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Table 1. Soil physicochemical properties of the experimental field

Depth EC pH Organic matter N Available K Available P Fe
(cm) (dS/m) (%) (ppm) (ppm) (ppm) (mg/kg)
0-30 2.01 7.3 1.69 1.25 54.72 32.59 8.6
Table 1. Continued dolol =Y Jgu
Depth Mn Cu Zn Sand Silt Clay Texture
(cm) (mg/kg) (mg/kg) (mg/kg) (%) (%) (%)
0-30 15.71 2.87 341 34.1 29.5 36.4 Silty clay loam
OYAV-3A) 2,5 - GialesT syl 8 (cwlitlga Slasuin =Y Jsos
Table 2. Meteorological parameters of the experimental site, Karaj, Iran (2018-2019)
Parameter January February March April May June
Mean of Precipitation(mm) 2.68 0.95 1.38 2.68 041 0.1
Mean of Temperature(°c) 4.22 5.6 7.4 12.06 16.88 24.56
Minimum RH(%) 45.85 41.5 34.66 40.74 25.58 17.94
Maximum RH(%) 82.35 79.37 74.55 83.23 69.42 58.35
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Table 3. Analysis of variance of the effect of experimental treatments on wheat and pea traits

Mean squares (the numbers in parentheses are significant levels)

Source of variations df Wheat Wheat ~ Wheat harvest . Pea grain  Pea harvest
Pea biomass

biomass grain yield index yield index
Replication 2 14916325 755017 12.9 3472365 155973 15.01
(0.039) (0.189) (0.281) (0.06) (0.367) (0.418)
Planting pattern (P) 3 196572100 24846485 29.74 50372683 5709046 69.83
(0.000) (0.000) (0.083) (0.000) (0.000) (0.051)
Error 6 2562922 339484 8.15 744998 131238 14.83
Fertilizer (F) ) 3504866 91562 32.86 800768 10209 131.33
(0.169) (0.342) (0.001) (0.238) (0.212) (0.000)
PxF 6 11966674 1089294 28.47 3519045 175343 138.46
(0.000) (0.003) (0.000) (0.000) (0.005) (0.000)
Error 24 1919001 267206 4.51 531396 47998 7.78
Concentration (C) 1 73427 186626 1.04 92349 770380 254.93
(0.3167) (0.885) (0.229) (0.143) (0.002) (0.000)
PxC 3 4259508 349717 7.61 1075147 282429 220.42
(0.366) (0.196) (0.192) (0.195) (0.012) (0.000)
FxC 2 283039 479825 47.97 1157394 1853766 585.26
(0.726) (0.099) (0.000) (0.169) (0.000) (0.000)
PxFExC 6 3208762 281649 32.32 2488771 416660 155.87
(0.824) (0.258) (0.000) (0.002) (0.000) (0.000)
Error 32 3896557 210849 4.55 677276 65745 19.22
CvV 19.28 13.05 6.20 20.36 20.72 13.39
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Figure 1. Planting pattern x fertilizer type interaction on wheat biomass. The vertical bars indicate the standard
€rror.
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Figure 2. Planting pattern x fertilizer type interaction on wheat grain yield. The vertical bars indicate the
standard error.
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Figure 3. Interaction of planting pattern, type and concentration of fertilizer on wheat harvest index. The vertical

bars indicate the standard error.
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Figure 5. Interaction of planting pattern, type and concentration of fertilizer on pea grain yield. The vertical bars
indicate the standard error.

Pea monoculture

60 -
5
= 50 A
k=
% 40
g 30 - :Control
jas) |
20 &Nano FeNO3
10 1 BFeNO3
0 r
1500
Concentration (mg/L)
Wheat 70:50 Pea
w 60
2 50
£
40
= .
%’ 30 — — § z3Control
s
= 20 #Nano FeNO3
10 :
o R BFeNO3

750 1500
Concentration (mg/L)

Harvest index

Harvest index

Wheat 50:50 Pea
60 -
50 -
40 - 3
30 \ 1Control
20 % Nano FeNO3
0] EFeNO3
o L NN |
750 1500
Concentration (mg/L)
Wheat 90:50 Pea
60
50
40 _ :Control
30 23Nano FeNO3
20 BFeNO3
10 ,
04—k

750 1500
Concentration (mg/L)

A oo olis 1y o laibinl glas (gogee sloals 0956 cuils y asls oS clale g 98 (iS5 (5ol [iiSan -7 S
Figure 6. Interaction of planting pattern, type and concentration of fertilizer on pea harvest index. The vertical
bars indicate the standard error.

Yy



yyaa uL..wo) P\PES o,les [e2s 0,90 [ Olados

3955 g pasS bglswe ctS 1o ool &lis g 6l o8

HlS bglre cuiS a5 cul ool 515 o
Zuo and Zhang, 2009;) sss oly; ollS o

(Canasveras et al., 2014

(LER) (s} (632132 Comnd

TR 5VD~ gﬁlalﬁjbj.@)éjgmjksl.bji”rﬁhu)é
L oees Sl S a0k 02150 5 e S e
BeiVe 5 B+ de bglre glaceas 5 (Y JS5) ol
Cms V00 + clale o ool &lis g oolgl sla e
Sy ainls YO« cdald 4y Cond 5 G e Sl
Vool o osmlie googe ol WSe 0080 s 5o
Sl gl 05ty 3 el Gl o515 &8 il
s co caldy Lialidl Corge laogS CAlE Liyl38l sy oo
i o jlosd S 50 ey Sl S oIS by
lop] 55 saimoplis a5 g Syl i byl
Sl 35l0 31 (6 ks 10 09y SIS ST e e 4y G
03 u,u)bf bl |) ) df‘fwu.));wa’ﬂ’
Sl el Wlgh co poSI b e bglire S a5 ]
S Gl a0 g O o axly jo o Slee
,o (Soleimanpour et al., 2016) 545 o 5l oolatwl
Pk 2oy VY SiS ST gl jlons 4y Cond 0g56-9>
Lglswe S (Chapagain and Riseman, 2014) o4
g ST SE @ Cond a3y )8 (65 i o, Sles
Slae 3l g eolaiwl ale alise Ji¥od a5 oS o
.Barker and Dennett, 2013) cwl O 3 5 ( 2l3é

VO g YO slocdale jo cuiloy asls op 3V
oy wall 5 5alsl glajles & bype ) » e Lo
4 bgye 0558 Culls y asli i dald jleg o
5 6085 Sloles plu ,5 g 00 Lglie oot
G (S5 S Cadilo ol bglore <ot slo lons
a5 aes 0 LS ggoge ol il iS4
G U ooy g s gy plalS o 4 culd) aden
G ogdioe s2lh) oS o Shee g a0y Sl 2 ge
g0 A)‘yb.o 6‘4‘5'?;)"” wlﬁ) uwbﬁ‘ aS Sl ool
Seb 3935 g puS bglke ciS o Liug) o) Sl
.(Chapagain and Riseman, 2014)

ol B pan 21
Pk 5 bl Sl ales jo aS ol lis b
wudls |y ol Gras oD cn YL 2Tl jles o)lsa
2l G OS] a5 bylsee cuiS slajles ) o594
izt (O 5 T glasaz) o5 Foseie ol Dl
oty eSS VO Sl o ol Bras ST
L oyd g p,S ke VO cdale jo oplply 09 V0=« 5l
2yl sy SR @D Olsie S 055 Bpas
28 Somn b Coly Gl ge il oo il il
a2 palS 1) 058 Bpae 2T 5 05h ely; olalS
2l ool Grae T e 80V byl oot
6955 ge 35 0 50 Bl GlagSl b 4y o puS
el (Gl Olys gl eSS Jee V00 s chale >a)
boloe coiS slaslacs o)lge Fian )0 5 9958 9550 )0
ST ST 4 S 2] 355 S pae )5 Bl e

oS ol Bras 5 -F Jsor
Table 4. Iron use efficiency of wheat

Planting pattern Iron source Applied iron concentration (mg/L) Iron use efficiency

Wheat monoculture Iron nano fertilizer 1500 531

750 955

Iron nitrate 1500 426

750 926

Wheat 50:50 pea intercropping Iron nano fertilizer 1500 470
750 1172

Iron nitrate 1500 462

750 866

Wheat 70:50 pea intercropping Iron nano fertilizer 1500 657
750 1295

Iron nitrate 1500 566

750 771

Wheat 90:50 pea intercropping Iron nano fertilizer 1500 640
750 1275

Iron nitrate 1500 372

750 827
LSD 17.74

ARRI



VAR (lias) [p,lea 0 lets o 0,90 fdlé Sliins

OhlSen 5 jsiledes

3955 (ol Bras )50 Jyux
Table 5. Iron use efficiency of pea

Planting pattern Iron source

Applied iron concentration (mg/L)

Iron use efficiency

Pea monoculture Iron nano fertilizer 1500 170
750 447
Iron nitrate 1500 73
750 445
Wheat 50:50 pea intercropping Iron nano fertilizer 1500 209
750 319
Iron nitrate 1500 102
750 390
Wheat 70:50 pea intercropping Iron nano fertilizer 1500 247
750 381
Iron nitrate 1500 130
750 253
Wheat 90:50 pea intercropping Iron nano fertilizer 1500 223
750 386
Iron nitrate 1500 94
750 685
LSD 15.33
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Figure 7- Land equivalent ratio of different intercropping treatments The bars on the columns indicate the
standard error.
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Abstract

Nano-fertilizers due to the small amount of used fertilizer and the accuracy of plant acquisition are
considered as a strategy to reduce inputs and achieve sustainability in agriculture production. In this
experiment, the effects of nano iron and iron nitrate on the growth characteristics of wheat in different
wheat and chickpea intercropping systems were investigated. The experiment was performed as split-
split plot in randomized complete plot design with three replications in the research field of Campus of
Agriculture and Natural Resources, University of Tehran, Karaj, Iran, in 2019. The main plots included
five planting patterns (wheat monoculture, pea monoculture and three intercroppings of wheat:pea with
50:50, 70:50 and 90:50 ratio), sub-plots included three fertilizer treatments (control, nano-iron and iron
nitrate) and sub-sub-plots included two fertilizer concentrations (1500 and 750 mg/L). The results
showed that the 50:70 intercropping and concentration of 750 nano-iron had the highest iron use
efficiency of wheat and in total, the iron use efficiency of wheat in 50:70 intercropping was higher than
the other planting patterns. In contrast, the highest iron use efficiency of pea was observed in 50:90
intercropping and 750 concentration of iron nitrate. In all intercropping treatments, the fertilizer use
efficiency by wheat and pea in nano-iron was higher than iron-nitrate. The highest wheat biomass and
grain yield was obtained in monoculture + nano-iron (16371 and 5042 kg/ha, respectively) and
monoculture + iron-nitrate (16062 and 5554, respectively), and the lowest wheat biomass and grain yield
was related to 90:50 intercropping and iron-nitrate, but the highest pea biomass and grain yield in most
fertilizer treatments at the concentrations of 750 and 1500 mg/L was related to iron-nitrate and nano-
iron, respectively. The results of this experiment showed that in most of the planting pattern treatments
and in all studied traits, the concentration of 750 mg/L iron nano-fertilizer was similar or even higher
than the concentration of 1500 mg/L and therefore, a lower concentration of nano-fertilizer can be used
and the consumption of fertilizer can be reduced.
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