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Introduction

Intercropping is an ecological crop management method in which at least two plant species grow
simultaneously on a field. Increased land productivity in intercropping of cereals and legumes is mainly due to
the positive interaction between cereals and legumes in the rhizosphere, which increases the efficiency of soil
resource utilization, especially nitrogen (N). Mixed cultivation of legumes with cereals provides higher land use
efficiency, lower water consumption, and greater environmental benefits than cereal monocultures. Salicylic acid
(SA) is a natural plant hormone that affects various physiological and biochemical functions in plants, because it
can act as a regulatory and mediating signal in the plant's response to abiotic stresses such as drought. In recent
years, nanotechnology has also been introduced into agriculture, and several benefits of nanoparticle applications
such as nano-silica (nSiO,) have been reported that can be used to increase the supply of nutrients to agricultural
products. The aim of this study was to determine the possible role of growth regulators of salicylic acid and
nanosilica particles (nSiO,) on crop yield in maize and mung bean intercropping under drought stress conditions.

Materials and Methods

The experiment was conducted in 2019-2020 cropping year in the research farm of Agriculture and Natural
Resources Campus, the University of Tehran, located in Karaj. The experiment was performed in the form of
split- split plots based on a randomized complete block design with three replications. The main plot was
drought stress at two levels of full irrigation and cessation of irrigation, the sub plots included different
intercropping arrangements of maize and mung bean: (maize monoculture (Cyq0), maize 80: mung bean 40
(Cgo:Myp), maize 80: mung bean 60 (Cgg:Mgp), maize 50: mung bean 50 (Csqo:Msp) and mung bean monoculture
(Myo0) and the sub-sub plots were four treatments of silica nanoparticles +salicylic acid, silica nanoparticles,
commercial salicylic acid and control. Statistical calculations were performed by SAS 9.2 and Excel software in
this study. The mean comparison was performed by LSD test and the probability level was considered 95% in all
analyzes.

Results and Discussion

The results showed that the highest maize grain yield was obtained in the monoculture treatment, Si + Sa
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combined fertilizer and full irrigation, which was 179% higher than the lowest treatment (Csy:Msg intercropping,
control and drought stress). The highest biological yield of maize was obtained in the complete irrigation and Si
+ Sa fertilizer treatment under monoculture conditions. The lowest value of this index was observed in the
treatments of drought stress, control without fertilizer and Csy:Msg intercropping conditions. The highest yield of
mung bean seeds was obtained in monoculture of mung bean, application of Si + Sa fertilizer and complete
irrigation. The highest biological yield belonged to mung bean monoculture treatment, nano Si + Sa compound
fertilizer and complete irrigation. The lowest was obtained in Csq:Msq and Cgy: Mg intercropping treatments, non-
fertilizer application and drought stress. Also, the highest land equivalent ratio was obtained in full irrigation and
C80MS60 intercropping and nano Si + Sa fertilizer treatment (1.57).

Conclusion

In general, the results of this study showed that, drought stress reduced all the studied traits. While
intercropping with increasing diversity had a significant effect on important agronomic traits under both optimal
irrigation and drought stress conditions. LER values were more than one in intercropping crops that indicated
higher ground productivity in these planting patterns than in monoculture of crops. The highest LER value was
obtained in Cgo:Mgo intercropping treatment under non- stress and application of nano Si + Sa. Silica
nanoparticles and salicylic acid fertilizers had a positive effect on grain and biological yield of both plants as
well as land equivalent ratio and reduce the negative effects of drought stress on plants and can be used as
suitable approach to achieve sustainable agriculture goals.
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Table 3- Variance analysis of different traits of maize influenced by different treatments

©lapo (ke
M.S
™ d'?)b . \ * e 059 . 5,483 . .
peve vy Y o] 3,Sdos oed b ) HKEY y als EHEEREY I slaws
SOV il f) Spjdon ABSes ey, P b, JM s Number
' Biological ~ Grainyield  Harvest slegg-s Number %% Seeds in of corn
yield index weight of rows  Se€edsin  corn cobs cobs
a row
Bf’l"k 2 3608769™ 340125™ 2.49"™ 0.31" 0.69" 18.38™ 582" 0.29"
oC
(In) Sz Lus N N X N N N
Drought 1 789830003 179957790 0.67™ 51.92 45.93 809 412126 0.01"™
stress (Ir)
(Ir) st 2 3323639 731470 1.73 1.52 0.24 0.98 109 0.16
Error (Ir)
(T)f?g 3 9549952" 2323501 16.53" 1.98™ 0.34"™ 1.11"™ 900™ 0.29"
Fertilizer (f)

IrxF 3 7722948™ 1481817" 2.20™ 0.69™ 0.05™ 18.52" 4270™ 0.01"™
(I sl 12 2636086 381331 13.14 3.47° 2.03 16.80 3511 0.23
Error (Ir) f
ORTGPRY]

PI(Pét‘_) 3 404648109  89616088™ 39.63" 36.66" 2.23™ 381" 107796™ 54.19™
anting
arrangement

Ir xpa 3 18168620 3500032 11.73™ 2.47"™ 0.01"™ 10.72"™ 466™ 0.01™

F x pa 9 1092637"™ 454285"™ 431" 0.31™ 0.23™ 2.87™ 414" 0.04"
Irx F x pa 779394 1 . 25 .07 12. 1 01

9 3779394" 006908" 0.99" 0.25" 0.07™ 2.29" 908™ 0.01"
J; ol 48 1724746 446029 13.51 2.95 0.96 28.11 2886 0.21
rror
ki o i

’C“’:/ (;/")’”’ 7.0 7.4 7.6 56 7.4 13.7 105 7.8

oy S g doyd iy Jlein] zalaw )3 (5 dme g (gl me pis s *F, K, NS

ns, *, ** are non significant and significant at 5% and 1% of probability levels, respectively
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Table 4- The triple interaction of different treatments on different traits of maiz

S5 am 5,os a1d 3,5des S 3 Slas Al 3 Slos

55 CuiS 59N Biological yield Grain yield Biological yield Grain yield
Fertilizer Planting (kg-ha™) (kg.ha) (kg.ha™) (kg.ha)
arrangement JAlS (5)‘:‘.-11 u&» A
Full irrigation Drought stress
Cioo 26640° 12912° 18720 9039°9
Control Cao:Mao 20100%f 9600 14170 68404
Cao:Msgo 19500° 8850°°9 12800 6350"™
Cs0:Msg 16830%" 8239%1 11021' 5290™
Cioo 27410° 13212 21758 10270%
Sa Cao:Myo 22100 10210% 15720™ 7200
Cs0:Meo 21200°° 9560%" 14580+ 6680
Cs0:Mso 15684™ 7685"* 14080 66774
Cioo 27610 13308° 21981% 10375%
Nano Si Ca0:Mao 22063 10480% 15638" 7600™*
Ca0:Mgo 21011°¢ 9770%¢ 14170 6840
Cs0:Msg 16130" 8310%" 13658 68974
Cioo 29995° 14758 22093 10428
Nano Si + Cso:Muyo 22292° 10700° 16130" 7700™
Sa Cso:Mgo 21500°¢ 9940°¢ 14500™ 69204
Cs0:Msg 16978" 8690"" 14238 7304

B ()l e SN 003 iy ot s 53 LD gl ol 2 il oo S o o S Jilio (sl &5 (oo o sl g (gt 2 )3 (oSl
The means, in each column and for each factor, that have at least one similar letter, according to the LSD test at the level of 5%
probability are not significantly different.
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Table 5- The main effect of irrigation regime on different maize traits

Swid i3 Al Yer o3 I s, alass udy )0 Aild dlaas I 4> &l dlaws
Drought stress 100- seeds weight (g) Number of rows Seeds in a row Seeds in corn cobs
S 31.4° 13.9° 41.6° 578°
Full irrigation
S O 29.9" 125 35.8" 447°

Deficit irrigation
505 gy e BB do > gy Jlein] pdaw 3 LSD 901 Lolul p 323l oo S jiie Bys S P8l (s a8 Jole pa (lp g gty 53 o o Sike
The means, in each column and for each factor, that have at least one similar letter, according to the LSD test at the level of 5%
probability are not significantly different.
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Table 6- The main effect of planting arrangement on different maize traits

bgbe CutS Cosbpoadle WVl Gy e g, s il slam oy slaes
Intercropping Harv?g,/t )' ndex 109' :‘Ee(di Number of rows Seeds in a row Numberbof corn
o weight (g cobs
C100 48.0% 30.2° 39.3 519° 75°
Cao:Mao 47.6° 31.1° 36.0° 468° 6.1°
Cao:Msgo 46.9° 29.2° 35.5° 458° 6.1°
Cso:Msg 49.9° 32.1° 4412 604 3.9°

S5 (g o sme VS| oy gy Jlosn] daw 13 LSD (g9l Lulul st oo S gt By S JBlis (gl 45 <ol yo (clys g (g p2 )3 olapSile
The means, in each column and for each factor, that have at least one similar letter, according to the LSD test at the level of
5% probability are not significantly different.
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Table 7- Variance analysis of different traits of Mung bean influenced by different treatments

©leypo ko M.S

" s 5 Slos adld Yeoo 59 Pabdla IS slaas
SOV & Saiglon &y 3,Sles ol ails SN g ot asls
d.f Biological Grain yield Harvest 1000- Number of Number Branch
- . seeds seeds per of pods
yield index -
weight pod per plant
Sk 2 206365™ 7485 0.56™ 0.72™ 0.24™ 2.32" 0.38™
Block
(Ir) S s 62568333 5829233 3384°  953.19" 52.22" 39.53" 40.82"
Drought stress (Ir)
(Ir) st 2 248038 17136 0.40 2.34 0.08 10.76 0.41
Error (Ir)
(T)_°9§ 3 772161 122248 10.09" 34.01" 0.49™ 11.40™ 0.60™
Fertilizer (f)

IrxF 3 1116933™ 84222™ 3.02™ 9.82"™ 0.45™ 11.59™ 0.14"™
(In)f sles 12 127486 13139 3.19 7.25 0.54 15.26 0.23
Error (Ir)

(Pa)cuss s
Plamting 3 45853056 2900627 64.71" 62.99™ 8.73" 2086™ 21.94™
arrangement

Ir xPa 3 4183594™ 259890™ 5.98™ 50.66™ 2.04" 146.02" 247"

F x Pa 9 545623™ 22024™ 3.20™ 2.79™ 0.09™ 7.20™ 0.11"
IrxF x Pa 9 333606 29553" 1.00™ 4.45" 0.03™ 14.64™ 0.07™

Kol 48 153051 13251 3.39 5.70 0.27 19.30 0.29

Error

(A) s e 75 8.1 6.7 5.6 7.4 111 8.5
Cc.V
2o)> Sy g w0 iy Jloil gslaw 13 ()3 dme 5 50 pis i 54T, KL NS
ns, *, ** are non significant and significant at 5% and 1% of probability levels, respectively
oile Ll il p il g ylow ailEaw Jaliio 1A Jous
Table 8- The triple interaction of different treatments on different traits of Mung bean
SS90 gm 3 Sdos 41> 3 Slos SUj9lgm 3,5dos 41> 3 Slos
355 CuiS 59N Biological yield Grain yield Biological yield Grain yield
5 Planting (kg.ha™) (kg.ha™) (kg.ha') (kg.ha)
Fertilizer
arrangement - -
B bl S i
Full irrigation _ Drought stress

Cso:Msg 4760%* 130097 3332 833°

Control Cso:Meo 4890" 1430°° 3260 898m°
Cs0:Mso 4970™" 1360" 3260¢ 840™

M0 7887° 2160° 5500% 1399°"
Cs0:Myo 4608™ 129297 4147%° 11009
Sa Cso:Meo 5290°" 1640% 3940 10934
Cso:Mso 5660°° 1500%" 4200%° 1000"°

Mo 8470° 2256° 6028% 1579¢°
Ca0:Muao 4401 1242 4004™° 11317
Nano Si Cso:Meo 5380°9 1650% 37324 11207
Cs0:Mso 5660% 1570°¢ 4050"° 1028

Mioo 8360° 2232 5852°° 1624%

Cso:Myg 4680™ 1296%7 43017° 1219™
. Cso:Meo 5380°9 1710° 4000™° 1173"

Nano Si + Sa Cso:Mso 6030 1560 4450 1086+™
M0 9680° 2521° 6215° 1711°

S5 g o sme MBS oy iy Jlosn] pdaw )3 LSD (g9l (ulul sl oo S it By S JBlis (gl 45 < Jole yo (clys g gt p2 )3 olapSile
The means, in each column and for each factor, that have at least one similar letter, according to the LSD test at the level of 5%
probability are not significantly different.
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Figure 2- The main effect of drought stress on mung bean harvest index
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Figure 3- The main effect of planting arrangement on mung bean harvest index
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Table 9- Dual interaction of drought stress x planting arrangement on different mung bean traits

. .’.s ‘59§”

wls Voo i

AL 45 > dlaxs

dgr 4> AL dlaas

N &oeee ‘ “u
R o Planting 1000- seeds Number of seeds ~ Number of pods e
Drought stress - Branch
arrangement weight (g) per pod per plant

Cgo:Myg 44.40° 7.58™ 55.82° 6.14°
JelS el [ 47.65% 7.93° 35.44° 5.60¢
Full irrigation Cso:Msg 48.25° 7.44° 41.97° 8.30°
M100% 44.17° 8.41° 31.11f 7.57°
Cgo:Myg 42.05° 5.69° 47.73° 5.42¢
Sk G Cgo:Mgo 41.15° 5.88° 37.11% 4.83°
Deficit irrigation Cs0:Msp 38.93¢ 6.32¢ 40.30% 6.49°
Migo 37.13¢ 757" 28.16" 5.66°

5 (gl gme BB o > gty Jleis | daws 3 LSD OQA)'T ool ail o Syie B S JBlis gy &S ¢ Jole o gy 5 gt oy ¢ ola 1 Sle
The means, in each column and for each factor, that have at least one similar letter, according to the LSD test at the level of
5% probability are not significantly different.
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Table 10 - Analysis of variance of traits related to LER the influence of different treatments

5 gl @33l 4y M&f’,\; ‘:;s"b"w
S.0V d.f LER
Blockss, 2 0.016™
Drought stress (Ir) (Ir) Sus s 1 0.002"™
Error (In)(Ir) slas 2 0.013
Fertilizer (f) (f) »55 3 0.13”
IrxF 3 0.04"™
Error (Ir) T (In) f s 12 0.014
(PN) i85 2 0.078™
Planting arrangement
Ir x Pn 2 0.034™
Fx Pn 6 0.001™
Irx Fx Pn 6 0.006"
Error Js' slks 32 0.004
CV() olyuss oo - 4.80

o> S5 g doyd oy Jlein] zolaw j3 (g pixe 5 5yl Gxe pis il ey

***ns

ns, *, ** are non significant and significant at 5% and 1% of probability levels, respectively
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Table 11- Triple interaction on LER

05 Sy 32 S

o) Sl p S

395 CuiS 5o LER LER

Fertilizer Planting arrangement o8 o S S
Full irrigation Drought stress

Cgo:Myo 1.17M 1.35°T

Control Cgo:Mgo 117" 1.35°"

Cso:Mgo 1.1997 1.10'

Cgo:Mao 1.34°7 1.41%°

Sa Cao:Mgo 1.45 1.35°T

Cs0:Mso 1.25™ 1.29™

Cgo:Mao 1.35¢7 1.43%¢

Nano Si Cao:Mgo 1.48% 1.35°T

Cso:Mso 1.33%7 1.30

Cgo:Myo 1.43"1 1.45™

Nano Si + Sa Cgo:Mgo 1.57° 1.35¢7

Cs0:Msg 1.40° 1.34°T

)85 )l me BB aoyd gy Jlein prdaw p3 LSD g0l Loll p 2l o S piie s S JBlas (s a8 Jole pa (ly g gt 50 o olb puSibe
The means, in each column and for each factor, that have at least one similar letter, according to the LSD test at the level of 5%
probability are not significantly different
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