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Table 1- Meteorological information of Pars-Abad Moghan County during the growing period of
the 2023-2024 crop year
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Table 2- Physical and chemical properties of the soil at the expriment location
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Table 3- Analysis of variance of studied wheat traits
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Table 4- Interaction effect of irrigation x variety on the concentration of studied elements in

wheat

B Cu Mn Zn Fe

(mg.kg™) (mg.kg?) (mg.kg?) (mg.kg™) (mg.kg™)

B
Treatment

6.671d  20.155d 38.769e 33.100d 83.968c
6.616d 18.458e 37.415e 31.831e 79.088d
7.616c 29.805c 49.031d 36.020c 88.068b
7.705c  29.960c 51.099c 36.510c 79.012b
8.865b  35.232b 57.867b 37.738b 89.824b
0.246a  39.34% 61.335a 40.241a 95.491a

No irrigation (rainfed)x Aftah LT o8, x (e29) skl o

cultivar

No irrigation (rainfed)x Taktaz ;Lss o3, x (w9) s kel e

cultivar

Supplemental irrigationx Aftab sl o3, x (LSS (5 L]

cultivar

Supplemental irrigationx Taktaz ;Lss o, x eSS (5 Ll

cultivar
Full irrigationx Aftab cultivar JtsT 8, x sl s L
Full irrigationx Taktaz cultivar ;Lss o3, x Jel5 s,k
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Means with common letters in each column are not significantly different from each other at the 5%

probability level based on the LSD test.
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Table 5 - Main effect of experimental treatments on grain P and K concentrations in wheat

Selgd weal (LA Jslxe

SlE ) 0gS gl b Jlaws i

. . . . rvé) G)L.HT
Foliar spraying of fulvic Pretreatment with : o
. . - Cultivar Irrigation .
acid organic nanofertilizer Jlows
J S Lbed Gl os 5] s ] Li.., Treatment
10gl* 5gl* 0gl" Oneper  Without ’ - J o S 03
Taktaz Aftab Full Supplemental No Irri.
thousand Pretreatment
0.395a 0.383b 0.368c 0.389% 0.375b 0.362b 0.402a 0.406a  0.379b 0.361c P () ,aud
0.456a 0.452a 0.447a 0.457a 0.446b 0.453a 0.450a 0.567a  0.454b 0.334c K (/) pulsy
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Means with common letters in each column are not significantly different from each other at the 5%

probability level based on the LSD test.
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Table 6- Interaction effect of irrigationx cultivarx organic nanofertilizer on grain P yield (kg.ha™)

in wheat
Full irrigation Su_pp_lem_ental No |r.r|gat|on Treatment
ga
irrigation (rainfed)
Sl 3 % S oS b b 5y Jless (i (9o
14.159d 9.958f 6.326h Without seed pretreatment with organic
nanofertilizer x Aftab cultivar
ST o8, x S 0gS gl by jlesd iy (9
18.190b 8.415g 4.732i Without seed pretreatment with organic
nanofertilizer x Taktaz cultivar
ST (3, x S 095l Jl5a 0 o clale b s Lo
16.420c 11.881e 9.976f Seed pretreatment with a concentration of one per
thousand organic nanofertilizer x Aftab cultivar
S 08, x S, ogS el e 0 S cdale by e i
21.460a 10.341f 5.893h Seed pretreatment with a concentration of one per

thousand organic nanofertilizer x Taktaz cultivar
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Means with common letters in each column are not significantly different from each other at the 5%

probability level based on the LSD test.
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Table 7- Analysis of variance of studied traits in wheat

(Mean of squares) e yo . Silo

| | Sed Jgo Connd Sd Jge Cod az)°
:Uoo,Sl.Q.cdjoL’ﬁ.:Sjﬁ - Ni
Grain Seed Sy % N Q‘M 4 o ] S LSQ‘)‘ 2 olie
. , : : Phytic acid  df s
y|e|d protein Molar ratio of Molar ratio of L.
phytic acid to zinc phytic acid to iron (Source of variations)
12.657™ 18.558™ 233.239™ 3.032™ 33.036™ 2 Replication ,|,55
5939.941™ 86.906™ 3434.722™ 498.095™ 76708.012™ 2 Irrigation (s,
0.532 0.819 11.345 0.131 2.141 4 Irrigation x Replication ,I,55 x s ,Lo]
226.126™ 59.974™ 200.326™ 27.995™ 4603.010™ 1 cultivar 3,
672.4427 34.1917 582.093" 76.023™ 3075.532" 1 Organic nanofertilizer (ISl 555 5k
464.191" 32.207™ 534.851™ 78.305™ 3051.844™ 2 fulvic acid Gglgd ol
5356  0.379" 2.547" 0.349" 10gor 1 CultivarcOrganic Sl aglix o,
nanofertilizer
0.649" 0.531™ 0.375" 0.187" 27.3977 2 cultivarx fulvic acid < glg8 ol x 3,
13373%  0.273® 11.078" 1158"  164.808" 2 ey sl S| 0555
Organic nanofertilizer x fulvic acid
1228.029™ 2.225™ 2.382™ 0.818" 753.268™ 2 Irrigationx cultivar o3, x (Lol
8.593"  1.107 3.215™ 0.211m 13375~ 2 lmigationx sl ogs il x (s, L
Organic nanofertilizer
15.748™  0.202" 24.339™ 3.616™ 2502485~ 4  IMigationxfulvic ie.siss sl x5 )l]
aci
S gdd sl x ST, 05556 x o8,
0.622 0.651™ 3.376™ 0.120% 10.901 2 cultivarx Organic nanofertilizerx fulvic
acid
Sl 055516 x 18, x Lg)lﬁ.}—l
47.208™  0.068" 7.809™ 0.385™ 84.551™ 2 Irrigationx cultivarx Organic
nanofertilizer
4533 0.554" 0.653 0.101" 4008 4 sl sl w8 x ool
Irrigationx Varietyx fulvic acid
Sogled sl x SOlE )| 0454 x LS)L:-.‘—‘
2.202 0.235" 13.105 1.569 183.524 4 Irrigationx Organic nanofertilizerx
fulvic acid
Aol x S, 045 9l x o8, x d)L.HT
2.312™ 0.309™ 0.850™ 0.079™ 13.715™ 4 Sgled
Irrigationx cultivarx Organic
nanofertilizerx fulvic acid
0/183 1.935 3.430 0.225 0.170 66 Error ool glas
1.450 9.286 5.474 4.002 3.341 CV. (/) Olpuss oo

WOl g do )0 ) 5 ae )0 0 maw jo o pme lo gre jf o 4y e g % NS
ns, *, and ** are non-significant, significant at the 5% and 1% levels, respectively.
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Table 8- Interaction effect of irrigation x cultivar x organic nanofertilizer x fulvic acid on phytic

acid content (mg.kg™) of wheat

J’"ls d)L.e-.’"

Full irrigation

eSS 5k
Supplemental

irrigation

Skl s
Without
irrigation

o, Loy
Treatments

18224.9c

15576.3i

14923 8

16673.5f

15987.2g

13887.8k

20724.2a

18079.5d

17997.2¢

18556.8b

18122.8d

15878.9h

12758.50

12169.8q

11979.5r

12389.3p

10957.8u

9938.8v

13689.91

12989.2n

12976.3n

13059.5m

11874.2s

11216.2t

8728.4x

7932.8[

7679.3]

77811.3\

6738.9-

6163.3,

9094.8w

8498.6y

7854.7\

8173.3z

7802.4\

7434.8"

DT (05, XS 9058 al (o5 ko (y9 XSS 058 il L 40 sl Loy o9
No seed pretreatment with organic nanofertilizer x No foliar spraying of fulvic
acid x Aftab cultivar
BT 05, X Sy3l8 sl B QI by Jplona XSS 0555 L 53 o g 09
No seed pretreatment with organic nanofertilizer x foliar spraying 5 g.I* fulvic
acid x Aftab cultivar
T 8, X Syl5d sl Y+ QI 2l Jglome XSSl 0555 L s e o o9
No seed pretreatment with organic nanofertilizer x foliar spraying 10 g.I*
fulvic acid x Aftab cultivar
ST 3 XSy al5d anl (il Joloeo g0 XS | 0555L 158 50 o L 0 Jled i
Seed pretreatment with one per thousand organic nanofertilizer x no foliar
spraying of fulvic acid x Aftab cultivar
bl 03, X Soglg8 sl B Gl L3 Jslone XS5 0555 S5 50 S b 4 o oy
Seed pretreatment with one per thousand organic nanofertilizer x foliar
spraying of 5 g.I"* fulvic acid x Aftab cultivar
ST 03, X Sogld sl 1+ QI Ly Jolome XSl )1 35556 150 50 S b iy Jlowd i
Seed pretreatment with one per thousand organic nanofertilizer x foliar
spraying of 10 g.I*! fulvic acid x Aftab cultivar
SUSS 08, XSy gdgd sl (2L Jglome (900 XS5l 0989l b )0 Jlond Gl 9o
No seed pretreatment with organic nanofertilizer x No foliar spraying of fulvic
acid x Taktaz cultivar
ST 03, X Suglsh sl O QLI L3 Jalome X SIS 0555 Ly e g 90
No seed pretreatment with organic nanofertilizer x foliar spraying 5 g.1"* fulvic
acid x Taktaz cultivar
ST 08, X Syglgh ol Vo QLI il Jolone XSS 395 5 Ly Slowd iy
No seed pretreatment with organic nanofertilizer x foliar spraying 10 g.1*
fulvic acid x Taktaz cultivar
S 08 X Suglgd deml (AL Jolore gy XSG 059 e 50 SG L yd jled i
Seed pretreatment with one per thousand organic nanofertilizer x no foliar
spraying of fulvic acid x Taktaz cultivar
ST 03, X Saglgd arl O QI o5l Jolone X SIS J 55555k 3 53 o L i e ien
Seed pretreatment with one per thousand organic nanofertilizer x foliar
spraying of 5 g.I"* fulvic acid x Taktaz cultivar
S5 03, X Saglsh ol Ve Gl L8 Jslone XSS 0555 S5 50 S by e oy
Seed pretreatment with one per thousand organic nanofertilizer x foliar
spraying of 10 g.I"! fulvic acid x Taktaz cultivar

G LSD ype5T bl 5 oys 8 Jloio] grlaws 55 g o 0 S e Ggym sl slagySilos

A5l e bl s

Means with common letters in each column are not significantly different from each other at the 5%
probability level based on the LSD test.
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Table 9- Interaction effect of irrigation x organic nanofertilizer x fulvic acid on the molar ratio of
phytic acid to iron and zinc in wheat

595 4 Sl LS Jgo o ool 4 ol Sd Jge Conns
Molar ratio of phytic acid to zinc Molar ratio of phytic acid to iron s
] 5 s ] ] eSS ] ] o
S sl o e | Slom skl 2 oo | Sl oo Treatment
Full irri. uppifrrirlenta Noirri.  Full irri. uppifrrrenta No irri.

X Sl by e Lt (g

Saglsd sl (2L Joloe (g0
52.994a 39.156e  29.142gh 19.121a 13.560e 10.132h No seed pretreatment with
organic nanofertilizer x No
foliar spraying of fulvic acid
X S 510956l b ydy lass ey 3o
Saglg ol 0 QI sl Jolowe
43.892bc 35.607f 25.636ij 15.749c¢  12.331fg 8.743]  Without seed pretreatment with
organic nanofertilizer x foliar
spraying 5 g.I"* fulvic acid
X S, 0g5 6l b ydy Jlasd Gty O3
Saslgd el Ve QI L5 Jlrs
41.143de 34.052f 23.784j 14.732d 11.839g 8.027K  \without seed pretreatment with
organic nanofertilizer x foliar
spraying 10 g.I"* fulvic acid
0555k 55 0 S Ly Hled i
Sl (Bl Jglre g XSS
Seslgd
Seed pretreatment with one per
thousand organic nanofertilizer
x no foliar spraying of fulvic
acid
5959yl 50 S b yd e i
el 0 G il Jolone X SIS
Seslgd
Seed pretreatment with one per
thousand organic nanofertilizer
x foliar spraying of 5 g.I*
fulvic acid
0555l e 50 SH L% e i
el Ve QI sl Jolone X LS|
Seglgh
Seed pretreatment with one per

thousand organic nanofertilizer
x foliar spraying of 10 g.I*

45.669b 35.345f 25.216ij  16.599b 12.510f 8.680j

42.703cd  30.479g 21.610k  15.073d 10.536h 7.2521

35.765f 27.250hi 19.582k  12.631f 9.385i 6.466m

fulvic acid
WS LSD (yg03] (wlasl o 200 O Jloiis! mlaws o giw ;o 40 S ie By, syl sla . Sile

RVRRVIPY 3 PR COpE O
Means with common letters in each column are not significantly different from each other at the 5%
probability level based on the LSD test.
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Table 10 - Main effect of experimental treatments on wheat grain protein percentage

~ Sl (3L sl 35550 b jlard
Cultivar . e (]
Soglgd S| o=
Foliar spraying of Pretreatment with Irrigation
fulvic acid organic nanofertilizer o
P G O .., Treatment
e L O
T)Lk? Z: tl 10gl* 5gI* 091t Ll ot fﬁ Supplemental <!
aktaz Afta : ull Supplemental <~
Oneper  Without pp No irri.
thousand pretreatment
(1) @ls pufig
14.2b 15.7a 15.8a 15.1b 13.9c 15.5a 14.4b 13.5¢c 14.7b 16.6a geeq protein
(%)

02 bl sae BWSILSD (yg0;] wlal 5 auo,0 0 Jlas! prhaws 10 (g, 40 S o By, (gl sl Sileo

IREHRY

Means with common letters in each column are not significantly different from each other at the 5%

probability level based on the LSD test
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Table 11- Interaction effect of irrigation x Cultivar x Organic nanofertilizer x Fulvic acid

on grain yield (kg.ha*) of wheat

Irrigation L.

Jols
Full

Supplemental

d)lﬁT O
No irri.

e
Treatment

2931.2k

3380.3h

3765.89

3271.3i

3725.2g

4194.5f

4353.8e

4862.7d

5290.6¢

4865.7d

5531.9b

6082.2a

2295.9r

2558.00

2836.4Im

2638.1n

2900.6KI

3266.6i

2116.9s

2384.1q

2570.6n0

2475.1p

2790.6m

3058.3]

1457.7x

1694.8v

1875.1u

2005.5t

2597.90

3088.0j

1218.0y

1388.5x

1615.5w

1423.5x

1637.7uw

2026.4t

QLT 08, XSy algd wnnsl (Ll Jsloro (y900 XSS )1 055930 b )3y sled Gy oot
No seed pretreatment with organic nanofertilizer x No foliar spraying of
fulvic acid x Aftab cultivar
ST 03, XSyl el O QI by Jolme XSS 1 3955y 53 o g oo
No seed pretreatment with organic nanofertilizer x foliar spraying 5 g.I*
fulvic acid x Aftab cultivar
ST 03, X Syglsd el Vo Gl il Jplona XSS 3555 b s Slosd oy (o9
No seed pretreatment with organic nanofertilizer x foliar spraying 10 g.I
! fulvic acid x Aftab cultivar
sl 08 X Sodgd sl (b Jolome (900 XS )1 09590 150 50 SO L Hdu Hled Gl
Seed pretreatment with one per thousand organic nanofertilizer x no
foliar spraying of fulvic acid x Aftab cultivar
LT 58, X Saglsh el O QT Ll Jslona XS5 ,1 3555 150 50 o b iy et ey
Seed pretreatment with one per thousand organic nanofertilizer x foliar
spraying of 5 g.I"* fulvic acid x Aftab cultivar
ST 58, X Saglgh sl Vo QI L3l Jolme XSS 0555 3 53 S Ly jlond iy
Seed pretreatment with one per thousand organic nanofertilizer x foliar
spraying of 10 g.I"* fulvic acid x Aftab cultivar
ST o8, XSG gled asl (BL Jolore (ya0s XSl 059l b jdy jless i (e
No seed pretreatment with organic nanofertilizer x No foliar spraying of
fulvic acid x Taktaz cultivar
S5 03, XS lyd sl B Gl S5 Jsloma XSS 1 35550 b 13 Jlod e o9
No seed pretreatment with organic nanofertilizer x foliar spraying 5 g.I™
fulvic acid x Taktaz cultivar
S5 08, X Saglod sl 1+ QI sl Joloms XSS 55556 L 500 Lot i (9
No seed pretreatment with organic nanofertilizer x foliar spraying 10 g.I
! fulvic acid x Taktaz cultivar
S o8, X Suglgd ol (Lol Jslome (500 XSS, 05560 jl5 50 S L ds jled i
Seed pretreatment with one per thousand organic nanofertilizer x no
foliar spraying of fulvic acid x Taktaz cultivar
SUSS 08, XS gls ol O gI* b sl XSG )l 0559 50 50 SO L yds jlerd Gl
Seed pretreatment with one per thousand organic nanofertilizer x foliar
spraying of 5 g.I"* fulvic acid x Taktaz cultivar
SESS 08, X Sa5lsh gl Ve QLT Ll Jplone XSS 0555 S50 50 S Ly jlost i
Seed pretreatment with one per thousand organic nanofertilizer x foliar
spraying of 10 g.I"* fulvic acid x Taktaz cultivar

A, e bl s

Means with common letters in each column are not significantly different from each other at the 5%
probability level based on the LSD test
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EXTENDED ABSTRACT

Introduction: Drought stress is one of the most significant abiotic stresses constraining the growth and yield of wheat,
particularly in rainfed and semi-arid regions. The application of supplemental irrigation at critical growth stages, along
with organic compounds such as nano-organic fertilizer and fulvic acid, represents an effective strategy to enhance
tolerance to water deficit and improve both the quantity and quality of the grain. The present study aimed to investigate
the effects of nano-organic fertilizer and fulvic acid on the yield and qualitative characteristics of wheat under varying
irrigation regimes.

Methodology: The experiment was conducted as a factorial split-plot arrangement within a randomized complete block
design with three replications, during the 20232024 growing season at the research farm of the Agricultural and Natural
Resources Research Center of Ardabil Province (Moghan). The main plots were allocated to three irrigation levels (no
irrigation/rainfed, supplemental irrigation at the heading stage, and full irrigation). Subplots consisted of two wheat
cultivars (Aftab and Tak-Taz), seed priming with nano-organic fertilizer (0 and 1:1000 v/v), and foliar application of
fulvic acid at three concentrations (0, 5, and 10 g L™Y). The measured traits included the concentrations of micronutrients
(iron, zinc, manganese, boron, and copper) in grains, grain phosphorus and potassium percentages, grain phosphorus
yield, phytic acid content, the molar ratio of phytic acid to iron and zinc, grain protein percentage, and grain yield.
Research findings: The results demonstrated that the highest concentrations of iron (95.495 mg kg), zinc (40.241 mg
kg1), manganese (61.335 mg kg?), boron (9.246 mg kg?), and copper (39.349 mg kg?') were obtained under full
irrigation x Tak-Taz cultivar, while the lowest values were recorded under rainfed conditions x Tak-Taz cultivar. Seed
priming with nano-organic fertilizer significantly increased grain phosphorus and potassium percentages by 3.73% and
2.47%, respectively. Similarly, foliar application of fulvic acid at 10 g L** enhanced grain phosphorus content by 7.34%
compared to the control. Across all three irrigation levels, the combined application of nano-organic fertilizer and fulvic
acid led to a significant reduction in grain phytic acid content and its molar ratio to iron and zinc. Grain protein
percentage increased by 7.8% due to nano-organic seed priming, and by 8.46% and 13.39% with foliar application of
fulvic acid at 5 and 10 g L™, respectively, relative to the control. The highest grain yield (6082 kg ha™) was achieved
under the full irrigation x seed priming with nano-organic fertilizer x 10 g L fulvic acid x Tak-Taz cultivar
combination, whereas the lowest yield (1218 kg ha*) was observed in the rainfed, no nano-organic fertilizer, and no
fulvic acid treatment with the Tak-Taz cultivar. Overall, the application of nano-organic fertilizer and foliar spraying of
fulvic acid at 10 g L%, particularly when combined with supplemental irrigation, not only increased grain yield, protein
content, and micronutrient enrichment but also reduced the anti-nutritional compound phytic acid. Therefore, this
integrated approach can be recommended as an effective strategy toward sustainable agriculture and improved wheat
quality in rainfed and semi-arid regions.
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