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ABSTRACT

Barley (Hordeum wulgare L.} production in Thailand is often iimited by transient
waterlogging. Under this condition, there is inadequate scil oxygen supply which can affected the
physiclogical processes of barley. Five experiments were conducted in order to study physiological
responses of barley under such condition. This study was conducted at Lampang Agricuttural
Research and Training Center, Thailand in 1997-2000.

In the 1997-1998 field experiment, nine barley genotypes were selected in order to
determine the effect of three moisture regimes on growth and grain yvield. It was found that transient
waterlogging after 3-4 leaf stage reduced leaf and grain growth rate, total dry matter at maturity,
the ability of spikes m’ production and finai grain yield. The photosynthetic efficiency {i.e.
photosynthetic rate, transpiration rate and stomatal resistance) of all genotypes, except the tolerant
genotypes, Increased under waterlogging after 3-4 leaf stage. Among the nine genotypes, SMG1
was the best waterlogged tolerant genotype which had consistently in growth rates, high
partitioning of assimilate to seeds and high number of spikes /m°. FNBLS#140 and BRBRF2629
were considered to be a moderately tolerant and a susceptible genotypes, respectively. Total dry

matter at maturity had positive effect on grain vield under different water regimes. Among yieid
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components, spikes /m” was most sensitive to transient waterfogging and in consequence, affected
directly on grain yield.

In the 1999-2000 pot experiment, seed malting quality under transient flooding of three
barley genotypes (SMG1, FNBLLS#140 and BRBRF9629) were determined. It was found that total
soluble sugar and total nitrogen in the shoots of all genotypes were the basis for maintaining their
root efficiency. In correspondence, the photosynthetic efficiency and nitrate reductase activity were
the basis for maintaining the normal grain growth. SMG1 under transient flooding had a good seed
size and well germinated within 3 days. However, due to high seed protein content, it could not
meet the standard for seed malt quality.

In the 1999 experiment, the relationship among alcohol dehydrogenase (ADH) activity,
internal ethylene production and the aerenchyma formation on root adaptation under hypoxic
condition were investigated. Three barley genotypes; SMG1, FNBLS#140 and BRBRF9629, were
grown in aerated {(as control) and stagnant agar nutrient solution (hypoxia) in plant growth
chambers. Resuits showed that ADH activity of all barley genotypes increased after transferring to
hypoxia. ADH activity of BRBRF9629 and FNBLS#140 decreased after the extension of
aerenchyrna formation in the roots. Internal ethylene production and aerenchyma formation in the
roots occurred at the fifth days of hypoxia. The more internal ethylene production, the higher
aerenchyma formation was found in the roots during 7-9 days after hypoxia. Hypoxic roots of
SMG1, tolerance genotype had high internal ethylene but produced smaller aerenchyma as
compared with the other genotypes. Moreover, it slowly increased in ADH actlvity at low level,
Whereas BRBRF9629, the susceptible genotype had higher aerenchyma and produced the lowest
internal ethylene.

Physiological and morphological responses of barley seedlings to hypoxic pre-treatment
and high alr temperature levels were investigated in 1999, The plants were grown in plant growth
chambers which varied in diumal air temperature; 25/15, 30/15, and 40/15 °C (day /night
temperature). Ail barley seedlings were subjected to aerated (as control) and stagnant agar
nutrient solution (as hypoxia). Hypoxic pre-treatment were exposed two times and interrupted with
recovery period for 7 days. The results showed that the nodal roots /plant increased under the 1%
hypoxia and had a greater value as air temperature increased. But those decreased under the 2™
hypoxia with 40/15°C. The ability of nodal root formation was greatly affected by high temperature
comparad with hypoxic condition. Total nodal root length of all barley genotypes stunted at 40/15 °
C in both conditions. ADH activity of.all genotypes sharply increased under hypoxia with 40/15 °C,
Nitrate reductase (NR) activity apparently decreased during the hypoxic with high temperature



stress occurred, except for SMG1 genotype. The activity of NR enzyme was related to the
photosynthetic rate under the stress effects. Leaf chlorophyll fluorescence under hypoxia
decreased with increasing temperature. Photosynthetic rate under the 2™ hypoxia was lower than
the 1* hypoxia. The shoot dry matter of FNBLS#140 and BRBRF9629 under the 2™ hypoxia and
high temperature decreased greater than SMG1. While the root dry matter of all genotypes
increased under the 2™ hypoxia with 25-30 /15 °C. High temperature affected total soluble sugar in
the shoots greater than hypoxia. The changes of total sugér and total nitrogen in barley shoots
could be used as a substrate for malntaining their root survival and producing a higher
photosynthetic efficiency. It was clear that the acclimatic adaptation of barley genotypes to hypoxia
and high temperature related to the increasing of ADH and NR activities. SMG1 genotype was the
most highly acclimatic adaptation to the combining effect of hypoxia and high temperature,
Simulation mode! for dry matter accumulation of three barley genotypes was constructed
and validated. The photosynthetic rate and plant growth data under aerated and hypoxic
conditions and ambient temperatures (20, 25, 30, and 40 °C), were taken to construct the
mechanistic model. It was found that the model could be used to estimate the combined effects on
the shoot and root dry matter accumulation. The model slightly overestimated the root dry matter

under hypoxia at over 30 °C compared to the observed data.



