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ABSTRACT

The crop production was threatened by
various kinds of stress, including water stress.
Enhancing the stress tolerance is one of main
breeding objectives. Foxtail millet (Setaria italica L.),
a C4 crop species, has relatively high water use
efficiency. But little is known about the impacts of
genetic variation on millet stress tolerance. In this
study, the hydroponic culture system containing
25 % polyethylene glycol (PEG 6000) was used to
mimic the osmotic stress conditions. We used 158
millet landraces derived from Taiwan and the seed
stock center in India as materials to study the
variation of stress tolerance under osmotic stress
conditions. The results showed that after 7-day
treatment the plant height and fresh weight were
significantly lower than those under normal
conditions. Thirty landraces with high, medium or
low stress tolerance were selected to test their
ability of stress recovery. The correlation analysis
suggested that the fresh weight and root length is
negatively correlated with stress tolerance.
Furthermore, we analyzed the activity of
antioxidative enzymes in the landraces with high
or low stress tolerance and found that the enzyme
activity in landrace 110 was maintained at similar
level or even decrease during the treatment. Its leaf
surface temperature was also comparable to plants
grown under normal conditions. It suggests that



210 Crop, Environment & Bioinformatics, Vol. 16, December 2019

this line has higher stress tolerance. Our study
revealed the effects of genetic variation on the
osmotic stress tolerance of millets. We also
identified the landraces with high tolerance. It
provides useful information for breeding and
further studies about the association of genetic
background with millet stress tolerance.
Keywords: Foxtail millet, Osmotic stress, Genetic
variation, Stress tolerance,
Antioxidative enzyme.
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Fig. 1. The distribution of plant height among 158 millet landraces under (A) normal and (B) osmotic stress
conditions. (C) The ratio of plant height under osmotic and normal condition was calculated as the
indicator of stress tolerance. Three seedlings were harvested for phenotype investigation. The Shapiro-
Wilk test for normality was performed and the p-value was shown.
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Fig. 2. The distribution of shoot fresh weight among 158 millet landraces under (A) normal and (B) osmotic
stress conditions. (C) The ratio of shoot fresh weight under osmotic and normal condition was calculated
as the indicator of stress tolerance. Three seedlings were harvested for phenotype investigation. The
Shapiro-Wilk test for normality was performed and the p-value was shown.
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Fig. 3.
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(A) The shoot and (B) root fresh weight of 30 millet landraces under normal (CK) and osmotic
conditions. The ratio of fresh weight under normal conditions to osmotic conditions was calculated.
(C) The wilting score of plants was evaluated at 168 hours (hr) after osmotic treatment and at 96 hr
after rewatering and the ratio was calculated. Six plants were harvested and data was presented as
mean £ SD.
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Fig. 4. The correlation matrix of phenotype derived from 30 millet landraces under normal (CK) and osmotic

stress conditions.

Six seedlings were harvested for phenotype investigation. The value in the circle is the correlation

coefficient (p-value < 0.01). Osmotic_withering and Osmotic_height168 stand for the wilting score

and plant height investigated after 7-day PEG 6000 treatment, respectively. Osmotic_height_RW is

the plant height investigated after 4-day recovery. SFW, RFW and root length are the shoot and root

fresh weight and root length investigated after 4-day recovery, respectively. Osmotic/CK is the ratio

of seedling fresh weight under normal condition to those after 4-day recovery from osmotic stress.



216 Crop, Environment & Bioinformatics, Vol. 16, December 2019

B . -
(A) leaf surface temperature (B) 4 ascorbate peroxidase activity
32 0.0
LICK ®osmotic f“* 011 DAT B4 DAT
3 *k ok b xxx 0.06 a
— *:u: 1 *
oo AU 1 £ 0.05 x X b ab
g | 245" * b 4
% 29 abe bc. ahc abc B '
5 3 b
B 28 - B
g E
£ E:
o c
- 26 - =2 0
25 4
24 8 |
43y 110 144 208 43y 110 144 152 208 91 93 193 206 219
line number line number
(©) liasisis (D) ! =
catalase activity glutathione reductase activity
4.5 4
[11DAT m4DAT K3 11DAT m4DAT
4 LT rx i 35 ok £
35 a ***
=
T 3 ab ab
o ab
a25 |
E 2 l ab
2
e 15
=
1
05
0 1§
93 193 206 219 43y 110 144 152 208 91 93 193 206 219
line number line number
(E) MDA content
50 =
(11DAT m4DAT *
. (I
? 0 e *%% ab
bo
o 35 4 "f
=]
g 30 T
e
= 25
£
8 20 4
s
S5
10
5
0
208
Imenumbet
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