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Introduction

The food providing for the growing world population has always been one of the main concerns of mankind
and rice is one of the most important sources of human food. The importance of rice plant in human nutrition and
the necessity of achieving self-sufficiency in its production through increasing yield is not hidden from anyone.
Among the solutions that humans have used to deal with this problem is choosing the right planting method,
planting date and cultivars. Currently, the cultivation of this plant is carried out in most parts of the world in the
form of transplanting. Supplying sufficient amount of water is necessary to increase crop production and lack of
water is one of the basic limitations in the development of rice cultivation in some regions of the world.
Therefore, it is an undeniable necessity to choose a suitable bed for planting plants that will reduce water
consumption and produce optimal crops. Also, planting date can have a significant impact on crop growth and
rice yield, and it is important to determine the most suitable cultivars for a special planting date. Despite the
great importance of different rice transplanting beds on its crop production and the optimal management of these
beds through the application of appropriate planting dates that can have a significant impact on crop production,
so far not many studies have been conducted in Khuzestan.

Materials and Methods

This research was designed to determine the feasibility of establishing rice cultivar seedlings in dry beds and
compare it with wet conditions at different times of seedling production. The experiment was carried out during
the cropping years of 2021 and 2022 at the Shavur research station in Khuzestan province, located 65 km north
of Ahvaz. It was conducted using a split-plot design within a randomized complete block design with three
replications. The main factor, planting beds for the seedlings, included transplanting in a conventional bed
(paddling), transplanting in a bed with field capacity, transplanting in a flat bed under dry conditions, and
transplanting in a raised bed under dry conditions. The sub-factor was the date of seedling production, which
included June 2, June 12, and June 23. The rice cultivars, which were the sub-sub-factors, included Champa,
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Anbori, Germez-Paboland, and Daniyal.

Results and Discussion

The results of comparing the average of traits showed that the highest yield of paddy in the two years of the
experiment was related to the flat planting bed and the planting date of 2 June (5190 kg.ha in first year, 6536
kg.ha-1 in second year, respectively in Anbori, Germez-Paboland and Champa). Rice yield showed a high
correlation with biological yield, number of panicles per square meter, panicle length and plant height. The
lowest yield of paddy in the two years of the experiment belonged to the conventional bed (2811 kg.ha* in 12
June in first year, 2964 kg.ha in 23 June in second year, respectively in Anbori, Germez-Paboland and
Daniyal).

Conclusion

Long-term waterlogging in the method of gerbera cultivation has caused disturbances in the growth and
production of the plant, resulting in a decrease in paddy yield. Therefore, it can be concluded that different beds
for transplanting have a significant impact on rice crop production. Optimal management of these beds, through
the application of appropriate planting dates and suitable cultivars, can effectively improve crop production.
Also, according to the obtained results, although the Daniyal cultivars is a high-yielding cultivars, compared to
the local varieties, it could not achieve better performance under the conditions of the treatments investigated in
this experiment.

Keywords: Flat transplanting bed, Paddling, Paddy yield, Panicle
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Figure 1- Mean comparison of the interaction effect of different planting beds and transplanting dates in some rice cultivars

on paddy yield in two crop seasons

The averages that have at least one letter in common have no significant statistical difference (Duncan a =5%)
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Table 3- Correlation coefficients of the traits under the conditions of using different planting beds and transplanting dates on

some rice cultivars in two crop seasons
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1. Paddy 2. Biological 3. Harvest 4. Plant 5. Number of panicles 6. Panicle 7. Number of 8. Panicle S 10.00
. - : . : - grain
yield yield index height per square meter length floret per panicle fertility weight
2 0.53 ** 1
3 0.28 ** -0.64** 1
4 0.48** 0.6** -0.26** 1
< 5 0.49** 0.28** 0.1ns 0.48** 1
& 6 0.19 * 0.22* -0.08ns 0.37** 0.05ns 1
7 0.10ns 0.02ns 0.03ns -0.05ns -0.31%* 0.28** 1
8 0.30** 0.13ns 0.11ns -0.06ns -0.23* -0.1ns -0.3** 1
9 -0.17ns -0.11ns 0.01ns -0.13ns -0.27** -0.06ns -0.15ns -0.17ns 1
2 0.88** 1
3 0.76** 0.39** 1
4 0.75** 0.66** 0.60** 1
PN 0.73** 0.60** 0.64** 0.52** 1
& 6 0.45** 0.38** 0.37** 0.58** 0.26** 1
7 0.41** 0.39** 0.26** 0.49** 0.17ns 0.37** 1
8 -0.004ns 0.002ns -0.012ns -0.09ns -0.39** -0.06ns -0.51** 1
9 -0.06ns -0.03ns -0.08ns -0.11ns -0.26** -0.03ns -0.28** 0.10ns 1
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and ns have statistically significant differences at the 1 and 5 percent level, respectively, and no statistically significant

differences (n=108).
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Figure 2- Mean comparison of the interaction effect of different planting beds and transplanting dates in some rice cultivars

on biological yield in two crop seasons
The averages that have at least one letter in common have no significant statistical difference (Duncan=a5%)
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Figure 3- Mean comparison of the interaction effect of different planting beds and transplanting dates in some rice cultivars

on harvest index in two crop seasons
The averages that have at least one letter in common have no significant statistical difference (Duncan=05%)
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Table 4- Comparison of the average interaction effect of different planting beds and transplanting date in the cultivars on
some traits in two crop seasons
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Introduction

Garden thyme (Thymus vulgaris L.), is a small perennial plant native to the Mediterranean region that is now
found worldwide. It is commonly used as a culinary herb and for medicinal purposes as well (Silva et al., 2021).
Thymol is one of the main and active chemical compounds of thyme. It has been shown to have antibacteriall,
antifungal and antiviral properties and is often used as a natural preservative in food and cosmetic products
(Hammoudi et al., 2022). Golubkina et al. (2020) reported that the use of mycorrhizal fungi as a technology that
is compatible with the environment and by increasing plant access to nutrients and increasing resistance to
stresses as well as improving water absorption, can lead to improved plant growth. Today, the use of organic
compounds such as humic acid can affect many morphological, physiological and biochemical processes of
plants and lead to improvement in plant growth (Mousavi et al., 2022).

Materials and Methods

In order to investigate the effects of foliar application of humic acid fertilization and mycorrhizal fungi
symbiosis on Thymus vulgaris L., a factorial layout has been applied, based on a randomized complete block
design with three replications at the field of the research farm of Islamic Azad University, Takestan Branch
during 2020-2021 and 2021-2022 growing seasons. Experimental factors included three species of mycorrhiza
fungi (control, Glomus mosseae, G.etunicatum and G.intradices) and humic acid fertilizer levels included
(control, 150 and 300 mg.L™). Important traits such as plant height, herbal fresh weight, essential oil percentage,
and yield, flavonoid content, root colonization percentage, thymol and carvacrol percentage were measured and
analyzed.

Results and Discussion

The results showed that the effects of the treatments were significant at the 1% level for all investigated
traits. For the characteristics of essential oil percentage and essential oil yield, the interaction effect was also
significant at 1%, with an observed increase of over 200%. The application of 300 mg/liter humic acid resulted
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in a 14% increase in root colonization and a 16% increase in flavonoid percentage. Similarly, the application of
mycorrhiza increased these traits by 23% and 30%, respectively. Thymol and carvacrol were the most abundant
essential oil compounds. It can be concluded that the quality of thyme essential oil improved under the
treatments. Among the mycorrhizae used in this research, G. mosseae mycorrhizae were more effective than the
other two types. The results suggest that the application of mycorrhiza has a more significant impact on
improving the examined traits compared to humic acid.

Conclusion

Based on the results of this study, application of mycorrhiza due to creating a symbiotic relationship with the
roots of the garden thyme plant and humic acid spraying could increase the quantity and quality of the produced
product. mycorrhiza was better than the use of humic acid in most treatments.

Keywords: Carvacrol, Essential oil percentage, Essential oil yield, Flavonoid, Thymol
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*Means those followed by at least one letter in common are not significantly different at the 5% of probability level- using Duncan’s
Multiple Range Test.
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Figure 4- The effect of the application of different levels of
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Table 5- Interaction effect of humic acid and mycorrhiza treatments on the amount and yield of (Thymus vulgaris L.)
essential oil

owbwl Gliae bl 3 Slas SUS a3l 3 ,Sdos
Essential oil Essential oil yieldDry matter yield

(%) (kg.ha'!) (kg.ha'!)
(Control) J,zs 1.53¢ 36.41c 2372.00d
(Control) s G.mosseae 2.63a 71.95a 2730.50 a
G.etunicatum 2.6la 69.44 a 2652.67 b
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\0-
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(Humic ac 9.L7) G. intraradices 251b 65.21¢c 2591.17 ¢
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AP pSde Yo Sagn sl G mosseae 313a 87.63a 2796.50 a
(Humic acid 300 mg .L'")  G.etunicatum 2.90hb 78.23b 2696.83 b
G. intraradices 2.63¢C 7121c 2704.33 b
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* Means those followed by at least one letter in common are not significantly different at the 5% of probability level- using Duncan’s
Multiple Range Test.
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Introduction

Indigo (Indigofera tinctoria L.) is a flowering plant belonging to the Fabaceae family. This plant has a high
ability to grow again after harvesting, and the low sensitivity of this plant to the attack of pests and diseases in
hot weather conditions is one of the reasons for increasing the yield of this plant. Global climate changes have
led to changes in rainfall patterns and it is predicted that periods of insufficient rainfall will lead to drought with
a gradual decrease in water available to the soil of plants, causing an impact on the growth and development or
early death of the plant. The unreasonable long-term use of chemical inputs, including fertilizers and pesticides,
has increased environmental pollution and in some cases has had a negative impact on the yield and quality of
agricultural products. One solution is to use the principles of sustainable agriculture, especially the use of
organic inputs in agricultural ecosystems. Humic acid (HA) is an organic biostimulant that significantly affects
plant growth and increases crop yield. The purpose of the experiment is to investigate the effect of irrigation
intervals and foliar spraying of humic acid on the physiological characteristics and indigo content of Indigofera
tinctoria.

Materials and Methods

This research was carried out as split plot layout based on randomized complete block design with three
replications during 2019 in the agricultural research institute of Zabol Research Institute in Zahak city of Sistan
and Baluchistan province in Iran. The experimental treatments were irrigation intervals of 7, 9 and 11 days as the
main factor and five levels of humic acid foliar application as the sub-plot (no foliar application, foliar
application with a concentration of 20, 30, 40 and 50 liters per hectare). Irrigation treatments were carried out
two months after the planting date. Humic acid foliar application was started after three months from the date of
planting in the flowering stage, every 15 days. The foliar spraying was done at the end of the day and at sunset
with a back pump sprayer and with the same pressure on the bushes. In order to calculate the leaf yield by
removing the marginal effect, the crop was harvested in the last week of November 2019 and kept in the
warehouse at room temperature for 23 days. Then the dry leaves were separated and the weight of the leaves was

©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
Y reproduction in any medium or format, as long as you give appropriate credit to the original author(s)
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obtained in each plot and its yield was calculated in terms of tons per hectare. Wilson's method was used to
prepare ash and extract to measure the concentration of iron, zinc, phosphorus and potassium elements. The
amount of photosynthetic pigments was calculated by Arnon's method. To measure guaiacol peroxidase enzyme
by Fielding and Hall method, calculate ascorbate peroxidase by Yashimura method, catalase enzyme by Beers
and Caesar method, proline amount in leaves was measured by Bates method. Also, the indigo content was
measured based on the method provided by Stoker et al. (1998) and Sales et al. (2006).

Results and Discussion

The results of analysis of variance showed that the effect of different levels of irrigation on chlorophyll a,
catalase, iron and zinc was significant. The effect of different levels of humic acid foliar application on
chlorophyll a and b, carotenoid, ascorbate peroxidase, catalase, guaiacol peroxidase, iron, zinc, potassium,
phosphorus and indigo content was significant. Also, the results of the analysis of variance showed that the
interaction effect of irrigation in foliar application of carotenoid humic acid, ascorbate peroxidase, catalase,
guaiacol peroxidase, iron, phosphorus and indigo content was significant. The highest (39.32 mg.g* fresh
weight) and the lowest (24.49 mg.g* fresh weight) content of indigo were obtained at the 7-day irrigation
interval under the conditions of foliar spraying of 50 liters per hectare and the 11-day irrigation interval under
the conditions of no humic acid application

Conclusion

The results of investigating the effect of reducing different levels of irrigation and increasing humic acid
foliar spraying on indigo showed that the amount of chlorophyll a and b and zinc increased. Also, the increase in
humic acid caused an increase in potassium and blood. At each level of irrigation, it was found that the amount
of carotenoid and indigo content increased with the increase of humic acid foliar application. Some other
physiological characteristics of indigo such as proline, ascorbate peroxidase, catalase and guaiacol peroxidase
showed a decrease in each irrigation level with increasing humic acid foliar application. In future researches, it is
possible to consider the comparison of soil application and foliar application of humic acid. In general, for the
production of vesme leaves, 9-day irrigation interval in foliar application of 40 L ha of humic acid is suitable;
and In order to obtain more indigo content, an 11-day irrigation interval in foliar application of 40 L ha? of
humic acid seems appropriate.

Keywords: Drought stress, Medicinal plant, Mineral elements, Organic fertilizer, Pigment
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Total nitrogen (%) Organic matter (%) Organic carbon (%) (PPM)
0.11 2.12 1.23 18.63 0.46 1.61
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Cu (PPM) Zn (PPM) Mn (PPM) Fe (PPM) Mg (%) Ca (%) K,0 (%)
12 50 46 598 0.1 0.8 15.67
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Table 3- The results of variance analysis of chlorophyll a and b, carotenoid, proline, ascorbate peroxidase, guaiacol
peroxidase and catalase traits in Indigofera tinctoria under the influence of different levels of irrigation and humic acid foliar

application
Wl gSw] JLE
- @, 39 ,J5a 34 JSD - s i .
Ele Chﬁsoﬁ I Ch‘ffrgﬁ o RS o sy JoawuSly  SWUE
SHOAY) dd f’ a phy b phy Carotenoid  Proline Ascorbate Guaiacol Catalase
' peroxidase peroxidase
NS rep. 2 0.006 ns 0.002 ns Ons 0.004 ns 0.010 ns 0.012 ns 3.267 ns
Irr?;);i‘on 0.091 ** 0.014 ns 0ns 0.068 ns 0.009 ns 0.422 ns 32.929 *
I\L;:]niliarzr 4 0.014 0.005 0 0.001 0.003 0.125 1.870
&”I:‘ZMI 4 0.091 ** 0.0380 ** 0 ** 0.007** 0.011 ** 0.108 ** 13.831 *
Sl x d)L:J."
Seoged
Irricati 8 0.000 ns 0.001 ns 0* 0.003 * 0.005 * 0.078 ** 20.761 **
rrigation x
HA
=Pl
Secondary 24 0.003 0.001 0 0.001 0.001 0.017 4913
error
u(l:’“\; E;’)‘D 10.1 12.2 135 14.0 6.0 7.8 13.9
V. 0

o> Y Jleis] o s g by O Jlois] pdaw 1 > dze g NS
ns: non-significant, *: 5% probability level and **: 1% probability level.
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dowig D Judy 15 @ Judg S 1 Sioged ! iy Jglone 510 Jou
Table 5- The effect of humic acid foliar application on chlorophyll a,
chlorophyll b in Indigofera tinctoria

dowg 8 Jadg 5 1 (5 )kl lisee Zobw 1€ Jgoo
Table 4- The effect of different levels of irrigation
on the chlorophyll a of Indigofera tinctoria

ol dglme Judg,l5a Jadg b S\l 593 Judg,lsa
Foliar application Chlorophyll a Chlorophyll b Irrigation interval Chlorophyll a
(L ha?) (mg gt (mg g (day) (mg g™
control 0.3954 0.2098 7 0.5804
20 0.4457 0.2574 9 0.5555
30 0.5199 0.2984 11 0.4348
40 0.5828 0.3391 LSD (5%) 0.1200
50 0.6741 0.3740
LSD (5%) 0.05329 0.03077

douwg 0LS YU ¢5luanSy JoSUIE ¢ 5laansS Ty ol yoSw] ¢ oylg g 95 o1 Snogud sl _oaily Jglome 45 (6, bl Joliio 51— Jgus
Table 6- The interaction effect of irrigation and humic acid foliar application on carotenoid, proline, ascorbate peroxidase,
guaiacol peroxidase, catalase of Indigofera tinctoria plant

ol Jaloxe 3439559,5 oy eStrSlugfel o leeSle JSLE i
. s . - Ascorbate Guaiacol
Foliar application Carotenoid Proline . - Catalase
(L ha')) (mg o) (mg g)) peromo!?se peromd_elxse (Mg )
(mgg™) (mgg™)
) Control 0.04107 0.148 0.6304 1.433 12.7
SARTS BT 20 0.027 0.1802 0.6109 1.467 23.13
7-day irrigation 30 0.0337 0.1921 0.6069 15 14.9
interval 40 0.03038 0.1848 0.6191 15 16.33
50 0.0406 0.1353 0.6618 1.567 15.13
) Control 0.03073 0.2816 0.7111 1.9 18.63
393 kel g0 20 0.0322 0.2578 0.6456 1.8 16.47
9-day irrigation 30 0.03997 0.2433 0.6233 1.733 17.87
interval 40 0.0518 0.2473 0.6134 1.7 17.9
50 0.04337 0.2133 0.6076 1.633 16.1
i Control 0.03287 0.3791 0.7786 2.2 22.7
SIARRTSIBTE 20 0.0385 0.3385 0.6957 1.9 16.23
11-day irrigation 30 0.03963 0.2851 0.667 1.833 15.03
interval 40 0.03877 0.2611 0.6254 16 13.67
50 0.04197 0.1462 0.6018 15 13
LSD (5%) 0.01079 0.05329 0.05329 0.2197 3.735

So 3 Canl 0ad el Spogen dpl by clale LD Lo lS
Spoged dol (2bJgloe (I3 L ok (slog) olS (69 (Bud0
Keshtgar khajedad et al., ) il (il5-81 Lo Ldg,5" jlids
Sl Jlade ialS g oylol je3 pilisl Kod Lislejl )5 (2023
S8 Jdg)ls wile (itimgid (baojiSS) (il s Shogun
28 Jodg)lS Mdo cp it &S g psboty 13 Dl 3] 65 (yin>
39y B (Sid (S CoS Snged Sl g 3 p)5 e YO Jlas
.(Dalvand, Solgi, & Khaleghi, 2018) 4,5,5 eanliw
353 5,18

3 ol it ;31 5 S paged dpol by Joono
T > o e 33559y (liwe 2 Sage gl (8L Jole
danlio (Y Jods) 290yl mize 40y 0 g lopd V Jlois]
ol L o)ll ) a2 )0 €85 amid i Sl

Slyome Bl ()9t A6 Joaxe 4S5 (ol cnlply

gise dipxad ol S3iegt S wle Gl o] gl
AL Jymaze 5y Slas g 09500 S9dume C]mg S
4o yoie lg5 oo oS lawgs (ol polie o il b e
Lo yed sy o Hlas 4 (GU et al, 2016) 33,5 |dg,lS" i3l
2 St G W g 4l (5955 Ol 5 aliwds w6 )l
ke oYLy (S 53 35 alys LIS, bl anls
oty JolS kel sl 3 ol Slog olS (s ptwgd slao S,
ol awlS 1 jlade 5l T i Jlesl L 4 laigS 4 sl
Keshtgar Khajedad, Sirousmehr, Khammari, & )
Olie S sl 5oL slaclale j> (Dahmardeh, 2023
ol JLsd a5 4l Jalidl (i dlen Sl ke polie o
e g 38 oo ial58l o) oL Jiwgd g J89)lS (e
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Ferrara, Pacifico, ) uib o (Sis (a5 sile  Jae sl i
(Simeone, & Ferrara, 2007
st il gSaal

Hlodep S Jleinl gdaw 1> Syogen ol (b glre S
o > Syogen sl (il Jlons > (53l i ¢ bl
W 5505 % olal )93 5 (¥ gan) 39 o siae 2oy & Jlozo!
Seoged donl Sl Jglove (2581 L Sl el ko oo,
o 5930 559 okl 493 50 S gpsboar ol adly ials
905 0ds prS eSS hke IV cuian) cis ol e
Sl (Bl Jglore pas Jlod )3 (5 0 )5 2 P ke VYA
72 prS ke 15VF ) Cdio pl e (5508 g Siagen
e 33 (=5 0is P s prSke M g 5 iy o)
£ Jgi2) dol cuwdey U8 po 52 0+ 3l Jsloo

JE2 lads S G (g8 ABle Bpanyy polic 5,8
oy 1o olalaeas| sl cclale Ll sl ol j1 5]
o=l -(Aslani, Barzegar, & Nikbakht, 2019) s_»> o inls
oty 5 03503 (b3l 1) ()T Jlub loisS oyl 2l
JolS Las cage aom)d g ddd o0 (BB 1) ()95 (gmlins]
Waraich, Ahmad, & Ashraf, ) 45 0 cudlg S lis
s g oSy (St i ) adllas b i )5 (2011
9 S > Seogd el & 3505 (515 Sogan Al jlos
Lais «)9,0 OgmolienSy lgme (EalS 4 pocie orBll Ay,
Sl 012 a1y w3l b line (I3 g Lie (6 pdidois
conge cylal 4o iali8l bl y (Garcia et al., 2012)
L1 3 55, 10 (5Ll 593 3 STy el ysSol cllad ol
Akbari, Jalili, & Farokhzad, ) o555 jo=uj yiue 9 5)lo
a3l o ) s dan Al 55 Siaged Ayl 5,08 (2015
Elmongy, Zhou, Cao, Liu, ) cul oad @l yeSul oo 351 cullad
(& Xia, 2018
sy J gsbils

Ssaged bl (8L gloe Sl 40> (Lt (uilly 420 @l
JSLE (liee 5 Sooge sl (o3l Jglors 53 (5l Llize 51
oSl yy ol (YL Codled (1 Jgiz) 351 o stme ST
g oad Seid i bl s Jolw clacuwl LialS ecl
St QT plp > Fee (Bl muile S e Wil
by Lss gbs (Rostami & Rahemi, 2013) 54 48,3 Jlas 4
STy JSUE o (bl Jgle (2131 L 55,V sl 90 0
Ol L 5oy W 5% (bl slajgn o hlie 5 5 4ty 2ol
Cowl ail ials can ol it Shogd dpwl (b Jslos

1- Evergreen azalea

45 (slasS o Cowloand 03938l a35g)lS jlada (2L Jglca
29> L (5 0ig P05 3 poSides /- BVA) A595)18 ke (it
e 9 LS 3 ) Fe Bl gl Ll S )3 5, % ol
Vel )9 L (5 0js 35 3 p Sk /o YV-) g0s)S e
£ Jgiz) dol oy S 5 I Yo bl Jslomo Lyl 55 5o,
gobaw b jiwgid | clablone 4 juin (g oo 1) 45959, 3o
0> e iy elygls axdl Ly y95 5 Jgbo 5o ol
sl S coysby yials aass ) (Sandmann, 2019)

Ghorbani, Galeshi, ).a_s 3556 olS > 35455 yiul5-8l
O Jido,lS 5 W3454,l8 iul58l (Soitani, & Zeynali, 2011
Elfeky, Mohammed, Khater, Osman, ) a5)ls jiw ;3 oge
Sladlissy SO oo cely Siogun Al (& Elsherbini, 2013
9 PH Jlie Lials Lo ab cowl o Son aS 29 0 (4 jiungid
Sl gt (g3s0 dlge a5 AL S Ghgsge culld yil5él
ial3l 13 (Latif & Mohamed, 2016) 48 oo 3151 oyl wile
75 45959)8 Slgome 9 IS idg)lS slgime Siagn el i
Wlgs oo Spogm dal 55,8 (Al et al., 2021) Wb o ]38l
w2l Lialisl L ooly aalpdl 1y g IS aile iwgid cullad
Latif & )uaas yilidl juis byl b o) Jeod oSus,
Jlesl b Seoguts sl 0b5 3,8 5,155 55 .(Mohamed, 2016
A0 G ) 15959)18” l3e csybx 5 59y 2 59y VO syl
(Dalvand et al., 2018) cusl 23,5 o> sals
oo

ool blito 1 5 Ssogen el (o3l Jolono 5 55l gshans S
g 2 33 Gl @l (Y Jsia) 35 )i Gdo Ol 2
LS (g e Seoged ol (3L Jslone Gial3H b ol 1
e )bl 59> Gl381 Ly (o3l Jslone 3l o 2 gl 5 il
LS sl T gy il (5 Jsn) b Gliél oy
oo 093 S Slytome Lo g s 059 el il
So,5 0LS 69y o sladllas L (Yang et al., 2021) 59 o
ST 5T 5] el (S i Jlesl 13,5 asuie
De Araujo Silva, Willadino, dos ) sub e isls8l e,
Olie 593 Ladss ) .(Santos, Oliveira, & Camara, 2016
Keshtgar ) ceily islj8l (ol (55 Jleel b obaw slog ooy
Uiy Sl g0 s 80,18 9 4]y (Khajedad et al., 2023
o oubL.{ U"])’L‘” WWgud o Flww uLoﬁlf FL 4 J).u.\m oole
035 (St G5 bl )3 bl i G e ol
Gaw 4o gy A e ials (Paleg & Spinall, 1981) ¢!
a olS i isu v blas lals 0 S swl solitwl
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Khodamoradi, Amiri, & Dovlati, ) s_s 5,8¢e5 5 YGI
(2018
(Fe) sl

Jlize 31 5 Spoget sl (Bl Jsloo 9 o)l golaw ]
I3 docug olS D woyd Y Jless] o 3 oyl Jlade p L]
Clale 38 59y % g 59, ¥ s)lel )93y S psbots (Y Jgi2) 35
Oy &S gyeboay ol iulal 1y el Hlade « Siogud dpwl 1oL ;
ildsloe bl b o) 3 )bl )93 5o (PPM Y/EVY) ol jlaie
(PP VADY) ol e (32208 5 Spopen syl 1S 5> 20 0
Syl LS 3 2 Ve bl sl Ll b 5, ¥ (ool 590 5
3 oS cdale 50018 56, Y ()bl 590 50 Jg el Caundts Spogut
inios 3 (Ve Jgis) 3l Lial3dl |y oyl ke Seagen Aswl
ol ol e il corge Jiy 5y 55 Sxogad sl 3,8
.(El-Hamied, 2014) ¢l
(Zn) s,

S5y sy Sposen sl Bl Jslme Sl g ol gsbaw
e dowg olS 0 doyd Y 5 dod B Jleis] maw (5 ey
A dewg ) (59 sMe Ll Ay oo a3 4 (V Joa2) 35
Jiz) Seaged syl clale (1315 (A Jsiz) o)l 590 ptals
b 02gy (4

cadld ulidl ceage wslel 590 GRIBI iilof] 5 (5 o)
e 5 ke pLE)1 13 59y V0 (o)Ll y93 3 jlanSTy JSLE
(Akbari et al., 2015) 15,5 -yo;
SYGls

Hlie 151 g Songen ol (o8l Joloea g (5l gk b
292 Yo ine o (ol yp Spogen daasl (Bl sle 3 ()]
38 Ll 331 L 5o, V)bl 59 p3 48 45 aseda (Y Jgie)
Loy & (sl y9o )3 eobo a3l VLIS jluide Shogen duwsl
d)bu—:‘*‘ C:9Lé.’:' u—’*’L’J%"“’ slclale 5 )‘\/1315 uu.mlg d>9
odnlido LS o ;) Feog Ve wald il Jolore maw dw oy
e (b gbxe (I35 b 59y VY (5Ll 593y pinen g i
sl ST (ela i s (F Jgis) ol Lials sty jYLK
Sl b Cunglio 50 048 o bl 51 cdleb 5
Slgs o (Suid byl pd 3 YL asl58l ] (Sis (55 4 pl6)
S S Joe gttt GpulSe ) lisd (i Sy Glyea
305 o i 0y93 (b > Mg IS Ay ol e el
by gl bl 25 o (Ghanaatiyan & Sadeghi, 2017)
ae sla JS00l, il w4 JT sladgS 5,8 5l )3 olalS
Yadollahi, Asgharipour, ) cul :j5mSTas clag 51 ials
cel Sogd w38 plpls (Kheiri, & Ghaderi, 2015
;3 (EImongy et al., 2018) 395 0 ;YBIS o 3l cdlad yiol38l
o alas Mo b5 il s Smgans dnual e iul38l s

Sz sl ol Jolone 5 (6l oo o ;5 Cou 9Raial (Giona g yhwd 5 wanliy G9, p] Clino (il ly 41525 W -V Joan
Table 7- The results of variance analysis of iron, zinc, potassium and phosphorus traits and indigo content under the
influence of different levels of irrigation and humic acid foliar application

5 e gMlaayy ol &9 ey Sd Rl gt Sy 3 ySdos
S.0.vV d.f Fe Zn K P Indigo content Leaf yield
F{;‘; 2 0.005 ns 161.859 ns 136.44 ns 0.047 ns 128.623 ns 113451.699 ns
. ‘”_L"J" 3 0.368 ** 638.391 * 1640.665 ns 0.239 ns 22.796 ns 1130380.693 *
Irrigation (1)
“\'.ol sl 4 0.009 36.231 912.616 0.052 19.052 135047.276
Main error
d‘“’:;; el 4 0.234**  2815.403 ** 7077.236 **  0.236 ** 95.093 ** 735825.470 **
Ssoget Lol X (5l
IXHA 8 0.139 ** 17.711 ns 723.100 ns 0.092 ** 19.290 * 140504.794 ns
b sl 24 0.011 44.627 466.798 0.026 6.118 86471.457
Secondary error
e 49 6.7 15.8 9.2 7.6 8.5
C.V. (%)

woyd ) Jleis ] pdaw s g lopd O Jlosis] e 1 > Sxe g NS
ns: non-significant, *: 5% probability level and **: 1% probability level.

393 VY olesl 453 55 (PPM AY/EA) (g9 lado oy y—eS g 5o,
= Soged Al (8L glore 3B 3550 3 (A Jgaz) el Cuwsay

gsb U5 Cond g9y Cio o W Sile e duslio 5|
Vo sslal 59355 (PPM VFIY) (g9, Jhade oyide (oylel calises
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Davarpanah, Tehranifar, Davarynejad,) .5 ,Ul Sy )5 (59, 0+ (b Jsbro jlos ;3 (MWA/Y PPM) (g9, jlido oy i <59,
Sogud Ll 55,8 picmen (Abadia, & Khorasani, 2018 2 (PPM YY/AF) (g5, ylaio o yieS § Shoged duml S j> s
El-) as JWy, loogee S > g5, pats clle (il cage 24 Jga) ol cnay Spopn sl (2L Jslowo pas jlos

.(Hamied, 2014 I ime Liolisl el Shoget sl (5L Jgloo 1 odlatul (le]

dowg LS )3 S 5, Mos 9 (Z2N) g9, 32 5okl Aieo Zobw J1-A Jgs
Table 8- The effect of different levels of irrigation on zinc (Zn) and leaf yield in Indigofera tinctoria

&obl 593 Zn - &9, S 51 5,Slos Leaf yield
Irrigation interval (day) (PPM) (kg ha't)
7 104.2 3663
9 103.8 3476
11 92.69 3122
LSD (5%) 6.102 372.6

dowg 0LS 53 51 3,80as g (K) mawliy dZN) (59, 2 Suogad damwl (Sl Jglome 51 -1 Jgua
Table 9- The effect of humic acid foliar application on zinc (Zn), potassium (K) and leaf yield in Indigofera tinctoria

il gl (Zn) &9, (K) iy S 5,Slos
Foliar application (L ha'l) (PPM) (PPM) Leaf yield (kg ha?)

Control -aals 72.96 98.22 3182
20 93.91 123 3125
30 106.3 136.4 3374
40 108.7 157.1 3633
50 119.2 169.3 3788
LSD (5%) 6.500 21.02 284.4

douwg 0LS 33 35yl (690 g (P) yhuund ((FE) (32T 31 Siogud sl il Jglome 13 (g,lT Jliio w51 -V + Jgua
Table 10- The interaction effect of irrigation and humic acid foliar application on iron (Fe), phosphorus (P) and indigo
content of Indigofera tinctoria

il Jgle (Fe) ol (P) yhawd $5a ] oo
Foliar application (L ha'l) (PPM) (PPM) Indigo content (mg g%)
) Control 2.058 1.148 28.23
50 Y @bl 9 20 1.851 1.532 30.12
7-day irrigation 30 1.946 1.259 34.27
interval 40 2.296 1.808 35.58
50 2.452 1.806 39.32
) Control 2.192 1.929 30.74
598 olel 9 20 2.461 1.71 31.29
9-day irrigation 30 2.201 1.502 3141
interval 40 2.368 1.836 31.75
50 2473 1.99 37.12
) Control 2.258 1.994 24.49
5900V ol y90 20 2.307 148 30.72
11-day irrigation 30 1.963 2.022 31.77
interval 40 2.036 1.924 36.37
50 2.185 1.915 31.9
LSD (5%) 0.1767 0.2717 4.168
Snsed gl S 3 2J B b Jsle Jlasi 3 (DPM VSAY) (K) scali
el (b gle pas Jlosi )3 (PPM ANYY) ol Jlade oy oS ot Smgad Sl 3l Jsloe 318y L5 il g 43 gl

3 Sage dwol 3L (A Jgaz) 403)5 cdl oo Syl ime 1o pd N Jleis ] pdaws 55 dawsg olS )3 muwly liee

Snget Syl o3l LRl G 1) oaliy 20)d (e 38 i ialdl sl Soged Aol b Jsloxe Lial33l (Y Jois)
5,135 » (Daur & Bakhashwain, 2013) ccwl ools Lis oaolty e Ty A g pgbods 13,5 dag oS 3 poseslis
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glost 3)LS 5 95l (sgime (sl ()l ime 5l liies ;S0
&L Elgl 2p)8 ()15 55 Je plyieas s o Ui |y badgS
10l 5 159500 g (009 o> o 255 Joli (sl
2 S enl b Al 6y $A0] (59 3 (2P BB sl
ol cel |y $a ) do)d oy iy CawgaoS 0y9 5 (o0ld 265
(Modafe Behzadi et al., 2018) c.l
daiug oluS S yu 9 Slas

el (i Jgbme il g 5 (sl il g
dlie (Y Joid) 39 I3 ine dog S 0o Siogen
2 Shos (a5l cage (o)l 9o Ll amd oo (Lt oSl
Sy 0, Slas o oy il a5 gy0bdy ol o douwg olS Sy
> ,8Mas e a8 5 59, Y (solel 499 50 (KQ hat YFSY) dag
ol ey 39, VY 6yl 493 55 (Kg hat YAYY) dewy S o
S Banlp gy S dbulgay S L3y (A Jsie)
Loy ol olye JUESh (il piwgd jdal olerdon 9
oS Sid (g Syt 45 (olis dlgo g Laodygl b pudgilia
yobdo il b oyl o (Kafi et al., 2010) wb o 3856 i
Ly a8 il o (o piuod BB Ol (5l g 1o 131 Cot et
4 Dl i 0LS 5 o0 M3 s a8 ol el 590 a8l
Emam & Zavareh, ) 1ol cowd SLid ool Jouwily jiSlis
Jide S2aLS L dorusy Sy St 3 )Shas )y o0 (2006
el Jgl o 50 cslyj cadyls aoyd oy dop Vee o)l
odaliie Sy 3y Sloe il Mo > YV pgd o 5 9 Cdl o> YV
Jole 51wy 5> (Modafe Behzadi et al., 2018) cuwl ou
ORI A3 )5 pgtas dawg Sy 3y Slos 1y Sngen ol
oy oLeS S 3 Sloe il carge Siager ol (o8 Jole
il 5 S s lian IS 55 (8 Jy) il 025
AU 5 Ggepsn Sl oyl plals 3,Sles (Jido IS e
3o G331 5 0y Shae ey (T sl Jsbo pudpl
.(Nardi, Panuccio, Abenavoli, & Muscolo, 1994)

8 5 4o

5 bl s poas (1alS U )l Job s

e a8 oy Lt demug oy Suaged Sl (3L gl ol
Sl G581 iome cal aly (38l g9y 9 b g @ L8y
bl g 2 S deg maly (Ll col Suagn
9 35559)5 e Saogud dwl (8L Jolore l381 b wd pascitie
Sgdnid Cluogad I (Sl Gl 5 Sl s
JsSLE 5 YU laasTyy clysSol g aiile domy 500
Spogen dool 3l glre G131 L o)ll o y 53 lausTy

oy 3 ine 23] s Sangets S 3 Jalone S0
(Davarpanah et al., 201) .5 ,bl S,
(P) s

1 sl Jolite ;51 g Spogun syl (b Jgle 4]
Lo ) Jlis] maw (0 j0ud aie p Seogsd dpwl (b gl
ymaie HlAde oy b uSike duslis 5LV Jgia) 29y b bxe
Yo obbdgbre bulyd )3 59,0 )bl g3 51 (PPM Y/-YY) yaud
VIYOR) yid yaic Hlade (pyieS 9 del Comday S ) i)
S 55 sl Ve bl Jslomo Ll 53 595 Y o)kl )9 51 (PPM
Sogat dwl (S 30,8 (Ve Jgio) ol Candty Sioguts sl
Giee 5 aigs sofasl g Jyb oy Shos (s, 1 a5 5
Asgharzade & ) couwl 4l ;6551 olacS y yaus yal (eanliy
w3y 015y (69 Sogad dwl 5L Jgle ((Babaeian, 2012
[ LsJl..\.c .)‘99 u.).> 9 Ls)Lmd?.\J dlﬁ’u”l“’ uw‘)sl p&l; 9&.&)[{
—5,l% »» (Shaaban, Morsey, & Mahmoud, 2015) ¢!
(GHhre 435 290 9 )5 ol Ol e e el Gl (ol
Daur ) 15,5 35350 b line Liul8l cely Shogud dlgo 54,8
.(& Bakhashwain, 2013
SSauial s giae

el iz 1 5 it gl 53l Joons ilisen gl
g 3 e 5Kl 03l 1 Suogen ool (3l Jolos
dolio (Y Jgin) 290 Jb mre o) B 5 Aoy ) JLain]
2505 Gl L o)l g o 53 €8 a ol oo oSl
45 gyebdy ol 4l i3 8l $Su il (gaivre Sogu Al
Vbl 199 50 (p05 2,5k YAITY) s50ts) (sime iy
S5re (S 9 LS 53 5 O (b Jgloe Ll )3 5,
Lulid 3 5oy W oll 593 03 (P25 2 p S shee YFIFR) g0
O (Ve Jgden) deel cwddy Sogan bl b Jolxe pas
JLasl ce g )3 GialS dadjey b diws Jud 5l ool  Sis
(LS slacél o Ol Jeanily oaalsS (lals o olie dlgs
sl Sl gaz8 ) Gl by I (SH03L srngd el
o g ol el JISGnly LSeis gy (olaunST 5l (slag 5]
oo bl b o lals as Sl 1id oyl ol yon 4 1 golas]
Ciliss gl lacdplio 15 Gl | S o 5 o
Sayadi, Ahmadi, ). S o b byl, s ool 5] oLssgs
ol ol Jlade wyp s, (Bhour, & Hosseni, 2014
a2)S Col 4Bl Sl sy p (Foli (slalaaMo LB j5boas
slaips 50 e ian Kbl goie o ALY Lials cels
=L (Modafe Behzadi et al., 2018) u_i dowg pgd 9 Jo!
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Introduction

Onion (Allium cepa L.) is a species of the Alliacea family. It is of great economic importance in Hormozgan
province, Iran, which is ranked the second among the largest producers of onion in Iran in terms of cultivated
area (8147 ha) (Agricultural statistics, 2021). Conventional Irrigation have undoubtedly helped in improving
both bulb yield and quality of onion, but lately, it was arising many novel trends in Irrigation. Using of chitosan
as an antiperspirant compound is one of these trends, as it can improve the water use efficiency (Geries et al.,
2020). Chitosan is a member of the polysaccharides which is considered a useful natural polymer and is
produced by alkaline N-deacetylation of chitin. Ahmed et al. (2019) reported that positive effect of chitosan
nanoparticles on onion, as it significantly promoted seed germination and radical length under salt stress. The
best treatment on germination was 0.3% of nano chitosan. Growth variables (plant height, leaf area, fresh and
dry weights of the shoot and root) were increased significantly. Nevertheless, data on the utilization of chitosan
for onion are meager in Iran. In this way, this study was carried to consider the impact of irrigation periods and
chitosan as a biological elicitor on onion cultivar of Taki yellow, uniquely the adjustment in yield and quality
properties.

Materials and Methods

This study was carried out at the private farm in Sohrabi village, Shamil district, Hormozgan province, Iran,
conducted during 2020-2021 growing season. The experiment was carried out as autumn planting. This
experiment was conducted as split-plot arrangement based on a complete randomized block design with 3
replications. Treatments were three irrigation periods and three doses of chitosan as main and sub plot,
respectively. In this experiment 3 irrigation periods (such as two days, four days and six days) and 3 doses of
chitosan (including zero, 1000 and 2000 ppm) with constant density of 63 plants m yield and yield components
(such as mean onion weight, length and diameter, onion shape index and dry matter content) and harvest index
of onion were measured.

©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
BY

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.2024.86155.1293


https://jcesc.um.ac.ir/
mailto:Asgariashkan6@gmail.com
https://doi.org/10.22067/jcesc.2024.86155.1293
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/jcesc.2024.86155.1293
https://orcid.org/0000-0002-4666-1520
https://orcid.org/0000-0003-3295-8865

Results and Discussion

This study was conducted to assess the potential effects of irrigation periods and foliar spraying with
chitosan, on the growth, yield quality of onion bulbs. In this experiment, nearly all measured traits were
significantly (P<0.01) affected by irrigation periods and doses of chitosan. Results showed two forms of chitosan
treatments (chitosan 1000 and 2000 ppm) were the most effective treatments for vegetative growth characters
(plant height and Dry weight of shoot per plant), yield and its components (bulb dry matter %, bulb length, bulb
diameter and total bulb yield) while chitosan at 0 ppm gives the highest values for harvest index in each
irrigation periods. Also, results showed more irrigation (Two days) was the most effective treatments for
vegetative growth characters, yield and its components. Therefore, according to these results, under deficit
irrigation conditions, chitosan can reduce the effects of drought stress on onion more than No foliar application.
In this regard, Shamekh, Jafari & Abdollahi (2021) the effect of proline, chitosan and its derivatives on
photosynthetic pigments, chlorophyll fluorescence indices, qualitative characteristics and yield of greenhouse
tomato (Lycopersicon esculentum Mill.) under deficit irrigation conditions and these researchers reported in their
studies that under deficit irrigation conditions, chitosan and its derivatives can reduce the effects of drought
stress on tomatoes more efficiently than proline.

Conclusion
The obtained results indicated that foliar application with chitosan had an important role in promoting and
improving plant vegetative growth, and this led to improve in yield and yield components of onion in higher

irrigation periods (four days and six days). The examination inferred that using chitosan to deliver highest yield
in good quality with great the economic benefit was gotten from foliar application at 2000 ppm.

Keywords: Bulb, Foliar application, Harvest index, Water stress
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1- Elicitation
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Table 1- Physical and chemical characteristics of experimental soil (0-30 cm depth)
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Figure 1- Mean comparisons of the interaction effect of Irrigation period and chitosan consumption on the dry weight of
shoot per onion plant. Ir2, Ir4, and Ir6 represent three irrigation intervals of two days, four days, and six days, respectively.
Ch0, Ch1000 and Ch2000 represent the three concentrations of chitosan zero, 1000 and 2000 ppm, respectively.
*- Means with same letter(s) each column has not significant difference based on LSD test at 5% probability level.
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*- Means with same letter(s) each column has not significant difference based on LSD test at 5% probability level.
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represent the three concentrations of chitosan zero, 1000 and 2000 ppm, respectively
*- Means with same letter(s) each column has not significant difference based on LSD test at 5% probability level.
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Introduction

Peanuts (Arachis hypogaea L.) possess significant commercial and nutritional value (Gulluoglu, Bakal,
Bihter, Cemal, & Arioglu, 2016). However, this plant is highly susceptible to weed competition due to its slow
canopy extension, dormant growth habit, and lengthy critical weed control period (Everman, Burke, Clewis,
Thomas, & Wilcut, 2008). Consequently, effective weed control measures are crucial for successful peanut
production. Furthermore, implementing appropriate planting patterns can reduce competition among peanut
plants, enhance solar radiation absorption and other growth resources, and ultimately lead to increased crop yield
(Bihter, Bakal, Gulluoglu, & Aroglu, 2017). Therefore, the objective of this study was to assess the impact of
planting pattern and the integration of pre- and post-emergence herbicides with hand weeding on the yield and
yield components of two peanut cultivars, specifically in the climate of Kermanshah, for the first time.

Materials and Methods

To investigate the impact of weed management and planting patterns on the yield and yield components of
different peanut cultivars in the weather conditions of Kermanshah, a factorial experiment based on a
randomized complete block design was conducted. The study took place in 2022 at the research field and
physiology laboratory of the agricultural campus and natural resources of Razi University. The experiment
consisted of three factors: Peanut cultivars (NC2 and NC7), Planting patterns (P1: row and plant spacing of 50
cm x 25 cm, and P2: 75 cm x 18 cm), Weed control treatments (M1: Two rounds of weeding combined with the
application of Trifluralin 48% EC (796 g a.i.ha), Bentazon 48% SL (960 g a.i.ha), and Haloxyfop-r-methyl
10.8% EC (75 g a.i.hal), M2: Two rounds of weeding along with the use of Trifluralin (1233 g a.i.ha), M3:
Two rounds of weeding combined with the use of Haloxyfop-r-methyl and Bentazon, M4: Complete weeding,
and M5: Weed-infested treatment) Measurements of plant dry weight, seed dry weight, and pod dry weight per
square meter were conducted using a precision scale. Additionally, the number of seeds and pods per square
meter were counted. To assess seed size, photography and image processing using JMicrovision software were
employed. The analysis of variance was performed using the GLM procedure in SAS ver. 9.4.

Results and Discussion

©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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The results of the experiment revealed several significant findings. The NC7 cultivar exhibited the highest
plant dry weight per square meter (620.83 g), showing a 37.37 percent increase compared to the NC2 cultivar
(452.11 g). Similarly, the NC7 cultivar also demonstrated the highest pod dry weight per square meter (412.80
g). Among the weed control treatments, the M4 treatment resulted in the highest plant dry weight per square
meter (678.79 g), which was about 416 percent higher than the M5 treatment (13.163 g). The M4 x P1 treatment
combination produced the highest seed dry weight per square meter (291 g), while the P1 planting pattern
yielded the highest pod dry weight per square meter (427.67 g). Notably, weed control treatments and the P1
planting pattern promoted larger seed size. Overall, effective weed control enhanced the studied traits of peanut.
Although no significant differences were found among the weed control treatments, the combination of
Trifluralin 48% EC (796 g a.i.hal) with a row and plant spacing of 50 cm x 25 c¢m is recommended for
Kermanshah due to its lower herbicide consumption and comparable efficacy to other weed control treatments.

Conclusion

The results of the study indicate that optimizing row distances can play a crucial role in improving the yield
and yield components of peanuts. Furthermore, the implementation of effective weed control measures,
including both hand weeding and herbicide application, resulted in a significant increase in peanut yield. These
findings highlight the importance of considering row distances and weed management strategies in peanut
cultivation. Based on the favorable yield production of peanuts in the Kermanshah climate, it can be considered
as a promising and viable crop for inclusion in summer rotations in the region. Further research and
investigations should be undertaken to provide more comprehensive recommendations and promote the
cultivation of peanuts in Kermanshah. This crop has the potential to contribute to agricultural diversification and
enhance the profitability of farmers in the area.

Keywords: Basagran®, Integrated Weed Control, Row spacing, Super Gallant®, Treflan®
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Figure 1- Photograph of peanut seeds
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Table 2- Analysis of variance of investigated peanut traits under the influence of planting pattern, cultivars, and weed management
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weight size grain pods :
weight pods
Bifk 2 9276.81™ 792441 0.23™ 517.30™ 5636.68™  12107.79™ 0.003"
plant?;lglg[);[::;)rln . 1 3878656 11160405 021%™  17277.98"  78184.65  155072.16™ 0.0001™
o, cultivars (C) 1 602900.45  344.59™ 0.23" 3230.88"™ 1124.67  77738.40" 0.06*
Wee d”;::‘ag‘:g;t ™) 4 501879.94" 17714187  1.09®  65832.82"  153932.67" 355839.22" 0.07™
P xC 1 24378.90  13109.56"  0.00™  16114.64~  2178.15™  28327.22™ 0.002"
PXM 4 24201.66™  15999.11*  0.30™ 9056.71" 8118.89™  43496.78™ 0.01"
Cx M 4 90117.23% 213040  0.36™ 1355.28" 7473.41™ 165456 0.03"
PxCxM 4 101398.35™  13606.08"°  0.13™  4600.45%  13091.97°  22280.24"™ 0.008"
s Error 38 43133.69 5358.79 0.16 3330.05 4399.60 17640.97 0.01
‘é"*\;” “(:/)3” 29.04 274 29.3 272 275 252 224
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"$Non significant, * and ** Significance at probability levels of 0.05 and 0.01
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Figure 2- A- Comparison of the mean plant dry weight per square meter in the studied peanut cultivars and B-
Comparison of the mean of different weed control methods (M1: Two rounds of weeding combined with the Trifluralin
(796 g a.i.ha"), Bentazon (960 g a.i.ha''), and Haloxyfop-r-methyl (75 g a.i.ha'), M2: Two rounds of weeding along with
Trifluralin (1233 g a.i.ha''), M3: Two rounds of weeding combined with the use of Haloxyfop-r-methyl and Bentazon,

M4: Complete weeding, and M5: Weed-infested treatment) on the peanut plant dry weight per square meter
Columns with the same letters do not differ statistically according to Duncan test at p <0.05.
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Figure 3- The interaction effect of cultivar type (NC2 and NC?7), different weed control methods (M1: Two rounds of weeding
combined with the Trifluralin (796 g a.i.ha™!), Bentazon (960 g a.i.ha™!), and Haloxyfop-r-methyl (75 g a.i.ha!), M2: Two
rounds of weeding along with Trifluralin (1233 g a.i.ha''), M3: Two rounds of weeding combined with the use of Haloxyfop-r-
methyl and Bentazon, M4: Complete weeding, and M5: Weed-infested treatment) and planting pattern (P1: row and plant
spacing of 50 cm x 25 cm, and P2: 75 cm x 18 ¢cm) on the number of peanut seeds per square meter
Columns with the same letters do not differ statistically according to Duncan test at p <0.05
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Figure 4- The effect of different weed control (M1: Two rounds of weeding combined with the Trifluralin (796 g a.i.ha1),
Bentazon (960 g a.i.ha™'), and Haloxyfop-r-methyl (75 g a.i.ha'), M2: Two rounds of weeding along with Trifluralin (1233 g
a.i.ha'), M3: Two rounds of weeding combined with the use of Haloxyfop-r-methyl and Bentazon, M4: Complete weeding,

and M5: Weed-infested treatment on peanut seed size
Columns with the same letters do not differ statistically according to Duncan test at p <0.05
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Figure 5- The interaction effect of different weed control methods M1: Two rounds of weeding combined with the Trifluralin
(796 g a.i.ha™'), Bentazon (960 g a.i.ha™'), and Haloxyfop-r-methyl (75 g a.i.ha™'), M2: Two rounds of weeding along with
Trifluralin (1233 g a.i.ha™'), M3: Two rounds of weeding combined with the use of Haloxyfop-r-methyl and Bentazon, M4:
Complete weeding, and M5S: Weed-infested treatment) and planting pattern (P1: row and plant spacing of 50 cm % 25 cm,
and P2: 75 cm x 18 cm) and B- the interaction effect of cultivar type (NC2 and NC7) and planting Pattern on seeds dry

weight per square meter
Columns with the same letters do not differ statistically according to Duncan test at p <0.05
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Figure 6. The interaction effect of cultivar type (NC2 and NC?7), different weed control methods (M1: Two rounds of weeding
combined with the Trifluralin (796 g a.i.ha!), Bentazon (960 g a.i.ha™'), and Haloxyfop-r-methyl (75 g a.i.ha'), M2: Two
rounds of weeding along with Trifluralin (1233 g a.i.ha'), M3: Two rounds of weeding combined with the use of Haloxyfop-r-
methyl and Bentazon, M4: Complete weeding, and MS: Weed-infested treatment) and planting pattern (P1: row and plant
spacing of 50 cm x 25 cm, and P2: 75 cm % 18 cm) on the number of pods per square meter
Columns with the same letters do not differ statistically according to Duncan test at p < 0.05
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Figure 7- A- Comparison of average pod dry weight per square meter in the studied peanut varieties, B- The effect of

planting pattern (P1: row and plant spacing of 50 cm x 25 ¢m, and P2: 75 cm x 18 ¢cm) and c- the effect of weed management
(M1: Two rounds of weeding combined with the Trifluralin (796 g a.i.ha™'), Bentazon (960 g a.i.ha"), and Haloxyfop-r-methyl
(75 g a.i.ha!), M2: Two rounds of weeding along with Trifluralin (1233 g a.i.ha''), M3: Two rounds of weeding combined with
the use of Haloxyfop-r-methyl and Bentazon, M4: Complete weeding, and M5: Weed-infested treatment) on peanuts pods dry

weight per square meter
Columns with the same letters do not differ statistically according to Duncan test at p <0.05
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Figure 8- A- Comparison of the average ratio of seed dry weight to pod dry weight in the studied peanut cultivars and B- the
effect of weed management (M1: Two rounds of weeding combined with the Trifluralin (796 g a.i.ha™'), Bentazon (960 g
a.i.ha'), and Haloxyfop-r-methyl (75 g a.i.ha™), M2: Two rounds of weeding along with Trifluralin (1233 g a.i.ha'), M3: Two
rounds of weeding combined with the use of Haloxyfop-r-methyl and Bentazon, M4: Complete weeding, and M5: Weed-

infested treatment) on the ratio of the peanut seed dry weight to the pod dry weight
Columns with the same letters do not differ statistically according to Duncan test at p <0.05
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Introduction

Drought stress is one of the most common limiting factors for crop production. Due to its detrimental effects
on numerous physiological and biochemical processes, this stress restricts the growth and development of plants.
In this regard, the application of stress modulators (methanol, silicon and humic acid) has been found to enhance
plant growth and grain yield while also increasing its resistance to abiotic stresses. On the other hand, stress
modulators can lessen the effects of stress toxic by reducing malondialdehyde and hydrogen peroxide
accumulation and keeping the effectiveness of the photosynthetic apparatus. Therefore, measurement of traits of
such as antioxidant enzymes activity, chlorophyll content, proline and soluble sugars content, malondialdehyde
content, electrical conductivity are as indicators of plant response to environmental stress. Although, several
strategies have been developed to decrease the effects caused by drought stress on plant growth. But, among
them, the application of stress modulators (methanol, nano silicon, and humic acid) plays a very important role
in yield improvement. The aim of this study was to evaluate the effects of foliar application of stress modulators
(methanol, nano silicon and humic acid) on the activity of antioxidant enzymes, compatible osmolytes,
photosynthetic pigments content and grain yield of wheat in different irrigation regimes.

Materials and Methods

an experiment as factorial was conducted based on randomized complete block design with three replications
in Agricultural and Natural Resources Research Station of Ardabil, Ardabil, Iran, in 2022-2023 growth season.
The treatments were different irrigation regimes (normal irrigation as control; irrigation withholding at 50% of
booting and heading stages) and foliar spraying of stress modulators (foliar spraying with water, foliar spraying
of methanol (25% volume), nano silicon (50 mg.L™?), humic acid (300 mg.L™), foliar spraying of methanol and
silicon, methanol and humic acid, nano silicon and humic, methanol with nano silicon and humic acid). In each
plot, there were six rows with two m long. In this experiment, the wheat cultivar ‘Hiran’ was employed. For this
cultivar, 400 seeds.m is the optimum density. The used nano silicon had an average particle size of less than 30
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nm and the special surface of particles was more than 30 m2.g?. They were product of Nanomaterial US
Research which was provided by Pishgaman Nanomaterials Company of Iran. For a better solution, deionized
water was mixed with nano Si powder and placed on a shaker with ultrasonic equipment (100 W and 40 kHz).
Two phases of period growth, BBCH 21 and 30 were used for the foliar application of nano silicon. In this
study, the activity of antioxidant enzymes (Catalase, peroxidase, and Polyphenol oxidase), compatible osmolytes
(Proline and soluble sugars), photosynthetic pigments content (Chlorophyll a, Chlorophyll b, total chlorophyll,
and carotenoid), H,O,, MDA, protein content and grain yield of wheat were investigated.

Results and Discussion

The result indicated that both application stress modulators (methanol, silicon and humic acid) at irrigation
withholding in booting stage decreased malondialdehyde content (39.79%) and electrical conductivity (31.25%),
but increased activity of peroxidase (4.89%), polyphenol oxidase (7.73%) enzymes, soluble sugars (22.15%),
chlorophyll a (33.48%), chlorophyll b (24.96%), leaf protein content (25.09%) and grain yield (36.21%) in
compared to the no application of stress modulators under irrigation withholding in booting stage.

Conclusion

According to our findings, applying stress modulators (methanol, silicon and humic acid) under water
limitation often reduced this damage by strengthening the defensive mechanisms, particularly antioxidant
enzymes and compatible osmolytes (Proline and soluble sugars). In summary, our results indicated that application of
stress modulators upgrade plant physiology and trigger the cellular defense of wheat plants against severe water
limitation. Therefore, in can be suggested that applying stress modulators as individual and integrated could
enhance grain yield of wheat under water limitation conditions due to improving of physiological and
biochemical characteristics.

Keywords: Catalase, Drought, Malondialdehyde, Proline, Soluble sugars
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Table 1- Soil physico-chemical characteristics
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Amount 0.08 0.858 5 1.54 495 122 776 39 30 31
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Table 2- Atmospheric characteristics during growth

Sl Re ol BT e i

Parameter Oct. Nov. Dec. Jan. Feb. Mar.

Rainfall (mm) _Sw,L 21.1 13 65 187 69 305

Temperature mean (°C) l> Ske 16 8.7 44 -16 -14 8.5

Sunny hours sl wlels 7.3 6.1 46 49 57 6.6

Relative humidity mean (%) s cogby bwge  66.6 73.4 728 739 716 5938
Febl e A T )

Parameter Apr. May Jun Jul  Aug  Sep

Rainfall (mm) S, 8.4 76 368 35 2.2 9.2

Temperature mean (°C) L ke 10.4 13.9 183 183 204 172

Sunny hours 3l wlels 7 7.8 84 103 113 738

Relative humidity mean (%) s cosb, buwsie  63.8 65.6 69 66.6 554 728
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Table 3- Nano silicon properties
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Type of nanoparticles Color Specific surface area of particles  Average particle size Purity Weight
O5Sdusl e 529 >30 m?.g* 20-30 99 50

Nano Silicon White powder
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1- Reactive Oxygen Species (ROS)
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Table 4- Analysis of variance of the effects of stress modifiers on activity of antioxidant enzymes and some biochemical traits
of wheat under irrigation different levels

Mean Square <le po (w55
a3
25 2ol e . -3 SawS | ; olaa
=< Ol NS sty SPeSIdEG R adigade 0 ,
T d.f Catalase Peroxidase Polyphenol Oigsd MDA S
oxidase H.,0; EC
Replication ,,$5 2 16~ 759.6™ 412.9™ 0.00163* 0.0256™ 3335™
Irrigation 0] d)L:-!" 2 175.3™ 594.3™ 31857 0.0077 0.0091™ 5025.7
Foliar (F) szt~ 7 38.9" 106.1™* 63.8" 0.0048™ 0.0042"* 1409.1"
application
IXF 14 5.1ms 31.2" 17.77 0.001™ 0.0007™" 219.4"
Error U 46 3.3 12.3 6.8 0.0004 0.0002 100.4
CV (%) oy 6.7 5.6 5.2 6.5 7.8 7.1

o> S5 g gy o] e 3 )5 gime g I3 gixepuE i ey s g 5 NS
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.

Cod o5 &l 3,S0os g (pii gy (6 Fmwgid 0355 ()15 sl s goun] (Glaime p (WS SWB0aS Jyaai iU il ylg 4355 -0 Jean

‘_;)l.ggi Slises g glan
Table 5- Analysis of variance of the effects of stress modifiers on compatible osmolytes, photosynthetic pigments, and protein
content and grain yield of wheat under irrigation different levels

Mean Square le po (1SSl

e L SR i bades S eyt e
et d A a £ e o
S.0.V. Sl odant Jglme * i *I Swigii)S ey ails

. Chlorophyll ~ Chlorophyll Total : - i
d.f  Proline ggluble a b Chlorophyll Carotenoid  Protein Grain
sugars Yield
)‘_’SJ . 2 5.82" 146.7™ 0.923" 0.444™ 0.231™ 0.0027™ 41" 10854.6™
Replication
(I? ‘”F"I 2 4277 12151" 1.221™ 0.11™ 2.063™ 0.013™ 147 31491.9™
Irrigation
(F) 2k Jsloxe
Foliar 7 2.98™ 672.7" 0.612** 0.14™ 1.137" 0.0059™ 3.8 14168.6™
application
IXF 14 0.45"™ 143.3" 0.086" 0.015" 0.057" 0.0004" 1.17 3570.8"
Error s 46 0.4 69.4 0.042 0.006 0.043 0.0004 0.6 1522.78
CV (%) &l puss oy 85 7.2 8.1 51 5.0 5.7 6.1 8.2

o)) S5 g gy Jleis] e 3 o gime g I3 gixe s i Sy i g 5 NS
ns, * and ** are non-significant, significant at P<0.05 and P<0.01, respectively.
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Table 6- Means comparison of effects of stress modifiers on activity of antioxidant enzymes and some biochemical traits of
wheat under irrigation different levels

Jok oglle 5 , "

sl st WSl e i Sl Sl Judg 5 b Jubo 15 Oron 3 Ses

s ODHg)™  op)*™ RS TPRWS : ) Css Mo )" Jokxe  mggl)a’ (mg gjl W) Sy " ails
-1 2
;:gﬁ'; p(lr’l(w)ltr?IP prgt%in umol.gFW’) umol.gF (us.m) (giFw (Fw Chlorophyll ':;f (g.m_ )
tel H202 (* (W EC Soluble Chlorophyll b (%) Grain

POD (mint sugars a Protein yield

PPD MDA

l1xF1  52.269 4357fg 0.33a-d 0.234a-e 156.5a-f 92.79f 2.425¢c-h 1.465f-i 11.9d 439.4c-f
lixF2  63.61a-f 42.55¢g 0.306a-g 0.209b-h 138.8b-j 101.94c-f 2.673a-g 1.542d-i 12.09cd 481.1a-f
lixFs  58.27d-g 47.48c-g 0.298b-f 0.206b-h 153.5a-g 93.88ef 2.873a-e 1.614b-h 13.69a-c  491.6a-f
lixFs  61.91a-g 49.87b-g 0.325a-d 0.186e-h 128.4e-j 103.29b-f 2.738a-f 1.719a-f 13.22a-d  535.5a-d
lixFs  54.7¢f 45.24e-g  0.256e-g 0.169gh 116.6hij 109.43b-f 2.327d-h 1.879a 14.07ab 572.2ab
lixFs  55.3fg 50.85a-f  0.268d-g 0.212b-h 112.7ij 118.07a-f 3.124ab 1.578c-i 14.16ab 508.3a-e
l1ixF7  65.47a-f 52.88a-d  0.249g 0.167h 118.3hij 117.03b-f 3.018a-c 1.845ab 14.72a 572.2ab
lixFs  56.1e-g 45.31e-g  0.253fg 0.166h 111.2] 122.92bcd  3.215a 1.835a-C 14.25ab  592.2a

I>xF1  58.15d-g 50.13b-g 0.324a-d 0.256ab 138.7b-j 99.44hi 2.327d-h 1.396hi 12.66b-d  395ef
I2xF2  64.18a-f 4757c-g 0.348ab 0.236a-e 132.7¢-j 106.11f-i 2.247e-h 1.503e-i 11.9d 432.7c-f
I2xFs  62.61a-g 50.7a-f 0.333a-c 0.228a-f 143.6a-i 108.21e-h 2.461c-h 1.547d-i 12.09cd 452.2b-e

I2xFs  63.61a-f 54.05a-d 0.318a-e 0.217b-h 153.2a-g 114.82¢-g 2.77a-f 1.513e-i 12cd 465b-f
I2xFs  54.79fg 46.05d-g 0.28c-g 0.229a-f 125.1f+j 126.39%a-c 2.181f-h 1.59b-h 13.22a-d  543.3a-c
I2xFs  55.92e-g 46.55d-g  0.304a-g 0.189d-h 131.4f-] 125.23a-c 2.52b-h 1.678a-g 12.09cd 520.5a-d
I2xF7  66.88a-e 48.4c-g 0.279c-g 0.204b-h 135.5¢-] 120.59b-e 2.794a-f 1.759a-e 13.03a-d  507.7a-e
I2xFs ~ 59.25c-g 49.3b-g 0.316a-f 0.178f-h 122.4g-i 128.83ab 2.98a-d 1.782a-d 13.31a-d  456.1b-f

IsxF1  66.54a-e 53.02a-e  0.363a 0.274a 174.7a 113.28c-g 1.956h 1.354i 10.12e 380.5f
IsxF2  60.25b-g 47.66c-g 0.296b-g 0.249a-c 164a-c 122.26bcd 2.049gh 1.472f-i 11.81de 497.7a-f

IsxF3  70.91ab 55.41abc  0.34a-c 0.211b-h 161.1a-d 126.87abc 2.21f-h 1.633a-h 12.28cd 450b-f
IsxF4  70.72ab 57.2ab 0.334a-c 0.245a-c 170.2ab 118.7b-f 2.744a-f 1.437g-i 12.28cd 413.3d-f

IsxFs  65.15a-f 51.48a-f 0.315a-f 0.222a-¢ 146.2a-h 119.69b-f 2.362d-h 1.626a-h 12.56b-d  460b-f
IsxFg  67.95a-d 53.58a-d  0.32a-d 0.22b-g 148.1a-h 123.05bcd 2.296e-h 1.553d-i 12.28cd 461.1b-f
IsxF7  72.4a 58.56a 0.297b-g 0.242a-d 158.3a-¢ 109.83d-h 2.574a-h 1.644a-h 11.72de 455.5b-f
IsxFs  69.8a-c 57.12ab  0.292b-g 0.196¢-h 133.1c-j 138.38a 2.611a-g 1.692a-g 12.66b-d  518.3a-e
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11, 12 and I3 are full irrigation, irrigation withholding in heading and booting stages, respectively. F1, F2, F3, F4, F5, F6, F7 and F8

are foliar application with water as a control, foliar application of methanol (25% by volume), nano silicon (50 mg.L"%), humic acid

(300 mg.L1), foliar application of methanol and nano silicon, methanol and humic acid, nano silicon and humic acid, foliar
application of methanol with nano silicon and humic acid, respectively.

Means with similar letters in each column are not significantly different at P<0.05 (*) and P<0.01 (**), respectively based on Tukey

test.
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Table 7- Means comparison of effects of stress modifiers and irrigation different levels on activity of catalase enzymes,
proline and photosynthetic pigments content of wheat

s OD pg protein min’) ™ ;¥ (mg g'lFW) “odey  Total (Mg gl FW) ™ JS Judg,l5 (mg g FW) **.\..35,.:33,15
Catalase (* Proline Chlorophyll Carotenoid
I 24.75¢ 6.98b 4.484a 0.386a
12 26.22b 7.66a 4.131b 0.362b
Is 29.99a 7.75a 3.902¢c 0.339¢
F1 25.6b 6.48c 3.641f 0.332d
F2 24.72b 7.25bc 3.829¢f 0.333d
F3 26.31b 7.13bc 4.113cde 0.349d
Fa 30.19a 7.45b 4.307bc 0.352cd
Fs 25.49b 7.55b 3.988de 0.362bcd
Fe 26.42b 7.79ab 4.25bcd 0.386ab
Fz 30.14a 7.54b 4.545ab 038abc
Fs 27.03b 8.5a 4.705a 0.403a
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11, 12 and I3 are full irrigation, irrigation withholding in heading and booting stages, respectively. F1, F2, F3, F4, F5, F6, F7 and F8
are foliar application with water as a control, foliar application of methanol (25% by volume), nano silicon (50 mg.L"1), humic acid
(300 mg.L1), foliar application of methanol and nano silicon, methanol and humic acid, nano silicon and humic acid, foliar
application of methanol with nano silicon and humic acid, respectively.
Means with similar letters in each column are not significantly different at P<0.05(*) and P<0.01 (**), respectively based on Tukey

SoolS Lo (53 iz 351 Iy 52 Lol (o)l 4y
ot | el Saogd g (pSulewgils (Joilio plys )87 a5
o (Snp ig e 2 e 955 MO) w20 S dgn Slyie
Sl ple @ Cuwd Cas pl gl YV Ll
A ord bdme (Y Jgiz) w39 Iy 0 (5 slaosisS Joass
dlgme p ptalefl )3 yp 350 Jole 93 o (iled oS5
duglie 5 (B Joi2) dop> @y Jloiol ghaw 3 Joke (slanid
by dlge 3 ooll alsd ls oo & s ol bl
OOk 1 O lodilS Jasi ply 08 ey Sy S
o (Sr 5 isprn psS e WATA) Jolore (slasid (slyiea
lmosiiS i 5l Jolme ple 4 Cams (50> YYD Lyl
Sy 5 (5 i) 352 Iy 52 o)l 3l e e )3 S

e8> i o 48 (651 dsany 1 el Sogen Vet
ol slaslie 4 cuwl jialS Coge Klgs o )l SlawST ]
395 (e Gla il cov Glals 3 (Sem ot pials
Soged 3yl Ay oyl ¢ piseen (Garcia et al., 2016)
(V55 Jgi) GlamsI sl sl 3l b 2al38l ook 5l sl
oialS cage V57 Joix) ke slacudgenl slyze doue 5
AbU-) 35500 Jsho j) g SUl et g amallieglle (slgie
(Riaetal., 2023
ololn ey S Jale A 5 (g slyee
S OMe oy Alsye > (ool alad) ol Wb codgaze @l
2 5955 YIVB) o2 S dgn Sloee cnpoie (o2 0
Ciio nl lgize o> WY Gl 5l g (S k5 G o5



YYV 0 8o 1 (sl Scrogad 3 (o95anmngili « Jgilin) i (sloonidS Joasi' (o5 31yl ool )50 9 (ot ybidons

P2 Sy 5 i 938 (sLao s sl giae

9 YV ciian) 439,55 JS hdg)lS (slyome cn st
Jolie plos (Bl Jslxe 13 (S 5 jg p)5 » pSke /54
ylol OS] a5 w1 el s Aol Sngad g 95wyl
O IS Jedo)l8 lsze 53 duo )y S bl a3 (55 sixe
L csSel pl55 3,25 L G5 (slaoaiS Jass 38 5l e 5
G bl gl Gt 53 (Y gi2) Cubl S sl Siosn
9 YIVAY uiian) 48958 5 J5° Judg)lS' eloioms (305
Cassty JolS okl bl 13 (S 35 039 5 52 95 e < IV
(Y Joi) Sol

LS Codgdoe byly b 3 ob L 1Sl duslis gl
C i) wn Sp b JdelS 98 Uyl s it o
plgs (Bbdglne 13 (Sp 5 iy p5 2 oS e VPAY 5 VIZYY
saabie (Aol Suagd 5 (19Sagil ¢ Jgilio) (A5 (slrosisS Joass
God YEAF 5 YY/¥A s sy lidl 5las (F Jodo) s
$leoaiiS s 2)LS pae b aunlie 130 g8 Jdg)lS (clgie
Saids (F Jgiz) 09 )53 2 al Cadgiee jl o (e ) GBS
JUsb loasisS jdiy o (ol Codgioms bulyd )3 ) 0
SxSele L plsl clale (3l g 05g)a a1y dlea ) (3eus]
otalS case Mgyl w3l collab (aliil g Jido)lS stiss
d9—Sise QLS ) (g (sLwopSS) (sly—ome 4o
Sachdev, Ansari, Ansari, Fujita, & Hasanuzzaman, )
kbl (Turan etal., 2023) )\ San 5 lys5 dhasly ol 55 (2021
olie Gis ) M3 gk 5l (ol codgase gody 45wl
OgebienSly carge T Jlb slodisS zeos Gl g (2l
ORIl ) (i 9o (stwgs SIS, 0 )5S g s
el Spoge 3,)LS dlawlgey (giiwgid (SlropSS; (slyie
oiblS ST Il Ll 5l codled oy 5l (56 WilgT o
cii g amdllioapglle (gltme (g i fuSly lye
g da @y 5 (V7 Joia) S slaobw jleudg sl
Al oa S cladlone slanSyp A9 5 ()9 e el ilie
Kaya et ) |,LSen 4 L .(Haghighi, Kafi, & Fang, 2012)
)3 S Sy (Lo, lyme (38 55 (al., 2020
Codled 3 s a1y Sl Siogud 543)S" dlawslgas (Zea mays L.)
slgioms «59,m douSTy lgime SEalS (S T cloe 3l
A0S e Sy slo sk 5 Sy colin 5 tenall 23 le
oll38l as” 658" 4Ly (Rambery et al., 2002) ), Ko 5 (5 o)
L slsie Jsilia Ly (il Jgbeo Ll 55 80,18 slorions
bolyd )5 baggy (<Bg s il bL )| 5> Jgilie (gpulipes]
0S5 4S1ied SalS L adiy; (b s Jdoay o codgaome

g dpbise Bgio b A8 oS udy (ol Cudgize Sl 0 ap S
35l Jobxe Slge gazs GlalS ol e eald jglaied,
paas Sal® cpl 4 oS wmd e Gl s )3 oy alex
Shaltout, Motawee, Ahmed, & EL-) d4d o 485 (50wl
(o] Codgazme blys cov a8 cul sad )5 (Etreby, 2022
Foaw Gyo 1y 09h S g iepe glie plael i lS
ologyg JLid &S A oo g e Sl (el (SlrosiS et
5 epSels b o (Altaf et al., 2022) 03,5 Lais 1) 365 clo Jsk
Sales et al., ) wS clibbe Jobs (slié 5l dapBinn cu 50
3 el Ly, Lais 5 (385 il ogMe gy 9500 51 (2022
Ao cdablbre (3] JUb gladisS ln p Jbe i
P el Seogr 258 s (Hasanuzzaman, 2020)
s ATP 5 oSy w3l Cllad d9u00 b (ol Cdgaome bl s
U] ey ol Bl crge ¢ Jdg)lS lgime (AljB) (izeen
OoIBl L Jalpd (i 53 o 9 o0 g S g (998l
DRI S p Jgloe i g (g (slgoe (s 5mgid Slge g5
Jeday canl oad ()55 cpicmen (Chen et al., 2022) wb .o
9 Ol pudplio ( olie polie 42 53 Aol Soogen oo GAE
Slyzee Gl cage (Semymand collid g Jsho udis g,
Sakr, Ibrahim, EIAwady, & ) 3¢ 0 aiel (slasl ¢ lanid
.(Abo EIMakarem, 2019

5 8l Jglco dslyes (s slgime G238 J o
Sl b a5 0l oS pH ials s oole oyl b ) 36 wlsi e
oyt Eleg )3 it S S D g el Sl
9 S (Hadi et al., 2016) s9i 0 Sy 1> oy @oos i3l
3 (Zbiec, Karczmarczyk, & Podsiadlo, 2003) )|l e
ble Gyl 3o Jplae (sl Jsloee o8 siz b L
Ol38l Cage 0lS 50 COz cutt e (00 YU g (S aunsT oo
L5 > opeligpn] e b Ao > (ppmadlenS' S Sl
Sy g doe b (Jaslyd iz )3 Slgi oo ol (e 9 045
S5 L 35 b gl 205 (I3l 1y (5 Jgovo cslos
3 s5aksib 45 ol 1y e (Ning et al., 2023) -, on o
SLooisSS) Slyome 390 9 S QomlinnSTyy GRS 5 )b
Slo=oe Gl 8l cmge g S p (LIl s (g jiimgid
ol Cadgiome byl b Cod puiS Sy Jglome (ladid 5 s
gk b S5 oo dpl Sogen (imed ol 0 ()]3S 2950
laptisyy glos] e il codld (Bl e oy ol
LS 93,3 Lipg S g jla (5 logd 432 )3 0AIS Sy
e 9 0lS A5) ok ol 5 00 gy 3l 5 lhwogiaodly
(Dordas & Sioulas, 2008) aa> |3l 1) Jsloe (slanis



VELY 5l F )l Y als oyl (815 Slowidois dpnis  TTA

OFar JUESl g il dgm0 b el Siongen 3)8 oy oo Jlaias
Ayman, ) cuol o oS 13 39350 g (Slgizme Liuli8l Coge
a$ a sl el s Ul (Kamar, & Khalid, 2009
9 039 S Sl s Busb ) el Ssagen (3L Jsloe
Lgb_;’m uw‘)_ﬂ g0 ‘@L\t—mﬂuj] L;Lmﬂ,:)j clas dgade
P10 09 lo=me Glali8l I (dsu b Jodome (g
g igbte (slas Sl i 51 (5 W5 e Jslio (ool b
oo Glgisdy Jolis Byime L a5 ail LS Sy > 29390
039 Sy )3 S giaw 9 ST Slaigey9n Mg 4 B sdka
Madhaiyan, ) u5yls bl (id (g5l pusm iols8l o oS
OhSer 5 sley y (Poonguzhali, Sundaram, & Sa, 2006
pAS Sy (piig s slo—ize (iu1581 (Narimani et al., 2020)
doute 4 dy Jgilio (il Jglme dlawlgay o codgasme baylys cod
5 (P81 T Lo 3T e ) o ol L8> pins
9 Ui ATy oS plS (ke lacdgenl (slyie
A0 s 1Al 639l

3l daslgts S gy lgiee dme 50 S
45015 s ol ST 5T Clleb g0 4 g0 |y 0195l
Ol (ialS g (5g)d STy oo Sl S el b
Lo lgizme g sLuid (o)l Gl cngo (sl
Growgid ey et Ly Jalpd (i 53 45 398 00 (s FRg
(Ahmed et al., 2023) b o Liol3-8l Sy gy (Slgine
aS 0> oy 30 (Ning et al., 2023) Lo o S
d9-e b 3l (ol Cadgime byl o Sl (3L Jgbxe
duSly ez (Vg8 Jgdn) (Sl ol Lo 3l el
o g 03> JRalS |y (7 Jou2) e GgmlinnSTy 5 03900
PASS Sy 0o lyme GBI carge fruwgid Co pu S0
dila o Slac

W5 plys (il Jgone LSilon aslio ol ool
) el e 5 S o > sl St 5 35Sl
(w2 S S 5 5 el 30l Jolyo 55 (5ol b JoS
2 oS DAY 5 YEA/N DAYIY (o i) asils 3,Skas o5 sien
A Comd (G0 D Y8 9 VOIY XY Cus i (ilj8l 5l g (mipe e
5 J=o olel bl cow (i (lmoniiS s i Jsloe pie
I8 5 w2 S BN )5 g i yspbs Jolye )3 o)l oo
Jlse 5,0 )3 asls 3, Slas ialsdl 51 tsy (5 Jois) o9
15 oS heS1sd 4 o s b o3dgilte 51 bl Al oo
250 45 L3l (Galbally & Kirstine, 2002) LS slacsl

1- Methylobacterium spp

by ol Jplie bulyd ool 3 g 9yd9) (3 0903
9o Jedg IS (lyie (Al Carge ot 15 AL 4
4 450)S byl3S (Bukhari et al., 2021) | )LSen g (s )59
S8 o piS 53 aadgli S golaw 9 Jolne (basid (g
(=l Codgaze il glanS] i @l gl ials g Ol Gls
2 oA Sigis 5 Jbo)lS g o ine il 4 2xie
D9 oo 08l jlond sladigy b dunlio

S gl (loojSS) (lyme (Il ) (pdsu Sy o slaie
s 03 al 51§ 8 y5Subow 3,05l (V 5 J3i2)
oo (Y 95 Jois) s sl lag 3l cJlé i3l
OgeelienSlyy (alS g (V9 7 Joiz) Jslone slotid 5 (g
ol ;503 by j (oldie bt 3L (7 Jgi) s
5 J> Lwly ol 45 (Shen et al., 2022) cowl oais 3,55
oS5, (ls e Ltli sl (Jalil et al., 2023) .),LSon
Culld 290 4 1) Sk gl 2,8 Ay g8 S (sjtig
SialS g e ole Gl sl ¢ il s elagy 3l
13 SO LB e 585 1y aSabies 51 oslizl 45 izl gl (2021
Sais i bl b cod ST kb sladieS et ials
g0 Laoly ol )3 55 adlas oyl 5l oselcandas gl 487 3,0
PR S8 (g g sy

pla 5 il Jelro 4 S0l L i L a1 Sl 4 uoldo
52 5> (sl Sogad 5 355ebowstl i) 15 (slooatiS Jpis
9 e 3 sl ol (JolS sbl) bl s 51 S
NUVY o e (lalidl czge (o2 S B )55 g aliins
pAC A Coud v2 0 S (wliayn lgiee (so)d YO/+Q 4 O/VY
bl b 5 ol (o )lul byl s (5 (slmodiiS s 5,18
(P o) 48 o2y Sy BWE )55 g it yvlle Jolye 5
Codgdxo Ja.’l)_w P Sy ey d|91zn u...tblf 5l ey
L g slliagglle slgome (Rl (45 ol Sl Slgee o
A1 b S i (I3 imen 5 s OmelinnS
Sl nDay slge Jials (F Jods) 355 00l Cuws lalie i
olalidl Joay ] 4y oy 3tk Sl idoas wlgi e
Mafakheri, Siosemardeh, Bahramnejad, Struik, & )
.(Sohrabi, 2010

9302 3l el olS (5956 5l (Al (B9 Slgne ()b



YY osSlos (Gl Srogad 3 (395onbomgili (J3ilin) (i souiS Joasi (5 51 5l (o500 9 (o s

Oigrien sy oo dlome 4z S (202 Sy
Ly 85 slbcdgal glyme g sl 5T clag 5T el
Ol glaed S Jodad 0,8 sl cpis cod (Jg @l i3l
Cpmod 930> LS ) waall o3y glle g 59,0 STy (glgie
Jolie) Ui laoiiS Joass plgs (BL Jgloro b ab e Jolge
alad) (ol 5 Cadgaome bl 1o (sl Sogem g (15Sebssil
czge i JolS ol g (2 Sm B ) Aoy 3 ()L
4 Cows paiS b 5,Slee (g0 )d YYIV 5 YEIVY (s iy i3l
ol ol g i glaod S haw b Jsle pas basl i
sl g3y 32)LS 3)LS sy o0 Jlaidy gycnl 1298 ol
ool bly i pasS aly 5 Slhas Wlgs oo iS5 (lnosisS o
5 ST 5T clacdlad dgus abwlgas dy ol Cudgaze o JolS
9 S id Ol Sl )03 (B g (g lao S lyia

Sl b
5 ool e Jil e 295 ailg (WIS dagin
Ol SIS dilalls g wlogons slacsaslus 1) 205 ils,a8

5 Sl yze il claisy ) b ol sl o atez )l

(35,Y1) Je)) b mlio g (65)9liS Sl olSiun) 5 (Los)|
.JJ)].) PM_C‘

References

02 a4u cumas CO2 slaJ5Sge b gStungy (o5 5 oo U 398
9 o9 S (Il & e (iiwgid Gl (peud g oA yidin
(Saneinejad et al., 2019) (5SSl sla J00l) Mg zals
o Cale )3 g Jiwgd e g g eSS el Sgs
3 Sas ol3dl 5l 6,500 sy wles SeS aily 5 Sl i0l58
4|) .L_w‘ l_gu.oy.tb 9 u9§ul.w; .));.)15 L LS’] Cudglone bl).w 0 &l
Scddsel s (spiwgd cloosS) Sl d9ute & Gl
a1 SLmas] ol G231 (Y 55 Jgas) S5
OgliansSly  JLsb (sladssS geos (palS 5 (V 57 Joi2)
Ol 503 bawg 55 (olde gls o> Cus (7 Joia) (sed
u_s] Codgdomo ]a;‘).w » Ju.»\il ggwoy.lb 9 u9§vlw) .)).g)lf 4\.&»‘94;
o ywdlS” s oo (Ahmed et al., 2023) cowl oads 3,35
o381 50 (Mohammadi Kale Sarlou et al, 2022) 1S
Sgape a1y dwl Sl (bl Jalore j0 Al 5 il 5 Slae
(a1 By 5 sy GYBI) (Slaus] 51 clow 3T colled
Oigrted w1y (lyie (ials 5 5l s goul (slgoxe 5
Teixeiraetal., ) o, Kon g 1SS 2550 Cand 1ol 39)lo
daulgay St Laulyd o aly 3 ,Shes deue Lol Jle 5 (2022
(5920 S|y loize LS 4 ) Sk (8L glre
oSSy 5 g sl 5 SlasST il Lo 3l el

0l s (St bl d g 1y (g s

S 5 4ol

O )55 g i yorbs Jnlye ) skl abad) (ol cuzgiee

1.

Abdel Mawgoud, A. M. R., El Greadly, N. H. M., Helmy, Y. I., & Singer, S. M. (2007). Responses of tomato
plants to different rates of humic based fertilizer and NPK fertilization. Journal of Applied Sciences Research,
3(2), 169-174.

Abu-Ria, M., Shukry, W., Abo-Hamed, S., Albagami, M., Almugadam, L., & Ibraheem, F. (2023). Humic acid
modulates ionic homeostasis, osmolytes content, and antioxidant defense to improve salt tolerance in rice. Plants,

Aggag, A. M., Alzoheiry, A. M., & Abdallah, A. E. (2015). Effect of kaolin and fulvic acid anti-transpirants on
tomato plants grown under different water regimes. Alexandria Science Exchange Journal, 36(2), 2-15.

Aghaei, F., Seyed Sharifi, R., Khomari, S., & Narimani, H. (2021). Effects of methanol on grain yield, chlorophyll
fluorescence indices and some physiological traits of wheat (Triticum aestivum L.) under irrigation withholding
conditions. Journal of Crop Production, 3(4), 151-172. https://doi.org/10.22069/EJCP.2021.18631.2382

Ahluwalia, O., Singh, P. C., & Bhatia, R. (2021). A review on drought stress in plants: Implications, mitigation
and the role of plant growth promoting rhizobacteria. Resources, Environment and Sustainability, 5, 100032.

Ahmadi-Nouraldinvand, F., Seyed Sharif, R., Siadat, S. A., & Khalilzadeh, R. (2023). Reduction of salinity stress
in wheat through seed bio-priming with mycorrhiza and growth-promoting bacteria and its effect on physiological
nanoparticles  application.  Silicon,  1-9.

2.
12(9), 1834. https://doi.org/10.3390/plants12091834
3.
https://doi.org/10.21608/asejaigjsae.2015.2875
4,
5.
https://doi.org/10.1016/j.resenv.2021.100032
6.
traits  and plant  antioxidant  activity  with silicon
https://doi.org/10.1007/s12633-023-02552-x
7.

Ahmed, S. F., Biswas, A., Ullah, H., Himanshu, S. K., Tisarum, R., Cha-um, S., & Datta, A. (2023). Interactive


https://doi.org/10.3390/plants12091834
https://doi.org/10.21608/asejaiqjsae.2015.2875
https://doi.org/10.22069/EJCP.2021.18631.2382
https://doi.org/10.1016/j.resenv.2021.100032
https://doi.org/10.1007/s12633-023-02552-x

VELY 5wl F o)los FY als oyl ol (€15 Sleidois dapuis  TFS

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.
24,

25.
26.

27.

28.

effects of silicon and potassium on photosynthesis and physio-biochemical traits of rice (Oryza sativa L.) leaf
mesophyll under ferrous iron toxicity. Plant Stress, 10, 100203. https://doi.org/10.1016/j.stress.2023.100203
Aldesuquy, H., & Ghanem, H. (2015). Exogenous salicylic acid and trehalose ameliorate short-term drought stress
in wheat cultivars by up-regulating membrane characteristics and antioxidant defense system. Journal of
Horticulture, 2(2), 139. https://doi.org/10.4172/2376-0354.1000139

Alexieva, V., Sergiev, I., Mapelli, S., & Karanov, E. (2001). The effect of drought and ultraviolet radiation on
growth and stress markers in pea and wheat. Plant, Cell & Environment, 24(12), 1337-1344.
https://doi.org/10.1046/j.1365-3040.2001.00778.x

Altaf, M. A, Shahid, R., Ren, M. X,, Naz, S., Altaf, M. M., Khan, L. U., Tiwari, P. K., Lal, M. K., Shahid, M. A.,
Kumar, R., Nawaz, M. A., Jahan, M. S,, Jan, B. L., & Ahmad, P. (2022). Melatonin improves drought stress
tolerance of tomato by modulating plant growth, root architecture, photosynthesis, and antioxidant defense system.
Antioxidants, 11(2), 1-16. https://doi.org/10.3390/antiox11020309

Arnon, D. I. (1949). Copper enzymes in isolated chloroplast polyphenol oxidase in Beta vulgaris. Plant
Physiology, 24(1), 1-15. https://doi.org/10.1104/pp.24.1.1

Ayman, M., Kamar, M., & Khalid, M. (2009). Amino and humic acids promote growth, yield and disease
resistance of faba bean cultivated in clay soil. Australian Journal of Basic and Applied Sciences, 3(2), 731-739.
Bates, L. S., Walderen, R. D., & Taere, I. D. (1973). Rapid determination of free proline for water stress studies.
Plant and Soil, 39, 205-207. https://doi.org/10.1007/BF00018060

Bradford, M. M. (1976). A rapid and sensitive for the quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Analytical Biochemistry, 72(1-2), 248-254. https://doi.org/10.1016/0003-
2697(76)90527-3

Bukhari, M. A., Ahmad, Z., Ashraf, M. Y., Afzal, M., Nawaz, F., Nafees, M., Jatoil, W. N., Malghani, N. A.,
Shah, A. N., & Manan, A. (2021). Silicon mitigates drought stress in wheat (Triticum aestivum L.) through
improving photosynthetic pigments, biochemical and yield characters. Silicon, 13, 4757-4772.
https://doi.org/10.1007/s12633-020-00797-4

Chen, Q., Qu, Z., Ma, G., Wang, W., Dai, J., Zhang, M., Wei, Z., & Liu, Z. (2022). Humic acid modulates growth,
photosynthesis, hormone and osmolytes system of maize under drought conditions. Agricultural Water
Management, 263, 107447. https://doi.org/10.1016/j.agwat.2021.107447

Cordeiro, F. C., Santa-Catarina, C., Silveira, V., & de Souza, S. R. (2011). Humic acid effect on catalase activity
and the generation of reactive oxygen species in corn (Zea mays). Bioscience, Biotechnology, and Biochemistry,
75(1), 70-74. https://doi.org/10.1271/bbb.100553

Dordas, C., & Sioulas, S. (2008). Safflower yield, chlorophyll content, photosynthesis and water efficiency
response to nitrogen fertilization under rainfed conditions. Industrial Crops and Products, 27(1), 78-85.
https://doi.org/10.1016/j.indcrop.2007.07.020

Dorokhov, Y. L., Sheshukova, E. V., & Komarova, T. V. (2018). Methanol in plant life. Frontiers in Plant
Science, 9, 1-16. https://doi.org/10.3389/fpls.2018.01623

Dubios, M., Gilles, K. A., Hamilton, J. K., Roberts, P. A., & Smith, F. (1956). Colorimetric method for
determination of sugars and related substances. Justus Liebigs Annalen der Chemie, 28(3), 350-356.
https://doi.org/10.1021/ac60111a017

Galbally, I. E., & Kirstine, W. (2002). The production of methanol by flowering plants and the global cycle of
methanol. Journal of Atmosphere Chemistry, 43(3), 195-229. https://doi.org/10.1023/A:1020684815474

Garcia, A. C., Olaetxea, M., Santos, L. A., Mora, V., Baigorri, R., Fuentes, M., & Garcia-Mina, J. M. (2016).
Involvement of hormone-and ROS-signaling pathways in the beneficial action of humic substances on plants
growing under normal and stressing conditions. BioMed Research International, 37, 1-13.
https://doi.org/10.1155/2016/3747501

Hadi, H., Seyed Sharifi, R., & Namvar, A. (2016). Phytoprotectants & abiotic stresses. Urmia University. 252 pp.
Haghighi, M., Kafi, M., & Fang, P. (2012). Photosynthetic activity and N metabolism of lettuce as affected by
humic acid. International Journal of Vegetable Science, 18(2): 182-189.
https://doi.org/10.1080/19315260.2011.605826

Hasanuzzaman, M. (2020). Agronomic crops: stress responses and tolerance. Springer Nature Singapore Pte Ltd.
Hossinzadeh, S. R., Salimi, A., Ganjali, A., & Ahmadpour, R. (2015). Effects of foliar application of methanol on
biochemical characteristics and antioxidant enzyme activity of chickpea (Cicer arietinum L.) under drought stress.
Iranian Journal of Plant Physiology and Biochemistry, 1(1), 17-30. (in Persian with English abstract).

Jalil, S., Nazir, M. M., Al-Hugqail, A. A., Ali, B., Al-Qthanin, R. N., Asad, M. A. U., Ewwda, M. A., Zulfiqgar, F.,
Onuesal, N., Masood, H. A., Yong, J. W., & Jin, X. (2023). Silicon nanoparticles alleviate cadmium toxicity in rice
(Oryza sativa L.) by modulating the nutritional profile and triggering stress-responsive genetic mechanisms.
Ecotoxicology and Environmental Safety, 268, 115699. https://doi.org/10.1016/j.ecoenv.2023.115699

Kaya, C., Senbayram, M., Akram, N. A., Ashraf, M., Alyemeni, M. N., & Ahmad, P. (2020). Sulfur-enriched
leonardite and humic acid soil amendments enhance tolerance to drought and phosphorus deficiency stress in


https://doi.org/10.1016/j.stress.2023.100203
https://doi.org/10.4172/2376-0354.1000139
https://doi.org/10.1046/j.1365-3040.2001.00778.x
https://doi.org/10.3390/antiox11020309
https://doi.org/10.1104/pp.24.1.1
https://doi.org/10.1007/BF00018060
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1016/0003-2697(76)90527-3
https://doi.org/10.1007/s12633-020-00797-4
https://doi.org/10.1016/j.agwat.2021.107447
https://doi.org/10.1271/bbb.100553
https://doi.org/10.1016/j.indcrop.2007.07.020
https://doi.org/10.3389/fpls.2018.01623
https://doi.org/10.1021/ac60111a017
https://doi.org/10.1023/A:1020684815474
https://doi.org/10.1155/2016/3747501
https://doi.org/10.1080/19315260.2011.605826
https://doi.org/10.1016/j.ecoenv.2023.115699

¥

e 5doe 31 (Al Sogd 9 (95 lrmgil (Jgilin) (Il roussS Jranil (5 » 3 ()l g (s oo

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

maize (Zea mays L.). Scientific Reports, 10(1): 6432. https://doi.org/10.1038/s41598-020-62669-6

Korgaonkar, S., & Bhandari, R. (2023). Drought stress in plants: Effects and tolerance. Journal of Stress
Physiology & Biochemistry, 19(1), 5-17.

Liu, M., Zhao, G., Huang, X., Pan, T., Chen, W., Qu, M., Ouyang, B., Yu, M., & Shabala, S. (2023). Candidate
regulators of drought stress in tomato revealed by comparative transcriptomic and proteomic analyses. Frontiers in
Plant Science, 14, 1282718. https://doi.org/10.3389/fpls.2023.1282718

Ma, D., Sun, D., Wang, Ch., Qin, H., Ding, H., Li, Y., & Gou, T. (2015). Silicon application alleviates drought
stress in wheat through transcriptional regulation of multiple antioxidant defense pathways. Journal of Plant
Growth Regulation, 35(1), 1-10. https://doi.org/10.1007/s00344-015-9500-2

Madhaiyan, M., Poonguzhali, S., Sundaram, S. P., & Sa, T. A. (2006). New insight into foliar applied methanol
influencing phylloplane methylotrophic dynamics and growth promotion of cotton (Gossypium hirsutum L.) and
sugarcane (Saccharum officinarum L.). Environmental and Experimental Botany, 57(1-2), 168-176.
https://doi.org/10.1016/j.envexpbot.2005.05.010

Mafakheri, A., Siosemardeh, A., Bahramnejad, B., Struik, P. C., & Sohrabi, Y. (2010). Effect of drought stress on
yield, proline and chlorophyll contents in three chickpea cultivars. Australian Journal of Crop Science, 4(8), 580-
585.

Manal, F. M., Thalooth, A. T., Amal, A. G., Magda, H. M., & Elewa, T. A. (2016). Evaluation of the effect of
chemical fertilizer and humic acid on yield and yield components of wheat plants (Triticum aestivum) grown under
newly reclaimed sandy soil. International Journal of ChemTech Research, 9(8), 154-161.

Mohammadi Kale Sarlou, S., Seyed Sharifi, R., & Narimani, H. (2022). Effects of Flavobacterim, vermicompost
and humic acid on antioxidant enzymes activity and some biochemical traits of triticale under salinity conditions.
Crop Production Journal, 15(2), 183-202. (in Persian with English abstract).
https://doi.org/10.22069/EJCP.2022.19669.2469

Narimani, H., Seyed Sharifi, R., & Aghaei, F. (2020). Effect of methanol on antioxidant enzymes activity, some
compatible osmolytes and biochemical traits of wheat (Triticum aestivum L.) under irrigation withholding
conditions. Journal of Crop Physiology, 12(47), 99-114. (in Persian with English abstract).

Nazari, Z., Seyed Sharifi, R., Narimani, H., & Mohammadi Kale Sarlou, S. (2022). Effect of water limitation,
biofertilizers, and nano silicon on compatible osmolytes and biochemical traits of X Triticosecale. Journal of
Crops Improvement, 24(4), 1199-1215. (in Persian with English abstract).
https://doi.org/10.22059/jci.2022.333768.2639

Ning, D., Zhang, Y., Li, X., Qin, A., Huang, C., Fu, Y., Gao, Y., & Duan, A. (2023). The effects of foliar
supplementation of silicon on physiological and biochemical responses of winter wheat to drought stress during
different growth stages. Plants, 12(12), 2386. https://doi.org/10.3390/plants12122386

Nonomura, A. M., & Benson, A. A. (1992). The path of carbon in photosynthesis: Improved crop yields with
methanol. National Academic Science, 89, 9794-9798. https://doi.org/10.1073/pnas.89.20.9794

Okeke, E. S., Nweze, E. J., Ezike, T. C., Nwuche, C. O., Ezeorba, T. P. C., & Nwankwo, C. E. I. (2023). Silicon-
based nanoparticles for mitigating the effect of potentially toxic elements and plant stress in agro ecosystems: A
sustainable pathway towards food security. Science of the Total Environment, 898, 165446.
https://doi.org/10.1016/j.scitotenv.2023.165446

Rahbarian, R., Khavari-Nejad, R., Ganjeali, A., Bagheri, A. R., & Najafi, F. (2011). Drought stress effects on
photosynthesis, chlorophyll fluorescence and water relations in tolerant and susceptible chickpea (Cicer arietinum
L.) genotypes. Acta Biologica Cracoviensia, 53(1), 47-56. https://doi.org/10.2478/v10182-011-0007-2

Rambery, H. A, Bradley, J. S. C., Olson, J. N., Nishio, J., Markwell, J., & Dstermen, J. C. (2002). The role of
methanol in promoting plant growth: An update. Journal of Plant Biochemistry and Biocenology, 1, 113-126.
Sachdev, S., Ansari, S. A., Ansari, M. |., Fujita, M., & Hasanuzzaman, M. (2021). Abiotic stress and reactive
oxygen species: Generation, signaling, and defense mechanisms. Antioxidants, 10(2), 277.
https://doi.org/10.3390/antiox10020277

Sakr, M. T., Ibrahim, H. M., EIAwady, A. E., & Abo EIMakarem, A. A. (2019). Effect of humic acid, seaweed
extract and essential oils as antioxidants on pre-and post-harvest quality of red radish plants. Horticulture
International Journal, 3(3), 129-138. https://doi.org/10.15406/hij.2019.03.00120

Sales, E., Caflizares, E., Pereira, C., Pérez-Oliver, M. A., Nebauer, S. G., Pavlovi¢, L., Novak, O., Segura, J., &
Arrillaga, 1. (2022). Changing temperature conditions during somatic embryo maturation result in Pinus pinaster
plants with altered response to heat stress. International Journal of Molecular Sciences, 23(3), 1-16.
https://doi.org/10.3390/ijms23031318

Saneinejad, A. A., Tohidi, M., Habibi Khaniani, B., Sadeghi, M., & Khoramian, M. (2019). The effect of methanol
foliar application on some physiological traits of cowpea bean (Vigna unguiculata L.) under drought stress
conditions. Journal of Agronomy and Plant Breeding, 15(1), 45-61. (in Persian with English abstract).

Seyed Sharifi, R., & Khalilzadeh, R. (2018). Cereal Crops Production. University of Mohaghegh Ardabili (UMA).
508 pp.


https://doi.org/10.1038/s41598-020-62669-6
https://doi.org/10.3389/fpls.2023.1282718
https://doi.org/10.1007/s00344-015-9500-2
https://doi.org/10.1016/j.envexpbot.2005.05.010
https://doi.org/10.22069/EJCP.2022.19669.2469
https://doi.org/10.22059/jci.2022.333768.2639
https://doi.org/10.3390/plants12122386
https://doi.org/10.1073/pnas.89.20.9794
https://doi.org/10.1016/j.scitotenv.2023.165446
https://doi.org/10.2478/v10182-011-0007-2
https://doi.org/10.3390/antiox10020277
https://doi.org/10.15406/hij.2019.03.00120
https://doi.org/10.3390/ijms23031318

VELY b F )l Y als (ol (815 Slhwidoys apis  TFY

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

Shahmarzadeh, Sh., Seyed Sharifi, R., & Sedghi, M. (2022). The effect of mycorrhiza and humic acid on
chlorophyll content and grain filling components of wheat (Triticum aestivum L.) in various irrigation levels. Plant
Echophysiology Journal, 14, 47-59.

Shaltout, K., Motawee, M., Ahmed, D., & EL-Etreby, M. (2022). Effect of foliar spray with K and Mn on the
growth of Swietenia mahagoni (L.) Jacq. under different drought levels. Journal of Basic Environmental Science,
9(1), 1-11.

Shen, Z., Pu, X., Wang, S., Dong, X., Chen, X., & Cheng, M. (2022). Silicon improves ion homeostasis and
growth of liquorice under salt stress by reducing plant Na* uptake. Scientific Reports, 12(1), 5089.
https://doi.org/10.1038/s41598-022-09061-8

Stewart, R. C., & Beweley, J. D. (1980). Lipid peroxidation associated with accelerated aging of soybean axes.
Plant Physiology, 65(2), 245-248. https://doi.org/10.1104/pp.65.2.245

Sudhakar, C., Lakshmi, A., & Giridara Kumar, S. (2001). Changes in the antioxidant enzyme efficacy in two high
yielding genotypes of mulberry (Morus alba L.) under NaCl salinity. Plant Science, 167(3), 613-619.
https://doi.org/10.1016/S0168-9452(01)00450-2

Teixeira, G. C. M, de Prado, R. M., Rocha, A. M. S,, Filho, A. S. B. O., Junior, G. S. S., & Gratdo, P. L. (2022).
Action of silicon on the activity of antioxidant enzymes and on physiological mechanisms mitigates water defcit in
sugarcane and energy cane plants. Scientific Reports, 12(1), 17487. https://doi.org/10.1038/s41598-022-21680-9
Turan, M., Ekinci, M., Argin, S., Brinza, M., & Yildirim, E. (2023). Drought stress amelioration in tomato
(Solanum lycopersicum L.) seedlings by biostimulant as regenerative agent. Frontiers in Plant Science, 14(15),
121-131. https://doi.org/10.3389/fpls.2023.1211210

Wang, M., Wang, R., Jose Mur, L. A., Ruan, J., Shen, Q., & Shiwei Guo, Sh. (2021). Functions of silicon in plant
drought stress responses. Horticulture Research, 8, 254. https://doi.org/10.1038/s41438-021-00681-1

Xu, R., Huang, J., Guo, H., Wang, C., & Zhan, H. (2023). Functions of silicon and phytolith in higher plants. Plant
Signaling & Behavior, 18(1), e2198848. https://doi.org/10.1080/15592324.2023.2198848

Yuan, T., Wang, J., Sun, X., Yan, J., Wang, Z., & Niu, J. (2017). Effect of combined application of humic acid and
nitrogen fertilizer on nitrogen uptake, utilization and yield of winter wheat. Chinese Journal of Eco-Agriculture,
25(3), 74-82. https://doi.org/10.13930/j.cnki.cjea.160700

Zbiec, L., Karczmarczyk, S., & Podsiadlo, C. (2003). Response of some cultivated plants to methanol as compared
to supplemental irrigation. Electronic Journal of Polish Agricultural Universities Agronomy, 6(1), 1-7.


https://doi.org/10.1038/s41598-022-09061-8
https://doi.org/10.1104/pp.65.2.245
https://doi.org/10.1016/S0168-9452(01)00450-2
https://doi.org/10.1038/s41598-022-21680-9
https://doi.org/10.3389/fpls.2023.1211210
https://doi.org/10.1038/s41438-021-00681-1
https://doi.org/10.1080/15592324.2023.2198848
https://doi.org/10.13930/j.cnki.cjea.160700

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

Research Article
Vol. 22, No. 3, Fall 2024, p. 343-357

Evaluation of The Water Stress and Irrigation Management Effects on Soil CO>
Emission, Water Productivity and Soybean Yield (Glycine max L.)

S. Shiukhy-Soganloo®?*, M. A. Gholami Sefidkouhi®2, M. Arefrad?®

1- Assistant Professor of Agro-Meteorology, Department of Water Engineering, Faculty of Agricultural Engineering,
Sari Agricultural Sciences and Natural Resources University, Mazandaran, Iran

2- Professor of Irrigation and Drainage, Faculty of Agricultural Engineering, Sari Agricultural Sciences and Natural
Resources University, Mazandaran, Iran

3- PhD in Plant Breeding and Genetic Engineering, Sari Agricultural Sciences and Natural Recourses University,
Genetics and Agricultural Biotechnology Institute of Tabarestan, Sari, Iran

(*- Corresponding Author Email: Saeid.Shiukhy@gmail.com)

How to cite this article:

Received: 16 January 2024 Shiukhy-Soganloo, S., Gholami Sefidkouhi, M. A., & Arefrad, M. (2024). Evaluation of
Revised: 07 April 2024 The Water Stress and Irrigation Management Effects on Soil co2 Emission, Water
Accepted: 13 April 2024 Productivity and Soybean Yield (Glycine max L.). Iranian Journal of Field Crops

Auvailable Online: 31 July 2024 Research, 22(3), 343-357. (in Persian with English abstract).
https://doi.org/10.22067/jcesc.2024.86444.1300

Introduction

The challenges of climate change and increasing greenhouse gas emissions have led to consequences such as
global warming and successive droughts. Additionally, the rise in agricultural activities has significantly
increased the pressure on available water resources. Consequently, it has become essential to consider
wastewater resources. To make appropriate management decisions and find solutions to reduce CO; emissions in
the agricultural sector, it is crucial to understand how soil moisture and sources of irrigation affect greenhouse
gas (GHG) emissions, particularly CO,. Therefore, the aim of this research was to evaluate the effects of water
stress and irrigation management on soil CO, emissions, water productivity, and soybean yield and yield
components.

Materials and Methods

This research was carried out at Sari University of Agricultural Sciences and Natural Resources with latitude
(36° 33’ N) and longitude (53° 00’ E), elevation (14 m, above sea level), average temperature (17.9°C) and total
of precipitation (650 mm), during the growing season (2022-2023). The experiment was carried out in the form
of a split plot based on a randomized complete block design in three replications in growth season 1402-1403,
Sari. Experimental treatments include; the main factor was water stress in three levels ((non-stress, FC100),
FC75 and FC50) and the sub factor was irrigation management in two levels (Urban Wastewater (UWW) and
Well Water (WW).

Results and Discussion

Based on the findings, the highest amount of CO, emission in the middle and end stages of sampling in 60,
75, 90 and 105 day after sowing in non-stress conditions-FC100 was observed with 535.9, 534.5, 543.6 and
444.5 ppm.mint, respectively. In addition, its lowest amount was related to water stress-FC50 with 505.3, 499.8,
506.5 and 409.8 ppm.min?, respectively. The results showed that the highest amount of Cozemission was
assigned to irrigation with urban wastewater with 536.5, 540.1, 538 and 516.9, respectively. Due to the increase
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in the plant growth rate and approaching the grain maturity, the amount of CO; emission increased with the
increase in temperature, root system development, plant roots respiration and the soil microorganism’s activities.
The highest amount of water productivity was observed in the non-stress condition FC100 with a 0.62 kg.m™,
Which compared to water stress conditions-FC75 and FC50 increased by 43.5% and 51.6%, respectively. Also,
the results showed that in the non-stress condition-FC100 and irrigation with urban wastewater, the highest pod
number (304.8), grain number of per pod (665.1), 100-grain weight (18.7 g), grain yield (1060.4 kg.ha') and
total dry matter (743.3 kg.ha') were obtained. In the condition of irrigation with urban wastewater, the highest
number of pods, grain number of per pod, 100-grain weight, grain yield and total dry matter was observed with
2345, 495.8, 18.5 g, 679.4 kg.ha! and 645.7 kg.ha*, respectively. While their lowest amount was assigned to
water stress conditions-FC50 with 218.6, 483.3, 17.7 g, 555.1 kg.ha'* and 625.5 kg.ha?', respectively. Optimum
soil moisture conditions under non-stress conditions-FC100 and water stress conditions-FC75, especially when
irrigating with urban wastewater, increased the yield and yield components by providing nutrients needed by the
plant.

Conclusion

The results showed that in the early stages of soil sampling, irrigation management (source of irrigation) did
not significantly affect the amount of CO, emission. However, in the middle and final stages of sampling, the
growth and development of plant organs and increased soil respiration due to the development of the root system
caused the release of CO,. This effect was more pronounced during irrigation with wastewater than with well
water. Based on the findings, considering the water scarcity crisis and the challenge of water stress during the
soybean growth season, it appears that accurate management and efficient use of wastewater resources is both
inevitable and a suitable solution.
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o 4y (Mean of square) el po 3Sibe
A'—l‘).ﬁ.“w em K
(5.0.V) 33 15%** 30 45 60 75 90 105
s (df)  (Ppm.min®)  (ppm.min?)  (ppm.min®)  (ppm.min?)  (ppm.min®)  (ppm.min) (ppm.min)
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Figure 2- Evaluation of the irrigation management effects on the CO2 emission during the soybean growth season
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In each of the sampling stages, the same letters indicate the non-significant at the 0.05% level (Duncan < 0.05)
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Table 4- The results of variance analysis of water stress and irrigation management effects on water productivity and
soybean yield and yield components
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- Water Yield and yield components
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] productivity
(S.0.v) (dh WP GY TDM 100-GW GNP PN
(kg.m-3) (kg.ha't) (kg.ha't) (kg.ha?) - -
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(Ds x SI)
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(Total) Js 17 - - - - - -
(C.V) &l s oy - 10.4 10.8 1.9 2.8 1.8 1.3

PN: Pod number per plant («g ,» M slas); GNP: Grain number per pod (Me ;s 4l slas); 100-GW: 100- Grain weight
(4l 2o yj9); TDM: Total dry matter (s’ s oole); GY: Grain Yield (wls 5,Sles)
(P <0.05 (SSh) sl go 2o yd B 9 ) zolaw 1D 5y gime odimd L (o Sy T
*** Day After Sowing (DAS), **, * and ns: They indicate significance at 1%, 5% and non-significance levels, respectively
(Duncan, P <0.05)
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Figure 3- Evaluation of the simple effects of water stress and irrigation management on water productivity during soybean
growth season
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In each of the sampling stages, the same letters indicate the non-significant at the 0.05% level (Duncan < 0.05)
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Figure 4- Evaluation of the water stress and irrigation management effects on water productivity during soybean growth
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