Ol 2! 5155 Slewd g 3 4 s
«039 (F10) OBLT ole b ole 4 u»
5 oDl 3Ll 5 $Kam b Sl3s SIVYFVADY i oyle L
AY/B/YY
3l 5 DUk ¢ ke Syl5s SITNVVED A o las fa g — cale 4 )3
ISYARVAR

Ml el ek e e el am ) shls Sl S YA UL I it Dl 4 g bl "

150 Jlu P oslad re w
Aglie LS‘"}JJA ali.id‘b :}lg&‘ WLO
Q‘j_‘g.\.@&nwjéjéo\i.&}\bcéj))ufadg.i}bc&j}b;i:};‘AJﬁ ¢-\.§.ﬁ@‘).é)):_‘gﬂ. :JSM}:M
Q‘j_‘g.\.@&nwjéjéo\i.&}\bcéj))ufadg.i}bc&j}b;i:};‘AJﬁ LSG‘J"LAJ"\T“"' 2)5.36}..4

28 S Slasl

Ol €O ¢ poba S 5 o1 0555508 0l 055 52555 S 05 5
Ol 0lghol cOlghol sato ol (555 5aS oSl (LS 3ol 5 sl 055
O ) 5l o315 (555588 Sy ¢ ol S5 5 505 8

Ol chgin o5 b o831 0555528 Sl (65 3 55 50 05 5

Ol i oy o231 (65,5158 oSl ¢ ALE 655 5 A 5 pkiga 05 8
Ol kg g3 3 o831 (65 )5S 0uSLils o5 555 Bhes 8

O el eciom o o315 (63,558 08Tl ( ALE K5 5 A pwitige 03 S
Ol o 5 o813 (65558 a8l ( aE (5525855 05,5
Ol kg g 333 o231 (65 )5S 0dSLils (5 555 Bh0s 8

Ol el g5 o&ils (6 5y 5LaS” 0Ll

Ol ki oy o231 (65,5158 0Ll ¢ AE 655 5 A 5 pkiga 05 8
Ol e 55 DLl 5 (b mlin 5 (65,5587 Dliiod S 1

Ol edgtn 53 3 o8 (5355587 0utSils (559 5SS 05,8

Ol kg g3 3 o231 (65 )5S o dSLsils 5 555 Bhes 8

Ol egtn 33 o8l (65558 0aSCils (6585555 S0y &

OLIT () moY sl (65,5 Slallas 575

ol 5 el Ol S e

U1 el 87 ol ¢ o ke 0Kl

VWO NI ey Gaios Ol 55 Slgons 3 40 5 ¢ oade 25 5 103 (555 LaS” 0uSCtils gt w33 3 oKl g 1 LS

CesC@UM.aC.ir :eig g S

ST s

o1 Ol 525

ol s

AL LS e

Sl e dkems

Jsl 0Ll demes
Shom Yl ol A
=l s

=17 Loode
Shgte Obo ) o
sbjle e

LT ol C)U do-]
Sl 5oL s I 2
B s

ol de

b siee Ol

S S sl

;)5‘6 315 el

W@}b} o@.i}\} :,iab'

sl 0 i JolS” dlie & o NEEPS://jCESC.UM.ACIT ol 55 0 jleis ol YL

Dgd 0 wled g3 SOl 1O 4yl oyl
(GoogleScholar) (CIVILICA) (EBSCO) (AGRIS) (CABI) (DOAJ) (MAGIRAN) «SID) (I1SC)




¥

Y\

Yfv

Y70

Yvv

Y4

0

9 Yo

i (29910 0LF bl 9 3 Khos (81321 D Shos (01D 395 Al s 9 (I loowd ( JIT (SIS oo 57 93 430 3 31T T Ao
dgie Bl 4é 8 (Coriandrum sativum L.)

35 o e pdie b o p caley 51085

9 o3t g Ao | (Sl L (=il S odomo 9 30 sl iy (32 50 31 (Chenopodium quinoa) 1gus” obs™ & shos § iy Sgug
Oweli gl

Gk (ilanze (3L 55 5 013l sdgr (omls Sl

Lyl =i 58 (Linum usitatissimum) =é9y O™ 8 mKhos (81319 3 5hos ¢ JT 395 9 0595 yaie il Sy pho (wi g
3lgn!

Ly T el g5l b il cplie (5 0l S

CPA (55954 yaig Ol e 53 (GOssypium hirsutum L.) vy & shos s odias™ skl Jolge (owy g

035 Pl |)sio ¢ s el ol ¢ gk 231 ( Shallile (6 5go 40 puns

w1 sk glaw 4 (Chenopodium quinoa Willd) 1gius™ o8 98 4ddgle Cauiss™ 9 8 hos (Sl S alh & 9 19
Ol gs Ol (S9b dakuin o dig

ufl;.:u&e.&.aé;u;\ji(qﬁw\cajw 630 Lo ez (Ol o

(Triticum puss” 5 mShos 9 Gloumas 1 5T Sl T (8 i gd (SLBO 3Ty 9 Ay &5 o SBG Sb § 1329950 E o6 Wb
ST Cilise Slo 5y i aestivum L.)

A5 ek g el pts

(Cuminum cyminum L.) w0 53 8 yjhos » (2bowd 395 § lrgm 9 iwo JT 395 Al 1 b3

u;“? 3 gran O (6l (o dazes ‘nggmﬁ W dge 4@‘.,\4.{ &c.\w ¢‘5’:.A| Lo e

S i S g (Sl g (6 gy il b 4 (Cyamopsis tetragonoloba) 5195 oer (Sedg plae £153 Sdgewly
@‘J}b QLJwguLnxa?:b4L§;‘5).:U ‘@-‘-"L"“ = (S el Lo ydn



Iranian Journal of Field Crops Research
Homepage: https://jcesc.um.ac.ir il

Research Article
Vol. 24, No. 3, Fall 2026, p. 299-314

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©*
1- Department of Agrotechnology, Faculty of Agriculture, Ferdowsi University of Mashhad, Mashhad, Iran
(*- Corresponding author's Email: rezvani@um.ac.ir)

How to cite this article:

Received: 25 July 2025 Farimaneh, Z., Rezvani Moghaddam, P., & Khorramdel, S. (2026). Comparison of
Revised: 29 September 2025 the effect of single and combined application of organic, chemical fertilizers and
Accepted: 06 October 2025 slurry on yield, yield components, and essential oil of the coriander (Coriandrum
Available Online: 22 October sativum L.) as a Medicinal plant under Mashhad conditions. Iranian Journal of

2025 Field Crops Research, 24(3), 299-314. (In Persian)

https://doi.org/10.22067/jcesc.2025.94622.1419

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
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S.0v df Fresh weight Dry weight
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et 6 21707 0.2014 ™"
Treatment
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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

)5 doyd iy Sl o 53 (S5 ygejl (oluly (6 sime Cglis ey 4D S jiidke By (s (sla i Sile *
* 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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ns and **: respectively indicate non-significant and significant at the 1% probability level
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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
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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 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),
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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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Figure 1- Comparisons of the average interaction of the experimental factors in terms of the number of sub-branches in the

plant

505 s )y iy Jless] pdaws (3 LSD yge3l 51 ealisl b (sl gime M3 (S yniio by S (ol (sl g
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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)
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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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So Syl olazal
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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 - -
(X1) 4.06695 85.61 306.8 348 1248 900 36
(X2) 275.0148 4.94 10 1359 2750 1392 55
(Xa) -289.078 0.5 0 -145 0 145 6
(Xa) -515.942 0.159 0 -82 0 82
>8es ke - - 2103 4620 2518 100

Average yield

(Xa) oo (S gy o 3l ookl (X3) cud walS'gy 5l oolimul (X2) iScsl 35,8 @ladd (X1) S g 95 Hlbo
* Top-dressed nitrogen amount (X1), number of pesticide applications (X2), use of proclaim fit (X3), use of fenpropathrin (Xa)
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Figure 2- Relationship between observed and predicted yield
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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).
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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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Table 2- Soil characteristics of the farm where the experiment was conducted
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