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Table 3. Variance analysis of the effect of irrigation and genotype on the measured traits of quinoa
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Table 4. mean comparison of simple effects of irrigation for the studied traits in quinoa

- wi " &g 50 asll olows &ls 5l o3
- t') * 2 terval G g Number of branches per 1000-grain ceblo oL
rrigation mntervals Plant height plant weight HI
cm g (%)
395 A 8 Day 120.66 * 15.88 2 2630 46.00 *
39 WY 12 Day 113.66° 13.55° 2.53° 42.55"
59, 16 Day 95.77 ¢ 10.66 © 1.69 ¢ 36.85 ¢

il e o gme Bl gl 7Y Jlaisl mhanw j0 5SS ae3T (slie p aiiias ailie,nd By sl S ola Kl gt a0

In each column, means with similar letters have a significant difference based on the Duncan test at p<0.01

o3lail rals Ologe dadils o 4y ol S alizes slapladl
Ahmadi and ) sgi 0 o208 1, @ls I 59 9
&olal ye Sl38l L 5 Lol> ragh 4o (Backer, 2001
il poglle o) g 1als als Jlia (59«25 G99
2090 el s Sp o s Gb jl (Sas Al
(Royo etal., 2004) sals oo ails Jia 59 5l asly o

o sl
ol el Cdo 6l s 5 olnl 5e0 ol 1
eSlee anglie gl wd s cme 1) Jlots| gl
Sade b cile ety e o0 5UL (O Jgaz) ols ylis
Q26 555 95 oy 9 ol TiticaCa 555 gl 7.0,V Y
Lol 0s2g ()l gme BB o cpl gl Q29 4
2 olatdl s Slos i) Cbls p a3l Joo b 4 425
S C8)5 am A5l Glgies (V0 xSujglam o Sles
,o Titicaca gy jo i aily o,Sles 5 S elas )|
T 93 50 Fomb Al 3 Slee 5 i pli)] L aslis
oo by s ccls e li o sme Blisl el Koo

il 4152 s
599 el Glas (7 Joaz) (uib)ly a3 Joor s
Jlil s 5o @il i (59 b (6l s 9 ol
5l i Titicaca cugis als i o5 0l lo sz /)
Q29 5 Q26) s 9 (nl e Lol 992 ;50 wadgdl 99
ALkl jgo Gial38l b ais saslin (5,ls e S
B Y7 Y Al e (59 a5 4 59, VP 9 VY 5
Job 30 S Cagh, skl 90 Gl Bl L S by .ol
Sugh ) S9ueS l Jol> 25 b oo Bl LS 0l 090
Slae sl Codgase el Wil o olge Jlsl ol 4
Jolge slodgs (b ans B Geb 09 olS o (g
Sy 9 (Slinly oen Lid ((BLS Jwgid caias fals
(Russel et al., 2020) wws o ialS 55 1) olge Jla!
oo GilwopSd y5 dake olUly falS ies
e gl Fiigid a4 e ol S Gaddg (g igid
sloles o wlul cpl ».(Mondel etal., 1978) 54 oo
) al> o cnl Jobo cails (ol al> e y0 (Sl (S
5 olin e ool Jsbo (2805 b b 2815
51 (oo JUil) glopusd g (o pimyid Slge JUimil Ce pus



Yy

Spll 5 S5edees o Shos 5l i als 5, Shos S
Wby dilize Jole j0 (i S Sl 0oy e
5,8 las suiS g (ganaily 5 pulS dl> o pgasa

.(Hughes, 1989) c..!

b cdloy (atls poditas abuly 4 4255 b (ppizras So
L o Sesslser 9,Shos b ol ogSas alaty 5 golasil o Slae
355 Iy (il ety (a3 la s )lal 5o Gl
O S aS 0,8 peds WSl (g e 1) Az cnl &S

IS oS 30 alllaod yg0 Solheo 51 i 335 00k 531 (5uiln Aumgllin D Jgix
Table 5. Mean comparison of simple effects of genotype for the studied traits in quinoa

[epey: ag glas)l ag 50 asld olows als 5l 39 il y Ll
Genotype Plant height (cm) Number of branches per plant  1000-grain weight (g) HI (%)
Titicaca 99.22°¢ 14.112 2.36° 51.132
Q26 121.112 13.00° 226" 40.40°
Q29 109.77 ® 13.00° 2230 39.92°

il oo o gme Bl Gl 7Y Jleiml mhaw 50 S5l ge3l (slice p dited alie il gy gl a5 o Sile gt 250
In each column, means with similar letters have a significant difference based on the Duncan test at p<0.01

IS oS 3 axlllans 90 Slio 2 cad 935x(sltl Jiliko 31 (eSiln dumlio 5 Jgur
Table 6. mean Comparison of the interaction of IrrigationxGenotype for the studied traits in quinoa plant
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In each column, means with similar letters have a significant difference based on the Duncan test at p<0.01

cP) lp bt (9 UL sl Glas alsS (9
ol Caws & (0,5 VFALY) 55, A s,lol 490 o Titicaca
VY okl ee o Titicaca iy abgs 59 (F Jgaz)
A sl 590 ,5Q29 5 Q26 (slacasgs adgs 039 L 59,
Jemdly 51 olis pl s o g SWS s 5,
3 59 g 99 4 o TiitiCACE o355 SUL & Shos

Jm).: .J).ﬁla.c
2 95kt 5 55518 55 Jlie 51 eSiles s Jpa
G bgw o Slee il a5 (F Jguz) ol lis [LSe
Titicaca ,les § <ol 35, A 5 Lol 90 b Titicaca jles

wis Jyb
e JHE Jouz) ols las Guilly w328 Jour @l
gl ;o Cho ol lp gl g kel g0 S 9o
90 Jlaie Sl Sloe anlio 0l o e 1) Jleis!
@ bgye als Job ooy (F Jgoz) ol plas ;556
Jsb 058 5595 A kel 599 50 Q26 4 Titicaca Lo

el 39, V7 65kal 590 ;0 Q29 Jlas @y by pe aigs

s> js
Rl 1O Jguz) ol las il ly 4528 Joor mls
Jliol w53 Sio ool csiy 5 s )lal 90,9356 g
556 90 blite 1 uSloo duanlie (gun )y iyl ino )



Y IsxeS olS alises glacisiy o, Slos (sl 5 0 ,Shae «S3els8 50 Slao » )l Cupise il (o) 002 5 (LS

L
» shelae JLad (3ot Glie 4 ks g Comen il
3y =y5 opitansST 5 ol wlie L‘}D sy jlapo
Lyl Sl e 4y 059yl 45 SLS 5 Sy S e

ol 155 LS el WB S ) amgioyse lsmge]
Uikgh ol 5l Gaa (Salehi and Dehghani, 2018)

Sz ol gy Sl g ol mlie Copde owp
UJW\QT}IGTB@L:J@%)M;&J@@P@LS

o,Slas Jomsliy (slyls Titicaca gy o5 p plB)l Sy20
ool alae Bblis 5 (L e (nl )0 SAS Sz camlie

U ey A olal alols jo UL o Shee 3525l uimon
59, VY kel alold 5l mlie yige Cupoe Sz lgi o
Sged oolainl 15 LSS

Ahmadi, A., Backer, D.A., 2001. The effect of
water stress on grain filling processes in wheat.
The Journal of Agricultural Science. 136, 257-
269.

Bageri, M., 2017. Quinoa cultivation.
Agricultural ~ Research, Education and
Extension Organization [In Persian].

Daryanto, S., Wang, L., Jacinthe, P.A., 2017.
Global synthesis of drought effects on cereal,
legume, tuber and root crops production: A
review. Agricultural Water Management.179,
18-33.

Erdem, T., Erdem, Y., Orta, A.H., Okursoy, H.,
2006. Use of a crop water stress index for
scheduling the irrigation of sunflower
(Helianthus annus L.). Turkish Journal of
Agriculture and Forestry. 30, 11-20.

Geerts, S., Raes, D., Garcia, M., Vacher, J.,
Mamani, R., Mendoza, J., Huanca, R., Morales,
B., Miranda, R., Cusicanqui, J., Taboada C.,
2007. Introducing deficit irrigation to stabilize
yields of quinoa (Chenopodium quinoa Willd.).
European Journal of Agronomy 28, 427-36.
doi:10.1016/j.eja.2007.11.008.

Goksoy, A.T., Demir, A.O., Turan, Z.M.,
Dagustu, N., 2004. Responses of sunflower to
full and limited irrigation at different growth
stages. Filed Crops Research. 87, 167-178.

p9d 4o y3 0 Skes 2alS UYL L 59, VY (g)lal ye0 b
5556Q29 jles 555, A o)lel 559 L Q26 Sl oo 13

s TV oSlee Sk b o @ s, VY sl
S8kee Glime (nyeS WMo 13 gomr Sl j3 VoAD,
GelS LE0 L 59, V8 (s)lel 550 L Q29 Jles ) bgy e 3
B3 K00 e 5 el gl Lo 4 S 00 Shee
59507 555 A il 450 e gzl o Shes als
el 59, V7 559, VY mle 3,8ee alS wo s il eS
el &l 0, Sles 1 (g kol H90 (gogrw U s lis oS
Sobar ails o Slee (g kol Hoo LialBl b yol> adllae o
S Wlgioe ol cnl aS 0,5 Ty el (5 s
Aol alo olawy melS asi o g dles Jobo yuls olisS

oS L”‘)"*’ o als o ,S-LO-C u,.,_mlf S)90 )° ‘) GQJLM C"LU
Erdem et al., 2006;) <l oo 5,155 s laleS

(Goksoy et al., 2004

&L

Gregory, P.J., 2006. Food production under poor,
adverse climatic conditions. In ‘Proceedings of
IX ESA Congress’.4—7 September 2006,
Warsaw. (European Society for Agronomy)

Howell, T., 2001. Enhancing water use efficiency
in irrigated agriculture. Agronomy Journal. 93,
281-289. doi:10.2134/agronj2001.932281x

Jacobsen. S-E, Mujica, A., Jensen, C.R.,,
2003.The resistance of quinoa (Chenopodium
quinoa Willd.) to adverse abiotic factors. Food
Reviews International. 19, 99-109. Doi:
10.1081/FRI-120018872

Lin, K.H., Chao, P.Y., Yang, C.M., Cheng, W.C.,
Lo, H.F., Chang, T.R., 2006. The effects of
flooding and drought stresses on the
antioxidant constituents in sweet potato leaves.
Botanical Studies. 47, 417-426.

Maarouf, M., Nagat, M., 2016. Quinoa
(Chenopodium quinoa Willd.) performance
under the hot-dry weather of the Sudan.
International Quinoa Conference 2016.

Mondal, M.H., Burn, W.A., Brenner, M.L., 1978.
Effects of sink removal on Photosynth hesis
and senescence in leaves of soybean plants.
Plant Physiology. 61, 394-397.

Ragab, R., 2010.Preface: Salinity management in
agriculture: the basis and applications. In
‘Manejo da Salinidade Na Agriculture: Estudos



Basicos eAplicados’. (Eds Hans Raj Gheyi,
Nildo da Silva Dias, delLacerda, Claudivan
Feitosa), pp. 1-3. (Instituto Nacional de
Ciencia e Tecnologiaem Salinidade: Fortaleza,
Brazil.

Razzaghi, F., Ahmadi, S.H., Jacobsen, S.E.,
Jensen, C.R., Andersen, M.N., 2012. Effects of
salinity and soil-drying on radiation use
efficiency, water productivity and yield of
quinoa (Chenopodium quinoa Willd.). Journal
of Agronomy and Crop Science. 198, 173-184.

Razzaghi, F., Jacobsen, S., Jensen, C.R.,
Neumann, M. 2015. Ionic and photosynthetic
homeostasis in quinoa challenged by salinity
and drought mechanisms of tolerance.
Functional Plant Biology. 42, 136-148.

Royo, C., Aparicio, N., Blanco, R., Villegas, D.,
2004. Leaf and green area development of
durum wheat genotypes grown under
Mediterranean conditions. European Journal of
Agronomy. 69, 231- 233.

Salahverzi, Y., Tehranifar, A., Gozanchian, A.,
2008. Investigation of green
physiomrphological changes of native and
foreign carpets in drought stress and re-
irrigation, Iranian Horticultural Science and
Technology. 9, 204-193. [In Persian with
English summary].

Sharifan, H., Jamali, S., Sajadi, F., 2018.
Investigation the effect of different salinity
levels on the morphological parameters of
quinoa (Chenopodium quinoa Willd.) under
different irrigation regimes. Journal of Water
and Soil Science. 22(2), 15-27. [In Persian with
English summary].

Yv¥

Sanchez, H.B., Lemeur, R., Damme, P.V.,
Jacobsen, S.E., 2003. Eco physiological
analysis of drought and salinity stress of quinoa
(Chenopodium quinoa Willd.). Food Reviews
International. 19, 111-119.

Salehi, M., Dehghani, F., 2017. Quinoa, a quasi-
grain suitable for saline water sources. (1% Ed).
National Salt Research. [In Persian].

Jones, R., Ougham, H., Thomas, H., Waaland, S.,
2012. Molecular Life of Plants. Wiley-
Blackwell.

Schulze, E.D., Beck, E., Miiller-Hohenstein, K.,
2005. Plant Ecology. 702. Springer-Verlag:
Heidelberg

Smith, M., 2000. The application of climatic data
for planning and management of sustainable
reined and irrigated crop production.
Agricultural and Forest Meteorology103, 99—
108. Doi: 10.1016/S0168-1923(00)00121-0.

Sun, Y., Liu, F., Bendevis, M., Shabala, S.,
Jacobsen, S. 2014. Sensitivity of two quinoa
(Chenopodium quinoa Willd.) varieties to
progressive  drought stress. Journal of
Agronomy and Crop Science. 200, 12-23.

Shabani, A., Kamgar-Hagqiqi, A., Sepaskhah, A.,
Emam, Y., Honar, T. 2010. Effect of water
stress on grain yield, yield components and
quality of winter rapeseed (Brasica napus L.)
cv. Licord. Iranian Journal of Crop Sciences.
12, 409-421. [In Persian].

Tavakoli, A., Hokm Abadi, H., Naderi Arefi, A.,
Hajji, A., 2016. Comparative advantage of
Semnan agricultural products based on water
productivity. Technical report, Agricultural
Engineering Research Institute (AERI). [In
Persian].



