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Introduction

Plant endophytes are microorganisms that live in healthy plant organs but do not cause disease symptoms,
and the endophyte lifestyle plays an important role in plant growth, fitness, and diversity. Dark septate
endophytic are a group of endophytic fungi that have special hyphae that form dark colonies in agar culture. In
this stuy, the effect of these fungi on germination indicators, growth characteristics and increasing the amount of
phosphorus in barley (Hordeum vulgare) plants was investigated, in order to investigate the possibility of using
these fungi as biofertilizers in laboratory and greenhouse conditions.

Materials and Methods

In this study, seven endogenous fungal isolates were obtained from plants belonging to the Chenopodiaceae
family including Aspergillus terreus, Penicillium sp., Curvularia spicifera, Alternaria alternaria, Fusarium
solani, Fusarium brachigibbosum and Acremonium consortialis, which were identified in previous researches,
were investigated. Piriformospora indica was used as a known fungal species. Yousef cultivar barley seeds were
obtained from Khorasan Razavi Agricultural Research Center. The experiments were carried out as a completely
randomized design with four replications in two sections: germination in the laboratory and planting in pots at
the greenhouse of the faculty of agriculture of Ferdowsi university. To check the germination indicators, the
seeds were stored on moist paper towels inside a sterile petri dish for one week at 28 °C in an incubator. Sterile
distilled water was used as control. After one week, germination speed, germination percentage, germination
value, and vigor index were assessed. For the greenhouse study, the soil mixture (three parts sand and one part

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
4.0 International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and
™ reproduction in any medium or format, as long as you give appropriate credit to the original author(s)
and the source.
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soil) was sterilized at 105 °C for 48 hours. Pots measuring 20 x 20 cm were used. Seed inoculation was
performed in a manner consistent with the germination test. Twelve seeds were sown in each pot, and at the two-
leaf stage, the seedlings were thinned to eight plants per pot. After 28 days, the plants were evaluated for leaf
area index, chlorophyll content, shoot phosphorus levels, dry weight, and fungal colonization percentage in the
roots.

Results and Discussion

The percentage of colonization in all fungi except A. alternaria (%219.60) was above %30. The germination
rate in the treatment with A. terreus (2.95 seed day™) was significantly higher than the control and other fungi.
Also, the germinationn rate in the treatment with A. alternaria, C. spicifera, A. consortialis, F. brachibosum and
Penicilium sp. was more than control. Germination percentage in A. terreus (%95), Penicillium sp. (%90), C.
spicifera (%85) and A. alternaria (%80) were higher than the control (6=%5). Considering that the viability of
the selected seeds was low (control germination percentage %50) and the mentioned fungi were able to increase
the germination percentage in these seeds, these fungi are a suitable option for sowing seeds with low
germination percentage. The value of germination in the treatment with A. terreus (3.735) was higher than the
control and other treatments. Treatment with Penicillium sp., A. alternaria and C. spicifera fungi was more than
the control. The vigour index of treatment with A. terreus (13.65), C. spicifera (13.23) and A. alternaria (11.53)
in one group and at a significant level of %5 were higher than treatment with other fungi. A. terreus treatment
improved all germination indices and this increase was higher than the control species (P. indica). The amount of
leaf phosphorus in the treatment with A. terreus (%0.516) and P. indica (%0.499) was higher than other fungal
and control treatments. The leaf surface area in the treatment with A. terreus (9.97 cm?) was higher than the
treatment with other fungi and the control fungus (9.84 cm?). In addition to A. terreus, the treatment with A.
consortialis (10.06 cm?), C. spicifera (9.91 cm?) and P. indica (9.84cm?) was significantly higher than the
control . Chlorophyll a and b were the highest in the treatment with A. terreus and P.indica. In addition, the
treatment with C. spicifera and A. alternaria had more chlorophyll a and b at a significant level of 5% than the
control treatment . The dry weight of shoot with the treatment of A. terreus (6.40 mg g*) and P. indica (6.10 mg
gh) increased the most compared to the treatment with other fungi.

Conclusion
Considering the ability of A. terreus in improving the germination characteristics, the plant growth conditions
observed in this study. It is suggested to the next works should pay attention to the effect of this fungi on the
environment and the ecosystem of other organisms and plants so that it can be used as a biological fertilizer.
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Figure 1- The presence of hyphae of Penicillium sp., C. spicifera, A. terreus and A. consortialis of fungi in root, which were
imaged using an optical microscope
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Table 3- Analysis of variance (mean of squares) of the effects of endophytic fungi inoculation on
barley seed germination indices
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Figure 3- Effect of fungi on percentage of germination of barley
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Figure 4- Effect of fungi on germination value of barley
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Figure 5- Effect of fungi on vigour index of barley
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Table 4- Analysis of variance (mean of squares) of the effects of inoculation of endophytic fungi on growth traits
and percentage of phosphorus in barley shoots
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Figure 6- Effect of fungi treatment on leaf phosphorus of barley
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Figure 7- Effect of fungi treatment on leaf area of barley
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Introduction

Fodder supply in Iran is considered as one of the most important limiting factors in the field of livestock
breeding and production. Camelina (Camelina sativa L. Crantz) plant from the Brassicaceae family is able to
grow in different weather and soil conditions and needs less water, fertilizer, and pesticides than other oilseeds.
This medicinal-oil product is a rich source of oil (28 to 40 percent) and omega-3 fatty acids, which can also be
consumed in human diets. On the other hand, about 90 percent of the fatty acids in camelina oil are unsaturated,
and due to its high alpha-tocopherols and vitamin E content, it does not require any additives to increase the
shelf life of the oil, which is why it can be considered a high-quality edible oil. This research was conducted to
introduce camelina and to evaluate the effects of planting date and spacing on oil yield and the quality of
camelina fodder in Mazandaran Province.

Materials and Methods

This experiment was carried out as factorial based on a randomized complete block design in three
replications at Bayekola Agricultural Research Station (Mazandaran Agricultural and Natural Resources
Research and Training Center). Five planting dates (November 5, November 21, December 5, December 21, and
January 4) and five planting distances (15, 20, 25, 30, and 35 cm) were selected as the study factors. Each
treatment was planted in a plot consisting of six lines, and the distance between the plots was determined as one
unplanted line. At the 50% flowering stage, biomass yield was determined by harvesting four square meters from
the middle rows of each plot. Additionally, forage quality traits were assessed, including oil percentage, neutral
detergent fiber percentage (NDF%), acid detergent fiber percentage (ADF%), crude protein percentage (CP%),
nitrogen percentage (N%), and ash percentage.

Results and Discussion
The results of analysis variance of the studied traits showed that the interaction between planting distance and
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planting date had a significant effect on most of the traits of camelina. The results indicated that the planting date
of December 5 produced the highest oil percentages at planting distances of 25 cm, 20 cm, and 30 cm (6.1%,
6.0%, and 6.0%, respectively). Qil content increased from the November 5 planting date to the December 5
planting date, but declined with the January 4 planting date. The lowest values for neutral detergent fiber (NDF)
and acid detergent fiber (ADF) were observed in the 30 cm planting distance treatment with the December 5
planting date (60.7%) and the November 21 planting date (39.8%), respectively. Planting distance of 25 cm and
planting date of December 5 showed the highest percent of crude protein (15.8), while, the treatment of planting
distance of 25 cm and planting date of November 5 showed the highest plant ash percent (10.0), which had no
significant difference with the treatment of 30 cm planting distance and planting date of December 5 (9.3). The
highest biomass yield of camelina was obtained in the treatment with a planting date of November 21 and a
planting distance of 25 cm (1778 g m). In all planting distances, the biomass yield reached its maximum on the
planting date of November 21, and with a delay in planting, a downward trend in the trait was observed, when
the lowest value was obtained in the treatment of planting date of January 4 and a planting distance of 35 cm
(972 g m?).

Conclusion

In general, according to the obtained results, planting distance of 25 to 30 cm and planting date of November
21 to December 5 with high oil and protein content and low NDF and ADF and can be a suitable candidate for
the production of high quality and quantity camellia fodder.

Keywords: ADF, Ash percentage, Crude protein, Forage quality, Qil percentage
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Table 2- Analysis of variance of camelina traits as affected by planting distance and date
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Table 3- Mean comparison of effect of distance and planting date on 0il%, NDF, ADF, CP and ash in camelina
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Figure 1- The effect of planting distance on the nitrogen percentage of camelina
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Table 4- Analysis of variance of biomass yield of camelina as affected by planting distance and date
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ns, * and **: are non-significant and significant at 5 and 1% probability levels, respectively.
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Figure 2- The effect of planting distance and date on biomass yield of camelina
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Introduction

Sugar beet is one of the most important industrial plants cultivated under diverse weather conditions.
Nutrition management plays an important role in the yield and quality of sugar beet. Nowadays, foliar spraying
of nano fertilizers is an effective method of agricultural products. Methanol foliar spraying reduces
photorespiration, also increases carbon dioxide and ultimately improves photosynthesis of plants. The
application of glycine protects plant cells by regulating osmosis, stabilizing proteins, protecting the
photosynthetic apparatus, and reducing reactive oxygen species. There is not enough studies about the effect of
methanolic sodium nanosilicate on plants, especially under different weather conditions. Therefore, regarding the
application of methanol, especially methanolic sodium nanosilicate, and the effect of glycine on plant yield, the
present study was conducted to investigate the foliar application of methanol and glycine and their interaction
effect, also introduce the best level of application of foliar application on the yield and quality of sugar beet in
two regions with different weather conditions.

Materials and Methods

The experiment was conducted in the 2018-2019 cropping year as a factorial randomized complete block
design with three replicates at the research field of the Karaj and Qom two different climate locations. Karaj is a
cold and mountainous region with mild summer and Qom is a dry and desert region with hot and dry summer.
Treatments were 6 levels of methanol (0 (no use), 15 and 30% v v, 5, 10 and 15 % v v methanolic sodium
nanosilicate) as well as 3 levels of glycine amino acid (0 (no use), 2 and 4 g I%). Sugar beet yield and quality
were measured. Foliar spraying was done 3 times during the plant growth season with 14 day intervals on the
aerial parts of the sugar beet plant and the control plots were sprayed with water. Data were analyzed using SAS
(Ver. 9.4) software and the means were separated by the Duncan test at a 5% probability level.

Results and Discussion

The results demonstrated that sugar beet yield and quality in the Karaj region were better than in Qom.
Spraying methanol and also glycine increased the yield and quality of sugar beet compared to the control (no

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
4.0 International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and
™ reproduction in any medium or format, as long as you give appropriate credit to the original author(s)
and the source.
4. https://doi.org/10.22067/jcesc.2024.86567.1303



https://jcesc.um.ac.ir/
mailto:Farzadpaknejad@gmail.com
https://doi.org/10.22067/jcesc.2024.86567.1303
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/jcesc.2024.86567.1303
https://orcid.org/0000-0003-0951-2072
https://orcid.org/0000-0003-2152-085X

YELY Gl € oylowd FY ala oyl al (£y5 iy 4 i YAF

application). The application of 15% methanolic sodium nanosilicate improved the quality and yield of sugar
beet compared to 30% methanol. The consumption of methanolic sodium nanosilicate 15% v v+ glycine 4 g I
increased the yield of root dry matter 65% and the yield of white sugar 50% compared to the control. Methanol
is a source of carbon and glycine improved plant growth by increasing carbon efficiency. Also, with the increase
of auxin hormone, it has produced more sugar substances and expanded the transfer of sucrose from the aerial
parts to the roots. Therefore, the sugar percentage increased and the root impurities decreased. Among the
methanol treatments, increasing the concentration of methanol up to 30% v.v! not only did not improve the
quality of sugar beet, but also reduced the quality and yield compared to methanolic sodium nanosilicate 15% v
v, Methanolic sodium nanosilicate treatment of 15% v v* was much more effective than other treatments. Thus
the yield of this treatment was better than the 30% v v treatment. Because nano technology has provided
suitable conditions for plant growth due to its high potential and better absorption by plants. In addition to
nutrition, sugar beet production is greatly influenced by weather and environmental conditions. Sugar beet
cultivation in Karaj was more satisfactory than in Qom, which can be said to be due to the presence of more soil
organic matter, as well as more suitable weather conditions, especially at the end of the growing period in the
Karaj region.

Conclusion
Based on the results of this study, spraying methanolic sodium nanosilicate 15% v v and glycine 4 g I'* were
recommended to improve the yield and quality of sugar beet in climatic conditions similar to the Karaj region.

Keywords: Alkalinity coefficient, Root dry matter yield, Root impurities, Sugar percentage, White sugar
yield
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agricultural research stations in 2018
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Table 2- Bartlett test results
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Extraction coefficient of sugar (ESC)
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0.8263 0.9054
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0.6395 0.3578




YA e 9 0,5hes S 5 (Jgilio py o Sk b ST oy o]y S02 9 LS

5 Il Jolize @yl sl ings s gl b llas (1 Jso)
cge M g Jlie (Bl glone sy 0,8 (IS
cdale (T8l g b aald 4 Caws A8 )ik ddyy 3 )Slos dguy
Ol ady) Sid ole 5)Shos (NS (yizren 9 Joilie
o3lo 3y Sl 35100 0 (Joilie podw GlLw ¢b 2,8 .l
48 gty ety glimany 18U Jplio 4 Cons ady, Sis
Lo W clale Uy Joilie podw GOl oib jlaw )0 L8 niae
dySlas (o> oy Ve cdale b Jgilio jlagd ) Cand o>
s SISl S5 S iy s s iy iy Kt ool
Ao PO i )3 pyS e e (e 10310 (Jgilia
(Y JSs) ol il 8l el ay s |y dddyy Sid oole 5 Shas
il 1y 35 Al Sty wlg e Jytio b oad e lals
asolS o Jgilie cably j3 .05 395 5,Slas d9ups o g 00>
S G leg )3 g 0ad faS (STl g adallejd
cbale Jal3 8L aS 595 e ol )3 s Apwlgial g jo,le
(Dorokhov etal., b o ialisl s Slos puslSe cpl ¢ Jgilio
Lo ySU coy o U cdeay Jglio (ol pogde 2018)
o S| sl (S 5 lagygesen (ioned 5 A5y S e
(Roode-Gutzmer et al., 2019) 35 o0 LS > Slos ]38l
o3lo 3, Shae (il 58l i oS bawgi yip0 Gl b 9l (5,9l

(Babu et al., 2022) 1 aso, s

85
80
75
70

60
55
50 g

45 %
40 e

Control

Root dry matter yield (ton ha')
@D

455

% Control
" Methanol 30 % v.v!

0
.

NN g
5

e e T

Glycine 2 g.I

e a4, L s +/8 Joles a8 als,8 S5 cluls
b Gl 0o (9 9 e by jle (polly oMo 13
305 L 31 Sl 8 i (S i) (S Lol gy
dlg) 4 dnolxe (V) dlasly 325k ) 5 (88,0050 4 53 39290
(doyd
()
S Jlastiwl o po =(Jlastwl BB S+ 08 as ) XY .-
A5 dpusloee (F) alasy sl (ATK) ST L ol
(Wieninger & Kubadinow, 1971)
Alk = (K + Na) / (a-amino N) (¥)
ool demodls 39 Jle i jl lisabl 5l g gy o0l 5
28 ool talegl slallad @i (Bl 5l plisab] e il
N38le 5 31 odlizl b Sy (g, s el Julos g 4525 (Y Jga2)
§ ol Uy o Lo S5lie duagliie .05 plos] SAS (Ver. 9.4)
e 9 4oy iy sLas JLainl Ly SOl (slaials sz (505
8 S g0 EXCEL 5810 5 51 ealazl b Lo laged

u.:u S oubs o Slas
S el G Sy iy 458 Jpin ) ol s

L o g Jgilie Jolite Syl e 5 pan 8 ¢ glie
Canl Hd dme iy Sid odlo 0,Slos 3 dojd S gllas Jlas]

° b ° bc ;
bc y . /
Z o Z
7 7
é o é
728 | B Y

= Methanol 15% v.v!

® Methanolic sodium nanosilicate 5 % v.v!

= Methanolic sodium nanosilicate 10 % v.v ! "« Methanolic sodium nanosilicate 15 % v.v!

W8 s il ) Suis o3ke ,S0es w1 e WS g Joibie Julie <l S1-F JSGS
Figure 2- Interaction effects of methanol and glycine on root dry matter yield of sugar beet
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Means in a column and a treatment followed by the same letter are not significantly different at 5% level
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Table 3- Variance analysis of yield and qualitative characteristics of sugar beet
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Root dry percentage Sugar White sugar Na P N
matter yield yield yield
: 6.12m 68.11" 79.32™ 2.92m 26.87" 42.62" 36.41"
Region (R)
i 2,59 4 18.88 2.02 2.17 3.15 5.71 253 1.68
Replication in R
Jytie 5 2925.55™ 752.28" 1.91m 279.16™ 81.75"  26.18™  11.54™
Methanol (M)
Jy :: I:JM 5 34.47m 4.36"™ 1.35™ 2.85m 4.23m 4.12m 0.85™
s WS o o . o o o
o 2 1626.37 609.52 459.69 824.12 56.35 37.51 9.49*
Glycine (G)
‘“‘WF):S XGM 2 8.89m 1.54m 25.41™ 5.35m 6.14" 1.86™ 1.12m
X
W:f * éj”' e 10 1958.07* 179.25M 1.87™ 334.72" 3.82m 2.35™ 4.76"
X
xJglio xdilaio
a5 10 32.25™ 1.98m™ 1.05" 3.89m 4.13m 1.84m 2.97™
RxMxG
> 68 9.47 5.82 2.76 1.12 7.56 5.79 3.83
Error
ul’“;\“/”’” 10.5 8.9 11.2 13.6 10.9 12.1 11.4

b gze Sl BB NS wopd gy 5 S5 sllas Jloinl b )b xe sy i g s
ns: not significant,* and **: significant at 5% and 1% levels of probability, respectively.
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Figure 3- Interaction effects of region and glycine on sugar yield of sugar beet
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Means in a column and a treatment followed by the same letter are not significantly different at 5% level
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Means in a column and a treatment followed by the same letter are not significantly different at 5% level
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Table 4- Variance analysis of other quality characteristics of sugar beet
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Error
s 9.8 12.7 7.8 10 135 11.2 12.7
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ns: not significant,* and **: significant at 5% and 1% levels of probability, respectively
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Introduction

Many millions of hectares of wheat-cultivated lands are located in semi-arid areas, and cereal crops such as
wheat grown under such conditions frequently face drought events during their life cycle. A considerable amount
of rainfall in the semi-arid areas of Iran occurs in winter; thus, the critical growth period (grain filling) receives
little to no rainfall. Studies have shown that micronutrients, plant growth regulators, and plant growth-promoting
bacteria are able to improve plant performance under drought conditions. The present study aimed to elucidate
the effect of foliar application of Zn, exogenous application of 6-benzylaminopurine, and foliar inoculation with
Azospirillum on wheat performance under rain-fed conditions.

Materials and Methods

The present study consisted of two field experiments, carried out in a semi-arid area. Experiment 1 was
conducted during the 2020/21 and the second one during 2022-203 wheat growing season. The effect of four
different levels of Zn application (0, 2, 3, and 4 kg Zn ha?) via foliar application was investigated on wheat
yield, yield components, and seed Zn content under exogenous application of two levels of 6-benzylaminopurine
(0 and 10 mg L) under rain-fed conditions. The experimental design was a 4x2 factorial combination of Zn
application and 6-benzylaminopurine exogenous application arranged in a randomized complete block design
with three replications. The experimental plot size was 1 m x 2 m, and the wheat cultivar Sardari was used in the
experiments. Foliar application was applied at the flowering stage (Zadok’s growth stage 65). Based on the
results obtained from the first experiment, a subsequent field study (second experiment) was performed to
elucidate the efficacy of the foliar application of Zn (3 kg Zn ha*) and 6-benzylaminopurine (10 mg L) in the
presence and absence of foliar inoculation with Azospirillum. The second experiment was conducted in the 2022-
2023 wheat growing season. Wheat response to foliar application of 0.3% (w v) ZnSO4, 10 mg L 6-
benzylaminopurine, and foliar inoculation with Azospirillum brasilense Sp7 was investigated under rain-fed
conditions. The plant canopy was inoculated with 10% of 108 colony-forming units of Azospirillum strain Sp7.
All foliar applications were applied at anthesis (Zadok’s growth stage 65). The experimental design for this
experiment was a factorial scheme based on a randomized complete block design with three replications. The
wheat variety used for the experiments was Sardari.

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
4.0 International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and
™ reproduction in any medium or format, as long as you give appropriate credit to the original author(s)

and the source.
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Results and Discussion

The application of zinc (Zn) significantly affected the seed number, whereas the application of 6-BAP and its
interaction with Zn did not have a significant impact. The highest seed number per head was observed with Zn
application at 3 kg ha™', followed by 2 kg ha™'. The highest Zn application had a negative effect on seed number
per head. The effect of foliar application level and 6-BAP and their interaction on grain weight and grain yield
was significant. Application of 3% (w v?) (3 kg Zn hal) yielded the highest grain weight and grain yield, and
higher application of Zn had a negative effect on grain weight and yield. Foliar-applied 6-benzylaminopurine (10
mg L) significantly improved grain weight and grain yield. Improved grain weight and grain number per spike
affected total grain yield. The highest grain yield was achieved with 3 kg Zn ha'* (0.3% (w v*) Zn plus 10 mg L
6-BAP). Applied Zn significantly increased Zn content in grains. The highest grain Zn content was obtained in
plants that were sprayed with 4 kg Zn ha'* and 10 mg L* 6-BAP. Results of the second experiment revealed the
efficacy of Azospirillum in the improvement of grain weight and grain yield. In the second year of the study, the
effect of exogenous application of 6-BAP on yield and yield components was not significant, which might be
attributed to the precipitation rate. However, foliar inoculation with Azospirillum and foliar application of Zn
significantly affected grain yield. The highest grain yield was obtained from plants foliar-applied with Zn plus
Azospirillum.

Conclusion

Micronutrients, plant growth regulators, and biofertilizers have the ability to improve plant performance,
especially under environmental constraints. The present study, carried out under rain-fed conditions, investigated
the effect of Azospirillum brasilense, Zn nutrition, and 6-benzylaminopurine applied foliarly on the wheat
cultivar Sardari. Overall, the application of Zn at a rate of 3 kg per ha combined with foliar inoculation with
*Azospirillum* produced the best results for wheat performance. Additionally, Zn also improved Zn content in
the grain. As a result, farmers can improve the productivity of winter wheat yield by utilizing a small amount of
zinc fertilizer (3% (w v%) (3 kg Zn ha') and the plant-growth promoting bacteria Azospirillum at the flowering
stage.

Keywords: Foliar application, Grain yield and component, Grain Zn content, Rain-fed condition
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Table 1- Average monthly rainfall and average monthly maximum and minimum temperatures during wheat growing
season in 2021-22

L>
slo Temperature (°C) Y
Month ApoS Aol Rainfall (mm)
Minimum Maximum
November .Ul -0.8 12.2 50.2
December 3 -2.9 10.8 274
January (¢ -6.5 6.2 33.6
February ey -11 4 26.6
March siaul -2.1 10.1 72
April (39,8 0.5 17.6 134
May cuigus)l 3.3 19.3 40
June b5 7.3 28.9 0.4
July ,s 9.9 33.5 0
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Table 2- Average monthly rainfall and average monthly maximum and minimum temperatures during wheat growing
season in 2022-23
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ol Temperature (°C) S,
Month WpoS Dot Rainfall (mm)
Minimum Maximum
November Ll -0.8 15.4 18.2
December 3l -2.3 7.3 34.8
January (¢ -85 0.8 51.8
February ey -13.2 1.4 33.8
March waul -15 119 92
April 59,8 1.2 14.9 70.6
May cuigos) 3.1 19.9 87.2
June sb s 7.3 26.4 19
July ,s 26.5 45.8 0
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Table 3- Analysis of variance for the effect of foliar application of Zn and exogenous application of 6-banzyl amino purine on
grain yield and yield component of a winter wheat cv. Sardari under rain-fed condition

Olayo (uile
Mean of squres
i @lio N HETSY . . 4l ol L iy o
S0V df s S5 g9 k)° o8 09 s 3 : é’ “‘”:}9 ails 3, Slos
; : Spike straw ’ eed weight O
Spike weight weight Seed no per spike Grain yield
per spike
Bfﬁlek 2 0.005* 0.01* 9.49* 0.011** 50195**
oc
‘;2) 1 0.0043** 0.0085** 5.86** 0.040** 198079**
Wé”;\'ﬁ’” 3 0.01%* 0.000014" 0.011" 0.028** 264084**
W;”;'é*'ggp‘f” 3 0.0003™ 0.004™ 0.103" 0.0026* 23393*%*
n -
I;L“)I 14 0.0006 0.0016 0.65 0.0007 2547
rror
v (%) 1.75 12.08 5.33 243 2.12

** % ns

Jo > K g iy Jloin! paw (3 )b Gxe g I me pf i ay T g

ns, * and **: indicate non-significant and significant at 0.05 and 0.01 probability level, respectively
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Figure 1- Effect of foliar application with different concentration of Zn on spike weight
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Figure 2- Effect of foliar application with different concentration of Zn on spike chaff
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Figure 3- Effect of foliar application with different concentration of Zn on seed number per spike
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Figure 4- Effect of foliar application with different concentration of Zn and 6-Banzylaminopurine (6-BAP) on total seed grain
weight per spike
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Figure 5- Effect of foliar application with different concentration of Zn and 6-Banzylaminopurine (6-BAP) on wheat grain
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Table 4- Analysis of variance for the effect of foliar application of Zn and exogenous application of 6-banzyl amino
purine on wheat grain Zn content under rain-fed condition
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Figure 6- Effect of foliar application with different concentration of Zn on grain Zn content of wheat
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Table 5- Analysis of variance for the effect of foliar application of Zn, exogenous application of 6-banzyl amino purine

and foliar inoculation with Azospirillum brasilense after anthesis on the number of grain per spike, grain weight and yield
in wheat under rain-fed condition
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Figure 7- The effect of foliar spraying with zinc and Azospirillum brasilense, both singly and in combination, on 1000- grain
weight of wheat
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Figure 8- The effect of foliar spraying with zinc and Azospirillum brasilense, both singly and in combination, on wheat grain
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Introduction

In many countries of the world, sugar production is one of the essential aspects of their agricultural economy,
and in the meantime, the sugar beet plant, which is cultivated exclusively as a source of sucrose, plays an
important role. In recent years, many studies have been conducted in Iran on various aspects of crop, breed,
quality and other agricultural characteristics of autumn sugar beet. The results of this research confirm that sugar
beet can be introduced as an important and effective autumn crop in the susceptible periodic system. One of the
important factors in sugar beet root production is the sowing date, which affects the duration of the vegetative
and reproductive growth period and the balance between them, and ultimately affects its quantitative and
qualitative yield, so one of the general policies of the agricultural sector is to increase the production of this
product. Several factors affect the formation of sugar beet yield. One of them is the bolting phenomenon. Flower
formation is a phenomenon that in the sugar beet plant, it is known as bolting. In bolting root yield and root
quality of flowering plants are reduced. The cultivars differ in bolting response. The genotype is important factor
in Occurrence of the bolting phenomenon. Also, bolting rate between sowing dates is different.

Materials and Methods

The aim of the present study was to investigate the quality and strength changes in the sugar beet in order to
assess effect of different sowing dates and cultivars on sugar and root yield. To investigate the effect of planting
date on yield, a field trial was conducted during 2021-2022 in Gonbad Kavous. The experiment followed a split-

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
4.0 International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and
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plot arrangement with three cultivars and three replications- Iran. The experimental treatments were sowing
dates and cultivars. Sowing date was the main factor and varied as follows: 4 October (D1), 18 October (D2), 3
November (D3), 19 November (D4), and 1 December (D5) and cultivars: Monatunno (C1), Rosagold (C2), 061
(C3) as sub-plot was considered. The origin of cultivars Monatunno, Rosagold and SBSI 061 is Kuhn & Co,
Hilleshog and SBSI, respectively, also all cultivars are monogerm and bolting resistance with high yield
potential. In analysis of traits first, the data were tested for normal distribution and variance homogeneity. A
variance uniformity test was performed using the Bartlett's test (Arsham and Lovric, 2011). Statistical analysis
was carried out with Statistical Analysis Software (SAS Institute Inc., Version 9.4). The means were compared
with least significant difference test at the 5% level. Correlation test and Biplot analysis performed with
XLSTAT. Ver. 2016.

Results and Discussion

The results of the research showed that the yield was affected by the planting date and variety. Monatono and
Rosagold cultivars had the highest sugar yield on the first and second planting dates, because timely cultivation
by absorbing maximum solar radiation leads to an increase in yield.

Conclusion

Comparison of the experimental treatment averages revealed that all cultivars achieved the highest sugar
yield on the first and second planting dates. Timely planting optimizes the vegetative and reproductive growth
periods, allowing maximum sunlight absorption, which in turn enhances root and sugar yield. Based on the
findings and the analysis of quality trait changes, it is recommended that beet growers in Golestan Province
cultivate the Rosagold and Monatuno cultivars during the first two planting dates to achieve maximum sugar
yield per unit area.

Keywords: Sugar beet, Production efficiency, Solar radiation, Sowing date, Yield
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Table 1- Characteristics of sugar beet cultivars studied in the experiment to check the date of autumn sowing of sugar beet
and their release location
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Table 2- Physical and chemical properties of the soil of the test site in Gonbad kavous agricultural research (depth 0-30 cm)
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1- Sugar content

2- Polarimetry

3- Sugar yield

4- Sodium

5- a-amino-nitrogen
6- Flame photometry
7- Potassium

8- Molasses sugar

9- White sugar content
10- Extraction coefficient of sugar
11- Alcalinity
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Table 3- Meteorological data table of Kavous dome meteorological station between 1400-1402
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Month Sunny hours (mm) Rainfall (h)
Long time (1984- 2019) 2021 2022 Long time (1984- 2019) 2021 2022
He 162.3 223 226.7 50.8 55.5 51.8
September
o 19538 161.9 162.5 430 373 1362
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July
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oSl 186.9 189.7 206.1 80.20 110 80.18
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Table 3 continues- Weather table of the region

ole by p2Slas (Sl bod J8las Sl
Average of maximum temperature (°C) Average of minimum temperature (°C)
Month
Long time (1984- 2019) 2021 2022 Long time (1984- 2019) 2021 2022
Ao 19.7 27.9 28.7 8.9 15.8 15.4
September
ot! 251 214 206 138 10 109
October
»! 311 16.3 15.9 18.9 5.4 7.2
November
<> 32.6 145 155 22.8 4.2 3.6
December
ook 335 145 15.9 237 3.1 4.2
January
- 315 17.4 16.8 213 6.1 5.6
February
02229% 27.0 19.4 176 15.6 85 10
March
eited) 20.9 26.8 25.6 10.4 135 138
April
0% 15.2 32 33.7 55 19.4 20.5
May
” 13.0 33.2 34.2 3.4 22.6 24
June
I9RE 15.0 30.9 324 5.3 19.8 20.5
August
Egome
Sum
0l 23.1 23.9 24.1 12.7 12.6 13.2
Average
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Table 4- Variance analysis table (ANOVA) of yield and quality traits of sugar beet cultivars in five sowing date treatments
during 2020-2022

Mean of squares

S @il 4, Olagpo el
S0V df sY SC_ WsY _ WsC ESC
)I)S; . 3 ns *% ns *k *k
Replication
csls é)U 4 ** *% ** *k *k
Sowing date (S)
ks 12 195.45 3.66 4.36 2.94 9.06 81.1
Error
r°§) *% *% *% *k *k
2021 . 2
0 Cultivar (C)
r°§) 2 culs &)U J‘LQ:‘ )'Sl 8 ** *k ** *k *k
CxS
(k> 162 149.50 4.19 0.81 2.78 1.16 8.72
Error
e - 16.60 13.71 5.25 16.38 7.85 3.71
Cv (%)
)l)sJ 3 *%* *% *%x *% *%
Replication
culs @)U 4 *%* *% *%* *k *k
Sowing date
(k> 12 320.31 6.96 2.17 4.75 6.01 134.92
Error
2022 rvé) 2 *% *x Kk *% *%
Cultivar
Wé) 2 culs éi)ls J“““" )" 8 ** *k *%* *k *k
CxS
(ks 162 237.01 4.31 1.57 2.22 2.68 33.01
Error
Syt oy - 187 5.2 187 75 35
Cv (%)

2oy S g iy Jleis! zolaw p3 )y gxe GBS g 4o dme BMB] 334 pis (S Sy i g % NS
ns, * and **: non-significant difference, significant difference at the level of five and one percent probability, respectively.
S Jlastiwl co g ESC Jlasl B S8 WSC b 18 5 Sloe WSY i 10,5 :SC ¢ (aBL 18 5 Slae SY iy 5,Sles (RY
RY: root yield, SY: sugar yield, SC: sugar content, WSY: white sugar yield, WSC: white sugar content, ESC: extraction coefficient
of sugar.
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Table 5- Variance analysis table (ANOVA) of yield and quality traits of sugar beet cultivars in five sowing date treatments
during 2020-2022

Mean of squares

5] puaS A 50 as . =
Sl g 42 Slee Sl
e Na K N ALC MS
)I)SS 3 *% *% *% * *%
Replication
csls @)U 4 *% *% ** *% *%
Sowing date (S)
1229
12 4.21 161 3.56 0.89 1.07
Error
2021 Wé) 2 *% *% ns *% *%
Cultivar (C)
#8) 0 s gl Jilise gl ) *k *x ns *x ns
CxS
ks
162 24.29 0.39 0.22 0.16 0.14
Error
oot - 0.39 11.02 14.44 15.43 13.55
Cv (%)
)‘)55 3 ** ** ** *% *%
Replication
cils @)U 4 *x *x ** *% *%
Sowing date
ks
12 6.35 2.00 4.04 3.80 2.18
Error
2022 rvs) 2 *k *k *% *%k *%k
Cultivar
wé) 2 sl (':5’»215 J’L":“ )" 8 *%* *%* ** ns *%
CxS
ks
162 1.28 0.41 0.61 0.59 0.38
Error
Syt - 155 8.2 15.8 15.8 9.4
Cv (%)

o> S g iy Jleis! zolaw p3 s gxe B g o me BMB] 3934 pis Sy 13 5 % NS
ns, * and **: non-significant difference, significant difference at the level of five and one percent probability, respectively.
oMo 18 MS Sl o b :ALC 0 pze (459550 10N punly K osius :Na
Na: sodium, K: potassium, a-N: a-amino-nitrogen, Alc: alcalinity, MS: molasses sugar
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Figure 1- Comparison of the average interaction effect of planting date of sugar beet in cultivar on root yield (LSD=0.8)
C1: Monatunno, C2: Rosagold, C3: SBSI 061, S1: 4 October, S2: 18 October, S3: 3 November, S4: 19 November, S5: 1 December)
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Figure 2- Comparison of the average interaction effect of planting date of sugar beet in cultivar on sugar yield (LSD=0.8)
C1: Monatunno, C2: Rosagold, C3: SBSI 061, S1: 4 October, S2: 18 October, S3: 3 November, S4: 19 November, S5: 1 December)
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Figure 3- Comparison of the average interaction effect of planting date of sugar beet in cultivar on sugar content (LSD=0.8)
C1: Monatunno, C2: Rosagold, C3: SBSI 061, S1: 4 October, S2: 18 October, S3: 3 November, S4: 19 November, S5: 1 December)

18.00
16.00
14.00

12.00
10.00 e DE
X 8.00
6.00
4.00
2.00
0.00

O") Qd’)d\zo\ ")C)'\/Q\ "‘JQ’\/Q\Q”)Q’\/O\
At S S P R

(£) LAls 28 3 )Slos
White sugar yield

8y X CuslS &)l
Sowing date x cultivar

(LSD=0.8) Lalld &l 5 ,Shos o1l 40 W8 it CudlS g U Bl o1 il dunlio —€ S5
SBSI 061 :C3 4 151j5, :C2 cgiglige :C1 (31 8 :S5 Ll Y8 :S4 (L1 1+ :S3 (o0 Y0 :S2 (p0 1+ :S1
Figure 4- Comparison of the average interaction effect of planting date of sugar beet in cultivar on white sugar yield
(LSD=0.8)
C1: Monatunno, C2: Rosagold, C3: SBSI 061, S1: 4 October, S2: 18 October, S3: 3 November, S4: 19 November, S5: 1 December)
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Table 6- Mean comparison the effect of sowing date on the studied traits during 2021-2022

S.0.V RY Sy WSY SC WSC ESC
2oV 93.02a* 15.8a 12.82a 16.90ab 13.64ab 80.07ab
4 October
Ae V0 88.6a 15.7a 13.00a 17.79a 1471a 82.40a
18 October
2021 ot 73.1b 12.6b 10.12b 17.24ab 13.72ab 79.19ab
3 November
Y
o4l e 58.1¢ 10.0¢c 7.90c 17.30ab 13.74ab 78.82ab
19 November
Ao 55.1¢ 9.11c 7.07¢ 16.60b 12.85b 76.59h
1December
LSD 7.17 0.98 0.88 1.07 1.54 462
S0V RY Sy WSY SC WSC ESC
Re 70.60a 10.02a 7.26a 14.22ab 10.25b 71.50b
4 October
RV 60.29b 8.94a 6.82a 14.83a 11.36a 76.34a
18 October
2022 Ui
' 46.92c 7.00b 5.34b 15.07a 11.59 76.33a
3 November
SO
bl ve 42.73¢ 6.46b 5.04b 15.17ab 11.81a 77.62ab
19 November
3
2o 42.87¢c 6.42b 4.95b 15.29b 11.90ab 77.30ab
1December

REAY d)b@u s ‘..\.Z.Dlg@ LS)....M.A Gy S il OFws y 4> o @Lmu..i:\.m *
* Means in each column fallowed by similar letters are not significantly different.
35 Jhasinl oy i (ESC «Jlastiol b 1S5 WSC e 138 5,Shoe WSY i 13 :SC (alil 133 5,Slos :SY cay 3 ,Slas RY
RY: root yield, SY: sugar yield, SC: sugar content, WSY: white sugar yield, WSC: white sugar content, ESC: extraction coefficient of sugar

Y€ e YEeY olyi Jw p ondianilbe Olho p B,y W1 il dulio -V Jgu
Table 7- Mean comparison of effect of cultivars on the studied traits during 2021-2022

2021 SOV RY sy WSY sC WSC ESC
S5l se 77.93a* 13.02b 10.45b 16.69b 13.350 79.580
Monatunno
RS 80.54a 14.50a 12.01a 18.00a 14.86a 82.29
Rosagold
Y 62.38b 10.47¢ 8.09¢ 16.81b 12.99b 76.37¢
SBSI 061
LSD 5.16 0.87 0.74 0.38 0.54 1.83
2022 Mgﬁ;ﬁﬁno 54.17a 7.59b 5.61b 14.15¢ 10.54¢ 74.10b
K, 56.96a 8.76a 6.95a 15.06a 12.42a 79.56a
Rosagold
Y 46.91b 6.96b 5.09b 16.81b 11.19b 73.80b
SBSI 061
LSD 5.74 0.77 0.55 0.46 0.61 2.14

30 gy bz gy sy By b (nSleo 5
* Means with the same letter are not significantly different
S Jlastiwl co g ESC Jlasl B S5 WSC b 18 5 Sloe WSY i 10,5 :SC ¢ (aBL 18 5 Slae SY ity 5,Sles (RY
RY': root yield, SY: sugar yield, SC: sugar content, WSY: white sugar yield, WSC: white sugar content, ESC: extraction coefficient
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Figure 5- Comparison of the average interaction effect of planting date of sugar beet in cultivar on Extraction
Coefficient of Sugar (LSD=0.8)
C1: Monatunno, C2: Rosagold, C3: SBSI 061, S1: 4 October, S2: 18 October, S3: 3 November, S4: 19 November, S5: 1 December)
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Figure 6- Comparison of the average interaction effect of planting date of sugar beet in cultivar on Bolting (LSD=0.8)
C1: Monatunno, C2: Rosagold, C3: SBSI 061, S1: 4 October, S2: 18 October, S3: 3 November, S4: 19 November, S5: 1 December)
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Table 8- Mean comparison the effect of sowing date on the studied traits during 2021-2022

S.0.V Na K N ALC MS
e Ve 2.61ab 5.35¢c 2.57¢c 3.15a 2.66a
4 October
e YO 1.81b 5.57ab 2.71bc 2.75ab 2.47b
18 October
2021 RERE 2.53ab 5.92ab 3.55ab 2.43b 2.92ab
3 Noyember
ol Yo 2.72ab 5.82ab 3.66ab 2.39b 2.96ab
19 November
N 3.19a 5.77a 3.98a 2.42b 3.14c
1December
LSD 1.05 0.65 0.96 0.48 0.53
S.0.V Na K N ALC MS
e Ve 4.16a 5.89a 2.37a 4.48a 3.36a
4 October
20 VO 2.93ab 5.76a 2.07a 4.47a 2.87a
18 October
2022 oL 2.96ab 5.64a 2.52a 3.85a 2.88a
3 November
ol Yo 2.72b 5.57a 2.33a 3.91a 2.75a
19 November
o 2.85b 5.47a 2.58a 3.50a 2.79a
1December

30 (g ire olds Sy By by doyd gy gedaw p3 LSD 39, bl b1 Sile
Means with the same letter are not significantly different
oMo 18 :MS (e ilB o 5 AALC 020 59555 10-N uunly (K (0 :Na
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Rosagold
£ 3.30a 6.06a 3.40a 2.94a 3.22a
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LSD 0.42 0.23 0.25 0.22 0.20
2022 $glge
3.21a 5.77b 2.41ab 4.07ab 3.00b
Monatunno
15, 2.58b 5.10c 2.16b 3.85b 2.52¢
Rosagold
B3 3.58a 6.14a 2.55a 4.21a 3.26a
SBSI 061
LSD 0.42 0.23 0.29 0.28 0.23
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* Means with the same letter are not significantly different
oMo 18 :MS Sl o b :ALC 0 pie 459555 10N punly K ouiws :Na
Na: sodium, K: potassium, a-N: a-amino-nitrogen, Alc: alcalinity, MS: molasses sugar
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Figure 7- Comparison of the average interaction effect of planting date of sugar beet in cultivar on alcalinity (LSD=0.8)
C1: Monatunno, C2: Rosagold, C3: SBSI 061, S1: 4 October, S2: 18 October, S3: 3 November, S4: 19 November, S5: 1 December)
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Introduction

The production of oil, especially organic oil, from oilseed plants is important, so that oilseed plants occupy
the second food reserves in the world after cereals. Sesame is an industrial plant that can be cultivated in arid and
semi-arid regions, however, its growth and yield are limited by drought stress. Drought stress is considered as
one of the most important factors limiting the performance of plants. Therefore, proper and principled
management of agricultural inputs, including fertilizers, can partially reduce the negative effect of drought stress.
This study aimed to examine the effects of chemical fertilizers, biofertilizers, and humic acid—applied
individually and in combination—on the yield, yield components, and protein content of sesame grain under
different irrigation regimes.

Materials and Methods

This research was carried out in the form of a split plot experiment based on the complete blocks design with
three replications during the 2022 and 2023 at a research farm in Hormozgan province. The experimental
treatments included irrigation regimes at three levels (irrigation after 40, 60 and 80% moisture discharge as main
plots and fertilizer treatments at seven levels (control (F1), 100% need plant to phosphorus chemical fertilizer
(F2), plant inoculation with arbuscular mycorrhizal fungus (F3), humic acid (F4), 50% chemical
fertilizer+mycorrhiza  (F5), 50% chemical fertilizer+humic acid (F6) and 50%  chemical
fertilizer+Mycorrhiza+humic acid (F7) was in sub-plots. In this experiment, agronomic characteristics, yield,
yield components and grain protein of sesame were investigated.

Results and Discussion

The results showed that irrigation regimes and fertilizer treatments showed a significant effect on the studied
characteristics of sesame. Irrigation at 80% moisture reduced the plant height, the number of sub-branches, the
number of leaves, the number of capsules, the weight of 1000 grain, the biological yield, the grain yield and the
harvest index by nearly 35, 50, 37, 48, 42, 52, 61 and 13% respectively compared to irrigation at 40%.
Therefore, increasing the plant's access to water improved cell growth and division by increasing cell mass. It

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
4.0 International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and
™ reproduction in any medium or format, as long as you give appropriate credit to the original author(s)
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has been reported that there is a direct relationship between the increase of drought stress and the decrease of
each of the growth characteristics of the plant, so that drought stress can cause damage to the growth
characteristics and plant yield components, depending on the growth stage, which will reduce economic yield.
On the contrary, irrigation after 80% treatment led to an increase in nitrogen and grain protein concentration
compared to irrigation after 40%. In addition, among the fertilizer treatments, the F7 treatment resulted in an
increase in growth characteristics, yield components, yield and nitrogen content of sesame grain. In this research,
the individual application of mycorrhiza and humic acid could have more favorable growth characteristics than
the application of 100% phosphorus chemical fertilizer or its non-application. Different mechanisms have been
described for the effect of mycorrhizae on the growth characteristics of plants, such as increasing the absorption of
nutrients, nitrogen, phosphorus, and low-use elements. Because in a mycorrhizal plant compared to a non-
mycorrhizal plant, the creation of a wide hyphal network of fungi between the soil and the root provides a large
surface for the absorption of nutrients. Humic acid is also able to improve the vegetative characteristics of plants
by increasing the photosynthetic capacity, leaf water content and the metabolism of antioxidant compounds.

Conclusion

Increasing water availability, along with the combined application of reduced amounts of chemical fertilizers,
mycorrhiza, and humic acid, resulted in improved quantitative and qualitative yield of sesame. The enhanced
performance of the combined treatments compared to other fertilizer treatments can be attributed to the lack of
organic matter in the region's soil. The best results were observed with the integrated treatment of mycorrhiza,
humic acid, and chemical fertilizers, as it provided the plant with the most access to essential nutrients.

Keywords: Drought stress, Growth characteristics, Harvest index, Mycorrhizal fungi, Protein yield
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May cuigs)l 27.3 425 13 34.2 316.1
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Table 2- Physical and chemical properties of soil
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vear Depthicm) " CU® PWPOH @smh o) ) (mokgh (moke?)
2022 0-30 7.9 24 12 2.3 0.44 0.03 6.5 183
2023 0-30 7.8 - - 2.2 0.52 0.02 5.8 200

55 Sponed gl closlog Cutld Sg35 )5 gl VYo Slasy S

(2248l g p9> (5 ko) Al o 93 )3 1S 1o p Sl oy Jladony
A5 03y S dbgrpe sloylass sl

Siodon Oliios Lisy jl ,YeSwg)l i esile slaass
SIS 3l ppS iy ieds g 4 558 O 5 S Cliins duge

PS5 12 3 A psbdr ool dg po sl 32yl (s5e



YEY by € 0,lod FY ala iyl ) (£1y5 Slowidgiy apuis  ¥FF

3,8es wules )3 g b SS9l > caelio VY Sods 3,5 il
5 GBS 53 p S5k el (e

sl g &l 5Slos ¢ Jlo ya olojps 3 HlS cudls 5l
&l a9 g JgmsS 5D 4l dlusd gy ;5 JgmaS Dl Jols )]
A dwlre (V) daly 5l cuslyy (asls woles ) g del Cunday
SO Polre anlie ooy S 4o il e i 0, Slas pund S
a3 b ool o oiislejl 4 ladiges JW! 5l g codlsy qoyoyie
Wl ) e 9 St Caslo VY Sodoty o5 il a3 50 o)l >
ovgy il Al a0 lade (oS00l ly Dol Cowddy Suid 059
OSg s (glaioe (V) alaly 5l oolatwl b ¢ g b odlatwl Jlalexs
A Al (F) daly 51 56 g 3,Sdes ol conday 4l
(0 25545 ) (st 5 Shoe o

(S50 5 8 ) s 35k
(.Lo).\) &l (g cdale = (.Lo).\) 595w Hlie X 6+ 25 (v
()L%'Sﬁ » f)fskf) Ofgn 2 Ses = (¥)

()l:qu)g F)§9J.S) &by 5, Sles X (.Lo).\) b gy clale

5 Lagl o9 Jle s 5l glisebl g Laodls gyl oo I oy
V9.2 5l s b oShe uilyly 4528 pialef] slalo Sen
(3.5.2) R 4 ExCel (slaliile s b nylsges ous) g 45 plol SAS
5 plol (p<0.05)

(M)_s) caby yadls = 100 (Y)

Sl g el 4 Jialel ol g1 & Joas b ssllae
3y Sdos el Jl5a (59 (JgnS 2 4> g g 53 JguS 9 S
Loy SO e (0 a5 (uBiag 9 iaxs olise Al g
5 by yadlid ( o,8 A3Ld oli s &S Jbyd g b gxe
&l Slowy B s Jome (o)lol i | g 5 )Ses
So g > B Shg plo p g do)p gl gaw 3 Sy yadls
aw > o8 i ol 50 (9955 lajloy b b pxe doyd
D9 )lbu_.i.aw d—o)d gg\_.s C.‘a_w 2 Ltbufﬁg )JL» 29 oy T
Joes > asb ol 1o ks olel slow)) 2 Jlo JiiSor
S)lel BLod 5l (3059, 5, Mo g 45> (90 9 0590w Oliee
W) )I.)UQM

SipgbisS Sliod o] 5V =0l 8y aouS (o yiy

L olac,S o Jlo molo aly 3 Ve 3 g as Ol by
Cygody Il belad (g5, 10 douS 4 b alblS mye o VY olal
(50 4w b 93) goigndy adgl e )3 ¢ g 9 008 S oS00
sl ol 5d el Cunday s 390 WST)5 a5 gy gboty cind S5
o 5l Yo iy e Alols o sta sl VB laciyd, oy alolé
O s BIESs Caz ped 5 Jgl o)l doydy Sl an g,
(O 3 oy 5 95 pLosl (a8L3) gl 456 a0 ¥ ol
o ;> SIa oolatwl bl Ol cugby aldss dopd wluly (o)l
&Sl )bl lales Jloel cap b Jloel ady; dngs
Gos 5l )ySe sl S aiges Bsbo 1 (339 gy SB Cogb,
LS (olal 1 plol 1S5 50 )3 @87y Lausg )5 Ay dnsgs
085 5 0 Ly (Bpae O Jlade g0 (clatdy g s Oyp0y
ddy) dag Bos 9 O o Colus (SB o]j Cd)l Cugh,
ke g skl g dnsloe (1) dlaly Bl | o yio ol
S o sl 5588 g 55 (e Ol ke i plol bl ]
bulyd 3 S Cugb) e s Caa g 4 5 S0jlul (odule]
odlasiwl (6)lid dortio olKiiwd jl W31 (S yef dlads o £y Cud b

(6. =Opwp)XtXpXDXAX100

Ig o (V)
S ely; cad )b alais > coygby Jade B )] 5 oS
it (doyd) Sy abais )0 SB Cogb)y Jde 10,y (Lo)d)
pS) S s jogaste (g i «SB Cugb; a5 Aoy
erpoyie) ©58 ol A (i) didy) drwgs Bos D @y yio »
23b o (o) oyl O plessly By g (5)) )bl o Hlude i g

Sanchez, Manzanares, De Andres, Tenorio, & Ayerbe, )
P =P Bl &g eB)l) (o)) G Shy o o

o plosl oy patses (23 ]S dls o 0 (S, oliw g dsy
Gy S om0 aTe Ve ol sl 5l Gl L &S g0y
dloe 31853500 (Sl Shy (60ke 5 Ll (Bolad ©j90a
SO iy om0y Slos dwle jolaiods ¢ piomed 0D
e (gyte Bl VO alold 51 20 5 doy B alsye j3 xge o
a2 Ve gled )3 5 (sladsoed (nje o 9 il (e



OhhKen g ol

B

swogs il

2 990 ,5bee slizl o Sdoe 1 (I g 2

e OIS Al (i g

YV

1893 (0S'T @Y U0 paseq juadiad aAly pue Juasiad auo Jo [9A3] [BINISIIEIS AU} J& JUBOLIUSIS JUedIuSIS-uou A[oA10adsal aIe &y, pue 4, ‘su
SW 4y 6 4 L5 3K (s o o€ e (5 B cfomr 6 6R (Comp K| (D <rig” mben o™ g

(%) AD
¥'0c 9 9 £0C 81 91 €91 €T 91 8 €8¢ 911 = (cfe)
oo oo
Jo1g
P ELST I 200 0€ 065t CEVBLYS 90°0 8'66 STL 0S1 1’0 ol 144 -
. . . . : . . . dxIxA
«wS'TS9 ST «wP0°0 sl 11 w909€1 wl 16VY «$00°0 sl l 0Tl «9'6C1 «£00°0 «w8'LTI 4! P Pxse
dx1
sl 1ST sul 00 STl su€ SEE6T S 96L901 «£000°0 S 18 w88 suP€l sul0°0 9 PS Cl s
A1 xsée
dx A
suC SELT sul 00 suC€ b 61655 986808 «900°0 S VT w9 CE su8'ST1 «€00°0 u9'SST 9 e
(D
LUE098Y Shpl Iy LTl WEOILIE ..506091C1 w50 WL 10¥T .3 8ESY 444! L0 L0LT01 9 m._uNM_ton_
<
B J01Ig
9'05C1 L0 100 €LI Y'SLEEE ¥'8681001 90°0 L'SE €8y Tesl 1’0 9'8L 14 -
IxA
b8y wl'L A €0 € 0LO6LS 9 SIS9LE 00°0 LCS¢€ 998 uC €0T «¥0°0 suS 68 [4 xS
(1) uoneSiug
L3ESPLOL R 144 wll L9 S788L89STI |, L'P00S8STI .C LS6Tks  9081T | 8 EPIIS WwSE ,.SCIT [4 e
91§ 80°0 2000 9 T8Tl6 S68TYET [ 4! Tse €Te €0 9¢ C [Py
- S0
. . . . ; . . (OORILIN
sub61 L. 568 WwC Sl sl L S860L1€ WITILeYLLY ,.88°0 WLEL8L ,0CE9 ..3°€689 €0 .. 0588 ! -l
jued xad FE—
JySom e somsded  yygd sod 4 0
PRI ujoad  uwddoayiu xapul ad Jo qns y Sy
pIA ureas 3 SIAEJ] JO Jquny Uy
urjoIg urean) urean) IOAIBH  praid ureas) ! ureas jo Ioquiny yuepq A'O'S
Pt . il [eardoorg puesnoyJ, JaquinN 5o . (e
.Nm.ﬂ{ﬂ Niad Nad .Kn_} Q.Q._“Nn. < p 5 A9qUNN “ > : ..mnﬂ N R oK
e (lad sopstc Comn? q|ev of gk (34 of v € e ¥
6 o W) : 5 3 e 5
£v|C Cee ovre
ovge

SOIISLIIJILABYD JWIESIS UO SIWIFAT UONESLLII Ul UOBUIGUIOD A19Y) PUE JIIZI[1)IJ [EIIWYD ‘PIIE JIMNY ‘BZIYLIOIAW JO 1)) YY) JO sisA[eue ddueriea ddisodwo)) -¢ A qe],
b {- ot GFReD ol o (£ qRbCHp mie q¥oPem be oA § i Dy of (WIS JFS ¥ 67 ey eniee



YEY by € 0,lod FY ala (1l (£1y5 Slowidgiy arpmis  FFA

=y slaS5

elis)) oy | St el o) 0Sike auglio b
Pl sl b el gl ) Sy o8 3Ls s @iy
(b Jis) 3 oaal i 55ie sln, Sy 2L poyiwd
9 VY sty g lis)l s g 1o )bl (slowsy ) S sba
YY g VO Sy olawi g 0o pd ¥Y o YV 0,8 a3l slaad cduo > YO/F
Ol 38l e &S Canl o 5155 Bl S 1 4 Cand o
bl olS samd) slaShy 5l 6 pp pials 5 (S (15
adsye o dng L (Sid G5 &S psba )l 3529 (cenitine
1y ol 0,8kas (slizl g (ong) slo Sy 4 sl Sl 0 51,
dgd oo (ooliaidl 5 Slas bl 4 e a8 wbl atdb Jlis 4
03y bk opl b b sillae (Yemata & Bekele, 2024)
(Bardehji, Eshghizadeh, & Zahedi, 2020) -, Sen 4
S o by 4 ]y (i S layless 3 el (sa8ebsS
ol e an 48 10,8 leme O gl cowmsa cas olS cla
2 opmen ol e LS Bl d (g itngid g yanass
S35 Gl xS (ST9l8y0e G SRy p (S AT ey
= i bl s )3 Sy olasi g g i) (gao 3 B0 g VY
(Yemata & Bekele, 2024) 1i )55 aali 4 Cuws

Fr (6355 Lo g o odaliin & Joio ;0 & 465 lon
d93 auFr b o Lo S (Sho L) wigy glisyl oy
Fr U 50 Fs g Fs (6355 jlawd 90 &8 29y s o () b oliass]
SBM3] 93 Fa g Fa e aizily J1 )3 S yndie o)kl pdaw 5
I8 F1 b awlie o )8l s ¥Y g VY b e pa 5 ,Su5 L
odaliie F1as Cuus iulj8l 0o pd V4 /0 Fo ccolys 45 4 Al
o3l 0o )3 00 ¢ )lade (p it I F7 o 0 o8 a5l ol i
F3 g Fa Fs Fo slajlos a5 oo g 410595 0 F1 b duslde jo
il L Fa acles o sy 8 (S ke (gylel 0,5 0 F7 L
Fr )less ami oanlitio o] L B3] 9 9 F1 s Sl
A Cuus (G0 OFIF l38l L) Sy sl oy iy piomon
Oil38l Ao )3 ¥Y Fs g Fe cdmy adye jo b olaid] 2es & Fy
YA 9V o pan Fa g Fa G il )y 8 Fr b dwolie jo
A5 odmlie MR oy o F1 b dunlie o ]38l duo )y

295 49> g alfaw (Al 38 yingh (ol o b sillas
gt 4 yoxie Spoged Sl g 1)sSolo Ly o (olor
o=l s Lmt’j Al 5,8 L dwslie o aouiS 2ly; sl Sy
Cunilys j Spogen Al g 152)950ke o2l 3 0)l8 &S 590 (Jbs 5
355 a3 Ver o plS & o i eglhe )y la SR
)55l 9 )55 1 3,)LS pae Ly g sind (aliasd

EA
L7l
a EUe S
- O
as¥-°
2 59
=
=
i.‘.’A
e s, o
—_m|
n 8 =l
-~ 2 Tloa
A E
’12v g
=
-]
-
: -
3 )
wn
2 &
= =
S )
= e
g 9E
: 4 = 30 on 7=
4': RN RK <
&8 oa <
gl Q= &,
w g <  —
I.E g - A
3 5 S 3 8
- = - H
3% = 2 9
5 A&
3‘2 i S =
T [} = )=
»\&)_ = >
;= = 1,—_,
3N 8 3 =
o= 3 I =
- 2 13
KE .gn. \?,':
3§ 5% .
—38 "2'—,: q\&“
4 FREAG @
® n.om‘l‘a
Vgl Dg|as 3
=2 N 2 9o
w N R
S = . © - @
A X C b
“ of Q o - O
P2 -E g:
= 2
X g = i )
2 z £
‘-J\m 13%
w
Y 3 - E
4 = = -
131 = — =
D e = gz
~% L, = S5
-~
3 e 38 v 3
qu. a B =
S .8~.: * o
‘“Q ]\> N < QJ':
= M 8 |vwd| 7L
4 02 fjjm
17 N - ¢ f &
= g e L
a 3 3\‘_ o
2 9 g
R E E) 3
e £ Z
< = *
= 4
<
s
.
| _E
v -
= B“E*_
S| NEIER
X = =
T =
<
=
Ay
-
=
D
3 E
T
D
‘S&Nm
\0% a A
=2 &K
-
3 ©°
T @«
.fg,_
<
WD
>




FPA oS ailo udigy 9 8,5kee 3ol ,Shos p JT g ol so0gS 13l (1,800 g g0l 50

oialS s osalitie 35 4l sl LialS oy 3 ol ials
Ly phalS ay ol o1y (Sl i 5l e oS s Slee sl
o iRwgid Ao panass g Mg Gials g ol () slaplul
Jead 4 as L (Yemata & Bekele, 2024) sls s
e Sl ady Jad Jgbo p3 (SuiS S5 S 98 53 xS CuiS
9 JSis cayly i opl jd a8 WS o s 1y liasl oyl d o
o @5 A4S sy Jlaie pyieS A g sy Al g JousS AD,
b JWs a1y by 5, Sl ials

3y S5 e el G b iy A5 Ll 2510
Ol 4 olyg 3 &5 S osle gea g Mg I3l g (o)
03d ()35 (sloms slatngs 53 d9d o0 poie 3,Sles (gljl
Mehrabi Zadeh & ) o3l ) Lusl g 05 oo (cwwyp 5> ol
bl s 55U e asuS a0b Yl 59 (Ehsan Zade, 2012
s (chuoyd ¥ 5 YO 390 i iy a8l Lol o S5 51,8 o )bl
595 oy il (gyll )93 (1alS Ly oS s g JguusS
i o394 douS 3y Shoe glial (2ol (rizen A5 (515
1ty 5talS 5 )l alols Gl 51 5 g 5 (ol 4515
.(Dutta, Bandyopadhyay, & Maity, 2000) ui -\l s,

g 5> JguS A (e (3 S0le dumlie @l olsl
33 ol el Cendts F7 jlad )3 4y 38 59 9 JgmaS 50 ails
P &bl i g Fe g Fs j0 JouwaS oy aiby dlaw a8 59 Jbs
Dy Lg)LnT J).._Mm By dl)b o.\_.JIBQL.,g s L Fe P Fs F3
oialS o ¥Y 5OV DAL 55 55She sla Sy polie oy yieS
N2 039 9 JgmsS 5> Wl Sl gy )3 JguS s sy gl
Sgmste b Gl (oo 12)950le )8 (7 J92) 9 F1 & bgaye iy
Fimog (il Bl Seogn Sl g jand ofage (e polic Ol
sl 2o 4 e (Jahan et al., 2019) lie jole Gis g
Tl 48T A5 ()l3S (g 53 bl 0dd ds)ge 3 0lS 5 Shos
039 Pixe Gl 4 oxie G.MoSSEAE 12 )95le 2B b oS
Gholinezhad, Darvishzadeh, & ) 1é dals 4 Caws by Hl5
Koocheki etal.,) 4,Kan 5 (So58" )y ;o (Abhari, 2022
s 51 2208 3 Sle sl 51 izysole (sloaisS | guils (2015
039 9 Jo—wsS 50 a0l sl gy 53 JounS i g cudly o sixe
8l dgapy Joyd ¥R 5 FY Ar iy dald & Cuns aib Hlia
Nourihoseini, Khorasani, Astaraei, ) .|,\\Ken g (s ()5
aS >S4l 8 (Rezvani Moghadam, & Zabihi, 2017
2 S35 05+ S sl + (olrard (slodS I (Al oslizl
il Gialidl an youe bl 51 G yn G810 50,8 b dusléo
Dgdse ol 02 3 )Shos

2- Bunium persicum Boiss

Jeed 5 el oas o lS w3y 15,050k 8l ol okt
S BpaseS polie g jiud (o (2118 dlge ol ilél
ot 4SS ool b e ol ysole gt 4 Cons (ol5555k olS 5o
.)‘9_a UDWQ?]) Ls‘ﬁ—“’9éb”’ ‘M)Q'b{bu"@b bb)lmf
Gholinezhad, Darvishzadeh, Siavash ) 42S o pal)d (gise

Soged Al (Moghaddam, & Popovi¢-Djordjevic, 2020
9 Sy Ol some ¢ primgd cob )b il 8l L col B 3
Lo Shy 30t o oo G151 oS 5 logcd g
Jahan, Nassiri Mahallati, & Amiri, ) >s-5 -lals cad,
(2019

= Soged sl g (oleond (hanj S35 (il (o) 5
dod B+ g sledeS jlag 48 WS asuie | oyl oS
3, S Wi 1y S ol oy i «Siogad Sl +  sleond (sladgS
a5y 5l oy da ol sliel 4 il sals b ()l gxe coolis oS
Ol g lie polie o O Jliml g ady) cled jlolS i)
Sl 9 02y 0 S ol Slge adgi L g gloagS Cenl (Sae
e sy S Gl 4 e (SB Sk dgu0 b Shogen
L5 ol g gl ialisl woles g 2l ol o
Jahan, Ghaleonee, Khamooshi, ) 54 olS Sy sluw g (oil>
(& Amiri, 2015

1Sy 3 g aigs glisy] oF Jsin) adllas ol ol bl
Wed Jlo b alio jd cedyidn doyd Ve 9 V0 NF-Y e
4 Comd olS 03y Juad (b5 (S gl Jlo 55 .l jials
Jds Uilgs o a8 0l lis iol38) dus pn AF @ 05 pgd b
Ol aS e Bl VFY Loy olS ) o Sk S
La gl o 9 45 Jobo olel Gal38 b o 4 oS oyt
(Yemata & Bekele, 2024) 125 o d9u0 1)

g Slae gl sl
M52 jg 9 459 ) JomS 23 (i B J> b ellae
s Ao )3 £O 9 YO gy 45 dal Candas 11 (gy] (sl il
12 &) Comd gyt &> )l (59 2oyd OF 9 YV g &gy > JguusS
Al sl oylol slapssy 5 Jlo (S en iy zols ol L I3
o a3 s 3 s ) S g ) JS) g
a8 6 ygbas il pgd Jluw 4o carus Jgl Jlw ¢l (5l
Lod YEIA oYY A s g Ve Jo a3 g la di glaylos
Oy eoplp g8l Bl VFY Jlo 4 Cans (6 i &b olaws
L aS 550 11 )l as bgsge (o 80 52 13 JomuS pd &by sl

1- Ocimum basilicum



\i’Y’QM} & b)w‘yy.\l?‘dﬂrﬂ uﬁb} Sl 93 A yaidd YO

Oig &S Wyl dlizel 4 Siimgly Lol isli8l (o)l pxe jeboay 1y 4l
AU (S5 Jelge Sl iy 48 cod ola Sk il &b Jlia
SyS e N8 ae Jalge U5 cov e g,cnlil oy e
oS Wby e oyjg calllae oyl yo Ll (Kalantari et al., 2021)
bS5 gl Sl 3 dibaie lomgl yigg bulyd 86 cos
oS 0y 0)9 (b )3 (Sdd (B 3929 45 D (SIS (bmgh
JUsl tals g asly s 1 0593 (LSS Sy oS
Fiwgid g Sy paw LialS cledy 05 a5 b & el yjung S

(Nasir & Toth, 2020) a5 o ialS |y by jlia yjs il o

odalio f Jouo Lo pmSilie dunlio guls ;5 a5 4sS lon

L i als Jlia (59 5 S0 )0 JomS 23 00 5V 098 0
Vo) o 3 VFY Jlw d s ialjsl o )n YY 9 YV/E
gt p9d Jlw 0 G Jgl Jlo 55 (S5, ialisl el cunday
sl Juisey |y oS s Slas lipl (mopen 5 (=) s S i
Sl oli8l 4y souS” ol ad Ll slaws g &g glasyl iglidl oS |y
Kalantari, Armin, & Marvi, ) 555 o 0o dig ;3 JgmS
YFY s Coaws VWY JLw 0 a0l jlia o5 iul581 (2021
Sl JgsS slaails 9 59)1 slvands a8 <o) 4 Wy
3o (g onss 3 a5 sl basipe Jol Jlo 53 (s og dlge ol

SoS (53 5es 5 (£1)5 SRS 39 2 Syl Sy 5T 8l Ayl —0 Jouo
Table 5- Mean comparison of average the effect of irrigation regimes on agronomical characteristics and yield of sesame
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R A =2 “ 9 Thousand e s sl
Irrigation rIl?’l_ant Number of ~ Number of Number of  grain weight ~ Biological Grain Harvest
regimes eight sub- leaves per capsules per ©) yleld_ yleld_ index
(cm) branches plant plant (kgha') (kg ha?) (%)
11 126.6%" 3.82 1862 68.22 3.3 6119.32 1773.32 292
12 102° 2.54° 140° 50.5° 2.5 4300.6° 1091° 26.2%
13 81.7° 2.19° 117.3¢ 41.3° 2.16° 2962° 691.4¢ 25.2°

bl god (P<O.05) o gz OIS glyls g jo )d S ydie gy b dlasl #
* Numbers followed by the same letter are not significantly differentns (P<0.05)
agby a5 aod Ar g8 (wls) ¥ 5l L ybl eyt lz gl da
11, 12 and 13: irrigation after 40 (control), 60 and 80 percent of moisture discharge, respectively
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Figure 1- The interaction of the year in the irrigation regime on the number of capsules in sesame
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11, 12 and 13: irrigation after 40 (control), 60 and 80 percent of moisture discharge, respectively
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Numbers followed by the same letter are not significantly differentns (P<0.05).
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Table 6- Mean comparison of fertilizer treatments on agronomical characteristics, yield components, yield and grain protein

of sesame
F1 F2 F3 F4 F5 F6 F7
Plant height (cm) w4, ¢l 76" 84¢ 101b 99.5b 122.82 1222 124.82
Number of sub-branches <, a3 sluss 2.19° 2.3° 2.5% 2.6% 32 3@ 3.42
Number of leaves 5, slas 115.2¢  125¢ 137.7¢  135.8« 165  164.6°  180.5%
Number of capsules per plant aig ,3 JousS slass 420 45¢ 46.7° 47.2¢ 60° 60° 72.32
Number of grain per capsule Jsu.S » als s 26.2° 35.7° 38.6° 38b 55.72 54.28 5452
Thousand grain weight (g) < )3 259 2¢ 2.2bc 2.5abe 2.42bc 3 2.9% 2.9%
Biological yield (kg ha?) _zu; 3,Sles 3298¢ 3954.8°c  41485° 4094.8> 5357.4% 5326.72 5277.5
Grain yield (kg hal) als > Slee 969°¢ 1066  1173.4% 1172.3% 1330.62 12762 13092
Harvest index (%) cusls p asls 235°  24.4b 246  27.5%c  28.7%® 29% 302
Grain nitrogen (%) «ls 59,55 2d 2.3¢ 2.6° 2.55 3.22 3.1° 3
Grain protein (%) «b ;4595 12.6¢ 14.5¢ 16.5° 15.8 202 19.52 19.32
Protein yield (kg ha) s, 5,Skes 122¢  1545¢ 165" 1765  2147* 1958  200.7°

bl e (P<O.05) jlo sze BMB] (gl)ls candy yo 40 S jidio By > by dlael
* Numbers followed by the same letter in each row are not significantly differentns (P<0.05)
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1- Principal components analysis
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Figure 2- Interaction effect of year in irrigation regime on sesame nitrogen and protein and seed protein yield
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11, 12 and 13: irrigation after 40 (control), 60 and 80 percent of moisture discharge, respectively
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Numbers followed by the same letter are not significantly differentns (P<0.05)
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Figure 3- Bi-plot diagram of investigated characteristics under the influence of irrigation regimes and fertilizer treatments
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The right side is the first year and the left side is the second year of the experiment.
NL ¢ JguS 53 4l 3lax5 :NGC gy 55 JguusS olias :NCP iy Jl5o 59 - TGW asly yy ol :HI ¢ 5 5,Sloe BY iy 5,Sloe :GY gy glis,l :PH
b gy clale :GNC 9 gy 3,les PY il O (Syxe :GPC 558 L ol :NBP o5y olass
PH: plant height, GY: grain yield, BY: biological yield: HI: harvest index, TGW: 1000- grain weigh, NCP: number of capsules per

plant, NGC: number of grain per capsules, NL: number of leaf, NBP: number of branch per plant, GPC: grain protein content, PY:
protein yield and GNC: grain nitrogen content
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Introduction

Weeds are the main factor limiting cumin production. Hand weeding is used as the most important and
common method of weed management in cumin fields, which, in addition to spending a lot of time, takes a large
part of the production cost. Cumin is weak in competition with weeds because it has a low and weak initial
growth and establishment speed, and its biomass and height of its aerial organs are low, in addition, its root
expansion is not very notable. The amount of weed damage in cumin cultivation is reported from 40 to 90
percentage depends on the type of weed species and density, the length of the competition period, cultivation
conditions, control time and management of nutrients and in different conditions. Trifluralin (Treflan) is used by
some farmers at planting time of cumin as a foliar spray in the soil or with irrigation water. Interviews conducted
with farmers confirm that the use of this herbicide at the time of planting cumin affects the seeds of the plant to
some extent and reduces the germination percentage of this plant, although some farmers also believe that there
is no side effect in this case. Another challenge to successful cumin production, particularly in rainy years, is
plant diseases. Wilt, leaf burn, and surface powdery mildew, caused by *Fusarium oxysporum*, *Alternaria
burnsii*, and *Erysiphe polygoni*, respectively, are among the most significant diseases affecting cumin
worldwide. Therefore, this study was carried out with the following objectives:

1) Investigating the effect of trifluralin herbicide abuse at different intervals until planting, on the percentage
of cumin seedling emergence.

2) The effect of using trifluralin herbicide at different intervals until planting, on the population and growth
of weeds.

3) The effect of irrigation method on cumin yield

4) Investigating the effect of irrigation method on the percentage and yield of cumin essential oil

5) The effect of irrigation method on the contamination of cumin plants with Fusarium fungus

©2024 The author(s). This is an open access article distributed under Creative Commons Attribution
4.0 International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and
™ reproduction in any medium or format, as long as you give appropriate credit to the original author(s)
and the source.
4. https://doi.org/10.22067/jcesc.2024.87520.1318
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6) Studying the water use efficiency in different irrigation and weed management methods
Materials and Methods

Therefore, in order to evaluate the effect of the weed management method and the type of irrigation on the
control of weeds, an experiment was conducted as split-plot based on a randomized complete block design with
3 replications in the research farm of the Agricultural Faculty of Bardsir, Shahid Bahonar University of Kerman
in 2022-2023. The experimental treatments include the type of irrigation in two levels (flooded and sprinkler)
and weed management in seven levels (hand weeding, time of planting the cumin seeds after 3, 7, 14 and 21 days
trifluralin herbicide application and no weed control).

Results and Discussion

The type of irrigation showed a significant effect on weeds density and dry weight, the percentage of plant
wilt, the number of umbrellas per plant, biological yield, seed yield, essential oil percentage, essential oil yield
and water use efficiency at the level of 1% and the harvest index at the level of 5%. The method of weed
management showed a significant effect on the density and dry weight of weeds, the number of emerged plants,
plant height, the number of umbrellas per plant, biological yield, seed yield, essential oil yield and water use
efficiency at the level of 1% and harvest index at the level 5%. The interaction effect of irrigation and weed
management methods showed a significant effect on the density and dry weight of weeds, the of essential oil
percentage and yield at the level of 1%, and the biological yield and yield of seeds at the level of 5%. The results
of this experiment showed that sprinkler irrigation had better conditions in terms of weed and disease control as
well as seed and essential oil yields compared to flood irrigation. Among the herbicide treatments, the
application of trifluralin 3 days before planting had better weed control results. By increasing the distance of
cumin planting from the time of herbicide application, despite the increase in weed dry weight and density,
cumin seed yield improved. In both irrigation methods, treatments of hand weeding and cumin planting after 21
days of herbicide application had the highest yield of seed and essential oil.

Conclusion

In general, cumin planting 21 days after trifluralin application and using sprinkler irrigation were able to
reduce the weed density and biomass to an acceptable level and on the other hand, they produced a good seed
and essential oil yield which is recommended.

Keywords: Essential oil, Sprinkler irrigation, Trifluralin, Water Use Efficiency
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Figure 1- The trend of temperature (°C) and precipitation (mm) in the studied crop year
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Table 1- Soil characteristics of experimental field
G S )Y 3 KH W
M."“’ o o o6 i . Sose Colaa Pt cdl Particle size
i B Absorbable N‘i)t)rso)g;:n Organic 1515 S S 2l SB _ percentage
Absorbable  phosphorus (%) matter ~ © EC Sulk Soil JEW IO W
potassium (mg kg™) 0 (%) pH 4 ! .
(mg kg™) g Kg (dS m?) density ~ texture Sand  Silt  Clay
(g.cm?) (%) () (%)
266 13.34 0.087 0.53 7.52 1.63 1.29 %x 211 245 554
oilesl owl 53 sudodliiuw Jlade o LSl Clwogasd -Y Joua
Table 2- Herbicide characteristics and rates were used in this experiment
oges o Jos 0923 Opw¥eed  oalSadgi jguiS g LS pud LXWIWEP PR
Herbicide (common name) Mode of action Formulation  Company and country The recommended dose
Q‘Jl”‘l—‘”)’ S s 051351 VATV, olpl (B )S ouo JS (sl 03lo i) ¥/0) 0550 03lo p)5 VY + o
Trifluralin Cell division inhibitor 48%, EC Golsam, Gorgan, Iran 12002 (25L ®)

ol 0 03l L5 1S 53 0,350 03le ) el iSale Hlade sa
a: Rates of herbicides are presented in g a.i. ha!
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Table 3- Analysis of variance (means square) treatments results on weed density and dry weight

Oyt gilio Sdila,d e sladile o515 i sbdle SS9
S.0.V df Weeds density Weeds dry weight
SN 2 57.14 1 9.70 ™
Rep
Cokles 1 606.41" 360.9™
Irrigation type (IT)
Jsl sllas 2 34.77 14.14
Errorl
o sladile Copie 4 2845.8™ 963.1™
Weed Management (WM)
&l e X iy sladile ¢y pe 4 856.3" 258"
ITXWM
psd slas 16 94.88 31.22
Error2
SlyedS o po } 114 12.2
C.V (%)

** 0% s

o) S5 g i Jlein] maw )0 (g)b pxe g (g0 Sxe pis Ay K
ns, * and **: non-significant and significant at the probability level of 5% and 1%, respectively
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Figure 2- The interaction of irrigation method and sown date of cumin after appllying herbicide on weed density
(Based on slicing method, means with same letters are not significantly different according to Duncan test (p< 0.05))

m No herbicide Application

120.00 - - -

- @ 3 Day after herbicide application
_ } 100.00 - O 7 Day after herbicide application
(?E £ 014 Day after herbicide application
=4 80.00 - a
g%
g 4, 60.00 -
S
T L 40.00 b
(5] el

1, c c c c
= 20,00 - d

000 n T 1
Flood Sprinkler

Sl oy,

Irrigation method
32 Sdile 839 Cun; 2 (IS le S pao 5l s 825 CdlS loj 5 ()l (19 IS R - T S
(85,05 5SSl 905l olsl o yd gy o] s 53 (6 ) Gire BB S o gy (gl (6o (1 SSlio ¢ 20 5 3 gy (bl o)

Figure 3- The interaction of irrigation method and sown date of cumin after appllying herbicide on weed biomass
(Based on slicing method, means with same letters are not significantly different according to Duncan test (p< 0.05))
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Table 4- Analysis of variance (means square) treatments results on cumin characteristics

) JUVE S g 91193 &3l ax g B Junws AT g9 3 syl Eyaodigy
S.0.vV d.f Number of seedling emergence (Plant m?) Height (cm) Infected plants
IS 2 77.93 0.671" 0.033"
Replication
| olkles 1 6.411s 0.974 ™ 68.29 **
Irrigation type (IT)
Jol sl 2 14.77 21.41 0.168
Errorl
i Sladle Cy e 5 1846.7* 123.13* 20.48™
Weed management (WM)
Sl 592 5 sladdle o e 5 3.33™ 5.06 ™ 11.31*
ITXWM
Py st 20 54.80 1224 0.101
Error2
Oyl g . 10.8 8.7 8.8
C.V (%)
Lo pd S5 g iy Jlein] aw jd (gl gxe g (50 sime pas Sy e g % NS
ns, * and **: non-significant and significant at the probability level of 5% and 1%, respectively
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Table 5- The effect of treatments on cumin seedling emerge and plant height
. .. DA s AT g9 Dy ..
Tre)alto‘rzent Tre;t:irftsz e Number of S):;j"n’; emergence Heitft::)(::m)
yp (plant m?) g
Y
; i 67.87° 32.90°
&kl U, Flood
Irrigation method sht 68.722 32572
Sprinkler ' '
3 sladle J 5 pac 87.122 24.68°
No weeds control
32 sladle o2 88.13° 3158
Hand weeding
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LS dile Gyno 5l Ly jaw 0y cudlS o 3 days
Time of cumin planting after herbicide application (Day) s Y 49 17¢ 37.012
7 days
39\ 62.81° 34.55%
14 days
SITAN 73.440 32.08°
21 days
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* In each column, same letters are not significantly different according to Duncan test (p< 0.05)
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Table 6- The interaction of irrigation method and sown date of cumin after appllying herbicide on damping off seedlings

Sl
Treatment Sypodig) o yd
&b oSl B pao I w jaw 0425 CudlS o Infected plants percentage
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Sprinkler J9) v 2,07
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397 3.10°
14 days
39 ARl 2.07 ab
21 days
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* In each column based on slicing method, means with same letters are not significantly different according to Duncan test (p<
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Table 7- Analysis of variance (means square) treatments results on yield components, yield and water use efficiency of cumin
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ns, * and **: non-significant and significant at the probability level of 5% and 1%, respectively
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Table 8- The effect of treatments on cumin number of umberella per plant, 1000 seed weight, and harvest index
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14 days
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* In each column, same letters are not significantly different according to Duncan test (p< 0.05)
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Table 9- The interaction effect of irrigation method and sown date of cumin after appllying herbicide on on yield
components and yield of cumin
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* In each column based on slicing method, means with same letters are not significantly different according to Duncan test (p<

0.05)
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Figure 4- The interaction of irrigation method and sown date of cumin after appllying herbicide on seed yield of cumin
Based on slicing method, means with same letters are not significantly different according to Duncan test (p< 0.05)
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Introduction

This research investigates the effects of brassinosteroid and melatonin foliar applications on quinoa
(Chenopodium quinoa Willd.) subjected to drought stress. As a highly nutritious new plant, quinoa is
increasingly valued for its tolerance in arid conditions like our country. However, drought stress or irrigation
deficit significantly impairs its growth and biochemical composition. Brassinosteroids and melatonin as plant
growth regulators are known to enhance plant tolerance to various abiotic stresses, including drought, by
modulating physiological and biochemical pathways. This research aims to elucidate how these compounds
influence key growth indices, such as plant height, leaf area, biomass, harvest index and as well as biochemical
characteristics like soluble carbohydrate, and proline accumulation in quinoa growing under drought stress. By
understanding these effects, the study seeks to provide insights into potential agronomic practices to improve
quinoa productivity and stress resilience under water-limited conditions.

Materials and Methods

The experiment, conducted at Shahid Bahonar university of Kerman during 2020 and 2021 cropping seasons,
used a split-plot layout based on a randomized complete block design with three replications. Main plots
consisted of three irrigation levels (100%, 75%, and 50% of field capacity), and sub-plots included five foliar
application treatments (control, 0.25 and 0.5 micromolar brassinosteroid, and 0.5 and 1 micromolar melatonin).
Soil sampling and nutrient adjustments were made before planting. Trifluralin herbicide was used for weed
control, and planting occurred on August 1st with 40 cm row spacing and 3-meter row lengths, followed by
immediate irrigation. Foliar applications were conducted at the start of flowering and a week later, early in the
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morning before sunrise. Water stress treatments began after the first foliar application. Leaf area index (LAI) and
Crop Growth Rate (CGR) were measured at the beginning of flowering and one week later, using Gardner's
equations. Chlorophyll fluorescence was assessed via the saturation pulse method to determine the maximum
guantum vield of photosystem Il. Proline and soluble sugars measurements were taken from young leaves post-
stress treatment. For morphological trait assessment, including plant height, leaf area, dry weight of aerial parts,
and yield components, five plants were randomly sampled from each plot. Biological yield, harvest index, and
grain yield were calculated by harvesting plants from the middle four rows, each 2 meters long. Data analysis
was performed using SAS v. 9.1, with mean comparisons conducted using Duncan's multiple range test at the
5% probability level.

Results and Discussion

The results showed that foliar application of plant growth regulators (PGR) increased plant height across all
irrigation levels. The greatest height, 150.5 cm, was observed with 0.5 micromolar melatonin and 100% field
capacity irrigation. Additionally, 0.5 micromolar brassinosteroid with irrigation with 75% of field capacity
increased plant height by 11.1% compared to the control at the same irrigation level, with a similar trend under
severe drought stress. Increased drought stress reduced the leaf area index (LAI) by 8.37% and 31.6% compared
to normal irrigation. The highest concentration of brassinosteroids increased the crop growth rate (CGR) at all
irrigation levels (4.8, 4.4 and %16.8 in normal, mild and severe drought stress conditions respectively, but
thousand grain weight decreased to %93.3 and %62 of control with rising drought stress. Brassinosteroids were
more effective than melatonin in enhancing thousand grain weight. Both brassinosteroid and melatonin
applications reduced chlorophyll fluorescence under mild and severe drought stress compared to controls.
Soluble carbohydrates content increased by 50.4% at 50% field capacity irrigation compared to normal
irrigation. Under mild stress, only brassinosteroid significantly increased proline content, with the highest level
(3.19 umol g1) at the highest concentration. The highest dry weight, harvest index, and grain yield were achieved
with 0.5 micromolar brassinosteroid under mild and severe stress. Brassinosteroids, as new phytohormones, are
promising for enhancing crop productivity under stress and non-stress conditions.

Conclusion

Reduction in irrigation from 100% field capacity or increased drought stress led to decreased plant height,
growth rate, leaf area index, thousand grain weight, and harvest index, while chlorophyll fluorescence, proline
content, and soluble carbohydrates increased. Despite the increases in these two latter mentioned traits, plant dry
weight and grain yield decreased under drought stress. The application of brassinosteroids and melatonin
improved plant traits, with 0.5 micromolar brassinosteroid being particularly more effective, especially under
mild and severe stress. This treatment mitigated drought's negative effects, suggesting its potential to enhance
agricultural productivity in arid and semi-arid regions.

Keywords: Chlorophyll florescence, Crop growth rate, Irrigation, Proline, Soluble carbohydrate
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Figure 1- Average weekly minimum and maximum temperature along experiment in years 2020 and 2021
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Table 1- Soil physicochemical properties at the experimental location

S ses
SB Olaswin Soil depth
Soil properties Jlw 1399/2020 Jlw 1400/2021
0-30cm  30-60cm 0-30cm  30-60 cm
“.% sl Loam Loam Loam loam
Soil texture
e 0.05 0.055 0.06 0.07
Nitrogen (ppm)
S 7.05 8.00 7.44 8.30
Phosphorus (ppm)
el 290 295 310 320
Potassium (ppm)
Sorsl colia 2.3 2.1 25 2.2
EC (dS mY)
el 7.4 75 75 7.65
pH
o oile 0.42 0.4 0.46 0.44

Organic matter (%)
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Table 2- Variance analysis of morphological traits of quinoa affected by drought and foliar application of PGR in 2018 and
2019 crop years
JUvES I I &3l as y olS glisl 5 Shos Caild g et LS S 439 415,15 559
S.0vV df Plant height Yield Harvest index Dry weight 1000-grain weight
Year (a) N N . . N
@ 1 1220.1 3394.00 0.890 51124 0.1115
Errora
a s 2 87.1 362.74 0.070 5503.5 0.008
Drought (b) o 81342.19" . ™ o
(b) i s 2 24791 * 85.0 712241.59 2.79
axXb 2 19.90™ 1074.62" 4,503 9623.9 ™ 0.003m
Error b
beclas 8 119.64 176.94 0.015 2868.2 0.011
Foliar application (c) 4 979.00%  3334.69" 2.214” 45473 0.098"
(©) ik ' ' ' '
axc 4 16.14™ 39.48m™ 0.091m 722.22" 0.0006 ™
bXxXc 8 135.79™ 1754.16™ 2.34™ 20399.2™ 0.0049 ™
axXbXxXc 8 55m 30.38™ 0.083m 706.3"™ 0.0025M
Error
s 48 24.3 49.58 0.041 863.9 0.003
C.V. (%)
s . - 4.0 2.7 0.9 2.6 45
P
55 SBILw y3 ady (osiiS wlalS b (ol glone 5 (SWs 51 e 198 (505992 54398 90 SS9 (il ,lg 4120 - Jgaa sl
VE€ev 9 IYAQ

Continued Table 2- Variance analysis of morphophysiological traits of quinoa affected by drought and foliar application of

PGR in 2018 and 2019 crop years

Ol 2o @33l 4y "’“é:;”u fffs oo &;’ﬁf’s S g g3 LS bg s “t’:
orophy - oluble - rop grow
SOV df florescence Proline carbohydrates Leaf area index rate
Year (a) . . . N N
@ Ju 1 0.0386 "™ 0.414"s 2.719" 0.259 " 0.28M
Errora
als 2 0.0557 0.185 118.51 0.194 3.479
Drought (b) . " " " -
(b) St i 2 0.0287 21.74 13745.89 14.92 165.65
axb 0.0029 s 0.051" 14.87m 0.158 " 1.32m
Error b
bclas 8 0.0020 0.341 33.29 0.050 117
Foliar application (c) 4 0.0127™ 0.320™ 131.6™ 0.273" 2.07
(©) 2k Jsbne : : : : :
axc 4 0.0004 s 0.0054 s 2.88"M 0.169"s 0.21ms
Interactionb X ¢ 8 0.00098 ™ 0.081™ 24.0M 0.135M 0.34"
axXbXxc 8 0.0001 " 0.0050 " 4.30M 0.028"s 0.17ms
Error
s 48 0.0003 0.019 32.74 0.087 0.16
C.V. (%)
ol e . - 2.3 35 5.7 7.9 3.1

ns, ** and *: Non . significant and significant at the 1% and 5% probability levels, respectively
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Table 3- Means comparison of measured traits affected by cropping year

Jlw guw,l
Height

Year (cm)
1 126.2%"
2 118.8°

SWE (439 &5 158 oy 59

Dry weight 1000-grain
(gm?) weight (g)
11482 1.312
1100 ° 1.24"

B85 ()b e Cglis o ys iy Jlein] o p3 (Sl yg0j] olusl p s S yiie Gy > sy 45 oo pSbe gte pm
* Means in each column followed by similar letter(s) are not significantly different at %5 probability level, using Duncan multiple
range test
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Table 4- Mean comparisons of interaction of plant growth regulators and drought stress on measured traits in Quinoa
.»f}) S

Ay DS i Wyl 5 Shos U» S 03 Jypaze J.:A”JS . oPon
Droqght Plant growth Height Yield Sl Dry Crop ol ygls Proline
%field 2 Harvest weight Chlorophyll. -1
( - regulator (um) (cm) (g m?) . 2 growth rate phy! (umol g%)
capacity) index (%) (g m?) P florecence
(gm~“day™)
59 pllginl
Brasinostroid 144.6*  302.02 24.00% 1258.22 15.1% 0.72¢ 2.289
0.25
59 pllginl
Brasinostroid 146.82 302.82 23.93%® 1265.42 15.32 0.73¢% 2.30¢
0.5
100 o
Melatonin 150.52 297.22 24.97% 123992 14.6° 0.74¢ 2.319
0.5
s
Melatonin 149.32 299.92 23.93% 1253.02 14.9® 0.72¢ 2.289
1
Jals
134.9%  297.72 24,102 12352 14.6° 0.75°¢ 2279
Control
A pilgil
Brasinostroid 130.7¢  276.4% 23.48¢ 1176.0¢ 13.6¢ 0.74 2.92¢
0.25
39 powlgizunl
Brasinostroid 138.7° 286.6° 23.84 e 1202.2% 14.1°¢ 0.72¢ 3.194
0.5
75 oyl
Melatonin 132.3¢  276.8 23.76%¢ 1165.5¢ 13,54 0.75°¢ 2.69f
0.5
s
Melatonin 133.7%¢  278.5% 23.78%¢ 1171.6°¢ 13.6% 0.72¢% 2.78f
1
Aali d c cd d d b f
124.8 268.0 23.66 1133.1 135 0.79 2.74
Control
59 pllgil
Brasinostroid 9].0f 2054f 21.08¢9 9735f 104f 080b 396b
0.25
A pilgil
Brasinostroid 105.1¢ 229.4¢ 21.67° 1058.2¢ 11.1¢ 0.76° 4.29@
0.5
50 ol
Melatonin 91.7f 208.0°¢f 21.38f 972.2f 10.4f 0.79° 3.840c
0.5
R
Melatonin 915f 216.1¢ 21.50°¢f 1004.9f 10.4f 0.76° 3.94°
1
KT h
7159 143.99 19.08 753.39 9.509 0.85% 3.78¢
Control
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* Means in each column followed by the similar letter(s) are not significantly different at %5 probability level, using Duncan
multiple range test.
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Table 5- Means comparison of measured traits affected by different irrigation treatments (drought)

Sk ald )l 059
Irrigation (% of field capacity) 1000-grain weigh (g)
50 0.93¢
75 1.40°
100 1.502

Sy g pad L Jglome Ol yaudgy S

Leaf area index  Soluble carbohydrate (mg g* FW)
2.94¢ 123.35¢2
3.94° 92.99°
4.30° 82.03°¢

3,15 g > e Cglis doyd gy Jlain] prdaw y3 (4SSl 9051 bl iz S it gy clyls 45T ola pSSle gt D %
* Means in each column followed by similar letter(s) are not significantly different at %5 probability level, using Duncan multiple
range test
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Table 6- Means comparison of measured traits affected by plat growth regulators spraying

oL 0 (gLrouiiS il ails )32 o3 Sy g pas L Jglome Ol yaudgy S
Plant growth regulators (um)  1000-grain weight (y) Leaf areaindex  Soluble carbohydrate (mg g* FW)
Control s 1.16¢ 3.56° 98.7 ¢
Brasinostroid 0.25 13 il 1.28" 3.74% 101.1%
Brasinostroid 0.5 " 1.378 3.75@® 103.32
Melatonin 0.5 e 1.26° 3.902 96.7°¢
Melatonin 1 " 1.28" 3.67° 97.5%

)5 oyl dme glis Mo yd gy Jlein] a3 Sl g03] (bl it S yiidie g (sl &S ola Sk gt b )
* Means in each column followed by similar letter(s) are not significantly different at %5 probability level, using Duncan multiple
range test
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Table 7- Means comparison of measured traits affected by interaction of year and irrigation

Drought (% of ; 2 Harvest index
Year field capacity) e (@M) (%)
1 100 299.3a* 2392
1 75 285.42 236
1 50 211.5b 21,52
2 100 300.52 24.12
2 75 269.22 23.82
2 50 189.7° 20.4°

B85 (I sime gl oy i et aws y3 (Sl (905 ool ettt S o gy gyl 45 ol pSole (gt pm 4
* Means in each column followed by the similar letter(s) are not significantly different at %5 probability level, using Duncan
multiple range test
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