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ABSTRACT
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Paddy fields occupy approximately 65% of arable areas in Northeast Thailand,
with nearly 90% under rainfed conditions and 10% in irrigated areas. In rainfed areas,
rice is planted as a mono-crop during the peak rainfall between late-July and early-
August. Thus, land is left fallow for several months during the dry-wet transition
period. In irrigated lowland areas farmers usually adopt a double cropping system by
growing second rice and field crops after major rice. Crops are usually grown between
December and January and harvested in April. Fields lay fallow before starting the
new crop season between April and August. Production of sweet sorghum (Sorghum
bicolor L. Moench), a drought tolerant, rapid growth (3-5 months), C4 sweet-stemmed
annual crop and a promising ethanol feedstock, as a pre-rice crop during the fallow
period in rainfed and irrigated paddy fields could increase land use efficiency and may
reduce the risks of existing cropping systems in irrigated areas. This would allow
small farmers to access huge agro-bioethanol markets which ultimately could improve
farmers® income. However, waterlogging and flooding are the major constraints in
these areas. Therefore, understanding sweet sorghum’s responses to waterlogging at
different growth stages and durations as well as acclimation traits associated with
flooding stress among diverse genotypes will prove helpful in the management of pre-
rice sorghum by allowing for the selection of high flooding tolerant cultivar(s) and
optimum planting dates.

This research was organized into four parts. The first part investigated and
compared the waterlogging tolerance of four sorghum cultivars. A pot experiment was
conducted at the Moorbank Botanical Garden at the University of Newcastle (UK)
from February to April 2008. A 2 x 4 factorial in randomized complete block design
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with four replications of waterlogging treatment and two replications of control
treatment were used. Treatments included two water regimes; control and
waterlogging for 20 days, and 4 sorghum cultivars; cv. Bailey, Keller, Wray and
Suphanburi 1 (SP1). The results showed that waterlogging significantly reduced all
shoot and root growth traits but did not result in a significant difference in shoot and
root biomass among cultivars. Leaf expansion rate of the youngest leaves was reduced
in all cultivars but was less affected in Wray and severely affected in SP1. Flooding
promoted biomass allocation to shoots in three former cultivars with the greatest noted
in Wray, but increased biomass partitioning to root in SP1. The initiation of new nodal
root was noted in SP1, whereas Wray increased the longest root length and developed
nodal root near the soil surface. Photosynthetic rate, stomatal conductance and
transpiration rate were severely reduced under waterlogging conditions in all three
former cultivars, but enhanced over the control in SP1. Based on the results, cv. SP1
may be the most valuable cultivar for use in further breeding programs while cv. Wray
may be the most suitable for immediate implementation by farmers.

The objectives of the second part were to investigate the effect of flooding at
different growth stages on plant growth and yield as well as the characteristics related
to flooding tolerance between the two sorghum cultivars. A pot experiment was
conducted from May to August 2005 under greenhouse conditions at the Department
of Plant Science and Agricultural Resources, Faculty of Agriculture, Khon Kaen
Usiversity. The experiment was a 4 x 2 factorial in a randomized complete block
design with four replications. The four water treatments were assigned as factor A,
which including (i) control, 20 d of flooding treatments applied at (ii) early- vegetative
stage (EV) (iii) early- reproductive stage (ER) and (iv) mid- reproductive stage (MR),
and factor B which included the two sorghum cultivars (cv. Wray and SP1). The
results showed that all shoot traits, including primary root length and root dry weight
of both cultivars were significantly reduced by flooding at EV and ER but showed no
significant difference from the control at MR. Nodal root number were restricted when
flooding was applied at EV but increased over the control at ER and MR in both
cultivars. Root length and root dry weight developed in water were significantly
higher in Wray flooded at ER. Wray also developed higher aerenchyma spacés in
roots and stalk bases than SP1. At harvest, flooding applied at EV and ER
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significantly reduced stalk yield of both cultivars but stalk yield of Wray was least
affected by flooding at MR. These findings indicate that sorghum is susceptible to
flooding at EV. Nodal root development and aerenchyma formation in roots and stalk
bases may be important acclimation responses to flooding.

The objectives of the third part were to investigate the effects of flooding of
different durations on the growth of shoot, yield and sugar content; root and stalk
morphology of sweet sorghum; and to identify characteristic associated with flooding
tolerance in sweet sorghum. The greenhouse experiment was conducted from May to
August 2006. The experiment was a 5 x 3 factorial in a randomized complete block
design with four replications. The five water treatments were assigned as factor A,
including control, flooding from 30 DAE, flooding from 45 DAE, flooding from 60
DAE and flooding from 75 DAE. The three sweet sorghum cultivars (Bailey, Keller
and Wray) were assigned as factor B. The results showed that flooding decreased leaf
dry weight, leaf area, number of nodes per stalk, shoot dry weight and stalk yield with
the highest reduction occurring in 30 days after emergence (DAE) flooding treatment.
Flooding later than 30 DAE did not significantly affect shoot growth, yield and yield
components. Brix value, sucrose content and total sugar content were not also
significantly affected.

All studied cultivars had similar shoot growth response. Flooding induced
development of roots in water; root length, root dry weight, nodal root and lateral root
number and interconnection of aerenchyma spaces in roots locaied in flooded soil to
stalk base above water level but suppressed root growth in flooded soil. The
acclimation traits were highest in Keller when flooded from 30 DAE but there was a
lack of root development in 75 DAE flooding treatments. These findings indicate the
effect of waterlogging on sweet sorghum growth and that yield depends upon the
growth stage at which it occurs. The development of nodal and lateral roots and
aerenchyma formation in flooded plant parts to stalk bases above water level may
contribute to flooding tolerance in sweet sorghum.

The objectives of the fourth part were to indentify optimum sowing time and
suitable sweet sorghum cultivar/characters for achieving high stalk yield. In addition,
the research sought to estimate ethanol production when grown as a pre-rice crop

under rainfed and irrigated conditions. Two field experiments were conducted at
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Mouang village, presently a rainfed paddy field, and at Ampawan village, presently an
irrigated paddy field in Khon Kaen province. The study was conducted during the
rainy season of 2007. The experimental design for each location was a randomized
complete block in a split plot arrangement with four replications. Planting date was
the main factor and cultivars were assigned to the subplots. Three planting dates
(early-, mid- and late) and sweet sorghum cultivars (Bailey, Keller and Wray) were
used. Results indicated that an early planting date increased plant height, LA, stalk
yield and calculated ethanol yield in both locations. The irrigated field produced more
plant dry matter, stalk and calculated ethanol yield than the rainfed field. In both
fields, Bailey gave the highest stalk and calculated ethanol yield due to its long stem
and high stem diameter. Delayed planting date significantly reduced growth and yields
due to photosensitivity of sweet sorghum and flooding at mid- rainy season.
Therefore, an early planting date and high stalk yielding cultivar with a harvesting
date not greater than 103 DAE are desirable. In addition, high flooding tolerance is

recommended to maximize stalk and ethanol yields under pre-rice growing conditions.
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