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Tablel- Evaluation of nitrogen efficiency indices (Fagria, 2009; Gerami at al., 2014)
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Table 2- Analysis of variance of green manure and different nitrogen sources effect on some nitrogen efficiency indices of

canola
Oyl @le dxpd dpao )6 @l 25 o 2,6 sl 2l < S5 09 S 2,5
Sourceof — golji ey ORFS Ol Ok NS 039
variance df Nitrogen Use Nitrogen Nitrogen Nitrogen 5 s Nitrogen
A R . Q9 : .
Efficiency Uptake Utilization Agronomic Ni Agrophysiological
. . . itrogen .
Efficiency Efficiency Efficiency . . Efficiency
Physiological
Efficiency
RS 2 3.16™ 0.017" 0.1" 24.52 497" 100.46™
Rep.
s 355 4 28.38" 0.217 39.46" 93.28" 57827 152.65™
Green
manure
ol ol 8 3.98 0.011 0.37 14.23 86.07 58.37
Main error
Oio s alie 2 116.4 0.06 45.48 798.56 3037.96 1039.6
Nitrogen
resources
liox jwsgS 8 4.27% 0.013™ 2.52 342 186.95 74.08™
U9
G MxN R
SIS 20 3.82 0.008 0.18 8.08 29.53 74.06
Sub error

Al oo o dme el g /0 gV g )3 b bxe i A NS g ek it
*, **and ns: Significant at the 5% and 1% probability levels and no significant respectively.

o ol |y GRIB Gl Js (1 ga2) 351 olen Gl DS
Cnll o5 3 g o 355 GlalS (sLlis ) SB I slse 133
5 Sisdsn 095 1 9250 oSl g (9 Sl
plod By (pimen (ol S Sl b plojen 5 (2
i €8y jam Bk 5l oland p)8 4 olS LS 590 gk
DS ke (ialS elS ojtos Jl ab @)l 5 sl )b
b 03srs @i @B olie 3 pials o)y (g 3 1 el )5 s

Sran 2hS L 2L ol Olie 1059048 cda ()ls

GalS L (Brae 358 GiliEl g ol (lis 1y alie (s 09y
Ve¥) padls ol lise oy 292 oot (95 Qo S
e 355 5 (9 355 38 pas et ) (p)S0kS n PSS
Sobsime ()38l jew 368 alS 5,8 pisren b Jols il
oS ol L5 598 mute slnylod dunlio b Lis 1) ol 4 s
0iali8 L oliend 295 700 b S 5 53 ool 298 5,18



YAV 05 ciliso gl g w095 pdl i 13555 (59 8 (25 (sl a5 L (g anlllao

OFgr 395 LS 3 p Sl N g Ar F Ve olaw adllla
=hj 0l pialS (Bpas 598 (e Gl & 45 oaalie
zolw wyp (Norton at al., 2015) )l ol yends ) 59,55
0395 bl 5 (0ars SR ) p)SolS Yow 900 ) ()79
oYL aS ol lis @y ader o (pAS sLley woyd B+ 9 YO o)
VO g (gt S )3 p)SolS N0 Jlas > (sl 2D Gl
o) 9 Ofgre S Gl g 4b ol (alS Ll Ao
G e & Ylainl a5 0,05 (123ld e Jials & oo Llay
g odlial LB (5955 jlde paS Sblhy (g5 4 ()5 VL
8 bl s 4 el o Lol adl ialS e oS
Jalali and ) 33,5 (oo (59 (o215 @ LRl coge )39 s
Olie G338l L 59,10 ely; oS ials.(Bahrani, 2014
Joudi at ) ai sdnlin (Lens culinaris L.) jwis > (59,0
(al, 2011

Co9 adld pl Ol 1059 A0 (S5 93588 Il
aS ol s flite ol dwslie Jy €8, 515 598 auin 18l
395 plad Bpan &) s jrw Sl b S 5 )0 Sujelae 355
Db (Saiede b 2D g 4 e (alierd p8 d LS 55
J932) 392 glite juw 395 olS g9 4 adld (pl Gl (pimen
(il jlas g o 395 22)8 pae b s asls ) (Y
S L 03l 5 il bsn S 5 (oS5 1 )55k YFITY)
53 ity W SSS st 5l YOIO) (55 Sl
29 (plond (59 &5 sy o0 iy (1 Jgia) sl 039,
oS oyid §1 ol 51 G 5 29503 Bpae IS bawgs JulS
e 2 «Sigdaid 2hlS Jseyd dn angi b S e )l
D9dige ol IS bawgi (Gel)lS s & pgodr (5955 ¢SRS
s e 45 3y oy Sl 3, Sl s ol
Sl id @b Gl wioren Cusl oad @l cnl Gilél
clisee gola )3 (S gt L yods gl slalos )3 IS 5
O3Sy el pae bl b 4 s 1) gy Slilgw 9 (g5
(Jafari at al., 2012) 3505

3l 3, Slae Jyieac 159,505 5525515358951
Ca s odh Ly (gdie Dy o 5l asly ya (ol 4 ool canday
9 Sjglan 398 i 5y,LS" (Ladha at al., 2005) 544 0
VEIVY) ol s el ol ol 5o puRauiis (il38 o losd
L )b ime NS (gylal oy dizpo (p)S'5hS 52 p,SolS
3 LS (p55kS” 2 p)S ok MWTY) (aliond p)3 ) 355 B puae
Ol 2 03l g ol ble CutS 5 5yl s 28 b (¥ J502)
§ S e I gl o pgolon o3 dpee 2l
el Jloss s S 5 5 o 395 o 93 ol Joisine g e 555

Cowloas (o)l3 8 wlalllas (S p 50 (Syao 355 3,5 iol58l
Dawson at al., 2008; Haile at al., 2012; Zhao at al., )
Rhizobium leguminosarum b yoi zuili 13U adlllas (2006
gl a8 ol LS Log) o polie Gls g 3,Sles p ol g yhud
Gl il pas bl 4 Cund Hedy el Hled > (g e
.(Desta at al., 2015) b oanlie ool )d (5505

2l b o Sles plyie 05940 $H90 2 S
ul)_m udbl_f JHU_A ;a_))a) ol_ﬁf 5 0dud u.\> 0)9)2» .\>|9
ol b oaalie (5955 e GRIEI L (395 (5y90 00 3L
whlS dgme il o il 3 Slos 3l Cov piitane yobdy (asls
N O5er Ol s g 2ome JWI > 4 IS (lalS 5> (690 10
454, (Rathke at al., 2006) s_ib o Ladsl 4y a8lw 4 Sy
sk (5t e polaw 4 (1Sl 53 paSlE pl Ol
w2 25 YYIBE) o e VL 5 €l a8 (5 i
Jpi) 25 Jolo (518 pic) (5355 o (ol (oS3
395 Olise ORI b 03555 S 4 S olise plals (Y
Olalllae (B 50 158 30 S )3 £,55LS VAD VYE I 8as
@ oy by Cawd 5l s & Yleasl (ials ol &5 os )18
(Mirzashahi and Hosainpour, 2014) s_sb ca lises <yg 0
2 Sy jasld g 4l 5, Sles (50040 (ohS Cute (Siuer
(Muunnen at al., 2007) cuwl 6dpwy Sll 4 Glalllas I 5y
caiby asls uliel qo cote dayly ladllas (S cpicren
Avgel GBS 1) (39— ager— S 9 OFs
OS5y (8355 Cupe adllles ,> .(Rahimizadeh at al., 2010)
3ySlos 3o (S 3 £ SolS Ve 910 N ev ir) o Jlox
w=hi Jlw a0 @y jo ey oS sla jadls g b
S50yt whlS 058 By ns lie Linli8l L a8 ad saalis
Ol soben (yg0 2 Ol (YL g ALl (g
b Jols (355 ghaw (2 50mb 2 (PSS )3 p)Soks A4/TY)
S90S el (Mirzashahi and Hosainpour, 2014)
P eSS We e 1 3o s 308 Glise (lBIL ()39 5
(Haile at al., 2012) cul sais (5,55 b paS j5 jliSa

L 2bLS ol b ae pials 1059000 51,5 2ol
0/A%) o] Jlade cpyseS g o odmlie 3¢5 5,8 e Lol
{7 Jsi) 26l Camser (6355 g 0233l 3 (4,554 1 p 55k
U S =15 @b 2 e 35 (blS gadlas (e
9 P95t g PN LS plsica 5yl 5 Uile bglses cutS cue
Jods) cal il 5 i85 baylys @ o )] )b gme i3l
e Ll )3 395 4 (63le 53 (59555 s DS (Y
3 Mg o Shme sl 45l (3lge I i 9 o Sdxe



VAP el ¥ o)l O ol (Il 2l Glebd gty 4 yid Y\A

sLodss 3,0l Ly anlio o |y wig b oo oS 5 o2 b I 3008 SRRl L S 53 (S5l ade ST (S I3l g 268
.(Naing at al., 2010) xob L ol & (olowd whlS bz ili 8l (Shehu, 2014) wsged oylo 1y (5955
5 gleagS &S Sloj |y @iy shed 5 (ig i (SIPsbs S

I35 g sad L 51 (yjo il @b 9 jawdss LS 3l (ilo dunglio Y Jgu
Table 3- Mean comparison of green manure and different nitrogen sources effect on some nitrogen efficiency indices of

canola
Gao gl s RS 62 °’V:"s =hieh Sdeid @S (P dy ST 2l
I T e s s
Treat Nitrogen Use li}trogen Utilization Nitrogen Nitrogen Nitrogen
Efficiency pt.ake Efficiency Agron.lomlc Phys1o.log1cal Agrophy§1olog1cal
Efficiency Efficiency Efficiency Efficiency
Jaw 3¢5 (Green manure)
Gl 179a 0.89a 1961c 11.69a 2251a 10.39ab
G2 174ab 0.92a 18.33d 6.2bc 832b 537b
G3 15.5b 0.66b 20.94b 2.8¢ 8.12b 481b
G4 16.5ab 0.82a 19.86¢ 59¢cb 1744ab 14.75a
F 13.3c 0.55b 23.89a 7.5b 25.6a 10.53ab
Ojorks gle
N1 18.9a 0.81a 22.54a - - -
N2 134c 0.69b 19.51b 5.96b 2545a 11.27a
N3 16.1b 0.8a 19.54b 14.51a 23.76a 16.24a
SR 5
N1xGl 18.2abcd 0.88b 20.56ef - - -
N1xG2 214a 1.04a 20.38fg - - -
N1xG3 18.8abc 0.63ef 2327b - - -
N1xG4 20ab 0.94ab 21.2de - - -
NIxF 16.1cdef 0.59¢ef 2729a - - -
N2xG1 15.8cdefg 0.84bc 1871 10.08bcd 31.96a 14.03b
N2xG2 13.8efgh 0.8bcd 17.09j 5.03def 13.98bc 6.95bc
N2xG3 12.8gh 0.65de 19.53h 1.79¢f 8.53cd 5.35bc
N2xG4 13.9efgh 0.7cde 19.6gh 5.5de 3223a 13.68bc
N2xF 10.8h 047f 22.52bc 7.39¢cd 40.53a 16.35b
N3xGl 19.7ab 0.946ab 19.58gh 24.98a 35.57a 17.15ab
N3xG2 17bcde 0.9ab 17.53;j 13.61b 10.98bcd 9.17bc
N3xG3 15defg 0.71cde 20.03fgh 6.64de 15.85b 9.1bc
N3xG4 15.6cdefg 0.83bc 18711 12.2bc 20.1b 30.57a
N3xF 132fgh 0.6ef 21.86cd 15.13b 36.29a 15.24b

W)l 2oy 0 Jleisl pdaw )0 (gl iz BB gt b > S yide B gl olo Sk
"Means within a column followed by the same letters are not significantly different at a=0.05.
N2 (no fertilizer) 545 5,8 pac :NI (Fallow) il :F (Millet) ;1 :G4 (Barley) ¢ :G3 (Mung bean) il :G2 (Intercropping) bl G1
(biological nitroxin + 50% chemical fertilizer)  yws sy <o5glan 395 + olosd 355 70+ N3 4 (100% chemical fertilizer) _lows 58 %)+«
fertilizer
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Table 4- Analysis of variance of green manure and different nitrogen sources effect on some nitrogen efficiency indices of

canola

&b

Ayt
Change df
resources

&3l a3 Ofsr & 51 pas e

Nitrogen reliance index

Nitrogen balance index

039 Canild 3 gt L

RNt A L«\J
0I5 53 9° Nitrogen harvest index

Rep.
P .
Green 4 0.01
manure
hol sl 8 0.001
Main error
Ofar glie
Nitrogen
resources
Blex jdgs
isrs 8
G MxN R
= sl 20
Sub error

0.002™

ok

2 0.54

0.004"

0.0009

*

0.009™ 8.92
343" 54.12™

0.015 1.56

4347 0.79™

Hx Hx

1.16 6.59

0.01 0.8

Al oo o sme el g 0 gV g )3 b bxe i A NS g sk it
*, **and ns: Significant at the 5% and 1% probability levels and no significant respectively.
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Table 5- Mean comparison of the effects of green manure plants and different nitrogen sources on some nitrogen efficiency
indices of canola

S Ojore 4 51 pasls 0l9r Wil sl 0395 Cedld ) pad Lo
Treat Nitrogen reliance index Nltroiglfgezalance Nitrogen harvest index
Jaw 3¢5 (Green manure)
Gl 0.177b 2.12b 86.18ab
G2 0.15b 2.35a 84.58¢
G3 0.22a 1.28d 86.79a
G4 0.179b 1.81c 85.06bc
F 0.25a 0.84¢ 80.53d
0595 &l (Nitrogen resources)
N1 - - 84.87a
N2 0.37a 1.65b 84.41a
N3 0.21b 34a 84.61a
Sod (Interaction)
N1xGl - - 86.02bcd
N1xG2 - - 83.38f
N1xG3 - - 89.21a
N1xG4 - - 86.2bcd
N1xF - - 79.45h
N2xG1 0.34b 2.1f 85.8bcd
N2xG2 0.29bc 2.32e 85.02cdef
N2xG3 0.44a 1.27¢g 86.5bc
N2xG4 0.34b 1.71g 83.75ef
N2xF 0.46a 0.82i 80.97gh
N3xGl1 0.19ef 4.28b 86.72b
N3xG2 0.16f 4.73a 85.36bcde
N3xG3 0.23de 2.56d 84.67def
N3xG4 0.19ef 3.72¢ 85.13bcde
N3xF 0.28cd 1.71g 81.18g

25,05 005 0 Jless] gaws )3 (65 gime BB g ya 1> S jide Bgyn ) (slaySike
"Means within a column followed by the same letters are not significantly different at a=0.05.
N2 (no fertilizer) 5¢5 5,8 pac :NI (Fallow) il :F (Millet) ;1 :G4 (Barley) ¢ :G3 (Mung bean) il :G2 (Intercropping) bl G1
(biological nitroxin + 50% chemical fertilizer)  yws sy <o5glan 395 + olowd 355 70+ N3 4 (100% chemical fertilizer) _lows 58 7Y+«
fertilizer
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Introduction: Green manure is a crop used primarily as a soil amendment and a nutrient source for future
crops. Leguminous green manure may add N to crop systems through biological fixation, and the slow release of
N from decomposing green manure residues may be well timed with plant uptake. Leguminous and non-
leguminous plants are used as green manures. Leguminous plants can form symbiotic associations with
Rhizobium bacteria in order to atmospheric N fixation. This fact causes that the green manures, which their
principal component are leguminous plant residue, added more nitrogen to the soil compared to non-legume.
Muurinen et al. (2007) reported that strong N translocation from vegetative parts of the main shoot in wheat,
which exhibited higher competition for N between vegetative and reproductive organs. Therefore, improved
understanding of plant N requirements and dynamics, particularly biomass production efficiency (BPE) from
vegetative parts among species and cultivars, is needed to determine better nitrogen use efficiency (NUE). So
that the objective of this study was to determine the effects of legume and non-legume green manure crops in
combination with different N fertilizer rates on nitrogen efficiency indices of canola.

Materials and Methods: In order to study the effect of different green manure and nitrogen sources on
nitrogen efficiency indices of canola, a field experiment was conducted in the experimental farm of Agricultural
Faculty of Shahid Chamran University of Ahvaz during 2013-2014 growing season. The experimental was
carried out as split plot based on randomized complete block design (RCBD) with three replications. The main
plot was different green manure including millet, barley, mungbean, intercropping of millet and mungbean, and
fallow (without green manure application). The subplot treatments were different nitrogen sources at three levels
including no nitrogen fertilizer (Control), 50 % chemical nitrogen + biological nitrogen (Nitroxin) and 100 %
chemical nitrogen. Nitrogen fertilizer was applied 200 kg per hectare in the form of urea. The plots of green
manure were established on 6 Sep. 2010 and incorporated to the soil on 17 Oct. 2013. Then canola (cv.
Hyola401) was planted on 10 Nov. 2013 and was harvested on 21 Apr. 2014. Each plot size was 6 m* (2 m x 3
m) that consisted of 6 rows of canola plants. Grain yield was determined by harvesting from a 2 m’ area in each
plot. All dry vegetative samples and also grains were first ground and then plant N concentration was determined
by standard macro-Kjeldahl procedure. N content was calculated by multiplying the N concentration by dry
weight. Analysis of variance was used to test the significance of data and means were compared with LSD test.

Results and Discussions: The results showed that the increasing nitrogen application had negative effect on
efficiency indices except of nitrogen reliance index (NRI). The highest nitrogen reliance index (NRI) (0.46 kg
per kg plant) was obtained at control (without green manure and 100% chemical nitrogen) and the lowest (0.16
kg per kg plant) was revealed at mungbean intercropping with integrated nitrogen application. The highest
nitrogen use efficiency (NUE) (21.4 kg per kg), and nitrogen uptake efficiency (NUE) (1.04 kg per kg) were
obtained at mungbean green manure and no nitrogen fertilizer, respectively. The highest nitrogen agronomic
efficiency (NAE) (24.98 kg per kg) was revealed at millet-mungbean intercropping and nitrogen integrated
management. Totally the results indicated the positive effects of biological and chemical combined fertilizer and
green manure plants on yield increment and efficiency indices, and decreasing of dependency on chemical inputs
that it is in the way and the goal of sustainable agriculture.

Keywords: Biological nitrogen fertilizer, Green manure, Nitrogen efficiency index, Nitroxin, Seed yield
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