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ABSTRACT

Quinoa (Chenepodium quinoa Willd) is a grain-like crop with high nutritional values and resistant to abiotic stresses
such as salinity, drought, cold and heat. In order to study germination characteristics of quinoa seeds under drought
stress conditions at different temperatures, an experiment was conducted. Seeds were incubated on four water
potential levels (0, -4, -8 and -12 bar) of PEG and germinated at constant temperatures ranging from 5 to 35°C (5,
10, 15, 20, 25, 30, and 35 °C) in Petridishes. Results showed that germination didn’t occur with decreasing water
potential to -12 Bar at low temperatures, but germination percentage achieved to %85 in -12 Bar with gradual
increase in temperature from 5 to 30°C. Seed germination rate decreased with decreasing water potential at all levels
of temperature. Cardinal temperatures at all levels of water potential were calculated by using two nonlinear
regression models (beta and dent-like), and then their accurate predictions and performances were compared by root
mean square error (RMSE) and coefficient of determination (R?). With decreasing water potential, the permissive
temperature range for germination was limited. To sum up, base temperature at (0, -4, -8 & -12) Bar increased to (1,
1, 2.5 & 15°C) and regarding for ceiling temperature decreased to (54, 41, 41 and 36°C), respectively.
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Table 2. Mean interaction effects of temperature and
drought stress levels on germination characterestics of

quinoa seed.
Temperature  Drought  Germination GerT;?:t'on
(€) (bar) (%) (R50)
0 100a 0.023i-k
-4 100a 0.01k-m
> -8 96ab 0.01m
-12 of on
0 100a 0.024h-k
10 -4 97.3ab 0.016k-m
-8 97.3ab 0.011Im
-12 of on
0 98.6ab 0.057e
15 -4 100a 0.027g-j
-8 100a 0.022i-k
-12 of on
0 98.6ab 0.073bc
20 -4 100a 0.033fg
-8 97.3ab 0.023i-k
-12 76e 0.019j-I
0 100a 0.082a
-4 100a 0.065d
2 -8 96ab 0.028f-i
-12 89.3cd 0.020i-k
0 100a 0.081ab
-4 100a 0.069cd
30 -8 92bc 0.036f
-12 85.3d 0.019j-I
0 97.3ab 0.083a
-4 100a 0.068cd
% -8 78.6e 0.032fgh
-12 4f 0.009m
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Table 1. Analysis variance of characteristic germination
affected by temperature and drought stress in quinoa

seeds
(MS)
S.0.v DF Germination Rate
i i 0,

Germination (%) (R50)
Temperature (T) 6 1618.41** 0.003**
Drought (D) 3 59431.61** 0.01**
T*D 18 26611.04** 0.00**

Error 56 12.57 0.00
(CV%) 43 13.92

Ao o LSy o /o) maw o yos Sl g s Cudle
3. Significant at 1% level.
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Figure 1. Germination rate of quinoa seeds as affected by increasing temperature described by dent-like model in variase

drought levels
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Figure 2. Germination rate of quinoa seeds as affected by increasing temperature described by beta model in variase drought

levels
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Table 3. Estimated parameters of fitting the Beta and Dent-like models to the germination rate of quinoa seed against
increasing temperature

Drought Dent-Like model

Beta model
levels Ty Tor T2 T, R? RMSE To T, T, R? RMSE
0 1 22.82  35.09 54 0.94 0.15 1 30 51 0.93 0.16
-4 15 30 33 46 0.88 0.20 1 31.97 41 0.94 0.26
-8 2 30 33 41 0.91 0.09 1 31 39 0.88 0.21
-12 15 19 30 36 0.98 0.03 12 27.42 35.58 0.90 0.08
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