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Abstract

Introduction

Since plants cannot move, they face many environmental stresses. Salinity is a major threat to
modern agriculture, causing inhibition and impairment of crop growth and development. Salinity
stress affects all vital plant processes such as photosynthesis, protein and metabolism of fat in the
plant, causing changes in morphological, physiological, biochemical and molecular functions of
the plant, which ultimately decreases plant yield. Due to high nutritional value and high
resistance to abiotic stresses such as salinity and drought, quinoa (Chenopodium quinoa willd.)
has been proposed to ensure food security in the world. Quinoa genotypes have different
morphological and physiological mechanisms in terms of germination, growth and grain yield
under salinity stress. Considering the differences in salinity resistance in different quinoa
cultivars, this study was carried out for investigating the physiological responses and seed yield
of three quinoa cultivars with different origins under salinity stress.

Materials and Methods

This experiment carried out as random complete block design with three replications in the
greenhouse of the Faculty of Agriculture of Zanjan University during the year 2019. The
experimental treatments included three salinity levels of 0, 15 and 30 dS m™ and three quinoa
varieties (Gizal, Titicaca and Q26) with different origins. First, soil with a ratio of 50% sieved
farm soil, 30% sand and 20% rotted manure was added inside the 1 kg pots. Inside each pot, 10
seeds were planted then irrigated with desired concentrations of salinity. The temperature of the
greenhouse during the day was 2742 and at night 1942 °C, and the relative humidity was 65-
75%. After the seedlings were fully established, four plants were kept in each pot and the rest
were removed. The volume of irrigation water was 400 cc for each pot with the desired
concentration of salinity. In the following, the desired traits were measured based on the
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mentioned protocols in specific stages. After measuring the desired traits, variance analysis of the
data was done with SAS software version 9.1, comparison of average data was done using
Duncan's multiple range test (P>0.05).

Results and Discussion

Salinity stress had a significant effect on all the traits studied except the potassium concentration
of the root. Salinity reduced the plant height, leaf area, greenness index, grain yield, dry weight
shoot and root, but salinity caused increase in the amount of sodium in the root, stem and leaves.
The highest and lowest grain yields, with 0.87 and 0.56 g plant™ were observed in the control and
30 dS m™ salinity treatments, respectively. The Titicaca cultivar with 25.7 cm, had the lowest
plant height. The highest shoot dry weight, stem sodium concentration, Na*/K" ratio in root and
Na*/K" ratio in stem were observed in the Giza 1 cultivar. The Q26 cultivar had highest height of
plant (33.8 cm), leaf area (3865.8 cm’plant™), root sodium (0.30 mg.g™ dry weight) and
potassium (0.16 mg.g™ dry weight) concentration, while it had the lowest Na+/K+ ratio in leaf
with 0.67 mg.g™ dry weight. Traits such as leaf potassium concentration and grain yield were
similar among the studied cultivars. Also, cultivar Q26 had the lowest Na*/K" ratio in the leaves
with 0.67 mg.g™ dry weight. The leaf greenness index in the control and salinity of 15 dS.m™ was
the same among all studied cultivars, but in the salinity of 30 dS.m™, the Titicaca cultivar had the
lowest amount. Among the studied cultivars, Giza 1 cultivar had the lowest root dry weight,
while it had the highest Na'/K* ratio in root and stem (8.27 and 3.6 mg.g* dry weight,
respectively) among all salinity treatments. The Titicaca cultivar had the highest stem potassium
concentration of all salinity levels in studied cultivars.

Conclusions

The results obtained from this research showed that high salinity concentrations decreased the
grain yield of quinoa. In general, the results showed that the cultivars examined in this research
(Gizal, Titicaca and Q26) were different from each other in terms of traits related to salinity
resistance. The results showed that the origin of cultivars probably plays a role in the resistance
to salinity. Also, despite the difference in the concentration of elements potassium, sodium and
Na'/K" ratio in the stem, root and leaf organs, and no significant difference was observed in
terms of grain yield among the studied cultivars. Therefore, it is suggested to consider their origin
in the selection of cultivars for future research.

Keywords: Chenopodium quinoa, Greenness index, Leaf area, Potassium, Root dry weight,
Sodium.
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Table 1. Analysis of variance of the effect salinity on studied traits of quinoa cultivars.

Means of squares

Sources of variation df Plant Leaf area SPAD Shootdry  Rootdry  Grain yield
height value weight weight

Repeat 2 11.14"™ 47685™ 132.40** 0.019*  0.0016™  0.0019™
Salinity 2 670.81%* 1505766**  1709.88**  0.186**  0.042**  (0.21**
Cultivar 2 156.92** 2887168** 42.55™ 0.017* 0.013** 0.02"
Salinity x Cultivar 4 28.59™ 13712" 59.28* 0.005™  0.002**  0.009™
Error 16 11.02 38643 16.68 0.005 0.0003 0.010
C.V (%) - 10.91 6.10 4.08 6.15 10.28 13.64

* ** and ™ represent significant at of 5% and 1% probability level and not significant, respectively.

Table 2. Mean comparisons of the main effect of salinity and cultivar on evaluated traits of quinoa

Treatment Plant height Leaf area Shoot dry weight Grain yield
(cm) (cm?.plant) (g.plant™) (g.plant™)
Salinity (ds.m)
0 39.88a 3237.98a 1.28a 0.87a
15 28.33b 3361.48a 1.18b 0.75b
30 23.01c 2757.95b 1.01c 0.56¢
Cultivar
Titicaca 25.77b 2979.89b 1.15ab 0.67a
Q26 33.88a 3865.89% 1.11b 0.76a
Gizal 31.55a 2811.63b 1.20a 0.75a

In each column, Means with similar letters are not significantly different based on Duncan's test at the 5% level.
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Figure. 1. Mean comparisons of interaction effect of salinity and cultivar on greenness index (SPAD
value) of quinoa; Means with similar letters are not significantly different based on Duncan's test at
the 5% level.
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Figure. 2. Mean comparisons of interaction effect of salinity and cultivar on root dry weight of
quinoa; In each column, Means with similar letters are not significantly different based on Duncan's
test at the 5% level.
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Table 3. Analysis of variance of the effect salinity on studied traits of quinoa cultivars.

Means of squares

Sources of variation d.f Root Root Na*/K*  Stem Stem Na'/K* Leaf Leaf Na'/K*
sodium potassium  ratioin  sodium  potassium ratioin  sodium  potassium  ratioin
concentr  concentrati root concentrati stem concentrati leaf

ation on concent on concent on
ration ration
Repeat 2 0.0001ns  0.0002ns  0.52ns  0.21ns  0.0007ns  0.13ns  0.20ns  0.002ns  0.09ns
Salinit o o o x o o o o
y 2 009 0.004™ 3781”079 0.18 7.22 1,55 0.365 472
Cultivar . - x . e o o .
2 0.004 0.020 12.54 0.06 0.39 4.86 0.128 0.037™ 0.53
Salinity x Cultivar sk . o
ity > Luitiv 4 0004™  00003® 4927 002" 0.02 039" 0035  0017°  0.19™
Error
16 0.001 0.001 0.32 0.01 0.008 0.06 0.014 0.031 0.14
C.V (%) .
11.83 23.09 17.93 14.66 14.52 17.18 15.71 18.81 24.93
% %% | and ns represent significant at of 5% and 1% probability level and not significant,
respectively.

Table 4. Mean comparisons of the main effect of salinity and cultivar on evaluated traits of quinoa

Treatment Root sodium Root potassium Stem sodium Leaf sodium Leaf Na'/K* ratio in
concentration concentration concentration  concentration potassium leaf
(mg.g™ dry (mg.g™ dry (mg.g™ dry (mg.gtdry  concentration (mg.g™ dry
weight) weight) weight) weight) (mg.g™ dry weight)
weight)
Salinity (ds.m)
0 0.18c 0.129a 0.45¢c 0.33c 1.10a 0.30c
15 0.27b 0.122ab 0.77b 0.79b 1.02a 0.81b
30 0.39a 0.088b 1.05a 1.16a 0.71b 1.73a
Cultivar
Titicaca 0.28ab 0.10b 0.68b 0.88a 0.93a 1.11a
Q26 0.30a 0.16a 0.75ab 0.64b 1.01a 0.67b
Gizal 0.26b 0.07b 0.84a 0.75b 0.88a 1.06a

In each column, Means with similar letters are not significantly different based on Duncan's test at the 5% level.
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Table 5. Mean comparisons of interaction effect salinity x cultivar on evaluated traits of quinoa

Salinity (ds/m) Cultivar Na'/K" ratio in root Stem potassium content Na'/K" ratio in stem
(mg.g™ dry weight) (mg.g™ dry weight) (mg.g™ dry weight)
Titicaca 1.71+0.03ed 0.94+0.13a 0.45x0.02f
0 Q26 1.31+0.47e 0.81+0.04c 0.53+0.07ef
Gizal 1.86+0.16de 0.48+0.09g 1.08+0.25d
Titicaca 2.51+0.13cd 0.73+0.11d 0.7920.26def
15 Q26 1.66+0.17de 0.90+0.09b 0.88+0.19de
Gizal 2.95+0.88¢c 0.39+0.04h 2.36+0.22b
Titicaca 5.17+0.80b 0.51+0.08f 2.05+0.64hc
30 Q26 3.02+0.25¢ 0.61+0.07e 1.74+0.35c
Gizal 8.27+0.09a 0.30+0.03i 3.6£0.39%
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In each column, Means with similar letters are not significantly different based on Duncan's test at the 5% level.

el 4 o Sl 9 el o Al
&
s 5t Kl besls byly 40 b
(¥ Jodr) 3 5 ke Glsme 5 035 5 o8
JA Gost 5 SE Lo 55 8 el Sl
33 ngﬁwww.(v Jad>) ;;9)?
Sl 3 Sash A Ll s S 1S BBl 5,
LB RSP RN g (TN N PNED
S5t 02 88 Sysba 3L IR 5 S 5wl
VA Sy 5 4Bl me e (655 a3 10
e Vs 03 s S U (’J? 2 CJ?sL‘
338 s 055 08 g S ke VP i
L THticaca o3, « o)z 3550 pl,) o 51 (Y Jsu)
e o VL S 035 08 55 p S ke M
it 5 VO (5555 B (P Jgdor) 3 513 15 ks
stalie LSS, ol Sl 53 S (Sosh
PRI o (S5 e S es ¥ Bl Sy s K
Glgms S s as 5, ey (s> YO/F
3 0Ly (mop 20sm Bl o 3 Gy ]
Gosd SRIFI L el 4 i Sl (Y )
“ o3 WO B 3 ol ke o 3L 53
VIV ias ) od Yo SBLE 55 5 AN Bl eies
Y dpi) 5 &8y oS 035 0 8 1 p 8 e



Yo

VE ¥ Olals oF o)le FY il ¢ alE Sl 5

Ao O 63,8 5 gy 350 So5h 4 WOT 22l s b blaigr o 1 Pl o 6055
255 ol bl opl 3l sose 2% ol 4 e S g e (ol ole S B
G5 b sl wls 3 Shoe i 518 5 s aile (slapls

- _ b sdalin G, NE
KislesT i Kan I 0B, ' ’ @O 20 £ O 02 SR

5 o lesT Sl s . . Byl oS 358 oo slgiiy o] Cowsty mls 4 4 g
Sl ) R LT 5 (g slaS LGRS T f A ; = gy

5 s JLS Ol oKl pske odSiils ol Joosi Gy g5l 5ol 2 S 15T )l 5 e

.-U)‘J ‘) 6;‘3)'\5

References

Adolf, V.., Jacobsen, S.E., & Shabala, S. (2013). Salt tolerance mechanisms in quinoa
(Chenopodium quinoa Willd.). Environmental and Experimental Botany, 92, 43-54.

Algosaibi, A.M., El-Garawany, M.M., Badran, A.E., & Almadini, A. M. (2015). Effect of
irrigation water salinity on the growth of quinoa plant seedlings. Journal of Agricultural
Science, 7(8), 205-214.

Alizadeh, A. 2014. Soil, water and plant relationship. Sajad University of technology press. 876
p. [In Persian]

Beyrami, H., Rahimian, M.H., Salehi, M., & Yazdani-Biouki, R. (2020). Effect of different levels
of irrigation water salinity on quinoa (Chenopodium quinoa) yield and yield components in
spring planting. Journal of Crop Production, 12(4), 111-120. [In Persian]

Biondi, S., Ruiz Karina, B., Martinez Enrique, A., Zurita-Silva, A., Orsini, F., Antognoni, F.,
Dinelli G., Marotti, I., Gianquinto, G., Maldonado, S., Burrieza, H., Bazile, D., Adolf, V.., &
Jacobsen, S.E. (2015). Chapter book in: State of the art report on quinoa around the world in
2013. Bazile, D., Bertero, H. D., & Nieto, C. (Ed.), pp. 143-156.

Cai, Z.Q., & Gao, Q. (2020). Comparative physiological and biochemical mechanisms of salt
tolerance in five contrasting highland quinoa cultivars. BMC plant biology, 20(1), 1-15.

Chutipaijit, S., Cha-um, S., & Sompornpailin, K. (2011). High contents of proline and
anthocyanin increase protective response to salinity in Oryza sativa L. spp. indica. Australian
Journal of Crop Science, 5(10), 1191-1198.

Emami, A. (1996). Plant decomposition methods. Vol. 1. Technical leaflet No. 982. Soil and
Water. Research Institute, Tehran, Iran. [In Persian]

FAO. (2013). Nutritional value- International Year of Quinoa 2013. http://www.fao.org/quinoa-
2013/what-isquinoa/nutritional-value/en.

Fuentes, F., & Paredes-Gonzalez, X.I.M.E.N.A. (2013). Nutraceutical perspectives of quinoa:
biological properties and functional applications. FAO and CIRAD: state of the art report of
quinoa in the world, pp. 286-299.

Gonzalez, J.A., Hinojosa, L., Mercado, M.I., Fernandez-Turiel, J.L., Bazile, D., Ponessa, G..,
Eisa, S., Gonzélez, D.A., Rejas, M., Hussin, S., & Ebrahim, M.E. (2021). A long journey of
CICA-17 quinoa variety to salinity conditions in Egypt: Mineral concentration in the seeds.
Plants, 10(2), 407-419.

Hao, S., Wang, Y., Yan, Y., Liu, Y., Wang, J., & Chen, S. (2021). A review on plant responses to
salt stress and their mechanisms of salt resistance. Horticulturae, 7(6), 132-161.


http://www.fao.org/quinoa-2013/what-isquinoa/nutritional-value/en
http://www.fao.org/quinoa-2013/what-isquinoa/nutritional-value/en

YY®

wlio S Gst i 00 5 Sl sS

Hariadi, Y., Marandon, K., Tian, Y., Jacobsen, S.E., & Shabala, S. (2011). lonic and osmotic
relations in quinoa (Chenopodium quinoa Willd.) plants grown at various salinity levels.
Journal of experimental botany, 62(1), 185-193.

Hatami A. A., Aminian, R., Mafakheri, S., & Soleimani Aghdam, M. (2022). Effect of gamma
amino butyric acid on morpho-physiological traits and seed yield of quinoa under salinity
stress. Plant Productions, 44(4), 559-572. doi 10.22055/ppd.2021.35988.1960

Jagta, M., Szulc, P., Ambrozy-Deregowska, K., Mejza, |, & Kobus-Cisowska, J. (2019).
Yielding of two types of maize cultivars in relation to selected agrotechnical factors. Plant,
Soil and Environment, 65(8), 416-423.

Jamali, S., & Sharifan, H. (2018). Investigation the effect of different salinity levels on yield and
yield components of quinoa (cv. Titicaca). Journal of Soil and Water Conservation 25(2):
251-266. [In Persian]

Jaramillo Roman, V., van de Zedde, R., Peller, J., Visser, R.G., van der Linden, C.G., & van Loo,
E.N. (2021). High-resolution analysis of growth and transpiration of quinoa under saline
conditions. Frontiers in plant science 1-18.

Khan, M. M., Al-Mas’oudi, R.S., Al-Said, F., & Khan, I. (2013). Salinity effects on growth,
electrolyte leakage, chlorophyll content and lipid peroxidation in cucumber (Cucumis sativus
L.). In International Conference on Food and Agricultural Sciences Malaysia: IACSIT Press,
55, 28-32.

Kiani-Pouya, A., Rasouli, F., Bazihizina, N., Zhang, H., Hedrich, R., & Shabala, S. (2019). A
large-scale screening of quinoa accessions reveals an important role of epidermal bladder cells
and stomatal patterning in salinity tolerance. Environmental and Experimental Botany, 168, 1-
10.

Kromdijk, J., & Long, S.P. (2016). One crop breeding cycle from starvation? How engineering
crop photosynthesis for rising CO, and temperature could be one important route to
alleviation. Proceedings of the Royal Society B: Biological Sciences, 283(1826), 1-8.

Lawlor, D.W., & Cornic, G. (2002). Photosynthetic carbon assimilation and associated
metabolism in relation to water deficits in higher plants. Plant, cell & environment, 25(2),
275-294.

Orsini, F., Accorsi, M., Gianquinto, G., Dinelli, G., Antognoni, F., Carrasco, K.B.R., Martinez
E.A., Alnayef, M., Maratti, I., Bosi, S., & Biondi, S. (2011). Beyond the ionic and osmotic
response to salinity in Chenopodium quinoa: functional elements of successful halophytism.
Functional Plant Biology, 38(10), 818-831.

Panuccio, M.R., Jacobsen, S.E., Akhtar, S.S., & Muscolo, A. (2014). Effect of saline water on
seed germination and early seedling growth of the halophyte quinoa. AoB Plants, 6, 1-18.

Parihar, P., Singh, S., Singh, R., Singh, V.P., & Prasad, S.M. (2015). Effect of salinity stress on
plants and its tolerance strategies: a review. Environmental science and pollution research,
22(6), 4056-4075.

Roman, V.J., den Toom, L.A., Gamiz, C.C., van der Pijl, N., Visser, R.G., van Loo, E.N., & van
der Linden, C.G. (2020). Differential responses to salt stress in ion dynamics, growth and seed
yield of European quinoa varieties. Environmental and Experimental Botany, 177, 104-146.

Roy, S.J., Negrdo, S., Tester, M., 2014. Salt resistant crop plants. Current opinion in
Biotechnology 26: 115-124.

Saad-Allah, K.M., & Youssef, M.S. (2018). Phytochemical and genetic characterization of five
qguinoa (Chenopodium quinoa Willd.) genotypes introduced to Egypt. Physiology and
Molecular Biology of Plants, 24, 617-629.



Yyv

VE ¥ Olals oF o)le FY il ¢ alE Sl 5

Sanghera, G.S., Wani, S.H., Hussain, W., & Singh, N.B. (2011). Engineering cold stress
tolerance in crop plants. Current genomics, 12(1), 30-43.

Shabala, S., & Cuin T.A., (2008). Potassium transport and plant salt tolerance. Physiologia
Plantarum, 133, 651-669.

Shabala, L., Mackay, A., Tian, Y., Jacobsen, S. E., Zhou, D., & Shabala, S. (2012). Oxidative
stress protection and stomatal patterning as components of salinity tolerance mechanism in
quinoa (Chenopodium quinoa). Physiologia Plantarum, 146(1), 26-38.

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]

Shelden, M.C., Roessner, U., Sharp, R.E., Tester, M., & Bacic, A. (2013). Genetic variation in
the root growth response of barley genotypes to salinity stress. Functional Plant Biology,
40(5), 516-530.

Sogoni, A., Jimoh, M. O., Kambizi, L., & Laubscher, C.P., (2021). The impact of salt stress on
plant growth, mineral composition, and antioxidant activity in Tetragonia decumbens mill.:
An underutilized edible halophyte in South Africa. Horticulturae, 7(6), 1-13.

Tapia, M. (2015). The Long Journey of Quinoa: Who wrote its history? In State of the Art Report
on Quinoa around the World 2013; Bazile, D., Bertero, H.D., Nieto, C., Eds.; FAQO: Santiago,
Chile; CIRAD: Montpellier, France, 1, 1-7.

Toderich, K.N., Mamadrahimov, A.A., Khaitov, B.B., Karimov, A.A., Soliev, A.A., Nanduri, K.
R., & Shuyskaya, E.V. (2020). Differential Impact of Salinity Stress on Seeds Minerals,
Storage Proteins, Fatty Acids, and Squalene Composition of New Quinoa Genotype, Grown in
Hyper-Arid Desert Environments. Frontiers in Plant Science, 11, 1-15

Wani, S.H., & Sah, S.K. (2014). Biotechnology and abiotic stress tolerance in rice. Journal of
Rice Research, 2(2), 100-105.



