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Introduction

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

Materials and Methods

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

Results and Discussion

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

Authors retain the copyright. This is an open access article distributed under Creative Commons
BY Attribution 4.0 International License (CC BY 4.0).
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growth was restricted, the canopy diameter and number of lateral branches diminished, and the plant ultimately
suffered from growth retardation and a reduction in dry weight. Cow manure application notably enhanced the
lower canopy diameter and the wet and dry weight of flowers. For example, the irrigation treatment at a rate of
3,900 cubic meters per hectare yielded the highest flower dry weight compared to other levels of manure
application at 12 grams per square meter; this amount represented a 100% increase compared to the control. No
significant interaction between irrigation and manure treatments was observed on most traits, suggesting
independent effects of each factor.

Conclusion

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

Keywords: Irrigation management, Leaf area index (LAIl), Medicinal plants, Morphological traits,
Vegetative growth
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Table 1- Physical and chemical properties of the soil (0-30 cm depth)
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Table 2- Physical and chemical analysis of cow manure

5T)
Characteristics
JSOjere gbe yhd J5 phd Jgloxe mamlly o ls S I onss Sl aske
Total N Soluble Total Soluble STy E"C Organic C Organic
(%) P20s (%) P20s (%) K20 (%) pH 1 (%) material (%)
(dSm)
L
- 2.100 1.250 2.000 2.109 7.40 11.46 20.420 35.150
Amount
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Table 3- Analysis of variance (mean of squares) for the effect of irrigation and manure on growth parameters of Zataria

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

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

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

Bioss.
R W 503 ’:5‘::’ 5 5o 9 (339 o9l 09 o9l 09
. o Lt . 4 [€D) = = e w o = e
Ol pdS &0 ‘sal)‘i Plant fresh Sy Stem Flower S o s &gy Sis S Sis
SOV of weight Leaf fresh froch fresh Leafairdry  Plantoven  Leaf oven
weight : weight weight dry weight dry weight
weight
5914 2 ns ns ns ns * ns *
Block 38947 9408 3596 14.32 930.89 2981 779.52
o - - - - " - "
Irrigation 2 309896 48595 66420 114.2 5348.84 30935 4609
| .
- ;;’; 3 34943"™ 5504™ 3706"™ 43.27 539,02 2825"™ 477.31"
e
“Ikx ,\;I’ 6 5619 865" 1816™ 73.06™ 207.04™ 1259"™ 180.95"
F;;’;‘;aizl 22 15371 2738 1765 14.14 230,22 978 196.39
S 27.9 25.7 237 26.8 19.7 20.1 19.6
C.V.” (%)

oy s 18 ld repuE NS o )3 Ko g duoyd i Jlein] e D (6l5 xe i ey s g

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

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

c.v.f %)

i i 1S Yo ina et NS huoyd Sy g duo ) iy ool gl 53 (6 ine Loy sk g %
*and **: significant at the 5% and 1% probability levels, respectively, ns: not significant, $: coefficient of variation.
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Figure 1- Mean comparison for the effect of irrigation on leaf area index of Zataria multiflora Boiss.
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Figure 2- Effect of irrigation on plant height and stem height of Zataria multiflora Boiss.
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Figure 3- Mean comparisons for the effect of irrigation on the number of lateral branches of Zataria multiflora Boiss.
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Figure 4- Mean comparisons for the effect of irrigation on total fresh weight, leaf, stem and flower of Zataria multiflora Boiss.
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Figure 5- Mean comparisons for the effect of cow manure on flower fresh weight of Zataria multiflora Boiss.
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Figure 6- Mean comparisons for the effect of irrigation on total dry weight of leaf, stem and flower of Zataria multiflora Boiss.
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Figure 8- Mean comparisons for the effect of irrigation treatment on the large and small diameter of the top of the plant of
Zataria multiflora Boiss.
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Figure 9- Mean comparisons for the effect of irrigation treatment on the large and small diameter of the bottom of the plant
of Zataria multiflora Boiss.
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Introduction

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

Material and Methods

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

Results and Discussion

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

Conclusion

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

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

30 46.9 1287.2 1408.4 44.9 1.69 44.8

20 415 1149.3 13275 40.9 1.66 43.6

10 37.9 1049.5 1260.9 35.7 1.79 36.8

0 33.8 913.7 1161.2 31.6 1.82 33.3

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

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

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

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

Materials and Methods

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

Result and Discussion

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

Conclusion

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

Keyword: Herbicide, Legominaceae, Microbial respiration, Organic carbon of soil, Parsley
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Table 1- Some properties of soil and cover crops that used in this experiment

Soil properties

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

Berseem clover




V£ 4l ) a,lons V€ A oyl 1,5 Slowidoiy s ¥

5 Sielom 0y Slos sy 5y Sloe s Ver 59 8L 0 ash
ks i oBiolejl 4y cuslyy yasls

ialafl 9> JL > S liogas e (sl (i
5 ool Loy 5> ML a5 Juad slol )5 (VF1-VF-Y)
SrSoilisl cge g 4l (5l paiges S yia il <Y Bos
Nelson & Sommers, ) JI )5 olise dlos ;1 S lo Shg
09,5 ol ylojl & (Dilly et al., 2011) g S o5 5 (1982
it 55 (el e 5 (s3pgliS pole oSty el S
A9 )5

2le S 093 S 235 B0 (9,50 (i (S S
Cod)b Lopd B0 an o) o ol cd)b g asy) (o) e YO
e e Ve ol (mialejl adg) s a3 ol (5
948 033 )18 ple Il cnl (93 5¥ g0 w3 (NQOH) anS'g)00
Jros 4 Cunlas g 3959 51 6 00,5 S9ue oldlyly bawsgs ] )
333 5l > YO-YA (clod )3 59, ivd Code 4 byl o]
(CO2) Sl 63 9 yS cdn oyl (b as (6)la S5 ,95LsS
s s g 00 Ayl S 5l lasg S b bawgs 0050
3 o 38 o ol a9 S 5 ptalesl g )3 39290 STy 00
S 099 1) 035be Bl 2S00 mades 5LeSSl Sl o))l 295
Moo 1) (BACL) 1S il il beo Ko o 4 5 45,
(HOT) St fS sl 5 L8 i ke iz b s 25 6L
S5y cuilejl cpl yo (Dilly et al., 2011) 13,5 25 oy +/¥
Soslatl L ccleg 53 3909 I juid 6 0 Slofl 51 Jgla
S5 59 5 Sl 305 5 dpsbs 0asass CO2 o (1) i,
oielel ol 3 A e )Ll > 48,5 )1,8 59 Sl
Nelson ) asl casd 4 jg, 1> SB p,5 5 osdiles CO2 p )5 Lo
(& Sommers, 1982

mg CO,=(V1-V2)xNxE ")

o) Jald (el (B S Sl o Vi ] 0 &S
N (S agei glys (sb e Syt sl g Vo (S
ol VY Jolas 45 COp Yl ST 359 E 5 azlo

Proc g, ;1 Mol >,Slas (slinl g 3,Shas (slaodly jJUT cags
ol sy 4 pjY s odlitwl SAS 9 ()bl asliy ,> Mixed
Soltani & ) as 48,5 , 1 5 dolay Jhw il gy opl 0 &S
P LSD 05l 1 35 baodly 1 Sike auwslio o> (Torabi, 2014
) S e 3 A0S ooliiwl do)d iy Jleisl waw
Excel 2016 4Sigma plotl4 5 8ls s 5l d bogs e (slayldges
23,5 salatuwl

3 e g Sewnd s ades i g3loodkel lles

li o dsg Lcad)S Oyao Vo) 5 Ve o Sl olojpe
Do g My meuly 355 JLiSa )3 p,Se kS N0+ (S5 90
sl lajls (el Caer (oy9]) 9 395 U )3 p)SskS
Secale cereal ) ,logls =Y polaw > b olS 38" Jolis
ey ps =Y ((Petroselinum crispum L.) ¢ e =Y (L.
Vicia ) glabsss J§ Sl —¥ (Trifolium alexandrinum L.)
sle jiSile By o b olyon ibsy olS 90 —0 villosa L.
093l Haop Ve /A COYE g ) il Jio jlosh S la)
O bulyd 3 (b oS (g =F ((SLawe s YA o1ST5L)
Or2g pis Lulyd 3 (idg oS (e Y 5 jye slacils LIS
o dw )0 MBL (ayd) ypm dold 5 pad Jole g 5y slacile
9 VIE5 SYIY Joleo o815 b i iy o gibo SY/Q 4 O+ SV/D
oinlejl slacs S slal i 48,3 a5 )3 xpeyie ,d dg VWY
o S oyl S alold g jie o b e )S alold gy jie OXYF
3550 3 48 Ui 35738 i mgiy ool 9 5 48,8 5
9 04b ad )5 (e 3 Bly (55y9liS” Jigel 9 s
Sygods Vo) 9 VFer elalo LI AY )3 0k oyl g 03,5 edlisl
olals )i Nad S e Bl W ) (g9, dlold b s
L obejon ) Jgiz) odidduogs slaSlys pl 93 5 3 (odidy
wlie JJdoas (Khojamli et al., 2019) a5 5 s cdlgs
g cnl 3 s plosl ()l el loj )3 SB gl 35,
C8)55 )48 oolatwl D)yg0 (6365 gub iy LS il loj o
oy Voo c by lalS b, ca By cao (Brust et al., 2014)
OlalS den (VY 5 VW) oo VY) by LS culs 51
Aghpour et al., ) wad o) Side als o g0 Ly S o by
Bl 9 il LSl oy cod SlayS )3 izman (2019
Jlael ML cuilS 51 s g, AF b Golas VEY 5 VF+) yoq VO
(el )8 (Sp g U g dsye 3 ML gloj cul 3) 235
bge JU L Ve (s (il g9 5l olil 3y90 (e
&k)lddwyuuwo)yW)ﬁjféawwu@M
as alyls § g0 jo calisee duie LS 5l gyl pdiges ‘Lea“j o)
39290 jya slacile sl lojen i plol e Sl Ve XY slal
039 O St s pdS Sl g olad 3 SlpdlS a5
3,8des (el g 3,8dee cyuns (gl 3 e olKiinlojl 4 S
dnly po il ala il lil Gls 5l am ab (Saw; dlspo o M3l
s g 53 M Blws sl g 9 O] oo SO ile]



YV LML o ,Shos 12l g 0 y5des (S luogas 31 (B9 895 CoblS sy aliold 5 (iudgy olS 1yl ) K02 g 6 !

‘J§|J_> N Do OLwy' 5 )_mu_L,q /¥=y /Y 9 31;‘5‘3“
(J‘wl—ﬂ)] fg) Jl_w ‘51)_, 0)9.) u_sl st )) L;'\';)Li Ul)""’ 5 )Sl..\>
oS ol a3 WYYV ol S ol as > FIYY-YY/Y s pay

() JS5) A o i e VAIY=AAIY

N Precipitation: First year
—@— \ax temperature: First year

@+ Min temperature: First year

++«++ Min temperature: Second year

S5,b e g ST (Bl cled < ialesl Jgl Jlo p

ceils o) VFoN g VFer slopybl 5l) ady Juad Jgb 55 silale
(MBly el s slo) VE-Y 5 VF-Y olasls 5 b (ot oS 5 Moy
a2 )0 VF/E-YF/Y ol )8 ol a3 VE-VA/A adgizme )5 ol sy

C— Precipitation: Second year

==O== Max temerature: Second year

120 - - 40
100 -3
~~ '30 -~
£ 80 g
£ -5 o
= =
;% S 60 - 20 3 B
=2 L5 S
S 40 £
a L 10 =
20 .
0 0

30 60 90 120

150 180 210 240

IAY 5 3YY ela Jlo caigos)) BT 6 Y 93 cla b bl sl 5l 54,
Days scine begining of November 2021 & 2022 to the end of May 2022 & 2023

G IFAY Ul o (Js! JUe) PR Coiusd,) B I¥Ae LT 51 o 55 oobow st 5,k ¢ (lod 5T ¢ Jln) Lo €y =3 JSS
(095 JWw) YYAY Cuiigud,

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

Means with the same letters are not significantly different at 1% level of probability based on LSD.
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Figure 3- Leaf area index of different cover crops before rolling
)5 oy ey Jless] pdaws j3 (63 cime M LSD 9051 bl iliio gy b ol pSlio
Means with the same letters are not significantly different at 5% level of probability based on LSD.
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Figure 4- Dry weight of weeds in different cover crop treatments and row spacing 52 days after cover crop roller application
in first (A) and second (B) years
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Table 3- Variance analysis of effects cover crops and Inter row space on the yield and yield components of faba bean seed-
Mehta cultivar
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Introduction

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

Materials and Methods

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

Results and Discussion

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

Conclusion

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

Keywords: Agrometeorology, Agronomical management, Climate variability, Regression models,
Temperature
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Figure 1- Geographical position of counties of Khorasan Razavi province with Digital Elevation Model (DEM)
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Figure 2- The heatmap of annual precipitation variations across synoptic stations in Khorasan Razavi during 2011-2021
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Figure 3-Box plot of annual precipitation across synoptic stations in Khorasn Razavi province 2011-2021
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Figure 4- The heatmap of annual average temperature variations across synoptic stations in Khorasan Razavi during 2011—
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Figure 5- Box plot of the annual average temperatures across synoptic stations in Khorasn Razavi province during 2011-2021
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Figure 6— The trend of variations in the average yield of irrigated wheat in Khorasan Razavi province during 2011-2021
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Figure 7— The trend of variations and stability of irrigated wheat yield across 29 studied counties in Khorasan Razavi
province during 2011-2021

gy W5 ol ed 0 WA Lo 51 Gl el 039y (Janaslis 3,Sho
@ ol sl BB M o5 WYAY Jlo 50 a8 g ygboas cazsly als
yogde il cpl .l odowy Jawsly 0 Sles o> 0+ b ¥A
HB sl 2929 Sl 0 Slae Mo 18 )3 iy oo s
2 =hi capde ilwding Gkl 0 Ses (il 425
ol P 3,Skae Sy Kigy oy Sl Al e o il
WA Jlo jo ) o 5 V¥ 1 0,Skee 10Ske oS a0 )l
Voo Jlw po Lol casdl ool580 V729 Jlo o,k j0 o5 V/A &
Uigy ol (5 JSC8) ol 4l Lials JiSa 53 o5 YA & ases
ialS Lol cwl aslS and (b o Slas ud dgups odidd LS
e 0 )5l 4 oo lan WA Jlus &y g VFo o Lo 53 5,8 kos
(S5l LS (ol Loy yammen lolss 3l oam L
oemed Sl ol .l ol @lie Codgime g olo)S (sla i
Sl s (o pe Sbghsy il d92g b &S aad e L
S5 il 3 45 45 ()l 1 iz laome 5 ool
PSS9y 32y el ol aw )3 & ladllas gl e
Lo VW B ¥e a8 oly 5l s plsl WAL BAYYY ela o b
355 a2 (edlil Sbjiio b (e 1) puS 3 Sloe Slyis

oEalS Gl (sl b o 351 4SSl 4 4295 b ol pogdle
w3y s adllae el Jls o 1y Led L ial5él g S50
A s 555 0 sl (sl 3 Shas ialS oyl
A5 el o 5 SUs gsdge ol ol g i b 5 sin
Slrodle «sjysliS (g Slosygld 4 (g piod gaw 5> Sl
0=l 33 Shee 159y o g e (ules sladaly 5 s 3590
HSon 5 o3l b o Jlte (gl sl Sl Loyl g
Olyu® 1 50 Joelse Jdoo e (Farhadi et al., 2024)
Y8 aS 000, i)iS (s el sl jd ol paS 5 Slas
Aol Jlond fluls ol T pasS 5 Sles @il dop
TY 5 (S35l 5 o) e Jolye Lo VAT 8 sl JL
Ea=90 (] 9ioe 03 sy (e Jelss bawg ol 4oy
L )5ke 5 cindss p3 (o pde Jelge Comnl g (i odimd L
Sl o Cedily 5 GleolisS 3 eulBl il s
SHoe a9 (SooS e s b pioghy cul sl
aS coib Jlesoa (Koocheki & Nassiri Mahallati, 2019)
S35 lolyd il 3 gl puiS 3 Sloe W 1 Siks 0905
oy aY Jolse) LS o 45 ¥ dgas WA Jlo 5l i b



V€0 )LQQc\ b)Mcvikcdlﬁ'gl)}dWqurﬁ \Al

woldgd yliwpad puioed g dald ) 0, Slee ialS ki b
3ySdos 3900yl 9 Jlgjes (Cngr Sl ped 4l o) e
2 oS ol il 0 5y Slos uRoiins b w Hlbo wlail
Ol 45 6 )p9bodn 9B e odnlidio j5 puldad )b Gl o
ol sz loped g5 45 Jbys il 5 Slos 395 oo
B sl aS bl alanily 5 Slos dguo (Apdo 9 yorlis)
iy ) )15 Sl o (oadBl (sl o L Log3l lolias 2
L teliio sl (25)k 5 (2lod bl ypd canl (San oyl o ()
s (o0, Slos (glmosls Lol cidl adly jsloee (sla oyl o
2 eddosaliin slacgley 5 Adl suiis wSxio JolS jobdy ol

3, 35 aosls (a3 5 pslee

o pdo 390 y09M e ¢ pluls (Pooya Nasab et al., 2018)
sbospualy S5l 65,08 (g slaisyglis ) oslial o (2,
Syt yly 53 ol clopllas (opslols Gli8l el i3
3 ey 5 4 (6908 2l e & (Siauly 22 g lymoc]
Glallas )3 48 (gegs JoB 3y Shoe M 4 25 b 0 (g9
oz 0)93 (il )3 0ABES M) (e eCanl 015 () (ks
otal33l gl sl slacd )b aS el ol 5l (SLo 5 0350
Hlosis 3iee ol joboas joid (5590 0
baaogs o 1eily) gLiosls 45 sy dngs 10k ¢ JLs eyl
AU o oy slaablol 5 (55)5l8 sl slacylocy
oo (B > Jle lyisar Bl )3 o)l oLl sl
w@dg Dy Sas yialS L 355y (slyld (Sliw ppd 45" 245 o0 0lnliie
5yl ddged lasly J)S.Lo:— D92 )19?0.!& sl )l yoos ASQJB)J
Ol e duw &S Jb)> 2550 0433 551 Gl el > e ()
ol aaslanily 3 Slee 390 g (o)]; 9 plocay wlob) o Blbl

56.5 57 575 58 585 59 595 60 605 61
N el
- Increasing @@ |
5 355, B
5 Stagnating @® | ©
B9 2 i

Never Improved @%
B byw 15

Collapsed 0§
0 0
8 (8
8 ;g
0 ©
#] 8
#1 g
0 [ ©
37 B
1o 40 80 160 240 320 L

e ey e Kilometers

565 57 575 58 585

59 585 60 605 61

YEe o UIYAe Slojo3b 45 690, olwlyd bl oyl s YA 53 (o oS 3, Slas Ol pudi S0 anids —A S5
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Figure 10— The trend of variations and stability of rainfed

wheat yield across 19 counties in Khorasan Razavi province

during 2011-2021
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Figure 11— The map of spatial variations of rainfed wheat yield across 19 counties in Khorasan Razavi province during 2011—
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Introduction

Maize (Zea mays L.) is considered as one of the best forage crops due to its adaptability to various climatic
conditions, as well as its production of suitable forage per unit area, high quality of silage, and high absorbability
in livestock. Suitable planting date is one of the important factors in determining the yield potential of crops
especially in maize, and also the use of methanol and glycine spraying increased plant growth, especially in
delayed crops. For this purpose, this study was conducted to investigate the effect of methanol, glycine, and their
interaction on three different planting dates on maize in Simorgh city, Mazandaran, Iran. The purpose of this
study was to investigate the performance of methanol and glycine on delayed planting dates and whether or not
foliar spraying of these compounds can reduce the negative effects of late planting in maize.

Materials and Methods

This study was carried out as a factorial in the form of randomized complete block design with three
replications at three separate fields in the promotional research farm of Jihad Agricultural Center, Simorgh city,
Mazandaran province, on fodder maize as the second crop after rice harvest during summer and autumn of 2020.
The maize hybrid used was Single Cross 201. The treatments were composed of glycine at three levels: [0
(control), 1 and 2 mg I'*], methanol at three levels: [0 (control), 10 and 20% v/v], and three planting dates:
[August 6, 16 and 27]. Foliar spraying of maize plants with methanol and glycine solutions was performed in
three times during the growing season, including the 4-6 leaf stage, 8-10 leaf stage and before tassel emergence
stage, at time of 9-11 am.

Results and Discussion

The results of this study showed that the highest values of dry matter yield of maize fodder was 1944.59 kg
ha that related to the interaction treatments of methanol 20 % spraying and glycine 2 ppm spraying in planting
date of 6.8.2020. Use of methanol and glycine spraying and also the increasing of their concentration increased
the yield and physiological and morphological characteristics of fodder maize. Delay in maize cultivation
(27/8/2020) reduced its yield and physiological and morphological characteristics. The highest amount of dry
fodder yield 19415.59 kg ha* was related to the interaction effects of methanol 20% v/v and glycine 2 mg I on
the planting date of August 6 and the lowest dry fodder yield was related to the control treatment 2568.76 kg ha*
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on August 27. The use of methanol and glycine partially reduced the negative effects of the delayed maize
planting. Determining the appropriate planting date for crops is of particular importance because it affects the
traits and various stages of growth and developmentand optimizes the efficiency of using environmental factors
affecting yield. Delaying maize planting reduces the yield, which is due to a shortening of the vegetative growth
period and a decrease in the amount of carbohydrates and minerals transferred to the grain. Methanol increases
plant performance by affecting various metabolic pathways such as growth and development and activating
genes involved in jasmonic acid biosynthesis and plant defense mechanisms. The use of glycine has increased
ear yield due to the production of amino acids during nitrogen metabolism.

Conclusion

Methanol and glycine application reduced the negative effects of delayed planting of forage maize on August
27. The application of methanol 20% v/v and glycine 2 mg L™ on August 27 was able to increase the dry yield of
forage by 168% compared to the control on the same planting date, which can be attributed to the increase in
plant growth rate by methanol and glycine. Therefore, to increase the yield of forage corn and reduce losses due
to late planting, application of 20% by volume methanol and 2 mg L"* glycine can be recommended in humid
climate areas similar to Mazandaran. However, for a more detailed study, higher concentrations of methanol and
glycine can also be recommended.

Keywords: Delayed cultivation, Maize yield, Planting date, Single cross 201
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Table 1- Meteorological information in 2020
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Job M Jome glisy) 5 olS gl )] o somins Cidio yo (gl
e yiShs jleslawl U by Sy sligg g )5 03 S
5 olol wg Vo gy D Sy olawy hjleud (gl a5 S0l
b ab cablbol (1Ske Cyaods g byl bl (S y olaa
S0l gly 55,8 pbul udsS 5l oolitwl b Jol 0,5 b a8l
Gy S an il wg Ve olaw bl SiS 5y 5 SuiS ddgle 5 Slas
P (059 o <ol B) celo YA G 4 9 Gl dolas jeba
A S o5 Sl ds 3 50 glod b o]

145 odlizwl (V) dlasly 1 (GDD) ) jgy 4 ) dewlre Cps

GDD= X [(Tmact Trin)/2- Toese] )

iy, slod Jslis Tmin «ilia, slod yiSTlas Tmax o)), o
O gdas 450 Vo )3 Wy b glod gy by b (glod :Thase o
a2 Ve Sl Vh o Vel psoml Oyl dayd b a3 S e
Lol s g oad (Gl Jhe s )3 olS sl gl
3 Poml Bl a2 g pegauds 4253 Yo bl ¥ 5l 5V
(Plett, 1992) sia azb 5 155 ;5 yogmudes 433 Y by ol Ve

oSen 3l el )y cas (Bartlett, 1937) el 9051
L cslel o Y Jpiz) 15l sl (slalss (il 33
28,5 O ygo S yo G ygods SAS (Ver. 9.4) 158l 5 5l eslicul
L oSy (gldials i ygmejl 51 odliinl b 55 by puSilie dunlio
sl s 5l eolawl L Lo lages pw) 5 duopd iy (sled Jlois
las Yl e () cusls o)l Jole 3,5 pbxl Excel
W ab)S b 50 el 5 plgiean andS y Jilie Jelgs
Jolie x cdlS Z,5 e jan elS 9 Joilie sl ol
sl ol allas oy g 05 48,5 15 5 plS X a3l )
el Cand 4 ok,

1- Growing degree days
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Table 3- Bartlett test results

Jsb
. Sfes . . g a8lw ,had W ylad
N o P Spolai s iy i - Pl S5
EW) 039 adgle Jol 0,5 G . shes U
= I . dgr I . 9 IMdlass o U
obs Al Suis ” Stem Numb Cob
Plant The Stem dr Number Dry Male  diameter vl diameter
s height of hary Dry of leaves  weight of inflores of cob .
height the ear weight matter er plant maize to the with
yield perp CeNCE  first node cover
length
P 0.4356 0.2976 0.4986 0.2368 0.3689 0.2359 0.4689 0.1326 0.1306 0.4309
SES;}G 0.00359 0.0067 0.6223 0.9359 0.2697 0.3256 0.1003 0.2359 0.8459 0.11352
Oyd ddgle 3,Slas 9 059092 ud ¢ owliiicn ) Wlhio il ylg a1 355 —F Joua
Table 4- Variance analysis of morphological, physiological traits and corn fodder performance
Olasyo (pile
Mean of squares
a4, o5 g 5
Ol yuiS @alio - o e 8B Lis s e Sy 0l
SOV L N A Bl . <9
df Plant The heightof o\ Sws Number of
height the ear i hty Dry matter yield  leaves per
formation 9 plant
P)c bl fu )b o o o - -
( _) el cab g 2 95480.33 16868.37 41359.24 412158691.58 525.64
Planting date or place (P)
(OL.&) ’ 1 6 652.19 2.56 333.46 878.79 1.49
Replication (P)
o 2 30005.57 3875.08™ 9715.45™ 5201200.11™ 62.16"
Glycine (G)
Jyte 2 158.53" 664.36™ 1477.69" 928050.75"™ 18.38"
Methanol (M)
Mx G 4 288.43™ 106.62" 226.90™ 109576.1" 0.31™
GxP 4 1900.96™ 248.91™ 2727.02™ 1991546.8™ 8.10™
Mx P 4 178.07" 33.28™ 345.68™ 322494.2™ 2.84"
MxGxP 8 477.56™ 137.69™ 916.01™ 52089.1™ 0.38™
Error s 48 521.64 12.07 117.69 16760.7 0.32
e 14.0 6.5 9.2 133 6.2
CV

Wbl gad ) gixe NS g Canl do > iy 9 S sl sl b (g gine Kby o gy :F 5
*, **: Significant at 0.05 and 0.01 probability levels; ns: non-significant.

i AMe LS e gyl o (Vigna radiate L.) ile M
Khamer et al., ) ccsly cillae ing oyl 5l ol gl b oS
g0lS o olie yole Janl ol cel Jolio 5,8 (2018
&S ol alS o wd) Se sl S s )58l e
(Dorokhov et al., 48 o pal, 81y 03 iy dine) ol oy
o Ll cdleb glie Gl b S 5,15 .2018)
Jehoa 5 (oou 5T slaguis g Sl cass Golo 5 Viazs!] Javus]
9 ok (il)ygr g ialjdl elase) colis (il

oSl VoVIY e I S5 Jore i) (il

olia Y ewdS g oz Jo )3 Ve Joilie blie @l Sl 4y bgsye
sk ¥ 2oyl 0 dald 4 Cuws a5 3 Aoy VO sl Fu,l 4o
doyd Vo S by peiored g bl Gl38] Mo 0 VEF/D ol
o = yr oy S (e ¥ S 5 e (oo
2 el 4 s M S5 oo gl (gauo ,0VOV/F - i8]
Job (hali8l o (o> 203 o s )3 Jgilie (3L Jolone
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»lw s (Gout et al., 2000) s5-5 0 oLuS 3 Slos 5058
L ,Shas il 3l s Joilio 3,8 a5 sl )] ;5L @l
(Paknejad et al., >4 Liwlyor bl Gingin pls b &S 0
Mahmoud Soltani et al., ) o)L 5 Sllabs 350 .2009)
=S sbee )3 g 3y Shos Slas 45 s )l (2022
4 Cud & 1ol Csd & S0 )3 9SS /0 ety DS
CuiS &S W060,S o )liS late ple bl (il as s YA sals
5,8des JialS Coge olS a3y g Sjales 3 b Loy sl

codh ccdllas y bl Gimgio | Jols golo b aS 298 0 yd
(Long et al., 2017)

gy yo Sy alaas

5 OrmetlS 3 oy S eld Jlansl b caslS g )b il
2 Ol 53 <l 0B Jlite Sl g doyd iy a3 Jgilie
T g Jplie ) CdlS )b JiiSeny g do)d S aw
2 csls Fo, lite @l il oy (P Jgis) ad )b gxe o)
5 3 3 S o ¥ plS Gpne o8 sl o Sy el
O b e g g 50 S polas ol 38l cuw ol cdale ilsel
3o )3 VOV 5 i olo 31350 YO 5 V0 CullS o)l 93 1> Sy VA
Jodn) caily [iolidl olo yo s ¥ cubls go,l 50 dald & o
s yomio J3lie o o> s Jglio )3 S o5 S n e fF
My YO 5 VO lacsls Fu,l 0 a0 Sy ol Lilial
Cas 3o )3 VEV/AD ¢ VAN § 5 WV 5 VA polie b s iy
b 3l Jsilae (3 Jsia) a8 heeed ¥ cudlS )l ) ald 4
9 s fimwgd byl (li8l g ) S AuSlies cbale il
g2 5> S ol Gl carge Ay slagygergn SRl (pizxen
2 S 3B el Gl 5t b W5 e Jglie (8L oo 3
(Gout et uad [il58l 1y olS Jled 5tuwgid 0)9 Jobo 5 4u5 Sy
50 b sdS 34,8 alL, 2000; Dorokhov et al., 2018)
(Lixin et al., 2009; Bai etal., s JM ¢ Sy olw il5l
2022)

P algs Jgb
2 JPlie g S 30> G aw 3 cilS )60 )
T e ) el > Gl F)b S ey g Mo ) gy e
OIS ok o> o o 5> Jgilie 5 bl )b g o
9 cdlS G clajlos Jolite SIS0 Joia) 0 o gime
o ol ol (18 g S Bz oS 0l (L5 S
liweans 5 3 US Jsbo oy g 25 5 1S Jsbo I3
S Gl 50 i e S ¥ el Jlas 3 e 8l YEINA
Tyl 0 Ml 4 Cuns doyd FOINVY oS A osalio olo 3ldye VO

15y 5 3,8ae Gl cage Jobo 0 g (rali#l ol Jlise,
(Gupta & Thind, 2017) cewl ouis oLS

aSles SBd (459
EL (S 53 Sl ) GRS e B )b ]
= JPlie g el Bl )b e STy Joike > cuils
AELF Jgi2) 292 Joisine 20> S o 53 Bl S
039 i it g SBb plalS Bl SUS (jg udS
5 CymanalS 035l g 1050 VO S o)l s gy pe Sl S
e 5l g il ol pan 4y 1y 4Bl (S5 530 Ltalil (Jsile
Bl (S i M iy A5 L ld o) LlsE] s
Ve Jplie Jolite Clil 4 baype @ipesie p p)S YV/YY (e
350 10 Bl )b )3 i) 2 )8 (oo ¥ pdlS g (o> 20>
boyo campoyio y p)5 VDA 55 padld cpl lade o yieS 5 592
— Jolie Jobre 1 oslatul (A Jou2) 392y 28 ¥ 53 sl &
o3be (a3l jlado g 095 (alS SiS 5 59 (halBl e W3
ol )y (Span ol ladody (S olS Lawgs ordadys Suis
313 pgrsMponsl Bl go Jilio o amd o (LS g5
Uikgi zols (Downie et al., 2004) 5,135 51olS jo op)S
s Ling: j| ol gl b (Cao etal., 2019) oyan 4 15
G e a8 1S aMel e pizmen «udly Callas
ool 03 @)d 3, Slos 5 adg Blw (yj LialS coge @yd
Sy i s S 3,15 4 53,8 pMel liinn plo prizmen

(GUPA cawl o p IS 03y g 3,Skos iul38l cogo yida (giio
& Thind, 2017)
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9 el Bpman 290 [l 1) ddgle Sid 5 Shos ke (o ydin
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bopo S )0 p,55LS VAFNA/O l500d Siid ddgle > Slas
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G Mlize Sl )3 (5 Jgis) catls lsél olo 008 ¥ cusls
Olsseds 5 o3I Jobo it o 23 oaalie Jgiio )3 il
CilS Foyl 0 e Aoy Ve Joilio 4y baype yio Sl FA/VY
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Table 5- Variance analysis of some characteristics

. e _
Oyt 2l i ©la e (ke
S.0.V ‘sgf’ Mean of squares
. 2 e x . W dlaxs . e
5 odls Job 05 U adlw ,ha3 J 5 LN ,k3 SWS (939
Male Jo! £ Dby I
inflorescence  Stem diameter c’::cucr;f ?r: Ear diameter  Dry weight
length to the first node with cover of ear
plants
(P) oo b S o,
P|anting date or p|ace 2 1220.26™ 17.47 10.97" 135.05" 37838.75™
(P)
(Olfiﬁ) f"s 6 1.16 0.019 0.54 0.25 462.36
Replication (P)
© i 179.84" 442" 3.98" 12.27™ 9721.15™
Glycine (G)
J7te 2 36.90" 5.27" 4.46" 1.31" 917.77™
Methanol (M)
Mx G 4 3.23™ 0.02m 0.04m 0.01m™ 291.89"
GxP 4 12.63" 0.020" 0.22m 0.39™ 4468.19™
M P 4 3.12" 0.042"s 0.09™ 0.18™ 241.27™
MxGxP 8 1.83m 0.01m™ 0.02m 0.067" 230.2"
Error s 48 0.41 0.45 2.24 0.056 286.54
e 9.3 6.9 12.4 71 126
CcV

bl s o gime NS g Cuwl bopd iy 9 S glad Jlainl b gyl sze Sy coi iy &
*, **: Significant at 0.05 and 0.01 probability levels; ns: non-significant.

(Gout et al., 2000; Dorokhov et al., a3 J5ls,5 L5 bl
9 Jobo iy cimgid GiliEl Jdod) ppandlS By 2018)

30,5 a8l ydad yol5 8l G olS 50 (gdie Dlge JlI i)s8l
(Shemi et al., 2021; Bai et al., 2022)
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90 cils Fu,l (B Joda) dd by gme M iy o pd gy
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(Khamer et al., 2018) . jolo a5 55 pls —d i L L8g,lS xezd i3l 4 porie b pigy oyleid o
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Table 6- Mean comparison of interaction effects of planting date and glycine on some characteristics

B, los
Tr’“ oS glis . e . .
eatments gy 40 S g dlans P odUS Jsgb Agr 0 PSS 39
Cudls & ,U lE :;%r;:t Number of leaves in Male inflorescence length Dry weight of cob in plant
Planting GI;/ c;ne (cm) plant (cm) ()]
date
e 2 ppm 182.68% 18 46.18° 337.12
1 ppm 168.49° 14¢ 41.39 253.2¢
202086  control 14597 16b 36.35° 191.5¢
RSP, 2 ppm 175.56b 18 40.75b 301b
1 ppm 145.66° 14¢ 37.07¢ 275.4b¢
2020816 control 14553 12d 35.68° 209.1¢
R 2 ppm 115.48¢ 108 37.4¢ 126.8¢
1 ppm 110.24¢ 8.5 32.85¢ 122.5¢
2020.8.26  coprol 94.32¢ 79 27.93¢ 79.61

(dopd gy slbs Jloinl b oS3y (g05) ditads o ime coglts B8 S jiio gy (il (i Silio ¢y p p> 3
* Means in a column and a treatment followed by the same letter are not significantly different at 5% level.

axdllao 3)90 Glio I (& 1 (il duglio - Jgaa
Table 7- Mean comparison of some characteristics

Lo Stem d?;:ﬂt;f tftl:ei‘lia:st node st g2 3 Sl Ear d;arr:itl;;) vﬁc‘i!tlk:b:over
Treatments Number of cob in plants
(cm) (cm)
el g6
Planting date
‘2‘;'2'(/) ‘”é ‘g 2545 258 7.58
2‘2;;)/ ‘;/ ;‘”6 2852 2338 7.8°
NGO 1.360 1 4,50
2020.8.26
Glycine
2 ppm 3.142 28 7.708
1 ppm 2.67° 22 6.30°
aald 2,58 1° 4.66°
Control
s
Methanol
20% viv 3.092 2.52 7.52
10% viv 2.45° 22 7.332
aald 2.34° 1° 5.5
Control

(doyd gy slad Jloinl b (Sild (yg05) dictds o ime cglds S8 S jiio g (gl (glaypuSilie ¢ ygiw po p0
* Means in a column and a treatment followed by the same letter are not significantly different at 5% level.
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Table 8- The interaction of planting date, glycine and methanol on the height of the ear formation, stem dry weight and dry

matter yield
Gl ol ol o I LS5 Joo g5 WBlw Suis 39 Swis adgle 3, Slas
2 ¢r--'5n ’ ¥ . . . .
Planting date  Glycine Methanol Height of the ear formation  Stem dry weight  Dry matter yield
(cm) (gm?) (kg.na™)
20% viv 107.4%" 315.212 19415.59°
10% viv 101.8% 275.64P 17091.53
2 ppm Al
98.4 262.86° 17069.41°
Control
20% viv 91.50¢ 218.28 15199.8¢
TINIYS . 10% viv 89.6 227.64¢ 16875.74°
ppm
2020.8.6 . 8.5 181.65° 13853.62
Control
20% viv 90.50 180.36¢ 12628.8°¢
1wls 10% viv 89.50¢ 179.17¢ 11805.74¢
Control  »t3 79.32¢ 175.65¢ 10283.62
Control
20% viv 98.5 239.34¢ 16132.15"
10% viv 96.2 211.95% 13066.39°
2 ppm als
95,2 196.61¢ 12435.66°
Control
20% viv 89.3b¢ 149.24 11916.35¢
TN 1 pom 10% viv 85.5¢ 135.04f 11350.6°
2020.8.16 el 83.2¢ 118.27f9 9719.87¢
Control
20% viv 81.8° 87.61¢ 9856.36
wls 10% viv 78.6° 81.97¢ 8280.6¢
Control el 7150 89.129 7149.87¢
Control
20% v/v 72.5° 101.27¢ 6884.39¢
10% viv 70.3¢ 99.55¢ 5806.32¢
2 ppm Jals
63.5° 91.45¢ 4855.87¢
Control
20% viv 62.17 92.249 4562.91°
VE. L J5/E 1 ppm 10% viv 57.41 62.33" 4484.84°
2020.8.26 el 57.3f 61.11" 3534,39"
Control
20% viv 51.29 58.65" 3497.27°
wls 10% viv 45.5h 57.12" 3519.20
Control el 40.3 36.18 2568.769
Control

(dopd gy slas Sl b S5l (yg0]) St o ime oglis 35 S o g (sl (slocySilie ¢ygium yo 40 %
* Means in a column and a treatment followed by the same letter are not significantly different at 5% level.

48 2 i Bl VITY g o il VIB y0lio b oty Sidey L
& a5 )1 Ly e )3V Jgia) 392 I3 gime sl 4y s
A5 1518 a8l B ul33] s (o 203 V+) i 3,08
g cdeds S 5,08 (Kalantar & Daneshian, 2021)

I 3l g B 133l e ge (g el (b 5 digsli]
(Shemi et al., 2021) cuwl o 35 baylys y

ohligy b Sy jl3
2 Ol 33l g do ) oy w3 Jgilie 9 Bl )b 51
G (0 Jgaz) 38 )l dne g b S jlad o )> S
=Bl YIA 5 yio il YO y30lie b cudpds dldy0 YO 9 V0 CuilS
Pk ¥ Ol dg g b M Jlad gy gl i
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Table 9- The interaction of planting date and methanol on the number of leaves in plant and male inflorescence length

Lo
Treatments

Cudls &b Jgilio
Planting date  Methanol

W gD Sy dlaad
Number of leaves in plant  Male inflorescence length (cm)

Pl Job

20% viv 182"
\F- - /0/V0 10% v/v 13b
2020.8.6 Aals 135
Control
20% viv 172
AERVIVALA 10% v/v 14b
2020.8.16 Jals 11¢
Control
20% viv od
\E. I8 10% v/v 7¢
2020.8.26 s 2
Control

48.112
45.17°

38.5¢

42.56°
39.92¢

37.46¢

40.3%
34.66°

30.76

(dopd gy slbs Jloinl b oS3y (yg05) ditads I sime coglas S8 S jiio gy (il (loy puSilio ¢ yginw p p> 3
* Means in a column and a treatment followed by the same letter are not significantly different at 5% level.
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Introduction

Cereals, as the most important food group in the world, are a rich source of nutrients including lipids,
carbohydrates, proteins, minerals and vitamins and constitute a major part of human nutrition. Also, cereals
contain dietary fiber and bioactive components with beneficial properties for improving health. Barley (Hordeum
vulgare L.) is one of the most important cereal crops grown worldwide and is rich in protein, carbohydrates,
vitamins and minerals. This product is of interest to farmers due to its special chemical composition and health
benefits. Sheep manure, as suitable alternatives to chemical fertilizers, supply plant nutrients and contribute to
the sustainability of agricultural ecosystems. Zeolite is one of the most commonly minerals used to increase
agricultural production. The zeolites, due to their structure and porosity, are well-suited for retaining the
nutrients and gradually releasing them into the root zone. Therefore, this research was carried out with the aim
evaluation of the effect of organic fertilizer and zeolite on some quantitative and qualitative traits of dryland
barley.

Materials and Methods

This experiment was carried out factorially in the form of a basic design of randomized complete blocks in 3
replicationsin 2021-2023 cropping years in the farm of the Faculty of Agriculture of the University Azad, located
in Kamalvand section of Khorramabad city. The studied factors included four levels of sheep manure (0, 3, 6 and
9 ton ha) as a source of organic phosphorus and four levels of zeolite (0, 4, 8 and 12 ton ha™). The studied farm
soil is a loamy clay soil with a high clay content, which has a high ability to retain water and nutrients, but has
poorer drainage than loamy soils with a lower clay content. The use of sheep manure as a rich source of organic
matter helps improve water retention capacity, soil aeration, permeability, and erosion reduction, and increases
soil stability. The traits studied in this experiment included measuring grain yield, number of grain per spike,
number of spike m?, 100 grains weight, harvest index, grain protein and some nutritional elements in grain and
forage (N, P and K).

Results and Discussion

The results indicated that the application of sheep manure and zeolite at moderate rates improved all
measured traits. The highest 1000-grain weight (45.62 @), grain yield (2997.75 kg ha™ 1), and harvest index
(34.28%) were obtained with the application of 3 t ha™ * of sheep manure. In addition, the application of 4t ha™ *
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of zeolite, compared with the highest rate (12 t ha™ 1), increased 1000-grain weight, grain yield, and harvest
index by 11%, 22%, and 14%, respectively. The interaction effect of sheep manure x zeolite showed that the
highest number of grain per spike (21), the number of spike m? (1069), grain nitrogen (2.05%) and grain protein
(11.93%) from the combination of 3 ton ha™ of sheep manure and 4 ton ha™ of zeolite. Also the most grain
phosphorus (0.37 %) and grain potassium (1.78 %) were obtained from the combination of 6 ton ha™ of sheep
manure and 4 ton ha* of zeolite.

Conclusion

In general, the results of this study showed that the use of manure and zeolite can increase plant yield. Zeolite
acts as a soil conditioner and manure as a source of nutrients, and the combination of the two can improve soil
quality, increase nutrient absorption, and ultimately increase plant growth and yield.
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Table 1- Metrological data including maximum, minimum temperature and precipitation during the experimental period

VYEoe Jo Y€+ JWe
Year 2021 Year 2022
Ly pSlas L J8las . L 2Slas Ly Jélas .
“ o > Sk “ ~ > Sl
Maximum Minimum L Maximum Minimum L
Precipitation Precipitation
Month temperature  temperature (mm) Month temperature  temperature (mm)
(°C) (°C) Q) (C)
5] 313 12 9.4 5! 19.8 5.8 52.4
October October
el 236 6 116 el 134 2 105.3
November November
el 14.4 3.6 15.3 el 12,5 0.2 87.2
December December
45 143 1 49 45 111 05 51.4
January January
4)9° 15.7 0 31.7 )9 18.3 49 120.2
February February
ol 17.2 2.9 27.8 ol 19.7 6.4 40.0
March March
: .
VL")% 24.9 6.9 6.52 J”*«;' 27.2 10 12.2
April April
«* 32.1 121 2 «* 36.6 155 10.11
May May
93 37.7 15.2 21 93 39.3 19.4 0
June June
a0 SBIUT-Y Joso
Table 2- Farm soil analysis
Culaa wad g - af G
) 4 oM 89 P o . wiay X el
Ju b g S Mo Zn Mn o Fe “’é’s ORI p K
Year Texture S |"_| EC (m% kg (mlg (mg (mg (%) (%) (m? (mgl kg
P (ds m?) ) kg)  kg') kg kg™) )
2021 ) 7.91 0.71 0.71 0.82 2.4 5.71 1.00 1.15 7.11 329
Sandy-clay
2022 ) 7.63 0.52 0.74 0.80 2.7 5.87 1.04 1.27 8.12 331
Sandy-clay

TAY (32509l Jgdoxe L) ly it of5em ¢ ptogil YO+ g0
FogBeald olSiwd I oslinul b oadzl el ojlas )5 (s 2 )5
(Waling et al., 1989) xus (¢ nSo3lul (model: PFP7, UK)
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Table 4- Results of physicochemical analysis of zeolite

el cs :
siged S S PERWIK VW] ol ST | VW o KVRN 359 o las]
Na,O ! . RV Cl RV Fe,O3
Sample CaO (%) o K;0 (%) AlLO; . 0 0
(%0) (%) Sio, (%) (%) SO, (%) (%)
el oeSke
oot 0.84 3.85 4.29 10.87 68.04 0.81 0.63 0.74

The amount of
zeolite used

o5 s Y ST Yee =05 Jsl o b
C.E.C=200 meq 100 g™

L oS w odnline (gaidwsS 65 3,8 pis g (sidweS 368 HLSa
Ayl 48 Jbo s .l gl ime M) LS 3 5 5 Lo
S5 0jg Olise cnyeS il eS8 YAIFY (50 L US> (5
(Y Jgi) 390 1oy 0

e by d ot ol plgie (il L (I gladgS
e 855 Sitogid 2510 b 5 63, SaS ol s s 5 o 5
O 4o 43 oS (Dubey et al., 2022) wixs o iol38l 1) 03595
sbadgS a8 b asuie Giagh cnl )3 b oo (Rl e
b )39 Wile (IS yolis Sl VL Zobaw (ol (satiugS
@S 4 e polis ol sitan ol 5 us gg) 5500 il
Wb oo g Oy Sas glial Liglidl cel g ond oljl S 4
=2 355 535S i 53 4l dlaas g a0l a5 iul3al
Almeida et al., ) o wd yaic pgo (id Juddas (ghidwss)
S ool g ol o s ilpl g 4l a1y 40 (2019
4 ol LS st (Sl S 45 ey iy (gt
i g 4l Bl 5 4l jl5m (g Sl (Ses 3900 sles
aiilo o oly (sladgS cawlio pdlio 3,8 pimen 3L IS 5L
e Sl S5 53 53S0 e il iS558
o BB clap 4 gy onl WS (o0 s 1) 59k oM
325 o B olS L) ) iy g ond s pasigel g il
ash ol uoliel 4 el oyl a8” (Shahdi Komleh et al., 2021)
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2 a0 e 5 g dliw jd il dlas oy iy &S Wdged lgie
2 Al olaa 5l i ey WY g WY lieeds (s0i8sS 368 Hlows
Moradi & Shahbazi, ) sy sl ;o 4l i 5 g aliw
Sitlil L 1y g 5,Skas (elial alsdl caslio piglejl ,o (2023
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2 s 358 X 55 258 Wit Sl (sSin dulio gl
S5 8 aS ol L mye e > aliiw dlaad g dlius > 4l dlaw
o 5IYY ko b dliw 5 &l slas (o g oS (g y5bo 4 cgib
9 SHhwgS 295 LS )3 (15 Y g Cdg) S 3 (5 ¥ o)l
VY 935 sl 0 Sle Lz yo e 5 i dlaad o iy
395 LS )3 (5T g g 355 LS 50 5 ¥ 2 Jlas
395 U8 3 Y g Sy 395 1S ) (5 IV Jlowd g (gtdugS
M ool slajlos 1381 L aS sl Cand 4y (gibungS
3y 5w 3 Loyl lise o yieS 4 G g Al (gyld o
ity s 3hnsS 355 J5Sa > (5% 5 Sy 555 JiSm 3 o5 WY
5 aliw olass oy YF 5 (VO/AY) aliws p> &l slaws asys YO
(7 Jgaz) wsls 381 (VYY) e e

35S ol galaw 3 al Hlia 59 Ol Ske duslds
Ales U aS ol jolamsl ogs a1y &l jlia 50 (fl5ee oy pieiins
(PS5 F-IYY) LS 55 05 WY e 50 o (e (S 4
OSles duolie by sl sl asly )i a 50 doyd VY (l5eeas
L s 15 (g Olise cn i 45 0> (LS 35 (gathnsS (sladgS



Vol o g AT g (AT Ol (B p Clgil g JT 098 1T D51l en 5 (55T

w23 92 3,Mos sljal 9 3, Mok i Clgi; g (SidusS 395 ST (Glasye (05lio) 08 o el ly 2525 -0 Jgoa
Table 5- Combined analysis of variance (mean of squares) of sheep manure and zeolite on rainfed barley yield and yield

components
Ol o (b
Mean of squares
i 2alio 4?):, 53 dlw laxi N5 0 3, Sos ol
"é o V &Ml Al yd &l slawd T &l aily 3, Sl Py sl
o df Number of grain &rore 100- Grain _ “’9]_” s
per spike Number of grains yield Biological Harvest
- _2 - -
spike m weight yield index
b 1 1.98" 41800.10"™ 34.49™  2418873.77" 18756535.72"™ 4.29"™
Year (Y)
Jlo 3155
RIY) 4 30.87 15559.14 88.13 509076.55 1479818.67 106.74
‘:“'?]’j ) 3 13.94" 61948.74™ 111.65™  627791.95"  10023913.97" 41.12"
Zeolite (2)
SahsS 395 - . - - - )
Sheep manure 3 7.39 68411.94 255.06 2538952.69™  15338335.92 44.14
(SM)
25X Lol
ShuogS 9 13.16™ 56592.94" 58.59™  491624.95"  3521905.99™ 8.65™
Z x SM
”“3; XZJL” 3 0.13" 104940.02™ 49.26™  53058.14™ 320.31™ 13.66™
;95 % Jlo
SidassS 15 0.87™ 20267.77™ 55.15"™ 30098.14"™ 844623.95™ 8.09"
Y x SM
295 X Sl X Jlo
EdthssS 9 2.18"™ 6210.07™ 26.01™ 91220.17"™ 1947.36™ 3.74™
Y x Z x SM
u“_vtn)" b3
Error 60 5.29 26953.03 65.64 34944358 2513475.74 15.51
R - 12.4 18.1 19.2 22.4 20.1 118
(%)

Aoy S g g slas Jlaisl ol 1 Jb ine b inepé Cuipar T

# NS
¢

™, *and **: are non- significant and significant in probabilitie levels of 5 and 1 %, respectively

(Mahmoud et al., 2021) s &by Jl3 (59 (suo > ¥V g aliww
Eidetal., ) )l g 4y b wgi s dplodl clo yimgh b oS
Moshatati ) -,Ke 5 Jatis gols .cuil casllas ¢ 5 (2022
pasS oS 1 Culgij dlge 5 ald 348" 3l aolazwl y> (et al., 2019
S 0 45 WY g ol 068 LS j0 5 Ve Bpuao oS 0 L
Al Dl clgus jd Al olaw p oljil g )b dxe I cldg 558
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ol 9 38 (o xS 9 (g ofmgan ymolis C8))an
Cataldo et al., ) asS o cooii |y o 151 (5950 Cote Y sbo
el Yiain o anlp Gl b el 5 (ol 355 (2021
2 9 oo Lavashy dlaay iuli 8l ases o g dliw s yiul38l
Sy Bpan a8 0l (LS gl b el g2 > & cding
039 5 4 2 1) ()b dme S ol Bpas pis 4y G
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Table 6- Comparison the mean interaction effects zeolite x sheep manure on rainfed barley yield components and grain

protein

Al > &ild slaxy

Q200 yd Al dlass QIS piSg g

_““’99’) i d Number of grain per Spike Number of spike m Grain protein
Zeolite (ton ha')  Sheep manure (ton ha) ~ (%)
0 16.50° 931%¢ 10.62%
0 3 19.33%® 967%¢ 11.58%
6 19. 50% 9647 10.40%
9 19.66% 1007% 11,14
0 17.82° 799 10.22%"
4 3 212 1069* 10.58
6 18.333 810" 11.83°
9 17.66"¢ 972%¢ 9.53%
0 19.833b gzzabcd 11.063bcd
8 3 20% 8440 11.93%
5 192 941.83%° 9.57¢f
9 17.50° 8g12bcd 10.58¢
0 16.51% 780¢ 9.29°
19 3 19%¢ 1046° 11.08%c¢
6 180 go2obed 11.55%¢
9 15.83¢ 272¢ 9.60%

)5 LSD (y905l b o ys gy Jloin] o 3 150380 b (65 ime o9l ygian 5 y3 ailtie gy gyl (gl Silio 3
* Means in each coulmns with the same letter in each column are not significantly different at the five precent probability level
with LSD.
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Table 7- Comparison the mean effects zeolite and sheep manure on rainfed barley 100-seeds weight, yield and harvest index

s’ &y 415 439 &y 5 Slos S 590 9m 3,dos Cadld py ad b
o 1 100-grains weight Grain yield Biological yield Harvest index
Zeolite (ton ha™) @ * (kg ha ) (%)
0 41.47%® 2693.33%® 7888.79% 34.62%
4 45.12° 2838.17° 7947.75% 35.64°
8 43.69% 2507.42% 8117.79° 31.75%
12 40.32° 2202.67° 7135.92° 30.62°
EdwgS 395
Sheep manure (ton ha™)
0 44.4713 2420.38™ 7376.01° 32.87®
3 45.62° 2997.75% 8728.29° 34.28°
6 41.82%® 2593.92° 8077.02° 31.16°
9 38.43° 2329.54° 7108.92° 32.79°

)5 LSD (y9051 b oy gty Jloin] gaws p3 ;50350 b (65 ime o9l ygian 5y ailiio gy gyl (glay uSilio 3
* Means in each coulmns with the same letter in each column are not significantly different at the five precent probability level with
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Table 8- Comparison the mean effects Year on rainfed barley grain yield

Jlw Al 3,50es
Year Grain yield (kg ha?)
‘¥ 2276.50"
2021

¥ 2794.11°

2022

25,05 LSD (9051 b o> gty Jlat! gdans 13 150056 b ()b sime oglis (y5t yo 5 alie By o (gl (sloySibie
* Means in each coulmns with the same letter in each column are not significantly different at the five precent probability level with

odimd Lti golss (I =+ /AF™) cuils dgag 4l 2w b e yie
OB (i Bl Al oy 3y90 o (g &S sl
ol ladaly 10 Wlgh o a8 00,8 Wl 5, Slos iul38l 50 1,
L bty ol o oS cxly ;00,5 51, 8 oolatal 350 oLS oy
23l azsly oYU o Slee culyy Ban plusl 4 lge Jlanl i3l

(A Js)

i) g stiwsS 2305 (R Joiz) (Stsod @l (bl
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ol bl Naisn s Al a5 g ey 40 Algus Sl
oo 4515 3,Sas a5 3> i Slheo o Ggw ym (Siamod
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Table 9— Correlation between performance and performance components

ulﬁ.@ 1 3 4 5 !
Traits
&by 5,Sles - 1
Grain yield
d.L.\.w Slaws =Y 0.82™
Spike number
AJ-IJ Slaas - 0.76™ e 1
Grain number
b im0 =¥ 088" 010" 020" 1
Thousand grain weight
w‘.\).v ua>Lu ) 0'86** *k 090* 081* 1
Harvest index
Saigs 2o F g g " 079" 065 006" 1
Biological yield

Ao y> K g g slas Jlesn] ol )3 I gime )l e e o gy T g

# NS

™, *and **: are non- significant and significant in probabilitie levels of 5 and 1 %, respectively

(SksgS 395 45 Wdged (o g2 3 S 59y oy n b i (2019
VY it yl3 ine yinlp 8l el g asliS b el 5 Slae
OhlSen 5 Sugl g 505 ()15 53 28 o0 doy
250 cos puS aily 5,Slee iul58) 4 (Abubaker et al., 2020)
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Table 11- Comparison the mean interaction effects zeolite x sheep manure on rainfed barley some nutritional

elements
c; S 355 1> 59 ) Al yand Al gl
- ¢ GrainN ke Grain P Grain K
Zeolite (ton ha™) Sheep manure (ton ha™) Fodder N
(%)c* (%)e (%)c (%)g
0 1.82 1.53 0.20 0.96
3 1.99% 1.76"¢ 0.22° 1.19¢%f
0 6 1.78° 1.928%¢ 0.30%% 1.53°
9 1.91%¢ 1.86%¢ 0.29%%¢ 1.31%
0 1.79 1.91%¢ 0.30%¢ 1.45™
4 3 1.78%% 1.96% 0.273¢ 1.27%%
6 2.05% 1.79° 0.372 1.78
9 1.63% 1.67% 0.25" 1.20%f
0 1.90%¢ 1.75% 0.23° 1.14%%
8 3 2.03 2.01° 0.22° 1. 17%f
6 1.64% 1.87%0cd 0.25" 1.18%f
9 1.81° 1.86%c 0.25" 1.14°9
0 1.59° 1.93%¢ 0.24° 1.32%
3 1.90%¢ 2.04% 0.22° 1.01%
12 6 1.98%® 1.74% 0.26™ 1.01%
9 1.65% 1.69% 0.23° 1.09°

L)l LSD yg0i b doys s Jleis] gdaws 53 150350 b (g 5 sime Cglis gy 5 ailiie g > sl (cla i SSlio
Means in each coulmns with the same letter in each column are not significantly different at the five precent =
probability level with LSD.

w20 o ald yhud o Culei s x Jlw Jilio P31 1Kl dglio - VY Jgun
Table 12- Comparison the mean interaction effects year x zeolite on rainfed barley grain P

Jlw I PV &> b

Year Zeolite (ton ha™) Grain P (%)
0 0.22%
Jol 4 0.31°
First 8 0.24®
12 0.23%®
0 0.24%®
pgd 4 0.27%
Second 8 0.31°
12 0.23%®

505 LSD (g9l b oy gty Jlois] ams p3 150585 b (gl dime gl gy )3 ailie g > (gl (glay i Silio
Means in each coulmns with the same letter in each column are not significantly different at the five precent
probability level with LSD.

923 93 adgle maniliy 5 phad 2 (Sidnag 395 31 e Silie dumilio VY Jgan
Table 13- Comparison the mean effects sheep manure on rainfed barley fodder p and k

daogS 395 Wgle Hhud FERTIOW
Sheep manure (ton ha™) Fodder P Fodder K
P (%)
0 0.10" 1.28°
3 0.11° 151
6 0.12 1.63%
9 0.11% 1.60°

L)l LSD (905 b duo s gy Jleis] grdaws 13 150350 b (65l e cglis (ygia o 50 aliie g (sl (clanSilo

Means in each coulmns with the same letter in each column are not significantly different at the five precent probability level with

LSD.
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Introduction

The growing global awareness of the environmental and health risks associated with synthetic chemicals has
renewed interest in natural resources for pharmaceuticals, industry, and sustainable dye production. Indigo
(Indigofera tinctoria L.), a member of the Fabaceae family, has re-emerged as a crop of interest due to its dual
medicinal and industrial value. Traditionally cultivated in Iran, indigo leaves yield a stable natural blue pigment
widely used in textiles and cultural heritage preservation. Although synthetic dyes largely displaced indigo in the
nineteenth century, contemporary ecological and economic challenges have revived its importance as an eco-
friendly alternative. Indigo thrives in warm, frost-free environments but is highly sensitive to both cold and heat
stress, particularly during reproductive development. In semi-arid regions such as Shushtar County, Khuzestan
Province (Iran), high summer temperatures, soil salinity, and water scarcity impose major constraints on
cultivation. Sowing date and plant density are key agronomic factors that determine how crops adapt to these
stresses by influencing phenological development, reproductive success, and resource use efficiency. This study
aimed to assess the effects of sowing date and plant density on reproductive traits and seed yield of indigo under
semi-arid conditions to identify optimal management strategies for sustainable production.

Materials and Methods

Two field experiments were conducted over two consecutive seasons (2022-2023) at distinct sites: Shahid
Bahonar Agricultural School (Year 1) and Shahid Sharafat Greenhouse Complex (Year Il). Both experiments
employed a split-plot design within a randomized complete block design (RCBD) with three replications.
Sowing date was assigned to main plots, and plant density to subplots. In 2022, six sowing dates (April 29, May
19, June 8, June 28, July 18, and August 7) were evaluated in combination with four plant densities (30, 40, 50,
and 60 plants m-2). Late sowings (July—August) performed poorly and were excluded in 2023, when only the first
four dates were tested with the same densities. Seeds of the local Jiroft ecotype, known for resilience in arid
environments, were sown directly in sandy loam soils. Initial soil analysis in 2022 indicated alkaline conditions
(pH 7.56, EC 2.04 dS m-1), which improved in 2023 (pH 7.18, EC 1.59 dS m-1). After thinning at the 3—4 leaf
stage, stands were adjusted to target densities, and manual weeding was conducted throughout the season.
Standard agronomic practices were followed, including furrow irrigation and basal fertilization with urea,
diammonium phosphate (DAP), and potassium sulfate. Measured traits included pods per plant, seeds per pod,
thousand-seed weight (TSW), and seed yield (g m-2). Grain yield was harvested from the central subplot area to

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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avoid border effects. Data were analyzed using ANOVA, least significant difference (LSD) test at 5%
probability, correlation analysis, and interaction analyses with SAS v9.4 and SPSS v26.

Results and Discussion

Sowing date imposed a much stronger effect than plant density on reproductive performance and yield (p<
0.01). The earliest sowing date (April 29) consistently produced the highest yields: 105.3 g m~2 in 2022 and
114.2 g m~2in 2023. In contrast, the latest sowing (August 7) yielded only 47.5 g/m?, representing more than a
50% reduction. Delayed sowing after mid-July exposed plants to severe heat stress during flowering and pod
filling, shortening the growing period and sharply reducing reproductive output. Plant density significantly
interacted with sowing date (p< 0.05). Medium density (40 plants m-2) maximized yield by balancing efficient
resource use with minimal competition. Higher densities (>60 plants m2) intensified intra-specific competition,
reducing yield by 10-12%, particularly under late sowing. Conversely, very low densities (<30 plants m-2)
underutilized available resources. Among yield components, pods per plant showed the greatest sensitivity.
Under optimal conditions (early sowing, 40 plants m-2), plants produced up to 126 pods, but this decreased by
45% with late sowing due to heat-induced pod abortion. Seeds per pod also declined sharply (from 9.8 under
early sowing to 5.9 under late sowing), reflecting high-temperature stress during pollination and seed set. In
contrast, TSW remained stable (4.42-4.59 g) across treatments, indicating strong genetic control and limited
responsiveness to environmental or management factors. Correlation analysis confirmed that seed yield was
strongly associated with pods per plant (r= 0.94) and seeds per pod (r = 0.87), whereas TSW had only a weak
relationship (r = 0.32). Thus, reproductive structure abundance was the primary driver of yield variability. Year-
to-year comparisons demonstrated notable improvements in 2023. Reduced soil salinity (EC decline from 2.04 to
1.59 dS m™) and lower pH enhanced nutrient uptake and physiological efficiency, supporting greater pod and
seed set. Additionally, exclusion of late sowing dates in 2023 minimized exposure to extreme heat stress, further
improving performance relative to 2022.

Conclusion

The results highlight the decisive role of sowing date in determining reproductive performance and yield of
Indigo under semi-arid conditions. Early sowing (April 29) combined with moderate density (40 plants m-2)
consistently improved vyield and reproductive efficiency, while delayed sowing and high densities markedly
reduced performance. The year-to-year improvement further demonstrated the positive contribution of enhanced
soil quality to reproductive success. Overall, this study emphasizes that precise agronomic management—
particularly early sowing and optimal density—ensures stable and sustainable indigo production in hot, stress-
prone environments. Given the growing global demand for natural, eco-friendly dyes and medicinal plants, these
findings provide a strong scientific basis for the revival and expansion of indigo cultivation in Iran and similar
semi-arid regions.

Keywords: Grain yield, Heat stress, Reproductive traits, Soil quality, Sustainability of production
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Figure 1- Morphology of reproductive parts in indigo (Indigofera tinctoria L.): (a) Inflorescence, (b) Pod, (c) Seed
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Table 1- Physical and chemical properties of soil before planting (0-30 cm depth) in the first year
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Table 2- Physical and chemical properties of soil before planting (0-30 cm depth) in the second year
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Table 3- Analysis of variance for the effects of plant density and sowing date on reproductive traits of indigo (2022)
Slayo ke
Mean of squares
Olpds gie o351 dnyd  ild 3 Shos &l )5 39 SHYE 4> il Gy yd BN
S.0.vV df Seedyield Thousand seed weight  seeds per pod Pods per plant
S5k 2 185 ns 0.002 ns 0.15ns 12.5ns
Block
cusls g, % Tk Kk
Planting date (T) 5 2850 0.008 ns 2.8 210
kol o8 las
Main plot error (Ea) 10 8 0.003 0.18 148
5l 3 980** 0.005 ns 1.5%* 95%
Density (D)
TxD 15 320%* 0.002 ns 0.45* 32%*
Aoy sl
36 75 0.002 0.16 12.0
Subplot error (Eb)

(p <0.01) 2o p> S oy Yl gime 7 (P < 0.05) sy iy zebas )3 4l3 ime =
. Significant at the 5% level (p < 0.05), **: Significant at the 1% level (p < 0.01)(
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Table 4- Analysis of variance for the effects of plant density and sowing date on reproductive traits of indigo (2023)
Slaryo le
Mean of squares

Ol gt g (831 dayd aild 3,5los U S YLy Al digy ,5 AV
S.O.v df Seedyield  Thousand seed weight  Seeds per pod Pods per plant
ok 2 210 ns 0.002 ns 0.14 ns 13.2ns
Block
WK &b 3 3100** 0.007 ns 3.2%* 235**
Planting date (T)
| & s
teles s 90 0.003 0.19 15.5
Main plot error (Ea)
‘”_Sl’s 3 1150** 0.005 ns 1.8%* 110**
Density (D)
TxD 9 350** 0.002 ns 0.52* 38**
e ef sl 24 80 0.002 0.17 135
Subplot error (Eb)

(P <0.01) s> K o y3 s gize 7« (P < 0.05) o> gty oo jd Iy gino
. Significant at the 5% level (p < 0.05), **: Significant at the 1% level (p < 0.01)(
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Table 5- Mean comparison of the simple effect of sowing date (+ standard error) on reproductive traits (2022)

Cuils g 5 S ONes s 5 09 G s Wiy, Y
Planting date Seed yf Id Thousand seed weight Seeds per pod  Pods per plant
(gm?) (9)
SV o743 4.53+0.04 9.1+0.3 115+ 4
March 30
S VU g0 136 451 +0.04 8.7+023 109 +4
April 19
3,5 A 82.0 £3.4 4.49 +0.04 8.3+03 103 +4
May 8
Y 70.0+2.9 4.47 +0.04 75+0.3 95+ 3
June 28
» 58.3+ 2.4 4.45+0.04 6.7+0.2 85+3
July 17
|
b V7 475+2.0 4.42+0.04 58+0.2 79+3
August 7
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Table 6- Mean comparison of the simple effect of sowing date (+ standard error) on reproductive traits (2023)

Cuil b il a,Sles I3 132 o339 SHE ppdils g ps IS
Planting date Seed yield (g m?) Thousand seed weight (g) Seeds per pod Pods per plant
<Rt 018443 4,56 +0.04 93+03  123%5
March 30
" “:;)l 4 98.2+ 4.0 455+ 0.04 8.9+0.3 115+4
April 19
3,5 WA 924+38 4.53+0.04 8.5+0.3 109+4
May 8
»V 77.5+3.2 4.50 +0.04 7.8+0.3 99 +4

June 28
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Table 7- Mean comparison of the simple effect of plant density (+ standard error) on reproductive traits (2022)

oSl > Slas 5,152 09 BYE 3y aig 40 BIE
Density  Seed yield Thousand seed weight ’ #)
(plants per m?) (gm?) © Seeds per pod Pods per plant
30 725+ 3.0 4.51 +£0.04 8.0£0.3 102+4
40 85.3+3.5 4.53 £ 0.04 85+0.3 106 £ 4
50 78.9+3.3 4.50 £ 0.04 8.0+0.3 100+4
60 70.8+29 4.47 £0.04 7.4+£0.3 933

(VFY) ouiv); lauo g (3 aibins] glasd £) 051,53 3k 51 puSilae duns o —A Jou
Table 8- Mean comparison of the simple effect of plant density (+ standard error) on reproductive traits (2023)

s ,3 &l 3 Slos s 5152 &5 AU ally gy S
Density  Seed yield Thousand seed weight s .1 oo nod Pods per plant

(plants per m?)  (g/m?) (9)
30 82.7+3.4 4.53+£0.04 8.4+£0.3 110+ 4
40 96.5+4.0 4.56 £ 0.04 8.9+£0.3 114 +4
50 89.6 £3.7 453 +0.04 8.4+0.3 108 +4
60 80.5+£3.3 450 +0.04 7.8+0.3 100+ 4
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Table 9- Mean comparison of the interaction effect of plant density and sowing date on reproductive traits (2022)

st &) Di,s);[y :;:;)?;; Thou:;:(;l;:e‘;)v’vei ht Sl g S

Planting date (plants per m?) (g rr);'z) ©) IM Seeds per pod Pods per plant
30 925+3.8 4.55 + 0.04 9.1+£0.3 120+5
Caigsd)) & 40 105.3+4.3 4.56 + 0.04 9.4+0.3 1185
March 30 50 97.8+4.0 4.53+0.05 8.9+0.3 114+ 4
60 87.2+3.6 4.49 £0.05 8.1+0.3 106 £ 4
30 86.4+ 3.6 4,53 £0.05 8.7+0.3 1145
Cudgud,) YA 40 96.0+4.0 4,55 +0.05 9.0+£0.3 112+4
April 19 50 89.3+3.7 4.51+0.05 85+0.3 108+ 4
60 80.7+3.3 4.47 £0.05 7.7+£0.3 100+ 4
30 80.2+3.3 4,51 +0.05 8.1+0.3 108+ 4
s> A 40 89.3+3.7 4,53 £0.05 8.4+0.3 106 +4
May 8 50 83.1+3.4 4.49 £0.05 79+0.3 102+4
60 75.0+3.1 4.45 +0.05 7.1+£0.3 94 +3
30 68.5+2.8 4.48 £0.05 7.3+£0.3 100+ 4
Y 40 76.2+3.2 4,50 £ 0.05 76+0.3 98+ 4
June 28 50 709+2.9 4.46 £ 0.05 7.0+£0.3 94 +3
60 64.0+2.7 4.42 £0.05 6.2+0.2 86+ 3
30 57.1+2.4 4.46 £ 0.05 6.4+0.2 90+3
WYY 40 63.5+2.6 4.48 £ 0.05 6.7+0.3 88+3
July 17 50 59.1+25 4.44 +£0.05 6.1+£0.2 84+3
60 53.4+22 4.40 £0.05 54+0.2 76+ 2
30 465+1.9 4.43 +£0.05 58+0.2 84+3
a0 V5 40 51.7+21 4.45 + 0.05 6.1+0.2 82+3
August 7 50 48.1+20 4.41+0.05 55+0.2 78+3

60 435+18 4.37£0.05 4.8+0.2 70+2
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Table 10- Mean comparison of the interaction effect of plant density and sowing date on reproductive traits (2023)

el g TF abaSle Wb Gy sy ot
Planting date Density  Seed yield Thousand seed WelghtSeeds er pod Pods per plant

9 plants per m?)  (gm?) (9) perp perp
30 102.7+£4.2 458 +0.04 9.5+0.3 128+5
Cadgd) A 40 1142+ 4.7 459 +0.04 9.8+0.3 126 £5
March 30 50 106.3+4.4 4.56 = 0.05 9.3+0.3 122+ 4
60 96.1+4.0 452 +0.05 8.5+0.3 114+ 4
30 96.2+4.0 4.56 = 0.05 9.1+0.3 120£5
Cudgd)l YA 40 107.0+x4.4 4.58 +0.05 9.4+0.3 118+5
April 19 50 99.6+4.1 4.54 +0.05 8.9+0.3 114+ 4
60 90.0+£ 3.7 4.50 = 0.05 8.1+0.3 106 +4
30 90.5+£3.7 4.54 +0.05 8.7+0.3 114+ 4
A5 40 100.7+£4.2 4.56 = 0.05 9.0+0.3 112+ 4
May 8 50 93.7+£3.9 452 +0.05 85+0.3 1084
60 84.7+£35 4.48 +0.05 7.7+0.3 100+ 4
30 76.0+£3.1 451 +0.05 7.9+0.3 104+ 4
Y 40 84.5+£35 453 +0.05 8.2+0.3 1024
June 28 50 78.7+£3.3 4.49 +0.05 7.6+0.3 98+4
60 71.1+£3.0 4.45 +0.05 6.8+0.3 90+3
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Introduction

Given that weeds are opportunistic plants that grow faster than crops and absorb available nutrients more
easily and better, and as a result, they are considered strong competitors for crops. Weeds are opportunistic
plants that grow faster than crop plants and absorb available nutrients more easily and better, and as a result, they
are considered effective competitors of crops. Therefore, balanced use of inputs, especially fertilizers, can play
an important role in controlling weeds growth. Hence, the use of nutrients to reduce the effect of competition
between weeds and crops has also been considered in various studies. In other words, increasing plant growth
through proper nutrition leads to stronger crop plants with more shading, and increases the competitive power of
crops in using environmental resources such as water and light, and this leads to their superiority over weeds.
There is little information in literatures about competition between safflower and its relative weeds, such as milk
thistle. Thus this research was aimed to compare yield and yield components of these plants under different
potassium fertilizer and weed densities.

Materials and Methods

To investigate the effect of weed density and amount of potassium fertilizer on growth characteristics and dry
matter allocation in safflower (Carthamus tinctorius L.) under competition with milk thistle (Silybum marianum
L.), an experiment was conducted in March 2023 at the Research Farm of the Faculty of Agriculture, University
of Birjand. The experiment was done as a factorial arrangement based on a randomized complete block design
with two treatments and three replications. The experimental factors were different levels of potassium (0, 34,
68, and 136 kg K20 ha, which corresponds to 0, 75, 150, and 300 kg potassium sulfate ha™*) and milk thistle
density at four levels (0, 4, 8, and 16 plant m). At harvest time, yield and yield components of both crop and
weed were measured. Finally, statistical analysis of the data was performed using SAS 9.1 and comparison of
means was performed based on the FLSD test at 5% probability level.

Results and Discussion

The results showed that with applying 34 and 68 kg K.0 ha, safflower yield increased more than that of
milk thistle, compared to the control. Further increase in potassium sulfate after that, although it also increased
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safflower yield, was more in favor of milk thistle, which showed a higher percentage increase compared to the
control. In both safflower and milk thistle plants, the highest yield was obtained by applying 136 kg K20 ha, so
that the grain yield at this potassium level was increased by 124.2 and 141.4 percent for safflower and milk
thistle, respectively, compared to the control. The results also showed that increasing potassium application
caused a greater increase in the traits of capitulum diameter, number of seeds per capitulum, and seed weight per
capitulum of milk thistle than safflower, compared to the control. Furthermore, an increase in weed density led
to a drastic reduction in seed and capitula weights and also grain yield of safflower. For example, grain yiled of
safflower at 16 milk thistle m-2was about 41 percent lower than control (no-weed).

Conclusion

In general, it can be concluded that potassium application at all tested levels increased grain yield and yield
components in both safflower and milk thistle, with the highest yield achieved at 136 kg K,O ha™. Safflower
consistently outperformed milk thistle across all potassium levels, showing a stronger response to increasing
potassium fertilizer. Overall, it seems safflower appears to have a higher ability to absorb potassium at lower
levels of potassium fertilizer application than milk thistle, and high potassium application is more beneficial to
milk thistle. Therefore, adjusting fertilizer application rates should be considered in fertilizer management in
safflower fields.

Keyword: Luxury consumption, Number of capitula, Plant nutrition, Seed weight, Weight of capitula
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Table 1- Characteristics of the soil of the experimental site
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Table 2- Results of analysis of variance of measured traits of safflower in competition with milk thistle
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Table 3- Simple effects of different levels of potassium application on some measured traits of safflower
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0 2.03¢" 31.36¢ 6.02¢ 1.249 0.94¢ 30.13° 1521.5°
34 2.43° 38.22° 9.01°¢ 2.3° 1.3° 43.6° 1994.8°
68 2.77 43.3° 14.1° 3.5 1.52 55.62 2943.72
136 2.81° 50.92 2412 3.9° 1.62 56.42 3410.92
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* Similar letters indicate no significant difference based on the protected LSD test at the 5% probability level.
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Figure 1- Simple effect of different densities of milk

thistle on capitula weight of safflower
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Figure 3- Simple effect of milk thistle density levels on seed yield of safflower
Wbl o oy gy Jlain] e 50 5 gxe glas dgng pas oimd Ll dliie gy
Similar letters indicate no significant difference at the 5% probability level.



VY oy 5adile (51,5 g Olidgu quliy 395 15T (ol )0 g Slitaao

s ol (o

8 (P</+Y)) aw ) puwls Hld size ).u‘.:mu‘.mp dod
Sl ol g ylad mdy Glas ded p j jyacile (ST 31 i S
P<t/+0) o jd b 3 Sas y3 5 P<+/+V) s > b o
) b yd il 5e las o byless Jlite (31 .dg by e
Joiz) w5392 53 dme (<12 0) 3o ST (339 9 (P<2/+ ) s
(¥

b jmcslacile <o)y e Jolse cppe Sl jpadle o515
Jols 1y (o)) QS 3 )Slas I I pisn o col (5])5 lalS
(BlackShaw, 2001) a_s ;Lo oS s kg 45 24 oo
9y =29y ,o (Khosravi et al., 2024) |, Sen 5 (55 >
AY oo laeSli b Jo,5 sadle b ey 0 S5 oS
w515 Giali8l L 4 a5s S ol peste 53 4 OF 5 YA
Slaes WGB3 Jolt o, Shos (slial (s v oimg J 5
28l JhalS g Joy> gy 0 )0 ()9 9 I

SO (o515 0L b Culy )3 o 508 3, (sl5al g 3,8Mes Slho il lg 450 S -€ Jga
Table 4- Results of analysis of variance of yield and yield components of milk thistle in competition with safflower crop plants
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Table 5- Simple effect of different levels of potassium on some measured traits of milk thistle
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Figure 4- Interaction effect of different levels of potassium fertilizer and milk thistle density on its capitula weight
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