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Figure 1- Mean, Min and Max Temperature (°C) and Photoperiod (h) (a) and rainfall (mm) (b)
during autumn cropping in Gorgan.
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Table 1- Analysis of variance of measured traits of quinoa under rainfed condition of autumn cropping in Gorgan.

a s Shes JsSbslass BEEYEEY
s e 3 ) ) Syl JSSG 05 0355 T ) ) sl
&3l &ls o &ls
Lateral .
S0V af 5S4 ponicule  Plant o Panicule 6 TKW  Germination
yield No height Weight
Line no. ns ns ok *ok sk *k *ok
R 10 16.6 10.2 1179 78.5 174.9 5064
BlOCk ns ns ns ns ns ns ns
Sk 2 9372 5.5 207 13.3 28.6 0.05 8.1
Error
Lo 20 8606 6.2 97.1 19.3 32 0.12 26.7
CV (%)
St 2 - 27 28 11 27 24 10 9.4
(EW)

** * and ns: significant at 1 and 5 percent and non-significant, respectively.
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Table 2- Mean comparison of measured traits of quinoa under rainfed condition of autumn cropping in Gorgan.

.y N ‘s s s S :J B S S
olat o2 Sles ISk sl glis ISsboss T moss el T, S e - Bas, e
(@fﬂﬁfﬁ) ) ) _ »eS) o 03,8 _ ax,3) &l DA LA R-3) )
oY - e (e s5l) (€553 0,5 ) (¢,5) «ls (4o ,3) o Sl ) Oles O
(gm™) (&5 S (s ol ‘0 ;
Y o
. . Day Mean Tem GDD
Line Seed yield (g Lat.eral Plant height Par.ncule Biomass TKW Germina to Day to during seed GDD GDD. Seed
No. m?) Pa{l}c“le (cm) Wle‘grﬂ(g (gplant " " on(%)  anthe ™M flling period  TlOWe  maturit g
o plant ™) ) sis (°C) rng y period
1 146.86 b 7.5bc 36.5¢ 10.7 ¢ 15.6b 4.7 a 94 ab 120 166 15.0 623 1180 557
2 37097 a 6.7¢ 91.6 ab 12.6 ¢ 17.3b 3.0cd 0f 159 188 21.1 1068 1612 544
3 354.19 a 7.5bc 105.8 a 14.6 ¢ 22.0b 3.0cd 26e 159 188 21.1 1068 1612 544
4 36033 a 8.8 abc 79.2b 16.2 be 22.7b 39b 100 a 149 166 17.4 928 1180 252
5 335.67 a 11.3 ab 95.8 ab 133 ¢ 22.7b 3.7b 88 be 149 166 17.4 928 1180 252
6 359.76 a 8.5bc 102.5a 14.6 c 21.4b 2.6 de 30e 144 188 19.8 857 1612 755
7 350.09 a 9.2 abc 85.4b 22.6 ab 22.0b 4.0b 96 ab 156 166 21.1 1037 1180 143
8 267.00 ab 13.0a 79.2b 28.1a 39.6a 39b 84 ¢ 144 166 19.8 857 1180 323
9 416.48 a 8.8 abc 102.6 a 15.3 be 22.0b 2.4 de 6f 159 188 21.1 1068 1612 544
10 39371 a 7.2 bc 103.8 a 12.0c¢ 18.6b 2.1e 4f 159 188 21.1 168 1612 544
11 319.99 a 9.0 be 80.6 b 13.3¢ 17.9b 3.5bc 73 d 149 166 17.4 928 1180 252
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In each column means with at least one similar letter do not have significant differences based on LSD test at 5% level
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Figure 2- Regression relationship between cumulative GDD up to flowering and seed yield (a) and thousands kernel
weight (TKW) (b) of quinoa lines.
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Figure 3- Regression relationship between max temperature and thousands kernel weight (TKW) (g) of quinoa lines.
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Table 3- Correlation among measured traits of quinoa in autumn cropping of Gorgan.

0355 Sz )

J5Sk 05

&5 Wl

PHERNIS Qls 5l O3 J5GL sl <5 gl _ B
_ _ , _ _ S s (S, B
(cjﬂjlﬁﬁ(;) (fjs) SR (e s5lw) (Uﬁ)}fjs) (Uﬁ)}fjs) (Xs,3)
Seed yield Thousands Latp ral Plant Pam'cule Biomass Germinatio Day to Day to
(g m?) kernel Panicule height (cm) Weight (g plant ") n (%) anthesis maturit
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Figure 4- Biplot analysis of measured traits of quinoa under autumn cropping of Gorgan.
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Table 4- Principle component analysis of Quinoa lines in autumn cropping in Gorgn.
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Figure 5- Clustering of measured traits of 11 quinoa lines based on Wards method in Gorgan climate condition.
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Table 5- Lines in each cluster group and average of measured traits in autumn cropping in Gorgan.

3 Shes gl
_ U 5., sl
03,5 o 43\;/ ,\}io;j gy o8 J;ggo;f P U/j;) & @l uf"gw"i
A 205 (e (Sl (€52 ¢,5) S (Ae)2) (€52 ¢,5)
S &P
(gr 7 (e
Thousan
Cluster Seed ds Plant Day to Panicule Lateral Day to Germinatio Biomass
) Line yield kernel height  anthes Weight Panicule  maturi n (%) (g plant )
group (gm?) weight (cm) is (g plant ") No. ty o gpa
(€3]
1 1 146.9 4.8 36.5 120.0 10.8 7.5 166.0 94.0 15.6
2 29’31’(6)’ 379.0 2.6 101.3  156.0 13.9 7.8 188.0 13.5 20.4
3 487517? 326.0 3.8 84.1 155.0 18.7 10.3 166.0 88.3 27.5

R by S e sy (S WA e s bk
)_M\SJLL?J)'\ Sl aalsl sy Wiy 4 olS b
R PSPV SV W E VR PR WS WL g R o
LUl oS 5 il S s LSy S (,:.Gl
O Slles S )l 1) 5 a glacile L B,
el gla iscile el 3L bl oyl =

55 e 155 51

S (G S o
OLdS Oll 5o 15S cnls 535 sl
Q)'}}A_;\JJWLJAMUJJ)LUNMAD_-JQ
o);w)ﬂbjyél.ﬁ%)jj&ﬁjb.ml{4.':\.3)\}5
Ll o 3 5 Azdls awlis Slas guas 2uS ¥
YU b 653 5 ls Hlpa 055 0 Shee Jsas & Y
l_,uL:...Jf UL:.\A\ °j:"l:’ “:"":‘SLS‘J" L;JJLGJM CJ&)

&l
1.Bastidas, E., Roura, R., Rizzolo, D.,
Massanés, T., and Gomis, R. 2016.

Quinoa (Chenopodium quinoa Willd),
from nutritional value to potential health

YA

GAVL 3 Shee o0k slace Y 1l s

5SS s 2550 oY als 5 Shase 5 azils
ey il e S s 58U byl sl
Aoy Yo 08 S lilsa oK Ll N0 (glasls
de\g.bj\::j_zjbmj;:j@g)m}\
Ao g e seede a3 =V 1S Gles s s
=t 3l S gles A YE/ Jl ez
Jad Jsb 53 Ak Ol sl 0dd o e ks
S e e VT UV 0 L0 6,55 55 CiS
Jsb 55 e e Yoo 5l maS a5l Jle oo Las
das o 0L &S el ol 5158 1S Ay e
Lw.@\v_i,lﬁ_.ﬂga‘yjj_;ﬂks&ﬁj
):ds\zougaﬂsc_i\)zui)\_g@jjwfjp
D Sy Ol ol S S0 Ly b s
(YA) Gl Ao 3 YO 35 50 gigy adlae 5> ;35'@
w088 Nt ewblsa glaesls Wbl g
S bl ol s il e ds s YIS

S A edaline Ve )C\ AV LSL&&){YJD ;J)Lﬂjw

benefits: an integrative review. J. Nutr.
Food Sci. 6: 3. 2-10.

2.Bazile, D., Bertero, H.D., and Nieto,
C.2015. State of the art report on quinoa
around the world in 2013: FAO.605 p.



PIlo doguars

3.Bertero, H. 2003. Response of
developmental processes to temperature
and photoperiod in quinoa
(Chenopodium quinoa Willd.). Food
Rev. Int. 19: 1-2. 87-97.

4 Bertero, H.D. 2001. Effects of
photoperiod, temperature and radiation
on the rate of leaf appearance in quinoa
(Chenopodium quinoa Willd.) under
field conditions. Ann. Bot. 87: 4. 495-
502.

5.Bhargava, A., Shukla, S., Rajan, S., and
Ohri, D. 2007. Genetic diversity for
morphological and quality traits in
quinoa (Chenopodium quinoa Willd.)
germplasm. Genet. Resour. Crop Ev. 54:
1. 167-173..

6.Christiansen, J.L., Jacobsen, S.E., and
Jorgensen, S.T. 2010. Photoperiodic
effect on flowering and seed
development in quinoa (Chenopodium
quinoa Willd.). Acta Agriculturae
Scandinavica, Section B-Soil and Plant
Sci. 60: 6. 539-544.

7.Garcia, M., Condori, B., and Castillo,
C.D. 2015. Agroecological and
Agronomic Cultural Practices of Quinoa
in South America Quinoa: Improvement
and  Sustainable  Production:Wiley
Online Library. Pp. 25-46

8.Garcia, M., Raes, D., and Jacobsen, S.E.
2003. Evapotranspiration analysis and
irrigation  requirements of  quinoa
(Chenopodium quinoa) in the Bolivian
highlands. Agric. Water Manag. 60:
2.119-134.

9.Garcia, M., Raes, D., Jacobsen, S.E., and
Michel, T. 2007. Agroclimatic
constraints for rainfed agriculture in the
Bolivian Altiplano. J. Arid Environ. 71:
1. 109-121.

10.Ghaffari, A., Ghasemi, V.R., and De
Pauw, E. 2014. Agro-climatically
zoning of Iran by UNESCO approach.
Iran Dry Agron J. 4: 63-95. (In persian)

11.Goldman, 1. 2019. Plant breeding
reviews: John Wiley and Sons.432 p.

12.Graf, B.L., Poulev, A., Kuhn, P., Grace,
M.H., Lila, M.A., & Raskin, 1. 2014.
Quinoa seeds leach phytoecdysteroids
and other compounds with anti-diabetic
properties. Food Chem. 163: 178-185.

4

13.Hinojosa, L., Matanguihan, J.B., and
Murphy, K.M. 2019. Effect of high
temperature on pollen morphology,
plant growth and seed yield in quinoa
(Chenopodium quinoa Willd.). J. Agron.
Crop Sci. 205: 1. 33-45.

14.Jacobsen, S.E., Monteros, C., Corcuera,
L.J., Bravo, L.A., Christiansen, J.L., and
Mujica, A. 2007. Frost resistance
mechanisms in quinoa (Chenopodium
quinoa Willd.). Eur. J. Agron. 26: 4.
471-475.

15.Jacobsen, S.E. 2003. The worldwide
potential for quinoa (Chenopodium
quinoa Willd.). Food Rev. Int. 19: 1-2.
167-177.

16.Jacobsen, S.E., Monteros, C.,
Christiansen, J.L., Bravo, L.A., Corcuera,
L.J., and Mujica, A. 2005. Plant
responses of quinoa (Chenopodium
quinoa Willd.) to frost at various
phenological stages. Eur. J. Agron. 22: 2.
131-139.

17.James, L.E.A. 2009. Quinoa
(Chenopodium quinoa Willd.):
composition, chemistry, nutritional, and
functional properties. Adv. Food and
Nut. Res. 58: 1-31.

18.Jarvis, D.E., Ho, Y.S., Lightfoot, D.J.,
Schmockel, S.M., Li, B., Borm, T.J. and

Saber, N. 2017. The genome of
Chenopodium quinoa. Nature, 542:
7641. 307.

19.Lesjak, J., and Calderini, D.F. 2017.
Increased night temperature negatively
affects grain yield, biomass and grain
number in Chilean quinoa. Fron. Plant
Sci. 8: 352.

20.Mhada, M., Jellen, E., Jacobsen, S., and
Benlhabib, O. 2014. Diversity Analysis
of a Quinoa (Chenopodium quinoa
Willd.) Germplasm during Two
Seasons. World Academy of Science,
Engineering and Technology, Int. J.
Biol. Bio. Agri. Food & Biotec. Eng. 8:
3.273-276.

21.Murphy, K.S., and Matanguihan, J.2015.
Quinoa: Improvement and sustainable
production: John Wiley and Sons. 258 p.

22.Nowak, V., Du, J., and Charrondiére,
U.R. 2015. Assessment of the nutritional
composition of quinoa (Chenopodium
quinoa Willd.). Food Chem. 193: 47-54.



IFAR () p2d i Al o £1,5 LS Wi & i

23.Nsimba, R.Y., Kikuzaki, H., and
Konishi, Y. 2008. Antioxidant activity
of various extracts and fractions of
Chenopodium quinoa and Amaranthus
spp. seeds. Food Chem. 106: 2. 760-766.

24 Risi, C., and Galwey, N. 1989.
Chenopodium grains of the Andes: a
crop for temperate latitudes. New crops
for food and industry/edited by GE
Wickens, N. Haq, P. Day.

25.Salehi, M., Soltani, V., and Dehghani, F.
2019. Effect of sowing date on
phenologic stages and yield of Quinoa
(Chenopodium quinoa Willd.) under
saline condition. Env. Stresses Crop Sci.
12: 3. 923-932. (In Persian)

26.Soltani, A., Hammer, G.L., Torabi, B.,
Robertson, M.J., and Zeinali, E. 2006.
Modeling  chickpea  growth  and

Yo

development: Phenological development.
Field Crops Res. 99: 1. 1-13.

27.Tovar, J.C., Quillatupa, C., Callen, S.T.,
Castillo, S.E., Pearson, P., Shamin, A., .

., and Gehan, M.A. 2020. Heating

quinoa shoots results in yield loss by
inhibiting fruit production and delaying
maturity. Plant J. 727545:1-16.

28.Trognitz, B.R. 2003. Prospects of
breeding quinoa for tolerance to abiotic
stress. Food Rev. Int. 19: 1-2.129-137.

29.Vacher, J. J. 1998. Responses of two
main Andean crops, quinoa
(Chenopodium quinoa Willd) and papa
amarga (Solanum juzepczukii Buk.) to
drought on the Bolivian Altiplano:
Significance of local adaptation. Agric.
Ecosyst. Environ. 68: 1. 99-108.



