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Article Info ABSTRACT
Article type: Background and Objectives: Nowadays, the significant increase in
Research Full Paper population has placed an additional burden on global agricultural

resources. Consequently, meeting global food demand and increasing
farmers' incomes has become a challenging task. Common bean
(Phaseolus vulgaris) is among the most important legumes for direct
human consumption and are one of the most widely cultivated bean
species in the world. Nanotechnology 1is considered an
environmentally friendly approach for providing new solutions to
minimize agricultural harm. The use of zinc and iron nanoparticles as
a foliar spray treatment can be a promising strategy to mitigate iron
deficiency in sandy soils and enhance plant growth, pod yield, and
quality in common bean. This study aimed to investigate the effects of
foliar application of iron and zinc nanoparticles on seed yield and some
agro-physiological traits of three common bean cultivars.

Article history:

Received: 2025-04-18 ~ Materials and Methods: The experiment was conducted as a split-

Accepted: 2025-09-21  plot design within a completely randomized block design with three
replications in the village of Balasjin, city of Sarab, East Azarbaijan
Province during the 2022-2023 agricultural year. The treatments
included three common bean cultivars (local Sarab, Talash, and
Uzbek) as the main factor and four levels of foliar application (control
(water spray as control), iron oxide nanoparticles (at a concentration
of one gram per liter), zinc oxide nanoparticles (at a concentration of
one gram per liter), and combined application of iron and zinc oxide
nanoparticles (at a concentration of one gram per liter)) as the sub-
factor.

Results: The results indicated that the effects of the experimental
treatments (common bean cultivars and foliar application of iron and
zinc nanoparticles) on the evaluated traits were significant. Foliar

Keywords: application of iron and zinc nanoparticles led to increased chlorophyll

Foliar application index, relative water content, stomatal conductance, maximum
Chlorophyll index fluorescence, variable fluorescence, quantum yield, and plant height,
Quantum yield number of lateral branches, biological yield, and seed yield, and

Relative water content decreased minimum fluorescence. Furthermore, the Talash cultivar of
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common beans exhibited the highest relative water content, stomatal
conductance, maximum fluorescence, variable fluorescence, quantum
yield, and seed yield compared to the other two cultivars. Under the
conditions of combined foliar application of iron and zinc oxide
nanoparticles, the highest values of plant height (79.033 cm), number
of lateral branches (7), and biological yield (4134.3 Kg ha™) were
observed in the Talash, local, and Uzbek genotypes, respectively.

Conclusion: The results of this study showed that the application of
iron and zinc nanoparticles, by influencing the relative water content
and photosynthetic conditions of the Talash cultivar, significantly
increased the seed yield of this cultivar compared to the local and
Uzbek cultivars.
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Table 1. Physical and chemical particular of farm soil

' Ape o M oS o A S el

“""“”‘. . o kot Organic C p Zn K
Characteristic pH

(%) aw s Ppm) ¢l s

Amount sl. 2.5 - 14.6 1.36 480

. Gos S S Sl o e o

ch Depth EC Sand Silt Clay
aracteristic ) .77

(cm) (dSm™) %) ds s
Amount sl 0-30 1.85 40 42 18
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Table 2. Characteristics of nano-zinc and iron oxides
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Figure 1.Mean comparison of the simple effects of cultivars (A) and foliar application (B) on Chlorophyll
index (SPAD) in Bean.
The different letters in each column indicate significant differences at 5% probability level.
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Tabel 2. Analysis of variance for the effect of cultivars and foliar application on studied traits in Bean
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ns and ** indicating not significant, the significant differences at 5 and 1 percent probability levels.
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Table 4.Mean comparison for the interaction effect of cultivars and foliar application on studied traits in

Bean (Cutting of cultivars at each foliar spray level).

Number of branching(sae) s b 4Ls sluas

(53 09 (s Sles

Sl 3, e 035 Sl el

Foliar treatment (g/1) Talash cultivar local cultivar Uzbek cultivar
ol abd
ST e }lm 5.267a 4.000b 4.400b
Foliar application with water
L SISl L b
e 6.700a 4.933¢ 5.500b
Foliar application with nano Zn oxide
pal SIS L abd
. - T > o e ) 5.633b 5.767a 5.700ab
Foliar application with nano Fe oxide
] AS1 5 ol g 5L
S5 3 AT SIS gl e o 7.000a 6.067ab 6.800b
Combined foliar application with nano oxide Zn and Fe
Leaf relative water content(iss) &, Ol i (gl gt
(253 08) ik sl Sles A ) S 0d) Sl s
Foliar treatment (g/1) Talash cultivar local cultivar Uzbek cultivar
ol L st
o] ’M le’“ 61.300a 53.100b 49.533¢
Foliar application with water
y LSTab L sl
e e e . 71.967a 66.800b 54.633¢
Foliar application with nano Zn oxide
el LuSIHb L sl
) o T > i e . 84.233a 74.633b 63.267¢
Foliar application with nano Fe oxide
al A1l g a5l
b el st any 87.367a 77.700b 77.467bc
Combined foliar application with nano oxide Zn and Fe
Stomatal conductivity(WMH20m2S) ¢laijs, culin
(53 08 ibdslos Jles A B3, S s Sl eds
Foliar treatment (g/1) Talash cultivar local cultivar Uzbek cultivar
ST b s 24.300a 21.667bc 21.867b
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Foliar application with water
555 2156 b 3 slone

) T ) ) 27.267a 23.100b
Foliar application with nano Zn oxide
sl SIS0 b a0 s
L T _ 25.567b 26.533a
Foliar application with nano Fe oxide
(Al ST 56 ol il s
5202 08 Sm R O o 29.500a 27.567b

Combined foliar application with nano oxide Zn and Fe

22.500bc

26.067ab

26.367bc

sl MJ’@JWl c]a.w).:)bd‘\u gl e das QLA Ot a5y Doglite Uiy

The different letters in each column indicate significant differences at 5% probability level.

(3bdglons gl 2 55 pB)1 3 ) Lo 55 0 addllas Dlio (g5, (L shons 5 U1 2iSan Sibe awglie — Jgua asls!

Table 4. Continued- Mean comparison for the interaction effect of cultivars and foliar application on studied

traits in Bean (Cutting of cultivars at each foliar spray level).

Quantum yield .18 5 Sas

(252 08 b sl Sles S e EEVRS Sl B,
Foliar treatment (g/1) Talash cultivar local cultivar Uzbek cultivar
oI abd
o "w ,1» 0.570a 0.529b 0.517ab
Foliar application with water
5 ASIeb L sl
o sn s 0.649b 0.735a 0.555¢
Foliar application with nano Zn oxide
ol SIS L sk
) - T > '_‘;w e ) 0.791a 0.734ab 0.598b
Foliar application with nano Fe oxide
S92 2l Sl e 0.864a 0.834ab 0.788b
Combined foliar application with nano oxide Zn and Fe
Maximum fluorescence jsSla> .l s
(253 08 Gibd sl Sles S RS Sl el

Foliar treatment (g/1) Talash cultivar local cultivar

Uzbek cultivar

I L s

. e ) 681.67a 549.00b 542.33b
Foliar application with water
L SISl L b
o SRR - _ 738.33a 728.00ab 625.00b
Foliar application with nano Zn oxide
ol SIS L abd
. &. ) .f w e ) 797.00a 756.67b 685.00c
Foliar application with nano Fe oxide
] AS1 bl g 5l
S92 2l Sl e 828.00a 813.00b 783.33¢
Combined foliar application with nano oxide Zn and Fe
fluorescence Variable sz lo sk
(253 08 ik sl Sles S D) Sl b,
Foliar treatment (g/1) Talash cultivar local cultivar Uzbek cultivar
ol L st
o e 389.71a 290.74b 282.06bc
Foliar application with water
y LSTab L sl
532 550 b Al 460.13b 536.79a 323.11¢
Foliar application with nano Zn oxide
Al LSt b sl
P Sk 626.60a 560.39b 405.83c
Foliar application with nano Fe oxide
al dSI b ol 3L
S35 2l Sl e 720.76a 679.10b 620.23bc

Combined foliar application with nano oxide Zn and Fe

wlw;;c\iJL&»l daw):)\:w Q)L&Jav\.’&: olis Q}ijﬁ)édzju:d d}f

The different letters in each column indicate significant differences at 5% probability level.
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Continued Table 4. Mean comparison for the interaction effect of cultivars and foliar application on studied

traits in Bean (Cutting of cultivars at each foliar spray level).

Minimum fluorescence Jﬁl.» ol 5o

. A5 3, . .
(A2 05) Shdsbe Sles A e s Sl g
Foliar treatment (g/1) (Iﬁt?\far local cultivar Uzbek cultivar
ol i
T J}l’u 291.95a 258.26b 256.94b
Foliar application with water
y LSTab b sl
At g _ 248.20b 191.21¢ 255.23a
Foliar application with nano Zn oxide
Al STl b st
. - e st . 163.73¢ 200.94b 265.83a
Foliar application with nano Fe oxide
Al LuST b a3l
_ R f“*-d’l’f“ 113.91¢ 133.90b 166.77a
Combined foliar application with nano oxide Zn and Fe
Plant height ( . zl.) « 5 CL‘U
o . 2 o3, : :
Gl 03 09) Al Sl °T’“1 V’}’l e o S o
Foliar treatment (g/1) cu?t?jar local cultivar Uzbek cultivar
oIl b
ST e J’*"‘ 56.467ab 55.133b 56.667a
Foliar application with water
y LSTob b sl
At g , 73.200a 65.067b 61.733bc
Foliar application with nano Zn oxide
Al STl b st
. - e st . 62.267bc 67.600a 63.167b
Foliar application with nano Fe oxide
] AS1 bl g 5l
_ $309 A Sl el Sl e 79.033b 79.833a 61.067¢c
Combined foliar application with nano oxide Zn and Fe
Biological yield (st j5 o S5LS) (05 5 Shos
& TP . .
(53 0,5) ksl e ?‘1 V;’ o o3 Sl 035
Foliar treatment (g/1) cu?t?\far local cultivar Uzbek cultivar
Tl b
ST e J}lm 3126.0b 3227.7a 3007.0¢c
Foliar application with water
y ST 5b b sl
e T e 3892.3a 3281.7¢ 3517.3b
Foliar application with nano Zn oxide
ol SIEl L st
St Al s sk ) 3254.7¢ 3817.7a 3506.7b
Foliar application with nano Fe oxide
ol LuSISG ol 3l
. S35 A SIS ol Sl e 4134.3a 4083.3ab 3961.7b
Combined foliar application with nano oxide Zn and Fe
Ok s rﬁ}é) «ls 3 Shes Seed yield
. ) . ]
(253 0.5) Al onn Sl o “;* e o) Sl
Foliar treatment (g/1) cu?t?\?ar local cultivar Uzbek cultivar
ol L b
T e “Jj*"" 1523.7a 1500.3ab 1459.0b
Foliar application with water
y LuSTab L sl
A A , 1856.7b 1941.3a 1581.3¢
Foliar application with nano Zn oxide
gl STH0 b sl
St Al s , 2282.3a 1754.3b 1682.0¢c
Foliar application with nano Fe oxide
Al LeSI b el 3l
S35 A1 SL e 21933a 1913.3¢ 2098b

Combined foliar application with nano oxide Zn and Fe

el w):@du:;-l Cla.w)sjl:duu Sl ey OLES Ot o 5 oslate oy >

The different letters in each column indicate significant differences at 5% probability level.
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Table 5- Mean comparison for the interaction effect of cultivars and foliar application on studied traits in
Bean (Foliar spray cutting at each level of the cultivars)

Number of branching (sas) e 5 4L slax

CTL sl AmSIoU L 30 sl AT LS5 L 3l s

LeS150 5 3 sl
(H 22 r;) [CEBIE) &T

fBl Foliar G 52 08 s (2 52 05 Combined foli
Cultivars application Foliar application Foliar application a l?cr:tig:le ; t(l)l 11?;10
with water with nano Zn oxide with nano Fe oxide pI())xi de vagn d Fe
Talash s 5.267¢ 6.700b 5.633bc 7.000a
local - 4.000cd 4.933¢ 5.767b 6.067a
Uzbek 4.400c 5.500bc 5.700b 6.800a
Leaf relative water content (s 3) S Ol s (g s2ee
) A SIS el 5L sl
N NSRRI Ut J?"S'}’L’Lf;i"'L:ﬁJ}l’” &""\':“Slj’L’L.‘JjLiJJL’” G ) 60 5
£ Lf) Foliar (A2 e cas (&2 08 Combined foliar
Cultivars application with  Foliar application Foliar application application
water with nano Zn oxide with nano Fe oxide with nano oxide Zn and
Fe
Talash s 61.300d 71.967¢ 84.233b 87.367a
local s 53.100d 66.800c 74.633b 77.700a
Uzbek 3 49.533d 54.633¢ 63.267b 77.467a
Stomatal conductivity(WMH20m™2S™) ¢la5s, culia
- cal St alg 3L
51 T by S0 ASLUL Sl ol LS L 2 T <;.J ” ff)’ il
2 . i ~ i c s S) s
Cultivars Foliar (2 0 2 ) Combinfed folar
application Foliar application with Foliar application anplication with nano
with water nano Zn oxide with nano Fe oxide plz)xi de Zn and Fe
Talash :Us 24.300d 27.267b 25.567¢ 29.500a
local i~ 21.667d 23.100c 26.533b 27.567a
Uzbek 3 21.867¢ 22.500b 26.067ab 26.367a
Quantum yield .l S 5 Shs
ol S 6 el s L
5 DT i G RS Bl SIGE L S T o ” ff)’ i
’ : . ¢ . ey .1 2530 S) s
Cultivars [Foliar (020 (02 05 oo Combin(ed foliar
application with  Foliar application with Foliar application anplication with nano
water nano Zn oxide with nano Fe oxide pr())xi de vaz:n d Fe
Talash _:Us 0.570d 0.649¢ 0.791b 0.864a
local > 0.529¢ 0.735b 0.734b 0.834a
Uzbek < 0.517¢ 0.555bc 0.598b 0.788a
Maximum fluorescence jsSla> sl 5l
; s oy AT A1t ol L
N A ER I RO W P T P eSSBS T o ” ;’; S
. . z R ¢ 02 [E)
Cultivars Foliar (2 05 60 (2 8) S0 Combined foliar
appllcatlon Foliar application with Foliar application application with nano
with water nano Zn oxide with nano Fe oxide pI())xi de 7n and Fe
Talash _:ls 681.67d 738.33¢ 797.00b 828.00a
local > 549.00c 728.00bc 756.67b 813.00a
Uzbek <5 542.33d 625.00c 685.00b 783.33a

RGN I WS = Jlez=| CEMJ:J!:J'.U Sl edias QLS O ja ys Soglite Uiy >
The different letters in each column indicate significant differences at 5% probability level.
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Table 5 Continued- Mean comparison for the interaction effect of cultivars and foliar application on studied

traits in Bean (Foliar spray cutting at each level of the cultivars)

fluorescence Variable ,aze .la, s

S50 deSIEb L AL d gl

CTL abdshme ASHL L (ALl
(J::j PL (’ﬁ)

G 2 f;) S

5 A ASTSU el 3L s
G 2 (‘,5) S

£B! Foliar
Cultivars application Foliar application Foliar application Combined foliar application
with water with nano Zn oxide with nano Fe oxide with nano oxide Zn and Fe
Talash s 389.71d 460.13¢ 626.60b 720.76a
local _J~. 290.74d 536.79¢ 560.39b 679.10a
Uzbek s 282.06d 323.11¢c 405.83b 620.23a
Minimum fluorescence sl .la, 4
5 OTL il eSTsU L 2hd o ) SIS0 b (3hdslne 5 ol eSTS0 ol 5 30 sloe
Cultivars Foliar G538 s [GABFESY) G530 8) 6o
application Foliar application Foliar application Combined foliar application
with water with nano Zn oxide with nano Fe oxide with nano oxide Zn and Fe
Talash s 291.95a 248.20b 163.73¢ 113.91d
local > 258.26a 191.21¢ 200.94b 133.90d
Uzbek <) 256.94ab 255.23b 265.83a 166.77¢
Plant height (. zl.) « 5 gl
o5 CTL il SIS0 L (B0 6 eSU L (S0 5 el SIS (3L s
Cultivars Foliar G208 s (&S G 53 09) o
application Foliar application Foliar application Combined foliar application
with water with nano Zn oxide with nano Fe oxide with nano oxide Zn and Fe
Talash s 56.467d 73.200¢ 62.267b 79.033a
local J~. 55.133d 65.067¢ 67.600b 79.833a
Uzbek s 56.667d 61.733¢ 63.167b 61.067a
Biological yield(,ua s 5 (S5 g 2 Shas
R NIV PN eSIEL L 2ld sl S 2eSIH0 L Sl slos e %SU;U ﬁ,}: i
Cultivars Foliar (A2 050 635 (205 o ).J A 6{)
application Foliar application Foliar application Cf)ml?med follar
with water with nano Zn oxide with nano Fe oxide appllu;atlon with nano
oxide Zn and Fe
Talash s 3126.0d 3892.3b 3254.7¢ 4134.3a
local > 3227.7¢ 3281.7¢ 3817.7b 4083.3a
Uzbek s 3007.0c 3517.3b 3506.7b 3961.7a
Seed yield(Lsia s ¢ S 5kS) «ls 5 Shes
55 O T G
Cultivars Foliar o2 e S s (A2 5 o Jf o 6};)
application Foliar application Foliar application with Cgmb}ned fohar
with water with nano Zn oxide nano Fe oxide appll(.:atlon with nano
oxide Zn and Fe
Talash _:Ws 1523.7d 1856.7¢ 2282.3a 2193.3b
local J~. 1500.3¢ 1941.3a 1754.3b 1913.3ab
Uzbek s 1459.0d 1581.3¢ 1682.0b 2098a

..wlmy@dwl CEMJ;J!:J'M Sl ey QLS O ja ys oglite Ui >

The different letters in each column indicate significant differences at 5% probability level.
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