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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
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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

Silty clay b )

5 sl il Las (LaaSls sldw 1 5 g0 Jaes
Uil (Tavoosi and Sepahvand, 2014) . sgew
ol s d S cslS s LU LS W S
b SalS s (Al o e 3 5 sles S
528" oLl a5 52 55 ls sl ol bS5 0y90
(A |l e s Calae .ol il S
Jas sl sl & 25 L ails sy 5 Slidles S
sl slam 2alS 51y als s Sles 2alS Csl
SR 5 0L ol gl 3 55 g il 58 05
ERIEICRPE TN R g
L 5 i s ol s G )3 il sl
8 za sl 3 457 sls OLis (Moscheler et al., 1988)
Causy s adls slu il el o3 55 05 18
b (Shahmansouri, 2015) (¢, guateslis .dy5 & I
058,55 Olin I L oS 5,8 30158 T
g oal By gy b SRl s 4 (B e
WSBL aal 530 gST & g s ils sl (6 i g
cC..&lf'chA_f:l: Olis byl 40 @L:S

YoA

dslie 5 SAS 153l 5 Sl eslizl Ly Laosls 4y jous
Jlaz! ek 55 LSD 0 53T I o3liul L b Sk
530 g Sl eslial L Lol gos 5 plol Ao ys iy

..u,uﬂr.ﬂ,&s\

ch@JU;\JﬂAQLﬁJU‘Jlﬂ)!}QBJ@t}

5l S LT 2Slan o 5 055,55 355
Sy 3 4015 Bl i 457 5l 0L La Kl
Yy, Qj_m)j_gﬁd)\ Q_,ZL{'@JL_:,'\(\?M&)
S 5 AT oy LS 55 055 2 (Jf}-Lf
jQL_’TY" C,._&K @)L_? )J (\'V')QT}‘-L_TLA
cﬁb(“d)b)ﬁo.xhngjﬁé;dwf&
33 als sluss cg,._,ilf);ﬁp'-“_?‘._fd._f:\: oS
Ol oy SralS ool e oS il el @ g
jfmgbfﬁ@u;b{\ramﬂ»wu
&\f@ﬂﬁj‘é.)bwog@w‘aéf


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

[ Downloaded from agrobreedjournal.ir on 2026-05-20 ]

[ 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_,:;"

S8 53 035,55 p S AS WYY Hles 5 e Jsl S
3, Ses o 2eS (¥ Jgds) SIS gyl gne gl
OLTF a8 5 b 55 (S s r,f,gfw\\)au\;
Slagesb b g A odalie 055 25 555 U5 juan pids
LB (s me Dl pelas e s eas
5 b Fw g GalS e LalST L daly )
Loolen Ly olgs 4o pldS n olS iz 21530
a2 5 GRS g ralS sl (s, K0
enlie Ay w6 41 3 Sas b5 0 3 Sas LS
sed (La0T JealS (55,0 5 La S clasiln LacS
Mu,cjulaﬁa::)ﬁjwwcqac&q-
Sl 4 5 L .(Majidian, 2008) Sl 0359, 54
LM&‘ﬁ)yT@‘fﬁj&btAJJM\f@)U
Lol sy digy 53 O i g 559 ol S glate
lage b s ol 5 Shes il s sl ol jen
03 9= Aels Ol 55 o |y g Yo 5 Jol) Jol sl
iy el a S Cils glea s T Ll
3 See U S s8 slaas y Cnlg 3 5 eid OlalS
J s s 5 dsl Sl b o ll Wy mie
(3TJS Usb oo p i 6 plis 5l O35 i
T - WP I G N B g -
by i g3 Ce 4y aon 53 5 3L olS g
4Bl a5 oSt ol mazd 5 ol LS, o e
Sl cde s § s s, Slee il 31 Eels
Ol San CBlS Gb o AT s Wl s Shee
SLidlos, § 5 addS | >l 0u s aslge JIs
5 o (gles 0352 YU ¢ Juab sl YL slos L olS
ST (oL et LeiT 53 dbl s |3l
Coal o a8 cals s Ll 51 s ails s Shee
(Tavoosi and Sepahvand, 2014; Fathi et al., 2001
> Bakhshandeh et al., 2016; Abodeh, 2017;)
il > pSlas (055 25 Ol GRIBIL ol (ilesT
e Y L STy ol 3l al 5
Sy 255 f 5 5n p) &5 A odalin 055 525 555

Yoq

03ty lim 05s m LalT iem 1 5 0555 355
e o e 35 3 e o3 & lazs el
3 e 0 B8 b 55 (oS F/YE) Wls e 05
YIEV) 0T cp xaS 5 ,LSCs 5 055 ijl:f\”b
035,55 355 o pa pike 5 OLT Ve sl 53 (o5
Jlass et 53 OLTY i8S 206 Ly aT et
S 058 (F Jgda) Sl (655 s D3l (6558
.w\u\;ouﬂo),adg,@ﬂcuula
O als 4S8 ol (gl e wils K5 50 S
Cs e Jole 55 ES )l 5 ooy 35 055 o YL
als ol 059 0dS pand €15 Od 0595 Jsb
434S sls plis @L:J .(Alvaro et al., 2008) &_u!
23 asls sluws gals (LT YY) ol SiS b
ot Rl e ladils 055 Rl el as
S5 Osle 4 ks baails 1SS a4 (6 5w 5 5l 50
3 o el (5,508 413 S s (6 R 53 31 e
g;_f“f'@)uﬁ.g;_é\i il &l 5 O3y ol pls
aS A A g as gy Al slaw o i e Jl
'@,u&l,sul;)l}aoj,mﬁdﬁg&;x\};@
ORI L (Bl )l sl e 5 AL SIS
Sl s 53 0 S AS Y 4 Jao 51055 55 Ol
058,55 Oy o538l (A1 6 g s 4l
Sl 5 a8 65 58 Bl Ol S s
Eel Sy )3 (oo b Slaalh slan 5 olS S el
0593 I b (Rl 78l g i 5 sl pe LS 5 20l 580
N5 055 il 8l ames 53 5 B S 6505k 5 S
Sogmanals (i LaiT s Ly sl ol s ails
3 ls Calles ;5 (Shahmansouri, 2015)
b8 Ayl 51 e sl 0l il 4 s
02l 3, Slas o LT 1Sl 0 5 055 25 355
tglie o5 5 g Ll iae dao 5 S ez o
AFOV) 1> 3, Sdee oy it 45 305 0L 8, Koo
25 e ¥ Bl s s GLSa s p S LS
FoB LS 5 US55 03555 0,8 S FY eba


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

[ Downloaded from agrobreedjournal.ir on 2026-05-20 ]

[ 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"

il 31 48T o3l 0L (63§ dal g 54 i
> Sles 5 45 S5 055 SRRl Sl 055 A O e
3 0LS e gl I OT e 875 50 0 5
SLaphl s (55 53 3l m 557 Gt 3l a3
et .(Zangani, 2006) el oL _2ulj 5 ios,
055,25 555 palie 51 L5l s ;s (Shams, 2012)
2 OLSa 550 S oS50 5 YV A Qs i)
s 2 Skee 5 s s Shas o 58 4IF 148
2 S oS ¥8) 05555 el o SYL LS 1528
Ll L ol oo guls 5L il 3l GLSs
035 35155 5 (Shahmansouri, 2015) (s guaisoli
5,05 Calbs & IS s (Abodeh, 2017)
:&qd\aaﬂb&%&ﬁ@bitﬁﬁ-u
Mt 1) 5 2ILS edins QL el S5 5
2Ll oS Calibe (slaphil (5 (6 5 53
il an 4 oL 6355 Cm ) 3 (6 lRe (ol
3l ol 5 das e OLES 1y b oo ol
sl o wlis olasst (6 LS LUls

> (Carrotero et al., 2010) Cewl iols 9 a9y

sgdu)w)@igé)u;\ﬂb&ujl
S ol o 55 Cbls y G ls 1 055,
- I | UV W UL gee VRN IR
s g3 5 e ¥ s;_,ztf@)u,:(a_ﬁp,m?/v)
OT p S 5 LS 53 055,55 ¢ S AS ¥Y+ (6358
(\v\_oﬁjopﬁh CilS f LS s (s s V)
OLTY iS5 )b b &S el oy 055 25 5 s
Q_ilu\;&)bu_:&a&jl_s&;}_fcb_»w);
o:L»r.‘_MEJJ.{L;;Li)' J.:SgU s s b (Y Jsus)
&ljl_(umljg:_opj;,bul“_g@\_,?&_;;
SV &l 3 Shee 5 os Waails 4y (g e 55 51 50 JLas!
(6 e Sz 055 48 5 yh o Jeol= s& s
> 4S8 sls olis @L:S .(Chen et al., 2005) Ll azils
855 75 O e il 551 Ly (2B 0, Sl
lew@,u)sul‘agﬂ\}lw\;ﬁyu

Y

el on e 5 SSS das e 0L | 1287 ol
055,00 35S cdas o 4,5 36 o 1) 5 Slae &
2 05328355 O e 4 Sl a5 Ly
O 0093 Ik Il gled o SVLEN 5 b
Sl 5 2lsn Slapltl 4o iy oS o3le ez
sl wls s Shae 5 0T 36wl Jge ails 5 Shes
OLLSen 5 L i (Lloyd et al, 1997) .l
Ol e il 591 aS” Wsls OLis (Moscheler et al., 1998)
s Shae USn 5o ¢ S P U s 31055 5
5 ool als Sl ol syl sedis 1) &b asls
5 e 45453 S OL (Erley et al., 2005) ol ,Sen
als U g lie 3 5L )3 03 55 (’J?}l;\“.
Gosb auals Sl Ao yn AF 1) 1S wls 5 Shas
3050 S 53 p S AS VY A 5 s 3 &S
Y0 5 VA 5 o @l 5 Shes cp s poT S35 we

S osol VIR ..ul

ol LSy
=059, S sy 55 55 (Shahmansouri, 2015)
2> ails s, Shee oy 2 in oS 55 5515 1S 06
a5 p SIS ) (6355wl YL
Al sdalin S8 5 g IR (059 5
s RSKen o8 505 Ol bl 4 e ks
e 53 (o 33 Sas 1 055,55 558 5 B
5 Shes oy b 350 I3 e Ao yd @S ez
&@)Ujb()ughjjr;ﬂ;\'”ﬁc)wj
S 5 LS 53 053,55 0 8 S Y 5 e Ul
w@,u,a(,&ﬁﬁ(ﬁ}gmw)ou@
(F ) AaT sy O35 25 5 e pds 5 OLT Y
ol alS s Shes (il s UL
go\j@bJ)\@K@)U)a&i.ﬁ-nb&ilﬁ\
Al Jed b opdls 5, dsb s Les s sy s
Stz osla pazd 5 A5 ASGl 4 a5 Ll
wb@if@,tu)bé:jd@bﬁbsﬂwli
sl il 5, Shes 21551 (gl el Ll 5 o
iz Ul g (8 i (8 e 31 pn 457 5


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

[ Downloaded from agrobreedjournal.ir on 2026-05-20 ]

[ 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_,:;"

Sl Rl 55 S ole (p e S OS5 A5
055,55 355 U5 e sl 5l el 4015 055,55
):Wjuizjzwﬁ\@qdﬁlp\@l{
(Goma, 2013) La S .us IS ol slaplis|
et 5 e a3 S o pan L S 55 S
528 ails S 5 4ils 3 S iy a5 059 25
Sogmainel s bw g g 45 go () Sl )
sl ods 3,18 55 (Shahmansouri, 2015)

SIS 5 516 5ls QLS eyl 4 s
=105 @S 1 LT S 5 055 55 sk
gl e u,;&d\_&tcbﬁoj,,y
Jsl CiS” 5,055 055,55 (o105 (2L 0p
5L 53 055, pfj—sz/" e 5 e Yo
(’Jf)-l-f YPe YT lajles 53 O jlide o p2aS
ol ateda (¥ Joda) ol S S0 53 059 25
O e LS 055,58 Ol el 331 Ly 47
L .(Modhej and Fathi, 2008) 4L o alS” 05 2
gl Gladoly S p e Js5 035k 056 4 5
35t 9 by RIS st SU (B e 35S
demjdiﬂdbjjw)w\c.u)\aajﬂw
oalS 0T Sleslial S1HLS ol 21581 055 =
sV poler s p o i GBS I3l dal
YV b 3 05558 (25 DS o ide (OLT
23 0T e o 2S5 LS 3 035 55 p S5 5LS
A odaliie HLSa 3 059 5 CJ?J_L.‘-{A. o
(Timsina et al., 2001) O1,LSs 5 Lewas (¥ J gu>)
¥ G b Sl CalS s el aS i als HLghl
Lyl L olE oS5 58 Jol e 0t Coalas 5o
s g e (Sl e ol
il sl S, 3 oslizul pde 3lge (Fp oL s
053,58 O pan oS 55 Shee 2alS Eoly ¢ fuad
235

cc,..:\f'@)l:;uf;\; O il sl 4 o S
S5 @S 2 BOT iS5 05555 258

¥y

P S 53 05555 ¢ S S Y O me b g
Il 05 ity 15 5 s 4 S s > Shas
Wl ShalS il et ld (05 e sl ol o
S snol i 5 (Koziol, 1993) J 5555 abasly ol o
L 4S 455 S iyl -8 s (Shahmansouri, 2015)
DRI 5ST Lsls sl (055 2 B e Rl
ROHR

SIS G5 516 313 LIS udlils 4 s
Jlaz| o )3 &5 5 055 20 Slsomn 5 055520 255 5
S 055 75 Slgma o e 2 1 G A2 6
a3 5 e Vo S LS 3 (A3 YUAY)
5T s S 55 039 25 (‘Jf}\-f ¥Y S
¥oooiS mul s (s s 1 /89) OT Hldde op 2eS
g (7 ) Ll edalin 059 25 3 s oo oLt
i B el s slas S S b
0 LT Ll o 5 (55 SO 53 059 20
L as e y3) 1y g 0,3 g0 b aJls
Shall el g esls il als s (sl yba S
S gainol b A 55 8 o ails 0y i o bl
Sl ol 4S5 S 5,138 55 (Shahmansouri, 2015)
23452 055 55 Glgme Rl Bl Eel 059 2 O e
LS S5 5 il pl bl bl le) 15257 05 4w o
A (5

LT 2San = 5 055,55 3585 5 o8l8 b S5
s 20 @Lﬁ Dl e a0ls 09 00 (Gl s o
S el Caltsee (slage ;B 55 o sl 0L b o SSba
Cils 359 (6,15 gae Do gl& ails O O a5
Slses ¢ B e (59 50 e aal 531 L (W J i)
Y/OV) OT e o by 5 Sl il 580 &> 05 2
YY Sl 53 5 e ol iS5l s (A
Fob L L edal i LS 53 035 5 (‘)f}-ls
Cp S 5 bl (g5 e Dol e Yo LS
soLTY S8 Gyl 5o ails 055 2 Ol

Sl iy a5 L odalin 055 25 2 ae pde


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

[ Downloaded from agrobreedjournal.ir on 2026-05-20 ]

[ DOR: 20.1001.1.15625540.1398.21.4.5.1 ]

[ DOI: 10.29252/abj.21.4.354 ]

"FAF-FHV (\YAA QO‘)&»& 9 (Sdaw cuj}_}:.:a J; Q\j:n E) s QLA) _/..7\ "

0355355 5 bl G )b slasled 3 1S P Gl el s Sl Kl duy e -F s

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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