V- QL‘J..MA)' f ojleds Ve ul> Sk 6*5)3)[5&4” ..

lgoaS” ails & JSloc (gl32l g 0 5loc w59y & 9,15 i zglaw
S el oS, < (Chenopodium quinoa L.)

v 5 B (s C Y C e
Syad dlay & Gloj Lo poMe ¢ gy S 0yR)
OF LAY by gl VEe oo F8 il s &6

oS

alosl cils iz slapS1 s cos 1S o Sloe sliz 5 0, Shas 5 (55 s Gilides zolaw )15 )-*-’lJ o2 yyhed
Al pll oLlS a0 YYAAIYAA el )5 Jle o 1SS aw b Bolas S slaSsh 7 CJB jo 1,95 & jsoa
Ve e ho) mhaw ez ) (e polie 5 (@ e )3 B A 9 Ve B0 ) mhaw ez yo Sl (o515 lalers
ey gy i 3 i3y A 4T 51 0515 Gl sl s ol Sl (Sils delie @l 03t QS 3 0,555 10+
ol el B 0 0S5l V0w (98 Gl g el s (g deys g Ales SES (5 iy )]
Oeizme b s (593 w00 g (ol ddgS )0 (28 dleS Slasi algS S ()9 Wiy )0 AdgS Slasl iy el
(Eras 5395 =h) @D ls jlia 59 g 5o Al slasi oI mhaw (2SS p (595 908 g B (ST ilite S
oobel g o pe sy et lh 5 Sojelem o, Slas igy o S mhaw aslh 4 ails o Sles Sl ls 5 Sles
3 S e als @ aily o Slee Cod ils o Slae cails i 59 igr ;o dils dlawd e 1y i lie Ol 31l
4 a2 b el Candy (35555 S 0 0 SolS Ve 0I5 5 m e Te 0 g B0 (ST e Cow Cublop jasll 5 g
A 45 ey e 4y i s 3,Shae Bl §) e a5 i D0 0515 5 i S8 55 S5 V- o
5l g drogi BB alie Gblio 5 Gialejl 090 dilate 1o ceslio 3 Slos Jsax ln (5550 5 0515

Oy cils i 3a doS ails o Slae gz slaes 1 gaudS grojlg

e (Chenopodium quinoa L.) 155 ails o Slas slizl 5 0,Skas s 05955 0,15 calizee zobaws S1AFY Lo srad oyé o) Hon e
YO-FV iammio F ojleds N ¢ al> clilS it slaeSTy

@95 5 Uhisel Slisid lojles (g90) ol S (xb lie g (55,9liS g0l Dlaios S 10 LS (ornb lio 5 (65,5WS bjg6] Sl oSt ¢ 3ioe -)
el SULS (g sliS

Ol iz iz s oBisls (65,5LaS caslails (bLs ZMlol 5 el )5 09,8 SLzsle-Y

ORI 5 F (oneb wlie 5 (55 )9leS psle olSCails gl @l ouSiadls (5 25 (gyzmils-Y

Zohreh.nabipour@yah00.c0m :Ssg xSl s *

£y



........ 5 0)9).....: ‘))J)ngp.meW).:l

My cur 2lié pelie 5l eslial Cupuoe (2015
5 sl 6),slas Lis (g5 )5liS DY game golaldl
ol 5o el 13555 Sloag Sl il (2lie Coal (el
sleosly 3l a9 il ccwslie colatul Ll
ol Gase 5l GxSslr 5 Oisid st shysleS
s U1 5 kS (53,5 L 50 b ey
sy 3l oy bazme (Sogll 5l S5l 5 anelx
,» (Montemuro et al., 2006) ¢l Jaama pl S
el Dgaote 19 S j0 (20365 (59, p Olllas a5 i
el onl )3 g 095 Coeal pliizs I (S Ll
Geren, 2015; Gomma, 2013; Erley ) wlos )5 i 1551,
bl gou Jdo 4 Ko G,k 5l 4 (et al, 2005
3 OBLS sl (s 095 LS 3590 lade ¢ SG3elsS]
Hakan, ) ceol asllas cov lien e 3blis
Karami et ) ol )Sa2 § 0,5 i mlbs 3.b (2015
Slaws (sl sl slass o5 ool iSTas (al, 2020
Srae b Sojglom o Shes g ails 3 Shos « w55y )0 il
O 5 | ol s @y (alls (59555 0 ,T5S V0
£, okS VO 0,15 a5 auzsls bl (Basraet al., 2014)
SE G595 JooSS sl sl elans )1 3 (039 50
olamil s Slas 2STas Cuils 5 1908 god g 0, S
Erleyet) ol ,Kan 5 J,l .ol pan (59051 Loyl 15 jo
29555 f3en 411955 Guly (D3l (om0 o (8., 2005
Gl 4 S )3 @ SelS Y g A e polie b 59
059 Hlade ioli8lay ol 4y guS aS aiogusy dzes
LS 55 (Bras (s Gl L T 0 Sles 5 0ol Geuly
Schulte ) ol e 5 il ol ol b aslive .l a3l
Bras Gl bLoas we,s 5,158 5.5 (et al., 2005
1552 5 Shos 1S 10 0 SLS VY- 4 jiho Jl (s
2l il LS s p,55LS YFAA 4 p,5sLS 1VA
o ol las (Shoman, 2018) lesds ipgh gulbs
PRSI N0 g Ve B jho) gy aliee sl Lo
SR 3 als e (59 9 459y il sl LS 51 (590
Gpae aalidl b Ll as saslin (g )ls gme DS
LS ls 3 Shes S 13 0 55LS 10+ o b (3,5
5 (Shams, 2012) el sloigh gl .ol il3dl
5o 5 (Kakabouki et al., 2014) ) SKen 5 S5l

£y

doddlo
(FAO) Sl )L g 15> olojlo )bl 19S sa ol
e s i ol sl STl olS G plgre 4
2LS (Chenopodium.quinoa wild) ls:S el ous
LS o (iS55 2o ,0 A0 dgan b allSy g adgo
S el oye al,S W1 sloogS 5l aS e 9o b SO glas )|
Gl 5l daails 5 oopdle 5 canl 413 clide ogix
Ogd oo oolaiul glads e Gl 5 ol oo
als oYU ceas s 4 ol -pl (Saeidi et al., 2020)
3 oky bl po o ame Con Lyl 4y b e
V¥ 1S «ils (Rashid et al., 2018) 098 oo coisS ylo>
ol glasmsl Gl Loy 5 o)l ety dops Yo b
28 el e 5 Gudgrte (Y Wle (5599
Bordeny & ) o,ls 5429 o5 b ol 4 M yiion
£55 L 5,555 o)l aSul 4 a5 L (Abdel-Ati, 2018
el el GlE gy ez s OlslE alsr 5 o
5 @531 Sl oty oolizal b e 13 5L
;o (Hinojosa et al., 2018) el ,ls,95 5 (slosg Corosl
NIRRT AN SR SN P e
sl crge §p8 giz g (o9 Bblie )0 g 4 W)y
Selys GlBl s Jlal adss qel)y DYsame jo g4
Amiryousefi et ) oi aaly> Slde cossl  of5,5lasS
zoho & 15 wlisle] mbs elul (., 2020
obes 3gS B ras s 5 gleil ccllS (ST alize
O 50 e Jlge 51 S (Eisa et al., 2018) ¢!
25 1l s 915 5 iy o155 e85 Mol 8 Slae
G555 555 2oy Gial3Hl oslias s 3l i slaeST s
a5l S slapSTs 50 g 95800 0 Shas 1alS el
@ SL g ol b g 5l el awme SIS 51 emsllas
355kat RlS s g 5o 5 ek oolitul ogllas sov
Eisa) ) ,Kan 5 e [(Parwadaet al., 2020) 5o ,5 »
Glosxe Sl aig o515 a5 wis )57 5138 (et al., 2018
WS35l ails o Slee o 3V cils 1gaS als o Slae
i Qo0 YRV a5 sl Cavdy LSy a5 VEA- -+
g LiSa o 4y BF v+ 115 o IsnS als 8 Slos
& e )5 b aS wd asine 5,500 Glulesl o
A BT o) o alold 5 1S )0 Sl S VY (e
Saif et al., ) sl casas 1908 o Shoe (i yie b



VF-N QL«.M«.O) f O)Lo..':; AR QJ}

S 0,5 wlids

O9° N o 9 Obml el 55 Ges 4 gl
dl.ob){.» 9 KW o..bl.wﬁ.v LSQL» dwls d.L».M}?J ‘cb_’)o) Lib)l.....u
-Lg)L:.‘»T Js! L;)L:;.T BLEEETRR r:lzd\ Lg)L:;_T cusls gl o=
bl 59, ez Jolsd @ (b o al o U gom sla
i S undS 5l o 00l e oo 5,51y 0l
BURCIRLET-0 ¥ B YR ESUSSINGI I LAV R A S5
b cully (B e b Lol 0¥ pozme Jdo 4 (calS
-ale 280 Sldes ol plodil Lol 50 50 V/0 clale
iz Jolpe (b 10 (G ey Djge 4 55 5 slo
Slolass & 25 L oisis 25 ol oS s,
Ady al> o )0 pomr S il D0 4 pg So o alo)]
spoazud Al o )0 pgw SO g (S P U Y) Bl Job
Q.Q?‘Lmdsyk;ﬁ?lsabf)o.m»b&té-@
—o3lail jekate 4 .ol plol VYAA ole)dT ol o cusls »
olawy cdbgr Sias 5 ol o 40 Ay slawi 5.5
U)5 9 4\.:9.1 ) sl olass e‘_gl'a| 4..»9} Ry ‘SC)S <\.~45.>
i Ve ol (Sofelen b (S aloye p3 alls l5a
ool Jlasl olKiule;l 4 g wlesl Solas jsb 4y )5 10
aae Glgim wg Ve 1Sl bag uSojlal 5l s sl
Oz b ab S s Slas sl elaS e 6l ol
Joe S v 6 S oslail oiws bawg 5 S mlaw
&l 9 Ceiored .0y (Delta T Device, UKL) s Lo
Sl Bis 5l e « SS5edam g asle o Slae (5 S0l
S g 4 DS 5a il me e SG Jgaze @il
ua}LMJ W) J.D.A.uo oli....uLo)] o9 03l wl\)).' 9 )4;95
Soiglem 0, Sles 4 ally 0,8l Cand ) 50 cldlo
aal) 5l Bras iy =hy @Dl el
Syee 4 (Craswell & Godwin, 1984) (solgiiws
P NUE abkl) cpl j0 000,85 9,515 NUE=(Ydf-Yef)/F
VAP S5 & 0 F5hS) B s el S
Yef (LS )0 0,59LS) (59,5 Bpae b ails o, Sles
F (LS 10 0,5 5LS) ()59 500 OB pan ygs dilo o Slac
sools .l (LS ;0 0,59LS) (B pae (59, Jlake:
4525 SAS 9.4 J158ls 3 5l eolaiwl b iulesl (ol 51 ol
SRS b bajles (Sl anslie 5 0B (il
o )0z (6,8 S s Ho STl b, 4 gMSTATC

RWINEN

FY

lag Gtal38l 1508 0 0 Slos 5 So59dgn 8 < S59098 90
50 el oST5 Cod 59,00 3 Sl I solazwl Lo,S
aza Ghall o Slee (il el Wiy oo 65,9la8
Navruz-) 55,5 Jaume Cansj slo Sogll Lials 5 odgs
3 olysles Jlatwl 4 axg5 L (Varli & Sanlier, 2016
a ol s 955 5 SLLE Lt jed o lenS cens
& Oeed (590, el sl jo cais ool (655!
Y gams o, Sles ol ppo Jolse 51 (SO a0l Lo
A 5o BIS Oledlbl vgaS alizs 3blis ;o 55,9liS
2 =l Capde Jel coz o9 sleial) oSl
O & a9 OsS aie OIS als sl
Aol oLlS adlaie jo olS pl dige o515 o o Slas

g, g olge
J,5556 &y VYAA-AR el Sl o islesl oyl
2 LS b ol S glacSsl b B o
e b LS gt O kS s gl (sl
@bl Job g Jlod 48B3 VY g az 0 VY L35
v 5l e VOV glas)l g 3,0 adBs YO g 4> ;0 OA
Sl 5 (pmelil B 5] i s ol sl
o Bl (pl 50 090 50 Cguine SiSdend g SiS
S g e g Ve e e fold mhaws Sl 50 0515
B o g ez 5o Ois s 9l olie e 5 &y
IS5 5209 0yl e Sl LS 0 Sl VO g )
55 i 4lold (e VBxD &S olasl o5 V5 el
S5 m o sskiie e ¥ a5 e alold 5 e V0 La
e Alold 5 1o B Jsb ) plaS s catls bt ¥ Lol
L Titicaca cuiS o 90 195 o8, 09y sl Yo (a0,
Voo VO Wy gl g ey Ve ooAD W, 0)90 ok

5ol & a5 (Samadzadeh et al, 2020) o yio Sl
S bl 2005 ol 805 ()9 Blidss Lo 35 e
Fied 20 STb HUSe 3 0,56l S 0 lade (ST (905
Bl ©ipe 4 S lind nse e 5l (P20s)
Zob yo el Oldes .(V Jguz) al ools S a4y cils
s, gg, laml jolaie oy .ol plxl YWAA olo e Ve



........ 5 0)9).....: QJJ)lS&..O.LWC}E.uJ)J‘

(OLLS) GiulojT Yoo S (olowds 9 (S8 s S 329-) Jgo
Table 1 - Physical and chemical properties of test soil (Gonabad)

Total Total Electrical Total .
Potassium  Phosphorus  Conductivity pH Nitrogen Clay Loam Sand Soil pattern
mg. kg dsS.m - %
135 6.87 5.76 76 0015 202 267 531 | oandy
Loamy Clay
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Table 2. Analysis of Variance (mean square) for the effect of different levels of density and application of
nitrogen on some growth characteristics, yield and yield component of quinoa

Plant Leaf N, CIc;IrS ! clll\JlétS::t:n N. seed in 1000-
S.0.V df height area Cluster Y . ' seed
. weight each main plant :
index  per plant weight
cluster
Replication 2 102.77n"s 142" 1458" 0.12ns 5.51ns 1951.03 ¢ 0.07"s
Density (a) 3 706379 6.16™ 53.88" 0.98 ™ 104.03 ™ 24949.49 ™ 1.74™
Nitrogen (b) 3 187552™ 4707  70.94™ 0.87 ™ 19.39™ 14304.38 ™ 1.22™
(axb) 9  438.44Ms 1247  21.20Ms 0.15n"s 8.83ns 3087.93 ™ 0.42™
Experimental Error 30 317.28 0.52 14.47 0.07 6.21 974.74 0.07
cv - 20.82 20.13 22.16 15.63 16.17 10.16 12.42

** significant at =0.01 probability level, * significant at a=0.05 probability level and, ns no significant
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Table 2 (Continued). Analysis of Variance (mean square) for the effect of different levels of density and
application of nitrogen on some growth characteristics, yield and yield component of quinoa

Percentage Field Seed yield
SOV of of seed Seed yield efflplency of 'to leaf area Blol_oglcal Harvest
. nitrogen index ratio yield Index
nitrogen :
consumption (In plant)
Replication 2 0.01ns 12660.87 "* 19762705 "¢ 26.17 "¢ 24036.07"s 42.40"*
Density (a) 3 6.82™ 391163.32™ 1946189632 ™ 280.56 ™ 1094168.52 "  441.42™
Nitrogen (b) 3 5.18™ 335402.68 ™ 4232390545 ™ 87.17™ 1453468.01 ™  212.44™
(axb) 9 0.43 s 36303.02™ 457147374 55.86 ™ 66308.95 ™ 100.91 ™
Experimental Error 30 0.52 4602.57 58544464 17.20 31175.85 22.13
CcVv - 27.34 11.01 23.63 23.38 10.65 12.80

** significant at a=0.01 probability level, * significant at a=0.05 probability level and, ns no significant

g’ 3 Slos (51321 9 0 Shos iy Wlaoguas 5| (B p p1 (59550 b parn 9 o515 Alito ol 1 (aSSlae dnylio - Y Jgur
Table 3. Means comparison of the effect of different levels of density and application of nitrogen on some

growth characteristics, yield and yield component of quinoa
Means in each column followed by similar letter(s) are not significantly different at 5% probability levels, using Duncan Multiple Range Test

Plant N. Cluster Cluster N.sub cluster  Percentage
height 'er lant dry weight  in each main of seed
(cm) perp (gr m?) cluster nitrogen
Density levels(plants m2)
30 57¢ 18.75° 1.60° 17.532 1.69°¢
50 78.91° 2191 221 18.35°? 2.44°
70 91°b 1541°¢ 1.73° 13.25° 341
90 115.16 ® 15.58 ¢ 1.63° 12.55° 3.06 ®
Consumption of Nitrogen (kg ha)
0 70.08 ¢ 11.66°¢ 1.49¢ 14.24° 1.87°
50 80.66 "© 14.75 ¢ 1.65° 14.44° 2.34°
100 94,91 20.75 2 2.04 2 16.76 2 3.07°2
150 96.41 @ 16.33° 2.00? 16.25 3.30°
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Table 4. Means comparison of interaction of the effect of different levels of density and application of nitrogen

on some growth characteristics, yield and yield component of quinoa
Means in each column followed by similar letter(s) are not significantly different at 5% probability levels, using Duncan Multiple Range Test

Density Consump Leaf N seed in 1000 Field Biological
levels tion of area ' lant seed efficiency of Seed yield ie? d Harvest
(plants m-?)  Nitrogen index P weight nitrogen (kg hat) (ky hat) Index
(kg ha'l) (gr) consumption 9
0 2547  241.00° 1.36f 0 277591 895.92f 30.96 ©f

50 3.26%f 243.40°¢ 2.26°@

30 100 3.05¢ 258.73% 236
150 2687 251.96% 236

0 2617 303.96P°d 220 b

50 50 2847 31590% 2.16 b
100 3.41°cef  410.16°2 3.76 2

150 3.42 <%t 409.06 2 2.60°

0 3.01¢ 269.70¢€ 1.90¢%

70 50 3.64 cdf 289,00°d 1,96 o
100 4.49°  403.26% 2.20°b«

150 6.06% 296.50P°¢ 2,16 b

0 2897 262.00%  1.66°

90 50 4.18Pe 31456  1.83%

100 4.29b«d  32251° 1.90¢%
150 5.06% 32090 170 °f

1834.80 9 314.28M  948.78F  33.15 cdefo
20596.80 %  441.499 151329°¢ 29971
21342.40%  419.87 9 1570.63%  26.749

0 406.079" 1135.98f  36.02 bedef
7934.93 T 604.76 ©  1546.10%  39.07 b«d
70360.60%  1109.67% 1830.20¢  60.75°?
714852 882.64 % 2162.86%®  40.79"
0 596.27 "  1638.60 %  36.33 bedef
21732.13%  656.24¢" 1554.80%  42.56°
36688.40°  929.82° 2383.59?%  39.14 b«
49501.90°  783.42° 2124.86% 36.87 bedef
0 383.52 9" 1440.45 ¢ 26.49°9
12371.33°¢%  664.28°F 1733.49 ¢ 38,54 bede
32545.66 ¢ 742.319% 2004.43bc 37.5] bedef
42056.58 " 649.80 ¢f 2027.03c  32.64 %M
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Figure 1. Means comparison of interaction of the effect of different levels of density and application of nitrogen
on seed yield to leaf area index ration in plant of quinoa
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Abstract

In order to investigate the effect of application of different levels of nitrogen on yield and yield
components of quinoa under different planting densities, a factorial experiment was conducted in a
randomized complete block design with three replications in the crop year 2019-2020 in Gonabad.
Planting density treatments were at four levels (30, 50, 70 and 90 plants per square meter) and nitrogen
levels were at four levels (zero, 50, 100 and 150 kg ha™). The results of mean comparison showed that
increasing the density from 30 to 90 plants per square meter increased plant height, Cluster dry weight
and seed nitrogen percentage, and increasing nitrogen to 150 kg ha* increased plant height, number of
clusters per plant, Cluster dry weight, number of sub-clusters per major cluster and seed nitrogen
percentage. Also, the interaction effect of planting density and nitrogen application on leaf area index,
number of seeds per plant, 1000-seed weight, Field efficiency of nitrogen consumption, seed yield, seed
yield to leaf area index per plant, biological yield and harvest index were significant. Based on the results
of interactions, the highest number of seeds per plant, 1000-seed weight, and seed yield, seed yield to
leaf area index per plant and harvest index were obtained under the density of 50 plants per square meter
and application of 100 kg ha* nitrogen. Due to the superiority of the level of 100 kg ha* nitrogen and
the density of 50 plants per square meter in terms of seed yield, it seems that this level of density and
nitrogen is recommended to achieve proper yield in the test area and similar areas.
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