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Genetlcal Studles on Salt Tolerance at Germination
in Recomblnant Inbred Isogenlc, and Doubled
Haploid Lines of Barley (Hordeum vulgare L.)

Yoshiro MANO and Kazuyoshi TAKEDA

To determine the relationship between morphological markers and salt
tolerance at germination in barley (Hordeum vulgare L.), a total of 125
recombinant inbred (RI) lines of Russia 6 X HES 4, a series of 70 isogenic
(IG) lines for V/v gene derived from Russia 6 X HES 4, and 145 doubled
haploid (DH) lines of Leger X CI 9831 were evaluated for their salt tolerance
at germination.

Comparison between each set of character pairs revealed that the
six-rowed type was significantly more tolerant than the two-rowed type in
the RI and IG lines of Russia 6 x HES 4, and the two-rowed type and the
short haired rachilla type were significantly more tolerant than the six-
rowed type and the long haired rachilla type in the DH lines of Leger X CI
9831. On the other hand, no significant difference was observed in salt
tolerance such as the smoothness of awn, ear density, and lemma color.

The findings suggested that v (kernel row) and s (rachilla hair length)
genes related with genetic factors controlling salt tolerance at germination,
while » (awn type), { (ear density), and Re-2 (lemma color) genes inherited

independent of gene(s) for salt tolerance at germination.
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INTRODUCTION

Salt-affected soils are distributed especially in arid and semi-arid
regions in the world. Salinization has been increasing due to the higher level
of evaporation and it has decreased crop productivity (Batie and Healy 1983,
Boyer 1982, Epstein et al. 1980). To solve salinity problems, technological
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approaches, for example, reclamation, irrigation, and drainage have been
applied, but they are not always economical or practical. In addition, the
extensive irrigation often causes severe salinization. Hence, the most
effective way to overcome the limitations of crop productivity in a salinized
area may be the development of salt tolerant varieties.

To establish on efficient breeding system for salt tolerance, it is impor-
tant to select and analyze the tolerance at all growth stages, because varietal
rankings for salt tolerance could change during different growth stages in
cereals (Heenan ef al. 1988, Mano and Takeda 1995).

In this study, to acquire basic information about the genes controlling
salt tolerance at germination, we analyzed the relationship between salt
tolerance and morphological marker characters using recombinant inbred
(RI), isogenic (IG), and doubled haploid (DH) lines of barley.

MATERIALS AND METHODS

Three sets of barley lines were used. A total of 125 recombinant inbred
(R]) lines and a series of 70 isogenic (IG) lines for V' /v gene of F, generation
derived from the cross of Russia 6 X HES 4 were produced by the single seed
descent method and the recurrent selfing method, respectively, at the Barley
Germplasm Center of Okayama University. A set of 145 doubled haploid
(DH) lines derived from the cross of Leger X CI 9831 were produced by Choo
et al. (1992) with the Hordeum bulbosum method (Kasha and Kao 1970).
Table 1 shows the morphological characters of the parental varieties.

Table 1. Salt tolerance at germination and morphological characters of the
parental varieties

Variety Tolerance” Row type Rachilla Awn type Lemma
hair color
Russia 6 10.0(%) Two-rowed Long-haired Smooth Normal
HES 4 62.5 Six-rowed Long-haired Rough Normal
Leger 0.0(%) Six-rowed Short-haired  Rough Normal
CI 9831 70.0 Two-rowed Long-haired Rough Purple

V- Galt tolerance was evaluated by the proportion of the number of seeds with
germinating shoots longer than 25 mm against the number of total seeds after
ten days of incubation in 1.5% NaCl solution at 20°C.

Twenty seeds of each RI and IG line of Russia 6 XxHES 4 and their
parents, and fifty seeds of each DH line of Leger X CI 9831 and their parents
were germinated on two layers of filter paper properly moistened with 1.5%
NaCl solution in 90 X 15 mm and 135X 20 mm Petri dishes, respectively, with
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two replications. Ten days after incubation, salt tolerance was evaluated by
the proportion of the number of seeds with germinating shoots longer than
25 mm against the number of total seeds incubated. All experiments were
carried out at 20°C under a 12 hours light/ 12 hours dark photoperiod in the
growth chamber.

To determine the relationship between genetic factors controlling salt
tolerance at germination and morphological markers, RI and DH lines were
grouped by several morphological characters and salt tolerance was com-
pared between the allelomorphs. In the IG lines of Russia 6 X HES 4, salt
tolerance was compared between two-rowed and six-rowed isogenic pairs.

RESULTS

In the experiment of three sets of barley lines, genetic variation due to
lines were significant at the 0.1% level (Table 2), and the correlation coeffi-
cient for salt tolerance between replication were 0.873 and 0.738 in the RI and
IG lines of Russia 6 XxHES 4, respectively, and 0.786 in the DH lines of
Leger XCI 9831 (all correlation coefficients were significant at the 0.1%
level).

Table 2. Analysis of variance for salt tolerance at germination in the RI and IG
lines of Russia 6 X HES 4 and DH lines of Leger x CI9831

RI IG DH
Source
df MS df MS df MS
Lines 124 1431.87*** 69 1198.09%** 144  939.71%**
Replications 1 280.90 1 540.18 1 1.99
Error 124 98.24 69 180.76 144 112.60

*#% : Significant at the 0.1 % level.

As shown in Fig. 1, salt tolerance at germination, which was evaluated
by the proportion of the number of seeds with germinating shoots longer
than 25 mm against the number of total seeds were 10.0% for Russia 6 and
62.5% for HES 4. The 125 RI lines of Russia 6 X HES 4 showed a continuous
distribution for this trait (average 33.0%).

To detect the relationship between genetic factors controlling salt
tolerance at germination and morphological markers, 125 RI lines were
grouped by several morphological markers. The six-rowed group (average
49.0%) was significantly (at the 0.1% level) more tolerant than the two-
rowed group (15.6%) (Fig. 1, Table 3). In addition, the correlation coeffi-
cients between salt tolerance at germination and 1,000-kernel weight were
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Fig. 1. Frequency distribution for salt tolerance at germination of the RI lines derived from
the cross of Russia 6 X HES 4.
U Salt tolerance was evaluated by the proportion of the number of seeds with
germinating shoots longer than 25 mm against the number of total seeds after ten
days of incubation in 1.5% NaCl solution at 20°C.

—0.576 in the whole RI lines, —0.093 in the six-rowed group, and —0.301 in
the two-rowed group (Fig. 2). On the other hand, as shown in Table 3, no
significant difference was observed in salt tolerance such as the awn type
(rough vs. smooth) and the ear type (lax vs. dense).

In the 70 IG lines of Russia 6 X HES 4, the correlation coefficient for salt
tolerance between isogenic pairs was 0.542 (significant at the 0.1% level)
suggesting that salt tolerance was controlled by the genetic background of
the IG lines. The six-rowed type was more tolerant and it had smaller seed
than the two-rowed type (Table 4). Comparing isogenic pairs individually,
it was revealed that the six-rowed lines were more tolerant than the two-
rowed counterparts without exception or recombinant, indicating that the
effect of V /v gene on salt tolerance is due to the pleiotropy but not linkage
(Fig. 3).

Next, salt tolerance at germination were evaluated in 145 DH lines of
Leger XCI 9831 (Fig. 4). In the parental varieties, the proportion of the
number of seeds with germinating shoots longer than 25 mm were 0% for
Leger and 70.0% for CI 9831. A total of 145 DH lines showed wide and
continuous distribution for this trait (average 17.4%).
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Table 3. Comparison of salt tolerance at germination between each
set of character pairs in the RI and DH lines

Russia 6 Leger
Character X HES 4V x CI9831"Y
n X n X

Row type  Two-rowed 60 15.6(%) 67 20.2*%(%)
Six-rowed 65 49.0*** 78 15.1

Rachilla Long —2 68 9.0
hair Short 77 24 .8***
Awn type  Rough 75 32.8 —

Smooth 50 33.2
Lemma Purple — 65 17.7
color Normal 80 17.2
Ear type Lax 50 33.6 —

Dense 75 32.5

* x*x : Significant at the 5% and 0.1% levels, respectively.

. Salt tolerance was evaluated by the proportion of the number of
seeds with germinating shoots longer than 25 mm against the
number of total seeds after ten days of incubation in 1.5% NaCl
solution at 20°C.

2. No difference for the character between the parental varieties.
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Correlation between salt tolerance at germination and 1,000-kernel weight in the RI
lines derived from the cross of Russia 6 X HES 4.
U Galt tolerance was evaluated by the proportion of the number of seeds with
germinating shoots longer than 25 mm against the number of total seeds after ten
days of incubation in 1.5% NaCl solution at 20°C.
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Table 4. Comparison of salt tolerance at germination
between 35 isogenic pairs derived from the cross of
Russia 6 X HES 4

Row type 1,000-K.W. Tolerance? r?

(2) (%)
Six-rowed 37.8 50.4%** 0.542%**
Two-rowed 55.6%** 17.0

*** - Significant at the 0.1 % level.

U Salt tolerance was evaluated by the proportion of the
number of seeds with germinating shoots longer than 25
mm against the number of total seeds after ten days of
incubation in 1.5 % NaCl solution at 20°C.

2. Correlation coefficient for salt tolerance between

isogenic pairs.

100
80 F
<
S 60 |
&
3
S 40 f
20 F
0 -
Two- Six-
rowed rowed
v) (v)

Fig. 3. Comparison of salt tolerance at germination between the 35 isogenic pairs for V/v
gene derived from the cross of Russia 6 X HES 4.
Y SQalt tolerance was evaluated by the proportion of the number of seeds with
germinating shoots longer than 25 mm against the number of total seeds after ten
days of incubation in 1.5% NaCl solution at 20°C.

In the DH lines of Leger X CI 9831, the two-rowed group (average 20.2%)
was significantly (at the 5% level) more tolerant than the six-rowed group
(15.1%) (Table 3), and the correlation coefficient between salt tolerance at
germination and 1,000-kernel weight was 0.019 (Fig. 5). In addition, as shown
in Table 3 and Fig. 4, the group of short haired rachilla (24.8%) was signifi-
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Fig. 4. Frequency distribution for salt tolerance at germination of the DH lines derived
from the cross of Leger X CI 9831.
Y Salt tolerance was evaluated by the proportion of the number of seeds with
germinating shoots longer than 25 mm against the number of total seeds after ten
days of incubation in 1.5% NaCl solution at 20°C.

cantly (at the 0.1% level) more tolerant than that of long haired rachilla
(9.0%). On the other hand, no significant difference was observed in salt
tolerance as to the lemma color (Table 3).

DISCUSSION

The present findings suggested that v (kernel row) and s (rachilla hair
length) genes related with genetic factors controlling salt tolerance at
germination. In the RI and IG lines of Russia 6 X HES 4, the six-rowed group
was significantly more tolerant than the two-rowed group (Fig. 1, Fig. 3,
Table 3). The six-rowed group had a smaller seed than the two-rowed group
(Table 4) and the negative correlation was observed between salt tolerance
at germination and 1,000-kernel weight in the RI lines (Fig. 2). Jana et al.
(1980) and Mano et al. (1996) also found that the salt tolerant lines generally
had smaller seeds using a composite cross population and isogenic lines for
V' /v gene, respectively.

On the contrary, a weak correlation was observed between salt toler-
ance and 1,000-kernel weight in the two-rowed and six-rowed groups in the
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Fig. 5. Correlation between salt tolerance at germination and 1,000-kernel weight in the DH
lines derived from the cross of Leger xCI 9831.
D Salt tolerance was evaluated by the proportion of the number of seeds with
germinating shoots longer than 25 mm against the number of total seeds after ten
days of incubation in 1.5% NaCl solution at 20°C.

RI lines of Russia 6 X HES 4. Therefore, difference between two-rowed and
six-rowed type for salt tolerance in the RI lines of Russia 6 X HES 4 may be
partly due to the pleiotropic effect of v gene for the tolerance and seed
weight.

In the DH lines of Leger X CI 9831, however, no significant correlation
was observed between salt tolerance at germination and 1,000-kernel weight,
and the two-rowed group (CI 9831 type) was significantly tolerant than the
six-rowed group (Leger type). These findings demonstrate that the strong
genetic factor(s) for salt tolerance may be linked with V' gene in the genetic
background of CI 9831. :

As to the effect of s gene on salt tolerance, the short haired rachilla
group was significantly more tolerant than the long haired rachilla group in
the DH lines of Leger X CI 9831 (Table 3). In addition, Mano et al. (unpub-
lished) found out the quantitative trait locus (QTL) for salt tolerance at
germination, located about 30cM from the s gene on chromosome 7. These
findings indicated that one of the genes controlling salt tolerance may be
located near s gene. In the parental varieties, however, Leger (short haired
rachilla) was more sensitive than CI 9831 (long haired rachilla), indicating
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the existence of gene(s) controlling salt tolerance other than that linked with
s gene.

The factors affecting salt tolerance at germination detected in this study
were (D a pleiotropic effect of kernel row gene (v) for the tolerance and seed
size, @ genetic factor(s) stronger than the pleiotropic effect of » gene, and
which may be linked with V gene on the long arm of chromosome 2, and @
the gene(s) controlling salt tolerance linked with short haired rachilla gene
(s) on the long arm of chromosome 7. On the other hand, the genes control-
ling awn type (7), ear density (/), and lemma color (Re-2) inherited indepen-
dent of the gene(s) for salt tolerance at germination.

As well as other crops, many molecular markers have been mapped in
barley (Kleinhofs et al. 1993, Kasha et al. 1994), and detailed linkage analysis
for the genes controlling quantitative traits has become possible. We have
already mapped the QTLs controlling salt tolerance at the seedling stage
using DH population in which mapping data are available (unpublished).
Further studies are in progress to detect and to map the genes controlling
salt tolerance at other growth stages.
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T & LA X OMP 2 R HRERH, FEEETRE, BIU
FE I R Rk % > 72 33 RIS BT SR OB IR T

S vl

F A AXDRFRIC BT HiEHEN & e — o — & OEEBIR L NS 212, Russia
6x HES 4 > 3cideA & Fenk L 72 ik 2 70 E R 125K & W BOEAR T RIT0ORM, B LU
Leger X C1 9831 e & 38 H L 725 P BUR 145 RO F £ 1.5% DRI T + ) 7 L0
WhAVT20°C, 2MBENSETRFSY, BREIOHHICHEL T 2—F 225 mm
LI L 2 FoOBERETFICNT 2868 % b > THEFROBHEM L L 72,

FREEEEE T O REROREMEIC RIZTRE LN T 5 2oic, MR YAMARE, §
HEET R, B ENERARSRHE L BREOM TR 2 EIC L > THIIL, #FRO
it taE & Hiig U 72, % 0kkE, Russia 6 X HES 4 o ffi# 2 B HAERM, B & UTHBEEBEREFR
Iz BWTIEAERIZ &M L QTHEEIAEEICHE C, F72, Leger XCI 9831 DfEIN4
BRI BT E&RI AL LD L, ENOEBRIREL) L 2T HEE»AEIC
M, M OREED BRI AEIC & - gL 72, —F, EoME, MEE B
TUHEBOHKICB W T FEREEVRO LML - 72,

L EOEED L, &2 YXET 2 0BT, BLIUVERND YA 72XET 5 s BIZTER
SFREOMEN + LAY 5 RET L OBEE I HE S N, $, TOMBELET 5 7 #iR
F, FEmEE ET 5 ERET, BLUEGE T 5 Re 28T L FIFR QWYL ST
ThbrEZILILL,

F—J— F o {EhREsk R, Hordewm vulgare, TWVENEARTRH, Hlik 2 B IR,
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