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Fig. 1 Esterification of glycinebetaine (GB).
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Fig. 2 Determination of GB by low-pH capillary electrophoresis.
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Table 1

GB content and Z-values of 14 salt-tolerance-known barley varieties

Salt tolerance No. OU No. Origin D W D/W Z
1 uo70 Russia 123 61 2.0 7.59
Highly tolerant 2 K017 Korea 119 51 2.3 11.91
3 K305 Korea 113 43 2.6 6.07
4 E812 Ethiopia 104 63 1.6 7.84
5 U342 Austria 116 66 1.8 15.42
6 B024 Algeria 125 59 2.1 18.02
7 U643 Austria 120 67 1.8 17.94
Av. 117 59 2.0 12.12
8 1186 India 94 32 2.9 -7.93
Weakly tolerant 9 C613 China 83 49 1.7 -8.31
10 1743 Afghanistan 83 39 2.1 -11.63
11 A632 Unknown 80 40 2.0 -12.94
12 C667 China 70 51 1.4 -14.77
13 1100 India 62 30 2.1 -26.35
14 A627 Unknown 80 40 2.0 -12.94
Av. 79 40 2.2 -13.54

D, W: GB content (pumol/g dw)induced under drought and normal conditions.

Z: linear discriminant function. OU No.:

Registration number of barley variety at Germplasm Center, Research Institute for Bioresources, Okayama University.
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Fig. 3 Linear discriminant function Z for salt tolerance of 14
salt-tolerance-known barley varieties
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Fig. 4 Discrimination pattern of salt-tolerance-unknown 299 barley varieties.

D, W : GB content (umol/g dw) under drought and normal conditions, respectively.
Z : Linear discriminant function, X (unknown): unassigned samples.
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Fig. 5 Discrimination pattern of salt tolerance of 299 barley
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Fig. 6 Selection of 7 varieties with different Z-values.
The figure is the same as Fig. 5. Three types are: I ( Z >40), II (10 <Z <20 ) and III (-26 <Z <-15).
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Fig. 7 Relation between GB induction and Z-value of barley varieties cultured under salt condition
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Table 2 Relation between GB, Z-values of Ethiopian barley and the annual precipitation

OU No. D W D/W Z variety annual precipitation (mm)
E269 216 96 2.1 80.19 Mota 1 400
E285 198 84 24 66.34 Debra Birhan 1 400
E525 193 73 2.6 59.94 Debre Zeit 29 400
E284 169 71 24 46.13 Molale 1 800
E560 158 84 1.9 44.41 Asbe Tafari 1 400
E550 153 77 2.0 39.35 Dddis Ababa 56 800
F336 133 83 1.6 30.38 Mai Chew 1 400
E216 139 69 2.0 29.02 Debre Zeit 1 599
F629 139 69 2.0 29.02 Shashamane 1 400
E278 141 63 22 28.12 Dabat 1 400
E245 137 69 2.0 27.92 Addis Ababa 40 800
E254 126 78 1.6 24.88 Sululta 1 800
F619 125 62 2.0 19.02 Jimma 2 800
F635 129 53 24 18.22 Meki 2 400
E589 108 69 1.6 12.03 Dembi 1 400
F038 118 43 2.7 8.87 digrat 3 500
F324 106 62 1.7 8.61 Asella 1 500
E821 101 66 15 7.19 Debre Zeit 18 800
F639 107 48 22 451 Adigrat 8 500
E574 96 63 15 3.46 Gondar 1 900
F606 100 55 18 299 . Debra Markos 1200
F318 101 50 2.0 1.88 Sheki 2 1200
E559 95 43 2.2 -3.72 Nazareth 1 2000
E832 85 58 15 -4.22 Addis Ababa 3 800
E883 81 63 1.3 -4.76 Dessie 1 1200
E863 81 46 1.8 -10.40 Kulubi 3 1400
E864 78 47 17 -11.71 Dessie 1 1200
E862 77 45 1.7 -12.93 Jijiga 2 1599
F313 76 43 1.8 -14.14 Fiche 1 1100
E879 59 31 1.9 -27.44 Adi Abun 1 1200
80
60 | ‘
y =-32.62Ln(x) + 227.6
7 40 | ® 3 R = 0.759
3
0 °

-20

-40 |+

-60

0 500 1000 1500 2000 2500 3000
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Fig. 8 Correlation between Z-value and annual precipitation in barley varieties.
Varieties of Ethiopia, China and Japan are included.
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Summary

More than 10,000 varieties of barley are cultivated in the worldwide agricultural fields under different types
and degree of environmental stresses, such as drought, salinity, high temperature, etc. How do they respond and
adapt to the stresses they suffered during their growth? To estimate the stress-response relationship in each
variety of barley, the content of the major compatible solute, glycinebataine (GB), in young shoot of barley was
determined by the low-pH capillary electrophoresis. More than 300 varieties collected all over the world were
grown under the presence and absence of drought stress and the GB content of young shoots were analyzed.
Fourteen cultivars whose salt-stress tolerance has been physiologically established (7 strong and 7 sensitive) were
first grown in the same way. Based on the GB content, a linear discriminant function Z was obtained, where Z >
0 is salt-tolerant and Z < 0 salt-sensitive. Using this function, 299 salt-tolerance-unknown samples were well
discriminated with 157 being tolerant and 142 being less tolerant or sensitive. The average GB content of 299
samples was 58 umol/g d.w. under the control (irrigation) condition whereas under the drought condition it
increased 97 umol/g d.w. The content was widely distributed from 40 pmol/g d.w. in the lowest to 220 umol/g
d.w. in the highest under drought condition, which correspond to the Z value being -40 <Z < 80. The highest GB
content is almost equivalent to that of halophytes.

The GB content of 37 samples of Ethiopian origin out of 299 samples was reversely correlated to the annual
precipitation of the producing area. The reason could be attributed that these samples are of native origin and
cultured without irrigation except natural precipitation. This means repeated culture in the same environment, the
plant acquires the memory in its gene of the shortage of water they need in the culture land.

As it is known that the amount of GB induced is dependent proportionally on the strength of environmental
stresses, the Z value could be the expression of the total burdens that plants suffers from environment in spite of
the types of stresses. The value is therefore convenient to evaluate the stress-tolerance of each variety. The
present method to determine GB in young shoot of barley could be a good candidate as the first screening method
prior to the actual field selection of tolerant species in which time and labor for selection could be drastically
minimized.

The method is applicable not only to the selection of tolerant species of other GB-producers, such as wheat,

alfalfa, etc., but also to that of the GB-related compatible solutes, trigonelline, proline, prolinebetaine, etc.
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