Journal of Agroecology
Vol. 10, No. 4, Winter 2019, p. 1149-1160

&’2‘:01}152 ;)

9l (il pgr 4y il
NP5 .o AYAY ylinn) F o lons )+ >

(Hordeum vulgare L.) > g e Ul 59 A8 b pean S sl asls oL,
(w‘g‘g\s ,),,:,,f S2,9° A.J\.b) Qw Ql&'.w‘ M' .h.:‘ﬂ BL)

fosly S el 5 Tedds 555 o T Sl ey o ali e Al e

WADNY/Y+ idl 5 fu s

9= rb-‘A—g 9 Sl Pl_‘))l 0)9)_""’ d)_m u.sl)l_g dL&aqu» u.sb))] Avay £ ca.)b‘ u.lﬁ 9 g ‘P.\BA d))@ “& ‘L;):)lfu.obl) ‘lé cu_’l)).m
PN (F)V e (65)9liS wlidpgr (wagls WS (6390 addllas) yliwlS liwl coudl Loyl 4> (Hordeum vulgare L.)

LRV

02S_taly SLidos de o 13 WAY-AY elyj Jlw ) (ilojl o] L basy o lio g gy Byame LS puis sadlllan pglatoss

92 15y A Sl ialail ol 53 ol 1SS jlae Ly (olas ol sla S5k 25k B )3 (ggls S oSS (b @lie 5 (559l
cdlb glaJlo b 4 sl (lis Gubios gl b ealil 3gy o 3151 VWA BAYYY gla Jlo b 55 5 (Hordeum Vulgare L.)
Sz s et ol L 3 &l )3 cunl adl (Il yge s (2L 9 05t Bas LIS 2 3Slas datp gz 3 (2N
2 39 snlnl ol 035,38 oot S 9 et e D w3 93 5 USite (5908 Bas (LS &S Ll sl ot esalis
aelllas 350 g2 pB)l (giludlil (sl Jlo (o )3 s o plaies (e 391 (13955 Sp0% DS 0 S5 S St (1S9 Bpae 2
2 5o Sty Al dn S ab 3y Slos iali8l Cr 3 IS 503 Ojlie &y Sl 4B, S50 A (g M0 )3 dgste S D g

il a2 |) Cho ol GialS > g 4 g 03 5 s pis (9905 b g0 Ao () g sl B S J1E it 5t (2ol slaail 2

Ofor Bpae 2l eyt Ol 2l (5grs g e 2l ppign clale gulS saojly

Sl (£l)5 Capde phe Jlowy a1 S > olS 5l )
Sl gy9ymo polis | (S 5955 (Soleymani et al., 2016)
(owzme (Haji Hoseinlou et al., 2013) coul wMe god 9 A3,
Sl polde 3 QNS paie (g ToMIS 3905 5 (3 ke (59
olels ole s 4is (Nakhzari Moghaddam, 2016) ¢!
el 1 (Ghasemi et al., 2016) 53,5 o cuwj baxe (Sl
ol (590l (S59ltS > (ool Blaal I (S s sl
Byme o, iulssl diwly ool > (Picard et al., 2010)
Syeidi ) 48 o ] Jlul (6559liS drwgi ;3 ok LB )59
3 aS cowl opl sl o oplplo (& Rezvani Moghadm, 2011
xSl g baje ials cor 3 pB)l (il slolo b
Muurinen et al.,.asb o (s pB,l oMol 3,b 51 Sl

doddo

4 Cuol WM oy yire jI (S (Hordeum vulgare L) g

Jlw ) e o M cuiS pj mdaw HliSe AYYD- -+ g0 |
Al jolail oo codS @ doyd Ve dgas AYAYAAY el);
AY (g ciS 5 pdaw LS Hlia £l LS il ) ol
B cutS o5 (glol L olyen JiSa Jl5m VY g o3 &0y e
whis polie oald Yool (Ahmadi et al., 2014) ol ausls

o 2LS Dladsi o9 5 «So59l58T (65 )5liS ab )l sl I (gazmitsls )
0099l S olisly (gl mlis 5 (55,5l 0aSLiils

b @l 5 (559laS eaSails (LS Sladgs 09, okl = ¥y ¥
oo99lS aS oKiils

(Email: alirahemi@yah00.com : Jstue ot )
DOI:10.22067/jag.v10i4.62525


mailto:alirahemi@yahoo.com

IVAY Lo oF o)lods Ve ol (65)9LiS (cwlidh pgo 4y p25 \Oe

2 A4S 52 9y 2 Al N (dagy ) Geizren gy pB)l
395 By me 48 Ny don (pl 4 (o ploul Sloluss
039 d)_.ao u.’l)lf uwl)_Q‘ [y g.>9§ )l oalaiwl piS it
9 O)iami Copie 90 -(Shejbalova et al., 2014) col oiis
Anbessa & ) 25,5 g ;o aily 5,Slee ilj8l Coled )3 g 5e,0s
;3 (Anbessa et al., 2009) - ,LSen 5 Ll .(Juskiw, 2012
5 e Jolse oo oS 28l o)l 9> P8l (55, 2 sladllas
2 i HAS 80 (ot B pmae (2LLS (g9) 2 (SeE) 2
Sy 2L sy o)l lulyd )3 05l 52 595 2 SR (o)
= S VOIMV G 55955 Bpae pie Laylpd )3 FYIOY 1 (5950
@D (Giaris Gae Gili8l L & g0 4 B ()15 p)5
cobl ol 8l o FFA 4y u o YYEY 5l e
Abeledo et ) -),LSen 5 911 .(Haji Hoseinlou et al.,2013)
Lol b 5n o5 ol5T o) g5, 5 oiulojl o (al., 2008
59 sy asls a5 wmaly plo oelsyl 5 Y44 B YAFYE
9390 YL (+/8Y) mad pL3)) 4 cus (+/VF) sis pB)1
aded 0 YL 5eyus clale I aas a6l &S wbl > s
=y ddlllas ol 5l GBue a50gs HIbye 5 g 0308 BBl & s
2 o2 Bl L o8) tusie SBl g 03g i 2l slpasls

gy A5 el L] 5

L g, g 3130

S a3l 3y Slos Jla5 5l g2 08 (Sl sl polateds
039 @2 Sadls dwlie 5 yugglS WS adhaie > ciS
oSty Slidos aeyzo 0 WWAT-AY _cl)i Jlw 1 dolol
SyiaghS Qe p3 Bly (oggls 15 ol (b wlie 5 (59liS
@YV g (Sypb Jobo addd W g 42300 )35 055 3,8 Jlod
Sliej ShI> oggls 3 A plonil Jlod (5)e 4883 VP 4
FEV S0k bowgie b St 5 5 Sl g gl yo s 5 350
Yo U yauo ol oinlojl plosl 5l Jod il o yto o
D9 (e pgl S

sl S5 ¥ L bslas JalS slacSsl b JB )3 yiala]
gy G SHIS 48 A0 Chwgs g b 3 gale g yes
(Y Jgiz) 2392 0)lee

b 5, Slos S0 a1y (NUE)' (5950 By ) (V++7)
(2951 9 SLS ) oyiws BB (gt 2y o (ol 4 Suis
Gl DS e 22 93 3l 3g By 2L 008 iy
il oLS basgs o il (95 oliwe) (NUPE) T 59
3y Sos) (NULE) T 5525 s (b 5 (oo BB 039520
ISl (olS bawgs o Ll (y5a500 dnlg ya gljl 4 Sis &l
Sl lan by 3 SEAS e Mol 5 (6l (8lys sl 005
2 YL g e 5 oyt VL Bpas LEL oy
asllee > .(Shanahan et al., 2008) wib o kol 550 pa5 &l
(Giambalwo et al., 2010) ,LSan 5 JlolS Lawgs ouss plocl
(Triticum durum L.) pg)> pasiS calizes pl3)l 9 o Wl o
Om O3ers il 2Ll o (3e s bl 55 o8 b s
Mol > ity wiaw H3 L 5L il sy ol pB))
5 U5 wde YL ST L (Zea mays L) )b clacuis;
(Lietal., 2015) asb o wio Ojoys (guin] Linls 4 oS
Ot S5 Ll (o > (L et al, 2015) ol)lsen 5 J
sl el ) pB)) ady (sla Sy 5 )fg s Gpae 2
- (Sted oyt wde 2L g (3es b L &S
S (Sl g (Jool gladds; Sjglee Cluogad b )l
= S VOISV 503 puiS 55 (395 o S (st
= ladllas s (Ayadi et al., 2014) cul oads 5)135 p,SslS
=t PSS VP (3g s Byae ) ol 55 oS (s,
@hLS 5 2558 2 p Sl VM (g8 Gl LK Sl
Koocheki ) 135,5 3,55 0 SskS 51 p)55bS YAIRA Sojglsa s
sl asllas L (Juetal, 2015) f,LSe 4 o> (et al., 2015
sle,les cou (Oryza sativa var. japonica) ol g, 4ol
30398 Spmas 2hLS (n 5o o5 Wity pled] (59 598
g e il el Consdty ()30 o5 gsbaw b slalog
039 Aty Capdo b S5 i b 08) S bl o5 aily
@S 5 YL 5, Slos &) sy sl dude 3l Ko Wl
5 0 Ohileil @l il @ 45 Cea YL sy By
555 385 Cypie a5 0y oLus (Chen et al., 2015) ., Ken
Vb Giart s @b @) Jpame p pB)) SBl g (5950
a5l 2y Shoe py it 15U g 1y b gk e Wl oo
Beatty et al., ) -[)LSen 5 o bwg gladlas j> a0 i3l
Gymo gyLS a8 il 5Ly US55 g pB)) (55, 1 (2010
2 039 s @bl 0o Vb Jdb 4 g2 pB)) 3 YL (g ks

1- Nitrogen use efficiency
2- Nitrogen uptake efficiency
3- Nitrogen utilization efficiency



VOV bl 5o 92 a8 g o el (39 5 S pao (2L Gl aslo b))

I ‘nbu‘ & yo ) FHAR AR WSI)) L)"L"‘ » yyray oLouu

ko bl 5%,@),4,;@:3@:%@1@;,@@@
P Cedls Dy e il Ve cuiS balad o dlold g 5 b Job

(o sl Yo—v Gos) (iulejl 1o o0liiw! 3590 S otloomd 9 (S jud Olaaduuio —) Jgua
Table 1- Physical and chemical properties of used soil in the experimental location (0-30 cm depth)

Slooguas Jlaie
Propertice Amount
Conductivity (ds/m) 1.19
PH 7.9
Self-neutralizing material (%) 9.8
Organic carbon (%) 0.68
Total nitrogen (%) 0.07
Auvailable phosphorus (mg/kg) 134
Auvailable potassium (mg/kg) 356
Clay (%) 15
Silt (%) 64
Sandy (%) 21
Soil texture Silty loam
Bulk density 1.30
2 pBy gilwalil Jlw g Ohogas ¥ Joua
Table2- Properties and release year of barely cultivars
5 P> dwg el 39500 Ipvo plu,  Cwd oS P
Cultivar Khoram  Yousef Mahour Nimrouz  Sahra Ryhan Dasht  Torkaman
sibodlil JLo 2011 2010 2009 2008 2003 1994 1993 1992
Release year
iy Cdy Sl
Number)row" p)er spike 6 2 ° ® 2 ®
(ecstle) €65 95 121 100 102 99 102 97 122

Height (cm)
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Fig. 1- Maximum and minimum mean temperature and
total precipitation of barely during growing season

2- Nitrogen utilization efficiency
3- Aboveground N at harvest

4- Nitrogen uptake efficiency

5- Nitrogen use efficiency

6- Grain protein content
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Table 1- Analysis of variance (mean square) of yield, nitrogen use efficiency and related traits in barely cultivars

Mean square Ol o (35beo

Ol gle 0] 42y NHI NUE NUtE NUpE GP GNC GY
SOV Df
<
B|O9:;k 3 8.40ns 0.22ns 29.59ns 0.08* 11.46** 4.37ns 406.38ns
pﬁ_) 7 389.75**  38.79** 157.48** 0.04* 2.87* 19.57**  71669.58**
Cultivar
ks 21 17.92 161 11.73 0.24 1.67 1.44 2983.76
Error
“"“SV“”‘” - 21.07 18.19 30.09 23.07 11.99 20.14 18.19

hS NUE (59555 Gla ol NUGE (a5 bas ol NUE il 5,Slae :GY L ls gze pie g o ps 6 g gy Jloso] gaws j3 )b sime o s NS g s it

Ojey Cubly adls NHI als 9y GP by Oiars e :GNC (59 Byas

* significant at 0.05 probability level; ** significant at 0.01 probability level, ns: not significant, grain yield (GY), nitrogen utilization
efficiency (NU(E), nitrogen uptake efficiency (NUpE), nitrogen use efficiency (NUE), grain nitrogen concentration, grain protein

concentration (GPC), nitrogen harvest index (NHI).
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Table 4- Means of yield, nitrogen use efficiency and related traits in barely cultivars

Treatment ,loy NHI NUE NUtE NUpE GP GNC GY
Torkaman .S 12.37 21.15 6.43 0.71 11.46 3.64 184.87
Dasht c.uss 13.04 23.64 6.32 0.79 11.95 4.29 206.60
Reyhan |, 16.82 3171 10.25 0.65 9.86 4.64 277.13
Sahra | oes 16.99 35.46 9.99 0.80 10.65 5.61 309.93
NImMroz ;g 30.88 46.59 19.04 0.51 9.33 6.62 407.20
Mahour ,gale 19.34 29.68 10.86 0.58 10.61 4.76 259.40
Yosef cawgs 17.07 31.78 8.87 0.74 11.07 541 277.73
Khoram ¢, 41.72 69.01 24.42 0.63 10.27 10.79 603.11
Mean ke 20.09 34.36 11.38 0.67 10.78 5.48 300.29
LSDo.os 6.18 9.09 4.10 0.23 1.89 1.75 79.72

(25 2 p5) oiars wle 2l NUE (o5 1 £)5) 3ot Jess 2L NUE (o5 2 p5) 05asis Spae 25 NUE (309) (5950 el pasls :NHI
{grore 3 p5) &> 3,8kos :GY 5 (25 2 p.5) &b (g e :OGNC fs03) &l (559 :GP

Nitrogen harvest index (NHI; %), Nitrogen use efficiency (NUE; gg™), Nitrogen utilization efficiency (NUE; gg?), Nitrogen uptake
efficiency (NUpE; gg), grain protein concentration (GPC ;%), Grain nitrogen concentration (GNC, gg™) and Grain yield (GY; gm™).
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Fig. 2- (A) Relationships between nitrogen use efficiency (g.g™!) and grain yield (g.m?); (B) Relationships between nitrogen

use efficiency (g.g™!) and nitrogen uptake efficiency (g.g); (C) Relationships between nitrogen use efficiency (g.g™!) and
nitrogen utilization efficiency (g.g!); (D) Relationships between grain yield (g.m?) and grain protein percent
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Table 5- Correlation of yield, nitrogen use efficiency and related traits in barely cultivars

uLw GNC NHI GP NUtE NUpE NUE GY
Traits
GNC 1
NHI 0.80** 1
GP 0.006 -0.416* 1
NULE .0.64** 0.953** 0.636** 1
NUpE 0.127 -0.435** 0.733** -0.567** 1
NUE 0.910** 0.923** -0.376* 0.945** -0.176 1
GY 0.911** 0.922** -0.376* 0.878** -0.175 1.000* 1

Juie GNC (p5 2 £)5) jssie Byas 2L NUE (o5 5 p5) 0ioss i oL NUGE (65 52 p.5) 0o Jets 2l)8 NUE (g0 0 3 p.5) il 5Skes :GY

(3253) 039y iy sl NHI (a03) &> (550 1GP (o5 0 p5) &b 0o
Grain yield (GY; gm™), nitrogen utilization efficiency (NUE; gg™), nitrogen uptake efficiency (NUpE; gg?), nitrogen use efficiency (NUE; gg™?),
grain nitrogen concentration (gg™), grain protein concentration (GPC;%), nitrogen harvest index (NHI; %),
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Introduction

Among all the fertilizers applied in the field, nitrogen (N) is the most important element for plant growth, plant
productivity and grain quality. It is important to define the complex trait of nitrogen-use efficiency (NUE) before
considering its improvement through breeding and N management strategies. NUE defined as grain dry matter yield per
unit of available N (from the soil and/or fertilizer) divided it into two components, including (i) N-uptake efficiency
(crop N uptake/N available; UPE) and (ii) N-utilization efficiency (grain dry matter yield/crop N uptake; UTE). N
utilization efficiency (UTE) divided into two components, including harvest index (HI) and biomass production
efficiency (BPE). Nitrogen utilization efficiency comprises harvest index (HI) and biomass production efficiency
(BPE). The objective of this study was to determine the significance and magnitude of variation in N content, NUE,
NUpE, NULE, and grain protein concentration among diverse barely genotypes in years of release. Specifically, we
wanted to determine if there was a positive correlation between these factors and grain yield.

Materials and Methods

This field experiment was conducted under optimal condition, at the Gonbad University of Agricultural Sciences
Research Farm, during the growing seasons of 2014-2015. The eight cultivars were sown in a randomized complete
block design with four replications. Plots consisted of 5 rows with 5 m long and 0.20 m apart. Seeding rate was
calculated for each cultivar using percentage germination and 1000-seed weight to achieve a density of 270 plant m™.
Plant samples were separated in two components at anthesis (leaf + culm and chaff-flowered spikes) and three
components at maturity [leaf + culm, chaff (rachis, glumes, awns), and grain]. Samples were dried at 70°C for 3 d and
dry matter (DM) were weighed. N content of the plant parts was measured using a modified version of the Kjeldahl
procedure. At harvest, a 1.5 m? portions at the center of each wheat plot was sampled to determine their biomass and
harvest index. Statistical analysis was carried out using the SAS software package. Differences among the treatments
were evaluated with the least significant difference (LSD).

Results and Discussion

Analysis of variance for grain yield, NUE, NUtE and NHI traits showed that cultivars had significant differences in
%1 level while protein percent and NUpE was significant in %5 levels. Nitrogen use efficiency ranged from 4.30 to
14.13 g m?, depending on cultivar. Low yielding cultivars had the lowest NUE values. Average value for NUE was
6.99 g m?2. Relationships between NUE measurements with NUtE and NUpE were evaluated by linear regression.
There was a strong and statistically significant relationship between NUE with NUtE and NUpE for all barely cultivars.
Grain yield ranged from 184.87 to 603.11 gr m™2. Grain yield positively correlated with NUE and a negatively
correlated with grain protein concentration.

Conclusion
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The results revealed that during breeding activities for barely yield improvement, NUE and nitrogen utilization
efficiency (NUtE) were increased; while there was no changes for nitrogen uptake efficiency (NUpE). Because NUE
divided into two components of NUtE and NUpE, most of the breeding effects on NUE were associated with change in
nitrogen utilization efficiency (NUtE). It seems that during year of release of barely cultivars no changes was observed
for improvement of protein concentration. It appears that in studied cultivars, grain harvest index increased more
rapidly than nitrogen harvest index which means no changes or decline of grain protein percent.

Keywords: Grain protein concentration, Nitrogen uptake efficiency, Nitrogen use efficiency, Nitrogen utilization
efficiency



