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Table 2- Analysis of variance of irrigation effect, nitrogen fertilizer and cultivars on root characteristics and yield of quinoa

M.S
b L Sl (339 Slrads jolas o oo sl o Slos
- . .. L annd . .
FEET sl PTOY L ad e Spely whs P e s Sos Sy3glam
S.0.V Root wet A Harvest .
. Dry weight Root length  Number of Plant height Weight of . Seed yield  Biological
weight ndex
of roots lateral roots 1000 seeds yield
ke
)R 2 0.13™ 0.01m™ 0.04 ™ 24" 229m™ 018" 3.21m™ 4803.7™ 133803.7™
LS)LHT
o 37404 74.32™ 417.11™ 58.73" 7927.65™ 8.16 ™ 41.00™  13546528.4™401127302.4™
Irrigation (1)
Gl gllas
0.59 0.08 0.33 0.16 2.81 0.02 0.74 3065.43 230272.8
Errora
039 055 " " - " » - " -
i 1009.15 249.32 152.11 37.73 3735.15 0.12m 201.43 2579381.48" 236089559.
Nitrogen (N)
w3
. ’ 46.23 ™ 20.20™ 91.05™ 17.9™ 330.81" 0.10" 68.45"  205692.59™ 32479848.1™
Cultivars (C)
39 X ok!
I*N 6 53.98 ™ 9.14™ 8.22™ 1.94™ 426.62" 0.04m 25.24™ 1452428.4™ 76532872.8™
f°§) ><c.§)L:-.'>l - - - - - . - - -
C 6 16.65 321 22.79 2.52 39.84 0.08 32.03 85969.14™ 9136791.3
1) X039 - - - - " " " -
N*C 4 12.11 4.05 14.49 4.8 19.87 0.04 ™ 37.18 58309.26 5728698.1
X&)L.e-.'-‘
x5 12 6.02" 1.00" 14.24™ 3.99™ 11.01™ 0.02" 25.89™ 27008.02" 7067789.5™
I*N*C
< gl
0.88 0.07 0.35 0.67 5.24 0.04 2.84 2916.67 459134.7
Error b
C.V (%) - 8.42 14.26 12.55 12.11 12.06 6.77 9.86 12.49 15.26

bl oo duo s 7y 5§ S Jleiz mhaw o o s Sl g Gl g 1 vgzg pas [Klas sy 4 F FF s
ns, ** and * represent not significant and significant at the 5 and 1% probability levels, respectively.

4 W TITICACA BQ29 mGIZAL
3 be ab @ abab 2
— c c
8 , 2.0 % 7
?
°;§$ 2 e e e
o
.8 2
-
n Y=
22 1
2 1
(5]
g é 7 7
40 60 80 100

(2 555 wey9) kel
Irrigation regimes (% of water requirement)

I35 oS @15 158 0139 2 w8 3 6kl Blite 1) JSC
Figure 1- Effect of irrigation and cultivar on 1000-seed weight of quinoa
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Means followed by similar letters show non- significant difference according to LSD tests at 5% level.
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Table 3- Mean comparison of interactions of irrigation, nitrogen fertilizer and cultivars of quinoa on the studied traits
gy St
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(% of water (kg.h™) Cultivars Root wet Dry weight of length Number of Pl.ant Seed yield HI Biological
requirement) weight roots () (cm) lateral ~ height (kghal) (%) yield
® roots per  (cm) (kg.ha™)
plant
TITICACA 1.83q 1.07v 8.9u 3p 52.3uv  1213.33r  19.2ef 6413.3mno
0 Q29 3.80p 2.1stu 14.33t 4.33no0 53uv  1286.67qr 20.9de 6326.7mno
GlZzAl 3.63p 1.93u 17.97r  5.33Imn 55tu  1266.67qr 17.64fghij 7193.3Im
TITICACA 4.23nop 2.07tu 16.03s 6.33jkl 56.17st  926.67st  18.5efg  5006.6p
40 100 Q29 6.03Im 3.73mn 18.3qr 6.33jkl 50v 686.67u  11.85n  6193.3no
GlzAl 8.8k 4.03m 21.5mn  6.33jkl  58.33rs 913.33st 22.8bcd  3993.3q
TITICACA  4nop 2.87pq 15.1t 5mno 60.3pgr  986.67s 16.4ghijkl 6013.30
200 Q29 5.2mn 3.5n0 17.63r 4.33n0 53.17tu  606.67u  13.2mn  4593.3pq
GlzAl 9.1jk 5.8kl 19.23p 6.33jkl 620pq 873.33t  17.4fghij  4993.3p
TITICACA 35p 2.2stu 20.20 4.33n0 59qrs 1320q 22.2cd  6073.3no
0 Q29 4.27nop 2.4rs 19.1pq 6kim 60.1pgr  1486.67p  19.37ef 7720kl
GIZAl 4.3nop 2.6qr 24.03hij  6.33jkl  62.670p 1473.33p 24.02bc  6126.6n0
TITICACA 16.2def 7.9gh 22.37Im Thijk 640 1706.67mn 24.71b 6906.6lmno
60 100 Q29 15.1fgh 5.41 25.27ef  6.67ijk 72.33vklm 15800 17.32fghijk 9133.33hij
GlzAl 16.4def 7.63hi 25.13fg  7.33ghij  74.33jk  1740m  18.12fghi  9600ghi
TITICACA 14.11h 7.27i 24.77hij 8efgh 68n 1700mn  20.75de  8193.33jk
200 Q29 10.23j 6.7 22.7kl Thijk 73.67jkl 1780 Im 17.47fghij 102809
GlzAl 12.1i 8.8cd 25fg 6.33jkl 80.33i 1840kl  18.59efg  9906.6gh
TITICACA 5.03mno 2.07tu 19.23p 4op 70mn 1593.330 22.73bcd 7013.3Imn
0 Q29 3.83nop 2.03tu 20.8no 6kim 71lmn  1593.330 24.88b 6406.7mno
GlZAl 6.971 3.5n0 26.13cde  7.33ghij 72.83vkim 1633.33no0 23.32bc  7006.7Imn
TITICACA 17.17bcd 8.33ef 28.2b 9.67bcd 90.33h  2306.67h 18.44efgh 12506.67f
80 100 Q29 14.67gh 5.9k 26.37c 6.33jkl 94.17g 2160i 14.98kIm  14413.3e
GIZA1  18.07bc 9.03cd 23.83ij 10.33b  95.33vfh 2406.67g 15.99ijkl 15046.7de
TITICACA 18.33b 9.67b 25.03fg 8.33efg 94¢g 2230.33hi  28.82a 7753.3kl
200 Q29 9.6jk 7.4i 23.33jk Thijk 100de  2506.67f 16.27ghijkl 15413.3cd
GIZAl 15.6efg 9.8ab 21.13n  8.67def 105b  2553.33f 14.52Im  17593.3b
TITICACA 5.1mno 2.37rst 23.37jk  8.33efg 71lmn  1593.330 22.13cd 7200Im
0 Q29 6.03Im 3.8mn 20.77no Thijk 72klm  1906.67k 24.47bc  7793.3kl
GIZA1  5.13mno 3.20p 24.47fghi  8.33efg 76j 2013.33j 22.88bcd  8806.7ij
TITICACA 20.07a 7.37i 26.17cd 10bc 96.67fg 2906.67d 18.16fghi 16013.3c
100 100 Q29 15.8defg 6.7 24.9fg 8.33efg 98ef 2980cd 17.12fghijk 17413.3b
GlZAl 21.3a 8.6de 28.1b 9cde 102bcd 3006.67c 18.29fghi 18193.3b
TITICACA 16.7cde 9.1c 24.3ghi  7.67fghi  10lcde 2806.67e 16.13hijkl 17420b
200 Q29 16.6de 8.1fg 25.3def 8efgh  103.17bc 3193.33b 17.74fghi 18006.67b
GIZAl1  16.8cde 10.1a 32.5a 12a 109a  3326.67a 15.3jklm  19620a

85,5 ,S0085 b gl (gime NS w100 Jloiil mhans 10 LSD (5031 (bl 2 eygims 12 50 LSl g, (slls slanSile
Means followed by similar letters in each column show non- significant difference according to LSD tests at 5% level.
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(2021; Kakabouki et al., 2014

Canld p e ls
e iS5 olo (Lt glis (il )l 4255 s
Sy S s o 19 LS c oy el l o jles
oAl iy aS ol lis gl (Y Jgo) 09 jlolize
PSS Yer g ol oo A Jles o lgs cils
0,0 YAAY e a5 TITICACA (3, )5 0,5l 555 S
3o auo o Fe e jo cldlo p el (s yieS g ol cowlie
Oliee 4 Q29 (5, ;5 05l 055 JliSa ;0 p Tl Ve e 5 ]
O 55 s 0 (Y Jgaz) dwl Cwas ao s VV/AD
2 Gololime pis Slite (5Ll w5y g b 0 a8
Ao s 0 sl o,Sles Ll cais odnline ciilo p el
S 4 (Lovelli et al., 2007) ols L5 ol ials

50 (Y Jgoz) sl e wan LSa 0 p,56LS YAAY e
3oslial g (,kal O aal8l b g o 1918 ) jo Sujelsm
sl 198 So5ed g o, Shos o3l 5 (5 loliae 1o gl 065
Sl el s aoys Ver g A o jles o izpen
S 5590 08, 90 4 S GIZAL (3, 0 SG3elem o Slas
33 03955 Srman Gl Bl aS sy o0 a4V Jgu2) o
S s Slsa sl Gl s & sk, sanl,d Ll
SLESST L b ol 8 500,% Sjslser 3 5Los Sputy s
(Fathi and Zeidali, 2021) s,ls cillae liime S50
2 Ssedam o, Sles  Sis jiis aS aiils Lo laase
e iete 5l (Mohammadi et al., 2021) sls zalS 15
ST Glgioe A5 0590 Jsb 50 olS 0jg el JaYs
rolie 3 g (Gugid phams (g ddy 5 G5 Ak

(Taheri etal., 2021) o 5 o Lal lae

&> > ,Slos
alfa_o Sy aS ol s Guilyly agies gl
Solias so o S s j0 158 oL ails o ) Slas 5 b jlos
Voo e o 1S adls o Sleae oy i in (Y Jgoz) 09

13 55 05l 055 LiSa jo o) Sel S ¥ e g ST Gl e oy
5 o ool i JiSe ,0 0,5 LS YYYS 1. 4GIZAL
Yoo ol ol 5l oo B jlas jo ails o Shae (558
Oliee ar i i 41 Q29 (8 10 0l JliSe o 0 SolS Ve 0
Lyl s o (Y Jgoz) el casay [iSe 10 0 S3LS PAP 45+ 5
A1 o adls o Slee zals Eels 59,55 955 0 )l SleS
U 30,5 098 31 osliul kel ST Gl3dI L 5 o g2
Ay oyl 4o Ble 1o S wlo o Slae 11381 5y (5 lobixe
CL@‘ d.]a._,..JlsA.: oLsf )L.J ‘u)ﬁ)*“ 095 d)_AA u».)‘)s‘ LJ as
oS 057 5 9950 yida o8 0l 4 (35 e lie a3
JROYUC PP e B BV PUOR. g PR G A N VY TR
Sfdkee g 0l el S & (3905 i SBpmas (nlple
B oplplo oo oo (malS 1) ails & Sloe oSl 00,5 cod iy
b ul (S ol (Sis s k) bas Sl

255 Slizl (e 095 B ras

g_é)..a.‘,j@])i,,ju).a\“ g A L;Lm)lotg)o&;%p.m



Fao (Chenopodium quinoa Wild) lgaus o3, aw yo 8,5dee g aday s S59 2 059 o lowd 355 9 Sois (i 13l

03, 0d osmline GIAZL (3, ;5 0,5l 955 LS jo p,55LS
bl 50 Gt 0 yShas 500 o8 99 4 i GIAZL
W TITICACA o8, .cils |y 35,55 965 yiSlas 5,8
055 99 4 Sl (5508 il 0 Shos 5l gy )kl Lyl s
TITICACA 3, was (o yls o Lelog o 65 5 Koo
g2 510555 5 6 VL adls o Slas 51 500 08 99 a4y L
5L QML okl oo Ve Lyl b o aS oy s mlis
P N S R N (U1 [ WGy Y ) I
TITICACA 5Q29 GIZAL 55| o 6,5l 06

adls 5 ,Shae 51 ao)s YOIAE § V¥ ¥+ /YA o as
Lyl jo a8 ol plid gls IS jshy casl 00,8 lay ials
2 0395 S Yo 0p)l8 5 T 5l ao 0 Ve el
S5 Lt 3 1y St Gy GIAZL o5, 5 S
15 Cashy il b pas Ll 40 5 e solizul S0 ddlaie
29 oolawl TITICACA 3, 5l cogllas 0>

References

Sl wdsh ()59 B y—ae jlade GllilaS o) o
st o Slait b slacdl 4 s | ol Slezs L
IRl el g B pan Gl el 5 s g ool (aald
50 bl el a5 o el ouls dild 4 uleg Camd
Rl 095 gy e A Cud (59,50 855 slls sl jles
b 1S cils yy as Lt a8 azals el iz 0,8 oy
bl SalS w5 YL L adsy s slejlens Gl

(Basra et al., 2014)

S (5 S doi
4 oYU Jooo 195 ol S a5 ols lid iegh ol el
o Loyl o il oS gm0 b S i byl jl
il (Jod BB o ,Slas 500,5 JolS 1) 095 o) 0,90 ayad
Jsbo conilr ) Slass cay ) a3 (59 o e il il

Voo g olsloaopm Ve e joails o Sles g i,

Ashraf, M., Shabaz, M. and Ashraf, M.Y., 2001. Influence of nitrogen supply and water stress on growth and

nitrogen, phosphorus, potassium and calcium contents in pearl millet. Biologia Plantarum, 44(3), PP.459-462.

doi:10.1023/A:1012400422848

Azarpour, E., Bozorgi, H.R. and Moraditochaee, M., 2014. Effects of ascorbic acid foliar spraying and nitrogen

fertilizer management in spring cultivation of quinoa (Chenopodium quinoa) in north of Iran. Biological

Forum, 6(2), PP.254.

Baldermann, S., Blagojevié, L., Frede, K., Klopsch, R., Neugart, S., Neumann, A. and Schreiner, M., 2016. Are

neglected plants the food for the future. Critical Reviews in Plant Sciences, 35(2), PP.106-119.

doi:10.1080/07352689.2016.1201399

Basra, S.M.A., Igbal, S. and Afzal, I., 2014. Evaluating the response of nitrogen application on growth,

development and yield of quinoa genotypes. International Journal of Agriculture and Biological, 16, PP.886-

892.

Elewa, T.A., Sadak, M.Sh. and Dawood, M.G., 2017. Improving drought tolerance of quinoa plant by foliar

treatment of trehalose. Agricultural Engineering International: CIGR Journal, PP.245-254.

Ezati, N., Maleki, A. and Fathi, A., 2020. Effect of drought stress and spraying of gibberellic acid and salicylic

acid on the quantitative and qualitative yield of canola (Brassica napus). Journal of Iranian Plant

Ecophysiological Research, 14(56), PP.94-109 [In Persian]. doi:20.1001.1.76712423.1398.14.56.5.9

Farooq, M., Gogoi, N., Barthakur, S., Baroowa, B., Bharadwaj, N., Alghamdi, S.S. and Siddique, K.H.M., 2017.

Drought stress in grain legumes during reproduction and grain filling. Journal of Agronomy and Crop Science,



RULCERE R fas

203(2), PP.81-102. doi:10.1111/jac.12169

Fathi, A. and Kardoni, F., 2020. The importance of quinoa (Chenopodium quinoa willd.) cultivation in developing
countries: A review. Cercetari Agronomice in Moldova, 3(183), PP.337-356. doi: 10.46909/cerce-2020-030

Fathi, A., Maleki, A. and Naseri, R., 2022. A review of the effects of drought stress on plants and some effective
strategies in crop management. Journal of Iranian Plant Ecophysiological Research, PP.1-29 [Article in Press,
In Persian]. doi: 10.30495/iper.2022.1944163.1744

Fathi, A. and Zeidali, E., 2021. Conservation tillage and nitrogen fertilizer: a review of corn growth and yield and
weed management. Central Asian Journal of Plant Science Innovation, 1(3), PP.121-142.
doi:10.22034/CAJPSI1.2021.03.01

Ghadirnezhad Shiade, S. R., Fathi, A., Kardoni, F., Pandey, R., & Pessarakli, M., 2023a. Nitrogen contribution in
plants: recent agronomic approaches to improve nitrogen use efficiency. Journal of Plant Nutrition, PP.1-18.
doi:10.1080/01904167.2023.2278656

Ghadirnezhad Shiade, S.R., Fathi, A., Taghavi Ghasemkheili, F., Amiri, E. and Pessarakli, M., 2023b. Plants’
responses under drought stress conditions: Effects of strategic management approaches—a review. Journal of
Plant Nutrition, PP.1-33. doi: 10.1080/01904167.2022.2105720

Hosseini, S., Jalilian, J. and Gholinezhad, E., 2021. The effect of ascorbic acid, salicylic acid, and nano-
micronutrient chelate fertilizer on yield and yield components of quinoa under water-deficit stress. Journal of
Crops Improvement, 23(3), PP.349-361 [In Persian]. doi:10.22059/jci.2021.308905.2441

Jacobsen, S.E., Liu, F. and Jensen, C.R., 2009. Does root-sourced ABA play a role for regulation of stomata under
drought in quinoa (Chenopodium quinoa Willd.). Scientia Horticulturae, 122(2), PP.281-287.
doi:10.1016/j.scienta.2009.05.019

Jamali, S., Goldani, M. and Zeynodin, S., 2020. Evaluation the effects of periodic water stress on yield and water
productivity on Quinoa. Iranian Journal of Irrigation and Drainage, 13(6), PP.1687-1697. [In Persian]. doi:
20.1001.1.20087942.1398.13.6.13.9

Kabiri, R., Farahbakhsh, H. and Nasibi, N., 2012. Effect of drought stress and its interaction with salicylic acid on
black cumin (Nigella sativa) germination and seedling growth. World Applied Sciences Journal, 18(4), PP.520-
527.

Kakabouki, 1., Bilalis, D., Karkanis, A., Zervas, G. and Hela, D., 2014. Effects of fertilization and tillage system
on growth and crude protein content of quinoa (Chenopodium quinoa Willd.): An alternative forage crop.
Emirates Journal of Food and Agriculture, PP.18-24. doi: 10.9755/ejfa.v26i1.16831

Karandish, F., Mirlatifi, M., Shahnazari, A., Gheisari, M. and Abbasi, F., 2013. Effect of partial root-zone drying
(PRD) and deficit irrigation on Nitrogen uptake and leaching in maize. Water and Irrigation Management,
2(2), PP.85-98. d0i:10.22059/jwim.2013.30342

Li, C., Sun, J,, Li, F., Zhou, X., Li, Z., Qiang, X. and Guo, D., 2011. Response of root morphology and distribution
in maize to alternate furrow irrigation. Agricultural Water Management, 98(12), PP.1789-1798.
doi:10.1016/j.agwat.2011.07.005



Fay (Chenopodium quinoa Wild) lgaus o3, aw yo 8,5dee g aday s S59 2 059 o lowd 355 9 Sois (i 13l

Lovelli, S., Perniola, M., Ferrara, A. and Di Tommaso, T., 2007. Yield response factor to water (Ky) and water
use efficiency of Carthamus tinctorius L. and Solanum melongena L. Agricultural Water Management, 92(1-
2), PP.73-80. d0i:10.1016/j.agwat.2007.05.005

Martin, D.L., Stegman, E.C. and Fereres, E., 1990. Irrigation scheduling principles. Agricultural Engineers, St.
Joseph, MI., IN: Management of Farm Irrigation Systems. American Society of Agricultural Engineers, St.
Joseph, MI, 155-203.

Mensah, J.K., Obadoni, B.O., Eruotor, P.G. and Onome-Irieguna, F., 2006. Simulated flooding and drought effects
on germination, growth and yield parameters of sesame (Sesamum indicum L.). Africian Journal of Biology, 5,
PP.1249-1253.

Mohammadi, F., Maleki, A. and Fathi, A., 2021. Effects of drought stress and humic acid on plant growth, yield
quality and its components of quinoa (Chenopodium quinoa Willd). Journal of Crop Nutrition Science, 7(3),
PP.11-23.

Naz, H., Akram, N.A. and Kong, H., 2020. Assessment of secondary metabolism involvement in water stress
tolerance of quinoa (Chenopodium quinoa Willd.) Subjected to varying water regimes. Pakistan Journal of
Botany, 52(5), PP.1553-1559. doi:10.30848/PJB2020-5

Nguyen, L.V., Bertero, D., Hoang, D.T. and Long, N.V., 2021. Variation in quinoa roots growth responses to
drought stresses. Journal of Agronomy and Crop Science, 208(6), PP.830-840. doi:10.1111/jac.12528

Olesen, J.E., Trnka, M., Kersebaum, K.C., Skjelvag, A.O., Seguin, B., Peltonen-Sainio, P. and Micale, F., 2011.
Impacts and adaptation of European crop production systems to climate change. European Journal of
Agronomy, 34(2), PP.96-112. doi:10.1016/j.eja.2010.11.003

Piao, S., Ciais, P., Huang, Y., Shen, Z., Peng, S., Li, J. and Fang, J., 2010. The impacts of climate change on water
resources and agriculture in China. Nature, 467(7311), PP.43-51. doi:10.1038/nature09364

Saddig, M.S., Wang, X., Igbal, S., Hafeez, M.B., Khan, S., Raza, A. and Gulshan, A.B., 2021. Effect of water
stress on grain yield and physiological characters of quinoa genotypes. Agronomy, 11(10), PP.1934.
doi:10.3390/agronomy11101934

Saravia, D., Farfan-Vignolo, E.R., Gutiérrez, R., De Mendiburu, F., Schafleitner, R., Bonierbale, M. and Khan,
M.A., 2016. Yield and physiological response of potatoes indicate different strategies to cope with drought
stress and nitrogen fertilization. American Journal of Potato Research, 93(3), PP.288-295.
doi:10.1007/s12230-016-9505

Shams, A.S., 2012. Response of quinoa to nitrogen fertilizer rates under sandy soil conditions. In Proc. 13th
International Conference of Agronomy. Faculty of Agriculture. Benha University., September, Egypt (PP. 9-
10).

Shubhra, K., Dayal, J., Goswami, C.L. and Munjal, R., 2004. Effects of water-deficit on oil of Calendula aerial
parts. Biologia Plantarum, 48(3), PP.445-448.

Taheri, F., Maleki, A. and Fathi, A., 2021. Study of different levels of nitrogen fertilizer and irrigation on
quantitative and qualitative characteristics of quinoa grain yield. Crop Physiology Journal, 13(50), PP.135-



RULCERE R faA

149. [In Persian]. doi: 20.1001.1.2008403.1400.13.50.8.5

Vurayai, R., Emongor, V. and Moseki, B., 2011. Effect of water stress imposed at different growth and
development stages on morphological traits and yield of Bambara groundnusts (Vignsubt erranean L. Verdc).
American Journal of Plant Physiology, 6(1), PP.17-27. doi: 10.3923/ajpp.2011.17.27

Waraich, E.A., Ahmad, R., Ashraf, M.Y., Saifullah, and Ahmad, M., 2011. Improving agricultural water use
efficiency by nutrient management in crop plants. Acta Agriculturae Scandinavica, Section B-Soil and Plant
Science, 61(4), PP.291-304. doi:10.1080/09064710.2010.491954

Yang, A., Akhtar, S.S., Amjad, M., Igbal, S. and Jacobsen, S.E., 2016. Growth and physiological responses of
quinoa to drought and temperature stress. Journal of Agronomy and Crop Science, 202(6), PP.445-453.
doi:10.1111/jac.12167

Yang, A., Akhtar, S.S., Li, L., Fu, Q., Li, Q., Naeem, M.A. and Jacobsen, S.E., 2020. Biochar mitigates combined
effects of drought and salinity stress in quinoa. Agronomy, 10(6), PP.1-14. doi: 10.3390/agronomy10060912



Journal of Crop Science Research in Arid Regions/ Volume 5, Issue 2, Autumn 2023, P. 487-500

Effect of drought stress and nitrogen chemical fertilizer on root
properties and yield in three quinoa cultivars (Chenopodium quinoa
Willd)

Zeinab Zamani!, Ehsan Zeidali¥*, Hamzeh Ali Alizadeh?, Amin Fathi*

! Master Student of Agronomy, Department of Agriculture and Plant Breeding, Faculty of Agriculture, llam
University, llam, Iran

2 Department of Agronomy and Plant Breeding, Agriculture Faculty, Ilam University, llam, Iran

3 Department of Water Engineering, Faculty of Agriculture, llam University, llam, Iran

4Ph.D. of Agronomy, Ayatollah Amoli Branch, Islamic Azad University, Amol, Iran

*Corresponding Author: e.zeidali@ilam.ac.ir

Received: 29 July 2022 Accepted: 5 October 2022 DOI: 10.22034/CSRAR.2023.353966.1261

Abstract

Introduction: The world population is increasing daily, while the scope for expansion and
development of agricultural land is very narrow due to limited water resources. All of this can affect
agriculture indirectly or directly. Quinoa is a pseudo-cereal, belongs to the Amaranthaceae family,
and is native to South America. This crop is important for human and animal nutrition due to its
medicinal and agro-industrial properties. Water and nitrogen (N) are two major challenges in quinoa
cultivation that can be addressed by better understanding related agronomic features. Under water
deficit conditions, selecting and cultivating crop species tolerant to drought stress is an approach to
maintaining and/or increasing crop production levels. Although it is widely reported that quinoa is a
highly drought-tolerant crop, its growth has been significantly suppressed under severe drought stress
conditions.

Materials and Methods: The experiment was conducted as a split factorial arranged in a randomized
complete block design with three replications. Treatments included four irrigation regimes (100, 80,
60, and 40% of crop water requirement) as the main factor, three quinoa cultivars (TITICACA, Q29,
and GIZA1l), and three nitrogen fertilizer rates (0, 100, and 200 kg hal from urea sources) as
subfactorial. The field preparation operations prior to planting included plowing and disc Planting
was done on March 22, 2021. The net amount of nitrogen-based nitrogen fertilizer treatments of 100
and 200 kg ha'l was equal to 46 and 92 kg, respectively. According to the soil test results, the soil
was not poor regarding phosphorus and potassium elements, so only urea fertilizer was used. The
distance between two rows and between plants on the row in quinoa cultivation was 50 cm and 10
cm, respectively.

Results and Discussion: There was a significant interaction effect between irrigation, N, and cultivar
on root traits and grain yield. The effects of irrigation regimes, N rates, and their interactions were
significant on plant height at the level of one percent, and the highest (109 cm) and lowest (50 cm)
plant heights were obtained with normal irrigation and 100% N application in the GIZA1 cultivar and
40% of the water requirement of 100 kg ha* N application in cultivar Q29, respectively. The highest
1000-seed weight was obtained with the normal irrigation (2.93 g) regime to meet 80% of the water
requirement (2.91 g) in the GIZA1 cultivar. The lowest 1000-seed weight was obtained with 40% of
the plant water requirement in all three cultivars. Thousand-grain weight in Q29 and TITICACA
cultivars is the same in all irrigation regimes. Two treatments of the normal irrigation, N application
and GIZA1 cultivar; and 40% of water requirement, 200 to 100 kg ha™ of N rate and Q29 cultivar
obtained the highest (3326 kg ha') and lowest (686 kg ha*) seed yield, respectively. The N addition
reduced seed yield in quinoa cultivars under water -deficit conditions. In water deficit conditions, the
application of nitrogen fertilizer decreased the biological yield of quinoa cultivars, and increasing the
irrigation water and using urea fertilizer significantly increased the biological yield of quinoa. Also,
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in 60, 80, and 100 % of water requirement treatments, the amount of biological yield in the cultivar
GIZA1 was higher than the other two cultivars.

Conclusion: This research showed that the quinoa plant has a high drought tolerance. In such a way,
it could complete its growth period and have acceptable performance in conditions of intense stress.

With the higher N application, the GIAZ1 cultivar performed better than the others. Although the
TITICACA cultivar recorded a lower grain yield under optimum irrigation conditions, it showed a
higher grain yield under severe stress conditions than others. It can be concluded that under the
conditions of 100% water requirement and the application of 200 N kg ha, GIAZ1 variety is suitable
for the growth of quinoa in the ecological conditions of the llam region.

Keywords: Biological yield, Harvest index, Plant height, Root length, Root dry weight



