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Abstract

Introduction: Today, agriculture is one of the main consumers of energy in the world. Due to the
limitations of energy resources and the growing trend of the world population, the importance of
studying energy in the agricultural sector becomes apparent. Analyzing energy input flows to
agricultural systems can improve energy use efficiency by understanding more details about inputs
and their contribution in total energy input to the farm.

Materials and Methods: The present research aimed to analyze energy and economic indicators in
semi-traditional and mechanized rice farming systems in Durood County, Lorestan Province, in 2022.
The data used in this study were obtained using a questionnaire and face to face in the studied region.
In this research, different energy indicators (net energy, energy efficiency, energy consumption
efficiency, specific energy, and water efficiency) and economic indicators (total production cost, gross
income, net income, and income-cost ratio) were used to compare the energy flow in two systems of
semi-traditional and mechanized rice cultivation.

Results and Discussion: The results showed that the total energy input entering the semi-traditional
and mechanized farming systems was calculated as 139666.34 and 136228.19 MJ ha, respectively.
The highest amount of energy use in the semi-traditional and mechanized systems is related to fossil
fuel (65.96 and 66.49%), irrigation water (17.17 and 16.62%), and nitrogen fertilizer (10.97 and
10.97%), respectively. The results of this research showed that in both semi-traditional and
mechanized farming systems, the share of direct energies was significantly higher than indirect
energies, which was due to the excessive use of resources such as human labor, fossil fuel, and
irrigation water. In addition, non-renewable energies also made up about 80% of the input energies
entering the semi-traditional and mechanized farming systems in Durood county, while the share of
renewable energies was calculated to be about 20%. The higher share of non-renewable energies can
be attributed to the excessive use of chemical fertilizers (nitrogen, phosphorus, and potash), fossil
fuels, pesticides, herbicides, and fungicides. The results of the analyzing energy indicators revealed
that the amounts of net energy, energy productivity, energy use efficiency, and specific energy in the
semi-traditional farming system were equal to 11381.66 MJ ha?, 0.04 kg MJ%, 1.08, and 22.92 MJ ha”

| @ O ©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0).
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1 while they were calculated as 29419.81 MJ ha?, 0.05 kg MJ?, 1.22 and 21.49 MJ ha? in the
mechanized farming system, respectively. Moreover, the water use efficiency was equal to 0.248 and
0.285 kg m?® in semi-traditional and mechanized systems, respectively. The net income in the
mechanized farming system (989714780 Rials) was higher than the net income obtained from the
semi-traditional rice farming system (813695300 Rials) due to the higher economic performance of
grain and straw. The income-to-cost ratio was also higher in the mechanized system than in the semi-
traditional system, indicating more income per unit of cost in the mechanized system.

Conclusion: Altogether and according to the findings of this research, the mechanized cultivation
method was superior as compared with the semi-traditional rice cultivation method based on economic
and energy indicators. It is suggested that in order to increase the share of renewable energies and
increase the energy use efficiency in both mechanized and semi-traditional systems, farmers should
use less fossil fuel for irrigating the fields by using irrigation water based on the plant's irrigation
requirement.

Keywords: Energy use efficiency, Fossil fuel, Irrigation water, Renewable energies, Seed yield
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Table 1- Used machinery, hour working, and used fossil fuel in two semi-traditional and mechanized systems

Mechanized o j.s50

Semi-traditional s o

ool 550 Wlgol 6l el

Used machinery

ool oLl &S guw
Hour working  Used fossil fuel (L)

eolaiwl 590 Wigol G el ool oLl & g

Used machinery Hour working  Used fossil fuel (L)

95 8 5855 95 58S
Tractor Ferguson 285 Tractor Ferguson 285
Iz oISz oelsls
i 251 16 4.55 17.83
Chisel plow Moldboard Plow
d)uj) 6)55)
8.25 38.16 8.23 37.74
Rotavator Rotavator
- 3 odusS 5 . 3 odusS 5
’ 2.07 16.17 ’ 2.35 15.86
Land leveler Land leveler
) )0
) ) 8.12 48.23 ) . 8.22 48.34
Slider disk border Slider disk border
9515 Sty oS ali>
. 243 14.58 3.58 14.46
Tractor mounted fertilizer Nursery
SosSTi Sy Giles T ogate (ilaS
2.43 14.58 . . 8.30 96.96
Tractor mounted sprayer Rice combine
&5l
. 7.30 29.6
Transplanting
T ryate (nleS
) ] 8.14 96.80
Rice combine
Esoze
41.25 274.12 35.23 231.19
Total
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Table 2- Energy equivalent for used inputs and obtained outputs in rice production systems
Value jluie
&y (o SN $3P Jolwo &0
ltem Semi-traditional  Mechanized Energy equivalent (MJ) Reference
&°9,9
Input
melo) 555 5oy :
(ele) 55,8 $50 1100.95 982.14 1.96 Singh et al., 1994
Human labor (hr)
(el ¥ loile 35.23 41.25 62.7 Singh and Mittal, 1992
Machinery (hr)
i aete 1635.99 1608.68 56.31 Mobtaker et al., 2010
Fossil fuel (L)
(PS5 & 6959 59.12 14.7 Ozkan et al., 2004
Seed (kg ha'®)
S .
(ale 1) sl - 23507 22194.20 1.02 Acaroglu, 1998
Irrigation water (m?®)
(ise osle p,55kS) iS5 ile
Herbicide (kg active 0.20 0.21 238 Gundogmus, 2006
ingredient)
(g oole p,55k5) (25,6
Fungicide (kg active 1.07 1.07 216 Pathak and Binning, 1985
ingredient)
(igm 03l p 55LS) (325 2
Pesticide (kg active 1.58 1.95 101.2 Erdal et al., 2007
ingredient)
(S 5hS) plond sosS
Chemical fertilizers (kg)
. Olar 231.68 225.40 66.14 Ozkan et al., 2011
Nitrogen (kg)
i 72.22 58.28 12.44 Ozkan et al., 2011
Phosphorous (kg)
t;J
e 26.00 38.30 11.15 Ozkan etal., 2011
Potassium (kg)
27 0.20 0.60 112 Singh et al., 2002
Sulfur (kg)
(fJS?Lf,S) Slogs 4090 3620 0.3 Ozkan et al., 2004
Organic manure (kg)
ST
Output
(p,55kS) o5 5216 5796 125 Ozkan et al., 2004; Sayin et al.,
Straw (kg) 2005
(eSS @mp Selss 5840 6340 147 Ozkan et al.,gggg; Sayin et al.,

Rough rice (k@)
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Table 3- Used energy indicators and water use efficiency

da:'w
Indicator

Jse s
Formula

Sl Spae 25

EUE= Total Output Energy (MJ ha'*)/Total Input Energy (MJ ha™)

Energy use efficiency (EUE)
&5 6500

EP (Kg MJ) = Crop output (Kg ha) / Input energy (MJ ha)

Energy productivity (EP)
eyare 655

SE (MJ kg'*) = Total Input Energy (MJ ha'?) / Total main product yield (kg ha™)

Specific energy (SE)
AL 655

NE (MJ kg*) = Total output energy (MJ kg'*) — Total input energy (MJ kg™?)

Net energy (NE)

WUE (kg m) = Grain yield (kg) / Irrigation water (m?)

Water use efficiency (WUE)

(etal., 2012; Yilmaz et al., 2005; Azizi et al., 2023
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Table 4- Used economic indicators

sl Jse b
Indicator Formula
AL .).n'\)o

Gl (Rials ha*) = Rice yield (kg ha™) x Rice price (Rials)

Gross income (GI)
A MT)..»

NI = Gross value of production (Rials ha'*) — Total cost of production (Rials ha™)

Net income (NI)
Sl slaasse S

TCP = Variable cost of production (Rials ha*) + Fixed cost of production (Rials ha)

Total cost of production (TCP)

A0 A Sgaw Cod

ICR = Gross value of production (Rials ha™) / Total cost of production (Rials ha't)

Income to cost ratio (ICR)
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Table 5- Input and output values of energy used in semi-traditional and mechanized rice farming systems in Dorud county

&9 (S dous JS 3l awey0 0 3350 J5 3l aweye
Item Semi-traditional (MJ ha™) Percentage of total Mechanized (MJ ha™) Percentage of total
SN s 2157.86 1.55 1924.99 1.41
Human labor
“’W%‘“LL” 2208.92 1.58 2586.38 1.90
Machinery
N e 92122.60 65.96 90584.77 66.49
Fossil fuel
o 1022.97 0.73 869.06 0.64
Seed
(|
e 23977.14 17.17 22638.08 16.62
Irrigation water
oS e 47.60 0.03 49.98 0.04
Herbicide
55 2
s @ 230.90 0.17 230.90 0.17
Fungicide
S oyt 101.20 011 197.340 0.14
Pesticide
w"'““ 15323.32 10.97 14907.96 10.94
Nitrogen
Slawd
898.42 0.64 725.00 0.53
Phosphorus
“*““’L“ 289.90 0.21 427.05 0.31
Potassium
255 0.22 0 0.67 0
Sulfur
Al oS
) 1227.00 0.88 1086.00 0.80
Organic manure
8259 571 5 139666.34 100 136228.19 100
Total input energy
W oS
HE 65200.00 43.17 72450.00 43.74
Straw
Sl
e "l“ 85848.00 56.83 93198.00 56.26
Rough rice
e
s s 151048.00 100 165648.00 100

Total output energy

3998 (yliw yeld 33 Tyt (Fiwrdond 9 0380 LS (gL pima 30 R AL asT 9 3 A 0 (palians paf (penilionns S (55 5l e —F J9ua
Table 6- Contribution of direct, indirect, renewable, non-renewable energies in semi-traditional and mechanized rice farming

systems in Dorud county

&9 (S do 0 355
Item Semi-traditional Mechanized
s I3y 835 IS 5l ey
Energy (MJ hal) Percentage of total Energy (MJ hal) Percentage of total
it 118257.60 84.67 115147.85 84.53
Direct
e 21408.75 15.33 21080.34 15.47
Indirect
R 27157.98 20.32 25432.14 19.47
Renewable
s
e 112508.37 79.68 110796.05 80.53

None-renewable

S THB (iS e i ¢ i cale (YT nile IS Slelu dy Jold e o8 Lo g5l tiogs (8 pan Ol > g S g o Sladl (59,5 Jolds priane sl g5l

39 (13 3955 3,555 355 (ol 395 Hhud 95 ()59 355
*Direct energies consisted of human labor, fossil fuel, and irrigation water. Indirect energies included seed, machinery working hours,
herbicide, pesticide, fungicide, nitrogen, phosphorous, potassium, sulfate, and organic fertilizer.
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Table 7- Different energy indicators and water use efficiency for semi-traditional and mechanized rice farming systems in Dorud
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Table 8- Results of economic indicators for semi-traditional and mechanized rice farming systems in Dorud county
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Abstract

Introduction: Global climate change-induced abiotic stresses such as drought have profound impacts
on crop yield and the subsistence farming economy in Iran. Biostimulants are an effective type of
substances obtained from some organic and inorganic materials and from microorganisms. These
materials, as a promising and eco-friendly approach, are widely used to decrease the destructive effects
of drought stress and fulfill the need for developing sustainable/modern agriculture. Current
knowledge revealed that biostimulants derived from plants and animals (e.g., seaweeds and
phytoextracts, humic substances, amino acids and fulvic acid) as well as microbial stimulants such as
plant growth promoting bacteria (PGPR) have high potential to elicit plant tolerance to drought stress.
Fertilizer materials directly supply plants with essential nutrients, correcting nutrient deficiencies in
plants and promoting plant growth. In contrast, growth biostimulants promote the plant's innate
abilities to absorb nutrients from soil and alleviate stresses, without providing nutrients directly. The
aim of this study was to investigate the effect of biostimulants on wheat tolerance under deficit water
condition.

Materials and Methods: Experiments conducted in form of split plots as a complete randomized
block design with three replications in Ilam for two years since 2021. The soil order The main plots
include two levels as irrigation application after 70 and 140 mm cumulative evaporation and sub-plots
including six levels of biostimulants as control, foliar application of amino acid, fulvic acid and
seaweed, fertigation of humic acid, azotobacter inoculation and combined application of all
biostimulants. At the end, after harvesting wheat, grain and biological yield and the concentration of
nitrogen, phosphorus, potassium, iron, zinc, copper and manganese elements in grain and straw were
measured. Analysis of data and mean comparison was performed with SAS software and Tukey' s test,
respectively.

Results and Discussion: The results showed that the application of biostimulants under deficit
irrigation improved the yield, relatively. The combined biostimulants application with 12.9% increase
in grain yield was the superior treatment. Under normal conditions, the use of amino acids and under
conditions of deficit irrigation, the application of fulvic acid produced 10.3% and 12.8% increase in

| @ O ©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0).
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grain yield, respectively. The increase in nutrient concentration with the application of biostimulants
was between 11% and 18%. . The highest concentration of phosphorus in the grain was obtained with
the combined application of growth stimulants, the sole application of fulvic acid and the sole
application of amino acid with concentrations of 0.227, 0.225 and 0.223%, respectively. Also, the
highest concentration of potassium in straw was obtained with the combined application of growth
stimulants with a concentration of 0.136%. The highest concentration of potassium in the grain was
obtained with the combined application of growth stimulants and the sole application of fulvic acid
with concentrations of 0.633 and 0.593%, respectively. Among the biostimulants, the best results
under deficit irrigation and normal conditions were obtained by fulvic acid and amino acid,
respectively. In general, biostimulants, due to the presence of plant growth-promoting compounds
such as nutrient elements, phytohormones and enzymes, can improve plant growth characteristics and
nutrient absorption. Also, these materials improved growth parameters due to its role in increasing
photosynthesis respiration, cell membrane permeability and root architecture.

Conclusion: In general, the application of growth stimulants compared to the control treatment
improved the yield components and changed the concentration of nutrients in wheat grain and straw.
In the condition of dehydration, the absorption of nutrients decreased and the consumption of growth
stimulants could have a positive effect on the process of absorption of nutrients and reduce the negative
effects of dehydration. Fulvic acid was more effective than other biostimulants in decreasing the
negative effects of drought stress. Finally, the use of natural materials such as fulvic acid can be a safe
approach and complementary additive to improve plant growth and to decrease the adverse effects of
not only drought stress but also chemical fertilizers.

Keywords: Amino acid, Azotobacter, Fulvic acid, Humic acid, Seaweed extract
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3 Reactive Oxygen Species
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Table 1- Results of chemical analysis of used biostimulants

iy Sy 03le el Siglgd - IS 03er Joloo maliy  Jokre yausd
Ao 331 Ll ginol S|
Growth prqmotlng Humic acid  Eulvic acid Free amino acids Alginic acid _Total Solut_)le Soluble
material complex nitrogen potassium phosphorus
(%)
| -
el Sl trace s> 22.1 - 0.52 0.13 -
Fulvic acid
Sl Sesen 52.9 1.88 ; 1.06 4.90 ;
Humic acid
-&-_»‘ 5~A‘ ) ) ) 16.7 ) )
Amino acid
by Sz o lac 10 2.04 19.9 0.6

Seaweed extract

Origin of used biostimulants: Soil and Water Research Institute
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Table 2- Results of physical and chemical analysis in depth of 0-30 cm of soil

0395

Colod cabls S A sl

<l NS STenss o Sl el &9 lly Sl el
Texture TN oC Cu Mn Zn K P EC pH
’ (mg kg (ds m?)
SiCl 33.2 0.11 1.22 1.13 7.31 121 305 12.2 0.31 7.33

o SLa fed Sy 55, 2 o & oS Gy
08 Jloel yizes o ) rem i elossl 2 k]
Okl 5o o plowl Sl Slbes 50 lacile L o)le
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oS 5 alls 3:5ie 5 s 1595 1R drnly Shd (39 50
SAS l38le 5 Lo gi ool Cws 4 slaosls .o (g uSoslail
alio 2B S 15 (g Lol Jolow 5 ajes 950 Y ad i

b plil (S5 oge3l b laeSiles
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Table 3- Results of variance analysis of yield and yield components of wheat

a0 poaldolaxy 50 alcww dlawd
Ol s 2abo B ails o Slos o § 0 ySlos Cald g el Ailo Hle 3
&l aloew &0 Yo
Thousand grain No
S.\V. df Grain yield Biological yield Harvest index wei hg No. grain/spike spike/square
9 meter
(Y) Ul 1 13719 ™ 91541 ™ 16614 ™ 15654 ™ 44545 ™ 52669 ™
(J:()\;;’S 4 12833 " 71018 " 7081 ™ 5256 ™ 54405 ™ 5350 ™
(N Lt 1 451440476 * 19792626356 * 92967042 * 5044782 * 61475110 * 54813361 *
YXIr s Ll JLo 1 921904 ™ 10901 ™ 9154 ™ 3641 4553 ™ 56541 "
(E1)) slas 4 336190 237874933 10189 6401649 11052641 65654044
(F)oss 6 5592492 ** 94101565 * 9876926 * 7508415 * 445726841 * 51455017 *
(YxF)sgSx Lo 6 14229 ™ 56098 ™ 1684 ™ 5406 ™ 56058 " 4406 ™
(IrxF) g s ,Lo] 6 16521 ™ 24261 ™ 540 ™ 6015 ™ 15058 ™ 8432 ™
35l b 6 20974 " 7143 ns 123" 6511 "™ 49438 ns 8319 ™
YxIrxF
(E2)Y s> 48 182540 129157778 19373 2645453 64176480 454184820
C.Vi. 16.7 17.5 14.8 185 145 16.2

5,5 (gl e BWSTNS Wl 10 97 a0l e BB oS5 a4y * K
** and *: Significant differences at 1% and 5%, respectively, ns: Not significant
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Table 4- The effect of biostimulants application on grain yield, biological yield and yield components of wheat

=™ 30 &l dlawy alcow ooy
Ay S oo Slgo ails o Slos o § 0 ySlos aild Hm 39
Cuols 2 ] &0 0 50
I . . . . Harvest Thousand No. No.
Biostimulants Grain yield Biological yield . . . . . .
index grain weight grain/spike spike/m?
(kg ha™) @
ol
5378¢c 13823c 0.374b 38.0c 35.4b 382b
Control
aal dl
. . 5639ab 14863ab 0.406a 40.9 ab 39.2ab 414ab
Amino acid
Sl Sogan
. 5435hc 14107bc 0.385ab 39.4bc 37.5ab 418ab
Humic acid
. 5693ab 14856ab 0.383ab 41.1ab 38.7ab 415ab
Fulvic acid
L_-,-.’.le.)Q ‘—i*-l’
5425bc 13720c 0.395ab 39.1bc 38.3ab 409ab
Seaweed
S|
5585b 14341abc 0.389ab 40.5ab 38.9ab 416ab
Azotobacter
J);u 0‘94 f:iy s_é)Aﬁ
“\"b)
5872a 15067a 0.403a 40.1a 40.7a 423a

Combined application
of biostimulants

Wil o 10 maw 10 Sl (I sixe Dol pas oaias LiS w2 50 alie By > L B>
The same letter/letters in each column are not significantly different at p<0.05
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(Kandi and Gharib, 2019)
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Table 5- The effect of drought stress and biostimulants interaction on grain and biological yield of wheat (kg ha™)

S yoxo 3lgo plgi 8 1,8

&bl sl aicnol ! anl Soglgd oy Sl Lyl ,
Sy
Irrigation Control ~ Amino acid Humic Fulvicacid  Seaweed Azotobacter .Cor.nblned
biostimulants
als o Slos
Grain yield
S Feskee Vo slasy o)L
Irrigation after 70mm 6442ab 6870ab 6555ab 6826ab 6548ab 6733ab 7287a
evaporation
S yesks VB Slan (L]
Irrigation after 140mm 3915c¢ 4408bc 4315bc 4460bc 4301bc 4338bc 4557b
evaporation
sy 0 Shes
Biological yield
5 e Vo slany o)L
Irrigation after 70mm 15911ab 15946ab  15837ab 16584ab 15175ab 16146ab 17047a
evaporation
S yesks VB Slan (L]
Irrigation after 140mm 11735¢ 12780bc  12376bc  13129bc 12265bc 12537bc 13088b

evaporation

Wb oo 10 gl )0 b Kl o S Sglis pac saiaslis eiw o, alie By > L B>
The same letter/letters in each column are not significantly different at p<0.05
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2 Water saturation deficit
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! Relative water content
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Table 6- Results of variance analysis of nitrogen, phosphorus and potassium in grain and straw of wheat

Ol i’ @bo Golil azys  aild 59 pu olS" 359 A5 yhund oS yhuud A1 gy ol sy
S.V. df Grain N Straw N Grain P Straw P Grain K Straw K
() Ju 1 0.05™ 0.004 ™ 0.001 ™ 0.001 ™ 0.001 ™ 0.005 ™
RIY) (L) 1,85 4 0.05 ™ 0.006 ™ 0.001 ™ 0.001 " 0.001 ™ 0.003 ™
(N, 1 0.026 0.001 * 0.008 0.01" 0.009 0.005 ™
(Y1) s Lok Jlo 1 0.05 "™ 0.004 ™ 0.01™ 0.001 ™ 0.001 ™ 0.004 ™
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Figure 1- The effect of biostimulants on concentration of nitrogen in grain and straw of wheat (%)
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Figure 2- The effect of biostimulants on concentration of nitrogen, phosphorus and potassium in grain of wheat (%)
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RS J)zo o\yo ‘aiy oﬁ)lf :T6 ‘)Sby)l T5 ‘A.é'i]‘i)“) Sl T4 h,\?..)‘ &;9]95 T3 “,\ﬁ...)‘ &.uo}..m T2 ;d;.:.,o] v\ﬁ...)‘ T1 wals C wls G wols

S: Straw, G: Grain, C: Control, T1: Amino acid, T2: Humic acid, T3: Fulvic acid, T4: Seaweed, T5: Azotobacter, T6: Combined application
of biostimulants

sals 4y S (5000 VUA lS (o S5kS 50 05 s ol g &ild )3 e g 3o o2l (55, il
Gl o 2alS 5 ols oLt (o85S 4o o5 s YA/4) 5 ol 5145 ol i Lnools oy il 45

(F J992) 090 30,0 VA/Y Jolae awls o Aoy iy a3 05 g dild s g (g5, il 5 S_is
2 P e VPIT) (St s Lyl jo oS (g5, cale Masine Sl g olS g adls 3%ia g ool cdale g jlo Jxe

Y sl d as Co s ooy VAR zalS (o, SolS YY) (Sets i Lyl o ails g9, cale (Y Jgam) o9



FAd S i byl g 50 puiS (olié polic Clilé g 3 Shlas oy O 0 Slge ]

Joles oS o il jo g 0l L_i5 (p,55LS j0 0,5 Lo

Pl Seis a5 4 0l jate b g 95 GalS oo 0 VY/A

4)‘04.: ~°l5)~>u*~°565) I)JL; :.... :.:ls

(A Jgaz) cudls pass

oS ol g il 13 o 9 w2 (59 Sl il lg 32 gl adS -V Jgu

Table 7- Results of variance analysis of zinc, iron, manganese and cooper concentration in grain and straw of wheat
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Table 9- The effect of drought stress on concentration of Zn, Fe, Mn and Cu in grain of wheat (mg kg™?)
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Table 9- The effect of biostimulants application on concentration of Zn, Fe, Mn and Cu in grain of wheat (mg kg™)
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Abstract

Introduction: The most important problem that threatens food security of any country and the world
is the lack of adequate water resources, so one of the ways to deal with this crisis is to use plants with
low water requirements and high water use efficiency. Among the plants, we can name Quinoa, which
is one of the plants that has been less studied and exploited in Iran. Since the planting date has the
greatest impact on the physiological characteristics of the crop compared to other cropping treatments,
so choosing the appropriate planting date can also create the greatest correlation between plant growth
trends and climatic conditions. Undoubtedly, the use of biological fertilizers, in addition to the positive
effects it has on all soil properties, is also economically, environmentally and socially fruitful and can
be a suitable and desirable alternative to chemical fertilizers. Therefore, the aim of this study was to
determine the response to deficit irrigation, planting date and application of different biofertilizers in
quinoa.

Materials and Methods: This experiment was carried out during two cropping years 2019 and 2020
in a farm located in Moghan region in Iran. In this experiment, Titicaca cultivar of quinoa was
cultivated in the form of split factorial design based on a randomized complete block design with three
replications. Experimental factors included irrigation at three levels (normal irrigation, irrigation
termination at bud stage and termination at seed filling stage) as main plot and factorial combination
of planting date at three levels including (27 July, 11 August and 27 August) and three types of
Nitrogenous biological fertilizer (seed inoculation with Azotobacter, seed inoculation with
Azospirillum and inoculation with a mixture of Azotobacter and Azospirillum and control (without
inoculation)) were also considered in sub-plots. Leaf Length and leaf Width at the physiological
maturity stage was measured by randomly selecting 10 plants using a ruler with millimeter accuracy.
At the end of the growing season, the product of two middle planting lines with a length of 4 meters

| @ O ©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0).
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was harvested by observing the half-meter margin effect and after drying in a ventilated oven at 70 °C
for 24 hours, grain yield was determined. Kjeldahl method was used to measure nitrogen concentration
and the percentage of protein was calculated. Finally, protein yield was obtained from the product of
protein percentage in seed yield. The soil bacterial population was determined based on the methods
recommended and the gridline interest method was used to determine the root colonization percentage.
Experimental data were analyzed before analysis of variance for homogeneity of test errors through
Bartlett test and then analyzed using SAS (9.2) software and comparison of means at 5% probability
level using Duncan multi-range test.

Results and discussion: The results of this study showed that the yield of quinoa increases under the
influence of irrigation, planting date and biofertilizers, which is consistent with the results of other
researchers' research. Irrigation termination in seed filling stage has no statistically significant
difference with normal irrigation treatment, so it can be desirable in water shortage conditions. In
terms of the planting date, the 11th of August treatment had the highest seed yield, and the combined
use of azotobacter and Azospirillum had a significant effect on the vegetative indices and seed yield
of quinoa. Therefore, it seems that the use of bio-fertilizers is one of the best ways to achieve optimal
performance, which in the long run can lead to a reduction in the need for chemical inputs in
agricultural systems.

Conclusion: The results of this research showed that although normal irrigation with the planting date
of 11 August and inoculation with Azotobacter and Azospirillum biofertilizers had the highest amount
of studied traits, especially seed yield (3049.7 kg/ha), but with the treatment of irrigation termination
in the filling stage with the planting date of 11 August and inoculation with biofertilizers was placed
in a same statistical group. Therefore, in terms of the importance of water consumption, it can be said
that in the conditions of limited water resources, the treatment of irrigation termination during the seed
filling stage has the most favorable results. Investigating the studied traits showed the positive effect
of the use of biofertilizers, especially the combined use of Azotobacter and Azospirillum in the studied
traits. Hence, the combined use of biofertilizers due to their high ability to fix nitrogen and provide
nutrients needed by plants such as phosphorus, potassium, siderophore production and iron
solubilization, synthesis of phytohormones such as auxin, cytokinin, gibberellin and synthesis of
enzymes that grow and affect the growth of the plant, it showed positive effects on the examined traits,
especially the seed yield.

Keywords: Azospirillum, Azotobacter, Seed inoculation, Seed yield



D9 dJlae FAY-0+F o IFF 30l cpaw o lod (paid ul [ SLiS 3blw jo 2ly) pole Olidixy

g ) (gl 39S M0 50 (S (6 5L oy (s 3 SOSS 9 il G U (5 kT o S
(Chenopodium quinoa Willd.) 1gus 5 ySdes 9 S 59d99 590 wilio &

rbb,)’ EM &gb ‘*dml ‘_J& 4Y)’9AM3LQ}.' Lé)m s*,a..\.&o Oy c\*}@;)g‘ LS)"??’ oo

Ol),{l S ‘QI)-@E By anb Bl g (£)sllS Bl (65,9liS 0uSisly «lils CM@I ) cely; 09,5 ¢£yiSD c\.‘.’.&}aiuidb -\
Ol @S oilprs oRily xbs wlio 5 (550l EASUily ¢ 6555liS 0a8ily (LS g Mol 5 el 09)5-Y

Al S 0ot oK anbs milie g (g3ysliS EASES ((55,5LiS 8IS (SK wdige g pols 09,5 Y
mjabbari.oranj@ut.ac.ir 14515 Jetuwe *

DOI:10.22034/CSRAR.2024.440659.1398 VEE1Y 2 s g VESYAN/-A el s g

FRVCES

S55d58 90 Dlao (B dia ) genl sl do 0 (S (6 25h Comaz ) SosS 5 Sl b g koS Sl g skaiea
g8l Cobol 5l IB o VWAANT - el Lo 98 50 o)l pliwsl Glie dilaie ;0 @8ly (lae ;50 50 (ciulesl dgiS 0 Slae
b« Jsore 5, s 4w )3 5)lal Jols s palel sl loss )5 Ll 1S5 ans b (ol ol slasSsls asly )b sl 2
sy 0) s s 5 SIS @) eSS g Shol D5 o (@il (ot y al> e 3 )l b g (avazid al> e 0 o L]
5 Sl bslove b 3 il 5 sk yomssT b 5 el SLgil b )% ) o059 5 (s 955 €58 a5 Gyt B 5 8105 ¥
Sl 35 a5 ols Las aosls o pe a5 gl i S i o o8 Glac S 5 5 (il 5o welis 5 pshy s
Sy P e 9 03,5 Geign O Ses 9 S Job lBl el (s slaosS ply iy g 0lo e 8 S5 B L (Jsene
Gkl Sl 51 QLS 5 0 S5l S Yo FANY) ails o Slee g ady; (ammlidsls aojo (S5 (6 25h Comez (35 50 a3l olass
2 Jol> (Juwj ladgS plys adls g oloye Yo 2l )b b (Jgone

ails o Shos 3 il «SLgil sk sl i gualS sLao3ly

Q)odenué).cstgsﬁJy 3 Gy Feooe Slelis)f LV R

Dgb oo CitS s 0 ogi ax o e ULl o Jless
YO 51 YL slos 5 005 Ca (s wgid jone s1yls olS ]
lgiS ol oo o, VAY LA (m ilidee slacaigsy 5o

ELS)l 4 diy 5 0092 a5 Bees 5 (555 laaiy, sl
(Boisetal., 2006) oS 35a5 1o /O Gos b ailgs oo ol
Sl eollae Lyl b als a5 ()50 50 1905 0l o Slos
5 05 V0= £ S dilaie 5 o5, 4 Al 0l ool
5 b oLlS 4 a5 L (FAO, 2011) ol oy syl35 LS
a5 hele G Fmte ((S—i5 5 5,05 4 9 oo Sl
S ain Sl g St 3l s culis |, lgiS
WDy 0,90 slatl yo a8 yx wl ] ()35 wled oo
=393 9 09 Cgmne l9inS (6l e JSto Sy (S22
Jacobsen et ) ol ;T @l il zals gl ppe (i b SO

i |y Olaz 5 )9t I el o5 St 0 et

bl 0,8 3,b 5l el canlio O gilie 39008 S oo
FoskS Gsekee VIO 5l i a5 () po SiBaans y Sas
Slais (n Fptee 5l (So (S5 wams oo Gl ol g0
Abolhasani Zeraatkar et ) coul dilaie cpl o Sy
5 ool il e cnl U allie sla S, 5l @l., 2008
Sleailoo Yo ol Bymas QL5 5 ol (2l 5L b SlalS
Chenopodium quinoa ) 155 )l co Glals ades )]
S 0se 9 s 3590 eI Olpl 55 a5 0 e, (willd,
RUCAICEN| NN § FPSC SN TR S
«Amaranthaceae)  s,5zLs oolsil 5 ;| (2n=4X=36)
ol oo 198 dig o Sanl s iz lia il oolgils 5
&l ddlate og aléas S 1gnS (Ahamed et al., 1996)
2 G Jlw Ve B0 el el gz syl o

B e 5o Uy s 5l 158 sl 00 o oS adlate oyl


https://doi.org/10.22034/csrar.2024.440659.1398

ohes 9 59l ik

¥4z

wibios §y900 S)lalpS Ll 5o ia; calise

(g, 9 3190

PN e el Sl g0 (b o Lisbasl ol
B YV g ar 3 ¥4 LLilir oye s 8,5 Job aids \Y
Sl gt b 8 Jaas ol £ (ganlil (sipedie
AL (slos 51 il 5 yia o YO- v ailJLs
039 ol ,F il az 0 A sl glos Blas - Sleo 5 V-
Yo b o Gee o sile)l e SB gla g o |2
—elilgn Lol (rizman 951 Jsuz Billae (5 e il
09 ¥ oz 2% 4 gialel sl sladle s dilaie

SOV s a8 B S5 68, 955 oS Galesl cal 5o
g2 03 s 7,5y 5 Jb antd 5 Olol Slindod Ao
12 dessS kel b oty At St lpice
S S5 A b ol el glacSoly asly 75k G
ool s s o oyl Sl ialojT slalogs s ,5
2 el gl g moazus al>ye ;0 o)l ghad ¢ Jsens
B s S5 5 Lol & 3 (4l s 5 o
E95 a9 ({9245 O g olo 10 Vo 0ls 10 B) mrlas aws jo cilS
Ljdo el S L3l b jda eudl) logyiepis (i 095
20l 5 poly sl o 2Ll bsloes b el 5 ool yepmmss]
b ot 4S8 s 2,8 Glan S )0 5 (il 9)
52T )l paiged 25k szl Jore S 5l tales] s
S350 0phnd 355 S (03] gl el g 0
L i (e 0 opgl g0t s 5 powisel lind
sleeils 7 )b o 1S coils Oldes (00,5 bl S
ol &Laﬂ Ol g ol pll cws & jgmay 0al (SO
W YAOY+» (ST L e sl V Jawgin jgbay) i Sl
lcul (398 o515 4y (plitss Sz ol ad )5 5 o ((liSe o
o515 S5 Elilas b p 3 00 S Y o515 L Lo
Sy $loosS oS yd il (sl e S Juol> a0

60)9)5 slae & 019;_94_5 OT CtsS g G]a.m KR

WS SeS 1S5l SERRSC I 53.‘5-5 Sl 40 ‘*—3‘935"

(Bvenura and Kambizi, 2022; Singh et al., 2022)
o bl s s el s aules 1905 ged g 0
Sals b ol vges (Elewa et al., 2017) wily oo tals
I LU ol S L SIS SIRE S

(Faroog et al., 2009) 53, o poas

AL olass (e )8 a5l olaws yralS o (St s
Slyooen S o Slae L bt glizl 5 0 Slac oo )5
33,5 oo 198 Al iy 5 Hiand (35905 Slpioe (g
sl @ Coas e ilS &, a5 el 5l (Dawood, 2018)
9 Sgletd Slmogas p 1, ;50 i 2l slayles
CilS )b Sl cplply )38 (0 (o)l oLS (a3l 8
9 obS ad; W) Gl 1) Bl o Wl o0 cnilie
(Gharineh et al., 2019) w5 sloxy! ool Loyl

£35 (ormb Ol bad> 4y LS ol 3l o Jlw o
ol 00 00ls (g yiin ol S| 5 sl (65,9LS
ONbey Blaz e laly (65,5185 moe Jo-ol 5 (S cnl e
osS b lagyT 050 o350l 5 oloonds slaogS 5l solaiul
6&&; l; odi)‘ U‘OP}A 69[} ‘mj_w‘so [ S o) &ulf)
aS arid Olaws 0auS o g (g e 00iiS oS a8
Gl B L oS sl slo e b S b
loan T 4 G isn Co s s bpandlSlg oo (ol olas
J.:)..fu’do )‘)S solaz__wl Sy90 sm‘f Lge(c QLDL.f)J M..»L./.u
51 S sisl 9 pelias w3l (Venkatashwarlu, 2008)
ﬁos)l.c FLER U ‘-JSSJ}Q u)BJ’*‘ OJ.MSM u‘dj}s.o):)
00 yef 9 00dy Jolge ply )0 1) oS Caaglie 5 00g0d Cugls |,
3 Go—dS i ailed o g aed o ialidl aixs
Itelimaetal., ) ouS ol e cbli> g S5 (g uslol>
(2018

‘@)L;L il pe—as )0 wolyy Slalllas 45‘5&& 5l



fav

g S 3eled 90 Clao (B 1 ey gl jiglS w0 )0 (S (Sl Camozr g1 (ghumt ) ST 9 CdlS U o)kl o5 S

Lol oo b )l gy 0ad et lal A5 )6 s
Sk oS el S5 o 5 Jgan )l s 5 s
OLaS oS Gyae Of ZIYP g5lol 190 1 009 @y
Jolee L YYB- o v jlade Jgare 65kl jles 50 55kl b
Oy 59208 By me o B 090 JS 0 Ol e L YYO
5 snsken 1Y e gl Jlos 3 omlidlyn ol sl Sl
S 3 elin 53 oo 51 hen WY il g0 Jla o
Sl s 6olel S5 b e oo YAV LYOF (1 olS

(Scanlin and Lewis, 2017) ¢l oo ;Lo

otlisl ek sl 5 MG3BE293 5555 5 yisLogs|
Jole yid oo G 0 0055 Johoo Vo slows L MH130055
2528 Sl 5 S iz ass il o 2SL Sl plaS o S
355 ydidee Vv Jladke [0 0,5 0LS s sl g I Ay
s Eemo s By Sha o0 Ve Jolre b (S
5 2Sbsisl boldws jlad jo 5 ) )50 oninr Blge lsieay
Geb () 995 2 5l o030 B B g0t pok sl
a9 sln ol s S Slidos a4 wse Joull gt ws
ceiS bl 5l o alaled Lg)lﬁ'l Cug ol o S ool

(Juo ) (7S ol&iubo3T) S (6 o il Yo G o Gos 51 GialojT (512! Jome S a0 aoeyis -V Jour
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9.6 0.08 0.76 509 22 32 46 175 7.5 1.77
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Table 2- Weather data for quinoa growing season during two year (2019 and 2020)
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2019 2020 2019 2020 2019 2020 2019 2020 2019 2020
ols e
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July - Aug
IRAS
129.5 220.4 43.2 34.2 64 60 17.9 17.9 27.8 29.8
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7R
133.4 87.4 10.1 28.0 68 71 15.1 13.9 253 24.1
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ol
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Oct - Nov
3
’ 28.3 15.3 29.2 36.5 78 85 4.4 4.1 11.3 9.1
Nov - Dec
g
628.8 631.6 102.8 112.8 - - - - - -
Total
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Average - - - - 65.2 69.4 135 13.6 23.1 22.7
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Table 3- Combined analysis of variance of studied traits in quinoa under irrigation, planting date and biofertilizer

Mean of Squaer lx yo (1 Kileo

@3l 4z 50

Sydeb Sy

5o asls olows

yLeres

S S oSl adyy gl islS

Sources Of Variation f Leaf Laf o O3 Seed 4ils Soil bacterial Root
length width No-ofbranchesin  Protein Yield Ppopulation colonization (%)
the inflorescence Yield
Lo
J 1 0.21™ 079" 34.80" 177.24™ 1310.78"  20.91" 490.21™
Year
) Uas
4 0.01 0.02 0.01 1.27 63.66 0.08 7.35
Errorl
k! - - - o - " -
e 2 1.05 8.10 97.98 281.39™ 1754.89 10.85 167.76
Irrigation (I)
LS)L,J'TXJL*J *
o 2 0.01 0.02 0.09 1.45 55.30 0.08 5.16
(Year xlIrrigation)
Y Uas
8 0.01 0.05 0.07 1.76 52.10 0.04 0.85
Error2
culs g - 54.08™ 654.27"" 1545.20™ 0.22 29.32™
. ) 2 054> 028
Planting date (P.D)
'¢-95 3 267" 193" 21.35 57146 2854.21 4.43 518.81
Fertilizer (F)
g8 x Bl s
. @). . 6 0.07" 0.08" 1.94" 17.92" 1012.16" 0.02 357"
Planting datexFertilizer
csls g i Jle
. 2 0.01 0.02 0.02 3.08 60.89 0.02 1.78"
Yearxplanting date
355x Lo
. 3 0.0.1 0.03 0.07 497 63.12 0.02 22.52™
YearxFertilizer
SgSxeuilS F lix Jlw
. . - 6 0.03 0.01 0.07 235 52.36 0.01 0.24
YearxPlanting datexFertilizer
Bl ,bx s Ll
L . 4 0.84™  0.05" 3777 120.36™ 6466.88" 0.19" 8.87"
Irrigationxplanting date
o9§x<_g)l,,ﬂ
- N 6 0.14™ 0157 151" 89.75™ 1493.74™ 0.19" 7.35"
Fertilizerx Irrigation
S5 xilS 2 bx s LT
. < .y 12 0.09 0.04 0.6 34.36" 814.50" 0.56" 2.03"
Yearxplanting datexIrrigation
cls '@")ng;)L,’_JXJL.:
Lo . 4 0.02 0.02 0.04 1.68 53.60 0.01 0.55
YearxIrrigationxplanting date
5558 ,Llx L
. - 6 0.02 0.02 0.04 1.82 53.71 0.05 0.65
YearxIrrigationxFertilizer
SgSxBlS é.i)l.‘;x‘_g)lﬂijL»
12 0.02 0.01 0.05 1.92 59.457 0.02 0.07
(YXIx P.DxF)
il ol
44 0.02 0.03 0.39 19.76 355.36 0.02 0.99
Error
GO -
U 3.29 7.28 7.44 12.01 8.47 6.41 9.45
CV (%)

*and ** indicate significant at 5% and 1% probability level, respectively.
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Table 4- Comparison of the mean of the three-way effect Irrigation, planting date, biofertilizers on quinoa

Sy Jeb Sppse T JS 50 asLli olass
Leaf Lengh Leaf Width Number of branches in
(cm) (cm) the inflorescence

Non-Inoculation 3.801-0 2.35f-k 717 j-n
olsye B cils Azotobacter 407e-h 2.78 a-c 9.70 b-d

27 July Azospirillum 4.15c-h 2.78 a-c 9.13c-g
- Azoto+Azos 445a 2.70 a-d 9.73 b-d

‘jﬂ; § Non-Inoculation 3.67 op 2.38¢e-j 9.38 c-f
9 olsye Ve cuils Azotobacter 4.02 g-j 2.65 a-e 10.13 be
i E 11 August Azospirillum 4.03 g-j 2.67 ad 10.87 ab
o ’25 Azoto+Az0s 4.38 ab 292a 11.33a
Non-Inoculation 3.77m-0 2.28 h-m 7.95g-l

o3RS O cls Azotobacter 4.20 c-f 2.62 b-f 8.67 d-i

27 August Azospirillum 4.25 b-d 2.77 a-c 8.27 fj

Azoto+Azos 4.15c-h 2.80 ab 8.73 d-i
Non-Inoculation 3.82k-0 1.80rs 6.57 m-0
o oloye & s Azotobacter 4.30a-c 2.23i-0 8.07 gk
ﬁj\) 2 27 July Azospirillum 3.97 h-i 2.00 n-s 7.60 h-n
3 B Azoto+Azos 4.28 ad 2.20j-p 7.80 h-m
9 E Non-Inoculation 3.37q 1.87g-s 7.17 j-n
?: é olsye Ve cuils Azotobacter 3.68n-p 2.05 m-q 747 in
3 £ 11 August Azospirillum 3.52pg 1.93p-s 7.67hn
j g Azoto+Az0s 3.68 n-p 2,07 I-r 7.60 h-n

iq’ﬂ § Non-Inoculation 3.650p 1.73s 5.870
= 9l B Zals Azotobacter 4.00 h-j 1.98 0-s 6.731-0

- 27 August Azospirillum 3.88i-m 1.85rs 6.40 no
Azoto+Azos 3.73m-o0 2.02 m-r 6.47 no
o Non-Inoculation 3.650p 2.03 m-r 7.80 h-m
§ Slsye b zusls Azotobacter 412 c-h 2.73a-c 9.47 c-f
3 2 27 July Azospirillum 3.98 h-k 2.63b-e 953 c-e
] E Azoto+Az0s 4.28 a-d 2.33 gl 9.87 b-d
;0 § Non-Inoculation 3.73m-0 2.131q 9.13 c-g
g B sbeecals Azotobacter 422b-e 2.53b-h 9.73 b-d
IR 11 August Azospirillum 418¢-g 2.60 b-g 10.13be
; é Azoto+Azos 438 ab 2.58 b-g 10.87 ab
"]3 ‘2 Non-Inoculation 3.53p 1.93 p-s 6.92 k-0
K -% SR AN O cnls Azotobacter 4.10d-h 2.50 c-i 7.67 h-n
g 27 August Azospirillum 3.85j-n 2.27j-n 8.80 d-h

B Azoto+Az0s 4.27 bd 2.43h-n 8.33 e

Q5505 (6l gime BN doyo gy Jleisl mha jo (SIS ygesl bl s caliie Bgy b slo niSilo gt yd 4o

In each column, means followed by the same letters are not significantly difference at the 5% level.
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Table 4- Comparison of the mean of the three-way effect Irrigation, planting date, biofertilizers on quinoa

S SL e e . (R
o 3,5 s 5 .51 AL oo Al gl jigls

Protein Yield  Seed Yield Soil bacterial Root
population colonization (%)
Non-Inoculation 279.3i-l 2328.4 c-l 2.03 f-k 6.49 i-m
Sloye b cuils Azotobacter 418.5c-g 2642.6 a-g 2.63a-e 12.06 b-g
27 July Azospirillum 468.6 b-e 2807.3 a-d 2.70 a-d 14.51 a-c
s Azoto+Azos 580.9 a 2897.5 a-c 2.92ab 15.19 ab
B Non-Inoculation 307.1 h-l 2398.1 c-k 2.00 f-1 6.59 i-m
D) :g Sloye Yo cls Azotobacter 396.5 e-h 2521.9 a-i 2.65 a-e 11.75 b-h
i g 11 August Azospirillum 4255 ¢c-g 2663.8 a-g 2.70 a-d 12.93 b-d
B S Azoto+Az0s 504.7 a-d 3049.7 a 3.00a 16.53a
< Non-Inoculation 253.2 j-m 2140.0 k-q 2.13 e 7.111-m
J9s O Cls Azotobacter 366.9 e-l 2459.6 b-j 2.50 a-f 8.73 e-l
27 August Azospirillum 427.8 c-g 27815 a-e 2.70 a-d 9.77 d-j
Azoto+Azos 519.3 a-Cc 2869.2 a-d 2.88 ab 11.17 c-h
Non-Inoculation 239.0 k-m 1825.2 k-q 1471 5.44 Im
% sls e B clls Azotobacter 352.1 f+ 1983.7 h-0 1.73 -1 8.53 f-m
ij) > 27 July Azospirillum 363.9 e-i 19235 j-p 1.73i-l 10.06 d-i
3 3 Azoto+Az0s 410.2 d-h 19374 i-p 2.00 -1 11.70 b-h
9 § Non-Inoculation 179.8 m 1342.2 qr 1.53 ki 5.61 k-m
:? % Sloye Ve cls Azotobacter 283.3 -1 1583.4 n-r 1.73 -1 8.12g-m
4 -g 11 August Azospirillum 338.7 f-k 1834.7 k-q 1.77 - 9.11 d-I
3 I3 Azoto+Az0s 336.4 g-k 1650.8 m-r 1.93 g-l 11.02 ¢-h
3 _S Non-Inoculation 166.4 m 1253.3 g-0 1.70 j-1 4.65m
HYE  masdears Azotobacter 266.5 i-m 1485.0 a-h 1.90 h| 5.68 k-m
= 27 August Azospirillum 287.1 -l 1536.8 c-k 2.07 f-j 8.09 h-m
Azoto+Azos 364.7 e-i 1765.4 a-f 2.10 f+j 8.81 el
% Non-Inoculation 263.5i-m 2112.2 g-0 1.90 h-I 5.93j-m
- 2 olsye & cunls Azotobacter 432.0c-g 2561.3 a-h 2.20 d-j 8.93 -l
—1 £ 27 July Azospirillum 419.7 c-g 2397.0 c-k 2.27 c-i 11.46 b-h
3 g Azoto+Az0s 547.6 ab 27309 a-f 240 b-h 12.67 b-e
,? 3 Non-Inoculation 280.5i-I 2212.6 e-m 1.93 g-l 5.80 j-m
{ E Sloye Ve cls Azotobacter 426.1 c-g 2554.4 a-h 2.47 a-g 9.13 d-I
48 11 August Azospirillum 443.3 c-f 2552.7 a-h 253 a-f 9.23 d-|
; E Azoto+Az0s 578.2a 3006.0 ab 2.67 a-¢ 12.57 b-e
e Non-Inoculation 217.7Im 1682.1 m-r 1.77 i-l 6.35i-m
3 8 23 O s Azotobacter 338.4 f-k 1966.5 i-p 2.23¢ 9.57 d-k
g 27 August Azospirillum 405.5 d-h 2315.7 ¢l 2.40 b-h 12.20 d-f
= Azoto+Azos 444.2 c-f 2296.8 d-I 2.75a-c 11.56 b-h

D55 (5,8 gime BN doyo gty Jletil gmhas jo S5l g0l bl s ctlin By y b (sl i Silo gy 50
In each column, means followed by the same letters are not significantly difference at the 5% level.
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Table 5- Correlation coefficients between studied quinoa traits under the influence of irrigation, planting date and biofertilizers

Traits wlao 1 2 3 4 5 6 7
1 1.00
2 0.68™ 1.00
3 057" 0.81™ 1.00
4 0.79" 077" 0.75" 1.00
5 0.66™ 0.88" 0.83" 0.84™ 1.00
6 0.62™ 0.80™ 0.73"™ 0.71™ 0.72" 1.00
7 0.69™ 0.77™ 0.70™ 0.82™ 0.64™ 0.83™ 1.00

Fo* oo, ) 50 Jlisl mhaw (o s e sS4y
* and ** indicate significant at 5% and 1% probability level, respectively.
Protein .55, o, Skee =¥ Number of branches in the inflorescence ;31 J5 ;s asLs slaws =Y [Leaf Width 5, o ,e =Y Leaf lenght 5, Jgbo =)

Root colonization az, , :ys.l5isls =V Soil bacterial population S s 2SL cosraz = Seed Yield als s Slee =0 (Yield
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Abstract

Introduction: Millet species are among the earliest plants to be domesticated and have historically
served as staple foods in Central and Western Asia (particularly in China, India, and Russia), Europe,
and parts of Africa. Millets belong to the tribe Paniceae within the grass family (Poaceae). Finger
millet (Eleusine coracana L.) is one of the economically important species. This species belongs to
the tribe Chlorideae and is cultivated mainly in parts of India and Africa, where it is used both as grain
and fodder. Compared to other millet species, finger millet requires moderate climatic conditions and
adequate rainfall. The tribe Paniceae, on the other hand, is considered one of the largest tribes in the
Poaceae family, comprising 71 genera and approximately 1400 species distributed mainly in tropical
and temperate regions. Panicum is one of the largest genera, including about 400 species that are
mostly distributed in subtropical and temperate zones. Most recent studies have focused on
understanding the correlations between grain yield and its contributing components to determine
which traits should be prioritized when selecting superior cultivars. Therefore, this study was
conducted in Birjand to develop a preliminary strategy for identifying high-performing cultivars.

Materials and Methods: In this experiment, various morphological, phenological, and quantitative
traits were measured, including plant height, stem diameter, number of leaves, number of tillers,
number of fertile tillers, 1000-seed weight, leaf-to-stem ratio, fresh and dry weight of stems and leaves,
fresh and dry forage yield, grain yield, reaction to rust disease, and days to flowering. To assess
resistance to rust disease, a scale from 1 to 5 was used, where 1 indicated susceptibility and 5 indicated
high tolerance to the disease. For determining grain yield, panicles from the two middle rows were
harvested after removing 0.5 meters from each end of the plot at physiological maturity. After
threshing and cleaning, the grain yield was calculated. After collecting the data, statistical analysis
was performed using the MSTAT-C software. To compare the means, Duncan's multiple range test
was employed at the 5% probability level. Simple correlation coefficients between traits were

| @ O ©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0).


https://cropscience.uoz.ac.ir/
https://doi.org/10.22034/csrar.2025.523008.1488
https://doi.org/10.22034/csrar.2025.523008.1488

Ol)l&mSJLJrai 6)51 A+A

calculated based on the results of the first and second years using SPSS software. Environmental and
genetic variance components were also estimated based on the expected mean squares. Principal
component analysis was conducted using SPSS software to reduce data dimensionality and interpret
the existing variation among genotypes.

Results and Discussion: The results of the combined analysis of variance over three experimental
years showed that all studied cultivars significantly differed (p < 0.01) for all measured traits,
indicating substantial genetic variability among them. The genotype x year interaction was statistically
significant (p < 0.01) for grain yield and dry forage yield, and significant at the 5% level for fresh
forage yield, while no significant interaction was observed for other traits. Mean comparisons using
Duncan’s multiple range test revealed that cultivars KCM19, KCM6, KCMS5, and KCM1 produced
the highest number of tillers, whereas KCM8 had the lowest. In terms of fertile tiller count, KCM2
and KCM5 had the highest, while KCM14 had the lowest. Regarding leaf number, KCM1, KCMS5,
and KCM6 had the highest values, while KCM8 and KCM20 had the lowest. For plant height, KCM3,
KCM6, and KCM10 showed the maximum heights with averages of 87.4, 87.2, and 88.9 cm
respectively, while KCM12 had the minimum height at 61.9 cm. In terms of stem diameter, KCM2
had the maximum value (4.5 mm), while KCM1 had the smallest (3.2 mm).

Conclusion: Combined ANOVA of morphological and quantitative traits indicated significant
differences among cultivars in terms of yield performance. Among the tested cultivars, KCM1,
KCM8, KCM14, KCM18 were identified as the most promising. Correlation analysis between grain
yield and other traits showed that dry forage yield (r = 0.59™), number of leaves (r = 0.32"), plant
height (r = 0.65™), panicle length (r = 0.51™), and number of tillers (r = 0.34™) had positive and
significant correlations with grain yield. Genetic variation coefficients were higher for fresh and dry
forage yield and leaf number compared to other traits, indicating considerable diversity among the
studied lines. Given the genetic diversity among genotypes, principal component analysis (PCA) was
carried out to determine the role and contribution of each trait. PCA explained the existing variability
through five main components. Based on the eigenvalues and eigenvectors within each component,
these findings can be effectively utilized in breeding programs to exploit trait relationships and
improve selection efficiency.

Keywords: Correlation, Geneticall variance, Grain yield, Principal component analysis
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Table 1- Combined analysis of variance for different traits of Common millet in Birjand (M.S)

slows ases ol . 32 5 & Slas
o 5 ' o o Jsb elis| )/&10” 7 o Slos s o Slae G 39,
i ol T e ook » Uil ols wls 5 adle i bl _ o9 mals
SOV Ll ol Fertile  Leaf panicle  Plant 000 WEl  p forage Grai Lodging Day to
df  tiller  tiller number lenath  height '<eMel  forage ryield 9 yield flowirin
number  number 9 9 weight  yield y 9
L
;{J 2 19.5™ 0.004™ 128™ 2.7 8015 21.02 1823 202.3™ 148" 3.8™ 47
ear
(@l ol
6 27.7 0.2 63.4 15.9 581 0.69 15.3 1.2 0.08 0.47 114
Error (a)
w5 19 21.6™ 247 223*% 879 4608 1.3 68.5™ 5.9™ 097™ 0217 1419~
Genotype
‘JLM) wa) ns ns ns ns ns ns * il il ns ns
38 6.1 0.02 8.8 16 85.2 0.16 1314 19 0.7 0.12 3.9
Genotype*Year
(o) olail
) 114 5.9 0.145 7.9 9.2 63.3 0.14 8.5 0.81 0.3 0.119 55
Error (b)
Coefficient of 272 6.2 34 142 102 68 20.4 17.2 193 84 53

Variation (%)

Ad doye ) g 0 Jliol e 5o jlo pae g 4l Sae 8 pogie Ay S Ay s
ns, *, and ** indicate non-significant and significant at 5% and 1% probability levels, respectively

i 4 $laSilen L KCML0 3 KCMB sl oLS s 3 Slae i o 525 Jl x ety iz
L KCMI2 gy 5 oo yoo sl AMR 5 AVIY Clio 5 g oy Ky Jlozl s ,3 SLis adgle 5 ,Slas
elaizl 055 4y 1) Gl S e silaw £V .Sl 59 90 ) g dus o iy Jisl a0 5 adgle o Sloce
FI0 uSlee b KCM2 5955 a8l yhad Lo 51 assls O Jgax) o oaalive 5l sire (g kel glss lawo Lo
YIV eSlee b KCMI iy 5 Glie (St yoishoe b addlans )90 slocadsns ) ,laid g0 Dlivo (Slee anlie
bl adlas 0590 (SCaieds (rm j0 1y S e Sheo ol o ¥ Jgaz jo STl (glasels au Oyoﬂ B - a—
o5 PV ouSiln L KOML o s 3 55 b5 o adls g adgle 3 Shae i 5 S 5 iy e ol
039 oS 05 T 5l LKCMZ (i35 5 0 it amy S ol a5l el gl ol oo 00,51 ¥ Jgu
Log Lls 1) ails Jlse ysbay KCM1 § KCM5 (KCM6 KCM19 slac s
@ Wilgs oo s e (59 il el Slds 5l (i w595 9 Ol (AR 4 V) sl Sl b S e
slacwsss ,o 4 lasgSa ol oyl o, Gloj o wolas Iy oodzy Olime (S dzy O olass .Sl L KCMS
5 00 wol,8 Slis oole e ly (6 iy Cus 3 S )00 KCM5 § KCM2 5555 59,1 asm olass Lo 5104 |)ls
o, Slee L5 5l oo SYL Loyl jo alo jlse 59 4 4o 0 2Sile LKCM14 5455 5 olass o 5 tn ¥ (ko
OSle b i 5 4 KEMIB s KEMLI (glocossis 5 adsle S oo Sl ol plaisl sgx an ) Gl (S
s KCM11 slocsgis g o050 S jo o3 VE/Y 5 VF/4 W ol 1. 55Le LKCMG 3 KCMS (KCML slosss
adole o Shae ai 5l abog s 1) im0 505 KCM13 L KCM20 3 KCM8 slaccisis 5 lime e S

2o F Sle LKCMI8 3 KCMB slawsyy «Sis elas,l s sl Lo |, S e 50S S 0 Slee



oY w2y 9290 bl p 50 (Jgomo (33 ST 9if 30 (S 5elgd 90 Glio (B g 0 yKhos dulio 9 £33 (2L

Wz tlep 9 Of Byl pd 50 (Jgero o)yl cilike slcaiss] 30 anlllosd g0 Glio (1filw duglic =Y Jguz

Table 2- Mean comparison of studied traits among different genotypes of Common Millet in Birjand
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KCM18 45 cd 3.7gh 9 abc 6.5 bed 7.8 abc 74.4 bed 3.5bc 5.8 ab
KCM19 41.9 fg 3.7gh 11.2a 6.3 cde 5.5 bc 79.2 abcd 4.1ab 5.4 bed
KCM20 44 cdefg 4.7 abc 9.1 abc 6 defghi 53¢ 82.8 abc 3.7 abc 5.8 ab

ol Hlo ge ©glis pas poghe 4 gt yo 40 alive By >
Means followed by the same letter(s) within each column are not significantly different
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Table 3- Mean comparison of genotype and year Interaction for yield among different genotypes of Common Millet in Birjand

&l 3 Slos Sins adgle s Sloc  ddgle 8 Slac
Lt Grain yield (t ha) Dry forage yield (t ha'®) Wet forage yield (t ha™)
Genotype Jol Jl pedJlw  pewJlo Jol Jle P Jlw e Jlw  JolJlw  pgd Jle pew Jle
Firstyear 2" year 39year  Firstyear 2" year 39year  Firstyear 2" year 3" year

KCM1 3.57 b-d 2.6 h-p 3.1ck 3.7 a-f 3.6af 3.7 a-f 164 a 134a 149a
KCM2 3.39b-g 28fp 3.1ck 2.8 b-f 42 a-e 35af 112a 148a 129a
KCM3 2.75fp 24Kk-q 26i-q 3a-f 4.4 a-c 3.7 a-f 12.1a 114a 118a
KCM4 26i-p 25jq 25iq 3.2af 3.7 af 3.4 af 123a 116a 119a
KCM5 3.1lcl 2.7fp 29d-n 4 a-f 3.8 af 3.9a-f 18a 11la 145a
KCM6 3.03d-m 2.2n-s 26i-p 4.1a-e 35af 3.8a-f 17.1a 105a 13.8a
KCM7 3.6 b-d 2.7fp 3.1lc 42 a-e 3.4 a-f 3.8a-f 16.7 a 10a 134a
KCM8 39ab 29d-m 3.4 b-f 3af 49a 4 a-f 131a 145a 138a
KCM9 28e-p 199-t 231q 2.6 b-f 4.3a-d 3.5a-f 118a 12.4a 12.1a
KCM10 2.8d-0 2.7fp 2.7 fp 2.4 c-f 3.7 af 3a-f 94a 10.7 a 10a
KCM11 3.3 b-i 1.90-t 2.6i-q 3af 2f 2.5b-f 126a 55a 9a
KCM12 3.4b-h 24j-q 2.9d-n 3.4 a-f 4.5 ab 39a-f 136a 115a 126a
KCM13 0.84u 0.7u 0.8u 22¢f 2.3 def 2.2 ¢ef 72a 53a 6.3a
KCM14 43a 3.3b-i 3.8a-c 3af 4.3 ad 3.6 a-f 119a 12.3a 121a
KCM15 3.4 b-f 2.1p-s 2.7 fp 3.4 a-f 3.7 af 3.5a-f 139a 109a 124a
KCM16 3.5b-e 2.7fp 3.1lck 3.8af 3.7 af 3.7 a-f 15.7a 109a 13.3a
KCM17 1.6r-t 1.4 tu 1.5st 3a-f 3a-f 3a-f 12a 76a 9.8a
KCM18 26i-p 2.7fp 2.6 h-p 35af 45ab 4 a-f 139a 146a 14.3a
KCM19 2.4 j-q 2.10-s 231q 3af 3.7a-f 33af 12.2a 10.7 a 115a
KCM20 2.6 h-p 25]-q 2.6 h-p 34af 4.4 abc 39af 131a 118a 125a

ol Hlo goe Dglis pas poghe 4 gt yo 50 alive By >
Means followed by the same letter(s) within each column are not significantly different
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Table 4- Simple Correlation Coeficients of agronomic traits in Common millet genotypes
Traits o | 2 3 4 5 6 7 8 9 10 1 12 13
adgle o Slac-)
. 1
Sis ie=Y
e 055% 1
Sy
s 062 08" 1
adlo
als o ,Slos-¥
0.59™ 0.65™ 0.7 1
Grain vield
Sy olass -0
0.32 0.33" 0.36™ 0.32" 1
Leaf number
Sp s o
) 001 043 017 014 012 1
alw 4
aL:f eLé.‘;)l—V - - - -, -
] 0.48 0.57 0.65 0.65 0.56 0.02 1
Plant heiaht
5L -A
ISt i 0.22 0.36™ 037" 051" 0.14 0.03 0.54™ 1
Panicle lenath
Colts -1
i -0.16 -0.02 0.03 0.04 0.44™ 0.01 0377 -.03 1
aslo
]A . _\ . - -
i 008  -006 007 021 -0.08 008 025 1
ails 0.18 0.18
A oo -V ) -
o 0.15 0.2 0.22 0.34™ 0.18 0.34™  0.397 -0.03 1
Tiller number 0.06 0.18
5 ,Shes -VY - -
. 0.94™ 0.62™ 058 0.27* -0.03 0.49™ 0277 0.1 0.52™ 1
3 abgle 0.06 0.11
39, Slass VY - - - - - - 1
_ 0.43 0.52 0.52 0.23 0.06 0.07 0.58 0.43 0.18 -0.23 0.13 0.54
Y

ROW A RPN PCES R PSPPI+ I VPIVE P VRO S IR

*, and ™ indicate non-significant and significant at 5% and 1% probability levels, respectively
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Table 5- Estimation of Variance Components, Coefficients of Variation, and Heritability in Common Millet Genotypes in Birjand

olsle sl 8yel 2 (CV) g5 ups &5 bl
Slio Estimation of variance components Coefficient of Variation oses
Traits o9 S e R T General
Phenotypical Genetical Environmental Genetical Phenotypical heritability
LU TS 50.97 45.5 55 0.152 0.161 0.89
Days to flowering
o9 0.149 0.03 0.119 0.04 0.09 0.2
lodging
Aty olass 11.13 5.23 5.9 0.26 0.37 0.47
Tiller number
o9k azy sl 0.897 0.752 0.145 0.14 0.15 0.84
Fertile
Tiller number
Sy olas 12.7 4.8 7.9 0.27 0.43 0.38
Leaf number
oS elas)| 195.8 1325 63.3 0.148 0.18 0.68
Plant height
als 2 0 0.53 0.39 0.14 0.113 0.132 0.73
1000-
Kernel weiaht
7 adgle s Slee 28.5 20 8.5 0.31 0.37 0.7
Wet forage vield
Seas adgle 5 Slos 251 1.69 0.81 0.249 0.3 0.68
Dry forage vield
als 5 ,Sles 0.523 0.223 0.3 0.166 0.25 0.43
Grain yield
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Table 6 - Eigenvalues, Relative Variances, and Cumulative Proportions of Principal Components Resulting from Principal
Component Analysis for the Studied Traits in Common Millet Genotypes

wlis Jol addge pgo 4ilgo pow adlgo Pl 4dlge 7y adlgo
Traits First Component  2nd Component  3rd Component 4th Component  5th Component
ol gl 0.680 -0.10115 0.07453 0.40076 0.093
Plant height
S ol 0.06565 0.29352 -0.47487 0.47057 0.030
Leaf number
Ay ol 0.15120 0.15259 -0.39357 -0.13681 0.978
Tiller number
JsSsly Jsbo 0.30503 0.21658 0.11862 0.70632 -0.027
Panicle lengh
als e 59 0.47851 -0.24438 0.58773 -0.05924 -0.224
1000- Kernel weight
5 asle o Sloe 0.82143 0.22114 -0.22055 -0.25062 0.25
Wet forage yield
S adgle s Shoe 0.53630 0.46091 -0.51034 -0.27244 0.089
Dry forage yield
als o ,Slos 0.68526 -0.17667 0.19460 -0.19860 0.050
Grain yield
pzn S p ool 0.65998 -0.29829 0.09665 0.02594 0.116
Flag leaf area
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Days to flowering
JsSly 5l U 59, slass -0.03749 0.75567 0.41932 -0.00477 -0.072
Days to panicle emergence
oSy lade 2.680 1.65 1.54 1.096 0.943
Eigenvalue
odl axrgi i)y 0.24 0.15 0.14 0.10 0.09
Explained variance
5 bl 0.24 0.39 0.53 0.63 0.72

Cumulative variance
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Abstract

Introduction: Salinity is one of the most significant abiotic stresses that affects the metabolism of
plant cells and reduces their productivity. High levels of salinity trigger ionic imbalance and osmotic
stress in plants, which has severe effects on the morphology, biomass and biochemical processes of
plants and ultimately leads to plant damage. Red bean with the scientific name Phaseolus vulgaris L.
belongs to the family of legumes (Fabaceae) can be grown annually in temperate climates or
perennially in tropical climates. It has been proven by various studies that up to 20% of bean
production in the Middle East is wasted due to salinity. The most sensitive stage of bean plant to salt
stress is during seed germination and the beginning of seedling growth. Regarding the high level of
bean cultivation in Iran and the high sensitivity of this plant to salinity, identification of bean varieties
resistant and sensitive to salinity helps to solve the cultivation of this plant in saline areas. Therefore,
in this study, in order to identify red bean cultivars tolerant to salt stress, the effect of different levels
of salt stress (concentrations of 50, 100 and 200 mM NacCl) on physiological and biochemical
characteristics in the roots and leaves of two cultivars of red beans (Ofogh and Ks31285) was
investigated.

Material and Methods: This research was conducted on two bean cultivars (Ofogh and Ks31285)
obtained from Khomein Agricultural Research Center. The present study was conducted in the biology
laboratory of Lorestan University in the year 1400. The bean seeds (Ks31285 and Ofogh) were surface
sterilized (5.5% sodium hypochlorite for 10 minutes) for rapid germination and planted in 1.5 Liter
pots containing perlite for two weeks in the cultivation room. The pots (two plants in each pot) were
watered for about a week, and after a week until the fourteenth day, semi-Hoogland nutrient solution
was added to the plant culture medium every other day. Salinity stress was applied at three levels of
50, 100 and 200 mM. After the end of this time period, morphological, biochemical and physiological
indicators such as growth parameters (plant height, fresh and dry weight of aerial and terrestrial
organs), the amount of chlorophylls and carotenoids, hydrogen peroxide (H20O2), lipid peroxidation
(MDA), some osmolytes (reduced and soluble carbohydrates, proline) and the content and ratio of Na*
and K* were measured. SPSS version 16 statistical software was employed to analyze data. Duncan's

| @ O ©2024 The author(s). This is an open access article distributed under Creative Commons
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test (P < 0.05) was used to compare the mean results of different treatments, and graphs were drawn
using Excel software.

Results and discussion: The results showed that leaf RWC and growth indices decreased in both
cultivars, but the amount of decrease in cultivar Ks31285 was higher than that of Ofogh cultivar, which
indicates the high salinity tolerance of the cultivar. In addition, the results indicate that total sugar,
reducing sugar and proline have increased in both cultivars, but, the amount of proline in Ks31285
was higher than Ofogh. On the other hand, as the salinity level increased, the amount of photosynthetic
pigments (chlorophyll a and carotenoids) decreased and the level of malondialdehyde and hydrogen
peroxide increased. The amount of this change was higher in Ks31285 than in Ofogh. These results
also showed that the Ofogh cultivar had lower sodium and higher potassium in its leaves than to which
in Ks31285.

Conclusion: Based on the results of this research, the tolerance to salinity in the Ofogh cultivar
compared to the Ks31285 cultivar is due to the lower concentration of Na*, the higher concentration
of K* in the leaves, the higher accumulation of reducing and total sugars and the decrease in the amount
of MDA in the leaves and roots. The sum of these factors resulted in increased growth indices (plant
height, fresh and dry weight of aerial and terrestrial organs) and RWC, in the Ofogh cultivar, when
compared to Ks31285 at all salinity levels. Despite the higher salinity tolerance of the Ofogh cultivar,
the concentration of proline in it was lower than that of the sensitive Ks31285 cultivar.

Keywords: Osmolytes, Oxidative stress, Growth indicators, Relative Water Content
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Table 1 - Variance analysis (mean square) effect of cultivar and salinity stress on shoot length, root length, fresh weight shoot, root
fresh weight, weight dry shoot, root dry weight, relative water content
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*and ns are significant at the level of 0.05 and non-significant, respectively
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Figure 1- The effect of different treatments of salinity stress (0, 50, 100 and 200 mM) on some morphological indicators a) Length of
shoot (cm). b) Root length (cm). ¢) Fresh weight shoot (grams). d) Root fresh weight (gram). e) Weight dry shoot (gram). f) Root dry
weight (gram). g) Relative water content of leave (%) in two varieties of red bean (Ofogh, KS31285). Mean values of three repetitions

+ SE. The comparison of the means in leaves and roots was done separately. Unsimilar letters in leaves and roots indicate a significant
difference at the 5% level between treatments based on Duncan’s test.
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Table 2 - Variance analysis (mean square) effect of cultivar and salinity stress on chlorophyll a, chlorophyll b, total chlorophyll,
carotenoid in leaves and roots
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*and ns are significant at the level of 0.05 and non-significant, respectively
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Figure 2- The effect of different treatments of salinity stress (0, 50, 100 and 200 mM) on the amount of a) Chlorophyll a (ng/g fresh
weight). b) Chlorophyll b (ng/g fresh weight). c) total chlorophyll (ng/fresh weight). d) Carotenoid (micrograms per gram fresh weight).
in two bean cultivars (Ofogh, KS31285). Mean values of three repetitions + SE. The comparison of the averages was done separately
in the leaf. Dissimilar letters in the leaf indicate a significant difference at the 5% level based on Duncan's test between the treatments.
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Table 3 - Variance analysis (mean square) effect of cultivar and salinity stress on proline, soluble sugar, reduced sugar in leaves and
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Figure 3- The effect of different treatments of salinity stress (50, 0, 100 and 200 mM) on the amount of a) Leaf proline (micromol per
gram of fresh weight). b) Root proline (micromol/g fresh weight). c) Leaf soluble sugar (mg/g fresh weight). d Root soluble sugar
(mg/gram of fresh weight). e) Leaf reduced sugar (mg/gram of fresh weight). (f) Root reduced sugar (mg/gram of fresh weight) in two
bean cultivars (Ofogh, KS31285). Mean values of three repetitions + SE. The comparison of the averages in leaves and roots was done
separately. Dissimilar letters in leaves and roots indicate a significant difference at the 5% level between treatments based on Duncan's
test.
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Table 4- VVariance analysis (mean square) effect of cultivar and salinity stress on hydrogen peroxide, malondialdehyde in leaves and

roots
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Figure 4- The effect of different treatments of salinity stress (0, 50, 100 and 200 mM) on the amount of a) Hydrogen peroxide leaf
(micromoles per gram of fresh weight). b) Hydrogen peroxide root (micromol/g fresh weight). ¢) Leaf Malondialdehyde (micromol/g
fresh weight). d) Root malondialdehyde (micromol/g fresh weight) in two bean cultivars (Ofogh, KS31285). Mean values of three

repetitions + SE. The comparison of the averages in leaves and roots was done separately. Dissimilar letters in leaves and roots indicate
a significant difference at the 5% level between treatments based on Duncan'’s test.
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Table 5- Variance analysis (mean square) effect of cultivar and salinity stress on sodium, potassium and ratio of sodium and
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Figure 5- The effect of different treatments of salinity stress (0, 50, 100 and 200 mM) on the amount of a) Leaf sodium (mg/g dry
weight). b) Root sodium (mg/g dry weight). c) Leaf potassium (mg/g dry weight). (d) Root potassium (mg/gram dry weight). (e) Ratio
of sodium to potassium leaves. f) Ratio of sodium to potassium root in two bean cultivars (Ofogh, KS31285). The mean values of three

replicates + SE. The comparison of means in leaves and roots was done separately. Different letters in leaves and roots indicate
significant differences at the 5% level between treatments based on Duncan's test.
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Abstract

Introduction: Soil microorganisms are crucial in mobilizing soil nutrients and nutrient uptake by
plants. Licorice (Glycyrrhiza glabra L.), Fabaceae family, has been used as an important medicine
since ancient times for numerous medicinal purposes. This plant is naturally found in arid and semi-
arid areas around the world. In such environments, licorice roots are colonized by several types of
microorganisms, including diverse rhizobia, other soil bacteria, such as Pseudomonas, actinomycetes,
and Arbuscular mycorrhizal fungi (AMF). AMF are amongst the most important beneficial soil
microorganisms for plant growth due to the formation of symbiotic relationships with plant roots,
improving nutrient uptake and use efficiency. In licorice, the improvement of root performance has
been reported with the application of fertilizer resources and mycorrhizal inoculation. Integrated
nutrient resources can lead to synergistic effects in improving plant production and increasing
productivity. Nevertheless, increasing the agronomic efficiency of different fertilizers is one of the
most important challenges of agriculture.

Dealing with the improvement of seed production as a by-product, in addition to improving
productivity, provides a propagating material that can greatly reduce the pressure on natural resources.
So far, the sustainable production of licorice seeds has not been studied. Most studies have focused on
root production and its quality characteristics. Therefore, this study was conducted to improve licorice
root and seed production, as well as improve the agronomic efficiency of vermicompost and chemical
fertilizers.

| @ O ©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0).
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Materials and Methods: The present study investigated the integrated effect of inoculation with
mycorrhiza on the diminished quantities of chemical and organic fertilizers on root production and
agronomic efficiency of chemical fertilizers and vermicompost, yield components and seed yield of
licorice. The experiment was conducted during two cropping seasons of 2021-2022 and 2022-2023
based on a randomized complete block design with three replications at the research farm of Shahid
Bahonar University of Kerman, Iran. The evaluated treatments were included: 1) control (without
fertilizer application and inoculation with mycorrhiza); 2) inoculation with mycorrhiza (AM); 3)
Vermicompost (Vio0): 100% recommended rate (8 t ha?); 4) 50% vermicompost (Vso); 5) 50%
vermicompost + mycorrhiza (Vs+AM); 6) Chemical fertilizer (CFi00): 100% of recommended rate;
7) 50% chemical fertilizer (CFso); 8) 50% chemical fertilizer + mycorrhiza (CFso+AM).

Results and Discussion: The results showed that the highest root yield was obtained from 50%
vermicompost and mycorrhiza inoculation (Vso+AM), which showed no significant difference with
V100, CF100, and CFs treatments. Meanwhile, the application of Vso+AM treatment improved the root
yield up to 42.5% compared to the control and 40% compared to Vso. This led to an increase in the
agronomic efficiency of the Vs+AM treatment compared to other treatments. Integrated AM-
inoculation and chemical fertilizers (CFso+AM) did not show a significant difference from CFso. Also,
the results showed that mycorrhizal inoculation alone (AM) did not show the efficiency to improve
root yield compared to the control, and reduced the mycorrhizal inoculation effect compared to
integrated application with fertilizer sources. The results also showed that the highest seed yield was
obtained from the application of V10, which showed a multifold increase in seed production compared
to the control. This can be a result of a significant increase in the number of pods per unit area and
finally, the number of seeds per unit area. Application of CFig ranked next in terms of seed production
per unit area and seed vyield, despite less pod production. The application of reduced amounts of
fertilizers led to a significant decrease in seed yield and its yield components. The results also showed
that the AM-inoculation alone and in combination with fertilizer treatments did not show a significant
effect on yield components and seed yield.

Conclusion: In conclusion, reduced amounts of vermicompost and mycorrhiza for root production
and the application of high amounts of vermicompost for seed production may be a suitable nutritional
management strategy for sustainable production of licorice.

Keywords: Input use efficiency, Integrated nutrient managemment, Mycorrhizal inoculation effect,
Seed yield components
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Figure 1- Different climatic parameters of the experimental site during the licorice growing seasons
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Table 1- Some physical and chemical characteristics of the soil of the experimental site
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Table 3- Mean comparison of seed yield and yield components and root yield of licorice affected by nutritional treatments

o 2 g olasi ML (59 i: ydeolan o pdiolasl diloylie o9 ydsosSdes ady)o,Sles
Treatment oy Pod weight Pod e &y Thousand seed Seed yield (kg Root yield (t
Cluster no/m2 (g m?) no/m? Seed no/pod  Seed no/m? weight (9) ha) ha')
ol
Control 32.3% 19.6 178°¢ 0.230¢¢ 39.6% 10.5 421 11.3°¢
152,650k b s
Mycorrhiza 49.8° 19.8 199  0.205% 40.6™ 11.0 4.39% 10.3¢
inoculation (AM)
CFso 22.3% 12.6 162 0.312° 51.0° 10.7 5,20 o 13.0%¢
CFs0+tAM 16.7¢ 10.9 95¢ 0.383° 36.3% 10.9 3.81« 11.8%
Vso 30.6" 22.2 2942 0.143¢ 39.4%¢ 10.0 5.29% 11.5%
Vs50+AM 28.7% 11.9 162 0.150°¢ 23.4° 12.1 3.11¢ 16.12
CF100 35.2% 12.8 183°¢ 0.287 b 52.7° 13.7 7.33° 13.48¢
V1o 275" 17.6 279 0.626° 172.0? 9.9 17.232 14.9%

0 Jis! mlaws 3 (LSD) jlo cme Sgliss Jlas yz03T (wlaslyy jlo e (5Ll B 0529 poe [ Silo b puSilos (s S e By, ¢ i)l 0,50 Cdo 12 (5l
RO PRI

For each investigated trait, means with the common letters indicate no statistically significant difference based on the LSD test at the 5%
probability level.

CF: chemical fertilizers, V: vermicompost, AM: Mycorrhizal inoculation.
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Table 4- Correlation of agronomic traits with seed and root yield of licorice

90 adgs olaxd UME (39 G o I ).» olaxi yie yo yay oluwd &iloylie 39 aile o ,SKles
&y ¥ Pods weight e & Thousand seed Seed yield (k
729 © Pods no/m? ) y 1 (kg
Clusters no/m? m) Seeds no/pod  Seeds no/m?  weight (q) ha™)
a0 o 3 Ay ol
1
Clusters no/m?
S (39
. 0.562 1
Pods weight (g m2)
SIE ooy
0.328 0.757" 1
Pods no/m?
G 5o 0 oluwi
-0.371 -0.179 0.126 1
Seeds no/pod
&0 50 53 3 olasi
-0.098 0.162 0.539 0.885™
Seeds no/m?
als 13 039
Thousand seed weight 0.189 -0.561 -0.405 -0.263 -0.343 1
(@
ailo o Slos
. -0.061 0.166 0.589 0.848™ 0.989™ -0.246 1
Seed yield (kg ha)
Al 0 Slos
-0.356 -0.505 0.054 0.293 0.364 0.302 0.389

Root yield (t ha™)

**: significant at 0.01 probability level
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Table 5- Analysis of variance results of the effect of nutritional treatments licorice yield and agronomy efficiency of applied
fertilizers in terms of the content of macro elements of each fertilizer resource

995 =) 2L
Agronomy efficiency of fertilizer (kg kg%)
¥ gl 5T a0 239 Sdlos al y 0,5os
Sources of variation df Seed yield Root yield
N P K N P K
S
. 2 236.1 256.4 377.0 10.4 80.1 115
Replication
e
5 111617 20982™ 23098™ 4159™ 8321™ 9014™
Treatment
Uas-
10 58.0 59.5 77.8 124.7 211.8 224.6
Error
22.7 18.1 19.3 28.4 29.7 28.4
CV (%)

**: significant at 0.01 probability level
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Table 6- Mean comparison of the agronomy efficiency of applied fertilizers in terms of the content of macro elements affected by
nutritional treatments.

Logs £y 2Ll

Agronomy efficiency of fertilizer (kg kg%)
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For each investigated trait, means with the common letters indicate no statistically significant difference based on the LSD test at the 5%

probability level.

CF: chemical fertilizers, V: vermicompost, AM: Mycorrhizal inoculation.
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Table 7- Analysis of variance results of the effect of nutritional treatments on the mycorrhizal inoculation effect in terms of seed and
root yield

¥ gl oll azy0 (adg y 0,5es) 132,850 bo gndli (1,18 (e 0,5o) 132,550 b gdild' 21,8
Sources of variation df effect (Root yield) Mycorrhizal inoculation effect (Seed yield) Mycorrhizal inoculation
A
o 2 12.4 22.5
Replication
oS
2 1211™ 1708™
Treatment
Uas
4 6.8 29.6
Error
CV (%) 325 -35.9

Ao, S il mhaw jo jls sixe -
**: significant at 0.01 probability level

w
]
)
Juny
o
J

| (@ 7 2 (b)

-10 4 -

w
o

= NN
v o uvm
1 1 1

] .

o
"

'
w
1

132,05k gdli (o)
Mycorrhizal inoculation effect (%)
— =
o o
132,850 gdli 1,8
Mycorrhizal inoculation effect (%)
Ny
o

C
50%CF+M  50%V+M
slo slo
Treatment Treatment
iliso glag it sl sloud oot (0) 53y 9 (B) ady; adgd 183 51 1325550 Lo il (21,15 (ailio dunny Lito - ¥ ST
Figure 2- Mean comparison of mycorrhizal inocularion effect in terms of root (a) and seed (b) production among different
nutritional treatments
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Abstract

Introduction: Soil salinity and limited natural water resources are some of the most important
challenges for food production in arid and semi-arid areas. Substantial management strategies, such
as using agronomic methods, including water purification of low-quality sources for irrigation
purposes and identifying new salinity-resistant plants, can increase food production. The lack of
natural water resources and rapid population growth have a negative effect on irrigated lands in the
dry regions of the world, which causes an increase in soil salinity and a decrease in the growth and
development of plants. In Iran, due to the fact that about 12.5% of the soil is composed of saline and
alkaline soils, the phenomenon of soil salinity is a serious problem, and its importance is increasing
day by day. One of the potential approaches for water purification of low-quality irrigation sources is
to use natural zeolite as a depth filter. Natural zeolite is a relatively cheap and readily available cation
exchanger. Another important management strategy in food production is the cultivation and
domestication of salt-resistant species, which can be used to reduce the expansion of land exposed to
salinity. Halophytes are plants that have naturally adapted to saline environments.

Materials and Methods: In order to investigate the effect of zeolite desalination on well water and
the performance of antidote millet, a factorial experiment was conducted in the form of a randomized
complete block design in three replications. For this purpose, pots with a diameter of 20 cm and a
height of 25 cm were used. In order to achieve the same soil density in all samples, five kilograms of
soil were transferred into the pots considering the zeolite treatment (zero, 10, and 5% of the pot soil
weight). This study employed blue panic grass halophyte (Panicum antidotale Retz) as an alternative
forage in areas encountering water deficiency. Then, the compatibility of the blue panic grass was
investigated by irrigation with the four groundwater sources located in Qom province (Varjan,
Khaveh, Qom, and control), as well as three levels of zeolite treatment (0, 5, and 10 %) for
desalination.

| @ O ©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0).
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Results and Discussion: The results showed that the growth measurements of the shoot decreased
significantly with increasing salinity levels compared with the control in this plant, At the same time,
an increasing trend was observed with the application of zeolite. Root characteristics subjected to
zeolite and salinity did not show a similar trend. The reason for this was the effect of salinity and
zeolite on soil properties. The increasing salinity levels significantly affected the biochemical indices,
such that the proline content increased to 341 mg/g FW and carotenoids to 59.6 ug/g FW, while the
concentrations of chlorophyll a and b decreased to 29.10 and 88.7 mg/g FW, respectively. In the
presence of zeolite, the contents of carotenoids and chlorophyll a and b increased by 30.5%, 24.6%,
and 7.4%, respectively. The findings of this study provide helpful insight into the management of the
use of zeolite for the treatment of saline groundwater and the culture of salinity-tolerant plants in arid
regions.

Conclusion: In conclusion, this experiment revealed that applying zeolite at 5% and 10% of the soil
weight increased the growth indices of the shoot, reduced the degradation of chlorophylls a and b, and
reduced proline. Therefore, with the cultivation of anti-toxic millet as a coastal plant and the use of
zeolite for desalination and irrigation water management, as well as improving the soil structure, it is
possible to improve the area under cultivation of fodder plants in dry areas.

Keywords: Proline, Salinity stress, Halophyte, Forage, Water management
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Table 2- Water characteristics of the groundwater used
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Table 4- The effect of different levels of zeolite and salinity treatment on the growth characteristics in blue panic grass
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Table 6- The effect of different levels of zeolite and salinity treatment on the growth characteristics in blue panic grass
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Table 7- Evaluating the simple correlation between traits in blue panic grass
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Abstract

Introduction: Like cereals, sugar beet does not have a certain physiological maturation and maturity,
and the best time to harvest it is when the sugar percentage and root performance are at their optimum.
Considering that it is difficult to determine this date, it is better to use farm invoices. The aim of this
study is to investigate the traits that may be estimated based on their measurement in the field, the
optimal agricultural and technological ripening time of sugar beet. For this purpose, the effect of
planting date on the trend of some agronomic and laboratory traits was carried out in the research farm
of the agricultural research station of Kerman province in Bardsir region on the sweet commercial
variety of sugar beet.

Materials and Methods: In order to investigate the effect of planting date on the trend of some
agricultural and laboratory traits, an experiment was carried out on the commercial sweet sugar beet
variety in the research farm of Kerman Agricultural Research Station in the Bardsir region. The
experiment was performed on two planting dates. The first planting date was on the 21st of April and
the second planting date was on the 5th of June. The studied traits include white sugar yield, mark
value, shoot dry weight, root length, root diameter, and the number of live and dead leaves per plant,
changes in purity, leaf chlorophyll, and petiole nitrate, and root fresh and dry weight traits and the
trend of changes in their amount during four months (nine harvests) was measured.
Results and Discussion: The trend of harvesting sugar beet for root fresh and dry yield traits showed
that the cultivation of sugar beet on the first planting date (21st April) causes the amount of yield traits
to be higher than on the second planting date. Although the amount of root dry weight is almost
constant in the last harvests. The amount of white sugar yield in both planting dates increased with the
high harvesting time. The highest amount of white sugar yield was observed in the last four harvests
for the first planting date and in the last two harvests for the second planting date. The results showed
that on the first planting date, the dry weight of aerial parts, root length, root diameter, number of dead
leaves (dried), and degree of purity were higher than on the second planting date. The amount of
petiole nitrogen for both planting dates had a decreasing trend. The trend of changes in the degree of
purity between the two planting dates in the first harvests differed, but they approached each other
from the fourth harvest onwards. The first planting date with a maximum purity of 80% was superior

| @ O ©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0).
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to the second planting date with a maximum purity of 76%. The amount of marks in all harvest dates
was higher on the second planting date than on the first planting date. This state can be related to the
smallness of the roots on the date of the second planting. The trend of leaf chlorophyll is almost similar
for both planting dates and the amount of leaf chlorophyll has decreased sharply after an increasing
trend. The decrease in the amount of chlorophyll in the last two harvests can be attributed to the cold
weather at the end of the season. Considering that the plant regularly produces new leaves during the
season and leaf number 5 is always young, therefore, instead of measuring this index, it is suggested
in the next of research to use the color change obtained in the field by using the appropriate method,
including accurate and standard photography.

Conclusion: In general, the results of this study showed that the trend changes of traits in sugar beet
are different based on the date of different crops. In the Bardsir region, the cultivation of sugar beet
on the sowing 21th April can finally produce more yield for the farmers. Also, the harvest date of 6th
November is the best harvest time for sugar beet in this region. It is possible to use the indicators of
root dry weight, root length, and degree of purity for the agricultural and technological maturity of
sugar beet.

Keywords: Degree of purity, Dry root weight, Number of dead leaves, Root length
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Figure 1-Trend of changes in white sugar yield on two planting dates (21th April and 5th June)
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Abstract

Introduction: Soil and water salinity is one of the major environmental and agricultural challenges,
particularly in arid and semi-arid regions, leading to reduced soil fertility and crop productivity.
Increasing salinity of irrigation water significantly affects the physical and chemical properties of
agricultural soils, causing changes and degradation in soil structure. This study aimed to investigate
the effect of biochar as a soil amendment on mitigating the adverse impacts of saline irrigation water
on the physical and chemical properties of two soil textures: loam and sandy loam, under different
salinity levels.

Materials and Methods: A factorial experiment was conducted in a completely randomized block
design under greenhouse conditions at the University of Zabol. The experiment included three factors:
Soil texture: loam and loamy sand, Irrigation water salinity: at four levels (0.8, 4, 8, and 12 dS/m),
and Biochar amendment: at four levels (0%, 1%, 3%, and 5% by volume mixed with the soil). The
biochar used in this study was produced from one-year-old grapevine stems, which were crushed,
sieved, and mixed with the soil. The measured parameters included electrical conductivity (EC), pH,
bulk density, cation exchange capacity (CEC), saturated hydraulic conductivity, and the accumulation
of sodium (Na), magnesium (Mg), and potassium (K) in the soil.

Results and Discussion: The results showed that increasing irrigation water salinity significantly
raised soil EC, with a more pronounced increase in loam soil compared to sandy loam. Salinity had
little effect on bulk density and pH but led to an increase in cation exchange capacity. Although sodium
levels rose in both soil textures due to salinity, magnesium and potassium levels remained stable.
Applying biochar reduced soil EC, especially in sandy loam, where 3% and 5% biochar treatments
caused the greatest reduction, indicating decreased salt buildup due to biochar. Neither saline irrigation
nor biochar application significantly changed soil pH in either soil type. However, biochar notably
decreased exchangeable sodium at higher salinity levels in both loam and sandy loam soils.
Additionally, biochar reduced soil bulk density and enhanced water retention. The greatest decrease
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in bulk density of the loam texture was observed in treatments with 3% and 5% biochar under irrigation
conditions using water with a salinity of 4 dS/m. Additionally, the 1% biochar treatment showed a
significant reduction in density under a salinity level of 12 dS/m. The highest decrease in bulk density
of the sandy loam texture occurred in the 5% biochar treatment under irrigation with water having
salinity levels of 4 and 8 dS/m. Biochar significantly increased soil CEC in both soil types under
various salinity levels, with more substantial effects in loam soil. Hydraulic conductivity in sandy
loam was significantly affected by both salinity and biochar treatments. Rising irrigation water salinity
had different impacts on sodium, magnesium, and potassium accumulation in the two soils. The
application of 3% and 5% biochar markedly decreased exchangeable sodium. Magnesium
accumulation was higher in loam soil at higher salinity levels, and biochar's effect on magnesium
depended on salinity level, biochar amount, and soil type. Notably, at 12 dS/m salinity, 5% biochar
significantly reduced magnesium buildup. In contrast, potassium accumulation was unaffected by
either salinity or biochar.

Conclusion: Overall, the results of this study indicate that biochar can be considered as an effective
soil amendment for improving the physical and chemical properties of soil under saline irrigation
conditions. Biochar application can play a vital role in managing soil salinity and enhancing plant
tolerance to salinity stress, particularly in lighter-textured soils such as sandy loam.

Keywords: Electrical conductivity, Exchangeable sodium, Sandy loam soil, Soil amendment, Soil
physico-chemical properties, Water salinity
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Table 1- Basic physical and chemical properties of the soils used
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Figure 1- The effect of different biochar amounts on the electrical conductivity (EC) of loam and sandy loam soils under various
irrigation water salinity conditions
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Figure 2- The effect of different biochar amounts on the pH of loam and sandy loam soils under various irrigation water salinity
conditions
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Figure 3- The effect of different biochar amounts on the bulk density of loam and sandy loam soils under various irrigation water
salinity conditions

_ 14 4 a a

Q2 12 - be b ab bab

£ . cd

g 12 ¢ de ’ o d de

= 1e€® e ©

~ 61

S

s 4

g 2]

L gy Sy gy S

@) ESEXIXIEESRRRIEXRERIEERE R

L EJLOLIELOLIEIODIE IO W

O SO N NSNS omm|8omm
Water Water Water Water
Salinity Salinity Salinity Salinity
0.8dS/m 4dS/m 8dS/m 12dS/m

Water salinity * Biochar

CEC (meq /100g) in Sandy loam soil

9 1 a
8 b
7 1 cd cd & cdcd
6 de d e d xded
54ef & ¢
4
3 4
2 4
1 4
0
ERSSERRSeSRYesryxy
ESQVIESODIE SO BT DO LW
SOSN8 oonmn8momm
Water Water Water Water
Salinity Salinity Salinity Salinity
0.8dS/m 4dS/m 8dS/m 12dS/m

Water salinity * Biochar

ol ST (390 cilizo Lyl i (idpg) 3 pg) GBS Sgails Jobd by o lz g ilicko oo il -F U
Figure 4- The effect of different biochar amounts on the cation exchange capacity (CEC) of loam and sandy loam soils under various
irrigation water salinity conditions
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Figure 5- The effect of different biochar amounts on hydraulic conductivity of loam and sandy loam soils under various irrigation
water salinity conditions
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Figure 6- The effect of different biochar amounts on the accumulation of sodium, magnesium, and potassium elements in loam and
sandy loam soils under various irrigation water salinity conditions
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Abstract

Introduction: Available water and its efficient use are the main determinants of yield in agricultural
ecosystems specially in dryland farming. This study was conducted in order to evaluate the efficiency
of precipitation use of dryland wheat and barley varieties and the factors affecting it.

Material and Methods: Evaluation of the efficiency of precipitation use (efficiency) was done based
on two-year experiments (2015-2017) on wheat and barley genotypes in dryland conditions of
Mashhad. In these experiments, planting dates (main plots) and genotypes of wheat and barley
(subplots) were compared in split plots based on a randomized complete block design with three
replications. The results of these experiments were used to calculate the efficiency of rainfall use based
on kilograms of production per millimeter of rainfall, after deducting 110 millimeters for evaporation
contribution. The resulting data were statistically analyzed using SASs ») software and the means were
compared using Duncan's test.

Results and Discussion: The results showed that under the same environmental conditions, the
efficiency of rainfall use (efficiency) of wheat and barley genotypes had a significant difference, and
the highest and lowest efficiency in wheat genotypes was allocated to Karim and Line 14, with the
rate of 9.6 and 4.3 kg of grain for each mm of rainfall, respectively. The highest and lowest efficiency
in barley genotypes was recorded for Mahoor and Ansar cultivars, at the rate of 17.7 and 7.9 kg of
grain per mm of rainfall, respectively. The difference between the two crops in terms of efficiency
was considerable, so that the superiority of the highest efficiency of barley genotypes compared to the
wheat cultivar of Karim (the highest efficiency for wheat cultivars) was 84.3%. The results showed
that temperature is one of the most effective factors in improving efficiency, and on average, for each
°C increase in temperature, the mean efficiency of wheat and barley genotypes decreased by 0.83 and
1.06 kg/ha per millimeter of rainfall, respectively. Among wheat genotypes, the Karim wheat cultivar,
and among barley genotypes Mahoor barley cultivar started spring growth faster. The biomass growth
rate of wheat genotypes was in the range of 84-106 kg/ha per day, and the biomass growth rate of
barley genotypes was in the range of 136-166 kg/ha per day, but the difference between genotypes
was not significant. The highest grain growth rate of wheat and barley genotypes was recorded for the
Aftab wheat cultivar and the Khorram barley cultivar at the rate of 78.6 and 122 kg/ha per day,
respectively. The time of pollination and the harvest index also played an important role in improving
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the efficiency of wheat and barley genotypes. So, every day of delay in pollination according to the
average rate of seed production in wheat and barley genotypes, results in a reduction of 52.9 and 90.8
kg of grain per hectare, respectively. The highest harvest index was recorded for Karim wheat and
Mahur barley cultivars, at 36.3 and 43.6, respectively, and the harvest index of barley varieties was
greater than that of wheat varieties. Despite the effective role of each of the traits, superiority in one
trait did not play a significant role in reaching efficiency, and the Mahoor cultivar with highest
efficiency had a favorable status in terms of all traits.

Conclusion: It seems that by improving the effective traits, the efficiency of spring and winter wheat
cultivars as well as winter and spring barley, can be improved according to a pattern similar to the
Mahoor cultivar and even more than that. This situation only for wheat will mean an increase in grain
yield potential by about 61.5% compared to the current situation of the best wheat variety in this
condition.

Keywords: Biomass Growth Rate, Grain Growth Rate, Harvest Index, Pollination, Spring Growth
Acceleration
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Table 3- Mean comparison of measured traits for cultivars and lines of wheat

. UL 41> oy o 3 5o ady sy
”3_’ Efficiency Grain growth rate Biomass growth rate
Cultivar (kg grain/ha.mm) (kg/ha.day) (kg/ha.day)
Y,31
7.5cd 55.2 c-f 9l1a
Azar2
416
o 8.1bc 57.7 bed 106 a
Baran
|
3 6 fg 43.1 hi 83a
Ohadi
[ |
e AT 6.9 c-f 47 4 e-i 9a
Crosssabalan
M) .
6.1 efg 44.9 ghi 99a
Rasad
Lo
7 c-f 49.7 d-h 97 a
Homa
'.a
I 8.7 ab 63 bc 93a
Rijaw
w
o 6.5d-g 46.2 f-i 84a
Sabalan
|
S 7 of 51.5d-h 99a
Sardari
“’"5 95a 715a 106 a
Karim
7.3cd 53.5d-g 88 a
Koohdasht
8
i 6.5d-g 49 d-i 84a
Ghaboos
Coded
7.6 bed 56.5 cde 100 a
Dehdasht
oLsl
’ 7.8 bc 65.8 ab 95a
Aftab
\F oY
e 569 40.7 %a
Linel4
VO oY
. 7.2 cde 50.8 d-h 97 a
Linel5

5,105 (5,0 sire gl (gLl L 51 Sl yge;] bl aiil S e B SO0 JBlas a5 s e 5l et Ho 0 s o Sils
In each column, means with same letter (s) are not significantly difference, based on Duncan multiple range test.
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Table 4- Interaction of year and cultivar on mean of some measured traits of wheat genotypes

1,5 PH CRRU RN
s <D p) Sl
Efficiency Grain growth rate
Treatment (kg grain/ha.mm) (kg/ha.day)
A
6e-j 46.5 e-j
Azar 2
5L
27 6.6 -] 50.4 d-i
Baran
gl
i 43] 32.1jk
Ohadi
s l,S )
6.3 e+ 43.2 e-k
Crosssabalan
X2,
46ij 36 ijk
Rasad
[PV
5.9 f+j 42 g-k
Homa
o ‘
5.6 g-j 39.1j
Sabalan 9l J
Sl
5.1 hij 36 ijk
Jol Jbw Sardari ) )
Fi 9l
irst year - ) 8 a-f 59.5 b-f
Rijaw
®25
. 9.4 ab 71 abc
Karim
ol
6.9 c-i 53 d-h
Aftab
6.9 c-i 52.3 d-i
Koohdasht
]
$d
< 6.6 - 52 d-i
Ghaboos
[WIWRV-X
7.6 a-g 56.4 b-g
Dehdasht
VF oY
) 43]j 29.9 k
Lineld
VO Y
. 5.9 f- 40.7 g-k
Line 15
Y ,30
9 abc 64 a-d
Azar2
obb
9.4 ab 63.9 a-d
Baran
gl
. 7.4 a-h 52.3 d-i
Ohadi
p9d Jlw O S _
7.6 a-g 51.5 d-i
Second year Crosssabalan
X2,
7.6a-g 53.9d-h
Rasad
Lo
79ag 56.1 b-h
Homa
Qy-.w
7.3a-h 52.2 b-i

Sabalan
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Table 4 Countinued- Interaction of year and cultivar on mean of some measured traits of wheat genotypes
L als wdly e
s <D p) Sl
Efficiency Grain growth rate
Treatment (kg grain/ha.mm) (kg/ha.day)
Sl
o 8.2 af 61.9 b-e
Sardari
o5,
- 9.3ab 66.5 a-d
Rijaw
N
. 9.6a 71.8 ab
Karim
obsl
8.8a-d 78.6a
Aftab
p9o Jlo CadansS
7.6 a-g 54.5 c-h
Second year Koohdasht
(t]
oy
6.5 d-j 46.1d-i
Ghaboos
[GWRTRY
75a-g 56.5 b-g
Dehdasht
\Vf Q_ﬁ/
. 6.8 c-i 51.5d-i
Linel4
VO Y
. 8.3a-e 59.2 b-f
Linel5

5I05 (5l sire gl (gLl L 51 SOl (yge;] bl sl S b By G 0 JBlas a5 Jles e 5l gt e 0 b (Sl
In each column, means with same letter (s) are not significantly difference, based on Duncan multiple range test.

hilar iS50 0SSNV 5 1Y) o o 52 slocadsd)
Lpgs Jlow 0 DS (L sbas g oog (Sai)ls jo e ,o
57 9 P8 locais) g Lapd) daon )3 a8 (Sai)l og2g
a0, sl Ko ooleas .awl ooy Jol Jow 5l iy
Sl IS s, b e 0,50 o Lo il gl
PRSP 52 locss) ln g AT poiS locass)
A ol anly galf Soi)l e dee o il LS o
QO Cad a0 AY g WV/E Jolee o sy K0k gboay
Gles (Kl jo rolidlaz 0 ) e slilay aS cal ols ylis
oeals LS 0 6 55l 1. puS asly o Sles sl
890442 A—nlis (Ullah and Chenu, 2019) w L,
6oL Ui o sles a5 sas oo lias Jluw g0 b lacaisss
Sglaie plB ] Comwlus Hhas ol 5l Lol cocl ails SIS 50
P sloed ) oz 5l lacaial) (o aS laisSa Cwl 0og
ojle (nY 92 5 ) 39yl 92 03 5 SBams g el oS
e 5o el sl @y s 42 BB relS g wlails
4ol 0 Wi oo (Shg onl ccwloolas 7y Lo 4y cois L'

Sgrde S 50 5 97 5 S o)l g Al slapd,) (solia

R 00 57 S5 90 9 oS gy 99 gl o
O Bl @S 50 e 99,8es (5 (Dglitte adlaie
Lyl o alie olaslesl .ocis samlin Sl glacuiss
S)lye (F 5S> 9 Wlodged ST ) solaie mls slail e
S P S Iyl osg puS Sl e 52 5 Shee
4> ,o (Prado et al., 2017) el saii 5,155 Sslas
slocaigs o g9 pae Yot as e bl oly sl mls
ol el sus ool jo axms ol 4 e ol
Loz slopd, bmesS o8, 2Ll g ads o, Sles 5 (o)
el 039y linn by wilo o, Slos

5 2 P90 Jolas

Lo
Ipo slos 5 gl Jlo 31 e (Sl Gialef] pss Jlo o
Sl 00y Syl Sanjlye . Sle g gl Jlow 4 Cas 35
V82 5l lga sles (Sl 9bas (Khodashenas, 2021a)
v a2 3 YIVY g0 Jlw jo Ciigod, | VA b aua ]
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Table 5- Calculated efficiency for wheat cultivars in Iran studies

Jlo (St 30 @100 Slos (4 pidion

< ~ - UL 6290 5 Jruily 31 o 50 .
5 omlesl sl T3] . &
) Efficiency Percent than theoretical
Cultivar  Yearly rainfall Maximum grain yield (kg grain/ha.mm) potential for efficiency Ref.
(mm) (kg/ha)
v ,31
’ 4573 1104 32 159 Hoseinpour et al., 2012
Azar2
Sl
’ . 4573 1131 33 16.3 Hoseinpour et al., 2012
Sardari
o
’ ) 190 802 10 50 Hoseinpour et al., 2012
Sardari
‘:.
9%
e 551.8 3983 9 45 Abdulahi, 2016
Rijaw
6“\:’5‘
) 551.8 3496 7.9 39.7 Abdulahi, 2016
Ohadi
o
’ ) 551.8 3274 7.4 37.1 Abdulahi, 2016
Sardari
‘:.
9%
B ’ 288.3 2658 14.9 74.5 Abdulahi, 2016
Rijaw
gl
] 288.3 2443 13.7 68.5 Abdulahi, 2016
Ohadi
S
’ . 288.3 2211 12.4 62 Abdulahi, 2016
Sardari
v 30
’ 271.2 2500 15.5 77.5 Eskandari and Roustaei, 2007
Azar2
\’)C;T ) )
368.8 1500 5.8 29 Eskandari and Roustaei, 2007
Azar2
Y L3l
Azar2 404 3800 12.9 64.6 Eskandari and Roustaei, 2007
Y,31
’ 2432 1963 14.7 73.7 Heidarpour et al., 2016
Azar2
A
’ 456.1 1651 4.8 23.9 Heidarpour et al., 2016
Azar2
31y
’ 180.9 997 14 70.3 Heidarpour et al., 2016
Azar2
DU
© 527 1586 3.8 19 Feiziasl and Valizadeh, 2003
Sabalan
Q)L,,.)
399.5 2252 7.8 38.9 Feiziasl and Valizadeh, 2003
Sabalan
DU
© 524.5 2442 5.9 29.5 Feiziasl and Valizadeh, 2003
Sabalan
Q)L,,.)
316.1 1384 6.7 33.6 Feiziasl and Valizadeh, 2003
Sabalan
534.8 4907 11.6 57.8 Mohammadi et al., 2016
Koohdasht
S
) 534.8 5480 12.9 64.5 Mohammadi et al., 2016
Karim
[JRw
434.7 2843 8.8 43.8 Anonymous

Sadra
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Table 6- Mean comparison of measured traits for cultivars and lines of barley
bowigs bl &lo Wy Cas pw (S ) O ySlos aly s g
Genotypes Efficiency (kg grain/ha.mm) Grain growth rate (kg/ha.day) Biomass growth rate (kg/ha.day)
e 125a 94.7 abe 161a
Sahand
)v\:-.’i
) 10d 75.8d 160 a
Abidar
Sl
10.3d 8lcd 166 a
Ansar
Yeal68 10.5d 86.3 bed 164 a
5oL
12.5bc 90.9 bc 158 a
Nader
Vg,
9 106d 86.6 bed 1582
Sararoudl
¥ ojled Y
o 13.4ab 107a 154 a
Line no.4
O oyleis (pY
e 125hc 88.5 hed 136 a
Line no.5
% o)las ¥
O 113cd 81 cd 162 a
Line no.6
o~ 13.9ab 105a 136a
Khorram
c;\a‘
o 13.7 ab 98.4 ab 144 3
Eizeh
Lo
29 15.2a 94.5 abc 138a
Mahoor

55 gl s gl il S pie B S o Blas oS e o 5l et 10 00 b Sl
In each column, means with same letter (s) are not significantly difference, based on Duncan multiple range test.

97 SLgaig 4ls wb)y e g (D (12Nl 12 08 9 Jlo (oSed =Y Jgux
Table 7- Interaction of year and cultivar on mean of some measured traits of barley genotypes

Genotypes b Efficiency (kg grain/ha.mm) !, Grain growth rate (kg/ha.day) ails oy e s

Firstyear Jal Jlw Second year pg5 Jlw Firstyear Jaf Jlw Second year sgs Jlw

" 115 d-g 13.6 b-e 81.9 efg 108 a-d
Sahand
]
. 9.3gh 10.5e-h 71.8fg 79 efg
Abidar
Yeal68 10.3 fgh 10.6 e-h 88.7 c-f 84.4 efg
Ll
79h 12.7 c-f 61.7¢g 100 a-e
Ansar
ol oY
: 13.1 c-f 13.8 bed 98.3 b-e 116 ab
Line no.4
O o,lads Y
> 12.7 ¢-f 12.3d-g 93.8 b-f 83 efg
Line no.5
7 oyleds (Y
: 10.3 fgh 12.3d-g 78.4 efg 84 efg
Line no.6
Vo,
9o 10.3 fgh 10.8 d-h 76.6 efg 96.6 b-e
Sararoudl
L
° 115 d-g 135 b-e 85.6 def 96.1 b-f
Nader
£ 115d-g 16.2ab 88.6 c-f 122a
Khorram
ol
> 116 d-g 15.5 abc 84 efg 110 abe
Eizeh
Mahoor ,sale 12.1dg 17.7a 70.1fg 115ab

In each trait, means with same letter (s) are not significantly different.
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Table 8- Calculated efficiency for barley cultivars in Iran studies

1yl Jlw Soisb _ oy -
o3, sl=1d ;—9— Phd alojT o wils o5 it ‘sﬂ)ls 69074 J...m.vl...zf BUEW-R o
. ool . o Efficiency Percent than theoretical
Cultivar Maximum grain yield (kg/ha) . . - Ref.
Yearly rainfall (mm) (kg grain/fha.mm)  potential for efficiency
R 380 1042 3.9 19.3 Tavakoli, 2014
Abidar
grw| 382 1199 44 22 Tavakoli, 2014
Abidar
A 375 1524 5.8 28.8 Eskandari and
Sahand Alizadeh-Amraie,
2017
y90le 232.9 3760 30.6 153 Hajipoor et al.,
Mahoor 2017
Pges 232.9 3466 28.2 141 Hajipoor et al.,
Khorram 2017

S il il 2l aal ol 5 esgas b (5 i ol
wo.o.s c)jé ;_9)1.0" L cbsf 50 ws) o)jé s_)5l.9.ﬁ aS Cewl o0
97 5l S Yk 59, 0 padS 3 aT 005 o p Slsdles S 5
sle gz Sledlbl Ly (Mohammadi et al., 2016) <!
95,98k 13, 92) ol S 5l 55 92 5 paiS laed, Ve 94
Lo bapd, plow 5l 5055 15 0)lee 9y 99 58 ()5 o8, o
Silodgas el glaka>Me B glas
Ol 0)len Ay £9,b 99955 0,90 3l Z9)F 50
g oy J>lhe £58g g o)y huab ol SYsb j0 sege b
47 5 PS5 slacaieis sl aby 090 (b esgiiey; o,
97 9 oS slacaisis sl o)lee ad; 9,0 )0 230 55, 52
£T5LS VO 5 AFIY alS psgho s lasie jsbay
0385 sy S Jawgie 4y Caad a5 sl iS50 03¢5 s )
S99 o Sy 0l Jad )0 92 g poiS bacdsis gadg
T R RLIIW P PR SR ISP PRI SLANON-A PR EF X W
a0 40 jep a5 Lol | 4 Cos (6 iy S YL S

(Richards, 1991) 65 o adgs aitin ing,

8l b 5L

ey ly ol aby alesl plosl Jlo 90 o 30 0 5 05,
oSa5t 5 oS o]yl g 03500 ST P slocaisis b
Ol 2,5 o8, & o |) 1230 o s allis; slogd,
1325 el (glo s 5L paals QT cde Yhoiz! (A Jgaz) wiols
o35 Jl 55 Los (215 L s o 58 Sy 45 plizmas
ol azily palS alols oy

bl S j9ale 08, 5 wad o0 pLti Ve Joo
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GO 4 el (sl 09 o alimMo 2 5 piS Jguaes 5
Jw 50 92 laaaiss) oyl 0l £9,-5 puS lacelss
o3 Jol o 3 iz o8, ol 51y Ly e (sles L o
Slopd) (S Lty 08, 59 o)l @ S £9,0 Cu
ped Jlo yo Ll ogr i Jsl Jlo 55 j90le 92 5 02 )5 oS
525 S 455 55 5903 &5 Jyl Jlo 4 o 5B L i,
Yoz oldl GlisT jpobe 08 a Coi ;o35 b Sy o
@l 5L pgs Jlow ;3 @S a5 03, sl 236 59, 1 F
9 Alico) slapd) Alold 5 0350 (el 1) b slaged,
8y Lol el oad 71eS o)l ) £9,—5 sl paS o)l
3 el g Sl axnls 236 59, ¥ ol Jlo 4 S 90l

9ale 03, ) £9,5 5l ey dlins 92 slaed; oilo
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Table 9- Delay in the beginning of spring growth (stem elongation) of wheat genotypes than to faster beginner cultivar (Karim

bewis) Firstyear Jqf Jlw Second year pgo Jlw
Genotypes Jol &b pgo &, £9 9 Jgl slo &6
First planting date Second planting date First and second planting date
S (2/4/2016) 0 * (17/4/2017)0
Karim
AN 9 8 5
Azar2
oht 10 8 5
Baran
Gl 9 9 9
Ohadi
s ol S 9 8 8
Crosssabalan
o, 9 8 8
Rasad
Lo 10 10 9
Homa
oI5, 7 5 6
Rijaw
O 10 8 8
Sabalan
Sl 9 9 9
Sardari
CubamgS 5 1 !
Koohdasht
ool 3 0 3
Ghaboos
s 5 0 3
Dehdasht
] 0 (11/4/2016) 0 0
Aftab
VE oY 9 8 8
Line 14
Line 1510 Y 9 7 7

* Stem elongation of karim cultivar was not recorded

Ol yebas o)ley 0y £, 5l ey el 005y 55, 50,8
2 S okS 0% 55, 0 50 52 Slegasi) et 3y
395 eSilee 4 S g puS Slacae) 5l e LS
WIS (65 903 PY 3905 a5 slacaisd o3gicn
U
0yl Ay £, 0590 lagie sl 1) (65 ol azilin
VYF e Sg00 00 Jhai 50 poiS (68, gl b (S, U
2 als o, S g 256 09 walss (SLol syl o S 5lS
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Ll 5l il sl sl 5 03505 S ails s Sl
Al o8l s 5l 86 )5
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Table 10- Delay in the beginning of spring growth (stem elongation) of barley genotypes than to faster beginner cultivar (Mahoor

Wi pge Jlw
Genotypes Second year
Jol cdls b P9d ells Fu,b P93 9 Jol cls sbd )b
First planting date Second planting date First and second planting date
Jre (2/4/2016) 0 (2/4/2016) 0 10/4/2017) 0
Mahoor
S 5 9 12
Sahand
v 1 14 15
Abidar
Yeal68 11 14 14
Sbal 1 14 15
Ansar
Foled (Y 3 4 5
Line no.4
0 o)l pY 5 8 11
Line no.5
% o)t nY 5 8 12
Line no.6
Y 09,0y 5 9 13
Sararoudl
»b 5 9 11
Nader
£ 5 5 5
Khorram
ody 5 5 6
Eizeh
O 6l sy 5o JLSe 50 0 Sl S VVB plieas 5 jladie Jw:;) i

S 50 0,56k S ¥ IV (lieas 5 jlade (2 50aS )0 1 F 0)le
alo oy Sy p o8y 9 Jlw S o Sl 039 595 50
Obis ¥ Jgazr a5 4598 lon 9 090 I3 ime e (slocasios
e pes Jlo 50 a8 slagaies ST o) Sae e a3 oo
039 b Stz 5 p (| (BB 5 Sl 039 Jol Jlw
5 bl o) )0 9o Jluw jo o ol Jlaie iy e
VE Y 50 ol Hlade opieS g 0a0 S adasde YA ol
O)9 S odaline 59, 10 LS )0 0,55lS YA/ (l5eas
5 ples yel)l go b as el als a5y &gy 99 doeyis alls
(Brdar et al., 2008) sy co iy ya5 dils oy ey
S 0y e s B ybo Sl paiS apa el YL ails 5 Sae
Karimi ) cewl sas Jool> cilop b aigs 0l oylo; 5!

Ve f Al jo puiS slacaiel) 00 gy § did ) s
D9 o sme o (pl bl i 59, 50 LS 40 0 SolSTAY
VYP-VE8 als (o 50 92 locaial) oogicans ) oy Cae o
Logisis Dl Lol gy jusiie 35, )0 JLiSe 0 p 56lS
Ol Jgamme 93 0395l s 0y o yan dgliie 05l ne
3oz slecais )3 o (ol Glime (7S 45 das
ol yiiin oS Slacadsil 5o Cio cnl e G iden
57 SlocSsi) 038l ) ddy Cae pa (oSl & SlagS
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O 5o y9ele o8 g adail ) plall an Cgllas oogazme )
yl by cnls Slidlos )5 0,90 (pl ded 0ga S Lol
B sl edgasms o (lizres jeale o8, c IS o
2L 9> Glacais o el 5l (S (Sladles 5 Ll sl
Khodashenas, ) slas #, wgllas s3gae ;o o il o
Sb 5k ol 5l a5 52 lacesly amlis (2021b
SLidlos 5 5 0ijlo 50 Ll 52 slacadsiy o5 el T 5]
Khodashenas, ) ailes,S 5Ll posS slacassss 5l 5oy 1,
(2021a; Khodashenas, 2021b
Gl 5 3, Shas s 00S e Ky poiF malS Lo
L olzdles 3 Jls3en 56 (Bloomfield et al., 2018)
4o o Shos y adlato o Sl 3dles S Cslhao ol
elopd, POol (eilS ful i by b a5 el glojlul
cslie S (Lo g ol arils oslite palS a5 o
gl 3 Shes Sl 4y oo sl Jobe (npee
(Richards et al., 2002) ¢l S_as 3ble o 6,500
Sy bawgie Cie ity azgi b SLiBlos 5 00 30 59, 0
OY/A (halS pogie ar o o g2 5 poiS slocaisiy ) alls
F5 lsgie 4y Cad a5 el (S (o wilo 0,555 A4 /A 4
P18 Gals Jolao i o 92 5 poS Slacadsiy sudls alls
Slidlos 3 10 12U 59, o slhilay ails o Sles s0uo,0 FIA 4
w8, pa5 lp ) 036 (nl ezl ol (2 8 BB Hlade
A5 Jgl Jlw j8 (2al5 Cgllas 090 deud 4 o o)
PSS ABY Jolas (9, VY 0902) 23l Gl slilas e oS
0,8les (1 Kileo 5l s ,0 OF/Q gum aF cwl dils & Slos
0392 4295 8 s e cpl sl Jol Lo 50 o8, cnl il
4 Comd gllae Ll 5 o (Sladles S 50 oasms L
G5 s CeraS 3550 55 g5 polie cl el e Copnsg
ol 4253 B g e Shms 55 IS CesheS ] Ll 5
als (o 0)98 Ga—b (SYsb A i plSin 595 (a8
Ol 4 g dd s (gt i &S J 0 w09 o
slale o Slas s 1y caiiisn oo Sgupe 1 wils oy bl
Gonza'lez ) cowl pae 53 5o (GLidlos 5 5 s 03,9, 0,0
3 ome ads Slyaseg S 5la o0 A0 A+ (et al., 2007
Ll o (Blake et al., 2018) sy & oo oy Sliblos 5
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Abstract

Introduction: Henna, or Lawsonia inermis L., is a plant native to Southwest Asia and North Africa
from the Lythraceae family that possesses many biological properties, including antifungal,
antibacterial, and antioxidant activities. Henna is a valuable medicinal and ornamental plant with
various applications in the cosmetic, pharmaceutical, and dyeing industries. Drought stress is one of
the most significant factors limiting the growth and survival of plants in various regions of Iran, as it
affects the physiological and biochemical activities of plants by reducing soil water capacity. The
phytohormone salicylic acid, which is based on phenols, regulates several essential physiological
functions of plants, including transpiration, photosynthesis, ion transport, and water uptake. Sodium
nitroprusside is a nitric oxide-releasing chemical. Nitric oxide is a small gaseous signaling molecule
in plants that is crucial for growth and development under both biotic and abiotic stress conditions, as
well as in natural physiological settings.

Materials and Methods: This experiment was conducted in Qaleh Ganj city, Kerman province, using
a split-plot design based on a randomized complete block design with three replications in 2021. The
main factor included three levels of drought stress (50%, 75%, and 95% of field capacity), while the
sub-factor involved foliar spraying (control, salicylic acid, sodium nitroprusside, and a combination
of salicylic acid and sodium nitroprusside). Seeds of the henna plant (Roodbar ecotype) were obtained
from the Faculty of Agriculture at Bahonar University. Table 1 presents the soil characteristics of the
experimental site. Planting was carried out directly in the main field, with a density of 20 plants per
square meter. The growth regulator solution was sprayed at the five-leaf stage of the plants. Drought
stress treatment continued until harvest, and the foliar treatment was applied only at the five-leaf stage.
After removing the marginal effects, the existing plants were harvested, and the leaf yield was

| @ O ©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0).
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determined. The planting date for the henna plant was April 1, and the harvesting date was November
5.

Results and Discussion: Drought stress reduced the number of leaves per plant, as well as biological
and leaf yields, while increasing the activity of polyphenol oxidase and superoxide dismutase, along
with the levels of total phenolic compounds and anthocyanins in henna plants. The combined
application of salicylic acid and sodium nitroprusside significantly affected most of the traits studied.
The application of this combination increased the number of leaves per plant by 10.07%, the activity
of the polyphenol oxidase enzyme by 22.22%, the total phenolic content by 7.18%, biological yield
by 8.54%, and leaf yield by 21.97%. Using the combination of salicylic acid and sodium nitroprusside
enhanced the antioxidant defense system of the henna plant.

Conclusion: In general, the results of this study indicated that drought stress negatively affected the
metabolism of the henna plant, resulting in a decrease in the number of leaves per plant, as well as
biological and leaf yields. Drought stress also increased the activity of the enzymes polyphenol
oxidase and superoxide dismutase, along with the levels of total phenolic compounds and
anthocyanins. However, the application of a combination of salicylic acid and sodium nitroprusside
increased the number of leaves per plant, enhanced antioxidant enzyme activity, and improved
phenolic content, biological yield, and leaf yield.

Keywords: Anthocyanin, Leaf yield, Superoxide dismutase, Total phenolic
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Table 1- Geographical coordinates and soil chemical characteristics of the experimental site
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Table 2- Results of Variance Analysis for morphological and physiological traits of the Henna plant
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Table 3- Comparison of the Average Effects of Different Levels of Drought Stress on the Morphological and Physiological
Characteristics of the Henna Plant.
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95 %FC 219.08a 0.08c 0.16¢ 4.76¢ 0.147b 7629.43a 3411.67a
75% FC 191.42b 0.10b 0.45b 5.46b 0.145b 6052.18a 2945b
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Means in each column followed by the same letter(s) are not significantly different at the 5% probability level, according to Duncan's test.
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Table 4- Effects of growth regulator levels on morphological and physiological traits of the Henna plant.
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Means in each column followed by the same letter(s) are not significantly different at the 5% probability level, according to Duncan's test..
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Abstract

Introduction: As regards the decrease of underground water level and the limitation of water
resources in Iran, and considering the drought tolerance of sorghum cultivars, with the production of
this product, it is hoped that a step will be taken to meet the country's need for fodder. Sorghum
(Sorghum bicolor L.) is considered one of the important fodder plants in arid and semi-arid regions of
Africa and Asia, which has high photosynthetic capacity, high nitrogen and water efficiency, and dual
use of seed and fodder. Due to the fact that it is not possible to change genetic factors in the short term,
therefore, through changing environmental factors can improve the nutrients consumed by livestock
from fodder plants. Among the environmental factors, the maturity stage of the plant has the greatest
effect on the ability to digest forage plants. By delaying the harvest time of sorghum, the yield of fresh
and dry fodder and crude fiber increased, and crude protein, ash percentage, and number of leaves
decreased. The purpose of this study is to investigate the effect of seed rate and different stages of
sorghum harvesting on fodder yield and agronomic characteristics of two fodder sorghum cultivars.
Materials and Methods: This study investigated the effect of seeding rate and harvest stages on
forage yield and some agronomic characteristics of two sorghum cultivars during the two years 2007
and 2008 at the Zahak Agricultural and Natural Resources Research Station using split-split plots with
a randomized complete block design and three replications. Two sorghum cultivars (Speedfeed and a
local landrace of Zabol) were considered as the main factor, harvest stages in four stages (botting,
heading, soft dough, and hard dough) as sub-factors, and seeding rate at three levels (15, 20, and 25
kg/ha) as sub-sub-factors. The planting date was considered to be August 15. Each experimental plot
consisted of 6 planting lines with a length of 7 meters. Harvesting was done from the four middle lines
after removing the borders with an area of 12 square meters.

Results and Discussion: The results of composite variance analysis of the data showed that there was
a significant difference at the 1% probability level between the treatments related to different harvest
stages in terms of plant height. The process of height increase from the botting stage to the hard dough
stage was incremental, so that the highest plant height, with an average of 164.2 cm, was related to
the hard dough harvesting stage. Entering the reproductive stage of the plant causes the production of

| @ O ©2024 The author(s). This is an open access article distributed under Creative Commons
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leaves to stop, while the growth of the stems continues. Due to the stop of new leaf production and the
fall of old leaves in the lower nodes of the plant, the share of leaves from dry matter decreased.

The effect of cultivar, harvest stage, and cultivar at harvest stage on the number of leaves per plant
had a significant difference at the probability level of 1 percent. The highest number of leaves was
related to the stage of harvesting the stem of the botting and heading, with an average of 9.10 and
8.72. With the delay in harvesting, the number of green leaves decreased.

The results of the analysis of variance showed that the effect of the harvesting stage on the yield of
fresh and dry fodder was significant at the probability level of 1%. The increase in the yield of fresh
and dry fodder showed that it was higher in the harvesting stages of soft dough and hard dough than
in other harvesting stages. The delay in harvesting increases the lignin and maintenance tissues of the
plant, which increases the yield of the forage in the plant.

Conclusion: In order to produce the desired fodder, it is recommended to cultivate the speedfeed
variety with a seed rate of 20 kg per hectare and harvest at the soft dough stage.

Keywords: Cereal, Fresh forage, Hard dough, Soft dough, Tiller number
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Table 2- ANOVA for different traits of sorghum influenced by various treatment

S g olawy adgle o adgle o Slawy
P ol A
©ledd gle . S # axiy
SOV oI5t Plant Stem Leaf ]
0. df height Green diameter Dry matter Fresh forage length Tillers
leaves no. yield yield no.
Ju
v 1 35833.5™ 16.1" 722" 84474178" 104875029 "™ 2819.3" 9.7"
ear
a LgUa:}
4 433.1 0.93 6.01 8957952 49150743.1 22.94 0.456
Errora
) " " . " - " "
. 1 223598 71.8 46.3 1039161854 16012781972 8914.30 354
Cultivar
o8y x Jlo - * *x
. 1 3905.7 16.03 11.60™ 57863404 3766658.7 ™ 465.73"™ 1.28™
Year x Cultivar
slasb
4 121.1 151 2.836 1247502 35264064 90.96 0.562
Error b
Clls y al> e
3 1699.5™ 11.83™ 10.3™ 454174619™ 1638860765 69.52" 0.302"™
Harvest stage
Clls py al> ex Jl
3 1039.2™ 3.727 1.21m™ 8730450™ 6071035.9 ™ 272.60™ 1.30
Year x harvest stage
C»..i';la).g o\l>)4>< 05) - - - - -
. 3 485.9 1.98 1.15™ 46776280 302569287 236.10 0.254™
Cultivar xharvest stage
Clsls yy al> ex o8, % Jlw
Yearxcultivarxstages 3 645.9" 8.19™ 13.08™ 4837751.6™ 77546073 "™ 71.65™ 0.653"™
harvest
)‘:\‘. )“""‘;“Q
. 2 1672" 0.13™ 18.5™ 10624089 "™ 206218922" 8.80™ 4.09™
Seeding rate
S jlade x Jle
. 2 35.90"™ 0.086"™ 295" 1552694 " 31690982.4 " 102.40* 0.08™
Year x seeding rate
% e x o3, . **
i X 2 1689.2 0.926 ™ 1.22™ 596990.8 ™ 178143515 ™ 36.73™ 2.70
Cultivar x seeding rate
5 ladexcuils p al> o
Harvest stagex seeding 6 482.6™ 0.293™ 2.42™ 5095705.2 ™ 44024222.6 ™ 4538™  0.214"™
rate
o e x o8, x Lo
YearxCultivarxSeeding 2 545.3™ 0.832"™ 1.02m™ 5262699.9 ™ 44725790.6 ™ 42.85™ 0.125™
rate
)l.\i.,o X ;;‘..i‘;l.)ﬁ 4.1>).n>< JLM:
Yearxharvest stagex ,3 6 243" 0.280"™ 0.97" 5801403.2 "™ 29557505.2 "™ 22.68" 0.577"™
Seeding rate
SHlade x sy al> e x 5,
Cultivarxharvest ,3, 6 487.5"™ 0.764"™ 1.82" 1564697.6™  57362816.8™  40.92"™ 0.81"
stagexSeeding rate
Abﬁxwé)xJL..;
Year x )4 ladexcasls
6 223.6"™ 0.413"™ 1.60"™ 2850224.6 ™ 20778651.4 "™ 35.08"™ 0.138™
cultivarxharvest
stagexSeeding rate
C sla>
88 430 0.405 2.56 6282245.3 59433857.5 34.27 0.327
Errorc
13.82 7.66 17.74 27.55 24.89 12.60 28.23
CV (%)

*

Gl e pas g o0 S o0 iy w50 ()l s ke S 4 NS g FH
*, ** and ns represent significant at of 5% and 1% probability level and not significant, respectively.
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Table 3- Two-year mean comparisons for different traits in different harvest stages

aig glas,l a8lw yhd Jadgle o Sis ddgle o S Sl
ails p Al yo 9 eW, s 5y Slasd B 5 adgle s Slos ghe & Slos 2 Jsb
Plant Stem Fresh forage Dry matter Leaf )
Harvest i Green leaves i i i
height diameter yield yield length Tillers
stage number
(cm) (mm) (t/ha) (t/ha) (cm) number
T1 116.6¢ 9.10a 8.85a 20.610c 3.767d 43.2a 2.1a
T2 152.1b 8.72b 9.06a 30.060b 6.803c 46.1a 2.1a
T3 160.3ab 8c 8.03b 33.810a 10.290b 46.2a 2.1a
T4 164.2a 8c 8.05b 35.820a 11.650a 45.4a 1.9a

Al oo v iy Jleiz] a0 o cire glas Bl wiil co S piie B> SO 0 a5 g ,2 10 09,5 o e Sl
Means with similar letters have not significant difference at 5% probability level
Cws 6y Th g ip i 6 ymad (T3 (20 dbigs Al o T2 (gl dBls al> 10 :T1
T1: Botting stem stage, T2: Heading stage, T3: Soft dough, T4: Hard dough

09y x Calold o o Joliio y1 (gl aliseo Olhuo alu 90 (il —F Jgu

Table 4- Two-year mean comparisons for different traits for the interaction of harvest stage xcultivar

o W1 adgle o, Slos
e S ag el e Sy Slaxs o S adgle 8 Sloe )
by X bl y Al yo S Spdeb
. Plant height Green leaf Fresh forage
Interaction of harvest Dry matter . Leaf length(cm)
) (cm) number ) yield(t/ha)
stage xcultivar yield(t/ha)

VixTy 93.20e 8.40c 2.485f 13.72¢ 31.66c
VixT, 110.92d 7.87d 4.159% 18.94d 38.81b
VXT3 118.31d 7.60d 7.540d 23.56¢d 40.60b
VixT, 119.10d 7.03e 7.580d 21.89d 38.35b
V,oxTy 139.13c 9.80a 5.05e 27.490c 54.73a
VoxT, 193.20b 9.57a 9.447c 41.180b 53.36a
VXT3 202.30ab 8.35¢ 13.030b 44.06b 51.74a
VoxTy 215.30a 8.83b 15.720a 49.740a 52.53a

Wil oot i Jlein] mhaw (o o pixe glas w8 wiil o S piie B> S 0 AT 5ie o )3 09,5 o sla 1Sl
Means with similar letters have not significant difference at 5% probability level
Sl V2 e 0055 (VL s (5 yun (T o5 (5 pmem (T3 (00 aligs Al 10 T2 ( h4el dBlus al> 0 T1

T1: Botting stem stage, T2: Heading stage, T3: Soft dough, T4: Hard dough, VV1: local mass, V2: Speedfeed

3949 3l (51 ilisen Wlio Al 90 (pSileo -8 Jgur
Table 5- Two-year mean comparisons for different traits for the seed rate
S olawi 43l yad adgle

; g glas)| i 5 adgle 5 Slos )
3% ol e ) ] Stem S Sy dsb
Plant height . Fresh forage
Seed rate (cm) Green leaf diameter Dry matter yield(tha) Leaf length(cm)
number (mm) yield(t/ha)
S1 153.30a 8.50a 9.10a 7.700a 28.01c 45.50a
S2 149.8b 8.40a 8.50b 8.048a 30.05b 45.40a
S3 147.8b 8.40a 7.90c 8.631a 32.15a 44.70a

il go s gty e el 3l sine Sslis B a3l o S ke o S 3 oS (g 8 5 055 5 slagSile
Means with similar letters have not significant difference at 5% probability level
JESa 50 2,5 ekS YO Ldy Jlaie 1S3 5 LS o 0 el Yo 0 laie 1S2 LS o 0 FelS VO LA laie :S1
S1: Seed rate of 15 kg/ha, S2: Seed rate of 20 kg/ha, and S3: Seed rate of 25 kg/ha
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Figure 3- Interaction of cultivarxharvest stagexSeeding rate on tiller number
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V: cultivar, T: Harvest stage, S: Seeding rate
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Figure 4- Interaction of cultivar xSeeding rate on tiller number
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Abstract

Introduction: One of the important factors that affects the growth of plants is the amount of light in
the vegetation layers, and this condition may have a destructive effect on the yield of the product.
Efficient crop species can absorb a larger fraction of light and convert it into biomass with a higher
conversion factor. Corn is one of the cereals that shows good tolerance to controlled defoliation. Also,
researches have shown that the low light stress is one of the most important factors affecting the plant
metabolism and causes a decrease in plant yield. Although there is no radiation deficiency in Iran in
terms of the amount of radiation and light conditions, the density of vegetation reduces the penetration
of light to the lower layers of vegetation, and this affects the yield of the crop.

Materials and Methods: The study was conducted as a factorial design based on a completely
randomized blocks design in 3 replications in 2022-2023 in the agricultural fields of Zafarabad in
Shiraz. In order to evaluate the effects of removing leaves and a part of the ear on the light use
efficiency and yield of some corn hybrids. The treatments included detopping and removing a part of
the ear at 3 levels (control, removal of half of the ear, and removal of two leaves above and below the
ear) and 7 corn hybrids (SC704, Konsor, Kordona, Karaj 703, Koosha, Fajr, and Danial 690).
Sampling was done once every 14 days, one month after planting, to calculate the physiological
indicators of growth.

Results and Discussion: The results showed that the effect of year on CGR, remobilization, and light
consumption efficiency was significant. The simple and interaction effects of detopping and hybrid
on all studied traits were significant. The highest value of CGR (40.23 g/m2 per day) was obtained in
the treatment of the removal of two upper and lower leaves of the ear and Danial 690 hybrid. The
highest value of RGR (0.0565 g/g per day) was obtained in the treatment of removing two upper and
lower leaves of the ear x hybrid SC704. The highest levels of remobilization (169.2 g/m2), the
contribution of remobilization in grain (19.85 percent), light use efficiency (2.9 g dry matter per MJ),
and grain yield (11260 kg/ha) were obtained in the treatment of removing the two upper and lower
leaves of the ear and the Konsor hybrid. The highest value of LAI (6.05) was obtained in hybrid SC704
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and the lack of detopping. Regarding remobilization, the contribution of remobilization, efficiency of
light consumption, and grain yield, the Konsor hybrid had the highest value.

Conclusion: In summary, regarding physiological traits, hybrids SC704 and Karaj 703 had the highest
yield. Generally, increasing light penetration into vegetation under the effect of detopping showed a
positive impact on the increase of grain yield and the efficiency of light consumption in different
cultivars. It is suggested that corn varieties be planted in different regions and agricultural lands of
Shiraz city in such a way that there is a desirable distance for receiving light in the lower canopy
layers, because at high levels, it is not possible to cut off leaves and part of the ear. This research was
also conducted to investigate the light status in different canopy layers, especially the lower parts, and
to investigate the yield status. It was carried out at a limited level. For higher levels, varieties with
more vertical leaves and light that can reach the lower parts of the canopy can be used. Considering
the nutritional value and consumption status of this plant, a higher yield can be achieved, and it is
economically viable.

Keywords: Canopy, Crop growth rate, Defoliation, Yield
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Table 1- Characteristics of hybrids used in the research
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Table 2- The temperature and rainfall properties of research site

Lod (Sl
Goko iy (Sl (ke
Jl Average temperature(mm) _
Year CblS o 5 bl (xSl Long-term average rainfall
(mm)
At time of planting Monthly average
Jol Jbe
. 12 25.3 253
First year
p9s Jlu
12.2 27.2 253
Second year
FeoR sl Jro S Bluogas -Y Jguor
Table 3- The soil properties of research site
Jol Jbw p9s Jlw
S Sluogas First year Second year
S Gos S Gos
Soil properties . .
Soil depth (cm) Soil depth (cm)
30-0 60-30 30-0 60-30
Sog®
. 1.44 1.32 1.36 11
Salinity (ds.m,
PH)S anal
o 71 7.2 71 73
Soil acidity
039555
. 0.15 0.08 0.14 0.09
Nitrogen (%)
Jrw)
114 7.01 8.2 6.9
Phosphorus (mg.kg?
ey
. 219 174 198 162
Potassium (mg.kg?
(S )]
38 35 39 34
clay (%)
<Y
. 43 39 398 39
Silt (%)
19 26 23 26
sand (%)
L_,,JT olse
] 1.1 0.87 1.08 0.89
Organic mater (%)
Sk cél s oy R oY oy
soil texture clay loam clay loam clay loam clay loam
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2-Crop growth rate
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Table 4- Result summary of composite variance analysis

Mean Squires <l yo (s Kikeo

e . - . . oy
e 2l o i O e JES g D puan o148 P |
L) = . J Pt - . 5 S Mgw
Sources of _ R Suze JLa! EREN )9 6ls 5 Shas S
o Degree of < » gdaw i . Light
variation Jypaxo RemobilizationRemobilization  Light use Seed yield o
freedom LAl RGR o - extinction
CGR contribution  efficiency .
coeficient
Year JL. 1 0.0005™ 259.7”  0.001" 15.57" 5.4 1.63" 12686.14™ 0.001"
Sl sl
4 2.43 1.3 0.00043 126.42 521 0.34 11566.3 0.003
Blok error
Bd>
. 2 62.82” 752.96™ 0.000066™  9884.35™ 29.83™ 15.7" 718154.6™ 1.22™
Removing
Giox Lo
. 2 0.018™  1.53™ 0.000017™ 0.0054" 0.102" 0.00004"™ 196.6™ 0.004"™
Year* Removing
. 6 0.34™ 35.6™  0.0008™ 170.4™ 10.29™ 0.36™ 29102.7" 0.022™
Hybrid
3 petx Jls
. 6 0.02™ 1.15™  0.000042" 0.005"™ 0.057"™ 0.001"™ 254.08™ 0.0027"
Y*Hybrid
& ypx B>
R*H 12 0.314™ 16.02™ 0.00034™ 231.87" 11.98™ 0.33™ 45407.7" 0.015™
&y xBdox L
12 0.018™  1.38™ 0.000026™ 0.0054" 0.019™ 0.001"™ 227.22" 0.003™
Y*R*H
Error U> 72 0.005 0.26 0.00005 0.057 242 0.0008 7810.7 0.0028
(30,0) Ol yuss < o
9.8 12.6 18.77 7.16 9.52 8.35 9.7 9.64
CV(%)

2. Crop growth rate
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Table 5- Means comparison results of research data interaction effects

Mean Triats wlas (Kile
L sbwaee el b ce e b e JUi g Spao )5 5 Sdes
e o . Suze JUl Suze By al g SNl cu pb
e ghe e st N . -
Removing Hvbrids <5 Remobilization Remobilization  Light use Seed Light extinction
ybri » CGR RGR 2 Lo - . -
(gm) contribution  efficiency  yield  coefficient (gr/MJ)
LAI (gr/m2/day) (gr/gr/day) %) (gr/M) (m?)
v, 6.05a 32.64d 0.0455¢ 135.8m 14.14e 1.58n 857.9eg 0.554b
Vy 5.6b 31.16efg 0.0435f 139.71 18.22b 1.64m 984.6e 0.72a
Ve 5.58b 31.6e 0.02650 135n 15.76d 1.750 857.1€j 0.715a
D, Ve 5.16b 31.62e 0.0385h 135.3n 18.07b 1.86k 786k 0.755a
Vs 5.59a 31.46ef 0.0365j 126.2p 15.78d 1.12p 639.3m 0.698a
\2 5.59a 28.24ij 0.0315m 116.3q 13.62f 1.08r 636.8m 0.735a
Vy 3gh 31.43ef 0.0358h 131.60 15.8d 1.33q 701.91 0.755a
4 5.07b 29.5h 0.0475d 149h 16.95¢ 2.13j 913.5h 0.505b
Ve 3.85d 27.7j 0.0382h 149.5g 19.28ab 2.22i 9289 0.575b
Ve 3.5e 27.72j 0.0323I 141.6j 15.64d 2.62e 906.2h b-/ave
D, 2 4.04¢ 30.7g 0.04g 149.1h CVPIYY 2379 913.2h 0.585h
Vs 4.08¢c 30.469 0.038hi 145.4i 15.34d 2.3h 920.4g 0.575b
Vs 4.06¢c 30.41g 0.0405g 141.1k 16.38¢c 2.379 871.7i 0.611ab
Vy 3.81d 28.72hi 0.045¢f 145.6i 15.7d 2.34gh 920.6gh 0.545b
Vv, 3.35f 40.23a 0.0565a 155.34f 16.78¢c 2.34gh 1019c 0.345¢
Vy 3.06g 33.94c 0.0323lI 169.2a 19.85a 2.9a 1126a 0.365¢
Ve 3.02g9 39.73a 0.0285n 159.5¢ 16.09¢ 2.94f 1023c 0.375¢
Ds Vs 2.9hi 39.9a 0.0375i 167.5b 16.78¢c 2.7cd 1006d 0.415¢
Vs 2.8i 37.6b 0.034k 164.3c 15.24d 2.51f 1008d 0.365¢
\£ 3.04g 36.9b 0.053ab 155f 15.6d 2.67d 963.5f 0.355¢
Vy 2.86i 33.5¢ 0.0552a 163.9d 15.53d 2.8b 1069b 0.355¢
LSD (5%) 0.115 0.83 0.012 0.39 2.53 0.046 143.8 0.086

(Lag) Vi V¥ 255) Vi dUs2,95) Vi (58) Vi (SCTOD VPl (s 5 VL S 53 S 5 Pl 5l (oo B3> 033> e o5 4, Dy 5 Dy D) D¥ -

Ea JWlo) Vy 5 (,23) Vs
¥ -D: D1, D2 and D3, respectively, no reprimand, removal of half of the cob and removal of two leaves at the top and bottom of the cob and
V1 (SC704), V2 (Consor), V3 (Cordona), V4 (Karaj 703), V5 ( Kosha), V6 (Fajr), and V7 (Daniyal 690)
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Figure 1- The interaction effect of remove and cultivar on leaf area index
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¥ -D: D1, D2 and D3, respectively, no reprimand, removal of half of the cob and removal of two leaves at the top and bottom of the cob and
V1 (SC704), V2 (Consor), V3 (Cordona), V4 (Karaj 703), V5 ( Kosha), V6 (Fajr), and V7 (Daniyal 690)
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Figure 2- The interaction effect of cultivar and cultivar on relative growth rate
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Figure 3- The trend of changes in the relative growth rate of different hybrids at the levels of breeding
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Abstract

Introduction: Although the use of fertilizer in poor soils is necessary to increase soil fertility and
optimal plant growth, in recent years, the use of chemical fertilizers has caused a lot of environmental
damage. Currently, one of the well-known ways to minimize the use of chemical fertilizers is the use
of resources and soil modifier compounds, including biochar. Biochar is a carbon-rich material that
has recently shown promising results for the sustainable management of agro-ecosystems, increased
plant growth, and soil health .Biochar enhances the capacity for water retention and nutrient
absorption, ensuring timely delivery to the plant.

Material and Methods: This study was conducted at Ilam University's research greenhouse from
2022 to 2023. The experiment followed a factorial design and utilized a completely randomized
approach with three replications. The treatments consisted of three different barley cultivars
(HOR8887, HOR7496, and HOR9793) and three levels of biochar (control or zero, 2 g/kg, and 4 g/kg).
To create the biochar, natural asphalt was used, which is a readily available and cost-effective material
commonly found in underground mines. It is characterized by its hard, black composition and high
melting temperature. The process of synthesizing the chemical biochar involved sulfonating Iranian
natural asphalt with concentrated sulfuric acid, resulting in the formation of potassium natural asphalt
sulfonate (K-NAS). Initially, one gram of Iranian natural asphalt was mixed with 5 ml of concentrated
sulfuric acid and stirred at room temperature for 15 minutes. The reaction mixture was then heated for
two hours at 220 degrees Celsius and gradually added to water and ice. The resulting product, natural
asphalt sulfonic acid (NASA), was washed twice with distilled water and dried at 100°C.
Subsequently, one gram of NASA was mixed with 20 ml of 10% potassium hydroxide solution and
stirred for one hour at room temperature. The solvent was evaporated, and the mixture was dried at
100 degrees Celsius to obtain potassium natural asphalt sulfonate (K-NAS), also known as chemical
biochar.

Results and Discussion: The results of this experiment showed that there was a significant difference
between the barley cultivars for the number of fertile tillers, flag leaf length, spike length, plant height,
peduncle length, and hundred seed weight at the probability level of 1%. Biochar had a positive and
significant effect on flag leaf length, spike length, awn length, number of seeds per spike, and hundred

| @ O ©2024 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0).
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seed weight at the probability level of 5%; But it showed a non-significant effect on other functional
traits. But it showed a non-significant effect on other functional traits. The results showed that the
highest number of claws per plant was related to the HOR9793 variety with a level of 4 gr of biochar
and an average of 14.8. In cultivar HOR7496, the highest number of seeds per spike 23.4, was obtained
with the consumption of 4 gr/kg of biochar. The highest weight of 100 seeds, corresponding to the
variety HOR8887, was obtained at the rate of 4.34 grams when consuming 4 gr/kg of biochar.
Conclusion: Our experiment's overall findings indicate that utilizing 4 g/kg of this biochar can
significantly impact both the yield and its components in greenhouse conditions. Consequently,
considering the plentiful availability and cost-effectiveness of this particular biochar, we strongly
recommend conducting further field studies.

Keywords: Chemical Biochar, Growth, Sustainable Agriculture, Soil Fertility
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Table 1- Soil physical and chemical characteristics

o (i 5 059 i b yhd i b by s colaa STenss g |
Silty-Loam Total N(%) Absorbable P (ppm) Absorbable K(ppm) EC*10%(ds/m) Qrganic C(%) pH
0/07 12.50 310 0.32 0.63 7.3
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Table 2- Results of analysis of variance (mean square) of morphological and functional traits

aiy Sl ) S
Olyis gl s wmyolas oy PRRTR Jeb 2 aow Job Sy, ek W el
Sources of - Number of . Flag leaf e spike length  Awn length  Plant height
S df gel3l Number of length Flag leaf SP g g g
Variation claws  fertile (cm) width(cm) (cm) (cm) (cm)
claws
“’3_) 2 13.1™ 18.8™ 6.911™ 0.006™ 0.365™ 18.8™ 566.5™
Cultivar
> . * *
L 2 15.1™ 1.129™ 2.163 0.012"™ 1.394 4.2 27.3"
Biochar
)L'>5'~‘" x ["5) ns * il ns ns ns ns
g ) 125 2411 3.067 0.015 0.318 0.645 12.2
Cultivarx Biochar
Uas
18 7.4 0.709 0.541 0.006 0.385 1.04 33.9
Error
Coefficent of - 26.1 14.7 12.4 145 8.2 7.4 115

variation%

oy ) g a0 0 Jlisl sl o s sixe g lo e f ol 4w

ns, * and ** are not significant and significant at 5% and 1% probability levels, respectively
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Table 2 Continued.
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Sourcesof 35l Length  Number Number Number Spike dry 100 weight  Seed yield  Bjological
Variation df cm) of Spike of seeds ofseeds  weight  seeds(@r)  (gr/kg) yield
per spikeper Shrub  (gr) (9r/kg)
c T:) 2 27.8™ 3.6™ 17.3™  1446.5™ 16.6™ 0.9™ 14.6™ 45.9™
ultivar
> " -
B)' B T: 2 2.8™ 0.8™ 20.5 231.4™ 0.7 0.45 0.6™ 1.4m™
iochar
s x o8,
Cultivarx 4 1 0.3™ 11.8™  1015.1™ 13.7™ 0.02™ 6.2™ 30.3™
Biochar
U
£ 18 2.6 1 49 1307.1 134 0.12 7.5 39.6
rror
Coefficentof - 12 181 111 283 17 8.9 16.6 156

variation%

aoy ) g a0 0 Jlisl zohaw 1o s s g lo de e ol

ns, * and ** are not significant and significant at 5% and 1% probability levels, respectively
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Table 3- standard deviation and average comparison of investigated traits

o5 555 Z b 290k 4y ~>‘~\~:‘ o2 S dsb aliuw Js-'c-' Sy Jsb A 85??)‘
cultivar Fertilizer levels Number of fertile Flag leaf length  Spike Awn length Plant height
claws length(cm) (cm) (cm) (cm)
HOR7496 Non-Fer 4.9" +0.083 6.72+0.21 7.1°£0.2 11.59+ 0.546 47.1%% + 1,62
HOR7496 Fer-2gr 4.3°+0.382 5.86°¢ + 0.2 7.2%+0.3 11.9%+0.577 50 9+ 4.39
HOR7496 Fer-4gr 5.1 + 0.553 4.48° +0.43 7.8%+0.6 13.3® £ 0.514 519 + 5.83
HOR9793 Non-Fer 49*+03 4.82%+0.21 7.1+ 06 13.6°+1.318 56.72¢ + 4.1
HOR9793 Fer-2gr 45°+0.25 5.47°% +0.46 7.9%+0.2 14.2% +0.363 6178+ 1.91
HOR9793 Fer-4gr 5.6 +0.3 5.2% +0.45 8.1%+0.3 14.4 +0.19 59.1% +0.12
HOR8887 Non-Fer 858+ 0.577 5.697°¢+0.07 7.30+0.1 14.06% +0.11 43.6% +2.94
HOR8887 Fer-2gr 7.6+ 0.866 8.05°+0.94 8.2°+04 15.58% £ 0.221 46% +1.1
HOR8887 Fer-4gr 6.1°+0.583 6.873%+ 0.08 7.7%£0.2 15.58% + 0.521 40.8°+3.93

aBlgo o )lows oy o e IS pus suims (ylid alin b S jiie (g > [Fertilizer aase. Fer

Common or similar letters indicate no significant difference between treatments
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Table 3 Continued.
i JSilay Jsb  aldow yo ails slaws 4ilo e (339 aldoylas SO Sglgm 0,Sdles
) 395 zabuw . ) e
) - Peduncle Length Number of seeds Seeds \+sWeight  geed yield Biological yield
cultivar Fertilizer levels i
(cm) per spike (gr) (gr/kg) (gr/kg)
HOR7496 Non-Fer 125" +1.08 17.5°+2.37 3.86%° +0.12 16.4*+0.35 41.4%+ 3.58
HOR7496 Fer-2gr 14.3% +0.87 17.5°+0.75 4.26%+ 0.06 13.82+2.19 34.8%+2.25
HOR7496 Fer-4gr 13.5%¢+1.29 23.4°+0.64 4.12%+0.09 15.3*+0.69 37.4°+1.33
HOR9793 Non-Fer 14.5%+0.8 20.2°%° + 1,67 3.304° £ 0.09 17.82+2.71 42,77+ 3
HOR9793 Fer-2gr 16.1* £1.02 22.9*+1.62 3.78%¢ + 0.2 18.22+1.73 41.3*+3.12
HOR9793 Fer-4gr 15.5*+0.81 21.4 %+ 0.64 3.6 +0.17 17.1+0.87 42.58+2.31
HOR8887 Non-Fer 12.06™ + 0.54 18.5% + 0.58 3.84%¢ +0.17 14.9%+1.21 37.9°+£3.81
HOR8887 Fer-2gr 12 +0.74 18> +0.76 4.23*+0.35 172+ 1.67 43.8°+6.18
HOR8887 Fer-4gr 11.5°+1.08 20.05%c+1.18 4.34*+£0.33 17.9°+1.33 41.82+4.79

Ailoe b ylons w0 e OB pue suims (ylis alin b S i g > [Fertilizer _aas. Fer

Common or similar letters indicate no significant difference between treatments
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Table 4 - Results of simple correlation coefficients between studied traits in barley cultivars

12 13 14 15 16 17 18 19 20 21

oo 2 3 4 5 6 7 8 9

Traits

1 1

2 1

3 581" 1

4 0.382%0.39570.788" 1

5 0573"0551"0.5010.551" 1

6 0.605™0.62570.56970.522"0.846" 1

7 0.49170.242" 0.29™ 0.4827°0.72670.652™ 1

8 0.481™0.217° 0.308"0.438"0.685™°0.626™0.844™ 1

9 0.576™0.775™0.58870.44570.6217°0.656™0.3700.340" 1

10 0.48570.37270.389"0.462"0.71270.734 0.793" 0.742%0.474*

11 0.526™0.39770.316™0.32370.488™0.521""0.418 0.431*°0.375*0.415"

12 0.649™0.520"0.535™0.549"0.671"0.737" 0641 0.568%°0.519*°0.573%°0.644* 1

13 0.668™0.568™0.567"0.585™0.681™0.743"0.622"" 0.559*%0.585*0.541*°0.645"°0.969** 1

14 0.42870.46770.612™0.7000.760™0.741" 0,614 0.578*%0.587°*0.699*0.368°°0.507°" 0.52** 1

15 0.650"0.526™0.500™0.506™0.703™0.783™0.692" 0.617°°0.509"°0.637°0.612°°0.975"°0.933*°0.525** |

16 0.56070.667°0.6880.695™0.792"0.857"0.610" 0.579**0.716**0.669*0.502**0.725*0.773°°0.875"*0.730** 1
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Figure 1- Biplot display of investigated traits based on the first and second principal components
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Figure 2- The scree plot diagram resulting from the analysis of the main components of the studied traits
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