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Evaluation of drought tolerance of various quinoa species under PEG stress

YUE Kai', WEI Xiao-hong', LIU Wen-yu®, HAN Ting', XIN Xia-qing', ZHAO Ying'
(1.College of Life Science and Technology ,Gansu Agricultural University ,Lanzhou, Gansu 730070, China;
2.Gansu Academy of Agricultural Sciences ,Lanzhou, Gansu 730070, China)

Abstract: In this study, we used various concentrations of PEG solution to simulate drought stress to
investigate the morphological, physiological, biochemical, and photosynthetic characteristics of 5 quinoa species,
and evaluated their drought tolerance. The results showed that: (1) 15% PEG treatment significantly impacted the
height increase rate, leaf area, and biomass of all species over the control ( P<0.05).The species with the lowest in-
crease rate of plant height, leaf area, and biomass were NK1, NK2, and NK5, which decreased by 44.38%,
25.39%, and 48.23% compared with the control, respectively.(2) With increasing drought stress, the relative wa-
ter content in leaves of each quinoa specie decreased significantly ( P<0.05) , the leaf membrane permeability, ma-
londialdehyde (MDA, and proline ( Pro) contents were increased, Pro in NK2 and NK3 were 2.69 and 1.93
times of that in the control under 15%PEG treatment, respectively. The activities of superoxide dismutase (SOD) ,
peroxidase (POD) , catalase ( CAT) and ascorbic acid peroxidase ( APX) were all initially rose and then declined.
SOD, CAT,and APX activities reached the maximum at 5% PEG concentration, while POD activity reached the
maximum at 10% concentration treatment.(3) With increasing drought stress, net photosynthetic rate (P, ), tran-
spiration rate (T.), and stomatal conductance ( G,) decreased. The concentration of intercellular CO,( C;) de-
creased first and then increased but chlorophyll ( Chl) initially increased and then decreased later. Among all spe-
cies,the decrease of NK5 P, was the lowest, which was 51.15% lower than that of the control. In conclusion, the

drought tolerance of quinoa was evaluated by the membership function method and the drought tolerance of different
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quinoa varieties ranked as NK5>NK1>NK2>NK4>NK3.

Keywords: quinoa; PEG stress; growth status; physiological and biochemical indexes of stress resistance;

photosynthetic indexes
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Fig.1 Effect of PEG stress on the growth morphology of five quinoa species
F1 AERETEHEMSAMEZREMRFEYENZN
Table 1  Effect of different drought stress intensities on the biomass accumulation in leaves of five species
0 T R AR i g R E T g WU L%
Varietly Treatment Total biomass per plant Root biomass per plant  Above ground biomass per plant ~ Above ground to shoot
CK 0.6003+0.0569a 0.0730+0.0106a 0.5273+0.0504a 13.85+0.0168h
NK1 5% 0.4414+0.0222b 0.0721+0.0063ab 0.3693+0.0160b 19.50+0.0095ab
10% 0.3448+0.0210¢ 0.0609+0.0050ab 0.2838+0.0203¢ 21.54+0.0223a
15% 0.2749+0.0235d 0.0509+0.0083b 0.2440+0.0289d 23.27+0.0661a
CK 0.7163+0.0612a 0.0816+0.0158a 0.6346+0.0467a 12.80+0.0179b
NK2 5% 0.5348+0.0341b 0.0773+0.0120a 0.4575+0.0431b 17.13+£0.0412b
10% 0.4164+0.0212¢ 0.0732+0.0043a 0.3432+0.0169¢ 21.32+0.0031a
15% 0.2697+0.0315d 0.0500+0.0044a 0.2197+0.0305d 23.02+0.0350a
CK 0.6312+0.0321a 0.0660+0.0158a 0.5652+0.0187a 11.64+0.0250b
NK3 5% 0.5198+0.0337b 0.0614+0.0084ab 0.4584+0.0314b 13.42+0.0187ab
10% 0.4667+0.0097¢ 0.0598+0.0098ab 0.4096+0.0171¢ 14.77+0.0297ab
15% 0.2002+0.0059d 0.0304+0.0048b 0.1698+0.0033d 17.90+0.0280a
CK 0.8523+0.0464a 0.0772+0.0105a 0.7791+0.0304a 9.92+0.0143b
NK4 5% 0.6281+0.0044b 0.0694+0.0177a 0.5587+0.0133b 12.48+0.0352ab
10% 0.4347+0.0200¢ 0.0542+0.0066a 0.3805+0.0135¢ 14.20+0.0125ab
15% 0.3085+0.0286d 0.0449+0.0110a 0.2636+0.0177d 16.90+0.0303a
CK 0.6939+0.0256a 0.0804+0.0040a 0.6135+0.0224a 13.11+£0.0042¢
NKS 5% 0.5522+0.0303ab 0.0797+0.0016a 0.4725+0.0315ab 16.94+0.0146bc
10% 0.4677+0.0304b 0.0785+0.0037a 0.3893+0.0267b 20.18+0.0048h
15% 0.3592+0.0331¢ 0.0688+0.065a 0.2905+0.0269¢ 23.68+0.0069a

AR NE FRRR 25 B (P<0.05) , FIA,

Note: Different lowercase letters indicate significant differences (P<0.05) ,

the same as below.
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Fig.2 Effect of PEG on the content of relative water, relative permeability of plasma, content of

malondialdehyde and proline in leaves of five quinoa species
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Fig.5 Effect of PEG on the photosynthetic response of five quinoa species
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Table 2 The subject function values of 5 quinoa species under 15%PEG concentration

D Fe b SR JE BREUHE Subordinate function value

Determination index NK1 NK2 NK3 NK4 NK5
BEYE Total biomass/g 0.720 0.304 0.000 0.229 1.000
HA Pyt Root biomass/g 0.728 0.465 0.000 0.469 1.000
Hi L AEW) i Above ground biomass/g 0.718 0.264 0.000 0.219 1.000
HRIE L Ratio of root to shoot/% 0.531 0.974 0.000 0.616 1.000
R Plant height increment/g 1.000 0.000 0.551 0.535 0.439
Y Leaf area/cm? 0.949 1.000 0.000 0.194 0.801
FAXTEr 7K 2 Relative water content/% 0.857 0.738 0.000 0.393 1.000
f5i% % Membrane permeability/ % 0.435 0.000 0.804 0.455 1.000
N B i Malonic dialdehyde content/ (wmol - g') 0.612 0.964 0.000 0.017 1.000
AL EREGME Superoxide dismutase activity/ (w + ™'+ min™") 0.896 1.000 0.000 0.407 0.407
S Peroxidase activity/ (- g7' - min™") 1.000 0.953 0.000 0.633 0.756
i3 E AL A Catalase activity/(p + g™ » min™!) 0.664 0.565 0.000 1.000 0.707
PR IR L S AL P Aseorbateperoxidase activity/ ( + g™ + min™") 0.427 0.000 0.312 0.530 1.000
iR & & Proline content/ (g« g™') 0.909 1.000 0.000 0.228 0.911
42554t Chlorophyll content/(pg - g7) 0.727 0.744 0.000 0.290 1.000
HrEA R Net photosynthetic rate/ (pumol * m™2 - s71) 0.060 0.856 0.531 0.000 1.000
&M Transpiration rate/ (mmol + m™ + s71) 0.124 0.551 0.000 0.048 1.000
SALSFFE Stomatal conductance/(mmol + m™ - s7) 0.378 0.000 0.125 0.793 1.000
JiiotE | COZ?KE Intercellular CO, concentration/ ( wmol - mol ™! ) 0.917 1.000 0.404 0.000 0791
SF-HI{E Mean value 0.666 0.599 0.144 0.371 0.885
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