Journal of Agroecology
Vol. 11, No.3, Fall 2019, p. 975-994

i

6329 (ol por &y is
975-994 5 1398 5wl 3 oylais 1 ale

(Zeamays L.)

F s s s 3 S S W e g i
1305/05/13 L 53 6
1305/12/04 : 5 1 o

-2 Lol 0 eMe Galises plB)l PNl (5o )b gy (b > ey (b b)) 1398 Moo (G pmad 5§ (( SooS (5 re

975-994:(3) 11 « c;,5LiS wliirps (Zea mays L.) <))

2>

Sliig acyie 50 1393-94 ol); Jlo 55 aislojl ci)d plB)l 2 Mol Ly )3 oS slayadls o oly; ola S B9, o))l Helaieds
Oinlejl cpl ) b plogl 1S5 aw b dslai JolS (clacSsh )b LB 55 0bd 3,5 (slacs )S & jguody Mdio _owgd,d oKl (659l 0aSCiil
555 LS 1 Galls 59,25 p,5 LS 300 5200 100 0 = as )3 46 09 355" muie 31 1595 paws s 53 368" Calizio y3lie ¢ ol 4giS18
(706 5 750 260 sspi 515, 500 s s 5 o5, BAT 5 T04 s asih L plB) b by i e st 4556 5 (150 3 o5 30 5 20 100 5 ol
9 P 8902 <u)5).uu )l osliiwl 9 uA> u_é).ap @‘)K ‘mlaﬁ L)”L" “_i))?]}d 9 uiklf}blf iy .))slo..c L}AL» u_)l)))‘ D)0 olas Dy
260 sy 55 5 TO4 Lol 8" JSims 08 )3 i s G 90183 )Mo (2308 9 i ot o5 3 (LB gl 009y (3950 by paS L
i3 b gy 5 i o> TU9 lie 4 260 13, b duslio j3 704 43, 55 i opl sl coglas plBy)l plus b s gxs jobods 45 15 sanline
(o8 68) 3 a3 Shee (n Pt (255 ok )3 a2 STLC8l (Il o) dne yobods Sufglon g s 3 Shes (oald g (k0 355 Jlade
e 4 i 54 5 705 500 o151 5> aily 3,80ee i3l oy 5t 0,5 ohS 300 @ yam 51 59550 365 aaws Liul38l b Lol A5 oanlie 704
5,Slac &y bgspe Glas 5 i ialibl cael old 358 b dunlio [ (159,15 565 3,8 a5yl el )3 K05 )b 3l el canday aoy> 103 4117
wlie zobows b duslio )3 (1595 CBrane (ol)S I xe LidlS el als 358 Caliseo obaws 3,018 (647 9500 o5, joa) o5, el j3 05,5
55 35 w58 5 9zl IS (0 5o st S 2HBE) 505 3 (4 Sk 2,5k SBD) s 5 55350 s 355
595 Gran Gl g aB)S 115 368 Ciliske polaw pil Cou Is xe yobds S5 (6590 p0 5 0anlive D00 oy s o) 5 260 sy pem bis
2 Ofaris 05 Joleo zalaw b aoliie 31 old 595 5538 5)lae el 3 .l ials )d g3 jb pxe jebdy Cubo pl (oI b 5955 5l e
i odalidie  pasuie Mgy (45 Lﬁl)lf s adli s JIEVRTS 9 28 HER o Ll 39y u—.’.‘)lf 5 0,Slos (gl a3l

3)Sbes @55 )39y Bpae 2Dl b 5SSl

2 ot it 4S8 cwl ely; (bl wdg s Csllas cuas

CPRTY

wUlg 55, ¢ Jyle 4 .(Chen et al., 2004) )l 5,Shae i)38]
Syae 95 3 (=) QLS Jgamey laan)ly (Sof ogdll
3 909 colas Lo (gl dawg I Cunl B9y (SUlade
pdBdn (g e @b Gaday g Bpae QLS g iy
Oiaxs 5l apo oslatwl ¢ 8,k 51.(Singh, 2005) cul oS lawgs

Ol Jals g ol saplal giedsw 5 90 il

5 ,5es 4 ol 3 ol polie o Feke I (S 59

oy (6,38l (ol g ) 50 pm oKl SLel 09,3 Lokl =1

Syl (g3,

Ao _gwgdyd oKl ¢ 65 y9LiS 018ty (6 35)9i859,3] 09,3 sbiwsl =2

(Email: akooch@um.ac.ir e 04t gs = %)
Doi: 10.22067/jag.v11i3.57941



1398 3l 3 oyl A1 alor o5 5)0laS ol pos 4y 976

9y a3 Slas dunlio b0yl Siwy b by oyloj oo
O Gigrie Gpas L (Sl ghaw ) (e 358 28
(Tilman et al., 2002) 15 03} (pess Lo y> 50 125 (0

O O5axe Buae o5 colas b dlaly jo (gousie Slalllas
I) ‘_,’.,l_mw)s Epdg0 L)’I 4 ol rbl?ul L_)).) alisco dl!bwy)
Pollmer et al., ) couwl 03] wald cbo oyl (S5 deu0 51y
Shial S, .(1978; Zhang et al., 1997; Mi et al., 1998
sladny ) (Cuow) pasS 9 @3 Mol Ml oy 35 50 Lol
Ofari o5 S laulyd Joos 2Ulg5 b )3 pB )l Mol
;1 .(Banzinger et al., 2000) ¢l 054 (Low-N- Tolerant)
oio% OJ9rs Vb Spae 2L @) pl8)) Mol o S b
oy 10/5 9 140‘“’])—91 4 oxie S oy b slalass (o
sl 0203)5 b5 ()95 9 05 OFg st Laulpd ) C e 5 Sles
enld bl 3 &3 gy Sae LI IS cnl
sliwly 3 550 phdl YL 00dll 5)Slas Laasly y5g 5 2gdze
(Chenetal., 2009) ol 39550 2l 390

Gyme LS 3] (Mol et al., 1982) liSen 5 Jso
9 5y SNl b 1) @)y slaan pun e ) (g0
23S S8 03a i oge ke 9 2 3 ke Ol
2 4S8 A Sdine g dlwil ()5g,md Cudgdore bayl b jd ogad s
2 b3 Sles (dlp (595 a5 DS 295 B pas b zolaw
ol )55 0 (65t Sl Jl 358 Gl LIS L alée

(Koocheki et al., 2015) ;l,LSen ¢ S¢S cladllas )
ol Gilidl Ly a9 o) blswe culs o a8 wizab bl
2 OJar Sl 2l g gt ekt (2l LS ()39
2 03958 @D Gz 21 oliS 1) 6 gne EaLS 6L 93 &
sladlan p> 59 4y 1 5YL @5 5 Giolefl 3)90 (slaless ooles
2 ol Brae @D g 05950 ol (eonn b ofie ool S0
S as sy (L ool 0 )3 5 paiS Gpuas g Adgi 4>
81/7 9 387 (SIS} ol_ﬁf 90 L))I ]a_wy 04d w]b)) u)s).\'.u
2 G593 S ke 05 20,360 925 LKL <5 e
ddya @b o aS Jlbys g paiS olS & bgyye ac)ie mlow
Koocheki et ) s piS 51 S Sl ¢ 59y i YL LK
(Chen & Mi, 2012) s g o bawys &5 img} ,.(al., 2012
5 &e2 5 5l yd e 08 oz g Y 2l 15 4 plox]

3B ot B GJ9y S9a (U e
&39S oy yil;-3l . (Doberman & Cassman, 2004)
5 el Jlawe ag dngi 9 ) Jlo> ) Cuner sl
Olli8l aS cal Hlul (65,5liS aenily Glial ales 51 goladl
Ll )l (539Li8 dngi )3 oot 28 | 0555 e (S
s Jls > (Seyedi & Rezvani Moghaddam, 2011) .S
L plos Yo (spgorte b (ooB)l (sjlodlil ) Sdlol coan 5.3
oLSgn 5 0391 (539 Jl S5l glaieds odls B pae StalS
8 slaiae (eolitan Ban S plyedr (gyi Gpae 2
S w5 elsly (Barraclough et al., 2010) cool 48,5
2 il (el Jgame 5 Sles | cusl @)l (5555 Span
ol @b (Moll et al., 1982) S5 3 o yiwd LB ()59 55 sl
el @b adie 93 Cpalols Sl s Gpae G iy
IS 3550 s 03555 oolizd S (5% 5 st
2 glila olS bawgs 0ud Gl gyt e LS (g s ol
i 1) olS oUly g wdle S 5 oadenld ()79 s Sy
Sleslawl LS ey o Lis SB > oyiwd BB y5e,00
sly y il (slh) Jgmazme 3)les jl el Ol 550
Oigre jleslital )31, ol (QUlys oS ABL oo orBO> ()9 5
aayly pl jo e e lis golail Janse Mg Caa sdbods
a3, Slee & Laylys )3 3505 ()55 (Muchow, 1998) sl>se
ol Ghalidl comge (g b5 palie 38 il culs @)
Oiari Srmae LS JialS a1 g olS by gy
Dgdis

33-50 sg0s ©Me cely; j3 (NUE) (5958 Bpuan oS
29 anng Jls > (slayg i8S 1 ade ol a5 oks b)l3S Aoy
Cowl 005 35905 Ao yd 42 3905wl drwg (slayguiS 1D g oy
.(Raun & Johnson, 1991)

3 loszmy Jolge b cos (gt Bpae (IS w0y
o oio s OpmeMiend «SLS 1 5a, 00 i lie dlen
9 A8 e Jos oS 3 gy JBU gl o atel slaagel

olS s ad Job 50 dinde & muie slacdly I 5e,m0 Jlasl e

1- Nitrogen Use Efficiency (NUE)
2- Nitrogen uptake efficiency
3- Nitrogen utilization efficiency
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Table 1- Soil physicochemical characteristics of experimental location
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Table 2- Chemical characteristics of manure used in the experiment
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Table 3- Analysis of variance of the effect of different varieties and fertilizers levels on yield and harvest index of
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** *and ns: are significant at p< 0.01 and p<0.05 and no significant, respectively.
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Table 4- The intraction effects of different levels of fertilizer and corn varieties on corn grain yield (kg.ha™®)
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N, 69003°"  71850™ 07057™° 76384  67103" 6299
e 35 N, 10277.0%" 10439.7'™ 131482°° 11061.8%' 90317%  11079.4"
Nitrogen fertilizer Ny 11820.9™ 145107% 149183° 116480% 104650'™ 12197.3"
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M, 7669.6%1 72234 98653 72803  79550"°  6106.7"
ol 5 M, 99490  8967.6® 11567.6% 9120.8™ 10282.6%"  8200.5""
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* Means by the same letters are not significantly different based on Duncan’s test at 5% probability level.
** No, N1, N, and Ns: 0, 100, 200 and 300 kg.ha‘l nitrogen as urea form and My, M, M, and Ms: 0, 10, 20 and 30 tons of manure per

ha, respectively.
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Fig. 1- Means comparison of the effect of different varieties (a) and fertilizer levels (b) on Stover yield of corn
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* Means by the same letters are not significantly different based on Duncan’s test at 5% probability level.
** N, N1, N, and N3: 0, 100, 200 and 300 kg.ha‘1 nitrogen as urea form and My, M, M, and Ms: 0, 10, 20 and 30 tons of manure per

ha, respectively.
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Table 5- The intraction effects of different levels of fertilizer and corn varieties on corn biological yield (kg.ha™)

"'“Lo’i Jo‘ —y0 6“4"!«)‘9
Exp‘;:mgnt fz::tors Corn cultivar
706 705 704 647 500 260
N, 15799 19698°"7 27641™ 18538PT 20215"" 16808
Ofayis 365 N; 24431™ 256669™ 32738 255739™ 24915"™" 22377"P
Nitrogen fertilizer ~N» 30228 ©9 32747 38203% 28239°' 268529' 23427'P
N; 33089°¢ 37324%°  38211° 27846" 34672%° 260239™
M, 18510P" 20089"" 27622'¢ 20271"r 20112"™" 17375
b s M; 22960%P 23152'P 32246°% 21298 ™9 24044"° 20170""
Manure fertilizer M, 26891%" 21636 ™9 34457%¢ 28041°7 28507 %" 23245'P
M; 24903™" 269109 38543% 28876°" 34769°° 25624 9™

)85 (I e glds Moy gy Jlein ] prlaws j3 (SO (glaialy wix gl ol oS jde g b (glaySike *

* Means by the same letters are not significantly different based on Duncan’s test at 5% probability level.

)LS.M 2 L;ab 355 Y 30 9 20100 ol ey :M3 9 M2 sM]_ sMO .5)5‘ fa)é 4 uajl} 0)5).....' )L:S\m 3 fa)f?l..s 300 9 200 100 .0 [EVE :N3 9 N2 sN]_ sNO *k
** N, N1, N, and N3: 0, 100, 200 and 300 kg.ha‘l nitrogen as urea form and My, M, M, and M3: 0, 10, 20 and 30 tons of manure per

ha, respectively.
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Table 6- The intraction effects of different levels of fertilizer and corn varieties on corn harvest index percent

"'“Lo‘i JA‘ ©y» 6““)‘9
Exp‘::i’m)ent fef:tors Corn cultivar
706 705 704 647 500 260
N,  44.1°" 3719 35.6™ 415°7 33.67 402
st 355 N, 420™ 40.6% 40.4¢ 47.0%° 363" 49.7%
Nitrogen fertilizer N, 39.1% 44.4%" 39.1% 413"} 39.0% 52.1°
N,  381% 39.1% 34.2" 48.07° 421 444"
Mo 41.9™ 36.4M 35.8™ 36.0% 39.8% 35.8™
oo 08 M, 437" 38.7% 36.3M 427 42,9 40.5%
Manure fertilizer M, 440" 40.6% 39.4% 37.4%) 45,0 %9 424"
M3 452" 43.8*" 40.7% 45,9*¢ 39.6% 47.7%°

05 gyl ime gl Moy g Jlei] ardaw 43 5SS (slateb s geil wlily oS jike g > (ol (slapnSile *
* Means by the same letters are not significantly different based on Duncan’s test at 5% probability level.
S y3 o> 398 5530 520 10 0 sy ;M3 g My My Mg o jsl o3 4 (el 5955 51 55 o ,55LS 300 4200 100 0 s sas N3 g Np Ny No **
** N, N1, N, and N3: 0, 100, 200 and 300 kg.ha‘l nitrogen as urea form and My, M, M, and M3: 0, 10, 20 and 30 tons of manure per

ha, respectively.
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Table 7- Analysis of variance of the effect of different varieties and fertilizers levels on efficiency indices of corn

©la o (ke
Mean of squares
Ol i 2slio SHPTSY . . N Ny R
;‘g 3’ ¢ )df ! S o Uﬁ‘)s i ‘_;!,‘)‘5 oalw! ‘_93.‘)‘5 PP S905e w‘a’,
G590 G590 39559 5 G590 L
NUE NUpE NUtE NPFP B s
NHI
<
Rep;i)(;tion 2 100.21 * 76.67 ™ 368.73 * 1152.83 ** 455,18 **
ns
S35 ok 5 578.06%%  137476*%  336.49** 1461205+ i
Fertilizer levels (df: 7)
ol ns ns ns * 25.16 ™
Error 10 8.41 430.95 57.83 57.51 o 14)
o) eyl
Corn)z:ljlt)ivar 5 45.09* 962.06 **  246.13* 782.21**  660.33 **
$355 g X )5 B 450"
Corn cultivar x 25 180.77**  961.30 ** 126.33 ™ 218.72 ** (df' 35)
fertilizer levels '
ol 29.41
Error 60 29.99 283.80 94.03 25.81 (f. 80)
‘é’{; Z;/")” - 22.83 21.87 34.05 6.94 9.99
V. 0

(G e pis g Mo gy 9 S Jlein ] i jd )b e i NS

* k%
¢

** *and ns: are significant at p< 0.01 and p<0.05 and no significant, respectively.
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Table 8- The intraction effects of different levels of fertilizer and corn varieties on nitrogen use efficiency of corn

"'“Lo‘i Jo! oy Lshdt'i)b
Exp‘;‘;—i’mgnt f:gtors Corn cultivar
706 705 704 647 500 260
No
s 385 N, 29.93°" 3237°® 33.63% 4500%® 16.9397 48.76°
Nitrogen fertilizer N, 22.73°*" 36.53™ 2567°" 2093"™ 156397 29.97°'
N; 17.70% 2460°" 11.00" 18379% 2417%" 17.40%
Mo
o 298 M; 30.30°¢" 20.03"™ 20.23" 18.879% 3350¢ 22.73°"
Manure fertilizer M, 25.80%9 877! 21.37" 16.739 30.77°" 20.80"
My 14.73™  17.13%  22.07°" 22.00°" 24.27°" 2210°"

)05 (I sime glds Moy Jlein] prlaws j3 (SSb (glaialy dix g0l ol oS jde g b (glaySile *
* Means by the same letters are not significantly different based on Duncan’s test at 5% probability level.
S y3 o> 398 5530 520 10 0 s ;M3 g My My Mg o jsl o3 4 (el 59555 51 55 p,55LS 300 4200 100 0 s sas N3 g Np Ny No **
** N, N1, N, and N3: 0, 100, 200 and 300 kg.ha‘l nitrogen as urea form and My, M, M, and Ms: 0, 10, 20 and 30 tons of manure per

ha, respectively.
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Table 9- The intraction effects of different levels of fertilizer and corn varieties on nitrogen uptake efficiency of corn

WL";' Jolge C‘))S LR
Experiment factors Corn cultivar
706 705 704 647 500 260
No
039y 358 N, 84.03*" 100.43%° 75.00 >9 92.83%¢ 74.03 "9 89.47 *¢
Nitrogen fertilizer ~ N> 91.60 *¢ 111.47% 86.93 *¢ 71.77°9 74.70°9 72.87°9
N3 92.77 *¢ 105.50%° 75.30 9 67.73°" 99.20 *°¢ 62.70 %"
Mo
o ags M, 83.90 *" 80.40 *" 51.20"" 44.73 " 84.80 %" 74.80"9
Manure fertilizer M, 79.23 %" 38.57" 52.60 " 97.53%¢ 91.10*¢ 65.17 °"
M 35.37" 62.67 °" 65.00 *" 77.63°9 99.17 *¢ 61.27 %"

)85 (I sime glds oy gy Jlein] prlaws j3 (SO (glaialy dix 9] ol oS jde g b (glaySike *
* Means by the same letters are not significantly different based on Duncan’s test at 5% probability level.
)LS:: 2 L;o‘.) .)55 Y 30 9 2010 0 [SvvE :M3 9 M2 le ‘MO .5)5‘ |>)5 L ‘)AB 059y )l:&m 3 f)f9l.5 300 9 200 100 0 [SVE :N3 9 N2 le ‘NO **

** No, N1, N, and Ns: 0, 100, 200 and 300 kg.ha‘l nitrogen as urea form and Mo, M, M, and Ms: 0, 10, 20 and 30 tons of manure per
ha, respectively.
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Fig. 2- Means comparison of the effect of different varieties (a) and fertilizer levels (b) on NUtE of corn
)LS.Q 2 L;ab J9§u;30 9 20 le s0 [EWIVEY :M35 M2 sM]_ sMO .5)5‘ f’)é & QAB 0)5)....; )L:Sm 2 f)§51.5 300 5200 leO s0 [EWINEY :N3 9 N2 sN]_ sNO**
** N, N1, N, and N3: 0, 100, 200 and 300 kg.ha‘1 nitrogen as urea form and My, M, M, and M3: 0, 10, 20 and 30 tons of manure per
ha, respectively.
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Experiment factors Corn cultivar
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No
Ois s 355 N; 102,77 104.37 « 13152 119.63° 90.33° 110.7 ¢
Nitrogen fertilizer ~ N2 59.13 ™ 72.57" 7457 58.23 " 52.30 "' 61.00 ™
N 41,97 48.63 %" 43.60 "° 43.27"° 48.633 " 38.03°
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** No, N1, N, and Ns: 0, 100, 200 and 300 kg.ha‘1 nitrogen as urea form and My, M, M, and Ms: 0, 10, 20 and 30 tons of manure per
ha, respectively.
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Fig. 3- Means comparison of the effect of different varieties and fertilizer levels on nitrogen harvest index of corn
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Introduction

Nitrogen is one of the most important nutrients and plays a major role in crop yield improvement. Currently,
under the global pressure to increase grain yield while simultaneously minimizing environmental risks, the
nitrogen use efficiency has become a challenging issue. Corn (Zea mays L.) nitrogen use is of continued interest
due to agronomic performance and environmental issues. Nitrogen use efficiency (NUE), nitrogen uptake
efficiency (NU,E) and nitrogen utilization efficiency (NU(E) are the main indices normally used to investigate
the nitrogen efficiency of plants. However, nitrogen harvest index (NHI) and nitrogen partial factor productivity
are also issues of importance. The aim of the present study was to evaluate all these indices for corn cultivars
released in Iran during the last 40 years to find the trend changes during the course of their release.

Materials and Methods

In order to evaluate the trend of changes of nitrogen use efficiency for corn cultivars during the course of
their release an experiment was conducted in growing season of 2014- 2015 in the experiment farm of Faculty of
Agriculture, Ferdowsi University of Mashhad, Iran. The experiment was based on split plot with complete
randomized block design (CRBD). Treatments included eight different levels of nitrogen (nitrogen applied from
urea source (46%) N: 0, 100, 200 and 300 kg N ha’, animal manure: 0, 10, 20 and 30 ton ha™ corresponding to
0, 100, 200 and 300 kg N ha™ respectively}. Nitrogen fertilizer was allocated to the main plots and six cultivars
of corn, (704 and 647 released as very old cultivars, 500 as an old cultivars and 705, 706 and 260 as new ones
were allocated to sub plots. Sub plots were 2.25x3 m with three replications.

Results and Discussion

Results showed that grain, stover and biological yields, harvest index, nitrogen use efficiency, nitrogen
uptake efficiency and nitrogen utilization efficiency were affected significantly by cultivars and fertilizer levels.
Maximum and minimum stover yield was obtained with 704 (very old hybrid) and 260 (new hybrid),
respectively. In contrast with these results, showed that the new cultivars have significantly higher yield than old
corn cultivars. Although corn cultivars had significant effects on nitrogen harvest index, this was not affected by
fertilizer levels and types. With increasing in nitrogen and manure fertilizer levels, grain and biological yields
increased significantly. Although in most fertilizer levels maximum grain yields were observed in the 704
cultivar, but with increase in nitrogen amount from 0 to 300 kg, the most grain yield increases were obtained 117
and 103% in the 500 and 705 cultivars, respectively. On the other hand, in compared to manure fertilizer,
nitrogen increased almost yield traits, so that, with exception of 500 and 647 cultivars, in other cultivars manure
fertilizer decreased nitrogen use efficiency in compared to equal nitrogen fertilizer significantly. Maximum and
minimum nitrogen use efficiency and nitrogen harvest index were obtained with 260 and 704 cultivars.
However, two mentioned cultivars showed significant differences, while other cultivars had no significant
differences. When different levels of manure fertilizer were applied, statistically similar effects were obtained on
corn yield and nitrogen efficiency indices, as compared to equal levels of nitrogen fertilizer. With evaluation of
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different corn hybrids and nitrogen fertilizer levels reported a negative linear correlation between nitrogen use
efficiency and nitrogen levels. With increasing nitrogen fertilizer levels, nitrogen use and utilization efficiencies
and partial factor productivity of nitrogen decreased significantly, but with increasing manure levels this trend
was observed only for nitrogen use efficiency and partial factor productivity of nitrogen.

Conclusion

In general, no consistent trends were observed between new and old hybrids and also between nitrogen
fertilizer levels and types in terms of nitrogen efficiency indices. Furthermore, yield characteristics responses of
corn cultivars to fertilizer levels and types had no significant trends. According to these results, it could not be
state certainly that in the last four decades, corn cultivars breeding in Iran leading to improved nitrogen
efficiency indices and therefore efficient use of fertilizers.

Keywords: Cultivar, Fertilizer, Nitrogen use efficiency, Yield



