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Abstract

Project Code: PDF! 74/ 2540
Project Title: Genotypic variation in boron deficiency-induced sterility in barley
Investigators: Dr. Sansanee Jamjod Chiang Mai University
Prof. Dr. Benjavan Rerkasem Chiang Mai University
E-mail address: agosjmjd@chiangmai.ac.th
Project Period: 1 August 1997- 31 July 2000
Objectives: To identify and evaluate genetic variation in boron response in barley.

Methodology: Boron (B) responses of barley genotypes were identified in sand culture
and in the field. Genotypic variation in the response to B was determined. Genotypes
with different levels of B efficiency were selected and evaluated. Selected genotypes
were also used as parents to produce F, hybrids. F, hybrids were then evaluated for their
response to B, compared to their respective parents.

Results: Grain yield of barley was severely depressed by 8 deficiency through reduction
of grain set and spikelet number. Genotypic variation in B efficiency was identified, with
most genotypes fell into the moderately B inefficient and inefficient classes. Two lines
were identified as B efficient. Response of F; hybrids between B efficient and inefficient

genotypes indicated that B efficiency in barley is a heritable trait.

Discussion & Conclusion: Sources of genotypic variation for B efficiency are available
in barley. Grain yield reduction caused by sterility under B deficiency can be prevented
by selection and breeding for B efficiency. Two advanced lines, BRB 9604 and BRB
9624, may be recommended for low B areas or used as parents in breeding programmes.

Suggestion/ Further Implication/ Implementation: The number of gene(s) controlling B
efficiency and their chromosoma! locations should be identified. This will assist in
determining appropriate strategies for breeding and selecting for B efficiency. Identifying
chromosomes controlling B efficiency would help in establishing linkage map, thus
allowing a closely linked marker to be identified and used for selection.

Key words: Barley, boron, Hordeum vulgare, genotypic variation



1 EXECUTIVE SUMMARY
\

Project Code: PDF/74/ 2540

Project Title: Genotypic variation in boron deficiency-induced sterility in barley

Investigators: Dr. Sansanee Jamjod Chiang Mai University
Prof. Dr. Benjavan Rerkasem Chiang Mai University

E-mail address: agosjmjd@chiangmai.ac.th

Project Period: 1 August 1997- 31 July 2000

Objectives: To identify and evaluate genetic variation in boron response in

barley.

Yield reduction due to sterility is a major obstacle to expansion of temperate cereals area
in Thailand. Boron (B) deficiency has been identified as one of the major causes of
sterility. This project set out fo evaluate genotypic variation in responses to B. It was
found that B deficiency depressed grain number and grain yield in most barley tested. In
the most severe case, B deficiency also promoted late tillering but depressed number of
spikes plant'1 and spikelets spike'1. We have developed an index to measure grain set in
barley genotypes, termed Barley Grain Set Index (BGSI). It has been used as a selection
criteria for B efficiency. About 300 genotypes from various breeding siations were tested
in low B soil and sand culture. A wide range of genotypic variation in responses to B,
comparable to that found in wheat, has been found. Sources of B efficiency were
identified from two advanced lines, BRB 9604 and BRB 9624, selected in Northern
Thailand. At low B soils, grain set and grain yield of these lines were not affected while
those of inefficient genotypes were severely depressed. This suggested that these two
lines could be recommended in low B areas. BRB 9604 was used to study inheritance of
B efficiency by crossing to the moderately inefficient and inefficient genotypes. Response
of F, hybrids indicated that B efficiency was a heritable trait and non-maternal controlled.
B efficiency in F, hybrids was expressed within a range from nearly complete dominance
fo nearly complete recessive depended on cross combination and severity of B deficiency.
These findings provide a basis for screening segregating populations in genetic studies
and breeding programmes serving low B soils such as Northern Thailand.



2 BACKG\ROUND AND OBJECTIVES

2.1 Background

Economic importance of barley (Hordeum vulgare L.) is indicated by imported value
exceeding one billion baht a year. Expansion of barley production is an objective in the
National Agricultural Development Plan. However, severe sterility has been observed in
barley grown so far in the country. Boron (B) deficiency was identified as the cause of
this problem in Chiang Mai, Thailand (Rerkasem and Jamjod, 1989), Finland (Simojoki,
1972) and Malaysia (Ambak and Tadano, 1991). For example, yield of two barley
varieties BRB 1 and BRB 2 grown at low B soil in Chiang Mai were reduced more than

50% by B deficiency (Rerkasem and Jamjod, 1989).

A number of studies suggested that B plays a significant role in reproductive
development, for example, flower development and fertilization processes. In general, B
deficiency symptoms of small grain cereals such as wheat (Rerkasem et al., 1987), barley
(Simojoki, 1972) and rice (Garg et al.,, 1979) were observed on reproductive organ,
resulted in grain set failure. Boron deficiency symptom of wheat was described as
sterility, which can be seen at anthesis. Florets remain open, resulting in 'gaping glume’
in which spikes are transparent appearance when viewed with the sun behind them. The
anthers and pollens of these sterile plants were poorly developed (Li et al., 1978; Sthapit,
1988; Rerkasem et al., 1989).

In barley, Simojoki (1972) reported that sterility in barley has been observed when grown
in soil with water-soluble B 0.1-0.2 mgL'1 and an application of B fertilizer was able to
cotrect the problem. The symptoms of B deficiency in barley were described as an
abnormal of pollen and stamen, swelling of ovary, openness of spikelets at early flowering
stage. Symptom was more severe on tillers than main stem. The B deficient spikes were
proned to be infected by ergot fungus as the ears remain open. Ambak and Tadano
(1991) reported that when barley cultivar Hoshimasaii was grown in micronutrient-deficient
peat soil, the highest percentage of sterility was caused by B deficiency in this soil and
the depression on vegetative was not observed. Rerkasem and Jamjod (1989) reported
that the symptoms of B deficiency in two barley cultivars, BRB 1 and BRB 2, were
observed only as sterility of the cars but not on the vegetative part when grown in soils
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with hot water soluble B at 0.13 mg kg'i. However, when grown in nutrient solution,
Nable et al. (1990) reported that B deficiency symptom of barley can be observed on leaf
blades, described as wrinkled, mishapen, irregularly chiorotic and occasionally had spilit

margins “saw-tooth edges” and longitudinal splits.

Genotypic variation for response to low B has been reported in several crops (Rerkasem
and Jamjod, 1997) suggesting that the widespread B deficiency in barley could be
managed by growing B efficient cultivars. In wheat, Jamjod et al. (1992a) screened
germplasm originating from CIMMYT and adapted to northern Thailand, were among the
most B efficient. Further screening has established the response to low B when tested in
sand culture without add B compared to add B. Altogether, 252 genotypes, collected from
Thailand, Bangladesh, Nepal, China, India, South America, Australia and CIMMYT, were
screened and classified into five distinctive classes including very inefficient, inefficient,
moderately inefficient, moderately efficient and efficient. In this screening only nine
genotypes, seven from Thailand and two from China and India each were identified as B
efficient (Rerkasem and Jamiod, 1997). At very low B the very inefficient genotypes were

completely sterile while the B efficient genotypes set grain normally.

Genetic control of response to B deficiency has been studied for a number of species.
Response to B deficiency in celery (Pope and Munger, 1953), tomato (Wall and Andrus,
1962) and red beet {Tehrani et al., 1971) was reported to be under monogenic control.
However, Kelly and Gabelman (1960) found that the genelic control of B efficiency in
table beets was complex. in sunflower, Blamey et al. (1984) found that general
combining ability effects were significant for the concentration of B in leaf, deficiency
symptom and grain yield. These three characters were highly heritable and additive or
additive epistatic gene action predominated. In genetic studies with two crosses between
B inefficient x B efficient wheat genotypes, broadsense and narrow sense heritability for B
efficiency were 0.50-0.58 and 0.35-0.42, respectively (Jamjod et al., 1992b), suggested a
high possibility of breeding and selection for B efficiency trait in this crop.

In contrast to wheat, there is no information of genetic variation in response to low B in
bariey. Extensive studies with the mechanism and genetics of response to B in barley
have been done with B toxicity (Nable et al., 1997). As barley is becoming an important
crop to agricultural and industrial production of Thailand, it is therefore important to study
the incident of B deficiency-induced sterility in this crop. Understanding genotypic



variation in B efficiency and its inheritance will assist in breeding and selection for B

efficient varieties to grow in problem areas
2.2 Objectives

The objective of this project was to increase yield of barley by preventing sterility through
breeding and selection for B efficiency when grown in low B areas through:

« Identification of genetic variation and source of B efficiency;

e Development of screening procedures for large number of genotypes;

« [dentification of inheritance for B efficiency.



3. MATERIALS AND METHODS

3.1 Sand culture experiments

In sand cuiture plants were grown in freely drained earthenware pots (30cm diameter and
30cm deep) or trays (45cm x 70cm x 35cm) contained washed river quartz sand with no
detectable available B. The sand was watered twice daily with an otherwise complete
nutrient solution (Table 3.1) with varying levels of boron supply (0, 0.1 or 1.0 2M B,
designated as BO, B0.1 and B1.0, respectively) in three replications. The pots/trays were

flushed with water once every 4-5 weeks.

Table 3.1. Nutrient solution for sand culture.”

Stock Element Salt Gil M MM

solution

1 Ca CaCl,.2H,0 294 .1 2.0 1000

2 P KH,PO, 136.1 1.0 500

3 Fe Fe-Citrate 6.7 0.02 10
Mg MgS0,4.7H,0 123.3 0.5 250
K K>SO, 87.0 0.5 250
Mn MnSO,.HO 0.338 0.002 2

4 Zn ZnS0O,.7H,O 0.288 0.001 0.5
Cu CuS0,.5H,0 0.100 0.0004 0.2
Co CoS0,.7H,0 0.056 0.0002 0.1
Mo Na,Mo0,.2H,0 0.048 0.002 0.1
N KNO,3 101.0 1.0 5000
B HiBO, 0.247 0.004 2

Boron free:

For each 10 litres of full strength nutrient solution, take 5.0 ml each of solutions 1 to 4, 50
ml of solution 5, dilute to 10 litres with water. Adjust pH to 6.6-6.8 with NaOH or HCL
With Boron:

Adding 5.0 mi of solution 6 as well as 5 ml of solution 1 to 4 and 50 ml of solution 5 to

make 10 litres of nutrient solution will give boron concentration of 2 HM or 0.02 ppm.

* Adapted from Broughton and Dilworth (1971).



Response of genotypes were assessed at two harvesting times; at booting stage for flag
leaf B concentrations and at maturity stage for number of spikes plant'1, spikelets spike'i.

grains spikelet'1, 100 seed weight (100SW), straw yield and grain yield.
3.2 Field experiments

Field experiments were carried out in the field on low B sandy loam (hot water soluble
boron at 0.10-0.14 mg B kgd) soil at Multiple Cropping Center, Chiang Mai University in
1997/98 and 1998/99 growing seasons. Boron treatments were varied into four levels by
applying either lime or B to the soil before sowing, designated as follow:

BL: plus 1.6 t of lime ha "

BO: nil

B1: 1 kg Borax ha’"

B2: 10 kg Borax ha "

The experiments were arranged in split-plot design with four replications. Boron
treaiments were arranged as mainplot and genotypes as subpiot. In each plot, genotypes
were sown in three, 2-m row with 25 cm between rows. At early boot stage, twenty
spikes of each plot were bagged to prevent outcrossing. At maturity, the bagged spikes
were harvested separately and determined for number of spikelets spike ', grains spike
grains spikelet'1 and grain set. Grain yield was measured from the remaining spikes in

the three-row plot.
3.3 The Barley Grain Set Index

The effect of B on grain set in wheat was measured as the Grain Set Index (GSl), which
is defined as the percentage of the twenty basal florets from ten central spikelets on a
spike with grain (Rerkasem and Loneragan, 1994). In the present study with barley, the
term Barley Grain Set Index (BGSI) was used in order to distinguish it from the GSI used
in wheat. BGSI| was defined as;

s percentage of the ten median spikelets on the central of a spike with grain for two-row

barley, and
+ percentage of the twenty lateral spikelets on the central of a spike with grain for six-

row barley



3.4 Genotypes

(1) Two barley and one wheat genotypes in sand culture with three B leve!s in 1997/98.

(2) 21 entries from the Barley Thailand Yield Nurseries 97/98, in sand culture with BO.

(3) 9 advanced barley lines/locally adapted varieties in the field with three B levels in
1997/98.

(4) 244 barley lines from the International Barley Yield Trial (IBYT 98/99, 219 entries)
and International Barley Observation Nursery (IBON 98/99, 25 entries), in sand
culture with BO in 1998/99.

(5) Wheat genotypes with known levels of B response were included as checks in all

experiments except (1).
3.5 F, production and evaluation

Parents with contrasting levels of response to B were chosen from 3.4 {2). Crossing plots
were conducted in the field in 1998/99 with four sowing dates, to synchronize flowering
time. In each plot, four 2-m rows of each parental line were grown with a spacing of 30
cm between row. Hand emasculation of spike form the female parent was performed at
booting stage and then bagged to prevent cross-poilination. Three days after
emasculation, the bagged spikes were pollinated with pollen from the male parent by
swirling method (Starling, 1980). Ten to twenty spikes from each cross combination were
made. At maturity, spikes were harvested separately and kept at 4 °C until used.

F, hybrids were tested for response to B and compared fo their parents in sand culture in
1999/2000 in two experiments. In Experiment 1, two crosses namely, BRB 9604 x BRB 9
and BRB 9 x BCMU 96-9, and their reciprocal crosses were evaluated in two levels of B,
0 /M B (BO) and 10 1M B (B10). Ten planis of F, hybrid or parent were grown in each
pot without replication. Data were recorded for number of tillers plant” every five days.
At maturity, number of spikes plant ', spikelets spike ', grains spikelets' and BGS| were
measured from every filler. In Experiment 2, crosses between the most B efficient barley,
BRB 9604 and four lines, BRB 9, BCMU 96-9, Stirling and SMGBL 84003 were evaluated
in four levels of B (0, 0.1, 1.0 and 10.0 4#M B) in sand culture. Parents and their F,
hybrid from each combination were sown in the same pot with two replications. At
maturity, BGS!, number of grains spikelet and spikelets spike ' were determined.



4. RESPONSE OF BARLEY TO BORON DEFICIENCY

A

4.1 Visual symptoms

Foliar symptom
Symptom of boron deficiency on morphological character was not observed when barley

genotypes were grown in the field and in sand culture in 1997/98 and 1998/99. However,
in 1999/2000 foliar symptom was observed on younger leaves of Stirling barley grown in
sand culture at BO that was similar to those described by Robson and Snowball (1986)
and Nable et al. (1990). The symptom was observed as the splitting of the newer leaves
along the leaves close to the midrib (i.e. saw-tooth edges). Leaf blades were wrinkled,

mishapen and chlorotic. These symptoms were not observed in any wheat genotypes

tested in this study.

Spike
An abnormal of spike development was observed in exotic, advanced lines of barley

introduced from CIMMYT when grown in sand culture at B0 in1998/99. The spikes were
emerged but deaths of spikelets at the tip were observed. In Cu-deficient wheat, rat-tail
spikes were observed with full grain in the base of the spike, shriveled grains in the
middle of the head and a withered necrotic tip (Robson and Snowball, 1986). The
symptom found in barley was differed from that in the Cu-deficient wheat as the spikelets
adjacent to thcse which die grow normally but no grain was set in any spikelets of the B-
deficient spike. In the present study, six-row barley tended to have higher number of
accessions exhibiting abnormal spikes than two-row barley (Table 4.1.1). This symptom
was not observed in bread wheat.

Table 4.1.1 Number of barley lines (% of 244 lines) exhibited normal and abnormai
spikes when tested in BO. Sand culture screening 1997/98.

Spike type Normal spike Abnormal spike
Two-row barley 89 11
Six-row barley 28 72




4.2 Yield and yield components
\

Boron deficiency has been reported to affect grain yield of wheat through grain set
(Rerkasem et al., 1987). The present study in barley was consistent to that found in
wheat. In sand culture experiment, it was found that under B deficiency (0 u4M B) grain
yield of BRB 2 and Stiding were severely depressed (Table 4.2.1) at the rate similar to
SW 41 wheat. Straw yields of BRB 2 and SW 41 were not effected by B deficiency but
that of Stirling was reduced significantly. Grain yield of all genotypes was depressed by B
deficiency through grain set i.e. grains spikele!s'1 and GSI| (Figures 4.2.1 and 4.2.2).
Moreover, in Stirling, B deficiency also depressed spikes pl.elnt'1 and spikelets spike'1.

Table 4.2.1 Effects of B treatments on (a) grain yield and (b) straw yield of barley and
wheat genotypes. Sand culture experiment 1997/98. (Jamjod and Rerkasem,

1999).
Genotype B treatments” (M)
0 0.1 1.0

(2) Grain yield (g pot ')
Stirling 26 a 62a 19.0b
BRB 2 73a 8.5a 256 b
SW 41 248 a 292 a 36.9 b
Ftest B, G**, BxG"

b) Straw vield (g pot )
Stirling 889 a 96.3 ab 1159 b
BRB 2 79.7 a 1012 a 822 a
SW 41 785 a 70.9 a 64.5a

Ftest B™, G™* ' Bx G*

® * and =* Significant at 0.01 and 0.001 probability levels, respectively; ™ not
significant.

* Means within a row with the same letter do not differ sugmﬁcantly at 5% level with
Dancan’s Multiple Range Test.
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Figure 4.2.1 Effects of B treatment on yield components of two barley genotypes, Stirling
and BRB 2, and SW 41 wheat grown in sand cuiture with 0, 0.1 and 1.0 4M B.
Sand culture experiment 1997/98. (Jamjod and Rerkasem, 1999).
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Figure 4.2.2 Effects of B treatment on Grain Set Index (GSI, %) of two bariey genotypes,
Stirling and BRB 2, and SW 41 wheat grown in sand culture with 0, 0.1 and 1.0
HM B. Sand culture experiment 1997/88. (Jamjod and Rerkasem, 1998).

Grain Set Index (GSI) has been used successfully in wheat to compare the effect of B to
grain set, as this criteria discriminates effects of B on grain set from those on grain filling
(Rerkasem and Loneragan, 1994; Anantawiroon et al., 1997). As found in wheat, GSI of
barley responded positively to external B levels and closely correlate to grain yield (Table
4.2.2). Highly significant correlation of GSI with grains spike'1. grains spikelet'1 and grain
yield was shown under low B levels. At high B level, GSI did not correlated with grains
spike ' and grain spikelet". which indicates the dependence of GSI on B levels. The term
GSl, generally, refers to the fertility percentage of ten central spikelets of barley or wheat.
Since thelstructure of barley spikes is different from that of wheat, and two-row barley is
also different from six-row barley. It is recommended that the term “Barley Grain Set
Index® or BGSI, defined as percentage of the ten central spikelets (ten median spikelets
for two-row barley and twenty lateral spikelets for six-row barley) on a spike with grains,
should be used in order to distinguish it from the GSI used in wheat.
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Table 422 Correlation coefficient (r) between Grain Set Index (GSI) or grain yield
(italics) and yield components. Sand culture experiment 1997/98. (Jamjod and

Rerkasem, 1999).

B treatment Spikelets Grains Grains 100w GSl
spike”’ spike " spikelet "

0 uM GSI 0.11 0.89** 0.89** 0.38 -
Grain yield 0.27 0.88** 0.87* 0.09 081

0.1 UM GSl 0.01 0.72* 0.70** -0.49* -
Grain yield -0.23 0.80** 0.89* -0.48" 0.75**

1.0 LM GSl 0.13 0.37 0.29 -0.64** -
Grain yield -0.08 0.79*" 0.68™ -0.49* 0.65*

* and ** Significant at the 0.05 and 0.01 probability levels, respectively.

4.3 Boron in flag leaf

At boot stage, flag leaf B concentrations were increased with increasing B levels (Figure
4.31). At low B, both barley and wheat contained >2-4 mg B kg and increased to >4-8
mg B kg” at B 1.0 M. The present results are consistent with previous studies
(Rerkasem and Loneragan, 1994; Simojoki, 1972). Flag leaf B concentration can be used
as a general indicator for B status in bariey and concentrations <4 mg B kg ' appear to
predict a decline in grain set from B deficiency.
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Figure 4.3.1 Effects of B treatment on flag leaf B concentration (mg B kg'1) of two barley
genotypes, Stirling and BRB 2, and SW 41 wheat grown in sand culture with 0,
0.1 and 1.0 4M B. Sand culture experiment 1997/98. (Jamjod and Rerkasem,

1999).
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5 GENOTYPIC VARIATION IN BORON EFFICIENCY IN BARLEY

5.1 Evaluation of advanced lines

Field experiment was carried out in 1997/98 to evaluate B responses of 9 locaily adapted,
advanced lines or cultivars of barley. The objectives are to identify the genotypic range of
B responses within these 9 genotypes and to identify specific response which may be
used in further study or breeding programmes. Barley genotypes were grouped into two-
row and six-row classes. Boron efficient (Fang 60) and moderately inefficient (SW 41)
wheat genotypes were included as checks. Genotypes differed significantly in response
to B in spikelets spike'1. grains spike'1, grains spikelets'1 and BGSI (Table 5.1.1-5.1.4).

Boron had no effect on number of spikelets of all six-row barley genotypes, as well as
wheat checks, Fang 60 and SW 41 (Table 5.1.1). However, the number of spikelets
spike'1 of three two-row barleys, namely, Stirling, SMGBL 91002 and SMGBLS 94003,

showed clear positive responses to increasing B.

Very significant interaction between B treatments and genotypes was observed on grains
spike'1 (Table 5.1.2), grains s'.pikelet'1 (Table 5.1.3) and GSI (Table 5.1.4). Grains spike'1
and grains spikelet'1 of SW 41, the B inefficient check and most barley genotypes were
lowest in the BL treatment and increased with increasing B, whereas those of Fang 60

remained constant.

When all genotypes were compared using GSI (Table 5.1.4), they can be classified info
four different groups. Fang 60 wheat was the most efficient genotype and had more than
90% GSI in all B treatments. CMBL 92029, BRB 9, SMGBLS 91002, SMGBLS 94003,
BCMU 96-5 and BRB 2 had low GSI similar to SW 41 and were classed as inefficient to
B. The GSI of BCMU 96-9 and BCMU 96-1 at BL and B0 were intermediate between
those of SW 41 and Fang 60. Stirling was the most inefficient genotypes, its GSI was 19,
23 and 79% in BL, BO and B+ respectively.
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Table 5.1.1 Effect of B treatments on spikelets spike:'1 of barley and wheat
genotypes. Field experiment 1997/98. (Jamjod and Rerkasem, 1999).

Genotype B treatments’
BL BO B+

Two-row barley

BCMU 96-9 22a 238a 229 a

BRB 9 146 a 140 a 133 a

CMBL 92029 179 a 19.7 a 205 a

SMGBLS 91002 214 a 233 ab 250b

SMGBLS 94003 215a 244D 23.8 ab

Stirling 156 a 185b 194b
Six-row barley

BCMU 96-1 189 a 185 a 168 a

BCMU 96-5 15.7 a 185 a 169 a

BRB 2 170a 184 a 16.5 a
Wheat

Fang 60 132a 139a 128 a

SW 41 146 a 154 156 a

F-tosf' B™, G*™, BxG*

® *and ** Significant at 0.05 and 0.01 probability levels, respectively; ™ not significant.
* Mean within a row with the same letter do not differ significantly at 5% level with

Dancan’s Multiple Range Test

Note: B treatments are BL = plus 1.6 t lime ha "', BO = nil and B+ = plus 10 kg Borax ha"'
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Table 5.1.2 Effect of B treatments on grains spike" of barley and wheat genotypes.
Field experiment 1997/98. (Jamjod and Rerkasem, 1999).

Genotype B treatments’
BL BO B+

Two-row barley

BCMU 96-9 121 a 18.3 a 191 a

BRB 9 6.6 a 79 a 11.7 a

CMBL 92029 81a 6.0a 122 a

SMGBLS 91002 36a 10.1 ab 185b

SMGBLS 94003 58a 10.7 ab 164 b

Stirling 26 a 3.8a 113 b
Six-row barley

BCMU 96-1 30.8 a 38.6 ab 410Db

BCMU 96-5 180 a 300b 40.3 ¢

BRB 2 23.5 a 340b 366 b
Wheat

Fang 60 36.3 a 390a 33.0

SW 41 148 a 190 a 342b

F-tesf' B**, G**, BxG**

# * significant at 0.01 probability level.

* Mean within a row with the same letter do not differ significantly at 5% level with
Dancan’s Multiple Range Test.

Note: B treatments are BL = plus 1.6 t lime ha™, BO = nit and B+ = plus 10 kg Borax ha”



Table 4.1.3 Effect of B treatments on grains spikelel" of barley and wheat genotypes.

Fieid experiment 1997/98. (Jamjod and Rerkasem, 1999).

Genotype B treatments
BL B0 B+

Two-row barley

BCMU 96-9 05a 08 a 0.8 a

BRB 9 05a 0.6 a 09 a

CMBL 92029 0.4 a 03a 0.6 a

SMGBLS 91002 0.2a 0.4 ab 0.7b

SMGBLS 94003 03a 04a 0.7 a

Stirling 02a 02a 06b
Six-row barley

BCMU 96-1 16 a 2.1 ab 24b

BCMU 96-5 11a 16b 24c

BRB 2 14a 18 ab 22b
Wheat

Fang 60 27 a 28 a 26 a

SW 41 10a 1.2 ab 22b

F-tesf' B**, G**, BxG™

® * Significant at 0.01 probability level.

* Mean within a row with the same letier do not differ significantly at 5% level with

Dancan's Multiple Range Test

Note: B treatments are BL = pius 1.6 t lime ha ', BO = nil and B+ = plus 10 kg Borax ha™
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Table 4.1.4 Effect of B treatments on Grain Set index (%) of barley and wheat
genotypes. Field experiment 1997/98. (Jamjod and Rerkasem, 1999).

Genotype B treatments®
BL BO B+

Two-row barley

BCMU 96-9 656 e 84.2 de 81.2 ab

BRB 9 48.1 cde 61.5 be 90.5 ab

CMBL 92029 42.3 bed 330a 67.3a

SMGBLS 91002 27.0 ab 61.5 bc 828 b

SMGBLS 94003 36.4 abc 55.8 be 854 ab

Stirling 19.0 a 23.1a 79.1 ab
Six-row barley

BCMU 96-1 60.1 de 744 cd 89.1 ab

BCMU 96-5 43.9 bed 63.8 bed 86.6 ab

BRB 2 40.5 bed 71.9 bed 83.4 ab
Wheat

Fang 60 94.4f 970 e 96.6 b

SW 41 42.7 bed 525b 93.0b

F-tesf B**, G**, BxG**

® = Significant at 0.01 probability level.

® Mean within a row with the same letter do not differ significantly at 5% level with
Dancan’s Multiple Range Test.

Note: B treatments are BL = plus 1.8 t lime ha ', BO = nil and B+ = plus 10 kg Borax ha '
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5.2 Evaluating germplasm for B efficiency

Very limited genotypic variation for B efficiency was found within germplasm introduced
from oversea. Without B added to the nutrient solution, none of advanced lines of barley
from the International Barley Nurseries (IBON + IBYT) was B efficient. More than 90% of
these gemmplasms were classified as B inefficient (GS| <20) and 6% were similar to or
less than the moderately in check efficient (Table 5.2.1). In contrast, genotypic variation
for B response within advanced lines selected in Thailand was demonstrated with 10% of
barley lines from the National nurseries (BTYN97/98) exhibited GSI in the range of 81-

100%.

Table 5.2.1 Grain Set Index in advanced lines from Barley Thailand Yield Nurseries
(BTYN) and International Barley Nurseries (IBON + IBYT) in sand culture
without added B. Sand culture screening 1997/98 and 1998/99.

Nursery” Total tested Gsi
020 21-40 41-60 61-80 81-100

Number of lines (%)}———

BTYN97/98 21 5 24 29 33 10
IBON 98/99 + 244 94 4 2 0 0
IBYT 98/99

Note: GSI of Fang 60 (B efficient) and SW 41 {(moderately B inefficient) wheat checks
were 95-98% and 65-71%, respectively.

* BTYN 1997/98 = Barley Thailand Yield Nurseries 97/98, IBON = International Barley
Observation Nursery 1998/89 and IBYT = International Barley Yield Trail 1998/99

Within the BTYN 97/98, the GSI of two genotypes were in the range of 81-100% (Table
5.1.2). However, only BRB 9604 set grain better than SW 41 and comparable to Fang
60, and was classified as B efficient. The remaining lines set grain either similar to or
less than the moderately inefficient check, with the exception of BRB 9624 and BRB 9.
These two lines were intermediate between the two wheat checks.

Considerable genotypic variation in B efficiency was observed within advanced lines of
bariey screened in soil and sand culture. BGSI of five lines were higher than the
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Table 522 Response of advanced lines from Barley Thailand Yield Nurseries 1997/98

tested in sand culture with BO. Sand culture screening 1997/98. (Jamjod and

Rerkasem, 1999).

Line Origin®  GSI (%) % of checks
Fang 60 SW 41
Two-row barfey
BRB 9604 BRB 90.0 a1 138 *
BRB 9624 BRB 85.3 87 131
BRB 9 BRB 79.2 81 123
BRB 9609 BRB 75.2 76 * 1158
BRB 10 BRB 74.5 76 * 114
BRB 11 BRB 72.5 74 * 111
LARTC-BL9101 (4) LMP 64.1 65 ** 98
BRB 9621 BRB 61.5 62 ** 94
LARTC-BL9119 (11) LMP 60.7 62 ** 93
LARTC-BL9408 LMP 47.9 49 73
SMGBL 84026 SMG 42.3 43 = 66
LARTC-BL9410 LMP 404 41 62"
SMGBL 94003 SMG 4.8 5 8
Six-row barley
FNBL 8309-34-SMG-1-1 SMG 55.2 56 85
FNBL 8306-BC-SMG-1-1 SMG 46.5 47 71
FNBL #140 SMG 45.9 47 70
FNBL 8404-4-SMG-1-1-1 SMG 38.9 40 =+ 60 ™
FNBL 8403-6-SMG-1-2-1 SMG 3r7.0 38 = &7
FNBL 8403-17-SMG-1-1-1 SMG 34.5 35~ 53
SMG 1 SMG 31.9 32 = 49 **
BRB 2 BRB 24.7 25 38 ~
Wheat (checks)
Fang 60 88.3 100 159 ~**
SW 41 65.1 66 * 100

* BRB = Boon Rawd Brewery Co. Ltd; LMP = Lampang Agricultural Research Training Center: SMG

= Samoeng Upland Rice and Temperate Cereals Experiment Station.

*, ** and *™ Significantly different from check cultivars at p< 0.05, 0.01 and 0.001, respectivaly.
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moderately B inefficient wheat, SW 41 (Tables 5.1.4 and 5.2.2). All lines were selected in
Northern Thailand, where B deficiency has been reported in wheat and some barley lines
(Rerkasem and Jamjod, 1989). The majority of segregating populations and advanced
lines used in barley breeding programmes in Thailand were obtained through CIMMYT.
Substantial numbers of B efficient wheat lines have been identified from CYMMYT
materials (Jamjod et al., 1992a) and the same may be true for barley. It is likely that B
efficiency in barley is already available in these germplasms. However, the present
results have screened only a small selection of the total variation for all barley. Further

screening of germplasms from other sources is required fo define the full range of B

response for barley.

5.3 Evaluation of genotypes difference in B efficiency

Four selections of two-row, six-row barley and wheat each were tested in the soil with four
levels of B. The wheat genotypes represented the whole range of response to B,
including, Fang 60 (efficient, E), CMU 88-9 (moderately efficient, ME), SW 41 (moderately

inefficient, Ml) and Bonza (inefficient, I).

When tested in the soil, B levels had no effect on number of spikelets of all barley and
wheat genotypes tested (Table 5.3.1). Genotypes displayed differential number of
spikelet spike . BCMU 96-9 exhibited the highest number of spikelets spike .

Very significant interaction between B treatments and genotypes were observed for grains
spikeJ (Figure 5.3.1), grains sPikeIet'1 (Figure 5.3.2), GSI (Figure 5.3.3) and grain yield
(Figure 5.3.4). Grain set and grain yield of CMU 88-9, SW 41, Bonza, SMGBL 91002,
BCMU 96-9, SMG 1, BCMU 96-1 and BRB 2 were reduced by B deficiency while those of
Fang 60, BRB 9624, 9604 and FNBL 8309 were not adversely affected.

Grain Set Index was used to classify response to B of the tested barley compared to the
wheat checks. Within the checks, Fang 60 was rated as the most B efficient, CMU 88-9
as moderately efficient, SW 41 as moderately inefficient and Bonza as inefficient (Figure
5.3.3). Compared to checks, barley genotypes were classified into three groups as follow:
a) BRB 9624, BRB 9604 (two row) and FNBL 8309 (six-row) barley genotypes expressed
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similar responses to B as Fang 60 wheat, and being classified as B efficient; b) SMGBL
91002 (two row, BCMU 96-1 and BRB 2 (six-row) showed the same responses as SW 41
wheat and were classified as moderately B inefficient; and ¢) BCMU 96-9 (two-row) and

SMG 1 (six-row) showed the same responses Bonza wheat and were classified as B

inefficient.

Table 5.3.1 Effect of B treatments on spikelets spike'1 of selected two-row and six-row

barley, and wheat genotypes. Field experiment 1998/99. (Jamjod et al.,
2000).
Genotype” B treatments Mean
BL BO B1 B2
Two-row barley
BRB 9624 14.2 14.9 15.6 155 150b
BRB 9604 16.5 15.9 15.6 159 16.0 cd
SMGBL 91002 211 241 25.5 246 212 f
BCMU 96-9 23.8 241 25.5 246 245¢g
Six-row bariley
FNBL 8309 136 13.0 13.6 13.2 133 a
SMG 1 144 14.9 154 150 149b
BCMU 96-1 17.7 17.1 18.2 17.5 176 e
BRAB 2 16.2 16.9 171 16.5 16.7d
Bread wheat
Fang 60 15.0 15.8 16.6 15.8 15.0 bed
CMU 88-9 16.4 16.1 17.2 15.7 164d
SW 41 17.3 17.2 18.8 176 177 e
Bonza 151 147 16.5 15.4 15.4 be

F-test. B™, G***, BxG™, *** Significant at p< 0.001 _
“ Mean within a column with different letters are differ significantly at p = 0.05 with LSD.
Note: B treatments are BL = 1.6 t lime ha™', BO = nil, B1 = 1.0 kg Borax ha"' and B2 = 10

kg Borax ha™.
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Effect of B treatment (B) on number of grains spike'1 of barley and bread
wheat genotypes (G). B x G significant at p<0.001, LSD (0.05) = 6.5.
B treatments are BL = 1.6 t lime ha™', BO = nil, B1 = 1.0 kg Borax ha " and

B2 = 10 kg Borax ha .

Field experiment 1998/99. (Jamjod et al., 2000).
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Figure 5.3.2 Effect of B treatment (B) on number of grains spikelet  of barley and bread
wheat genotypes (G). B x G significant at p<0.001, LSD (0.05) = 0.4.
B treatments are BL = 1.6 t lime ha ', BO = nil, B1 = 1.0 kg Borax ha” and
B2 = 10 kg Borax ha" . Field experiment 1998/89. (Jamjod et al., 2000).



Figure 5.3.3 Effect of B treatment (B) on number of Grain Set Index, GSI (%) of barley
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and bread wheat genotypes (G). B x G significant at p<0.001, LSD (0.05) =
16.9. B treatments are BL = 1.6 t lime ha ', BO = nil, B1 = 1.0 kg Borax ha"'

and B2 = 10 kg Borax ha . Field experiment 1998/99. {Jamjod et al.,

2000).
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Figure 5.3.4 Effect of B treatment (B) on number of grain yield (g m'z) of barley and
bread wheat genotypes (G). B x G significant at p<0.001, LSD (0.05) = 6.5.
B treatments are BL = 1.6 t lime ha ", BO = nil, B1 = 1.0 kg Borax ha ' and
B2 = 10 kg Borax ha" . Field experiment 1998/99. (Jamjod et al., 2000).
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Genotypic variation for response to B within advanced lines of barley selected in Thailand
was confirmed by these results. Two advanced lines, namely, BRB 9624 and BRB 9604,
selected from the previous screening (Table 5.2.2) exhibited normal grain set and grain
yieild under B deficiency conditions. These lines can be recommended for barley

production in low B areas. Moreover, they may be used to introduce B efficiency to the

commercial cultivars by breeding.

Response to B of FNBL 8309 in this study contrasted with previous screening. In
1997/98 screening, this line displayed the highest GS| with the six-row barley tested but
was rated as moderately B inefficient as SW 41 when tested in sand culture (Table 5.2.2).
However, when tested in the soil, FNBL 8309 revealed the same level of B efficiency as
Fang 60. Mechanism of B uptake when plants were grown in soils may be different from
in sand culture or nutrient solution (Marschner, 1995). Boron efficiency of FNBL 8309
should be confirn before being recommended to farmers or used in breeding

programmes.

Boron efficiency barley genotypes were identified among advanced lines derived from
CIMMYT germplasm, selected and evaluated in Northern Thailand. This was consistent
fo that found in bread wheat that B efficient genotypes were identified from advanced
lines originating from CIMMYT materials and selected in Thailand such as Fang 60 and
#144 (Rerkasem and Jamjod, 1997). This suggests that low B in this region may have
acted as a selection pressure upon the adaptation of these genotypes. Although sources
of B efficiency are available in this germplasm, it was shown that very low frequency of
advanced lines in International and National Yield Trials were B efficient. For example,
86% of BTYN 97/98 (Table 4.4.2) and all lines in IBYT 98/99 and IBON 98/99 were rated
as moderately B efficient or B inefficient. As barley production is being promoted in areas
where B deficiency is likely to be predominated. Results from this study suggest that
yield loss due to B deficiency can be prevented by the use of B efficient genotypes. Boron
efficiency should be included as selection criteria in breeding programmes.
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6. INHERITANCE OF OF BORON EFFICIENCY IN BARLEY

6.1 Comparison of reciprocal crosses

Boron deficiency reduced number of spikelets spike” (Figure 6.1.1) grains spikelet”
(Figure 6.1.2) and BGSI (Figure 6.1.3) but increased number of tillers plant'1 (Table 6.1.1
and Figure 6.1.4) of all parents and F; hybrids used in this study. The reductions in the
first three characters of F, hybrids from both crosses were close to the more inefficient
parents. For example, spikelets spike'1 of F, from BRB 9604 x BRB 9 crosses at BO were
the same as the more inefficient barley, BRB 9 (Figure 6.1.1a). In BRB 9 x BCMU 96-9
crosses (Figure 6.1.1b), spikelets spike'1 of Fy at BO were the same as both parents. At
B10, spikelets spike'1 of BCMU 96-9 was higher than BRB 9 and those of F; were not
differed from BCMU 96-9. This indicates the more sensitive of BCMU 96-9 to B
deficiency and responses of Fy's were similar to BCMU 96-9. No different between

reciprocal crosses were found.

Grain set of F, hybrids at BO were within the range of parents but were closer to the more
inefficient parents. No different between reciprocal crosses were found. (Figures 6.1.2
and 6.1.3). Grains spikelents'1 of BRB 9 x BCMU 96-9 at B10 were slightly lower than
both parents. At BO, only BRB 9 parent set grain about 0.2 grains spike'1 and its BGSI
was 12%. F, hybrids and BCMU 96-9 set no grain under BO (Figures 6.1.2b and 6.1.3b).

B deficiency resulted in an increasing in tiller number of parents and F, in the present
study (Table 6.1.1 and Figure 6.1.4)‘. Compared to B10, tillers plant'1 of BRB 9604, BRB
9 and BCMU 96-9 at BO were increased at 4, 12 and 26 tillers, respectively. F, hybrids
tended to respond similar to the more responsive parents. In contrast to effect on ftiller
number, B deficiency had less effect on number of spikes (Table 6.1.1). No different

between reciprocal crosses were found.
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Figure 8.1.1 Number of spikelets spike = of parents and F, hybrids from crosses
a) BRB 9604 x BRB 9 and b) BRB 9 x BCMU 96-9, grown in sand
culture with 0 £MB (BO) and 10 4MB (B10). Data are means with
standard error bars. Sand culture experiment 1, 1999/2000.
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Figure 8.1.2 Number of grains spikelel” of parents and F, hybrids from crosses
a) BRB 9604 x BRB 9 and b) BRB 9 x BCMU 96-9, grown in sand
culture with 0 £MB (BO) and 10 4MB (B10). Data are means with
astandard error bars. Sand culture experiment 1, 1999/2000.
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Figure 6.1.3 Barley Grain Set Index, BGSI (%) of parents and F, hybrids from crosses
a) BRB 9604 x BRB 8 and b) BRB 9 x BCMU 86-9, grown in sand culture
with 0 2B (BO) and 10 £MB (B810). Data are means with standard emor

bars.



Table 6.1.1 Effect of B treatments (BO and B10) on number of tillers plant "
and spikes plant” at harvesting of parents and F, hybrids. Data
are mean with standard error in parentheses. Sand culture
experiment 1, 1999/2000.

Genotype Tillers plant" Spikes plant”'
BO B10 BO B10
BRB 9604 17 (1) 13 (1) 7 (1) 9 (1)
BRB 9604 x BRB 9 26 (2) 12 (1) 10 (1) 11 (1)
BRB 9 x BRB 9604 29 (2) 11 (1) 10 (1) 9 (1)
BRB 9 36 (3) 14 (1) 12 (2) 11 (1)
BRB 9 x BCMU 96-9 31 (5) 8 (1) 5 (1) 7 (1)

BCMU 96-9 x BRB 8 33 (4) 9 (1) 4 (1) 6 (1)

BCMU 96-9 33 (2) 6 (1) 4 (1) 5 (1)
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As reciprocal crosses were not different, reciprocal F, hybrids from each cross were
pooled (Figure 6.1.4). It was shown that F, from BRB 9604 x BRB 9 were intermediate
between parents at only close to maturity stage. At early stage, 20-50 days after sowing,
tillers number of all barley genotypes at BO and B10 were not differed significantly. At 50-
70 days after sowing, tillers plantss'1 of all parents and F, hybrids increased rapidly. This
response may be a secondary effect of B deficiency induced by sterility. Differences
between genotypes in spike number at B0 (Table 6.1.1) was not likely to be primarily
induced by B deficiency, but it was likely caused by an ability of genotypes to develop
each tiller into a spike at the later stage.

Parents and F, exhibited maximum number for spikelets spike . grains spikelet' and
BGSI| when grown at B10. The absence of reciprocal differences in the F, hybrids for all
measured characters demonstrate that response to B in barley is not cytoplasmically
controlied.
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Figure 6.1.4 Number of tillers plant  of parents and F, hybrids from crosses a) BRB

9604 x BRB 9 and b) BRB 9 x BCMU 96-9, grown in sand culture with 0
MM B (BO) and 10 M B (B10). Data are means with standard error bars.
Sand culture experiment 1, 1999/2000.
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6.2 Response of F, hybrids derived from five parents to B levels

A\
From the previous sections, it was shown that BRB 9604 was the most B efficient barley
genotype. Crosses between BRB 9604 and four genotypes varying levels of B response
were evaluated in four levels of B in sand culture. Characters involving reproductive
response were measured, namely, BGS|, number of spikelets spike"' and grains spike'i.

Responses of parents to B levels were consistent with previous sections. According to
BGSI, which was used as an index for B efficiency (Jamjod and Rerkasem, 1999),
parents were classified as; BRB 9604 as B efficient (E). BRB 9 as moderately inefficient
(MI), BCMU 96-9 and Stirling as inefficeint (1), and SMGBL 94003 as very inefficient (V1)
(Table 6.2.1).

Response of F; hybrids varied according to B treatment and parental combination.
Significant different between F, and parental lines were shown in most crosses when
grown at B 0 and B 0.1 M (Table 6.2.1). At sufficient B, B 1.0 and B 10.0 xM, BGSI of
all genotypes were between 72-98%. BGSI of cross between BRB 9604 (E) and BRB 9
(M) was similar to the more efficient parent, BRB 9604 (E), at B 0 4M but was not
different from both parents at B 0.1 M. This suggests that B efficiency, in term of BGSI,
in this cross was acted as a dominant trait only at the lowest B treatment. At B 0 uM
BGS! of BRB 9604 (E) x BCMU 96-9 (1) and BRB 9604 (E) x Stirling (I) crosses were
intermediate between the parents, indicated that additive gene action was operating in
these crosses at this B level. In contrast, BGSI| of BRB 9604 (E) x SMGBL 94003 (VI)
cross was the same as that of the very inefficient parent, SMGBL 984003, indicating that

inefficiency was dominant.

Number of grains spikelet” of F, hybrids of BRB 9604 (E) x BRB 9 (Ml), BRB 9604 (E) x
BCMU 96-9 (1) and BRB 9604 (E) x Stirling (1) at B 0 and B 0.1 M were intermediate to
the parental lines but close to B efficient parent, BRB 9604 (E) (Table 6.2.2). Therefore,
B efficiency measured as grains spikelets' in these cross combinations was controlied by
nearly complete dominant gene action. In contrast, grains spikelets”' of BRB 9604 (E) x
SMGBL 94003 (VI) was not differed from the VI parent which indicated the dominant of B
inefficiency in this cross,



Table 6.2.1. Effect of B treatment on Barley Grain Set Index (BGSI, %) of parents and
F, hybrids. Sand culture expariment 2, 1998/2000.

Parents/cross B treatment (LM B)

o 0.1 1.0 100
BRB 9604 67.2a 846a 95.0 ab 838a
BRB 9 340c¢ 740a 99.2a 983 a
BCMU 96-9 9.8d 242cd 89.2 abc 98.5a
Stirling 13.4d 263 cd 82.5 abc 958a
SMGBL 94003 o.0d 10e 80.0 bc 729b
BRB 9604 x BRB 9 54.2 ab 729e 988 a 988 a
BRB 9604 x BCMU 96-9 44.8 be 40.0 be 88.3 a 96.7 &
BRB 9604 x Stirting 37.0c¢ 45.2b 88.1 abc 97.3a
BRB 9804 x SMGBL 94003 29d 19.2d 75.0¢ 7450

B x G was significant (p<0.01). Mean within a column with the same letter do not differ
significantly at 5% level with LSD. To compare mean within a row LSD (0.05) = 16.9.
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Table 6.2.2 Effect of B treatment on grains spikelet'1 parents and F; hybrids. Sand
culture experiment 2, 1999/2000.

Parents/cross - B treatment (LM B)
0 0.1 1.0 10.0
BRB 9604 06a 0.7a 10a 0.9 ab
BRB 9 0.3 be 0.7a 10a 10a
BCMU 96-9 0.3 bc 0.2 bc 09a 0.9 ab
Stirling 0.1cd 0.3 bc 10a 10a
SMGBL 94003 0.0d 00c¢c 0.8a 0.7 be
BRB 9604 x BRB 9 0.5 ab 0.6a 10a 10a
BRB 9604 x BCMU 96-9 0.4 ab 04b 10a 0.9 ab
BRB 9604 x Stirling 0.5 ab 0.7a 10a 1.0ab
BRB 9604 x SMGBL 94003 0.0d 0.2 bc 05b 06c

B x G was significant (p<0.01). Mean within a column with the same letter do not differ
significantly at 5% level with LSD. To compare mean within a row LSD (0.05) = 0.2.
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Parents used in this study exhibited different spikelets spilnce'1 when grown under sufficient
B (Table 6.2.3)." Therefore, response to B measured as percentage of B 10.0 M was
included. Response of parents based on spikelet nhumber to B can be classified into only
two groups. Spikelets spike ' of BRB 9604 at B 0 and 0.1 MM were reduced to 71-85%,
compared to the B 10.0 1M while those of the inefficient parents were between 29-59%.

Response of F; to B, compared to parental lines, ranging from intermediate to similar to
the more inefficient parents (Table 6.2.3). Spikelets spike'1 of only BRB 9604 (E) x BRB 9
(Ml) cross was intermediate between parents while those of the other crosses were
similar to the more inefficient parents. This indicates that both additive and dominant
gene actions were operating in this character with B inefficient acted as dominant trait.

The expression of B efficiency was controlled varying gene actions, depend on cross
combination and severity of B deficiency. Response to low B of F, hybrids from the cross
derived from B efficient (E) x moderately inefficient (Ml) parents was intermediate between
parents or close to the efficient parent. In contrast, F, form the B efficient (E) x inefficient
(1) and B efficient (E) x very inefficient (V!) crosses tended to be close to or the same as
the inefficient or very inefficient parents. Response to B deficiency is therefore expressed
as a partially dominant trait, for these particular combinations. At B 1.0 and 10.0 M
responses of F, were not different from parents. Such a response is consistent with the
hypothesis of Knight (1973) that for a quantitative trait the response of an F; hybrid
relative 1o ils parents, will vary according to the environment conditions.

The results suggested that level(s) of B deficiency shouki be carefully selected in
screening segregating population derived from parents having contrast levels of B
efficiency. For example, the B 0 4M treatment in this study was appropriate to screen
progenies derived from BRB 9604 (E) x BRB 9 (Ml), BRB 9604 (E) x BCMU 96-9 (1) and
BRB 9604 (E) x Stirling (I) as this treatment provided the maximum discrimination
between parents and its heterozygotes. The B 0 2M treatment could not distinguish the
response of F; hybrid from the BRB 9604 (E) x SMGBL 94003 (V1) cross from the VI
parent but significant variation between Fy and the VI parents was found at the B 0.1 uM
treatment. It is likely that B levels higher than the B 0.1 M used the present study are
required to separate progenies derived from crosses involving parents with lower levels of
B efficiency than BR8 9604 (E).
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Table 6.2.3. Effect of B treatment on spikelets spike™ of parents and F, hybrids grown in

sand culture. Relative number of spikelets spike'1 expressed as percentage

of B10 are presented in brackets. Sand culture experiment 2, 1999/2000.

Parents/cross B treatment (LM B)
0 0.1 1.0 10.0
BRB 9604 12.0 143 17.3 16.9
71) (85) (102) (100)
BRB 9 7.9 8.9 18.3 17.5
(45) (51) (105) (100)
BCMU 96-9 9.4 11.8 27.9 288
(33) (47) (91) (100)
Stirling 8.8 9.8 21.0 23.2
(38) (42) (97) (100)
SMGBL 984003 7.7 9.2 27.0 268
(29) (39) (101) (100)
BRB 9604 x BRB 9 104 12.5 17.6 17.6
(59) (71) (101) (100)
BRB 9604 x BCMU 96-9 10.9 15.6 27.5 29.7
(37) (53) (97) (100)
BRB 9604 x Stirling 9.7 122 25.1 25.6
. (38) (48) (98) (100)
BRB 9604 x SMGBL 94003 1141 158.5 30.3 281
(40) (59) (108) (100)

B x G was significant (p<0.01)

. To compare mean within a row LSD (0.05) = 3.0.
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Abstract

Responses of a range of barley (Hordeum vulgare L.) genotypes to boron (B) deficiency were studied in two
experiments carried out in sand culture and in the field at Chiang Mai, Thailand. In experiment 1, two barley
genotypes, Stirling (two-row) and BRB 2 (six-row) and one wheat (Triticum aestivum L.) genotype, SW 41, were
evaluated in sand culture with three levels of applied B (0, 0.1 and 1.0 zM B) to the nutrient solution. It was found
that B deficiency depressed flag leaf B concentration at booting, grain number and grain yield of all genotypes. In
barley Stirling, B deficiency also depressed number of spikes plant—!, spikelets spike~! and straw yield. However,
no significant difference between genotypes in flag leaf B concentration was found under low B treatments. Flag
leaf B concentration below 4 mg kg—! was associated with grain set reduction and could, therefore, be used as
a general indicator for B status in barley. In experiment 2, nine barley and two wheat genotypes were evaluated
in the field on a low B soil with three levels of B. Boron levels were varied by applying either 2 t of lime ha™!
(BL), no B (BO) or 10 kg Borax ha~! (B+) to the soil prior to sowing. Genotypes differed in their B response for
grain spike !, grain spikelet—! and grain set index (GSI). The GSI of the B efficient wheat, Fang 60, exceeded
90% in all B treatments. The B inefficicnt wheat SW 4] and most of the barley genotypes set grain normally (GSI
>80%) only at the B+. In BO GSI of the barley genotypes ranged from 23% to 84%, and in BL. from 19% to 65%.
Three of the barley with severely depressed GSI in BO and BL also had a decreased number of spikelets spike™!.
In experiment 3, 21 advanced barley lines from the Barley Thailand Yield Nursery 1997/98 (BTYN 1997/98) were
screened for B response in sand culture with no added B. Grain Set Index of the Fang 60 and SW 41 checks were
98 and 65%, respectively, and GSI of barley lines ranged between 5 and 90%. One advanced line was identified
as B efficient and two as moderately B efficient. The remaining lines ranked between moderately inefficient to
inefficient. These experiments have established that there is a range of responses to B in barley genotypes. This
variation in the B response was observed in vegetative as well as reproductive growth. Boron efficiency should be
considered in breeding and selection of bariey in low B soils.

Introduction

Boron (B) deficiency in wheat (Triticum aestivim L.)
has been reported in many countries in Asia, i.e. China
(Li et al., 1976), Nepal (Sthapit, 1988), India (Tandon
and Naqvi, 1992) and Thailand (Rerkasem and Jam-
jod, 1989). The symptom of B deficiency has been
described as male sterility, resulting in grain set fail-
ure. However, no apparent cffect on any vegetative

* FAX No: +66 53 210000.
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parts of the plants has been observed (Rerkasem et
al., 1997). Large genotypic differences in B efficiency
have been found within the modern, well adapted,
wheat varieties (Rerkasem and Jamjod, 1997) and the
use of efficient genotypes has been suggested for arcas
with low available soil B. .

Barley (Hordeum vulgare L.) has beed introduced
to northern Thailand since the 1980s. Breeding pro-
grammes have been established in 15 research sta-
tions using genetic materials or advanced lines from
CIMMYT and ICARDA. Barley experimental yields
higher than 3 t ha—! have been recorded in favourable
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conditions (Mann, 1991). However, severe sterility
was observed when barley was grown in low B soil
(0.1-0.2 mg B kg~!), resulting in more than 50% yield
reduction (Rerkasem and Jamjod, 1989). Moreover,
little is known about B response of barley and its
genotypic variation. The objectives of this study were
to determine the effect of B deficiency on barley, to
effectively screen barley genotypes for B efficiency
and evaluate genotypic variability in response to B
deficiency.

Materials and methods

Experiment 1: Sand culture experiment

Two barley varieties differing in spike type and one
bread wheat genotype were chosen. These were Stirl-
ing: a two-row barley, BRB 2; a six-row type barley
and SW 41, a moderately B inefficient wheat (Rer-
kasem and Loneragan, 1994). Twenty seeds of each
genotype were sown in freely drained, earthernware
pots (0.3 m diameter and 0.3 m deep) conlaining
washed river quartz sand. Pots were supplied twice
daily with complete nutrient solution with three levels
of B (0, 0.1 and 1.0 uM B). The nutrient solution was
adapted from Broughton and Dilworth (1971), con-
sisted of (uM): CaCly, 1000; MgSOQy4, 250; KH3PO,,
500; FeEDTA, 10; K804, 250; MnSO4, 2; ZnS0O4,
0.5; CuSO4, 0.2; CoSQ4, 0.1; NazMoO», 0.1 and
KNOs, 5000. Genotypes and B levels were arranged
factorially with six replications. Seven days after ger-
mination, seedlings were thinned to 10 plants per pot.
At ear emergence, 20 randomly selected flag leaves
were sampled from each pot and B was analyzed
by dry ashing azomethine-H determination (Lohse,
1982). At maturity, spikes in each pot were coun-
ted to estimate the number of spikes per plant. Two
spikes from each plant, or 20 spikes per pot, were ran-
domly collected to determine spikelets spike™?!, grains
spikelet™! and Grain Set Index (GSI). The GSI for
SW 41 wheat was measured as percentage of the 20
basal florets from 10 spikelets with grains, in order
to distinguish effects on grain set from those on grain
filling (Rerkasem and Loneragan, 1994). To stand-
ardize grain set performance between the three types
of spike, the term ‘spikelet’ used in this study was
defined as the median spikelet for Stirling (two-row
barley) and the median spikelet plus two lateral spike-
lets for BRB 2 (six-row barley). Therefore, GSI for
barley was measured as a percentage of the 10 median

spikelets from 10 spikelets with grains for the two-row
type and of the 20 lateral spikelets from 10 spikelets
with grains for the six-row type. Grain and straw dry
weight were determined for each pot. Seed size was
determined as the weight of 100 seeds (100 SW).

Experiment 2: Field experiment

Nine barley lines, a B-efficient (Fang 60, Jamjod et al.,
1992) and an inefficient (SW 41) wheat were grown in
the field with three B treatments in four replications.
The three B treatments were imposed by applying
either lime (2 t ha™!, designated as BL., to accentuate
B deficiency, Rerkasem and Jamjod (1989)), nil (BO)
or 10 kg Borax ha~! (B+) to the soil before sowing.
Each genotype was sown at 3 g m~! in three-2 m
rows, 0.25 m between rows, in each B treatment and
replicate. At boot stage (Zadok 45, Zadok et al., 1974),
20 spikes from the main stem were randomly selec-
ted from the three-row plot and bagged. At maturity,
selected spikes were harvested and spikelets spike™!,
grains spikelet™! and GSI determined.

Experiment 3: Sand culture screening

The Barley Thailand Yield Nursery (BTYN 1997/98)
which had 21 advanced lines was screened for re-
sponse to B. The screening was conducted in trays
(0.45m x 0.70m x 0.35m) containing sand and
watered with nutrient solution without added B as de-
scribed in experiment 1. Five seeds of each line were
sown in rows with 60 mm between seeds and 60 mm
between rows. The wheat checks, described above,
were also included. The genotypes were arranged in
a randomized complete block design with three rep-
lications. At carly boot stage, the first two spikes
of each plant were bagged. At maturity, the bagged
spikes of each line were harvested, GSI determined
and compared to the wheat checks.

Statistical analysis

Data were analyzed statistically by analysis of vari-
ance. Significantly different means were separated at
the 0.05 probability level (Steel and Torrie, 1960).
Correlation coefficients between characteristics were
computed from the mean of the six replications.



Results

Sand culture experiment

Grain yield was affected by boron and genotype
(Table 1). Boron x genotype interaction effect was not
significant; therefore, grain yield of the three geno-
types responded similarly to B levels. At the lowest
B treatment, grain yields of all genotypes were signi-
ficantly reduced compared to the 1.0 uM B treatment,
Straw yields of BRB 2 and SW 41 were not affected by
B treatments, whereas that of Stirling increased with
B. Grain yield of Stirling was depressed by the reduc-
tion in number of spikes plant~!, spikelets spike™!,
grains spikelet—! and GSI (Figures 1 and 2). In con-
trast, grain yield of BRB 2 and SW 4] were reduced
mainly due to a lower number of grains spikelet™!
and GSI. Boron deficiency significantly increased seed
size or 100 seed weight of SW 41 wheat (Figure 1), in-
dicating a compensation effect for seed set reduction.
This effect was not observed in either Stirling or BRB
2 barley.

Highly significant correlations of GSI with grains
spike~!, grains spikelet~! and yield were demon-
strated in the low B treatments (Table 2). With 1.0 M
B, GSI of most genotypes were >80% and did not
correlate with grains spike~! and grains spikelet—!.
At 0.1 and 1.0 uM B, slightly negative correlations
between seed size with either GSI or yield were
shown. Neither GSI nor grain yield was significant
correlated with spikelet spike~!. Grain yield was pos-
itively correlated (p< 0.01) with grains spike ™!, grains
spikelets—! and GSI in all B treatments.

Boron in the flag leaf of barley and wheat increased
with external B supply (Figure 3). No significant dif-
ference in flag leaf B between genotypes was observed
at BO and 0.1 M. All genotypes had flag leaf B ap-
proximately 2-3 mg B kg ! in B0 and 34 mg B kg~!
in BO.1 uM. At the highest B level, the SW 41 wheat
had 4-5 mg kg™!, whereas flag leaf B of both barley
were increased to 7-8 mg kg~!.

Field experiment

Boron had no effect on the number of spikelets of all
six-row barley genotypes, as well as wheat checks,
Fang 60 and SW 41 (Table 3). However, the num-
ber of spikelets spike~! of .three two-row barleys,
namely, Stirling, SMGBLS 91002 and SMGBLS
:4003. showed clear positive responses to increasing
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Table 1. Effects of B treatments on (a) grain yield and (b) straw
yield of barley and wheat genotypes. Experiment 1

Genotype B treatment® (uM)
] 0.1 1.0
(@)  Grain yield (g pot —1)
Stirling 26a 62a 19.0b
BRB 2 73a 95a 2560
Sw 4] 248a 292a 3690

F-1es® B***, G***, B x G"*f

(b)  Straw yield (g pot —1)

Stirling 889a 963ab 159D
BRB 2 79.7a 101.2a B2.2a
SW 4] 785a 709a 64.5a

F-test B™~ ,G***, B x G**

@ ** and *** Significant at 0.01 and 0.00] probability levels.
respectively; ¥ not significant

5 Mean within a row with the same letter do not differ signific-
antly at 5% level with Duncan’s Multple Range Test

Very significant interaction between B treatments
and genotypes was observed on grains spike™!
(Table 4) and grains spikelet ~! (Table 5). Grains
spike—! and grains spikelet—! of SW 41, the B inef-
ficient check and most barley genotypes were lowest
in the BL treatment and increased with increasing B,
whereas those of Fang 60 remained constant.

When all genotypes were compared using GSI
(Table 6), they can be classified into four different
groups. Fang 60 was the most efficient genotype and
had more than 90% GSI in all B treatments. CMBL
92029, BRB 9, SMGBLS 91002, SMGBLS 94003,
BCMU 96-5 and BRB 2 had low GSI similar to SW
41 and were classed as inefficient to B. The GSI of
BCMU 96-9 and BCMU 96-1 at BL and BO were in-
termediate between those of SW 41 and Fang 60, and
were classified as moderately efficient. Stirling was
the most inefficient genotype, its GSI was 19, 23 and
79% in BL, BO and B+, respectively.

Sand culture screening

Without B added to the nutrient solution, GSI of Fang
60 and SW 41 were 98.3 and 65.1%, respectively
(Table 7). When compared with the wheat checks,
only one barley line, BRB 9604, sct grain better than
SW 41 and comparable to Fang 60 (Table 7). Grain Set
Index of of the remaining lines were either similar to
or less than SW 41, with the exception of BRB 9624
and BRB 9. Grain Set Index of these two lines were
intermediate between the two wheat checks.
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Figure 1. Effects of B treatment on yield components of two bariey genotypes, Stirling and BRB 2, and SW 41 wheat grown in sand culture.

Experiment 1.
Discussion

Grain yield of the two barley, BRB 2 and Stirling,
as well as SW 41 wheat was depressed by B defi-
ciency through grain set, i.e. grains spikelet™! and
GSI. Boron deficiency has been reported to depress
grain yield while increasing tillering and straw yield

in one Japanese barley variety (Ambak and Tadano,
1991). This effect was not observed in the present
study. Moreover, in Stirling B, deficiency also de-
pressed spikes plant™!, spikelets spike—! and straw
yield. A genotypic variation in vegetative responses
to B is suggested by these resuits. Furthermore, the
depression of spikelet number by B deficiency was
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Tuble 2. Cormrelation coefficient (r) between Grain Set Index (GSI) or grain yicld (italics)

and yield components. Experiment |
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Figwre 3. Effects of B weatmests on B conocntration in fiag leaf of twe barloy genotypes, Stisling and BRB 2, and SW 4] whest grows ia ssad
culture. Experiment 1.



Table 3. Effect of B treatments om spikelet
spike! of baricy and wheat genotypes. Experi-
ment 2
Genotype B treatments®
BL BO B+

Two-row barley

BCMU 969 22a 2382 229a

BRBY 146a 140a 133a

CMBL 92029 179a 197a 205a
SMGBLS 91002 214a 233ab 250b

SMGBLS 94003 21.5a 244b 2383

Stirling 15.6a 185b 1940
Six-row bariey

BCMU 96-1 189a 185a 168a

BCMU 96-5 15.7a 185a 1693

BRB 2 170a 184a 165a
Wheat

Fang 60 13.2a 139a 128a

sSw 4l 146a 154a 1562

F-test™ B™, G**, BxG*

& % and ** Significant at 0.05 and 0.01 probability
levels, respectively; ®F not significant.

¥ Mean within & row with the same letier do
not differ significantly st 5% level with Duncan’s
Multiple Range Test.

also observed in Stirling and two other two-row bar-
ley genotypes when tested in the field (Table 3). As
previously reported (Rerkasem et al., 1997; Rerkasem
and Jamjod, 1989), this effect of B on this second-
ary reproductive organ was not observed in wheat and
six-row barley used in this study.

Flag leaf B concentration at boot stage was signi-
ficantly increased with increasing B Jevels. However,
example, SW 41, BRB 2 and Stirling had similar flag
leaf B concentration at low B treatments (>2-4 mg
kg—!) and increased to 45 mg kg~ for SW 41 wheat,
and 7-8 mg kg~! for the two barleys, at the B 1.0
#M treatment. In wheat grown in sand culture, Rer-
kasem and Loneragan (1994) reported that flag leaf
B concentration below 3 mg kg~! at boot stage was
- involved with depressed wheat grain set. In barley,
Simojoki (1972) found that leaf B concentration of
barley genotypes grown in low B soil were between
4 and 5 mg kg~ and increased to 7-9 mg kg~! when
600 g B ha—! was applied. Flag leaf B concentration
can be used as a general indicator for B status of barley

Table 4. Effect of B treatments on grains spike™!
of barley and wheat genotypes. Experiment 2

Genotype B treatments?
BL BO B+
Two-row barley
BCMU 96-9 1218 183a 19.1a
BRB 9 66a 79a 11.7a

CMBL. 92029 8.1a 60a 122a
SMGBLS 91002 3.6a 10.1ab 185b
SMGBLS94003 58a 10.7ab 164D

Stirling 26a 38a 1I13b
Six-row barley

BCMU 96-1 308a 386sb 41.0b

BCMU 96-5 180a 30.0b 403c

BRB 2 235a 340b 366b
Wheat

Fmng 60 363a 39.0a 330a

sSw4l 148a 190a 3420

F-test® B**,G**, BxG*™

@ &+ Significant at 0.01 probability level.
& Mean within & row with the same letter do
pot differ significantly a 5% level with Duncan’s

Moultiple Range Test.

and concentrations <4 mg B kg~! appear to predicta
decline in grain set from B deficiency.

Sterility can be measured in a number of ways,
such as grains spike™!, grains spikelet~! and GSI,
as these characters responded positively to external B
levels and closely correlated to gmin yield in wheat
(Rerkasem and Loneragan, 1994). In studies involving
response of individual genotypes to B levels, grains
spike—! and grains spikelet ~!can be used. However,
when several genotypes are compared for response to
B, for example, within and between spike types of
barley and wheat, the use of grains spike—! or grains
spikelet~!may lead to misclassification because gen-
otypes differed in spike type, spike size i.e. spikelets
spike™! and even floret spikelet™! in the case of wheat
(Tables 4 and 5). The use of GSI to compare the ef-
fect of B on grain set (Anantawiroon et al., 1997)
successfully avoids these problems. Highly signific-
ant correlation of GSI with grains spike—!, grains
spikelet—! and yield were demonstrated in the low B
treatments (Table 2). At high B level, GSI of most gen-
otypes were >80% and did not correlated with grains
spike~! and grains spikelet—!, which indicates the de-
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pendence of GSI on B levels. The tertn GSI, generally,
refers to the fertility percentage of ten central spike-
lets of barley or wheat. Since the structure of barley
spikes is different from that of wheat, and two-row
barley is also different from six-row barley, the term
‘Barley Grain Set Index, BGSI’, defined as percent-
age of the ten central spikelets (ten median spikelets
for two-row barley and 20 lateral spikelets for six-row
barley) on a spike with grains, should be used in order
to distinguish it from the GSI used in wheat.
Considerable genotypic variation in B efficiency
was observed in advanced lines of barley screened
in soil and sand culture. Of the 30 barley genotypes
tested in low B, BGSI of five lines were higher than the
moderately B inefficient wheat, SW 4] (Tables 6 and
7). Most lines were screened and selected in North-
ern Thailand, where B deficiency has been reported in
wheat and some barley lines (Rerkasem and Jamjod,
1989). The majority of segregating populations and
advanced lines used in barley breeding programmes
in Thailand were obtained through CIMMYT. Sub-
stantial numbers of B efficient wheat lines have been
identified from CIMMYT materials (Jamjod et al.,

Table 5. Effect of B trestments on grains
spikelet™! of barley and wheat genotypes.

Experiment 2
Genotype B treatments?
BL B0 B+
Two-row barley
BOCMU 96-9 053 08a 038a
BRB 9 0S5Sa 06a 09a

CMBL 92029 O04a 03a 06a
SMGBLS 91002 02a Q4sb 0.7b
SMGBLS 94003 03a 042 07a

Stirling 02a 02a 06Db
Six-row bariey

BCMU 96-1 16a 2ish 24b

BCMU 96-5 1.1a 16b 24c¢

BRB 2 14a 18ab 220
Whear

Fang 60 27a 28a 26a

SW a4l 1.0a 12sb 220

F-test® B™, G, BxG*™*

& o= Significant at 0.01 probability level.
® Mean within & row with the same lemer
do not differ significantly at 5% level with
Duncan's Multiple Range Test.
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Table 6. Effect of B treatments on Grain Set Index (%)
of barley and wheat genotypes. Experiment 2

Genotype B reatments?
BL BO B+
Two-row barley
BCMU 96-9 656¢e 842de 912ab
BRB 9 48 1cde 615bc 90S5ab
CMBL 92029 423bcd 330a 673a

SMGBLS 91002 270ab 61.5bc 9280

SMGBLS 94003 364abc 558bc 854ab

Stirling 19.0a 23.1a 79.1ab
Six-row barley

BCMU 96-1 60.1de 747cd 89.1ad

BCMU 96-5 439bcd 63.8bcd 86.6ab

BRS8 2 405bcd 719bcd 834ab
Whear

Fang 60 M4r 970e 96.6b

SW 4l 427bcd 5250 9300

F-tesi® B**, G**, BxG**

® o Significant az 0.01 probability level.

& Mean within a column with the same letter do not
differ significantly at 5% level with Duncan’s Multiple
Range Test.

1992; Subedi et al., 1997) and the same may be true
for barley. It is likely that B cfficiency in barley is
already available in these germplasms. However, the
present results have screened only a small selection of
the total variation for all barley. Further screening of
germplasms from other sources is required to define
the full range of B response for barley.

These results have shown that genotypic variation
in B response exists in bariey. In addition to the effect
on male sterility, as in wheat, the B response in bar-
ley was also observed in number of spikes plant™!,
spikelets spike™! and straw yield. Consideration of
B efficiency should be useful in barley breeding and
selection programmes for low B soils.
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Table 7. Response of advanced lines from Barley Thailand Yield
Nurseries 199758 tested in sand culure with BO. Experiment 3

Line Origin® GSI (%) % of checks
Fang SW
60 41
Two-row barley
BRB 9604 BRE 900 9 138*
BRB 9624 BRB 853 87 13
BRB 9 BRBE 9% 81 13
BRB 9609 BRB 752 76* 115
BRB 10 BRB 745 76* 114
BRB 1] BRB 725 74°* 11
LARTC-BL9101 (14) ILMP 64.1 65" 98
BRB 9621 BRB 615 62* 94
LARTC-BL9119(1D) LMP 607 62* 93
LARTC-BL9408 LMP 479 49%** 73

SMGBL 94026 SMG 423 43" 66°*

LARTC-BL9410 LMP 404 41°* &2°

SMGBL 94003 SMG 48 S5°= g
Six-row barley

FNBL 8309-34-SMG-1-1 SMG 552 5S6* 85

FNBL 8306-BC-SMG-1-1 SMG 465 47°** T

FNBL #140 SMG 459 47

FNBL 8404-4.SMG-1-1-1 SMG 389 40*™° 60*

FNBL 8403-6-5MG-1-2-1 SMG 370 38°° 571*™
FNBL 8403-17-SMG-1-1-1 SMG 345 35** 53 *

SMG 1 SMG 319 32°* 49*

BRB 2 BRB 247 25%* 38°*
Wheat (checks)

Fang 60 983 100 151*

SW 4l 651 66°° 100

# LMP = Lampang Agricultural Research Training Center.
BRB = Boon Rawd Brewery Co. Lud.

SMG = Samoeng Upland Rice and Temperate Cereals Experi-
ment Station.

®, ** and *** Significamly different from check cultivans st p<
0.05, 0.01 and 0.001, respectively.
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The Genetic Source for Boron Tolerance in Barley
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Sansanee Jamjod, Panita Boonsit and Benjavan Rerkasem v

Abstract Responses of barley genotypes to boron (B) were studied in two growing season,
1997/98 and 1998/99. A preliminary screening was conducted in the first season with
advanced lines of barley from the Barley Thailand Yield Nurseries 97/98. The barley lines
were tested in sand culture containing washed river quartz sand, watered with complete
nutrient solution without added B. Boron efficient (Fang 60) and moderately inefficient (SW
41) wheat genotypes were included as checks. Barley genotypes with different leveis of B
tolerance were selected for further screening in the next season. |

In 1998/99, the selected bariey lines and 4 wheat checks (ranging from B inefficient
to efficient) were evaluated on a Iow B soil in a split plot casign. The B levels were in main
plots in four replications and genotypes were in subpiots. Boron levels included nil (B0), 1
kg borax ha™* (B1), 10 kg borax ha™* (B2) and 2000 kg lime ha”, to accentuate B deficiency
(BL). Barley genotypes were found to vary in their response to B in terms of number of
grains ear ', grains spikelet ", grain set index (GS!) and grain yield:

The range of responses found was comparable to that expressed in the wheat
checks. In the low B treatments, grain set was severely depressed in many of the barley
genotypes but not in BRB 9604 and BRB 9642. These two genotypes of barley appear to

¥ ma3eie 1 anzinensnant vt nendmdsa v i@ealnai 50200
Y Department of Agronomy, Faculty of Agriculture, Chiang Mai University,
Chiang Mai 50200, Thailand



be as tolerant to B deficiency as Fang 60, the most B efficient wheat. Such barley
genotypes may be expected to avoid B deficiency-induced grain set probiem in low B soils
in the Northem and Northeastemn Thailand. BR8B 9604 and BRB 9642 might also be used as

sources of B efficiency in breeding programmes.

UNAnts: mnnamn?aﬁ'ln’ﬂnmmsneuauaﬂmmﬂﬁuﬁqqmﬂaifaiﬁmmnmqtunu
meAnmlugailgn 2540/41 uaz 2541/42 'luqqﬂgnu.smﬂumrnmau‘lu%"uﬁ'u‘inu‘limuﬁuﬁ'
Jraunfiadangaufoudinunaniin BTYN 9708 dgnlusnmaaTuseulu sand cutture
W puFeufudoednufinonsgufinsuszduscamunisisnizaatusey edmdanans
WufioufaiiifiszAuaamusisnisreluseuusnitaiulgnmaseulugeigninly
gavgnfissnduninulf audeuseiufFmnfisfidmdenuarinandiufinsgu
Tuwaamasessusunimasesuuu split plot 3 4 dlvszdutuseu 4 széully main plot
unsufiflu- sub plot wumaINUANsitarEwIRRUgIUAadlunisneuaurinTsiusg
Tureuludminzdniouudanieme Srnudasiedenen Falinssudauacuenan Ay
ulnlmunriugnrnmuiteglurssuilindFsstuinuluinged  usnsidnnfisdane
-ﬁ'uq'ﬂm fidfymimerasnlurey saevuf BRB 9604 unt BRB 9642 nunusiens11m
Tuseulddwe fMdad Fang0 deiinaumunuggarenznalusen snewuginenil
mm:‘muuzﬁ'\ﬂqnw‘:'aﬁuﬂuﬁamiﬁ'uﬂu‘lnNmsﬂi'uﬂgei'uﬁ’ti‘adam?uﬂgn‘luﬁ’m#ﬁuﬂ

toywrmesgluren

index words : $17unfind mpluseu auuliniumatugnesa foed
Bariey, boron, genetic variation, wheat
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ﬁuil'tﬂmmﬂﬂiwﬁumsdmé?ummgnﬁ'tuﬁ-nLﬁawm-:'luﬂssmﬂ'lm aaniznin
wileneuuuusznanziusenidsanilety wuAufifisnglussusinszantegiall Gueya
2390, 2538; Lﬁ::u'qu. 2538; Rerkasem et al., 1989) an1s1slussuluinsiduardroufiad
susmsanludnsasnasisouilumiu aursadunslfluszezndnennsiuings agesnudn-
sanziifnwnelilicls inasiadde uazudrandumeervhifaudaiiesanbifimemss
inag  Fudunauraanwmuinirisiazesasgdunan  ugeorsauesAuaild, 2532;

Rerkasem et al., 1997)

msuﬁﬂmmmsqtuliﬂuauﬁnLi'imq'mﬁnTmau'Luﬁ'tuﬁ'-nil‘wud'ﬂA’uaﬁamﬂd‘l‘.unu
adldluAuusenmrlivugnusiensaalusen (wgerrmuuazAuniid, 2532) atinglsfinau nng
Wlureuiuesiesfiarruniisiladavarmizzmatu siindu gaulgnuaznmsdanissine b
finpewdn meldyu nrEmuasnIniingtgy i lFEnedussemaiuniusuusiu
ilsaniledemsnilinldansduisslaniansiuseusofannns (Pant et al., 1998; s,
2541) Rerkasem and Jamjod (1997) wuarsusnsinasswitmiufinomalummeusunsia
“mernlureunasauedt malinufmnumuiensralussuinaafuuamanisudiignls
| Avgm Jamjod et al (1992) e iR liannisdmdenuasinigiuflulsznalng
: 4'|uquuﬁ«‘uamﬁ'nrm.~mudamnqn‘l‘.unu'lﬁ’i"lnuﬁi’u{ Fang 60 iuWufnuiinn

" fmudunfindiiu wigearmussAusild (2532) mrinsaalusauialdnanan
snsneWug BRB 1 uaz BRB 2 amaia 50% lelgnlusufifituseusia usnanudimrdn
frunfisdlunisansmsnsunundsusasemaiiuwiu Femafiauwmnernmaseiniurey
etirelsfinnadeynifisafunimavaussssaiugnendaunfiadienirantureuiireuds
- drifn uaznasAnemludnaidfmonniuliiilunaussmndnrusmunusenisans
TureulisnmeRugimasnlnlmnslng fofu sunsesciifsiiinguszasdiiennseuua:
ﬂmﬁum'munmiﬁmwi’uqnmnch‘:mﬁaﬁﬁ’m.il'an'luﬂszmn'lui'num:mmsuaum
retuseu uenfenlf suiFsusunlnlmumeiugnsmsswindnnfiadtvioes uefild
s MHiduuomeeslumalfnlpfuddminignluuiisidguinaiuseu

gunsalunziTnmannees
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1. maneseuilnsy

nonedludsaRaungadnieu 2540-nunviud 2541 WaeRufinurfisdaingaulfau
Weuneu@in (Barley Thailand Yield Nurseries 1997/98, BTYN 97/98) 41uou 21 sneiug
Urznaudandimurfindaiaasiuntdnuan 13 ssiufussivaunfiadutiaununadiuau 8 ane
uf Ugnlusnmaaluseulu sand culture uazlizaturewluuilas MFraa@nug Fang 60
Fanusianzraluseu (B efficient) ussaeiug SW 41 dalaimuluszduitunanssientsan
tuseu (moderately B inefficient) (Rerkasem and Jamjod, 1997) luiufilf sudieuainsgu

] ol [ :
ruliraasifsnre I unNAnaInIl

1.1 samnliimalusauluntiamases

gniutiamasesniaisitels ansnensand swiingndoFedlusl mauauntmanes
uyu Randomized Complete Block 3 3 wsiazaeiufignuunissifuune ummen 2 .
szuzrEwinouan 25 T, 1lgn 4 uondsfeszanfuiisoguivulans 20 229 ey
AelinsAimufin (Grain Set Index, GSI%) Weliiduinidszsumeneususwietuzey
(Anantawiroon et al., 1997) Tagdauunilu .
GSI $18 = % msAnudanasndraneinen (basal florets) ssvusinziensanten
(spikelet) 1F1IMNANI 417U 1098nendes
GS! Funfindslionnuan = % nmmisudanasnitassinentewwinsiesenden

UTIUNAT99TU9 0 101enendes
GSI Funfindriianetung = % MUt INARNNAITRLNASTIansNtetUTLItL

NAME 1994 10 Jenentiesn

1.2 amnmaluseulu sand culture

Ugnlunsaussqludsdiudauin 1.5x3.0x0.5 u.° 213urunNIIMAsRILLLY
Randomized Complete Block 3i 3 d-usiazateiufilgniluuoalaal¥szasvinrewitup 6
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3. winzunalgn 6 uga eTTERINIGU 6 L. mituaazaEsIRaTATUENiuTuTey
wiwennauuenliinde 1 fusisugy Weterrenfuitaguiuiaetnamsdtua 2 mariedu
tsniduman GSI JiansvasnimanediasdiansiansulnlmuussulFeudnuiu Fang
60 uaz SW 41

gnTutnmanesgudiseiRaRunnsinmanens andnondododnl TuAuyadu
Ny (HWSB 0.10-0.14 mgB ha ) sewituRaungrdnagy 2541 - QUAUS 2542 21auau
naassauL spiit plot i 4 SriaszFuTureulanntsldiurmudelureuadluAurisuign 1
sedulusewiu main plot 3 4 2zAuai]
BL: ldjurieénm 2 Audswamfiieifiuanupuusseimmaiuey (ugyvirmuey
Auaild, 2532)
BO: Liildyjuuaziuseu
81: Idlureuluplususnddnm 1 nn. usumndsiawann®
B2: dtureuluplusumndénm 10 nn. veumdviewan¥

g7y subplot AurseRufiinfiaduazinmadum 12 sefuf iheneukan ane
i’wﬁ'm'lﬁad’mnmrnmwtﬂuﬁ’uﬁﬁmuunmi«‘lummudsmnﬂn‘[um (BRB 9604,
BRB 9642, BRB 2, FNB: 8309-34-SMG-1-1 ua SMG 1) snewuf BCMU 96-1, BCMU 96-9
uss SMGBL 91002 uazitasfdvufmuianismalurey (Fang 60) nutluna (BCMU 88-9)
Limakhunena (SW 41) uazlsinu (Bonza) usinsuilasdemignuuutrafiuunsma 2.5 3. uilna
8z 3 U sTeveTwinum 25 . lstrasgnuiduiy 20 seanusiszutindes szl
Snndsasndiems snnuiiakiess Snowsissedessndesuaciatiniiscida soufl
wiemeluladhifudnmuudaihosussiarimninuasdmuingm
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1. manansuilesdy

nmaseuAsInIalunMmusianirsatuseusestaunfindqm BTYN 97/98 wu
duilerignluduitliisaluseu dvad Sw 41 Amudamunindliusnsenizaatuzen uas
Fraunfisdéannginudmdutinfiduiu heilsailnmsinudna (GS) unndr 80% July
(Table 1) whiilesinaneWuf@rsdusmlgnmaseuluanimlildtuseulu sand culture wudadag
adwud Fang 60 Amuudmifuiing k1 GSI 98% lusnisAineiud SW 41 AmudmAns 65%
dnfuinurfisdlunuaauuansitsaesin Gsi melunguiinammaseufsingsunouns
wnuao 1ilenF suiAeuiudrand Fang 60uns SW 41 Sounfindafianesunailsziunany
uansvvssIMmmunusienizsaiurswnnitaiiavnuan (GSI agrznin 5-90%) lan
snmulsneRufatisneundlbidu 4 nguldun

nejaiR 1 AnadainAuAnndu Fang 60 Wurisuwuf BRB 9604

nejs# 2 A1 GSI agrewine Fang 60 uaz SW 41 Wurinuuf BBR 9624 uaz BRB 9

- ngjudl 3 Audminfy SW 41

neju 4 Amudatannds SW 41
smFustiannuaamdinil GSI szwing 25-55% e iKiRneanguie

nejud 1 Amsbauriaiu SW 41 Wurinawud ENBL 8309-34-SMG-1-1,

PFNBL 8306-BC-SMG-1-1 unz FNBL #140
nejs# 2 Amufationndn Sw a1

. 2. massususssssmeuginnhadssmiulurelusy

eirdraurfiaduazirs@idncumuniusienizassmluseusitafudiuou 12
sofuf umignluAuiilszfiaesluseusineiu 4 szhu nudy Tumuliusdedwudensnde
rmmadvnfinduasdroni (Table 2) 'lusmz#nuﬂﬁn?mﬁu (interaction) zwinaszdu
Turmuuariufludneardrununiaienre (Figure 1) Swadnsiesensn (Figure 2) GSI
(Figure 3) unzunufin (Figure 4) tnenudinssnluseuiininasednensmdriludamns
wesirurfieduratud udlsliluasie Fang 60, BRB 9624, BRB 9604 uaz FNBL 8309 n1tin
U lunmuisniratuseulaeidrn GSI nuhdnadiufulfoudou 4 arewud
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uamszAURIMUMUsiaNIIA TuTeuTuAEIRLIUNARe T ANt Anmauda (Rerkasem
and Jamjod, 1997) nf1aAe Wug Fang 60 nusiantralusauligegm snemiug CMU 88-9 nu
Wlunes meiug SW 41 Linuthunstsueziug Bonza nusisnismatusevlddiasiige
(Figure 4) uaswudnunfindiaeiug BRB 9624, BRB 9604 uaz FNBL 8309 wusienisyam
TureuldRlussAndeaiudran@wug Fang 60 daudimurfiadanewug SMGBL 91002 Linu
ramaraluseuluszdudsaiudnad sw 41 dwmhdmnfindareiud SMG 1 binufiga
TurrAvlnfiAsaTuine@nug Bonza druBinausowuiFinasAe BCMU 96-9, BCMU 96-1
unz BRB 2 tuildnrurmmeususssissziulusauiiunnsirseaniylaglusydtlusauna o
(BL unz BO) TuszlimuienaraturevindiAaeiuinend SW 41 uss Bonza usiluszdy

'[unuﬁqe’;u'lﬂquﬂmﬁm (B2) mﬂﬁuﬁmdﬁﬁﬁ'«unmnﬂnﬂﬁunuﬂﬂ
3. madszanAlslusmunidulgaiug

awﬂmrm?gﬁuaaalﬁtﬁu'a"li'im'muunoi*wmiu'l’uqn:w'lumsnauauauiamnqa
Turevluirnnfiad sinmmasewiiasiiuly sand cutture wudndmunfiadafianesuns BRB
9624 uaz BRB 9604 s rmnAmdn A luamwiiiiureusuaziistiumigmaseuluulies
Ugnddnll Fesnrealfiduiufuusidwinigniuaunifiuseuin q wFeldiduunsaiug
nralunnifnipiufiturfiadlifincumunwisnirmaiureuld  douivunfiadane
Wuf FNBL 8309 lsinuiemmratureulusziindnaiudetd sw 41 dimlgnlu sand culture
uiisimdaumigniuAumusniinonmunuligelussiuAeoiudnerdfuf Fang 60 Wilides
annalnmamesigewislusiu lu sand culture w7elu solution culture ereumnsitaiul
(Marschner, 1995) e lfinunasiimmaseuarsmunmuisastewuf FNBL 8309 riewin

G ]

unsaRugnenuInanamunusenttantuseuluitufisdinniuldureinans
i’uﬁ‘nﬂtan‘mnmuﬁ'uﬁn?aﬂmmmn CIMMYT uevinurdsmaanuasifulgaiuglu
Ustinnlng  uammansanfsiisanafestuannsfinemluireandimrimeiuglulszng
IneRAm@ananiszanem? sunsafugnezaean CIMMYT sfulhfugnenifiacusuasummu
riantrnlureuiisiluey (Rerkasem and Jamjod, 1997) adhdlafimy . Gaudiasiiuvdiug
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nszueglulssrnsaguiusinuitaewudd (advanced lines) luganaaeuny? eueuwud
mululsmnandeszwinalsmnmiu  SereRugiiiacamuniusienarnaluseuléFegluda
gqullanuan (Jamjod and Rerkasem, 1998) Lﬁmﬁﬂnﬁuﬂd«a?umeﬂqnﬁ'rui!'-uﬁammq'lu
drzmalnpoulngifinenussintrsslussuluaunszeameginly- Senasanfissnmnem — -
musiansralursuliuiiwneressmfinigwudndnenswie wennileliarnniniia
HANRR AMUATIYIMSIBlTALLALATATININ MIATINRBLIEALAIINUMUAENITI A TUTEY
s liirelaensoaiusn GS1 WauRNTuseusiwTelu sand culture Tamlgniuguins
gimPurzAusnmunsienisalussuisfasasinlifusmuwiuinlunmmeney
WATNITUITALININIINBUAURITRINUTHT sl szansinaasuuazi AnlquAeduaT uun

X J .
inenmnsluvundlnuaesalyl

spluamamanes

1. Hacnmansinmeiugnenilummausussiensalusey lunurfissiamaenly
thrmnalng dnenuciinsususliun Snuadasiens Snuufssiedensn Fatinia
AN uasuaudin '

2. Wwppulfoufsunenan BTYN 9788 Rmunuseiufirvinfisdimuwismaraiuseu
Heandrianfinewugf Sw 41 fla 38% uavienndn Fang 60 T4 86% usmaliiiiudtens
wufinfaddaulugjbinuwianirrialureu -

3. seRufEminfsfiisrumumusensralureuliglindiAsiudnadufungy
Wuri BRB 9604 unz BRB 9624 FawmsnHuusirldigniumd 4 filgwind'aidumne
mufrawilulassmalfnipiugrslil

dtisy

rnmmaaﬁ'lﬁi’a.muaﬁuaﬁmniﬂﬁm’mnmuuaiuwmw’ﬁ (#n2.) ufimiugding
ufiadym BTYN 9708 uszanewuf SMGBL UFunmseyansiainaugiin yan? aoil
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Table 1. Rospor\so of advanced lines from Barley Thailand Yield Nurseries 1997/68 grown in sand culture and in the fiold.
Note : Two bread wheat genotypes, Feng 60 (B efficient, £) and SW 41 (modemately B Ineficient, Ml) were

included as chacks.
Sand culure (B deficient) flold (B auﬂlcion!).
Genotypes Origin® Gs” % of chacks Gs| % of chocks
(%) Fang 60 SW a1 (%) Fang 60— L b\h; 4‘1—
Two-row bariey
BRE 9604 BRB 90.0 01 138° 93.1 100 06
BRE 9624 BRB 85.3 87 131 84.7 102 98
BRB © BRB 79.8 81 123 85.0 102 a8
BRB 8608 8RB 76.2 76 115 94.7 102 o8
BRB 10 BR8 74.5 76 14 88.7 05 97
BRB 11 BRB 725 74 11 94.7 102 08
LARTC-BL9101 LMP 64.1 85" 88 98.3 106 102
BRB 9621 BRB 81.5 62" 84 85.7 82" 89
LARTC-BL9119 LMP e0.7 82" 03 04.4 102 98
LARTC-BLO40B LMP 47.9 49 73 85.0 -1 88
* SMGBL 94020 SMG 423 4 88’ 99.0 108 102
LARTC-BL410 MP 40.4 4 o2 713 76" 14"
SMGBL 94003 SMG 48 5 8 875 o4 or
Six-row beriey
FNBL 8309-34-SMG-1-1 SMG 5.2 58 85 97.0 104 100
FNBL 8306-BC-SMG-1-1 SMG 48.5 a7 n 98.2 103 100
FNBL #140 SMG 45.9 a1 70 96.2 103 100
FNBL 84404:4-SMG-1-1-1 SMG 38.0 40 60" 93.3 100 97
FNBL 8403-8-SMG-1-2-1 SMG 370 38" 57 9.2 103 100
FNBL 8403-17-8MG-1-1-1 sSMG .5 35 53 93.7 101 o7
SMG 1 SMG e a2~ 'y 98.7 108’ 102 -
BRB 2 BRB 24.7 25 | 9.6 e (7
Wheat (chacks) '
Fang 80 (E) 88.3 100 . 151" 93.0 100 08
SW 41 (M) - 851 . 68 100 90.8 104 100
BRB = Boon Rewd Brewery Co. Ltd. : ' .

* LMP = Lampang Agricultural Research Training Center _
SMG = Samoeng Upland Rice and Tempersie Ceresis Experiment Station.
® Grain Set Index (%)
. snd ~ Significantly differant from check oultivars at p<0.05, 0.01 and 0.001, respactively.
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Table 2. Number of spikelets spike”' of barley and bread wheat genotypes grown

in four levels of B.

Genotypes B treatments Mean®
BL BO " B1 B2

Two row barley
BRB 9624 142 149 15.6 155 150b
BRB 9604 16.5 15.9 15.6 15.9 16.0 cd
SMGBL 91002 211 21.5 21.4 20.9 21.2¢
BCMU 96-9 23.8 24 .1 255 246 2459

Six row bariey
FNBL 8309 13.6 13.0 13.6 13.2 133 a
SMG 1 14.4 149 15.4 15.0 14.9b
BCMU 96-1 17.7 17.1 18.2 17.5 176e
BRB 2 16.2 16.9 171 16.5 16.7d

. Bread wheat
Fang 60 15.0 15.8 16.6 158 15.0 bed
CMU 889 16.4 16.1 17.2. 15.7 164d
SW 41 17.3 17.2 188 176 17.7 e
Bonza 15.1 14.7 16.5 154 154 bc

F test :B™, G, BxG™, ™ significant at p<0.001
* Mean within a column with different ietters are differ significantly at p = 0.05 with LSD.
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Figure 1 Effect of B treatment (B) on number of grains spike-! of barley and bread

wheat genotypes (G). B x G significant at p< 0.001. LSD g g5 = 6.5.
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Figure 2 Effect of B treatment (B) on number of grains spikelets-! of barley and bread
wheat genotypes (G). B x G significant at p< 0.001. LSD g5 = 0.4.
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Figure 3 Effect of B treatment (B) on Grain Set Index (%) of barley and bread wheat

genotypes (G). B x G significant at p< 0.001. LSD g 0s = 16.9.
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Grain yield (g m'2)
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Figure 4 Effect of B treatment (B) on grain yield (g2 m2) of barley and bread wheat
genotypes (G). B x G significant at p< 0.001. LSD g g5 = 65.
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