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Background and objectives: In arid and semi-arid regions, drought
stress decreases crop growth and yield. There are several strategies to
decrease the negative effects caused by environmental stresses on
crop growth and yield. The Utilization of silicon is one of the most
valuable and practical approaches for improving physiological and
Agronomic characteristics and crop tolerance under drought stress
conditions. Silicon as an essential micronutrient for biological
systems plays a crucial physiological role in increasing tolerance to
environmental stresses. Therefore, this study aimed to investigate the
effect of foliar application of silicon nanoparticles on the
physiological and agronomical characteristics of pinto beans
including malondialdehyde (MDA) content, grain yield, and yield
components under water deficit conditions.

Materials and methods: This experiment was performed to study
the effect of foliar application of nanoSilicon on the physiological
and agronomic characteristics of bean under drought stress at the end
of the season, A split plot experiment was conducted based on a
randomized complete block design with three replications in the crop
year 2018-2019. The study treatments included irrigation levels (full
irrigation as a control and irrigation cut off at the flowering stage) as
the main plots and silicon nanoparticles foliar application in three
levels (no foliar application as a control and foliar application of 1
and 3 mM silicon nanoparticles) as the sub-plots. The foliar
application of silicon nanoparticles was replicated three times (6-8
leaves), 50% flowering stage, and 50% podding stage). The
physiological traits including the chlorophyll index, the electrical
conductivity of materials leaked from leaves, and MDA content and
agronomical traits including the plant height, the number of branches,
pods per plant and seeds per plant, biological yield, and seed yield
and yield components were measured in control and treated plants.

Results: The results showed that plant height, number of sub-
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branches, chlorophyll index, electrical conductivity, MDA content,
seed yield, and biological at the probability level of 1% and number
of seeds per plant became significant at the probability level of 5%
influenced by irrigation and silicon nanoparticles treatments. Also,
the effect of irrigation factors and nanosilicon on the traits of the
number of pods per plant and the weight of 100 seeds were
significant at the probability level of 5 and 1%, respectively. Drought
stress at the end of the season remarkably increased the MDA content
and electrical conductivity of the leaked material and reduced the leaf
chlorophyll index (14.44%) and, grain yield (14.18%) in pinto bean
plants. Under both control (full irrigation) and drought stress
conditions, the foliar spraying of beans with 1 and 3 mM of silicon
nanoparticles caused a significant improvement in leaf chlorophyll
index, plant height, the number of sub-branches, seeds per plant and
pods per plant. So. the highest leaf chlorophyll index, seed yield, and
biological yield per unit area were obtained with the application of 3
mM silicon nanoparticles.

Conclusion: Under both favorable and unfavorable environmental
conditions, foliar spraying of plants with silicon nanoparticles had a
positive and significant effect on physiological and agronomic traits
in pinto bean plants. It seems that silicon nanoparticles increases the
yield of pinto beans under drought stress conditions by improving the
chlorophyll index and some agricultural traits including plant height,
number of sub-branches, number of seeds per plant, and number of
pods per plant. Among the studied treatments, the greatest
improvement in the physiological and yield traits of pinto beans
under control and drought stress conditions was obtained with the 3
mM silicon nanoparticles foliar application. Therefore, the
application of 3 mM silicon nanoparticles can be suggested as an
effective approach for mitigating the impact of drought stress in pinto
beans.

Cite this article: Narimanzadeh, A., Sheikhzadeh, P., Zare, N., Sedghi, M., rostamihir, M. 2024.
Effect of foliar application of nanosilicon on grain yield and some physiological traits of pinto
bean under water limitation conditions. Crop Production Journal, 17 (2), 53-70.

© The Author(s). DOI: 10.22069/ejcp.2024.21671.2600

Publisher: Gorgan University of Agricultural Sciences and Natural Resources

og



n
AR

J',\\.‘umcmu.ulu P 3e it

=13 bbb’ Ad g

FeeA-YPax le LS
YerA-YioF 1 g AT LY

g

// b

VE e o ,wé.,u
V (S5

3999038 Slho B 2 g 410 9 ;Shes 53 (9l 93 (Sl ghxo 5

ST Cedgue ol ph Cxi (> Lot

0 - - [ A N o %Y e oa \ Ve .
B ralWarand) ‘J"‘.'."‘ i CJ‘),JLH 6\>|Jc:vi‘and~ﬁ:t o.bbu\.oa_']a‘;b
Ol el sl Glee o833 ab milio 5 (5355128 083 (ALS K5 5 M5 058 (21 OLE (6555 58 Al il )8 it ol il
alinarimanzadeh9 @gmail.com :4:LL|,

sheikhzadehmp@gmail.com :asbl1; Ol ¢ Joa ) syl G o5 (s e 5 5508 Sl ( ALS S5 s A5 03,5 OLzils oJ ytams odki 557

zarenasser@yahoo.com :asbll, ol sl ¢ sl o ol G oK (s e 5 83slaS oaSils (a8 S5 5 s ey S bl
m_sedghi@uma.ac.ir :asbll; ol sl ¢ sl sl G oK (s e 5 83slaS oaSils (a8 S5 5 56y S bl ®

mitrarosrami@ymail.com :abll; !« ol (s3,08 = ols ol oSl bl ?

oS> e ool
5, S0es 5 il alS Corge St 0 (Siotaes 5 S Gble jsiddaa 5 aale Wl ¢ 5

Ay e LR 5l U e S RalS gl SISl i i (25 oS
Sl 55 Sl cmwbie GlaslSely 5l SO syl 355 ol OlalS 5, s 5
Sesliid ((Sast 25 Ll s 0 o)) QLS Jamd (5130 5 63 Shes 5 (S5 5508
Jomame SodS 55 S (LI o g s g Al 2 0 L Ok ol 0 Sh
3lS B0 s Bda U sty oy onl Sl s e e delesl Jayl 5
i ) S5 Slis 2 5 dalls30 Il (sl s 5 Shas 2 0 5k 51U

el e sl Sl it s

5SS P S Shs » OShsb 2T ske U s slates 1 g 5 5l e
3 Sl Sl oo il b lesl Sax i o gl (o5 Sles
A A YAASITAA ol e s S5 e s ol LlS slas 5 & b IB
ad> s 3l c.é)t—:-.'T tb s s c.é)t—y.b ch-w ELISE] 6)‘—3.1 Pl s 2550 sla Lole
a3 05 $6 slaclale 5 ol & S Olssas (i Jead Ll B adlS a0
05k 56 b 3 slome B3 53 58 Dlgty Qe o ¥ 5 ) (aald) i)
el (GuBls o3 00 o 5 (AUS Ao 3 00l e (SR A L) Al e a5
Sl cail cil sl SO Sl s (S s IS el Slis als
D35 i > OUE slad iy 3 4l Slad (o b L sl iy gl ealll o30Sl

A S el wils s Sas 5 S 3 Sas wilsto
ol e bl sl Wy CL&JJI aS by gL Waesls uib,ls 45 c,u (badl
55 S 3, Shas 5 sl 5, Sas a2 Il (gl g oSS Sl ulia RTRLY

B — ke oS dlie

\EXRFAVARS C_,Jl.)): cJ)U

VEYTUN ey e

(SlS sl
s S pamla
Y

Ll 50 e

055k 5L

00


mailto:parisash62@yahoo.com
mailto:mitrarosrami@ymail.com

AU C o3 0 ezl e 53 Gy s ab bl by Lo S Jlaal g
2 OS5 bl gl Jale 36 pmen i 8513 0 S 5L 5 LT glales
Dl e Aoy S 50 Jublcla.wg o pa als de 039 9 O g s Bl sl Dles
S s 5 S aadli o0 e (gl ¢ femd slgml (Six 25 Jlasl b dis g
Sl (Ao 3 V8/88) Sy s JS Lasle 5 ilsdl ls gme s b a0 asl oot sl
53 b EalS (gl e b aarbo ) slaw s (Ao ys VENA) &l s Sas 5 ol)3
Yo slachle U malyd slaas sy abdhen  Sat 25 5 LS bl Ll 2
2 Pl W S 8IS et e B e 05k 56 U e s
ol el Rl ol g 5 sba € s BUE slel 5 3 &l sl ek s
Ngn oo ¥ lals 5 )8 Ll oy 0 55l 0 Shas 5 4ilo 5 Shas 5 (S Js IS

Al ol O Sl 56

Ll Gl s abdsb (lass delwl 5 telos Lol 3 5 1g S don
ils melagd 0> o5 s Sl Slie b 5 Sate B 0 5L
a2 el (S5 25 s s ) e b il 5 Ses 0S5t
g 5 als SAaT (e 3wl ST Wy LT e elys Slis 5 s s IS
Sl s alidl 3 s dlllae sy a0 glasled s s s bl 4 g s Gl sl
¥oo,olS Sle s S 5 5 oS bl Ll 5 amle ) 63 Sas 5 G55 s
OS5 5U Sl g hen Y lale 5 )08 Ol e 5y ol S ol O STk 56 U 50 e

S8 sleliy S 2 Ol e sl e Sl Olgea |

05w 50 3L sk 30OV Y) e d ety ez ¢ So ¢ 0l ‘@\)'ELM.J_ﬁ‘u\)"C,.i&J;m;UQLQJJ loul
oY=V (Y)Y

DOI: 10.22069/ejcp.2024.21671.2600

QKM}:© dgﬁ@&c“}é;)ﬁw(}l‘°‘~<@‘>ﬂb

o1



150 9 83150k0s 5 5 [ oyt 9 415 3,500 32 (3l (B Jslome 6

ole cd Jals 5 lasss, Ol s s,
A) cal s oS slasul 3 51 (ol 5 2l
e T GG, 5 L Sas i
T A Sl R (e sl o 2
oS 3 as 5 o s alS e 5 0l S
38 5 s gl S e (RS L(4) 550
053 5 Js AS Ol S ol ol Lo s il
S il ey Ak o s s
S s 2N ee 5 4l s Sas Rals 5 5 S
QY 3N caleds 55158 2o Loy 5o
Sy Sl malie SLayISel, 5l S 650l
(St Gl s el OlalS s Slae
L ((NPs) ol 3506 .(VF) cl olpd 56 Sl eslizal
3 IS odan L sl Sl ol Shs a4
o S il a4 Wl g e Ol L osdll Julas
e L3 SU e 3 .018) aus Sas Sis
G RHBHSTs (¢S Comr J30 05w U coslin]
D3 i 55 3550 31 Gl G 5 UL
OlalS Gl — e ol wax S1.000) ol 4
Ayl s s Lol o pd e w5550 8
03 o5t Jpamme 3 Sas 5 ) (51 g 5
(St G e 3l st Ll
Sl3S 63,0LS 5 dda QLS (sl OF Sl eslinal
b sl 5 b 5l 0w (V) ol el
Jiss slaas 8§ Gds 5 S| 5l glags
sLi i DsnaldenSly A o se (5eS)
Colda Ol 5 Aalll 630 Il Olsme 2als (VV)
b VA Lal o sl sl sl S S
Syt Go b 3 eS| ST Glag 5T cdlad 1531
T SR s o e Gl 5 5 IS (gl s
S5t oS s Ses Slizl 5 5 Shee (51
Sl SlnS| 5T slag 5T cdls (2 .(19)

St 5 J—B s NS Ol Sl S o

oy

A0ko
S il J S Olsea (Sl A
(S5 Bo s Dl et Soml L6 ey pe o8
s B el e (Sale 5 (S5 5
5 ) 1) 353 B 5 ol LS >, Shas
Lo ;55 Oler slaa, Cola [tals G b
S A e 5 AS e 5 (55 8
3,5es Sliorl 2 g g sn nl 4 oA LS o g
S &l e O3 s g s s sliws e Sl olS
ls 3, Shas alS con Colg o 5 @il i
o5 bl o e (S A5 ran (Y) 355 0
Jisd laas S a5 (i3l L oS el sl
am Digodar LS|y adex 51 (ROS) O3S
las S, il olS Cilie sla i 5 SLS 5
g3tz ) 5 035 ol Sk eliS 5 (g5 s
Slsmn 5 Gl gy (1581 o e
) 550 S 1 a3 e
S LS (Phaseolus vulgaris) g Lo s
MU 85 2l Jsay &8 ol Fabaceae o5 5
s g slagdnn, 5B oy S Glagmlu s b
Sl s M w00 UL oh res
Sloss omal 3101 228 (s bl 3l (b 3
Olgr sl 5o i L (05 1) ol Jls, 55
Cilosee JBCSl an 5 ol CuiS 03 1S Oy son
Lok 5 S Sl pames ol (5315 sladils Lsbe
oslital 3550 (5518 Oa p S 35T Sl Ol pens
3 psbde (ALS (2rladd 4 S1.(D 558 o 3
Ghlis s e 28 5 b s bl o S ol
s (V) 35 o CuiS (Kt aag 5 S
B e P TP v
samw s 5l Comles L il o Bl OlalS us
SalS a3l oas Iy b el sk
S 5 a3 5l 6 S s S el



V€YY D)Lo.n.:} dY 8,9 “;ﬁl))‘ ulhl.ﬁf .\,\)95

= dbw 2 LSS an b el Lol slas
L) G—dol by el Ol el 55 VT4
b adds 00 sazpn VL s Ol
P Bk I EY YA (L
|l (s o 51 (5520 WA gLyl b5 sl
Gl Sy 5l bl as e St Cunsy s
el o dd &SI gl s pland 5 S
C]ﬂ—w 902 6)@ Qoo sz 2050 o ele
Ao 00 ad a5l soll b 5 JlS (L)
5 kol &S Ul (i s gl b oS
(an2) io) o s O Sk 5 slac bl
A oo b oS Olpean QU se e Y 50
AN sl XY M sl le) O Sk U
SUons phae Colos 5 i 10,350 K55 o
seslital )5 (05 5w e T VAY i)
485 Ol gl 350 56 QLIS Ly oS3 51 ey ol

D4 oLl

Lul i 00 e 3555 5 s 53 (53 Ses sla el
sdd PSS 0w sbs s L Sax i
5SS Ol 4 e Loy Caaal (Y 5 Y0 o
530Sk 56 8 Ol 4085 55 e Slg
Ol 555 L 35S e Ol 1 GalS 55 Sas 35
Sydms o s 5 olS Gy lam >l 5o
Gasim U dd e e ol 53 e pll
e glackils ity Sl
5 S Sa S 2 52 0sSde s
el (St 15 50 e o g o0 S

'Jﬁ'ffk’-‘.’lg}'”"é

g, 9 dlg0
2 OSde $U )lS B s bt
lbedgm 5 215 (i n i sl S
ilesl Juas slesl (S i cow b))
crb B el s, s slas S O ey

S Sl Y b s Gas ydasyie St gl 5 Sopd gl Sis ) Js
Table 1- Physical and chemical characteristics of the farm soil at the depth of 0-30 cm
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Table 3. Comparison of means of the effect of irrigation and silicon nanoparticles (Nano-Si) treatments
on plant height chlorophyll index, EC, MDA, number of pods per plant and Grain yield of pinto bean
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Table 4. Comparison of means of the number of branches, number of grains per plant, weight, biological
yield and harvest index of pinto bean under irrigation and silicon nanoparticles (Nano-Si) treatments
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