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Table 1. Soil chemical characteristics at two depths in the experimental area before planting
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W (0-15) 7.8 13 18 212 829 0.06 14.4 49
(2018)
(15-30) 7.6 0.7 13 143 65 - ; -
TR (0-15) 7.9 13 19 220 89 0.06 145 48
(2019)
(15-30) 7.7 0.7 15 152 6 - - -
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Table 2. Ardabil meteorological data during the study period
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(«)l)féjLJ) Jslas sles wi;LA
Mean min. temp. () 15 2.3 5.9 10.0 13.7 14.9 10.5 8.1
(grore Jo35e) (8l y> Sladinis
Radiation received (MJm™) 157.5 170.9 196.3 248.6 344.2 255.6 282.1 1934
(1) s Sy
Relative humidity (%) 73 66 71 71 60 69 68 76
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Year (2019)
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(grorey Jo3e) (8l s Sladinis
Radiation received (MJm™) 173.6 163 258.1 287.7 336 314.1 213.2 240.6
(1) s Sy
Relative humidity (%) 71 73 63 58 62 61 71 66
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Table 3. Results of combined analysis of variance on some faba bean traits in different densities

Ol s 2lio @Ol azy0 Al 8 Slos 4518Y++ 39 S 5elgm S yShos Cold y a L
Source of variance df Grainyield 100 grain weight Biological yield Harvest index
Bartlett s L 1 0.05™ 1.4 0.8™ 0.1
Year Jl. 1 7262.8™ 2.3 0.00™ 0.006™
YearxReplication | Ssx Jlo 4 1344.4™ 217 0.05™ 0.0004™
Faba bean density YL 454 o515 3 51185.6™ 385.4" 0.4 0.004™
YearxFaba bean density S50 ST, Lo 3 39.5™ 0.02" 0.009™ 0.0001"™
Error Uss 12 1068.8 85.5 0.02 0.0003
C.V (%) &l s g o _ 11.2 11.7 14.5 6.7

5% NS
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** *and ": Significantly difference at p< 0.01 and p< 0.05 and not significant respectively
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Table 4. mean comparisons of plant densities effect on some faba bean traits

(&30 yio 53) SBL &gy o515 (@230 550 33 p,5) aild 5,Slos (,5) 413Ve+ 339 (@330 350 39 035 6luS) S olgus o ySChos Cuils Sl

Faba(ggsrrlnc_izgnsity Grain yield (g m?) 100 grain weight (g) Biolc(;ggcil]gl)ield Harvest index (%)
25 193.4+15.7 b 67.7x1d 0.8+0.09 b 0.25£0.007 ¢
35 233.5x109¢c 78.7x4.6 C 0.9+0.06 b 0.27+0.01b
40 364.8£185b 84.9+29a 1.2+0.05a 0.3+0.01a
80 376.5%12 a 84.4+28b 1.3+0.04 a 0.29£0.01 ab

355 80y iy Jlaio gl 50 (531 (1503 L (5l e gl S e By gl (gl SKiles igies 52 50
Similar letter in each column indicate no significant difference at 5% probability level using Duncan's multiple range test.
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Table 5. Results of combined analysis of variance the

effect of faba bean density on reduction percentage in
dry weight of weeds

Ol s’ 29bo axy® Jypdide Sis (39 Gl wo e
Source of &ol3T Reduction percentage in dry
variance df weight of weeds

Bartlett «us L 0.6™

Year JL. 1 91.2"
)‘ISJXJ-L“ ) 20.8"
YearxReplication
b S5 5L 5817.6™
Faba bean density
YearxFaba bean 25.1™
density
Errort.s 16 31.8
N
(1) Sl ysS oy 10.6

C.V (%) —

Y

oy ) gan; 0 ol mdaw 5o s sixe o sre OS] 3925 pas oS 4y
** *and ": Significantly difference at p< 0.01 and p< 0.05 and not
significant respectively
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Table 6. mean comparisons of plant densities effect on
weed control efficiency

ML &gy o515 Sl 039 Gl we,o
(&350 52) jppdile
Faba bean density Reduction percentage in
(per m?) dry weight of weeds
Oc

25 57.1+12b
35 58.6£29b
40 74.1+2.4 a
80 7733 a

Jlza o 50 5Sils (9031 b (g0 sire glis S e gy gl slo Sl (y5tw 2 40
R Ry
Similar letter in each column indicate no significant difference at 5%
probability level using Duncan's multiple range test.
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Table 7. Results of combined analysis of variance on some traits of forage corn at faba bean plant densities and
N fertilizer rate

ax e . R S o Slos )
Ol i 2lio S adgle i o Slos ke RTT RS
Source of variance G Fresh forage yield . Protein yield
df Dry forage yeid
Bartlett <5l 1 1.8™ 4.5™ 17
Year JLo 1 0.5m™ 0.2 84.2"™
A 4 0.2 0.005"™ 4.0
YearxReplication
HBlesly 4 54" 0.7 2777
Faba bean density
JLadll (J 15 _ 4 0.6" 0.04" 1.4
Yearxfaba density density
e 3 0.2 11" 163.7"
N fertilizer
0395 055><-J-L.) 3 4.4 0.01™ 3.4
YearxN fertilizer
s 3550 gy o5 12 2.1 03" 195
Faba bean densityxN fertilizer
UL f"SlJ‘TXL))5)"‘"‘ °5S.X-JL'“ 12 1.2 0.01" 1.70
Faba bean density xN fertilizerxYear
L= 76 04 0.05 7.0
Erorr
s o CV (%) . 11.8 19.1 19.2

oy ) g om0 Jlisl mlaw jo ls e o iae S 525 pae b i 4 FHFIENS

** *and ": Significantly difference at p< 0.01 and p< 0.05 and not significant respectively
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ladgle W)yd dig 5 ()59 3 MBL Aigy o515 FI-V S
Fig. 1. The effect of faba bean density on fresh forage yield of corn

Fresh forageyield {kg m-?)

O = N W s U0 N

A:: non-cultivation of faba bean oL cuis puc)
A, density of 25 plants of faba bean oL <, Yo 515
A,: density of 35 plants of faba bean L <5 ¥8 51
A,: density of 40 plants of faba bean oL <5, F+ 51
A,: density of 80 plants of faba bean oL <5 A+ 51
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Fig. 2. Interaction effects of faba bean density and N fertilizer on dry forage yield of forage corn
A:: non-cultivation of faba bean oL cuis pac)
A, density of 25 plants of faba bean oL <5, Yo 51,
A3: density of 35 plants of faba bean (L a5 Y0 o51,)
A4: density of 40 plants of faba bean (L w5 £+ o515
As: density of 80 plants of faba bean (L a4 A+ o515)

-1 -1
Bl: OkgNha (LS )5 559, p5kS oo 82: 100 kg N'ha (e 1 o595 0,5 kS Ve o)

-1 -1
B, 200 kg N ha (usa ;o 59,5 ¢ Soks ¥+ +), B, 1300 kg N ha - (lisia o 35550 p,55hS ¥+ )

039548 8900 215

S A J592) o5 50 (il ls i @l bl
2 O3arke 955 9 ML &gy o515 b (3955 90 e
Ol Slawlie mls 08,5 18 wo )y S Jleis| mlas
Sbos 5l G59 Sp9o e @ DLS Gyt a5 ol (L 8
sty 0,50l )0 p,55LS AT oS0k L DL S pus
gl (y300) SBLs digs A+ o ¥O FO Y0 slaeST5 5 el
&9t LS Ol 2eS gl (oo Ly (sl0 ime
595 3l skl pae Jloss uimen (F JS2) Wog (35955
A LS )0 s, oS ekS Ve e 08 g (59
Ol |y Gs Saso e @D Ol (e g (i
Lo (559, (5990 42 @S el (F JSi) wols
Ol 50 edelawsody bl wlul ol o Shae 5l ol b
Sy oml e SB s 55, e SRl L Galej]
abal) o9y Jdo 4 (s oo ) ol (ul &5 2L hals
oS 50 5 5o S5t 5 0395 Bran Gl (e (S el
a S cwloas 513 Oldllas 5l Sy o ceils Lad e
(39— Olie Bpae Gl L 039555 6hs0 0 2L
Huggi ) coul asl jzals wls o Slae ,8 il 0959 L
.(ns & Pan 1993; Lopez-Bellido et al., 2005

Y

gy 0,5 es
oS delie 151 eeS e uilly o8 bl elel
Sy So i )3 (S 9 Sdes 2 (9% 355 9 ML
(il Olwlio gl ulwl o (Y Jgo) ol o ge
asg FeooS1s slales 5l iy 0 Soe (n i
58 53 39— £ 5 kS Ve ML
A G A5 ol Gty LS 40 (5 508 S ol SY - OUEL
AV JSS8) wisle lid 095 5l (gaue,0 VY iolidl el [l
1S ool ad S o) g olge Cond j0 45 jeblon

4_,5_»\"& 9)l

Nl oo Cawdds Sz ool 4o pl3 (putig o )d Gy fol>
Wl (6 YL Cool (61,10 ol j0 iy doy0 Ay S g
Oeomb oo 4 olS 0 Vb (g woyd Sl (Ses 5
Ghorbi et al., ) a_sls a g5 0B o ag 0 o Slee
g Gialesl cpl j0 sdelcuwsas mls & 4> L (2021
33 039 S (Ogedl B Sl 4 oS 0ged blutul (i
o2l8 s o ML GLla 5 355 bt 255 5>
Codlae byl b ases jo a5 adl wolBdl S o paie oyl
Oean 0 5dee Coli )3 9 098 o0 pal B olS 0D, ol 6
as oS syl Hesami et al, (2020) ool o ol
S 039 IR Gk 5l S 4 dBL bl (il 5

A Dy gy Salidl el



Vo F-ITe dazmivo IF) Jlo F8 ylouis AT (0,90) Jbw /oyl 31 lgud SO S g 3 /... )3 5 jShos oy 10555000 g (958

25

20

15

10

Al1B4 w——

A2B]1 m—
A2B2 —

A2B3

Al1B1 —
Al1B2 =—

AZ2B4 m—|
A3B] m——

o <t
R
<< < <<

23
< <<

A3B3

2
<<

L)
=]
wn

<

ASB 2 m—

m <
[~ - =]
wn un
<

A

(@305 3 £55) Sladgle &5 oralig & ,Khoe 31 (335 395 9 Ml &gy o515 oliko H1-¥ S
Fig. 3. Interaction effects of faba bean density and N fertilizer on protein yield (g m?) of forage corn
A non-cultivation of faba bean (L S pac)

A, density of 25 plants of faba bean oL <5, Yo 51,
A, density of 35 plants of faba bean (&L w5, Y0 51,5
A4: density of 40 plants of faba bean (L w5, £+ o515
As: density of 80 plants of faba bean L a4 A+ o515)

-1 -1
Bl: OkgNha (LS )5 559, 0 5skS oo Bz: 100 kg N'ha (e 1 o595 0,5 kS Ve o)

-1 -1
B, 200 kg N ha (usa ;o 59,5 ¢ Soks ¥+ +), B, 1300 kg N ha - (lisia o 35550 p,55hS ¥+ )
Protein yield (g m?)

35955 995 9,8 g ML gy o515 1Sl i ladgle @5 Gl Sy (B 2 Al 90 <5 po il lg 4525 LS A Jgu
Table 8. Results of combined analysis of variance for some traits of forage corn as affected by faba bean densities and
N fertilizer rate

0395 6390002 U 0395 £l 2L iy bl 2T,

Ol g5 29bio o151 azyo
. Nitrogen productivity Nitrogen agronomic Nitrogen recovery
Source of variance df o L -
efficiency efficiency efficiency
Bartlett 1 0.3 0.4 0.0006"
Year jL. 1 153.9™ 0.2 0.0004"
1,S5x Lo
sl 4 13.0% 18.4° 0.0002"°
YearxReplication
8L STy o *x *
MW o515 ) 4 6295.0 240.5 0.006
Faba bean density
SRR
Jodklefly 4 109.9 16.8" 0.00002"
YearxFaba density density
©ia 55 3 1887.2" 566.2"™ 0.006™
N fertilizer
Ol 255 Jle 3 60.5" 7.8% 0.00003"
YearxN fertilizer
Siared 25508k S o8l 12 356.0 151.6™ 0.002*
Faba bean density xN fertilizer
AT 12 60.6™ 8.1 0.0001"
Faba bean densityxN fertilizerxYear
o
76 48.1 4.7 0.0002
Erorr
S pis oo CV (%) . 125 20.3 245

ao ) 5 a0 0 Jlasl mhaw (o s s o pre S S92 pas (i 5 4y ¥
** *and ": Significantly difference at p< 0.01 and p< 0.05 and not significant respectively
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Fig 4. The effect of faba bean density (1) and N fertilizer (2) on nitrogen productivity efficiency of forage corn

Aq: non-cultivation of faba bean oL cus puc), A 2 density of 25 plants of faba bean oL 5. Y8 51,
A3: density of 35 plants of faba bean oL g ¥ (51,5, A4: density of 40 plants of faba bean oL w4 £+ o51,)
A,: density of 80 plants of faba bean OBl w5 A+ 51,5

-1 -1
BiOKgNha (iSa o 59,5 o 5skS 5ao); B 1100 kg N DA (lisa jo 55500 p,55kS V- o)
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Fig. 5. The effect of different levels of N fertilizer on Nitrogen productivity (kg kg™)

Alz density of 80 plants of faba bean oBL s A+ +51,), AZ: density of 40 plants of faba bean &L as, ¥+ (51,5
A3: density of 35 plants of faba bean oL x5 Y0 +51,), A4: density of 25 plants of faba bean OBL x5 Y8 51,5, As: non-cultivation of faba bean EBL cuis puc)

-1 -1
BiOKgNha (s o o550 o5k i), B1 100 kg N M (s 0 0159525 #5555V - )
-1 -1
B3: 200 kg N'ha  (uSe ;o 539y p,SekS Yo o), B4: 300 kg Nha (uSe ;o ;595 p,Ssks Yo e)
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Fig. 5. The interaction effects of faba bean density and N fertilizer on Nitrogen agronomic efficiency
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Fig. 6. The interaction effects of different faba bean densities and N fertilizer application on Nitrogen recovery
efficiency of forage con (kg kg?)
Aq: non-cultivation of faba bean oL cus puc), A 2 density of 25 plants of faba bean oL 5. Yo 51,
A density of 35 plants of faba bean oL w5, vo 51,5, A, density of 40 plants of faba bean oBL x5, -+ 51,5
Al density of 80 plants of faba bean (L as A+ 51,5)

B:OkgN ha' (s
-1
B3: 200 kg N ha  (use

S 325 s

@l o Sloe oy oy a5 ol lis Jools s
FIML ccils p s ls 5 Sobelam o, Sloe ilo) v 50
il eioren ol Cawody ol Sl wig Ae g T slanSTs
15 59 5ok Yo S0l i T+ o515 ol ol ol
o 53 adgle Sz o Sloe ol 8l o s gl LS
@ lizee sboeSTy 5loslwl o o 5l 09 dals jleg 4
555 355 5l b 9,15 olymm 4 gl 55 S0l
o=l gl sladele )3 5 g s sla o TS el el
o o 4y MLy gy ¥ o515 45 285 A lgi oo ol
3 g ladgle 03 50 ) BSe o (e p Sl Y
3 wlin (B9 Glyeds Wl o bl 5o 5 O Ll
elS pspara b 65,5laS Sl I Las giss cux
355 )l B eolaial 3 50 ()39 05 (ailerd 355 S pas

oﬂ)lf

23 0595 eSS Yo

AR

-1

2 0o p55kS sie), B, 100 kg N ha - (s
-1

) BA: 300 kg Nha (sa

2 0395 PSS V)
2 G385 eSS )

03975 B3l T35 5 059 2135 2

@b (A J592) oS 5o iyl iz @l Golol
5L w3y o515 lie 31 5B o (3950 bk 5 21
an S8 B e, S Jlisl mhaw )3 (59 995
Uiy Fr o515 e 45 ol Gl 5 0eSilse Slglio
@B Ol Cnitin hlo (s 055 015 paedlil,
=3 @B 50 GladSa) og (s 83k 5 o)
039 shil an 1y o Shee fali 3l Gliee &l 5o ()59 5
Sarkhosh & Abotalebian, ) oeo o ;L co_icé pas
Ol e (3 e bl Loy 4 a4k 4, 5 (2013
et ol st (nl olS 0 3 Shos Sgate 9 (39 B ras
S8l 545,18 aS ws S s,155 Beslemes et al, (2013)
Gl el (39 55 995 B pan pas (loj )3 2,5 b oyl
Ol 4 oS 5 ©)3 )3 (g bl RliEl g o Sles
Al 2old [l 4 Cannd s, Vo -V0 g AIY



10.

11.

12.

13.

14.

15.

16.

17.

18.
19.

VP -1 dazmio AF) Jlo F8 ylouis AT (0,90) Jbw /oyl 31 bgud (S S g 3 /... )3 5 ;Slos oy 10555000 5 (58

&L
Abbasi, M.K., Khalig, A., Shafig, M., Kazmi, M., and Imran, A. 2010. Comparative effectiveness of
urea N, poultry manure and their combination in changing soil properties and maize productivity under
rainfed conditions in northeast Pakistan. Experimental Agriculture 46: 211-230.
Al-Suhaibani, N., El-Hendawy, S., and Schmidhalter, U. 2013. Influence of varied plant density on
growth, yield and economic return of drip irrigated faba bean (Vicia faba L.). Turk Journal of Field
Crops 18: 185-197.
Anafjeh, Z., Fathi, G., Ebrahimpour, F., Zand, E., and Chaab, A. 2008. Study on competitiveness of
wild oat (Avena fatua L.) with wheat (Triticum aesativum L.) chamran cultivar. Iranian Journal of
Weed Science 4(1): 35- 46. (In Persian with English abstract).
Beslemes, D.F., Tigka, E.L., Efthimiadis, P., and Danalatos, N.G. 2013. Maize biomass production, N-
use efficiency and potential bioethanol yield, under different cover cropping managements, nitrogen
Influxes and soil types, in Mediterranean climate. Journal of Agriculture Science 5(7): 189-205.
Boddey, R.M., Jantalia, C.P., Conceicao, P.C., Zanatta, J.A., Baver, C., Mielnizuk, J., Dieckow, J.,
Dos Santos, H.P., Denardin, J.P., Aita, C., Giacomini, S.J., Alves, B.J.R., and Urguiaga, S. 2010.
Carbon accumulation at depth in Ferralsols under zero till subtropical agriculture. Global Change of
Biology 16: 784-795.
Chen, Y., and Barak, Ph. 1982. Iron nutrition of plants in Calcareous soils. Advanced Agronomy 35:
217-240.
Congreves, K.A., Hayes, A., Verhallen, E.A., and Van Eerd, L.L. 2018. Long-term impact of tillage
and crop rotation on soil health at four temperate agroecosystems. Soil and Tillage Research 152: 17-
28.
Dabaghzadeh, M., Fathi, Gh., Bakhshandeh, A., and Alami-saeid, Kh. 2016. The effect of weed
interference time and plant densityon weeds control and broad bean (Vicia faba L.) yield. Iranian
Journal of Field Crops Research 14(2): 2015-225.
Dawson, J.C., Huggins, D.R., and Jones, S.S. 2008. Characterizing nitrogen use efficiency in natural
and agricultural ecosystems to improve the performance of cereal crops in low-input and organic
agricultural systems. Field Crops Research 107: 89-101.
El-Gizawy, N.Kh.B. 2009. Effects of nitrogen rates and plant density on agronomic nitrogen use
efficiency and maize yield following wheat and faba bean. American-Eurasian Journal of Agriculture
and Environment Science 5(3): 378-386.
Etemadi, F., Hashemi, M., Zandvakili, O., and Sadeghpour, A. 2018. Nitrogen contribution from
winter-killed faba bean cover crop to spring-sown sweet corn in conventional and no-till systems.
Aaronomy Journal 110(2): 455-62.
Franke A.C., Van den Brand G.J., Vanlauwe B., and Giller K.E. 2018. Sustainable intensification
through rotations with grain legumes in Sub-Saharan Africa: A review. Agriculture, Ecosystems &
Environment 261: 172-185.
Gaudin, A.C.M., Westra, S., Loucks, C., Janovicek, K., Martin, R., and Deen, W. 2013. Improving
resilience of northern field crop systems using inter-seeded red clover: A review. Agronomy 3: 148-
180.
Ghazvineh, S., and Yousefi, M. 2012. Study the effect of micronutrient application on vield and vield
components of maize. American-Eurasian Journal of Agricultural & Environmental Sciences 12: 144-
147.
Ghorbi, S., Ebadi, A., Khomari, S., and Hashemi, M. 2021. The effect of nitrogen fertilizer and faba
bean density in rotation, on maize nitrogen use efficiency under no-till system. Iranian Journal of Field
Crops Research 19(3): 299-309.
Ginakes, P., Grossman, J.M., Baker, J.M., Dobbratz, M., and Sooksa-nguan, T. 2018. Soil carbon and
nitrogen dynamics under zone tillage of varying intensities in a kura clover living mulch system. Soil
Tillage Research 184: 310-316.
Grassini P., Thorburn J., Burr C., and Cassman K.G. 2011. High-vield irrigated maize in the Western
US Corn Belt: 1. On-farm yield, yield potential, and impact of agronomic practices. Field Crop
Research 120: 142-150.
Hobbs, P.R. 2007. Conservation agriculture: What is it and why is it important for future sustainable
food production. Journal Agriculture Science 145: 127-137.
Huggins, D.R., and Pan, W.L. 1993. Nitrogen efficiency component analysis: an evaluation of
cropping system differences in productivity. Journal Agronomy 85: 898-905.

\Rld



20.

21.

22.

23.

24,

25.

26.

217.

28.

29.
30.
31.

32.

33.

34.
35.

36.

37.

38.
39.

Vo F-ITe dazmivo IF) Jlo F8 ylouis AT (0,90) Jbw /oyl 31 lgud SO S g 3 /... )3 5 jShos oy 10555000 g (958

Jalli, M., Huusela, E., Jalli, H., Kauppi, K., Niemi, M., Himanen, S., and Jauhiainen, L. 2021. Effects
of crop rotation on spring wheat yield and pest occurrence in different tillage systems: a multiyear
experiment in finish growing conditions Frontiers in sustainable food systems. Frontiers in Sustainable
Food Systems 5: 1-14.

Karkanis, A., Ntatsi, G., Lepse, L., Fernandez, J.A., Vaagen, M.I., Rewald, B., Alsina, I., Kronberga,
A., Balliu, A., Olle, M., Bodner, G., Dubova, L., Rosa, E., and Savvas, D. 2018. Faba bean cultivation
revealing novel managing practices for more sustainable and competitive European cropping systems.
Frontiers in Plant Science 9: 1115.

Kebede, M., Sharma, J.J., Tana, T., and Nigatu, L. 2015. Effect of plant spacing and weeding
frequency on weed infestation, yield components, and yield of common bean (Phaseolus vulgaris L.)
in Eastern Ethiopia. East African Journal of Science 9(1): 1-12.

Kermah, M., Franke, A.C., Ahiabor, B.D.K., Adjei-Nsiah, S., Abaidoo, R.C., and Giller, K.E. 2019.
Legume-maize rotation or relay? Options for ecoloagical intensification of smallholder farms in the
Guinea savanna of northern Ghana. Experimental Agriculture 55: 673-691.

Lamptey, S., Yeboah, S., and Li, L. 2018. Response of maize forage yield and quality to nitrogen
fertilization and harvest time in semi-arid northwest China. Asian Journal of Research in Agriculture
and Forestry 1: 1-10.

Lehman, R.M., Osborne, S.L., and Duke, S.E. 2017. Diversified no-till crop rotation reduces nitrous
oxide emissions, increases Soybean yields, and promotes soil carbon accrual. Soil Science Society of
America Journal 81: 76-90.

Liu, K., Bandara, M., Hamel, C., Knight, J.D., and Gan, Y. 2020. Intensifying crop rotations with
pulse crops enhances system productivity and soil organic carbon in semi-arid environments. Field
Crops Research 248: 107657.

Lopez-Bellido, L., Lopez-Bellido, R.J., and Redondo, R. 2005. Nitrogen efficiency in wheat under
rainfed mediterranean conditions as affected by split nitrogen application. Field Crops Research 94: 86
-97.

Majidian, M., Ghalavand, A., Karimian, N., and Kamgar haghighi, A.A. 2008. Effects of nitrogen
different amounts, manure and irrigation water on yield and yield components of corn. Crop
Production 1(2): 67-85. (in Persian with English abstract).

Malek Maleki, F., Majnonhoseini, N., and Alizade, H. 2013. A survey on the effects of weed control
treatments and plant density on lentil growth and yield. Production of Crops Journal 6(2): 135-148.
Malik, C.S, Sowanton, C.J., and Michaels, T.E. 1993. Interaction of white bean (Phaseolus vulgaris)
cultivars, row spacing and seed density with annual weeds. Weed Science 41: 62-68.

Mohamed, S.S.E., and Babiker, H.M. 2012. Effects of Rhizobium inoculation andurea fertilization on
faba bean (Vicia faba L.) production in a semi-desert zone. Advances in Environmental Biology 6:
824-830.

Oliveira, M., Barré, P., Trindade, H., and Virto, I. 2019. Different efficiencies of grain legumes in crop
rotations to improve soil aggregation and organic carbon in the short-term in a sandy Cambisol. Soil
Tillage Research 186: 23-35.

Pandiaraj, S., Selvaraj, T., and Ramu, N. 2015. Effects of crop residue management and nitrogen
fertilizer on soil nitrogen and carbon content and productivity of wheat (Triticum aestivum L.) in two
cropping systems. Journal Agricultural Science Technology 17: 249-260.

Perry, L.J., and Compton, W.A. 1977. Serial measures of dry matter accumulation and forage quality
of leaves, stalks and ear of three maize hybrids. Agronomy Journal 69: 751-755.

Rahimizadeh, M., Kashani, A., Zare-Feizabadi, A., Koocheki, A.R., and Nassiri-Mahallati, M. 2010.
Nitrogen use efficiency of wheat as affected by preceding crop, application rate of nitrogen and crop
residues. Australian Journal of Crop Science 4(5): 363-368.

Rakshit, D., Sahu, G., Mohanty, A.K., Satpathy, K.K., Jonathan, M.P., Murugan, K., and Sarkar, S.K.,
2017. Bioindicator role of tintinnid (Protozoa: Ciliophora) for water quality monitoring in Kalpakkam,
Tamil Nadu, south east coast of India. Marine Pollution Bulletin 114: 134-143.

Renwick, L.L.R., Bowles, T.M., Deen, W., and Gaudin, A.C.M., 2018. Potential of Increased
Temporal Crop Diversity to Improve Resource Use Efficiencies, In: Agroecosystem Diversity. pp: 55-

Rocha, K.F. et al. 2020. Cover crops affect the partial nitrogen balance in a maize-forage cropping
system. Geoderma 360: 114000.

Sarkhosh, A., and Abotalebian, M.A. 2013. Nitrogen use efficiency, vield and some agronomic
characteristics of maize under prime seed and nitrogen application time. Journal of Crop Improvment
15(3): 117-128.

VY


https://pubmed.ncbi.nlm.nih.gov/?term=Karkanis%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Ntatsi%20G%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Lepse%20L%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Fern%C3%A1ndez%20JA%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=V%C3%A5gen%20IM%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Rewald%20B%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Alsi%C5%86a%20I%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Kronberga%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Balliu%20A%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Olle%20M%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Bodner%20G%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Dubova%20L%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Rosa%20E%5BAuthor%5D
https://pubmed.ncbi.nlm.nih.gov/?term=Savvas%20D%5BAuthor%5D

40.
41.
42.

43.

44,

45.

46.

47.
48.

49.

50.

VEIY e amino P ) Jlo (65l Y (630) o /o3 331 ©lgad SO 9 3 /... 53 5 Shae cawy 2 ty]y K0 g (o2

Shapiro, S.S., and Wilk, M.B. 1965. An analysis of variance test for normality (complete samples).
Biometrika 52: 591-611.

Siczek, A., and Lipiec, J. 2016. Impact of faba bean-seed rhizobial inoculation on microbial activity in
the rhizosphere soil during growing season. International Journal of Molecular Sciences17: 784-800.
Sillero, J.C., Villegas-Fernandez, A.M., Thomas, J., Rojas-Molina, M.M, Emeran, A.A., Fernandez-
Aparicio, M., and Rubiales, D. 2010. Faba bean breeding for disease resistance. Field Crops Research
115: 297-307.

Somani, L.L. 1992. Dictionary of Weed Science. Agrotech Publishing Academy (India).

Soon, Y.K., Clayton, G.W., Rice, and W.A. 2001. Tillage and previous crop effects on dynamics of
nitrogen in a wheat-soil system. Agronomy Journal 93: 842-849.

Tarig Jan, M., Jamal Khan, M., Khani, A., Arifi, M., Shafi, M., and Farmanullah, H. 2010. Wheat
nitrogen indices response to nitrogen source and application time. Pakistan Journal Botany 42(6):
4267-4279.

Tolera, A., Daba, F., and Friesen, D.K. 2009. Effects of crop rotation and N-P fertilizer rate on grain
yield and related characteristics of maize and soil fertility at Bako Western Oromia, Ethiopia. East
African Journal of Science 3: 70-79.

Triplett, G., Jr, B., and Dick W.A. 2008. No-tillage crop production: A revolution in agriculture.
Agronomy Journal 100: 153-115.

Uzoh, .M., Arizechukwu Igwe, Ch., Okebalama, C.B., and Babalola, O.0. 2019. Legume-maize
rotation effect on maize productivity and soil fertility parameters under selected agronomic practices
in a sandy loam soil. Scientific Reports 9: 8539.

Woodley, A.L., Drury, C.F., Yang, X.M., Reynolds, W.D., Calder, W., and Oloya, T.O. 2018.
Streaming urea ammonium nitrate with or without enhanced efficiency products impacted corn yields,
ammonia, and nitrous oxide emissions. Aaronomy Journal 110: 444-454,

Zhana, X., Davidson, E.A., Mauzerall, D.L., Searchinger, T.D., Dumas, P., and Shen, Y. 2015.
Managing nitrogen for sustainable development. Nature 528: 51-59.

YA



Iranian Journal of Pulses Research
Homepage: https://ijpr.um.ac.ir
Vol. 13, No. 2, December 2022, p. 104-120 (Original Research Article)

Oty

Study of forage corn (Zea maize L.) yield as affected by faba bean
(Vicia faba L.) density and mineral nitrogen in no-till system
Ghorbit, Samaneh; Ebadi?, Ali; Khomari®, Saeid; and Hashemi“, Masoud

1. PhD. Candidate of Agronomy, Agronomy, Department of Agronomy and Plant Breeding, Faculty of Agriculture and Natural
Resources, University of Mohaghegh Ardabili, Ardabil, Iran; smn.ghorbi.ch@gmail.com; ORCID: 0000-0002-0125-5924
2. Professor, Agronomy, Crop Physiology, Department of Agronomy and Plant Breeding, Faculty of Agriculture and Natural
Resources, University of Mohaghegh Ardabili, Ardabil, Iran; ali.ebadi.khazineh@gmail.com; ORCID: 0000-0002-6486-6757
3. Associate Professor, Agronomy, Crop Physiology, Department of Agronomy and Plant Breeding, Faculty of Agriculture and
Natural Resources, University of Mohaghegh Ardabili, Ardabil, Iran; saeid.khomari@gmail.com; ORCID: 0000-0002-4926-5320
4. Professor, Agronomy, Crop Physiology, Stockbridge School of Agriculture, University of Massachusetts, Amherst, MA,
USA; masoud@umass.edu; ORCID: 0000-0002-6126-4208

The Dates:
Received: 2 July 2022; Revised: 12 July 2022
Accepted: 30 August 2022; Available Online: 5 September 2022

How to cite this article:
Ghorbi, S., Ebadi, A., Khomari, S., and Hashemi, M. 2022. Study of forage corn (Zea
maize L.) yield as affected by faba bean (Vicia faba L.) density and mineral nitrogen in no-
till system. Iranian Journal of Pulses Research 13(2): 104-120. (in Persian with English
abstract). DOI: 10.22067/ijpr.v13i2.2206-1038

Introduction

Nitrogen fertilizers are commonly used to increase economic performance in corn production. However,
it should be noted that nitrogen added to the soil in crop ecosystems is not fully available to the plant and
may be leached. In this context, many studies have investigated various crop production methods to improve
soil health and reduce soil nitrogen losses. Crop rotation and no-till may be an appropriate method to
improve soil health and increase soil organic carbon and total nitrogen. In this experiment, it was assumed
that growing faba beans in rotation with forage corn and applying sustainable agriculture can greatly reduce
the need for nitrogen fertilizer in corn and increase nitrogen use efficiency compared to monoculture corn.
The objective of this experiment was to determine the appropriate plant density of faba bean and its effect on
crop rotation with forage corn, and to evaluate the nitrogen fertilization efficiency of corn.

Materials and Methods

A two-year experiment was conducted in 2018-2019 as a factorial experiment based on a randomized
complete block design with three replicates at the research farm of the Faculty of Agriculture and Natural
Resources, university of Mohaghegh Ardabili, Ardabil, Iran. The experimental treatments were different plant
densities of faba bean (25, 35, 40 and 80 plants m?) and different nitrogen (N) fertilizer rates (0, 100, 200 and
300 kg ha) in forage corn. Shadan cultivar of faba bean was planted in this experiment and it was harvested
manually at the physiological maturity stage. The corn variety was the single cross hybrid 201, which was
planted at the density of 80000 plants ha? in the residue rows of faba bean. Nitrogen fertilizer (as urea) was
applied three times at the Vs stage of corn. Three corn plants were harvested at the milk stage and then oven
dried at 70 °C for 72 h and weighed. Traits studied in this experiment were include grain yield, 100-grain
weight, harvest index, biological yield and weed control efficiency in faba bean and fresh and dry forage yield,
protein yield, nitrogen recovery efficiency, nitrogen agronomic efficiency and nitrogen productivity in forage
corn. Statistical analysis of data was performed using SAS 9.4 software, and significant differences between
treatment means were tested using the Duncan's Multiple Range Test at P < 0.05.
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Results and Discussion
Faba bean

The highest grain yield was obtained at plant density of 80 plants.m, 100-grain weight, and HI were
observed at plant densities 40 plant.m? and the densities of 80 and 40 plants had the highest Reduction
percentage in dry weight of weeds and biological yield. It seems that an increase in plant density, especially
at the beginning of the growing season, results in complete coverage of the soil with plants and reduces the
competitive ability of weeds. In addition, with higher plant density, solar radiation on the plant canopy
increases, so less light is available for weeds and the germination rate of weed seeds decreases. The result of
cultivation shows higher competitive power and the results were obtained.
Corn

Our results showed that using faba bean in rotation with forage corn can reduce the need for nitrogen
fertilizer. The results of the mean comparisons showed that the highest dry forage yield of corn was obtained
at the density of 40 faba bean plants+200 kg N ha?, representing an increase of 155% compared to the
control treatment. Corn yield is very sensitive to nitrogen deficiency. On the other hand, using of legumes in
crop rotations can improve crop access to nitrogen. Addition, the highest protein yield was observed at the
density of 40 faba bean plants+200 kg N ha* and 35 faba bean plants+200 kg N ha. Density of 40 faba bean
plants+no application of N fertilizer had the highest nitrogen recovery efficiency and nitrogen agronomic
efficiency. Thus, it can be concluded that the combined application of nitrogen fertilizer and the use of faba
bean in the crop rotation increases the availability and uptake of nitrogen and also increases the efficiency of
this element at a stage of plant growth when nitrogen uptake is high. Therefore, the corn yield was higher in
these treatments

Conclusion

In this experiment, the effects of plant density of faba bean on the yield of this crop and the effects of
crop rotation on nitrogen yield and efficiency of forage corn were studied. The results showed that the
highest grain yield, 100-grain weight, biological yield, and bean harvest index were obtained at plant
densities 40 and 80 plant. The results also showed that the density of 40 bean plants+200 kg N ha* had the
highest increase in dry forage yield of corn compared to the control. It can be concluded that the density of
40 faba bean plants+200 kg N ha* in forage corn under similar climatic conditions may be a suitable method
to reduce the use of chemical N fertilizer.
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