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Extended abstract

Introduction

Environmental disorders that significantly disturb the growth and yield of plants are considered as stress
conditions and cause disturbances in biological. Drought stress is one of these environmental conditions
which has been increased as a result of climate change and has been a negative effect on the yield of
crops in the world. Every year about 12 million hectares of productive land has become dry and barren
due to human activities and climate. More than 6000 varieties of quinoa are cultivated by farmers in the
worlds. Quinoa is a plant responds to drought stress through escape, tolerance and avoidance of drought
and has an extraordinary capacity for cultivation in dry and low-water soils because of its capabilities
such as low inherent need for water, the maintenance of leaf surface and the ability to resume the speed
of photosynthesis after drought stress. Titicaca, Redcarina and Giza-1 are three quinoa cultivars. Titicaca
and Redcarina, were registered on December 14, 2009 and January 31, 2005, respectively, and are native
to Denmark and Netherlands, respectively, and Giza1 is native to Egypt. Increasing yield in water deficit
conditions requires the identification of genotypes resistant to drought stress. Different quantitative
indicators have been provided to evaluate the reaction of genotypes in environmental conditions and
also to determine their tolerance and sensitivity.

Materials and methods

In order to evaluate the indicators of drought stress tolerance of quinoa cultivars, a factorial experiment
with four stress levels (100, 75, 50 and 25% of water requirement) and three varieties of quinoa (Titicaca,
Giza-1 and Redcarina) were conducted with three replications in two locations (Birjand and Sarbisheh
region) and two planting dates, spring (March) and summer (July) in 2018 and 2019. Evaluation of
cultivars in terms of drought tolerance was done using stress sensitivity indices, such as tolerance (TOL),
mean productivity (MP), stress tolerance index (STI), geometric mean productivity (GMP) and
harmonic mean (HM). Decomposition into main components on yield under stress and non-stress
conditions and drought stress tolerance indices were displayed in the form of a biplot diagram using
STATISTICA software.
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Results and discussion

The results showed that in both regions the highest amount of STI, MP, GMP and HM indices, were
recorded for Redcarina variety in all three levels of drought stress at spring cultivation, but they were
belonged to Giza-1 at summer cultivation. Due to the dispersion of the results, SSI and TOL indices had
less diagnostic power to evaluate the drought tolerance of quinoa cultivars. Principal components
analysis showed that Redcarina cultivar was collinear with yield vector in stress condition and MP, GMP,
STI and HM indicators and was located in yield potential and tension tolerant area in bi-plot diagram
in two regions (Birjand and Sarbisheh) at spring cultivation. In summer cultivation, Giza-1 variety was
located at sensitive to stress area and yield potential in bi-plot diagram and was collinear with grain yield
vectors in non-stress conditions and MP, GMP, STI and HM indices in two regions. This showed the
more yield of this variety in non-stress condition. In most of the planting dates and places were studied,
Titicaca cultivar had collinearity with SSI vector or located at the closest position to this vector, which
indicated that this cultivar was sensitive to stress.

Conclusion
In general, in July, Giza-1 variety and in March Redcarina variety were the most tolerance varieties and

Titicaca was most sensitive cultivar to drought stress.
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Table 1. Drought stress tolerance indices values in quinoa cultivars in Sarbisheh

EER I
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stress levels Cultivars
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Titicaca 295.1 1227.2 1.000 932.1 761.1 0.241 6015 475.5

TOL ¢ 3 a5 Sl a5l :SSI e 25 g0 Ll o lacuieiy adS o Slae lawgie (YP ¢ 25 Lyl d )0 Cudgis o 0,Sles bawgie :YS

g_is.i}a)l:o u...ial.,.a :HM €590 2 (ewip u,..iaL..n .GMP fOS JA.?(.) STI £5)90 42 ‘53LM> u...f;L._a :MP ‘J.o:u
YS: Yield under stressed conditions; YP: Yield under non- stressed conditions; SSI: Stress Susceptibility Index; TOL:
Tolerance MP: Mean of Productivity; STI: Stress Tolerance Index; GMP: Geometric Mean of Productivity; HM: Harmonic

Mean
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Table 2. Drought stress tolerance indices values in quinoa cultivars in Birjand

W T 'Bl.s" Ys Yp SSi TOL MP STI GMP HM
stress levels Cultivars

Gizal 27945 3269.9 0.983 475.4 3032.2 1.413 3022.1 3012.0
75% Redcarina 2621.9 2646.7 -0.054 24.8 2634.3 1.087 2630.6 2626.9
3, Titicaca 2174.0 2545.7 0.996 371.6 2359.8 0.856 2351.4 2342.9
-2 Gizal 2178.1 3269.9 1.012 1091.8 2724.0 1.110 2652.6 2585.0
50% Redcarina 1813.8 2646.7 0.936 832.9 2230.3 0.744 2184.2 2139.4
%‘ Titicaca 1259.3 25457 0.991 1286.4 1902.5 0.494 1785.1 1676.4
] Gizal 1286.0 3269.9 1.002 1983.9 2278.0 0.653 2050.1 1845.2
25% Redcarina 1405.9 2646.7 0.973 1240.8 2026.3 0.580 1924.0 1827.6
Titicaca 1099.3 2545.7 0.991 1446.4 1822.5 0.431 1669.6 1530.5

Gizal 144.19 279.5 1.817 63.6 247.7 2.301 245.3 242.9

- 75% Redcarina 305.16 356.2 0.730 51.0 330.7 3.939 322.4 3145
a Titicaca 2159 163.2 1.024 19.0 153.7 0.891 153.3 152.9
: Gizal 181.59 279.5 0.937 97.9 230.5 1.914 224.5 218.7
= 50% Redcarina 221.37 356.2 0.942 134.8 288.8 2.935 279.1 269.9
e Titicaca 114.53 163.2 0.991 48.7 138.9 0.703 136.6 134.4
g Gizal 125.50 279.5 0.962 154.0 205.5 1.309 186.1 171.3
25% Redcarina 182.41 356.2 0.937 173.7 269.3 2.438 254.0 239.8

Titicaca 88.28 163.2 0.988 74.9 125.7 0.538 134.4 113.9

TOL ¢ 25 4 Cplas a3l :SSE e 25 s Lyl o lacSey adS o Slae lawgie :YP ¢ 5 Loyl o Cigiy ;o 0,Sles lawgie :YS

Ssge,le 5Kk (HM €550 50 (ot (1 Sko GMP ¢ 25 & Joms ST ¢5,90 40 e 525k :MP ¢ oz
YS: Yield under stressed conditions; YP: Yield under non- stressed conditions; SSI: Stress Susceptibility Index; TOL:
Tolerance MP: Mean of Productivity; STI: Stress Tolerance Index; GMP: Geometric Mean of Productivity; HM: Harmonic

Mean
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Table 3. Correlation coefficient between drought stress tolerance indices and grain yield of quinoa cultivars under stress

(Ys) and non-stress (Yrp) conditions

L sl Ys SSI TOL MP STI GMP HARM

_ 750 Yr 0.548™ 0.335™ 0.529™ 0.888™ 0.850 0.883™ 0.876"

3 Ys 1 -0.602™ -0.420™ 0.871™ 0.900™ 0.876™ 0.881"

z 50% Yp 0.813™ 0.389"™ 0.894™ 0.979 : 0.971 : 0.966 : 0.984 :

) S Ys 1 -0.196™ 0.465™ 0.915 0.918 0.936 0.955

g‘ § 5% Yp 0.801™ 0.383™ 0.927™ 0982 0964 0.955™ 00916
Ys 1 -0.167 "™ 0.519"™ 0901 0937 0.942™ 0973™

% 750 Yr 0.791" 0.645™ 0.725° 0.964™ 0.955™ 0.961™ 0.959™
EE 3 Ys 1 0.050™ 0.151™ 0.925™ 0.934™ 0.928™ 0.932™
2 50% Yr 0.604™ 0.372™ 0.360™  0.885 :* 0.816™ 0.824™ 0.765"

z Ys 1 -0.432™ -0.527™ 0.905™ 0.949™ 0949 0.974™

i 5% Yep 0.382™ 0.586"™ 0.926™ 0956 0.859™ 0.827™ 0.735"

Ys 1 -0.118"™ 0.004"™ 0.636™ 0.799™ 0.785"  0.906

2506 Yep 0.809™ 0.281™ 0.625"™ 0.963** 0.940™ 0.949™ 0.933™

3 Ys 1 -0.336"™ 0.047"™ 0.938** 0.959™ 0.953™ 0.966

z 50% Yr 0.030™ 0.547™ 0.647"™ 0.672° 0.392"™ 0.405" 0.223"™

3 % Ys 1 -0.373™ -0.743* 0.760° 0.931" 0925 0.980 "
3 > 5% Yep -0.543™ 0.898™ 0.951" 0.872™ 0.050™ 0.020"™ -0.362™
Ys 1 -0.785" -0.776 " -0.060™ 0.812™ 0.822™ 0.977™

g 5% Yp 0.734" 0.653™ 0.777° 0.959™ 0.953™ 0.954™ 0.948™
S %, Ys 1 -0.030™ 0,143™ 0,896 0.898™ 0.903™ 0.910™
& 2 50% Yp 0.593™ 0.592" 0.833™ 0.948™ 0.889™ 0900 0.839™
= Ys 1 -0.139™ 0.050™ 0.818™ 0.888™ 0.883™ 0.933 ™

- 5% Yep 0.812™ -0.080"™ 0.928™ 0.982" 09317 0.940™ 0.883™

Ys 1 -0.495™ 0.536"™ 0.907" 0963 0.962™ 0.991™

Ao o slas ly /oY g o /o0 ool x5 (gl cre g (5,0 Se pas oS 5 4 T

#® NS
B

ns, * and **: Not significant and significant at the 0.05 and 0.01 levels of probability, respectively
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Fig. 1. Biplot diagram of drought stress tolerance_indices based on two main factors in the non-stress (100% water

requirement) and stress conditions (75% water requirement)
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Fig. 2. Biplot diagram of drought stress tolerance_indices based on two main factors in the non-stress (100% water

requirement) and stress conditions (50% water requirement)
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Fig. 3. Biplot diagram of drought stress tolerance_indices based on two main factors in the non-stress (100% water
requirement) and stress conditions (25% water requirement)
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