of the antioxidant enzymes catalase (CAT), peroxidase (POX), and superoxide dismutase (SOD),
number of grains per spike, thousand-kernel weight, and grain yield. Root colonization was assessed using
staining and microscopic examination. Photosynthetic pigments were extracted with acetone and measured
spectrophotometrically. Enzyme activities were determined using specific spectrophotometric assays: CAT
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activity by monitoring H,O, decomposition at 240 nm, POX activity by monitoring guaiacol oxidation at 470
nm, and SOD activity by measuring the inhibition of nitroblue tetrazolium reduction at 560 nm.

Results and Discussion

The analysis of variance indicated that the main effects of biofertilizers and irrigation regimes, as well as
their interaction, were significant for all measured traits. The highest root colonization (79.6%) was observed in
the full irrigation x combined biofertilizer treatment. Drought stress reduces carbohydrate allocation to roots,
limiting the carbon source for fungi and hindering colonization. Biofertilizers, especially the combination,
provided direct inoculation and improved the root environment, facilitating higher colonization. The maximum
chlorophyll a (2.55 mg g*), chlorophyll b (0.85 mg g1), and carotenoid (0.204 mg g*) contents were recorded in
the full irrigation x combined biofertilizer treatment. The minimum values were under severe drought without
biofertilizers. Drought degrades chloroplasts and activates chlorophyll-degrading enzymes. Biofertilizers, by
improving water and nutrient (especially phosphorus) uptake, helped maintain pigment synthesis and protect the
photosynthetic apparatus from oxidative damage. The highest activities of CAT (32.5 U mg™), POX (4.88 U mg-
1), and SOD (28.8 U mg™) were found in the no irrigation x no biofertilizer treatment. Conversely, the lowest
enzyme activities were consistently observed in the full irrigation x combined biofertilizer treatment. Elevated
antioxidant enzyme activity under drought stress without biofertilizers is a physiological response to high
oxidative stress caused by increased Reactive Oxygen Species (ROS) production. The application of
biofertilizers, particularly the combination, mitigated water and nutrient deficits, thereby reducing ROS
generation and the need for high antioxidant enzyme activity, indicating better physiological equilibrium.
Increased significantly from 2501.7 kg ha under severe drought without biofertilizers to 4891.6 kg ha™* under
full irrigation with combined biofertilizers. This demonstrates that the synergistic effect of AMF and PGPR in
improving water relations, nutrient status, and oxidative stress management translated into superior yield
performance.

Conclusion

The findings of this study demonstrate that the combined application of mycorrhizal fungi and plant growth-
promoting bacteria is an effective strategy for mitigating the adverse effects of drought stress and enhancing
wheat yield. This biological combination acted synergistically to significantly increase root colonization,
preserve the photosynthetic system by maintaining higher chlorophyll and carotenoid levels, and reduce
oxidative stress by modulating antioxidant enzyme activities. These improvements ultimately led to a significant
increase in yield components. Therefore, employing these bio-inputs can serve as a sustainable and eco-friendly
approach, paving the way for reduced chemical fertilizer use, increased plant resilience to water scarcity, and
enhanced food security.
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Table 1- Physicochemical properties of the soil used in the experiment at a depth of 0 to 30 cm
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Table 2- Meteorological information of the research site
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Table 3- Analysis of variance of the traits studied in the research
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ns: non-significant, * and **: significant at five and one percent probability levels, respectively
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Table 4- Comparison of the means of interaction effects between bio-fertilizers and irrigation regimes on yield and morpho-
physiological traits of wheat
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* Means with different letters in each column indicate significant differences at the 5% probability level based on the LSD's test
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Table 5- Comparison of the means of interaction effects between bio-fertilizers and irrigation regimes on yield and morpho-
physiological traits of wheat
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* Means with different letters in each column indicate significant differences at the 5% probability level based on the LSD's test
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Introduction

Cumin (Cuminum cyminum L.) is one of the most important medicinal plant. It has high demand in Asia in
the treatment of gastrointestinal problems and is used as condiments. It is also recognized for possessing
powerful immunomodulatory properties. Cuminum cyminum is an important plant due to export benefits, its
cultivation utilizes and revitalizes arid and semi-arid lands, and low water demand. Considering the importance
of Cuminum cyminum as a medicinal plant, therefore, it is essential to better understand the determining factors
on the yield of cumin. Therefore, proper nutritional management through utilizing organic and chemical
fertilizers is considered essential in growing Cuminum cyminum for exploiting the potential of the environment
and achieving maximum yield. Organic inputs can guarantee both agricultural production and nature
conservation. The current approach is to find an appropriate substitute of chemical fertilizers by organic
compounds that are cost-effective and eco-friendly. This study aimed to improve the yield and biodiversity by
selecting the most appropriate way of medicinal plants cultivation that in addition to creating plants with high
quantitative and qualitative yield, can increase the profitability through enhanced nitrogen use efficiency.
Therefore, the purpose of this study is to evaluate the effects of biochar, and chemical fertilizers (NPK) on
Cumin's growth and yield. This study provided physiological insights into the agronomic benefit mechanism of
biochar utilization.

Materials and Methods

In order to investigate the effects of biochar, NPK complete fertilizer, and their combination on the yield and
yield components of two local cumin population (Cuminum cyminum L), a factorial experiment in a randomized
complete block design (RCBD) with three replications at the Agricultural Research Field of the University of
Birjand at 32°53' N and longitude of 59° and 13 East and at an altitude of 1480 m a.s.l. Birjand, Iran. The
experimental treatments consisted of three levels of chemical fertilizer (20-20-20 NPK at 0, 40, and 80 kg ha™),
two levels of biochar (0 and 10 ton ha?), and two local cumin cultivars (Khusf and Sarayan). Before preparing
the seed bed, for measuring the physical and chemical properties and other required parameters of the soil,
sampling was done from O to 30 cm depth from the experimental site. The measured traits included the
morphophysiological traits, yield and yield components.

Results and Discussion

The results indicated that biochar and NPK fertilizer significantly affected the studied morphological and
yield traits, and there was a statistically significant difference between the levels of biochar and NPK fertilizer
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treatments. Significant differences were also observed between the two cumin cultivars. The Khusf cultivar
exhibited superior growth and yield traits compared to the Sarayan cultivar. The highest grain and biological
yields were obtained with the Khusf cultivar under the combined application of 10 ton ha* of biochar and the
application of 40 kg ha'* of NPK. Furthermore, no significant difference was observed between the 40 and 80 kg
hal of NPK fertilizer application rates. Therefore, the application of 40 kg ha of NPK is recommended for
optimal yield, reduced input costs, and minimized environmental impact.

Conclusion

The expansion of intensive crop production systems for long terms caused several problems, such as the
reduction of biodiversity and the environmental contamination. The increasing concern regarding the negative
impacts of these conventional agricultural methods on the ecosystems suggests the exploration of alternative
methods endowed with improved efficiency and sustainability as well as high productivity. Application of
organic fertilizers may be one appropriate way to reach this goal. The present experiment findings suggest that
biochar application, in combination with reduced chemical fertilizer inputs, offers a promising approach for the
sustainable production of medicinal plants while minimizing adverse environmental impacts.

Keywords: Biological yield, Cultivars, Grain yield, NPK



olnl sy sl h 4 s

Homepage: https://jcesc.um.ac.ir !
bag Pt i

YAQ-EY o AEXY:] }ﬁ'\% Y OJLQ.:' ¢ -0.7.

(Cuminum w0 25 5 Shoe » (alond 355 5 Jlram 2 (e (JI 555 Al 31 aL5))
cyminum L.)
L g O (5l ez T (g S g I il edame M el Lo 0
Ve F/ 408 1355 b

XV

(Cuminum cyminum L.) s 0,05 e 0355 93 5,Skes cljnl 55 Sloe p oyl 3245 g NPK JalS 565 g Jlogu 3l oy jolaiods

=5 o (o iy oSl (659U oSl Slidos 4s 50 3 1S5 b ol JolS slacSsh gl B 53 L9 g0ty otilo]]
o) g 93 5 Sl (S 53 2SS A 5 Fe o) praus s o NPK (Yo=Y oY) (oliand 568" ol ilojl (sl jlags b ploxl VF-F
AU e adlllan 3)50 (53,8kes g libion, Glio & 3l (LS gl L2y (bl g s s 005 lxa 0355 93 5 (S )3 o5 Ve
oxid ot gl (e (bl 3925 ()l stne )Ll SHSTNPK 5 Lo (6355 sloslosi zgbans o 5 28,5 )18 NPK 3585 gy
5 by Slimo ol ooyt (92 LI L bl 0395 &) G s 0355 (535 0dim3 (LS gl 39 adlllas 390 0355 93 (i I3 sime Coglis
NPK )LiSa )3 £35S ¥+ 38 5 jlogm )i 53 (5 Ve 08 chuogs 0395 51 Sojslgn 3)Shae 5 s 3 )Shos (line oyt S92 (63, Sdes
PSS ¥ e 38 &S Lloulil il dgmg (6l sime glis NPK JliSa )3 p,5olS Av 5 ¥o pglans oy a5 5l o)L ol wisced el Cawday
&l NPK LS 13 6,55 LS ¥ 5p0)LS cplpli cd )8 sals 4 Cous Cawgd 0355 dild 5,8les (g0 0 V¥ (i3l 4 e NPK S o
5 o (291 (550 5 S A 3,5 & ) by oz SinlS (s o5 33,5 o o) Job B 3,Slae Jpan

sy Sl A0 05 5 (alerd 3gS Bpae JalS Gad jlogn 3 ) &5 €85 o plgi oo Ginlel (nl @S & 425 L3S (o 5 uS ol

.\.wb ).AM D)J) LS’?)I') bl.,s )l.bl.: 9 [VJLM’ .,\.J}J dl).: ua.wLm u»s) ‘u.la..mwu)

slp 5529ltS Y g 0388 Mg s (5515 (2017
Eo=5 LialS ales il (oot OMSe dbonl cely Yok e
3390 5 03gl3h (IS5 sl 0d Gy oo (S0l 5 s
Lapllsipg: y powpo 65,91 Loy ol (ke sl
5 48l il 9 2L L iRl oyt ol g
23l o 4 (5)952 9 p3Y (syel ) YU (5y90 00 (ipan
Nl (o550lis” slapllas (Amani Machiani et al., 2017)
VU cuisS b Y game M55 Sl gsite M55 slodyunly 1 (e
Sl oyt (65y5liS Gan oS Jbyd s mlio Gpan Jlas
a5 )3 ()lily popde b G2l pgusjo S 5> (g)9050 el
Sy9liS yde 9 0o <l 3l (Bedoussac et al., 2015) ¢!
I pleosd sboodles jl o3Il 51 i osliial ¢ Jlte lgicds) pow yo
S psrcan 2 (BiSule 5 o A5l plasd soosS alox

NPK wls 3 Sloe «Sojglgn 3,Shos 25,1 : gualS” 5031

doddo

Lo pials aiile ga sla il L (g5)5liS 09 0!

(Gruda, 2019) cewl aslse olowd sladgS 5l as il i
..\_Jy uJYLJ o.)}l...g 4_'>/5| W d))al—wf LSLQ’W qu‘)JLu
e plool pibaass abie jl oslil b1y 58 cpl bl cisS o

Duchene et al., ) 15,5 o jl,8 i dy50 (gloaiylsd joboay 4

iz oS> (65,9l 0uStily (LS S5 g A5 i 09,5 )

Ol ez e

Alrlehj 5 ol QLS B -V

Ol i iz o oK1 ¢ olsS oaStils (S psle g csl)j 09,5 Y

(Email: mabehdani@birjand.ac.ir :J gfome 03k — )
https://doi.org/10.22067/jcesc.2026.96886.1437


https://jcesc.um.ac.ir/
mailto:mabehdani@birjand.ac.ir
https://doi.org/10.22067/jcesc.2026.96886.1437
https://orcid.org/0009-0000-8156-549X
https://orcid.org/0000-0001-6182-700X
https://orcid.org/0000-0002-5094-5681
https://orcid.org/0000-0001-7417-2049

45 39y A (55998 Sl Sl (15955 395 jl ko> Ve
Aiile (daometinn ) g (Blbpgy OIS I (glasgerme 4 ot
98 Ll Ll ) gt SIS (SB S gl
Gyme ]S (il58l ¢l (Carneiro et al., 2021) 595 oo
395 (933 )39t 395 Bpman (e (gilodingg Wl b
b ‘u—ﬂ dl.m.\;;fc)’t_.al 51 eolawl 9 Iy by b y3e 500
SUle by a5 035555 355 S 5 35 il dug
Gpas IS (I3l 5 SB 395 lyime Gl > ol ploze
Carneiro et) cul 03,8 o 558 a1y ooy BB da g 59,0
3535 silie 03355 355 5 gm0l 2021
59 (gdre odlo (gilusll =V )15 olyem 4 1y 5 3,150 ales
oS osliiwl 5 wion (sl sy o gjlodlil 4y e &5
o381 =Y «(Jeffery et al., 2017; Liu et al., 2021) 54-5 0
=Y ¢Farahani et al., 2020) ,L>gu (YL 558 ol cubd,bs
—¥ ¢(Farahani et al., 2020) S5 Ol (g)hgSs cud b il
ol eSS el 4 &S (SB daw Y 0 S Cogb) Do
Ay dene —0 g {Borchard et al., 2019) S’ o SaS (5950
(Phares et al., 2022) 59, b Sdxe g SB sy Sie
Gogls o YU Wy 4 olits gl SB (ol (S gbay
290l bS5 Sles sl (5y5 00 paw dly 3 gl lalS
sleagS oyl 4,8 Slew s g T sladgs 1l coss consa
9 (5l sbrasls sl Lil8l b g sladgS oigds (oliosd
9y (ol QLS (S g (o8 3y Sas Sy 2 3 JS
alon il 59 wline yauws (Askary et al., 2024) xiizy .
ol 28 5 1o oS 9o 9 05 el 6390 9 kol polis
Mosapour & ) cewl pto b ol algr & oliws (glp
Sl slaJsSUgo sdimd LS5 ,uaie ool (Feizian, 2024
dewgl g (il Gliwgid )D yicmed g Cuwl ATP g RNA DNA
» yawd (Mosapour & Feizian, 2024) 5y ol (ids A5,
PH 090 0wl b 9 YU J{)JQ) S ody o STy
— = Jois oolaw] bByue &ysods (Haud ds 3 culdy 5 S
195 I 5 coritan g aiitns g0t JI (slodgS 29
Judoan) jaud o pas (s pen 4y 5)ld edlasl B jaud p
Iyl @lie (plwlid g col 3)95 5 (lojg Cuenl
sleen (Lashari et al., 2014) . il o oljl o wd KL
4 b | (ool S 5 03 Jos jhud sl SiRe yisas Slgices
9 UL’ (Da“ et al, 2016) A_aLoJ w.ml)_e l) Cwl wnl...o Dl—.‘s dl).:
4 aLS Ll bas oS xS ol (Tan et al., 2018) ., Ken
45 298 e oalo sl JSbe palty 04 SluS S s o g

DS YL 050 b Gy baes b S 5le dte slapllas &
Sl oo JI ladgS 5l oaliwl ams o Ui 1y (o)l g aBbogue
Amani ) asb Gus ol dn aw) ¢lp calio sbaoly 51 (S
g il edlaiwl Lo ybg,y ol oy ,> (Machiani et al., 2021
5 5 gl ety Sli 8l el 0gill (0m], Sy iy
Mafakheri &) cul odds Jlusy og)b LS 456 slacdgple
Ui Hlaan 45 asledly i ele @lllas ((Asghari, 2025
AYaz ) 3)> 55)sliS (darmocunsj (5)lul 4 (oliwd 3 epe
So olage (et al., 2021; Kumar & Bhattacharya, 2021
s A conl 3o ool (08 1 8 (Sl Jpae
a2 il (55,5liS SV gao cbli Lo Jlolge )l
Lu et al., 2020; ) s o0 Juol> yuemnST dgam0 Loyl )3 355 L
gy 4ebo] wluly (Li et al., 2023; Sayed et al., 2024
Sloslo laisdy Lagn ol o0 i 1, aYlps¥ VoV s 5l oS
bl (55)0liS > SSB) g Jsol 5 bojline cBlaal b gollas
4SS S5 oS oMol dgS cawyyd jd g odds didlid L)l
ol &8y NS )8 el 350 S (6555liS y> Llg5 o
aS Cuol o 030> L J(European Commission, 2020) ¢l
OeZed g cddiu o deuy [y S jLa L «S1B  jlgu il sl
Rivelli & ) ams o il 1) (cdao dlgo & (o yiwd 9 O Gl
S a8 Mol SO lgisdn lagw aly ,> (Libutti, 2022
G0LS 5 005 G oo Sl ol Sy il (sl SB
Rivelli & Libutti, ) 555 oo dloiiny (glasllS olajl Ll
oot i Klyi o S oles p ang B @l opl (2022
5 0395 a0 0leS gLyl ol olS A3 slaadli
oSl yS s ay ol a S ubl adly ol ya o asls sl
Akhtar et al., ) s v po jhws 3g)b (lals o, Slee
o 2l S olss 5 olS 2 p legm 56 S8l (o (2021
L Sdre (sbdgS wisle ( alS (gds0 dlgo 5l e b S5 0 |,
Bai et al., 2022; ) 3,5 sslaiwl Loyl (93 o 5l (S5 L JI
Rivelli & Libutti, ) S5 5 Jss, (Hannet et al., 2021
Joaze 3)Slas 9 S (idols )5 (w29 JB 250 (2022
993 IS UHI3S (G0 395 9 Jlgn I plejen odlatul plin
D 03¢5 j (go > YO Lili8l (Zhu et al., 2015) S
23,8 i35 NPK 368 5 > g oS 5 K 1) (Zea mays L.)
o~ (Gathorne-Hardy et al., 2009) |,Ken g (53 la— 558
38das (g0 Ve 5l ey (Il (59558 365 5 slegn S
W3S saalie 1y (Hordeum vulgare) o>
5 S5 sl b 3 28 anie A8 Jda gyt
9oL 8 (sl sdsa dlge (n 56y908 3l (S 0l (Splia
L0 oS wlooly ylis cladllas 239 oo igume Jgazme (5590 00



YAY L oy o,Sdes ol 395 9 slrgw p Siwe JT 095 AL ST b3yl ol g (Sl

leand 355 {05 odd dugs 3, Kl dnyd YA+ (glod 3 ol 5
9lS Ae g ¥e 0,5 pus maws 4w ) (NPK Y-+Y++Y+) NPK
g gt 0395) jw 005 (oo (slaodgs g (NPK 1S 53 p 5
o] o o5 g (60, 09 5 gymlls Ly &S Ll 0395
o I Ol (g 9 S VY (6l ol ym . x53g) (3,135 3939
Al g (LndgS ot J odisa] o) igigm siss (55l
A 488 a0 e dw CSL o alold g g 90 S oy
e Jsbacs yio il 00 s, Al b s, gy Jois 05 o
3 )l ymdsged «ndlS pa ang 5 S8 g2 10 VIO 50 g yia
Ologad e Gl Gialej] Jome ST (4ol +—T+ (Gos
el S o b}l s Landigad o plool leasdd g oSo3ed
Joi2) 23,5 6 S0jlul jls 3590 slayadld Gliee 5 0 Jitie
S pgmods il Sl g (23355 Cllas (i) plsl ey ()
Soled Batdy (55 b S Joro 3 &5 55k a5 plodl s
Moty 5L 3)90 395 5 0ab Sloml yte Bl @iy Becdn
U ooyl sluY b o) g9y 9 a0y oyl 30> oddd jasuie
Gygody byl culdls Ollos upw g odudgy S 3l o il dw
ab)S )i )3 @peyie ) g W jaw 00 o150 plonil (s
Dogydo eSSl e oyl opdol (Azizi et al., 2008) s
9 Sd Oygmoda o sladile g )5 pbl (Sgdew
)1y ©ldes b plosl (Cutgnd)l Jgl g (23,92 V) al>ye
s 45 5L U8 0055 el e sadile (g (gl b lojen
Oilejl e S (0 Blo =Y Bos I ()l paige cdlS
o Ladiges b bl pliend § (Sjd Claogad (e sl
5L 3y5e sla sl ime g ond Jitto Ll S olStlo]]
sy )Lz U @l prizan () Jsiz) 00,5 655051l
ol 0 SIIY Jodo 5> coddboslazuwl

s o yb 4515 i iy £lisy] ol adlllas 390 clio
W Soid i g 0 &b 5g i 4D Ald olasd gy jd i
3y5-0 Glio g b 0 Sles 5 S3glan 3, Klas ild)lia 5
o ssbate cnl lp g 48 bl ol (S o yo 53 aslllas
LA sl g OBl S il e yie 53 cgldnils Sl Bls
A0S e oBiinlejl 4 g (cabdin Iime oSl ) ladsg
o lte sladsges ldcsy; Clive ySojlail I
Sy celo YA Gae 4 oyl ) e slacSL 5 caliseo (glaloss
(bl yd ad g Sojlasl 60, o Glao L g 0445 020
SlaSsh B 5o )yl ool sliey 0ad s pSojlil wlio
w25 o 5 535 8 ] Lo 5 4053 90 skt JolS
9 SAS (VO.1) sla)lible s I Lo JSb ) g baosly Ll
g2l 5 eslewl L 35 Lo pSSke awslio .03,5 edlazul Excel
5 plool oy gy Jlais] aws 55 FLSD

2ol OblS LIS o pie cplply ail e oS Cla LB o lja
ot Ll ol ) ) LT a0l e JT csladss” 51 oslisl b
Askary et al., ) as> il 1y ol Adg (6)lub 9 03,5 Spglie
JLsb sl a5 oS 1 0 Jolge cSLS ul ks (2018
s 1y el )55 0 (2Yb cenl I 29y LS (s
0dla ] g (s 20 g0 43 > o Cupde a4 LS pl g4 b
2 (St s 9 e | ome

S ool y sl (Cuminum cyminum L) e 0y
oler sl bl )3 oSl 29300 Cgumo pre (9l Jyramo
oolawl sl lgieds 5 05l (ool Lol LbyleS MSie
Jdsas pzen (Algethami & Aldhebiani, 2021) >gi5 o
0l i3l el pinenw 088 Jodsd lgieds wing oles bl
(yplo Ul Jdsds w0y (Pelvan et al., 2022) col
W oS L g Sibag 5 St claime) sl g ool
oS ! (Algethami & Aldhebiani, 2021) cusl pgo (2LS
ol st Cb g (LS slag)l> GgrwYge ) 53 035S 5k
CulS (29) b5 S lyieds Juw o) Cuenl 4 d2g L 29
12k (55,9 ilise glacy e 3ok | ol e 5 e
§ liis moe Copde nlply 29d ol b cutS 0 3S0k
Sl o 0 €S ) olard 9 I sloogS  oolital )b
Sp9r8 3Sdes pShis 4 ol 5 b Jouily Sl ()l 0 0
9 3ygldS SV gae A5 oa Wlgi o0 S slaodles
Rl b (b 3,505, 1S e | ol | il 2
5 4 yodyyg e 45 Cul JI LS5 b olasd sladgS cuslis
byl e ol 5l Gum oplply sl Conj laes )55l
oo 23 355kas 5 385 30 (NPK) oo (sladgS 5 o 1
39 S g5l 2y90 13 (Sofs b Gl cadllas cpl
03 e W) 1y o 5l odlizul sl

W g, 9 dlge

B > g8 g0 VEF el Jlo (b ptalejl ol

SLEES as)ie ) LSS A L (hala oS sl )b
O > 2 ¥Y oldlss oy b dis pn o (g50liS" oSl
Loy (5d adida W g 4o 0% (oLdlpan Job 5 Jlod 4iid>
L oinlejl 3y90 ddlaie 0 ploul byd alaw 5l 2o VFA- glis)|
Jlw 3l 59y WYY 3 315 (ol cx 3 Ve (VL @)l dr > (50l
S (55 e (il b g b § o )
e SutS 5 p)5 Gblio s (alomocs] blday (2o Je V-
Ve g Bras pas) Jlag gaw 93 Jold Gialojl slaele 0500
g s )0 Sluls g asls 5l edlatl 350 Hlgm S 43 o



SO Jlasn] wdaw 1) jlogn Juol cll (g Jld bixe snims lis
Sl Joliie ol )l (auo > iy Jleis] daw j0) NPK 4 (1o
Py daoy S Jloisl daw 3) NPK g jlases 9 s 5 0355
= (o> SO s ] o 13) NPK g 5o g0 035 ailSdu i
5 sSin i g (¥ Jpiz) 2l o B 5 s 4515 a
O I me gles ol L NPK 5 5o 50 w0395 l8aw Jolie
(Y JS8) 392 (y 3590 0395 93 12 )3 NPK g )l olaws
(V1) Giwss 0355) VIBINT jlag jl 4igs 5 4515 sliss 2
S 53 p)SokS Fe)8 5 (BL) Sl U 53 (5 V- 2087
aSgr a3l dlus o pieS (Y JSU5) el cwd 4 ((N1) NPK
9 )barm 20 pas (V2) (bl 0355) VZBONO jlow ¢ 3t

(¥ JS5) 29 ((N2)NPK 5,8 pas

=W
Ggs pldn

kol B 39 )y e i lis baodly (1Sl duslie gols
1845 Blize o3 (Lol Sl 4y g 13L e S li5y) 1 logm
blodasy jlagm jles gohw o (1 Jgio) 2t o gne 4w
Oiel38 sl Jlaga 318 5 Cb 2925 5yl ine BB (5 L]
pis) WLl ) gy gl &S (gysbdr Wd)S s 0y ATy gl
P10 g s 53 55 Ve 3l slesd & G (lag 3
() JS5) iy inlS o

4G g3 ya o8 dald ulaas
Laodly islojl 5l Jols (clmosly uiloyly Wl gulss

SL g lw +-Te Gos ;5 a8 50 S (abond 9 (S50 4525 ) Jgaa
Table 1- Physical and chemical analysis of field soil at a depth of 0-30 cm
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Figure 1- Main effect of biochar treatment on plant height (cm)
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Figure 3- Main effects of variety (a); biochar (b) and NPK (c)on the number of cumin umbels per plant
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Figure 7- Interaction effect of variety, biochar and NPK on grain yield (kg ha®)
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Table 3- Results of analysis of variance of the effect of biochar and NPK on the yield of two studied cumin varieties.
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**: Significance at the 1% level; *: Significance at the 5% level and ns: indicate non-significance.
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Introduction

Guar (Cyamopsis tetragonoloba L.) is a highly important drought-tolerant legume crop with considerable
potential for cultivation in arid and semi-arid regions. Beyond its intrinsic value as a food and forage crop, guar
seed contains galactomannan gum, which is extensively utilized across the food, pharmaceutical, textile, paper,
and oil industries. Expanding guar cultivation in water-limited environments like Sistan and Baluchestan Province,
particularly the Saravan region, can significantly contribute to crop diversification and sustainable production
systems. However, this region’s hot and dry climate, coupled with limited water resources and temperature
fluctuations, strongly influences guar’s vegetative and reproductive growth phases. Planting date is a critical
agronomic factor determining the environmental conditions experienced by the crop. Delayed planting often
exposes reproductive stages to severe terminal drought and high temperatures. Native landraces, having evolved
under specific environmental constraints, are valuable genetic resources that possess desirable traits for adaptation,
earliness, and yield stability. Identifying the optimum planting date and the most adaptable native landrace is
therefore essential for mitigating risks. Consequently, this study aimed to evaluate the interaction effects of
planting dates and native landraces on guar phenology, yield components, and seed yield under Saravan’s climatic
conditions.

Materials and Methods

The field experiment was conducted during the 2024-2025 cropping season in Saravan, Sistan and Baluchestan
Province, Iran. A factorial experiment based on a randomized complete block design (RCBD) with three
replications was implemented. The experimental factors comprised three planting dates (March 6, April 6, and
May 5; corresponding approximately to 15 Esfand, 15 Farvardin, and 15 Ordibehesht) and three native guar
landraces (Garmbit, Saravan, and Sarbaz). The experimental site featured a sandy loam soil with an electrical
conductivity of 1.9 dS m™, a pH of 8.7, and 0.65% organic carbon. Soil total nitrogen was 0.07%, while available
phosphorus and potassium were 12 and 210 mg kg™!, respectively. Standard land preparation, including primary
plowing, perpendicular disking, and leveling, was performed. Fertilization was applied based on soil test results,
and all plots received uniform irrigation and standard agronomic management. Phenological traits, including
vegetative and reproductive growth durations, were meticulously recorded. Furthermore, leaf area, number of pods
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per plant, number of seeds per pod, number of seeds per plant, 100-seed weight, and final seed yield (kg ha™') were
evaluated. Data were subjected to analysis of variance, and treatment means were compared using appropriate
mean comparison procedures to assess main and interaction effects.

Results and Discussion

The results demonstrated that planting date, landrace, and their interaction significantly affected all evaluated
traits, including phenology, yield components, and final seed yield. This significant interaction implies that the
native landraces exhibited distinct responses to planting date variations. The Sarbaz landrace displayed the highest
yield potential under early planting conditions, producing a maximum seed yield of 2689 kg ha™ on March 6. This
indicates its substantial genetic potential to exploit favorable early-season environmental conditions. However, its
performance declined drastically under delayed planting. At the May 5 planting date, its seed yield dropped to
1033 kg ha™!, representing a severe 62% reduction compared to early planting. This vulnerability was linked to the
exposure of its critical reproductive stages to high terminal temperatures. In contrast, the Garmbit landrace
exhibited exceptional yield stability across all planting dates. Its seed yield decreased from 2393 kg ha™' under the
first planting date to 1535 kg ha™! under delayed planting, equating to a moderate reduction of only 36%. The
superior stress tolerance of Garmbit was primarily attributed to its early maturity (ranging from 84 to 94 days),
which facilitated a stress-escape strategy before the onset of severe late-season heat. Additionally, Garmbit
successfully maintained an active photosynthetic source through a stable leaf area and preserved essential yield
components, such as pod and seed production, under stress. Conversely, the Saravan landrace generally showed
lower productivity and was more susceptible to terminal stress due to its later maturity.

Conclusion

The findings underscore the critical importance of matching planting dates with the specific genetic and
phenological characteristics of guar landraces. The earliest planting date, March 6, provided the optimal
environmental window for maximizing yield potential, particularly for the high-yielding but sensitive Sarbaz
landrace. Thus, early planting of Sarbaz is strongly recommended when the goal is to achieve maximum
productivity under favorable conditions. On the other hand, Garmbit was definitively identified as the most stable
and adaptable landrace across varying planting dates. Its inherent early maturity, effective terminal stress-escape
mechanism, and robust capacity to maintain leaf area and critical yield components minimized yield losses under
delayed planting. Therefore, Garmbit is highly recommended for risk management, climate resilience, and
sustainable guar production in Saravan and similar arid regions of Sistan and Baluchestan. Future breeding
programs should continue to leverage these native genetic resources to enhance drought tolerance and yield
stability.
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obo o9k (ke
Month Mean precipitation (mm)
(}?-3)9)5 115
Mar.-Apr.
et 4.3
Apr.-May.
REJES 11
May.-Jun. '
» 35
Jun.-Jul.
a0 538
Jul.-Aug. '
RS 12
Aug.-Sep.
e 08
Sep.-Oct.
oM 25
Oct.-Nov.
» 5.7
Nov.-Dec. '
< 15.1
Dec.-Jan.
ook 203
Jan.-Feb.
Lol 18.2
Feb.-Mar.

by 2Slas wSilbo bd J8las Sl
Mean max. temp. (°C) Mean min. temp. (°C)

331 19.5
37.8 234
41.2 26.8
41.5 28.1
39.8 27.2
38 245
355 20

31 15

27 11.8
24 9.9

25 11.7
29 15.8

OPled b 3 (38 0)93 JS) Sl jud (S U jg, b 48,5
sy M 1o Ar &S Sy b ccdls 7oyl 5l jg, olaws
3,5 duwle Widg 031 ST puss sloged Ty 4 @ )S ya
)‘ ‘u.m;é)fté Aoy B 4.1>).o 2 5).3 @c_m 6)350)"&1 d‘ﬁ
C.Ia.w u,u;u A d)l.)).ch}o.; uﬁ)tm O yguody u)f)_q, 5 4_‘;3_3 duw
Ggbite (pds b )S el glaSis 5 led gy 3l edlil b Sy
o Bl S5 (A0S b (20 e ) GBI )S AL g9y WSy

S @23y 93 | aled cdly g ( STl b (Sd) il

A plegl bglad lgal o ol 5l a sl Jlais Lo
lacsS aligy (sl ol Sejlsid i J syl pceslool
3 39y 2w lgieds ((iag) 0,90 (L) (@S5 U gy 03,5 el
Bl b @S o sladia auopy b & Sloj b cils & )b
do (ol 0590) Wild ad ): 09 b Cud Widg odub 3L 5 S
A > Sofglsnsd (Swy U (@S do)d 0 o (g Sl



dala o Slac

e bls g, B as ol s (Y Jgds) (wilyly dso0 guls
o size g Iy gme aily 5 Slae oyl Juldio (31 yioron g 009
a cliseo gloodg STy aS c il "j il S Jaleie 5l e

Oy a8 3 LS (F Jade 9 ) JS) b0k dulio
Odsl )0 kw0355 4 laie (LS 45 p,S5lS YEAQ) s 5 Slos
u9lhn Ja;l)_.w )‘ ‘5)50).98 L 3TY) O" Dy Lawl VO clsl C;)U
203 o 1y 363 (Vb (S Jeaily Coily a3y Juad (gl
ol i csls ) PL’ A (b Cawlus 0355 pl ( Jloopll
VAN 4y (opdy9,% V0) pili ol Su L )l 5,Shes 4S5 ygboay
V0) pos CallS F,0 50 ol 3 9 C8b Al S 3 S olS
FY 3 Sas il opl iy HiSe 53 ) lS VoYY & (Ciigud)]
Sy Olojed 9 st baalpd )3 1y 0395l GV Jeilly g0
cils ) sl ol sla i b agalse 1y of ccis YL
A3 o (LIS ggdgd (Jad sl (Suis 5 Loy i)

g il aey Jald o Sles (o)l Cune S 0395 ¢ Julde 4o
2l )2, 45 £ Sl YYAY jlongs opl o Sles cuiliS isles
ol ials paw cabls o S 3 £, LS VAYD @ daedy
D9 by 035 b 5| 1S Cilyeds (oo yd ¥F agas LialS
Ll b oS el go)l )3 a8 cl ol cucal Bl a5
3985) (6l pime yebds oo )S 0355 3 Slas gy pacluel e

92 3y 0395 )yt (il VO

o el (clag po Slaws oyl Lasto a3 5| s g B3 03l 1,38
b Sy g «oles 2 03,8 h)led 0d e 5 03940t 5
1A Al (V) a5l ool
Leaf area (cm2) =N x B Q)
el S (slogye) slacSsh sl N (o] )3 a8
L8 0 Sob ya colue B 5§ Sy digel s sdbodls (idg
Ciygody dig 03 o ySdes (glinl Slijyl jelaieds .ol GI,S
s gy jd BME slaws ol Slaw ¢ Gl )8 o 5l dolas
o (4ig calises slaco wd 3l Me Vo . S0Ls 5I) M y5 alls
Ver 0dg OmS Sl S S g hyle—d digy > ey JS olus
&Syl 0398 3l Bolal o yguods H (638 Ve e diged dw il
ot 15 2355 p5 1) Bl Sl sl U g hladd
9 5 @perie Sy a3 39290 oy il 3 Shos (s (6
b ol 28das g 208 (pj g cibp 08 Sl b,
b i S 3 p)SelS 4 g dpolee o > VF 3 lslisl cughs
(FIY1N a5es) R Hl38lp 5 51 onliiwl b oaois g yglaen (slaodls
plosl 2 el Je bl sl ly 40325 505 oo 5 405
il cygnfl 31 b gine Jlite 11 (S0l 4o gy 285
L (P <0.05) ao ) gy Join! gdaw )3 (LSD) jls me B3|
sl yloge5 .003,5 solaz_wl agricolae (¢l di w3l oala_wl
olen » gOPIOL2 ai w1 oole wl b 5 Jalsie ol 3l ay bgsye

WA w5138l 3

halojl Jore S aload 5 (Sejud GBS 39 3 (A Y g
Table 2- Selected physicochemical properties of the experimental site soil
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Total N
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Table 3- Analysis of variance (mean of squares) for agronomic traits and yield of guar as affected by planting date and

landrace
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Table 4- Mean comparison for the interaction of planting date and landrace on evaluated traits
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Means with the same letter are not significantly different based on the LSD test (P < 0.05).
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FBasG ob lis g £V 5 Sles il cules 40 g (o) YY)
Sy s 5k 2525 b 3,8kas (ilisyd ol o el ) sy
Lanass )d Cudgdss sdiddlis aS ald &) (Mo > dw i ials)
ol G5 ot by e 4y (g jiwgid dlgs

Oinles daly glate MalS 3 ynly e )3 0395 ¢ Julio alads 5
Ol 235 (Byme b g MaBer cuig] S lpiedr g cilS
o JaaS5) 5 1 8 e syl S L ooy
Iy 095 3 Sas Ciuwily Sl slinl g (o) W s cdl) Sy
W) ol el (s bl )3 Cona)S 0395 (63,Shos
(5L 0395 il VB 293> paus cslS j3 4 45 p,5 LS VOV
M5 el § Sy Sy e sl dlozel B dlan S a1, o
S o s dilato o lgmacl byl 5ok

Cuno)S 0395 csls c‘_’)‘sl)_w aalaio OI)'”LJS dl).g ‘O,;.l)gt.g
bl ael ol byl 5 & Jozd g 0, Sdas (gYU (gyll Judday
Dgb o dog (elae 5§ S )0 A0S S lgiedy o Jab
V) abpo oyl o pladg; e bl el Cye oy Jlaoplle
‘) J)ﬂox— ).Sl..\> 4 u.sLa_wb JA_m.sL.s .b‘yu.o )L)_w 0dg c(Ju,Q_w‘
2B 5l spSope g b)) Gl cusal p wls cpl gl wal
P kg )5le Collas Slio pLulid (ol (o9 (S5
23)b 25T ous 6B sladol

S 3 Sl
Oyl o5&y Cgmme (g} il LB ) g )l
P leS i8S i Kl laie L (WY 24k o)le )
el € ol ol 3y Qain jd Calise clapSTy g cilS slagu,l
9 55l S olglyuw o8l dgh Copde 31 Ll ai

ol 1y Sloyud

References

25 425 ]y (aeg BB (el 58 Sy 0395 ( Jalde
p S YIYY du a8 OIYY jl sl o i Losg cpl ails oo
d5 )51 a8 am3 o L5 ol () wpas (a0 3 YA Togas zals)
o L Jsa) 390 5V 25 Lgly 5 )3 CamesS (aled 35k
ite il cou baal OJ;).Z 25148 55 0395 g3 ym Ll o piaty &l
oot o BlS 3 3 o s i talS S 8
G Lod ]38l Jdoay ils jad yy 0590 (0l oligS a4y 0 S
ol 0 Cawe S 03¢5 550 (Avola et al., 2020) 39— o 03l
Sloa same Jil )5 o] 5YL ol s E ol (Sao cayl,
o Dl o 55y il by adils 4y 5y 5 4l ) odio i
& gy slapluil 5o Be s D slge saze JESI > yipy Ules
lhae Ll 53 5l 0395 ST epl by Al Lasi o Laasly
O35 2 Gl s e S 0395 Ll ol oV Jouily
s Sl 5 et bl b (sl s polaiel M o35 ey
o)) O g3 () Clie )3 0358 £55 (nl D95 o0 Cguna
ol %35 (Suthar et al., 2018) win > a5 )b e ¢ )leS
o lolis gy ogt eBodg? (YU puiliy 003 3L el
ol oan] (Mol sladal y cgs wgllae

8 25 4o

OBl a5l Bl G} g clio CdlS )b QL]
ol 2l el S gblio )5 1S L5 330 oyt o)
& 4l (g slaodg uSly o 3l Ll g9-dgr (hag
a3 gy dne Jlite S92 g 0395 LSy cilS
Cal 5l 0o 4y (ol (Sl At 0] 048 (e

Al & ol Vb (S5 Jewdlly o e ly 0098
10) Ao c S Fuyli o ([l 3 p,55LS YEAR) ailly 5, Slee
o 4SS A5 gl S g5 S sy ozl
15,5 0395 ol 3 Slas (glipl s jials 4 e culs 3l
Gy yd Al olaw (1o )d YY) M slaws yials (B j5 1y 245 aS

1.

Avola, G., Riggi, E., Trostle, C., Sortino, O., & Gresta, F. (2020). Deficit Irrigation on guar genotypes (Cyamopsis
tetragonoloba (L.) Taub.): Effects on Seed yield and water use efficiency. Agronomy, 10(6), 789.
https://doi.org/10.3390/agronomy10060789

Bianchi, J. S., Quijano, A., Gosparini ,C. O., & Morandi, E. N. (2020). Changes in leaflet shape and seeds per pod
modify crop growth parameters, canopy light environment, and yield components in soybean. The Crop Journal,

Borrés, L., Slafer, G. A., & Otegui, M. A. E. (2004). Seed dry weight response to source—sink manipulations in
wheat, maize and soybean: A quantitative reappraisal. Field Crops Research, 86(2), 131-146.

2.

8(2), 351-364. https://doi.org/10.1016/j.cj.2019.09.011
3.

https://doi.org/10.1016/j.fcr.2003.08.002
4,

Carrera, C. S., Savin, R., & Slafer, G. A. (2024). Critical period for yield determination across grain crops. Trends


https://doi.org/10.3390/agronomy10060789
https://doi.org/10.1016/j.cj.2019.09.011
https://doi.org/10.1016/j.fcr.2003.08.002

¥i\v

... 4 (Cyamopsis tetragonoloba) ,lsf g soedgi ylese 1)) gl oyl Ko g (5 ol

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

in Plant Science, 29(3), 329-342. https://doi.org/10.1016/j.tplants.2023.08.012

Cho, Y. B,, Stutz, S. S., Jones, S. I., Wang, Y., Pelech, E. A., & Ort, D. R. (2023). Impact of pod and seed
photosynthesis on seed filling and canopy carbon gain in soybean. Plant Physiology, 193(2), 966-979.
https://doi.org/10.1093/plphys/kiad324

Gresta, F., Ceravolo, G., Presti, V .L., D’Agata, A., Rao, R., & Chiofalo, B. (2017). Seed yield, galactomannan

content and quality traits of different guar (Cyamopsis tetragonoloba L.) genotypes. Industrial Crops and Products,
107, 122-129. https://doi.org/10.1016/j.indcrop.2017.05.037

Gresta, F., Sortino, O., Santonoceto, C., Issi, L., Formantici, C., & Galante, Y. M. (2013). Effects of sowing times
on seed yield, protein and galactomannans content of four varieties of guar (Cyamopsis tetragonoloba L.) in a
Mediterranean environment. Industrial Crops and Products, 41, 46-52.
https://doi.org/10.1016/j.indcrop.2012.04.007

Hussain, 1., Ali, M., Ghoneim, A. M., Shahzad, K., Farooq, O., Igbal, S., Nawaz, F., Ahmad, S., Barek, V., Brestic,
M., Al Obaid, S., Fahad, S., Danish, S., Taban, S., AKCA, H., & Datta, R. (2022). Improvement in growth and yield
attributes of cluster bean through optimization of sowing time and plant spacing under climate change scenario.
Saudi Journal of Biological Sciences, 29(2), 781-792. https://doi.org/10.1016/j.5jbs.2021.11.018

Kalyani, D. L. (2025). Performance of cluster bean genotypes under varied time of sowing. Legume Research,
35(2), 154-158.

Mahdipour-Afra, M., AghaAlikhani, M., Abbasi, S., & Mokhtassi-Bidgoli, A. (2021). Growth, yield and quality
of two guar (Cyamopsis tetragonoloba L.) ecotypes affected by sowing date and planting density in a semi-arid
area. Plos One, 16(9), e0257692. https://doi.org/10.1371/journal.pone.0257692

Nakhaei, A., & Baradaran, R. (2025). Effect of Planting date and plant density on growth characteristics and yield
components of guar (Cyamopsis tetragonoloba L.) in Birjand region. Journal of Agroecology, 17(2), 181-200.
https://doi.org/10.22067/agry.2022.77801.1120

Pathak, R., & Roy, M. M. (2015). Climatic Responses, environmental indices and interrelationships between
qualitative and quantitative traits in clusterbean Cyamopsis tetragonoloba (L) Taub. under arid conditions.
Proceedings of the National Academy of Sciences, India Section B: Biological Sciences, 85(1), 147-154.
https://doi.org/10.1007/s40011-013-0269-4

Ravelombola, W., Manley, A., Adams, C., Trostle, C., Ale, S., Shi, A., & Cason, J. (2021). Genetic and genomic
resources in guar: A review. Euphytica, 217(11), 199. https://doi.org/10.1007/s10681-021-02929-2

Richards, R. A. (2006). Physiological traits used in the breeding of new cultivars for water-scarce environments.
Agricultural Water Management, 80(1), 197-211. https://doi.org/10.1016/j.agwat.2005.07.013

Rockstrém, J., Karlberg, L., Wani, S. P., Barron, J., Hatibu, N., Oweis, T., Bruggeman, A., Farahani, J., & Qiang,
Z. (2010). Managing water in rainfed agriculture—The need for a paradigm shift. Agricultural Water Management,
97(4), 543-550. https://doi.org/10.1016/j.agwat.2009.09.009

Sadras, V. O., & Calderini, D. F. (2015). Chapter 1 - Crop physiology: applications for breeding and agronomy. In
V. O. Sadras & D. F. Calderini (Eds.). Crop Physiology (Second Ed.). pp. 1-14. Academic Press.
https://doi.org/10.1016/B978-0-12-417104-6.00001-7

Saini, H. S., & Westgate, M. E. (1999). Reproductive Development in Grain Crops during Drought. In D. L. Sparks
(Ed.). Advances in Agronomy, 68, 59-96. Academic Press. https://doi.org/10.1016/S0065-2113(08)60843-3
Sharma, R., Mahla, H. R., Kumar, S., & Gaikwad, K. (2021). Study of correlation, path coefficient and linkage of
flower colour and hairiness with yield controlling quantitative traits in segregating population of cluster bean.
Current Plant Biology, 26, 100202. https://doi.org/10.1016/j.cpb.2021.100202

Suthar, J. D., Rajpar, I., Ganjegunte, G. K., & Shah, Z. U. H. (2018). Evaluation of guar (Cyamopsis tetragonoloba
L.) genotypes performance under different irrigation water salinity levels: Growth parameters and seed yield.
Industrial Crops and Products, 123, 247-253. https://doi.org/10.1016/j.indcrop.2018.06.084


https://doi.org/10.1016/j.tplants.2023.08.012
https://doi.org/10.1093/plphys/kiad324
https://doi.org/10.1016/j.indcrop.2017.05.037
https://doi.org/10.1016/j.indcrop.2012.04.007
https://doi.org/10.1016/j.sjbs.2021.11.018
https://doi.org/10.1371/journal.pone.0257692
https://doi.org/10.22067/agry.2022.77801.1120
https://doi.org/10.1007/s40011-013-0269-4
https://doi.org/10.1007/s10681-021-02929-2
https://doi.org/10.1016/j.agwat.2005.07.013
https://doi.org/10.1016/j.agwat.2009.09.009
https://doi.org/10.1016/B978-0-12-417104-6.00001-7
https://doi.org/10.1016/S0065-2113(08)60843-3
https://doi.org/10.1016/j.cpb.2021.100202
https://doi.org/10.1016/j.indcrop.2018.06.084

Contents

Research Articles

Comparison of the Effect of Single and Combined Application of Organic, Chemical fertilizers and Slurry
on Yield, Yield Components, and Essential Oil of the Coriander (Coriandrum sativum L.) as a Medicinal
Plant under Mashhad Conditions

Z. Farimaneh, P. Rezvani Moghaddam, S. Khorramdel

Enhancing Quinoa (Chenopodium quinoa) Growth and Yield Through Seed Pretreatment and Foliar
Application of Serine and Glutamine
R. Rabei, M. Baradaran Firouzabadi, M. Heidari

Investigating the Integrated Management of Sulfur Element and Organic Fertilizer on the Yield and Yield
Components of Oilseed Flax (Linum usitatissimum) in the Ahvaz Conditions
L. Naseri Magham, E. Fateh, A. Aynehband

Investigation of Factors Causing Cotton (Gossypium hirsutum L.) Yield Gap in Behshahr County Using
CPA Method
M. Mahdavi Abdolmaleki, A. Soltani, E. Zeinali, S. Jafar Nodeh

The Response of Some Growth Indices, Yield and Forage Quality of Two Varieties of Quinoa
(Chenopodium quinoa Willd) to Different Levels of Plant Density in the Bavi region, Khuzestan Province
H. Sharifat, M. R. Moradi-Telavat, A. Koochekzadaeh, A. Moshattati, H. Aboodeh

The Effects of Mycorrhizal Fungi and Plant Growth-Promoting Bacteria on Photosynthetic Pigments,
Antioxidant Enzymes, and Yield of Wheat (Triticum aestivum L.) under Different Irrigation Regimes
A. Tobeh, A. Tobeh, S. Farzaneh

Evaluation of the Combined Effect of Biochar-Based Organic Fertilizer and Chemical Fertilizer on the
Yield of Cumin (Cuminum cyminum L.)
Gh. Amini, M. A. Behdani, M. Askary, M. H. Sayyari Zahan, M. Khazaei

Contrasting Agronomic Responses of Guar (Cyamopsis tetragonoloba L.) Native Landraces to Planting
Date: A Risk Management Strategy for Drought Stress
S. R. Amiri, Kh. Salimi, N. Zakeri, T. Yousefi, S. Nazarzaei

299

315

331

345

363

375

389

403



Iranian Journal of Field Crops Research

Ferdowsi University of Mashhad
Center of Excellence for Special Crops (CESC)

Vol. 24 No. 3 2026
Publisher Ferdowsi University of Mashhad
Managing P. Rezvani Moghaddam (Agroecology) Prof., Ferdowsi University of Mashhad
Editor- in-chief H.R. Khazaei (Crop Physiology) Prof., Ferdowsi University of Mashhad

Editorial Board

AghaAlikhani, M. Department of Cultivation, Tarbiat Modares University, Tehran, Iran

Ehsanzadeh, P. Department of Agronomy & Plant Breeding, College of Agriculture, Isfahan University of
Technology, Isfahan, Iran

Emam, Y. Department of Plant Production and Genetics, Faculty of Agriculture, Shiraz University, Iran

Bagheri, A. Department of Agrotechnology, Faculty of Agriculture, Ferdowsi University of Mashhad, Iran

Behdani, M.A. Department of Plant Production and Genetics, Faculty of Agriculture, University of Birjand, Iran

Banayan Awal, M. Department of Agrotechnology, Faculty of Agriculture, Ferdowsi University of Mashhad, Iran

Jami Alahmadi, M. Department of Plant Production and Genetics, Faculty of Agriculture, University of Birjand, Iran

Raee, Y. Department of Plant Eco physiology, Faculty of Agriculture, Tabriz University, Tabriz, Iran

Rahimian-Mashhadi, H.  Department of Agriculture, Tehran University, Iran

Zamani, Gh.R. Department of Plant Production and Genetics, Faculty of Agriculture, University of Birjand, Iran

Zare- Feizabadi, A. Agriculture and Natural Resources Research Center of Khorasan Razavi Province, Iran

Shahriari-Ahmadi, F. Department of Agrotechnology, Faculty of Agriculture, Ferdowsi University of Mashhad, Iran

Kafi, M. Department of Agrotechnology, Faculty of Agriculture, Ferdowsi University of Mashhad, Iran

Nezami, A. Department of Agrotechnology, Faculty of Agriculture, Ferdowsi University of Mashhad, Iran

Khazaei, H.R. Department of Agrotechnology, Faculty of Agriculture, Ferdowsi University of Mashhad, Iran

Eyshi Rezaei, E. Leibniz Centre for Agricultural Landscape Research: Muincheberg, Brandenburg, Germany
Crop modeling

Lashakri, A. John Innes Centre, Norwich Research Park, Norwich, UK

Bazrgar, A.B. School of Environmental Sciences, University of Guelph, Canada

Address: Iranian Journal of Field Crops Research Ferdowsi University of Mashhad Faculty of Agriculture
Mashhad, Iran

P.O. Box: 91775-1163

Email: cesc@um.ac.ir

Web Site: https://jcesc.um.ac.ir



p
\/.i/’\

) Iranian Journal of

v [—==C€

|
Field Crops Research

2026
ISSN:2008-1472

Contents

Research Articles

Comparison of the Effect of Single and Combined Application of Organic, Chemical

fertilizers and Slurry on Yield, Yield Components, and Essential Oil of the Coriander

(Coriandrum sativum L.) as a Medicinal Plant under Mashhad Conditions ...........cccceveereeesicnecnsecnnaens 299
7. Farimaneh, P. Rezvani Moghaddam, S. Khorramdel

Enhancing Quinoa (Chenopodium quinoa) Growth and Yield Through Seed Pretreatment
and Foliar Application of Serine and GIUtAMINE .......c.ccoceuviniriniiiniinnuinicinniiiinieieoisieiseeesmase 315
R. Rabei, M. Baradaran Firouzabadi, M. Heidari

Investigating the Integrated Management of Sulfur Element and Organic Fertilizer on the
Yield and Yield Components of Oilseed Flax (Linum usitatissimum) in the Ahvaz Conditions............ 331
L. Naseri Magham, E. Fateh, A. Aynehband

Investigation of Factors Causing Cotton (Gossypium hirsutum L.) Yield Gap in Behshahr
County Using CPRA IVICthOdl... - iceicieisioiniannseaircacressnrosiassntstisssinestnsannnssnssisussansosasesssssntssansasssestsrssessssissusassess 345
M. Mahdavi Abdolmaleki, A. Soltani, E. Zeinali, S. Jafar Nodeh

The Response of Some Growth Indices, Yield and Forage Quality of Two Varieties of

Quinoa (Chenopodium quinoa Willd) to Different Levels of Plant Density in the Bavi region,

Khuzestan PYOVIINCE ...cccccecectriesisrnsncessssssessaesasnssrosssessasssssassesssssentsasssssssssnassassnssasssessonsssssassassissentsasssassaasasss 363
H. Sharifat, M. R. Moradi-Telavat, A. Koochekzadach, A. Moshattati, H. Aboodeh

The Effects of Mycorrhizal Fungi and Plant Growth-Promoting Bacteria on Photosynthetic

Pigments, Antioxidant Enzymes, and Yield of Wheat (7Triticum aestivum L.) under

D e en G A O R IS e et ce e e et et tos e s ot s ool e aecaceu auts dhestasdaasseoncsensnanss 375
A. Tobeh, A. Tobeh, S. Farzanch

Evaluation of the Combined Effect of Biochar-Based Organic Fertilizer and Chemical
Fertilizer on the Yield of Cumin (Cuminum cyminum L) .......couueivueeneenseeisvcissnssenseenseeisiessiessesseesseee 389
Gh. Amini, M. A. Behdani, M. Askary, M. H. Sayyari Zahan, M. Khazaei

Contrasting Agronomic Responses of Guar (Cyamopsis tetragonoloba L.) Native Landraces to
Planting Date: A Risk Management Strategy for Drought Stress ........ccceeeeceereervinrervcensersiencscnssenenes 403
S. R. Amiri, Kh. Salimi, N. Zakeri, T. Yousefi, S. Nazarzaei



	first.pdf (p.1)
	zerae content fa.pdf (p.2)
	01-2507-1419.pdf (p.3-18)
	02-2509-1425.pdf (p.19-33)
	03-2510-1428.pdf (p.34-47)
	04-2510-1431.pdf (p.48-64)
	05-2511-1432.pdf (p.65-76)
	06-2511-1435.pdf (p.77-90)
	07-2512-1437.pdf (p.91-104)
	08-2512-1438.pdf (p.105-119)
	zerae content en.pdf (p.120)
	onvan.pdf (p.121)

