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Effect of sowing time and nitrogen fertilizer rates on growth, seed yield and
nitrogen use efficiency of quinoa (Chenopodium quinoa Willd) in Ahvaz, Iran

)\CQ)W Lg:\f Lo )deses Lvub.’;ﬁw le.c« JQJL;.W dlsllae Lew ‘\Lsu\:&uﬂ ‘.‘S}L«Jb)ﬂ
a“\"}ﬁ*" oSl

ol

158 03 7 o e ) 5 1 5 Shas iy 5 05575 355 Olipe 5 SIS 0o 51 FAA (Nigaa .0 § 90 (63105 . ( oo . & wDduw . £ 9 ey (SR

LYY ()Y Ol ! (B0 Pl 4 445 51 pal il Ll 2 > (Chenopodium quinoa Willd)

55 195 oL 33 059 3k B gm0 (2 HLS 9 3 5hos Ay 2 0595 385 Ol o 9 ™ SOk 1 b 3s1 setaio 4
SAY e 3) Sl 33 )1,S Hlezr b (SOl ol Sl gl 4l b B 33 oud 3,5 GBS F D g 4 Sl K S S
91 8 00 e 9 ) bl gusb slaz Jobd (Babo3T Jolge b 1ol Ol igs b qolio § (53295 pale o2 43 174
DDy (o9 SO S 50 (LU 33 P Tl TV 9TE NN cAr (o) 0395 395 aw gy § ol Sl 7 5o (LT Y-
ous (S yS 031l ALE S T 59 Al g LT SsCon 3 9 059y 395 9 Culls Fo b 1457 310 O il 519 4 i g
0P gl Ve oTE) (S ) O Khos (4515 1T10) digy 50 18 Sluw (g3 iy 457 31D OLES 1 paTilo Ay lio gulS .09y HId Sxo
Oyt § JLEKD 33 039 i 5 oS I+ (6395 zmbaw b se0 J9I Sl gl 53 (A0 YTV ) 410 039y (STgomo § (LU
YIA) 4593 039 s (S1giomo § (33 OTVY) Cadld y (as L (p 5 £/T7) 410 5138 (39 (LUK 13 p 5 ghs” ATOY) &l 3 Khos
b 50 (LUK 38 p T oks™ FAY) 41 & Shos 9 o8 9 LKA 13 039 i £ 57 o™ ¥V mbaw 53 ja0 Vo Sl Fu sl 5o (oo
Gl LI 53 £,7 s 1Y 4 Ar 5103958 S pae Sl B1 b el Cusy 039 45 < yao pus slogd 53 OLT T cadls”
SUKD 33 0395w P oS Y B pco 9 5a0 Ve il Olod & 318 O s bo3T (ol b A8l Al 059 yuwi B o (11
29 Jwbo jlgal dikin 13 g™ 410 & Whos J5Ta> 03,97 Sy Sl g

13 513 039 9 1905 081 395 (bl p b (Ol 95 [ suls” (Sdolg

ly o I3l 085 A3l gl IS sl Obl - inie dlie ) WAN VY5 ds dasb WWAYANY/0 150 53 a6
Ol ) &cu,@,,u{(}; Bl (g5 slaS euSiiils s | ol Gl (g il -

Sk b a5 (5558 psle ol 65y lS oSl sl -

(oS a31Ke) Ol 5 omeds e s 655l o e o ils 65y 0laS 0asils b sl ¥

(A.Moshatati@asnrukh.ac.ir , Alimoshatati@gmail.com :¢ 5 S <)

Sk b a5 (55508 psle o iils 65 5kaS eaS il HLzils —F

b5 g g8 5 3o Dl gyl -0


mailto:A.Moshatati@asnrukh.ac.ir%20,%20Alimoshatati@gmail.com
http://dx.doi.org/10.29252/abj.21.4.354
https://dor.isc.ac/dor/20.1001.1.15625540.1398.21.4.5.1
http://agrobreedjournal.ir/article-1-1080-en.html

[ Downloaded from agrobreedjournal.ir on 2025-07-13 ]

[ DOR: 20.1001.1.15625540.1398.21.4.5.1 ]

[ DOI: 10.29252/2hj.21.4.354 |

wq/\ou;ﬁ;,L«_:A(,s_jgﬂ,ﬁ.u?:';)\ﬂ\g\,;r,b.u_,:;"

T T T IS gy I O U N
3 ol ad o 53 il 5, Slas (sliart 51 S s
Sl BT OLe) 05 g ol 15 5 Lipdi 0 oS A
s 3, Shas il 5ol Esly ¢ ol o ol OU b
wiy sl 531528 olE (Siadat et al., 2013) 545 o
VY 5550 s 53 318 e a3 YO 550 sles 4
9 ly Jole sl (Tl L gldy, cels
3 (Celwh ssa=) ols S 55, Jpb amy Sty
Sl o plite 055 4 4y o7 3,05 5L ol slales
ey sbs 4 (Sepahvand and Sheikh, 2011)
@ s ST Ll b 53 158 LB 50 0 e
5 KVLQ520Y) 1528 055 33 Wl oy sl 2 e
8 sl e s Bl b s (L LIS,
ol 5L 5 JL LIS, g as a8
Cand 9 ls (6 VL 5 Shas (33,55 10) 5T
Cils (6 iy Jramd (TS 5 YL sles a5
lasT &S5 mls elul » (Pulvento et al., 2010)
Yo B b s 4l 5 e o i Oliwslin 53
.(Bhargava et al., 2006) AT s & (LT V) Lol
5 Llrla) 15587 055 53 0l 55 ol jT &S o
i8S 7 S 3 ela sls e 5 Il 53 (bl
J s 513 1aole 53 LIS ST 5l Ol s LS
botigma)lole 5o S8 Jy oS A5 (g b
b a5 AIE e g, i) 3
L olS adlS agarlsn OT s 5 485 5 J poaes
dd SE Sl W ede 5 Vb 5 p S slajs,
s 53 ST eSS s (Sepahvand et al., 2010)
5 dsl Slage sl 5 158 d(olee) Ol pl s Lo
mls s il oo Jal 5,37 5 0LT ¢ ,¢e 235k
el 55 o 5 iy Jolsl 5l beas 48 sls Ol
O s, 5 ST e 3 0 Sld an L S
@,u,wuuﬁgo@uﬁw.mﬁ)lg
Al 3565 (63 dsl 5 53T oLy =T el
Ol u3 (S g sy (s e m Cdls slag b

Yoo

400
Sl 5l Olejlw O b Sl pS ade oS
Sl S5l oS G 0l e 4 (FAO) ile
(PR GG AU SR T P K S I
534> L 4 45 L& (Chenopodium quinoa Willd)
=t S T glae S 5 i85 55 dws ) 40
(Jacobsen, 1998) ol 4z § Ui g s 1K 0T
935 S Pl LS g LS S 1S
5 0T Oy slacS Sl claails o gdhe &7
3 gt gn 0ol 4y D) go 4 b 5 05U (S Ol g
3 glos pn8 acals il 53 (63L5 Jreows oS
Syls (Sis 5 (65 e Ao o) 8 cla 2
Ll an ol Joss 5 ails (VL CdS” s 4155
S Ol el bl s (o S
VF-Y+ 1528 4Sls (Sepahvand et al., 2010) > o5 oo
Al bl 51 5L w5305 s 0 s s
o) s 5 O e e Y e (65 2
et Ub:y;é&&&\ﬂ@&)&éﬁﬁjsf
Ol ol 4l am 4> & Ly (Matiasevich al., 2006)
O gy e 5 Ol Sl 5 ST e b s, 588
Soslital L ps e ol 5L el el 1530
Slall 5 Sbys o 3l gioslas Sl g fwily
LS =_:S" (Sepahvand et al., 2010) C—ul (s, 525~
S8 5 Joms 5 VL e 25 4 a5 LIS
u)\.\qaﬁjéﬂwot&\ds&uﬁj
020 M s 1 ol (2 Rl 15 0
il
PN PUPERNSINSANE SO S
el dls Sa5 dsb 5 Sogby Lz o s 4 adlats
Glos il wlul o oly; 0lalE cals ol
S35 Jo e 56 a o sdle gles | Laoms
Ay e Jol o OAE D3lae pde romen 5 S
o ol SOl g e e Jae Sl S L
O b gl S5 s b 4 558 Sl gla S


http://dx.doi.org/10.29252/abj.21.4.354
https://dor.isc.ac/dor/20.1001.1.15625540.1398.21.4.5.1
http://agrobreedjournal.ir/article-1-1080-en.html

[ Downloaded from agrobreedjournal.ir on 2025-07-13 ]

[ DOR: 20.1001.1.15625540.1398.21.4.5.1 ]

[ DOI: 10.29252/2hj.21.4.354 |

"FOF-FRY AFAA OSan 5 (om0 55 355 Ol e 5 SuBST Olej 51"

Gl e olgn 5 OT Ll 8 551528 als 5 Shes
Ot A5 ) 05575 Ole (e o7 515 0L
VO« sy e 05y 5 Sdls p Lastle wils 3 Shes
53 (Geren, 2015) 55 LS 3 055 2 Df,_Lf
S s )5S Shlel s ilesT b daly en
55 0 8 S VY S sl 05 e e
Lol — .(Mosseddag et al., 2016) Cul ;LS
il s plait Slgal GEMe s &S syl ok
@g‘lj_;:frujlj\u_;ﬁ,;oj,)_::s;}jo\ﬁ
u\:&jjﬁja;wé\ﬁ\jajﬁwﬁ\pl
S elsl 5 055,25 255 7 s NEP Py
Wl b sy Ll (o p Slaast L sl Ll
e 3TUS 55wl sl & g 53 23T 8 05 5 sl
)&iﬁ-aal_a%&h.ocdlsajﬁwjd\:j}bojj
Cils 3 g9 (gl e Solss s e Ll
(Shahmansouri, 2015)

Oljn 5 colin SIS G 36 s Sl 4 5 L
A1lE 5, e 5 i) p 05555 355 gy O e
5 S R, G bl Sda b rags ol el
g asls 3, Shes (giiy Sl 059 25 55 ldie
sl Ll i 318 5305520355 o jeae oIS
s plail 3lsal gl 0

b g g Mg

e yim 55 \WAP-AY el 5 e s isleiT o

b e 5 (55558 oo o8l asss
il 5 5l gl (B0 el (g e lSTYF ) Ol g
sam ¥ Ldl g 5o Loyl slssy, B8
AaS5OF 5 a3 FA LUl Jsb 5 Jlad 42ds YO
ol B L b 1 e Y il 5 s
3 &St Gblin s s G adlata ¢ oulislpa LT
O LT () ) 358 o0 O guome S5 40
Lsuifj_lecjbgfjﬁjbo&:féb&;&)y
Glasles i |l 1S5 Sl 53 (dalaas JalS

yoH

& Sz by 58 o 5l el analS ) 5eb
2 sl ag, s 5 il S baealS
L Hyescwla Qb.Tr.A:}'liU_,@.oJ)\ slacis
saml alS fgy by Ce i dir DU
Ls il al e 3,15 (5 Fob S il s OlalS
slex Sl mbeT e s [(Hasanzadeh et al., 2014)
o5 r (OLTYO 510 5 e Y0 510) bl b
Ol 5 53 158 L bbsle 5 el l Lol clolLa
Cool bl s s o 0 Oli s b g
A (G5l O g ECS g8 e 53 b
s 5, Shee 0 YL 5 s oS JolS” S
Al bl 035 5 g Ve SIS )b 4 by e
.(Tavoosi and Sepahvand, 2014) s &

Lo el 5 il (gladanl L85 55 055 -
RPN PYUE R S 4 B PRCK gy W PN L
il el 8 )5S e s 53 LS
als g Sy 3 5ol 8 U b, e
OLLSen 5 Il (Siadat et al., 2013) 55 &
Sds 4158 & s S 5,18 (Erley et al., 2005)
5 Ao 0L RS T15 055 75 355 O e
S Wsls 3,15 (Berti et al., 2000) ol LSes
o e Ol 2 YL L 1528 il 5 Shes o
5}_?-3.MT@:Q(JL&&)J(J?%YYMQJJ}Q
3 g g wls .>J§L._9 Jﬁ»lf el 09 0 oL polas
sosgai IS ails Sawy el )
355 O a3y o oS gy AS 5 Rl sl
il s g sl s, S ol 53l Eel 039 1m0
.(Williams and Brenner , 1995) 5 -5 oo 45ls 59
059, 35S 4S 5,5 5,135 (Goma, 2013) La S
2ol 9 S gy 9 (g b, I8 el
oS oS it sln et hal5 8 e oman 5 1S
o8ty 53 es plonil ila3T S0 s 3 55 oo
o) 05975 355 7 oam Jl oy 534S 5 )
2 OLSa, 0 ST IVE 510 AYD A VD -


http://dx.doi.org/10.29252/abj.21.4.354
https://dor.isc.ac/dor/20.1001.1.15625540.1398.21.4.5.1
http://agrobreedjournal.ir/article-1-1080-en.html

[ Downloaded from agrobreedjournal.ir on 2025-07-13 ]

[ DOR: 20.1001.1.15625540.1398.21.4.5.1 ]

[ DOI: 10.29252/2hj.21.4.354 |

wq/\ou;ﬁ;,L«_:A(.s_jgﬂ,ﬁ»?:';)\ﬂ\g\,;r,b.u_,:;"

S5l 5 deob dladi gy JalS Sl il 51 ey 5 s
S ey o o 3 A ol S sl L
i Hsbay S o jlas s Ve S5 s
IS 53 cadlsylim 05 6,8 el gl 5 ol
lemi s s jleslinul L 5 olssl oLs 0
il 5 Shae S o3Ihl Gl bk 55 5 Sioled
G J pazn cadle oo ) g 5 5 Shes 5
Cls s g S (fd Dy g0 4 DS 8 Sl e
dslons 53 See (opsh ) S ) ey 5 0
Swas gad calls JJ_<L..9 Lsﬁfaj\.x_i\ Sl = ..uuajf
55 W8 Sso 4 T O S pa by
VO slas 43 05T H3 Celw FA Sode 4 e 9 okl
Luid s Isdome 5 0l 0 dilCist 31 8 5l 4y
Claal L asls 5, Shes s aculows ails Cosby
Soils el b acwlbue o j3 VY Csb
G s dnloes s 3 Shes @ 415 5 Shas Cas
gt a3 elS 03 25 Sl e (58 51|
S sl el acl=e (¢l 5 5 (Bremner, 1996)
=S 50555 S5 P58 2 OJs a5 25
A ool YUY (glaakal ) 51055 20 s alb Z3L 5L

.(Fageria, 2009)

Vo e V5 Ja) S AL e Jals 2lesT
ojjfgcb@;(gu\éug;)uow% P
jtc)uia,gcfj_gvvjm NP A i)
f}&ﬁﬁ.xaﬁ(gﬁguaﬁjaca”\c@
byl dol s g Jgb g SIS a0 s
LSE 55 iS55 528 0d) 05 ol 70
AO=Ver Aliyor3 dsb bics 5 Sads )siS (om
)J\_ga\f;ﬁ,:adﬁu\/b—\nsjbdﬁcwjuj'”
Rt g il (65,5l Slidew S e 51 0T
,bﬁ)>¢)§,1;a~)\@¢¢§uoy;T@uwm
o s Dlid s aie 51 (P20s) Sied STy
Jod) i osls Sy Cil8 31 LS 4l &) s
o etolaST slasleg ag a5 L 055 5 28 (Y
b i) o e 53 p s S0l Do 4 p s
4—3@5%45]#»(}“&3(;;4.9”)45“
Wiy 5 (S 3o Dy b SIS gy Al enls oSl
L oS g e Bl 55 B VO s 3 laydn 50
Slkes 4 lS Ll wdlS m jo 20 53 G917 (ST 5
b plowil S 550 b 4 b S en gl 215
GAS sy (Jgl azia 53 53 158 olS Sl e 5

Lol (s oy S p slacile Lojole sl o)l

ojbzg;;g,mgdl;;ﬁb—oj,g;;g,@w,\fab;ﬂ&

(p?}lsfﬁp?)l:f) O35 #1032 = (1 abaly)
B 053 fu 35S e
0337358 O pan by G5 5 Shas =055 725 355 e 5ok o 3 Shas
(S AS 2p S AS) 03555 S5 058 210 = (¥ sl )
o 0305 558 ST 055 a0 odam I —ei 0315 555 S 055 s oda e
= z e . 03975555 o pan b &6 5 059 25 (8l gimmn =055 23 555 (2 e Oy 6 30 09,55 1 53
((‘;)l:{ﬁ(’;}l:;>u)}f~:'u“'u@‘)l§: 5975055 o pan b &5 055 5 Sl oen —059 i 355 5 s D3k 653 035 55 )5 T (F daly)

PBran 05575355 Sl

Yov


http://dx.doi.org/10.29252/abj.21.4.354
https://dor.isc.ac/dor/20.1001.1.15625540.1398.21.4.5.1
http://agrobreedjournal.ir/article-1-1080-en.html

[ Downloaded from agrobreedjournal.ir on 2025-07-13 ]

[ DOR: 20.1001.1.15625540.1398.21.4.5.1 ]

[ DOI: 10.29252/2hj.21.4.354 |

"FOF-FRY AFAA OSan 5 (om0 55 355 Ol e 5 SuBST Olej 51"

)‘}h‘)b \Ya-4y kfb) JL&).\ ‘j»;»l.&) a)jbd}iéjb Mub;&)\a)}f\bj JE‘J.:- LSL‘-’&;;?-‘L:‘_\ d).l:—

Table 1. Mean of monthly minimum and maximum temperatures and precipitation during quinoa growth

duration in growing season of 2017-2018 in Ahwaz

Sl sles KL Sl les ks Sl

Month .. Mean of Min. temperature(°C)  Mean of Max. temperature (°C)  Precipitation (mm)
Oct. 4 19.4 38.1 0

Nov. ouT 14.5 317 0

Dec. 3T 7.3 22.1 18.9

Jan. 8.2 229 2.7

Feb. e 8.1 22.7 7.2

Mar. il 12.8 27.1 27.9
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Table 2. Physical and chemical properties of soil in the experiment site (0-30 cm soil depth)

EC (dS.m™?) S SI s
pH

Organic matter (%) STosls

N (%) Ol ps

P (mg.kg™) A

K (mg.kg™) oty

Soil texture oSl 3l

4.1
7.6
0.50
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8.2
135
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Table 3. Mean comparison of plant traits and characteristics of Quinoa in sowing date and nitrogen fertilizer treatments
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Means in each colamn follorved by similar letter(s) are not significantly different at 5% prohability level, using LSD test
NAE: Nitrogen Agronomic Efficiency, NPE: Nitrogen Physiological Efficiency, NARE: Nitrogen Apparent Recovery Efficiency
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Effect of sowing time and nitrogen fertilizer rates on growth, seed yield and
nitrogen use efficiency of quinoa (Chenopodium quinoa Willd) in Ahvaz, Iran

Saeidi, S. M.1, S. A. Siadat?, A. Moshatati®, M. R. Moradi-Telavat* and
N. A. Sepahvand®

ABSTRACT
Saeidi, S.M., S. A. Siadat, A. Moshatati, M. R. Moradi-Telavat and N. A. Sepahvand. 2020. Effect of sowing time and
nitrogen fertilizer rates on growth, seed yield and nitrogen use efficiency of quinoa (Chenopodium quinoa Willd) in Ahvaz,

Iran. Iranian Journal of Crop Sciences. 21(4): 354-367. (In Persian).

To study the effect of sowing time and nitrogen levels on growth, yield and nitrogen efficiency of quinoa cv.
Titicaca, a field experiment was conducted at in 2017-2018 growing season research farm of Agricultural and
Natural Resources Sciences University of Khuzestan, Ahvaz, Iran. The experiment was conducted in split plot
arrangement in randomized complete block design with four replications. Experimental factors were four sowing
dates (23 Sep., 12 Oct., 1 Nov. and 21 Nov.) assigned to main plots and five nitrogen rates (0, 80, 160, 240 and
320 kg.ha') randomized in sub plots. Analysis of variance showed that the effect of sowing date and nitrogen
rate and their interaction effect were highly significant on all traits. Mean comparison showed that the highest
number of seed.plant™ (16915), biological yield (20064 kg.ha') and seed nitrogen content (3.67%) was observed
in the sowing date of 23 Sep. and 320 kg.ha nitrogen fertilizer. Also, the highest seed yield (8657 kg.ha*), 1000
grain weight (4.26 g), harvest index (56.7%) and plant nitrogen content (2.80%) were observed at sowing date of
12 Oct. and 320 kg.ha* nitrogen. The lowest seed yield (381 kg.ha*) was observed in sowing date of 21 Nov.
and and no-application of nitrogen. With increasing nitrogen application from 80 to 320 kg.ha, nitrogen
efficiency indices decreased. The highest seed yield of quinoa in Ahvaz can be achieved by sowing on 23 Sep.

and 320 kg.ha! nitrogen.
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