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Table 1- Physical and chemical characteristics of field soil
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Figure 1- The curve moisture of soil location of test
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Table 2- Analysis of variance of the effect foliar application of cytokinin on studied traits of
quinoa in optimal irrigation and drought stress condition

O i 2alio ‘*?)*’_ g gl abls b S8 4l ol o IS as Ll slasi
SOV &9l Heioht plant Stem diameter Number of Number of branch
R df cight pla e lateral branch flowering
Block gl 3 47.15™ 121 113.03* 23.20™
Irrigation (g ,buf 1 19527.07** 195.59%* 654.95%* 233.59*%
Main Error Lol glas 3 7.02 1.31 9.73 12.80
Cultivar pe3) 3 3666.64%* 30.40%* 267.14%* 58.23%*
Hormone (90,92 2 1456.93 s 10%* 129.50%* 47.26%*
A% Cy wbyx gkl 3 307.52%* 11.13%* 18.31* 1.14™
@ X H) (39098 x 65k 2 60.71™ 3.14%% 2.01™ 1.64™
(C X H) 90592 x o3, 6 154.13 55 1.38% 1.29™ 0.81™
: 5 (W]
98I0 X 50X S 6 54.95™ 0.25™ 3.26™ 0.79™
I xC xH)
Total Error Js glas 66 2372.85 0.535 372.85 119.86
%) C.V. &l puids sy - 3.33 5.36 11.34 12.05

LS pas 5 20,0 K oy iy Jleisl s (610 gire ;Lo oS SANIS g sk ¢
* *¥* and ns represent significant at of 5% and 1% probability level and not significant, respectively.

Y Jguz anlol
Table 2- Continued

adgs Job  abgs Jsb ]
Oy e a2 el =5 Syt olasd o o SR gl s Shae
S.0.V. wl3! Length Length Number of Leaf area Greeness Grain yield
df of main of lateral leaf index
ear ear (SPAD)
Block) sl 3 1221™ 0.43 " 2221.68™ 376627.36 ™ 193.81 "™ 2080.34 ™
(rrigation) (gL 1 1491.5%%  292.42%*  306032.3**  29143216.5%*  10709.43**  105461.4**
(Main Error) Lol glas- 3 3.74 0.31 2564.75 702378.66 149.73 983.09
(Cultivar) 53, 3 62.93%* 2.84%%  25856.79%*  3070785.52%* 308.50% 30805.35%*
(Hormone) (y5e y9» 2 105.47%%  12.98%*  16340.45%*  2949042.54** 160.94 ™ 12571.97**
% C) pdyx g3 3 6.09 ™ 5.23%x* 20724.67**  1237083.41%** 345.71%* 541.53 ™
@ H) 530590 x 55k 2 6.88 ™ 0.27"™ 890.24 ™ 112859.26 ™ 15.79 ™ 169.09 ™
€ X H) 90,92 x o3, 6 493™ 0.68 ™ 416.01™ 15544.43 ™ 18.71 ™ 2121.17*
o ’(’; : C"s . XH:”L"*‘ 6 3.76™ 070" 133.89™ 24807.52™ 55.96™ 260.03 ™
Total Error Js slas 66 162.80 36.54 58709.36 9353725.19 7027.69 53685.59
%) C.V. & s gy 6.15 6.97 11.23 16.37 16.50 14.02

LG e pas g 2o )0 K o iy Jleisl ey (60 sixe KLy oS 54 NS g
* *¥* and ns represent significant at of 5% and 1% probability level and not significant, respectively.
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Table 3- Mean comparisons of morphological traits of quinoa with cytokinin application
under optimal irrigation and drought stress condition

>L% ol
o aig iyl sl ks o8 a5l slass "Ma; ol aings Job
Tr tr;q nt Height plant Stem diameter Number of ° Length of main ear
catme (cm) (mm) lateral branch Number of (cm)
branch flowering
rrigation level) ,LsT z sl
(Optimal) wgllae 193.80 a 15.06 a 23.56a 1273 a 29.47 a
(Drought) iz 165.27b 1221b 18.34b 9.61b 21.59b
(Cultivar) o8,

Giza 1 166.65 ¢ 12.88 ¢ 16.18 ¢ 9.54b 27.84a
Q26 188.66 a 12.63 ¢ 2297 a 1221 a 2451 ¢
Q29 19146 a 15.10a 2351 a 12.77 a 24.30c

Red Carina 17136 b 13.92b 21.14b 10.18 b 2546 b
Cytokinin (Rm) (;¥ge9,5ue) (S gsam

0 186.27 a 13.11¢c 18.93 ¢ 9.98 ¢ 2387 ¢

50 179.56 b 13.56b 20.96 b 11.14b 2541b

100 172.77 ¢ 1422 a 2296 a 1241 a 2740 a

)l (g0 sire gl sy iy Jlek s 50 Sl (yge3] bl s diiies S ie By y slyls 45 (5 e Zalaw (g o 0
In each column, there is no significant difference between treatments with common letters according to Duncan
test.

Y Jous aslol
Table 3- Continued

. adet Job S gl S b el
g gla,l . . . c- ails o ySlos
Treatment plant Length of ~ Number of Leafarecaper  Greeness Grain Y{?ld
(cm) lateral ear leaf per plant index (kg.ha™)
(cm) plant (cm?) (SPAD)
(rrigation level) s T ¢ glaww
(Optimal) o gl 193.80 a 1241 a 321.84a 2850.2a 73.06 a 2364.700 a
(Drought) s 165.27b 8.92b 208.91b 1748.2 b 51.94b 1701.800 b
(Cultivar) o8,

Giza | 166.65 ¢ 10.39b 248.10 ¢ 2091.7 ¢ 67.68 a 2400.100 a
Q26 188.66 a 10.80 ab 231.58¢ 19593 ¢ 61.10b 1663.800 b
Q29 19146 a 10350 306.52 a 27672 a 59.46 b 1795800 b

Red Carina 171.36 b 11.10 a 27532b 2378.5b 61.75 ab 2273.300 a
Cytokinin (m) (;¥ g0 ,54) (yanS g

0 186.27 a 9.99¢ 24339 ¢ 1196.95 ¢ 60.14 a 1829.200 ¢

50 179.56 b 10.77 b 264.20b 2296.54 b 62.76 a 2045.300 b

100 172.77 ¢ 11.25a 288.54 a 2604.08 a 64.60 a 2225.100 a

5,5 (gl gime gl duoyd iy Jle gl 50 Sl (yge3] bl s st S ytie gy slhls 45 (5 ke zakaw (e o 0
In each column, there is no significant difference between treatments with common letters according to Duncan
test.
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Table 4- Mean comparisons of the interaction effect irrigation x cultivar on morphological
traits of quinoa under drought stress condition

> L oloss g >l
aigr glis ! Sl yhs - -M ?J% 5y ol S g u—”
s ~) Hei 'h . 1:1n ¢ Stem i = Nun.lber of Leaf area per e
Irrigation  Cultivar gntp diameter Number of  Length of plant Greeness
(cm) (mm) lateral lateral ear  leaf per plant (cm?) index
branch (cm) (SPAD)
Giza 1 176.31£8.1¢ 14.224+0.8¢ 18.78+3.7d  12.67+0.9a 282.6+2.5¢ 2463.06+29.6b 83.71+8.8a
ollo Q26 202.33+£5.4a  13.45+0.8d  24.47+3.2b 12.06£0.8a  259.33+2.9c  2305.35£34.9bc  69.84+10.1b
Optimal Q29 207.03+16a 17.49+0.9a  27.14+3.6a 12.36+0.8a 388.6+6.6a 3454.01+56.4a  66.92+14.5b
Cl:Ii(Iila 189.52+7.1b 15.08+0.1b  23.77£2.7b 12.56+£0.7a  356.83+2.8b 3178.22+35.4a  71.77x14.3b
Giza 1 157+6.4d 11.55£0.9f  13.5043.7¢ 8.11+0.7¢ 213.6+3.8de 1720.42+38.7d 51.64+6.2¢
S Q26 175+5.4¢ 11.81£0.9f  21.47+2.1c 9.55+1.4b  203.83+£3.3de  1613.34+34.3d 52.3749.3¢
Drought Q29 175.89£10.2¢ 12.7+1.1e 19.87+£3.1cd  8.41+0.7¢c 224.43+3.2d 2080.39+87.1¢ 52+5.1¢
Cl:Ii(Iila 153.24+6.5d 12.77+0.1e 18.52+4.1d 9.63+1b 193.81+2¢ 1578.69+20.5d 51.72+7.6¢

I (gl s Dglds sy iy Jlakz gl )0 Sl (yge3] bl diiis i By, shls a5 (6 )les Zokaw (gt 2 )0
In each column, there is no significant difference between treatments with common letters according to Duncan test.

b i bl Co 195 (So3sls a0 Sleosas  3ey90 x 6okl Blie 51 :Sils alio —0 Jgor
Table 5- Mean comparisons of the interaction effect hormone X irrigation on morphological
traits of quinoa under drought stress condition

- a3lw yhad
skl 090298 .’w
. Stem diameter

Irrigation Hormone
(mm)
0 14.87+1.4a
Sollao 50 14.95+1.7a
Optimal 100 15.36+2.1a
0 11.36+0.9d
e 50 12.17+0.83c
Drought 100 13.09+0.83b

I (65l g gl duoyd iy Jlear i 10 Sl yge3] bl p diies i gy shls a5 (6 ke slaw gt 2 50
In each column, there is no significant difference between treatments with common letters according to Duncan test.
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Table 6- Mean comparisons of the interaction effect cultivar x hormone on morphological
traits of quinoa under drought stress condition

. ag glas,l adlu yad ailo o ,Slos
~) 0PI . . L
Cultivar Hormone Height plant Stem diameter Grain y{leld
(cm) (mm) (kg.ha™)
0 162.93+13.8f 12.942.2fg 2071.500+62.3de
Giza | 50 162.65+6.6f 12.54+1.5¢g 2382.200+55.7bc
100 174.37+12.3e 13.3£1.1ef 2746.600+60.1a
0 184.12+16.7cd 12.11£1.5g 1490.100+28.6g
Q26 50 189.62+11.7bc 12.89+1.11g 1723.100+28.5fg
100 192.25+16.6b 12.88+0.7fg 1778.200+42 .2¢fg
0 179.27+16.2de 14.15+2.9¢d 1646.100+33.7¢g
Q29 50 191.75+17.5b 15.16£2.1b 1955.300+39.3def
100 203.37+422.3a 15.9942.5a 1786.100+32.4efg
0 164.78+19.8f 13.29+1.5ef 2109.400+39.7cd
Red Carina 50 174.21£20.2¢ 13.75+1.4de 2120.800+56.3¢cd
100 175.09£19.9¢ 14.73+1.4bc 2589.700+45.5ab

3l (55l s gl s yd iy Jleorl el 50 Sils (yge3] el diiies i g s)ls a5 (6 e Zakaw (g B 50
In each column, there is no significant difference between treatments with common letters according to Duncan
test.



fay IPAQ i (OF)F 0,led coms oz ol « el LS (s3ss sudsST ol 4y 25 I

References ooliiw! 890 gsbio

e Ainsworth, E.A., S.P. Serbin, J.A. Skoneczka, and P.A. Townsend. 2014. Using leaf
optical properties to detect ozone effects on foliar biochemistry. Photosynthesis
Research. 119: 65-76.

e Akter, N., M.R. Islam, M.A. Karim, and T. Hossain. 2014. Alleviation of drought
stress in maize by exogenous application of gibberellic acid and cytokinin. Journal
of Crop Science and Biotechnology. 17(1): 41-48.

eAli, Z., SSM.A. Basra, H. Munir, A. Mahmood, and S. Yousaf. 2011. Mitigation of
drought stress in maize by natural and synthetic growth promoters. Journal of
Agriculture, Forestry and the Social Sciences. 7(2): 56-62.

eAlizadeh, A. 2015. Irrigation systems design. (38 Edition Revised), Imam Reza
University Publication. 452 pages. (In Persian).

e Anithakumari, A.M., K.N. Nataraja, R.G. Visser, and C.G. van der Linden. 2012.
Genetic dissection of drought tolerance and recovery potential by quantitative trait
locus mapping of a diploid potato population. Molecular Breeding. 30: 1413-1429.

eAnjum, S.A., X.Y. Xie, L.C. Wang, M.F. Saleem, C. Man, and W. Lei. 2011.
Morphological, physiological and biochemical responses of plants to drought
stress. African Journal of Agricultural Research. 6(9): 2026-2032.

e Anonymus. 2012. FAO, WFP and IFAD. The State of Food Insecurity in the World.
2012. Economic growth is necessary but not sufficient to accelerate reduction of
hunger and malnutrition. FAO, Rome.

eArbona, V., M. Manzi, C. Ollas, and A. Gomez-Cadenas. 2013. Metabolomics as a
tool to investigate abiotic stress tolerance in plants. International Journal of
Molecular Sciences. 14(3): 4885-4911.

e Argueso, C.T., F.J. Ferreira, and J.J. Kieber. 2009. Environmental perception avenues:
the interaction of cytokinin and environmental response pathways. Plant, Cell and
Environment. 32(9): 1147-1160.

e Arunyanark, A., S. Jogloy, C. Akkasaeng, N. Vorasoot, T. Kesmala, R.C. Nageswara
Rao, G.C. Wright, and A. Patanothai. 2008. Chlorophyll stability is an indicator of
drought tolerance in peanut. Journal of Agronomy and Crop Science. 194(2): 113-
125.

e Arunyanark, A., S. Jogloy, N. Vorasoot, C. Akkasaeng, T. Kesmala, and A.
Patanothai. 2009. Chlorophyll meter readings in peanut across different drought
stress conditions. Asian Journal of Plant Sciences. 8(2): 102-110.

eAzizi, P., M.Y. Rafii, M. Maziah, S.N.A. Abdullah, M.M. Hanafi, M.A. Latif, A.A.
Rashid, and M. Sahebi. 2015. Understanding the shoot apical meristem regulation:
a study of the phytohormones, auxin and cytokinin, in rice. Mechanisms of
Development. 135: 1-15.

eBartrina, 1., E. Otto, M. Strnad, T. Werner, and T. Schmiilling. 2011. Cytokinin
regulates the activity of reproductive meristems, flower organ size, ovule
formation, and thus seed yield in Arabidopsis thaliana. The Plant Cell. 23(1): 69-
80.



el Ll o 15 o) 5 Shas 5 (Suslghige Slho i s o3 sbe 53l -ol)iSan 5 rlme S Faf |

eBhargava, S., and K. Sawant. 2013. Drought stress adaptation: metabolic adjustment
and regulation of gene expression. Plant Breeding. 132 (1): 21-32.

eBrenner, W.G., E. Ramireddy, A. Heyl, and T. Schmiilling. 2012. Gene regulation by
cytokinin in Arabidopsis. Frontiersin Plant Science. 3 (8): 1-22.

eCabello, R., P. Monneveux, F. De Mendiburu, and M. Bonierbale. 2013. Comparison
of yield based drought tolerance indices in improved varieties, genetic stocks and
landraces of potato (Solanum tuberosum L.). Euphytica. 193: 147-156.

eDaryanto, S., L.X. Wang, and P.A. Jacinthe. 2016. Global synthesis of drought effects
on maize and wheat production. PLOSONE. 11(5): 1-15.

eDawood, M.G. 2018. Improving drought tolerance of quinoa plant by foliar treatment
of trehalose. Agricultural Engineering International: CIGR Journal. 19(5): 245-
254 .

eDing, Y., Y. Tao, and C. Zhu. 2013. Emerging roles of micro RNAs in the mediation
of drought stress response in plants. Journal of Experimental Botany. 64(11):
3077-3086.

eDoustipour, S., M. Barmaki, D. Hassanpanah, and S. Khomari. 2016. Study the effects
of synthetic cytokinin on growth and yield of potato cultivares. M.Sc. Dissertation,
Faculty of Agriculture and Natural Resources, University of Mohaghegh Ardabili,
Iran. (In Persian).

eElewa, T.A., M.S. Sadak, and A.M. Saad. 2017. Proline treatment improves
physiological responses in quinoa plants under drought stress. Bioscience
Research. 14(1): 21-33.

eFahad, S., S. Hussain, A. Bano, S. Saud, S. Hassan, D. Shan, F.A. Khan, F. Khan, Y.
Chen, C. Wu, and M.A. Tabassum. 2015. Potential role of phytohormones and
plant growth-promoting rhizobacteria in abiotic stresses: consequences for
changing environment. Environmental Science and Pollution Research. 22(7):
4907-4921.

eFarooq M., M. Hussain, A. Wahid, and K. Siddique. 2012. Drought stress in plants: an
overview. In plant responses to drought stress. Edited by Aroco R. Springer-
Verlag: Berlin, Germany, 1-33.

eFarooq, M., A. Wahid, N. Kobayashi, D.B.M.A. Fujita, and S.M.A. Basra. 2009. Plant
drought stress: effects, mechanisms and management. Sustainable Agriculture.
29(1): 185-212.

eFiorani, F., and U. Schurr. 2013. Future scenarios for plant phenotyping. Annual
Review of Plant Biology. 64: 267-291.

eGholizadeh, A., M. Saberioon, L. Bortivka, A. Wayayok, and M.A.M. Soom. 2017.
Leaf chlorophyll and nitrogen dynamics and their relationship to lowland rice yield
for site-specific paddy management. Information Processing in Agriculture. 4(4):
259-268.

eGonzalez, J.A., M. Gallardo, M.B. Hilal, M.D. Rosa, and F.E. Prado. 2009.
Physiological responses of quinoa (Chenopodium quinoa) to drought and
waterlogging stresses: dry matter partitioning. Botanical Studies. 50(1): 35-42.



20 IPAQ i (OF)F 0,led coms oz ol « el LS (s3ss sudsST ol 4y 25 I

eGordon, S.P., V.S. Chickarmane, C. Ohno, and E.M. Meyerowitz. 2009. Multiple
feedback loops through cytokinin signaling control stem cell number within the
Arabidopsis shoot meristem. Proceedings of the National Academy of Sciences.
106(38): 16529-16534.

eHossain, M.A., S.H. Wani, S. Bhattacharjee, D.J. Burritt, and L.S.P. Tran. 2016.
Drought stress tolerance in plants, Volume 1: Physiology and Biochemistry.
Springer.

eHussein, Y., G. Amin, A. Azab, and H. Gahin. 2015. Induction of drought stress
resistance in sesame (Sesamum indicum L.) plant by salicylic acid and kinetin.
Journal of Plant Sciences. 10(4): 128-141.

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

eJaleel, C.A., P. Manivannan, A. Wahid, M. Farooq, H. Al-Juburi, R. Somasundaram,
and R. Panneerselvam. 2009. Drought stress in plants: a review on morphological
characteristics and pigments composition. International of Journal Agriculture and
Biology. 11(1): 100-105.

eKang, N.Y., C. Cho, N.Y. Kim, and J. Kim. 2012. Cytokinin receptor-dependent and
receptor-independent pathways in the dehydration response of Arabidopsis
thaliana. Journal of Plant Physiology. 169(14): 1382-1391.

eKazan, K. 2015. Diverse roles of jasmonates and ethylene in abiotic stress tolerance.
Trendsin Plant Science. 20(4): 219-229.

eKilic, H., and T. Yagbasanlar. 2010. The effect of drought stress on grain yield, yield
components and some quality traits of durum wheat (Triticum turgidum ssp.
durum) cultivars. Notulae Botanicae Horti Agrobotanici Cluj-Napoca. 38(1): 164-
170.

eMafakheri, A., A.F. Siosemardeh, B. Bahramnejad, P.C. Struik, and Y. Sohrabi. 2010.
Effect of drought stress on yield, proline and chlorophyll contents in three chickpea
cultivars. Australian Journal of Crop Science. 4(8): 580-585.

eMahrokh, A., M. Nabipour, H. Roshanfekr, and R. Choukan. 2019. Response of some
grain maize physiological parameters to drought stress and application of auxin
and cytokinin hormones. Environmental Stresses in Crop Sciences. 12(1):1-15. (In
Persian).

eMarsch-Martinez, N., D. Ramos-Cruz, J. Irepan Reyes-Olalde, P. Lozano-Sotomayor,
V.M. Zuniga-Mayo, and S. De Folter. 2012. Arabidopsis gynoecia and fruit
morphogenesis and patterning. The Plant Journal. 72(2): 222-234.

eMehraban, A., and H. Ghanjali. 2014. Effect of water stress and spraying cytokinin
hormone on hamoon wheat variety in sistan region. Indian Journal of Fundamental
and Applied Life Sciences. 4: 814-818.

eMishra, A.K., and V.P. Singh. 2011. Drought modeling—A review. Journal of
Hydrology. 403(1-2): 157-175.



bl Ll o 158 B 5 Shas 5 (Suiglodyse Sl g e s b ol il - fSan 5 (e S £a5 |

eNagar, S., S. Ramakrishnan, V.P. Singh, C.P. Singh, R. Dhakar, D.K. Umesh, and A.
Arora. 2015. Cytokinin enhanced biomass and yield in wheat by improving N-
metabolism under water limited environment. Indian Journal of Plant Physiology.
20(1): 31-38.

eNezami, A., H.R. Khazaei, R.Z. Boroumand, and A. Hosseini. 2008. Effects of
drought stress and defoliation on sunflower (Helianthus annuus) in controlled
conditions. DESERT. 12: 99-104.

eNezhadahmadi, A., Z.H. Prodhan, and G. Faruq. 2013. Drought tolerance in wheat.
The ientific World Journal. 13:1-12.

eNishiyama, R., Y. Watanabe, Y. Fujita, D.T. Le, M. Kojima, T. Werner, R. Vankova,
K. Yamaguchi-Shinozaki, K. Shinozaki, T. Kakimoto, and H. Sakakibara. 2011.
Analysis of cytokinin mutants and regulation of cytokinin metabolic genes reveals
important regulatory roles of cytokinins in drought, salt and abscisic acid
responses, and abscisic acid biosynthesis. The Plant Cell. 23(6): 2169-2183.

*O'Brien, J.A., and E. Benkova. 2013. Cytokinin cross-talking during biotic and abiotic
stress responses. Frontiersin Plant Science. 4: 1-14.

eOpabode, J.T., and S. Owojori. 2018. Response of African eggplant (Solanum
macrocarpon L.) to foliar application of 6-benzylaminopurine and gibberellic acid.
Journal of Horticultural Research. 26(2): 37-45.

eRaza, M.A.S., M.S. Zaheer, M.F. Saleem, H. Khan, F. Khalid, M.U. Bashir, M. Awais,
R. Igbal, S. Ahmad, M.U. Aslam, and I. Haider. 2017. Investigating drought
tolerance potential of different wheat (Triticum aestivum L.) varieties under
reduced irrigation level. International Journal of Biosciences. 11: 257-265.

eReyes-Olalde, J.I., V.M. Zuaiiga-Mayo, J. Serwatowska, R.A.C. Montes, P. Lozano-
Sotomayor, H. Herrera-Ubaldo, K.L. Gonzalez-Aguilera, P. Ballester, J.J. Ripoll, 1.
Ezquer, and D. Paolo. 2017. The bHLH transcription factor SPATULA enables
cytokinin signaling, and both activate auxin biosynthesis and transport genes at the
medial domain of the gynoecium. PL0OS Genetics. 13(4): 1-14.

eSalehi-Lisar, S.Y., and H. Bakhshayeshan-Agdam. 2016. Drought stress in plants:
causes, consequences, and tolerance. In Drought Stress Tolerance in Plants,
Springer, Cham. 1: 1-16.

eSikuku, P.A., G.W. Netondo, D.M. Musyimi, and J.C. Onyango. 2010. Effects of
water deficit on days to maturity and yield of three NERICA rainfed rice varieties.
ARPN Journal of Agricultural and Biological Science. 5(3): 1-9.

oStiki¢, R., Z. Jovanovi¢, M. Marjanovi¢, and S. Pordevi¢. 2015. The effect of drought
on water regime and growth of quinoa (Chenopodium quinoa Willd.). Ratarstvo i
Povrtarstvo. 52(2): 80-84.

eSun, Y., F. Liu, M. Bendevis, S. Shabala, and S.E. Jacobsen. 2014. Sensitivity of two
quinoa (Chenopodium quinoa Willd.) varieties to progressive drought stress.
Journal of Agronomy and Crop Science. 200(1): 12-23.



fay IPAQ i (OF)F 0,led coms oz ol « el LS (s3ss sudsST ol 4y 25 I

eTelahigue, D.C., L.B. Yahia, F. Aljane, K. Belhouchett, and L. Toumi. 2017. Grain
yield, biomass productivity and water use efficiency in quinoa (Chenopodium
quinoa Willd.) under drought stress. Journal of Scientific Agriculture. 1: 222-232.

eValiyari, M., and H. Nourafcan. 2018. Effect of IAA and BAP on
morphophysiological traits of lemon balm. Agroecology Journal. 13(4): 23-32. (In
Persian).

eVega-Galvez, A., M. Miranda, J. Vergara, E. Uribe, L. Puente, and E.A. Martinez.
2010. Nutrition facts and functional potential of quinoa (Chenopodium quinoa
willd.), an ancient Andean grain: a review. Journal of the Science of Food and
Agriculture. 90(15): 2541-2547.

eWani, S.H., and S.K. Sah. 2014. Biotechnology and abiotic stress tolerance in rice.
Journal of Rice Research. 2(2): 1-2.

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

eZaheer, M.S., M.A.S. Raza, M.F. Saleem, K.O. Erinle, R. Igbal, and S. Ahmad. 2019.
Effect of rhizobacteria and cytokinins application on wheat growth and yield under
normal vs drought conditions. Communications in Soil Science and Plant Analysis.
50(20): 2521-2533 .

eZlatev, Z., and F.C. Lidon. 2012. An overview on drought induced changes in plant
growth, water relationsand photosynthesis. Emirates Journal of Food and
Agriculture. 24(1): 57-72.



Journal of Crop Ecophysiology / Vol. 14, No. 4, 2020 498 I
1

Resear ch Article DOI: 10.30495/jcep.2021.679976

Evaluating the Effect of Cytokinin Foliar Application on
Morphological Traitsand Yield of Quinoa (Chenopodium
quinoa Willd.) under Optimal Irrigation and Drought Stress
Conditions

Hadi Salek Mearaji®, Afshin Tavakoli®', and Niaz Ali Sepahvand®

Received: June 2020, Revised: 26 October 2020, Accepted: 30 October 2020

Abstract

Drought is the most important non-biotic stress which decreases growth and the
yield of crop plants. Quinoa is a plant with high nutritional value and drought tolerant.
To evaluate the effect of cytokinin foliar application on morphological traits and yield
of quinoa cultivars, a split factorial experiment based on randomized complete block
design was conducted during during 2017 cropping season with four replications at the
research farm of Agriculture Faculty, the University of Zanjan. Experimental treatments
were levels of irrigation (optimal irrigation, with -0.4 MPa and drought stress with -1.5
MPa) as main factor and sub factors were four quinoa cultivars (Q 26, Q 29, Gizal and
Red Carina) and foliar cytokinin with three levels (0, 50 and 100 uM). Irrigation and
cultivar treatment had significant effect on all evaluated traits. Foliar application with
cytokinin had significant effect on all traits except length of main ear and greeness
index (SPAD). The maximum and minimum of grain yield 2364.7 and 1701.8 kg.ha™,
obtained under optimal irrigation and drought stress conditions, respectively. Drought
stress reduced seed yield by 28 percent. The highest yields obtained by Giza 1 (2746.7
kg.ha) and Red Carina (2589.7 kg.ha™) with the application 100 pm of cytokinin. The
foliar application of cytokinin did not affect seed yields of Q 26 and Q 29 cultivars
significantly. According to the results, Giza 1 can be recommended as a suitable cultivar
under both optimum and drought stress conditions at the experimental site.

Key words: Benzylaminopurine, Chenopodium quinoa, Cultivar, Grain Yield,
Stress.
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