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Effect of methanol and complete chelated fertilizer foliar application
on yield and yield components of barley (Hordeum vulgar L.) in the
Alashtar region
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Table 1. Rainfall statistics and temperature of the experiment site

sbes Jolu> sl Sl 3ldss S
. 520
" St las lae sl o
Rainfall  Absolute Absolute oA polat
Month minimum  maximum  Number ot
(mm) ¢ humidity
emperature temperature  of frost (%)
°O) (°O) days
s 14 7.4 35.4 0 36
September
ouLT
: 190.8 1.5 28.2 0 69
October
& 2! 125.4 48 20.4 14 67
S November
39 .l 57.5 3.7 18.8 17 65
38 December
R oo 30.6 5.4 19.2 16 60
e > January
7 g - 63.9 0.2 23 2 58
g Februa?y
= SN
244 -0.6 23.4 0 62
© March
S 3
17.2 4.5 37 0 52
April
b~ 0 8.3 39 0 32
May
s 14 30.7 12.4 0 57
September
o! 190.8 18.8 7.7 0 91
October
0 ! 125.4 12.9 0.5 14 90
o November
3 a ©s
55 575 12.2 0.3 17 87
PR December
% o :
g o 30.6 12.6 -0.2 16 84
z = January
o oo Akl
v £ 63.6 18.7 43 2 85
=& February
3 o222 51.4 212 6.1 0 83
March ) ' '
i 12.6 29.6 10.5 0 59
April
e 0.2 37.3 15.6 0 32
May
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Table 2. Soil analysis of the experiment site

—

Ju <3 o <Y o Sosh @il ST S 0hs = oA P S o7 o
Year oSl Clay Silt Sand EC pH Organic N K Fe Mg Zn B Cu
Soil (%) (%) (%) (ds.m™) carbon (%) (ppm) (ppm) (ppm)  (ppm) (ppm) (ppm)
0
texture (%)
45-1¥40 oy 46 23 31 0.81 7.7 0.99 0.087 205 3.1 22 0.69 7.1 0.74
2016- Clay
2017
av-1rag e 4631 2411 2958 1.18 7.44 1.23 0.094 245 4.19 3.68 1.57 638 083
2017- Clay
2018
D3TS5 eslizal 5550 OIS JalS” 558 Siliaseiin =Y J g sl
Cont. Table 2. Characteristics of complete chelated fertilizer used in the experiment
s AT o S - _ I
R Oisp A Py Fe Cu Zn ﬂ\_\,a - B
v helat helat helat g
. N (%) P (%) K (%) chelate  chelate  chelate %) (ppm) Mn (ppm)
Parmis 20 (ppm) (ppm) (ppm)
fertilizer 4 1 2 20000 3000 20000 3 10000 500
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Table 3. Analysis of variance (mean squares) for the combined effect of foliar spraying of methanol and complete chelate fertilizer on yield and

yield components of barley

s Sas

PHE usero

O s 2 43 &&@.&p_ 2 dw a5 4ils Verr O ] SS9
S.0.vV @37 Plant o Seeds 4l S5 5 Seed yield Sl 4l
df height Spikes per spike 1000-seed  Biological Harvest Seed
per m’ weight yield index protein
Ju 1 0.103™  2.04™ 18.10™  19.74™  209663.73™ 31684.41™ 16.02 332"
Year (Y)
S 4 0.038 2.62 5.22 3.82 43456.16 6184.21 0.416 0.104
Rep (year)
st AU ylous 3 0317™  0.939™  0276™  23.18277 567442377 43511497 23077  3.75"
Methanol foliar
spraying (M)
YxM 3 0.595™  3.12™ 3.69 ™ 0.480 ™ 9002.09™  1651.65™  0.334™ 0.022™
M s il 2 4177 5377 16217 17467 296344337 46346.257 25187 5187
5Ly
Complete chelate
foliar spraying (N)
YN 2 0.107™  1.50™  8.96™ 1.829™  32337.10™  109.37™  0425™ 0.014™
MxN 6 3417 6827 18177 19.04" 374325267 44304317 19247 5577
YxMxN 6 0.029™  546™  9.61™ 3.33™ 6059.36™  8832.08™  0.016™ 0.068™
DtslosT s 44 0.098 3.59 0.754 0.255 3493.40 518.04 0.013  0.0157
Error
kS s - 11.79 12.82 9.39 8.16 12.95 10.12 8.18 7.55
CV (%)

0355 513 g IS 5 (P +/00) Jlax>| Qr.tuu DI gme a (DS 4/ V) Dl Qr.ipu OIS (gme e
** % and ™; significant at the 1% and 5% probability levels, and non-significant, respectively.
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Figure 1. Mean comparison for the interaction effect of foliar spraying of methanol and complete chelate on plant
height of barley

(N3 s 55 a3 Bl 00 dlm o 55 ONST JalS 587 3l Jgloee s N2 S5 dmy dlm o 53 OIS JalS7 587 5l J gl N ali)

Methanol foliar spraying (M): control (M1), methanol foliar spraying at concentrations of 10% (M2), 20% (M3),
control (N1), complete chelate foliar spraying at :and 30% (M4) by volume., complete chelate foliar spraying (N)
the tillering stage (N2), and complete chelate foliar spraying at the 50% stem elongation stage of plants (N3)
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Table 4. Mean comparison for the main effect of year and interaction effect of foliar spraying of
methanol and complete chelate fertilizer on yield and yield components of barley

sl o adliw 3 &ls Verr O s Shes 4l > Shase ] als 5y
Treatment ©r o &l S5 am S_eed Sals Seeq
Spikes Seeds 1000-  Biological kyllelld_l Harvest pr(())/teln
number  number seed yield (kg-ha ™) index (%) (%0)
per m” per weight  (kg.ha ™)
spike (gr)
691))' Ju
Cropping year (Y)
Jsl s dle 42591*  50.59° 4404  252143% 969.49° 39.46° 12.45°
First year (Y1)
£33 3 411.33°  44.60°  4256° 241350°  927.54°  36.13° 11.86°
Second year (Y2)
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Figure 2. Mean comparison for the interaction effect of foliar spraying of methanol and complete chelate fertilizer
on spikes number per m” of barley
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Methanol foliar spraying (M): control (M1), methanol foliar spraying at concentrations of 10% (M2), 20% (M3),
control (N1), complete chelate foliar spraying at :and 30% (M4) by volume., complete chelate foliar spraying (N)
the tillering stage (N2), and complete chelate foliar spraying at the 50% stem elongation stage of plants (N3)
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Figure 3. Mean comparison for the interaction effect of foliar spraying of methanol and complete chelate fertilizer
on seed number per spike of barley
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Methanol foliar spraying (M): control (M1), methanol foliar spraying at concentrations of 10% (M2), 20% (M3),
control (N1), complete chelate foliar spraying at :and 30% (M4) by volume., complete chelate foliar spraying (N)
the tillering stage (N2), and complete chelate foliar spraying at the 50% stem elongation stage of plants (N3)

pde) dald Hlas 4 Cond (S ey Al
4 (S oS 5587 5 Usle ol Jsloes
(F USK8) 515 Olas (655 Ao yn VV/AF Ol e
slows IS L5 87 5518 01 Kans,
2055 oz o3 VY mhaw b sile 5
4 g o ol ol 4T (3L 3l puS s
Co e 1 5 g b il s
b S sl ol JUsl il g Jgbe
Esazadeh Panjali Kharabasi ef al.,) 5 ¢& «ls
5,5 il 8 Oliises [S05 (pimman (2017
Jsbe 5 @draz) 355 U ALds o
Cor g o= oy ¥ g Yo slacble |
0> 4l S (& e CL&J)‘ Dl e ol 5o
Wl e 059 calow > als sl e
S pkE il 3 Shas 503 5§ 3 Shos
L« (Rafiee ef al, 2022) A& dald v 4
55 Olie S5 305 Cllan anlllan ol s

\id

G135 039

DL b esls S e uilsly 4 s

Jloz] o 55 J e 23l Jgloms 31457 515
S ol 3587 (5 I ome Sl ey 6
355 5 ke (Bl Jsloms Jlize S oo 5
2 es gy il mhaw s ST LIS
e (B Jgdar) L Sls me 4l 138 039
b dsloee blate S les 5 &ils Hl5e 055
Jsboes 53 ez Ao yn ¥ CLE L J ke
Sy e 53 IS S 55 (AL
0T 2 7S 5 (0,5 FYAY) ke b s
5 ke (AL slee pde) als s o
4 (YN (Sl L (NS JlS 558
Sl pa als 8 05y (F JK8) T s
Ao a Vo cble b dsile (AL Jloe Jili
35 NS ol 348 3L s 3 oo



e Jgloes I

e sl sl

45
E}J
2 T® ¢ .
B T
D e 42 cd  #¥ ww
- w a1 L2 2] R &4
L= d d e T
a = T = T T
2 @ 40 e = N~ T I TS -
%30 s o 333 I8
\1‘ = e T T A T
T 238 Mt b A A b e
S e T T A T
. . o »
37 M ad e e e ++
g - 4 3
eI T T R *4
35 MY #E L R e e

Foliar spraying treatments

ab ab
[ s -
v Fa4 T .
L& ol & ) -y L& 8
Lol & sl cd i 4
L& ol & ) e L& 8
o Fd4 de vy B A [ 2 2
L& ol & ) kod b L& 8
Lol & sl Lo o6 G & 4 4
L& ol & ) 4 ked b L& 8
Lol & sl +4  bed ad 4
L& ol & ) 4 ked b L& 8
Lol & sl +4  bed ad 4
L& ol & ) 4 ked b L& 8
Lol & sl +4  bed ad 4
L& ol & ) 4 ked b L& 8
Lo AN 2 2 ] +4  Ped ed L2 2

NIMI NIM2 NIM3 NIM4 N2M1 N2M2 N2M3 N2M4 N3M1 N3M2 N3M3 N3M4

1 5050 055 1 IS ol 587 5 sl (3L goe Jlite 1 80 e - S
Figure 4. Mean comparison of the interaction effect of foliar spraying of methanol and complete chelate fertilizer
on 1000-seed weight of barley
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Methanol foliar spraying (M): control (M1), methanol foliar spraying at concentrations of 10% (M2), 20% (M3),
control (N1), complete chelate foliar spraying at :and 30% (M4) by volume., complete chelate foliar spraying (N)
the tillering stage (N2), and complete chelate foliar spraying at the 50% stem elongation stage of plants (N3)
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Figure 5. Mean comparison of the interaction effect of foliar spraying of methanol and complete chelate fertilizer
on biological yield of barley
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Methanol foliar spraying (M): control (M1), methanol foliar spraying at concentrations of 10% (M2), 20% (M3),
control (N1), complete chelate foliar spraying at :and 30% (M4) by volume., complete chelate foliar spraying (N)
the tillering stage (N2), and complete chelate foliar spraying at the 50% stem elongation stage of plants (N3)
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Figure 6. Mean comparison of the interaction effect of foliar spraying of methanol and complete chelate fertilizer
on seed yield of barley
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Methanol foliar spraying (M): control (M1), methanol foliar spraying at concentrations of 10% (M2), 20% (M3),
control (N1), complete chelate foliar spraying at :and 30% (M4) by volume., complete chelate foliar spraying (N)
the tillering stage (N2), and complete chelate foliar spraying at the 50% stem elongation stage of plants (N3)
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Figure 7. Mean comparison of the interaction effect of foliar spraying of methanol and complete chelate fertilizer
on harvest index of barley
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Methanol foliar spraying (M): control (M1), methanol foliar spraying at concentrations of 10% (M2), 20% (M3),
control (N1), complete chelate foliar spraying at :and 30% (M4) by volume., complete chelate foliar spraying (N)
the tillering stage (N2), and complete chelate foliar spraying at the 50% stem elongation stage of plants (N3)
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Figure 8. Mean comparison for the interaction effect of foliar spraying of methanol and complete chelate fertilizer
on seed protein of barley
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Methanol foliar spraying (M): control (M1), methanol foliar spraying at concentrations of 10% (M2), 20% (M3),
control (N1), complete chelate foliar spraying at :and 30% (M4) by volume., complete chelate foliar spraying (N)
the tillering stage (N2), and complete chelate foliar spraying at the 50% stem elongation stage of plants (N3)
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Extended Abstract
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chelated fertilizer foliar application on yield and yield components of barley (Hordeum vulgar L.) in the
Alashtar region

Applied Research in Field Crops Vol 37, No.1, 2024, 4-6: 25-46(in Persian)

Introduction:

Barley (Hordeum vulgare L.) is one of the most important cereal crops, widely
cultivated across the globe. As a cold-season crop, it ranks fourth in production
after wheat (Triticum aestivum L.), corn (Zea mays L.) and rice (Oryza sativa L.).
Barely holds a significant role in providing feed for animals and poultry, as well
as in producing food and industrial products for humans (Bekele et al., 2020).
Nowadays, fertilizers are extensively used to maximize production per hectare.
In addition to increasing yield, chemical fertilizers should enhance the quality
of agricultural products while being free from environmental hazards, such as
groundwater pollution and the accumulation of pollutants like nitrates in the crop
tissues (Mgolozeli et al., 2022).

However, the use of chemical fertilizers in agricultural is often unbalanced and
does not meet the actual needs of plants. The continued excessive and unbalanced

use of chemical fertilizers not only degrades soil quality but also reduces the
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Effect ...

diversity of soil microorganisms. Therefore, determining the optimal amount
of fertilizer and modifying its application method can increase yield and reduce

environmental pollution (Wng et al., 2022).

Materials & Methods:

In order to investigate the effect of foliar spraying with methanol and nano-
chelate on the yield and yield components of barley, a factorial experiment was
conducted using a randomized complete block design with three replications in
the Alashatar region (Lorestan province) over two cropping years 2016-17 and
2017-18. The experimental treatments included methanol foliar spraying at four
levels (control, methanol foliar spraying at concentrations of 10%, 20% and 30%
by volume) and nano-chelate foliar spraying at three levels (control, nano-chelate

foliar spraying at the tillering stage and at 50% stemming stage of plants).

Results & Discussion:

The results showed that the interaction effect of methanol and nano-chelate
foliar spraying was significant for the number of spikes per/m?, number of seeds
per/spike, biological yield, seed yield, harvest index and seed protein at the
1% probability level. It was also significant for the plant height and 1000-seed
weight at the 5% probability level. The highest grain yield was observed in the
interaction treatment of methanol foliar spraying at a concentration of 30% by
volume combined with nano chelate foliar spraying at the tillering stage (1127.53
kg/ha'), and at the 50% stem elongation stage (1090.36 kg/ha™'), both of which
were in the same statistical group. The lowest grain yield was found in the control
treatment (no foliar spraying of methanol and nano-chelate) with an average of
(807.61 kg/ha'), and in the interaction treatment of methanol foliar spraying at
a concentration of 10 by volume percent combined with no foliar application of
nano chelate (909.69 kg/ha'), both of which were in the same statistical group.
The grain yield in the interaction treatment of methanol foliar application at a
concentration of 30% combined with nano chelate application at the tillering stage

showed a 39.61% increase compared to the control treatment (no foliar application
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of methanol and nano chelate).
Conclusion:

Foliar spraying of methanol and complete micronutrient chelate fertilizer
significantly increased the grain yield and yield components of barley. According
to the results of this experiment, the most effective treatment was methanol foliar
spraying at a concentration of 30% by volume combined with complete chelate
fertilizer foliar application at the tillering stage. This treatment showed a 39.61%
increase in economic yield compared to the control treatment (no methanol foliar
application and complete fertilizer chelate). Therefore, methanol spraying and
complete chelate fertilizers appear to be effective in improving the growth and
yield of barley, significantly increasing the seed yield of this plant. Overall, the
foliar application of methanol and chelate-fertilizer significantly increased grain

yield by enhancing barley plant growth indicators.

Keywords:Biological yield, Foliar nutrition, Grain yield, Harvest index,

Nutritional management.
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