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Abstract

Introduction

Legumes are a vital source of plant-based food, second only to cereals. Among them, Chickpea

(Cicer arietinum L.) holds significant importance, particularly in semi-arid regions such as
western Iran, where it is primarily cultivated under rainfed conditions. Chickpea is a valuable
dietary component, particularly for low-income populations, as it is rich in protein (18-22%),
unsaturated fatty acids (e.g. linoleic acid and oleic acid), and a good source of vitamins, such as
riboflavin, niacin, thiamin, and folate (vitamin B9), and beta-carotene (a precursor of vitamin A)
and minerals including calcium, magnesium, phosphorus, and potassium. In terms of total grain
production in rainfed environments, chickpea ranks as the third most cultivated crop in Iran.
Kermanshah province, with approximately 141,000 hectares dedicated to chickpea farming, leads
in cultivation area. Despite this, the average yield of rainfed chickpea fields in Iran (480 kg/ha)
lags significantly behind the global average (1,057 kg/ha). This disparity is primarily attributed to
limited soil moisture and a lack of bioavailable nutrients. This study investigates the potential of
iron, zinc, and boron chelates applied in both bulk and nanoparticle forms — to enhance chickpea
grain yield and address nutritional deficiencies under rainfed conditions.

Materials and Methods

The experiment was conducted during the 2018-2019 growing season at the Agriculture and
Natural Resources Campus of Razi University under rainfed conditions. A randomized complete
block design with three replications was implemented. Fertilizer treatments were applied as foliar
sprays in two growth stages: the beginning of vegetative growth and flowering. Treatments
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included bulk and nanoparticle chelates of iron, zinc, and boron at three concentrations (2, 4, and
8 g/1), their combinations and a control.

Results and Discussion

Soil analysis revealed deficiencies in bioavailable iron, zinc, and boron. The analysis of variance
showed that both the type and concentration of fertilizers significantly affected grain yield and its
components. All treatments, except boron fertilizer, caused a significant increase in grain yield
compared to the control. The highest yield (814 *¥™*) was observed with the combined application
of iron+zinc+boron at 8 g/, resulting in 1,392 kg/ha grain yield and 3,287 kg/ha biomass. Other
notable results included combinations of iron + zinc + boron (1,196 kg/ha), iron + zinc (1,108 kg
/ ha), and bulk zinc alone (1,053 kg/ha). Increasing fertilizer concentration positively influenced
plant height, the number of pods per plant, grains per pod, total grains per plant, and 100-grain
weight. Among all treatments, the concentration of 8 g/l consistently yielded the most significant
improvements. While nanoparticle fertilizers performed well, bulk forms of iron and zinc proved
equally, if not more, effective in enhancing grain yield. However, bulk fertilizers were superior in
increasing plant height.

Conclusion

The study concludes that while both bulk and nanoparticle fertilizers of iron and zinc improve
chickpea yield under rainfed conditions, nanoparticle fertilizers did not demonstrate a clear
advantage over bulk forms. However, regarding plant height increase, bulk iron and zinc
fertilizers were particularly effective. Considering reports of the higher efficiency of
nanoparticles in irrigated environments, further research is necessary to determine conditions
where nanoparticles may outperform bulk fertilizers in rainfed systems.
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Table 1. Physico-chemical properties of experimental soil (Sampling depth 30 cm)

Parameters Parameters
Sand (%) 10.7 N (%) 0.09
Silt (%) 439 P (mg kg™t 125
Clay (%) 454 K* (mg kg™ 360
Texture Silty clay cu?* (mg kgl 1.8
pH (1:2) 7.8 Fe?" (mg kg®) 4.2
EC (ds m?) 0.62 Zn** (mg kg™ 1.12
OC (%) 1.71 BO, (mg kg™h) 0.14
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Figure 1. Changes in temperature and rainfall in the crop year of 2018-2019 in Kermanshah.

Table 2. Foliar spraying treatments of bulk and nanoparticle fertilizers of iron, zinc, and boron.

Control Bulk fertilizers Nanoparticle fertilizers

Fe 2 Fe 2 Fe2+2Zn2 Fe2+2Zn2+B2

Fe 4 Fe 4 Fed+7Zn4 Fed+Zn4+B4

Fe 8 Fe8 Fe8+2Zn8 Fe8+2Zn8+B8
Zn 2 Zn 2 Fe2+B2
. . Zn 4 Zn4 Fe4+B4

Foliar Spraying of water

Zn 8 Zn8 Feg8+B8
B2 Zn2+B2
B4 Zn4+B4
B8 Zn8+B8

Fe, Znand B, 2, 4 and 8 are concentrations of 2, 4, and 8 g I"* of iron, zinc and boron, respectively.
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Table 3. VVariance analysis (mean square) of different groups of bulk and nanoparticle forms of iron,
zinc and boron fertilizers on grain yield and some related traits of rainfed chickpea

\S/‘;‘;fgteloor]fs df. GY BY HI PP SP  SPI PH BP 100GW
Block 2 1312 5219™ 3.19™ 7.1™ 0.01™ 1.12"™ 1.05" 0.08™ 1.78"
Fertilizer kind 9 57767 227457 519" 2717 0.015° 4717 2627 0297 312"
Error 18 1289 4973 195 56 0003 6.6 082 004 111
C.V.% 111 920 413 108 104 533 451 572  3.90

GY: grain yield, BY: biomass yield, HI: harvest index, PP: number of pod plant-1, SP: number of seed
pod-1, SPI: number of seed plant-1, PH: plant height, BP: number of branches in plant, 100GW: 100 grain
weight. ", " and ™: non-significant and significant at 5% and 1% probability levels, respectively. df: degree
of freedom; C.V: coefficient of variation
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Table 4. VVariance analysis (mean square) of different concentrations of bulk and nanoparticle forms
of iron, zinc and boron fertilizers on grain yield and some related traits of rainfed chickpea

Source of

Irce df. GY BY HI PP SP SPl PH BP 100GW
Variations
Block 2 457" 1681 18.2" 250" 0.03° 4.42™ 203" 022 6.32"
Fertilizer's 27 1403 64917 850" 43.0™ 0.02” 61.67 3047 0417 7.40
concentration
Error 54 365 2050 7.91 143 0001 21.1 201 013 293
C.V.% 160 145 683 169 185 7.10 6.02 862  4.81

GY: grain yield, BY: biomass yield, HI: harvest index, PP: number of pod plant™, SP: number of seed pod
! SPI: number of seed plant™, PH: plant height, BP: number of branches in plant, 100GW: 100 grain
weight. ™, “and *": non-significant and significant at 5% and 1% probability levels, respectively. df: degree
of freedom; C.V: coefficient of variation.
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Figure 2. Means comparison of foliar spraying of bulk and nanoparticle forms of iron (Fe), zinc (Zn), and
boron (B) fertilizers on chickpea grain yield in rainfed condition. Columns with at list a similar letter are
not significantly different (P<0.05) based on Duncan's test at the five percent probability level.
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Figure 3. Means comparison of different concentrations of bulk and nanoparticle forms of iron (Fe),
zinc (Zn), and boron (B) fertilizers on chickpea grain yield in rainfed condition. Fe (Zn, B) 2, 4, and
8: iron (zinc, boron) 2, 4, and 8 g I"!. Columns with at list a similar letter are not significantly
different (P<0.05) based on Duncan's test at the five percent probability level.
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Table 5. Means comparison of different groups of bulk and nanoparticle forms of iron (Fe), zinc
(Zn), and boron (B) fertilizers on chickpea grain yield and some related traits in rainfed condition.

. .. BY HI 100GW PH

Foliar application Group (kg ha’) %) © PP SP SPI (cm) BP
Control 2065°¢ 39.4¢  34.39 16.0¢ 1.18¢ 1789  2656°  3.14¢
Fe nano 2151 % 406 3494 21.8%¢ 122  215% 2833° 342¢
Zn nano 2306 406> 3514 20.7%  1.20%  220% 27.46% 356"
B nano 2066° 39.9% 351%@ 18.1%  127%d  199¢ 2696  3.18¢
Fe+Zn nano 2620 % 423  375° 246%®  1.34° 27.9% 31,03 3.98°
Fe+B nano 2400 ¢ 42.0%  36.3%  236%® 128 256" 3153% 385%®
Zn+B nano 2407 "¢ 410 365%  237®  1.30° 269% 31.76%  4.06°
Fe+Zn+B nano 28592 41.8% 3742 2582 1.422 30.8%  32.39°  4.06°
Fe conventional 2517 ¢ 39.7°¢  35.8%¢ 229% 1240 249"  31.77° 3.61%
Zn conventional 2624 3¢ 40.1° 357°%¢  218% 130° 253  31.66° 3.75%

BY: biomass yield, HI: harvest index, 100GW: 100 grain weight, PP: number of pod plant™, SP: number of
seed pod™, SPI: number of seed plant™, PH: plant height, BP: number of branches in plant. Columns with at
list a similar letter are not significantly different (P<0.05) based on Duncan's test at the five percent
probability level.
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Table 6. Means comparison of different concentrations of bulk and nanoparticle forms of iron (Fe),
zinc (Zn), and boron (B) fertilizers on chickpea grain yield and some related traits in rainfed

condition.
. . Kind of BY HI 100GW PH
Foliar application fertilizer (kg ha‘l) %) © PP SP SPI (cm) BP
Control 20659 394" 1619 3437 118" 17.7% 265"  3.16
Fe2 2068° 39.9%¢ 3459 1758 118"  16.0° 272" 3.30"
Fed 210349 405%  34.7° 21.5%" 118" 213"t 2859 333"k
Fe8 22829 413" 354%  26.3%¢  1.30° 27.2%¢ 2920 3 70%
Zn2 2089° 42.1%  34.0¢ 152" 1.23%F  18.4% 72" 320K
Zn4 2227%9 41.7% 354 205" 1.23°f 216" 275" 3.76°"
Zn8 26049 38.4%°  36.0°  264%9 140%™ 26.0* 275" 373
B2 19169 38.7%°  34.0° 1579 1.23f 175% 269"  3.10%
B4 2080° 395  34.7¢ 19.24"  126°" 2117 269" 323"
B8 2202%9 412%™ 367 193" 1.33%d 211%¢ 271"  3.30M
Fe2 Zn2 2234%9 46.2°  36.8%  21.6%" 130" 24.1°° 27.90" 353
Fe4 Zn4 Nano particle 2760”°  40.1%° 367% 256" 133" 203* 318" 413"
Fe8 Zn8 2866%¢ 41.3% 39.1° 26.4%9 13979 30.3®° 334% 4307
Fe2 B2 2182%9 385 34.7¢ 21130  1.23%F 224 289%h  3.60°K
Fe4 B4 244759 419%™ 374%  232%9 129 247% 31.9*" 3.86%Y
Fe8 B8 25719 449° 367 271  1.32%° 206% 338" 4.10°°
Zn2 B2 20541 405 36.1% 206" 1.22¢F 23.7%% 30.3%" 3.96%9
Zn4 B4 259959 395" 36.7®  235%" 130° 27.7% 324%C 3930
Zn8 B8 25679 4209% 3670  26.9% 1389 293 324% 426
Fe2 Zn2 B2 235859 39.7%  36.1%®  23.2%0 130 286 28.9°" 3.62F
Fe4 Zn4 B4 2932% 429°  374®  263% 1417 30.0® 34.0° 4.25%¢
32872 42.3%  38.6° 28.3° 149 338  341° 4.35°
Fe2 21165 39.8* 3544 19.9°" 1237 2228%  313%¢  3.469%
Fed 25109 39.8° 354%  232%0 126" 2420 31.9%¢ 3469
Fe8 Bulk 2727° 423%™ 368%  258% 126°" 284% 320 3.96%¢
Zn2 2107°0 405™  34.4¢ 18%" 123" 216 30.2°9 3.30™
Zn4 2854 38.6° 368  225%" 128" 257%¢ 3120¢ 38"
Zn8 2913%® 412%™ 360%  251%*° 148  285% 335% 423

BY: biomass yield, HI: harvest index, 100GW: 100 grain weight, PP: number of pod plant™, SP: number of seed pod™,
SPI: number of seed plant'l, PH: plant height, BP: number of branches in plant, Fe (Zn, B) 2, 4, and 8: iron (zinc,
boron) 2, 4, and 8 g I'*. Columns with similar letters are not significantly different (P<0.05) based on Duncan's test at

the five percent probability level.
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